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A b s t r a c t. Processing tomato production represents an 
important part of the total production of processed vegetables in the 
world. The quality characteristics of processing tomato, important 
for the food industry, are soluble solids content and antioxidant 
content (such as lycopene and polyphenols) of the fruit. Analytical 
quantification of these components is destructive, time and labour 
consuming. That is why researchers try to develop a non-destructive 
and rapid method to assess those quality parameters. The pre- 
sent study reports the suitability of a portable handheld visible 
near infrared spectrometer to predict soluble solids, lycopene 
and polyphenol content of tomato fruit puree. Spectral ranges of 
500-1000 nm were directly acquired on fruit puree of five dif-
ferent tomato varieties using a FieldSpec HandHeld 2™ Portable 
Spectroradiometer. Immediately after spectral measurement, each 
fruit sample was analysed to determine soluble solids, lycopene 
and polyphenol content. Partial least square regressions were car-
ried out to create models of prediction between spectral data and 
the values obtained from the analytical results. The accuracy of 
the predictions was analysed according to the coefficient of deter-
mination value (R2), the root mean square error of calibration/
cross-validation. 

K e y w o r d s: tomato, VIS NIR reflectance, SSC, lycopene, 
polyphenols

INTRODUCTION

Tomato (Lycopersicon esculentum Mill.) is one of 
the most important vegetable food crops of the world 
(FAOSTAT, 2014). The significance of processing toma-
to products is characterized by their high consumption, 
year-round availability and health benefits, due to their anti-
oxidant content, in the prevention of non-communicable 

diseases, and points to a role for plant-derived phyto- 
chemicals in the prevention of heart disease and cancer 
(WHO, 1990).

Processing tomato has a determinate growth habit, 
bush-like canopy and is only cultivated under open field 
production conditions. Economically and technologically 
the most important quality characteristic and the major 
goal of` breeding programs is high soluble solids content  
(SSC) (Grandillo et al., 1999), because of its strong nega-
tive correlation with the energy cost for dehydration during 
the processing (Singh et al., 1980). SSC is a refractometric 
index which specifies the percentage of a given substance, 
in this case dissolved solid constituents, and it is measured 
in °Brix. More than half of tomato fruit SSC is given by 
sugars and acids, additionally it is a representative indicator 
of phenols, amino acids, soluble pectin, citric acid, mine- 
rals and phytonutrients (Beckles, 2012; Helyes et al., 2006). 
The main phytonutrients are carotenoids and polyphe-
nols such as antioxidants which are important nutritional 
benefits of tomato, due to their positive influence in the 
prevention of cardiovascular, bone, and gastrointestinal 
diseases in the human body (Bolca et al., 2013; Lugasi 
et al., 2004). Lycopene, the main carotenoid of tomato 
fruit, is often considered a major factor for cardiovascu-
lar protection in addition to its importance in the reduction 
of oxidative stress active substance (Abete et al., 2013). 
Concentration of lycopene is not homogeneous inside fruits 
of traditional processing tomatoes, being the highest in the 
peel, lower in the fruit wall and placenta and the lowest in 
the seed (Toor and Savage, 2005).
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The total quantity of flavonoids and phenolic acids is 
often considered as an important quality index of process-
ing tomato (Pék et al., 2014). The beneficial influence of 
polyphenols came to light when vitamin C was discovered 
(Figueirinha et al., 2008). In relation to epidemiological 
examinations, it is certain that they provide a high efficien-
cy preventive function of the human body. In addition, this 
active ingredient group carries the possibility of functional 
food (Canene-Adams et al., 2005).

Analytical quantification of these components is destruc-
tive, time and labour consuming. That is why researchers 
try to develop a non-destructive and rapid method to assess 
the fruit quality. Visible and near infrared (VIS NIR) spec-
troscopy testing has the ability to estimate active ingredient 
content of tomato. This technology is high precision, time 
saving and non-destructive, which could help the determi-
nation of optimal harvesting date and high quality (Xie et 
al., 2008; Ecarnot et al., 2013). There is also evidence that 
spectral properties in mid-infrared (8-13 mm) are strong-
ly correlated with mechanical properties of tomato skin 
(Gładyszewska et al., 2011).

Recent articles frequently analyse the spectral data in 
the context of dry matter content. This definition is cheap 
and quite closely related to the more expensively defined 
phytonutrients. Therefore, we tried to test the methodology 
for lycopene and polyphenols, the two most physiologi-
cally important antioxidant components of tomato. The 
present study reports the suitability of a portable handheld 
VIS-NIR spectrometer to predict SSC, lycopene and poly-
phenol content of tomato fruit puree. 

MATERIALS AND METHODS

Fruits were produced in an open field experiment of 
processing tomato in 2012. This experiment was conducted 
at the Experimental Farm of the Institute of Horticulture 
at Szent István University (47°35′N. 19°21′E), Gödöllő, 
Hungary. Growing technology was the same as our previ-
ous processing tomato experiment (Helyes et al., 2012). 
Five different processing tomato hybrids were planted out: 
Heinz 9663 F1 (H), Triple red F1 (TR), Ug red F1 (UGR), 
Uno Rosso F1 (UR) and Trombolino F1 (ST). Irrigation 
was applied by drip irrigation in three treatments: optimum 
water supply 100, 75, 50% water supply 100, 75, 50, 
respectively, versus rain-fed (K) crops. Optimum water 
supply was calculated from daily potential evapotranspira-
tion of tomato (Pék et al., 2014), based on weather forecast 
data of the Hungarian Meteorological Service. The availa- 
bility of water usable for plants was 596, 502, 404 and 219 
mm, respectively, in the treatments during the vegetative 
period. Seedlings were additionally treated with Symbivit® 
(M) arbuscular mycorrhizal fungi (natural plant growth 
enhancer), at the rate of 25 g/seedling, only in the optimum 
water supply treatments at planting out. So the following 
variety/treatment combinations were harvested: UR K, UR 

50, UR 75, UR 100, UR 100 M, H 100, H 100 M, TR K, 
TR 50, TR 75, TR 100, TR 100 M, UGR 100, ST K, ST 100 
and ST 100 M (Table 1). We did not carry out all combina-
tions of treatments, because of the given capacity of the 
experimental farm. Five fruits and four repetitions in each 
treatment were harvested by hand in red ripe stage on 14th 
of August, 2012. 

Spectral and analytical measurements were performed 
on tomato samples just after harvesting. The fruits were 
washed, cut and mixed, and 64 puree samples were used 
for analysis. Spectral ranges of 325-1075 nm were directly 
acquired on five different tomato varieties using a FieldSpec 
HandHeld 2™ (Analytical Spectral Devices Inc., Co. USA) 
Portable Spectroradiometer. A black teflon plate (diameter 
75 mm) was filled with 26±1 mm of samples. Spectral measu- 
rements were taken with the instrument positioned 20 mm 
above the samples, with Hi-Brite Contact Probe. The instru-
ment has spectral resolution of <3.0 nm at 700 nm and the 
wavelength accuracy of ±1 nm.

T a b l e  1.  Average value of tomato fruits components from dif-
ferent varieties/treatment combinations (n=4)

Varieties/
treatment SSC Polyphenol Lycopene

UR K 7.18 70.75 11.93

UR 50 6.13 60.85 9.98

UR 75 5.93 55.25 9.38

UR 100 5.20 50.38 9.40

UR 100 M 5.33 56.55 8.03

H 100 5.65 56.15 8.65

H 100 M 5.69 54.98 12.75

TR K 9.60 83.35 18.00

TR 50 7.65 68.75 13.03

TR 75 7.16 73.03 10.25

TR 100 6.75 79.90 10.78

TR 100 M 6.73 71.33 9.18

UGR 100 5.70 54.05 8.93

ST K 7.55 100.65 25.15

ST 100 6.28 87.73 14.65

ST 100 M 6.83 91.13 18.78

Range 5.0-10.0 46.1-110.2 7.0

Mean 7.60 69.70 26.30

SD 0.28 3.93 1.17
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Immediately after spectral measurement, each fruit sam-
ple was analysed to determine soluble solids, lycopene and 
other antioxidant content. The soluble solid content (SSC) 
value was measured using a digital refractometer KRÜSS 
DR201-95 (A.KRÜSS Optronic, Hamburg, Germany) with 
accuracy of ±0.2 °Brix.

Lycopene from homogenised tomatoes was extracted 
with an n-hexane–methanol–acetone (2:1:1) mixture con-
taining 0.05% BHT. Water-free Na2SO4 was used to remove 
water traces from the upper part. The optical density of the 
hexane extract was measured spectrophotometrically at 
500 nm against a hexane blank (Sadler et al., 1990) with 
a UV-VIS Spectrophotometer Lambda 3B (PerkinElmer). 
The concentration of lycopene was calculated using a spe-
cific extinction coefficient (E1cm1% 3150) (Merck, 1989). 

The determination of total polyphenols content was 
performed spectrophotometrically according to the Folin-
Denis method at 760 nm (AOAC, 1990).

For the multivariate analysis, partial least squares 
regression (PLSR) was carried out. The PLSR projects the 
variables into new orthogonal latent variables, by max-
imising the correlation between the explanatory and the 
explained variables. 

PLSR is a commonly used multivariate regression 
method when there are few samples and several variables, 
and the data are multicollinear (Wold et al., 2001). When 
there is only one response variable, the method is referred 
to as PLS1, and the models are used to determine the 
linear relationship between the predictor (X matrix) and 
the response (Y vector) variables. The method uses latent 
variables (LV, also referred as PLS components, factors) 
that are linear combinations of the variables. The goal is 
to maximise the covariance between the factor scores and 
response variables by the least squares method, minimising 
the residuals (Andersson, 2009). The calibration models 
can be validated by the results of the prediction on a test 
set, or by cross-validation or both. One method of cross-
validation is leave-one-out cross-validation (LOO CV). 
During the LOO CV, many PLS regressions are carried 
out on subsamples, created by removing one sample every 
time. It is carried out till every individual sample is vali-
dated. It is applicable either for determining the optimal 
latent variables (factors) or for evaluation of the calibration 
model. The optimal number of factors is determined by the 
lowest predicted residual sum of squares (PRESS) value, 
after setting the maximum extractable components, consid-
ering the number of samples, variables and examining the 
factor loading. For evaluating the models’ predictor abili-
ties, the coefficient of determination (R2) and the root mean 
squared errors of calibration and cross-validation (RMSEP/
RMSECV) are examined. The good models are those fea-
turing R2 close to one and low RMSE value.

RESULTS AND DISCUSSION

For one sample five tomato berries were mashed, and 
there were 4 repeats per treatment. Therefore we could 
observe graphically for outliers among these repeats reflec-
tance spectra, as used by Xie et al. (2008). Other outlier 
detection algorithms were not carried out, as there were 
some samples with outstanding concentration values, from 
the control group only (Table 1). It seemed to be more reli-
able to just select the few obvious outlier spectra among the 
repetitions that were caused by measurement errors. By this 
method, three outlier samples were selected from all of the 
measurements. 

Figure 1 shows the average reflectance spectra of tomato 
puree from variety/treatment combinations. Intense absorp-
tion appeared under 560 nm. Above 560 nm, reflectance 
values became higher, the maximum reflectance was meas-
ured between 645 and 713 nm, depending on sample. In the 
near infrared region there was a local absorption maximum 
at around 980 nm. Treatments could be discriminated by 
the different average values of reflectance spectra. The va- 
lues decreased in the order of K, 50, 75, 100, while the order 
of 100 and 100M was alternated, depending on the variety. 

For the measurements of mashed tomato reflectance 
spectra, the Hi-Brite Contact Probe accessory was applied, 
equipped with built-in tungsten halogen light source. 
Because of the summed effect of spectral power distribu-
tion, the sensor silicon array detector’s sensitivity and the 
samples absorption, at the margins of the spectra, and at 
the high absorption bands there was serious signal-to-noise 
ratio deficiency, added to the standard noise of the equip-
ment. Therefore, first of all the Savitzky-Golay filter was 
applied, with polynomial degree 1, on 11 data points. After 
the smoothing, adequate signal-to-noise ratio was deter-
mined between 530 and 1000 nm. The Standard Normal 
Variate (SNV) and Multiplicative Scatter Correction 
(MSC) pre-processing techniques were carried out on the 
smoothed spectra. For the 1st derivative, Savitzky-Golay 
filter, with polynomial degree 1, was applied on 23 points, 
and the spectra were constricted to 550-975 nm (Fig. 2). 

The 2nd derivative of the spectra were not analyzed 
because of the intensified noise of the spectra of very 
complex samples. After the reduction of the examined 
wavelengths, only the low reflectance bands and low sig-
nal-to-noise bands were removed.

PLSR with non-linear iterative partial least squares 
(NIPALS) algorithm was applied to the tomato sample 
spectra, pre-processed 4 ways each. The SSC, lycopene 
and polyphenol calibration models validation was executed 
by LOO CV. Since 3 samples were removed, 61 samples 
were left for the analysis, which was barely enough even 
for an eligible PLS regression, so a test set for prediction 
was not selected. The best models were selected by the 
lowest RMSECV, the numbers of factors were selected 
by the lowest PRESS values. After the assessment of the 



P. SZUVANDZSIEV et al.524

SSC, lycopene and polyphenol calibration models, the 1st 
derivative of the spectra proved to be the best for each cali-
bration model.

Our results are difficult to compare with other studies 
because of differences of spectroscopic methods, wave-
length ranges, sample processing (whole tomato fruits, 
purees, juices) and varieties. Most of the studies were per- 
formed in a narrow region of the near-infrared, generally 
between 800 and 1100 nm, which probably limits the develo- 
pment of applications providing sufficient predictive capa- 
city for determining more complex quality parameters 
(Ecarnot et al., 2013; He et al., 2005; Pedro and Ferreira, 
2007; Peiris et al., 1998; Xie et al., 2008; Zhang et al., 2013). 

For the SSC calibration model, the first 6 factors were 
used and 98.86% of the variance of the spectral variables 
was explained. The coefficient of determination for the 
calibration was R2 = 0.88, for the CV was R2 = 0.77. The 
RMSECV of the CV was 0.51 °Brix. The relationship bet-
ween predicted and reference values of SSC are shown in 
Table 2. The predictions for SSC are tightly aligned along 
the target line, where predicted and actual values are equal 
(Fig. 3). RMSECV of SSC Modell 0.51 Brix from nar-

row region of VIS/NIR is higher than from NIR validated 
models (Ecarnot et al., 2013; He et al., 2005; Pedro and 
Ferreira, 2007; Peiris et al., 1998; Xie et al., 2008; Zhang et al., 
2013). The accuracy of refractometer (±0.2 °Brix) increases 
further the error of predictive ability of the model. Many stu- 
dies tried to investigate the potential of VIS/NIR spectro- 
scopy for assessing internal quality parameters of tomato, 
mostly SSC (Peiris et al., 1998; Zhang et al., 2013). More- 
over, many of the instruments used work in the transmit-
tance mode, which requires greater light intensity and might 
damage vegetables by overheating (Long and Walsh, 2006).

In the Lycopene model, the first 7 factors were included, 
which explained the 99.06% variance of the reflectance va- 
lues. The coefficient of determination for the calibration was 
R2=0.91, for the CV was R2=0.75 (Fig. 4). The RMSECV 
of the CV was 1.99 mg/100 g. Till now there is no report 
which tried to create a predictive model for lycopene esti-
mation from visible spectra. Although, lycopene content 
of tomato is well defined by non-destructively measured 
colour values of fruits, these methods are based on colori- 
metric determination, usually in CIELab colour system 
(Brandt et al., 2006; Stinco et al., 2013). Concentration of 

Fig. 1. Average VIS/NIR (530-1000 nm) raw reflectance spectra of tomato puree samples from different cultivar/treatment combina-
tions (n=4): a – UR variants, b – TR variants, c – ST variants, d – H and UGR variants.
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lycopene is not homogeneous inside the fruits of traditional 
processing tomatoes, being the highest in the peel, lower in 
the fruit wall and placenta and the lowest in the seed (Toor 
and Savage, 2005), so methods based on surface measure-
ments estimate well only the lycopene content of intact 
fruits. Recently bred tomatoes, with high and elevated lyco-
pene content, require more accurate methods to quantify 
lycopene. Yellow (570-590 nm), orange (590-620 nm) and 

red (620-750 nm) region of reflectance spectra is correlated 
well with tomato fruit colour (Daood et al., 2014; Stinco et 
al., 2013). Reflectance spectra of about 600 nm represent 
the combination of yellow red coloration of fruits, which is 
more expressive by first derivative of spectra (Fig. 2).

For the polyphenol calibration model, only 4 factors 
were included, which explained the 97.83% of the measu- 
red explanatory variables. The coefficient of determination 

Fig. 2. Average VIS/NIR (550-975 nm) first derivative of reflectance spectra of tomato puree samples from different cultivar/treatment 
combinations (n=4): a – UR variants, b – TR variants, c – ST variants, d – H and UGR variants.

T a b l e  2. Predictive capability of calibration models for SSC, lycopene and polyphenol content after S-G 1st derivative 
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for the calibration was R2=0.81, for the CV was R2=0.72 
(Fig. 5) and the RMSECV was 7.63 mg/100 g (Table 2). 
RMSECV% of polyphenols is the highest from the three 
modelled ingredients, due to the inaccuracy of the cali-
bration model, which could result from the large number 
of phenolics. A total of 114 polyphenol compounds were 
detected in the tomato fruit, with the dominant phenolic 
acid being chlorogenic acid which presents 35-71% of total 
phenolics content (Pék et al., 2014; Slimestad and Verheul, 
2009). There is no publication dealing with the spectro-
scopic prediction of polyphenols content of tomato.

CONCLUSIONS

1. Differences of VIS/NIR spectral reflectance among 
tomato varieties or irrigation treatments were significant, 
the higher the water supply the lower the reflectance spec-
tra were in every variety. The treatment combinations could 
interfere with those differences.

2. The food processing industry generally works with 
more homogenous raw materials produced by their licensed 
farmers working with the same cultivar, same plant cultiva-
tion technology and environmental conditions. Thus the 
concentration range of ingredients is narrower, so calibra-
tion models for these limited concentration values would 
have better prediction performance, with less error.

3. The three measured parameters have strong cor-
relation with each other, so further reduction of RMSEP 
could be achieved by increasing the number of samples, 
or by using variety-specific models. Further development 
of the models could make them suitable for use by food 
processors.

4. The partial least squares regression models of the 
antioxidant components and soluble solids, with the 1st 
derivative of the tomato surface spectra as attributes,  seem 
to satisfactorily explain majority of the measured instances.
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