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Abstract. Forage quality is a significant factor that affects methane (CH4) production in the cattle intestinal tract. 

Forage quality, level of concentrate, diet digestibility and feed intake are interrelated and directly affect enteric 

CH4 production in the rumen. At the Latvia University of Agriculture Scientific Laboratory of Agronomic 

Analysis the chemical content of animal feed was analysed; together 93 feed samples from all regions of Latvia. 

The cattle feed samples were collected from January until December in 2015. The chemical analysis of animal 

feed was made according to generally accepted zootechnical methods of analysis: dry matter (DM) %, crude 

protein (CP) %, insoluble protein, %, soluble protein, %, undegraded intake protein (UIP) %, crude fiber (CF) %, 

acid detergent fiber (ADF) %, neutral detergent fiber (NDF) %, ash %, Ca and P %, according ISO 5983, ISO 

6490/2 and ISO 6491 standards, and net energy for lactation (NEL, MJ·kg
-1

 DM) were calculated. Digestibility 

was determined using the cellulase method. The results show that forages vary significantly in the NDF content 

and digestibility. Depending on the maturity level of green mass in the harvesting period, the content of NDF in 

hay was within 51-71 %, in silage 24-48 %, in haylage 38-62 % and in total mixed ration (TMR) 30-45 % of 

DM. The average digestibility of forage (with the cellulase method): for hay-52.3-53.8 %; for grass silage with 

preservative 65.2 ± 6.13 %, without preservative 62.8 ± 4.93 %; and for corn silage, respectively 71.1 ± 0.6 %, 

68.2 ± 3.1 %; for haylage 62.6 ± 4.08 %, for TMR 71.7 ± 5.68 %. The nutritional value of the analysed forage 

was good or average. There was no significant difference between the feed digestibility indicators as defined by 

both the chemical method and the method of calculation. So, there is no need to make the forage digestibility 

determination in the laboratory with the cellulase method, but the formula (DDM, % = 88.9 – (0.779 x ADF %) 

can be used, where the digestibility is calculated from the ADF content in feed. 
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Introduction  

In the world different databases contain information on enteric methane produced by animals for 

both – the respiration chamber and SF6 tracer methods. These data are used to build mathematical 

models to determine methane formation in the intestinal tract of animals. At present, it is widely used 

by international groups of scientists, published in the IPCC report 2006, which states “conversion 

factor” (Ym = % of gross energy (GE), which is converted to methane gas (CH4)).This factor is used 

to calculate the “emission factor” (EF = kg CH4 ·animal 
–1

·year 
-1

) for each animal species and group. 

It is estimated that methane gas emission for animals causes energy loss – an average of 6.5 % of 

gross energy (GE), which feed gives, is lost in the form of methane gas [1-4]. The forage quality, 

concentrate level, feed digestibility and feed rations are interrelated factors, and directly affect the 

intestinal methane - methane (CH4) production in the rumen. Fodder quality has a significant impact 

on methane production, and if the quality is poor, the amount of methane gas is growing. The 

roughage contributes to improving the quality of feed intake and reduces its residence time in the 

rumen, thereby promoting more efficient energy further digestion processes are used, and in 

proportion to the reduction of the energy, which is converted to methane gas [5; 6]. 

The factors, such as plant species, variety and maturity at harvest can affect the roughage quality 

and digestibility. Concentration of neutral detergent fiber (NDF) and acid detergent fiber (ADF) 

increases with increasing maturity of the plant and its digestibility decreases. Dietary fibre 

concentration is one of the factors determining feed intake in ruminants. Feed intake is a critical factor 

for improving animal productivity, feed efficiency and greenhouse gas (GHG) emissions (both CH4 

and N2O). Dietary NDF concentration is among the most important regulators of feed intake through 

the so-called fill limitation mechanism. Thus, the NDF content of the diet and NDF intake are critical 

for achieving optimum animal productivity and minimizing GHG emissions. An important feed 

characteristic that can impact enteric CH4 production is roughage digestibility. 

The goal of this research was to estimate the forage quality and digestibility to improve of the 

calculation of greenhouse gas (GHG) emissions from the cattle intestinal tract. 

 



ENGINEERING FOR RURAL DEVELOPMENT Jelgava, 25.-27.05.2016. 

457 

Materials and methods 

The feed samples were collected from conventional cattle farms of different sizes. The choice of 

the collected amount of feed samples is depending on the number of cattle in the farms (Table 1).  

Table1 

Feed samples of cattle farms, number  

Number of cattle in farm Feed samples 

From 1 till 50 52 

From 50 till 200 25 

More than 200 16 

Total 93 

38 farms were surveyed and 93 samples of feed collected, including hay – 24, silage – 47,  

haylage – 8, total mixed feed (TMR) – 14. 

The feed samples were exposed for chemical analyses at the Latvia University of Agriculture 

Scientific Laboratory of Agronomic Analysis. 

The chemical analysis of animal feed was made according to generally accepted zootechnical 

methods of analysis: dry matter (DM) %, crude protein (CP) %, insoluble protein, %, soluble 

protein, %, undegraded intake protein (UIP) %, crude fiber (CF) %, acid detergent fiber (ADF) %, 

neutral detergent fiber (NDF) %, ash %, Ca and P %, according ISO 5983, ISO 6490/2 and ISO 6491 

standards, and net energy for lactation (NEL, MJ·kg
-1

 DM) were calculated. Digestibility was 

determined using the method of cellulase.  

Correlation analysis was performed in order to determine the relationship that develops between 

the digestibility by the cellulase method and the digestibility to the calculation procedure. The 

calculation method – DDM % = 88.9 – (0.779 x ADF %) [7]. 

The correlation with digestibility indices and data statistical analysis was determined with MS 

Excel Data Analysis program package. 

Results and discussion 

The feed quality in conventional cattle farms is very different. The hay sample (n = 24) test results 

show that the dry matter content of hay of cereal grasses ranges from 74.5till 96.3 %, cereal grass + 

legume from 79.9 till 84.2 %, while hay of natural grasslands DM range 81.6-86.4 % (Table 2 and 

Table 3). Crude protein content in the hay could be evaluated as very low – under 12.0 % (optimum 

14-15.0 %) [8]. The hay quality lowering factors were the delayed optimum vegetation stage, which 

characterized the NDF content. Depending on the mass of green maturity at harvest, the NDF content 

of the hay ranges from 51.1 % to 65.1 %, while the ADF – from 36.0 to 41.8 % DM. Therefore, the 

nutritional value expressed by the NEL content also is an average of 5.25-5.74 MJ NEL·kg
-1

 DM 

(optimally ≥6.0). The hay digestibility is an average of 52.3-61.1 %. The feed value depends on the 

climate and growing conditions. Plants accumulate calcium better in dry weather, while phosphorus -

on the contrary – in wet conditions. The hay samples contain both calcium and phosphorus in a low 

amount, respectively, an average 0.41-0.78 % and 0.16-0.25 %. In all kinds of hay the content of 

calcium is predominant to phosphorus. In hay of natural meadows these two mineral ratios are usually 

3:1, in hay of clover 5:1, and in hay of alfalfa 7:1. [9]. 

Chemical analysis averages show that the surveyed farms produce low-quality hay. By studying 

the correlation between digestibility by the cellulase method and digestibility by the calculation 

method of the hay, it can be concluded that the linear correlation is an average of strong, a positive 

functional, characterized by the correlation coefficient r = 0.59. 

Good quality silage is important for obtaining high-quality animal products, and in cattle feed 

rations reduces the need for concentrates. For silage the dry matter content is not desirable lower than 

30 %. In our silage samples the dry matter content corresponded to the optimum parameter, cereal 

grass + legume silage average DM content of 31.6-34.4 % range, while corn silage 30.9-35.6 % 

(Table 4). 
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Table2 

Average indices of hay in dry matter 

Cereal grasses (n = 12) Cereal grasses + legumes (n = 5) 
Indices 

x ± sx Min Max x ± sx Min Max 

DM, % 86.57 ± 5.05 74.47 96.27 82.33 ± 1.80 79.9 84.23 

NEL, MJ·kg
-1

 5.58 ± 0.23 5.00 5.83 5.74 ± 0.29 5.51 6.05 

CP, % 7.39 ± 1.36 5.91 11.02 11.31 ± 3.79 7.6 14.73 

Insoluble protein, % 0.60 ± 0.28 0.40 1.06 1.14 ± 0.27 0.88 1.50 

Soluble protein, % 2.56 ± 1.40 2.18 4.81 3.29 ± 2.58 2.94 6.21 

UIP, % from CP 20.26 ± 11.56 19.1 39.60 24.10 ± 19.28 18.4 44.40 

CF, % 32.01 ± 10.68 29.37 41.85 22.19 ± 14.91 28.15 32.24 

NDF, % 61.47 ± 3.90 56.27 70.77 51.06 ± 9.18 37.91 59.00 

ADF, % 37.83 ± 12.48 34.82 43.16 36.01 ± 3.64 32.09 39.34 

Ash, % 5.35 ± 0.99 3.54 6.60 8.50 ± 1.65 6.51 10.40 

Ca, % 0.41 ± 0.09 0.27 0.54 0.78 ± 0.28 0.56 1.19 

P, % 0.19 ± 0.04 0.12 0.24 0.25 ± 0.05 0.19 0.29 

Digestibility with 

cellulase method, % 
53.83 ± 5.19 43.99 60.10 61.10 ± 6.21 54.6 66.90 

Digestibility with 

calculation, % 
59.42 ± 3.34 55.27 63.9 60.85 ± 2.83 58.25 63.9 

Table 3 

Chemical content of natural meadow hay in dry matter (n = 7) 

Indices x ± sx Min Max 

DM, % 84.49  ± 5.75 81.56 86.36 

NEL, MJ·kg
-1

 5.25 ± 4.47 4.7 5.94 

CP, % 6.11 ± 5.24 5.0 7.98 

Insoluble protein, % 0.63 ± 0.33 0.32 1.11 

Soluble protein, % 2.39 ± 2.54 1.86 3.40 

UIP, % from CP 20.66 ± 18.52 13.48 28.14 

CF, % 36.15 ± 43.43 28.15 40.85 

NDF, % 65.01 ± 68.58 57.26 70.99 

ADF, % 41.80 ± 51.82 33.43 48.76 

Ash, % 5.06 ± 5.14 3.96 5.81 

Ca, % 0.47 ± 0.42 0.38 0.62 

P, % 0.16 ± 0.16 0.12 0.22 

Digestibility with cellulase method, % 52.27 ± 4.3 46.95 57.50 

Digestibility with calculation, % 56.33 ± 4.82 50.92 62.85 

The crude protein content in the cereal grass silage samples is quite low – under 14 % (optimally 

≥ 16 %) [8] (Table 4). The corn silage protein content is less than 10 % [1] (Table 5). The grass silage 

NDF, an average of 43.7-49.2 %, and ADF from 30.4 % to 34.3 % of DM, but in corn silage, 

respectively, 22.1 % and 22.9 %. The insoluble protein content in both grass silage and corn contained 

an average of 0.80-0.85 %, and 0.30 to 0.50 % range [8]. 

Naturally fermented lactic acid content in the samples varies from 2.59 to 4.00 %, 0.21-0.98 % of 

acetic acid, pH 3.80-5.00, and the feed energy value 4.7-7.0 MJ NEL·kg
-1

 of DM. It is the positive 

impact on all the silage quality indicators by the grass mass wilting before ensiling.  

Silage samples with preservative contain 2.74-3.81 % (mean 3.28 %) lactic acid, 0.56 to 1.18 % 

(average 0.75 %) acetic acid, pH 3.84-5.24 (mean 4.26), and feed energy value of 5.38 to  

7.13 (average 6.18) MJ NEL·kg
-1

 DM. A general activity to prevent butyric acid fermentation is 

wilting of green mass before ensiling. Of the estimated silage samples in two cases found butyric acid 

was found. The grass silage digestibility was from 62.8 till 65.2 % (Table 4). 
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Table 4 

Chemical content of silage of cereal grasses + legumes in dry matter (n = 38) 

Without preservative (n = 29) With preservative (n = 9) 
Indices 

x ± sx Min Max x ± sx Min Max 

DM, % 34.36 ± 9.01 17.54 51.07 31.56 ± 7.61 21.77 41.93 

NEL, MJ·kg
-1

 5.64 ± 1.22 4.71 7.00 6.18 ± 11.3 5.38 7.13 

CP, % 13.50 ± 3.44 6.3 19.22 13.43 ± 2.54 9.18 17.12 

Insoluble protein, % 0.80 ± 0.41 0.21 2.03 0.85 ± 0.4 0.45 1.65 

Soluble protein, % 5.50 ± 2.83 2.0 10.97 6.91 ± 1.33 5.08 9.55 

UIP, % from CP 31.36 ± 15.32 22.86 49.62 27.99 ± 4.66 22.79 38.11 

CF, % 27.24 ± 9.5 16.0 42.17 27.53 ± 3.83 24.07 34.52 

NDF, % 49.23 ± 8.15 34.8 61.69 43.66 ± 10.18 24.24 58.38 

ADF, % 34.30 ± 5.68 19.7 48.84 30.44 ± 6.57 18.5 40.44 

Ash, % 7.80 ± 2.59 3.0 11.03 9.27 ± 1.57 7.4 11.37 

Ca, % 0.91 ± 0.41 0.2 1.55 0.89 ± 0.19 0.56 1.11 

P, % 0.28 ± 0.05 0.07 0.37 0.28 ± 0.02 0.25 0.32 

Acetic acid, % 0.60 ± 0.23 0.21 0.98 0.75 ± 0.19 0.56 1.18 

Butyric acid, % No No No 0.1 ± 0.1 0.08 0.20 

Lactic acid, % 3.08 ± 0.74 2.59 4.00 3.28 ± 0.43 2.74 3.81 

pH 4.40 ± 0.21 3.8 5.00 4.26 ± 0.43 3.84 5.24 

Digestibility with cellulase 

method, % 
62.82 ± 4.93 50.85 74.40 65.22 ± 6.13 53.2 71.30 

Digestibility with 

calculation % 
62.60 ± 5.82 50.90 74.50 65.17 ± 5.08 57.39 74.33 

Table 5 

Chemical content of corn silage in dry matter (n = 9) 

Without preservative (n = 6) With preservative (n = 3) 
Indices 

x ± sx Min Max x ± sx Min Max 

DM, % 35.6 ± 6.1 28.8 47.6 30.9 ± 0.2 30.7 31.1 

NEL, MJ·kg 
-1

 5.7 ± 2.6 6.6 7.1 6.8 ± 0.1 6.7 6.9 

CP, % 8.03 ± 0.58 7.1 8.9 8.3 ± 0.3 8.0 8.5 

Insoluble protein, % 0.5 ± 0.1 0.3 0.7 0.3 ± 0.2 0.4 0.4 

Soluble protein, % 2.7 ± 2.1 2.1 4.97 1.9 ± 1.7 2.5 3.22 

UIP, % from CP 25.0 ± 23.5 23.17 68.5 34.3 ± 30.7 43.9 59.0 

CF, % 19.6 ± 2.2 16.0 22.0 14.3 ± 12.4 21.0 22.0 

NDF, % 37.9 ± 3.2 33.7 42.7 39.4 ± 2.3 37.0 41.5 

ADF, % 22.1 ± 2.0 19.7 25.0 22.9 ± 0.8 22.0 23.70 

Ash, % 4.5 ± 2.5 3.0 10.0 3.8 ± 0.2 3.6 4.0 

Ca, % 0.2 ± 0.1 0.2 0.3 0.2 ± 0.1 0.2 0.3 

P, % 0.2 ± 0.1 0.2 0.2 0.2 ± 0.1 0.2 0.3 

Acetic acid, % 0.8 ± 0.1 0.6 0.9 0.6 ± 0.1 0.6 0.8 

Butyric acid, % No No No 0.1  ± 0.1 0.1 0.1 

Lactic acid, % 3.1 ± 1.1 0.4 3.1 2.6 ± 0.4 2.4 3.0 

pH 3.6 ± 0.2 3.3 3.8 3.7 ± 0.1 3.7 3.8 

Digestibility with 

cellulase method, % 
68.2 ± 3.1 62.2 71.1 71.1 ± 0.6 70.5 71.7 

Digestibility with 

calculation, % 
71.30 ± 1.7 69.4 73.6 71.1 ± 0.66 70.4 71.8 

All silage samples showed very low and medium calcium (Ca) content of 0.20-0.91 % on average. 

Phosphorus content in grass silage evaluated as a low – in average 0.28 %, while in corn silage very 

low to 0.20 %. The highest digestibility was of corn silage on average from 68.2 % to 71.1 %, while 
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grass silage on average from 62.8 to 65.2 %. By summing all the results it is concluded that silage was 

of good quality [1; 8]. By studying the correlation between digestibility by the cellulase method and 

digestibility by the calculation method of grass silage, it can be concluded that the linear relationship 

is strong, functional positive, characterized by the correlation coefficient r = 0.77.  

 The haylage sample average results show that haylage dry matter content is in the range of 

38.5 % to 41.9 % (Table 6). Crude protein of haylage was 8.87 % and 12.35 % in average which is 

very low. The insoluble protein content is consistent with good and excellent quality (≤ 1.0).The NDF 

content of haylage varies from 48.67 % to 62.08 % that corresponded to the average quality. The 

haylage samples showed the presence of butyric acid (0.04 % in average), in some samples till 0.1 % 

[1; 8]. 

Table 6 

Average indices of haylage in dry matter (n = 8) 

Haylage of cereal grasses+legumes (n = 7) 
Indices 

x ± sx Min Max 

Haylage of 

natural meadow  

(n = 1) 

DM, % 41.85 ± 8.7 27.6 49.42 38.52 

NEL, MJ·kg 
-1

 5.92 ± 0.33 5.52 6.32 5.36 

CP, % 12.35 ± 2.59 8.88 15.55 8.87 

Insoluble protein, % 0.85 ± 0.21 0.58 1.08 0.52 

Soluble protein, % 5.17 ± 4.37 4.14 5.37 4.93 

UIP, % from CP 32.54 ± 4.38 25.55 35.72 24.32 

CF, % 28.09 ± 5.54 21.81 34.73 37.14 

NDF, % 48.67 ± 8.16 38.46 55.70 62.08 

ADF, % 33.70 ± 4.33 28.7 38.76 40.70 

Ash, % 9.49 ± 3.67 6.76 14.22 7.70 

Ca, % 1.04 ± 0.37 0.59 1.46 0.51 

P, % 0.22 ± 0.07 0.11 0.30 0.28 

Acetic acid, % 0.34 ± 0.2 0.19 0.54 - 

Butyric acid, % 0.04 ± 0.06 0.02 0.13 - 

Lactic acid, % 2.09 ± 1.22 1.6 3.27 - 

pH 4.51 ± 2.31 4.2 6.52 - 

Digestibility with cellulase 

method, % 
62.61 ± 4.08 55.8 66.54 56.40 

Digestibility with calculation, % 62.64 ± 3.37 58.70 66.54 57.19 

It should be considered that in haylage preparation all the requirements are not strictly observed - 

grass not mowed at the right vegetation stage, there is not effective wilted to 40-50 % dry content and 

there were other influence factors (rain, prolonged wilting, etc.). The highest digestibility is observed 

for haylage, which was composed of grasses and legumes – 62.61 %. In general, the quality of haylage 

can be assessed as medium [1; 8]. By studying the correlation between digestibility by the cellulase 

method and digestibility of silage by calculation, it can be concluded that the linear relationship is 

moderately strong, positive functional, characterized by the correlation coefficient r = 0.93. 

The total mixed ration (TMR) (n = 14) analyses showed, that DM was average 42.59 ± 5.86 % of 

total feed mass, net energy (NEL) 5.78 ± 0.67 MJ·kg
-1 

DM, crude protein 14.88 ± 2.38 % in DM 

which is an average indicator (high will be 16 % CP in DM), NDF 37.78 ± 12.56 % and ADF 

24.73 ± 4.56 % in DM. These indices are very good in total mixed rations, the average DM 

digestibility is high 71.65 ± 5.68 %.The coefficient of correlation with the digestibility of the 

calculation method is very close (r = 0.89). The digestibility with the calculation method for TMR was 

69.71 ± 3.25 % .  

Conclusions  

1. The average digestibility of forage with the cellulase method: for hay – 52.27 ± 44.3 to 

53.83 ± 5.19 %; for grass silage with conservant 65.22 ± 6.13 %, without conservant 
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62.82 ± 4.93 %; and for corn silage, respectively 71.1 ± 0.6 %, 68.2 ± 3.1 %; for haylage 

62.61 ± 4.08 %, for TMR 71.65 ± 5.68 %. These results can be used for calculation of enteric 

methane emissions from cattle. For ruminants, common ranges of feed digestibility are 45-55 % 

for crop by-products and range lands, 55-75 % for good pastures, good preserved forages, and 

grain supplemented forage-based diets, and 75-85 % for grain-based diets fed in feedlots. Our 

results are similar, middle or little higher, depending on the kind of feed.  

2. There was no significant difference between the feed digestibility indicators as defined by both 

the chemical method and the method of calculation. So, there is no need to make forage 

digestibility determination in the laboratory with the cellulase method, but the formula  

(DDM, % = 88.9 – (0.779 x ADF %) can be used, where the digestibility is calculated from the 

ADF content in feed. 
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