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The diversification of vegetable food is essential for enhancing nutrient sources and dietary health. Vegetable
melon (Cucumis melo L.) landraces from Puglia region (Southern Italy), represent a valuable yet underutilized
resource. Recently, they have gained commercial interest and consumer appreciation at the international level.
This study defined the nutritional composition of nine melon landraces (‘Barattiere tondo’, ‘Carosello leccese’,
‘Carosello striato tondo di Massafra’, ‘Carosello di Polignano’, ‘Carosello scopatizzo’, ‘Cucumbr di Martina
Franca’, ‘Spuredda bianca’, ‘Spuredda fasciata’, ‘Spuredda nera’) — hypothetically classified into “Barattiere,”
“Carosello,” and “Spuredda” groups — by analyzing their phytochemical (polyphenols, isoprenoids, soluble
sugars) and mineral elements profiles. While “Barattiere” showed a poorer nutritional profile compared to the
others, “Spuredda” landraces, particularly ‘Spuredda bianca’, exhibited the highest levels of pro-vitamin A
(8.5 pg-g~! dry weight, DW), polyphenols (125.2 mg-kg~! DW), and iron (28.2 mg-kg~! DW). Moreover, the
presence of methyl gallate (up to 117.0 mg-kg ! DW) — uncommon and sought-after polyphenol in edible fruits,
yet predominant in these local vegetable melons — reinforces their relevance for human nutrition. Compared to
cucumber and honeydew melon, these landraces demonstrated intermediate nutritional properties. The findings
revealed the valuable contribution of these unripe melons to a sustainable and diversified diet, and potentially to
breeding programs.

1. Introduction

New horticultural crops are required to broaden the range of nutrient
sources and to mitigate health issues related to poorly diversified diets
(Ray (Chakravarti) and Dutta, 2022). Biodiversity represents a rich
reservoir for the identification of novel crops, such as neglected minor
crops, local species, landraces, and newly domesticable species (Renard
and Tilman, 2021).

Fruits of Cucurbitaceae family are widely appreciated for their pos-
itive contribution to human nutrition, owing to their water content,
mineral elements, and diverse phytochemicals of recognized nutrition
and healthy relevance (Mukherjee et al., 2022). Among them, Cucumis
melo L. (melon) is one of the most economically and nutritionally rele-
vant horticultural species in the Mediterranean basin, particularly Italy

is in the top ten countries to produce Cantaloupes and other melons
(FAO, 2025). Within the two subspecies of C. melo (subsp. agrestis and
subsp. melo) sixteen botanical groups are defined, like cantalupensis,
reticulatus, inodorus, flexuosus, chate, which are the most common in that
area (Achkar et al., 2024; Chikh-Rouhou et al., 2023; Pitrat, 2017).
Furthermore, several landraces are cultivated around the Mediterranean
area (Abu Zaitoun et al., 2018; Flores-Leon et al., 2022; Merheb et al.,
2020; Pavan et al., 2017; Tsolakidou et al., 2025). Melon landraces of
Puglia region (Southern Italy) belonging to flexuosus and chate botanical
varieties (Hammer et al., 1986; Pavan et al., 2017). They are commonly
referred to as “Carosello”, “Barattiere”, “Meloncella” or “Spuredda”
(Accogli et al., 2014; Elia & Santamaria, 2013; Laghetti et al., 2008);
however, a clear identification and denomination of the landraces are
hampered by the intense level of morpho-genetic variability and
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frequent cases of synonymy and homonymy (Accogli et al., 2014; Pitrat,
2017; Somma et al., 2021). To overcome these issues,
morpho-physiological (Didonna et al., 2025; Somma et al., 2024) and
molecular studies have been used to describe representative landraces of
these macro-groups. While “Carosello” and “Barattiere” were confirmed
to be distinct genetic subpopulations of the chate taxonomic group,
“Spuredda” macro-group still lacks a genetic classification (Laghetti
et al., 2008; Pavan et al., 2017; Pitrat, 2017; Ricciardi et al., 2003).

The fruit (peponid) of these vegetable melon landraces is harvested
at green-immature stage of ripening (unripe), meaning when the seeds
are still inconsistent, the exocarp is thin, and the mesocarp is crunchy.
Traditionally, they are consumed fresh and raw or in salad, like a cu-
cumber (C. sativus L.); in addition, innovative culinary preparations
have been introduced to further enhance the value of this versatile fruit
(Renna et al., 2020). Beyond local consumption, some of these varieties,
particularly “Barattiere”, have gained wider recognition due to their
refreshing, distinctive morphology, and desirable organoleptic proper-
ties. Therefore, in recent years the market of “Barattiere” fruit has
expanded at national and international levels, particularly in continen-
tal European markets (Freshplaza, 2019). In Italy, a growing interest in
other green-immature melon varieties is registered, especially for
landraces of the group “Carosello” owing to their performance and
nutritional profile. Landraces ‘Carosello leccese’ and ‘Carosello scopa-
tizzo’ were reported to reach the productive performance of cucumber
hybrids in soilless cultivation system under supplemental LED lighting,
suggesting a substantial productive potential (Somma et al., 2021). To
the best of our knowledge, only a few studies focused on the nutritional
profile of ‘Carosello leccese’ (Palmitessa et al., 2021, 2022) and some
subpopulations of “Barattiere” (Renna et al., 2020). They have been
promoted for the low sodium content and a high level of potassium
(Serio et al., 2005), intermediate nutritional properties between cu-
cumbers and ripe melon (Palmitessa et al., 2022; Renna et al., 2020),
and the possibility of enrichment in silicon (Buttaro et al., 2009; Somma
et al., 2024). Furthermore, unlike cucumber, these local melons gener-
ally lack cucurbitacins - compounds responsible for the bitter taste and
lower digestibility - except for the recently reported case of ‘Carosello
scopatizzo’ (Castellaneta et al., 2025; Palmitessa et al., 2023).

Despite the considerable potential of local vegetable melons in terms
of productivity and health-promoting properties, they are often under-
estimated or neglected due to the lack of knowledge on their nutritional
value. While the ripe fruit of C. melo L. is recognized to be a valuable
source of phytochemicals and bioactive compounds, such as poly-
phenols, vitamin C, vitamin E (a-tocopherol), and carotenoids (Manchali
et al., 2021; Romo-Tovar et al., 2024; Zhang et al., 2020), unripe fruit
can be a useful source of nutrients and bioactive compounds in the
human diets (Henane et al., 2024; Ilahy et al., 2018; Palmitessa et al.,
2022; Renna et al., 2020).

Considering the growing economic interest for these landraces, their
adaptability to various growing systems and the promising productive
performance, the present research investigated the nutritional profile of
nine melon landraces belonging to the groups “Barattiere”, “Carosello”,
and “Spuredda”. With the final goal of preserving these melon landraces
from neglection and genetic erosion through the enhancement of the
consumption, the present study aimed to: i) explore the phytochemical
and mineral elements composition of the fruit; ii) characterize distinc-
tive and valuable components of the nutritional profile; iii) assess the
potential contribution of the fruit to human health and diet.

2. Materials and methods
2.1. Experimental location

The experiment was carried out between May and July 2022 at the
experimental farm “La Noria” of the Institute of Sciences of Food Pro-

duction, National Research Council, located in Mola di Bari (BA, Puglia
region, Southern Italy, 41.062156° N, 17.066914° E) in open field
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conditions.

2.2. Plant material, growing conditions and experimental design

Nine landraces of Cucumis melo L. traditionally grown in the Puglia
region (Southern Italy) were considered: ‘Barattiere tondo’ (BT); ‘Car-
osello leccese’ (CAL); ‘Carosello scopatizzo’ (‘Scopatizzo’ - CAS);
‘Cucumbr di Martina Franca’ (CUM); ‘Carosello di Polignano’ (CAP);
‘Carosello striato tondo di Massafra’ (CAM); ‘Spuredda bianca’ (SB);
‘Spuredda nera’ (SN); and ‘Spuredda fasciata’ (SF) (Fig. 1).

Seedlings were supplied by a local commercial nursery. Local land-
races are often recovered from farmers by commercial nurseries, stabi-
lized, selected, and produced for the market. Seedlings were
transplanted on the 9th of May 2022 with a final plant density of 2.5
plantsem 2 (1.0 m between rows and 0.4 m between plants on the row).
Plants were vertically trained and pruned according to local practices
and previous experimental research (Somma et al., 2021): for “Car-
osello” (CAL, CAM, CAP, CAS, CUM) and “Spuredda” (SB, SF, SN)
landraces, the main stem of each plant was vertically trained; for “Bar-
attiere” (BT) landrace, the main stem was topped at the second node and
the first secondary side shoot was vertically trained in place of the main
stem, according to the local practices. For all the landraces, the side
shoots were topped after the second node.

Plants were grown in a clay loam soil with 1.15 % organic matter,
8.0 pH. The irrigation was managed according to local practices and
using a micro-irrigation system. Temperature (T) and relative humidity
(RH%) were registered daily, at the rate of one measurement every
15 min, for the entire duration of the experiment. Day/night T were 29
+ 7°C/26 + 5°C day/night RH were 71 + 23 %/66 + 22 %.

The experimental design was a randomized block (nine landraces
randomly distributed along three rows) with three repetitions. The
experimental unit consisted of three experimental plants.

2.3. Fruit harvest and measurements

Fruits were harvested and analyzed at commercial maturity. It cor-
responded to the green-immature developmental stage (crunchy meso-
carp, inconsistent seeds, absence of placenta cavity) and a fruit weight of
approximately 200-270 g according to the local practices (Conversa
et al.,, 2005). The harvest was performed seven weeks after trans-
planting, at the full productive stage for all the landraces. Representative
samples were selected on the base of color and shape, according to the
characteristic appearance of each landrace (Conversa et al., 2005; Pal-
mitessa et al., 2022; Somma et al., 2021). The petiole was discarded,
then fruits were abundantly rinsed with tap water and, finally, with
deionized water to remove any impurity. The entire fruit (exocarp,
mesocarp, and endosperm) was considered for measurements and
analysis.

For each landrace, a total of twelve fruits (n = 12) was sampled to
measure fresh weight (FW) and total sugars content (°Bx) with a digital
refractometer (Carl Zeiss, Oberkochen, Germany) from a longitudinal
slice of the fruit. The remaining fruit were longitudinally split in two:
half (n = 12) were pooled by field repetition to measure dry weight
(DW), obtained by drying fresh samples in oven at 70 C until constant
weight was reached; the other half (n = 12) were pooled by field repe-
titions and freeze-dried for both phytochemical determinations and
mineral elements content analysis. Dry matter content was calculated
from FW and DW and expressed as grams in ge100 g~! FW.

2.4. Phytochemicals characterization

Freeze-dried samples were milled using a vibro-milling system (MM
200, Retsch GmbH, Haan, Germany) equipped with zirconia jars and
balls, for 2 min at 20 Hz. The pulverized samples were then stored in a
desiccator until analyses.
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‘Spuredda nera’ (SN)

Fig. 1. Representative fruit (peponid, external view and inner view of the longitudinal section) of nine landraces of local melon (Cucumis melo L.) from Puglia region

(Southern Italy) at harvest stage (green-immature peponid).

2.4.1. Isoprenoid determination

The concentration of carotenoids (violaxanthin, antheraxanthin,
lutein, zeaxanthin, B-cryptoxanthin, 13 cis-p-carotene, p-carotene and 9
cis-p-carotene), o-tocopherol, and chlorophylls (chlorophyll a and
chlorophyll b) were analyzed. Triplicate aliquots of 500 mg dry weight
(DW) samples were resuspended in 5 mL distilled water, to obtain a
homogeneous suspension. Isoprenoid extraction was performed on
500 mg of the homogeneous suspension following the method described
by Sadler et al. (1990) as modified by Perkins-veazie et al. (2001). Iso-
prenoid analysis was carried out by HPLC as described by Durante et al.
(2016) using an Agilent 1100 Series HPLC system equipped with a
reverse-phase C30 column (5 um, 250 x 4.6 mm) (YMC Inc., Wilming-
ton, NC, USA). The mobile phases consisted of: methanol (A), 0.2 %
ammonium acetate aqueous solution/methanol (20/80, v/v) (B), and
methyl tert-butyl ether (C). The gradient elution was as follows: 0 min,
95 % A and 5 % B; 0-12 min, 80 % A, 5% B and 15 % C; 12-42 min,
30% A, 5% B and 65 % C; 42-60 min, 30 % A, 5% B and 65 % C;
60-62 min, 95 % A, and 5% B. The column was re-equilibrated for
10 min between runs. The flow rate was 1.0 mLemin ', and the column
temperature was maintained at 25 °C. The injection volume was 10 pL.
Wavelengths used for quantification were 290 nm for tocopherols,
450 nm for carotenoids, and 665 nm for chlorophylls.

2.4.2. Polyphenols determination

Polyphenols (gallic acid, methyl gallate, p-coumaric acid, chloro-
genic acid and rutin) were extracted following the methodology of
Abu-Reidah et al. (2012) with minimal modifications. A volume of 2 mL
of 80 % (v/v) methanol was added to 100 mg of dried weight (DW)
samples. The samples were vortexed (1 min, 3000 rpm), sonicated for
30 min in a Labsonic177 LBS1-10 ultrasonic bath (Falc Instruments,
Treviglio-Bergamo, Italy), and shaken with a magnetic stirrer for 5 h.
Afterward, they were centrifuged at 4500 x g for 10 min, and the su-
pernatants were dried using an evaporator at 40 °C. The resulting dry
residue was suspended in 100 pL of 80 % (v/v) methanol, filtered with
0.2 pm filters, and analyzed by HPLC as reported by Laddomada et al.
(2017) using a Phenomenex-luna 5 ym C18 (2) 100 A column (250 x
4.6 mm) (Phenomenex, Torrance, CA, USA). A gradient elution program

was applied with a mobile phase consisting of acetonitrile (solution A)
and 1 % (v/v) H3PO4 in water (solution B) as follows: isocratic elution,
100 % B, 0-30 min; linear gradient from 100 % B to 85 % B, 30-55 min;
linear gradient from 85 % B to 50 % B, 55-80 min; linear gradient from
50 % B to 30 % B, 80-82 min; post run, 10 min before the next injection.
The flow rate of the mobile phase was 1.0 mLemin~?, the injection
volume was 20 L and the column temperature was set at 30 °C. The
wavelength used for the quantification were 280 nm for gallic acid and
methyl gallate, 295 nm for p-coumaric acid, 320 nm for chlorogenic
acid, and 350 nm for rutin.

2.4.3. Soluble sugars determination

A volume of 1 mL of 70 % ethanol was added to 0.1 g DW of fruits,
and the mixture was stirred overnight using a magnetic stirrer. After-
wards, the samples were centrifuged at 4000 x g for 10 min, and the
supernatants were dried using a SpeedVac. The resulting dry residue was
resuspended in 100 pL. of water, filtered through 0.2 ym filters, and
analysed by HPLC according to Bleve et al. (2015), using an Aminex
HPX-87H column (300 x 7.8 mm) (Bio-Rad) maintained at 55 °C, with a
flow of 0.3 mL-min~!, and as eluent 0.045 N H,SO4 containing 6 %
acetonitrile (v/v).Sucrose was not detectable.

2.5. Mineral elements profile

Freeze-dried and pulverized fruit samples (150 mg) were digested in
Teflon tubes with 7 mL of ultrapure HNO3 (>69.0 %, TraceSELECT®)
and 1 mL of Hy05 (30 %, TraceSELECT®), using a microwave digestor
(MultiwaveGO, Anton Paar, Graz, Austria), as described in Allegretta
etal. (2023). The digested samples were diluted to 25 mL with deionized
water, filtered with Whatman® 42 filter paper, and stored at 4 °C until
analysis. A blank solution (7 mL HNOs and 1 mL H»05) was processed
using the same conditions. Total concentrations of macronutrients (P, K,
Ca, and Mg), micronutrients (B, Mn, Fe, Cu, and Zn), and Na were
determined by inductively coupled plasma-atomic emission spectrom-
etry (ICP-AES; Thermo iCAP 6000 series, Thermo Fisher Scientific Inc.,
Waltham, MA, USA). The following emission wavelengths were used for
the quantification (nm): B 249.77, Na 589.59, Mg 280.27, P 213.62, K
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766.49, Ca 422.67, Mn 257.61, Fe 259.94, Cu 324.75 and Zn 213.85. A
calibration curve was built using the blank solution as zero point and a
multi-element calibration standard (Certipur® ICP Multi-element stan-
dard solution IV, Merck KGaA, Darmstadt, Germany) at the concentra-
tion of 2mgL™! and 10mgL~!. Phosphorous calibration was
specifically performed using a P standard solution for ICP-OES (Carlo
Erba, Milano, Italy) at 2 mg L™ and 10 mg L™}, in addition to blank
solution. Macronutrients were measured after diluting the samples at
1:25 (v/v) with deionized water. Three biological replicates were ana-
lysed for each melon landrace, and two analytical repetitions were
performed for each biological replicate. The instrumental quality check
was done by measuring the multi-element standard every ten samples.
Two certified reference materials, namely “Tomato leaves” (NIST
1573a) and “White cabbage” (BCR 679), were processed and analysed as
the samples, and used for the validation of the method.

2.6. Synthetic comparison between melon landraces, cucumber and
honeydew melon

A synthetic nutritional comparison between the present vegetable
melon landraces, cucumber (Cucumis sativus L.) and honeydew melon
(C. melo L. var. inodorus) was performed. Current results and official
composition data of the National Nutrient Database of the United States
Department of Agriculture (USDA) for an edible portion of 100 g of fresh
raw honeydew melon and fresh raw cucumber with peel (USDA, 2024)
were considered.

2.7. Statistical analysis

The statistical analysis was performed as an analysis of variance
(ANOVA) using the General Linear Model (GLM; SAS Software, Cary,
NC, USA). According to the research objectives, the means were
compared using independent and orthogonal contrasts with one degree
of freedom (eight contrasts): (i) BT vs others; (i) (“Carosello™ CAL,
CAM, CAP, CAS, CUM) vs (“Spuredda™: SB, SF, SN); (iii) SB vs (SF and
SN); (iv) SF vs SN; (v) (CAL & CAP) vs (CAM, CAS, CUM); (vi) CAL vs
CAP; (vii) CAS vs (CAM and CUM); (viii) CAM vs CUM. Principal
Component Analysis (PCA) (XLStat, Addinsoft, Paris, France) was per-
formed on mean centered and standardized (unit variance scaled) data
prior to the analysis. The data matrix submitted to the PCA was made up

Table 1
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of nine observations (one for each landrace) and 24 variables (quality
parameters related to commercial quality and nutritional profile). The
results of the PCA are shown as biplots of scores (9 landraces) and
loadings (24 variables). Additionally, the Agglomerative Hierarchical
Clustering (AHC) method was used to group the elements according to
their similarity, with a bottom-up approach. The data were analyzed to
quantify the dissimilarity between the observations. Subsequently,
clusters were iteratively formed by joining the two most similar groups
at each step, using a linkage criterion such as the single, complete, or
average linkage method. The result was displayed in a dendrogram
(reported in Supplementary Materials, Figure S1): the varieties are
divided into groups according to their similarity on the horizontal axis;
the level of dissimilarity between varieties and groups is reported on the
vertical axis.

3. Results
3.1. Nutritional characterization

3.1.1. Polyphenol content

The polyphenol profile of the fruits was primarily characterized by
the following compounds in descending order: methyl gallate > > rutin
> p-coumaric acid (on average 4.9 mg kg~! DW) > chlorogenic acid
> gallic acid (Table 1).

BT fruit exhibited the lowest total polyphenol content, 38.1 % less
than the other landraces. Within the ‘Spuredde’ group, SB contained
52.9 % more total polyphenols than SF and SN. BT also contained, on
average, 49.2 % less methyl gallate than the other melon landraces.
Fruits from the “Carosello” group (CAM, CAP, CAS, CAL and CUM) were
collectively richer in methyl gallate, exceeding those from the “Spur-
edda” group (SB, SF, and SN) by 21.6 %. Additionally, SB contained
79.6 % more methyl gallate than SF and SN. CAL exhibited gallic acid
and rutin levels 3.5 and 6 times higher than those found for CAP.
Moreover, CAS had a gallic acid concentration 33.7 % higher than CAM
and CUM. The rutin concentration was 7.7 times greater in CAM than in
CUM. The chlorogenic acid level in CALwas 28.1 % higher than in CAP
(Table 1).

Data corresponding to 100 g of fresh fruit are provided in the sup-
plementary materials (Table S1).

Polyphenols content of fruit of nine landraces of Cucumis melo L. at commercially mature stage (green-immature phenological stage: BT, ‘Barattiere tondo’; CAL,
‘Carosello leccese’; CAM, ‘Carosello striato tondo di Massafra’; CAP, ‘Carosello di Polignano’; CAS, ‘Carosello scopatizzo’; CUM, ‘Cucumbr di Martina Franca’; SB,
‘Spuredda bianca’; SF, ‘Spuredda fasciata’; SN, ‘Spuredda nera’. Others = CAL, CAM, CAP, CAS, CUM, SB, SF, SN; DW = dry weight.

Methyl Gallic acid Rutin p-Coumaric acid Chlorogenic acid Total
gallate polyphenols
mg kg™ DW
Landrace
BT 44.4 +16.6 2.1+0.6 11.5+6.8 50+1.1 3.6 +0.4 66.6 + 20.7
CAL 99.3+£5.4 3.0+£0.7 18.6 +£9.7 6.6 + 2.6 41+1.0 131.7 £17.1
CAM 116.9 + 22.3 1.2+0.2 15.3 £ 9.0 5.9+ 2.0 43+1.1 143.7 + 32.5
CAP 70.4 + 27.4 1.1+0.1 31+23 57 +28 3.2+0.3 94.5 + 51.0
CAS 925+7.2 1.6 £0.3 3.2+1.6 3.5+04 3.1+0.2 103.8 £ 8.8
CUM 88.7 + 35.2 1.2+0.1 2.0+1.0 3.8+0.3 3.5+0.3 99.2 + 35.3
SB 109.1 + 4.8 1.9+0.7 6.8 +3.1 43+1.3 3.2+0.4 125.2 + 5.7
SF 67.0 +11.8 1.7 £ 0.6 13.9+79 48+1.9 3.4+0.7 90.8 + 21.1
SN 54.6 £11.7 1.24+0.2 9.4+ 4.2 42+1.4 3.6 £0.2 73.0+ 0.8
Significance®
BT vs others ok ns ns ns ns *
(CAM, CAP, CAS, CAL, CUM) vs (SB, SF, SN) * ns ns ns ns ns
SB vs (SF and SN) ok ns ns ns ns
SF vs SN ns ns ns ns ns ns
(CAP and CAL) vs (CAM, CAS, CUM) ns ns ns ns ns ns
CAP vs CAL ns g * ns * ns
CAS vs (CAM and CUM) ns ns ns ns ns
CAM vs CUM ns ns w* ns ns ns

# Significance of contrast:

, **,and * for p < 0.001, p < 0.01 and p < 0.05, respectively; ns, not significant.
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3.1.2. Carotenoid content

The total carotenoid content in the fruits of ‘Carosello’ and ‘Spur-
edda’ group was 45.0 ug g~' DW, which was 41.6 % higher than BT
(Table 2). Overall, antheraxanthin was the most abundant carotenoid,
followed by lutein, f-cryptoxanthin, and p-carotene. In smaller amounts,
violaxanthin, zeaxanthin (0.2 ug g~ DW), 9-cis-p-carotene (2.8 pg g~ *
DW), and 13-cis-B-carotene (2.0 ug g’1 DW) were also present (Table 2).

The antheraxanthin content in BT was 28.7 % lower than in the other
landraces. Among them, “Spuredda” landraces had 33.2 % higher
antheraxanthin level than the “Carosello” landraces. Within the “Spur-
edda” group, SB had 57.4 % higher antheraxanthin levels than SN and
SF, while SF contained 33.0 % less antheraxanthin than SN. In the
“Carosello” group, CAP and CAL exhibited an antheraxanthin concen-
tration 20.8 % higher than CAM, CAS and CUM. Lutein levels in BT fruit
were 79.7 % lower than those in the ‘Carosello’ and “Spuredda” land-
races. Regarding violaxanthin, “Carosello” landraces contained 42.9 %
more than “Spuredda”. Within the latter group, SB accumulated 13 %
more violaxanthin than SF, whereas the concentration of this compound
in SN was below the level of detection. The “Spuredda” group had
20.9 % higher B-cryptoxanthin levels compared to the “Carosello”
group. Additionally, SN fruit had a f-cryptoxanthin content 61.5 %
higher than SF. The p-carotene content in BT was 87.0 % lower than in
the other landraces analyzed. Regarding the “Spuredda” group, SB had
36.7 % higher p-carotene levels than SN and SF.

Data corresponding to 100 g of fresh fruit are provided in the sup-
plementary materials (Table S2).

3.1.3. Tocopherol, sugars and commercial quality
The a-tocopherol content was 24.2 % higher in “Spuredda” landraces

Table 2
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compared to “Carosello” landraces, with CAL exceeding CAP by 38.3 %
(Table 3).

The fruits of the nine melon landraces did not differ in the content of
chlorophyll a (3.1 ug g~ DW), chlorophyll b (49.9 ug g~ DW) and total
chlorophyll content (53.0 pg g~ ' DW). On average, all the unripe melon
landraces contained 368.0 mg g~ DW of glucose. However, the “Car-
osello” landraces exhibited variations in glucose and total soluble
sugars. CAM, CAS and CUM had 8.7 % higher fructose levels 5.3 %
higher total soluble sugar content compared to CAP and CAL, respec-
tively. Furthermore, the total soluble sugar content in CUM was 33.8 %
higher than CAM (Table 3).

Data corresponding to 100 g of fresh fruit are provided in the sup-
plementary materials (Table S3).

The total soluble solids (TSS) content in BT was 14.7 % higher than
in the other landraces. Within “Carosello” group, CAS had a TSS content
33.4 % higher than CAM and CUM. Together, their TSS levels exceeded
those of CAP and CAL by 18.3 % (Table 3).

BT exhibited the highest dry matter content, which was 38 % higher
than in the other landraces (3.77 g 100 g~* FW, on average). Addi-
tionally, CAS had 28.3 % more dry matter than CAM and CUM (Table 3).

3.2. Mineral elements content

Landraces contained the same amount of Mg (2.91 g kg~! DW), and
only few differences were found for the other macronutrients (K, Ca, and
P) (Table 4). In details, CAM fruit had a 16.7 % higher K concentration
than CUM. CAP contained 7.5 % more Ca than CAL. The P content was
18.0 % lower in BT than the other landraces. Moreover, within the
‘Carosello’ group, the P level was 23.7 % lower in CAP and CAL

Carotenoids content expressed on dry weight (DW) of fruit of nine landraces of Cucumis melo L. at commercially mature stage (green-immature phenological stage): BT,
‘Barattiere tondo’; CAL, ‘Carosello leccese’; CAM, ‘Carosello striato tondo di Massafra’; CAP, ‘Carosello di Polignano’; CAS, ‘Carosello scopatizzo’; CUM, ‘Cucumbr di
Martina Franca’; SB, ‘Spuredda bianca’; SF, ‘Spuredda fasciata’; SN, ‘Spuredda nera’. Others = CAL, CAM, CAP, CAS, CUM, SB, SF, SN.

Antheraxanthin  Lutein Violaxanthin  Zeaxanthin  p-cryptoxanthin  p-carotene  9-cis- 13-cis- Total
p-carotene p-carotene Carotenoids
ug g° DW
Landrace
BT 11.8 £3.3 5.4 2.28 +0.13 0.13+0.03 55+0.6 3.4+0.7 2.69 + 0.04 1.67 + 1.44 31.8+85
+1.5
CAL 15.7 £ 3.5 8.2 2.30 +£0.23 0.19 + 0.04 5.3+0.3 6.2+1.1 2.72+0.19 1.80 + 1.56 42.3 + 8.6
+3.3
CAM 11.7 £5.2 9.3 2.18 £ 0.43 0.15+0.09 56+0.2 6.2+1.2 2.79 + 0.03 2.41 +£2.28 37.6 +£12.7
+7.1
CAP 171+ 1.3 11.4 2.37 +0.04 0.21 £0.10 51+1.5 7.1+1.0 2.90 + 0.09 0.81 + 1.40 47.2+1.9
+0.7
CAS 12.2+0.2 8.6 2.31+0.48 0.14+£0.07 58+0.2 54+24 2.76 +£ 0. 09 1.71+1.48 43.5 +20.7
+5.3
CUM 16.8 £ 5.5 8.4 2.57 £ 0.37 0.13+0.04 54+0.7 5.8 +0.6 2.77 £ 0. 09 1.83 +£1.58 43.7 £10.2
+2.8
SB 25.9+0.1 13.4 2.61 £ 0.40 0.20 + 0.08 6.1 +£2.3 85+1.8 2.86 +£0.21 2.50 + 0.01 55.0 £21.5
+7.0
SF 13.2+2.0 7.7 2.32 +0.09 0.12+0.04 52+1.0 55+1.1 2.85+0.14 2.64 £+ 0.05 39.5+3.8
+1.0
SN 19.7 £ 2.2 10.6 0.00 + 0.00 0.16 +0.03 8.4 +0.5 7.0 £0.9 2.90 + 0.06 2.72 £+ 0.06 51.4 + 2.8
+2.2
Significance®
BT vs Others wx ns ns ns ns ns
(CAM, CAP, CAS, ek ns wxx ns * ns ns ns ns
CAL, CUM)
vs (SB, SF, SN)
SB vs (SF and SN) Hk ns ns ns * ns ns ns
SF vs SN *x ns ns e ns ns ns ns
(CAP and CAL) ok ns ns ns ns ns ns ns ns
vs (CAM, CAS,
CUM)
CAP vs CAL ns ns ns ns ns ns ns ns ns
CAS ys (CAM and ns ns ns ns ns ns ns ns ns
CUM)
CAM vs CUM ns ns ns ns ns ns ns ns ns

# Significance of contrast: **

** and * for p < 0.001, p < 0.01 and p < 0.05, respectively; ns, not significant
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Table 3
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The a-tocopherol and total soluble sugars content expressed on dry weight (DW), total soluble solids (TSS), and dry matter content of fruit of nine landraces of Cucumis
melo L. at commercially mature stage (green-immature phenological stage) from Puglia region (southern Italy): BT, ‘Barattiere tondo’; CAL, ‘Carosello leccese’; CAM,
‘Carosello striato tondo di Massafra’; CAP, ‘Carosello di Polignano’; CAS, ‘Carosello scopatizzo’; CUM, ‘Cucumbr di Martina Franca’; SB, ‘Spuredda bianca’; SF,
‘Spuredda fasciata’; SN, ‘Spuredda nera’. Others = CAL, CAM, CAP, CAS, CUM, SB, SF, SN.

o-Tocopherol ~ Chlorophyll Chlorophyll Total Fructose Glucose Total TSS Dry
a b chlorophyll soluble matter
sugars
ug g DW mg g* DW °Bx g 100 g™
FW
Landrace
BT 6.6 £1.1 25+22 32.3+9.7 34.8+83 503.4 407.5 910.9 3.5 5.2
+63.9 +72.0 +107.7 +0.2 + 1.1
CAL 8.3+22 4.0 +£ 2.5 47.3 +9.9 51.3+9.8 491.2 386.1 877.3 2.8 3.8
+77.8 +79.3 +150.6 +0.1 +0.3
CAM 10.8 +£ 0.9 3.6+22 48.2 £9.3 51.8 +11.4 370.8 3139 684.7 3.0 3.3
+41.3 +61.6 +102.2 +0.1 +0.1
CAP 6.0+ 1.5 23+17 62.9+9.1 65.2 +8.1 412.7 327.0 739.7 2.7 3.9
+94.3 + 65.0 + 154.6 +0.1 +0.3
CAS 54+24 3.2+24 47.7 £15.2 50.6 +£15.3 378.3 324.5 702.9 3.9 4.4
+ 80.7 + 54.7 +135.4 + 1.4 +0.3
CUM 7.3+1.2 25+1.8 46.5 + 14.4 49.0 + 14.8 498.1 418.3 916.4 2.9 3.6
+112.1 + 86.1 +194.9 + 0.1 +0.2
SB 8.6 £ 0.6 3.3+46 64.6 + 18.0 67.9 +13.7 439.6 352.1 791.7 2.8 3.5
+93.0 + 64.9 +151.5 +0.2 +0.4
SF 10.3 £ 2.9 24+20 41.0£1.3 43.4 +£ 3.3 495.2 411.2 906.4 3.4 4.0
+42.4 +116.2 +147.0 +0.1 +0.7
SN 9.3+26 3.9+25 63.0+9.3 629 +7.0 464.3 371.2 835.5 2.9 3.8
+ 69.3 +42.1 +109.9 +0.1 +1.1
Significance®
BT vs others ns ns ns ns ns ns ns * HxE
(CAM, CAP, CAS, CAL, * ns ns ns ns ns ns ns ns
CUM) vs (SB, SF, SN)
SB vs (SF and SN) ns ns ns ns ns ns ns ns ns
SF vs SN ns ns ns ns ns ns ns ns ns
(CAP and CAL) vs ns ns ns ns * ns * wx ns
(CAM, CAS, CUM)
CAP vs CAL ** ns ns ns ns ns ns ns ns
CAS vs (CAM and CUM) ns ns ns ns ns ns ns Rl wx
CAM vs CUM ns ns ns ns ns ns ns ns

2 Significance of contrast: ***, ** and * for p < 0.001, p < 0.01 and p < 0.05, respectively; ns, not significant.

compared to CAM, CAS, CUM. Sodium concentration was significantly
greater in SB, SF, and SN, exceeding that of CAL, CAM, CAP, CAS, and
CUM by 62.0 %. Additionally, SN accumulated 2.2 times more Na than
SF. The melon landraces differed mainly for the micronutrient content.
In detail, SB contained 22.2 % more B than the other two “Spuredda”
landraces (SF and SN). BT exhibited the lowest Zn, Fe, Mn, and Cu
content, registering reductions of 63.1 %, 32.9 %, 25.7 %, and 23.6 %,
respectively, compared to the other landraces. Zinc content largely
varied among melon landraces. “Spuredda” group contained 46.3 %
more Zn than “Carosello” group, with SB having a Zn content 28.9 %
higher compared to SN and SF. Within the “Carosello” landraces, CAP
had a 18.7 % more Zn in fruit compared to CAL. However, they both had
18.8 % lower Zn levels compared to CAS, CUM and CAM. Furthermore,
CUM had a 57.1 % more Zn than CAM, and together, they had 2.3 times
the Zn level compared to CAS. Concerning Fe content, CAP and CAL
showed the highest levels (by 18.7 %) within the “Carosello” landraces,
and SB the highest concentration (by 49.6 %) within the “Spuredda”
ones. Regarding Mn concentration, SF and SN presented 24.7 % higher
Mn content than SB; CAP and CAL showed the highest concentration by
18.5 % within the “Carosello” group. Additionally, CAS had a 10.4 %
higher Mn content than CAM and CUM, while CUM exceeded CAM by
21.2 %. Lastly, Cu content was slightly higher by 3.4 % in CAL compared
to CAP (Table 4).

Data corresponding to 100 g of fresh fruit are provided in the sup-
plementary materials (Table S4).

3.3. Principal component analysis

The first five principal components (PCs) explained 51.3 % of the

total variance, with principal component 1 (PCl) and principal
component 2 (PC2) accounting for 33.3 % and 18.0 %, respectively. PC1
was mainly correlated with carotenoids, a-tocopherol, chlorophyll, and
mineral elements (positively); while PC2 was more correlated with
polyphenolic compounds (positively) and less with sugars and dry
matter content (negatively). Separations between the landraces are
suggested by the grouping showed in the biplot (Fig. 2): SN, CAP, and SB
showed a high carotenoid content; CAL and CAM exhibited a high
polyphenol profile; SF, CUM and CAS were characterized by high sugar
content, as was BT. The latter was even more isolated due to higher dry
matter content. Specifically, BT was distinctly separated from the other
landraces.

A cluster dendrogram combining all the studied quality parameters
to summarize general pattern of variance and relationship among the
nine melon landraces is reported in Supplementary Materials
(Figure S1).

3.4. Synthetic comparison between melon landraces, cucumber and
honeydew melon

The nutritional comparison between local vegetable melon, cucum-
ber, and honeydew melon is synthetized in Fig. 3, while full data is re-
ported in the supplementary material (Table S5).

The “Carosello” and “Spuredda” groups contained the lowest amount
of dry matter, which was 7.3 % and 62.8 % lower than cucumber and
honeydew melon, respectively. While ‘Barattiere tondo’ showed a
26.8 % higher dry matter content compared to cucumber, it accumu-
lated half (50.9 %) dry matter that of honeydew melon (Fig. 3A). The
isoprenoid p-cryptoxanthin was present only in cucumber and vegetable
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Table 4
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Mineral elements content expressed on dry weight (DW) of nine landraces of Cucumis melo L. at commercially mature stage (green-immature phenological stage): BT,
‘Barattiere tondo’; CAL, ‘Carosello leccese’; CAM, ‘Carosello striato tondo di Massafra’; CAP, ‘Carosello di Polignano’; CAS, ‘Carosello scopatizzo’; CUM, ‘Cucumbr di
Martina Franca’; SB, ‘Spuredda bianca’; SF, ‘Spuredda fasciata’; SN, ‘Spuredda nera’. Others = CAL, CAM, CAP, CAS, CUM, SB, SF, SN.

K Ca P Mg Na B Zn Fe Mn Cu
gkg™! DW mg kg~! DW
Landrace
BT 23.63 5.08 2.99 2.98 324.6 17.4 10.5 15.1 9.3 4.4
+1.28 + 0.34 +0.70 +0.18 + 181.9 +1.7 +1.9 +1.7 +0.8 +0.7
CAL 24.42 3.68 4.34 2.99 329.8 17.8 21.0 25.8 15.3 6.1
+0.35 +0.59 +0.18 +0.03 +25.9 + 2.0 +38 +34 +0.6 +1.0
CAM 23.75 4.53 3.71 291 468.3 18.4 27.1 20.9 10.9 5.9
+ 0.05 +0.58 +0.19 +0.29 + 287.3 + 0.4 +4.5 +23 +0.4 +1.1
CAP 25.09 3.95 3.88 3.15 291.2 185 24.9 24.4 123 5.9
+0.48 +0.69 + 0.46 + 0.05 +45.8 +23 + 3.0 +3.5 +0.6 +0.9
CAS 20.30 2.99 3.13 2.66 314.0 16.8 15.1 18.3 10.8 4.2
+0.22 +0.13 +0.19 +0.02 +21.1 +1.2 +3.1 +4.3 +1.5 +0.6
CUM 20.36 4.28 3.64 3.05 296.5 18.6 42.5 24.3 13.2 5.7
+0.13 + 0.60 + 0.05 +0.17 + 23.7 +1.8 +2.1 + 5.4 + 0.9 + 0.5
SB 24.73 4.69 3.71 3.05 486.6 21.0 37.8 28.2 14.7 5.8
+1.20 +0.77 +0.34 +0.09 +174.5 +5.9 +3.6 +5.0 +1.6 +0.5
SF 21.86 3.65 3.35 2.54 364.5 17.6 30.0 20.3 11.0 5.8
+0.97 +0.58 +0.13 +0.15 +921.7 +1.4 +1.8 +1.1 +0.8 +0.5
SN 24.86 4.91 3.38 2.86 800.6 16.7 28.7 17.4 12.6 6.1
+1.75 +0.27 +0.26 +0.20 +152.9 +0.7 +21 +0.4 +1.5 +0.6
Significance®
BT vs others ns ns * ns ns ns o i *x
(CAM, CAP, CAS, CAL, CUM) vs (SB, ns ns ns ns e ns e ns ns ns
SF, SN)
SB vs (SF and SN) ns ns ns ns ns * * wx wx ns
SF vs SN ns ns ns ns ok ns ns ns ns ns
(CAP and CAL) ns ns * ns ns ns e e ek ns
vs (CAM, CAS, CUM)
CAP vs CAL ns * ns ns ns ns * ns ns *
CAS vys (CAM and CUM) ns ns ns ns ns ns * ns * ns
CAM vs CUM * ns ns ns ns ns il ns * ns
2 Significance of contrasts: ***, ** and * for p < 0.001, p < 0.01, and p < 0.05, respectively; ns, not significant.
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Fig. 2. PCA biplot (Principal Component 1 - PC1 vs. Principal Component 2 - PC2) describing the variation of the chemical parameters (in blue) measured to
characterize the nutritional profile of nine landraces (green) of melon (Cucumis melo L.) from Puglia region: ‘Carosello leccese’ (CAL); Carosello ‘Scopatizzo™ (CAS);
‘Barattiere tondo’ (BT); ‘Spuredda bianca’ (SB); ‘Spuredda nera’ (SN); ‘Spuredda fasciata’ (SF); ‘Carosello di Manduria’ (CUM); ‘Carosello di Polignano’ (CAP);
‘Carosello striato tondo di Massafra’ (CAM). Parameters located close to each other had a strong co-variance; parameters far from the origin contributed more to the

PCs than ones close to them. Circles indicate the grouping of landraces.

melons, while it is not reported for honeydew melon. Conversely, the

p-carotene, a-tocopherol, lutein and zeaxanthin were found in all the
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Fig. 3. Synthetic comparison between i) fruit (consumed at mature-green stage) of melon (Cucumis melo L.) landraces from Puglia Region (Southern Italy), namely
‘Carosello leccese’ (CAL); ‘Carosello scopatizzo’ (CAS); ‘Barattiere tondo’ (BT); ‘Spuredda bianca’ (SB); ‘Spuredda nera’ (SN); ‘Spuredda fasciata’ (SF); ‘Carosello di
Manduria’ (CUM); ‘Carosello di Polignano’ (CAP); ‘Carosello striato tondo di Massafra’ (CAM); ii) raw cucumber (Cucumis sativus L.); iii) ripe honey dew melon (C.
melo L.). (A) water and dry matter content (ge100 g’1 FW); (B) isoprenoid content; (C) mineral elements content. Data referred to a fresh (FW) portion of 100 g. Data
of cucumber and honeydew melon are adapted from National Nutrient Database of the United States Department of Agriculture (www.fdc.nal.usda.gov).


http://www.fdc.nal.usda.gov

A. Somma et al.

analyzed fruit with large variations in their concentration. Overall, the
average content of the analyzed isoprenoids (p-carotene, p-cryptox-
anthin, lutein, zeaxanthin, and a-tocopherol) for vegetable melon
(143.3 pg in 100 g FW) was higher by 15,3 % and 85,7 % than cucumber
and honeydew melon, respectively (Fig. 3B). Conversely, the total
mineral elements content (K, P, Mg, Ca, Na, Fe, Zn) was the lowest in
local unripe melons, by 78.3 % and 63.4 % than cucumber and honey-
dew melon, respectively (Fig. 3C). In particular, the Na concentration in
vegetable melons was close to the one of cucumber (4 3.0 %) and 8.7
times lower than in honeydew melon.

4. Discussion

This study provides a comprehensive nutritional characterization of
nine traditional melon landraces from the Puglia region (Southern Italy),
highlighting significant differences in water, polyphenol, isoprenoid,
chlorophyll, sugar, and mineral elements content.

The fruit of ‘Barattiere tondo’ was found to contain lower levels of
many bioactive compounds and mineral elements compared to the other
landraces, i.e. total content of polyphenols, carotenoids and chloro-
phylls, methyl gallate, antheraxanthin, lutein, and f-carotene (pro-
vitamin A), P, Zn, Fe, Mn and Cu, referred to the dry weight. However,
‘Barattiere tondo’ had higher total soluble solids (TSS) and dry matter
content, indicating a lower water content than the other landraces. At
macro-group level, “Spuredda” group was richer in Na, Zn, and certain
carotenoids, including p-cryptoxanthin and 9-cis-p-carotene (both pre-
cursors of vitamin A), as well as a-tocopherol (the most biologically
active form of vitamin E), compared to “Carosello” group. Additionally,
despite some variability within “Spuredda” group, ‘Spuredda bianca’
stands out at nutritional level due to its higher content of pro-vitamin A,
violaxanthin, antheraxanthin, polyphenols, and Fe. Conversely, the
“Carosello” macro-group exceeded the “Spuredda” group only in methyl
gallate and violaxanthin content. Regarding the mineral elements
composition, ‘Carosello leccese’ and ‘Carosello di Polignano’ were the
most noteworthy landraces within the “Carosello” group due to their
higher P, Fe and Zn content compared to the other “Carosello” landraces.
However, defining a single outstanding “Carosello” landrace in terms of
phytochemical composition is challenging due to the large variations
observed. Although the local and territorial subdivision into the macro-
groups “Barattiere”, “Carosello” and “Spuredda” is partially supported
by empirical shape association for “Spuredda” (Fig. 1) and genetic
clustering for “Barattiere” and “Carosello” (Pavan et al., 2017; Ricciardi
et al., 2003), that subdivision is not reflected by the phytochemical and
mineral elements profiles. According to the present results and the sta-
tistical clustering by PCA and dissimilarity levels, ‘Barattiere tondo’
could be marked as a different subpopulation compared to the other two
macrogroups, ‘Carosello’ and ‘Spuredde’. A similar conclusion was
reached by Didonna et al. (2025) on the basis of morphological and
agronomic descriptors. However, a clear definition of subgroups based
on nutritional profile cannot be defined. This conclusion was predictable
owing to the typical wide intraspecific variability among C. melo land-
races (Hammer et al., 1986).

By an overall synthetic nutritional comparison, local vegetable
melon showed intermediate properties between cucumber (consumed at
the same green-immature stage as vegetable melons) and honeydew
melon (ripe stage), as previously reported only for “Barattiere” (Renna
et al., 2020).

4.1. Nutritional profile

4.1.1. Polyphenol profile

Polyphenols are a well-known phytochemical class of these metab-
olites. A polyphenol-rich diet contributes to lower the risk of several
chronic disease (Rasouli et al., 2017) and fruits are an essential source of
dietary polyphenols (Scalbert and Williamson, 2000). In the present
study, ‘Barattiere tondo’ exhibited a lower total polyphenol content
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compared to “Carosello” and “Spuredda” landraces, suggesting a
reduced antioxidant potential. Nevertheless, the polyphenol content of
‘Barattiere tondo’ and ‘Carosello leccese’ was higher than values pre-
viously reported in literature (Palmitessa et al., 2021; Renna et al.,
2020). This discrepancy could be attributed to differences in experi-
mental growing conditions and the naturally high variability of cucur-
bitaceous landraces (Martinez et al., 2021). Additionally, a dilution
effect might be considered, particularly for ‘Barattiere tondo’ fruit,
which can be harvested at a wider range of weight compared to the other
tested immature melons (Somma et al., 2021). Notably, methyl gallate
was the most abundant polyphenol detected in the melon landraces,
accounting for an average of 80 % of the total polyphenol content.
Regarding ‘Carosello leccese’, previous studies reported that methyl
gallate constituted approximately the 50 % of its total polyphenol con-
tent (Palmitessa et al., 2021), whereas in the preset study it reached the
75.3 %. Methyl gallate, a methyl ester of gallic acid, is a bioactive
compound with known health-promoting properties and pharmacolog-
ical activities, including anti-tumor, anti-inflammatory, neuroprotective
and anti-microbial effects (Liang et al., 2023). Although it is commonly
found in plant species or plant parts not typically consumed as food,
such as olive and fig leaves of the leaves and rind of pomegranate (Farag
et al., 2020), mango fruit is an exception, as it contains significant levels
of this compound (Lenucci et al., 2022; Pierson et al., 2014). Rutin was
the second most abundant polyphenol compound in the immature
melons. It is common and prominent polyphenol in cucurbitaceous fruits
(Ganeshpurkar and Saluja, 2017; Mukherjee et al., 2022). Rutin is the
main dietary derivative of quercetin, a flavonoid widely found in a va-
riety of plants, and it is also known as vitamin P (Luca et al., 2020).
Among the demonstrated pharmacological use of this polyphenolic
compound, antioxidant, vasoprotective, anticarcinogenic, neuro-
protective and cardioprotective activities can be mentioned
(Ganeshpurkar & Saluja, 2017; Patel & Patel, 2019).

These findings suggest the potential contribution of these local fruits
to a polyphenol-rich diet and serving as a source of specific refined
compounds.

4.1.2. Carotenoids, chlorophyll, and a-tocopherol

Most vegetables from the Cucurbitaceae family are also a rich source
of carotenoids, yellow-red pigments, valued for their antioxidant power
and health properties (Mukherjee et al., 2022). Among them, -carotene
(provitamin A carotenoid), lutein and zeaxanthin (non-provitamin A
carotenoids) are the most prominent in cucurbitaceous species (Rolnik &
Olas, 2020; Sanlier et al., 2024). At green-immature stage of fruit, the
carotenoid content is generally very low compared to chlorophyll, as
also indicated by the green colour (Henane et al., 2024; Kapoor et al.,
2022). Indeed, literature reports low carotenoid levels in melon land-
races such as ‘Carosello leccese’ (Palmitessa et al., 2022) and “Bar-
attiere” (Renna et al., 2020), where comparable amounts of total
carotenoids were found. Compared to the data reported by Palmitessa
and colleagues (Palmitessa et al., 2021, 2022), the present character-
ization of ‘Carosello leccese’ indicates lower average values for total
carotenoids and specific carotenoids. However, it should be noted that
the values refer to a small amount in the range of pg g ! for both dry and
fresh weight. Moreover, some pigments, such as f-carotene, were
influenced by the application of LED supplementary light under sub-
optimal natural light exposure in the research of Palmitessa and col-
leagues (Palmitessa et al., 2022). Therefore, the carotenoid level
observed in this research are consistent with those reported in the
literature. In contrast, the analysis revealed that these unripe melons
have a higher p-carotene content compared to other snake melons (Ilahy
et al., 2018). Despite the low amount, the inclusion of raw unripe melons
in the diet can contribute to the daily dietary intake of carotenoids (Kim
et al., 2023), particularly for key nutraceutical carotenoids such as
pB-carotene, B-cryptoxanthin, lutein and zeaxanthin, which are present in
unripe local fruits. A similar conclusion can be drawn regarding the
content of a-tocopherol, which was in line with literature (Palmitessa
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et al., 2022). Furthermore, vegetable melons — similarly to cucumber —
were found to be a richer source of some nutritious secondary metabo-
lites as carotenoids compared to honeydew melon. While B-carotene is
reported in cucumber, unripe and ripe melons with large variations,
honeydew melon contained less vitamin E and lacked in B-cryptox-
anthin, as also reported by (Laur & Tian, 2011).

Although the visual differences in green colour of the fruit exocarp
(Fig. 1) might suggest a different chlorophyll content, this thin and
external tissue represents a very small percentage of the whole fruit. This
can explain the lack of significant differences in the chlorophyll content
of the entire fruits among the nine melon landraces.

4.1.3. Dry matter, total soluble solid, and soluble sugar content

The refreshing property was confirmed by the high-water content
(95.0-96.5 %) in all nine landraces. These values were consistent with
the literature for other melon landraces from the Puglia region
(Conversa et al., 2005; Palmitessa et al., 2021; Somma et al., 2021) and
even higher compared to other snake melon landraces consumed at
green-immature stage in the Mediterranean basin (Ilahy et al., 2018).
The high water content can limit the shelf life and commercialization of
unripe melon fruits, leading to easy decay after harvest (Conversa et al.,
2005), particularly when sold as fresh-cut product (Conte et al., 2009).
According to our results, ‘Barattiere tondo’ may be preferred as a
candidate for post-harvest processes due to its higher dry matter content
compared to the other landraces (Saei et al., 2011). In fact, it is already
exported over long distances to reach markets in Northern Europe
(Freshplaza, 2019). However, it should be noted that this parameter
varies within the same landraces and according to the growing condi-
tions (Renna et al., 2020; Somma et al., 2021).

Green-immature fruits naturally contain low level of soluble sugars
compared to the respective ripe stage. Indeed, all the fruits had soluble
sugar content and low levels of TSS, in accordance with literature
(Palmitessa et al., 2022; Renna et al., 2020; Somma et al., 2021). Since
there is a general recommended tendence to low the dietary sugars in
the diet (EFSA NDA panel, 2022; Yan et al., 2022) and a large debate on
their role in human health (Gillespie et al., 2023), the introduction of
this type of fruit into the diet may be particularly advantageous.

Being in the same green-immature stage of ripening, melon landraces
and cucumber shared a similar water content (approximately 95.6 g of
water in 100 g FW) and higher than honeydew melon, suggesting a more
intense refreshing property. Furthermore, some melon landraces like
“Barattiere” are already locally preferred over cucumber owing to their
sweeter flavour (Conversa et al., 2005; Renna et al., 2020). Indeed, the
overall sugar content of the local vegetable melon was approximately
intermediate between cucumber and honeydew melon (Table S5).

4.2. Mineral elements content

Some cucurbitaceous fruits, including unripe fruit as cucumber, are a
good source of dietary mineral elements (Ilahy et al., 2018; Mukherjee
et al.,, 2013, 2022). In fact, some unripe local melons are already
appreciated for the low Na content and a high level of K (Serio et al.,
2005). In detail, the current results for ‘Carosello leccese’ are in line with
the ion profile characterization by (Palmitessa et al., 2022). Conversely,
the mineral elements concentrations in “Barattiere” partially differed
from the description of (Renna et al., 2020). Particularly for Na, the
levels of this element in the fruit of the present study were lower than
what reported in the literature for “Barattiere” and other snake melon
fruits (Ilahy et al., 2018), possibly due to the irrigation through brackish
water used in Renna’s study (Renna et al., 2020). Nevertheless, it is
confirmed that all the nine landraces contained high levels of K, an
essential nutrient for the human health, and low levels of Na, which
plays a role in human body but it is also associated to healthy issues at
higher levels(EFSA NDA panel, 2019; Ojangba et al., 2023). Interest-
ingly, the Na content in unripe fruit was lower compared to the mature
honeydew melon and this is a further confirmation of the potential of
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these local fruits in Na-poor diets (Ojangba et al., 2023). For all the other
micro-elements (B, Zn, Fe, Mn, Cu), which are needed in minimal
amount in the human diet, their concentration in 100 g of fresh unripe
melon fruit was largely below the tolerable upper intake levels (EFSA
NDA Panel, 2024).

5. Conclusion

The adoption of healthy diets increasingly relies on the availability of
diversified and nutritionally valuable plant-based foods. In this context,
the present study provides a comprehensive nutritional characterization
of nine traditional unripe melon landraces from the Puglia region in
Southern Italy, with particular emphasis on their phytochemical and
mineral element profiles. The high genetic and morphological vari-
ability previously reported for “Barattiere”, “Carosello”, and “Spuredda”
landraces is confirmed by clear differences in their nutritional
composition.

Among the analyzed landraces, ‘Barattiere tondo’ exhibited a lower
overall nutrient content compared with the others, although it was
characterized by higher levels of soluble sugars and dry matter. In
contrast, ‘Spuredda bianca’ emerged as the most nutritionally rich
accession, showing elevated concentrations of provitamin A, caroten-
oids, chlorophylls, polyphenols, and iron. The remaining landraces
showed intermediate nutritional profiles, which were comparable to
those of cucumber and ripe honeydew melon, including “Barattiere”.

Overall, each unripe melon landrace displayed a distinctive and
nutritionally valuable profile, particularly with respect to polyphenols,
vitamin E, provitamin A, soluble sugars, potassium, and other mineral
elements. Notably, all landraces contained methyl gallate, a rare and
appreciated polyphenol in edible fruits, and none exhibited bitterness.
These findings support the nutritional and functional valorization of
these local products and highlight the importance of further in-
vestigations into their centesimal composition, specific bioactive com-
pounds, and molecular characterization.
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