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Abstract. Bergamot (Citrus bergamia, Risso et Poiteau) is a citrus fruit cultivated
in a narrow coastal strip of about 150 km in the province of ReggioCalabria (south-
ern Italy). It is used in various sectors, including medicine, cosmetics, perfumery
and the food industry. Having regard to this, the purpose of this work is to present
the intermediate results of an ongoing industrial doctoral thesis, in the framework
of the National Operative Program PON Research and Innovation 2014–2020
funded by the Italian Ministry of University and Research (MUR). In particular,
the paper deals with the assessment of bergamot fruit colour directly in the field.
The first step was to take pictures of fruit at different stages of ripening using a
smartphone coupled with a portable black chamber. Secondly, bergamot colour
was measured in the laboratory using a Konica Minolta CM-700d portable spec-
trophotometer, which had been calibrated beforehand. The Citrus Colour Index
(CCI) was then calculated for both methods. The results obtained in calculating
the accuracy of the CCI showed that using the smartphone combined with the
low-cost camera gave results equivalent to those of the spectrophotometer (R2 =
0.93).
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1 Introduction

Citrus bergamia Risso et Poiteau, known as “Bergamot,” grows almost exclusively in
Calabria, southern Italy, along the southeast coast around Reggio Calabria. As reported
by Maruca et al., 2017, the microclimate of this narrow strip of land, spanning approxi-
mately a hundred kilometres, and covering an area of 1,200 hectares, is characterized by
alluvial and clay-rich soils abundant in mineral salts. This specific geographical orien-
tation results in wet winters and warm, humid summers, which significantly contribute
to the optimal growth and production of the bergamot plant. While this citrus variety
is highly sensitive to sudden temperature fluctuations and springtime mists, it displays
resistance to windy conditions, helping to reduce the risk of fungal infections.
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Cultivated trees are small and evergreen and can reach 5 m in height. Three cultivars
are grown, namely: ‘Fantastico’, ‘Femminello’ and ‘Castagnaro’. “Castagnaro,” whose
fruits yield perhaps the lowest-valued essential oil (EO), but can be harvested for produc-
tion for a longer period than any other variety. “Femminiello,” which is less robust and
sturdy compared to Castagnaro, produces a smaller quantity of a superior, excellent EO.
“Fantastico”, believed to be a hybrid of the first two varieties, was certainly introduced
more recently, around 1940, but now represents a significant portion of all the trees in
Calabria (Valussi et al., 2021).

According to the geographical area, the hesperidium produced between November
and March is slightly flattened and has a subglobose to pyriform shape. The peel, char-
acterised by a shiny green at the beginning of the productive season and turning to
pale yellow when the fruit is ripe, contains numerous glands enclosing the essential oil
(Quirino et al., 2022).

Although today the juice holds a high interest considering its nutraceutical properties
(Di Donna et al., 2020; Giuffrè et al., 2019), the peel essential oil remains the most
requested derivative (Gioffrè et al., 2020), so much so that it obtained the protected
designation of origin “Bergamot of Reggio Calabria - essential oil”. Around 90% of the
global production comes from a small area not exceeding 1400 ha in Calabria (Amato
et al., 2013). Widely used in perfumery for its intense fragrance and freshness, at the
beginning of the productive season is a greenish volatile oil that becomes brownish-
yellow at the end of the season. It also finds application in other sectors such as food,
cosmetics and medicine, considering its antimicrobial, anti-inflammatory, analgesic and
anti-proliferative properties (Navarra et al., 2015).

Essential oil is considered a natural product obtained from raw material of plant
origin using several methods, including steam distillation, mechanical processes from
the epicarp, or dry distillation, after separation of the aqueous phase from any physical
processes (ISO 9235:2013).

Identifying the optimal ripening degree becomes thus fundamental. This has been
often based on growers’ experience through the visual analysis of fruit colour (Benalia
et al., 2023). However, this technique presents several limits, as it is subjective.

Hence, to avoid this subjectivity, the present study is based on the use of a low-
cost portable device coupled with a smartphone camera to assess bergamot fruit colour
in the field comparing it with data acquired by a spectrophotometer Konica Minolta.
The final objective was to obtain the colour characteristics in the HunterLab space and
then compare the accuracy of the two systems in the calculation of the Citrus Colour
Index (CCI). Nowadays, mobile phones have introduced a new way of thinking and
approaching decision-making for farmers, enabling them to access vital information
about markets and weather from relevant sources more efficiently (Chhachhar et al.,
2014).

2 Material and Methods

Bergamot fruit sampling was collected considering the cultivar ‘Fantastico’ on a private
farm in Brancaleone, province of Reggio Calabria (Lat. N 37° 58′49′′, Long E 16°
05′25′′). On each date, sampling was conducted in the morning (8:00–12:00 a.m.) on
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ten bergamot trees growing in two areas (lateral and central) of the same orchard. Ten
healthy fruits were randomly selected from each tree. For each fruit, 4 images were taken
to cover the whole area, making a total of 100 fruits and 400 images per date.

Sampling was performed considering fruit ripening evolution evaluated by the Citrus
Color Index (CCI), using the Citrus Color Chart developed by the Valencian Institute of
Agricultural Research (IVIA). TheCCI defined by JimenezCuesta et al. (1981) is used in
the citrus industry to assess the optimal harvesting period or determine the suitable period
to apply post-harvest treatments such as degreening (Vidal et al., 2013; Benalia 2015). It
is calculated considering the three coordinates in the HunterLab colour space, which can
be read directly from a photoelectric colourimeter (tristimulus method), according to the
equation (1) when parameters “a” (green to red), and “b” (blue to yellow) are the two
chromatic components, varying from –120 to + 120 while “L” indicates the brightness
level between 0 and 100 (black and white).

CCI = 1000 × a

L × b
(1)

A Citrus Color Index (CCI) with a negative value indicates that the fruits exhibit
shades of dark green to green. Values close to zero suggest that the fruits display a range
of colours from green to yellow and orange, small positive values mean a yellow colour,
and high positive values mean red-orange. Figure 1 shows an example of some fruits
selected based on the CCI from -9 to + 6 using the Citrus Color Chart.

Fig. 1. Fruits classification according to Citrus Color Index

A smartphone model Huawei P9 Lite, equipped with a portable inspection chamber,
was used for bergamot image acquisition in the field. The inspection chamber (Fig. 2), a
non-destructive device, consists of a plastic tube internally blacked using a black sheet to
create a uniform ambient, enabling keeping the camera settings invariable and perform-
ing image acquisition under the same conditions independently from field conditions.
Lighting was enhanced using an LED ring light to reach 6500 K and reduce shadow
effects.

The smartphone camerawas set upmanually usingdifferent settings about ISO, f/stop
and exposure time. ISO, f-stop (aperture), and exposure time are all key parameters in
photography that influence exposure and the appearance of the captured image. Settings
compared were:

ISO 100, f/stop 2, exposure time 1/200
ISO 100, f/stop 2, exposure time 1/250
ISO 100, f/stop 2, exposure time 1/320
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Fig. 2. Image acquisition system

ISO 100, f/stop 2, exposure time 1/400

ISO represents the sensitivity of the camera’s sensor to light. A higher ISO value
makes the sensor more light-sensitive, allowing photography in low-light conditions.
However, a higher ISO can introduce noise or grain into the image. A lower ISO is ideal
for optimal lighting conditions. The aperture, measured in f-stop values, controls the
amount of light entering the camera. A lower f-stop value indicates a wider aperture,
allowingmore light and a shallower depth of field. Conversely, a higher f-stop value indi-
cates a narrower aperture, reducing the amount of light and increasing the depth of field.
Exposure time, measured in seconds or fractions of a second, determines how long the
camera’s sensor captures light. Short exposure times capture quick snapshots and reduce
the risk of motion blur. Longer exposure times capture more light and can create inten-
tional long-exposure or motion blur effects. The choice of appropriate values depends on
the desired effect and shooting conditions. In combination, these three parameters allow
control over exposure, depth of field, and motion effects in a photo. The images were
stored in a JPEG format. In addition, the colour of each fruit was further analysed in the
laboratory using the portable spectrophotometer Konica Minolta CM-700d considering
the CIE Illuminant D65 and the 10° observer standard for comparison purposes. The
instrument was calibrated according to a white tile reference (L* = 99.32, a* = -0.12,
b* = -0.13). The Konica Minolta CM-700d colourimeter is a precise instrument used
to measure the colour of objects or surfaces. It works by illuminating the target with a
known light source and then detecting and processing the reflected light using a sensitive
sensor. Every fruit with a mean of three measurements in different zones represented a
replicate.



Is It Possible to Do a Reliable Assessment 273

2.1 Colour Assessment Comparing Mobile Camera and Conventional
Instrumental Colour Analysis

To evaluate the accuracy of the colour acquisition by the mobile camera, the CCI index
was calculated considering data from both conventional colour analysis and bergamot
image analysis. Thiswas performed later usingFoodColor Inspector software, a tool spe-
cially developed for this purpose at the Laboratory of Artificial Vision of IVIA (Spain).
This application converts RGB values of the pixels of the entire image or a selected
region of interest (ROI) to HunterLab space. The first step consists of the conversion
of RGB values to XYZ values, and then from XYZ to HunterLab (Cubero, 2012). The
obtained CCI values (portable spectrophotometer vs mobile camera) were compared
using the coefficient of determination (R2) (Fig. 3).

Fig. 3. Inspector programme used for image analysis

3 Results and Conclusive Considerations

Concerning the accuracy of the CCI, the best linear regression value (R2 = 0.93), when
comparing the image analysis of the mobile camera and the spectrophotometric results,
was found with the mobile camera set to ISO 100, f-stop 2 and an exposure time of
1/200 (Fig. 4). This result is to be expected as the lighting conditions in the field are
more stable thanks to the use of the low-cost portable inspection chamber. This tool is
specifically designed to eliminate the effects of natural light on image capture, optimise
data collection from smartphones and create an environment that limits the influence of
external factors and standardises the data collected.
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Fig. 4. Linear regression between CCI obtained using the mobile camera image analysis vs the
spectrophotometer

These preliminary results were useful in demonstrating the efficiency of a mobile
camera instead of traditional instruments for colour assessment, considering the possi-
bility of analysing the whole surface of the fruit, which is very important considering
the great variability and heterogeneity of citrus colours, especially when they change
from green to yellow. As reported by Sola-Guirado et al, 2020, one of the most complex
challenges in agriculture is the evaluation of fruit parameters in the field and techniques
based on new tools and sensors could guarantee a reasonable and accurate control of sev-
eral parameters to safeguard the quality and commercial value of agricultural production
(Fazari et al., 2021) from the perspective of agriculture 4.0.
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