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ABSTRACT 

This study aims to determine the crude protein and metabolizable energy values in 
ruminant mixed feeds based on the measurements obtained from Near Infrared 
Reflectance Spectroscopy (NIRS) device. The mixed feeds used in the study were 
produced in Balıkesir. Reference analyses were determined by making chemical 
analyses of mixed feed samples used in the study. Metabolic energy value of mixed 
feed samples was calculated by using the determined nutrient values in equations. 
Portable NIRS device was used in the study. The relationship between estimates 
obtained from NIRS device and reference values was statistically evaluated. In 
regression analysis, R2 value was found as 0.0064 for crude protein while it was 
0.9397 for metabolizable energy. It has been demonstrated that the NIRS method is 
a fast, reliable and good estimation method for quantitatively determining the 
metabolic energy value in ruminant mixed feeds. 
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Energies are transformed into one form to another 
in our lives. Green plants store the physical energy 
of the sun by converting it into chemical energy. 
Humans and animals transform chemical energy in 
plants into biochemical energy (ATP) by 
biochemical reactions (oxidation). Energy is not 
wasted, instead offered to people to use. Energy 
which is an abstract concept can be simply defined 
as the ability of the body to work. There are 
various forms of energy and these forms can be 

transformed into heat energy. However, heat 
energy cannot be transformed into other forms of 
energy. The chemical energy (gross energy) in the 
feed can be determined by the heat energy 
released as a result of the burning of the feed 
substance in the calorimetry bomb. Metabolizable 
energy is obtained by removing the energies of 
feces, urine and fermentation gases (methane) 
from gross energy (Kirchgessner, 1985). 
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Many chemical analyses are used to estimate the 
quality of mixed feeds and their relationship to 
animal performance. Neutral Detergent Fiber 
(NDF) and Acid Detergent Fiber (ADF) analyses 
recommended by Van Soest are chemical 
analyses that are obtained using the in vitro 
technique and used to predict dry matter intake 
(DMI) and digestible dry matter (DDM). In these 
analyses, the organic parts of the plants are 
divided into two as intracellular components 
(lipids, sugars, organic acids, starch, non-protein 
nitrogen, soluble protein, pectin and soluble 
matter) and cell wall components (hemicellulose, 
cellulose, lignin, lignified N compounds, keratin, 
silica, heat damaged protein) according to the 
chemical detergents (Rohweder et al., 1978). 
 In plants, carbohydrates are divided into two 
as structural and non-structural carbohydrates. 
Structural carbohydrates on cell wall are pectin, β
-glucan, galactosides, arabinoxylan (pentosan), 
hemicellulose, cellulose, and lignin, whereas non-
structural carbohydrates in the cell are organic 
acids, starch, and sugars. Carbohydrates are 
produced by photosynthesis and stored in plants. 
Carbohydrates in plants consist of cell content 
(sugars and starch) and cell wall elements 
(cellulose, hemicellulose, lignin). Starch is highly 
found in grain feeds while cellulose is found in 
roughages in high density. Starch and cellulose 
are glucose molecules linked by different 
chemical bonds. Starch is digested with enzymes 
in the digestive system, and cellulose is digested 
with enzymes produced by microorganisms in the 
digestive system. Hemicelluloses are also 
digested by microorganisms in the digestive 
system and transformed into organic acids used 
as the main energy source of the organism. The 
biggest component of the plant cell wall is 
cellulose. It is a glucose polymer combined with a 
β-1,4 glycoside bond. Hemicellulose is a 
heterogeneous polysaccharide (galactose, 
arabinose) with 5 and 6 carbons such as xylose, 
glucose and combined with β-1,4 glycoside bond. 
Lignin is not a carbohydrate, but a phenol alcohol 
polymer. Microorganisms found in rumen break 
down cellulose in the feed with the enzymes they 
synthesize, and thus essential fatty acids, carbon 

dioxide and methane gas are generated and 
energy is obtained (Tekce and Gül, 2014). 
 The cell wall components are digested by 
fermenting the feed cell wall with the enzymes 
produced and secreted by the cellulotic bacteria 
in the rumen. Cellulotic bacteria rapidly break 
down the water-soluble sugar, starch and pectin, 
that is, the cell content of the feed. However, 
hemicellulose breaks down the cell wall 
components of the water-insoluble slowly and 
the cellulose breaks down them even more 
slowly. Lignin is not a carbohydrate, and it cannot 
be broken down by cellulotic bacteria (Van soest, 
1994; Yavuz, 2005).   
 Carbohydrates constitute the main 
component of Ruminant rations and are divided 
into two as structural (cellulose, hemicellulose) 
and non-structural (starch, sugar) carbohydrates. 
It is effective on milk fat of structural 
carbohydrates, acetic acid / propionic acid ratio in 
rumen, dry matter consumption, rumen pH, saliva 
amount and chewing activity (Özen et all, 2005; 
Saçaklı et all 2007). 
 The higher roughage is in the ration, the 
higher acetic acid is produced. The higher protein 
is, the higher butyric acid is created. And the 
higher mixed feed is, the higher propionic acid 
occurs. Acetic acid and butyric acid form milk 
synthesis and milk fat. Propionic acid provides 
energy. Cellulotic bacteria are active between pH 
6.2-6.8 but are inactive below pH 6. Amylotic 
bacteria that provide starch digestion are active 
between Ph 5.2-6.08 (Li et al., 2012).                                    
 Near Infrared Analysis is a method used by 
the feed industry to evaluate the nutrient content 
of feeds. Near-infrared reflection 
spectrophotometer is a fast, quick and chemical-
free computerized analysis method used to 
analyze the nutrient content of forage crops and 
other feedstuffs. Traditional analysis methods are 
expensive and time-consuming as wet chemicals 
are used. Since this method uses infrared light 
instead of chemical, it has low cost and is more 
environmentally friendly. In the near infrared 
analysis, the feed sample is exposed to the 
infrared light source in the spectrophotometer. 
The reflected infrared light is transformed into                              
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electrical energy and transferred to the 
computer. The nutrient content of the feed 
absorbs and reflects near infrared light. Different 
organic components in feeds can be measured 
with these different lights reflected in 
spectrophotometry and each different organic 
component in a feed can be calculated. The 
calculation of the reflection of nutrients in the 
feeds analyzed by chemical methods in 
spectrophotometry with a computer program 
constitutes the NIRS analysis. After a feed is 
placed in the NIRS device, the device compares 
the wavelength reflections from the feed and 
matches them from the sample library 
containing the pre-analyzed feed items and 
determines the nutrient content (Richard and 
Church, 2010).   

 The ability to measure nutrient components 
(protein, fat) in the feedstuff in NIRS analysis is 
related to the energy movement of the 
hydrogen bond. The chemical bonds formed by 
the hydrogen in the nutrient with other atoms (-
CH, -OH, -NH, -SH) absorb energy at specific 
wavelengths and change the wavelengths 
(radiation intensity) reflected from the nutrient. 
The principle of the NIRS analysis is based on the 
absorption of electromagnetic radiation of near 
infrared light in the feed material. The radiation 
reflected from the feed is measured in the 
energy detector. The electromagnetic 
wavelength of NIRS is between 700-3000 nm. 
The analysis is usually performed between 1100-
2500 nm wavelength (Ünal, 2005).   

 This study aims to investigate whether it is 
possible to determine the crude protein and 
metabolizable energy values of ruminant mixed 
feeds by using NIRS analysis. Although analysis 
with NIRS has advantages such as being very fast 
and not using chemicals, calibration to the 
device is an important disadvantage that 
requires advanced knowledge and experience to 
overcome. 

Materials and methods 

Reference Analysis (Chemical Analysis): 
Examples of ruminant mixed feed used in the 
study are produced in Balıkesir. 0.5 kg fresh 
mixed feed samples (n: 10) were taken from the 

feed factories and brought to the laboratory in 
air-tight bags and kept at -20 ° C until analysis. 
Feed samples were milled in the Retsch ZM 200 
ultra centrifugal mill in a 1mm screen for 
analysis. The reference analyses (chemical 
analyses) of the feeds used in the study were 
carried out according to the methods reported 
in Balıkesir University, Faculty of Veterinary 
Medicine, the laboratory of Animal Nutrition and 
Nutritional Diseases as the crude protein 
method 990.03, crude cellulose method 962.09, 
crude oil method 920.39 (AOAC, 1997). 
Metabolizable energy values were calculated 
according to the metabolic energy formula in 
the ruminant mixed feeds reported the Turkish 
Standards Institute  (Türk Standartlar Enstitüsü, 
1991) and given below.  

ME, (kcal/kg OM) = 3260 + (0,455*HP) – 
(4,037*HS) + (3,517*HY) 

OM = Organic matter 

CP = Crude Protein, g/kg OM 

CS = Crude Cellulose, g / kg OM 

CF = Crude Fat, g / kg OM 

NIRS Spectroscopy Measurements: Spectral 
measurements of ruminant mixed feed samples 
were conducted on a portable NIRS device 
(Dinamica Generale Agri NIR Analyzer, Italy). 
Using the ready and defined calibration set in 
the Portable NIRS Device, crude protein, crude 
oil and crude cellulose data were taken, and 
these data were calculated in the metabolizable 
energy formula Turkish Standards Institute, 1991 
(Türk Standartlar Enstitüsü, 1991)  and 
metabolizable energy values of mixed feeds 
were calculated. 

Statistical Analysis: The data obtained from the 
study were analyzed with the SAS (SAS Institute, 
1999). statistical software package. 

Results and Discussion  

Descriptive statistics for reference analysis for 
crude protein and metabolizable energy of 
ruminant mixed feed are given in Table 1. In 
Table 2, Wilcoxon test results for reference and 
NIRS analysis are given for crude protein and 
metabolizable energy. The differences between 
reference analyses for crude protein and ME and  
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NIRS estimates are shown in Figure 1. It was 
observed that the mean of NIRS estimates for 
crude protein ratio was significantly higher than 
the reference analysis results. Although the 
mean of the NIRS estimates for the ME value 
was higher than the reference analyses, the 
difference between the two groups was not 
statistically significant. Figure 2 shows the results 
of the regression analysis between the reference 

analysis of the crude protein and metabolizable 
energy values and the NIRS results. 
  In their study, Çelik et al. determined 
metabolized energy values of dairy cattle and 
beef cattle as 2549 and 2541 kcal / kg OM, 
respectively (Çelik et al., 2003). Baran et al. 
found metabolized energy values of dairy cattle 
and beef cattle as 2667 and 2673 kcal / kg OM, 
respectively (Baran et al., 2008a).  

Table 1. Descriptive statistics regarding reference analysis of crude protein and metabolizable 
energy 

  Crude protein Metabolizable energy 

n 10 10 

Mean 17.94 3237.7 
Min 15.62 3224.0 
Max 23.73 3264.5 
Standard Deviation 2.38 12.4 

Table 2. Wilcoxon test results for crude protein and ME 

Trait Group-Comp Diff P value Significance 

Crude Protein Ref-NIR -2.42 0.00617 ** 

ME Ref-NIR -7.18 0.161 ns 

Figure 1. Differences between reference analysis and NIR estimates for crude protein ratio and 
Metabolizable energy value 
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Baran et al., also found crude protein values in 
dairy cattle and beef cattle as 14.81% and 
13.17%, respectively (Baran et al., 2016). In their 
study, Baran et al., obtained crude protein 
values in dairy cattle) and beef cattle as 15.13% 
and 12.60%, respectively (Baran et al., 2008a). 
In the study conducted by Baran et al., the 
crude protein values of dairy cattle and beef 
cattle were 14.39% and 13.10%, respectively 
(Baran et all., 2008b). In the thesis study 
conducted by Gündüz, 2013 crude protein value 
in milk feed was shown to be 21.26 % (Gündüz, 
2013).      
 NIRS calibrations have been reported as 
accurate enough to estimate moisture, crude 
protein, crude fat, crude fiber and energy 
content in ruminant mixed feeds (Boover et al., 
1995), which is similar to our results. 
  It has been stated that accurate NIRS 
estimates can be obtained for crude protein, 

ether extract, crude fiber, acid detergent fiber, 
neutral detergent fiber and gross energy in 
ostrich total mixed ratios (TMRs). It has been 
also expressed that less accurate NIRS estimates 
can be obtained for dry matter, ash, calcium and 
phosphorus in Ostrich TMRs (Swart et al., 2012). 
Those results are compatible with our study. 

Conclusion 
As a result, although analysis with NIRS has 
advantages such as being very fast and not 
using chemicals, there are important 
disadvantages of analyzing with NIRS, such as 
the cost of the device and requiring advanced 
knowledge and experience for calibration. It has 
been demonstrated that the NIRS method is a 
fast, reliable and good estimation method for 
quantitatively determining the metabolic energy 
value in ruminant mixed feeds. 

Figure 2. Regression analysis between reference analysis and NIR results of crude protein and 
metabolizable energy values. 
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