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Abstract: A transition towards an organic food system is taking place around the world. This pro-
cess is favored by growing consumer demand, who associate organic crops with being healthier,
tastier, and safer for the environment than conventional crops. Citrus is one of the most widely
produced crops worldwide and has important socio-economic and cultural significance in the Mediter-
ranean area. The aim of this work is twofold; on the one hand, it reveals the variability of a set of
physical-chemical and nutritional quality parameters of two citrus fruit varieties, ‘Navelina’ oranges
and ‘Clemenules’ mandarins, from organic and conventional production in a long-term study. On
the other hand, taking advantage of the large number of results, a model is proposed that allows
the successful differentiation of citrus fruits from organic and conventional production and a tool
that allows predicting the production system of citrus fruits. The results suggest that organically
produced citrus fruits do not generate differences in terms of external aspects, providing fruits that
are acceptable to the market. Organic production techniques influenced the lower peel content and
higher pulp and juice content in ‘Navelina” orange and ‘Clemenules” mandarin fruits and led to
a greater ability to synthesize vitamin C in the juice, more essential oils in the skin, and higher
seed numbers, although in all cases, the fruits can be classified as having low seed numbers. Two
discriminating equations were obtained that use easy-to-measure parameters to successfully classify
organic citrus fruits. The classification and prediction models obtained constitute useful tools to help
in the control of the purity/authenticity of organic citrus fruits.

Keywords: vitamin C; citrus; comparison; Mediterranean conditions; physicochemical quality; nutritional

1. Introduction

Citrus fruits (Citrus L. from Rutaceae) are among the major fruit crops in international
trade in terms of economic value and are in high demand worldwide for fresh consumption,
juice production, the manufacture of goods such as jams and frozen concentrates, and as
food additives for dishes and beverages [1,2]. In addition, citrus fruits are also widely
used to produce essential oils and for the manufacture of liqueurs [3]. Annual citrus
production is 158 million tons, with a cultivation area of more than 10.1 million hectares
worldwide [4]. Citrus production has important economic, social, and cultural significance
in the Mediterranean region; in fact, oranges are one of the largest agricultural export crops.
Citrus orchards are especially important near Valencia, where they produce more than 70%
of the total Spanish citrus crops [5].

The Citrus genus includes oranges, lemons, grapefruits, limes, mandarins, kumquats,
tangelos, and others [6]. They represent an important part of our daily diet, not only due to
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their attractive colors, special aromas, and delicious flavors, but also their high nutritional
value and health-promoting effects [7,8]. Evidence from several in vitro and in vivo studies
has related citrus fruit consumption to a reduced risk of chronic diseases such as cancers,
cardiovascular diseases, and diabetes [8,9]. These fruits contain a range of highly beneficial
bioactive compounds, such as polyphenols, coumarins, limonoids, carotenoids, essential
oils, minerals, and vitamins, which alone or in combination show antimicrobial and an-
tioxidant properties and help boost the body’s immune system [7,10-13]. Due to their high
vitamin C concentration and the large per capita consumption volume, citrus fruits are
an important source of ascorbic acid in the human diet [14,15]. As the main antioxidant
compound, vitamin C concentration is an important nutritional quality indicator of citrus
fruit and its derivative products. The current recommended daily allowance (RDA) for this
vitamin intake is 80-95 mg/day to have a positive effect on the organism.

The nutritional value of food depends on many environmental factors, such as soil
type, fertilization practices, and production system (organic vs. conventional farming),
among others. Nowadays, environmentally friendly farming practices are essential to
ensure future production. This is a current topic that has attracted public interest and
has generated much discussion [16]. Conventional farming systems have focused mainly
on yield rather than on the sustainable use of available resources [17]. Technological
advances and economies of scale encouraged the use of chemical solutions to control
pests and diseases and increase soil productivity [10]. The massive use of chemically
synthesized fertilizers, heavy machinery, and intensive agricultural practices contribute to
high greenhouse gas emissions [18]. In addition, these practices have led to a rapid decline
in biodiversity, affecting important ecosystem functions, such as the regulation of herbivore
populations by their natural enemies, plant pollination by insects, or the decomposition
process of soil fauna, resulting in significant imbalances [19].

Nowadays, agriculture and the food industry are facing new trends in the develop-
ment of organic farming practices [20,21]. These techniques offer an alternative to industrial
farming and are favored by the growing consumer demand for organic fruit and vegeta-
bles [22]. This is because consumers associate organic products with healthier and tastier
food and consider organic food to be more environmentally friendly than their conven-
tionally grown counterparts [23]. One of the serious problems in the production of citrus
fruits is the intensification of cultivation carried out in conventional systems, generating
pollution mainly derived from the nitrogen fertilizers used on orange farms, which have
caused many Spanish citrus-growing areas to have nitrate levels in their aquifers above
the legal limit, exceeding 300 ppm in large areas, as well as concentrations of pesticides in
drinking water [24,25].

Currently, an organic transition is taking place in agricultural soil management for
citrus orchards [26]. Organic farming seeks solutions to avoid soil degradation and increase
soil quality. Cerda et al. [27] reported that plant covers (crops and weeds) are valid
measures to control extreme soil losses. Concerns for the environment, the welfare of
future generations, the aspiration to produce high-quality products, higher economic
profitability, and the will to reduce dependence on agrochemicals encourage citrus farmers
in the Valencia Region toward the organic transition [28]. Most well-designed studies
reported that organic farming has the potential to produce high-quality food, with some
relevant increases in terms of health-promoting phytonutrients and certain vitamins and
minerals, and lower levels of pesticide residues, which could be assumed to provide health
benefits [29]. It has long been known that there is a clear link between the food we eat
and our health [30]. Citrus-rich diets have been strongly associated with numerous health
benefits and a reduced risk of disease [31].

The recent studies on the effects of applying organic methods in citrus crops focus
on the impacts on the soil [32] and other environmental effects [33]; few papers study the
effect on the quality of the fruits. Some previous work [34] found significantly higher
vitamin C levels in red oranges and other fruits grown in organic conditions [35]. Recently,
He et al. [36] indicated that the application of organic substance fertilizers, such as humic
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and fulvic acids, improved the quality of ‘Eureka’ lemon fruits. In particular, the edible
rate and juice production increased, as well as the contents of vitamin C, total acid, total
sugar, total soluble solids, and the number of seeds.

The objective of this study is twofold; on the one hand, it reveals the variability of a
set of physical-chemical and nutritional quality parameters of two citrus fruit varieties,
‘Navelina” oranges (Citrus sinensis L. Osbeck) and ‘Clemenules” mandarins (Citrus reticulata
Blanco), from organic and conventional production in a long-term study. On the other
hand, taking advantage of the large number of results, a model is proposed that allows the
successful differentiation of citrus fruits from organic and conventional production.

This study will contribute to increasing the knowledge of the effect of the organic
production method on citrus fruit quality. It will also provide a prediction complex for
classifying citrus fruits according to the production system (organic and conventional).

2. Materials and Methods
2.1. Experimental Materials

The fruits were grown in the Valencia area, based on two production systems (organic
and conventional) and different production years. Several fruit quality parameters were
analyzed, including physical (shape, fresh weight, diameter, height, peel color index,
percentage of juice, peel, pulp, number of seeds, juice density, skin thickness, and albedo
thickness) and chemical (total soluble solids, pH, total acidity, ripeness index, essential
oil, and vitamin C concentration) characteristics. All parameters are related to quality and
organoleptic attributes.

Fruits of the mandarin variety ‘Clemenules’ (a natural bud mutation of the variety
Fina) and ‘Navelina’ orange were used as the plant material. The citrus fruits were har-
vested at their optimum ripening stage in the period between November and January
during seven different seasons (1999-2000, 2001-2002, 20072008, 2008-2009, 20092010,
2010-2011, and 2020-2021). It was not possible to analyze fruits from all consecutive sea-
sons since 1999, mainly due to resource problems and climatic conditions. However, there
are a large number of study years that include possible seasonal variability. Plants were
grown in the Central-East of the Valencian Community, in the province of Valencia, under
open field conditions, both in organic (ORG) and conventional (CONV) systems, with
similar edaphoclimatic and environmental conditions. The citrus plots are located inland,
approximately 30 km from the Mediterranean coast, in an area known as La Casella (Ribera
Alta region). With a semi-arid Mediterranean climate, the average annual temperature is
17.6 °C (July is the warmest month of the year, with average temperatures of 26.4 °C, and
January is the coldest month, with average temperatures of 9.8 °C). The driest month is July,
with 9 mm of precipitation, and most precipitation falls in October (63 mm); the annual
accumulated rainfall is 460 mm.

The type of soil in the study area is ‘entisols’ [37]. In general, these soils are charac-
terized by a loamy clay texture, and the main composition (10-30 cm deep) properties of
organic and conventional soils are shown in Table 1. In general, organic soils are character-
ized by having a higher water content, higher organic matter content, higher enzymatic
activity, and higher cation exchange capacity, due to the higher concentrations of calcium,
potassium, and magnesium.

2.2. Experimental Method

The fruits were harvested in situ in the plots of origin, from healthy and mature trees
that were initially older than 20 years. The variety ‘Navelina” was grafted on Citrange
troyer, on Citrange carrizo, and on bitter orange trees, depending on the plot. The variety
‘Clemenules’ was grafted on Citrange troyer, Citrange carrizo rootstock, particularly with
loamy soils and drip irrigation systems. Organic farms are certified according to European
regulations, specifically EEC Regulation 2092/91, Council Regulation (EC) 834 /2007, and
Regulation (EU) 2018/848 of the European Parliament and the Council. As it is a long-
term study, the organic citrus plots have gone through different regulatory changes in
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the European Union, but the changes in regulations have not affected the traditional
management systems that have been in place for more than twenty years.

Table 1. Composition characteristics of organic and conventional soils.

Parameter Organic Soil Conventional Soil
Humidity (%) 7.00 £ 0.23 5.88 +0.29
pH 7.75 £ 0.04 7.08 £+ 0.05
Conductivity (dSm™1) 0.160 £ 0.006 0.122 £ 0.009
CaCOj3 (%) 1.79 £ 0.09 0.92 + 0.06
Total N (%) 0.059 £ 0.005 0.041 £ 0.007
Organic matter (%) 1.28 +0.09 0.85 + 0.27
C/N 12.92 £ 0.78 11.61 £2.13
Enzymatic activity * (ug PNP g~! soil h—1) 186.15 4+ 15.97 64.21 + 10.47
K (mgkg™1) 113.74 £17.97 79.15 £ 10.58
P (mg kg~ 1) 54.93 +4.72 59.00 + 1.81
Ca (mgkg™) 1641.24 + 153.39 664.20 + 84.07
Mg (mg kg™ 1) 252.67 4 28.62 149.20 £ 5.62
Na (mg kg~1) 51.57 +1.03 50.53 £ 0.37
Fe (mg kg™ 1) 5.85 4 0.36 9.40 4 0.44
Cu (mgkg™1) 0.71 £ 0.07 2.36 £043
Zn (mg kg~ 1) 3.81 £0.35 12.46 £ 1.79
Cation exchange capacity 10.78 + 0.75 4.96 £0.48

* Determined as alkaline phosphatase (PNP = p-nitrophenol).

In all cases, five organic orchards and five conventional ones, located in the same
production area, were sampled. The organic plots have live hedges in their perimeters that
act as a natural border and as a refuge for auxiliary fauna. Organic soils have plant covers,
mainly a mixture of vetch (100 kg ha~!) and oats (80 kg ha~!). Fertilization consisted
of the contribution of between 15 and 20 tons of sheep manure per hectare and year;
half was usually contributed at the beginning of September and the other half in March.
Authorized biological control applications were made when the balance of the ecosystem
was destabilized. The rest of the irrigation techniques and water doses, pruning, etc., were
similar to conventional techniques. There are also no differences in the planting frames,
with average densities of 6 m x 4 m. The conventional soils are characterized by not
having vegetation covers (bare soils), using tillage and authorized herbicides. Conventional
fertilization consisted of the application by hectare and year of 350 kg of nitrogen, 80 kg of
P,0s5, 140 kg of K,O, and 180 kg of MgO, and applications of microelements, mainly 1 kg
of iron, using inorganic sources of synthesis. Phytosanitary practices were carried out in
the conventional plots when an imbalance occurred, using the authorized substances.

2.3. Sampling and Analytical Methodology

In each season, the harvesting was carried out manually, on the same day, taking fruits
from the entire plot. Trees were randomly selected, eliminating those on the perimeter,
and fruits were taken from inside and outside the canopy, from the four cardinal points.
Approximately 100 kg of fruits per 1250 m? and year and from a whole experimental area
were collected for analysis (15 sample trees).

The fruits were in a range of commercial ripeness recommended for local farmers,
and this point varies from season to season depending on climatic parameters. In total,
1588 ‘Clemenules’ fruits (794 ORG and 794 CONV) and 984 ‘Navelina’ fruits (492 ORG and
492 CONV) were examined. The quality parameters analyzed for each fruit are presented
in Figure 1. Each parameter analysis was performed in triplicate. The fresh citrus fruits
studied were analyzed to assess their overall quality.



Horticulturae 2023, 9, 721

50f 20

Conventional plots

1999-2000, 2001-2002, 2007-2008, 2008-2009, 2009-2010,
2010-2011 and 2020-2021

/ o

: Total soluble solid (°Brix)
: Maturity index

I Vitamin C content

I Essential oils (g/100 g peel)

-a'

: Total acidity (g citric acid/100 g juice)E-',

PH B E E{Pn
3 1) ¥

_ b

Fruit diameter (mm)
Fruit height (mm)
Color indices of the peel
Color indices te juice
Juice (%) (€
Peel (%)

(ulp (%)

Figure 1. Scheme of several physical, chemical, and nutritional parameters evaluated for each

s
N -

Number of seeds (n/fruit)
Density of the juice (g/mL)
Thickness of skin (mm)

Thickness of albedo (mm)

Chemical/nutritional

Physical

fruit sample.

Representative fruits from each sample plot were individually weighed, measured,
and used for juice extraction. The number of seeds was determined by counting the seeds
extracted from the pulp of each fruit one by one. Fruit height (H), equatorial diameter
(D), rind thickness (mm), skin thickness (ST), and albedo thickness (AT) were measured
using a digital electronic slide gauge (model CD-15 DC; Mitutoyo (UK) Ltd., Telford, UK)
within 0.01 mm accuracy. Weights of individual fruits (W), pulp, juice, and skin were
obtained by weighing them on an analytical balance (CB-Junior, Cobos) with an accuracy
of +0.001 g; the content of pulp (P), skin (S), and juice (J) is expressed as a percentage. Peel
color measurements in CieLab space were performed at two random points on the citrus
skin and we averaged the values, and one point in the juice surface was measured using a
colorimeter (Konica Minolta CR-300, Photo Imaging Inc., Mahwah, NJ, USA), obtaining the
color components (L*, a*, b*), as well as the color index (CI) in skin and juice, which was
calculated by the following equation: CI = 1000 x a/(Lxb), where L* indicates brightness,
a* indicates chromaticity on a green (—) to red (+) axis, and b* indicates chromaticity on a
blue (—) to yellow (+) axis; this index is widely used in the citrus industry as a maturation
index [38].

Each fruit was manually squeezed and filtered to obtain juice, which was used to
determine juice density (Dy) by the pycnometer method; total soluble solids content (TSS,
°Brix) was determined by refractometry (method 932.12); and pH (method 981.12) and
total acidity (TA) expressed in g anhydrous citric acid /100 mg juice (%) were determined
(method 942.15) according to AOAC (1995) [39]. In addition, the TSS/TA ratio was cal-
culated to define the ripeness index (RI) of citrus fruit [40]. Fruit shape was determined
by visual observation, using a citrus chart, classifying them as oval, round, flattened, and
ellipsoidal, according to a numerical scale ranging from 1 for an oval shape to 14 for a
rounded/flattened shape. A frequency mosaic graph was used to identify the shape of the
citrus fruit for the two varieties.

Vitamin C concentration (Vit C) in citrus juice was determined by potentiometric
titration with chloramine-T, using automatic titration equipment (702 SM Titrino, Metrohm,
Herisau, Switzerland) and expressed in mg ascorbic acid (AA) per 100 g of juice [41]. The
essential oils are determined in the flavedo. The method applied for the determination of
essential oil concentration (EOC) consisted of the extraction of these oils from citrus skin by
the Clavenger system [42], and the results are expressed in g/100 g of peel (%).
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2.4. Data Analysis

Data obtained were processed using Statgraphics® Centurion 18. For each citrus
fruit variety, data were subjected to a two-factor analysis of variance (ANOVA) using a
fixed effects model for cultivar season and production system. The significance of main
effects and interactions was obtained from the ANOVA, and differences among main
treatments and combinations were identified with Student-Newman-Keuls multiple-range
tests. Discriminant analysis was also performed to classify the different observations.
The main objective of the discriminant analysis was to calculate the linear combinations
of the classifying fruits that maximize the difference between the production systems.
Discriminant analysis was applied for explanatory and predictive purposes.

3. Results
3.1. Descriptive Results: Effect of Analysis of Variance

Tables 2 and 3 show the results of the physical and chemical quality parameters,
respectively, of ‘Navelina’ fruit, produced by organic and conventional systems during
the seven different seasons considered in the study. Tables 4 and 5 show the results of
‘Clemenules’ fruit for the same parameters. Some parameters were not analyzed in all the
seasons due to the approach of the individual objectives in the corresponding season, but
the existing data allow the statistical study to be carried out.

In the present study, the season had a significant influence on all physical and chemical
quality parameters of ‘Navelina” and ‘Clemenules’ fruits, except for the number of seeds
for "Navelina’ fruits and skin thickness for ‘Clemenules’ fruits (Tables 2 and 4, respectively).
This was mainly due to the influence of environmental factors, such as climatic conditions,
rainfall frequency, air temperature, and daylight hours, among other factors. As reported
by Lado et al. [43], climatic conditions are the most significant external factors affecting fruit
quality. In general, the long-term study aims to minimize the effects of climatic incidences
in favor of growing conditions. In this sense, shape, height, juice content, the number
of seeds, juice color index, albedo thickness, total acidity, ripeness index, and vitamin C
concentration in Navelina fruits are parameters that have the same behavior in all seasons;
for example, for Navelina fruits, regardless of the season of the year, on average, the organic
fruits had a higher total acidity value and contained a higher vitamin C content.

The significant differences detected in the physical quality parameters, for the cultiva-
tion system, in “Navelina’ fruit are CI of peel, skin, and pulp (%) (Table 2). Conventional
oranges have a significantly higher peel color index and skin percentage (10.29 and 26.95%,
respectively) than organic (9.97 and 25.17%, respectively), while the pulp percentage is
significantly higher in organic ‘Navelina’ fruits (27.77%) than in conventional ones (26.05%).

Significant effects of cropping system x season are observed for several physical
quality parameters: fresh weight, fruit diameter, skin CI, peel and pulp percentage, a* and
b* (color parameters), and skin thickness (Table 2). In the parameters where no statistically
significant interaction effects are observed, the farming system shows the same trend in
all seasons.

For the chemical quality parameters of the ‘Navelina’ fruit samples, significant differ-
ences due to the cultivation system are observed for pH value, vitamin C concentration, and
percentage of essential oils (Table 3). Organic ‘Navelina’ fruits had a significantly higher
mean pH value (3.64) than conventional ‘Navelina’ fruits (3.58). Vitamin C concentration
was significantly higher in ‘Navelina’ fruits grown under organic conditions with mean
values of 63.70 mg per 100 g juice than their respective counterparts (57.51 mg per 100 g
juice). Essential oil concentration was also significantly higher in organic ‘Navelina’ oranges
(0.34 g per 100 g peel) than in conventional samples (0.28 g per 100 g peel). The growing
method X season interaction significantly affects total soluble solids, pH, juice density, and
essential oil content (Table 3). Organic ‘Navelina’ fruits showed a higher number of seeds
per fruit (although in no case are values of the average number of seeds in fruits greater
than 1) with differences to the limit to become significant (p-value = 0.0506).
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Table 2. Physical quality characteristics of ‘Navelina’ fruits grown under organic (ORG) and conventional (CONV) conditions in the seven different seasons and
probability (p-value) for the effects of cultivation method, season, and their interaction.

Physical Quality Characteristics 2

Factors ! Shape W (g/Fruit) D (mm) H (mm) Skin CI J (%) S (%) P (%) L* a* b* ST (mm) AT (mm)
Cultivation ORG 6.60 222.82 75.25 78.53 9.97 47.07 25.17 27.77 65.06 35.09 56.47 4.87 2.18
system CONV 6.74 229.66 75.50 79.62 10.29 46.86 26.95 26.05 64.66 35.12 56.38 5.04 2.37
p-value 0.7275 0.0868 0.5733 0.4197 0.0322 0.7221 0.0001 0.0027 0.2419 0.8824 0.7983 0.2907 0.0707
1999-2000 1.40 250.09 77.90 83.32 8.19 43.00 26.83 30.16 62.22 34.53 61.67 5.09 1.60
2001-2002 42.55 27.42 29.56 427 1.35
2007-2008 263.21 80.70 79.66 7.17 50.09 26.88 23.04 68.93 34.32 69.71 5.55
Season 2008-2009 183.71 69.70 73.82 13.90 46.65 26.47 26.87 55.47 42.22 55.30
2009-2010 236.83 76.26 85.39 14.23 49.44 25.20 25.36 55.67 38.65 50.81
2010-2011 199.45 72.12 77.15 11.39 44.29 26.52 29.19 65.24 39.72 56.20
2020-2021 11.93 224.18 75.56 75.12 5.87 52.75 23.08 24.16 81.62 21.20 44.86 491 3.87
p-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ORG x 1999-2000 1.52 230.47 76.52 82.35 7.08 44.08 26.00 29.92 62.50 33.80 61.13 5.29 1.57
ORG x 2001-2002 43.93 25.16 30.94 3.80 1.24
ORG x 2007-2008 254.65 79.63 79.34 7.34 49.06 27.59 23.35 68.74 35.13 69.96 5.67
ORG x 2008-2009 192.36 7091 74.60 14.03 46.60 26.77 26.63 55.13 42.15 55.02
ORG x 2009-2010 221.64 75.46 80.78 14.89 48.87 24.81 26.32 55.90 39.59 49.24
ORG x 2010-2011 203.45 72.73 78.19 10.76 43.71 24.53 31.75 66.13 38.90 57.89
Cultivation ORG x 2020-2021 11.68 234.38 76.22 75.95 5.68 53.25 21.29 25.45 81.95 20.97 45.57 4.73 3.74
system x season CONV x 1999-2000 1.28 269.71 79.29 84.29 9.30 41.92 27.66 30.41 61.94 35.27 62.21 4.88 1.65
CONV x 2001-2002 41.17 29.67 28.19 4.76 1.46
CONV x 2007-2008 271.76 81.78 79.99 7.01 51.12 26.16 22.72 69.12 33.52 69.45 5.44
CONV x 2008-2009 175.06 68.50 73.04 13.76 46.71 26.17 27.12 55.81 42.30 55.59
CONV x 2009-2010 252.02 77.06 90.00 13.57 50.00 25.59 24.41 55.44 37.71 52.38
CONV x 2010-2011 195.45 7151 76.12 12.03 44.87 28.50 26.62 64.36 40.53 54.51
CONV x 2020-2021 12.17 213.99 74.89 74.27 6.06 52.26 24.87 22.87 81.29 21.42 44.15 5.08 4.00
p-value 0.3378 0.0000 0.0005 0.0514 0.0000 0.0566 0.0000 0.0001 0.3461 0.0000 0.0000 0.0004 0.7610

! The p-values test the statistical significance of each of the factors. When p-values are less than 0.05, these factors have a statistically significant effect for each parameter with a 95%
confidence level. 2 Unit fruit weight (W); equatorial fruit diameter (D); fruit height (H); skin color index (skin CI); juice content (J); skin content (S); pulp content (P); brightness (L*);
chromaticity to red (a*); chromaticity to yellow (b*); skin thickness (ST); albedo thickness (AT).
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Table 3. Chemical quality characteristics of ‘Navelina’ fruits grown under organic (ORG) and conventional (CONV) conditions in the seven different seasons and
probability (p-value) for the effects of cultivation method, season, and their interaction.

Chemical Quality Characteristics 2

Factors ! TSS (°Brix) pH TA (%) RI Vit C (mg AA/100 g) EOC (%) Dy (g/mL) Juice CI Seeds (n/Fruit)
ORG 11.83 3.64 1.28 11.02 63.70 0.34 1.03 1.50 0.08
Cultivation system CONV 12.08 3.58 1.36 10.43 57.51 0.28 1.04 1.29 0.00
p-value 0.104 0.0358 0.1325 0.0713 0.0004 0.0011 0.054 0.733 0.0506
1999-2000 11.42 3.73 0.83 8.94 47.11 0.32 1.05 2.58 0.12
2001-2002 12.03 3.57 0.77 17.20 50.38 0.43 1.05 2.62 0
2007-2008 11.66 3.54 1.11 10.72 62.42
Season 2008-2009 11.15 3.82 1.60 7.42 59.89 0.35 1.02
2009-2010 12.52 3.71 2.98 4.79 0.25 1.01
2010-2011 12.30 3.52 1.00 12.41 65.74 1.04
2020-2021 12.58 3.37 0.95 13.61 78.10 0.21 1.06 1.02 0
p-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0838
ORG x 1999-2000 11.04 3.66 0.85 8.84 49.46 0.39 1.05 3.44 0.24
ORG x 2001-2002 12.31 3.51 0.79 16.51 56.85 0.51 1.05 231 0
ORG x 2007-2008 11.45 3.62 0.96 11.94 63.27
ORG x 2008-2009 11.24 3.83 1.60 7.52 62.58 0.33 1.03
ORG x 2009-2010 11.76 3.85 2.90 5.13 0.25 0.98
ORG x 2010-2011 12.92 3.63 0.98 13.21 69.80 1.04
Cultivation ORG x 2020-2021 12.06 3.42 0.89 13.99 80.27 0.21 1.05 1.25 0
system X season CONV x 1999-2000 11.80 3.80 0.80 9.04 44.77 0.26 1.05 1.73 0
CONV x 2001-2002 11.74 3.63 0.76 17.88 43.91 0.35 1.05 2.93 0
CONV x 2007-2008 11.87 3.47 1.25 9.51 61.57
CONYV x 2008-2009 11.06 3.81 1.59 7.31 57.19 0.37 1.02
CONV x 2009-2010 13.28 3.57 3.07 4.46 0.24 1.04
CONV x 2010-2011 11.69 3.42 1.02 11.61 61.69 1.05
CONV x 2020-2021 13.1 3.33 1.00 13.23 75.94 0.20 1.06 0.78 0
p-value 0.0000 0.0004 0.1867 0.1006 0.5005 0.0000 0.0001 0.2770 0.0838

! The p-values test the statistical significance of each of the factors. When p-values are less than 0.05, these factors have a statistically significant effect for each parameter with a 95%
confidence level. 2 Total soluble solids content (TSS); total acidity (TA); ripeness index (RI); vitamin C concentration (Vit C); essential oils concentration (EOC); juice density (Dy); juice
color index (juice CI); number of seeds (seeds).
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Table 4. Physical quality characteristics of ‘Clemenules’ fruits grown under organic (ORG) and conventional (CONV) conditions in the seven different seasons and
probability (p-value) for the effects of cultivation method, season, and their interaction.

Physical Quality Characteristics 2

Factors ! Shape W (g/fruit) D (mm) H (mm) Skin CI J (%) S (%) P (%) L* a* b* ST (mm) AT (mm)
Cultivation ORG 6.88 90.56 58.89 49.93 11.33 43.03 23.11 33.86 64.15 36.35 50.11 2.75 1.45
system CONV 6.80 81.87 56.13 47.30 10.13 40.55 26.81 32.65 65.50 34.18 52.04 2.28 1.30
p-value 0.721 0.0001 0.0000 0.0000 0.0000 0.0041 0.0000 0.1502 0.0000 0.0000 0.0000 0.0136 0.2922
1999-2000 2.76 70.82 55.06 45.41 10.01 38.62 26.84 34.53 60.66 35.56 58.98 2.59 1.48
2001-2002 8.16 106.17 62.05 50.60 8.77 46.05 22.69 31.26 2.37 0.92
2007-2008 41.32 28.78 2991
Season 2008-2009 74.46 53.79 47.23 15.04 37.74 23.19 39.07 53.90 41.87 52.38
2009-2010 77.88 55.01 48.65 12.83 38.84 27.21 33.95 66.73 39.49 46.89
2010-2011 81.16 56.57 50.05 12.23 39.41 23.86 36.74 62.80 40.85 54.69
2020-2021 9.59 106.80 62.59 49.75 5.50 50.54 22.12 27.34 80.04 18.57 42.45 2.59 1.73
p-value 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0656 0.0000
ORG x 1999-2000 2.52 82.92 59.23 50.02 10.94 41.63 26.03 3233 59.59 37.30 57.41 3.17 1.68
ORG x 2001-2002 8.46 119.36 64.83 50.60 9.23 43.87 20.57 35.56 2.53 0.94
ORG x 2007-2008 45.80 26.11 28.09
ORG x 2008-2009 77.67 55.23 49.29 15.94 32.99 20.46 46.56 52.99 43.55 51.63
ORG x 2009-2010 77.67 55.17 49.07 12.71 40.27 27.39 32.34 67.22 39.77 47.42
ORG x 2010-2011 81.95 57.04 51.30 13.51 44.40 20.16 35.48 60.94 4212 52.07
Cultivation ORG x 2020-2021 9.64 103.81 61.82 49.28 5.68 52.29 21.04 26.68 80.00 19.01 42.02 2.54 1.74
system x season CONV x 1999-2000 3.0 58.72 50.89 40.81 9.06 35.62 27.65 36.73 61.73 33.81 60.54 2.0 1.27
CONV x 2001-2002 7.85 92.98 59.27 50.59 8.31 48.23 24.81 26.95 2.21 0.90
CONV x 2007-2008 36.83 31.44 31.72
CONV x 2008-2009 71.25 52.35 45.16 14.15 42.50 25.92 31.58 54.80 40.19 53.13
CONV x 2009-2010 78.09 54.84 48.22 12.97 37.41 27.04 35.55 66.24 39.21 46.37
CONV x 2010-2011 80.36 56.10 48.80 10.96 34.43 27.57 38.00 64.65 39.58 57.31
CONV x 2020-2021 9.54 109.79 63.35 50.21 5.32 48.80 23.20 27.99 80.09 18.13 42.88 2.63 1.71
p-value 0.2002 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0380 0.0000 0.0061 0.6561

! The p-values test the statistical significance of each of the factors. When p-values are less than 0.05, these factors have a statistically significant effect for each parameter with a 95%
confidence level. 2 Unit fruit weight (W); equatorial fruit diameter (D); fruit height (H); skin color index (skin CI); juice content (J); skin content (S); pulp content (P); brightness (L*);
chromaticity to red (a*); chromaticity to yellow (b*); skin thickness (ST); albedo thickness (AT).
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Table 5. Chemical quality characteristics of ‘Clemenules’ fruits grown under organic (ORG) and conventional (CONV) conditions in the seven different seasons and
probability (p-value) for the effects of cultivation method, season, and their interaction.

Chemical Quality Characteristics 2

Factors ! TSS (°Brix) pH TA (%) RI Vit C (mg AA/100 g) EOC (%) Dy (g/mL) Juice CI Seeds (n/Fruit)
ORG 12.00 3.82 1.05 13.91 55.58 0.36 1.05 3.33 12.34
Cultivation system CONV 12.00 3.80 1.15 13.52 53.30 0.29 1.03 3.55 2.62
p-value 0.9841 0.5200 0.0983 0.5033 0.3841 0.0002 0.1504 0.5795 0.0002
1999-2000 11.32 422 0.48 16.36 46.08 0.40 1.06 5.88 12.66
2001-2002 12.58 3.63 0.83 15.26 43.80 0.53 1.05 2.93 2.54
2007-2008 10.77 3.78 0.76 14.25 55.47
Season 2008-2009 12.77 4.01 1.29 10.28 58.96 0.29 1.03
2009-2010 12.31 3.71 2.84 5.17 0.23 1.01
2010-2011 12.58 3.72 0.73 17.90 60.28 1.04
2020-2021 11.68 3.61 0.76 16.79 62.06 0.18 1.06 1.52 7.32
p-value 0.0019 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000 0.0000
ORG x 1999-2000 10.16 4.20 043 14.30 47.13 0.24 1.04 6.03 24.33
ORG x 2001-2002 13.0 3.69 0.79 16.53 51.31 0.80 1.06 274 3.89
ORG x 2007-2008 10.9 3.79 0.79 13.81 55.46
ORG x 2008-2009 12.81 4.03 1.24 10.77 54.61 0.28 1.04
ORG x 2009-2010 12.52 3.73 271 6.17 0.28 1.06
ORG x 2010-2011 12.27 3.72 0.72 17.51 59.65 1.03
Cultivation ORG x 2020-2021 12.31 3.61 0.69 18.28 65.33 0.18 1.05 1.23 8.79
system X season CONV x 1999-2000 12.47 4.24 0.54 18.43 45.03 0.56 1.07 5.74 1.0
CONV x 2001-2002 12.17 3.56 0.87 13.98 36.29 0.26 1.05 3.11 1.18
CONV x 2007-2008 10.65 3.78 0.73 14.70 55.49
CONYV x 2008-2009 12.73 3.99 1.34 9.79 63.30 0.29 1.02
CONV x 2009-2010 12.1 3.69 2.98 4.17 0.18 0.96
CONV x 2010-2011 12.89 3.73 0.74 18.28 60.92 1.04
CONV x 2020-2021 11.04 3.61 0.83 15.30 58.79 0.18 1.06 1.82 5.66
p-value 0.0688 0.9113 0.4327 0.0000 0.0000 0.0000 0.0000 0.5675 0.0308

! The p-values test the statistical significance of each of the factors. When p-values are less than 0.05, these factors have a statistically significant effect for each parameter with a 95%
confidence level. 2 Total soluble solids content (TSS); total acidity (TA); ripeness index (RI); vitamin C concentration (Vit C); essential oils concentration (EOC); juice density (Dy); juice
color index (juice CI); number of seeds (seeds).
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Significant differences are observed in several physical quality parameters of ‘Clemenules’
fruits (Table 4). Particularly, when the effect of the cultivation method is considered,
‘Clemenules’ fruits grown in the organic cultivation method had significantly higher mean
values of fresh weight (90.56 g) than those grown under the conventional system (81.87 g).
The mean values of diameter and height were also significantly higher in the organic
‘Clemenules’ fruits (58.89 mm and 49.93 mm, respectively) compared to the mean values
found in fruits grown under conventional practice (56.13 mm and 47.30 mm, respectively).
The same trend is detected for the color index of the peel. This parameter was signifi-
cantly higher in organically grown ‘Clemenules’ fruits (11.33) than conventionally grown
‘Clemenules’ samples (10.13), possibly due to the higher value of parameter a*. The percent-
age of juice was significantly higher in the organic fruits (43.03%) than in the conventional
ones (40.55%). The cultivation method also affects the skin thickness, which was signif-
icantly higher in organic ‘Clemenules’ (2.75 mm) than in conventional ones (2.28 mm).
However, the total skin content was higher in conventionally produced fruits. The crop-
ping system X season interaction affects all physical parameters except shape and albedo
thickness (Table 4).

The significant difference found in ‘Clemenules’ fruit, due to the growing system
effect, for chemical and nutritional parameters, was in the concentration of essential oils in
the skin and the number of seeds per fruit (Table 5). Organic ‘Clemenules’ fruit samples
had a significantly higher content of essential oils, 0.36 g per 100 g of peel, compared to
0.29 g per 100 g in conventional peel fruits. The number of seeds per fruit was statistically
higher in organic ‘Clemenules’ than in conventional ones (12 and 3 seeds, respectively). The
vitamin C concentration was also higher in the organic fruits, although without statistical
differences, with mean values of 55.58 mg per 100 g of juice compared to 53.30 mg per
100 g of juice for the conventional ones. Finally, significant differences for the cultivation
system X season interaction found in ‘Clemenules’ samples were in the ripeness index, the
vitamin C concentration, and the percentage of essential oils (Table 5). In the parameters
where no statistically significant interaction effects are observed, the farming system shows
the same trend in all seasons.

3.2. Frequency Mosaic Graph: Fruit Shape Typing

The mosaic graphs show the results of the contingency table (cross-frequency table),
using rectangles whose area is proportional to the frequency of each of the class crossings.
The height of the rectangles (ordinate axis) is proportional to the percentage distribution
of the corresponding variable and the base of the rectangle (abscissa axis) is proportional
to the percentage distribution of the other variables. Figure 2 shows the mosaic graph of
the shape frequencies of ‘Navelina’ and ‘Clemenules’ citrus fruit grown under organic
conditions, and Figure 3 represents the same graphical parameter for conventional oranges
and mandarins.

; Variety
Oval
Ellipsoidal ! n_[l £ Navelina
Flattened | | ey | 8 Clemenules
Round whit Navel| ¢ ) |
Round | !
Flattened/rounded D

Flattened/irregular [I

Rounded/irregular

Flattened/rounded/
irregular

R 1/oval
YR attonad

R

Figure 2. Mosaic graphic of frequencies of the shape of organic citrus ‘Navelina’ and ‘Clemenules’ varieties.
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Figure 3. Mosaic graphic of frequencies of the shape of conventional citrus ‘Navelina’ and
‘Clemenules’ varieties.

A higher incidence of oval shape is observed for the citrus variety ‘Navelina’ com-
pared to ‘Clemenules’, with a higher frequency of oval shape for conventional ‘Navelina’
fruits. The flattened shape is more prevalent for the ‘Clemenules’ variety, regardless of
the cropping system. The mosaic graphs show that the irregularly rounded shape has a
higher incidence in the fruits for the ‘Clemenules’ variety than in those of the ‘Navelina’
oranges, and in both, higher percentages are observed for the organic fruits. Conventional
‘Clemenules’ fruits showed a higher incidence of flattened /irregular shapes compared to
‘Navelina’ oranges. Figure 2 shows a higher frequency of flattened /rounded/irregular shapes
for organic mandarins, while in Figure 3, the frequency is higher for conventional oranges.

3.3. Typification of the Fruits According to the Production System

Discriminant analysis is applied for explanatory and predictive purposes. With the
explanatory use, the aim is to determine the contribution of each classifier variable in
the correct classification of each individual (citrus) in the production system (organic and
conventional). With the predictive application, it will be possible to determine in the future
the group to which an individual belongs, for which the values taken by the classifying
variables are known.

Two statistically significant (95% confidence level) and discriminant models have
been obtained, which can help predict the production system to which the citrus fruits
belong (Table 6). These models can be used to typify and predict the production system of
the observations.

Table 6. Eigenvalues of the discriminant models in the classification of citrus fruits.

Statistical Values

. i . . Canonical Lambda Chi- Freedom
Standardized Classifier Function Eigenvalue Correlation of Wilks Square Degrees p-Value
! Model 1 = —84.353 + 2.91167 x D — 0.498518 x W + 0.799272xH 0.00407229 0.06368 0.99594 10.4181 3 0.0153
2 Model 2 = —0.773399 xST + 0.741901 x AT + 1.17359 x S 0.271197 0.46189 0.78666 186.088 3 0.0000

1 Equatorial fruit diameter (D), unit fruit weight (W), fruit height (H). 2 Skin thickness (ST), albedo thickness, skin
content (S).

To realize the two models, different analyses were carried out to arrive at an adequate
classificatory function, with the main objective being that a reduced and simple number
of parameters can be used for the successful classification of citrus fruits. A significant
model (95% confidence level) was obtained using only physical parameters (unit weight,
diameter, height, and the color parameters L*, a*, b*, CI). With the results of this preliminary
study, the three parameters with the greatest weight in the classification function were
selected and the analysis was performed again, where 2567 cases were used to develop
model 1, which discriminates between organic and conventional systems, using three
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predictor variables. Model 1 allows 53.72% of the fruits to be classified correctly, using only
the parameters of diameter, height, and unit weight of the citrus fruits. When the other
parameters (physical, chemical, and nutritional) are used, a significant function is obtained
that allows 79.47% of the cases to be classified correctly. Although the classification level is
high, the resulting classification function is not valid because it requires a large number of
parameters. The last analysis carried out includes only the parameters related to the skin
measurement (skin thickness, albedo thickness, and skin content). Model 2 allows us to
correctly classify fruits in 71.89% of the cases. A total of 779 cases were used to develop
model 2, which discriminates between organic and conventional systems, using the three
predictor variables, easily measurable from the skin of the fruits.

Table 7 shows that the classification of the observations (citrus fruits) based on Model
1 allows us to correctly classify, on average, 53.72% of the cases. Of the 1482 observations of
organic fruits, 880 (59.38%) are correctly classified. Of the 1085 observations of conventional
citrus fruits, 499 (45.99%) are correctly classified. Model 2, on average, allows 71.89% of the
observations to be correctly classified.

Table 7. Classification of fruits by production system using the two models.

Production Predicted Membership Group
System Organic Conventional
Organic 880 602
Numerical count -
Conventional 586 499
Model 1 ;
Organic 59.38% 40.62%
Percentage count
Conventional 54.01% 45.99%
Organic 323 103
Numerical count -
Conventional 116 237
Model 2
Organic 75.82% 24.18%
Percentage count
Conventional 32.86% 67.14%

Figure 4 shows the scatter diagram of model 1 (left) and model 2 (right), according to
the independent variables selected in each case. The highest level of separation between
organic and conventional citrus fruits is observed with model 2.

9 o Organic
x Conventional

Skin content (S)

8 0
Skin thickness (ST) 10 Albedo thickness (AT)
Fruit diameter (D) Unit weight (W)

Figure 4. Scatterplot of model 1 (left) and model 2 (right) of the selected independent variables.

4. Discussion

Fruit quality is the result of complex interactions of genetic factors (plant crop and
cultivar), environmental conditions, cultivation practices, harvesting time, and postharvest
handling [10,43,44]. Our results suggest that there are considerable differences in various
physical, chemical, and nutritional quality parameters in the citrus samples analyzed due
to the different production systems. Citrus shape is strongly correlated to variety [45].
The results of this study show that ‘Navelina’ fruits are mainly oval in shape, regardless
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of farming system. For fruits of the ‘Clemenules’ variety, although they are oval and
round in shape, in all cases, the main characteristic was the flattened shape. The higher
percentage of irregular shapes in organic citrus fruits was expected to be an important index
of biodiversity that characterizes organic vegetables and fruits. This can be a drawback for
the marketing of fruits, but responsible organic consumers are aware of this variability in
the fresh product [46,47].

The characteristic color of citrus fruits is mainly due to the presence of carotenoids,
and their composition is influenced by several factors, including geographical origin, fruit
ripeness, and, particularly, variety [48]. Color is one of the most remarkable features of
the different citrus species and cultivars and a key factor of external and internal quality
and consumer acceptance [11]. In fact, it is of great importance in evaluating commercial
quality, and there have been attempts to quantify the sensation of color perceived by the
brain through the human eye, although some fruit degreening in conventional practices
by exogenous exposure to the ripening hormone ethylene could confuse the will of the
consumer [49]. The skin color index shows significant differences in the case of both citrus
varieties studied: in ‘Clemenules’ fruit, color values observed in organically produced fruit
were higher, while in ‘Navelina’ oranges, the opposite was found, with higher values for
conventional fruits, finding similarity with the results of other studies [50].

The varietal difference is observed in the size, being the fruits of ‘Navelina” heavier
than those of ‘Clemenules’. The height of the fruits is significantly higher in citrus fruits
of the ‘Navelina’ variety when the production system is organic. Fruit diameter is not
significant, regardless of the variety. The cultivation system is not significant for the unit
weight of the ‘Navelina’ fruits, with the weight ranging between 222.82 and 229.66 g/fruit.
These grammages are within the caliber values for this variety [51]. Organically produced
‘Clemenules’ fruits are on average 9.6% heavier than conventional ones. This means that
under organic production conditions, weights similar to or greater than those obtained with
conventional methods can be obtained. Consequently, organic fruits reach the standards of
commercial quality, related to the caliber.

We found significant differences in skin percentage in “Navelina” and ‘Clemenules’
fruits, which are higher for conventional fruits. Similar results are reported [50] in the same
varieties, but only in one growing season, where a lower skin percentage was found in citrus
fruits produced on organic farms. In “Navelina’ oranges, the skin content of conventionally
produced fruits is 26.95% compared to a value of 25.17% for organically produced fruits,
which means that the amount of juice and pulp in conventionally produced ‘Navelina’
oranges is 73.05%, while in the case of organically produced ‘Navelina’ oranges, the pulp
and juice content is 74.83%. In ‘Clemenules’ mandarins, the amount of juice and pulp from
conventional production is 73.19%, while for organically produced mandarins, the pulp
and juice content is 76.89%, which means that organic fruits are juicier than conventional
ones. The skin levels of organic fruits are low, which means that organic fertilization
invests more energy in the synthesis of juice and pulp, while chemical fertilization and,
above all, excess nitrogen fertilization, concentrate on skin production. Some authors
confirm that organic fertilizer treatments tend to decrease skin content and increase juice
content in several citrus cultivars compared to conventional fertilizers [10,52-55], but
variable seasonal conditions and variety may reverse the results [56]. When higher juice
content occurs in conventional oranges, this effect could be attributed to the higher water
concentration present in conventional fruits due to excess nitrogen fertilization, as reported
by Neuhoff et al. [57].

The peel color, fruit size, and fruit shape contribute to the external appearance and
influence consumers” attention and appreciation. Satsumas and Clementines are considered
medium-small to medium-sized; common and Mediterranean mandarins are medium-
sized. On the other hand, experience and market demands in the distribution of organic
food mean that the fruits that reach the market are very homogeneous. Differences due
to external attributes are only observed in markets with a higher degree of complicity
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with producers, and in this case, it is no longer a commercial problem. In addition, the
consumption of irregular foods contributes to reducing food waste.

The higher number of seeds found in our work for the organic citrus fruits ‘Navelina’
and ‘Clemenules’ is consistent with what is reported in the literature [50]. The presence or
absence of seeds in fruit is a determining factor of its commercial value. Citrus fruits which
have a high number of seeds per fruit are generally not preferred for fresh consumption and
are not suitable for the processing industry for juice extraction [44]. However, the presence
of seeds in fruit is due to cross-pollination, favored mainly by bees. Their presence is an
index of the increased biodiversity in organic fields, as the pesticide-free ecosystem favors
the presence of pollinating fauna [58]. The importance of bee pollination for food crops has
been widely recognized. In addition to improving the yield of some crops, bee pollination
contributes to increasing the nutritional value, improving the quality, and prolonging the
shelf life of many fruits and vegetables [59]. Regardless, the fruits of the present study can
be classified as ‘low-seeded’ since according to commercial criteria, a ‘low-seeded’ variety
should have no more than two seeds per fruit in a random sample of twenty-five fruits,
with no fruit containing more than four seeds [60].

We found a significantly higher level of vitamin C in organic ‘Navelina’ oranges than
in oranges grown under conventional practices. Likewise, in the case of ‘Clemenules’
fruits, although the result is not statistically significant, we found a higher vitamin C
concentration in organic mandarins. These results are in agreement with those reported
by other authors who observed a higher concentration of vitamin C in fruit yielded with
an organic cultivation method compared to conventional cultivation systems, in citrus
cultivars and varieties [10,11,29,55]. This vitamin is one of the most important antioxidant
compounds in plant cells and one of the main contributors to the health benefits attributed
to consumption. Recently, its importance in the Coronavirus disease 2019 (COVID-19)
has also been highlighted due to its role in modulating the immune system and cellular
defense against oxidative stress associated with infection [61]. In many crops, increased
vitamin C concentration also prolongs the food’s shelf-life [11]. In the case of oranges,
studies have shown that the shelf life of organically grown oranges increases by five weeks
compared to conventional oranges [62]. Vitamin C concentration, in different citrus species,
is inversely correlated with the nitrogen supply [63]. Therefore, the lower vitamin C
concentration in conventional fruits could be due to the nitrogen application from synthetic
fertilizers immediately available in these crops, as the abuse of nitrogen fertilizers leads
to an increase in the relative water content of the plant tissue, then a dilution effect, and
induces an increase in the concentration of nitrate ions in plants, then simultaneously the
decrease in ascorbic acid, which is an inhibitor in the formation of carcinogenic nitrous
compounds [14,64].

The mean values of vitamin C concentration found in this work for ‘Navelina” and
‘Clemenules’ fruits are included in the literature range, where the vitamin C content in
commercial orange juices is between 35 and 74 mg per 100 mL of juice [60]. Furthermore,
in our experiment, the vitamin C concentration was significantly higher in ‘Navelina’ fruit
than in ‘Clemenules’ citrus, regardless of the production system. This is in agreement
with other authors [14,50], who reported that the vitamin C concentration in oranges is
generally higher than in mandarins. This confirms the influence of genetic factors on
fruit quality [43,62]. Our long-term study concludes that, on average, 100 mL of organic
‘Clemenules’ juice provides 4.1% more vitamin C than its conventional counterpart. In the
case of ‘Navelina’, organic production can increase the vitamin C content in citrus juice by
almost 10%.

Another significant difference related to the cultivation method is highlighted for
the pH parameter in citrus juice, which was higher in organic ‘Navelina’ fruits than in
conventional ones (Table 2). The result of pH in juice from organic ‘Navelina’ fruits is
inconsistent with that of Duarte et al. [10], who reported a higher mean pH value in organic
fruits than those found in fruits grown with conventional practices, possibly due to the
presence of other acids present in conventional fruits that influence the decrease in the
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pH value. There is a logical trend between the pH value and the total acidity of the juice,
since juices with a higher pH value have lower total acidity content. There is also a slight
relationship between acidity parameters and TSS, so that when juices are more acidic,
TSS increases, decreasing the value of the ripeness index. Some authors have found no
differences in the acidity levels and soluble solids content of the fruit when contrasting the
effect of chemical and organic fertilizers [65]. Total soluble solids content and total acidity
determine the organoleptic properties of fruits and the balance ratio.

Total juice acidity had the same trend in the two citrus varieties and in all seasons, with
the highest acidity in fruits from organic systems. Fruit height, juice percentage, brightness,
flesh thickness, ripeness index, vitamin C content, juice color index, and number of seeds of
‘Navelina’ fruits are parameters for which the cultivation system shows the same tendency
in all seasons. In the case of ‘Clemenules’ fruits, the color parameter a*, thickness of the
fruit flesh, soluble solids content, pH, and juice color index are parameters for which the
cultivation system also shows the same trend in all seasons studied.

The exposure of plants to aggressive and stressful situations, such as pathogen attack,
leads to a considerable increase in secondary metabolites as a defense mechanism in the
absence of synthetic fertilizers and pesticides commonly used in the conventional growing
system. Then, the absence of chemical resources that characterizes organic practices is
related to a higher concentration of essential oils in organic fresh vegetables and fruits than
in conventionally grown ones [47,66]. In addition to sugars and acids, volatile flavorings
can also influence flavor perception. Our results about the concentration of essential oils in
organic and conventional ‘Navelina” and ‘Clemenules’ fruits are in line with previous state-
ments and in agreement with other authors who indicate that citrus peels are an important
source of essential oils [9]. These volatile compounds not only enhance the organoleptic
profile of citrus fruit, due to their pleasant smell, but also possess excellent properties, such
as antimicrobial, anti-inflammatory, antitumor, antioxidant, and neuroprotective activities.
In fact, these characteristics have long been widely used in foods, cosmetics, and pharma-
ceuticals [7]. Our long-term study concluded that, on average, 100 g of peel from organic
‘Navelina’ fruits provide 17.65% more essential oils than their conventional counterparts.
In the case of ‘Clemenules’ fruits, organic production can increase the essential oil content
by almost 19.50%.

The discriminant function has been used to successfully verify the identity of organic
foods [67]. It has been employed in the classification and differentiation of seven orange
varieties using several chemometric techniques [68]. It has even been successfully used
in the classification of organic and conventional citrus by detecting markers linked to
nitrogen metabolism [55]. In both cases, the parameters chosen for citrus classification
require complex analyses and/or have been performed with a small number of samples.
Cuevas et al. [69] provided a methodology based on profiling stable isotope polyphenols,
among other quality parameters, to classify citrus fruits using data fusion techniques. In
this case, the number of organic fruits analyzed was 126 and the number of conventional
fruits was 132. The present work amplifies the scientific gap in the classification of organic
citrus fruits based on quality parameters obtained from seven study campaigns, and the
result is two classification equations, both obtained with simple analytical parameters.

Consumers and farmers need tools that can ensure trust and prevent organic food
fraud. For Danezis et al. [70], verifying the authenticity of organically produced products
is also of interest to the scientific community and regulators. The models obtained in
this work will successfully predict the production system and generate more confidence
among consumers.

5. Conclusions

The long-term results of this work allow us to provide verified information on the
global quality of organic ‘Navelina’ orange and ‘Clemenules’ mandarin fruits. Organic
systems produce citrus fruits that meet market criteria standards in terms of color and size,
providing a visual quality accepted by consumers. In line with the growing demand for
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environmentally friendly organic food products that guarantee a lower impact, the daily
consumption of organic citrus fruits is recommended to improve human health due to the
antioxidant properties of vitamin C present in concentrations 4.1% higher in ‘Clemenules’
organic and 10% higher in ‘Navelina’ organic fruits. In addition to the higher vitamin
value, organic citrus fruits contain higher concentrations of essential oils that generate
a more aromatic sensation, conveying the characteristic and authentic aroma of citrus
fruits. The high number of results obtained in the study period has allowed us to obtain
two discriminating equations that use easy-to-measure parameters to successfully classify
organic citrus fruits. The classification and prediction models obtained can be used by both
national organizations/fruit processors and international control authorities, and constitute
useful tools to help predict the purity/authenticity of organic citrus fruits. The results
obtained reinforce the idea of the high quality of organic food and are strongly supported
by the long-term study.

Author Contributions: Conceptualization, A.D.-G. and M.D.R.; Data curation, M.D.R.; Formal analy-
sis, R.D.G. and M.D.G.-M.; Investigation, M.D.G.-M. and M.D.R.; Methodology, A.D.-G. and M.D.R;;
Project administration, M.D.R.; Resources, A.D.-G. and M.D.R.; Supervision, M.D.R.; Visualization,
AD.-G,RD.G, M.D.G.-M. and M.D.R,; Writing—original draft, R.D.G. and M.D.R.; Writing—review
and editing, M.D.R. All authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Data Availability Statement: The data presented in this study are available on request from the
corresponding author. The data are not publicly available due to the high volume of data.

Acknowledgments: The authors thank all the farmers and producers of citrus fruits who collaborated
in a participatory way with the monitoring of the crops during all the citrus seasons and who work
hard to maintain the cultivation traditions of the Mediterranean region.

Conflicts of Interest: The authors declare no conflict of interest.

References

1. Rafiq, S.; Kaul, R; Sofi, S.A.; Bashir, N.; Nazir, E; Nayik, G.A. Citrus peel as a source of functional ingredient: A review. J. Saudi
Soc. Agric. Sci. 2018, 17, 351-358. [CrossRef]

2. Talén, M.; Caruso, M.; Gmitter, EG., Jr. The Genus Citrus, 1st ed.; Elsevier: London, UK, 2020; p. 720.

3. Navarro-Martinez, P.; Noguera-Artiaga, L.; Sanchez-Bravo, P.; Rosas-Burgos, E.C.; Pérez-Lépez, A.J.; Carbonell-Barrachina, AA.
Development and characterization of liquors prepared with an underutilized citrus by-product, the peel. Eur. Food Res. Technol.
2019, 245, 41-50. [CrossRef]

4. FAO. 2022. Available online: https:/ /www.fao.org/faostat/es/#data/QCL (accessed on 10 April 2023).

5. Di Prima, S.; Rodrigo-Comino, J.; Novara, A.; Iovino, M.; Pirastru, M.; Keesstra, S.; Cerda, A. Soil physical quality of citrus
orchards under tillage, herbicide, and organic managements. Pedosphere 2018, 28, 463-477. [CrossRef]

6. Czech, A.; Zarycka, E.; Yanovych, D.; Zasadna, Z.; Grzegorczyk, I.; Klys, S. Mineral content of the pulp and peel of various citrus
fruit cultivars. Biol. Trace Elem. Res. 2020, 193, 555-563. [CrossRef]

7. Karn, A; Zhao, C.; Yang, F,; Cui, J.; Gao, Z.; Wang, M.; Wang, F,; Xiao, H.; Zheng, J. In-vivo biotransformation of citrus functional
components and their effects on health. Crit. Rev. Food Sci. Nutr. 2020, 61, 756-776. [CrossRef]

8.  Ma, G,; Zhang, L.; Sugiura, M.; Kato, M. Citrus and health. In The Genus Citrus; Woodhead Publishing: Cambridge, UK, 2020;
pp. 495-511. [CrossRef]

9. Lv, X;; Zhao, S;; Ning, Z.; Zeng, H.; Shu, Y.; Tao, O.; Xiao, C.; Lu, C.; Liu, Y. Citrus fruits as a treasure trove of active natural
metabolites that potentially provide benefits for human health. Chem. Cent. . 2015, 9, 68. [CrossRef] [PubMed]

10. Duarte, A.; Caixeirinho, D.; Miguel, M.G.; Sustelo, V.; Nunes, C.; Mendes, M.; Marreiros, A. Vitamin C content of citrus from
conventional versus organic farming systems. Acta Hortic. 2010, 868, 389-394. [CrossRef]

11. Zacarias-Garcia, J.; Rey, F; Gil, ].V,; Rodrigo, M.].; Zacarias, L. Antioxidant capacity in fruit of Citrus cultivars with marked
differences in pulp coloration: Contribution of carotenoids and vitamin C. Food Sci. Technol. Int. 2020, 27, 210-222. [CrossRef]

12.  Patil, B.S.; Jayaprakasha, G.K.; Murthy, K.N.C. Beyond vitamin C: The diverse, complex health-promoting properties of citrus
fruits. Citrus Res. Technol. 2017, 38, 107-121. [CrossRef]

13. DiDonna, L.; Bartella, L.; De Vero, L.; Gullo, M.; Giuffre, A.M.; Zappia, C.; Capocasale, M.; Poiana, M.; D’Urso, S.; Caridi, A.
Vinegar production from Citrus bergamia by-products and preservation of bioactive compounds. Eur. Food Res. Technol. 2020,
246,1981-1990. [CrossRef]

14. Magwaza, L.S,; Mditshwa, A.; Tesfay, S.Z.; Opara, U.L. An overview of preharvest factors affecting vitamin C content of citrus

fruit. Sci. Hortic. 2017, 216, 12-21. [CrossRef]


https://doi.org/10.1016/j.jssas.2016.07.006
https://doi.org/10.1007/s00217-018-3138-9
https://www.fao.org/faostat/es/#data/QCL
https://doi.org/10.1016/S1002-0160(18)60025-6
https://doi.org/10.1007/s12011-019-01727-1
https://doi.org/10.1080/10408398.2020.1746234
https://doi.org/10.1016/B978-0-12-812163-4.00024-3
https://doi.org/10.1186/s13065-015-0145-9
https://www.ncbi.nlm.nih.gov/pubmed/26705419
https://doi.org/10.17660/ActaHortic.2010.868.52
https://doi.org/10.1177/1082013220944018
https://doi.org/10.4322/crt.ICC063
https://doi.org/10.1007/s00217-020-03549-1
https://doi.org/10.1016/j.scienta.2016.12.021

Horticulturae 2023, 9, 721 18 of 20

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.
40.

Costanzo, G.; Iesce, M.R.; Naviglio, D.; Ciaravolo, M.; Vitale, E.; Arena, C. Comparative studies on different citrus cultivars: A
revaluation of waste mandarin components. Antioxidants 2020, 9, 517. [CrossRef] [PubMed]

De Castro, N.T.; de Alencar, E.R.; Zandonadi, R.P.; Han, H.; Raposo, A.; Ariza-Montes, A.; Araya-Castillo, L.; Botelho, R.B.A.
Influence of Cooking Method on the Nutritional Quality of Organic and Conventional Brazilian Vegetables: A Study on Sodium,
Potassium, and Carotenoids. Foods 2021, 10, 1782. [CrossRef]

Guilherme, R.; Reboredo, F.; Guerra, M.; Ressurreicao, S.; Alvarenga, N. Elemental composition and some nutritional parameters
of sweet pepper from organic and conventional agriculture. Plants 2020, 9, 863. [CrossRef]

Smith, L.G,; Kirk, G.J.; Jones, PJ.; Williams, A.G. The greenhouse gas impacts of converting food production in England and
Wales to organic methods. Nat. Commun. 2019, 10, 4641. [CrossRef] [PubMed]

Dominguez Gento, A.; Ballester, R.; Raigén, M.D.; Garcia, M.D.; Vercher, R.; Moscardé, E.; Calabuig, A. Efecto de cubiertas
vegetales permanentes en la fertilidad del cultivo de citricos ecoldgicos. In Proceedings of the IX Congreso SEAE, Lleida,
Spain, 6-9 October 2010; Available online: http:/ /www.agroecologia.net/recursos/publicaciones/publicaciones-online /2010/ix-
congreso/cd-actas/p5-fertilidad-del-suelo-ii/5-6-efecto-dominguez.pdf (accessed on 23 April 2023).

Jelo¢nik, M.; Ion, R.A.; Jovanovié¢, M.; Popescu, C.G. Has organic farming potential for development? Comparative Study in
Romania and Serbia. Procedia Econom. Bus. Adm. 2015, 22, 268-276. [CrossRef]

Fernandez, ].A.; Ayastuy, M.E.; Belladonna, D.P.; Comezafia, M.M.; Contreras, J.; de Maria Mourao, I.; Orden, L.; Rodriguez, R.A.
Current trends in organic vegetable crop production: Practices and techniques. Horticulturae 2022, 8, 893. [CrossRef]
Ribes-Moya, A.M.; Adalid, A.M.; Raigén, M.D.; Hellin, P; Fita, A.; Rodriguez-Burruezo, A. Variation in flavonoids in a collection
of peppers (Capsicum sp.) under organic and conventional cultivation: Effect of the genotype, ripening stage, and growing system.
J. Sci. Food Agric. 2020, 100, 2208-2223. [CrossRef]

Dall’Asta, M.; Angelino, D.; Pellegrini, N.; Martini, D. The nutritional quality of organic and conventional food products sold in
Italy: Results from the food labelling of Italian products (FLIP) study. Nutrients 2020, 12, 1273. [CrossRef]

Raigon, M.D. Los citricos: Reserva para el invierno. Veritas 2011, 18, 12-16. Available online: https://www.veritas.es/wp-
content/uploads/2020/11/Estudio-naranjas-Dra.-Raigon.pdf (accessed on 23 April 2023).

Renau-Prufionosa, A.; Garcia-Menéndez, O.; Ibafiez, M.; Vazquez-Suiié, E.; Boix, C.; Ballesteros, B.B.; Hernandez Garcia, M.;
Morell, I.; Hernandez, F. Identification of aquifer recharge sources as the origin of emerging contaminants in intensive agricultural
areas. La Plana de Castellon, Spain. Water 2020, 12, 731. [CrossRef]

Hondebrink, M.A.; Cammeraat, L.H.; Cerda, A. The impact of agricultural management on selected soil properties in citrus
orchards in Eastern Spain: A comparison between conventional and organic citrus orchards with drip and flood irrigation. Sci.
Total Environ. 2017, 581, 153-160. [CrossRef]

Cerda, A.; Rodrigo-Comino, J.; Giménez-Morera, A.; Keesstra, S.D. Hydrological and erosional impact and farmer’s perception
on catch crops and weeds in citrus organic farming in Canyoles river watershed, Eastern Spain. Agric. Ecosyst. Environ. 2018,
258, 49-58. [CrossRef]

Beltran-Esteve, M.; Picazo Tadeo, A.J.; Reig Martinez, E. What makes a citrus farmer go ‘organic’? Empirical evidence from
Spanish citrus farming. Span. J. Agric. Res. 2012, 10, 901-910. [CrossRef]

Popa, M.E.; Mitelut, A.C.; Popa, E.E.; Stan, A.; Popa, V.I. Organic foods contribution to nutritional quality and value. Trends Food
Sci. Technol. 2019, 84, 15-18. [CrossRef]

Marti, N.; Mena, P.; Canovas, J.A.; Micol, V.; Saura, D. Vitamin C and the role of citrus juices as functional food. Nat. Prod.
Commun. 2009, 4, 677-700. [CrossRef] [PubMed]

Chhikara, N.; Kour, R.; Jaglan, S.; Gupta, P.; Gat, Y.; Panghal, A. Citrus medica: Nutritional, phytochemical composition and
health benefits—A review. Food Funct. 2018, 9, 1978-1992. [CrossRef]

Abobatta, W.F.; El-Azazy, A.M. Role of organic and biofertilizers in citrus orchards. Aswan Univ. J. Environ. Stud. 2020, 1, 13-27.
[CrossRef]

Zhao, H.; Dong, Z.; Liu, B.; Xiong, H.; Guo, C.; Lakshmanan, P.; Wang, X.; Chen, X.; Shi, X.; Zhang, F.; et al. Can citrus production
in China become carbon-neutral? A historical retrospect and prospect. Agric. Ecosyst. Environ. 2023, 348, 108412. [CrossRef]
Tarozzi, A.; Hrelia, S.; Angeloni, C.; Morroni, F,; Biagi, P.; Guardigli, M.; Cantelli-Forti, G.; Hrelia, P. Antioxidant effectiveness of
organically and non-organically grown red oranges in cell culture systems. Eur. . Nutr. 2006, 45, 152-158. [CrossRef]

Khalil, H.A.; Hassan, S.M. Ascorbic acid, 3-carotene, total phenolic compound and microbiological quality of organic and
conventional citrus and strawberry grown in Egypt. Afr. J. Biotechnol. 2015, 14, 272-277. [CrossRef]

He, X,; Zhang, H.; Li, ].; Yang, F; Dai, W.; Xiang, C.; Zhang, M. The positive effects of Humic/Fulvic acid fertilizers on the quality
of lemon fruits. Agronomy 2022, 12, 1919. [CrossRef]

United States Department of Agriculture (USDA). Soil Mechanics Level 1 Module 3. In Soil Textural Classification Study Guide;
USDA Soil Conservation Service: Washington, DC, USA, 1987.

Vidal, A.; Talens, P.; Prats-Montalban, J.M.; Cubero, S.; Albert, E,; Blasco, J. In-line estimation of the standard colour index of citrus
fruits using a computer vision system developed for a mobile platform. Food Bioprocess Technol. 2013, 6, 3412-3419. [CrossRef]
AOAC. Official Methods of Analysis, 16th ed.; Association of Official Analytical Chemists: Washington, DC, USA, 1995.

Zhou, Y.; He, W.; Zheng, W.; Tan, Q.; Xie, Z.; Zheng, C.; Hu, C. Fruit sugar and organic acid were significantly related to fruit Mg
of six citrus cultivars. Food Chem. 2018, 259, 278-285. [CrossRef]


https://doi.org/10.3390/antiox9060517
https://www.ncbi.nlm.nih.gov/pubmed/32545447
https://doi.org/10.3390/foods10081782
https://doi.org/10.3390/plants9070863
https://doi.org/10.1038/s41467-019-12622-7
https://www.ncbi.nlm.nih.gov/pubmed/31641128
http://www.agroecologia.net/recursos/publicaciones/publicaciones-online/2010/ix-congreso/cd-actas/p5-fertilidad-del-suelo-ii/5-6-efecto-dominguez.pdf
http://www.agroecologia.net/recursos/publicaciones/publicaciones-online/2010/ix-congreso/cd-actas/p5-fertilidad-del-suelo-ii/5-6-efecto-dominguez.pdf
https://doi.org/10.1016/S2212-5671(15)00280-4
https://doi.org/10.3390/horticulturae8100893
https://doi.org/10.1002/jsfa.10245
https://doi.org/10.3390/nu12051273
https://www.veritas.es/wp-content/uploads/2020/11/Estudio-naranjas-Dra.-Raigon.pdf
https://www.veritas.es/wp-content/uploads/2020/11/Estudio-naranjas-Dra.-Raigon.pdf
https://doi.org/10.3390/w12030731
https://doi.org/10.1016/j.scitotenv.2016.12.087
https://doi.org/10.1016/j.agee.2018.02.015
https://doi.org/10.5424/sjar/2012104-2957
https://doi.org/10.1016/j.tifs.2018.01.003
https://doi.org/10.1177/1934578X0900400506
https://www.ncbi.nlm.nih.gov/pubmed/19445318
https://doi.org/10.1039/C7FO02035J
https://doi.org/10.21608/aujes.2020.124530
https://doi.org/10.1016/j.agee.2023.108412
https://doi.org/10.1007/s00394-005-0575-6
https://doi.org/10.5897/AJB2014.14170
https://doi.org/10.3390/agronomy12081919
https://doi.org/10.1007/s11947-012-1015-2
https://doi.org/10.1016/j.foodchem.2018.03.102

Horticulturae 2023, 9, 721 19 of 20

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

Arya, S.P; Mahajan, M.; Jain, P. Non-spectrophotometric methods for the determination of vitamin C. Anal. Chim. Acta 2000,
417,1-14. [CrossRef]

Centro de Comercio Internacional UNCTAD/GATT (CCI). Aceites esenciales y oleorresinas: Estudio de distintos productores y
de mercados importantes. In Monografia Sobre Determinados Aceites Esenciales y Oleorresinas de Especias; CCI, UNCTAD-GATT:
Geneva, Switzerland, 1986; p. 222.

Lado, J.; Gambetta, G.; Zacarias, L. Key determinants of citrus fruit quality: Metabolites and main changes during maturation.
Sci. Hortic. 2018, 233, 238-248. [CrossRef]

Aregay, N.; Belew, D.; Zenebe, A.; Haile, M.; Gebresamuel, G.; Girma, A. Tree age and harvesting season affected physico-chemical
and bioactive compounds of elite type of Gunda Gundo orange (Citrus Spp.) in the Northern Ethiopia. Int. J. Fruit Sci. 2021,
21, 26-39. [CrossRef]

Goldenberg, L.; Yaniv, Y.; Kaplunov, T.; Doron-Faigenboim, A.; Porat, R.; Carmi, N. Genetic diversity among mandarins in
fruit-quality traits. J. Agric. Food Chem. 2014, 62, 4938-4946. [CrossRef]

Lauterbach, J.; Bantle, C. For More Diversity, Better Taste and My Own Health. Exploring Organic Consumers Purchasing
Motives for Heirloom Vegetable Varieties. Sustainability 2022, 14, 4068. [CrossRef]

Rahman, SM.E.; Mele, M.A; Lee, Y.T.; Islam, M.Z. Consumer preference, quality, and safety of organic and conventional fresh
fruits, vegetables, and cereals. Foods 2021, 10, 105. [CrossRef]

Beltran-Gonzélez, F.; Pérez-Lopez, A.].; Lopez-Nicolds, ].M.; Carbonell-Barrachina, A.A. Effects of agricultural practices on
instrumental colour, mineral content, carotenoid composition, and sensory quality of mandarin orange juice, cv. Hernandina.
J. Sci. Food Agric. 2008, 88, 1731-1738. [CrossRef]

Matsumoto, H.; Ikoma, Y.; Kato, M.; Nakajima, N.; Hasegawa, Y. Effect of postharvest temperature and ethylene on carotenoid
accumulation in the flavedo and juice sacs of satsuma mandarin (Citrus unshiu Marc) fruit. . Agric. Food Chem. 2009, 57, 4724-4732.
[CrossRef] [PubMed]

Raigon, M.D.; Dominguez Gento, A.; Garcia Martinez, M.D. La calidad de los frutos citricos de produccién ecoldgica. In Memorias
del V Congreso Latinoamericano de Agroecologin-SOCLA; Facultad de Ciencias Agrarias y Forestales: La Plata, Argentina, 2015;
pp- 688-693.

Barkley, N.A.; Roose, M.L.; Krueger, R.R.; Federici, C.T. Assessing genetic diversity and population structure in a citrus germplasm
collection utilizing simple sequence repeat markers (SSRs). Theor. Appl. Genet. 2006, 112, 1519-1531. [CrossRef] [PubMed]
Roussos, P.A. Phytochemicals and antioxidant capacity of orange (Citrus sinensis (L.) Osbeck cv. Salustiana) juice produced under
organic and integrated farming system in Greece. Sci. Hortic. 2011, 129, 253-258. [CrossRef]

Sanchez-Bravo, P.; Noguera-Artiaga, L.; Martinez-Tomé, J.; Herndndez, F.; Sendra, E. Effect of Organic and Conventional
Production on the Quality of Lemon “Fino 49”. Agronomy 2022, 12, 980. [CrossRef]

Carranca, C.; Brunetto, G.; Tagliavini, M. Nitrogen nutrition of fruit trees to reconcile productivity and environmental concerns.
Plants 2018, 7, 4. [CrossRef]

Rapisarda, P.; Calabretta, M.L.; Romano, G.; Intrigliolo, F. Nitrogen metabolism components as a tool to discriminate between
organic and conventional citrus fruits. J. Agric. Food Chem. 2005, 53, 2664—2669. [CrossRef]

Li, Z.; Zhang, R.; Xia, S.; Wang, L.; Liu, C.; Zhang, R,; Fan, Z.; Cheng, F; Liu, Y. Interactions between N, P and K fertilizers affect
the environment and the yield and quality of satsumas. Glob. Ecol. Conserv. 2019, 19, e00663. [CrossRef]

Neuhoff, D.; Vlatschkov, V.; Raigéon, D. Comparison of the quality of conventionally and organically grown oranges in Spain. In
Proceedings of the 17th IFOAM Organic World Congress, Organic is Life-Knowledge for Tomorrow, Namyangju, Republic of
Korea, 28 September—1 October 2011; pp. 487-490.

Cuevas, E.; Blancas, ].; Caballero, J.; Hinojosa-Diaz, I.A.; Martinez-Ballesté, A. Agricultural management and local knowledge:
Key factors for the conservation of socio-ecosystems in the face of the pollinator world crisis. Bot. Sci. 2021, 99, 305-320. [CrossRef]
Patel, V,; Pauli, N.; Biggs, E.; Barbour, L.; Boruff, B. Why bees are critical for achieving sustainable development. Ambio 2021,
50, 49-59. [CrossRef]

Goldenberg, L.; Yaniv, Y.; Porat, R.; Carmi, N. Mandarin fruit quality: A review. J. Sci. Food Agric. 2018, 98, 18-26. [CrossRef]
[PubMed]

Bellavite, P; Donzelli, A. Hesperidin and SARS-CoV-2: New light on the healthy function of citrus fruits. Antioxidants 2020, 9, 742.
[CrossRef] [PubMed]

Cuevas, F]J.; Pradas, I.; Moreno, ]. M. Efecto del manejo ecolégico en la calidad general y bio-funcional de dos variedades de
naranjas. In Proceedings of the XI Congreso de la Sociedad Espafiola de Agricultura Ecoldgica, Vitoria-Gasteiz, Spain, 1-4 October
2014; p. 676.

Mozafar, A. Nitrogen fertilizers and the amount of vitamins in plants: A review. J. Plant. Nutr. 1993, 16, 2479-2506. [CrossRef]
Raigon, M.D.; Rodriguez-Burruezo, A.; Prohens, J. Effects of organic and conventional cultivation methods on composition of
eggplant fruits. J. Agric. Food Chem. 2010, 58, 6833-6840. [CrossRef] [PubMed]

Abd El-Migeed, M.M.; Saleh, M.M.S.; Mostafa, E.A. The beneficial effect of minimizing mineral nitrogen fertilization on
Washington navel orange trees by using organic and biofertilizers. World J. Agric. Sci. 2007, 3, 80-85.

Mditshwa, A.; Magwaza, L.S.; Tesfay, S.Z.; Mbili, N. Postharvest quality and composition of organically and conventionally
produced fruits: A review. Sci. Hortic. 2017, 216, 148-159. [CrossRef]


https://doi.org/10.1016/S0003-2670(00)00909-0
https://doi.org/10.1016/j.scienta.2018.01.055
https://doi.org/10.1080/15538362.2020.1852150
https://doi.org/10.1021/jf5002414
https://doi.org/10.3390/su14074068
https://doi.org/10.3390/foods10010105
https://doi.org/10.1002/jsfa.3272
https://doi.org/10.1021/jf9005998
https://www.ncbi.nlm.nih.gov/pubmed/19441837
https://doi.org/10.1007/s00122-006-0255-9
https://www.ncbi.nlm.nih.gov/pubmed/16699791
https://doi.org/10.1016/j.scienta.2011.03.040
https://doi.org/10.3390/agronomy12050980
https://doi.org/10.3390/plants7010004
https://doi.org/10.1021/jf048733g
https://doi.org/10.1016/j.gecco.2019.e00663
https://doi.org/10.17129/botsci.2659
https://doi.org/10.1007/s13280-020-01333-9
https://doi.org/10.1002/jsfa.8495
https://www.ncbi.nlm.nih.gov/pubmed/28631804
https://doi.org/10.3390/antiox9080742
https://www.ncbi.nlm.nih.gov/pubmed/32823497
https://doi.org/10.1080/01904169309364698
https://doi.org/10.1021/jf904438n
https://www.ncbi.nlm.nih.gov/pubmed/20443597
https://doi.org/10.1016/j.scienta.2016.12.033

Horticulturae 2023, 9, 721 20 of 20

67.

68.

69.

70.

Capuano, E.; Boerrigter-Eenling, R.; van der Veer, G.; van Ruth, S.M. Analytical authentication of organic products: An overview
of markers. J. Sci. Food Agric. 2013, 93, 12-28. [CrossRef]

Vavoura, M.V,; Karabagias, LK.; Kosma, I.S.; Badeka, A.V.; Kontominas, M.G. Characterization and Differentiation of Fresh Orange
Juice Variety Based on Conventional Physicochemical Parameters, Flavonoids, and Volatile Compounds Using Chemometrics.
Molecules 2022, 27, 6166. [CrossRef]

Cuevas, EJ.; Pereira-Caro, G.; Munoz-Redondo, ]. M.; Ruiz-Moreno, M.].; Montenegro, ].C.; Moreno-Rojas, ]. M. A holistic approach
to authenticate organic sweet oranges (Citrus sinensis L. cv Osbeck) using different techniques and data fusion. Food Control 2019,
104, 63-73. [CrossRef]

Danezis, G.P.,; Tsagkaris, A.S.; Brusic, V.; Georgiou, C.A. Food authentication: State of the art and prospects. Curr. Opin. Food Sci.
2016, 10, 22-31. [CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1002/jsfa.5914
https://doi.org/10.3390/molecules27196166
https://doi.org/10.1016/j.foodcont.2019.04.012
https://doi.org/10.1016/j.cofs.2016.07.003

	Introduction 
	Materials and Methods 
	Experimental Materials 
	Experimental Method 
	Sampling and Analytical Methodology 
	Data Analysis 

	Results 
	Descriptive Results: Effect of Analysis of Variance 
	Frequency Mosaic Graph: Fruit Shape Typing 
	Typification of the Fruits According to the Production System 

	Discussion 
	Conclusions 
	References

