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Abstract: Local products and their distribution through short supply chains play a key role in
the sustainable development of many rural areas, as affirmed by the 2030 Food and Agriculture
Organization of the United Nations (FAO) Agenda. Moreover, in the last years, more and more
consumers have shown a specific interest towards local production, pushed by the need for healthy
eating, protecting the environment, and boosting the local economy. However, the cultivation of
local fruit varieties or ecotypes has considerably decreased in the last decades because of their low
production potential. As a result, many farmers have been forced to replace local orchards with few
worldwide grown cultivars, causing a loss of genetic agrobiodiversity. For instance, in Italy, the
loquat market is composed of imported cultivars and local grown autochthonous fruits (ecotype).
Therefore, the aim of this study is to analyze the chemical–physical and sensory qualities, as well as
the determinants of Italian consumer preference towards local ecotype of loquat fruit compared to
imported varieties. Results show that local ecotypes result in excellent physico-chemical and sensory
attributes, and that place of purchase and taste are the most important factors influencing consumers’
preference towards local loquats. Therefore, the cultivation of loquat ecotypes, together with effective
marketing strategies, could increase the competitiveness of certain Italian rural areas, where this crop
has always played a significant role in the economy.
Keywords: ecotypes; Italy; Spain; consumer behavior; short supply chain; organoleptic characteristics

1. Introduction
According to the 2030 Food and Agriculture Organization of the United Nations (FAO) Agenda
for Sustainable Development, every country by 2030 should allocate public and private financial
resources to develop and carry out relevant strategies and programs aimed at ensuring economically,
environmentally, and socially sustainable development [1]. In order to reach these objectives by 2030,
the Agenda identifies 17 sustainable development goals with 169 associated targets, which entered
into force on 1 January 2016, ranging from ending poverty and hunger to responding to climate change
and sustaining global natural resources. Ensuring sustainable consumption and production patterns
represents one of the main goals since agriculture plays a key role in feeding the world population and
ensuring the development of sustainable food production systems. In order to be sustainable, cropping
systems, on the one hand, should increase the farmers’ income by means of higher quality products [2],
and on the other hand, these systems should reduce the negative social and environmental impacts,
thanks to the preservation, valorization, and promotion of local production and distribution [3]. Indeed,
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from an environmental point of view, local products and their distribution through short supply
chains (SSCs) [4] reduce food-miles and the associated transportation greenhouse gas emissions due
to the shortened travel distances and to less use of refrigerated cargo ships, airplanes, or trucks [5,6].
In many crops and also in fruit species, the proximity of the markets allows local growers to harvest
the fruit close to their maturity stage, resulting in excellent sensorial attributes [7]. Nevertheless,
Italian local fruit production is based on nonautochthonous cultivars and local genotype-defined
ecotypes (or landraces) [8]. Ecotypes are adapted to the areas in which they grow and, therefore,
are fitted to local conditions [9]. Unfortunately, in fruit species, the cultivation of local ecotypes has
considerably decreased in the last decades. Due to the necessity to optimize the yield, the cultivation
of less productive traditional varieties has been reduced.
Furthermore, a few worldwide grown fruit cultivars have become predominant even though the
local ecotypes have specific quality traits [10] that require lower chemical input, significantly reducing
their release into the air, water, and soil and minimizing the adverse impacts on human health and the
environment [11]. Several studies, in fact, have denoted that the introduction of allochthonous varieties
could alter the existent ecosystems and biodiversity or not adapt to it, forcing farmers to increase
agricultural inputs to optimize the yields [12]. Nevertheless, landraces, even if they are well adapted
to local conditions, are considered obsolete [13]. In fact, demands of large-scale retail distribution
increasingly exclude local varieties and ecotypes and replace them with modern cultivars, leading to a
dramatic loss of genetic agrobiodiversity. On the other hand, there is a strong congruence between
sales in local markets and autochthonous productions. In this regard, short supply chains play an
important role in the selling of local production [14].
Furthermore, according to the literature, local production and their distribution through short
supply chains allow farmers to reach social and economic sustainability, especially in small-sized farms,
and support the economy of rural regions by increasing the social interaction among farmers and other
economic actors, especially consumers [15].
From a consumer’s perspective, the literature on consumers’ choices highlights that the demand
for local and typical productions is affected by the need for healthy eating, protecting the environment,
and boosting the local economy [16–19] by avoiding the phenomena of rural exodus still present in
many rural areas [20]. In many cases, local fruit productions are included in the list of European
products that have obtained Protected Geographical Indication (PGI) status and are characterized by
excellent qualitative traits such as a persistent aroma and excellent flavor, a developed nutraceutical
value that is highly appreciated by consumers [21,22].
However, to the best of our knowledge, no scientific studies have compared local and nonlocal
production, and in particular, local fruit production, both from a productive–qualitative point of view,
as well as from the consumer’s perspective.
The aim of the present study is to analyze the chemical–physical and sensory qualities, as well as
the determinants of Italian consumer preference towards local loquat fruits, compared to imported
loquat varieties.
Loquat (Eriobotrya japonica Lindl.) is a fruit little explored in the literature. It is an evergreen tree
originating from southeastern China. From Japan, loquat was introduced in Italy at the beginning
of the last century [23] and spread out into several countries, adapting to subtropical and temperate
climates in the same areas where citrus can be grown [24]. Nowadays, loquat is cultivated in many
countries of the world, such as China, Japan, India, Pakistan, Cyprus, Egypt, Greece, Israel, Italy, Spain,
Tunisia, and Turkey [25], and it has adapted well and is cultivated in the Mediterranean climate [26].
It blooms in fall and early winter, and its white flowers give rise to spherical-oval pomes. In Italy,
according to latest available data [27], loquat is cultivated almost totally in the northern coast of
Sicily, especially in Palermo Province, where an area of 400 hectares and a harvested production of
4843 tons represent, respectively, 72.8% and 81.8% of Italian loquat production. We have focused
our attention on Sicily since it represents a biodiversity hotspot for loquat because of its numerous
local ecotypes [13]. They were originated from seed propagation, plant visual selection, and then by
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using agamic propagation [28]. Sicilian autochthonous loquat trees are characterized by orange-flesh
and white-flesh fruit. White-flesh ecotypes are characterized by a pale-yellow color and belong to
the sub-acidic category (called “vanilla”) with a high sugar/acid ratio [29] and are very delicate in
manipulation and subjected to storage and transport disease [30]. Large differences in terms of external
and internal quality were found between yellow-flesh and white-flesh fruit, but both typologies produce
a fruit that is appreciated by local consumers and can, therefore, be considered excellent competitors in
international markets, standing out for quality and being highly appreciated by consumers [7].
In particular, Farina et al. [13] have conducted several studies on locally grown autochthonous
loquat by combining instrumental and sensory analyses of nutraceutical values and differences with
the nonautochthonous cultivar. However, these ecotypes are threatened by a few nonautochthonous
varieties, mainly Spanish ones, that are increasingly widespread on the Italian market, leading to
problems of competitiveness in Italian loquat farms, which are also characterized by obsolete orchards
and a lack of commercial organization [31]. Indeed, despite the fact that Sicily has the most suitable
ecological conditions for growing loquat and it is particularly suitable for early production, over the last
ten years (2009–2018), a reduction both in terms of cultivated areas (−17.4%) and harvested production
(−21.1%) has been denoted. This leads to a reduction in the social and economic sustainability of rural
areas since many farmers are forced to replace loquat orchards with other crops or abandon their farms,
causing a loss of knowledge and biodiversity also associated with exodus phenomena. Therefore,
this paper, by providing scientific data on the qualitative characteristics of Italian loquat ecotypes and
the consumers’ perception of them, has a twofold purpose: (a) to support stakeholders to valorize
local production by means of effective marketing strategies; (b) to help entrepreneurs fully satisfy their
consumers’ needs. This could increase the competitiveness of loquat in Sicily, where this crop has
always played a significant role in the economy of territory production.
2. Materials and Methods
2.1. Chemical-Physical and Sensory Analyses
All examined fruits (n = 60) were purchased from two different large commercial distributions
at the same time. At the first point of sale, the fruits were imported from Spain, whereas the second
one sold autochthonous fruit. However, the variety at the time of purchase was not indicated on the
packages. The fruits were transported at the laboratory and immediately analyzed.
Table 1 shows the commercial features of the fruits analyzed. In particular, in all the fruits, fruit
weight (FW), pulp weight (PW), skin weight (SW), and seed weight (SeW) were determined by a digital
scale (Gibertini, Italia). The transverse diameter (D), and longitudinal diameter (L) was evaluated by
digital caliber. In addition, the fruits form index (IF) was calculated using the following equation [32]:
IF = (D/L)

(1)

Additionally, a commercial classification by category was carried out on all the fruits. These fruits
were classified based on the transversal diameter by a commercial cooperative, where GGG > 53 mm,
GG: 46–52 mm, G: 32–45 mm, and M: 31–28 mm [33].
For the color evaluation of the skin and pulp, a digital colorimeter was used (Minolta, mod.
CR-300; Osaka, Japan) and the CIEL*a*b* scales were used to evaluate the color, where L* (brightness)
0 = black and 100 = white; a*(−) = green and (+) = red; b*(−) = blue and (+) = yellow. Each fruit was
submitted to two measurements on the two opposite sides of the skin and two after being peeled.
The juice was extracted from six different groups of five fruits, three groups for each origin, and
was submitted for chemical analysis. The pulp of each fruit was extracted using a centrifugal juicer
(Ariete, Italy) to obtain juice in order to evaluate juice content (J) per 100 g. Therefore, the soluble
solids content (TSSC) was measured with a digital optical refractometer ( Atago Co, Ltd., Tokyo, Japan).
Titratable acidity (TA) was determined according to method 942.15 (AOAC, 2000). The sample was
diluted 1:1 by weight of loquat pulp and distilled water using a homogenizer (Fisher Scientific PCR
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125 FTH-115, Milano, Italy) for 1 min at medium speed. Subsequently, 10 mL of the above solution was
titrated with 0.1 N NaOH until the solution turned pink. TA results were expressed in g malic acid/100
g fresh fruit. We also determined the TSSC/TA ratio.
Table 1. Commercial features of imported (nonautochthonous) and local (autochthonous) loquats
analyzed during the experiment. Longitudinal and transversal diameter refers to the single fruit.
Values represented as mean ±SD (n = 60).
Commercial Features
Origin (Label of Provenience)

Imported/Nonautochthonous

Cultivar/Ecotype

Local/Autochthonous

Not indicated

Weight

500 g

513 g

Longitudinal Diameter

52.4 ± 1.50 mm

45.4 ± 1.40 mm

Transversal Diameter

44.6 ± 1.10 mm

42.4 ± 1.60 mm

IF (fruits form index)

0.76–0.94

0.86–1.01

Commercial class

G

Storage T

◦

G
20–22

◦C

Tracking

Yes

No

Packaging

Tray/PE

Bags/PE

Peelability

Mean

Easy

Price of Loquat

EUR 1.98

EUR 2.50

The sensorial analysis was carried out by a semitrained panel consisting of ten judges who took
into consideration 12 qualitative descriptors (Table 2) evaluated with a 9-point category scale. The
sensory analysis was conducted at the postharvest laboratory of the University of Palermo. The sensory
evaluation test was performed by five men and five women, 25–40 years old. All panelists were trained
and had broad expertise in the sensory evaluation of fruits [7,13]. The judges evaluated the intensity
of each descriptor by assigning categorical scores of 1 (absence of sensation), 2 (just recognizable),
3 (very weak), 4 (weak), 5 (slight), 6 (moderate), 7 (intense), 8 (very intense), and 9 (extremely intense).
During the evaluation, all panelists completed a short questionnaire covering the quality indicators
independently. The order of presentation of the fruits was randomized for each participant, and water
was provided for oral rinsing between the different fruit samples. Each panelist received in a random
order a sample of 3 anonymous loquat fruits. The data were collected and processed by a spider plot
to indicate the overall judgment for each variety.
Table 2. Descriptors used in the sensorial evaluation of loquat fruits.
Descriptors
Skin color
Firmness
Pulp color
Odor loquat
Off-odor
Sweetness
Acidity
Bitter
Juiciness
Flavor loquat
Browning
Aesthetic defects

SC
FF
PC
OL
OO
SW
AC
BT
JUI
FL
BR
AD
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2.2. Consumers’ Quality Perception
In order to measure the determinant effects of participants’ preference for Italian loquat, an
online survey was carried out on 301 Italian consumers in summer–autumn 2018. More indepth,
participants were recruited through invitations to participate in the online survey by means of the
snowball sampling recruitment technique. Although it did not provide a fully representative sample, it
allowed researchers to collect a wide variety of information in a short period of time and with moderate
costs [34].
Of these 301 consumers, 16 did not complete the survey; therefore, only 285 questionnaires were
suitable for the analysis. The questionnaire, administered by means of Google Forms and consisting of
14 items, was structured in two parts. The first part included all variables concerning the socioeconomic
characteristics of the interviewees, such as age, gender, education (divided into four categories: primary
school, lower secondary school, upper secondary school, university degree or higher), number of
household members, and monthly household net income in euros. Moreover, in this section, the
frequency of consumption of loquat fruits was also gathered. We did not ask if participants had
knowledge about the origin of the fruits since, by Italian law, sellers are obliged to display the origin of
the fruit with a tag.
In particular, out of 285 participants in the survey, just over half were female (52.6% of the
respondents), with an average age of 34 years old (ranging from 19 to 69 years; Table 3).
Table 3. Sociodemographic characteristics of respondents.
Variables

Items

%

Gender

Male
Female

47.4
52.6

Age (year)

19–29
30–39
40–49
50–59
60–69

34.7
31.6
12.7
16.8
4.2

Education

Lower secondary school
Upper secondary school
University
Master’s degree and Ph.D

3.2
36.7
32.7
27.4

Household monthly income (euro)

<1300
1300–2300
2301–3300
>3301

17.9
47.3
25.3
9.5

Participants showed a medium–high level of education, as 60.1% of interviewees had at least
a degree, while the majority of them declared a household monthly net income between 1300 and
2300 euros. Regarding the frequency of consumption, 52% of the participants declared that during
the production season, they consumed loquat fruits at least one to several times a week, while the
remaining portion declared they consumed it once every two weeks (27% of respondents) or rarely
(21% of respondents).
In the second part of the questionnaire, interviewees were presented with a set of loquat fruit
quality characteristics (Table 4) and asked to rate the importance of each quality characteristic using
a Likert scale ranging from 1 to 7 (where 1 was not important, and 7 was highly important). This
section also collected information on preferences for the place of purchase: short supply chain (SSCs)
compared to large-scale retail distribution.

Agronomy 2020, 10, 870

6 of 15

Table 4. Quality characteristics presented in the questionnaire.
Variable
Purchase place (0 = SSCs; 1 = large-scale retail
distribution)
Taste
Healthiness
Sweetness
Texiture
Appearance
Size
Cheap price
Packaging (presence of)
Organic_certification

Mean

Std. Dev.

Min

Max

0.147

0.355

0

1

5.484
4.825
6.211
5.842
3.632
4.200
4.547
2.800
4.747

1.315
1.609
1.077
1.169
1.794
1.487
1.718
1.667
1.895

1
1
1
1
1
1
1
1
1

7
7
7
7
7
7
7
7
7

SSCs–short supply chains.

Finally, in the questionnaire, we asked consumers to state the preference between local ecotypes
and imported varieties. This variable was expressed as a dichotomous variable, where 1 expressed
the preference for the Italian ecotypes, while 0 expressed the preference for the imported ones or no
preference for the fruit origin.
A logistic econometric model using STATA 11 software (College Station, Texas-U.S.) was
implemented to measure the effects of quality characteristics, as well as the sociodemographic
factors, on consumer choice [35]. Logistic regression was used to describe data and to explain the
relationship between one dependent binary variable (preference for Italian vs. imported loquats) and
more nominal, ordinal, or interval independent variables. The basic structure of the logistic regression
model can be written as
Ln [Pi /(1−Pi )] = b0 + b1 X1 + b2 X2 + . . . + bn Xn

(2)

where Pi is the probability that a particular outcome (preference for Italian ecotypes) will occur; X1 ,
. . . , Xn are the independent variables from 1 to n; b1 , . . . , bn are the logistic regression coefficients
associated with X1 , . . . , Xn ; b0 is the constant. The expression [Pi /(1 − Pi )] is defined as the odds ratio,
the natural logarithm of which is termed the logit. In the econometric model, the explanatory variables
used to test the relationship with the dependent variable (preference for Italian vs. imported loquats)
were those presented in Table 4, plus the sociodemographic characteristics of participants.
3. Results
3.1. Chemical–Physical and Sensory Analyses
A particular focus has been given to the commercial characteristics of loquat fruits, describing
them according to the commercial parameters of the local or imported fruit. Analysis of the results
shows that the fruit identity (cultivar/ecotype) of the product is not indicated at the sales point and
that all the fruits are stored at room temperature. There is a very small variability in the diameter of
the single fruit: this suggests that the fruits, although there is no indication of size in the package, had
been sorted by commercial class.
In particular, both imported (44.6 mm) and local (42.4) fruits belong to the G class (32–45 mm),
using a commercial classification [33]. Moreover, from the application of a form index (IF) to our
samples, we have seen that this value, skin, and pulp color are very similar; hence, we can deduce that
both imported and local fruit probably belong to a unique cultivar. Finally, it is important to note that
local fruits are very easy to peel.
Figure 1 shows important differences in the pomological traits between imported and local
fruit. Although the imported and local fruits do not differ significantly in weight and have the same
commercial class, differences can be found in skin weight and seed weight and, consequently, in flesh
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yield. In particular, imported fruit has a higher incidence of skin and seed and, therefore, a lower
flesh yield. Pulp/seed ratio, an indicator of the amount of edible parts of the loquat fruit [7,13], was
equivalent to 5.00 (local) and 2.72 (imported). This value is important because they are small-sized fruits
and the presence of the seeds is not appreciated by consumers who prefer thick-fleshed fruits [7,36].

Figure 1. Pomological traits of imported (nonautochthonous) and local (autochthonous) origin loquats.
FrW = fruit weight (g); PlW = pulp weight (g); SkW = skin weight (g); SeW = seed weight (g). Values
represented as mean ± SD. For each column, different letters indicate a significant difference at p ≤ 0.05,
as measured by Tukey’s multiple range test. Letter “a” denotes the highest value.

Concerning the juice content parameter (J; Table 5), imported fruits have a low juice content with
an average value of 36.34 g/100 g; in contrast, local fruits have a higher average value, 45.20 g/100 g.
Also, in this case, the consumer prefers a juicy fruit, and this always leads to a better rating during the
sensory analysis [37].
Table 5. Chemical–physical traits of imported (nonautochthonous) and local (autochthonous) origin
loquats. Juice content (J; g/100 g); soluble solids content (TSSC; ◦ Brix); titratable acidity (TA; g malic
acid/100 g); TSSC/TA ratio. Values represented as mean ±SD. For each line, different letters indicate
significant differences at p ≤ 0.05, as measured by Tukey’s multiple field test. The letter “a” indicates
the highest value.
Pomological Traits
Origin (Label of Provenience)

Imported/Nonautochthonous (Spain)

Local/Autochthonous (Italy)

Juice content

36.34 ± 0.11

b

45.20 ± 0.28

a

TSSC

7.71 ± 0.89

b

12.66 ± 0.23

a

TA

5.81 ± 0.03

a

4.30 ± 0.76

b

TSSC/TA

1.33 ± 0.15

b

2.95 ± 0.50

a

Analyzing the fruits from a chemical point of view allows us to evaluate which are the characteristics
that most influence the taste. Table 5 shows that the TSSC data significantly differ between local and
imported loquat; the local loquat has an average ◦ Brix content of 12.66, which is 60% higher than the
imported loquat. The analysis of the titratable acidity (TA) shows that the local product has a much
lower content. Finally, the TSSC/TA ratio was evaluated, which offers a clear idea of the fruits most
appreciated by consumers, as fruits with a high ratio are balanced and agreeable to the taste. Generally,
values below 1 are judged less positively at tasting than higher values. In some cases, values higher
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than 2 can also be found, with a high taste acceptance [7,13]. As can be deduced, local loquat, having a
low acid content, have a high TSSC/TA ratio, and reflect consumers’ tastes. These first analyses show
that local fruits have the ideal characteristics for marketing as they are characterized by uniform size, a
high pulp/seed ratio, and a good TSSC/TA ratio.
Following the colorimetric analyses, it was possible to express an aesthetic judgment of the fruit
based on the different skin color and pulp color, detected using a colorimeter (Table 6). The skin
colorimetric analyses found few significant differences in terms of luminosity and tonality values, as
all the samples coming from the local and imported markets had L* values around 60, and a* and
b* values very similar to each other (Table 6). The colorimetric analyses of the pulp, similar to those
previously described for the skin, do not show significant differences (Table 6).
Table 6. CIELab (L*, a*, b) and RGB (R, G, B) model of imported (nonautochthonous) and local
(autochthonous) origin loquats. Values represented as mean ±SD. For each column, within the same
series, different letters indicate a significant difference at p ≤ 0.05, as measured by Tukey’s multiple
range test. Letter “a” denotes the highest value.
Skin Color

Origin

CIELab

RGB

Pulp Color

Nonautochthonous

Autochthonous

Nonautochthonous

Autochthonous

L*

60.40 ± 0.24 a

59.6 ± 0.60 b

58.57 ± 0.90 b

61.23 ± 0.40 a

a*

18.14 ± 0.80 a

14.07 ± 0.70 a

14.83 ± 0.90 a

8.11 ± 0.70 b

b*

47.89 ± 0.80 a

45.11 ± 0.60 a

44.76 ± 0.50 a

43.91 ± 0.50 a

R

191 ± 0.40 a

183 ± 0.90 a

179 ± 0.50 b

182 ± 0.30 a

G

133 ± 0.50 a

133 ± 0.20 a

126 ± 0.90 b

140 ± 0.40 a

B

59 ± 0.70 a

62 ± 0.40 b

58 ±0.70 a

67 ± 0.60 a

Regarding sensory analysis, only FF, SW, JUI, and BR descriptors show significant differences
between imported and local fruits (Figure 2). The imported fruits showed the highest values of FF and
BR, whereas local fruits were sweeter and juicer. Probably these differences were determined by an early
harvest due to the handling and transportation needs. By comparing the sensory analysis data with
the chemical–physical analyses, it can be seen that some of the panelists’ judgments are congruent with
the values measured analytically. The fruits of autochthonous origin, in fact, have a good pulp/seed
ratio and were also found to have excellent sugar content and low acid. Nonautochthonous fruits, on
the other hand, have the lowest soluble sugar content and low juiciness, values that are in line with the
results of the panel judgment.
3.2. Consumers’ Quality Perception
The findings of the logistic econometric model are reported in Table 7.
According to the econometric results, the most important factor that influences participants’
preference towards Italian loquat is represented by the place of purchase. In particular, the negative
coefficient (−1.449) of this variable means that participants prefer to purchase Italian loquats
almost exclusively from local sellers, farmers’ markets, and farm shops, rather than large-scale
retail distribution.
Among explanatory variables, the findings also show that loquat taste (0.686) and organic
certification (0.638) positively affect the consumers’ preference towards Italian ecotypes, followed by
the cheap price (0.271) recognized in the Italian production, and the perception that the Italian loquats
are healthier (0.227) compared to Spanish ones. The presence of packaging, instead, negatively affects
the preference towards Italian loquats (−0.247), as respondents associate this item to imported fruits.
Relative to some qualitative fruit characteristics, findings show that sweetness, texture, appearance,
and size are not statistically significant. This could be due to the high mean values that the respondents
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gave to these variables regardless of their country of origin. As regards the sociodemographic variables,
results show that the preference towards Italian loquats is positively affected by “age” (0.074), denoting
that older participants prefer local ecotypes. On the contrary, the negative sign of “income” (−0.440)
highlights that the preference decreases as income increases. Among the other sociodemographic
variables, only “education” and “gender” are not statistically significant. In particular, the nonstatistical
significance of education could be due to the high level of education of the participants.

Figure 2. Sensory profile of imported (nonautochthonous) and local (autochthonous) origin loquats, as
evaluated by a semitrained panel. Skin color (SC); firmness (FF); pulp color (PC); odor loquat (OL);
off-odor (OO); sweetness (SW); acidity (AC); bitter (BT); juiciness (JUI); flavor loquat (FL); browning
(BR); aesthetic defects (AD). For each descriptor, the values marked with * indicate significant differences
between imported and local fruits.
Table 7. Results of the econometric model.
Number of Observation = 285

Logistic Regression

Log Likelihood = −111.333
Local vs. Imported
Coef.
Loquats
Purchase place
Taste
Healthiness
Sweetness
Texture
Appearance
Size
Cheap price
Packaging (presence of)
Organic certification
Age
Gender
Education
Income
_cons

−1.449
0.686
0.227
−0.367
0.075
−0.001
−0.173
0.271
−0.247
0.638
0.074
−0.272
0.114
−0.440
−3.672

LR Chi2(11) = 107.89 *
Prob > Chi2 = 0.0000 ˆ
Pseudo R2 = 0.3264 ◦
Std. Err.

z

P > |z|

95% Conf.

Interval

0.579
0.194
0.116
0.265
0.172
0.128
0.169
0.124
0.123
0.123
0.019
0.385
0.260
0.120
2.074

−2.50
3.54
1.95
−1.39
0.43
0.00
−1.02
2.18
−2.00
5.16
3.81
−0.70
0.44
−3.66
−1.77

0.012
0.000
0.051
0.165
0.664
0.996
0.306
0.029
0.045
0.000
0.000
0.481
0.662
0.000
0.077

−2.584
0.307
−0.001
−0.886
−0.263
−0.251
−0.504
0.028
−0.489
0.396
0.036
−1.027
−0.395
−0.676
−7.736

−0.314
1.066
0.455
0.152
0.412
0.250
0.158
0.514
−0.005
0.879
0.111
0.484
0.622
−0.204
0.393

* LR Chi2 is Likelihood Ratio (LR) Chi-Square. ˆ Prob > Chi2 is the probability of obtaining the chi-square statistic
given that the null hypothesis is true; ◦ Pseudo R2 is a measure of how well variables of the model explain
consumer’ behavior.
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4. Discussion
4.1. Chemical–Physical and Sensory Analyses
Due to environmental requirements, most of the loquat production is carried out in the eastern part
of Spain, and in particular in Alicante, Andalusia, and Valencia [38]. In Italy, the cultivation is mainly
located in Sicily and is destined for the local and national market [13]. In this work, autochthonous
and non-autochthonous products have been analyzed.
The first conclusion from the analyses conducted is that the loquat fruits, autochthonous and
nonautochthonous, are packaged with uniform size and color and stored at room temperature. From the
data in the literature, we know that after harvest, loquat fruit are susceptible to decay, mechanical damage,
moisture and nutritional losses [39]. As reported by [40], who stored fully ripe and firm fruit at high
(23–25 ◦ C) and low (7–10 ◦ C) temperatures, 65% spoilage of the fully ripe fruit at the high temperature and
30% spoilage at the low temperature after 11 days of storage was observed. Moreover, according to the data
obtained from Ding et al. [39], the total phenol content in fruit preserved at 20 ◦ C decreases significantly,
and at high temperatures, the phenomenon of senescent breakdown appears more pronounced.
Considering that nonautochthonous loquats are harvested in early spring (March) and then stored
for 20–25 days at temperatures of 20–25 ◦ C [41], they are more sensitive to the damage described before.
These considerations are reinforced by physico-chemical analyses.
In fact, a premature harvest results in fruits more sensitive to manipulation, with gradual loss of
acidity during storage that affects the final quality of the fruit [42]. In Italy, considering the proximity to
markets, loquat fruits are harvested in April when they are already in the second stage of ripeness [43].
This, as shown in Table 4, translates into fruits with a TSSC higher than 60% compared to imported
fruits, with a better TSSC/TA ratio, and, therefore, better appreciated by the consumer.
This is also evidenced by the pulp/seed ratio, a very important parameter for loquats. The flesh to
seed ratio is an important feature that indicates the edible part of the fruit, and a high ratio indicates
high quality for consumer appreciation [10]. Loquat fruits, in fact, according to Pareek et al. [43], ripen
following two phases: In the first phase, there is an increase in the size of the seed; in the second phase,
the pulp increases and therefore the sugar content, such as glucose and fructose, aroma, and flavor. An
early harvest, like that of nonautochthonous fruits, does not allow the complete development of the
pulp in the fruit. From the analyses carried out, in fact, the pulp/seed ratio is higher in Italian fruits,
equivalent to 5.
Moreover, it is important to say that in loquat fruit, the degree of ripeness is closely linked to the
expression of the biosynthetic genes of carotenoids [44]; an early harvest, therefore, results in a lower
nutraceutical content.
From the sensory analysis, we note that the autochthonous fruit has been more appreciated for
its juiciness, sweetness, odor, and loquat flavor (Figure 2). Nonautochthonous fruits, on the other
hand, were much appreciated for their firmness, a higher parameter in these than autochthonous
fruits. This can be attributed to what was reported by Cai et al. [45], according to which the firmness is
accentuated when stored at temperatures of 8–20 ◦ C, but that this increase was positively correlated
with an increase in lignin content and caused by the enhanced activities of related enzymes such as
phenylalanine ammonia lyase (PAL), cinnamyl alcohol dehydrogenase (CAD), and peroxidase (POD).
Finally, during this study, what we noted is that loquat variety is not indicated in the packages, so
although we can find white or yellow pulp loquat on the market, it is difficult to recognize the variety
and there is a loss of commercial transparency.
4.2. Consumers’ Quality Perception
In scientific literature, the purchase place represents an important factor in consumer preferences
for local food products [46]. In particular, the survey highlights how respondents prefer to buy Italian
loquats from local traders, or directly from farm shops and/or farmers’ markets, by associating the
sales modality to the fruit origin. This is particularly widespread in the local food sector, where

Agronomy 2020, 10, 870

11 of 15

the consumers prefer to purchase the products at local traders or alternative food networks (AFNs)
compared to large-scale retail distribution [47]. An increasing number of consumers, in fact, are looking
for locally produced food, attributing to it greater transparency and information on food origin than
traditional sales channels [48]. This is due essentially to globalization, the concentration of agri-food
processes, and the numerous food scandals [49], but also to the fact that consumers consider these
sales modalities to have a reduced environmental impact, inasmuch as they ensure a shorter distance
of transportation of food [50,51]. Moreover, consumers prefer to buy local products in a different place
than supermarkets, as they perceive these sales channels to be more socially sustainable because they
allow the recirculation of capital resources among several economic actors of a region by supporting
the local community [17,18]. The last aspect that consumers take into consideration while purchasing
local food at AFNs or local traders is that they perceive the products to be healthier and safer compared
to the other sales modalities [52,53].
This is clearly highlighted by our research, where the two variables related to the quality of the
product, such as taste and healthiness, are important for their preference towards local food, as denoted
by numerous previous research [54–56].
Local loquats, in fact, are normally ripened at the optimal maturity stage compared to nonlocal
ones, reaching a high physical, chemical, and sensorial quality of fruits and satisfying the consumers’
preferences. In this regard, a study conducted by Tan [57] reports that flavor (defined as taste plus
odor) represents the main component of eating quality in the majority of fruits and vegetables.
As reported in our analysis, as well as in several studies [58,59], organic certification represents an
important factor that affects consumer preference towards local food. However, nowadays, consumers
are pushed to buy local products regardless of whether they are organic [53,60], as they blend the
concept of local food with other alternative food concepts, such as organic products [61]. In this
regard, this is consistent with a recent study by Jensen et al. [62] that denoted that Danish consumers
perceive benefits deriving from local products as rather similar to those of organic ones, attributing
them to be tastier, safer, and more environmentally friendly than nonlocal ones. This is in line with
Migliore et al. [2], who affirmed that the possibility of combining the attributes of “local” and “organic”
increases the chances of success and, consequently, the competitiveness of producers.
Unlike some studies that have revealed that the lack of clear identification of local food by means
of labels hinders consumers from buying local products [63], and that it also wastes more time in
food choice [64], our interviewees affirmed that the presence of packaging reduces their preference
towards Italian loquats. This is consistent with Gumirakiza et al. [65], who show that ready-to-eat foods
or packaged foods are not strong motivators to buy local food (as consumers perceive unpackaged
products as fresher, healthier and more socially sustainable).
Our analysis shows that a lower price positively affects the preference towards Italian loquats,
despite several studies denoting that consumers are willing to pay a premium price for local food
products compared to other ones [66,67]. However, our findings are in line with other previous
studies [68,69], whose results denoted that consumers perceive local food as cheaper than products
sold in traditional supermarkets or organic ones. Therefore, unlike other previous studies that have
denoted that mainly wealthier people purchase local food [65,70], our survey highlights that the local
loquats are especially preferred by low-income level buyers, as shown by a research conducted by
Racine et al. [71] among North Carolina families.
Among other sociodemographic variables, the survey reveals that age positively affects the
preference towards local products, as older people are tied to their traditions and home regions [72]
and are more health-conscious compared to younger consumers [73]. Finally, unlike what has been
reported by some previous studies, in which consumers with a high level of education and women are
more likely to purchase local food [74,75], our results show that both education and gender do not
affect the preference of respondents.
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5. Conclusions
This study aimed to explore the chemical–physical and sensory qualities, as well as the
determinants of Italian consumer preference towards local loquat fruits compared to imported
varieties. The findings of the study highlight how local loquat ecotypes express high-quality traits
that are particularly popular with consumers, who perceive them to be healthier and tastier than
imported varieties. Moreover, consumers perceive short supply chains (such as local sellers, farmers’
markets, and farm shops) as an important determinant in purchasing local productions because the
direct interaction with farmers is a quality guarantee of social sustainability.
The perceived high quality of local loquats by consumer interviews is corroborated by
chemical–physical and sensory analyses. In particular, local ecotypes show the best pulp/seed ratio, juice
content, total soluble solid content/titratable acidity ratio, and are more appreciated by the panelists.
Therefore, encouraging the reintroduction of local ecotypes in Italian rural areas could have
important implications for sustainable development as local loquat ecotypes ensure both genetic
agrobiodiversity in rural areas and help to sustain small and medium farms that currently experience
higher use of synthetic chemicals to grow imported loquat varieties.
In this regard, knowing the qualitative and sensory characteristics of local ecotypes and trying
to understand how they are perceived and preferred by consumers, compared to imported varieties,
allow stakeholders to implement specific and effective marketing strategies aimed at supporting the
sustainable socioeconomic development of rural areas. Nevertheless, a deep restructuring of the Italian
loquat supply chain is needed in order to create new commercial forms of cooperation among farmers
and to introduce process innovations in farming operations.
However, despite the importance of our results, the present study shows some limitations. The
most important limitation deals with the analysis of consumer preferences. Although this analysis gives
important indications on Italian consumer preferences, it is based on a nonrepresentative sample; thus,
the generalizability of the results is limited. Further analyses have to take into account a representative
statistical sample in order to overcome this limitation, giving a clear picture of the state of the art of
Italian preference towards local loquat ecotypes.
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