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An in vitro gas production technique was 
used to evaluate the effect of propionic 
acid (10 mM) on six diets i.e. high 
(80R:20C), medium (50R:50C) and low 
(20R:80C) fiber sorghum diet (HFSD, 
MFSD and LFSD) and berseem diets 
(HFBD, MFBD and LFBD). The results 
indicate that Dry Matter Digestibility 
(DMD) either not affected due to 
propionic acid supplementation or 
increased slightly in some of diets (3.3%, 
1.6%, 1.7% and 3.9% increases in MFSD, 
HFBD, MFBD and LFBD respectively). 
Methane production (mM/gDM) was not 
significantly different due to 10 mM 
propionic acid supplementation, however, 
it was decreased by 12.4% and 5.4% in 
HFBD and LFBD, respectively, when 
expressed in ml/gm DDM. Partition factor 
value was unaffected by propionic acid 
supplementation in almost all type of diets 
except MFSD, in which, it was increased 
by 11.2%. Microbial biomass (MBM) 
yield was increased up to 23.5% in MFSD, 
4.0% in HFBD and 5.3% in LFBD. Total 
Volatile Fatty Acids;TVFAs (mM/100ml) 
were increased significantly in all type of 
diets. A significant increase in propionic 
acid concentration (mM/100ml) was also 
seen in all the six type of diets. It was 
concluded from the results that the 
propionic acid supplementation in 
sorghum and berseem containing diets 
decreased the methane production from 
5.4 to 12.4% and propionate production 

was significantly increased without 
affecting the fiber digestibility.   
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Reducing equivalents generated during 
ruminal fermentation are disposed partly 
by the formation of methane, which is 
energetically wasteful and environmentally 
damaging process in dairy farming 
systems. Therefore, there is an interest for 
decreasing CH4 production in the rumen 
for both environmental and economic 
reasons. A wide range of possible 
strategies for reducing methane emission 
have been suggested over the time. Main 
nutritional strategies to reduce enteric 
methane emission are use of anti-
methanogens, hydrogen formation 
inhibitors and alternative H2 sinks like 
organic acids. These organic acids 
promote alternative metabolic pathways to 
dispose of the reducing power, competing 
with methanogenesis for the hydrogen 
uptake. The present study was performed 
to explore the potential of propionic acid a 
possible feed additive, which would divert 
metabolic hydrogen away from methane to 
more useful products.  

 
MATERIALS AND METHODS 
Preparation of experimental Diets and 
treatment 

Wayamba Journal of Animal Science – ISSN: 2012-578X

ck & Avian Science, Wayamba University of Sri Lanka http://www.wayambajournal.com Copyright © Society of Animal Science, Department of Livesto



P 283

 

 

To evaluate the effect of single level of 
propionic acid (10mM) on rumen 
fermentation and methane production,  six 
diets were prepared with different 
roughage (sorghum and berseem) and 
concentrate ratios i.e. high fiber diet (HFD, 
80R:20C), medium fiber diet (MFD, 
50R:50C) and low fiber diet (LFD, 
20R:80C) and milled to pass through 1 
mm sieve and used as substrates. The 
roughage part composed of wheat straw 
(70 parts) and sorghum (30 parts) or 
berseem (30 parts) and the concentrate part 
composed of maize (33%), ground nut 
cake (21%), mustard cake (12%), wheat 
bran (20%), deoiled rice bran (11%), 
mineral mixture (2%) and salt (1%). 
Propionic acid was added in incubation 
medium containing six experimental diets 
to achieve final concentration of 10 mM. 
The treatment combinations were arranged 
in Complete Randomized Design with 
three replicates. Set was incubated devoid 
of substrate with and without propionic 
acid which, served as blanks for particular 
treatment and values were corrected for 
different parameters with these blanks. 
In Vitro fermentations 

 In vitro studies were conducted using 
rumen liquor which, was collected from 
fistulated adult male buffalo (Bubalus 
bubalis) maintained on a standard farm 
diet (60 parts roughage: 40 parts 
concentrate) before one hour of  morning 
feeding into a pre-warmed insulated flask 
and immediately brought into the 
laboratory and carbon dioxide was passed 
for maintaining anaerobic conditions. 
Permissions for taking rumen liquor from 
male fistulated buffalo has already been 
taken from Animal ethics committee of 
institute. 
Then rumen liquor filtered through four 
layers of muslin cloth and the required 
amount of strained rumen liquor used as a 
source of inoculum. For, in vitro gas 
production technique (IVGP) substrate 
was milled to pass through 1 mm sieve and 
200 ± 10 mg was weighed in glass 
syringes of 100ml capacity and incubation 
medium was prepared as described by 
Menke and Steingass (1988). The 30 ml 
incubation medium was dispensed 

anaerobically in each pre-warmed 
syringes. Syringes were incubated at 39 ± 
0.50C for 24 h in temperature controlled 
incubator cum shaker. 
Before incubation, propionic acid solution 
injected as per the dose by small syringe 
into 100 ml calibrated glass syringes 
individually and mixed uniformly. 
Syringes were closed using clamps and 
were incubated for 24 h in estimations  of 
in vitro dry matter digestibility (IVDMD) 
and for other rumen fermentation 
parameters i.e. total volatile fatty acids 
(TVFAs), individual volatile fatty acids 
(IVFAs) and methane. 
Total gas production and methane 
estimation 
After 24 h incubation, total gas production 
was recorded with the displacement of 
piston during incubation. The gas 
produced due to fermentation of substrate 
was calculated by subtracting gas 
produced in blank syringe (containing no 
substrate, but only the inoculum and 
buffer) from total gas produced in the 
syringe containing substrate and inoculum 
and buffer. 
For methane estimation, Methane content 
in fermentation gas was determined by gas 
chromatography (GC) using Nucon-5765 
gas chromatograph equipped with flame 
ionization detector (FID) and stainless 
steel column packed with Porapak-Q 
(length 6’;o.d.1/8” i.d. 2 mm; mesh range 
80-100). The gas flow rates for carrier gas 
(nitrogen), hydrogen and air were 30, 30 
and 300 ml/min, respectively. Temperature 
of injector oven, column oven and detector 
were 40, 50 and 500C, respectively. For 
methane estimation, each gas sample 
(250µl) was manually injected using 
Hamilton airtight syringe. Methane content 
in sample was calculated by external 
calibration, using a certified gas standard 
mixture of 50% CH4 and 50% CO2 
(Spantech calibration gas, Surrey, 
England). 
Methane production (ml) = Total gas 
produced (ml) X % methane in the sample 

 
Estimation of dry matter degradability, 
partition factor and production of 
microbial bio mass  
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To estimate true DM degradability of feed 
sample of each syringe containing residues 
after incubation was estimated as per 
method given by Van Soest et al. (1991). 
The PF is calculated as the ratio of 
substrate truly degraded in vitro (mg) to 
the volume of gas (ml) produced by it. 
Substrate provides important information 
about partitioning of fermentation 
products. The MBM yield was calculated 
by using the degradability of substrate and 
gas volume and stoichiometrical factor as 
suggested by Blummel et al. (1997). 
Microbial mass = Substrate truly degraded 
- (gas volume × stoichiometrical factor)  
Where the stoichiometrical factor used was 
2.25. 
Estimation of ammonia nitrogen, total 
volatile fatty acid (TVFA) and 
individual volatile fatty acid (IVFA) 
          After the end of incubation, 
fermented material was transferred into 
centrifuge tubes and centrifuge at 3000 
rpm for ten minutes, than supernatant of 
each syringe including that of blank was 
collected in vials used for ammonia 
nitrogen (NH3-N) and other parameters 
estimation. For NH3-N, 5ml of supernatant  
was taken in tube mixed with 12 ml 1 N 
NaOH  and steam passed using KEL 
PLUS - N analyzer (Pelican, India) and the 
NH3 evolved was collected in conical flask 
containing boric acid solution having 
mixed indicator and titrated against N/100 
H2SO4. TVFA concentration (mM/100 ml) 
was estimated according to method of 
Barnett and Reid 1957.        Individual 
volatile fatty acids were estimated by 
taking 1 ml of the supernatant treated with 
25% meta-phosphoric (4 ml) prepared in 
1N sulphuric acid and kept for 3-4 h at 
ambient temperature (Erwin et al., 1961). 
Thereafter, it was centrifuged at 3000 rpm 
for 10 minutes and clear supernatant was 
collected and stored at -200C until 
analyzed.  IVFA was estimated using gas 
chromatograph (Nucon 5700, India) 
equipped with flame ionization detector 
(FID) and stainless steel column (length 
4’; o.d ¼’’; i.d 3 mm) packed with 
Chromosorb–101. Temperature of 
injection port, column and detector was set 
at 200, 180 and 2100C, respectively. The 

flow rate of carrier gas (nitrogen) through 
the column was 40 ml/ min and the flow 
rates of hydrogen gas and air through FID 
were 30 and 300 ml/ min. respectively. 
Sample (2 µl) was injected through the 
injection port using Hamilton syringe (10 
µl). Individual VFA’s of the samples were 
identified on the basis of their retention 
time and their concentration (mM) and 
calculated by comparing the retention time 
as well as the peak area of standards after 
deducting the corresponding blank values. 
Protozoa counting 
For protozoal count, one milliliter of the 
fermentation fluid was diluted with 1 ml of 
formalin (18.5% formaldehyde) and 3-4 
drops of brilliant green and then incubated 
for 24 hours at room temperature. The 
stained protozoa were diluted (if needed) 
and counted by haemocytometer as per 
method described by Dehority (1984). 
In vitro true DM degradability and 
Chemical analyses 
To estimate true DM degradability of feed 
sample of each syringe containing residues 
after incubation was estimated as per 
method given by Van Soest et al. (1991).  
The proximate analysis (Organic matter, 
Crude protein, Ether extract, Total Ash) of 
substrate was carried out as per the 
methods of AOAC (1995). The cell wall 
constituents of substrates were determined 
according to method suggested by Van 
Soest et al. (1991). 
Statistical analyses  
Experimental data of different parameters 
were analyzed in 6x2 factorial randomized 
block design with three replicates for 
analysis of variance as per Snedecor and 
Cochran (1968). The effects of different 
diet and doses of fumaric compared with 
control were tested using the factorial 
arrangement in complete randomized 
block design in OPSTAT statistical 
software developed by Chaudhry Chran 
Singh Haryana Agriculture University, 
Hissar, Haryana, India (Sheoran, 2010). 
When the overall F-test was significant, 
differences between means and the control 
were  declared significant at P ≤0.05 using 
the Fisher's-Least-Significant-Difference 
(Critical Difference). 
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RESULTS  
The chemical compositions of all the six 
diets are shown in Table 1. In chemical 
composition of diet, crude protein (CP) 
content was 110.8, 168.0 and 229.8 g/kg 
feed DM, ether extract (EE) was 27.0, 32.6 
and 37.9 g/kg feed DM and neutral 
detergent fiber (NDF) was 541.4, 502.2 

and 386.3 g/kg feed DM in high, medium 
and low fiber sorghum diet,  respectively. 
The CP content were 115.5, 178.1 and 
196.3 g/kg feed DM, EE was 18.5, 22.6 
and 35.2 g/kg feed DM and NDF was 
575.2, 422.6 and 279.0 g/kg feed DM in 
high, medium and low fiber berseem diet 
respectively (Table 1). 

 
Table 1: Chemical composition of Berseem and Sorghum based diets 

 
OM, organic matter; CP, crude protein; EE, Ether extract; NDF, neutral detergent fiber; ADF, Acid 
detergent fiber; HC, Hemicellulose; TA, Total ash HFSD, high fiber sorghum diet; MFSD, medium 
fiber sorghum diet; LFSD, low fiber sorghum diet; HFBD, high fiber berseem diet; MFBD, medium 
fiber berseem diet; LFBD, low fiber berseem diet; R, roughage; C, concentrate 
* roughage part composed of wheat straw (70 parts) and sorghum (30 parts) or berseem (30 parts) 

 
Table 2: Effect of propionic acid on in vitro digestibility and methane production in high, 
medium and low fiber sorghum and berseem diets 

R, roughage; C, concentrate; DDM, digestible dry matter (mg); PF, partition factor (mg TDMD/ml 
gas); MBM, microbial biomass (mg); SEM, standard error of means  

 
Effect of propionic acid supplementation 
on in vitro rumen fermentation pattern and 

methane production and in vitro dry matter 
digestibility were shown in Tables 2 and 3.  

Parameters (g/kg on DM basis) 
Diets OM CP EE NDF ADF HC TA 

Berseem based diets 
HFBD (80R:20C) 842.6 110.8 27.0 541.4 357.3 184.0 157.4 
MFBD (50R:50C) 859.0 168.0 32.6 502.2 264.9 237.3 141.0 
LFBD (20R:80C) 876.9 229.8 37.9 386.2 199.9 186.3 123.1 

Sorghum based diets 
HFSD (80R:20C) 893.4 115.5 18.5 575.2 391.4 183.8 106.6 
MFSD (50R:50C) 900.0 178.1 22.6 422.6 290.1 132.5 100.0 
LFSD (20R:80C) 901.9 196.3 35.2 279.0 192.2 86.8 98.1 

Diets  
(sorghum & 

berseem 
based) 

Dose of 
propionic 

acid 
 

Parameters 
 
DDM 
(mg) 

 
PF 

 
MBM 
(mg) 

 
CH4 

(ml/gm DMD) 

 
CH4 

(mM/gm DM) 

HFSD 
(80R:20C) 

0 136.33 4.58 69.21 31.66 3.39 
10 mM 136.33 4.03 60.21 31.73 3.34 

MFSD 
(50R:50C) 

0 143.33 3.65 53.34 31.02 4.36 
10 mM 148.00 4.06 65.87 37.93 3.67 

LFSD 
(20R:80C) 

0 151.00 3.57 55.76 41.50 4.49 
10 mM 151.33 3.55 55.33 44.96 4.37 

HFBD 
(80R:20C) 

0 144.67 4.95 77.92 30.36 2.97 
10 mM 147.00 5.01 81.00 26.61 2.61 

MFBD 
(50R:50C) 

0 138.00 4.58 70.13 32.63 3.19 
10 mM 140.33 4.24 65.71 32.59 3.14 

LFBD 
(20R:80C) 

0 135.67 3.93 57.67 34.71 3.40 
10 mM 141.00 3.97 60.75 32.84 3.18 

SEM 
Diet 2.51 0.14 3.30 1.61 0.14 
Dose NS NS NS 0.93 0.08 
D*D NS NS NS 2.27 NS 
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Table 3: Effect of propionic acid on volatile fatty acids, ammonia nitrogen and  
protozoal numbers in different diets 

 

 
R, roughage; C, concentrate; TVFA, total volatile fatty acids (mM/100ml); NH3-N, ammonia 
nitrogen; SEM, standard error of means 

 
 

Digestible dry matter (mg) portion from 
200 mg of feed increased slightly i.e. 
3.3%, 1.6%, 1.7% and 3.9% in MFSD, 
HFBD, MFBD and LFBD, respectively 
(Table 2). 
Methane production (mM/gm DM) did not 
differ significantly after 10 mM propionic 
acid supplementation, whereas it was 
decreased 12.4% and 5.4% in HFBD and 
LFBD, respectively, when expressed in 
ml/g DDM. Total volatile fatty acid 
concentration (mM/100ml) increased 
significantly (P≤ 0.05) in all type of diets. 
Propionic acid supplementation has been 
shown  to increase in TVFA concentration 
in sorghum diet in comparison with 
berseem diet. . Highest increase was 
25.9% in LFSD, where as increase was 
23.3% in HFSD. Further increases of 
TVFA concentration were 12.2%, 4.3%, 
8.8% and 15.2% in MFSD, HFBD, MFBD 
and LFBD, respectively. 
A significant (P≤0.05) increase in 
propionic acid concentration (mM/100ml) 
was seen in all the six type of diets. 
Maximum increase was seen with sorghum 
diets. Acetate concentration decreased in 
almost all cases except LFSD, although the 

decrease was non significant. Butyrate 
concentration decreased significantly 
except in HFSD and NH3-N concentration 
was increased 3.0 to 18.0% in five diets 
except LFSD. A significant (P≤0.05) 
reduction in protozoa number was 
observed due to propionic acid 
supplementation. The reduction was 25% 
to 75% and the highest reduction was in 
LFSD. 
Partition factor value was unaffected or 
slightly increased by propionic acid 
supplementation in almost all type of diet 
except MFSD, in which it was increased 
by 11.2%. Microbial biomass (MBM) 
synthesis increased up to 23.5% in MFSD. 
MBM also increased 4.0% in HFBD and 
5.3% in LFBD. 

 
DISCUSSION 
Ruminants produced methane by enteric 
fermentation, which leads to severe loss of 
feed energy. Methane is a potent 
greenhouse gas. Therefore, reduction of 
methane production exert significant 
economical and environmental benefits. 
Inclusion of propionic acid resulted in a 
reduction  (12.4%) of 24 h methane 

Diet  
(sorghum 

& berseem 
based ) 

Dose of 
propioni

c acid 
 

Parameters 
TVFA 

(mM/100ml
) 

Acetate 
(mM/100ml) 

Propionate 
(mM/100ml) 

Butyrate 
(mM/100ml) 

NH3-N 
mg100ml) 

Protozoa 
(x104/ml) 

HFSD 
(80R:20C) 

0 4.20 3.52 0.51 0.17 13.91 2.00 
10 mM 5.18 3.65 1.31 0.23 16.52 1.25 

MFSD 
(50R:50C) 

0 4.83 3.90 0.63 0.31 15.40 1.25 
10 mM 5.42 3.69 1.52 0.21 16.89 0.50 

LFSD 
(20R:80C) 

0 4.17 3.14 0.69 0.34 19.13 2.00 
10 mM 5.25 3.38 1.61 0.26 18.29 0.50 

HFBD 
(80R:20C 

0 4.87 3.82 0.74 0.30 13.07 1.25 
10 mM 5.08 3.32 1.62 0.14 13.72 0.75 

MFBD 
(50R:50C) 

0 4.75 3.54 0.83 0.38 16.80 2.00 
10 mM 5.17 3.06 1.89 0.22 16.99 1.50 

LFBD 
(20R:80C) 

0 4.93 3.54 0.94 0.45 18.76 2.00 
10 mM 5.68 2.93 2.42 0.33 19.32 1.25 

SEM 
Diet NS 0.13 0.11 0.03 0.34 NS 
Dose 0.09 0.07 0.07 0.02 0.23 0.19 
D*D NS NS NS NS NS NS 
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emission in case of HFBD, as expressed in 
ml/gm DDM. Since many factors can 
influence methane production, responses 
may be different with different diets 
(Garcia-Lopez et al. 1996). Asanuma et al. 
(1999) reported an 11% decrease in 
methane with a mixed diet at 30mM-
fumarate level. Lo´pez et al. (1999a) found 
an 8% decrease in methane with a forage-
based diet at 8mM-fumarate, and Iwamoto 
et al.(1999) reported methane reduction of 
17% with 10mM-fumarate and a diet 
composed of starch and cellulose (666 and 
333 g/kg, respectively). 
In present study, DDM (mg) either not 
affected or increased slightly due to 
propionic acid supplementation which, is 
in agreement with previous studies. 
Newbold et al. (2005) also reported that 
increases in dry matter degradation were 
not observed, when free organic acids 
were used. Carro and Ranilla (2003) 
observed a small increase (approximately 
4%) in the apparent in vitro digestibility of 
maize supplemented with fumarate.  
Significant increase in TVFAs and 
proportion of propionate  and decrease 
in proportion of acetate (percent) were 
observed with the inclusion of propionic 
acid. Other workers also reported increase 
in propionate concentration by using 
different propionate precursors like malate 
and fumarate etc. In a study by Carro and 
Ranilla (2003),  supplementation with 
fumarate increased propionate production 
with five concentrate diets. The conversion 
of fumarate to propionate for maize was 
86, 66 and 56% of added fumarate for 4, 7 
and 10mM treatments, respectively.      
In present study, it is concluded that the 
propionic acid (10 mM) might be used to 
increase propionate concentration, reduce 
methane production by 12% without 
affecting the digestibility of the dietary 
fiber. However, further in vivo studies are 
required to validate the results in 
ruminants to access impact of propioninc 
acid supplementation on rumen 
fermentation and productive functions.   
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