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Abstract
Methane is considered to be the main greenhouse gas (GHG) emitted by livestock. One method for reducing methane 
emissions from ruminants is to improve production efficiency, which reduces methane emissions per unit of product 
(FAO, 2010; Gworgwor, Mbahi, & Yakubu, 2006). There are many researches about prebiotics which can reduce 
methane production in livestock, for example, galacto-oligosaccharides reduced methane emission up to 11% (liters/
day) (Zhou et al., 2004). There is almost no information about prebiotic inulin, so the aim of this research was to 
determine the impact of different dosages of inulin concentrate (50%) on the increase of calves’ body weight and its 
impact on methane emission, as well as to find out how the results change if it is added to barley flour not to milk 
as in our previous research. Approximately fifty days old, clinically healthy, different Holstein Friesian crossbreed 
calves kept in groups of 8, in a partly closed space with a natural ventilation through windows were included in this 
research. Eight calves were in the control group (CoG) and sixteen received inulin (Pre12 (n = 8), Pre24 (n = 8)). At 
the beginning of the experiment – the 28th and 56th day - we determined each calf’s weight and measured the methane 
level in the rumen by using the PICARROG-2508 gas analyser (Fleck, 2013). We concluded that inulin supplement 
significantly (p ≤ 0.05) increased the live weight gain comparing Pre24 and CoG. The highest methane production 
on 1 kg of body weight at the end of the research was detected in Pre24 – 1.24 mg m-3 and the lowest in CoG – 0.99 
mg m-3. 
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Introduction
Climate changes come along with new challenges 

that are critical in agricultural production both in Latvia 
and the whole world. After regaining independence, 
Latvia takes an active part in reducing the negative 
climate changes in the world. However, since the 
year 2005 due to the rise of economic activities in 
Latvia, the greenhouse gas (GHG) production in the 
agricultural sector shows a progressive tendency, 
furthermore, the agricultural sector is the second 
largest source of GHG, creating 20% of all GHG in 
the country. (Bērziņa et al., 2014) According to the 
collected GHG data about the situation in Latvia in 
the agricultural sector, the main sources of GHG are: 
1) agricultural soil management nitric oxide (N2O); 2) 
ruminant enteric fermentation where methane (CH4) 
is produced due to biological food processing and 
fermentative processes; 3) methane (CH4) and nitric 
oxide (N2O) production from manure (Bērziņa et al., 
2014; Ilgaza et al., 2016).

Globally, 50-60% of methane emissions are from 
the agricultural sector, specifically from livestock 
production operations; the principal source of 
methane is from ruminant animals (McMichael et 
al., 2007). Digestive processes happen mainly in 
anaerobic conditions, and microorganisms have a 
huge role in these processes. Enteric fermentation 
from livestock is a large source of methane, which has 
a global warming potential 23 times of carbon dioxide 
(Bhatta et al., 2007; Loh et al., 2008). The ruminant 
stomach consists of 4 compartments and the rumen is 
the main place of methane production. Approximately 
90% of the whole methane are produced there, the 

rest of it is produced in the large intestines. Almost all 
methane (89%) emitted from ruminants is produced 
in the rumen and exhaled through the mouth and nose 
(Murray et al., 1999).

One way of decreasing GHG is to use a specific 
methane inhibitor 3NOP (3-nitrooxypropanol) that 
has no significant impact on cows: feed intake, fibre 
digestibility and milk production. Reseachers have 
also noticed the increase in milk protein and lactose 
level in milk. The emitted methane was reduced 
by 30% (Hristov et al., 2015). In other studies, 
researchers reached the methane reduction by 20%, at 
the same time, the weight gain increased by additional 
75g/day, and milk yield increased by 1l/day in dairy 
cattle (Bruinenberg et al., 2002; Ilgaza et al., 2016; 
Nkrumah et al., 2006). It means that with a significant 
reduction of CH4 emission the animal productivity can 
be improved, but we need to find the optimal feeding 
recipe which would be compatible with conditions and 
available feed sources in Latvia, taking into account 
economic factors and the obtained production. The 
other way to decrease GHG is to reduce the use of 
dairy cattle for beef production. Therefore, it is 
advisable to slaughter those calves which are not used 
for herd reproduction before they have become full 
ruminants, that is - before the emission of gases from 
the rumen into the surrounding environment has not 
significantly increased. However, producers in order 
to get more valuable production from one animal grow 
animals longer till they reach a higher live weight. We 
consider that a shorter animal growing period can be 
achieved by making corrections in the animal feeding 
strategy and by using natural feed supplements which 
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can promote animal interior body reserve usage. 
Prebiotics can increase daily weight gain in calves 
and are used along with nitrate, probiotics, and yeasts 
and have a potential to reduce methane production 
(Mwenya et al., 2004; Hasunuma et al., 2011; Ilgaza et 
al., 2016). Such prebiotics as fructo-oligosaccharides 
(FOS), inulin and galacto-oligosaccharides (GOS) can 
be used to reduce methane production in ruminants 
(Zhou et al., 2004; Charalampopoulos & Rastall, 
2009). But there are fewer studies done about FOS 
and inulin (both are components of Jerusalem 
artichoke) and their impact on methane reduction in 
ruminants (Roonal, 2015), therefore we used inulin 
for our research. In the previous study by Ilgaza et 
al. (2016), milk supplementation with inulin had very 
promising results regarding weight gain when animals 
in the experimental group reached 90kg weight 3 
weeks earlier than the control group; also the live 
weight gain was higher in calves fed with additional 
supplement of inulin. 

In newborn ruminants the oesophageal groove 
is present. It is a channel that takes milk from the 
oesophagus into the abomasum, bypassing the 
rumen, reticulum and omasum. Oesophageal groove 
practically disappears in the fifth month of the calf’s 
life (Millen et al., 2016).

 In this research, the way of inulin supplementation 
was changed to see if the results differ from our 
previous study. If inulin is added to fodder, it passes 
directly to the rumen and not abomasum because the 
oesophageal groove facilitates only the movement of 
liquid. The aim of this study was to repeat the research 
with inulin and evaluate how it impacts weight gain 
in a dairy farm of intensive production by using two 
doses of inulin added to barley flour which showed the 
best results in the previous research, and also how this 
inulin supplementation impacts methane production 
in calves’ rumen. 

Materials and Methods
The research was conducted with clinically healthy 

different Holstein Friesian crossbreed calves. Their 
average age was 49 ± 10 days and average weight was 
79.6 ± 12.82 kg. They were kept in groups of 8 calves 
in a partly closed space with a natural ventilation 
through windows. Before the research, they all had 
received the same feed and were kept in the same 
conditions.  

Eight calves were in the control group (CoG) 
and sixteen were fed with an additional prebiotic 
– specially produced flour of Jerusalem artichoke, 
organized in groups Pre12 (n = 8), Pre24 (n = 8). The 
study included prebiotic inulin concentrate flour of 
Jerusalem artichoke (50%) produced in Latvia by using 
special technologies. The flour of Jerusalem artichoke 
usually contains 10% of inulin, but it is possible to 
increase its amount up to 48.5% – 50% (Fleming et 
al., 1979; Valdovska et al., 2012; Ilgaza et al., 2016). 
Calves from group Pre12 were fed with additional 
12 g flour of Jerusalem artichoke (containing 6 g of 
inulin), group Pre24 – 24g of flour (containing 12 g of 
inulin). The prebiotic was added to barley flour once 
a day in the evenings. All calves had free access to 
water and hay and they also got whole milk and a calf 
starter meal (Ilgaza et al., 2016).

The length of the research was 56 days. On the 1st, 
28th and 56th day we determined each calf’s weight by 
using the weight measuring tape and determined the 
amount of methane in the rumen by using a mobile 
PICARROG-2508 gas analyser (Fleck, 2013). We 
acquired the gas from the rumen by puncturing it 
through the abdominal wall by using a 14G needle and 
a 20 ml syringe. The gas was evaluated as soon as it 
was obtained to reduce the possibility that it can mix 
with the surrounding air. For statistical analysis of all 
obtained data we used the computer programme MS 
Excel 2013. The analysis was conducted by applying 
the statistical methods to calculate mean values and 
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Figure 1. The increase of live weight of calves during the research. 
 
On the 28th day of the research, the median weight of Pre12 calves was lower than in CoG calves. We cannot 

explain this slower weight gain in group Pre12, but it could be due to some health problems like diarrhoea and 
respiratory diseases as these problems occurred time after time in calves during the research. On the 56th day of the 
research, the median weights between the groups were very similar, in Pre12 it was 114.4 ± 12.37 kg and in CoG – 
115.6 ± 7.11 kg. The final weight of Pre12 was similar to CoG weight because of better daily weight gain, and the 
prebiotic could positively impact this increase of daily weight in Pre12. 

At the end of the research, on the 56th day, there was a significant difference in the average weight between 
Pre12 and Pre24 (p ≤ 0.05), as well as between Pre24 and CoG (p ≤ 0.05) (respectively 114.4 ± 12.37 kg; 128.4 ± 
18.8 kg and 128.4 ± 18.8 kg; 115.6 ± 7.11 kg).  

It was essential to determine the average live weight gain in each period of our research (1st – 28th day; 28th – 
56th day and 1st – 56th day). The results in kilograms and percentages are summarized in Table 1. 

Table 1  
Growth Performance of Calves 

 
Groups Average live weight 

gain (kg and %),  
1st – 28th research day 

Average live weight gain (kg 
and %), 28th – 56th research 

day 

Average live weight 
gain (kg and %), 

1st – 56th research day 

Average daily 
weight gain 

 (kg d-1) 
CoG 22.9 ± 3.80 (+ 28.4%) 12.5 ± 9.77 (+ 12.1%) 35.4 ± 7.73 (+ 44.0%) 0.6 ± 0.14 
Pre12 15.1 ± 4.19 (+ 20.3%) 24.9 ± 6.92 (+ 27.8%) 40 ± 6.39 (+ 53.8%) 0.7 ± 0.11 
Pre24 27.4 ± 10.60 (+ 32.4%) 16.8 ± 6.36 (+ 15.1%) 44.1 ± 11.15 (+ 52.3%) 0.8 ± 0.20  

 
There was a significant difference in the average live weight gain between Pre12 and Pre24 and between 

Pre12 and CoG in both research periods: 1st-28th day (p ≤ 0.01) and 28th-56th day (p ≤ 0.05). The average live weight 
gain at the end of the research was the highest in Pre24 (44.1 ± 11.15 kg), but the lowest in CoG (35.4 ± 7.73 kg). 
The increase of the live weigh expressed in percentage at the end of the research was in CoG - 44.0%, in Pre12 – 
53.8% and in Pre24 – 52.3%. We can conclude that groups fed with inulin supplement showed much better increase 
of the live weight compared to the control group. These results conform to the results of other researchers who found 
that inclusion of inulin in the milk replacer of pre-ruminant calves leads to significantly higher live weight gains and 
better faecal consistency (Kaufhold et al., 2000; Verdonk &Van Leeuwen, 2004).  

The foregut and hindgut houses millions of diverse groups of microflora, namely, bacteria, fungi, yeasts, 
phage particles, archaea etc. Prebiotics are fermented by a number of rumen bacteria for its utilization as a source of 
energy (Öztürk, 2008; Kaufhold et al., 2000; Cota &Whitefield, 1998; Samanta et al., 2013). Also anaerobic fungi 
(Neocallimastix stains) can metabolize inulin in the rumen (Fonty, 1991).  

The lowest average daily weight gain was noticed in CoG (0.6 ± 0.14 kg d-1). It was higher in groups fed 
with inulin supplement, in group Pre12 0.7 ± 0.11 kg d-1 and in group Pre24 0.8 ± 0.20 kg d-1, respectively. The 
results of t-test showed that calves of group Pre24 fed with 24 g of prebiotics did not give a significantly higher 
average daily weight gain compared to group Pre12 (12 g of prebiotics) and CoG. Our results showed that the double 
dose of inulin did not give a significantly higher average daily weight gain. 

Figure 1. The increase of live weight of calves during the research.
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standard deviation. The significance was determined 
by the t-test; p ≤ 0.05 means that difference is 
significant.

Results and Discussion
Our first aim of this research was to find out if 

the inulin supplement, which is added to barley flour, 
can speed up the growth rate of calves. On the first 
day of the research, the median weight of all calves 
was without significant (p value > 0.05) differences. 
On the 28th day of the research, the median weight of 
Pre12 calves was significantly lower (p ≤ 0.01) than 
the median weight of Pre24 calves (89.5 ± 7.29 kg and 
111.6 ± 19.91 kg, respectively) (Fig. 1). 

On the 28th day of the research, the median weight 
of Pre12 calves was lower than in CoG calves. We 
cannot explain this slower weight gain in group Pre12, 
but it could be due to some health problems like 
diarrhoea and respiratory diseases as these problems 
occurred time after time in calves during the research. 
On the 56th day of the research, the median weights 
between the groups were very similar, in Pre12 it 
was 114.4 ± 12.37 kg and in CoG – 115.6 ± 7.11 kg. 
The final weight of Pre12 was similar to CoG weight 
because of better daily weight gain, and the prebiotic 
could positively impact this increase of daily weight 
in Pre12.

At the end of the research, on the 56th day, there was 
a significant difference in the average weight between 
Pre12 and Pre24 (p ≤ 0.05), as well as between Pre24 
and CoG (p ≤ 0.05) (respectively 114.4 ± 12.37 kg; 
128.4 ± 18.8 kg and 128.4 ± 18.8 kg; 115.6 ± 7.11 kg). 

It was essential to determine the average live 
weight gain in each period of our research (1st – 28th 
day; 28th – 56th day and 1st – 56th day). The results in 
kilograms and percentages are summarized in Table 1.

There was a significant difference in the average 
live weight gain between Pre12 and Pre24 and 
between Pre12 and CoG in both research periods: 1st-
28th day (p ≤ 0.01) and 28th-56th day (p ≤ 0.05). The 
average live weight gain at the end of the research 
was the highest in Pre24 (44.1 ± 11.15 kg), but the 
lowest in CoG (35.4 ± 7.73 kg). The increase of the 
live weigh expressed in percentage at the end of the 
research was in CoG - 44.0%, in Pre12 – 53.8% and in 

Pre24 – 52.3%. We can conclude that groups fed with 
inulin supplement showed much better increase of 
the live weight compared to the control group. These 
results conform to the results of other researchers who 
found that inclusion of inulin in the milk replacer of 
pre-ruminant calves leads to significantly higher live 
weight gains and better faecal consistency (Kaufhold et 
al., 2000; Verdonk &Van Leeuwen, 2004). 

The foregut and hindgut houses millions of diverse 
groups of microflora, namely, bacteria, fungi, yeasts, 
phage particles, archaea etc. Prebiotics are fermented 
by a number of rumen bacteria for its utilization as 
a source of energy (Öztürk, 2008; Kaufhold et al., 
2000; Cota &Whitefield, 1998; Samanta et al., 2013). 
Also anaerobic fungi (Neocallimastix stains) can 
metabolize inulin in the rumen (Fonty, 1991). 

The lowest average daily weight gain was noticed 
in CoG (0.6 ± 0.14 kg d-1). It was higher in groups fed 
with inulin supplement, in group Pre12 0.7 ± 0.11 kg 
d-1 and in group Pre24 0.8 ± 0.20 kg d-1, respectively. 
The results of t-test showed that calves of group Pre24 
fed with 24 g of prebiotics did not give a significantly 
higher average daily weight gain compared to group 
Pre12 (12 g of prebiotics) and CoG. Our results 
showed that the double dose of inulin did not give a 
significantly higher average daily weight gain.

In the study by Ilgaza et al. (2016) where inulin 
was added to milk (12 g and 24 g), the results showed 
that inulin increased the average daily weight gain. 
The highest average live weight gain during the whole 
study was in Pre24 group, and similar results were 
obtained also in this experiment.

Our second aim of this research was to determine 
if inulin supplement reduces methane production. 
We set this aim because many researchers have 
investigated the possible impact of prebiotics on 
reducing GHE. For example, the administration of 
galacto-oligosaccharides (GOS) supplementation 
decreased nitrite accumulation in the rumen and 
plasma and nitrate-induced methaemoglobin, while 
retaining low methane production. 11% reduction in 
methane emission (litres/day) in GOS supplemented 
diet compared to the control diet has been reported 
(Zhou et al., 2004). Other research also indicates that 
GOS are efficacious in reducing methane production in 

Table 1 
Growth Performance of Calves

Groups
Average live weight gain 

(kg and %), 
1st – 28th research day

Average live weight gain 
(kg and %), 28th – 56th 

research day

Average live weight gain 
(kg and %),

1st – 56th research day

Average daily 
weight gain

 (kg d-1)

CoG 22.9 ± 3.80 (+ 28.4%) 12.5 ± 9.77 (+ 12.1%) 35.4 ± 7.73 (+ 44.0%) 0.6 ± 0.14
Pre12 15.1 ± 4.19 (+ 20.3%) 24.9 ± 6.92 (+ 27.8%) 40 ± 6.39 (+ 53.8%) 0.7 ± 0.11
Pre24 27.4 ± 10.60 (+ 32.4%) 16.8 ± 6.36 (+ 15.1%) 44.1 ± 11.15 (+ 52.3%) 0.8 ± 0.20 
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dairy cows. Supplementation of dairy cows with GOS 
resulted in an 11% reduction in methane production 
(Charalampopoulos & Rastall, 2009). Inulin, FOS and 
GOS are called prebiotics and can reduce methane 
production, but there are fewer studies done about 
inulin and FOS (both are components of Jerusalem 
artichoke) and their impact on methane reduction in 
ruminants (Roonal, 2015), therefore we used inulin 
for our research. To reduce greenhouse gas emission, 
researchers also propose to shorten the period of 
breeding calves of dairy breeds (Mirzaei-Aghsaghali 
et al., 2015; FAO, 2010; Ilgaza et al., 2016). 

In our research, we noticed that in CoG calves 
the median amount of methane in the rumen showed 
a tendency to get lower, and the same process was 
noticed in calves of group Pre12, while in group Pre24 
the methane concentration in the rumen at the end of 
the research increased (Fig. 2).

The amount of methane in the calves’ rumen at the 
end of the research in group Pre24 was the highest –  
1,273.0 ± 317.60 mg m-3, but in group CoG the  
lowest – 917.5 ± 217.30 mg m-3. By using t-test we 
found out that this difference was significant (p 
≤ 0.05). We can conclude that feeding the chosen 
concentrations of inulin supplement promote the 
production of methane in the rumen. This did not 
match to our thoughts and to results of some other 
authors about inulin and FOS that these prebiotics can 
reduce methane production in ruminants (Zhou et al., 
2004; Charalampopoulos & Rastall, 2009; Roonal, 
2015). The efficiency of prebiotics of other group 
(GOS) has been proved in many studies mentioned 
before. More research is needed about inulin and FOS 
and their possible impact on reduction of methane 
emission in ruminants.

The highest methane production on 1 kg body 
weight at the end of the research on day 56 was noticed 

in Pre24 – 1.24 mg m-3, less in Pre12 – 1.12 mg m-3, 
and the lowest it was in CoG – 0.99 mg m-3.

Although other authors have reported that 
prebiotics can impact methane production by 
lowering it, we did not find any reduction of methane 
production in the rumen in calves fed with barley flour 
and inulin (Zhou et al., 2004; Charalampopoulos & 
Rastall, 2009). We noticed that the higher the dose of 
inulin, the higher the methane production on 1kg of 
body weight. 

Our next aim is to repeat the research in one farm 
with calves which receive inulin with whole milk and 
calves which receive this prebiotic with fodder, and to 
compare the results since in these feeding strategies 
inulin gets into different stomach compartments.

Conclusions
1.	 Calves of group Pre24 fed with 24 g of prebiotics 

did not show a significantly higher average daily 
weight gain in comparison with Pre12 (12 g of 
prebiotics) and CoG. But at the end of the research, 
on the 56th day there was a significant difference in 
the average weight between Pre12 and Pre24 (p 
≤ 0.05), as well as between Pre24 and CoG (p ≤ 
0.05). 

2.	 The amount of methane in the calves’ rumen at the 
end of the research was the highest in group Pre24 
– 1,273.0 ± 317.60 mg m-3, but the lowest in group 
CoG – 917.5 ± 217.30 mg m-3; this difference was 
significant (p ≤ 0.05). We can conclude that feeding 
the chosen concentrations of inulin supplement 
promote the production of methane in the rumen. 

3.	 The highest methane production on 1 kg body 
weight at the end of the research was found in 
Pre24, but the lowest was in CoG, so the higher 
the chosen concentration of inulin, the higher the 
methane production on 1kg of body weight.

[Type here] 
 

In the study by Ilgaza et al. (2016) where inulin was added to milk (12 g and 24 g), the results showed that 
inulin increased the average daily weight gain. The highest average live weight gain during the whole study was in 
Pre24 group, and similar results were obtained also in this experiment. 

Our second aim of this research was to determine if inulin supplement reduces methane production. We set 
this aim because many researchers have investigated the possible impact of prebiotics on reducing GHE. For 
example, the administration of galacto-oligosaccharides (GOS) supplementation decreased nitrite accumulation in 
the rumen and plasma and nitrate-induced methaemoglobin, while retaining low methane production. 11% reduction 
in methane emission (litres/day) in GOS supplemented diet compared to the control diet has been reported (Zhou et 
al., 2004). Other research also indicates that GOS are efficacious in reducing methane production in dairy cows. 
Supplementation of dairy cows with GOS resulted in an 11% reduction in methane production (Charalampopoulos & 
Rastall, 2009). Inulin, FOS and GOS are called prebiotics and can reduce methane production, but there are fewer 
studies done about inulin and FOS (both are components of Jerusalem artichoke) and their impact on methane 
reduction in ruminants (Roonal, 2015), therefore we used inulin for our research. To reduce greenhouse gas emission, 
researchers also propose to shorten the period of breeding calves of dairy breeds (Mirzaei-Aghsaghali et al., 2015; 
FAO, 2010; Ilgaza et al., 2016).  

In our research, we noticed that in CoG calves the median amount of methane in the rumen showed a 
tendency to get lower, and the same process was noticed in calves of group Pre12, while in group Pre24 the methane 
concentration in the rumen at the end of the research increased (Fig. 2). 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 2. The concentration of methane in the rumen by groups during the whole research. 
 
The amount of methane in the calves’ rumen at the end of the research in group Pre24 was the highest – 

1,273.0 ± 317.60 mg m-3, but in group CoG the lowest – 917.5 ± 217.30 mg m-3. By using t-test we found out that 
this difference was significant (p ≤ 0.05). We can conclude that feeding the chosen concentrations of inulin 
supplement promote the production of methane in the rumen. This did not match to our thoughts and to results of 
some other authors about inulin and FOS that these prebiotics can reduce methane production in ruminants (Zhou et 
al., 2004; Charalampopoulos & Rastall, 2009; Roonal, 2015). The efficiency of prebiotics of other group (GOS) has 
been proved in many studies mentioned before. More research is needed about inulin and FOS and their possible 
impact on reduction of methane emission in ruminants. 

The highest methane production on 1 kg body weight at the end of the research on day 56 was noticed in 
Pre24 – 1.24 mg m-3, less in Pre12 – 1.12 mg m-3, and the lowest it was in CoG – 0.99 mg m-3. 

Although other authors have reported that prebiotics can impact methane production by lowering it, we did 
not find any reduction of methane production in the rumen in calves fed with barley flour and inulin (Zhou et al., 
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