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Abstract 

 

The objective was to evaluate the effect of near infrared spectroscopy instrumentation with NIRS FOSS and Perten on 

predictions of crude protein (CP) and in vitro dry matter digestibility (IVDDM) and in vitro organic matter digestibility 

(IVDOM) of cottonseed. The models for the CP parameter obtained better results in the NIR Perten and FOSS instruments 

than the models for IVDDM and IVDOM of cottonseed. In addition, the model with the best performance observed for CP 

was attributed to NIR Perten, considering its best RPD index. 

Keywords: Alternative food. Food analysis. Spectroscopy. NIRS. 

 

 

 

Resumo 

 

O objetivo foi avaliar o efeito da instrumentação de espectroscopia no infravermelho próximo com NIRS FOSS e Perten nas 

predições de proteína bruta (PB) e digestibilidade in vitro da matéria seca (DIVMS) e digestibilidade in vitro da matéria 

orgânica (DIVMO) do caroço de algodão. Os modelos para o parâmetro PB obtiveram melhores resultados nos instrumentos 

NIR Perten e FOSS do que os modelos para DIVMS e DIVMO de caroço de algodão. Além disso, o modelo com melhor 

desempenho observado para PB foi atribuído ao NIR Perten, considerando seu melhor índice RPD. 

Palavras-chave: Alimento alternativo. Análise de alimentos. Espectroscopia. NIRS. 
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Introduction 

 

The adequate nutrition of herds of livestock is of fundamental importance to an efficient system 

of animal production. In addition to providing livestock with protein and energy, pastures are also a 

primary source of fiber. Fiber promotes chewing and rumination and consequently helps maintain rumen 

health (VAN SOEST, 1967). In addition to the supply of nutrients required for the production and 

considering that food is the costliest element in most production units, a properly balanced diet is 

beneficial to animal health, as well as to the economic and environmental efficiency of production 

systems. 

In Brazil, most of the diet of ruminant livestock is based on pasture, whether it comprises native 

or cultivated species. However, forage in adequate amounts and quality is not available throughout the 

year. The seasonality in forage production usually results in a nutritional deficit among livestock and 

negatively affects the production of ruminants in Brazil. An alternative that seeks to minimize the 

detrimental effects resulting from the low productivity of pastures and food shortages is nutritional 

supplementation, which seeks to provide the most crucial nutrients, such as protein and energy (NRC, 

2007). 

A diet that meets the nutritional needs of livestock is an essential pillar in production systems. 

The agribusiness industry has been generating large amounts of by-products resulting from the 

processing of cereal grains, oilseeds, and other commercially significant plants. Cottonseed (NIDA et al., 

1996; MOHAMED et al., 1988) stands out from these as a co-product with high contents of protein, fat, 

and fiber. To this end, it is essential to know the precise nutritional value of the food employed in order 

to develop feeding strategies and optimize an efficient and economic system for animal production. 

Therefore, the search for faster and cheaper technologies and methodologies for analyzing potential food 

sources is essential to prompt decision-making regarding the administration of livestock feeding. For 

instance, these decisions must consider the strategic use of food supplements and enable the access of 

livestock producers to food science services. 

Hence, as an alternative to traditional methodologies, near-infrared spectroscopy (NIRS) has 

beeen applied to optimize the time required to assess the nutritional quality of food without destroying 

the samples and or generating pollutants. This spectroscopy technology may produce different outcomes 

due to the differences in wavelength ranges of instruments such as the NIR Perten® DA 7250 

(PerkinElmer, Inc., USA), with a spectral range from 950 to 1650 nm and a spectral interval of 5 nm, 

and the NIR FOSS 5000 Nirsystem II using the ISIScan® software, with a spectral range from 1100 to 

2500 nm and spectral interval of 2 nm. Therefore, our research sought to evaluate the effect of NIR 

instrumentation in the transfer of protein calibration models and cottonseed digestibility. 

 

Materials and methods 

 

Cottonseed samples were harvested monthly for 12 months in the Brazilian states of Ceará (150 

samples) and Mato Grosso (150 samples). To this end, collaborative relations were established with 

teachers, researchers, and agricultural sciences students, as well as cereal farmers, professionals of the 

agricultural business, and staff of animal feed factories, who made these collections possible. This 

network of collaborations resulted in the collection of 300 samples, which were sent by mail to the 
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Embrapa Goats and Sheep in the town of Sobral, Ceará, in order to undergo analytical procedures at the 

Animal Nutrition Laboratory. 

The samples were subjected to an initial stage of spectra collection using a Perten® DA 7250 

(PerkinElmer, Inc., USA) NIR instrument. This initial step was conducted to select a sample bank for 

calibration. After harvested spectra from the samples, the multiplicative scatter correction (MSC), using 

the software The Unscrambler® v.10.5.1 (Camo Inc). In addition, a principal component analysis (PCA) 

(HOTELLING, 1933), was carried out in order to observe classes or categories for the distribution of the 

set of samples. In PCA, the spectra were centered on the mean for the exploratory analysis of the samples.  

Following the pre-processing stage mentioned above, a set of 109 samples was selected through 

the X matrix of the spectra using the “Evenly Distributed Samples” selection tool of The Unscrambler® 

v.10.5.1 (Camo Inc), observing the greater variability between the samples to be destined to the chemical 

analyses and to compose the calibration banks (75% of the samples) for the construction of the models 

and validation (25% of the samples), for independent validation. The highest variability between these 

samples was used to build the calibration bank and perform the chemical analyses for constructing the 

models.  

The samples selected to constitute the calibration set were dried in a forced ventilation oven at 

55°C until their masses stabilized. Subsequently, the dried samples were ground in a Wiley-type mill 

equipped with a 1.0 mm mesh sieve and were then stored in containers that were adequately identified 

and the harvested of spectra in the instruments using the NIR Perten® DA 7250 (PerkinElmer, Inc., USA) 

and NIR FOSS 5000 Nirsystem II instruments using the ISIScan® software.  

The following chemical analyses were performed: dry matter (DM) content; mineral matter (MM) 

content; organic matter (OM) content, calculated as the difference between DM and MM; and 

concentration of total nitrogen (N), determined using a combustion system (Leco FP-628, Leco Corp., 

St. Joseph, MI, USA). In order to convert the (N) values into crude protein (CP) content, the conversion 

factor of 6.25 was applied. The in vitro digestibility of dry matter (IVDDM) and in vitro digestibility of 

organic matter (IVDOM) were determined using an MA443 automatic incubator (MA443, Marconi 

Equipment’s for Laboratories Ltda., Piracicaba, SP, Brazil), in accordance with previously established 

technical procedures (TILLEY; TERRY, 1963). All spectral measurements were performed under 

controlled conditions of sample humidity (room temperature of 25°C, and relative air humidity of 55%) 

to avoid possible interferences to the spectra harvested (LYONS; STUTH, 1992). 

With the chemical analyzes after the harvested of the spectra of the samples in NIR instruments, 

through the software The Unscrambler® v. 10.5.1 (Camo Inc), the models were built. The regression 

method used was partial least squares, one variable at a time (PLS - 1) (KOURTI; MACGREGOR, 1995), 

considering the reference values obtained by chemical laboratory analyzes as a dependent variable and 

the latent variables created from the spectra as independent variables of the multiple regression models.  

Models were elaborated for parameters of crude protein (CP) and in vitro digestible matter of 

IVDMD and in vitro digested organic matter (IVOMD) for NIRS Perten and FOSS instruments. For each 

modeled constituent, the models were generated by submitting the original spectra to different 

mathematical pre-treatments, such as multiplicative signal correction (MSC), normal variance 

transformation (SNV), first and second derivatives (Savitzky-Golay) (KOURTI; MACGREGOR, 1995), 

with windows varying from 1 to 4 points (SAVITZKY; GOLAY, 1964; BROWN et al., 2000). And the 

number of PLS factors of the models was determined by the cross-validation procedure “leave-one-out” 
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(GELADI; KOWALSKI, 1986). In the independent validation, the separate database was used initially 

(25% of the samples). 

After preparing the models, for all pre-treatments used, the best models for each parameter were 

selected, according to the criteria: model determination coefficient in calibration, cross-validation (R2), 

square root of the standard error of the calibration mean and cross validation (RMSE) (LEITE; STUTH, 

1995; LANDAU et al., 2006), in addition to the number of factors used in calibration as suggested by 

(PASQUINI, 2003). Another parameter used in the evaluation of the performance of the models was the 

Rcal/Rval (R2 of the calibration and the R2 of the validation), which represents the division between the 

coefficients and the RPD (Ratio of Performance to Deviation), which represents the division between the 

standard deviation of the analyzes and reference and the average forecast error (WILLIAMS; 

SOBERING, 1993; CHANG et al., 2001). 

 

Results and discussion 

 

Table 1 shows descriptive statistics covering the number of samples (N); the average, minimum, 

and maximum values; standard deviation (SD); and coefficient of variation (CV) of the parameters used 

as a reference for developing the calibration models. 

 

Table 1 - Descriptive statistics of crude protein (CP), in vitro digestibility of dry matter (IVDDM), and in vitro digestibility 

of organic matter (IVDOM) of cottonseed. 

Parameter N Mean (%) Min, Max SD CV (%) 

CP 75 26.0 20.5–32.8 2.8 10.6 

IVDDM 70 61.2 51.0–75.4 4.8 7.8 

IVDOM 65 62.8 52.0–76.3 4.8 7.6 

N (number of samples); Min/Max (minimum and maximum values); SD (standard deviation); CV (coefficient of variation). 

 

The average value observed for cottonseed CP was 26.0%, which is higher than values reported 

by other studies (NIDA et al., 1996; MOHAMED et al., 1988). For IVDDM, the average value was 

61.2%, while for IVDOM, the values remained at 62.8%; these results come close to those reported by 

other studies (NIDA et al., 1996). However, the fluctuation in the minimum and maximum reference 

values obtained indicates that the strategy used to build the database (sample collection throughout 12 

months) was effective in obtaining a wide range of variations, which contributed to the robustness of the 

models. It is important to emphasize that the chemical makeup of the food varies depending on some 

factors inherent to food composition and crop management. These inherent factors were considered while 

conducting the sample collection, and this may be observed through the variation in results, as evidenced 

by the chemical analysis of the samples. 

Table 2 shows the models with the best performance in terms of cottonseed CP, IVDDM, and 

IVDOM.  
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Table 2 - Calibration and validation models using partial least squares (PLS) regression for crude protein (CP), in vitro 

digestibility of dry matter (IVDDM), and in vitro digestibility of organic matter (IVDOM) of cottonseed. 

Dried and ground cottonseeds (Perten) 

    Calibration Validation   

PARAMETER N TREATMENT FPLS R2 RMSEC R2 RMSEV Rcal/Rval RPD 

CP 75 MSC 5 0.82 1.15 0.78 1.29 1.05 2.15 

IVDDM 70 SNV 7 0.46 3.15 0.36 3.79 1.28 1.27 

IVDOM 65 MSC/SG2.2 7 0.52 3.16 0.30 4.77 1.73 1.00 

Dried and ground cottonseeds (FOSS) 

    Calibration Validation   

PARAMETER N TREATMENT FPLS R2 RMSEC R2 RMSEV Rcal/Rval RPD 

CP 72 MSC/SG2.1 6 0.95 0.51 0.61 1.51 1.56 1.71 

IVDDM 76 SMOOTHING 3 0.36 4.25 0.30 4.54 1.20 1.20 

IVDOM 76 SMOOTHING 3 0.37 3.89 0.30 4.14 1.23 1.20 

FPLS (number of PLS factors); N (number of samples); SG1 and SG2: 1 to 4 (first and second Savitzky-Golay derivatives, 

points 1 to 4); MSC (multiplicative scatter correction); SNV (standard normal variate); SMOOTHING (Smoothing); R2 

(coefficient of determination); RMSEC (root-mean-square error of calibration); RMSEV (root-mean-square error of 

validation); Rcal/Rval (R2calibration/ R2validation); RPD (ratio of performance to deviation). 

 

The outcomes for the models developed for CP were an R2 of 0.82 and 0.95, RMSEC of 1.15 and 

0.51, and RMSEV of 1.29 and 1.51 for NIR Perten and NIR FOSS instruments, respectively. Regarding 

the values for RMSEC and RMSEV, they were relatively low, which indicates the model to be 

moderately accurate, and demonstrates conformity between the estimated and the reference value 

(LANDAU et al., 2006). It is important to note that, depending on the number of factors determining the 

models’ complexity, overfitting (excessive number of factors) or underfitting (insufficient number of 

factors) (PASQUINI, 2003) can characterize some models. Hence, the observed approximation between 

the values of RMSEC and RMSEV concerning the CP parameter indicates that an adequate number of 

factors (varying between 5 and 6) was used for developing the models. 

The performance of the validation models evaluated by the RPD followed a standardized 

classification (SAVITZKY; GOLAY, 1964). The models for CP had an RPD of 2.15 for NIR Perten and 

1.71 for NIR FOSS and were classified as excellent and fitted, respectively. On the contrary, for IVDDM 

and IVDOM parameters, the models were classified as not fitted for both instruments. Thus, models for 

CP displayed a performance superior to the models for IVDDM and IVDOM, which were characterized 

by overfitting in NIR Perten and underfitting in NIR FOSS. Because it is a more laborious analysis, 

digestibility aggregates greater errors due to the difficulty of its estimation, which may lead to the 

insertion of systematic and random errors into the models. Furthermore, the observed results may be due 

to the structure of the analyzed parameters, since proteins contain N˗H, C˗H, and C=O (SHENK et al., 

2008) bonds, all of which can be absorbed in the near-infrared region, besides having the simplest 

reference method when compared to the IVDDM and IVDC models. 
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Table 3 describes the most important wavelengths for measuring the CP, IVDDM, and IVDOM parameters obtained in the present 

study. 

 

Table 3 - Wavelengths related to crude protein content (CP), in vitro digestibility of dry matter (IVDM), and in vitro digestibility of organic matter (IVDOM). 

Wavelength (nm) 

 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300 2400 2500 

Model performance (Dried and ground Perten 950–1650nm) 

CP  ● 

 

● 

 

● 

 

● 

 

● 

 

● 

 

● 

 

         

IVDDM ● 

 

● 

 

● 

 

● 

● 

 

● 

 

● 

 

           

IVDMO ● 

 

● 

 

● 

 

● 

 

● 

 

            

Model performance (Dried and ground FOSS 1100–2500 nm) 

CP   ● 
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● 

 

● 

 

● 

 

● 
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● 

 

● 

 

● 
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● 
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● 

 

● 

 

● 
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● 

 

● 

 

● 

 

● 

 

 

                  ● (apparent organic bonds at wavelengths); nm (nanometers); 3rdOT (third overtone: 700 to 1100); 2ndOT (second overtone: 1200 to 1500); 1stOT (first overtone: 

1600 to 2000); combination bands: 2100 to 2400). 
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The spectral bands related to the protein parameter comprised the ranges of 1000–1100 nm 

(third overtone), 1200–1500 nm (second overtone), and 1600 nm (first overtone) for the NIR Perten 

instrument, and 1100 nm (third overtone), 1200–1500 nm (second overtone), 1600–2000 nm (first 

overtone), and 2100–2400 nm (combination bands) for the NIR FOSS instrument. In most of these 

spectral regions, the protein organic bonds also occurred along with bond vibrations (N-H, C-H, C=O, 

C-N-C) (SHENK et al., 2008), indicating the efficiency of these regions in predicting the CP content 

of cottonseed. 

For IVDDM and IVDOM parameters, the spectral bands comprised the ranges of 900–1100 

nm (third overtone) and 1200–1400 nm (second overtone); for IVDOM, the range was limited to 1300 

nm in the NIR Perten instrument. However, for NIR FOSS, the most expressive bands for IVDDM 

and IVDOM were 1100 nm (third overtone), 1200–1500 nm (second overtone), 1600–2000 nm (first 

overtone), and 2100–2400 nm (combination bands). 

Digestibility is correlated to food composition, mainly with regards to cellulose and lignin. 

For cellulose, the composition has been associated with information collected at the wavelengths of 

1490, 1780, 1820, 2335, 2347, 2352, and 2488 nm, whereas for lignin, informative wavelengths are 

1100, 1170, 1410, 1417, 1420, and 1440 nm (SHENK et al., 2008). 

It should be noted that the wavelengths observed in the present study remained within those 

reported in the literature. Furthermore, although the near-infrared region covers a range from 780 to 

2500 nm (SHENK et al., 2008), these end values are not commonly used since it is possible to 

ascertain the scope of wavelengths from the NIR Perten and NIR FOSS instruments. It is likely that 

the models will not predict the digestibility of the cottonseed in these extreme regions; the values 

observed may instead be related to the high RMSEC and RMSEV values, which classify the models 

for IVDDM and IVDOM parameters as overfitting and underfitting models, respectively. 

 

Conclusion 

 

The models for the CP parameter had better results in the NIR Perten and FOSS instruments 

than models for IVDDM and IVDOM of cottonseed. Moreover, the model with the best performance 

observed for CP was attributed to NIR Perten, considering its best RPD index. 
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