Peruvian Agricultural Research

ISSNe 2706-9397
Homepage: http://revistas.unjfsc.edu.pe/index.php/PeruvianAgriculturalResearch
©Universiad Nacional José Faustino Sanchez Carrion. Lima, Peru

Received: Mar 3, 2025 / Accepted: May 5, 2025
Articulo Original

Measurement of colorimetric parameters in fruits using smartphones and
comparison with a tristimulus colorimeter

Medicion de parametros colorimétricos en frutas empleando teléfonos inteligentes y su
comparacion con un colorimetro triestimulo
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Abstract
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Objectives: Measure color using smartphones on fruits and compare it with the measurement of a tristimulus instrumental
colorimeter. Methodology: Fruits at different ripening stages were selected, and colour was measured in a three-dimensional
CIEL*a*b* space for strawberries, lemons, tangerines, and chilli peppers. The colorimetric coordinates L*, a* and b* are
compared by the color difference of (AE*). Seven colourimetric parameters were calculated using colour coordinates to compare
the two measurement methods, and the statistical techniques of correlation and Bland-Altman Plot were used to evaluate their
performance. Results: The colorimetric coordinates of both methods showed AE* values between 2.42 and 59.24 with a greater
difference in mandarin fruits and less in peppers, while five colorimetric parameters showed a high correlation coefficient
(r=0.943-0.999) for all the fruits evaluated. The Bland-Altman plots showed in detail that the whiteness and yellowness indices
did not show similarity, lemon showed a high concordance in five colorimetric parameters, mandarin and strawberry had low
similarity and are dependent on their ripening stage. Conclusion: the use of smartphones in the measurement of color in fruits
may vary compared to a colorimeter, but their reliability is surpassed when calculating colorimetric parameters that relate the
colorimetric coordinates L*, a* and b*, we suggest using these devices as a potential tool to evaluate and monitor the ripening
stages of various fruits.

Keywords: Smartphone, color index, ripening indicator, Bland-Altman.
Resumen

Objetivo: Medir el color empleando teléfonos inteligentes en frutas y compararlo con la medicién de un colorimetro instrumental
triestimulo. Metodologia: Se seleccionaron frutas con diferentes estadios de maduracion, el color fue medido en el espacio
tridimensional CIEL*a*b* en fresas, limones, mandarinas y ajies. Las coordenadas colorimétricas L*, a* y b* se compararon
mediante la diferencia de color del (AE*). Se calcularon siete parametros colorimétricos empleando las coordenadas de color para
comparar ambos métodos de medicidn, y para evaluar su performance se utilizo la técnica estadistica de correlacion y grafica de
Bland-Altman. Resultados: Las coordenadas colorimétricas de ambos métodos mostraron valores de AE* entre 2.42 hasta 59.24
con mayor diferencia en frutos de mandarina y menor en ajies, en cambio cinco parametros colorimétricos mostraron un alto
coeficiente de correlacion (1=0.943-0.999) para todos los frutos evaluados. Las graficas de Bland-Altman expusieron
detalladamente que los indices de blancura y amarillez no presentaron similitud, el limén presento una alta concordancia en cinco
parametros colorimétricos, la mandarina y la fresa tuvieron baja similitud y son dependientes de su estadio de maduracion.
Conclusion: El uso de los smartphones en la medicion del color en frutos puede variar frente a un colorimetro, pero su
confiabilidad es superada cuando se calculan parametros colorimétricos que relacionan las coordenadas colorimétricas L*, a* y
b*. Se sugiere emplear estos dispositivos como una herramienta potencial para evaluar y monitorear los estadios de maduracion
de diversos frutos.

Palabras clave: celular inteligente, indice de color, indicador de madurez, Bland-Altman.
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Use of smartphones for color measurement in fruits

Introduction

Colour is one of the first indicators we use to
judge whether a food is of good quality; it
generates an expectation about its flavour,
texture, and freshness. In addition, color is an
attribute that influences our attention to certain
products, can stimulate or inhibit our appetite and,
therefore, our purchasing and consumption
decisions. According to Pathare et al. (2013),
accurate measurement of food colour enables
producers and quality controllers to assess the
freshness, ripeness, and chemical composition of
products, thereby ensuring their quality and
safety.

There are two basic methods of color
measurement: sensory and instrumental. The
sensory method performs a visual evaluation of
color by trained panellists or consumers. The
instrumental method, also referred to as
colorimetry, uses equipment such as colorimeters
and spectrophotometers to evaluate the color of a
sample using techniques that measure its
transmittance or reflectance (Fan etal. 2021).

In instrumental measurement for the
accurate description, interpretation and
reproduction of color, use is made of numerical
color space models, and CIELAB, also referred to
as CIEL*a*b* space, is currently one of the most
popular and uniform color spaces used to evaluate
color in the food area, providing an objective and
uniform color description that is closely aligned
with human color perception. Its model is based
on three colorimetric coordinates, where Lx* is
lightness from black (0) to white (100), a* is green
(-) tored (+) and b= is blue (-) to yellow (+), when
a* and b* take the positive sign (+a*, +b*), they
define red and yellow colors, respectively. On the
other hand, parameters with a negative sign (-a*
and -b*) represent green and blue color profiles
(Pandiselvam et al. 2023; Pathare et al. 2013;
Ponnal etal. 2021; Shange et al. 2025).

However, the use of instruments to measure
color is not so practical, many of them are
expensive and lack portability, which has
promoted to look for other alternatives, and one of
them is digital image colorimetry (DIC) or digital
image photometry (DIP) which is currently a hot
research topic, in this technique the colorimetric
analysis is based on the digitization of images
collected by some image acquisition tools such
as: digital cameras, webcams, scanners, cell
phones, etc. (Fan et al. 2021; Kalinowska et al.
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2021; Soares etal., 2023).

The use of smartphones has wide
applicability and scientific interest stemming
from its advantages, which include portability,
low energy demand, cost-effectiveness, ease of
use and wide availability of instrumentation
(Soaresetal.2023). According to Alietal. (2024),
the use of smartphones is a more practical
technology than software, as it eliminates the
need to send data and is easier to use because it is
available on the same cell phones, capable of
exposing measurements in different color spaces.
The advantage of using smartphone-based
analysis is that the results can be automatically
saved on secure servers in the cloud or shared on
various public social media platforms (Kanchi et
al., 2018). The various applications have mainly
focused on environmental studies, clinical
analysis, food and beverage analysis,
pharmaceutical/agronomic testing,; and
fuel/biofuel samples (Soares et al. 2023).

Measuring color in fruits with a smartphone
can be considered reliable, especially if specific
apps and accessories designed to improve
accuracy are used. Lighting conditions, camera
quality, and specific algorithms or calibration
methods used can influence the accuracy of color
measurement with a smartphone (Cubero et al.,
2018; de Oliveira et al., 2024). Accuracy rates of
between 80% and 93% have been demonstrated
for classifying fruit ripeness and color, depending
on the type of fruit and the algorithm used(Das et
al., 2016). Research indicates that smartphones,
equipped with the right tools, can effectively
measure color attributes comparable to traditional
methods (Ciaccherietal., 2023).

The above is supported by studies where the
use of smartphones is evidenced in measuring
color in agricultural products reliably, assessing
the ripening index of oranges, mandarins and
other citrus fruits (Cubero et al., 2018; Srivastava
et al.,, 2021; Vidal et al., 2013), in tomatoes
(Carpenter & Farnand, 2020; Sherafati et al.,
2022), in bananas (Cho & Koseki, 2021; Tanut et
al., 2023), strawberries (Yue et al., 2020),
kiwifruit (Khosravi et al., 2025), avocados (Cho
et al.,, 2021; Jaramillo-Acevedo et al., 2020),
avocados (Cerutti et al., 2018), apples (Das et al.,
2016), stone fruits (Scalisi et al., 2022), in sorting
the ripening stage of carambola fruits (Saha et al.,
2023) among other applications.
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Although color measurement with
smartphones is promising, it is essential to take
into account the possible limitations, and ensure
by comparison with an instrumental device to
validate the reliability, so in this research it was
proposed to compare the measurement of color in
fruits, between two methods, using a smartphone
and a tristimulus colorimeter, comparing the
colorimetric coordinates L*, a* and b* and seven
colorimetric parameters

Methodology

The research was carried out at the
Laboratorio de Procesos de Ingenieria of the
Faculty of Agricultural, Food Industries and
Environmental Engineering, Universidad
Nacional José Faustino Sanchez Carrion,
Huacho, Lima, Peru.

Fruit samples

The samples were fruits of lemon (Citrus
Aurantifolia Swingle), Satsuma mandarin (Citrus
Unshin), strawberry (Fragaria x ananassa
Duch), and chilli bell pepper cv. "limo"
(Capsicum baccatum), in different stages of
maturation (from immature to mature), acquired
in the central markets of the city of Huacho and
the Huaral market, Limaregion.

Instrumental Color Mesurement

Referential color measurement was
performed on the surface of the fruits with a
tristimulus colorimeter (CR-400, Konica
Minolta, Tokyo, Japan) calibrated using a

Table 1

standard white ceramic plate (calibration plate
CRAA43, Konica Minolta Inc., Japan). For each
fruit, the colorimetric coordinate values of each
sample were measured three times and averaged.
The color values were in CIEL *a*b* space where
they were expressed as L* value (lightness or
brightness), a* value (redness or greenness) and
b* value (yellowness or blueness), and ranged
from 0 to 100 (L* value) and from-127 to 127 (a*
and b* values).

Color measurement using a smartphone

The color measurement with the
smartphone was using the free Color Grab
application (Loomatix, version 3.9.2, 2021)
available for Android systems installed on a
Redmi Note 12S smartphone, color readings
were uniformized in CIEL*a*b* space by
placing the samples inside a photographic studio
box (Coolbox, Peru) controlling the Led
illumination intensity (5.36 Kilolux, Luxmeter
HI197500, Hanna Instrument, USA).

Calculation of colorimetric parameters

Calculations of the colorimetric parameters
for the two measurement methods were
performed according to the equations given in
Table 1 based on the CIEL*a*b* color
coordinates measured by both instruments. The
total color difference was calculated by the
formula

AE* = J(AL)? + (Aa*)? + (Ab*)?
AL*=L*  1ogimetes~ L * smartphone. A8 ¥=a*colorimeter-a
*Smartphone, and Ab*= b* iogmeter-b™ smartphone-

Calculated colorimetric parameters used in the comparison between a colorimeter and a smartphone

Colorimetric parameter Equation

Reference

Citrus color index (CCI)

Whiteness index (IB).
Yellowness Index (AI) 142.86 (b*/L*)
Red/yellow indicator a*/b*

Maturity indicator (MI) L*(a*/b*)
Ripening color index (MCT)

Red fruit color index (RFCI)

1000 x a*/(L*x b*)

200/(1-(a*/b*)

2000 x a*/(L* (a*2+b*"2)"0.5)

Cubero et al. (2018),
Machado Molina et al..
(2019).

100-((100-L*)"2+a*"2+b*2)"0.5  Pathare et al. (2013),

Supapvanich et al.. (2016).

Cueva-Mena, (2016),
Pathare & Al-Dairi, (2022)
Zaccari et al., (2017),
Flores-Lopez et al., (2024).

Manera et al., (2013),
Fernandes et al., (2015).

Santos-Gomes et al.,
(2013), Tuncai et al., (2015).

Goisser et al., (2020),
Iswahyudi et al, (2024).
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Use of smartphones for color measurement in fruits

Data analysis

The colorimetric data obtained by both
devices were processed using Microsoft Excel
spreadsheet, and Pearson's correlation was used
to evaluate the linear relationship of the
colorimetric parameters of both measurements.
To evaluate the performance in matching the
colorimetric parameters with a better
interpretation, the Bland-Altman plot was
employed which is a visual and intuitive way to
measure the degree of similarity between both
measurements (Giavarina, 2015) with the help of
the Medcal version 23.2.1 program (trial version
www.medcal.org, MedCalc Software Ltd.
Belgica). The Bland-Altman plot represents the
differences between the two analytical methods
(y-axis= Colorimeter-Smartphone) versus the
average of the values of both methods (x-axis=
(Colorimeter+Smartphone)/2) for each
colorimetric parameter and performs a
comparative analysis of the measurements, this
analysis illustrates any systematic bias or
discrepancy between the measurements of both
methods, can be employed with a minimum
sample size (n=10) (Baharetal.,2017).

Results and discussion

Comparison of colorimetric coordinates

The colorimetric coordinates in CIEL*a*b*
space and in average of both measurements are
shown in Table 2. The L*a*b* values in the fruits,
estimated with both devices, show changes in the
color of the shells according to the ripening stage,
indicating that suitable fruits were selected to
perform a comparison in color measurement.

The color differences (AE*) between both
color measurement methods are exposed, this
value represents the Euclidean distance between
two colors in the color space L*a*b*, according
to Pathare et al., (2013), the interpretation of AE*
values may vary depending on the chromatic
region and human perception, and considers that
at values of AE* > 3.0 human eyesight can easily
perceive a color difference. The highest values of
color difference between both measuring devices
were in mandarin fruits (28.75 to 59.24),
becoming more accentuated when the stage is
immature, in strawberry the differences were
from 34.13 to 55.47; something more moderate is
presented in lemon with differences ranging from
11.38 to 53.69; and low values were obtained in
the chili bell pepper samples in which the
immature stage was more favorable with values
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ranging from 2.42 to 21.04, with the b*
coordinate being the most distant, given that the
color changes from green to yellow. From these
results it can be affirmed that the colorimetric
coordinates of the fruits are different in both
measuring devices, and it can be assumed that this
is due to the lighting conditions, distance between
the sample and the device, and the quality of the
camera, among other factors (Ciaccheri et al.,
2023).

Table 2

Colorimetric coordinates of the samples in
CIEL*a*b* space and color difference between
the two methods of measurement

Fruit  ME o CR-400 ::-lullne:a = - Sm.:lghqme e —E*

F1 31214 161211 548412 ( 39942 4 2252112 3413

SF;F F2 323216 195323 50.64:6.2 208273 39.69

a B 342 548£23 3252119 47.98

w F4 383220 14636 411499 385551 4544

ge F°@ 45719 0.9438 207547 T84T 299&114 52551232 46.92

g F6 446224 6012 174207 782471 1662178 60.2560 55.47

g F7 435518 35404 224412 911435 72421 5133130 52.62
p

T -83+13 3492

A -83=06 5924

N 9314 49.27

G D455 44 B4

ER 20446 4954

N 52426 45.67

E 2875

-6.1=14 13.59

9.5+1.7 1.76

13343 5 64 B=104 53.69

175513 42 1=12.7 11.38

LE -17.8£0.6 52.9+15.4 11.63

M 16,815 629=k9 2945

0 -15.0+0.7 3 52 17.11

N -8.0+5.1 56.5=9.6 15.26

-13=12 63.7=4.2 23.00

-12+40 16.8=06.9 25.59

82 5=14.1 935

159583 21.35

146569 741

c 344537 10.28

HE 44.0=51 6.22

11 192133 647

374195 FaANL ]

PE
PP

281110 121

7 45 (7.6 32.243.3 10,27
A 33207 380210 196210 340545 543404 32.822.2 2097
A9 30536 18.759.4 TALE65 13484 27.5:10.9 12.1=10.3 18.15

MS: maturation stage.
Comparison of colorimetric coordinates

The color measurement of fruits with different
ripening stages allowed to calculate the
colorimetric parameters and to make a
comparison between both meaurements and in
each group of fruits, in the first instance a simple
linear regression was used taking the value of the
slope and the correlation coefficient ( r ), the
correlation coefficients evaluate the association
(as opposed to agreement) between the two
methods and the closer to 1 or -1 the stronger the
linear relationship between both measurements
(smartphone and colorimeter), since the
measurements should be similar a value of r close
to unity is expected, similarly the slope (or
regression coefficient) indicates the magnitude of
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the change between the two variables, in this
specific case between the colorimetric parameter
values calculated from both measurements, a
value of 1 and -1 would indicate a perfect
regression coefficient, the line formed overlaps
the line of identity (slope =1) and the further away
from this value the reference linearity is lost.
Linear regression and correlation play an
important role in the interpretation of quantitative
method comparison studies (Roustaei, 2024).

The linear dependence between the two
methods was evaluated and summarized in Table
3, the results of the correlation coefficient and the
slope of the simple linear regression of the
colorimetric parameters calculated for each fruit
are presented, it can be seen that in strawberries
except for the Al the other correlation coefficients
are greater than 0.943 which is perceived as a
strong linear relationship with good association
between both measurements, the CIRF presents a
slope of 0.59 which would indicate that the data
are dispersed and therefore a low linearity
between both measurements. The standard error
reflects the effect between agreement and
linearity of the data; a large standard error
indicates that the estimation is less accurate and
more variable (Weisburd et al. 2020). YI and
CIRF are the colorimetric parameters of
strawberry that do not show consistency between
the data of both measurements. Yue et al. (2020)
state that strawberries have different colorations
from immature to ripe, defined by pigments
ranging from green due to chlorophyll to red due
to anthocyanins, and that more samples are
required to obtain data to improve accuracy.

In the case of mandarin, the colorimetric
parameters that presented low correlation and
linearity were WI and Y1, in addition that CIRF
and CCI would indicate good agreement, but low
linearity, in this regard Cubero et al. (2018) in the
measurement of CCI states that it is a standard
used to determine the color of citrus fruits, it is a
property that describes the coloration of the
epidermis of the fruit, allowing to follow the
evolution of ripening, its values range from -24
for green fruits and 22 for orange fruits.

Peruvian Agricultural Research 7(1), 17-26, 2025

Table 3

Pearson correlation values and regression slope
of the colorimetric parameters of both
measurement methods

Colorimetric Regressioft
Fruit p T Slope Standard error
CCI 0.593 1.00 3.08
WB 0.952 0.98 213
Stra YI 0.424 0.68 22.58
wher  Indicator a*/b* 0.974 0.95 0.24
1y MI 0.979 1.03 9.69
RCI 0.588 1.07 64.83
CIRF 0.943 0.59 5.05
CCI 0.986 0.72 1.34
WB 0.152 0.31 7.96
T YI 0.469 0.88 20.29
ez Indicator a*/b* 0.995 0.93 0.05
MI 0.986 115 4.45
RCI 0.999 104 4.45
CIRF 0.981 0.62 247
CCI 0.997 1.01 0.28
WB 0.643 1.40 6.47
YI 0.708 1.10 11.54
Lem -
on Indicator a*/b 0.999 0.99 0.01
MI 0.965 1.13 287
RCI 0.594 0.9% 249
CIFR 0.995 1.02 0.64
CClI 0.999 0.99 1.77
WB 0.980 115 2.66
Chili YI 0.995 102 2.63
Pepp  Indicator a*/b* 0.993 0.92 0.14
er MI 0.979 0.91 6.48
RCI 0.999 101 19.57
CIRF 0.985 1.06 5.28

CCI: Citrus color index. WI: Whiteness Index. YI:
Yellowness Index. MI: maturity indicator. RCI: Ripening
colorindex. CIRF: Color index in red fruits.

The sampling of very green mandarins could
be areason for the ICC of both measurements not
agreeing, according to the r-value and the slope
being far from the line of identity (slope =1). For
citrus lemon fruits, the ICC was more concordant
between both measurements, as well as a*/b*,
MI, RCI and CIRF, but not in WIB and YI,
according to Supapvanich et al. (2016). YW can
be applied to evaluate the anti-browning effect in
apples. Pathare et al. (2013) add that W1 is used to
monitor the quality of flours, bakery and dairy
products. YI is used to quantify yellowness in
objects, textiles, and foods; it has been reported
in the case of rice (Pathare et al., 2013) and in the
storage process of carambola slices (Cueva-
Mena, 2016).

The chili "limo" presented a strong
correlation between the colorimetric parameters
coming from both measuring devices; likewise,
the regression coefficient does not move too far
from the identity line (Slope=1), the use of Wl and
Y1 were reported by Baississe et al., (2022) in the
evaluation of chili bell pepper drying.
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Graphical comparison of colorimetric
parameters

Comparison of test values is often
performed using simple linear regression with the
coefficient of determination (R*) or Pearson's
correlation coefficient (r) using the primary
metric of assay agreement. However, these
approaches alone do not adequately quantify the
constant or proportional errors needed for
optimal test evaluation, also the range of
experimental data and the number of
experimental points inflate the correlation
coefficient (Kandi & Charles, 2019), also,
correlation studies the relationship between one
variable and another, not the differences, and is
not highly recommended for assessing
comparability between methods, so broader
statistical approaches, such as the Bland-Altman
(Figure 1) or concordance limits method, can be
used (Giavarina, 2015).

The results shown in Figure 1-A, by Bland-
Altman analysis showed that the measured
difference between the CCI values for lemon and
chili are within the 95% agreement limit and are
concentrated in the mean difference line 0.2
(average bias), in the case of strawberry and
mandarin it is observed that a measurement
protrudes from the limit line of -3.1 and 3.5 (mean
+ 1.96 standard deviation), this possibly due to
the extremes of immaturity or over-ripeness, the
p-value=0.492 confirms that the mean value of
the CCI calculated from the data obtained by the
Smartphone does not differ significantly from
that obtained by the CR-400 colorimeter. In the
case of Wl shown in Figure 1-B it is observed that
there are no data or points that are outside the
confidence limit, but a look at the mean bias line
shows that there is only one data (strawberry) that
indicates minimal difference between both
measurements, most of them are far from the zero
difference line, this indicates that WI is a
colorimetric parameter not suitable to evaluate
the fruits under study, supported by the fact that
the differences of their means are very far from
zero and highly significant (p<0.0001).

Figure 1-C shows the comparison in the Y1
where it is possible to appreciate values outside
the lower confidence limit (-16.7- 1.96*SD)
corresponding to mandarin fruits, but in the line
of zero difference there are only some values
corresponding to lemon, this indicates that the
differences of the means of both measurements
are different to zero, a high significance (p<

22

0.0001) since most of the data are far from the line
of minimum difference.

Figure 1-D shows results of the color
indicator a*/b*, where the a* value corresponds
to the degree of redness and the b* value
represents yellowness. Flores-Lopez et al. (2024)
reported that, with this relationship evaluated the
degree of maturity in the postharvest quality of
tomato fruits was evaluated. It was also employed
by Zaccari et al. (2017) in the comparison of five
guava fruit peel colors, and Goisser et al. (2020)
employed it to predict lycopene in tomatoes. In
this research it was observed that only chili fruits
obtained two comparative values that were
outside the 95% agreement limit, therefore, this
colorimetric parameter presented a low
difference between the two measurement
methods, the p-value=0.559 confirms that the
data obtained from the Smartphone did not differ
significantly from that obtained by the CR-400
colorimeter.
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Figure 1: Bland-Altman Graphs in the comparison of
colorimetric parameters measured by a colorimeter and a
smartphone. A) Citrus Color Index (CCI), B) Whiteness
Index (WI). C) Yellowness Index (YI). D) Indicator a*/b*.
E) Maturity Indicator (MI). F) Ripening Color Index (RCI).
G) Red Fruit Color Index (RFCI)
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Figure 1-E, exposes the colorimetric
parameter MI, where Manera et al., (2013) and
Fernandes et al. (2015) reported it as a
colorimetric index of maturity used to determine
how the external and internal color of the
pomegranate fruit evolves, the Bland-Altman
plot for the MI exposed that strawberry and chili
fruits present few data that exceed the confidence
limits, but a value of p=0.469 indicate that the
differences between the means of MI tend to be
equal to zero, so that, both devices agree in their
measurement.

Figure 1-F corresponding to the RCI which
is a colorimetric parameter reported by Santos-
Gomes et al. (2013) and Juncai et al. (2015) used
as a ripening color index for colorimetric
classification of banana fruits, the Bland-Altman
plot show that the MI obtained from the
Smartphone does not differ significantly with that
obtained by the CR-400 colorimeter (p=0.708)
although two data corresponding to strawberry
can be observed that stand out from the upper
confidence limit, which would indicate us that the
maturity stage influences both color
measurements.

Figure 1-G shows the result of the CIRF
comparison; this parameter was used by Goisser
et al. (2020) in tomatoes and by Iswahyudi et al.
(2024) in apple fruits. In this research this
parameter is influenced by the extremes of the
fruit ripening stage, strawberry, chili and
mandarin present at least one data that go out of
the confidence limit region, but the agreement
between the calculated from the data of both color
measurement devices do not differ significantly
(p-value=0.133), the statistical test of the Bland-
Altman plot gives validity and reliability to the
use of the smartphone to measure color and
calculate the colorimetric parameters.

Conclusion

The study evaluated the reliability of
measuring color in fruits with smartphones
versus a colorimeter. While L, a, b* coordinates
differed, it highlighted the need for pre-
calibration (distance, illumination, device).
Seven derived colorimetric parameters (used for
ripening) showed correlation, but not perfect
linearity. Bland-Altman analysis confirmed good
agreement for Citrus Color Index, a*/b*,
Maturity Indicator, Ripening Color Index and
Red Fruit Color Index. In contrast, the Whiteness
Index and Yellowness Index showed significant

Peruvian Agricultural Research 7(1), 17-26, 2025

differences. Lemon had the best performance and
it is recommended to evaluate more fruits and
their extreme ripening stage.
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