THE JOURNAL OF AGRICULTURE
OF THE UNIVERSITY OF PUERTO RICO

Issued biannually by the Agricultural Experiment Station of the University of Puerto Rico, Mayagiiez
Campus, for the publication of articles and research notes by staff members or others, dealing with
scientific agriculture in Puerto Rico and elsewhere in the Caribbean Basin and Latin America.

VOL. 107 2023 No. 2

Characterization and post-harvest
management of Cucurbita moschata
Duchesne exhibiting a novel yellow color
and grown as a “baby” summer squash'?

Julirys Guzmdn-Laureano®, Rosa N. Chdvez-Jduregui?,
and Linda Wessel-Beaver®

J. Agric. Univ. P.R. 107(2):75-97 (2023)

ABSTRACT

Although immature fruit of the domesticated species of Cucurbita
(pumpkin and squash) are edible, it is usually fruit of C. pepo L. that are
harvested as summer (immature) squash. Cucurbita pepo is not widely
cultivated in Puerto Rico because of its susceptibility to a variety of diseases.
By contrast, C. moschata Duchesne (tropical pumpkin) is well adapted and
widely grown on the island but is used almost exclusively as a winter squash,
harvested at maturity. We conducted physicochemical, nutritional, and
sensory analyses of fresh and stored immature fruits of recently developed
tropical pumpkin lines with a novel yellow color to determine their potential
use as miniature (“baby”) summer squash. Two-d-old fruits were stored at
5° C for 14 d or at 10° C for 16 d. The nutritional composition of fresh 2-d-old
fruits was like that of C. pepo summer squash. Changes in O,and CO,
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composition within sealed bags, and physical and chemical characteristics
were measured before and after storage. The effect of fruit age (1- to 5-d-old
fruit) on weight and color was evaluated. A sensory panel evaluated the
general appearance and flavor of immature tropical pumpkin fruits. Over the
storage period, O, decreased, and CO, increased within sealed bags. The
increase in CO, was greater at 10° C. Weight loss during storage ranged
from 2.22% to 3.11%. There were decreases in luminosity and hue angle, but
not chroma; fruits became more difficult to penetrate after storage. Fruits
exhibited a decrease in pH, acidity, vitamin C, beta-carotene and antioxidant
activity, and an increase in soluble solids and phenolics during storage. The
effect of storage temperature on chemical characteristics was significant
only for acidity, beta-carotene, and antioxidant activity; there were minimal
changes in fruits stored at 10° C. Among 1- to 5-d-old fruit, older fruits
tended to have a lower luminosity, with a somewhat more saturated orange
color (increased chroma and decreased hue angle), compared to younger
fruits. Panelists’ reaction to the appearance of whole, uncooked fruit ranged
from “slightly like” to “extremely like”. The evaluation of the flavor of cooked
pieces of fruit ranged from “moderately dislike” to “extremely like”, with
82% of participants rating cooked fruit as “slightly like” or better. Tropical
pumpkin in its immature state is a fruit with nutritional value, an attractive
appearance and a flavor likely to be accepted by consumers. Two-day-old
fruit stored at 10° C maintained better quality than did fruit stored at 5° C.
The immature fruit of these uniquely colored tropical pumpkin lines are a
potentially high-value product for Puerto Rico or other areas where C. pepo
cannot be grown.

Keywords: Cucurbita pepo, tropical pumpkin, miniature vegetables, fruit
storage

RESUMEN

Caracterizacion y manejo postcosecha de Cucurbita moschata Duchesne que
exhibe un novedoso color amarillo y se cultiva como un calabacin “bebé”

Aunque los frutos inmaduros de especies domesticadas de Cucurbita
(los calabacines y calabazas) son comestibles, casi siempre los frutos
que son utilizados en su estado inmaduro son los de C. pepo, los
cuales son llamados calabacines (summer squash en inglés). Cucurbita
pepo (calabacin) no se cultiva ampliamente en Puerto Rico debido a su
susceptibilidad a una variedad de enfermedades. La calabaza comun
de Puerto Rico (C. moschata Duchesne; tropical pumpkin en inglés)
se cultiva extensamente en la isla como un tipo de winter squash y
se cosecha en su estado maduro. Realizamos analisis fisicoquimicos,
nutricionales y sensoriales de frutos inmaduros de nuevas lineas de
calabaza que exhiben un color amarillo para determinar su potencial
como un calabacin miniatura o “bebé”. Para estudiar el efecto del tiempo
de almacenamiento, frutos de 2 d de edad se almacenaron a 5° C por un
periodo de 14 d, o a 10° C por 16 d. La composicion nutricional de frutos
inmaduros frescos de calabaza fue parecida a la del calabacin C. pepo.
Antes y después del almacenamiento, se midieron los cambios en la
composicién de O, y CO, dentro de bolsas selladas y las caracteristicas
fisicas y quimicas de los frutos. Se evalué el efecto de la edad del fruto
(frutos de 1 a 5 d de edad) sobre el peso y color de los frutos. Un panel
sensorial evalu6 la apariencia y la aceptacion general de frutos inmaduros
de calabaza. A través del periodo de almacenamiento, el O, disminuy6
y el CO, aument6 en las bolsas selladas. El aumento en CO, fue mayor
a los 10° C. La pérdida de peso durante el almacenamiento varié de
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2.22% a 3.11%. Hubo disminuciones en luminosidad y el angulo de matiz,
pero no en croma, y los frutos fueron mas dificiles de penetrar luego
del almacenamiento. Durante el almacenamiento, los frutos exhibieron
una disminucion en pH, acidez, vitamina C, betacaroteno y la capacidad
antioxidante y un aumento en sélidos solubles y compuestos fenélicos.
El efecto de la temperatura de almacenamiento en las caracteristicas
quimicas fue significativo para la acidez, betacaroteno y la capacidad
antioxidante; hubo cambios minimos en los frutos almacenados a 10° C.
Entre las frutas de 1 a 5 d de edad, las frutas mas viejas tendieron a tener
luminosidad mas baja, con un color naranja algo mas saturado (croma
aumentado y angulo de matiz disminuido), en comparacién con las frutas
mas jovenes. La opinién del panel sensorial sobre la apariencia general
del fruto varié desde “gusta ligeramente” a “gusta extremadamente”.
La aceptacion general de sabor de frutos cocidos fluctu6 desde “no
gusta ligeramente” hasta “gusta extremadamente”, con 82% de los
participantes indicando “gusta ligeramente” o mejor. La calabaza en su
estado inmaduro es un fruto con valor nutricional, con una apariencia
atractiva y con una aceptacion general del consumidor. Los frutos de
2 d de edad almacenados a 10° C retuvieron mejor sus caracteristicas
quimicas durante el almacenamiento que los almacenados a 5° C. El fruto
inmaduro de estas nuevas lineas de calabaza con un color Unico es un
potencial producto de alto valor para Puerto Rico u otras areas donde C.
pepo no se cultiva.

Palabras clave: Cucurbita pepo, calabaza, calabacin, hortalizas miniaturas,
almacenamiento de frutos

INTRODUCTION

High quality fruits of summer squash are typically harvested about
seven days after flowering and are characterized by their smooth, thin,
shiny skin and firm, but tender, texture (McCollum, 2016). Summer
squash can be harvested from any of the five domesticated species of
Cucurbita; however, most commercially produced summer squash cul-
tivars are C. pepo.

Postharvest storage practices for summer squash have been studied
by several researchers. Summer squash has been shown to be suscep-
tible to chilling injury when stored at temperatures <5° C (Massolo et
al., 2019; McCollum, 1989, 1990; Megias et al., 2015, 2017; Nunes et
al., 2003; Sherman et al., 1985), although the degree of susceptibility
can vary depending on the cultivar (Megias et al., 2014, 2015, 2017).
McCollum (2016) recommended summer squash be stored at 5 to 10 °C
while Nunes et al. (2003) concluded that the best storage temperature
was 10 to 15 °C.

While most summer squash is harvested about 7 d after flowering,
there has been increasing interest in the past decade and a half in mar-
keting miniature or “baby” vegetables, including baby squash. Summer
squash used for this purpose is harvested from flowering through several
days after flowering. Baby squash is more sensitive to chilling injury than
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summer squash harvested at a larger size. Brew et al. (2006) reported
that, compared to baby squash stored at 5 or 7 °C for 14 d, fruits stored at
10° C maintained better quality. After 14 d fruits exhibited damage due
primarily to microbial growth.

Most cultivars of summer squash are adapted to temperate zones
or, in the tropics, to high elevations (>1000 m). In the lowland hu-
mid tropics of Puerto Rico and similar locations, C. pepo is seldom
produced on a commercial scale because of susceptibility to a variety
of diseases. By contrast, tropical pumpkin (C. moschata) is widely
planted in Puerto Rico and other areas of the humid lowland tropics,
but as a winter (mature) squash. The breeding program of the Agri-
cultural Experiment Station (AES) of the University of Puerto Rico at
Mayagiiez (UPRM) has developed various lines of tropical pumpkin
that exhibit unique yellow skin colors. Many cultivars of C. pepo sum-
mer squash also produce yellow fruit, and a mix of yellow and green
summer squash is attractive in prepared dishes. The overall objective
of our research was to study the potential for harvesting immature
fruit of newly developed, yellow-skinned lines of tropical pumpkin
as a substitute for C. pepo baby summer squash. More specifically,
we determined the nutritional value of immature tropical pumpkin
fruits, studied the physical and chemical changes in immature fruits
of tropical pumpkin during storage, evaluated the changes that occur
as fruits mature from anthesis through 5 d of age, and presented fruit
samples to a sensory panel.

MATERIALS AND METHODS

Collection of fruit samples. Sixteen lines of tropical pumpkin that
produce unique yellow fruit were transplanted to the field at the Lajas
Substation of the Agricultural Experiment Station, University of Puerto
Rico at Mayagiiez (AES-UPRM) on 13 February 2018 using a random-
ized complete block design with two replications. Plots consisted of a
single row of five plants spaced 1.8 m apart on raised beds with drip
irrigation and covered with grey plastic mulch. Prior to transplanting,
45 kg/ha of N and P, and 36 kg/ha of K were broadcast and incorporated.
Later on, 45 kg/ha of N and P, and 36 kg/ha of K was supplied via drip
irrigation. Once flowering commenced (late April 2018), immature fruits
were harvested three times a week for five weeks to supply enough fruits
for our study. Fruit age at harvest was determined by the state of the
corolla (very slightly deteriorated at 1 d after flowering to completely
deteriorated or fallen off at 5 d after flowering). Fruits were transported
in egg cartons to the laboratory at UPRM. Corollas were removed, then
fruits were washed with distilled water and gently cleaned with paper
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towels (Kimwipes, Kimberly-Clark Corporation, Irving, TX)é. To disin-
fect, fruits were placed in a 0.02% sodium hypochlorite solution for 3
min, then washed one more time with distilled water.

Proximate and mineral analyses. A random sample of five to seven
2-d-old fruits from the Lajas planting was harvested on each of three
different dates in May 2018. At each harvest date, fruits were dried at
70° C for 24 h in a conventional oven, then ground to homogenize the
sample. A proximate analysis (macronutrient content) was carried out
using AOAC method 925.04 for moisture, method 923.03 for ash, method
991.20 for protein, method 992.16 for total fiber, 991.43 for dietary fiber,
and method 920.39 for fat (AOAC International, 2012). Mineral content
was determined following PerkinElmer (1996). Samples of 0.4 g were
incinerated in crucibles at 500° C for 4 h, then allowed to cool overnight.
The incinerated samples were digested with 20 mL of 33% HCI until 10
mL of solution remained in the crucible. After digestion was completed,
each sample was filtered through Whatman No. 541 filter paper into a
100 mL volumetric flask. Concentrations of aluminum, boron, calcium,
iron, potassium, magnesium, manganese, phosphorus, and zinc were ob-
tained using an inductively coupled plasma optical spectrometer (ICP-
OES Optima 8000DV; PerkinElmer, Inc., Waltham, MA).

Changes in O, and CO, in packaging during storage. Three to six
(depending on fruit size) 2-d-old fruit were placed into 20.3 x 20.3 cm
plastic bags (FoodSaver®, Jarden Consumer Solutions, Boca Raton,
FL) that were then sealed without vacuum (Food Saver® VS3180,
Jarden Consumer Solutions, Boca Raton, FL). Bags were stored at 5
or 10 °C for 6 d (first replication or run) or 7 d (second run). For each
storage temperature, and during each of the 6 or 7 d of storage, O, and
CO, concentrations in each bag were measured with a gas analyzer
(Servomex Company Inc., Brighton, East Sussex, UK.

Changes in physical characteristics during storage. In early May
2018, a pool of 2-d-old fruit (2 d post-flowering) was harvested from
all the experimental lines in Lajas then transported and cleaned as
described above. A random sample of 16 unblemished fruits was se-
lected for evaluation on the day of harvest (day 0) and after 14 d of
storage at 5° C. At a second May 2018 harvest date, another pool of
2-d-old fruit was harvested and processed, and a random sample of 40
fruits was selected for evaluation on the day of harvest (day 0) and af-
ter 16 d of storage at 10° C. A preliminary study had determined that

5Company or trade names in this publication are used only to provide specific infor-
mation. Mention of a company or trade name does not constitute an endorsement by the
Agricultural Experiment Station of the University of Puerto Rico, nor is this mention a
statement of preference over other equipment or materials.
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fruit stored at 10° C could be stored several days longer than those
stored at 5° C. An identification number was written on each fruit
using a felt-tip pen, and each fruit was evaluated for visual quality,
weight and skin color before and after storage at 5 or 10 °C. For stor-
age, fruits were placed in 137 x 178 x 35 mm (length x width x depth)
black polypropylene trays with absorbent pads at the bottom of each
tray to minimize condensation. Four to six fruits were placed in each
tray and trays were sealed with polypropylene film using a packaging
machine (KOCH Ultra Source LLC, Kansas City, MO, USA) before be-
ing stored. Two persons evaluated visual quality using a 0 to 4 scale,
where 0 = no defects or scars, 1 = minor wounds or scars (very slight
deterioration), 2 = slight deterioration, 3 = moderate deterioration,
and 4 = heavy deterioration (unmarketable). Signs of deterioration
included shrinkage, softening, pitting of the skin, and decomposi-
tion. Fruits were weighed. Length (from base of stem to base of fruit)
and width (at the widest part of the fruit) were measured using a
digital caliper (ABSOLUTE Digimatic Caliper Series 500, Mitutoyo,
Kanagawa, Japan). A colorimeter (Color Flex EZ, Hunter Associates
Laboratory, Inc., Reston, VA) was used to measure L*a*b* tridimen-
sional color space on the fruit surface; a* and b* values were used
to calculate hue angle (shade of color) and chroma (color saturation)
using formulas from McGuire (1992).

Firmness, chemical and nutritional characteristics. Firmness, pH,
acidity, soluble solids, vitamin C, beta-carotene, phenolics, and an-
tioxidant capacity were measured in 2-d-old fruit before and after
storage. Fruits were transported, cleaned, and packaged as described
for physical characteristics, but the harvesting protocol was slightly
different. Harvests of 2-d-old fruit took place on three different dates
during May 2018. At each harvest, three unblemished fruits were
randomly assigned to each one of the three treatments:(1) fresh fruit
at day 0, (2) storage for 14 d at 5° C and (3) storage for 16 d at 10° C.
Each date was considered a block (replication). Fruit firmness was
measured with a texture analyzer (TA.XTPlus, Stable Micro Systems
Ltd., Surrey, UK) using a cylindrical 4-mm diameter probe, a pen-
etration depth of 7 mm and a speed of 0.83 mm/s (Martinez-Valdivieso
et al., 2015).

Once firmness was measured, the three fruits of a treatment repli-
cation were macerated in a food processor in bulk. The juice was used
to determine pH (AOAC method 982.12), titratable acidity (AOAC
method 942.15), soluble solids concentration [AOAC method 932.14 (C)
using a refractometer, and expressed as °Brix] and vitamin C (ascor-
bic acid) using the 2,6-dichloroindophenol (DCIP) titrimetric method
(AOAC Method 967.21) (AOAC International, 2012).
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Beta-carotene content was determined using the method proposed
by Nagata and Yamashita (1992): 1.0 g of macerated pulp was homog-
enized with 10 to 20 mL of acetone:hexane (4:6) solvent by mixing for 2
min with a stand homogenizer (Polytron PT 2500 E, Kinematica Inc.,
New York, NY) set at 18,000 rpm. The absorbency of the supernatant
was measured at wavelengths of 663, 645, 505 and 453 nm using a
spectrometer (UV-3100PC Spectrophotometer, VWR International,
Leuven, Belgium). Beta-carotene content was determined using the
following formula: B-carotene (mg/100 mL) = 0.216A,, — 1.22A . —
0.304A, . + 0.452A . Results were converted to mg/g of fresh weight
(FW).

Samples used to determine total phenolics and antioxidant capac-
ity were prepared following Granciero (2015). The remaining macerated
pulp was lyophilized. For phenolic content, a 0.5 g sample of lyophilized
pulp was diluted with 10 mL of distilled water and placed in a shaker for
30 minutes. The Folin-Ciocalteau (FC) colorimetric method of Singleton
and Rossi (1965) was used to measure phenolics content. Readings were
reported in milligrams of gallic acid equivalents (GAE)/100 g FW. The
2,2-diphenyl-1-picryl-hydrazyl-hydrate (DPPH) method, described by
Brand-Williams et al. (1995), was used to measure antioxidant capacity.
Antioxidant capacity was reported as micrograms of Trolox equivalents/g
FW. For each treatment at each harvest date measurements were taken
in triplicate and then averaged for that date.

Effect of fruit age on physical characteristics. Samples of 1- to 5-d-
old fruit were harvested in plots of six of the 16 experimental lines at
the Lajas substation and transported and handled as described above.
Within a line, two to 13 fruits (usually three to four) were sampled for
each fruit age. Fruits were evaluated in the laboratory approximately
4 h after harvest. Fruit weight and color (luminosity, hue angle and
chroma measured as described earlier) were determined.

Sensory panel. General appearance and flavor of 2-d-old fruit
harvested from the experimental lines at the Lajas substation were
evaluated by a panel of 100 volunteers consisting of students and
staff at UPRM who indicated that they liked vegetables. Appear-
ance and flavor were evaluated on separate days. For appearance,
each panelist was presented with a fresh 2-d-old fruit. For taste,
2-d-old fruits were boiled in unsalted water, and panelists were pre-
sented with two pieces of cooked fruit, approximately 2.54 x 2.54 cm
in size. For both appearance and taste, panelists rated fruit samples
on a nine-point scale, where 1 = extremely dislike, 2 = dislike very
much, 3 = moderately dislike, 4 = slightly dislike, 5 = neither like
nor dislike, 6 = slightly like, 7 = moderately like, 8 = like very much,
and 9 = extremely like.
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Statistical analyses. All analyses were carried out using InfoStat
(version 2018, Di Rienzo et al., 2018). Changes in O, and CO, during
storage were analyzed by analysis of variance (ANOVA) of a complete
block design with two replications (runs). A separate ANOVA was car-
ried out for each storage temperature. A paired t-test (16 pairs for
storage at 5° C; 40 pairs for storage at 10° C) was used to study the
effect of storage (before vs. after) on physical characteristics. Firm-
ness and chemical characteristics were analyzed using a randomized
complete block design with three replications (fruit harvest dates).
Single-degree-of-freedom contrasts were used to compare means for
(1) before vs. after storage, and (2) storage at 5° C vs. 10° C. Regres-
sion was used to analyze the effect of fruit age from 1 to 5 d after flow-
ering on fruit weight, diameter, length, L* (luminosity), hue angle,
and chroma. For the study on the effect of fruit age (1 to 5 d after
flowering), data was collected from only six of the 16 experimental
lines and each line was sampled and analyzed separately. Linear and
quadradic regressions were carried out and graphs of the best fitting
models are presented.

RESULTS

Fruit description: The experimental lines of tropical pumpkin pro-
duced fruits with a variety of shapes including globe (flattened), round
and ovoid (Figure 1). Although most lines consistently produced fruits
with a yellow color, plants within some lines segregated for fruit color
producing yellow, bicolor (yellow and green) and green fruit. Only yel-
low fruits were harvested and evaluated in this experiment, but the
tone of the color was variable from light to bright yellow. Stem color
also varied both within and among lines: some lines produced fruits
with yellow stems while others had green stems.

Proximate and mineral analyses. Fruits of 2-d-old tropical pump-
kin produced a proximate and mineral analysis similar to that of the
USDA’s analysis for raw zucchini summer squash (U.S. Department
of Agriculture, 2018) (Tables 1 and 2). The higher moisture content in
our fruits was likely due to the fruits’ young age (2 d). Although the
documentation doesn’t specify the age of fruits analyzed by the USDA,
zucchini is typically harvested when fruits are closer to 7-d-old. We
observed a higher percentage of fat and a lower percentage of protein
than in the USDA standard for zucchini. However, summer squash, in
general, is not an important source of either of those nutritional com-
ponents. The mineral analysis of immature tropical pumpkin was even
more similar to zucchini, with the exception of Mn, which was much
lower in tropical pumpkin than in zucchini.



J. Agric. Univ. PR. voL. 107, 2, 2023 83

Ficure 1. Examples of stem and skin color and of fruit shape of immature fruits
from lines of tropical pumpkin (Cucurbita moschata) with a novel yellow color. The age
of fruits ranges from 1 to 8 d after flowering.

Changes in O, and CO, in packaging during storage. At both 5 and
10 °C, the percentage of O, within sealed packages of fruit dropped
quickly between day 0 and day 2 and then remained at 5% or less dur-
ing the remaining 7 d of the experiment (Figure 2). Over the 7-d stor-
age period, CO, increased from 0% to about 40% in packages stored at
5° C and to over 60% for packages at 10° C.

Changes in physical characteristics during storage. Significant
changes in fruit quality, weight and color occurred over the storage
period of 14 to 16 d (Table 3). Fruit quality deteriorated over time at
both 5 and 10 °C, but the change was less at 10° C. Although significant
deterioration was evident after storage, it was rated as “slight” or “very
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TABLE 1.—Proximate analysis of immature fruit (2 d post-anthesis) of yellow fruited tropi-
cal pumpkin (Cucurbita moschata) harvested at Lajas, Puerto Rico compared to
the USDA proximate analysis for raw summer squash (C. pepo), with skin (US
Department of Agriculture, 2018).

Analysis of immature USDA standard analysis
tropical pumpkin of summer squash
Component % SD %
Moisture 96.96 +0.05 94.70
Ash 0.62 +0.0019 0.58
Fat 0.83 +0.01 0.32
Protein 0.64 +0.0012 1.21
Carbohydrates 4.62 +0.04 3.11
Total fiber 0.33 +0.0027 —
Dietary fiber 141 +0.10 1.00
Soluble fiber 0.29 +0.02 —
Insoluble fiber 0.79 +0.05 —

slight” (quality scores of 2.13 and 1.38 for 5 and 10 °C, respectively).
Loss of fruit weight during storage, although significant, was slight:
less than 3%. Likewise, color changes, although usually statistically
significant, were minor. Fruits were slightly darker (lower luminosity)
at the end of the storage period, somewhat more orange in color (de-
creased hue angle) and, for 5° C only, color was less saturated (lower
chroma).

Firmness, chemical and nutritional characteristics. Firmness, pH,
total acidity and soluble solids of fruits changed during storage, but
storage temperature only affected firmness and total acidity (Table 4).

TABLE 2.—Mineral analysis of immature fruit (2 d post-anthesis) of yellow-fruited tropical
pumpkin (Cucurbita moschata) harvested at Lajas, Puerto Rico, compared to
the USDA mineral analysis for raw summer squash (C. pepo), with skin (U.S.
Department of Agriculture, 2018).

Analysis of immature tropical USDA standard analysis of

pumpkin summer squash

Mineral (mg/100 g) (mg/100 g)
Aluminum 0.19 —

Boron 0.14 —
Calcium 10.02 16

Iron 0.23 0.37
Potassium 247.34 262
Magnesium 16.07 18
Manganese 0.06 0.177
Phosporus 38.70 38

Zinc 0.39 0.32
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Ficure 2. Change in percentage of oxygen and carbon dioxide inside packages of
2-d-old tropical pumpkin (Cucurbita moschata) fruit sealed in plastic and stored at 5
and 10 °C for 7 d.

More force was needed to penetrate fruits after storage, and this differ-
ence was greater at 5° C compared to 10° C. The pH of fruits decreased
during storage, but the change was very small and not affected by stor-
age temperature. Total acidity increased, especially at the 5° C storage
temperature. Soluble solids increased during storage, and by the same
amount under both storage temperatures.

Storage had a marked effect on the nutritional status of fruits. At
both storage temperatures vitamin C content after 14 to 16 d of storage
was less than half of that of fresh fruits (Table 5). Beta-carotene con-
tent after 16 d at 10° C was less than 50% of that of fresh fruit. After
being stored at 5° C for 14 d, fruit averaged less than 15% of the be-
ta-carotene of fresh fruit. By contrast, phenolics content increased by
about 25% on average in stored fruits. Antioxidant capacity of stored
fruit remained at the same level as fresh fruit when stored for 16 d at
10° C, but decreased nearly 20% in fruits stored for 14 d at 5° C.

Effect of fruit age on physical characteristics. The increase in fruit
weight from one to five days after flowering closely fit logistic regres-
sion models with coefficients of determination (R?) ranging from 0.89
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TABLE 3.—Means, standard errors (SE), and t-test probabilities for fruit weight and skin
color (luminosity, hue angle and chroma) in immature fruit (2 d post-anthesis)
of tropical pumpkin (Cucurbita moschata) evaluated before storage, and after
storage in sealed plastic bags at 5° C (14 d) or 10° C (16 d).

Visual Luminosity Hue angle

Treatment quality!  Weight (g) (L*) (°) Chroma
5°C

Before storage 0.38 75.81 79.45 81.96 54.85

After 14 d of storage 2.13 74.10 73.93 78.30 49.78

SE 0.17 0.12 0.35 0.34 1.24

t-test? <0.0001 <0.0001 <0.0001 <0.0001 0.0113
10°C

Before storage 0.01 62.88 79.27 82.39 55.89

After 16 d of storage 1.38 61.01 74.52 78.90 56.78

SE 0.08 0.05 0.20 0.11 0.40

t-test? <0.0001 <0.0001 <0.0001 0.0001 0.1291

'A measure of deterioration on a 5-point scale where 0=no deterioration or blemishes on fruit
surface, 4=strong deterioration.

“Probability of error in a paired t-test with 15 degrees of freedom.

SProbability of error in a paired t-test with 39 degrees of freedom.

to 0.95 (Figure 3). Using these models, we estimated that immature
fruits increased their weight by 74 to 109% per day, on average, over
the first 5 d after flowering. Average fruit weight within the six lines
varied from 20 to 32 g for 1-d-old fruit to 264 to 465 g for 5-d-old fruit.

Increasing fruit age resulted in changes in the luminosity of fruit
skin in only three of the six lines sampled (Figure 4). Changes in lu-

TaBLE 4.—Means, SE, F test probability, and single-degree-of-freedom linear contrasts
for firmness, pH, total acidity and soluble solids of immature fruit (2 d post-
anthesis) of tropical pumpkin (Cucurbita moschata) evaluated before and after
storage in sealed plastic bags at 5° C (14 d) or 10° C (16 d).

Firmness Total acidity Soluble solids
Treatment N) pH (%) (%)
Before storage (fresh) 6.35 6.84 0.05 5.1
After storage (14 d, 5° C) 9.59 6.65 0.09 5.5
After storage (16 d, 10° C 7.58 6.64 0.06 5.5
SE 0.2098 0.0212 0.0072 0.0638
F test probability! 0.0001 0.0009 0.0243 0.0062
Contrasts*
Before vs. after storage 0.0001 0.0003 0.0493 0.0022
5 vs. 10 °C (after storage) 0.0005 0.8312 0.0257 0.4881

Degrees of freedom for treatment = 2; degrees of freedom for error = 6.
?Reported values are probabilities in F-tests of single-degree-of-freedom linear contrasts using
means shown above in the same column.
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Line A (weight increase=78% per day; R2=0.89) Line B (weight increase=78% per day; R2=0.91)
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Ficure 3. Curves represent a logistic regression model of the effect of fruit age (1 to 5
d after flowering) on fruit weight of immature fruits of six lines of tropical pumpkin (Cu-
curbita moschata) with a novel skin color. The increase in weight per day was estimated
from the logistic models and all regressions were significant at the 0.0001 probability
level. R2 = R%

minosity were small: a decrease of 1.12 to 1.33 units per day. Three of
the six lines exhibited changes in chroma with increasing fruit age (Fig-
ure 5). Additionally, the other three lines also showed a similar, though
non-significant, tendency of increased chroma value with increasing
fruit age. Greater chroma values reflect an increase in the saturation or
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Ficure 4. Regression analysis of the effect of fruit age (1 to 5 d after flowering) on
luminosity of skin of immature fruits of six lines of tropical pumpkin (Cucurbita mos-
chata) with a novel skin color. The slope in the linear regression analysis is presented
for all lines except A for which a quadratic regression gave the best fit. R2 = R% NS = not
significant at the 0.05 probability level.

purity of skin color. Hue angle decreased in all but one of the lines we
sampled, with changes ranging from an angle decrease of 1.93 to 0.65°
(Figure 6). A hue angle of 90° corresponds to yellow, while a hue angle of
45° corresponds to orange. Fruit harvested 5 d after flowering had skins
that were more yellow-orange compared to that of 1-d-old fruit.

Sensory panel. Panelists had a favorable reaction to both the general
appearance of fresh immature fruits and the flavor of cooked immature
fruits of yellow fruited tropical pumpkin. All panelists liked the appear-
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Ficure 5. Regression analysis of the effect of fruit age (1 to 5 d after flowering) on
chroma of skin of immature fruits of six lines of tropical pumpkin (Cucurbita moschata)
with a novel skin color. The slope in the linear regression analysis is presented for all
lines except A for which a quadratic regression gave the best fit. R2 = R2. NS = not sig-
nificant at the 0.05 probability level.

ance of the fruits (Figure 7). A large majority (82%) of panelists gave a rat-
ing of “slightly like” or better when tasting a cooked fruit sample (Figure
8). Only 5% of panelists expressed a dislike for the taste of cooked fruit.

DISCUSSION

The skin color of immature fruit of C. moschata typically ranges
from pale to dark green, with or without broken stripes of a lighter
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Ficure 6. Regression analysis of the effect of fruit age (1 to 5 d after flowering) on
hue angle of skin of immature fruits of six lines of tropical pumpkin (Cucurbita mos-
chata) with a novel skin color. The slope in the linear regression analysis is presented
for all lines except A for which a quadratic regression gave the best fit. R2 = R% NS = not
significant at the 0.05 probability level.

green color. Some of our lines produced fruit with green skin color al-
though most lines produced exclusively yellow fruit (Figure 1). Only
yellow fruit was used in our study. The novel yellow skin color of our
lines is similar to cultivars of C. pepo carrying the Bicolor (B) gene.
The intense yellow color of several C. pepo summer squash cultivars
is a result of the presence of this gene. Cultivars carrying this gene
have “precocious yellow” fruit pigmentation since the yellow color is
present well before anthesis (Paris and Brown, 2005). Yellow fruit color
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General appearance of immature fruits of tropical pumpkin
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FIGURE 7. Sensory panelists’ evaluation of the general appearance of immature fruits
(2 d post-anthesis) of tropical pumpkin (Cucurbita moschata) with a unique yellow color.

is sometimes expressed only near the stem resulting in a bicolor fruit
with yellow at the stem and green at the distal end. Bicolor fruit was
evident in some of our lines as well. Both yellow and green stems oc-
curred in our fruits, depending on the line. We judged yellow fruits
with dark green stems to be particularly attractive.

The B gene has been backcrossed into some genotypes of C. moscha-
ta but it also is likely that the B gene (or a gene specific to C. moschata
that functions in a similar way) occurs naturally in some landraces
of C. moschata. The novel yellow color in our lines is derived from a
landrace originating from Colombia. In Brazil, Boiteux et al. (2007)
developed a bicolor cultivar derived from a bicolor landrace of C. mos-
chata. Future studies could clarify the genetics of the novel fruit color
in our lines.

The B gene appears to have a detrimental effect on the quality of
stored fruit. Sherman et al. (1987) evaluated chilling injury in fruits
of near-isogenic C. pepo lines, with and without the B gene, stored at
5° C. Fruits with the B gene deteriorated more rapidly. Sherman et al.
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Ficure 8. Sensory panelists’ evaluation of the flavor of immature fruit (2 d post-
anthesis) of tropical pumpkin (Cucurbita moschata) with a unique yellow color.

(1985) compared regular yellow squash cultivars Goldbar and Seneca
Butter with Multipik which carries the B gene. ‘Multipik’ had greater
weight loss and a poorer appearance after 5 d of storage at both 5 and
10 °C. McCollum (1990) noted that the presence of the B gene increased
chilling injury in both scallops and marrows (market classes of C. pepo
summer squash). Grisales et al. (2020) found that ‘Golden’, a zucchini
with the B gene, had more damage during storage than traditional
green types.

Our study monitored changes in the concentrations of O, and CO,
in packages during 7 d of storage. Fruit respiration caused O, to be
consumed and CO, to be produced. Respiration was greater at 10° C
than at 5° C as is evidenced by the higher concentration of CO, after
7 d (Figure 2). High levels of respiration favor deterioration of fruit in
storage. The use of active modified atmosphere packaging, where con-
centration of O,is maintained at a lower level and CO, at a higher level
than normal atmosphere concentrations, has been used successfully
in the storage of fruits and vegetables to control respiration. However,
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Mencarelli et al. (1983) observed that a low concentration of atmo-
spheric O, had little to no effect on storage quality of zucchini squash
at both chilling and non-chilling temperatures.

Fruit quality of the immature fruits of the C. moschata lines in
our study deteriorated more rapidly in fruits stored at 5° C than in
fruits stored at 10° C. Previous work with cultivars of C. pepo also
concluded that storage temperatures of about 10° C result in better
quality fruit (Balbierz and Kolata, 2015; Brew et al., 2006; Nunes et
al., 2003; Sherman et al., 1985). A shiny fruit surface is an important
market attribute of summer squash (McCollum, 2016). After 14 to 16
d of storage, we observed only a slight reduction in the luminosity of
the fruit surface; likewise, changes in hue and chroma were also small
(Table 3). Fruits maintained a reasonable appearance at the end of the
storage period at 10° C; on average they were judged to have a visual
quality of 1.38 - very slight to slight deterioration. By contrast, there
was a marked decrease in nutritional quality of fruits during storage
and the decline tended to be greater at 5° C. Vitamin C, beta-carotene
and antioxidant capacity all decreased over time (Table 5). Balbierz
and Kolota (2015) observed similar changes in their study with scallop
squash (C. pepo) cultivars. Total phenolics content increased over time
in our study. Massolo et al. (2016) also observed this in vegetable mar-
row (C. pepo). The accumulation of phenolics may contribute to fruit
deterioration (Massolo et al., 2014).

There are various fruit preservation methods that could be consid-
ered in future studies with fruits from our novel lines. Mercado-Ruiz et
al. (2010) and Megias et al. (2015) found that chilling injury can be re-
duced in summer squash by shrink-wrapping individual fruits in poly-
ethylene film before storage. This technique is already commonly used
on English cucumbers. Massolo et al. (2014) sprayed summer squash
fruits with benzylaminopurine (BAP), a cytokinin, prior to storage at
5° C. Fruits with BAP exhibited less deterioration over a 25-d stor-
age period compared to unsprayed fruits. The use of BAP appeared
to decrease pectin solubilization (disassembly) in cells. Carvajal et al.
(2015) demonstrated that solubilization and depolymerization of pec-
tin was induced by low temperatures but that this effect was reduced
when squash was preconditioned by holding fruit at 15° C for 48 h
before storing at 5° C.

Dipping squash into solutions of salicylic acid and sodium nitro-
prusside was found to be effective in reducing chilling injury (Kannau-
jia et al., 2019).

The fruits evaluated in our study ranged from “baby” squash (1- to
3-d-old fruit) to a size approaching that of traditional summer squash
(4- to 5-d-old fruit). We studied the effect of storage only on 2-d-old
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fruit, but 3- to 5-d-old fruit would likely maintain even better quality
during storage. In all the sampled lines, fruits grew rapidly from 1 to 5
d after flowering (Figure 3). Overall, we judged that the changes in col-
or (including luminosity, hue and chroma) of fruits as they aged from
1 d after flowering to 5 d after flowering did not substantially change,
and sometimes improved the marketability of the fruits. Luminosity
decreased very slightly (Figure 4), but skin color often became more
saturated or pure (increased chroma; Figure 5). Hue angle decreased
resulting in an even more attractive yellow-orange color (Figure 6).

Panelists judged immature C. moschata fruits with a yellow color
as very attractive, and cooked fruits as having a very acceptable fla-
vor (Figures 7 and 8). Only a small percentage of panelists disliked
cooked immature C. moschata fruits. Although these fruits lose some
of their nutritional qualities and deteriorate somewhat in appearance
during storage, they maintain marketable quality for about two weeks.
In Puerto Rico and other parts of the humid tropics, C. moschata is
typically harvested at maturity and consumed as a tropical pumpkin
(a “winter squash”). Production of traditional C. pepo cultivars of sum-
mer squash is very challenging in the humid tropics. By contrast, the
uniquely colored tropical pumpkin (C. moschata) lines evaluated in
this study are well-adapted to the humid tropics and offer an oppor-
tunity for a new use of tropical pumpkin, either as “baby squash” or
traditionally sized summer squash.
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