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Nutrition and Physiology
Invitro gas production of different feeds and feed ingredients at ruminants

E. Videv, J. Krastanov*, S. Laleva, T. 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 intake (DM, %) 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 mi/g DM; 2) Combined
feeds, fresh forages, complete feed mixtures - average 213.87- 245.15 mi/g DM 3) Hay, silage, straw, complete feed mixtures + bioadditives - average 115.06 -
208.34 mil/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

Introduction

Ruminants are among the primary sources of greenhouse
gases — methane (CH,) and carbon dioxide (CO,). Unlike
monogastric animals, ruminants degrade vegetable cells very
efficiently. Rumen microflora produce enzymes lysing almost all
chemical bonds of cellular wall polysaccharides. Regardless of the
broad array of hydrolases involved in the digestion, there are a lot of
undigested nutrients in faeces along with large amounts of methane
produced in the rumen and large intestine. Ruminants play an
important role in climate change (Steinfeld et al., 2006; Martin et al.,
2009; Hook et al., 2010; Martinez-Sibaja et al., 2011), and are
responsible for about 45% of anthropogenic methane emissions
(Ellis et al., 2007). It is calculated that an adult cow could produce
about 300-600 L methane on a daily basis (Jouany, 1994). The
production of methane depends on several factors, mainly on dry
matter intake, the digestibility and composition of the diet (Johnson
and Johnson, 1995). On the average, about 30 L methane is
produced from each kilogram consumed dry matter (Mills et al.,
2008). In general, when the digestibility increases, methane
production is also higher due to the increased feed intake. The
present study was designed to evaluate the in vitro formation of
greenhouses gases methane and carbon dioxide (CH, and CO,)
after degradation of different feeds, feed ingredients and rumen
modulators in the forestomachs of ruminants.

Material and methods

Samples (total 104) were collected from 11 groups of feeds

* e-mail: krastanov2000@yahoo.com
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(grains, meals, straw, fresh feeds, silages, hays, haylages,
compound feeds, total mixed rations, compound feeds +
supplements, total mixed rations+biosupplements) from different
regions of the country and analyzed for the content of structural
fibrous components. Neutral detergent fibre (NDF, %; n=46) and
acid detergent fibre (ADF, %; n=104) were determined by means of
Ankom F57 filter bags (ANKOM Technology Corporation, Fairport,
NY, USA). The NDF digestibility (NDFD, %) was determined through
in situ analysis according to Spanghero (2010). All samples were
incubated in Ankom F57 filter bags (ANKOM Technology
Corporation, Fairport, NY, USA). Every sample contained feed and
rumen content from fistulated animals (sheep), fed diet formulated
from the studied feeds. The amount of produced gas (ml/g) from the
different feeds was determined with Gas Production System
ANCOM RF/Ankom®, Tech. Co., Fairport, NY, USA after 24 and 48
hours.

The relative feed value - RFV was calculated on the basis of dry
matter digestibility and dry matter intake, compared to the relative
feed value of alfalfa (Jeranyama and Garcia, 2004; Ward and de
Ondarza, 2008):

« DDM-=digestibility of dry matter =88.9-(0.779* % ADF);

« DMI=dry matterintake (% of live weight) = 120/ (% NDF);

« RFV(relative feed value) = (DMI* % DDM)/1.29.

All experimental data were submitted to statistical analysis
using SYSTAT 120 software (Copyright 2007, SYSTAT Software,
Inc. AllRights Reserved).

Results and discussion

The comparison of the different feed groups showed that the



production of gas after 24 h incubation varied considerably - from
115.06 to 387.93 ml/g DM depending on the specific feed structure
(Table 1). The difference between the lowest and the highest value
was more than twice. The greatest amount of gas was produced by
grains - 387.93 ml/g DM on the average. The difference vs the other
groups was statistically significant at P<0.001. Then followed
compound feeds, fresh feeds, total mixed rations, compound
feeds+supplements: 213.87-245.15 ml/g DM. The hay, silages, total
mixed rationstbiosupplements, meals, straw and haylages
belonged to the third group with respect to gas production which
varied from 115.06 to 208.34 ml/g DM. The larger amount of gas
produced from feeds from the first group (grains) was due to the
lower fibre content and greater content of free and easily digestible
carbohydrates (mainly starch), which is degraded very easily and
rapidly. The big amount of produced gas from green feeds is also
determined by their rapid degradation in the rumen of ruminants due
the high digestibility. A similar situation was observed with gas
produced by feeds from the second group, characterized with high
dry matter percentage, high protein and lower carbohydrate
contents as compared to grains. The smallest gas production was
demonstrated with feed from the third group - haylages, straw,

silages- due to the high fibre content which are degraded slowly, and
fermentation of haylages and silages. These results are in line with
those reported by Reynolds et al. (2010). Ellis et al. (2007) and
Tamburini et al. (2010) outlining that feed intake, dry matter intake
(DMI), the type and level of fermentable carbohydrates were the
main factors influencing the gas production in ruminants. The
tendency for formation of a larger amount of gas due to the higher
content of free carbohydrates and rapidly degradable compounds
was preserved after 48 hours. The amount of gas produced by
grains and concentrates was very significant vs the other groups (P<
0.001).

The comparison of the amount of produced gas after 24 h and
48 h incubation showed that the gas production was on average by
21.23% higher on the 48" hour.

The difference in the amount of produced gas after incubation
for 24 and 48 h however differed among the feeds. In straw, silages
and haylages, the 48-hour gas production was by 29.74 to 41.80%
higher compared to 24-hour gas production. The grains, meals,
fresh feeds, haylages and non-supplemented compound feeds
formed a second group, in which the gas produced after 48 h
incubation was by 15.73 to 21.31% more than the incubation for 24

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

Feed groups GP 24 h, milg DM GP 48 h, ml /g DM Ratio, %
Means Means GP 48 h:GP 24 h
1. Grains 387.93 461.56* 118.98
2. Meals 173.84° 210.89° 121.31
3. Straw 144.65° 205.11° 141.80
4. Fresh feeds 244 AT 288.35° 117.95
5. Silages 199.84° 259.27° 129.74
6. Hays 208.34° 239.88° 115.14
7. Haylages 115.06° 162.36" 141.11
8. Compound feeds 24515 283.71° 115.73
9. Total mixed rations 214.79° 242.04° 112.69
10. Compound feeds + supplements 213.87° 239.19° 111.84
11. Total mixed rations+biosupplements 186.78° 206.75° 110.69
For all groups. 212.79 257.97 121.23
SD 96.97 102.22
cv 9402. 4 10449.6
Min 45.9 80.10
Max 503.9 5691.
SE 4.47 3.87

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

letters

hours. To the third group, characterized with the smallest difference
between 24-hour and 48-hour incubation, belonged the total mixed
rations with and without supplements, and compound feeds with
supplements; in them, produced gas was by 10.69 to 12.69% more
as compared to the 24" hour.

The content of acid detergent fibre in feeds is essential for the
degradation of organic matter and gas production in the ruminant
rumen. Due to the different composition and structure of plants and
feeds produced from them, ADF content varied within a broad range
from 6.19 t0 53.47% (Table 2). Feeds are divided into 3 groups with
respect to their ADF content. The first group comprised grains,
supplemented and non-supplemented feeds. In them, the ADF

content was very small- between 6.19 and 12.38%. The second
group was that of meals and total mixed rations wither with or without
additives, with ADF content between 17.01 and 23.63%. The third
group consists of straw, fresh feeds, silages, hays and haylages. In
them ADF ranged from 31.73 t0 53.47%. The highest ADF value was
that of the straw, the roughest feed. The content of ADF was
statistically significantat P<0.05.

Neutral detergent fibre (NDF) had also a substantial effect on
the amount of produced gas. The first groups of feeds with lowest
NDF content consisted of grains, meals, compound feeds with or
without supplements. In them, NDF ranged from 17.78 and 23.66%.
The second group with medium NDF content comprised straw,
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Table 2. Composition, digestibility and relative feed value of studied groups of feeds, n=104

ADF, % NDF, % DDM, % DMI, % RFV, %
Feed groups

n=104 n=46 n=46 n=46 n=46
1. Grains 6.19° 22.19° 84.08° 541° 352.5°
2. Meals 17.01° 22.67° 75.65° 6.73° 409.4°
3. Straw 53.47° 76.08° 47.25° 1.58° 58.0°
4. Fresh feeds 38.81° 39.92° 58.67° 3.01° 136.7°
5. Silages 31.73° 55.55° 56.38" 2.59° 130.3°
6. Hays 34.56° 44.21° 61.98° 2.89° 140.8°
7. Haylages 40.36° 54.42° 57.46° 2.25° 100.6°
8. Compound feeds 8.87° 17.78° 81.99° 7.62° 488.16°
9. Total mixed rations 23.63° 43.77° 61.43° 3.56° 197.00°
10. Compound feeds + supplements 12.38° 23.66° 79.26° 5.08° 312.09°
11. Total mixed rations+biosupplements 22.31° 31.96° 7153 3.80° 211.11°
For all groups. 23.3 36.5 68.7 4.6 2726
SD 13.7 19.2 134 2.8 196.5
cv 188.6 368.3 178.2 7.8 385954
Min 4.4 8.6 36.6 15 52.1
Max 57.8 78.4 85.5 13.9 923.6
SE 1.87 2.61 1.82 0.38 9.8

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

letters

silages and haylages (54.42 to 76.08%). The differences in NDF
content between the first and the third groups were statistically
significantat P <0.001; straw had the highest NDF value.

Grains, meals, compound feeds and total mixed rations with
supplements had the highest digestible dry matter content (71.53-
84.08%). The value of this parameter was the highest for grains.

With respect to digestible DM content, fresh feeds, silages,
hays, haylages and total mixed rations formed a second groups with
DM between 57.46 and 61.98%. The lowest digestible DM content
was established in straw, due to the highest amount of structural
fibrous components. Dry matter intake varied from 1.58 to 7.62% - it
was the highest in grains, meals and both compound feeds. The
lowest DM intake was observed with straw.

The relative feed value, calculated on the basis of the content of
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
comparable to alfalfa RFV. The RFV of the other feeds was higher
than that of alfalfa especially for grains, meals and compound feeds.

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

Paramete o (58y) vriton (60)

GP 24 h 50.30 49.70 0.000000
GP 48 h 53.80 46.20 0.000000
ADF % 86.99 13.01 0.000000
DDM 71.18 28.82 0.000000
NDF % 61.16 38.84 0.000003
DMI 77.25 22.75 0.000000
RFV 67.12 32.88 0.002202
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Similar results were reported by Jeranyama and Garcia (2004),
and Ward and Ondarza, (2008), investigating numerous feeds of
various groups. The authors found out that the higher share of
fibrous components and the lower intake and digestibility of grains
are the main reason for their lower RFV compared to leguminous
crops.

The analysis of variance of parameters among the feeds as well
as within the groups of feeds, a criterion for the accuracy and
precision of studies, showed that the inter-group variations were
greater than the intra-group differences (Table 3). The greatest inter-
group variation was established for ADF, which influences gas
production at the highest extent - 86.99%. Second came dry matter
intake and digestible dry matter content. The variations of all
parameters were statistically significant.

Conclusion

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 to 41.80 % more as compared



to the 24" hour while the gas produced after 48-hour incubation of
grains, meals, fresh feeds, hays and compound feeds was less due
to the lower degradation rate during the second period. The addition
of Rumanol, the bioadditives Biolife and Bibor to compound feeds
and total mixed rations resulted in lower amount of produced gas.
The addition of Rumanol to compound feeds decreased gas
production by 29.05% on the average. The effect of bioadditives
Biolife and Bibor was considerably lower — reduction by 9.87 % on
the average. Biolife and Bibor additives exerted a stronger influence
for decreasing gas production with total mixed rations- average
reduction by 16.09 %. With regard to the amount of acid-detergent
fibre, feeds could be divided into three groups: 1) comprised grains,
supplemented and non-supplemented feeds. In them, the acid
detergent fibre (ADF) content was very small — between 6.19 and
12.38 %. 2) meals and total mixed rations wither with or without
additives, with ADF content between 17.01 and 23.63 %. 3) straw,
fresh feeds, silages, hays and haylages with ADF from 31.73 to
53.47%.
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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. lllustrations 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 ftranslated into English.
The original language of articles and books
translated into Englishisindicated in
parenthesis after the bibliographic
reference (Bulgarian = Bg, Russian = Ru,
Serbian = Sr, ifin the Cyrillic, Mongolian =

Mo, Greek = Gr, Georgian = Geor.,
Japanese = Ja, Chinese = Ch, Arabic = Ar,
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 Health,
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-
mance 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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