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Nutrition and Physiology

In vitro gas production of different feeds and feed ingredients at ruminants

E. Videv, J. Krastanov*, S. Laleva, Т. Angelova, M. Oblakova, N. Oblakov, D. Yordanova, V. Karabashev

Agricultural Institute, 6000 Stara Zagora, Bulgaria

(Manuscript received 24 March 2017; accepted for publication 30 May 2017)

Abstract. Investigation for determining the amount of in vitro gas production after feeding different groups of forages was performed at the Agricultural Institute- 
®Stara Zagora. Forages from different regions were collected and analyzed for in vitro gas production at 24 h and 48 h by Ankom Technology . The following 

parameters of the tested forages were determinated: Neutral detergent fibre (NDF, %), Acid detergent fibre (ADF, %), Digestibility of dry matter (DDM, %), Dry 
matter intakе (DMI, %) and Relative Feed Value (RFV, %). RFV was calculated on the base of DDM and DMI in comparison with alfalfa biomass in flowering 
stage. Collected feeds (46 samples) were divided in 11 groups on the base of their composition and structure - fibre component content. Depending on the 
amount of gas production forages can be divided in 3 groups: 1) Grain feeds generating the highest amount of gas - average 387.93 ml/g DM; 2) Combined 
feeds, fresh forages, complete feed mixtures - average 213.87- 245.15 ml/g DM 3) Hay, silage, straw, complete feed mixtures + bioadditives - average 115.06 - 
208.34 ml/g DM. Intensity of gas production in grain feeds was higher at 24 h, while on the opposite, was higher at 48 h in roughage feeds due to the different 
speed of degradation of feeds - concentrated had a very intensive and quick degradation, roughages - slow degradation. Supplementation of combined feeds 
with bioadditives Rumanol, Biolife, Bibor decreased the amount of gas production by 9.87% - 29.05%.

Keywords: forages, feeds, in vitro gas production, additives
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Introduction (grains, meals, straw, fresh feeds, silages, hays, haylages, 
compound feeds, total mixed rations, compound feeds + 
supplements, total mixed rations+biosupplements) from different Ruminants are among the primary sources of greenhouse 
regions of the country and analyzed for the content of structural gases – methane (CH ) and carbon dioxide (CO ). Unlike 4 2

fibrous components. Neutral detergent fibre (NDF, %; n=46) and monogastric animals, ruminants degrade vegetable cells very 
acid detergent fibre (ADF, %; n=104) were determined by means of efficiently. Rumen microflora produce enzymes lysing almost all 
Ankom F57 filter bags (ANKOM Technology Corporation, Fairport, chemical bonds of cellular wall polysaccharides. Regardless of the 
NY, USA). The NDF digestibility (NDFD, %) was determined through broad array of hydrolases involved in the digestion, there are a lot of 
in situ analysis according to Spanghero (2010). All samples were undigested nutrients in faeces along with large amounts of methane 
incubated in Ankom F57 filter bags (ANKOM Technology produced in the rumen and large intestine. Ruminants play an 
Corporation, Fairport, NY, USA). Every sample contained feed and important role in climate change (Steinfeld et al., 2006; Martín et al., 
rumen content from fistulated animals (sheep), fed diet formulated 2009; Hook et al., 2010; Martinez-Sibaja et al., 2011), and are 
from the studied feeds. The amount of produced gas (ml/g) from the responsible for about 45% of anthropogenic methane emissions 
different feeds was determined with Gas Production System (Ellis et al., 2007). It is calculated that an adult cow could produce 

®ANCOM RF/Ankom , Tech. Co., Fairport, NY, USA after 24 and 48 about 300-600 L methane on a daily basis (Jouany, 1994). The 
hours. production of methane depends on several factors, mainly on dry 

The relative feed value - RFV was calculated on the basis of dry matter intake, the digestibility and composition of the diet (Johnson 
matter digestibility and dry matter intake, compared to the relative and Johnson, 1995). On the average, about 30 L methane is 
feed value of alfalfa (Jeranyama and Garcia, 2004; Ward and de produced from each kilogram consumed dry matter (Mills et al., 
Ondarza, 2008):2008). In general, when the digestibility increases, methane 

џ DDM = digestibility of dry matter  = 88.9 - (0.779 * % ADF);production is also higher due to the increased feed intake. The 
џ DMI = dry matter intake (% of live weight) = 120 / (% NDF);present study was designed to evaluate the in vitro formation of 
џ RFV (relative feed value) = (DMI* % DDM) / 1.29.greenhouses gases methane and carbon dioxide (СН  and СО ) 4 2

All experimental data were submitted to statistical analysis after degradation of different feeds, feed ingredients and rumen 
using SYSTAT 12© software (Copyright 2007, SYSTAT Software, modulators in the forestomachs of ruminants.
Inc. All Rights Reserved).

Material and methods
Results and discussion

Samples (total 104) were collected from 11 groups of feeds 
The comparison of the different feed groups showed that the 

* e-mail: krastanov2000@yahoo.com
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production of gas after 24 h incubation varied considerably - from silages- due to the high fibre content which are degraded slowly, and 
115.06 to 387.93 ml/g DM depending on the specific feed structure fermentation of haylages and silages. These results are in line with 
(Таble 1). The difference between the lowest and the highest value those reported by Reynolds et al. (2010). Ellis et al. (2007) and 
was more than twice. The greatest amount of gas was produced by Tamburini  et al. (2010) outlining that feed intake, dry matter intake 
grains - 387.93 ml/g DM on the average. The difference vs the other (DMI), the type and level of fermentable carbohydrates were the 
groups was statistically significant at Р<0.001. Then followed main factors influencing the gas production in ruminants. The 
compound feeds, fresh feeds, total mixed rations, compound tendency for formation of a larger amount of gas due to the higher 
feeds+supplements: 213.87-245.15 ml/g DM. The hay, silages, total content of free carbohydrates and rapidly degradable compounds 
mixed rations+biosupplements, meals, straw and haylages was preserved after 48 hours. The amount of gas produced by 
belonged to the third group with respect to gas production which grains and concentrates was very significant vs the other groups (Р< 
varied from 115.06 to 208.34 ml/g DM. The larger amount of gas 0.001). 
produced from feeds from the first group (grains) was due to the The comparison of the amount of produced gas after 24 h and 
lower fibre content and greater content of free and easily digestible 48 h incubation showed that the gas production was on average by 

thcarbohydrates (mainly starch), which is degraded very easily and 21.23% higher on the 48  hour.
rapidly. The big amount of produced gas from green feeds is also The difference in the amount of produced gas after incubation 
determined by their rapid degradation in the rumen of ruminants due for 24 and 48 h however differed among the feeds. In straw, silages 
the high digestibility. A similar situation was observed with gas and haylages, the 48-hour gas production was by 29.74 to 41.80% 
produced by feeds from the second group, characterized with high higher compared to 24-hour gas production. The grains, meals, 
dry matter percentage, high protein and lower carbohydrate fresh feeds, haylages and non-supplemented compound feeds 
contents as compared to grains. The smallest gas production was formed a second group, in which the gas produced after 48 h 
demonstrated with feed from the third group - haylages, straw, incubation was by 15.73 tо 21.31% more than the incubation for 24 

Table1. Gas production (GP) form different feed groups on the 24th and 48th hour, n=104

*Differences among the groups for the specific parameter are statistically significant at P<0.05 if marked with different 
letters

Feed groups 
GP 24 h, ml/g DM

 Means

GP 48 h, ml /g DM

 Means

Ratio, %

GP 48 h:GP 24 h

1. Grains

2. Meals

3. Straw

4. Fresh feeds

5. Silages 

6. Hays

7. Haylages

8. Compound feeds

9. Total mixed rations

10.  Compound feeds + supplements

11. Total mixed rations+biosupplements

For all groups.

SD

CV

Min

Max

SE

  387.93*
b  173.84

  144.65

  244.47

  199.84

  208.34

  115.06

  245.15

  214.79
a  213.87

  186.78

  212.79

  96.97

9402. 4

    45.9

  503.9

      4.47

b

a

b

b

b

a

a

b

    
b    
b    
a    
a    
a    
b

a

a

a

b

461.56*

210.89

205.11

288.35

259.27

239.88

    162.36

    283.71

    242.04

    239.19

    206.75

    257.97

    102.22

10449.6

      80.10

  5691.

3.87

118.98

121.31

141.80

117.95

129.74

115.14

141.11

115.73

112.69

111.84

110.69

121.23

hours. To the third group, characterized with the smallest difference content was very small- between 6.19 and 12.38%. The second 
between 24-hour and 48-hour incubation, belonged the total mixed group was that of meals and total mixed rations wither with or without 
rations with and without supplements, and compound feeds with additives, with ADF content between 17.01 and 23.63%. The third 
supplements; in them, produced gas was by 10.69 tо 12.69% more group consists of straw, fresh feeds, silages, hays and haylages. In 

th them ADF ranged from 31.73 tо 53.47%. The highest ADF value was as compared to the 24  hour.
that of the straw, the roughest feed. The content of ADF was The content of acid detergent fibre in feeds is essential for the 
statistically significant at  Р<0.05.degradation of organic matter and gas production in the ruminant 

Neutral detergent fibre (NDF) had also a substantial effect on rumen. Due to the different composition and structure of plants and 
the amount of produced gas. The first groups of feeds with lowest feeds produced from them, ADF content varied within a broad range 
NDF content consisted of grains, meals, compound feeds with or from 6.19 tо 53.47% (Таble 2). Feeds are divided into 3 groups with 
without supplements. In them, NDF ranged from 17.78 and 23.66%. respect to their ADF content. The first group comprised grains, 
The second group with medium NDF content comprised straw, supplemented and non-supplemented feeds. In them, the ADF 
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Table 2. Composition, digestibility and relative feed value of studied groups of feeds, n=104

*Differences among the groups for the specific parameter are statistically significant at P<0.05 if marked with different 
letters

Feed groups 
ADF, %

n=104

NDF, %

n=46

DDM, %

n=46

DMI, %

n=46

RFV, %

n=46

1. Grains

2. Meals

3. Straw

4. Fresh feeds

5. Silages 

6. Hays

7. Haylages

8. Compound feeds

9. Total mixed rations

10.  Compound feeds + supplements

11. Total mixed rations+biosupplements

For all groups.

SD

CV

Min

Max

SE

a  6.19
b  17.01
с  53.47

  38.81

  31.73

  34.56

  40.36

    8.87

  23.63

  12.38

  22.31

  23.3

  13.7

188.6

    4.4

  57.8

    1.87

с

с

с

с

a

b

a

b

a  22.19
a  22.67
с  76.08
b  39.92
с  55.55
b  44.21
с  54.42
a  17.78
b  43.77
a  23.66
b  31.96

  36.5

  19.2

368.3

    8.6

  78.4

    2.61

a  84.08
a  75.65
с  47.25
b  58.67
b  56.38
b  61.98
b  57.46
a  81.99
b  61.43
a  79.26
a  71.53

  68.7

  13.4

178.2

  36.6

  85.5

    1.82

a  5.41
a  6.73
с  1.58
b  3.01
b  2.59
b  2.89
b  2.25
a  7.62
b  3.56
a  5.08
b  3.80

  4.6

  2.8

  7.8

  1.5

13.9

  0.38

a      352.5
a      409.4
с        58.0
b      136.7
b      130.3
b      140.8
b      100.6

a      488.16
b      197.00
a      312.09

b      211.11

      272.6

      196.5

385954

        52.1

      923.6

          9.8

silages and haylages (54.42 tо 76.08%). The differences in NDF Similar results were reported by Jeranyama and Garcia (2004), 
content between the first and the third groups were statistically and Ward and Ondarza, (2008), investigating numerous feeds of 
significant at Р < 0.001; straw had the highest NDF value. various groups. The authors found out that the higher share of 

Grains, meals, compound feeds and total mixed rations with fibrous components and the lower intake and digestibility of grains 
supplements had the highest digestible dry matter content (71.53- are the main reason for their lower RFV compared to leguminous 
84.08%). The value of this parameter was the highest for grains. crops. 

With respect to digestible DM content, fresh feeds, silages, The analysis of variance of parameters among the feeds as well 
hays, haylages and total mixed rations formed a second groups with as within the groups of feeds, a criterion for the accuracy and 
DM between 57.46 and 61.98%. The lowest digestible DM content precision of studies, showed that the inter-group variations were 
was established in straw, due to the highest amount of structural greater than the intra-group differences (Таble 3). The greatest inter-
fibrous components. Dry matter intake varied from 1.58 to 7.62% - it group variation was established for ADF, which influences gas 
was the highest in grains, meals and both compound feeds. The production at the highest extent - 86.99%. Second came dry matter 
lowest DM intake was observed with straw. intake and digestible dry matter content. The variations of all 

The relative feed value, calculated on the basis of the content of parameters were statistically significant.
structural fibrous components, digestibility and consumption, varied 
from 58.0% (straw) to 488.16% (compound feeds). The RFV of straw 
was twice lower than that of alfalfa, whereas that of haylages was 

Conclusion comparable to alfalfa RFV. The RFV of the other feeds was higher 
than that of alfalfa especially for grains, meals and compound feeds.

The amount of gas produced by fermantation in ruminants, 
established through the in vitro gas production technique, depended 
mainly on the specific chemical composition and feed structure. With 
regard to the amount of produced gas, feeds could be divided into 3 
groups: first group - grain feeds forming a lot of gas (387.93 ml/g 
DM). The highest amount of gas was obtained from corn; second 
group - compound feeds, fresh feeds, total mixed rations, compound 
feed with supplements: 213.87-245.15 ml/g DM; third group - hay, 
silages, total mixed rations+bioadditives, meals, straw and 
haylages. The amount of gas produced from this group ranged 
between 115.06 and 208.34 ml/g DM. The amount of gas produced 
from the different groups of feeds after incubation for 24 and 48 
hours was different and depended on the rate of dry matter 
degradation. For roughages (straw, silages and haylages), the gas 
produced after 48 hours was by 29.74 tо 41.80 % more as compared 

Table 3. Inter-group and intra-group variation of 
parameters by groups of feeds, %, n=104

Parameter
Inter-group 

variation (SSb)
Intra-group 

variation (SSw) P<

GP 24 h

GP 48 h

ADF %

DDM

NDF %

DMI

RFV

50.30

53.80

86.99

71.18

61.16

77.25

67.12

49.70

46.20

13.01

28.82

38.84

22.75

32.88

0.000000

0.000000

0.000000

0.000000

0.000003

0.000000

0.002202
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thto the 24  hour while the gas produced after 48-hour incubation of Jouany JP, 1994. Manipulation of microbial activity in the rumen. 
grains, meals, fresh feeds, hays and compound feeds was less due Archives of Animal Nutrition, 46, 133-153.
to the lower degradation rate during the second period. The addition Martin C, Morgavi DP and Doreau M, 2009. Methane mitigation in 
of Rumanol, the bioadditives Biolifе and Bibor to compound feeds ruminants: from microbes to the farm scale. Animal, 4, 351-365.
and total mixed rations resulted in lower amount of produced gas. Martinez-Sibaja A, Astorga-Zaragoza CM, Alvarado-Lassman A, 
The addition of Rumanol to compound feeds decreased gas Posada-Gómez R, Gerardo AR, Rodriges JP and Adam-Medina 
production by 29.05% on the average. The effect of bioadditives M, 2011. Simplified Interval observer Scheme: A new approach for 
Biolife and Bibor was considerably lower – reduction by 9.87 % on fault Diagnosis in Intruments. Open access, Sensors, 11, 612-622. 
the average. Biolifе and Bibor additives exerted a stronger influence Mills J, Crompton LA and Reynolds CK, 2008. Ruminant nutrition 
for decreasing gas production with total mixed rations- average regimes toreduce methane and nitrogen emissions. A meta-analysis 
reduction by 16.09 %. With regard to the amount of acid-detergent of current databases. A Project Funded by the Milk Development 
fibre, feeds could be divided into three groups: 1) comprised grains, Council (MDC/07/04/A). Retrieved October 5, 2012.
supplemented and non-supplemented feeds. In them, the acid Ralph W and Ondarza MB, 2008. Relative Feed Value (RFV) vs. 
detergent fibre (ADF) content was very small – between 6.19 and Relative Forage Quality (RFQ). Paradox Nutrition, LLC, West 
12.38 %. 2) meals and total mixed rations wither with or without Chazy, NY. http://www.foragelab.com/Media/RFV_vs_RFQ-
additives, with ADF content between 17.01 and 23.63 %. 3) straw, CVAS%20Perspective.pdf
fresh feeds, silages, hays and haylages with ADF from 31.73 tо Reynolds CK, Mills JAN, Crompton LA, Givens DI and Bannink 
53.47%. A, 2010. Ruminant nutrition regimes reduce greenhouse gas 

emissions in dairy cows. In: G.M. Crovetto (ed.) Energy and protein 
metabolism and nutrition. Wageningen  Academic Publisher 
Wageningen, The  Netherlands, pp. 427-437.References
Spanghero M,  Berzaghi P, Fortina R, Masoero F, Rapetti L, Zanfi 
C, Tassone S, Gallo G, Colombini S and Ferlito JC, 2010. Ellis JL, Kebreab, Odongo NE, McBride BW, Okine EK and 
Technical note: Precision and accuracy of in vitro digestion of neutral France J, 2007. Prediction of methane production from dairy and 
detergent fiber and predicted net energy of lactation content of beef cattle. Journal of Dairy Science, 90, 3456-3467.
fibrous feeds. Journal of Dairy Science, 93, 4855-4859.Hook SE, Wright DG and McBride BW, 2010. Methanogens: 
Steinfeld H, Gerber P, Wassenaar T, Castel V, Rosales M and de Methane Producers of the Rumen and Mitigation Strategies. 
Hann C, 2006. Livestock's long shadow: environmental issues and Archaea, 2010, 1-11.
options. Rome, Italy, LEAD and FAO.Jeranyama P and Garcia AD, 2004. Understanding Relative Feed 
Tamburini A, Colombini S, Penati C, Zucali M, Roveda P, Rapetti Value (RFV) and Relative Forage Quality (RFQ). College of 
L and Crovetto GM, 2010. Methane emission in livestock and diet Agriculture and Biological Sciences/South Dakota State 
characteristics. In: G.M. Crovetto (ed.). Energy and protein University/USDA. Access at http://agbiopubs.sdstate.edu/articles/ 
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affiliation address, Abstract, List of 
keywords, Introduction, Material and  
methods,Results, Discussion, Conclusion, 
Acknowledgements (if any), References, 
Tables, Figures.
The title needs to be as concise and 
informative about the nature of research. It 
should be written with small letter /bold, 14/ 
without any abbreviations.  
Names and affiliation of authors
The names of the authors should be 
presented from the initials of first names 
followed by the family names. The 
complete address and name of the 
institution should be stated next. The 
affiliation of authors are designated by 
different signs. For the author who is going 
to be corresponding by the editorial board 
and readers, an E-mail address and 
telephone number should be presented as 
footnote on the first page. Corresponding 
author is indicated with *.
Abstract should be not more than 350 
words. It should be clearly stated what new 
findings have been made in the course of 
research. Abbreviations and references to 
authors are inadmissible in the summary. It 
should be understandable without having 
read the paper and should be in one 
paragraph. 
Keywords: Up to maximum of 5 keywords  
should be selected not repeating the title 
but giving the essence of study. 
The introduction must answer the 
following questions: What is known and 
what is new on the studied issue? What 
necessitated the research problem, 
described in the paper? What is your 
hypothesis and goal ?
Material and methods: The objects of 
research, organization of experiments, 
chemical analyses, statistical and other 
methods and conditions applied for the 
experiments should be described in detail. 
A criterion of sufficient information is to be 
possible for others to repeat the experi-
ment in order to verify results.
Results are presented in understandable 

 

tables and figures, accompanied by the 
statistical parameters needed for the 
evaluation. Data from tables and figures 
should not be repeated in the text.
Tables should be as simple and as few as 
possible. Each table should have its own 
explanatory title and to be typed on a 
separate page. They should be outside the 
main body of the text and an indication 
should be given where it should be 
inserted.
Figures should be sharp with good 
contrast and rendition. Graphic materials 
should be preferred. Photographs to be 
appropriate for printing. Illustrations are 
supplied in colour as an exception after 
special agreement with the editorial board 
and possible payment of extra costs. The 
figures are to be each in a single file and 
their location should be given within the 
text.  
Discussion: The objective of this section 
is to indicate the scientific significance of 
the study. By comparing the results and 
conclusions of other scientists the 
contribution of the study for expanding or 
modifying existing knowledge is pointed 
out clearly and convincingly to the reader.
Conclusion: The most important conse-   
quences for the science and practice 
resulting from the conducted research 
should be summarized in a few sentences. 
The conclusions shouldn't be numbered 
and no new paragraphs be used. 
Contributions are the core of conclusions. 
References:
In the text, references should be cited as 
follows: single author: Sandberg (2002); 
two authors: Andersson and Georges 
(2004); more than two authors: Andersson 
et al.(2003). When several references are 
cited simultaneously, they should be 
ranked by chronological order e.g.: 
(Sandberg, 2002; Andersson et al., 2003; 
Andersson and Georges, 2004).
References are arranged alphabetically by 
the name of the first author. If an author is 
cited more than once, first his individual 
publications are given ranked by year, then 
come publications with one co-author, two 
co-authors, etc. The names of authors, 
article and journal titles in the Cyrillic or 
alphabet different from Latin, should be 
transliterated into Latin and article titles 
should be translated into English. 
The original language of articles and books 
translated into English is indicated in 
parenthesis after the bibliographic 
reference (Bulgarian = Bg, Russian = Ru, 
Serbian = Sr, if in the Cyrillic, Mongolian = 

Мо, Greek = Gr, Georgian = Geor., 
Japanese = Jа, Chinese = Ch, Arabic = Аr, 
etc.)
The following order in the reference list is 
recommended:
Journal articles: Author(s) surname and 
initials, year. Title. Full title of the journal, 
volume, pages. Example:
Simm G, Lewis RM, Grundy B and 
Dingwall WS, 2002. Responses to 
selection for lean growth in sheep. Animal 
Science, 74, 39-50
Books: Author(s) surname and initials, 
year. Title. Edition, name of publisher, 
place of publication. Example: 
Oldenbroek JK, 1999. Genebanks and 
the conservation of farm animal genetic 
resources, Second edition. DLO Institute 
for  Animal  Science and Heal th,  
Netherlands.
Book chapter or conference proceedings: 
Author(s) surname and initials, year. Title. 
In: Title of the book or of the proceedings 
followed by the editor(s), volume, pages. 
Name of publisher, place of publication. 
Example: 
Mauff G, Pulverer G, Operkuch W, 
Hummel K and Hidden C, 1995. C3-
variants and diverse phenotypes of 
unconverted and converted C3. In: 
Provides of the Biological Fluids (ed. H. 
Peters), vol. 22, 143-165, Pergamon 
Press. Oxford, UK.
Todorov N and Mitev J, 1995. Effect of 
level of feeding during dry period, and body 
condition score on reproductive perfor-

thmance in dairy cows,IX  International 
Conference on Production Diseases in 
Farm Animals, September 11–14, Berlin, 
Germany.
Thesis:
Hristova D, 2013. Investigation on genetic 
diversity in local sheep breeds using DNA 
markers. Thesis for PhD, Trakia University, 
Stara Zagora, Bulgaria, (Bg).

The Editorial Board of the Journal is not 
responsible for incorrect quotes of 
reference sources and the relevant 
violations of copyrights.

Animal welfare
Studies performed on experimental 
animals should be carried out according to 
internationally recognized guidelines for 
animal welfare. That should be clearly 
described in the respective section 
“Material and methods”.
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