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ABSTRACT 

This study aims to determine the levels of dry matter, crude protein, and starch widely used in 
ruminant feeding, in dairy and beef cattle mixed feeds based on the measurements taken from 
two different Near-Infrared Reflectance (NIR) devices. The chemical analyses of the mixed feed 
samples used in the study were performed and the reference values (REF) were determined. In 
the research, two different NIR devices, a Benchtop-NIR and a Portable-NIR, were used and the 
nutrient values of mixed feeds were analyzed with these devices. It was determined that there 
were statistically significant differences between the reference method and NIR results for 
protein and starch content. Although the differences between the mean values were significant, 
the reference analyses results and NIR measurements were similar in some ways. According to 
the correlation coefficients calculated between the reference analyses with Benchtop-NIR and 
Portable-NIR devices, there was a weak correlation in the dry matter content, while a strong 
positive correlation existed in the protein (r = 0.72 for Portable, r = 0.93 for Benchtop NIR) and 
starch content. In the study, 30 different mixed feed (dairy cattle feed, beef cattle feed) values 
that are commonly used in ruminant feeding were measured. 
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Animal products are aimed to be obtained by using 
vegetables in ruminant feeding. Consuming animal 
products is critically important for a healthy society. 
However, the nutritional content of mixed feeds varies 
according to the feed crude materials used. Minimizing 
the cost of feed, the most important cost of the 
livestock sector, is vital for livestock enterprises. The 
feed should not only be economical but also have 
quality standards. Mixed feeds, prepared for livestock, 
are widely used in cattle and sheep feeding. As there is 
a deficit in roughage in our country, the nutritional 
needs of cattle and sheep are provided with mixed 
feeds. Factories produce concentrated feed and carry 
out quality analyses to supply the nutrients required 
for animals. The nutritional content of the mixed feeds 
changes according to the nutritional content of the 

crude material. 
 Starches, in the class of Non Structural 
Carbohydrate (NSC), are the main energy sources for 
lactating dairy cows and it is recommended to be 23-
30% in the ration. The amount of starch in the ration is 
important to avoid nutritional diseases such as acidosis 
(Usta and Saçaklı, 2013). Considering the living and 
productivity shares of animals, various nutrients are 
needed. They need to consume carbohydrates and fats 
to obtain energy, protein for amino acids, vitamins for 
enzyme activities, and minerals for nervous and 
muscular systems (Freeman, 2003). Carbohydrates are 
the most important energy source of animals. 70-80% 
of dry matter in plants consists of carbohydrates 
(Butler et al., 2003). 
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Carbohydrates include sugar, starch, cellulose, and 
lignin. They consist of carbon, hydrogen, and oxygen 
compounds. Carbohydrates are divided into two as 
simple and complex carbohydrates. Simple 
carbohydrates are found in cereal grains and contain 
starch and sugar, whereas complex carbohydrates are 
found in feed and are very difficult to digest. Complex 
carbohydrates consist of cellulose and lignin. They can 
be divided into two as fibrous and non-fibrous 
compounds. The fibrous part consists of NDF, 
cellulose, lignin, and hemicellulose, while the non-
fibrous part consists of starch, sugar, and pectin 
(Harris, 1993). 
  Carbohydrates have a significant share in rations. 
In fact, it constitutes 60-70% of the energy required 
for daily milk production. The starch in the rations 
directly affects milk yield. As a matter of fact, the milk 
yield of the cattle that were fed with high starch 
content (32.9%) was found to be significantly higher 
than that of low starch content (24.9%) (MacGregor et 
al., 1983). 
  Starch consists of glucose sugars that are bonded 
together. It is digested in both the rumen and the 
intestines. Depending on the types of starch and 
processing method, it can be digested at the rate of 6-
60% in 1 hour in the rumen. Starch is one of the main 
sources of energy and microbial protein for rumen 
microbial fauna. Excessive starch and sugar 
fermentation may cause rumen acidosis, which leads 
to a decrease in rumen pH, rumen microbial activities, 
feed intake, and yield (Hall, 2010). 
  The study aims to compare the results of the 
reference analyses with the results obtained from 

Portable- and Benchtop-NIR devices for dry matter, 
crude protein, and starch levels determined by 
chemical analysis in dairy and beef cattle mixed feeds. 

Materials and Methods 

In the study, 30 different mixed feed values that are 
commonly used in dairy and beef cattle mixed feeding 
were measured. The mixed feed samples of 0.5 kg 
were freshly taken from the factories, brought to the 
laboratory in air-tight bags, and kept at -20 °C until 
analysis. The mixed feed samples were milled (Retsch 
ZM 200 ultra centrifugal mill) in a 1 mm screen for 
analysis. 
Reference Analysis (REF, Chemical Analyses): The 
reference analyses of the chemical mixed feeds used 
in the study were carried out according to the method 
reported for the dry matter (method 934.01), crude 
protein (method 954.01), and starch (method 920.40) 
(AOAC, 1990).  
NIR Spectroscopy Measurements: NIR measurements 
were performed on two different NIR devices. One of 
these devices was the Benchtop-NIR (Spectrastar 
2400D, Unity Scientific, USA) while the other was the 
Portable-NIR (Dinamica Generale Agri NIR Analyzer, 
Italy). In the Benchtop-NIR device, the spectrum data 
of 1 nm frequency between 1200-2400 nm were 
collected separately from the feed samples (dairy and 
beef feeds) as dry matter for making spectral 
measurements and determining the feed quality. 
INGOT calibration model (Maize Silage and Forage, 
Unity Scientific, USA) was applied to the spectral data 
to determine the dry matter, crude protein and starch 
values of mixed feed samples. Feed samples for  
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Table 1. Descriptive statistics of observed traits for reference analysis and NIR measurements 

Statistic Trait Benchtop-NIR Portable-NIR Reference (chemical) 

 Dry Matter 88.5 89.0 88.7 

 Mean Protein 15.9 21.2 18.8 

  Starch 29.2 12.6 23.9 

 Dry Matter 87.6 87.3 87.2 

 Min Protein 11.7 17.6 13.1 

  Starch 19.3 10.0 15.2 

 Dry Matter 89.9 90.2 90.5 

 Max Protein 19.7 25.6 23.3 

  Starch 43.2 16.6 39.7 

 Dry Matter 0.66 0.79 0.78 

 STD Protein 1.74 1.93 2.49 

  Starch 5.52 1.73 5.16 
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measurements in the Portable-NIR device were placed 
in the measuring chamber of the device and spectral 
measurements were made. After the measurement, 
the dry matter, crude protein, and starch values were 
determined with calibration defined in the device. 
Statistical Analysis: The data obtained from the study 
were analyzed with the SAS statistical software (SAS, 
1999). Descriptive statistics on quality parameters of 
mixed feed were obtained with the proc MEANS 
procedure. Variance analysis was used to determine 
the effect of sample, device, and plant types from 
which the mixed feed was produced on the analysis 
results. The difference between the reference 
analyses of the feed samples as dry matter and fed 
and the results obtained from both NIR devices was 
compared with the Kruskal-Wallis test. Correlation 
analysis was used to examine the relationship 
between the data regarding the quality of feed 
obtained from NIR devices in the sample group. 
Pearson correlation was used in correlation analysis, 
and analyses were carried out with the proc CORR 
command in the SAS program. Correlation test results 
were shown graphically and the relationship between 
the NIR estimates and reference analyses was 
explained. 

Results  
According to the statistical analysis, it was observed 
that there was no statistically significant difference 
between the Portable-NIR and Benchtop-NIR with 
reference measurements based on the dry matter 
content of the mixed feed. Therefore, it was seen that 
dry matter measurements with NIR devices can 
substitute the results of reference analysis and both 
methods can be used in the determination of the dry 
matter in mixed feeds, which is important in terms of 
time, labor, and material. It was also understood that 
the difference between the mean dry matter obtained 
from the Benchtop-NIR device and Portable NIR 
device was significant. However, it can be observed in 
Figure 1 that the difference was very low. Therefore, 
the value obtained from the Benchtop-NIR device was 
89.5%, while it was 89.0% in the Portable NIR device 
(Table 1). 
 The mean values of starch content and differences 
between NIR devices and reference analysis are 
presented in Table 1 and Figure 1. According to the 
mean values, the Benchtop-NIR had the highest 
protein content (29.2%), which was close to the 
reference analysis results (23.9%), while the lowest 
value was obtained from the Portable-NIR device 
(12.6%) (Table 1). Those differences were found to be 
statistically significant (Figure 1). When the Portable  

Figure 1. Comparison of reference and NIR analyses 
for investigated traits. 
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NIR device was compared with the Benchtop-NIR 
device, it yielded much lower mean scores than the 
reference analysis, which was noteworthy.   
 It was also observed that the mean scores 
obtained from the Benchtop-NIR device for protein 
ratio (15.9%) were lower than the reference analyses 
(18.8%), while the mean scores for the Portable-NIR 
device were higher than that of the reference analyses 
(Table 1). It was seen that there were statistically 
significant differences between the results of three 
separate analyses (Figure 1). Compared to the 
reference analysis, it was observed that the means 
obtained from NIR devices had a difference of 
approximately 3%. 
 Considering sample level similarities for starch 
content, it was discovered that the Benchtop NIR 
device had a higher correlation (r = 0.86, p <0.01) 
compared to the Portable NIR device as in protein 

ratio. The correlation coefficient (r = 0.69) calculated 
between the reference analysis and the Portable NIR 
device was similar to the coefficient calculated for the 
NIR devices (Figure 2). 

Discussion 
CP was found as 18.19 ± 0.27% in dairy cattle mixed 
feeds produced in Trakya whereas it was found as 
14.11 ± 0.33% in beef cattle mixed feeds produced in 
the Marmara region (Çelik et al., 2003). In a study 
conducted in the city of Van, CP was found as 7.40% 
for barley, 30% for cottonseed meal, and 16% in 
wheat bran (Baytok et al., 2000). 
 CP of dairy and beef cattle mixed feeds ranged 
from 13.66 to 21.91%. CP values of barley, wheat, 
corn, and oats were found between 9.26–12.30% 
(Abaş et al., 2005). CP was found between 7.19–7.94% 
for corn, 8.46–11.15% in barley, 10.26–13.39% for  

 

   

    

   

Figure 2. Correlation the plots among reference and NIR analysis results. 
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wheat, 13.52–13.83% for wheat bran (thick), and 
14.20-15.23% in wheat bran (Göngör et al.,  2008). It 
was also found that that CP was 10.56% for barley, 
10.92% in wheat, 8.38% in corn, 12.79% for wheat 
bran, 29.24% for sunflower seed meal, 32.02% for 
cotton seed meal, and 44.98% for soybean meal (Alp 
et al., 1996). 
 In barley varieties, the starch concentration 
determined by the calculation method (not chemical 
analysis) was found between 51-64% (Maruz and 
Çelik, 2020). In addition, the starch content of triticale 
and wheat varieties measured with NIT 
SystemInfratec 1241 grain analyzer was found 
between 62.46-64.65% (Kızılgeçi and Yıldırım, 2017). 
 In a study in which the chemical compositions of 
poultry feeds used in poultry nutrition were 
investigated using the chemical and NIRS method, a 
weak relationship was found in terms of starch 
content (R2= 0.269 ) while there was a significant 
relationship between dry matter and crude protein 
content (R2= 0.7239; 0.9549) (Karaman and Erdemir, 
2018).  
 Crude protein and starch content in the total 
mixed ration (TMR) were estimated by NIRS with good 
accuracy (R2 ˃ 0.85) in proportion to low standard 
estimation errors (Mentink et al., 2006). 
 In our study, the results of the correlation analysis 
performed to examine the differences between the 
mean values at the sample level are presented in 
Figure 2. Although there was no statistically significant 
difference between the methods in terms of dry 
matter content, the similarity between the different 
NIR devices and sample analysis results of the 
reference analyses was quite low according to the 
correlation analysis. Therefore, it was seen that it 
would not be correct to use these methods as 
substitutes at the sample level. 
 According to the results obtained for the protein 
ratio, it was observed that there was a positive and 
significant relationship between the results obtained 
from both NIR devices and the reference analysis. In 
addition, the results obtained from the Benchtop and 
Portable-NIR devices showed high similarity. At the 
sample level, the Benchtop-NIR device had the highest 
similarity (r = 0.93, p <0.01) whereas a lower similarity 
(r = 0.72, p <0.01) was determined between Portable-
NIR and reference analysis results. Protein is one of 
the most successfully detected contents in different 
samples of vegetables (Baye et al., 2006). Therefore, 
in this study, the results obtained at the sample level 
were higher for the protein ratio, which was expected. 
However, it was observed that the success of the 
Benchtop- and Portable-NIR devices in determining 
the protein ratio of the fattening feed was different. 

 The differences between the results obtained from 
different spectroscopy devices in this study are 
related to the measurement methods and the 
calibration models used. The scanning range and 
frequency of the Portable-NIR device are lower than 
the Benchtop NIR. However, there may be differences 
in the calibration and sample compatibility of these 
estimation models although global calibration models 
are used in both devices. As a matter of fact, in a 
study conducted by Tran et al., (2010), the prediction 
success of local and global models in different feed 
sources was compared and local models were found 
to yield more successful results compared to global 
models. 

Conclusion 

In this study, the relationship between the reference 
analysis and the results obtained from the NIR devices 
having two different properties was investigated by 
determining the crude protein, starch, and dry matter 
content of mixed feeds. The results showed that 
although there were significant differences between 
the protein and starch content with the reference 
analyses, there was a remarkable similarity at the 
sample level according to the correlation analysis. 
Comparing the sample analyses, it was observed that 
NIR devices can be used to determine the protein and 
carbohydrate content of mixed feeds provided that 
some conversion coefficients need to be developed 
for the detection. It is useful to carry out different 
studies for the development of those conversion 
coefficients by using more samples in future research. 
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