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The influences of processing and storage on the quality indices and nutritional content of fresh-cut
fruits were evaluated in comparison to whole fruits stored for the same duration but prepared on the
day of sampling. Fresh-cut pineapples, mangoes, cantaloupes, watermelons, strawberries, and
kiwifruits and whole fruits were stored for up to 9 days in air at 5 °C. The postcutting life based on
visual appearance was shorter than 6 days for fresh-cut kiwifruit and shorter than 9 days for fresh-
cut pineapple, cantaloupe, and strawberry. On the other hand, fresh-cut watermelon and mango pieces
were still marketable after 9 days at 5 °C. Losses in vitamin C after 6 days at 5 °C were <5% in
mango, strawberry, and watermelon pieces, 10% in pineapple pieces, 12% in kiwifruit slices, and
25% in cantaloupe cubes. No losses in carotenoids were found in kiwifruit slices and watermelon
cubes, whereas losses in pineapples were the highest at 25% followed by 10—15% in cantaloupe,
mango, and strawberry pieces after 6 days at 5 °C. No significant losses in total phenolics were
found in any of the fresh-cut fruit products tested after 6 days at 5 °C. Light exposure promoted
browning in pineapple pieces and decreased vitamin C content in kiwifruit slices. Total carotenoids
contents decreased in cantaloupe cubes and kiwifruit slices, but increased in mango and watermelon
cubes in response to light exposure during storage at 5 °C for up to 9 days. There was no effect of
exposure to light on the content of phenolics. In general, fresh-cut fruits visually spoil before any
significant nutrient loss occurs.
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INTRODUCTION products (14). Antioxidant constituents are susceptible to

There has been an increasing demand for fresh-cut fruits anddegradation when exposed to oxygen or light, to which the
vegetables, mainly because of their convenience as ready-tointerior of the fruit is exposed by cutting (15—17). Oxidation
eat products as well as for the health benefits associated withalso occurs on exposure to acidic pH or halides, such as
their consumption (1—3). A major benefit from a higher intake hypochlorite used for sanitation (18). The interaction of these
of fruits and vegetables may be the increased consumption ofconstituents with enzymes, such as ascorbate oxidase, polyphe-
vitamins (vitamin C, vitamin A, vitamin B thiamin, and niacin), nol oxidase, cytochrome oxidase, and peroxidase, could also
minerals, and dietary fiber. Other constituents that may lower promote degradation. Browning due to oxidation of phenols,
the risk of cancer and heart disease as well as preventwhich is often catalyzed by the polyphenol oxidase enzyme to
degenerative diseases include carotenoids, flavonoids, and otheform colored melanins, decreases the nutrient cont&8j. (
phenolics (4—8). Postharvest losses in nutritional quality, Wounding also promotes the production of wound ethyl@@ (
particularly vitamin C content, can be substantial and are which hastens senescence, including the oxidation of fatty acids
enhanced by physical damage, extended storage duration, highby lipoxygenase, during which carotenoids may be degraded
temperatures, low relative humidity, and chilling injury of by co-oxidation (21).

chilling-sensitive commodities (9—13). Fresh-cut fruits are still under study because of the difficulties

Wounding of fruit tissues induces a number of physiological j, nreserving their fresh-like quality during prolonged periods
disorders that need to be minimized to obtain fresh-like quality (15) Interegt on the part 0? con);umerg znd p?odugers has
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96§—3g%3;\15; fa>|< 34-968-396213; e-mail migil@cebas.csic.es). antioxidant constituents can be maintained after proces$8)g (
§(T:echnif|%r%,ersity of Cartagena. 22—24). The main objective of the present work was to
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including vitamin C, carotenoids, and phenolics in comparison 150 g each were used to represent stored whole fruit and compared
with the whole fruit when both are held for up to 9 days at 5 Wwith three stored replicates of fresh-cut strawberries.
°C. Quality indices including visual quality, firmness, color, Kiwifruit Slice Preparation. Fruits used had a firmness of 4—6 N.

soluble solids content, titratable acidity, and pH were also Kiwifruits were peeled with a sharp vegetable peeler and sliced
evaluated perpendicular to the blossom enstem scar axis with a sharp

nonserrated knife. From each kiwifruit were obtained five 7 mm thick
slices. Each sampling day, 20 fruits were cut and processed as described
MATERIALS AND METHODS before. Three replicates of 12 slices each were used to represent stored
whole fruit and compared with three stored replicates of kiwifruit slices.
Washing and Storage.Cut fruits were placed in a colander and
dipped in chlorinated (1.3 mM NaOCI) water at°€ for 2 min for
sanitation. The proportion of chlorinated water/fruit weight was 3 kg
of cut fruits/10 L of chlorinated water. Then, they were blotted dry
with cheesecloth and randomly divided among 12 plastic clamshells
(Nature Works, Minneapolis, MN) that were not gastight when closed.
Three replicates of 1020 pieces each (equivalent to 25800 g) were
used per storage duration (0, 3, 6, and 9 days 4€)5
Effect of Light Exposure. To study the effect of light exposure
ring storage, three replicates were exposed to the room'’s fluorescent
light during 9 days while the rest were kept in darkness. The light

Plant Material. Pineapples (Ananas comoduscv. Tropical Gold)
from Ecuador, mangoeM@ngifera indigal.. cv. Ataulfo) from Mexico,
and kiwifruits (Actinidia deliciosacv. Hayward) from New Zealand
were obtained from a wholesale distribution center in Sacramento, CA.
Cantaloupe (Cucumis melo cv. San Joaquin Gold) and watermelon
(cv. Tri-X313) were harvested from fields in the San Joaquin Valley
of California and transported to Davis, CA, withir-2 h of harvest.
Strawberries (Fragariax ananasseacv. Seascape) from Watsonville,
CA, were acquired on the day of harvest. All fruits used were obtained
between July and August 2004 and transported from each location by du
air-conditioned vehicle to the Postharvest Laboratory at the University

of _Callfornla, Davis. Fruits were f:ooled to5 °C before cuttlng. All _intensity, measured by a LI-COR meter (LI-COR, Lincoln, NE), that
fruits used were at acceptable ripeness stage based on eating qualltyl,eached the location of the fresh-cut fruits wass4umol m-2 s~

and no ethylene treatment was necessary to stimulate ripening, even Each sampling day. whole fruits stored at°6 were cut and
for mangoes or kiwifruits. Fruits were sorted to remove damaged and mping cay. ; "
: . ' processed in the same way as the fresh-cut fruit. In addition, whole
poor-quality fruits and were further sorted by ground color and firmness. .
' : . . watermelons that were stored at E€ were also included. All
All fruits were grouped into two lots of 30 fruits each for pineapple, reparation steps were performed at°@under sanitary conditions
cantaloupo, and watermelon, 80 fruits each for kiwifruit and mangoes, prep . ps were p . ) y RS
and 20 kg each for strawberries. One lot was immediately processedAfter quality evaluation including firmness and color, the fruit pieces
) were frozen in liquid nitrogen and kept a80 °C for a maximum of
q g p

as fresh-cut fruits, and the other lot was stored as whole fruits and was . . )
) weeks until analyzed. The frozen fruits were ground to a fine powder
processed in the same way as the fresh-cut samples on the day of .~~~ - : . .
in liquid nitrogen before sampling to ensure uniformity. Frozen tissues

sam.pllng. . . ) were used for the extraction of phenolic compounds, vitamin C, and
Pineapple Pieces Preparation.The maturity stage was -3 carotenoids

according to the Dole pineapple color chart with a median weight Qualit : : :

o . y Evaluation. All quality evaluation procedures were per-
standarg d.e;]”atlo.n of 1|923: l|4O 'g: Pll:zapr::le %elal aﬂ_d coreBweI:je formed at~20 °C. A panel of three judges (two women and one man)
removed with a pineapple peeler (Fresh Cut Food Machinery, Boulder, s, the visual quality. Ratings were based on a 9-point hedonic scale,

CO). The peeled p_inea_pples were sli_ced perpendic_ular to the blosso_ here 9= excellent, freshly cut; 7= very good: 5= good, limit of
end—stem scar axis with a sharp stainless steel knife. From each fru'tmarketability; 3= fair, limit of usability; and 1= poor, unusablel®,

six or seven slices of 2 cm thick were made. Then, the fruit slices 23). Firmness of pieces was determined with a TA-XT Plus texture
were cut into 2x 2 x 2 cm pieces. Each sampling day, six t0 eight 57 6 (Stable Micro System, Scarsdale, NY) as the force required
whole fruits were cut and processed as described for fresh-cut samplesfor a 3-mm tip to penetrate to a depth of 5 mm in the center of the
fruit and d with th d repli  fresh ; | ?)ieces of pineapple, mango, cantaloupe, and watermelon. The widest
ruit and compared with three stored replicates of fresh-cut pineapple. ¢ of the shoulder of the cut surface in strawberry slices and the center
Mango Cube Preparation. Fruits used had a firmness between 9 of the green area in kiwifruit slices were penetrated to a depth of 5
and 20 N with a median weight standard deviation of 283 14 g. mm.
Mangoes were peeled with a sharp vegetable peeler, and the flesh was |0 Measurement. Objective color measurements were assessed
sliced from the seed into halves with a sharp nonserrated knife. Mango using a Minolta Chroma Meter CIE 1976 (model CR-200, Minolta
slices were cutinto 2 x 2 cm <_:ubes. Each sampling _day, 20 fruits Corp., Ramsey, NJ) calibrated with a white plate. CIE refers to the
were cut and processed as described before. Three replicates of 20 cubgsommission Internationale de I'Eclairage (International Commission
each were used to represent stored whole fruit and compared with threey, llumination) @6). Color was expressed as CIELAB*@*b*) color
stored replicates of fresh-cut mangoes. space, wheré* defines the lightness ana* and b* define the red-
Ca_ntaloupe_ Cube Preparatlt_)n.MeIons were harvested at com-  greenness and blue-yellowness, respectively. Hue arf® Was
mercial maturity. Two central rings were cut and the placenta tissue calculated a$! = arctangenb*/a* (27). The more representative color
with the seeds and peel discarded. Melons were excised into trapezoidparameters are included in the results. Color was evaluated in the same
shaped sections of 8 4 cm. Each sampling day-8.0 whole stored  area in which the firmness measurements were made. In both cases,
fruits were cut and processed as described for fresh-cut samples. Thre@ o pieces per replicate were used.

replicates of 12 pieces each were used to represent stored whole fruit - petermination of Titratable Acidity, pH, and Soluble Solids. Juice

and compared with three stored replicates of fresh-cut melon. samples were obtained by squeezing half of the fruit slices from each
Watermelon Cube Preparation. Two central rings from each replicate through four layers of cheesecloth with a hand juicer. Soluble
watermelon were cut into 4 cm cubes. Each sampling dag08vhole solids content (SSC) of the juice was measured with an Abbé

stored fruits were cut and processed as described for fresh-cut samplesRefractometer, model 10450 (American Optical, Buffalo, NY), and
Three replicates of 10 pieces (44 cm each) were used to represent expressed as a percentage. An automatic titrator (Radiometer, Copen-
stored whole fruit and compared with three stored replicates of fresh- hagen, Denmark) equipped with a PHM85 Precision pH-meter, ABUSO
cut watermelon except for day 9, when cubes made from whole fruit Autoburet, PRS12 Alpha printer, and a SAC80 sample changer was
stored at 14C, as the recommended temperature for whole watermelon used to measure pH and titratable acidity (TA). A 4-g juice sample
(25), were also included. per replicate was diluted with 20 mL of distilled water and titrated
Strawberry Slice Preparation. Fruits with less than three-fourths ~ with 0.1 N NaOH to pH 8.1. TA was calculated as percent of anhydrous
red surface color or over-ripe (dark red and soft) were eliminated. The citric acid as the predominant acid.
stem was removed, and the fruits were cut perpendicular to the blossom Extraction of Phenolic Compounds.The extraction procedure was
end—stem scar axis with a sharp stainless steel knife. From each fruitbased on that of Toméas-Barberan et al. (28) except for strawberries,
were made four pieces. Each sampling day, 3 kg of fruits was cut and for which the protocol of Gil et al.29) was used. Ten grams of frozen
processed in the same way as strawberry slices. Three replicates ofruit was homogenized with 10 mL of water/methanol (2:8) containing
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Table 1. Quality Indices of Whole and Fresh-Cut ‘Gold’ Pineapple Stored for up to 9 Days at 5 °C?

visual firmness color soluble titratable
days pineapple quality (1-9) (N) (b* value) solids (%) acidity (%) pH
initial 8.8 3.91 38.35 12.2 0.64 3.53
3 whole 9.0a 3.85a 38.97a 116b 0.76 a 352b
fresh-cut 7.0b 3.82a 32.88b 13.0a 0.66 a 354a
6 whole 7.0a 3.92a 40.45a 11.1b 0.74a 35la
fresh-cut 50b 3.67a 3121b 122a 0.64a 359a
9 whole 70a 3.62a 38.90a 119b 0.60b 357b
fresh-cut 40b 3.78a 29.81b 119b 0.66 a 356b
fresh-cut (light) 30¢c 3.64a 29.12b 129a 0.66 a 3.64a

aMeans (n = 3) in each column followed by the same letter at each time do not differ significantly at P < 0.05.

4 mM NaF for 1 min on ice. Homogenates were centrifuged at 1§500 containing 0.1% BHT. The sample was homogenized with a Polytron
in an Eppendorf centrifuge (model Sigma 1-13, Braun Biotech homogenizer at medium speed for 1 min. The mixture was then
International, Osterode, Germany) for 5 min at5°C. The supernatant centrifuged for 10 min at 7000g. The carotenoid hexane layers were
was recovered, filtered through 0.45-um filters, and directly analyzed transferred and dried down under nitrogen. An additional 5 mL of
by HPLC. Samples of 5L of extracts were analyzed using an HPLC  hexane was added, and the mixture was homogenized at low speed for
system (Hewlett-Packard 1050 pump) coupled with a photodiode array 30 s and then centrifuged as before. The extraction step was repeated
detector (DAD) (series 1040M, series II) and an autosampler (series until no remaining yellow color of the aqueous layer was observed.
1050), operated by HP ChemStation software. A reversed phase C The combined hexane extracts were evaporated under nitrogen just to
Nucleosil column (150« 4.6 mm; particle size= 5 um) with a guard dryness, redissolved in acetonitrile, and then filtered through a 0.45-
column containing the same stationary phase (Safeguard holder 5001x«m filter into an amber sample vial and immediately analyzed by HPLC.
CS) was used. Water (A) and methanol (B) containing formic acid (95:5 All the extraction steps were carried out under dimmed lights, and the
v/v) were used as the mobile phases. The linear gradient started withtubes were wrapped in aluminum foil to exclude light. A Hewlett-
10% B in A to reach 35% B in A at 40 min and 80% B at 60 min to Packard 1050 liquid chromatograph, coupled with a photodiode array
follow isocratically for 5 min to reach the initial conditions after 10  detector (DAD) and a C18 300A Phenomenex (258.60 mm Jupiter
min. The flow rate was 1 mL mitf, and chromatograms were recorded 5um) was used. The mobile phase consisted of acetonitrile, methanol,
at 280 and 340 nm. The phenolic compounds analysis for strawberry and methylene chloride, 75:20:5 v/vlv, containing 0.1% butylated
was carried out as described by Gil et &0). hydroxytoluene and 0.05% triethylamine. The methanol contained 0.05
Phenolic compounds were characterized by their UV spectra, M @mmonium acetate. The flow rate was 1.5 mL/min. Detection was

recorded with a diode array detector and HPLC-MS-MS ESI (Hewlett- &t 450 nm. Identification was confirmed by comparing the -tiNs
Packard 5989A quadrupole instrument equipped with an electrospray SPectra with those of reference compounds and by injection and co-
interface HP 59987A), and, whenever possible, by chromatographic Nection of reference compounds. Quantitation was carried out by
comparisons with authentic markers. Column and chromatographic external standardization with callbrate_d solutions of standaﬁdsar-_
conditions for HPLC-MS-MS analyses were the same as those used®l€ne.o-carotene, lycopene, and lutein were purchased from Sigma
for HPLC-DAD analyses. Individual phenolic acids were quantified Chemical Co., ands-cryptoxanthin was acquired from Indofine
by comparison with external standards of phenolic acids as caffeic acid, (Chémical Company, Inc., Hillsborough, NJ). Total carotenoids contents
p-coumaric acidp-hydroxybenzoic acid, and gallic acid (Sigma, St. were calculated as the sum of carotenoids peak areas expressed as
Louis, MO), flavonols as quercetin@-glucoside (Merck, Darmstadt, ~ micrograms per 100 grams of FW. 3 )
Germany), and anthocyanins as pelargonidin (Apin Chemicals Ltd., S_tatlstlcal Analysis. There were three repetltlong per evaluation
Abingdon, U.K.). The results were expressed as milligrams per 100 period for whole and fresh—c_ut f_ru¢s. Analysis of variance (ANOVA)
grams of fresh weight (FW). Repeatability of the analyses #8%b. was pen_‘qrmed for the quality |nd|ce_s. !\/_Ieans were separated at the
Extraction and Analysis of Vitamin C. Procedures used were as 5% significance Ieye! by the least significant difference test (LSD).
described by Wright and Kadel &) based on the method of Zapata SigmaStat 2.0 statistical software was used.
and Dufour 80) with some modifications. Ten grams of frozen fruit
was added to 10 mL of extraction medium (0.1 M citric acid, 0.05% RESULTS AND DISCUSSION

w/v EDTA disodium salt, 5% v/v methanol, and 4 mM NaF). The Pi le.Ch . lity IndicesA ted. pi
mixture was directly homogenized for 30 s on ice and filtered through ineapple.Changes in Quality IndicesAs expected, pine-

cheesecloth. The filtrate was collected and centrifuged at 1§00  @PPle pieces obtained from the whole stored fruit showed a better
an Eppendorf centrifuge for 5 min at-% °C. The pH of the filtrate  Visual quality than the fresh-cut pieces at each evaluation day
was adjusted to 2.35—2.40 and flushed through an activated Sep-Pak(Table 1). At day 9, fresh-cut pineapple was judged to be under
Cys cartridge (Waters, Milford, MA) and then filtered through a 0.45-  the limit of marketability, and therefore the shelf life was shorter
um filter. Then, 1 mL of 1,2-phenylenediamine dihydrochloride than 9 days in air. However, the end of postcutting life in
(OPDA,) solution (35 mg/100 mL) was added to 3 mL of extract for pineapple was 12 days at 8 under the most favorable
dehydroascorbic acid derivatization into the fluorophore 3-(1,2-dihy- controlled atmosphere conditions (2 kPa of ® 10 kPa of
droxyethyl)furo[3,4-fquinoxaline-1-one (DFQ). After 37 min in dark- COy) or even up to 14 days at € with antibrowning agents
ness, samples were analyzed by HPLC. The HPLC system was the(32, 33). Pineapple firmness was well maintained after cutting
one described for phenolics. The content of vitamin C (Vit C) was because there was no significant difference between fresh-cut

calculated by adding ascorbic acid (AA) and dehydroascorbic acid . . .
(DHA) contents, and results are expressed as milligrams per 100 gramsp'eces and pieces from the stored whole fruit. Cobdrvalue)

of FW. Standards of-ascorbate, supplied by Sigma Chemical Co., ©f pieces from the whole pineapple was better preserved,
and dehydroascorbate, from Aldrich Chemical Co., were used. whereas it decrgased in fresh-cut pineapple, indicating a.paler
Extraction and Analysis of Carotenoids. Procedures used were ~ €0lor. Changes in SSC, TA, and pH between fresh-cut pieces
as described by Wright and Kader (22) based on the method of Hart 2nd pieces from whole pineapple were more related to sample
and Scott (31) for the determination of carotenoids by HPLC. Five Variability than to the effect of processing and storage. At the
grams of sample was added to 5 mL of methanol plus 10 mL of hexane end of storage, there was no difference in SSC and pH between
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Figure 2. Total carotenoids, 3-carotene and total phenolics content of
pineapple pieces from whole stored or fresh-cut fruit. Values are means
of three replicates of 16 pieces each + standard error.

Figure 1. Ascorbic acid (AA), dehydroascorbic acid (DHA), and vitamin
C (Vit C) of pineapple pieces from whole stored or fresh-cut fruit. Values
are means of three replicates of 16 pieces each + standard error.

spectra. The total carotenoids content of ‘Tropical Gold’
whole and fresh-cut pineapple. The TA of whole pineapple did pineapple flesh agrees with that reported for other golden
not change until day 6. It was 0.76 and 0.74 at days 3 and 6, cultivars, although a new hybrid was described to contaif.3
and at day 9 it decreased to 0.60. The decrease in TA or increasg@imes more carotenoids than the gold cultivars (36). During
in pH was related to deterioration of fruit characteristics such storage at 3C, the total carotenoids content of cubes from the
as firmness and visual quality. When pineapple pieces were whole pineapple was stable during storage, and no significant
exposed to light, a decrease in visual quality was observed changes were observed after 9 days. However, after 3 days, there
mainly related to surface browning, whereas dark storage was a decrease in total carotenoids of fresh-cut samples resulting

conditions provided a better visual qualitjable 1). in a 25% reduction relative to the whole fruit. Changes in total
Changes in Vitamin CPieces from whole stored fruit carotenoids ang-carotene contents were simildfigure 2).
maintained AA and DHA during 9 days at’&. However, there Changes in PhenolicRineapple contained a small amount

was a significant loss of AA but an increase in DHA throughout of phenolics (8 mg 100 ¢ of FW). The main phenolics
the storage for fresh-cut pineapple, resulting in greater vitamin identified coincided with those reported by Wen et al. (37):
C content of fresh-cut versus whole frufigure 1). Under stress  glucosylcoumaric acid, glucosylferulic acid, glucosylsinapic
conditions, such as cutting or light exposure, ascorbate oxidaseacid, caffeoylquinic acid, p-coumaroylquinic, S-sinapyl-
has been described to promote the transformation of AA to DHA gluthathione,N-glutamyl-S-sinapylcysteine, and another uni-
(18). The concentration of AA often decreases during storage dentified sinapyl derivative. In addition, dimethylfuranone-a-
and processing of fruit and vegetabl@g), and browning has  p-glucoside and dimethylfuranone were also identified. The
been related to this degradatioB5). However, because AA  different compounds were characterized by HPLC-MS-MS (data
can be easily converted into DHA, it was essential, as in this not shown). After slicing, the total phenolics contents in both
case, to measure both AA and DHA to observe that the contentwhole and fresh-cut pineapple were quite stable, and no
of vitamin C was well preserved in fresh-cut pineapple. significant differences were found in the phenolics content of
Changes in CarotenoidsThe cultivar used was a golden whole and fresh-cut pineapple after 9 days of storage ‘@ 5
yellow flesh with high carotenoids content (26 100 g* of (Figure 2).
FW) compared to other yellowish flesh cultivars with lower No differences in the content of vitamin C, total carotenoids,
content (100ug 100 g! of FW). The carotenoids extract of and total phenolics were found between fresh-cut pineapple
pineapple showed 14 peaks exhibiting typical carotenoids pieces kept under light or dark conditionBaple 2).
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Table 2. Effect of Light Exposure on Vitamin C, Total Carotenoids, and Total Phenolics of Fresh-Cut Pineapple, Mango, Cantaloupe, Watermelon,
Strawberry, and Kiwifruit Stored for 9 Days at 5 °C2

vitamin C (mg 100 g1 of FW) total carotenoids («g 100 g~* of FW) total phenolics (mg 100 g~1 of FW)
fresh-cut fruit dark light dark light dark light

pineapple 332+11 324+0.2 164.7 £18.5 1659+ 15.1 8.0+05 8.0+1.0
mango 71.6+05 725+25 2272.1£164.6 2789.6 £ 125.6 9.0+£0.3 95+0.2
cantaloupe 156+1.1 156 +0.3 3156.8 + 628.6 2144.9 + 468.8 44+0.0 48+0.3
watermelon 31+02 3.7+02 6919.2 £ 2139 7780.4 + 346.6 3.3+03 35+03
strawberry 315+08 29.8+04 83.9+40 985+115 469+18 485+28
kiwifruit 40.0+1.0 355+27 280.2+10.1 232.7+128 3.6+02 3.8+0.1

@Means (n = 3) + standard error. FW, fresh weight.

Table 3. Quality Indices of Whole and Fresh-Cut ‘Ataulfo’ Mango Stored for up to 9 Days at 5 °C2

visual firmness color soluble titratable
days mango quality (1-9) (N) (b* value) solids (%) acidity (%) pH
initial 9.0 1.36 64.02 13.7 125a 3.27
3 whole 85a 159a 62.54 a 134a 13la 332a
fresh-cut 78a 1.75a 62.37 a 13.1b 1.26a 327a
6 whole 8.8a 155a 63.72a 143a 1.36a 33la
fresh-cut 75b 1.76a 61.05b 136D 1.28a 327a
9 whole 73a 155a 65.02 a 144 a 1.38a 332a
fresh-cut 5.8b 173a 60.55 b 14.0b 1.23b 3.30a
fresh-cut (light) 6.0b 173a 60.60 b 14.1ab 1.21b 334a

@Means (n = 3) in each column followed by the same letter at each time do not differ significantly at P < 0.05.

Mango. Changes in Quality Indice&resh-cut mango cubes Changes in Carotenoid3otal carotenoids content of different
maintained good visual quality up to day 9 of storage a&€5 mango cultivars has been reported to be in the range of 900
After 6 days of storage, slight differences in visual quality 9200xg 100 g* of FW (40). ‘Ataulfo’ mangoes showed an
between fresh-cut and whole fruit were observEah(e 3). The average amount of 30Q@) of carotenoids 100¢ of FW. The
end of shelf life was reported to be 8 days atGfor ‘Kent’ major carotenoid of this cultivar wgs-carotene, making up
mango cubes38). Slight browning on the skin surface was 40% of the total content, whereascarotene was present in
observed on those cubes with some remaining peel, andonly small amounts. The total carotenoids content of whole
therefore complete skin removal must be recommended to avoidmangoes was quite stable during storage, and no significant
brown discoloration. Mango cubes were firm during the entire changes were observed when compared with the initial contents
storage period, and no significant differences were observed (Figure 4). Fresh-cut mango cubes had a slightly lower total
between fresh-cut and whole fruit. The effect of processing and carotenoids content than those cubes obtained from the whole
storage resulted in a decrease in cdddvalue after 6 days of  stored fruit, this difference being especially remarkable at the
storage. There were no significant changes in SSC, TA, andend of storage. The effect of slicing and storage was shown
pH during the storage of mangoes. In addition, no significant only after 9 days of storage when a reduction of 25% on the
differences in quality indices were shown between mango cubestotal carotenoids content of fresh-cut mango with respect to the
exposed to light or dark conditions after 9 days of storage initial values was observed. Mango cubes exposed to light
(Table 3). showed a higher total carotenoids content than the ones held in

Changes in Vitamin G/Vhole mangos maintained the vitamin the dark (Table 2).

C content after 9 days, and there were no differences in AA  Changes in PhenolicsMango contained a small phenolics
and DHA content during storage, except at day 9 when a high content of ~10 mg 100 g! of FW. The main phenolic
content in AA and vitamin C was observed, probably due to compounds detected in mango were a gallic acid dimer (
the variation in fruit maturity as shown by the initial firmness digallic acid) (41) (quantified as gallic acid) apecoumaroyl-
(Figure 3). A similar behavior was observed for those fresh- glucose, feruloylglucose, and a small amount of chlorogenic
cut mango cubes with a decrease in AA and an increase in DHA acid (quantified as caffeic acid). These compounds were
during storage, maintaining the content of vitamin C close to tentatively identified by HPLC-MS-MS. Fresh-cut mango cubes
the initial and to both fresh-cut and whole fruit, except at day and cubes from the whole fruit showed a slight decrease in the
9 when the high AA and vitamin C contents of whole fruit were total phenolics content after 3 days, but it was maintained
rather different. The USDA Nutrient Databa@®) has reported  thereafter (Figure 4). However, the decrease was only by 2 mg
lower amounts for vitamin C in other mango cultivars (30 mg 100 g* of FW. The total polyphenol content in mango cubes
100 g! of FW) than what we found in ‘Ataulfo’ mango (80  was slightly increased by the presence of lighalgle 2).

mg 100 g of FW). The effect of slicing and processing resulted Cantaloupe.Changes in Quality Indice§.he visual quality

in a decrease in the content of vitamin C by 8.3 mg 100af of fresh-cut cantaloupe decreased over storage time, and for
FW (~10%) compared with the initiaF{gure 3). No differ- each day they were judged with lower scores, whereas those
ences in vitamin C were observed between mango cubes storeadantaloupe cubes processed from the whole stored fruit had
in the dark or under light exposur&gble 2). Fresh-cut mango  better visual qualityTable 4). Fresh-cut cantaloupe was under
dipping in vitamin C has been used to prevent cut surface the limit of marketability by day 9 as in previous studid2).
browning and to enhance the vitamin C conte2#)( Cube firmness decreased over the 9-day storage period as
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Figure 3. Ascorbic acid (AA), dehydroascorbic acid (DHA), and vitamin
C (Vit C) of mango cubes from whole stored or fresh-cut fruit. Values are

Figure 4. Total carotenoids, 3-carotene, and total phenolics content of
mango cubes from whole stored or fresh-cut fruit. Values are means of
three replicates of 20 cubes each + standard error.

means of three replicates of 20 cubes each + standard error.

Joaquin Gold’ cantaloupes wa2—2.5 times higher than those
reported by other authordg), with no differences after 6 days  found in other cantaloupe cultivars (45). The total carotenoids
between fresh-cut and whole cantaloupe. After storage, firmnesscontent in both fresh-cut and whole cantaloupe cubes decreased
was reduced by 36 and 41% in cubes from the whole and fresh-after cutting, but it was followed by a steady content over the
cut cantaloupe, respectively. During storage, cdibvalues time of storageRigure 6). Changes in the content of carotenoids
of whole cantaloupe did not change, whereas fresh-cut valuesduring storage were not significantly different, and the concen-
decreased. There were no differences in SSC, TA, and pHtration of 8-carotene was well maintained during this period.
among cubes from whole or fresh-cut cantaloupe up to day 6.  Changes in Phenolic€antaloupes contained small amounts
However, a slight increase in TA and a decrease in pH were of phenolics £6 mg 100 g of FW) that were not identified
observed in fresh-cut cubes when the limit of marketability was but quantified as gallic acid. There was no significant difference
exceeded (Table 4). In addition, there were no differences in in the concentration of total phenolics of whole and fresh-cut
the quality indices of cantaloupe cubes exposed to light and cantaloupe over the storage, although there was a slight decrease
those in the dark except the pH was lower for light-exposed in the fresh cut melon after 9 days of storagég(re 6).
cubes (Table 2). No effect of light exposure for 9 days of storage was observed

Changes in Vitamin CThe initial vitamin C content in  for vitamin C and total phenolics between cantaloupe cubes
cantaloupe melon was 20 mg 100'@f FW including AA and exposed to light or dark conditions. However, a decrease in total
DHA in the same proportion. During storage of fresh-cut carotenoids content was observed in those cubes exposed to
cantaloupe, the AA content was well preserved, whereas DHA light conditions (Table 2).
decreased after 3 days (Figure 5). Vitamin C in whole canta-  Watermelon. Changes in Quality Indice&Vhole watermel-
loupes was better preserved than in fresh-cut cubes duringons were stored at both 5 and 1@, and each sampling day
storage, although differences were minimab(mg 100 g* of after processing, their cubes were compared with those of fresh-
FW). Lamikanra and Watsod4) demonstrated that cantaloupe  cut fruits. The visual quality of fresh-cut watermelons decreased
melon peroxidase activity could be related to the tissue’s re- over storage, but they were still marketable at the end of the
sponse to increased oxidative stress in the cut fruit and promotedstudy (Table 5). Storage of whole watermelon at 1@ resulted
DHA degradation because it is less stable than AB)( in the maintenance of good visual quality for up to 9 days,

Changes in Carotenoidg-Carotene was found to be 85% whereas the visual quality of the watermelon stored 4€5
of the total carotenoids. The content of total carotenoids in ‘San decreased over storage. These results clearly showed that
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Table 4. Quality Indices of Whole and Fresh-Cut ‘San Joaquin Gold’" Cantaloupe Stored for up to 9 Days at 5 °C@

visual firmness color soluble titratable
days cantaloupe quality (1-9) (N) (b* value) solids (%) acidity (%) pH
initial 8.8 2.57 36.52 9.6 0.04 6.79
3 whole 75a 2.29a 37.37a 98a 0.05a 6.82a
fresh-cut 6.0b 201b 35.82b 95b 0.04a 6.83a
6 whole 75a 1.89a 36.94a 9.8a 0.05a 6.64 a
fresh-cut 50b 202a 3347b 94a 0.05a 6.65a
9 whole 75a 164a 37.05a 98a 0.05b 6.47a
fresh-cut 3.0b 151 ab 27.45b 94a 0.07a 6.11b
fresh-cut (light) 3.0b 1.38b 26.87hb 95a 0.07a 6.01c

2Means (n = 3) in each column followed by the same letter at each time do not differ significantly at P<0.05.
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2 =]
it watermelon was stored at°’®& but not at 14#C. There were no
S differences in SSC and TA between fresh-cut watermelon and
15 1 whole fruit either at 5°C or at 14°C (Table 5). The slight
changes in quality indices observed with processing and storage
of fresh-cut watermelon show the good quality of the used

o 5 s 9 watermelon, which was processed after harvest without exposure
Days at 5 °C to ethylene. Rushing et al. (46) described quality degradation

of fresh-cut watermelon, including loss of texture, color, and
sweetness. In our study, the excellent initial quality of the
watermelon prevented juice leakage, which has been related to
chilling injury (47).

In addition, there were no differences in the quality indices
. L of watermelon cubes exposed to light and those kept in the dark
watermelons to avoid chilling injury2g). At day 9, fresh-cut oy oot the pH value, which was higher for light-exposed cubes.
watermelon cubes showed a better ove_raII quallty than whole Changes in Vitamin CAA was the only form of vitamin C
watermelon stored at®C. There were no differences in firmness  yatected in watermelon, and the content was low compared with
over the 9-day storage period between fresh-cut and whole giher fruits. There were no significant differences in the content
melon stored at either 5 or €. The selected parameter related of AA between fresh-cut and whole fruit stored at® except

to color changes for watermelon cubes was hue arfie All at the end of the storage, when a slight decrease was observed
cubes resulted in similad® color except cubes from the whole  for fresh-cut watermelon (Figure 7).

fruit stored at 5°C, for whichH® tended to decrease. This could Changes in CarotenoiddVatermelon has been reported to
be explained by the dark red appearance of these tissues due tbe an excellent source of lycopen&’}. The lycopene content
the development of slight “water-soaked” areas when the whole in this cultivar (Tri-X313) was higher than that reported for

Figure 5. Ascorbic acid (AA), dehydroascorbic acid (DHA), and vitamin
C (Vit C) of cantaloupe cubes from whole stored or fresh-cut fruit. Values
are means of three replicates of 12 cubes each + standard error.

14 °C is the recommended temperature for storing whole
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Table 5. Quality Indices of Whole and Fresh-Cut ‘Tri-X 313" Watermelon Stored for up to 9 Days at 5 and 14 °C?@

visual firmness color soluble titratable
days watermelon quality (1-9) (N) (H°) solids (%) acidity (%) pH
initial 8.8 1.39 32.66 9.4 0.11 5.10
3 whole 8.3a 1.30a 3340a 98a 0.11a 5.09a
fresh-cut 78a 122a 33.33a 10.1a 0.10a 523a
6 whole 8.0a 1.29a 3453 a 9.8a 0.11a 5.00a
fresh-cut 740 132a 34.07a 10.1a 0.11a 5.14a
9 whole, 5 °C 55b 124a 33.61b 98a 011la 521b
whole, 14 °C 7.3a 134a 3451a 95a 0.10a 520b
fresh-cut 6.5ab 137a 33.92 ab 93a 0.11a 5.22b
fresh-cut (light) 73a 123a 34.44 ab 93a 0.10a 540a

2Means (n = 3) in each column followed by the same letter at each time do not differ significantly at P < 0.05.

A hydroxycinnamic acid derivatives. They were quantified as

| Watermelon e p-coumaric acid. No degradation was observed during 9 days
of storage in either whole or fresh-cut fruEigure 7).
Z 44 No effect of light exposure for 9 days of storage on the
"o —— nutritional content was observed because no differences in the
§ 37 0 content of vitamin C, total carotenoids, and total phenolics were
2, found between watermelon cubes exposed to light or dark
conditions (Table 2).
11 Strawberry. Changes in Quality Indice§ he visual quality

of the strawberry slices decreased over storage and was
significantly different from the whole strawberry slices after 3
s000 { Lycopene days of storageTiable 6). After 6 days at 3C, fresh-cut slices
were scored under the limit of marketability in accordance with
Aguayo et al. 49), who found a shelf life shorter than 9 days
at 5°C in strawberry slices. Firmness decreased by 40% after
storage of fresh-cut strawberry relative to the initial and was
significantly different from the whole strawberry slices at the
end of the storage. Fresh-cut strawberries had Id#ethan

4000 slices from the whole stored fruit over storage, indicating a
surface darkening as described in previous pad8s There
were only small differences in SSC, TA, and pH between fresh-
5 | Total phenolics cut slices and those slices from the whole stored strawberries.
No effect of light exposure during storage was observed because
no significant differences in quality indices were shown between
strawberry slices exposed to light or dark conditions after 9 days
of storage, except for SSC (Table 6).

Changes in Vitamin CThe content of AA in strawberry slices
of both fresh-cut and whole fruit slightly increased during
1 storage (Figure 8). However, by day 9, the content of AA

decreased in fresh-cut slices, whereas DHA increased, to result

; ; . . in a increase in the content of vitamin C. This fact could be
explained by the reversible oxidation of AA to DHA maintaining
the vitamin C content and also shows that when vitamin C levels
are reported, DHA has to be taken into consideratibh).(
Whole fruit slightly increased in AA, DHA, and vitamin C
content over storage. Fresh-cut strawberries held for 7 days at

other watermelon cultivars, which can also vary by the produc- 2 ~© Were shown to have the same level of vitamin C as whole
tion sources and seasord8]. In this cultivar, lycopene was fresh strawberries (18), in agreement with our results.
found to be present as 75% of the total carotenoids content. Changes in CarotenoidsThe total carotenoids content in
Fresh-cut watermelon and whole fruit had the same lycopene ‘Seascape’ strawberries wa®0 xg 100 g* of FW, which is
content, and slight changes were observed over stoFigeré similar to that reported for ‘Tenira’ cultiva#f). There was no
7). Total carotenoids content did not change significantly in significant change in the total carotenoids content of fresh-cut
either kind of cube stored for 6 days, but was slightly reduced slices and sliced strawberry fruit over the time of storage with
at day 9. These results agree with those observed by Perkinsthe exception of day 9, when lower and higher contents of total
Veazie and Collins47), who found that fresh-cut watermelon carotenoids were found for fresh-cut slices and sliced fruit,
held for>7 days at 2C had an insignificant loss of lycopene. respectively (Figure 9). Therefore, no significant loss of total
Changes in Phenolic¥Vatermelon contained small amounts carotenoids occurred before slices reached their limit of market-
of phenolics €4 mg 100 g! of FW) that were mainly ability due to loss of quality.
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Days at5°C
Figure 7. Ascorbic acid (AA), lycopene, and total phenolics content of

watermelon cubes from whole stored or fresh-cut fruit. Values are means
of three replicates of 10 cubes each + standard error.
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Table 6. Quality Indices of Whole and Fresh-Cut ‘Seascape’ Strawberry Stored for up to 9 Days at 52

visual firmness color soluble titratable
days strawberry quality (1-9) (N) (H°) solids (%) acidity (%) pH
initial 7.8 1.14 44,91 7.2 0.93 3.27
3 whole 6.8a 0.98a 43.04a 6.8a 0.75a 3.36a
fresh-cut 58a 0.99a 41.16b 6.9a 0.77 a 3.36a
6 whole 75a 1.02a 4394 a 6.9a 0.78 a 3.34a
fresh-cut 55b 0.95a 4197b 6.8a 0.73a 3.35a
9 whole 55a 1.05a 44.19a 6.7a 0.79a 3.33b
fresh-cut 35b 0.69b 4191 ab 6.7a 0.70b 340a
fresh-cut (light) 35b 0.69b 40.65b 6.4Db 0.71b 340a

aMeans (n = 3) in each column followed by the same letter at each time do not differ significantly at P < 0.05.
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Figure 8. Ascorbic acid (AA), dehydroascorbic acid (DHA), and vitamin Days at 5 °C
C (Vit C) of strawberry slices from whole stored or fresh-cut fruit. Values Figure 9. Total carotenoids, total phenolics, total anthocyanins, and total
are means of three replicates of 150 g each + standard error. flavonoid derivatives of strawberry slices from whole stored or fresh-cut
. . . . . . . fruit. Values are means of three replicates of 150 g each + standard
Changes in Phenolic§his fruit was the richest in phenolic error P g

compounds, reaching values close to 60 mg 100af FW.
The main phenolics detected in strawberry were anthocyaninstotal flavonoids derivatives did not change significantly in either
(pelargonidin 3-glucoside), flavonols (quercetin 3-glucuronide sliced strawberry over storage.

+ 3-glucoside and traces of kaempferol derivatives), hydroxy- No effect of light exposure for 9 days of storage on the
cinnamates (mainlyp-coumaroylglucose), and ellagic acid nutritional content was observed because no differences in the
derivatives. Anthocyanins were quantified as pelargonidin, content of vitamin C, total carotenoids, and total phenolics were
flavonols as rutin, hydroxycinnamates@goumaric acid, and  found between strawberry slices exposed to light and dark
ellagic acid derivatives as ellagic aci29). The content of total ~ conditions (Table 2).

phenolic compounds was well preserved during 9 days of storage  Kiwifruit. Changes in Quality IndiceS.he visual quality of

at 5°C, and no significant differences were found between fresh- fresh-cut kiwifruit decreased rapidly over storage (Table 7).
cut slices and sliced fruit (Figure 9). Total anthocyanins and After 6 days at 5C, fresh-cut kiwifruit were scored under the
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Table 7. Quality Indices of Whole and Fresh-Cut ‘Hayward’ Kiwifruit Stored for up to 9 Days at 5 °C?

titratable
acidity (%)

0.92

0.98a
0.96 a

097a
091a

1.02a
0.92b
0.94b

oluble
solids (%)

111

116a
11.2a

109a
11.1a

119a
115b
111c

color
(L%
39.97

47.17a
34.88b

4737a
35.06 b

46.88 a
3457b
33.87hb

firmness
(N)
0.95

0.90a
0.52b

0.76 a
0.41b

0.6la
0.42b
0.44 b

visual
quality (1-9)
9.0

83a
50b

6.8a
40b

6.5a
25b
25b

days kiwifruit pH

3.50

349a
352a

3.48a
356a

350a
35la
352a

initial
3 whole
fresh-cut

6 whole
fresh-cut

9 whole
fresh-cut
fresh-cut (light)

aMeans (n = 3) in each column followed by the same letter at each time do not differ significantly at P < 0.05.

limit of marketability, indicating a shelf life shorter than 6 days,

and reached the limit of usability by day 9. It has been pointed
out that the most obvious change in kiwifruit slices was a rapid
loss in firmness, which is noticeable a few hours after process-
ing, even at 2C (50). The firmness of kiwifruit slices decreased -~
rapidly during the first 3 days of storage as has already been
observed 23, 50). Fresh-cut kiwifruit has been described to
break down rapidly because of its high water content and soft
texture in addition to microbial growttb(). After storage, the
texture loss of sliced whole kiwifruit was 32% lower with
respect to the initial. The coldc* value of kiwifruit slices
(surface darkening) was lower for kiwifruit slices than for slices
of whole fruits. The cut surface darkening was due to induction
of a translucent water-soaked tissue and not to enzymatic
browning (23). A slight decrease in SSC and TA of fresh-cut &
fruit compared to slices of whole stored fruit was observed at "=
the end of storage. There was no difference in pH between slices.8 /

—e— Whole
—-O— Fresh-cut

Kiwifruit

o
S
~ 35_
=]
£

30 +

DHA

Light exposure did not influence the quality indices of those

slices exposed to light and had only a slight effect on SSC

(Table 7).

Changes in Vitamin CThe vitamin C content in Kiwifruit
cultivars has been shown to vary from 29 to 80 mg 100af
FW (52). In our study, the Hayward cultivar contained 43 mg
100 g* of FW of vitamin C including 3 mg 100d of FW of

DHA, whereas in other studies a higher vitamin C content has

been reported (65 mg 100yof FW) (23,52). Fresh-cut slices

stored at 5°C exhibited a gradual decrease in AA and an
increase in DHA (Figure 10). The vitamin C content was 7.5%
lower than initial values in fresh-cut slices after 9 days of

storage, whereas there were no changes for slices of whole

stored fruit. In agreement with Agar et a23), kiwifruit slices
held for 9 days at 5C had no significant loss in vitamin C.

Changes in Carotenoid# higher content of carotenoids has
been reported for kiwifruit in which lutein accounts for 45% of
the total carotenoids, followed Hyans-neoxanthin an@-car-
otene (45). The average lutein afiecarotene content in these
kiwifruits represented 34 and 10%, respectively, of the total
content and did not change significantly in slices from either
fresh-cut or whole stored fruit over the storage perieigre
11).

Changes in Phenoliciwifruit contained small amounts of
phenolics (=4 mg 100 ¢ of FW) that were of benzoic and
hydroxycinnamic (chlorogenic angtcoumaric acid derivative)
type in accordance with previous results3). They were
quantified ag-coumaric acid or gallic acid depending on their

2 4

£

Vit C

50

45 1

mg 100 g fw

40 4

35 4

Days at 5 °C

Figure 10. Ascorbic acid (AA), dehydroascorbic acid (DHA), and vitamin
C (Vit C) of kiwifruit slices from whole stored or fresh-cut fruit. Values are
means of three replicates of 12 slices each + standard error.

In the presence of light, vitamin C and total carotenoids
contents of kiwifruit slices decreased, whereas total phenolics
content was maintained after 9 days of storagabfe 2).
However, fresh-cut kiwifruit visually spoiled before any sig-
nificant nutrient loss occurred.

General Overview.Among the many sensory characteristics
of fresh-cut fruits, appearance, texture, and flavor are of prime

UV spectrum. During 9 days of storage no significant changes importance (12). In addition to these general sensory charac-
were observed in the phenolic content, and no effect of teristics, consumers are nowadays more and more concerned
processing was observed because no difference was foundwith the nutritional qualities of what they eat. Nutritional value

between slices from the whole fruit and fresh-cut slidagyre
11).

varies greatly among commodities and cultivars of each
commodity. Processors of fresh-cut fruit products must know
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cantaloupe, to lose DHA during storage, whereas it was well

4001 Total carotenoids  Kiwifruit e et preserved in the other fruits that have acid pH. The preservation
350 of fruit phenolic content has a great impact on the quality of
:5 fresh-cut fruits because of the contribution of phenols not only
o %07 3 _ in enzymatic browning reactions but also on the nutritional value
S 250 I o S of fresh-cut products. Protection from light (e.g., opaque
2 200 materials) has been described to be a physical procedure that
ensures retention of antioxidant in frui8j. From our results,
transparent containers have no detrimental effect on nutritional
140 4 Lutein quality.
Z 1204 Contrary to expectations, it was clear that minimal processing
o had almost no effect on the main antioxidant constituents. The
8 "7 changes in nutrient antioxidants observed during 9 days at 5
2 80 °C would not significantly affect the nutrient quality of fresh-
60 cut fruits. Light exposure during storage had no effect on

decreasing quality and nutrient content. However, as minimal
processing accelerates the end of the postcutting life due to a
5 | B-carotene reduction in visual quality, further studies are needed to evaluate
the effect of postcutting treatments, including MAP and chemical
dips for delaying softening and browning, on the nutrient
retention of fresh-cut fruits.

40
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ug 100 g™ fw
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