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Introduction
The quality and texture of fruits represent a real chal-

lenge in terms of breeding selection for the production, 
post-harvest itineraries and in terms of commercial value. 
The physicochemical criteria such as sugar or acid and those 
describing the texture in the mouth are the main parame-
ters for understanding consumers’ preference (Tijskens and 
Evelo, 1994; Batu, 2004). Batu (2004) suggested minimum 
firmness values of two tomato cultivars (‘Liberto’ and ‘Cri-
terium’) for market and at home stage. These minimum lev-
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 Summary
Textural properties of fruit and vegetable remain a 

key information in postharvest supply chains. Indeed, 
the ability of a given fruit or vegetable to be trans-
ported, stored or appreciated by a given consumer 
segment is strongly related to texture. Today, textur-
al characterization and measurement with aiming at 
deciding the post-harvest life of a fruit or vegetable is 
for far a current and future research topic.

In the present study, local and global elasticity and 
SSC of two cherry tomato varieties and a grape tomato 
let in shelf-life for two weeks have been monitored. 
Local elasticity has been measured by using pene-
trometry while global elasticity has been assessed by 
analyzing uniaxial compression test. Fruit were sub-
jected to non-destructive FT-NIR measurements and 
prediction models of texture have been performed by 
using a PLS regression and wavenumber selections.

Promising results have been obtained for several 
parameters allowing to measure local or global tex-
tural properties. R2-values ranged from 0.70 to 0.97 
and RPD-values from 1.8 to 6.1.

The development of a non-destructive and rapid 
method for measuring fruit texture, with particu-
lar regard on fruit elasticity, is promising because it 
could be helpful to better understand the potential 
of tomato varieties shelf-life in post-harvest stages. 
Also, the texture parameters predicted by NIR spec-
troscopy can be related to skin or/and flesh proper-
ties, giving the possibility to non-destructively follow 
the texture changes at tissue level. However, further 
development is required to consolidate the chemom-
etric models by adding more variability (genetic, cul-
tural practices, post-harvest).

Keywords
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Significance of this study
What is already known on this subject?
• Texture is a key factor for tomato quality and 

consumers’ preferences. Firmness has been shown 
to be significant to evaluate tomato maturity and 
some studies showed the possibility to predict 
firmness values by Near-infrared spectroscopy and 
chemometrics.

What are the new findings?
• The present study proposes a multi-parameter 

approach of texture analysis by using two mechanical 
tests giving orthogonal information. Such information 
allowed to differentiate texture at skin and flesh levels 
and variability due to variety or shelf-life exposure. 
Some of the described texture parameters can be 
predicted by non-destructive FT-NIR spectroscopy and 
chemometrics.

What is the expected impact on horticulture?
• Since the FT-NIR measurements are non-destructive, 

the method could allow to measure larger batches 
of fruits compared to traditional methods of texture 
measurements. In this way, texture properties could 
be more easily implemented 1) in breeding programs 
aiming at creating new tomato varieties based on 
texture characteristics (thousands analyses); 2) in a 
postharvest research institute because the method 
gives the possibility to follow the texture of a single 
fruit over time; and 3) for quality control of fresh fruit 
and vegetables at any step of the supply chain.

els of firmness have been obtained by correlation between 
evaluation of tomato firmness and acceptability by a trained 
panelist (sensory analysis) and the values obtained from a 
texture analyzer. Values of 1.45 and 1.46 N mm-1 were de-
fined for marketable ‘Liberto’ and ‘Criterium’ tomato. From 
consumer point of view, the firmness of these two tomato 
cultivars should be higher than 1.28 and 1.22 N mm-1. Such 
values are very useful in practice but are dependent on the 
cultivars and the parameters used to perform the texture 
analyses. Also, the texture helps to better understand the vi-
ability of the fruit after harvest (Albaloushi, 2013). During 
this critical period, the fruit can be damaged, rendering it 
unfit for consumption. Albaloushi (2013) analyzed the rheo-
logical behavior of tomato under fixed loads with taking into 
account the fruit temperature and orientation. The author 
advises to package the tomatoes in the longitudinal position 
because less deformation occurs when a load is applied to 
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the fruit. Fruit flesh and skin properties can affect the textur-
al properties. Studies carried out on apple showed high cor-
relations between sensory descriptors and parameters com-
puted from penetrometry and compression curves. Some 
descriptors, such as touch resistance, chewiness or fondant, 
are strongly correlated with penetrometry, meaning that the 
skin has a significant role in the appreciation of the texture 
(Mehinagic et al., 2003). Other sensory descriptors, such as 
juiciness and mealiness, are strongly correlated to compres-
sion test, meaning the fruit flesh has also a relevant role in 
the appreciation of fruit texture (Mehinagic et al., 2004).

These settings are mainly studied by destructive tech-
niques. The texture is measured by different tests such as 
compression and penetrometry leading to force/displace-
ment or force/time digitized curves. The mechanical prop-
erties of fruit are then computed from these curves. Kabas 
and Ozmerzi (2008) extracted parameters from force/de-
formation curves of a compression test performed on cherry 
tomatoes. These parameters were related to rupture force, 
deformation energy, specific deformation and modulus of 
elasticity. These mechanical properties were significantly 
different between three varieties (‘Mosaica F1’, ‘Zucchero F1’ 
and ‘1018 F1’). Wu and Abbott (2002) studied the flesh tex-
ture of tomato slices. The approach used the maximal force 
needed to penetrate the flesh until 3 mm depth and then by 
measuring the relaxation forces during the 10 following sec-
onds. Finally, the authors developed a model aiming at pre-
dicting the force-value during the relaxation stage.

Analyzes of fruit quality and texture are time- and labor 
consuming. To meet the needs of the sector (agri-food chain), 
it is necessary to consider new efficient and non-destruc-
tive methods aiming at measuring fruit texture. Near-infra-
red spectroscopy, in reflection mode, is a non-destructive 
method booming in recent years for measuring quality of 
food products. Studies have already managed to prove the 
effectiveness of this method for the measurement of certain 
quality or texture parameters (Liu and Ying, 2005; Nicolaï et 
al., 2007; Camps and Christen, 2009a, 2009b; Flores et al., 
2009). Several models have been carried out to determine 
the soluble solids content (SSC) in fruit. Liu and Ying (2005) 
predicted the SSC with an accuracy of about 1 °Brix in apple 
and Camps and Christen (2009a, 2009b) with an accuracy of 
about 0.8–1.4 °Brix in apricot. Others models of prediction 
of SSC in fruit can be consulted in the review of Nicolaï et 
al. (2007). Concerning tomato, studies of Flores et al. (2009) 
predicted SSC with an accuracy of 0.74 °Brix. Prediction of 
texture by NIR spectroscopy has been scarcely studied. Most 
published studies aim at predicting a single firmness value. 
Models of predictions of firmness were carried out for sever-
al fruit with an accuracy of 5.9–8.8 N for apple (Bobelyn et al., 
2009), 3% to 24% for apricot (Camps and Christen, 2009a, 
2009b). Concerning tomato, a study published by Khuriya-
ti et al. (2004) predicted the fruit firmness with R2-values 
of 0.90–0.96 and RPD-values of 3.19–5.05. Such RPD-value 
means that the ratio of standard deviation of firmness values 
is 3 to 5 fold higher than the root mean square error of the 
model, the model can be considered as good and available for 
quality control. To reach such a level of prediction, the author 
collected 6 NIR spectra per fruit on the equatorial side. Then, 
the average spectra per fruit were used to modelling. In a 
study using a portable NIR spectrometer, Camps et al. (2012) 
obtained a R-value of 0.88 and a root mean square error of 
5.9 durofel index. In this last study the authors used only 5 
latent variables (LV), minimizing an over-fitting of the model. 
In the same trend, Clement et al. (2008) obtained R-values in 

the vicinity of 0.87 to predict tomato firmness with a Vis-NIR 
spectrometer. Recently, Ecarnot et al. (2013) used a portable 
NIR device to predict tomato firmness and develop a rapid 
phenotyping method. The author obtained R-value in the vi-
cinity of 0.88.

The recent works aiming at predicting tomato firmness 
reached similar performances in term of R-values. A limit of 
such method is the monofactorial information given by the 
firmness measurement while phenomena underlying tex-
ture changes in fruit and vegetables are multifactorial. In the 
present study, texture of tomato has been characterized by 
two mechanical tests, each one being characterized by sev-
eral parameters. Such parameters could potentially give cor-
related or orthogonal information helpful to describe fruits 
with different textures. Furthermore, among the two texture 
tests, the first one (penetrometry) is more likely informative 
on tomato skin properties while the second one (compres-
sion) is only informative on the flesh properties.

Thus, the aim of this study was to investigate the pos-
sibility to non-destructively predict the texture of tomato 
(multi-parameter) by near-infrared spectroscopy. The vari-
ability of textural properties of the tomatoes has been ob-
tained by analyzing different varieties and by a shelflife ex-
posure of one variety during two weeks.

Materials and methods

Tomato fruits
Three tomato varieties have been used in the present 

study. Two experiments have been performed:
a) A tomato grape (GT), variety ‘Endeavour’ (Rijk Zwaan, 

Germany), has been subjected to a 2-weeks period of 
shelf life storage. Tomato were analyzed at harvest 
(n = 30) and after 7 days (n = 30) and 14 days (n = 30) of 
shelf life exposure. In the present case, a shelf life expo-
sure corresponds to a period during which the fruit is left 
at a temperature representative of a supermarket display 
or a private kitchen. Thus, the tomatoes were exposed to 
a temperature of 20°C ± 1°C.

b) A tomato grape “GT” variety ‘Endeavour’ (Rijk Zwaan, 
Germany) (n = 30), a red cherry type tomato “RC” (Lyco-
persicon lycopersicum, Zollinger, CH-1897 Les Evouettes, 
Switzerland) (n = 30) and a black cherry type tomato 
“BC” (Solanum lycopersicum, Zollinger, CH-1897 Les 
Evouettes, Switzerland) (n = 30) tomato were analyzed 
the day after the harvest. During the night, the fruit were 
stored at ambient temperature (20°C).
‘Endeavour’ variety is the most produced and sold toma-

to grape in Switzerland. Red and black cherry tomatoes are 
the main cherry tomato sold on Swiss market. All tomatoes 
used in the present study were grown in a Venlo type green-
house of 360 m2 area of the research station Agroscope (CH-
1964 Conthey, Switzerland). Tomato were sowed the 2nd Feb-
ruary 2014, planted in greenhouse the 26th February 2014, 
and harvested for analyses during summer 2014.

Quality analyses
Soluble solids content have been measured on each 

tomato fruit by using a digital refractometer (Reichert r2mini 
Digital Pocket Refractometer, USA) and the results expressed 
in %Brix. Titratable acidity (TA) was determined by titration 
up to pH 8.1 with 0.1 N NaOH by using a titrator (Metrohm, 
719S, Titrino, Switzerland). The results were expressed in 
meq 100 g-1 of fresh weight.
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Texture analyses
Two tests aiming at measuring the textural properties of 

tomatoes have been performed on each fruit. First, fruit were 
subjected to a puncture test (penetrometry), and secondly, 
the fruit were subjected to a uniaxial compression test.

Penetrometry has been performed using a texture anal-
yser (QTS 25 Texture Analyser, Brookfield, UK) fitted with a 
2 mm probe. The probe was moved from the surface of the 
fruit to a depth of 10 mm at a speed of 10 mm s-1. The test has 
been carried out on the equatorial side of the tomato. Five 
numerical values (texture parameters) were computed from 
the force/displacement curves as described by Camps et al. 
(2005). FP is the force measured at skin failure, DP is the dis-
placement of the needle probe at FP and FINT is the average 
force of the plateau after skin failure (Figure 1). FINT deter-
mines the tomato flesh shearing.

EP and WP are calculated according to the Equations 1 and 
2. EP is the experimental modulus of elasticity and WP is the 
mechanical work needed to reach FP (skin failure).
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test	took	place	on	the	equatorial	side	of	the	fruit	(the	fruit	was	rotated	by	90°	with	respect	
to	the	measurement	of	penetrometry).	After	reaching	the	5%	deformation,	the	force	(FC)	is	
maintained	during	60	seconds.	Six	numerical	values	(texture	parameters)	were	computed	
from	the	force/time	curves	(Figure	2).	FC	is	the	force	measured	at	5%	deformation	of	the	
fruit,	DC	is	the	displacement	of	the	compression	probe	at	FC,	EC	is	the	experimental	modulus	
of	elasticity	(Equation	3),	WC	is	the	mechanical	work	needed	to	reach	FC	(Equation	4),	FR	is	
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FT-NIR	analyses	and	chemometrics	

Near-infrared	spectra	were	collected	on	whole	fruit	by	using	a	Fourier	transform	near-
infrared	spectrometer	 (MPA,	FT-NIR,	Bruker,	Germany).	Tomatoes	were	positioned	on	an	
auto	sampler	for	up	to	30	samples	and	two	spectra	per	fruit	were	recorded.	A	spectra	is	the	
average	of	32	scans	between	12,500	cm-1	and	4,000	cm-1.	Collected	spectra	were	gathered	
in	a	matrix	X(n,p)	were	n	is	the	number	of	spectra	and	p	the	number	of	wavenumber	steps.	
Reference	data	were	 gathered	 in	 column	vectors	y(n,1)	were	n	 is	 the	number	 of	 analysed	
samples.	

Chemometric	 modelling	 have	 been	 performed	 with	 the	 OPUS	 software	 (Bruker,	
Germany).	 Several	 spectra	pre-treatments	 and	 combination	of	wavenumber	 ranges	were	
tested	and	the	optimal	number	of	latent	variables	(LV)	to	be	introduced	in	model	selected.	
The	optimal	number	of	LV	has	been	determined	in	order	to	limit	the	over-fitting	phenomena	
of	the	models	(Camps	et	al.,	2014a).	Partial	least	square	regressions	(PLS)	were	carried	out	
to	perform	linear	models	of	prediction	between	spectral	data	and	the	reference	values.	The	
models	were	built	using	a	calibration	and	a	cross-validation	procedure	(leave-one-out).	The	
goodness	of	the	models	has	been	evaluated	according	the	calculated	R2,	RMSE,	RPD,	bias-
values	(Camps	et	al.,	2014b).	RPD	is	the	ratio	performance	to	deviation,	it	allows	to	define	
the	level	of	performance	of	a	model	by	comparing	the	RMSE	with	the	standard	deviation	of	
the	 reference	 data	 (Equation	 6).	 Concretely,	 the	 error	 of	 the	 model	 is	 compared	 to	 the	
standard	deviation	(SD)	of	reference	values.	
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Soluble	solids	content	and	texture	of	tomato	

Values	of	tomato	quality	and	texture	have	been	summarized	in	Table	1.	The	aim	of	the	
two	 experiments	was	 to	 obtain	 enough	 variability	 in	 quality	 and	 texture	 values	 to	 build	
predictive	 models	 based	 on	 near-infrared	 data.	 Shelf-life	 exposure	 of	 tomato	 grape	
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Figure 1. Force/displacement curve obtained by penetrom-
etry processed on whole tomato fruit. EP (g mm-1): Experi-
mental Young modulus or stiffness; FP (g): Maximal force at 
failure point; DP (mm): Displacement at failure point; 
WP (g mm): mechanical work needed to reach failure point; 
Fint (g): Average values of the forces measured after failure 
point, the Flesh shearing.

Figure 2.  Force/time curve obtained by compression test 
processed on whole tomato fruit. EC (g s-1): Experimental 
Young modulus or stiffness; FC (g): Force needed to reach 5% 
deformation of fruit; DC (mm): Displacement corresponding 
to 5% deformation; WC (g s): Mechanical work needed to 
reach the 5% deformation; FR (g): Average force value during 
static phase of the test and corresponding to the horizontal 
plateau of the force/time curve; ∆F (g): Difference between 
FC and FR.
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Results

Soluble solids content and texture of tomato
Values of tomato quality and texture have been 

summarized in Table 1. The aim of the two experiments was 
to obtain enough variability in quality and texture values to 
build predictive models based on near-infrared data. Shelf-
life exposure of tomato grape ‘Endeavour’ (GT) allowed to 
obtain significant differences for titratable acidity and texture 
values from compression test. Values from penetrometry 
were not significant along the shelf-life exposure, excepted 
of FP. 

Comparison between tomato varieties allowed obtaining 
significant difference for all measured parameters. Contrary 

to shelf-life experiment, SSC-values were significantly 
different between varieties (range from 3.99 to 7.33 %Brix). 
Penetrometry and compression allowed to discriminate 
varieties. GT presented lowest values of SSC and TA and 
highest values of overall mechanical properties. GT Flesh 
shearing (FINT) is the lowest while those of elasticity are 
greater than those of the other two varieties.

Spectral collection
Two spectra collections have been carried out. The first 

one gathered the spectra of shelf-life experiment of the GT 
over the three storage durations (0, 7 and 14 days). This col-
lection has been recorded in a rectangular matrix Xn,p were 
n (n = 190) is the number of spectra and p (p = 1,050) the 

Table 1.  Values of tomato quality and texture during storage in shelf life (left part of the table) and Values of three tomato 
varieties (right part of the table). GT: Grape tomato; CR: cherry red tomato; CB: cherry black tomato; SSC: soluble solids 
content; TA: total acidity.

Parameter
Shelf-life experiment

p-value
Tomato varieties

p-value
Day 0 Day 7 Day 14 GT CR CB

SSC (°Brix) 3.99a 3.98a 3.87a 0.103ns 3.99d 6.9b 7.33a <0.0001
TA (meq. 100 g-1 FW) 7.12a 5.43b 4.58c <0.0001 7.12c 10.07b 11.59a <0.0001
SSC/TA (no unit) 0.58c 0.74b 0.85a <0.0001 0.58b 0.62ab 0.65a 0.046

Pe
ne

tro
me

try

FP (g) 530.50a 520.50a 447.11b <0.05 530.5a 340.07c 391.53bc <0.0001
EP (g mm-1) 197.99a 199.25a 203.85a 0.960ns 197.99a 19.66c 13.11c <0.0001
WP (g mm) 1612.00a 1556.98a 1515.71a 0.384ns 1612c 4735.1b 5736.44a <0.0001
DP (mm) 4.18a 4.09a 3.92a 0.295ns 4.18c 5.19b 6.01a <0.0001
Fint (g) 59.47a 64.93a 62.41a 0.719ns 59.47b 137.58a 126.79a <0.0001

Co
mp

re
ss

ion

Fc (g) 834.27ab 897.67a 773.89b 0.001 834.27a 153.57b 152.97b <0.0001
Ec (g s-1) 177.33a 110.97b 81.73c <0.0001 177.33a 90.08b 66.32c <0.0001
Wc (g s) 43182.80ab 47333.39a 39752.57b 0.001 43182.8a 7317.18b 7721.63b <0.0001
Dc (mm) 3.12a 3.11a 3.17a 0.099ns 3.12a 1.65b 1.64b <0.0001
FR (g) 615.53ab 655.41a 560.32b 0.001 615.53a 107.59b 114.09b <0.0001
∆F (g) 218.74b 242.26a 213.57b <0.05 834.27a 153.57b 152.97b <0.0001

ANOVA and mean comparison with Tukey’s post hoc test at a threshold of 5%.

Figure 3.  Determination of optimal number of factorial scores to be introduced in FDA. Plot of the Percent of correctly 
classified individuals as a function of introduced factorial scores. Varietal (A) and storage duration (B) comparisons.
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Figure 4.  Factorial maps according the first two factorial scores from FDA. Varietal (A) and storage duration (B) comparisons.

Figure 5.  Correlation of the first two factorial scores of FDA with absorbance at each wavenumber. Varietal (A) and storage 
duration (B) comparisons.
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number of wavenumber steps. The second collection gath-
ered spectra of the three tomato varieties (GT, BC and RC). 
This second collection has also been recorded in a matrix Xn,p 
with n = 190 and p = 1050. A preliminary analysis of each X 
matrix has been performed to evaluate the FT-NIR spectra 
to discriminate the three tomato varieties and the three du-
ration of storage of GT. Such analyses have been performed 
by using a modified factorial discriminant analysis FDA  
(Bertrand et al., 1990).

In a first step, the optimal number of factorial scores has 
been determined for each spectral collection. To assess this 
optimal number, a FDA has been performed with using all 
factorial scores available. Such an approach creates a volun-
tary over-fitting phenomenon. Then, the percent of individ-
uals correctly classified in FDA (either the varieties or the 
storage durations) has been plotted as a function of the facto-
rial score introduced (Figure 3). Finally, 9 and 10 dimensions 
have been selected to FDAs applied to varietal and duration 
of storage discriminations, respectively.

Factorial maps of the FDAs (Figure 4) allows visualizing 
the data distributions according to the first factorial scores. 
Varieties have been discriminated at more than 98% while 

fruits were discriminated at about 95% according to the 
storage duration.

In order to obtain the most relevant wavenumbers im-
plied in the discriminations of fruits, the correlation between 
factorial scores of FDAs and absorbencies of fruits at each 
wavenumber have been calculated. The result has been plot-
ted for the first two factorial scores (Figure 5).

FT-NIR prediction of SSC, TA and texture
PLS-values of quality and texture models have been gath-

ered in Table 2. The prediction of SSC is correct with R2 and 
RMSECV values of 0.93 and 0.37 %Brix, respectively. In the 
same way, the prediction of TA presented promising PLS-val-
ues. About texture, prediction levels of values from pene-
trometry were variables with R2-value comprised between 
0.72 (DP) and 0.92 (WP). In term of ratio of performance to 
deviation (RPD), values ranged from 1.9 to 3.65. Predictions 
of values from compression test were globally higher than 
those of penetrometry. R2-values ranged from 0.85 to 0.97 
and RPD-values ranged from 2.71 to 6.08. Figure 6 presents 
the actual values versus the predicted values of SSC and three 
parameters of texture. SSC data present a continuum be-

Table 2.  Values of PLS regression models. LV: number of latent variables introduced in the PLS model; R2: coefficient of 
determination; RMSEC: root mean square error of calibration; RMSECV: root mean square error of cross validation; RPD: 
ration performance to deviation; SSC: soluble solids content; TA: titratable acidity.

Parameters LV
Calibration Cross-validation

R2 RMSEC RPD R2 RMSECV RPD Bias

SSC 7 0.87 0.463 2.77 0.93 0.366 3.68 0.0262
TA 8 0.64 0.0551 1.67 0.91 0.646 3.39 -0.143
SSC/TA 7 0.65 0.0765 1.7 0.71 0.0387 1.86 0.00322

Pe
ne

tro
me

try

FP (g) 3 0.52 69.4 1.44 0.87 22.7 2.81 -1.63
EP (g mm-1) 8 0.77 34.1 2.1 0.80 33.3 2.61 17
WP (g mm) 8 0.84 803 2.51 0.92 579 3.5 20.7
DP (mm) 3 0.52 0.739 1.44 0.72 0.509 1.9 -0.0415
Fint (g) 6 0.70 27.2 1.81 0.91 14.2 3.65 -6.43

Co
mp

re
ss

ion

FC (g) 9 0.91 94.9 3.25 0.93 74.1 3.9 -6.1
EC (g s-1) 7 0.83 19.3 2.45 0.85 20.1 2.71 5.46
WC (g s) 9 0.90 4.97*103 3.2 0.96 3.25*103 4.86 221
DC (mm) 10 0.94 0.184 4.15 0.97 0.124 6.08 -0.0083
FR (g) 9 0.89 76.1 2.99 0.95 48.5 4.64 -2.51
∆F (g) 10 0.94 20.1 3.94 0.96 15.1 5.3 -2.73

Figure 6.  Actual vs. predicted values of SSC/TA (A), WP (B), DC (C) and DF (D). White symbols: calibration set, black symbols: 
cross-validation set.
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tween lowest and highest values. About texture, differences 
occurring between varieties and/or ripening stages of toma-
to did not allow obtaining a continuum between lowest and 
highest values. Most of scatter plots present distinct clusters 
of values depending on the variety and/or ripening stage of 
tomatoes. Such data set of values is not optimal for building 
prediction models but it can be considered as promising if 
we consider that other varieties or post-harvest routes could 
enrich the data set and fill the holes between distinct clus-
ters.

Discussion

FT-NIR spectra
Analysis of FT-NIR spectra variability allowed to discrim-

inate the fruits according to the varieties and the duration 
of storage in shelf-life. The level of discrimination was quite 
high with at least 95% of fruit correctly classified. Such re-
sults mean that relevant information are present in spectral 
data to follow the fruit evolution in time or to class the fruit 
according to the variety. Similar results have been reported 
for apple in a previous study (Camps et al., 2007). Wavenum-
bers identified as relevant for discriminating between variet-
ies or durations of storage are related to water bands in the 
vicinity of 950, 1,400 and 1,800 nm (Mc Glone and Kawano, 
1998). In NIR range, most molecular bonds involved are CH, 
OH and NH. Absorbance in the vicinity of 1,400 nm corre-
sponds to the first overtone of OH, absorbance in 1,870–
2,070 nm could be related to OH and NH combinations and 
absorbance beyond 2,200 nm could be related to CH combi-
nations. Absorbance in the vicinity of 2,250 nm for storage 
trial could be related to depolymerization of cell-wall pectins 
which is a classical phenomenon of fruit senescence during 
post-harvest (Yoshioka et al., 1992).

Variability of quality and texture parameters
SSC and TA are the main parameters of tomato quality. 

From harvest to post-harvest itineraries, values of SSC are 
very stable inside a given variety. In this way, using several 
tomato varieties to build a prediction model aiming at 
predicting SSC is an asset. Thus, SSC prediction model of the 
present study mainly relies on variability of the four tested 
varieties.

About texture, penetrometry informs on local or super-
ficial properties of tomato (skin). The parameters computed 
from the force/displacement curve were discriminant be-
tween varieties but slightly discriminant between fruit ex-
posed to shelf-life. Contrary, parameters computed from 
force/time curve of compression test were highly discrimi-
nant between fruit exposed to shelf-life. These parameters 
indicates overall changes at flesh level. Both tests were rel-
evant to discriminate tomato varieties. Thus, while tomato 
varieties can be discriminated from local to global textural 
properties, tomato exposed to shelf-life were essentially 
characterized by global changes. Depending on the factor 
affecting tomato texture, texture can be locally and globally 
impacted. In this way, parameters from penetrometry and 
compression can be considered as complementary.

Near-infrared spectroscopy vs. texture
The aim of the present study was to initiate the modelling 

of tomato quality and texture prediction by FT-NIR and che-
mometric. Results were globally promising, particularly for 
SSC which can be determined with less than 0.4 %Brix error. 

Prediction of parameters from penetrometry gave promis-
ing results compared to previous studies. Sirisomboon et al. 
(2012) predicted tomato FP (R2 = 0.67), DP (R2 = 0.44), WP 
(R2 = 0.12), EP (R2 = 0.62) and Fint (R2 = 0.79) using quite simi-
lar experimental conditions for measuring the texture (probe 
diameter = 2 mm). The predictions presented in the present 
study allowed to improve the results published in 2012. The 
prediction of parameters from compression test can be com-
pared to those obtained by He et al. (2005). In their study, 
He et al. (2005) obtained a R2-value of 0.81 for FC prediction 
while in our experimental conditions a R2-value of 0.93 has 
been obtained. However, few comparisons remain possible 
because of the small number of studies in textural predic-
tion of tomato by FT-NIR spectroscopy. It can be concluded 
that the results of the present study are promising and seem 
to improve the results of previous studies. However, all the 
models presented here have to be consolidated and validated 
before a possible implementation.

A particular improvement has to be taken into account 
about the reference data distribution. Indeed, for some pa-
rameters of texture, values are gathered in small clouds and 
not in a single dot cloud. Such phenomena artificially improve 
the R2-values of models but not really the RMSE-values. The 
discontinuity is particularly strong for some parameters of 
texture such as WP, DC or DF (Figure 6B, C, D). On the contrary, 
SSC/TA is characterized by a continued dot cloud from mini-
mal to maximal values (Figure 6A).

Conclusions
The present study aimed at evaluating the ability of 

predicting tomato texture and quality by non-destructive 
FT-NIR spectroscopy. First results showed that soluble 
solids content can be accurately predicted on entire fruit 
with RMSECV of about 0.4 %Brix. Also, results of texture 
prediction were promising with R2-values in the vicinity of 
0.7–0.97 for most of parameters. However, further trials will 
be necessary to enrich the data set from texture point of view 
and consolidate the chemometric models.
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