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Effect of feeding of blend of essential oils on methane production, 
growth, and nutrient utilization in growing buffaloes

M. A. Yatoo1,2, L. C. Chaudhary1,*, N. Agarwal1, V. B. Chaturvedi1, and D. N. Kamra1

Objective: An experiment was conducted to study the effect of a blend of essential oils (BEO) 
on enteric methane emission and growth performance of buffaloes (Bubalus bubalis).
Methods: Twenty one growing male buffaloes (average body weight of 279±9.3 kg) were 
divided in to three groups. The animals of all the three groups were fed on a ration consisting 
of wheat straw and concentrate mixture targeting 500 g daily live weight gain. The three 
dietary groups were; Group 1, control without additive; Group 2 and 3, supplemented with 
BEO at 0.15 and 0.30 mL/kg of dry matter intake (DMI), respectively.
Results: During six months feeding trial, the intake and digestibility of dry matter and 
nutrients (organic matter, crude protein, ether extract, neutral detergent fibre, and acid 
detergent fibre) were similar in all the groups. The average body weight gain was tended 
to improve (p = 0.084) in Group 2 and Group 3 as compared to control animals. Feeding 
of BEO did not affect feed conversion efficiency of the animals. The calves of all the three 
groups were in positive nitrogen balance with no difference in nitrogen metabolism. During 
respiration chamber studies the methane production (L/kg DMI and L/kg digestible dry 
matter intake was significantly (p<0.001) lower in Group 2 and Group 3 as compared to 
control animals. 
Conclusion: The results indicated that the BEO tested in the present study have shown 
potential to reduce enteric methane production without compromising the nutrient utilization 
and animal performance and could be further explored for its use as feed additive to mitigate 
enteric methane production in livestock.
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INTRODUCTION

Economical and eco-friendly livestock production is a challenging task for the animal sci-
entists because livestock sector suffers with great economic losses due to enteric methane 
production and environment gets polluted with the methane which is one of the important 
green house gases [1-4]. Use of plant origin feed additives to mitigate methane emission and 
to improve the perfor mance of the animals is now been considered as desirable replacement 
of other feed additives like chemical, antibiotics, nitrate etc because of less risk of toxicity in 
the animal and no residual effect in animal produce [5-10]. The use of plant origin additives 
containing plant secondary metabolites (PSM) have preference in animal feeding because 
of their natural occurrence [11-13]. The most commonly tested PSMs are tannins, saponins 
and essential oils (EOs). Lots of work has been done using EOs as feed additive for rumen 
manipulation and the results are encouraging in terms of inhibition in methane production 
during feed fermentation in the rumen [14-18]. However, methane reduction is generally 
associated with adverse effect on feed digestibility [19,20]. There are limited feeding trials 
with EOs as feed additive and the results are contradictory in terms of enteric methane in-
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hibition and animal performance [21,22]. Therefore, present 
study was conducted to explore the possibility of using a blend 
of essential oils (BEO) on enteric methane inhibition and per-
formance of buffalo calves. The EOs were tested in author’s 
laboratory and the EOs exhibited antimethanogenic activity 
were selected for the preparation of BEO [20,23]. The blend 
was prepared to reduce individual oil level so that the adverse 
effect on feed digestibility could be diluted to achieve the maxi-
mum beneficial effects. 

MATERIAL AND METHODS

Experimental animals, feeding and sampling 
Twenty one growing male buffalo (Bubalus bubalis) calves of 
9 to 11 months of age with average body weight of 198.5±4.98 
kg were divided in three groups and were fed as per [24] for 
six months. The three dietary groups were as control without 
additive (Group 1), Group 2, and 3 where the animals were 
fed on diet supplemented with a blend of BEO at 0.15 and 0.30 
mL/kg of dry matter intake (DMI), respectively. The three EOs 
viz., ajwain oil, garlic oil, and cinnamon leaf oil were purchased 
from Paras Perfumers, New Delhi and were mixed in equal 
proportion to make BEO. The animals were fed on wheat straw 
and concentrate mixture targeting 500 g daily weight gain. The 
additive was mixed well with the concentrate mixture before 
offering to the buffaloes and wheat straw was offered after the 
concentrate mixture was completely consumed by the animals. 
The growth performance was assessed by fortnight weighing 
of individual animals for two consecutive days and the change 
in body weight was recorded. 

Estimation of methane production in buffaloes
Methane production was determined in an open circuit respi-
ration chamber maintained at 25°C and 65% relative humidity. 
The animals were shifted in the chambers and after two days 
of accli matization, methane was measured for two consecu-
tive days. We have four chambers two for the acclimatization 
and two for measuring methane. Air flow rate of about 250 
L/min was maintained and the amount of total volume of air 
passed through the chamber was measured. The concentration 
of methane of air going in and coming out of the chamber was 
measured by infrared methane analyzer (Analytical Develop-
ment Co. Ltd, Hoddesdon, England, Model 300). The chamber 
was opened every 22 h to offer feed and to collect residues of 
feed and feces. 

Metabolism trial
A metabolism trial of 9 days duration including 3 days adap-
tation followed by 6 days collection was conducted after 120 
d of experimental feeding. All the animals were shifted in met-
abolic cages simultaneously as we have more than 30 metabolic 
cages in our animal sheds. The feed offered, residue, feces and 

urine were collected individually. Total feces and urine excreted 
in 24 h by the individual animal was collected quantitatively 
in labeled plastic bags. After mixing a suitable aliquot of fresh 
feces was taken for the dry matter (DM) estimation. Another 
aliquot of feces was taken in acidified sulfuric acid (25%) for 
the estimation of nitrogen. The container for urine collection 
contained 20% sulphuric acid to protect the loss of ammonia. 
The appropriate aliquots of feed offered, residue left, feces and 
urine of 6 days collection was pooled animal wise and pre-
served for further analysis. The samples were analysed for DM 
(ID number 930.15), ash (ID number 942.05), organic matter 
(OM), crude protein (CP) (N×6.25, ID number 954.01), and 
ether extract (EE) (ID number 920.39) as per AOAC [25]. The 
neutral detergent fiber (NDFom) and acid detergent fiber 
(ADFom) content were analyzed as per Van Soest et al [26]. 
The NDFom was determined without amylase and expressed 
exclusive of residual ash. 

Statistical analysis
The statistical analyses were performed as per standard meth-
ods by using SPSS computer package (SPSS version 17.0, SPSS 
Inc., Chicago, IL, USA) [27]. The data were statistically analyzed 
using factorial univariate analysis of variance. The treatment 
means were compared using Tukey’s test. For all statistical 
analyses, pro bability values less than 0.05 were considered as 
significant.

RESULTS

Chemical composition of feeds
The ingredients and chemical composition of the concentrate 
mixture and wheat straw used for feeding of growing buffaloes 
is given in Table 1. The CP content of the concentrate mixture 
and wheat straw was 22.07 g/100 g and 2.87 g/100 g, respec-
tively.

Table 1. Chemical composition (g/kg) of concentrate mixture and wheat straw 

Ingredients Concentrate 
mixture

Wheat 
straw

Physical composition (g/kg fed basis)
Wheat bran 370 -
Maize 300 -
Deoiled soyabean meal 300 -
Mineral mixture 20 -
Salt 10 -

Chemical composition (g/kg dry matter basis)
Organic matter 936 937
Crude protein 221 29
Ether extract 36 11
Neutral detergent fiber expressed exclusive of  
 residual ash 

277 838

Acid detergent fiber expressed exclusive of residual ash 92 440
Total ash 66 63
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Body weight gain, feed intake and feed conversion 
efficiency
Effect of supplementation of BEO on body weight changes, 
DMI and feed conversion ratio is presented in Table 2. The 
average daily weight gain (g/d) tended to improve (p = 0.084) 
in Group 2 and 3 compared to that of control animals. In six 
months, the animals of Group 2 and 3 gained 20 and 17 kg 
more weight than the control animals. The daily DMI was 
similar in all the three groups. The ratio of concentrate mix-
ture and wheat straw in the diet was tried to maintain at 40:60 
ratio but practically it came out to be 42:58 in the animals of 
all the three groups throughout the feeding trial. The feed con-
version efficiency improved in EO supplemented groups as 
compared to control but the difference was non-significant 
(p>0.05).

Nutrients digestibility and plane of nutrition
There was no difference (p>0.05) in intake and digestibility 
coefficients of different nutrients (DM, OM, CP, EE, NDFom, 

and ADFom among groups (Table 3). During metabolic tri-
al, the average body weights of the three groups were similar. 
The intake of CP and energy was also similar among the three 
groups indicating the animals of all the three groups during 
metabolic trial were in similar plane of nutrition. 

Nitrogen balance
During the experimental period buffalo calves in all the three 
groups were in positive nitrogen balance (Table 4). Intake of 
nitrogen and output in feces and urine was similar in all the 
three groups. There was no difference in nitrogen retention, 
both as g/100 g of nitrogen intake and as well as g/100 g nitro-
gen absorbed in all the three groups. 

Methane emission and energy metabolism
Effects of supplementation of BEO on DMI and methane emi-
ssion during open circuit respiration calorimetry study are 
given in Table 5. The DMI was significantly higher in treatment 
groups (p<0.001) as compared to control during calorimetric 
study. Methane production in terms of L/d was comparable 
among the three groups. The methane production in terms 
of L/kg DMI and L/kg digestible dry matter intake (DDMI) 
was significantly lower (p<0.001) with 14.1 and 14.6 per cent 
reduction in group 2 and 14.2 and 13.8 per cent reduction in 

Table 2. Effect of feeding blend of essential oils (BEO) on body weight changes and feed conversion efficiency of growing buffalo calves

Parameters Group 11) Group 2 Group 3 SEM p value

Initial body weight (kg) 198.4 198.9 199.3 4.981 0.999
Final body weight (kg) 269.2 289.7 282.7 5.993 0.387
Net BW gain in 184 d (kg) 70.73 90.80 83.86 3.790 0.084
Average daily gain (g) 384.4 493.5 455.7 20.60 0.084
Concentrate DM intake (kg/d) 2.24 2.30 2.26 0.040 0.860
Wheat straw DM intake (kg/d) 2.93 3.16 3.12 0.065 0.348
DM intake (kg/d) 5.17 5.45 5.38 0.102 0.541
Total DM intake (kg) 952 1003 988.9 18.83 0.542
Feed conversion ratio 13.86 11.42 12.04 0.562 0.189

SEM, standard error of the mean; DM, dry matter; BW, body weight; DMI, dry matter intake.
1) Group 1, control (without additive); Group 2, the rate of BEO at 0.15 mL/kg DMI; Group 3, the rate of BEO at 0.30 mL/kg DMI.

Table 3. Effect of feeding blend of essential oils (BEO) on plane of nutrition and 
apparentdigestibility of nutrients during metabolism trial in growing buffalo 
calves 

Parameters Group 11) Group 2 Group3 SEM p value

Body weight (kg) 254.4 277.7 274.9 5.755 0.204
DM intake (g/kg W0.75) 83.03 83.73 84.32 0.823 0.843
CP intake (g/kg W0.75) 9.43 9.26 9.31 0.060 0.512
DCP intake (g/kg W0.75) 6.47 6.17 6.15 0.110 0.448
Nutrients digestibility (%)

Dry matter 60.04 59.80 59.30 0.602 0.898
Organic matter 62.17 61.81 60.95 0.811 0.847
Crude protein 68.62 66.54 66.15 0.988 0.594
Ether extract 76.16 75.26 74.99 1.538 0.958
Neutral detergent fibre 52.68 50.02 49.24 0.950 0.330
Acid detergent fibre 51.90 47.18 47.51 1.017 0.095

SEM, standard error of the mean; DM, dry matter; CP, crude protein; DCP, digesti-
ble CP; DMI, dry matter intake.
1) Group1, control (without additive); Group 2, the rate of BEO at 0.15 mL/kg DMI; 
Group 3, the rate of BEO at 0.30 mL/kg DMI.

Table 4. Effect of feeding blend of essential oils (BEO) on nitrogen intake and 
balance during metabolism trial in growing buffalo calves

Parameters Group 11) Group 2 Group 3 SEM p value

N intake (g/d) 96.05 100.7 100.4 1.106 0.159
Faecal N loss (g/d) 30.12 33.74 33.96 1.133 0.327
Urine N loss (g/d) 45.24 43.90 40.83 1.213 0.345
Total N loss (g/d) 75.36 77.64 74.79 1.469 0.744
N balance (g/d) 20.69 23.10 25.56 1.426 0.417
N retention % of N intake 21.54 22.99 25.40 1.359 0.607
N retention % of N absorbed 31.53 34.23 38.28 1.821 0.549

SEM, standard error of the mean; N, nitrogen; DMI, dry matter intake.
1) Group1, control (without additive); Group 2, the rate of BEO at 0.15 mL/kg DMI; 
Group 3, the rate of BEO at 0.30 mL/kg DMI.
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group 3 respectively as compared to control group. 

DISCUSSION

The ration given to the animals was iso-nitrogenous and iso-
energic. The CP content of the concentrate mixture and wheat 
straw were within range. The composition of all the nutrients 
ma tched the nutrient requirement profile of adult buffaloes for 
maintenance requirement [24]. Feeding of BEO did not affect 
the feed intake in any of the groups. No change in DMI by feed-
ing of mixture of EOs in beef cattle and dairy cattle was also 
observed [28,15]. Similarly, However, Yang et al [29] observed 
13 per cent improvement in feed intake by dietary supplemen-
tation of cinna maldehyde. The difference in results obtained 
in different experiments conducted by various workers might 
be due to the difference in type, dose of EOs and also the type 
of diets given to the experimental animals. 
 There was no impact of BEO feeding on DMI and nutri-
ents digestibility in buffalo calves. Beauchemin and McGinn 
[28] reported a lowered feed intake and digestibility of all the 
nutrients by feeding EOs in beef cattle. All the animals were 
in positive nitrogen balance with similar values indicating no 
effect of BEO feeding on nitrogen metabolism. The retention 
of N was not affected in lactating dairy cows [15] fed on diet 
supplemented with a mixture of EO compounds. Control-
ling microbial degradation of dietary CP in the rumen could 
effectively reduce N losses and improve efficiency of N utili-
zation. However, decreased amino acids deamination in the 
rumen due to EOs feeding is one of the major findings result-
ing in steady supply of ammonia nitrogen for microbial protein 
production. The EOs might inhibit the hyper-ammonia pro-
ducing bacteria (Clostridium sticklandii and Peptostreptococcus 
anaerobiosus) by suppressing the colonization and/or digestion 
of readily degradable substrates. But there is not consistency in 
the findings of different studies conducted by different workers.
 The methane production (L/kg DMI, L/kg DDMI) was 14% 
lower in BEO treated groups as compared to control group. 
Patra et al [17] observed 23.5% reduction in methane pro-

duction in sheep with the use of combination of harad (rich 
in tannin) and garlic (rich in EOs). The feeding BEO in the 
present study inhibited methane emission without affecting 
feed digestibility. Normally the rate of CH4 production by ru-
minants depends on the level of feed intake. In the present 
study though DMI was significantly high in BEO supplemented 
groups but the methane production in terms of L/d was not 
affected but when expressed as L/kg DMI it was significantly 
reduced. There was no reduction in methane production in 
beef cattle by feeding CRINA Ruminants neither on low nor 
medium quality diet [21]. The methane production increases 
almost linearly with feed intake, but methane emission/unit 
animal product must be reduced if an improvement in animal 
productivity is achieved. EOs can impair growth of fungi and 
viruses, and some ruminal protozoa attached with metha-
nogens may be selectively affected [30]. Methane inhibiting 
activity of EOs might depend upon type of EO, concentra-
tion of active principals, dose of EO along with type of diet 
fed to experimental animals. 

CONCLUSION

It is concluded that feeding of mixture of essential oils (BEO) 
reduced methane emission with improved live weight gain in 
buffaloes without affecting nutrient utilization. Therefore, the 
BEO tested in the present study seems to be a potential rumen 
modifier and needs to be verified on large number of animals.
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