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A B S T R A C T   

The interaction between near infrared (NIR) light and the sample is a key factor to take into consideration when 
developing applications using NIR spectroscopy. The aim of this study was to assess the penetration depth of the 
NIR light through both intact watermelons and the red flesh of the cut fruit, using an interactance NIR system. 
The results showed a maximum penetration of between 9 and 11 mm in the assays carried out on intact wa-
termelons and 11 mm in the watermelon flesh. The prediction performance of the different NIR system con-
figurations used were compared by quantifying the SSC in intact watermelons in a non-destructive way. The 
results obtained for the assay in which the illuminated regions were separated by 28 mm (Distance 4) reported 
the best results for determination of SSC (%) obtaining an R2

cv = 0.73 and RMSECV = 0.39 % and an R2
p = 0.81 

and RMSEP = 0.30 % when the set of data for that distance was split into calibration and internal validation sets.   

1. Introduction 

Over the past few years, rapid, non-destructive methods have 
emerged for measuring the degree of maturity and soluble solids content 
(SSC) in intact watermelons, in the quest for a fast, accurate, high 
throughput and continuous quality evaluation of these fruits. The most 
commonly used methods are those based on acoustic signals, machine 
vision systems, electrical and magnetic technologies, as well as vibra-
tional spectroscopy techniques (Sun et al., 2010; Ali et al., 2017; Jie and 
Wei, 2018). The latter have been widely used in the quality assessment 
of agricultural products given their high speed, low cost, versatility and 
non-destructive nature (Cortés et al., 2019; Pandiselvam et al., 2022). 
Vibrational spectroscopy techniques rely on the characterization of a 
sample by means of its vibrational energy, which in turn is related to the 
sample’s chemical bonds (Teixeira and Sousa, 2019). However, most of 
the reported studies on vibrational spectroscopy for assessing maturity 
in watermelons focus on the use of near infrared (NIR) spectroscopy 
(Arendse et al., 2018). 

The viability of NIR techniques for evaluating maturity and for 
quantifying the SSC in intact and cut watermelons has been reported by 
different authors, including Flores et al. (2008), Tamburini et al. (2017), 

Ibrahim et al. (2022), Vega-Castellote et al. (2022) and Vega-Castellote 
et al. (2023), among others. In all cases, promising results were obtained 
as regards developing applications for measuring the maturity and SSC 
of intact fruit both in the field and on the industrial sorting lines, as well 
as for quantifying SSC in half-watermelons. The studies carried out with 
intact fruit rely on the correlation between NIR data acquired from the 
rind of the intact watermelons (usually sampling the first few millime-
ters of flesh below the rind) and the reference SSC values from different 
portions of the flesh. It is therefore important to assess the penetration 
depth of NIR light in intact watermelons to understand the potential and 
validity of NIR measurements of intact watermelons. Different authors 
have reported and assessed the penetration depth of NIR light into 
different fresh fruit tissues. For example, Guthrie and Walsh (1997) 
studied the interaction of NIR light with intact pineapple samples using a 
reflectance NIR instrument working in the 760–1300 nm range and 
concluded that most of the spectral data obtained were derived from 
within 5 mm of the fruit surface. Likewise, Lammertyn et al. (2000) 
assessed the penetration depth in intact apples using an NIR device 
working in reflectance mode in the 500–1900 nm range and reported 
that the light could reach a depth of 2–4 mm depending on the wave-
length used, since, according to Fraser et al. (2001, 2003), the high 
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concentrations of water in fresh fruit makes it difficult for the light to 
penetrate the sample in regions above 1200 nm. Greensill and Walsh 
(2000) used a ‘partial transmittance’ NIR device, in which the light 
source illuminated an annular area of the sample, and the emerging 
radiation was collected from the non-illuminated center by the detector 
probe. These authors reported that the light received was mainly 
detected up to a depth of 10 mm in the intact rock melon samples. 
Nevertheless, no reports have been found which deal with the pene-
tration of NIR light in thick rind watermelons and in the different 
watermelon tissues, i.e., the rind and the flesh, which highlights the 
need to clarify how NIR radiation interacts with these watermelon tis-
sues, since one of the major barriers when measuring internal maturity 
in fruit is the limited penetration of NIR light, especially in fruit with a 
thick rind. This, in turn, depends on the wavelength range used, the 
distance between the sample and the light source, the characteristics of 
the product analyzed and the intensity of the light source, among others 
(Birth, 1978; Greensill and Walsh, 2000; Flores et al., 2008; Arendse 
et al., 2018). Only one study for a thin-skin watermelon cultivar (Qian 
et al., 2016) assessed the penetration depth of NIR in this type of fruit. 

The aim of the present study was to assess the penetration of NIR 
light into intact watermelons and into the red flesh of the cut fruit, using 
a NIR prototype system working in interactance mode in the 761–1081 
nm range and to compare the prediction performance of the different 
configurations used by quantifying the SSC in intact watermelons in a 
non-destructive way. 

2. Material and methods 

2.1. Samples 

A total of 20 striped light green rind watermelons (Citrullus lanatus 
Thunb.) purchased from a Norwegian grocery market from August to 
November 2022 were used in this work. The fruits were taken to the 
spectroscopy laboratory at the Norwegian Institute of Food, Fisheries 
and Aquaculture Research (Nofima) in Ås, Norway, and kept at room 
temperature (ca. 20ºC) for a maximum of 5 days after purchase. 

2.2. Instrumentation, experimental design and acquisition of the spectral 
information 

2.2.1. NIR interactance assays 
The NIR spectral information was taken using a NIR prototype sys-

tem designed for non-contact interaction measurements in the 

761–1081 nm range, taking data every 16 nm. The system featured an 
InGaAs array detector. The acquisition time was set at 2 s, in which 100 
scans were collected, which were then averaged to obtain one mean 
spectrum per sample. The measurements were taken at a distance of 
approximately 20 cm from the sample. As described by Wold et al. 
(2021), the NIR light source (50 W halogen light source) featured an 
illumination chopper that enabled to obtain 5 pairwise illuminated re-
gions termed ‘Distance 1’ to ‘Distance 5’ (Fig. 1A) separated by 10, 16, 
22, 28 and 34 mm, respectively. The dimensions of each of the illumi-
nated regions were 2 × 28 mm, and the interactance signals between 
each pair were recorded consecutively. The light penetrated the sample 
through the illuminated regions, and after interacting with the sample it 
was detected in the instrument’s field of view (2 × 8 mm), which was 
positioned centrally between the paired regions. The spectrometer and 
illumination were electronically synchronized. The NIR data were ac-
quired using the Matlab software version R2018a (The Mathworks, Inc., 
MA, USA). 

The NIR interactance instrument was used to assess the penetration 
depth of the light through the watermelon’s rind and through its red 
flesh. To achieve this, one of the 20 watermelons was used to take a 
spectrum from two squares, one of rind and red flesh and the other one 
only of red flesh, which measured 80 × 80 mm and 15 mm deep. After 
that, these squares were placed upon a block of coconut fat measuring 
80 × 80 × 40 mm, and spectra were recorded slicing the squares grad-
ually thinner from the underside, i.e., from a depth of 15–1 mm, taking 
off a 2 mm slice each time. Finally, a spectrum of the coconut fat was 
also recorded. Coconut fat was used as a contrast in these studies given 
the great difference between watermelon and coconut fat spectral sig-
natures, as proposed in an experiment carried out by Wold et al. (2021). 

Next, NIR spectra were acquired from 5 different measurement 
points on the surface of the intact rind of the remaining 19 watermelons 
to predict the internal SSC of the fruits (19 watermelons × 5 measure-
ment points = 95 measurements). The first three points were taken by 
dividing the peduncle–pistil axis into four segments, so three equidistant 
points could be obtained in that axis, with the second measurement 
placed in the exact equator of the fruit. This distance was used to 
measure the fourth and fifth points on both sides of the second point in 
the equatorial line (Fig. 1B). 

2.3. Reference analysis 

To obtain the reference data to predict the internal SSC of the wa-
termelons using the NIR system, based on the results obtained in the 

Fig. 1. Representation of the illuminated regions (Distance 1 to Distance 5) on the watermelon surface used to acquire the NIR interactance data, and position of the 
field of view of the system (white rectangle between the illuminated areas) (A). Position of the areas measured to predict the internal SSC of the fruits (B). 
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light penetration depth test, a 10 mm-deep portion was taken using a 
precision calliper right under the surface illuminated during the assay. 
The hard green skin was removed from that portion using a potato peeler 
and then it was liquidized using a blender. The juice extracted was 
measured by refractometry using a digital refractometer TS Meter-D 
(Reichert Inc., NY, USA). 

2.4. Multivariate data analysis 

The chemometric treatment of the data was carried out using Matlab 
software. The spectral information obtained with the NIR interactance 
instrument was first linearized and transformed into absorption data as 
log10(1/I), where ‘I’ represents the intensity values of the detected 
signal, and then normalized using standard normal variate (SNV) 
treatment (Barnes et al., 1989). 

For the NIR light penetration study, the multivariate curve resolution 
(MCR) method (Tauler, 1995; De Juan and Tauler, 2021) was used, 
together with the alternating least squares (ALS) algorithm, to estimate 
the relative contributions of watermelon and coconut fat as a function of 
the watermelon slice thickness for the 5 distances used by the system 
(Distance 1 to Distance 5). This method is based on a bilinear decom-
position of the data that can be mathematically written as (De Juan and 
Tauler, 2021):  

D = CST + E,                                                                                      

where ‘D’ is the matrix containing the raw data, ‘C’ is the matrix of the 
relative intensities, ‘ST’ the matrix of pure spectra and E represents the 
variation unexplained by the model. The dimensions of these matrices 
were D (m × n), C (m × k), S (n × k) and E (m × n), where ‘m’ was the 
number of spectra, ‘n’ the number of variables or spectroscopic wave-
lengths and ‘k’ the number of factors. The matrix of relative intensities 
and the matrix of pure spectra were plotted and interpreted. In addition, 
the matrix of relative intensities was used to assess the contribution of 
the coconut fat and the watermelon in the signal detected by the sensor. 
The percentage of fat signal detected was calculated as a function of the 
scores of the relative intensities’ matrix, taking the score value of the 
pure coconut fat sample and the factor representing the coconut fat 
component as 100 % of fat signal detected. Then, these percentage 
values were plotted for interpretation. 

For the assay to predict the SSC in intact watermelon, a principal 
component analysis (PCA) was first carried out to study the structure 
and variability of the NIR spectra using the Mahalanobis Global distance 
(GH), calculated as GH = D2/f, where ‘D’ is the calculated Mahalanobis 
distance calculated on principal components and ‘f’ the number of fac-
tors used (Walsh et al., 2000). To detect any potential spectral outlier 
samples, the spectra showing GH values over 4 were studied in detail 
and excluded from their respective sets if their removal was justified. 
After that, a characterization of the calibration sets was carried out 
considering the number of samples (N), range, mean, standard deviation 
(SD), and the coefficient of variation (CV), which relates the SD to the 
mean value of the population. Then, in order to evaluate the calibration 
performance of the different distances assessed with the NIR instrument, 
partial least squares regression (PLSR) models were developed (Martens 
and Naes, 1989), including all the samples in the calibration set and 
using segmented cross validation, which is ideal when there are struc-
tures in the data set (Naes et al., 2002) –i.e., in each of the cross vali-
dation passes the SSC of one watermelon (N = 5 measurements) was 
predicted using a model developed with the remaining watermelons in 
the set of samples. The results were assessed considering the coefficient 
of determination for cross validation (R2

cv) and the standard error of 
cross validation (RMSECV) which is defined by: 

RMSECV =

̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅̅
∑N

i=1
(ŷCV,i − yi)

2

N

√
√
√
√
√

where N is the number of samples included in the calibration model, i 
the sample from 1 to N, ̂yCV,i the cross validation predicted value for the i 
sample and yi the measured reference value for the i sample. The 
RMSECV values obtained using the different distances tested were 
compared to find potential differences between them using Fisher’s F 
test (Mark and Workman, 2003; Fearn, 2009). The values for the F 
statistic were calculated as: 

F =
RMSECV2

2

RMSECV1
2  

where RMSECV1 and RMSECV2 are the standard errors of cross valida-
tion of two different models being RMSECV1 < RMSECV2. F is compared 
to Fcritical (1 - P, n1 - 1, n2 - 1) read from the table with P = 0.05 and n - 1 
degrees of freedom, where n1 stands for the number of times the mea-
surement is repeated with method 1 and n2 the number of times the 
measurement is repeated with method 2. If F is higher than Fcritical, the 
two RMSECV values are significantly different. Once the best distance 
was identified, the original set of samples was divided into calibration 
and internal validation sets, including 2 randomly selected watermelons 
(N = 10 measurements) in the internal validation set, with the rest used 
to make the calibration set. A new PLSR calibration model was carried 
out, which was evaluated using the samples included in the internal 
validation set, following the protocol outlined by Windham et al. 
(1989). 

3. Results and discussion 

3.1. Characterization of the NIR data collected 

The NIR spectra collected from the dark and light green parts of the 
watermelon rind and from the red flesh are shown in Fig. 2. Differences 
can be observed between the spectra taken for each of the distances 
tested, with Distance 1 showing the lowest attenuations and thus, the 
highest intensities captured by the sensor. This was to be expected, given 
the shorter path the light had to travel through the watermelon. The 
signal intensity decreased from Distance 1 to Distance 5 and, conse-
quently, greater attenuations can be observed between the different 
distances. It is important to note the weak attenuation increase from 
Distance 4 to Distance 5 in the assays carried out in the watermelon rind 
(Fig. 2A and B) and red flesh (Fig. 2C). This could be due to non-linear 
changes in the attenuation related to the long distance the light travels 
from the illuminated areas in Distance 5 to the field of view (FOV) of the 
instrument (Wold et al. 2021). It is well known that deviations from 
linearity in Beer-Lambert-Bouguer’s law can occur as, for example, in 
the cases in which the concentrations of the analytes are extremely high, 
the medium is highly scattering or the deviations depending on the 
thickness of the length travelled by the light (Mayerhöfer et al. 2020; 
Mamouei et al. 2021). In this sense, Dahm and Dahm (2001) indicated 
that the linear absorption coefficient of the sample is dependent on the 
actual distance that the light travels through a sample. Moreover, 
Mayerhöfer et al. (2020) reported that the received reflectance signal 
after the light interaction with the matter is dependent on the layer 
thickness; they highlight that absorbance may not only increase linearly 
with thickness, but it could even decrease, as appears to occur in this 
case. 

No differences can be seen between the spectral curves of the two 
assays carried out in the dark and light green areas of watermelon rind 
(Fig. 2A and B). Nevertheless, when the measurements were carried out 
in the red flesh of the fruit, a greater signal intensity was collected 
compared to the assays carried out in the rind, as can be seen in Fig. 2C, 
where the attenuation values were lower for the 5 distances tested. The 
light in the assays carried out in the rind travelled through the rind 
twice: first in the illuminated area and back again in the FOV to reach 
the detector of the instrument, which involves a greater loss of light 
when compared with the assays carried out in the red flesh. 
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3.2. Assessment of the penetration of the NIR light through the 
watermelon rind and red flesh 

The SNV normalized NIR spectra taken from the watermelon without 
the block of coconut fat, from the watermelon slices of different thick-
nesses placed on top of the coconut fat block, and from the coconut fat 
block itself, were studied to spot the differences in their spectral curves. 
An example is shown in Fig. 3 taking the data of the assay carried out 
using the red flesh at Distance 4 of the instrument. A distinctive peak of 
the coconut fat block can be seen at 930 nm in the coconut fat spectrum 
and in some of the spectra of the watermelon slices with different 
thicknesses: the thicker the watermelon slice, the more difficult it is to 
spot that peak. 

Two factors were used in the MCR-ALS model, since the two com-
ponents analyzed in the mixture were the watermelon and the coconut 
fat. The bilinear decomposition of the original data matrix enabled to 
obtain the matrix of relative intensities and the matrix of pure spectra, as 
can be seen in the example shown in Fig. 4A and B, respectively, ob-
tained using the data taken from the light green area of watermelon rind 
at Distance 4 of the instrument. The two factors used in the MCR-ALS 
model can be identified in the loadings of the pure spectra matrix 
(Fig. 4B), showing factor 1 and factor 2 curves very close to the pure 
components’ spectral signatures, i.e., watermelon and coconut fat, 
respectively. Consequently, the scores obtained in the matrix of relative 
intensities (Fig. 4A) show, for example, for the coconut fat sample, 
values close to 0 for factor 1 and higher values for factor 2. 

Fig. 5 A shows the percentage of fat signal, calculated as a function of 
the scores from the matrix of relative intensities, using the data of the 
assay with the spectral information from the light green area of the 
watermelon’s rind. As can be seen, a total of around 60 % of the signal 
belonged to the coconut fat when the watermelon slice was 1 mm deep 

Fig. 2. Attenuation values of the spectra taken from the dark (A) and light (B) green parts of the watermelon rind and the flesh (C), with the 5 different distances used 
by the NIR instrument. 

Fig. 3. SNV pre-treated data of the assay carried out using the watermelon red 
flesh, with Distance 4 of the NIR interactance instrument. 
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for all the distances. The thicker the slice, the lower the percentage of 
coconut fat detected by the sensor. For Distance 1, the percentage of 
coconut fat detected was close to 0 % at a depth of 7 mm, while for 
Distance 4 and Distance 5 the percentages of coconut fat detected were 
close to 0 % when the slice was thicker than 9 mm and 11 mm, 
respectively. Consequently, it is important to consider the position of the 
illuminated areas and the FOV of the instrument when carrying out NIR 
interactance tests, in order to adjust the intensity level of the signal 
captured and the amount of product sampled by the light travelling 
through it. When the assays were carried out using the spectral infor-
mation from the light and dark green areas of the rind, no great differ-
ences could be seen in terms of the percentage of coconut fat captured 
(Fig. 5B). Nevertheless, a clear difference could be observed when the 
assays carried out in the rind were compared with those with the red 
flesh. In the latter case, there was a higher percentage of coconut fat 
signal captured in the slices from 1 mm to 9 mm (Fig. 5B). This could be 
explained by the greater amount of light absorbed by the watermelon 
rind compared to the red flesh, which makes it difficult to obtain in-
formation from deeper in the watermelon. However, as in the assays 
carried out in the rind, the percentage of fat signal captured was close to 
0 % when the slice was thicker than 11 mm using Distance 4. 

It is important to note that these results may differ if other experi-
mental designs are considered or other instrument with different optical 
configurations are used. Consequently, the results obtained in this work 
were compared with similar studies aiming at the assessment of NIR 
light penetration in other thick rind fruit. Xu et al. (2018) measured the 

penetration of NIR light in the range 720–880 nm through the rind of 
‘Hami’ melons, placing the light source and the detectors in contact with 
the sample at different distances (10, 20 and 30 mm). These authors also 
reported an increase in penetration depth, with an increased distance 
between the light source and the detector and indicated that the light 
can penetrate in melons from 11 mm (using a 10 mm distance between 
the light source and the detector) to 21 mm deep (using a 30 mm dis-
tance). It is important to note that the maximum penetration distances 
reported by these authors differ from that obtained in this study, due to 
the differences in the design of the experiments (i.e., the light source and 
the detector were not in contact with the sample), the spectral range 
used, and the characteristics of the samples analyzed. 

3.3. Prediction of the SSC in intact watermelons using the PLSR method 

The PCA of the spectral data acquired for each of the 5 distances 
assessed in this study revealed no spectral outliers from any of the 5 sets. 
Consequently, the 5 sets of samples used to develop the calibration 
models showed the same values for the SSC mean = 3.9 %, range 
= 2.5–5.9 %, SD = 0.8 % and CV = 20.5 %. Due to the fact that the 

Fig. 4. Relative intensities (A) and pure spectra (B) matrices from the MCR-ALS 
model using the data taken from the light green area of the watermelon rind 
using Distance 4. WM = Watermelon; CF = coconut fat. 

Fig. 5. Percentage of coconut fat signal captured in the assays carried out 
taking the information from the light green areas of watermelon rind consid-
ering the 5 distances tested (A), and from the light and dark green areas of the 
watermelon rind and red flesh using Distance 4 (B). WM = Watermelon; CF 
= coconut fat. 
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reference SSC values were taken from a portion of a 10 mm-deep sample 
(from the outer part of the watermelon removing the rind), the 
maximum value of SSC obtained was lower than 6 %. It must be high-
lighted that the sugar content in the pulp of this fruit varies from the rind 
to the center (Lammertyn et al., 2000; Magwaza and Opara, 2015), and 
the central part in general has a greater SSC compared to the outer parts 
of the pulp close to the rind. 

Table 1 shows the segmented cross validation results for the models 
developed for each of the 5 distances tested. As can be seen from the 
RMSECV, the prediction ability of the models increased from Distance 1 
to Distance 4. As the light traveled further, thus permitting a deeper 
optical sampling with Distance 4 compared to Distance 1, 2 and 3, a 
greater portion of the watermelon piece used to obtain the reference 
data was sampled. The results obtained with Distance 5 showed the 
greatest RMSECV, which is most likely due to the greater attenuation 
taking place when using that distance and thus the weak signal intensity 
received in that case. Fisher’s F test only showed significant differences 
between RMSECV values for Distance 4 vs Distance 1 and 5 (Table 1). 
Distance 4 was selected as the optimal configuration for the quantifi-
cation of the SSC content in intact watermelons using this NIR inter-
actance instrument since the lowest RMSECV values were obtained for 
that distance. In addition, a lower number of latent variables (LVs) were 
needed for Distance 4 as compared to Distance 2 and Distance 5, which 
could indicate the greater difficulty involved in modeling the correlation 
between the NIR data and the reference SSC in the latter case. The lowest 
number of components was obtained for Distance 1, albeit with a poor 
correlation between the spectral and reference data, and therefore, the 
corresponding cross validation results were not good. Wold et al. (2021) 
also reported Distance 4 as the optimum configuration for monitoring 
the dry matter content of intact potatoes using the same NIR prototype 
system. 

The Distance 4 set of samples was split into calibration and internal 
validation sets, whose characterization is shown in Table 2. The cross 
validation results shown in Fig. 6A (R2

cv = 0.73; RMSECV = 0.39 %) 
showed a good fit to the PLSR model (Shenk and Westerhaus, 1996; 
Williams, 2001). The regression coefficients plot in the PLSR model 
(Fig. 7) shows peaks at around 778 nm and 980 nm, which can be 
related to the sugar OH stretching vibrations groups, while the peak at 
913 nm corresponds to the third overtone associated to CH stretching, 
which, in turn, is related to the presence of carbohydrates (Osborne 
et al., 1993; Golic et al., 2003; Shenk et al., 2008; Bantadjan et al., 
2020). When the model was validated using the samples not included in 
the calibration set, the SSC of those samples was predicted accurately 
(Fig. 6B), obtaining an R2

p = 0.81 and an RMSEP of 0.30 %. The R2
p value 

(R2
p > 0.6), slope (0.9 < slope < 1.1), the RMSEP(c) (RMSEP(c) 

< 1.30 × RMSEC), the bias (bias < ± 0.6 × RMSEC) and the mean and 
SD values of the NIRS predictions (the mean and SD values corre-
sponding to the reference and NIRS predicted values should not differ by 
more than 20 %) met the requirements established in the protocol 

established by Windham et al. (1989). It is important to note that good 
results were obtained despite the heterogeneity of watermelon included 
in this study, since the fruits were purchased from the Norwegian gro-
cery market from August to November 2022, presented different shapes 
and sizes and were imported from different countries such as Brazil and 
Spain. 

Similar studies have been carried out to measure the SSC in intact 
watermelons using NIR techniques, such as those performed by Flores 
et al. (2008) and Vega-Castellote et al. (2022), who worked with NIR 
instruments in the 400–1700 nm and 908–1676 nm ranges, respec-
tively. These authors reported poorer prediction results than those ob-
tained in this study. Nevertheless, when interpreting these results, it 
should be considered the fact that the spectral information in both 
research papers was taken in reflectance mode and from the outer part of 
the intact fruit (i.e., from the rind), whereas the SSC reference data were 
taken from different portions of the pulp of the fruit. This mismatch 
makes it difficult to find a good correlation between the NIRS data ac-
quired from the outer part of the fruit and the reference SSC values, also 
considering the SSC gradients that exist in the watermelon pulp. 

4. Conclusions 

The current study shows that the penetration depth of the NIR light is 
highly dependent on the chosen distance between the source of light and 
the FOV of the instrument, obtaining a maximum penetration of 
approximately 7 mm when the shortest distance is used (Distance 1), 
and approximately 9 and 11 mm when Distance 4 and Distance 5 are 
used, respectively. When the penetration of light in the red flesh of the 
fruit was assessed, a stronger signal emerging from the coconut fat 
placed underneath the watermelon flesh in the slices from 1 mm to 
9 mm was observed, where a maximum penetration of approximately 
11 mm was obtained. 

When the predictive capacity of the models developed using the 
different distances tested were compared, it was clear that the optical 
sampling, when taking the spectral data, and the captured intensity were 
of maximum importance. The results obtained when Distance 4 was used 
reported the best results for the determination of the SSC (%) obtaining 
an R2

cv = 0.73 and RMSECV = 0.39 % and an R2
p = 0.81 and RMSEP 

= 0.30 % when the set of data for that distance was split into calibration 
and internal validation sets. Distance 4 was therefore selected as the 
optimum configuration for the NIR system when working with intact 
watermelons. In general, the results demonstrate that the accuracy of 
the calibration models depends significantly on the optical measurement 
geometry. Such instrument optimization is crucial when measuring 
complex heterogeneous samples using NIR-based systems. 
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