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PAPER

Near-infrared calibration transfer for undried whole maize plant between
laboratory and on-site spectrometers

Giorgio Marchesini, Lorenzo Serva, Elisabetta Garbin, Massimo Mirisola and Igino Andrighetto

Dipartimento di Medicina Animale, Produzioni e Salute, University of Padova, Legnaro, Italy

ABSTRACT
The analysis of the maize plant immediately after harvest is essential in order to check the com-
position and maturity of the plant to optimise the quality of silage. NIRS calibrations were car-
ried out on chopped maize using three spectrophotometers: a laboratory instrument (FOSS
NIRSystems 5000 scanning monochromator, FOSS, Silver Spring, MD) and two versions of new-
generation portable instruments (poliSPECNIR, PL1 and PL2). The aim was to verify the quality of
the transfer of the calibration curves between FOSS, PL1 and PL2 and between PL1 and PL2,
obtained by three methods of spectra processing: pre-processing, piecewise direct standardisa-
tion (PDS) and direct standardisation (DS). Seventy-six samples of chopped whole maize plant
were scanned with the three instruments and were analysed by wet chemistry for dry matter
(DM), ash, crude protein (CP), neutral detergent fibre (NDF), acid detergent fibre (ADF), starch
and total sugars, to develop calibration equations. Two more datasets of 15 samples each were
used for the standardisation of equations and validation. The calibration transfer obtained,
according to the values of R2, standard error of prediction and bias, can be considered satisfac-
tory (0.72> R2<0.97) for DM, ash and NDF for both poliSPECNIR, while CP and ADF have shown
a good accuracy of prediction (0.78> R2<0.82) with PL2. Using FOSS as a master instrument,
the choice of method of standardisation varies depending on the slave instrument even though
the best results are obtained using PDS with PL2. The most accurate predictions are reached
using PDS even when PL1 is the master.
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Introduction

Maize silage is probably one of the most popular
ingredients used at a world level in cattle feeding
(Erdman et al. 2011). Its nutrient composition and its
particle size distribution (Kononoff et al. 2003;
Marchesini et al. 2011) were shown to greatly affect
dairy cow dry matter intake (DMI), DM digestibility,
site of starch digestion, milk production and quality
(Khan et al. 2015). Moreover, its composition could
affect animal health, due to the variable risk of ruminal
acidosis depending on the amount of NDF and starch
and on the site of starch degradation (De Nardi et al
2013; Marchesini et al. 2013; De Nardi et al. 2014).
However, the maize silage composition is very variable
and is affected by many factors related to its cultiva-
tion, including genotype and agronomic conditions
(Johnson et al. 1999; Khan et al. 2015). Moreover, also
the maize maturity at harvest, the practices adopted
during harvesting and finally the ensiling conditions
are determinant in modulating the chemical

composition of the maize silage. Among these varia-
bles, the maturity at harvest was demonstrated to be
the most effective in determining the nutritive value
of the maize silage, affecting the content and the
digestibility of DM, starch and NDF (Cone et al. 2008).

Altogether, it is easy to understand the importance
of measuring the maturity and composition of maize
plant before the ensiling process. In fact, knowing the
maize nutritional value gives a scientific base to decide
whether it is better delaying the harvest, mechanically
processing the plants or choosing one particular ensil-
ing technique in order to optimise the final product
(Johnson et al. 1999).

For the past years, the analysis of fodder, including
maize silage, was performed routinely by laboratories
by the use of near-infrared spectroscopy (NIRS), a pre-
dictive technique based on the relationship between
absorbance/reflectance properties of a sample and its
organic nutrient content (Norris et al. 1976). This ana-
lysis can be performed in laboratories, mainly on dried
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and ground feed or, directly on-farm, on untreated
feed samples by the use of portable diode array spec-
trometers (Fern�andez-Ahumada et al. 2008). Recently,
the advent of innovative diode array spectrometers,
based on an high-quality reflecting holographic gra-
ting and InGaAs cooled photodiodes, in which the
optical background noise is minimised and the stabil-
ity of measurement is enhanced, broadens enormously
the possibilities of application of NIR spectroscopy at
farm level, while also allowing its direct application on
to the corn harvesting machines, enabling prompt and
fast analysis of the nutritional value of the plant dur-
ing harvesting. The advent of these instruments, how-
ever, requires the creation of new calibration curves
involving the use of wet chemical analyses on a large
number of samples or, to be more efficient, the trans-
fer of very robust curves formed and used on other
instruments through transfer of calibrations (Park et al.
1999). Calibration transfer between instruments is
needed because usually calibration equations that are
suitable for one spectrophotometer are not working
properly on spectra acquired by other instruments
(Soldado et al. 2013).

The aim of the present study was to verify the
quality of the undried chopped corn calibration
transfer between a FOSS NIRSystems 5000 scanning
monochromator (FOSS NIRSystems, Silver Spring, MD)
and a poliSPECNIR (ITPhotonics, Breganze, Italy), com-
paring pre-processing (PRP), piecewise direct stand-
ardisation (PDS) and direct standardisation (DS)
methods. The same methods were used also to com-
pare undried chopped corn calibration transfer
between two different poliSPECNIR diode array spec-
trophotometers belonging to the first and the last
generation of the instrument that present some tech-
nical differences.

Materials and methods

Spectrophotometers and chemometric tools

A FOSS NIRSystems 5000 scanning monochromator
(FOSS NIRSystems, Silver Spring, MD) with a scanning
range of 1100–2500nm at 2nm intervals and two
poliSPECNIR diode array spectrometers with spectral
range from 902 to 1680nm, at 2nm intervals
(ITPhotonics, Breganze, Italy), were used. Using the
NIRSystems 5000 equipped with transport module, scans
were performed with the Natural Product Cup, a rect-
angular cell with quartz window that allows the irradi-
ation of about a 94cm2 area. Spectra were collected as
the average of 32 scans after 16 reference scans and
were calculated as the average of three replicates.

Spectral data were recorded as log(1/R) using WinISI 2
software V1.05 (Infrasoft International Inc., Port
Matilda, PA), where R is the reflectance of the sample.
As regards poliSPECNIR, samples were scanned without
any sample cells, distributing the material on an alu-
minium pan (32� 24cm) and maintaining a thickness
of at least 5cm. Spectra were collected as log(1/R)
using poliDATA (ITPhotonics, Breganze, Italy). Spectra
were recorded as average of 10 second scans, with
approximately 9.0msec of integration time per single
scan.

Instruments are identified as follows: FOSS
NIRSystems 5000¼ FOSS; first-generation poliSPECNIR

¼ PL1; and second-generation poliSPECNIR¼ PL2. Data
collected with each instrument were processed by
using MATLAB software v 7.7.0.471 (The MathWorks
Inc., Natick, MA) and WinISI 2 software because FOSS
calibrations (1100–2500nm) were developed using
WinISI 2.

Samples and reference data

Samples (n¼ 106) of chopped whole maize plant were
collected from different farms throughout northern
Italy during the summer season of 2015. Samples were
selected on the basis of their different cultivars, matur-
ity at harvest and wide range of dry matter (DM), to
be representative of the variability in maize produc-
tion. All the samples (about 1 kg each), immediately
after collection, were stored at �20 �C until analysis.
After thawing, samples were homogenised and
scanned at room temperature using FOSS, PL1 and
PL2 for comparative purposes. A subsample of each
sample was used for wet chemical analyses to obtain
reference values. After being oven-dried at 60 �C for
24h and ground to pass a 0.5mm screen, each sub-
sample was analysed in duplicate for dry matter (DM),
ash, crude protein (CP), neutral detergent fibre (NDF),
acid detergent fibre (ADF), starch (ST) and total sugars
(TS), calculated as the sum of glucose, fructose and
sucrose.

The analyses (Table 1) were performed according to
the following methods: DM (#934.01; AOAC 2003), ash
(#942.05; AOAC 2003), CP (2001.11; AOAC 2005), EE
(2003.05; AOAC 2006), aNDF (ANKOM Technology
2015a), ADF (ANKOM Technology 2015b), ST (#996.11;
AOAC 2000) and TS (Charles 1981).

According to the ‘multivariate leverage’ selection
algorithm method proposed in MATLAB (Andrew and
Fearn 2004) and applied to FOSS spectra dataset, the
106 samples were splitted into three subsets: calibra-
tion set (S1, 76 samples), standardisation set (S2, 15
samples) and validation set (S3, 15 samples).
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Data analysis

For comparison purposes (Figure 1), spectra from FOSS
were previously trimmed to 1100–1650nm, a spectral
range suitable also for poliSPECNIR, and poliSPECNIR

spectra were truncated at 1100–1650nm (at
1650–1680nm, the signal-to-noise ratio for poliSPECNIR

worsens). In order to compare the spectra obtained
with the three spectrophotometers, root-mean-square
(RMS) differences between each spectrum from each
instrument were calculated, as reported in Figure 2.

Spectra for all sets and all instruments were then
pre-processed (PRP) to decrease spectral interference
due to various effects like particle size and homogen-
eity (Baker and Barnes 1990).

For FOSS, as routine of the laboratory, a MPLS cali-
bration was performed on S1 dataset for DM, ASH, CP,
NDF, ADF, ST and TS, using WinISI on full length spec-
tral range (1100–2500 nm), after the following spectra
pre-treatment: smoothing gap 4, first derivate gap 4,
standard normal variate and detrend.

Moreover, PLS calibrations on S1 dataset were per-
formed using MATLAB on pre-treated spectra and on a
reduced spectral range (1100–1650 nm) for each
instrument (Table 2), to evaluate the quality of the
calibration transfer.

The PRP was performed through standard normal
variate (SNV), first derivative calculated using a
Savitzky–Golay filter with a first-order polynomial and
a 15-point window smoothing (order: 1, windows:
15pt) and finally a linear detrend, in line with what
reported by Soldado et al. (2013).

The cross-validation was performed by randomly
splitting the dataset into 20 groups and was used to
optimise PLS equations, selecting the number of latent
variables that leads to the lower standard validation
error (SECV), which is considered to be the most
appropriate statistical parameter to estimate the
robustness of the calibration. In WinISI, each variable is

Figure 1. Mean of trimmed raw spectra (FOSS, PL1and PL2) and of trimmed pre-processed spectra (FOSS_PRP, PL1_PRP, PL2_PRP)
for undried maize whole plant (S1, S2 and S3) using FOSS, PL1 and PL2 spectrophotometers, respectively.

Table 1. Mean values, standard deviation (SD), maximal (Max)
and minimal (Min) values of DM (%WW) and nutrients (%DM)
in chopped undried maize whole plant calibration (S1), valid-
ation (S2) and standardisation (S3) sets.

n DM Ash CP NDF ADF ST TS

S1 76
Mean 33.1 4.53 7.41 46.2 25.0 23.3 7.27
Max 47.0 6.94 9.34 59.7 34.3 31.5 16.4
Min 26.2 3.35 5.25 38.6 19.9 12.2 2.11
SD 4.29 0.73 0.98 4.06 2.80 4.10 3.00
S2 15
Mean 32.4 4.67 7.25 47.6 26.3 23.27 5.40
Max 39.6 6.84 8.58 58.3 32.1 34.6 7.48
Min 21.1 3.32 5.52 43.7 23.9 12.7 1.68
SD 5.67 1.14 1.23 4.67 2.60 6.2 2.19
S3 15
Mean 31.6 4.43 7.17 46.0 25.5 24.7 5.97
Max 36.5 5.33 8.06 49.0 26.6 34.8 7.48
Min 26.8 3.30 5.17 43.5 23.9 19.7 2.50
SD 4.25 0.94 1.15 2.28 1.05 5.95 2.04

WW: wet weight; DM: dry matter; CP: crude protein; NDF: neutral deter-
gent fibre; ADF: acid detergent fibre; ST: starch; TS: total sugars.
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associated with the best number of terms (Table 2),
whereas in MATLAB, it is selected the best number of
terms suitable for all the variables.

The S2 dataset (n¼ 15) was used to clone the spec-
trophotometers. Other 15 samples of undried maize
whole plant (validation set, S3) were scanned and
used to verify the accuracy of the clones (Park et al.
1999).

Spectra of S2 acquired by FOSS were considered as
master set, while those of PL1 and PL2 were regarded
as slave sets. In order to make slave spectra similar to
the master spectra, three standardisations were tested
by using MATLAB software, according to three differ-
ent approaches: PRP, PDS and DS. The calibration
equations derived from the FOSS calibration obtained
from S1 dataset (master equations) were applied to
the standardised validation set spectra (S3) of PL1 and
PL2 according to PRP, PDS and DS. The evaluation on

what is the better standardisation method to transfer
calibration curves was based on the coefficient of
determination (R2), the standard error of prediction
(SEP) and bias, as reported by Park et al. (1999). The
PDS, DS and PRP standardisation methods were tested
also, in the calibration transfer procedures using PL1
as master and PL2 as slave spectrophotometers. For
each variable, bias was calculated from the validation
set (S3).

Results and discussion

Chemical composition of chopped undried maize sam-
ples (S1, S2 and S3) is reported in Table 1. The high
variability of different nutrients, highlighted by the
high values of standard deviation and range, confirms
the representativeness of the selected samples for the
purpose of calibration, standardisation and validation.

Figure 2. Root-mean-squares (RMSs) calculated at each wavelength between raw spectra of different spectrophotometers collected
from all the samples (S1, S2 and S3): A¼ FOSS vs. PL1, B¼ FOSS vs. PL2 and C¼ PL1 vs. PL2.

Table 2. Number of terms and statistics of cross-validation (CV, S1, n¼ 76) and validation (VAL, S3 non-standardised, n¼ 15) for
chemical composition of chopped undried maize whole plant using three NIR spectrophotometers at full or trimmed wave length
range: FOSS, PL1 and PL2.

FOSS (1100–2500) FOSS (1100–1650) PL1 (1100–1650) PL2 (1100–1650)

CV Terms SECV R2 Terms SECV R2 Terms SECV R2 Terms SECV R2

DM 6 1.53 0.91 4 1.61 0.86 4 2.08 0.76 4 1.65 0.85
Ash 5 0.15 0.87 4 0.25 0.52 4 0.26 0.48 4 0.17 0.79
CP 3 0.20 0.87 4 0.37 0.35 4 0.36 0.39 4 0.34 0.46
NDF 7 0.79 0.95 4 1.16 0.83 4 1.48 0.72 4 1.25 0.80
ADF 8 0.58 0.90 4 0.76 0.77 4 0.97 0.63 4 0.78 0.76
ST 4 1.14 0.72 4 1.32 0.31 4 1.45 0.18 4 1.32 0.32
TS 7 0.44 0.76 4 0.68 0.38 4 0.78 0.19 4 0.75 0.24

VAL
SEP R2 SEP R2 SEP R2 SEP R2

DM 2.15 0.79 2.56 0.68 3.00 0.52 1.66 0.87
Ash 0.05 0.99 0.24 0.68 0.31 0.43 0.14 0.90
CP 0.15 0.95 0.17 0.96 0.38 0.39 0.32 0.68
NDF 0.68 0.92 1.75 0.82 1.82 0.61 0.40 0.99
ADF 1.08 0.53 1.47 0.53 1.13 0.51 0.73 0.82
ST 2.77 0.62 1.83 0.29 1.54 <0.01 1.56 <0.01
TS 1.22 0.82 0.74 0.58 1.18 0.76 1.10 0.04

SECV: standard error of cross-validation; R2: coefficient of determination; SEP: standard error of prediction in validation; DM: dry matter; CP: crude protein;
NDF: neutral detergent fibre; ADF: acid detergent fibre; ST: starch; TS: total sugars.
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As expected, variables that show greatest variability
are total sugars and starch, whose concentration in
chopped whole maize plant affects the silage energy
content.

In cross-validation (S1), the reduction of wavelength
range (Figure 1 and Table 2), as regards the master
instrument (FOSS), has led to a decrease in the coeffi-
cients of determination and to an increase in SECV for
all parameters analysed. The reduction of the coeffi-
cients of determination is mild or moderate as regards
DM, NDF and ADF, while it is equal to or greater than
50% for CP, ST and TS. Starch and sugars, as for
trimmed spectra of FOSS (1100–1650 nm), show higher
SECV and lower coefficients of determination in cross-
validation for both poliSPECNIR spectrophotometers. As
for the other nutrients, PL2 shows values of SECV and
R2 similar to, or in the case of ash and CP, even better
than those of FOSS trimmed spectra. As regards PL1, it
shows a lower R2 for all parameters with the exception
of CP (Table 2). In validation (Table 2), PL2 shows val-
ues of R2 and SEP better than those obtained from
FOSS trimmed spectra and similar to those obtained
with whole FOSS spectra for DM, ash, NDF and ADF.
For CP, starch and TS PL2 show lower R2 and higher
SEP values instead. The PL1 shows the lowest R2 for all
parameters with the exception of TS.

Looking at the spectra in Figure 1, differences can
be seen between FOSS and the other instruments in

the absorption bands present at frequencies below
1320 and from 1400 to 1530 nm which correspond,
approximately, to one of the water bands (1450 nm) as
reported by Wang et al. (2009). The latter difference
seems accentuated after pre-treatment of the spectra.
The presence of differences between the spectra
belonging to FOSS, PL1 and PL2 is shown in Figure 2
in which the RMS is calculated at each wavelength
between instruments arranged in pairs.

Table 3 shows that the optimal standardisation
method to get the best predictions using the calibra-
tion equations of FOSS on S3 varies depending on the
spectrophotometer used (PL1 or PL2) to acquire the
spectra. Such discrepancy is explained by some differ-
ences in construction between PL1 (old-generation)
and PL2 (new-generation) poliSPECNIR instruments: PL2
has a different pre-amplifier which increases the linear-
ity of response to the signal.

This has influenced the acquisition of spectra and
leads to different requirements for optimising stand-
ardisation protocol between instruments. The accuracy
of a prediction is determined on the basis of the SEP,
R2 and bias values. As regards the PL1 spectra, the
highest R2 and the lowest SEP for ash (0.72, 0.29), CP
(0.59, 0.32), NDF (0.73, 2.32) and ADF (0.39, 1.47) were
obtained using DS, with the exception of DM
(0.77,1.85) and TS (0.75, 4.56) whose R2 values were
slightly better using PRP. As regards TS, PRP,

Table 3. Effect of the standardisation method (PRP vs. PDS vs. DS) on the coefficient of determination (R2), standard error of pre-
diction (SEP) and bias of calibrations for chemical composition of undried maize whole plant (S3, standardised, n¼ 15) using
three spectrophotometers (FOSS, PL1 and PL2).

Master equations from FOSS Master equations from PL1

PL1 spectra standardised to mas-
ter and predicted by master

equations

PL2 spectra standardised to mas-
ter and predicted by master

equations

PL2 spectra standardised to mas-
ter and predicted by master

equations

Variable Statistics PRP PDS DS PRP PDS DS PRP PDS DS

DM SEP 1.85 3.99 3.07 1.92 1.87 3.34 1.92 2.72 6.05
Bias �0.32 �0.26 �2.43 �1.28 �0.34 �2.64 �1.16 �1.06 �3.37
R2 0.77 0.54 0.76 0.91 0.83 0.77 0.84 0.82 0.00

Ash SEP 0.52 0.29 0.29 0.35 0.17 0.26 0.31 0.23 0.43
Bias �0.42 �0.10 �0.15 �0.30 �0.10 �0.17 �0.27 �0.19 �0.38
R2 0.41 0.52 0.72 0.76 0.87 0.86 0.87 0.91 0.79

CP SEP 0.91 0.38 0.32 1.06 0.23 0.26 0.25 0.20 0.40
Bias 0.82 0.08 0.02 1.01 0.09 �0.11 0.06 �0.03 �0.18
R2 0.37 0.40 0.59 0.59 0.81 0.82 0.80 0.84 0.42

NDF SEP 5.46 2.71 2.32 4.75 1.39 1.98 2.92 1.98 4.73
Bias �4.99 �1.07 �1.95 �4.73 �1.09 �1.82 �2.86 �1.51 �3.48
R2 0.42 0.52 0.73 0.97 0.95 0.89 0.94 0.90 0.01

ADF SEP 3.67 1.76 1.47 2.89 1.25 1.35 2.13 1.42 2.74
Bias �3.28 �0.88 �1.19 �2.78 �0.88 �1.14 �2.02 �1.06 �2.20
R2 0.19 0.32 0.39 0.75 0.78 0.61 0.70 0.74 0.03

ST SEP 1.59 2.23 1.81 1.79 1.70 2.06 1.51 1.6 1.49
Bias 0.21 0.03 �0.88 �1.14 �0.05 �0.75 0.04 �0.08 �0.32
R2 0.05 0.04 0.00 0.04 0.18 0.04 0.00 0.02 0.05

TS SEP 4.56 1.56 1.41 4.66 1.38 1.12 2.10 1.26 1.62
Bias 4.35 0.98 1.12 4.51 1.00 0.78 1.89 0.97 1.49
R2 0.76 0.67 0.63 0.40 0.35 0.29 0.38 0.41 0.25

PRP: pre-processing of spectra; PDS: piecewise direct standardisation; DS: direct standardisation; DM: dry matter; CP: crude protein; NDF: neutral detergent
fibre; ADF: acid detergent fibre; ST: starch; TS: total sugars.
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compared to DS, while having a greater R2, also leads
to higher bias and SEP. Concerning spectra of PL2, the
differences between the standardisation methods were
found to be less noticeable, with almost equivalent
values between PDS and DS for ash and CP. The R2 for
DM (0.91) and NDF (0.97) instead was higher for PRP,
but has been better predicted with the PDS, because
the bias and SEP for these parameters (1.87 for DM
and 1.39 for NDF) are much lower. The ADF is better
predicted by PDS (Table 3).

The R2 of starch (R2<0.2) was very low for all stand-
ardisation methods and for the spectra of both
poliSPECNIR instruments. The prediction of total sugars
has an R2>0.70 only for PL1 spectra, while in contrast
the predictions of CP, NDF and ADF have been better
for the spectra of PL2. Looking at the predictions of
the two instruments, poliSPECNIR after standardisation
of the spectra (Table 3) can be noted a difference
between the two instruments: PL2 normally shows
higher R2 and lower SEP compared to PL1 confirming
an improvement in the performance of new-gener-
ation spectrophotometers. This difference is evident
especially for CP and ADF, with one exception for total
sugars that are predicted better by PL1. These differ-
ences are due to the presence of some differences in
the spectral calibration of array diodes and in the con-
structive differences between instruments (Nicolai
et al. 2007).

To investigate the possibility of using a poliSPECNIR

as master instrument, the three standardisation meth-
ods were assessed (S3) to understand what was the
most accurate to transfer the calibration equations of
PL1 on PL2 spectra (Table 3). The PRP and PDS are
more accurate than DS and are equivalent to each
other. PRP showed higher R2, lower SEP and higher
bias for DM and NDF, while PDS was better for ash,
CP, ADF and TS.

The predictions of ST and TS are not accurate, likely
because their typical absorption bands (834–1161) are
at the lower limit of the spectral range used
(1100–1650 nm), where the signal-to-noise ratio is
lower (Katayama et al. 1996). However, it cannot be
excluded that the use of a bigger dataset may
improve these values. The poor prediction of starch
has, however, limited importance because starch is
quite inert during ensiling process (Khan et al. 2015).
The analysis of maize plant in the field, in order to
plan the best harvest time and the best ensiling tech-
nique, is satisfactory to know the value of DM and
NDF (0.73> R2<0.97) which increase and decrease,
respectively, along with the advancing maturity of the
crop (Cammell et al. 2000; Phipps et al. 2000): variables

that are well predicted by the instruments here
considered.

The difference in the predictions between FOSS and
poliSPECNIR is due to the great diversity of the instru-
ments that have different spectral range and scan
mode and is especially amplified using PL1, the old-
generation poliSPECNIR. Such differences are accentu-
ated by heterogeneity, high moisture of the matrix
and its variability in particle size, because each sub-
sample scanned by the two instruments is different
and causes a shift of the spectra (Park et al. 1999).

Comparing the SEP and R2 of non-standardised
spectra in validation (Table 2) with those of the stand-
ardised spectra (Table 3), it is evident that for PL2,
standardisation improves the prediction for CP, starch
and TS (although these values remain still low), while
prediction remains similar for the other parameters.
PL1 standardisation (DS) improves the prediction of all
parameters with the only exception of starch. In some
cases (e.g. DM and NDF), validation statistics are better
in PL2 than in the master instrument (Table 2). This is
probably due to the random error on the slave instru-
ment (Roggo et al. 2007). Overall, the calibration trans-
fer between FOSS and poliSPECNIR is satisfactory even
though the transfer to PL2 is better than that to PL1,
showing to be accurate for all parameters (R2 has a
range between 0.78 and 0.97), except for starch and
total sugars.

Despite the calibration transfer for undried whole
maize plant from FOSS to the new-generation
poliSPECNIR was satisfactory, complying the aim of the
study, calibration for chemical composition of whole
maize plant can be further improved by increasing the
number of samples used in the calibration set.

Conclusions

Taking into account the great diversity among the
instruments and the strong inhomogeneity of chopped
maize plant, the calibration transfer obtained can be
considered satisfactory for the majority of parameters,
with the exception of starch and total sugars. Among
poliSPECNIR spectrophotometers, the latest version
(PL2) shows more accurate predictions than the first
generation (PL1) that obtained acceptable predictions
only for DM and NDF. Using FOSS as a master instru-
ment, the choice of method of standardisation varies
depending on the slave instrument, although the
highest coefficients of determinations and the lowest
SEP are obtained using PDS with PL2. The most accur-
ate predictions are reached using PDS even when PL1
is the master. It can be concluded that the transfer of
calibration curves achieved is good enough to obtain
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accurate predictions about the composition of the
chopped maize plant, using in the field the latest ver-
sion of the portable NIR instruments tested.
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