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Abstract

Quality of fruit and the subsequent eating attribute is closely linked factors that have a significant effect on marketability and
have always been correlated with harvest maturity. In the present investigation, the main focus was given on the develop-
ment of an inexpensive and rapid tool for identification of appropriate plucking time in the field through colour chart and
ANN modeling. The effect of maturity on growth attributes, biochemical properties, and quality attributes of pomelo fruit
was thoroughly investigated. A systematic change in the growth attributes, colour properties, and biochemical properties of
juice was observed with maturity. Quality attributes such as BrimA and internal quality index have presented inconsistent
trends over maturity. In contrast, a regular, systematic change was observed in the ripening index, chlorophyll, and p-carotene
content with maturity. A colour chart mentioning various ripening stages was created based on color properties, which were
successfully used for the maturity classification. Besides, a correlation between colour parameters (L*, a* b*), and quality
attributes was successfully established using ANN, where 3-5-5 was found the best architecture.
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2. The colour chart developed based on peel colour can be
effectively used for the classification of different matu-
rity stages of pomelo fruit.

3. ANN model is effectively used for the prediction of opti-
mum maturity and quality attributes of pomelo fruit.

Introduction

Rutaceae is a large botanical family in which the dominant
members are sweet orange (Citrus sinensis), mandarin or
tangerine orange (Citrus reticulata), grapefruit (Citrus para-
disi), lemon (Citrus limon), lime (Citrus aurantifolia), and
pomelo (Citrus grandis) [1]. Pomelo fruit having a unique
shape, flavor, colour, and g all quality attributes that are
attractive to consumers and is believed to be an ancestor
of grapefruit [2]. Southeast Asia and Indo-China regions
believed to be native regions of this most abundant citrus
fruit [2]. Pomelo being an acidic and bitter nature, is mostly
used for flavouring vegetable dishes, fish, meat, salads. Also,
pomelo is an excellent source of many nutrients including
dietary vitamin C, carotenoids, foliate, dietary fibre, potas-
sium [2] phenols (caffeic, p-coumaric, ferulic and sinapic
acid) and flavanone glycosides (naringenin, didymin, neoe-
riocitrin, naringin, neohesperidin, and poncirin) [3]. Cur-
rently, there is an increasing interest in citrus fruit because
its consumption appears to be associated with a reduced risk
of certain chronic diseases such as obesity, diabetes, cancers,
and cardiovascular disease [4, 5].

Physicochemical qualities and storage life of fruit depends
on the various physiological and biological changes which
occur during fruit development and maturity. Information on
such changes is useful to assess the stage of fruit maturity
for harvesting and subsequent processing. Ripening is the
process where fruits attain their desirable flavour, quality,
colour, palatable nature, and other textural properties, which
are associated with the change in composition, i.e., conver-
sion of starch to sugar [6]. Citrus ripeness often evaluated by
measuring physical (size, juice yield, weight, firmness, and
colour) and chemical parameters (Total soluble solids (TSS),
titrable acidity (TA) and TSS: TA), however, most of the
time when the quality of fruit is measured these parameters
do not match with the consumer preference. Various indices
are used to determine harvest maturity for citrus fruit. How-
ever, differences in cultivars and growing environment affect
the reliability of these indices [7]. Even, available data on
citrus fruits indicate that measurement of any of the param-
eters mentioned above lands on the unsatisfactory outcome.

Thus, to estimate the maturity or predict, it could be
better to combine the other physicochemical parameter
to produce satisfactory results [8]. Quality attributes such
as BrimA (Brix minus acids) adopted as an alternative
of soluble solid content and acidity (SSC: TA) to predict

@ Springer

the maturity of fruits with a high correlation of sweetness
and flavor along with the similar likelihood to human per-
ception of good taste. Focusing on various parameters,
Véasquez-Caicedo et al. [9] suggested a ripening index
(RPI) based on the combination of different properties of
the fruit, including firmness (F), TA, and SSC. In con-
trast, an internal quality index (IQI) was proposed by Cor-
tés et al. [10], which considers colour properties such as
luminosity (L*), chromaticity (C*), and hue angle (%),
F and SSC. Recently, Munera et al. [11] used RPI and
IQI parameters to relate the spectral information for the
monitoring of nectarine ripeness and concluded that RPI
and IQ have great potential as a non-destructive technique
for monitoring of nectarine ripeness.

The current techniques for harvesting are mainly
based on visual inspection of colour, size, and shape of
the fruit. Most of the time, due to its subjective nature,
visual inspection is suffering from numerous disadvan-
tages, including variable, tedious, inconsistent, and labori-
ous [12]. At present, computer vision systems are widely
employed to monitor the bruise, defects, and classify the
horticultural products based on shape, size, and various
quality attributes. In such a context, colour becomes an
important parameter for most food products [12—-16]. How-
ever, numerous methods have been employed to predict
the ripeness level of citrus fruits in combination or alone,
but the application of artificial neural network (ANN) to
map between colour parameters and maturity indices of
pomelo has not been thoroughly investigated. Also, it is
essential to understand the changes that happen during
the maturity and the factors responsible for the maturity
of citrus for effective acceptability, utilization, transporta-
tion, and selling [11]. Hence, the present study is intended
to investigate the effect of maturity on the physical, bio-
chemical properties, and quality attributes of pomelo fruit,
where growth characteristics, compositional changes, and
phytochemical properties were determined. The result of
biochemical attributes of pomelo may provide a better
understanding to the inevitable changes in the pomelo fruit
during the maturity, which could be helpful in the optimal
selection for processing, handling and transportation of
pomelo fruit. Besides, colour properties of fruit peel were
effectively utilized to develop an inexpensive colour chart
for classification of the maturity stages of pomelo fruit.
The developed chart will be helpful to the fruit growers
and harvester, which may be a useful tool for quick evalu-
ation of the maturity of the fruit with the maximum bioac-
tive components. After that, a colour chart based on colour
space (RGB) was generated. Also, colour parameters were
correlated with quality attributes (BrimA, ripening index,
and internal quality index, chlorophyll, and p-carotene)
to study the feasibility of ANN to predict the changes in
pomelo during ripeness.
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Materials and methods
Materials

Pomelo fruit at different maturity days was collected from
the horticulture department of Tezpur University, Assam,
India. All the necessary chemicals used in the analysis were
of analytical grade and were obtained from Merck Millipore,
India.

Sample collection and preparation for juice analysis

The healthy fruits were collected randomly during the grow-
ing season of 2018 (March to October) from six healthy
trees of pomelo. The experiment was composed of thirteen
collection periods (20-260 Days after fruit set (DAFS)). The
fruit was harvested randomly at an interval of 20 days and
divided into three equal batches, representing the replicates.
Due to the immature fruit juice sac from 20-80 DAFS, it
was difficult to collect the juice therefore chemical and phy-
tochemical properties of the sample of 20-80 DAFS could
not be analyzed. The juice was extracted through the labo-
ratory juicer (Philips HR1832/00) and filtered by the 3-lay-
ered cheesecloth. The filtered juice samples were centrifuged
(Eppendorf 5430R, Hamburg) at 3150 rotation centrifugal
force (rcf) for 10 min to obtain a clear fluid and stored in a
screw-capped bottle at 5 °C for further analysis.

Compositional yield, chemical analysis,
and phytochemical properties

The compositional yield of pomelo fruit and chemical analy-
sis of juice is presented in Supplementary. The naringin con-
tent of fruit juice was calculated as per the method suggested
by Davis [17]. p-Carotene in peel was estimated as per the
procedure outlined by Biswas et al. [18], where a fine paste
of flavedo was mixed with 5 mL of chilled methanol fol-
lowed by centrifugation at 1370 rcf for 10 min. The absorb-
ance of the extract was determined at 449 nm, and concen-
tration was calculated using the standard of 0-32 mg mL~".
Chlorophyll content was determined in peel by the method
of Qudsieh et al. [19], and the amount of chlorophyll was
calculated using spectrophotometric Eqgs. (1 and 2). The
absorbance was measured at 664, 647, and 630 nm. The
formulas used to calculate the amount of chlorophyll were
as follow:

Chlorophyll @ = 11.85 ODgg, — 1.54 ODy,; — 0.08 ODj,
(1

Chlorophyll b = 21.03 ODg,; — 5.43 ODgq, — 2.66 ODj
(2)

pg of chlorophyll g~! = S 3)
10w

where v is the volume of acetone in mL (15 mL), w is the

weight of peel in g, chlorophylls a and b are the chlorophylls

substituted for C in the above equation, and C is the value of

chlorophyll a plus the values of chlorophyll b.

Ripening index (RPI) and internal quality index (1Ql)

RPI and IQI for pomelo fruit were calculated as per the
Eqgs. 4 and 5 respectively [11] and were used to relate the
color values (L*, a*, b*) obtained from pomelo with their
physiological, biochemical and phytochemical properties of
different level of maturity.

RPI = IHM (4)

SSC

where, F=firmness (N), TA =titrable acidity, SSC =soluble
solid content

100X F x L* x h*
10 = 1
A= —=cxc )

where, F=firmness (N), L"=lightness value, 4" =hue,
C"=chroma, SSC =soluble solid content.

The firmness of pomelo fruit was estimated using
TA.HD-plus texture analyzer (Stable Micro Systems, UK)
provided with a 2 mm cylindrical probe (P/2) and 100 kg of
load cell size. The crosshead speed during the puncture test
was 1 mm s~!. The maximum force, expressed in Newton
(N), was registered on the top side of the fruit. TA and SSC
were calculated, as discussed in Supplementary Sect. 2.4.
The color properties of fruit peel where six different por-
tions such as A-F were considered (Supplementary Fig. 1b,
c¢) for measurement of L*, a*, b* values using Color Flex
(Hunter Associates Laboratory Inc., Reston, VA, USA). Hue
and chroma values were calculated as per the Egs. 6 and 7.

= tan~! (';—) ©6)
C* = (a2 + b?)"° (7)

Development of color chart for maturity
classification

The colour chart was created using the color space (RGB) to
define the maturity of pomelo fruit, where nine experimental
stages of pomelo fruit starting from 100 to 260 DAFS were
selected for the development of colour chart. The colour
values of the fruit were collected from six different parts of
the fruit (Supplementary Fig. 1b, ¢). The CIE colour values
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were converted in MATLAB 2015R, and the representative
colour value is drawn from the six different portions of the
fruit, and the mean value was calculated.

Modeling of pomelo maturity indices (Quality
attributes) based on color properties

For the construction of the ANN network, weights are essen-
tial parameters that connect various processing elements.
The feed forward back propagation algorithm was used for
the development of the model by considering color param-
eters as input and quality attributes as output. For the execu-
tion of ANN, the back propagation algorithm is used, which
adjusts weights based onthe minimization of errors. Input
and output of the ANN architecture are composed of dif-
ferent neurons containing in input (L), hidden layers (L)
and output layers (Lg). The input and output of the hidden
layer for i neuron is denoted by H; and H,; respectively.
The weights for input to hidden layers are dented by W,
whereas for hidden to output layers are denoted by W,,,. The
final output of the output layer is denoted by O; [20].

The mathematical expression for H;; which is a linear
function of inputs (X;) and weights (W;,), is given by the
following equation

sum = ZXiu/ih 8)

During the processing of ANN architecture, bias (T))
values were introduced as extra inputs to hidden (T,) and
output (T,) layers. A tansig transfer function is also used
for the calculation of the neural network. The mathematical
expression of tansig function is shown in Eq. (9).

_ 2
1+ e—ZSum

f(sum) = ®
Hence, the mathematical expression for H; is given by
the following equation

2

H =——-———
1+ e—Z(Hij+Th)

oi (10)
The final output of the output layer namely O;is given by
the following mathematical expression

0, =W,H,;+T, (11)

For the mapping of ANN, the experimental data were
divided into three parts; the program was developed in
MATLAB R2015a for the ANN modeling. ANN network
composed of four neurons in the input layer, two neurons in
output layers. Neurons in the hidden layer were varied until
the highest value of the coefficient of determination (R
and the minimum value of root mean square error (RMSE)
were obtained.
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For the mapping between colour and quality attributes,
experimental data of nine experimental stages of six differ-
ent sections of the fruit were considered. The neurons in the
input and output layers were three and five, respectively. The
trial and error approach was executed to decide the number
of neurons in the hidden layers. Each run of the ANN algo-
rithm consisted of 2000 iterations with a learning rate varied
from 0.5 to 1. For each ANN architecture, 2000 iterations
were repeated 10 times, which yields a total NNs of 20,000.
The experimental data were fitted in MATLAB code after
dividing data into three parts, such as 70% for training, 15%
for testing, and 15% for validation.

Statistical analysis

Data were statistically analyzed using package IBM SPSS
Statistics Version 20.0, Armonk, NY: IBM Corporation, and
the values were presented as means and standard deviation.
Also, Duncan’s multiple range test (p < 0.05) was performed
to separate means.

Results and discussion
Effect of maturity on the physiology of pomelo fruit

Pomelo fruit was studied for growth characteristics and com-
positional changes at various maturity days to determine the
optimum harvesting period starting from 20 to 260 DAFS
(Fig. 1a). The result of physical parameters hasrevealed an
increasing trend with maturity where fruit weight (1230 g),
fruit length (143.44 cm), fruit volume (1362 mm), fruit with-
out peel (1000 g), specific gravity (1.01), and volume of
juice (572 mL) were registered highest at 260 DAFS. The
juice percentage was increased as maturity progressed, and
46.48% of the juice was recovered at 260 DAFS of pomelo
(Supplementary Table S1a). The increase in juice content
might be accounted for the accumulation of water and sol-
utes to the juice vesicles and a decrease in the percentage
of peel weight [21]. The specific gravity of pomelo fruit
increased from 0.87 to 1.01 (from 20 to 260 DAFS) due to
an increase in the juice content and SSC of the juice. With
an increase in maturity, changes in the physical properties
of fruit were seen and were evidence of progress in fruit
maturity. The weight of flavedo, seed, segment, and pulp
was found maximum at 260 DAFS, whereas albedo and
peel weight were maximum at 200 DAFS (Supplementary
Table S1b).

Colour values of pomelo fruit peel were studied in terms
of L* a*, b* and derived values such as hue and chroma
(Fig. 1b). Highest L*, a*, and b* values were observed at
240, 260, and 240 DAFS, respectively, while the initial
stage of pomelo development has shown minimum values
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of L* a* and b*. As maturity progressed, lightness, hue,
and chroma values of peel were increased parallelly due to a
decrease in chlorophyll content and an increase in carotenoid
content [22]. An increase in b* value shows the increase in
yellowness in the peel. Hue value was recorded maximum at
260 DAFS while the minimum at 140 DAFS and change in
hue value of peel presented quadrant shift from the second
(green to yellow) to first quadrant (reddish to purple). Peel
colour started to turn yellow at 180 DAFS, and optimum col-
our correspond to harvesting was developed during 200-220
DAFS. The rind colour and firmness are considered as non-
destructive parameters and have an essential role in maturity
prediction [23, 24].

Effect of different stages of maturity on biochemical
properties of pomelo fruit juice

The specific gravity of juice increased up to 140 DAFS
(1.06), and after that, a reverse trend was observed (Table 1).
An increase in specific gravity usually corresponds to the
accumulation of starch and soluble solids and depends upon
the relative increase or decrease in weight and volume. Con-
version of insoluble polymeric molecules like pectin, cellu-
lose, and starch into simpler carbohydrates during the pro-
gression of maturity increased from 100 to 260 DAFS [6].
Organic acids and sugars, the critical components of SSC
are considered as the main maturity index of fruit [25]. The
drop in pH (4.32 to 3.15) and an increase in TA (0.42 to
1.13% citricacid equivalent) were observed until 200 DAFS.
After that, changes in pH and TA were opposite to each
other. (Fig. 1c). The ripe pomelo juice had a lesser pH when
it was compared to unripe fruit. The change in pH is attrib-
uted to the dilution effect could be a probable reason for the
decrease in acidity over the maturity because as the fruit
matures, acid gets diluted results in lower acidity [21].The
change in pH is always linked with the acidity of fruits; the

lower pH of juice correspondingly indicates higher acidity
of juice [26]. Butkhup and Samappito [27] reported that due
to respiration or conversion of sugar, organic acids drop dur-
ing ripening of fruit.In general, the maturity of citrus often
accompanied bythe accumulation of soluble sugars and loss
of acidity.

A gradual decreasing trend in vitamin C after 200 DAFS
was seen over the maturity (Fig. 1c). An increase in vitamin
C content ascribed to the residual effect of precursors needed
for vitamin C synthesis; however, beyond 200 DAFS oxida-
tion of vitamin C by ascorbic acid oxidase might be a prob-
able reason for decreased vitamin C content in the juice [1,
26]. Citrus fruits such as oranges, tangerines, and grapefruit
also showed a decreasing trend of vitamin C content over
maturity [28], indicating that early harvest or mid-harvest
fruit has more ascorbic acid than late-season fruit. The con-
tent of ascorbic acid in citrus fruits can be influenced by
genotype, pre-harvest cultural practices, climatic conditions,
fruit maturity, harvesting procedures, and post-harvest man-
agement [29].

The soluble solids content of pomelo juice has presented
two phases of the change, which was evident during the
development stage and after the attainment of maturity. SSC
was increased from 5.55 to 8.93% with maturity (Fig. 1d).
SSC is composed of sugars (80%), acidity (10%) and nitrog-
enous compounds (10%) [30]. The findings of juice clar-
ity comply with the soluble solids and present a positive
relation of SSC with maturity. An increase in SSC during
the ripening period of different fruits was reported [31, 32].
Total sugar content increased till 160 DAFS, and after that,
it started to decrease from 8.36 to 1.83 mg mL~! (Fig. 1d).
The total sugar content in juice reached a maximum value
during the middle phase of fruit development, and it started
to convert into reducing sugar over maturity. Starch hydroly-
sis produces glucose and fructose, which plays an important
role in fruit ripening as the substrate of respiration [33].

Table 1 Biochemical changes in pomelo fruit at various stages of maturity

Days after fruit Clarity (%T) Specific gravity SSC: Acidity Naringin content (ug/mL) ABTS (% inhibition)
set

100 7.81 +0.441 0.99 + 0.004 11.83 + 0.30° 40.27 + 4.99* 38.65 + 1.79¢
120 14.29 + 0.318 1.01 + 0.00° 10.88 + 0.69° 14.87 + 0.22° 30.16 + 0.47"
140 15.28 + 0.862" 1.06 + 0.00* 8.43 + 0.20% 1552 +0.28° 27.03 + 0.568
160 18.10 + 0.47" 1.01 + 0.01° 7.92 + 0.32° 9.30 + 0.27¢ 30.14 + 0.48"
180 28.39 + 0.54° 1.01 + 0.00° 8.56 + 0.28% 7.56 + 0.13¢ 86.27 + 0.63°
200 31.28 + 0.95¢ 1.02 + 0.01° 7.47 + 0.19¢ 6.25 + 0.11° 90.90 + 0.69°
220 53.11 + 1.03° 1.01 + 0.01¢ 8.33 + 0.03% 491 +0.04 93.44 + 0.35%
240 84.00 + 1.00° 1.03 + 0.00° 11.55 + 0.36° 0.66 + 0.07¢ 33.93 + 0.51°
260 91.33 + 1.52° 1.04 + 0.00° 20.00 +0.56* 0.53 + 0.02¢ 1632 +1.91"

Values are mean =+ standard deviation of three determinations (n=15). Values followed by different superscript in a column are significantly dif-

ferent (p <0.05)
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The reducing sugar of juice was increased from 0.12 to
7.04 mg mL~! in 260 DAFS. It has reported that fructose
and glucose content of mandarin fruit increased from 13.06
t0 36.72 mg mL~! and 16.53 to 19.77 mg mL~!, respectively,
during ripening [34].

SSC: acid ratio of juice increased with maturity; however,
a regular increasing trend could not be noticed (Table 1).A
ratio of 6 or higher is acceptable for the commercial market-
ability of pomelo fruit [30].

Effect of different stages of maturity on naringin
content and phytochemical properties of pomelo
fruit

Pomelo is a good source of naturally synthesized bitter com-
ponents, i.e., naringin. Immature fruit juice had a signifi-
cantly higher amount of naringin content (40.27 ug mL™")
than the juice of mature stages (0.53 pg mL™!) (Table 1).
Flavedo exhibits a higher level of naringin than the other
parts of fruits [35]; most of the secondary metabolites of
plants tend to accumulate in growing tissues and organs [36].
Even the synthesis of flavonoids in citrus fruits is regulated
via the phenylalanine pathway, which is highly regulated in
nature [37]. However,the reduction in naringin content dur-
ing maturation is may be due to the increase in the diameter
of fruit and dilution of flavonoid [22, 38].

B-carotene content of peel at various maturity days was
estimated and presented in Fig. le. An increasing trend in
[B-carotene content appeared during the maturity of pomelo
(62.43-211.51 mg g~ ! of peel). Kato et al. [39] explained
that the expression of genes such as PDS, ZDS, LCYb, and
ZEP increases as the maturity of citrus fruit progressed.
So carotenoid accumulation increased due to the increased
interaction of the expression of the above-mentioned genes.
Chlorophyll content of peel was seen highest at initial
stages (52.46 pg g~! of peel) while lowest at mature stages
(11.94 ug g7! of peel) (Fig. le). The reduction in green col-
our occurs mainly due to the loss in structural chlorophyll
caused by several factors including changes in pH (mainly
due to leakage of organic acids from the vacuole), influenced
by the accumulation of organic acids in the vacuoles, oxi-
dative and enzymatic reactions, leading to the synthesis or
unmasking of carotenoids in the vacuoles [27].

Radical scavenging activity of juice at various days of
maturity was evaluated in terms of ABTS (Table 1). ABTS
value of juice was increased with maturity and attained
maximum scavenging activity at 220 DAFS and, after that,
showed a decreasing trend. The total antioxidant capacity
of fruits is attributed to the combined activity of various
antioxidants, including vitamin C and phenolics, rather than
being a credit to any particular antioxidant and concordant
with the result of Yoo et al. [40].The loss in antioxidant

activity on the attainment of maturity may be due to the drop
in phytochemical content in the fruit during ripening [41].

Evaluation of different quality attributes
for maturity determination

Quality attributes of juice, such as BrimA, RPI, and 1Q]I,
were calculated at different maturity levels, and a significant
difference was observed (p <0.05) (Fig. 1f).No systematic
trend was observed in the BrimA index, where an increas-
ing trend was seen from 140 to 180 DAFS and decreasing
gradually from 200 to 260 DAFS. Initial days of maturity
exhibits high acidity and lower SSC, which affected the
BrimA or SSC/TA parameters [42]. BrimA mainly depends
on SSC and TA with a constant factor (k), and change in
one of these two factors can significantly affect the result.
The probable reason for the inconsistent trend of BrimA
was the increased value of SSC and decreased value of TA
with maturity.The coefficient of determination (R?) for the
relation between DAFS and BrimA was found at 0.73. The
finding of Obenland et al. [42] supports the findings of the
present study. Although in the present study, BrimA is not
found a suitable maturity indicator; however, it may over-
come the ambiguity of SSC: TA as a standard for citrus
fruit. BrimA was found to effectively correlate better with
the perception of sweetness or sourness of pomelo juice.
The RPI is used as a quality factor to determine the matu-
rity level of fruits considering firmness, soluble solid con-
tent, and titrable acidity of the fruit. RPI of pomelo fruit
was gradually decreased from 140 to 260 DAFS (Fig. 1f)
and was mainly due to the progressive decrease of firmness
and increase of SSC over maturity. The firmness of pomelo
fruit at the onset of maturity was 47N at 100 DAFS, which
decreased to 12N at 260 DAFS. The change in firmness
attributed to the change in the structure of pectin polymers
in the cell wall during ripening [6]. Initially, the juice con-
tent was too low due to immature juice sac and lack of juice
in the pulp, which confers the highest firmness and low SSC
(5.5%) and TA (0.42%). It has been reported that, as the fruit
attains maturity, the rate of starch hydrolysis is faster. At the
onset of the ripening of fruit, the starch content present in
fruit tissue is not sufficient to account for all the sugars, and
this indicates that maturing fruit continues the import of
sugar until the harvest [43]. As it is evident from Fig. 1f, the
change in RPI was proportional to the maturity of pomelo
fruit (decreased from 6.02 to 4.05). RPI of pomelo fruit
showed the R? (0.90) with DAFS. Thus, considering all the
factors of RPI of pomelo, it can be concluded from his study
that, the fruit having RPI of 5.3-5.7 may possess acceptable
sensorial attributes along with desirable chemical properties.
The IQI was performed for pomelo fruit to classify the
maturity stages based on peel colour properties (L* C* and
h*), firmness of pomelo fruit (F), SSC, and TA of fruit juice.
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From the result, it was observed that no regular trend of 1QI
throughout the pomelo maturity and the maximum value
(18.91) was noticed at 180 DAFS while the minimum value
(17.07) at 220 DAFS (Fig. 1f). According to Munera et al.
[11], the immature fruit shows a higher IQI than the mature
fruits. In colour properties, hue and chroma are derived
properties, which also considers a* and b* value of fruits
and from Fig. 1f it can be seen that how these values change
over the maturity and affect the adjacent properties signifi-
cantly as a result of an inconsistent IQI index. The relation
between IQI and DAFS was established where R? of 0.07
was observed. Herrero-Langreo et al. [44] suggested that
the wide variation in the colour properties of fruit details
the heterogeneous distribution in the ripeness of fruit. In
the study of Munera et al. [11], where IQI index was found
better than RPI for persimmon fruit variety, but in our study,
RPI gave better understanding to classify maturity indices
over IQI.

In the present investigation, the studied quality attributes
of pomelo gave a better insight into the inevitable changes
in the pomelo fruit and their correlation with others param-
eters during the maturity, which could be helpful in the opti-
mal selection and transportation of pomelo fruit.

Stage 1

.-’ .
LR HR

Stage 2

Development of color chart for maturity
classification

Figure 2 illustrates the estimated representative colour for
nine stages (gap of 20 days) of pomelo fruit, where LR
stands for the lower range and HR for a higher range. The
colour chart and findings of growth attributes, biochemical
properties, and quality attributes were correlated to develop
a useful colour chart for the quick determination of stages of
maturity of pomelo fruit with maximum possible retention
of phytochemical properties. As it is evident from Fig. 1a,
b, and Fig. 2, the colour chart obtained from colour space
allows us to predict an appropriate time of fruit maturity and
also in determining the optimum harvesting period. Based
on colour chart and other properties, the harvesting period
200-220 DAFS was found optimum for pomelo.

Colour based mapping of the maturity indices
by applying ANN

Determination of maturity properties of fruits based on color

features is a challenging aspect to keep up product quality
during fruit processing. For accomplishing this particular

- Stage 3
. - O
LR HR

/—\Stage 4 e - StageS e Stage6  _——n
|"f'v “\\ f { \ / 1 f‘ I/l "‘\\ l/ \\I
- | - | ndd |
\\ {." \ / A f l“v‘ l"‘(” v':‘k jl

\ 4 \ 4
\\-.ﬂ_ . _ _ - o > N
LR HR LR HR LR HR
— Stage 7 — —~—~.  Stage8 p—

LR HR LR

ey i Stage 9
- | A :I .‘.
LR HR

Fig.2 Color chart based on color spaces to discriminate the maturity stages (Stage 1-9 corresponds to 100-260 DAFS) of pomelo fruit where

LR stands for lower range and HR for Higher range (Color figure online)
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aspect, a mathematical relationship between the color fea-
tures and maturity properties is always needed. In the present
study, ANN modeling was applied for the mapping of colour
parameters and various maturity indices of pomelo fruit. The
best network was selected based on the highest R? (0.99)
and lowest RMSE values. Figure 3b show the selection of
ANN architectures. Best ANN architecture as observed from
Fig. 3b was three neurons in the input layer, five neurons in
the hidden layer, and five neurons in the output layer (3-5-
5). The plots for the training, testing and validation stages
of ANN between target and predicted outputs are illustrated
in Fig. 3c. Adequacy of the developed ANN model can also
be observed from the stage wise illustration of the figure.
Weight and bias values of the best ANN architecture (‘W;,’,
‘W, ‘T’ and “T,’) were determined by a random number
of generations in the developed code. The matrices for these
values are given as follows:

0.57 —3.60 —4.50
558 397 -2.89
W, =| 408 998 151
467 356 034
566 455 —1.47
023 -3.09 121 —1.35 4.65
~0.19 177  —0.70 0.77 =2.78
W,,=| —009 —021 083 -055 0.73
022 092 -072 024 0.65
044 -073 —-0.13 152 1.19
~3.25 0.53
2.43 —0.41
T, =| -545 |1, =] 0.10
2.12 1.55
2.65 1.64

Hence, in the present investigation, different colour
parameters (L* a* b*) were used to predict the pomelo

fruit maturity indices with the help of the developed ANN
model. The model successfully developed a correlation
between the colour parameters and various maturity indi-
ces along with the growth characteristics and biochemical
properties of pomelo fruit. This ANN model with the archi-
tecture of 3-5-5 can be used for the forecasting of pomelo
fruit maturity based on color features. If any processor has
colour features estimated as decided based on color chart
(as referenced in the past segment) then different maturity
properties of the fruit can be evaluated by utilizing this 3-5-5
ANN architecture. A similar type of maturity kinetics of
various fruits and vegetables based on colour parameters are
reported by various researchers [44—48].

Conclusion

In the present investigation, the effect of maturity on the
growth characteristics, biochemical properties, phyto-
chemical properties, and quality attributes of pomelo fruit
was investigated. Quality indicators presented a significant
correlation with DAFS, where RPI and chlorophyll were
found to decrease while pB-carotene and BrimA increased
with maturity. A color chart was developed for the deter-
mination of an appropriate plucking time of the pomelo
fruit. The developed chart also correlates the stages and
chemical changes that occur in the fruit during ripen-
ing. By considering color parameters as input and qual-
ity indicators as output variables, ANN architecture was
mapped where 3-5-5 was found as the best ANN architec-
ture for the prediction of pomelo maturity. The model can
be applied for the prediction of various maturity indices
of the fruit based on color values obtained at different
stages. Among all the quality attributes, RPI of pomelo
fruit showed the highest R? (0.90) with DAFS, which pre-
dict its better suitability as a maturity standard than other
for pomelo fruit and this study can be considered as an
informative and pioneering approach for the processor of
pomelo fruit products and beverages.
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