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ABSTRACT
Objective: Demonstrate the need to use locally generated data in the calibration of a near-infrared spectrometer 
(NIRS) to predict the chemical characteristics of fodder; instead of using data bases from other geographic 
regions, as is commonly done in Mexico.
Design/Methodology/Approach: Two groups of samples collected in prairies of the central highlands of 
Mexico, the first group was used to calibrate the equipment; the equations generated were validated with a 
second group, collected in prairies that were different from the ones of the calibration group, but in the same 
geographic zone. 
Results: The best regression coefficients of the NIRS predictions, compared to traditional laboratory analyses 
were for crude protein (CP), neutral detergent fiber (NDF), acid detergent fiber (ADF), acid detergent lignin 
(ADL), dry matter (DM) and organic matter (OM) (0.93, 0.87, 0.87, 0.56, 0.72 y 0.68 respectively). The lowest 
predictive value was observed in ashes (0.27). 
Limitations of the study/implications: The results show the need to use local materials in the calibration 
process.
Conclusions: NIRS will make predictions of their chemical composition, since this is influenced by geographic 
origin of the sample and its botanical composition.
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INTRODUCTION
	 Ruminant production systems are based on fodder feed, predominantly on grazing 
on grasslands that are mainly native and non-cultivated. Livestock production on native 
and introduced grasslands depends on the amount of available fodder, expressed by its 
digestibility coefficient, its concentration of metabolizable energy and its crude protein 
(CP) content, which is conditioned by the type of species that form it. This in turn depends 
on the stage of the ecological succession that is present, the fertility level of the soil, amount, 
and distribution of rainfall, as well as the time at which it is used and the degree of intensity 
of this use (Villalobos et al., 2000). Knowledge of these factors allows for optimal quality in 
the diet of ruminants that are fed with grasses, to achieve maximum productive response 
by the animal (Valente et al., 2000). 
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	 The analysis of the nutritional value of fodder normally includes the determination 
of its chemical composition and digestibility and is done with conventional laboratory 
methods. These are costly, take a long time to do and may be dangerous for people and the 
environment due to the great number of chemical products that are used (acid and alkaline 
substances) (Starks et al., 2006). 
	 In this sense, starting in 1970, the use of NIRS has been evaluated to determine the 
chemical composition of foods and fodder. This is instead of conventional techniques of 
wet chemistry, a technique which, when compared with conventional procedures, provides 
quick and reliable estimates, and does not pollute the environment since it does not use 
chemicals reactives (Starks et al., 2006). NIRS is based on chemometrics, that is, on the 
application of mathematics to analytical chemistry, combines spectroscopy, statistics and 
computer science and generates mathematical models that relate the chemical composition 
(presence of active chemical groups) to changes in energy in the region corresponding to 
the near infrared (wavelengths between 800.0 and 2500.0 nm) (Ferret, 2003). 
	 In the case of Mexico, most spectrometers contain data bases with calibration as well 
as validation spectra that were not generated in the country for the type of fodder and 
plants that are found here. For this reason, it is possible that their predictions are not 
sufficiently exact, since they do not consider differences between species, as well as climate 
and the agronomical management to which they are subjected, and which evidently have 
an effect on their chemical composition and nutritional quality. In several reports using 
NIRS technology, a common mistake made when estimating the chemical and nutritional 
value of fodder is to use equations that are derived for certain foraging species and using 
them to predict nutritional parameters in different species, which leads to inexact NIRS 
estimates (Beever and Mould, 2000).
	 Therefore, the objective of this work was to calibrate a near-infrared spectrometer in 
order to estimate crude protein content and fractions of fiber in samples of native grasses, 
introduced grasses and cultivated fodder from the highlands of central Mexico.

MATERIALS AND METHODS
Study site
	 The experiment was carried out in the state of Mexico (20° 17’ and 18° 22’ N and from 
98° 36’ to 100° 37’ W), with an altitude above sea level of 2600 m. The climate is subhumid 
temperate (Cw) with summer rains and a mean temperature between 10.0 and 16.0 °C, 
with average rainfall of 876.2 mm (García, 2004). 2230 samples of grasses and fodder were 
collected from May, 2006 to December, 2007 (in the following municipalities: Almoloya 
de Juárez, Toluca, Temoaya, Rayón, Lerma and Mexicaltzingo), in four native prairies, 
two prairies with introduced grasses, two prairies with cut pasture and cultivated corn 
(Zea mays), barley (Hordeum vulgare), oats (Avena sativa), triticale (Triticum ssp.) and canola 
(Brassica napus); all of these are used by producers as feed for cattle.

Collection of samples
	 The sampling was divided into 18 periods of 30 days each. The method used was the 
one described by Hodgson (1994), using two metal frames, one measuring 0.250.25 m, 
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specifically used to obtain samples in fodder crops, and another measuring 0.51.0 m, 
which was used in the prairies. The sampling site was randomly selected, tossing the 
metal frame into the air. Later on, the fodder in the frame was cut with grass shears, 
near the ground. While samples were collected, some species were taken to be identified 
in the laboratory. During each sampling period, 30 samples were collected in the native 
grasslands, 20 in the introduced ones and 10 in the crops.

Chemical analysis
	 In the laboratory, the samples were dried at 60.0 °C in the forced air stove until a 
constant weight was reached. Later on, they were ground and sifted with a screen that 
had a diameter of 1.0 mm. To do the wet chemistry analysis, samples were mixed for 
each collection period. Each sample was composed of 10 samples, obtaining a total of 
223 compound samples. This was done in order to save on reagents. Like this, for each 
compound sample, content of DM, OM, CP and ashes (ASH) was determined, according 
to the AOAC (1990) methodology. NDF and ADF content was determined using the 
ANKOM method and the Van Soest et al. (1991) technique, and ADL content also was 
determined using the technique described by Van Soest and Wine (1967).

Calibrating the Near-Infrared Spectrometer
	 Using the 223 samples that were analyzed by wet chemistry, a spectrum was obtained 
in the near-infrared for which, from each compound sample, 10.0 grams were weighed 
in 50.0 ml beakers and brought to constant weight in a forced air stove at 60.0 °C. The 
samples were scanned in triplicate, using a Buchi NIR Flex N400 (Büchi) spectrometer, 
with Pb detector test tube, in the 1000 to 2500 nm ref lectance wavelength range, 
generating a total of 669 spectra. Using NIRCAL software, version 4.01 (Büchi), a data 
base was created at the time when each sample’s spectrum was obtained, relating each 
spectrum to the results from the wet chemistry analyses for each sample. Once the data 
base was created with the samples’ spectra, these were divided into two groups or sets; 
two thirds of the spectra formed the calibration set (C-Set) and a third of the spectra 
formed the validation set (V-Set). To diminish the effects caused by particle size and 
dust, on the wavelength of the obtained spectra, three mathematical treatments were 
previously applied, which were the second derivative, standard normal variable, and the 
Kubelka-Munk treatment (Macho, 2002).
	 The method that was used to develop the calibration equations and for quantitative 
validation, was the partial least squares statistical method (PLS). The calibration equations 
were selected according to the least standard error prediction (SEP), the greatest correlation 
coefficient of each one of the sets (r2 C-Set, r2 V-Set) and the consistency of the equation 
(NIRVIS, 2000). 

Validation of the Near-Infrared Spectrometer Predictions
	 To test the confidence level of the obtained calibration equations, an external validation 
was carried out using 30 samples that were collected at the Almoloya de Juarez municipality. 
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The samples were collected in 2006, at prairies with introduced grasses, which were 
different from those used to calibrate the equipment.

Analysis of Results
	 The values obtained in the validation were compared to the value obtained in the 
laboratory through a simple linear regression analysis and a Pearson correlation (Minitab, 
2003). The percentage difference was also calculated (% Diff) between values obtained in 
the laboratory and the NIRS estimates, as reported by Stolter et al. (2006) in their study.

RESULTS AND DISCUSSION
Chemical composition
	 Table 1 shows the average, the interval of maximum and minimum values and the 
standard deviation for ASH, DM, OM, NDF, ADF, ADL and CP content of the samples 
used for calibration of the spectrometer. The variation that is observed in these chemical 
parameters is considered normal and may be attributed to the botanical variety of the 
collected samples, which were represented by one or more of the following species: 
Pennisetum clandestinum, Sporobolus indicus, Juncus drummondii, Trifolium amabile, Paspalum 
paspaloides, Eleocharis dombeyana, Trifolium repens, Lolium perenne, Dactilis glomerata, Festuca 
arundinacea, Lolium multiflorum, Triticale sp., Vicia sativa, Brassica napus, Medicago sativa, 
Hordeum vulgare, Avena sativa, Zea mays, among others.
	 The chemical quality is lower than that of cultivated fodder, Labaran et al., (2019) 
report values from 262.1 to 346.9 g kg1 of MS, 97.6 to 262 g kg1 ash, 734 to 902 g kg1 
MO, 121 to 162 g kg1 MS for CP, 473 to 572 g kg1MS in FDN and 247 to 474 g kg1 

MS for FDA. But similar to tropical fodder, López-González et al. (2015) report values of 
108 to 112 g kg1 MS for CP, 606 to 658 g kg1 MS of FDN and 378 to 399 g kg1 MS 
in FDA content.

Calibration and validation of the Near-Infrared Spectrometer
	 The Table 2, shows the results obtained from the calibration, for each measured 
parameter, as well as the correlation coefficient for C-set and V-set, standard error 
prediction, the consistency of the equations generated for the internal comparison.

Table 1. Chemical composition expressed in g kg1 of dry matter of samples used in the calibration of the 
spectrometer, showing number of samples (n), mean and range of values and standard deviation.

Parameter n Mean Maximum Minimum Standard deviation
DM 223 932.2 987.8 882.1 18.1

OM 223 892.7 959.0 744.1 35.6

ASH 223 90.9 145.0 52.2 20.4

NDF 223 625.5 859.8 311.9 110.1

ADF 223 294.4 472.5 116.8 52.7

ADL 223 37.8 93.5 14.8 16.1

CP 223 115.0 289.0 30.1 55.6

NDF: Neutral detergent fiber; ADF: Acid detergent fiber; ADL: Acid detergent lignin; DM: Dry matter; 
OM: Organic matter; ASH: ashes; CP: Crude protein
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	 The models generated for the chemical parameters that were analyzed showed 
calibration and validation coefficients going from 0.76 for ASH, up to 0.96 for CP.
	 The SEP is a reliable quality indicator for the developed equation, since unlike SEC, 
which improves (values near zero) as new terms are added to the equation, SEP improves 
only until it starts to produce an over-adjustment of the equation, increasing (values far 
from zero) later on, with each new term (Alomar and Fuchslocher, 1998). The SEP of 
this work fluctuated between 9.61 and 48.68 for DM and NDF, respectively. Sapienza et 
al. (2008) state that the SEP are directly related to the standard deviation of the reference 
methods, that is, higher SEP values will be obtained when the standard deviation of the 
reference methods is higher; this is correct because the highest SEP was obtained in NDF 
(48.68) and its standard deviation from the reference method (Table 1) was 110.1. Along 
these same lines, Alomar and Fuchslocher (1998), mention that the calibration equations 
tend to have a better predictive value when they are developed on samples that are relatively 
homogenous, than when calibrations are done for more heterogenous populations, such as 
the ones in this work, where precision and accuracy tend to decrease.
	 With respect to the consistency of the equations that were generated, the obtained values 
were generally near 100. NIRVIS (2000) indicates that for a calibration to be acceptable, 
the consistency value must be close to 100, since it describes the relationship between the 
standard errors of the calibration and validation sets. In the case of the ADL fraction, we 
observe that it has a value of 125.90 for the consistency of the equation, a SEP of 10.02, and 
r2 C-Set of 0.77 and an r2 V-Set of 0.78. The SEP and consistency of the equation indicate 
that, in spite of having regression coefficients that were relatively low, the predictions that 
were made can be reliable.

Validation of the near-infrared spectrometer predictions 
	 Table 3 shows the comparison between the laboratory values and the NIRS estimates, 
using samples that were completely different from those used for the calibration and from 
the sampling sites. The CP parameter got a regression coefficient of 0.93, slope of the 

Table 2. Correlation coefficients, standard error prediction and consistency of the 
equations generated.

Parameter r2 C-SET r2 V-SET SEP Consistency of the 
equation generated

DM 0.77 0.93 9.61 105.15

OM 0.80 0.77 12.40 101.68

ASH 0.76 0.76 13.59 101.31

NDF 0.90 0.87 48.68 101.56

ADF 0.90 0.89 25.23 99.07

ADL 0.78 0.77 10.02 125.90

CP 0.94 0.96 18.60 101.11

DM: dry matter; OM: organic matter; ASH: ashes; NDF: neutral detergent fiber; ADF: 
acid detergent fiber; ADL: acid detergent lignin; CP: crude protein; r2 C-Set: correlation 
coefficient of the calibration set; r2 V-Set: Correlation coefficient of the validation set; 
SEP: standard error prediction.
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straight line of 0.99 and a mean difference between NIRS and the laboratory of 10.69%. 
The Pearson correlation coefficient (0.96) shows that the correlation is strong and the 
regression analysis confirms this by finding that the estimates made by NIRS were 
significantly related (P0.01) to the reference analyses.
	 The results show that the NIRS technique may better predict the CP fraction in the 
case of the evaluated fodder species, in view of the highest observed regression coefficient, 
which was 0.93, Berardo (1997), obtained coefficients of 0.97 in white clover, García-
Ciudad et al. (1999) got values going from 0.90 to 0.96 in heterogenous samples from native 
prairies in Spain, and Cozzolino et al. (2006) report coefficients of 0.90 for corn silage 
samples. These results are within the range of what is reported in the present study.
	 The NDF fraction got a regression coefficient of 0.87, a slope of 0.74 and a difference 
of 13 grams between the NIRS and the laboratory (2.42%). The analysis shows that the 
NIRS estimates are significantly related (P0.01) to the laboratory analyses; in turn, 
the correlation coefficient (0.94) indicates that the correlation between NIRS and the 
laboratory is very strong.
	 For ADF, a difference of 3.91 % was obtained, a slope of the straight line of 0.54 and a 
regression coefficient of 0.87. From the regression analysis we have that NIRS estimates 
are significantly related (P0.01) to the laboratory analysis. The Pearson correlation 
coefficient confirms this since there is a strong correlation between the NIRS and the 
laboratory.
	 In NDF and ADF contents, adequate coefficients were obtained of 0.87, which are 
within the range reported in the literature. Berardo (1997) found values of 0.97 and 0.96 
for NDF and ADF respectively. Mentink et al. (2006) report 0.90 for NDF; Cozzolino et al. 
(2006) obtained coefficients of 0.84 for NDF and 0.81 for ADF in samples of corn silage.
	 For the DM content, a regression coefficient of 0.72 was obtained, a slope of the 
regression straight line of 0.32 and a difference between NIRS and the laboratory of 
2.53%. The Pearson correlation coefficient (0.85) shows that there is a negative correlation 
between the laboratory and NIRS, which is confirmed by the P value indicating that the 
NIRS estimates were significantly related (P0.01) to the reference analyses.

Table 3. Relationship between NIRS and the laboratory for the evaluated parameters, showing the 
regression equation, regression coefficient, % Diff and Pearson correlation coefficient.

Parameter Regression equation r2 %Diff R2

DM y0.3206x1239.5 0.72 2.53 0.85

OM y0.4739x495.38 0.68 6.14 0.83

ASH y0.2488x67.947 0.28 28.68 0.52

NDF y0.7424x153.85 0.88 2.42 0.94

ADF y0.5435x136.88 0.87 3.91 0.93

ADL y0.5689x22.568 0.56 2.08 0.75

CP y0.9892x13.354 0.93 10.69 0.96

DM: dry matter; OM: organic matter; ASH: ashes; NDF: neutral detergent fiber; ADF: acid detergent 
fiber; ADL: acid detergent lignin; CP: crude protein; r2: regression coefficient; % Diff: percentage difference 
between laboratory values and NIRS values and R2: Pearson correlation coefficient.
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OM showed a 6.14% difference between NIRS and the laboratory, a 0.68 regression 
coefficient and the slope was 0.47. The P value (P0.01) indicated that the reference 
analyses are significantly related to NIRS, which is confirmed by the Pearson correlation 
coefficient of 0.83.
	 For DM content, the regression coefficient was 0.72. This is greater than that reported 
by Garnsworthy et al. (2000) who obtained values of 0.47, which they attribute to the 
loss of humidity in the samples during storage. This inconvenience may be solved by 
determining DM content prior to the moment when the samples are explored; however, 
there are no published reports where the use of this procedure is mentioned in order 
to avoid low predictions. It is worth mentioning that the average weight of the samples 
that were used for the validation in this study was 931 g DM kg1 and that in the 
spectrometer predictions, a mean was obtained of 956 g DM kg1, which explains the 
high regression coefficients observed in this work. Other authors state that NIRS is a 
technique that can be used to estimate DM, when finding coefficients greater than 0.80 
(Cozzolino et al., 2006). In any case, the prediction value that was obtained in this work 
may be considered to be acceptable.
	 The ADL content had a 0.56 regression coefficient and a 2.08% difference may be 
observed between NIRS and the laboratory, with a slope of the straight line of 0.57. The 
regression analysis shows that the NIRS estimates were significantly related (P0.01) to 
the reference analysis and the correlation coefficient (0.75) indicates that the correlation is 
moderately strong.
	 The regression coefficient for ADL that was found in this work (0.56) was under that 
reported by Berardo (1997), who got a value of 0.89. This result may be explained as due 
to a great variation in the samples that were used to calibrate the equipment. Alomar and 
Fuchslocher (1998) state that the low determination coefficients in the fibrous fractions 
are probably due to the fact that the spectral data obtained through NIRS represent the 
real chemical structure of the sample, in a more precise manner than the determination 
done through wet chemistry, such as raw fiber, NDF, ADF, among others; these do not 
correspond to well defined molecular entities but to empirical determinations and thus, do 
not allow us to define the real chemical groups that are involved.
	 The ASH content had a 0.27 regression coefficient and a difference of 28.68% 
between NIRS and the laboratory; the slope was 0.25. The P value shows that NIRS 
estimates were significant (P0.05) with the reference analysis. The Pearson correlation 
coefficient (0.52) shows that the relationship between NIRS and the laboratory was 
moderately strong.
	 Ashes are mainly composed of minerals, according to the principles of NIRS technique. 
This is based on the virtues of organic compounds, which are negatively related to inorganic 
compounds (Garnsworthy et al., 2000). The regression coefficient for ASH was 0.27, a 
value that is under those reported in the literature. Mentink et al. (2006) got 0.77, Berardo 
(1997) 0.84 and Garnswothy et al. (2000), 0.93. However, in other works using compound 
feed (Murray, 1996) the low correlations for ashes are attributed to the variation in mineral 
content of feed, a situation which could be present in this work, given the heterogeneity of 
the samples that were composed of different grass species.
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	 A calibration of the NIRS equipment is considered ideal if it predicts the chemical 
composition with an order of error that is similar to those achieved using wet chemistry; 
that is, that the calibrations depend on the analytical procedures that were used in order 
to provide reference values. The heterogeneity (of species, of the vegetative state, prairie 
and crop) of the samples used in this work, may have caused the relatively low regressions 
for ASH content. Alomar and Fuchslocher (1998) mention that the calibration equations 
tend to have a better predictive value when they are developed on samples with a relatively 
homogenous nature, or corresponding to the same type of product (e.g., alfalfa hay). 
On the other hand, when one is trying to develop calibrations for more heterogenous 
populations with a broader base (e.g. straw, hay and silage from different plant species as 
a whole), precision and accuracy tend to decrease, as they did in this work, especially for 
ash content.

CONCLUSIONS
	 Considering the study conditions, we conclude that NIRS is a useful and economical 
tool that can be used to estimate some of the chemical characteristics (NDF, ADF, OM, 
CP, ADL and DM) of a broad spectrum of fodder samples. However, this technique proved 
to be less precise in the case of ASH estimates, for which further research is needed.
	 The drying of samples prior to obtaining their spectrum helps to improve the calibration 
of the spectrometer and hence its predictions. In order to maintain the structural and 
chemical integrity of the samples, the drying method that is mostly recommended is 
liofilization (Alomar and Fuchslocher, 1998).
	 It is necessary to calibrate the NIRS with locally obtained data, since as we have shown 
in this study, the variation coming from the diversity of species that are present in the 
region may affect the accuracy of the calibrations. For this reason, data bases of spectra 
that were obtained in latitudes other than those of Mexico, may not work for the fodder 
species that exist in the country.
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