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Abstract: The aim of the study was to elaborate a universal calibration for the near infrared (NIR) spectrophotometer
to determine the moisture of various kinds of vegetable seeds. The research was conducted on the seeds of 5 types of
vegetables — carrot, parsley, lettuce, radish and beetroot. For the spectra correlation with moisture values, the method
of partial least squares regression (PLS) was used. The resulting qualitative indicators of a calibration model (R = 0.9968,
Q = 0.8904) confirmed an excellent fit of the obtained calibration to the experimental data. As a result of the study,
the possibilities of creating a calibration model for NIR spectrophotometer for non-destructive moisture analysis

of various kinds of vegetable seeds was confirmed.
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Seeds vary in terms of shape, size and colour. The size
of seed material is not dependent on the size of a plant;
however, there is a dependence between the size of seeds
and their quantity produced by a plant (Bochenek et al.
2000). The chemical composition of the seed material
depends on genetic factors, as well as climatic condi-
tions and soil (Bewley & Black 1994). The dry matter
of seeds is from 70% to 94% and consists of carbohy-
drates, proteins, lipids, nucleic acids, minerals and other
active substances (plant hormones, alkaloids, vitamins)
among others (Bewley & Black 1994; Taylor 1997).

The quality of the seed material determines sig-
nificantly the efficiency of its germination. Among
the features which determine the quality of seeds are
germination rate and moisture. The size of seeds also
determines plants growth and yield. It is assumed
that bigger and heavier seeds provide larger yields
(Gozdecka & Gesinski 2011). The moisture of the seed
material also plays a significant role regarding quality.
It determines the conditions of storage and the shelf life
of seeds (Font et al. 2007; Tomkiewicz 2009). The higher

the content of water inside the seeds, the more inten-
sive is the occurrence of biochemical transformations,
and the greater the likelihood of microbiological infec-
tions (Bonner et al. 1992; Domoradzki et al. 2005; Kale-
ta & Gornicki 2008). Low moisture allows extending
the storage period. In the case of seeds of water content
in the range from 5% to 14%, lowering their moisture
by 1% provides twice longer storage (Strelec et al. 2010).
However, personal experiences, as well as the authors’
observations, indicate that the seeds with reduced wa-
ter content are more susceptible to mechanical damage,
and they germinate slowly.

At harvest time, in the course refining seed treatments
as well as during storage, the moisture of the seed ma-
terial should be monitored (Makarski 2008; Kaniewska
et al. 2013). Currently, the bases to determine the wa-
ter content in seed weight are the methods developed
and recommended by ISTA (International Seed Testing
Associations) (Bonner et al. 1992; Sivritepe et al. 2008).
To measure a water content in seeds, the most com-
monly applied methods are resistive and capacitive ones
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(Lazzari 1994; Makarski 2008). Laboratories frequently
examining the quality of the seed material apply drying
methods. Besides them the ISTA list of recommended
methods also includes moisture determination using
near infrared (NIR) spectroscopy.

NIR spectroscopy (10 000—4 000 cm™) has an advan-
tage over traditional methods of determining individu-
al features mainly due to the speed of analysis as well
as the lack of need to use chemical reagents (Blining-
Pfaue 2003; Cornish et al. 2004; Rahman & Cho 2016).
The technique very often does not require sample treat-
ment, and thus it is regarded as a non-invasive and
non-destructive method (Fassio & Cozzolino 2004; Font
et al. 2007). NIR spectroscopy is increasingly applica-
ble to on-line control, e.g. fruit and vegetable industry
(Nicolai et al. 2007; Siger et al. 2010; Collell et al. 2012;
Plans et al. 2013, Csorba et al. 2019).

NIR spectroscopy is based on the use of the examined
material spectrum which is different for each molecule
(Sinelli et al. 2011). This allows determining absorption
bands with a specific wavelength for individual func-
tional groups typical for a given molecule, e.g. C-H,
N-H, O-H (Osborne et al. 1993; Font et al. 2007). How-
ever, for sample qualitative and quantitative analysis,
it is necessary to develop calibration. The calibration
in the case of NIR spectroscopy is a mathematical mod-
el describing the relationship between typical points
of the spectrum and the results achieved by means of the
reference method used to determine a given feature.
The commonly used methods for linear constructions
of calibration models are Principal Component Regres-
sion methods (PCR) and Partial Least Squares (PLS) (Jin
& Chen 2007; Stanimirova et al. 2008; Plans et al. 2013).
PLS model was used among others by Fassio & Cozzoli-
no (2004), Huang et al. (2013), Montes et al. (2013), while
predicting a chemical composition of seeds.

In seed production the method using NIR spectros-
copy to determine water content inseeds is becoming
increasingly common. The first paper describing de-
termination of the moisture content of seeds by NIR
spectrophotometry of their methanol extracts was pub-
lished in 1962 by Hart et al. This technique was inten-
sively developed and widely used; however, it is based
most often on a calibration model for a given seed type
(Norris & Hart 1965; Robertson & Barton 1984; Gergely
& Salgd 2003; Lestander & Geladi 2003; Fassio & Coz-
zolino 2004; Baianu et al. 2011). It is mainly determined
by a large morphological and chemical variety of various
types of plant seeds. However, as far as the requirements
for water content are concerned, these are similar for all
types. The possibility of rapid measurement of water con-
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tent in seeds is useful in the control of a refining operation
including seeds drying. Thus the NIR spectroscopy due
to a short period of analysis should be appropriate at each
stage of technology improving the seed material quality
as well as during its storage. An improvement in the use
of this technique to control the quality of seeds would be
the possibility to use a universal calibration for determin-
ing water content that works well with a number of seeds
and currently there is none.

The aim of this study was to develop a universal cali-
bration for NIR spectroscopy to determine moisture
of various kinds of vegetable seeds.

MATERIAL AND METHODS

Samples and spectra collection. The seeds of the fol-
lowing species of vegetables were the research material:
carrot, parsley, lettuce, radish and beetroot. The spec-
tra were achieved using NIR spectrophotometer NIR-
Flex N-500 equipped with a module to examine fixed
specimen NIRFlex Solids by Biichi (Biichi AG, Swit-
zerland). The samples (~25g) were placed in a Petri
dish of 10 cm diameter and located in a measuring cell
of NIR spectrophotometer NIRFlex N-500. The settings
of the parameters in the experiment were as follows:
the spectrum range was 10 000—4 000 cm L, the num-
ber of scans was 32, and the resolution was 4 cm™. Nine
spectra were collected for each seed species.

Reference method for moisture determination
of seed. The same samples which were used to spec-
tra collection were then used to determine their
moisture. The content of water of the seed material
of 5 types of seeds was obtained with low temperature
drying method (105 °C) in drier with a forced air circu-
lation POL-EKO model SLW 115 (Pol-Eko Aparatura,
Poland), repeated three times and accurate to 0.001%
(ISTA 2006).

Calibration of NIR method. The mathematical mod-
el of calibration was created by means of NIRCal 5 Che-
mometric Software (Biichi, Switzerland) attached to the
spectrophotometer. All collected NIR spectra were
matched with moisture values determined by the dry-
ing method. The data (45 spectra) needed the initial
processing. In order to remove as much noise as pos-
sible from spectra in wavelength space without losing
spectral data a Savitzky-Golay procedure of a nine-
point spectra smoothing was used. Key frequency
ranges were selected to create calibration within which
significant shifts between the spectra were observed.
These were the frequencies 10 000-7 800, 6 600-5 400
as well as 4 800—4 400 cm™! (Figure 1).
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The spectra were divided into two collections.
The collection of 2/3 of all the spectra was the one
to create the calibration (30 spectra). The remaining
spectra were used to validate the mathematical model.

RESULTS AND DISCUSSION

In order to develop the calibration partial least squares
method was used (PLS). The NIRCal program also calcu-
lates the Q coefficient (Q-Value) showing the calibration
quality. The Q indicator takes under consideration signif-
icant statistical indicators such as SEE — Standard Error
of the Equation, SEP — Standard Error of the Prediction,
BIAS - the linearity deviation analysis. Q for the used
calibration method was 0.8904. It is assumed that the
calibration of Q > 0.7 is appropriately adjusted to the data
(Doll & Lehwald 2009; Elfadl et al. 2010).

A very good correlation between the data obtained
by the reference (drying) method and by a spectropho-
tometer in NIR is clearly seen in Figure 2. Statistical pa-
rameters of the calibration were presented in Table 1.
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Figure 1. Seeds samples spectra

Black regions on axe X present
wave number used in the cali-
bration method: 10 000-7 800,
6 600-5 400, 4 800—4 400 cm™!

5000 4000

The correlation accuracy (BIAS) for the accurate cal-
ibration should equal 0 (Elfadl et al. 2010). The value
was obtained for the spectra sets forming the calibra-
tion. The validation set was characterised by the corre-
lation accuracy near 0. Similar accuracy results within
calibration and validation sets while creating calibra-
tion for the quantitative oil determining in safflower
were obtained by Efladl et al. (2010) and Ribeiro et al.
(2013). While creating the calibration to determine
a fatty acids content in flax seeds for the spectro-
photometer NIR and MIR, the PLS analysis was also
used. Depending on the used data processing they
obtained a determination coefficient R > 0.95 acting
on the basis of 38 seed spectra. Montes et al. (2013)
examining the properties of Jatropha curcas achieved
R in the range from 0.35 to 0.97, depending on the fea-
ture. The regression coefficients of the straights
describing the experimental data (the moisture deter-
mined by the drying method) dependence on predicted
by the calibration model ones are close to 1. Such val-
ues confirm the right choice of the calibration model.

Figure 2. The seeds moisture
determined by the drying me-
thod dependent on the moisture
predicted by calibration

4.0 45 5.0 55

Moisture content determined by the reference method (%)

6.0 6.5 C-set: calibration data set;

V-set: validation data set
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Table 1. Selected parameters of the calibration to the quan-
titative analysis of the seed moisture

Parameter C-Set V-Set
Accuracy (BIAS) 0 0.009

Linear regression _ 99734 1 0.0147 y = 1.0261x - 0.1509
equation

Regression

coefficient (R) 0.9986 0.9968
Standard

deviation (SD) 0.0351 0.0567
Q-Value 0.8904 -
Calibration range 4.2 + 6.2 (%) -

C-set: calibration data set; V-set: validation data set

On that basis it can be assumed that the application cre-
ated on the basis of the proposed model may be used to
mark the seed moisture of the examined vegetable types.
The NIRCal software generates the verification of the
selected mathematical model correctness to create
the calibration. However, for comparison, an individual
validation was performed and consisting of determining
the moisture of new seed specimen of the 5 examined
types by means of the reference method and NIR spec-
trophotometer. The results were presented in Table 2.
In the case of 4 out of 5 examined seed types the cor-
relation between both methods was crucial (Table 2). It
indicates a proper calibration modelling for NIR spec-
trophotometer. The calibration parameters calculated
on the basis of the PLS method are very good. Excellent
data fit to the model are confirmed by BIAS as well as the
regression coefficients (Figure 2). However, it should be
noted that the calibration was created on the basis of 45
spectra. In the case of the presented research the ap-
plication for determining the moisture should work
for 5 different species; thus such a number of spectra
is an absolute minimum. Moreover, the research mate-
rial was characterised by a narrow span of water content

Table 2. The comparison of the seed moisture marked
by the NIR calibration and the drying method

NIR  Drying method
No. Seed type
(%)

1 Carrot 5.96 6.03 0.93* £ 0.02
2 DParsley 5.65 5.58 0.81 +0.05
3 Lettuce 4.85 5.01 0.90* £ 0.01
4 Radish 4.28 4.22 0.95*+ 0.03
5 Beetroot 5.12 5.26 0.94* £ 0.02

NIR - near infrared spectroscopy; R — regression coefficient +
SD; *determination coefficient statistically crucial at P = 0.05
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(from 4.2% to 6.2%). For the application to be a reliable
method for moisture determination it is necessary to ex-
tend the calibration by measuring of spectra of seeds
with higher water content.

CONCLUSION

The conducted research confirmed the possibility
of creating universal calibration for the selected seed
species to determine moisture by means of NIR spectro-
photometer. The development of the calibration for NIR
spectrophotometer allows quick and precise measure-
ment of seed moisture in real time. Moreover, the devel-
oped method allows the determination of water content
of different species of seeds. It is expected that the cali-
bration method can be expanded both in measurement
range and also in the number of seed species.
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