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Abstract

The paper is based on a complex set of studies on the digestibility of several preserved bulk 

forages. The studies have been conducted by comparative measurements “in vivo” during 

trials on growing rams and “in vitro” using the cellulase method. The paper is part of a 

research project within the National Research-Development-Innovation Program on 

Quality and Standardization, CALIST.
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Introduction

The productive potential of animals has increased spectacularly during the past 

decades, due to the genetic progress, which also triggered changes in the 

nutritional management. Thus, there is a general trend to increase the energy level 

of the ruminant diets in order to reach their productive potential. The higher 

dietary energy levels are achieved by increasing the digestibility and the 

concentrate feeds to bulk forage ratio.

Next to the level of ingestion, digestibility is a particularly important factor in 

determining the nutritive value of forages. Currently, there is a wide array of 

methods available to assess the digestibility of ruminant forages. These methods 

consider the differences between the apparent digestibility (overall digestive tract), 

the ruminal digestibility (degradability) and the stomach digestibility (actual, by-

pass, digestibility).

The assessment of forage digestibility is done according to:

1. The botanic criterion (family, species, phenophase and growth cycle, days of 

vegetation etc.) for the fresh or preserved forages. According to the parameters 

assessed in the tables with nutritive values for the fresh, dehydrated and ensiled 

forages, from different countries, RSD ranges from 1.5% to 4-5% for hays 

(Hvelplund et al., 1995).

2. The accuracy of the laboratory determinations, namely analysis reproducibility 

and sensitivity or sample significance can consider all the parameters of the 

chemical composition (Burlacu, 2002;1991).

3. The techniques used to assess the nutritive value can be classified as follows:

a. methods for in vivo digestibility;

b. methods for in vitro digestibility – (in situ incubation with ruminal fluid or with 
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cellulosolytic enzymes); 

c. methods derived from the in sacco method

d. assessment using the regression equations; 

e. assessment using markers;

f. assessment using NIRS

Irrespective of the used techniques, compared to the in vivo technique, the 

analytical advantages are increasingly visible by simplification and 

standardization, followed by the use for forage assessment and for the 

development of rumen models.

Starting from the advantages of the in vitro, cellulase method for digestibility 

assessment (no need to use animals with fistulae, shorter working time, accuracy 

etc.), compared to the in vivo technique, the present paper aims to develop a 

preliminary equation for some forages specific to Romania.

Material and method

The experimental bulk forages consisted of barley silage, Sudan grass silage, alfalfa 

hay and Sudan grass hay, which were submitted to comparative in vivo and in vitro

studies.

The experiments of in vivo digestibility were conducted on 5 growing rams. The 

experimental design required a period of animal adaptation to the experimental 

diet and to the new maintenance conditions from the digestibility cages, followed 

by an experimental period when nutrient balances were performed and feed intake 

and excreta were recorded. The diet consisted exclusively of the investigated bulk 

forages given in two daily meals, at 0800 and 1500 hrs. The animals had free access 

to the forage and water (constant level drinkers).

Samples of the given forages, from the forage leftovers and from excreta were 

collected daily during the balance periods and average samples were formed and 

assayed chemically.

The following analyses were performed: dry matter – gravimetric method; protein 

– semi-automatic Kjeldhal method – Tecator; fat – solvent extraction – Tecator; 

celloluse - Henneberg-Stohmann method – Tecator; ash – gravimetric method. The 

used analytical methods were according to the Romanian Standards Catalogue 

(SR, STAS), and according to the international standards (ISO, AOAC).

The in vitro experiments consisted in organic matter digestibility assessment with 

the cellulase technique. The dry samples were ground with a laboratory mill down 

to 1 mm particle size.

The following reagents were used: hypochlorous acid, 0.1N,; Merck pepsine 2000 

FIP U/g, sodium acetate; Onozuka R10 cellulase.
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The following laboratory equipment and materials were used: analytical scales, 

thermostat water baths, burning oven, magnetic stirrer, stove, driers, filtering jars, 

vacuum pump.

The following working procedure was used:

In vitro analyses were performed in more than 3 replicates;

The size of the sample to be analysed – 0.5 g;

The analyses were performed in filtrating jars brought to constant weight by 

burning at 500
0

C (G0).

A pre-treatment was performed for 24 h at 40
0

C followed by a 30 minute treatment 

at 80
0

C with acid solution of pepsin and by a treatment with cellulase buffer, for 24 

h at 40
0

C. We used 100 mg enzyme / 100 ml buffer. A vacuum pump attached to 

the water tap was used to change solutions throughout the various stages of 

analysis. In the end, the filtering jars with the material that has not yet been 

dissolved were dried at 103
0

C and burnt at 500
0

C. The differences were determined 

gravimetrically. 

Organic matter cellulase digestibility calculation was done related to forage dry 

matter and ash levels determined gravimetrically.

Results and discussions

Table 1 shows the amount of ingested feeds during the four in vivo digestibility 

trials.

Table 1 Bulk forage intake (g/animal/day)

Barley silage Sudan grass silage Alfalfa hay Sudan grass hay

B1 807.0 831.3 1277.3 1421.6

B2 933.5 825.4 1293.1 1541.8

B3 859.4 943.2 1380.4 1489.7

B4 753.9 841.9 1426.6 1549.6

B5 619.2 852.9 1319.4 1383.6

average 794.6 858.9 1339.4 1477.3

as 118.39 48.26 62.62 73.26

cv 14.9% 5.6% 4.7% 5.0%

Feed intake ranged from 616.2 to 933.5 g barley silage (animal/day), from 825.4 to 

943.2 g Sudan grass silage, from 1277.3 to 1426.6 g alfalfa hay and from 1382.6 to 

1649.6 g Sudan grass hay.

Table 2 shows the amounts of faeces recorded during the digestibility trials.
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Table 2 Amount of faeces recorded during the four digestibility trials (g/animal/day)

Barley silage Sudan grass silage Alfalfa hay Sudan grass hay

B1 379.7 377.1 418.4 483.7

B2 353.3 370.7 517.7 496.3

B3 392.6 429.8 495.2 444.3

B4 364.2 366.0 530.3 448.9

B5 248.7 313.0 535.2 483.7

average 347.7 371.3 499.4 471.4

as 57.32 41.48 47.83 23.26

cv 16.5% 11.2% 9.6% 4.9%

Tables 3 and 4 show the chemical composition of the forages and of the left over.

 Table 3 Chemical composition of the forages given to the growing rams (g/kg DM)

Forage DMr CP EE CF NFE Ash OM

Barley silage 405.78 79.27 15.57 268.58 574.35 62.23 937.77

Sudan grass silage 246.95 72.23 26.85 363.13 429.99 107.81 892.19

Alfalfa hay 849.29 187.10 11.13 342.70 377.60 81.47 918.53

Sudan grass hay 795.98 133.51 10.19 388.85 369.87 97.59 902.41

Table 4 Chemical composition of the left over forages (g/kg DM)

Forage DMr CP EE CF NFE Ash OM

Barley silage 544.41 81.51 12.67 325.95 506.99 72.89 927.11

Sudan grass silage 236.73 71.01 24.92 359.28 430.31 114.48 885.52

Alfalfa hay 841.33 116.70 8.17 472.85 340.73 61.55 938.45

Sudan grass hay 784.01 132.54 8.74 396.42 361.05 101.26 898.74

The tables above show that:

- barley silage had the highest protein level (79.27 g/kg DM) and the highest 

organic matter level (937.77 g/kg DM), while Sudan grass silage had the highest 

level of fat (26.85 g/kg DM) and of fibre (363.13 g/kg DM)

- alfalfa hay had the highest level of protein (187.1 g/kg DM), fat (11.13 g/kg DM) 

and organic matter (918.53 g/kg DM), while Sudan grass hay had the highest level 

of fibre (388.85 g/kg DM).

Table 5 shows the chemical composition of the faeces which resulted during the 4 

digestibility trials.

Table 5 Chemical composition of the faeces (g/kg DM)

Trial DMr SP EE CF NFE Ash OM

average 397.6 131.5 12.7 305.0 421.8 128.9 871.1

a s 26.98 5.92 2.49 8.10 14.42 11.29 11.29

Barley 

silage

c v 6.8% 4.5% 19.6% 2.7% 3.4% 8.8% 1.3%
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average 434.7 124.3 17.1 253.2 439.2 166.3 833.7

a s 18.09 3.91 1.01 11.56 8.00 8.91 8.91

Sudan 

grass 

silage c v 4.2% 3.1% 5.9% 4.6% 1.8% 5.4% 1.1%

average 399.5 146.7 28.0 384.7 307.7 132.8 867.2

a s 29.93 2.76 0.62 4.89 10.03 6.86 6.86Alfalfa hay

c v 7.5% 1.9% 2.2% 1.3% 3.3% 5.2% 0.8%

average 401.2 153.1 16.8 224.8 471.0 134.2 865.8

a s 24.49 1.52 0.93 3.71 3.29 7.26 7.26

Sudan 

grass hay

c v 6.1% 1.0% 5.6% 1.6% 0.7% 5.4% 0.8%

Table 6 shows the in vivo digestibility coefficients of the organic matter. 

Table 6 In vivo digestibility coefficients of the organic matter

Barley silage Sudan grass silage Alfalfa hay Sudan grass hay

B1 57.6% 57.3% 69.1% 67.3%

B2 64.8% 58.1% 62% -

B3 58.5% 58.2% 65.8% 71.4%

B4 55.3% 59.0% 64.4% 72.2%

B5 63.1% 65.7% 61.0% 66.4%

average 59.9% 59.7% 64.5% 69.3%

a s 4.0% 3.4% 3.2% 2.9%

c v 6.7% 5.7% 5.0% 4.2%

The digestibility coefficients of the organic matter ranged between 55.3% and 

64.8% for the barley silage; between 57.3% and 65.7% in the Sudan grass silage; 

between 61% and 69.1% in the alfalfa hay and between 66.4% and 71.4% in the 

Sudan grass hay.

Table 7 shows the in vitro digestibility coefficients of the organic matter of the four 

forages.

Table 7 In vitro digestibility coefficients of the organic matter

Barley silage Sudan grass silage Alfalfa hay Sudan grass hay

B1 60.00% 61.12% 62.00% 65.46%

B2 65.19% 60.59% 66.00% 66.41%

B3 62.89% 59.91% 59.71% 65.35%

B4 60.68% 60.38% 59.29% 69.00%

average 62.2% 60.4% 61.8% 66.6%

a s 2.3% 0.5% 3.1% 1.7%

c v 3.8% 0.8% 5.0% 2.6%

The agreement between the two methods of digestibility assessment was 

calculated by the regression equation (Chart 1) between the 4 average values 
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(barley silage, Sudan grass silage, alfalfa hay and Sudan grass hay) produced by 

the in vivo digestibility tests and the 4 average values produced by the in vitro

method. 

y = 0,5261x + 29,406

R

2

 = 0,787
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Figure 1. Comparison between organic matter digestibility assessed by n vitro and 

in vivo methods

Conclusions

Ø The value of the regression coefficient (R
2 

= 0,787) suggests that in 

vitro digestibility can assess quite accurately in vivo digestibility;

Ø The equation has to be further consolidated by diversifying the 

range of bulk forages submitted to comparative, in vivo / in vitro investigation on 

leguminous plants and pasture plants.
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