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ABSTRACT

The present experiment was carried out to 
study the influence of feeding linseed and linseed oil 
on feed conversion and milk production efficiency 
(gross efficiency of milk production and gross 
protein efficiency) in lactating Murrah buffaloes. 
For this purpose, 18 lactating Murrah buffaloes 
were grouped in control (T0), T1 and T2 (06 animals 
in each) on basis of average live weight (516.55±9.53 
kg), milk yield (7.50±0.3 kg), fat percentage in milk 
(6.70±0.29%) and lactation stage (2 weeks after 
parturition). Murrah buffaloes in all three groups 
were fed a same ration, consist of available green 
fodder, wheat straw and concentrate (69.03:30.97; 
roughage: concentrate ratio) to fulfill their nutrient 
requirement for maintenance and milk production 
of experimental Murrah buffaloes. In the treatment 
group (T1) 250 g/d linseed oil and 570 g/d whole 
linseed (T2) was supplemented with basal ration. 
The experimental feeding to the Murrah buffaloes 
was started 15 days after parturition and continues 
for 60 days. However, the experimental data were 
taken for the period of 6 months (i.e. 180 days). 

A 7 days digestion trial was conducted at the last 
of feeding experiment to know the digestibility of 
nutrient. The milk production, 4% FCM yield, SCM 
yield, ECM yield, change in body weight, dry matter 
intake and roughage to concentrate ration didn’t 
differ significantly between groups. No significant 
difference was observed in nutrient intake (TDN 
and CP) between groups. The digestibility of 
organic nutrient also didn’t differ significantly 
among experimental groups. The average gross 
efficiency of milk production was 26.51% and 
average gross protein efficiency of milk production 
was 36.49% and didn’t differ significantly. The 
average feed conversion efficiency as milk yield 
(kg) / DMI (kg) was 0.61, FCM yield(kg) / DMI 
(kg) was 0.86, average ECM yield (kg) / DMI (kg) 
was 0.89 and average SCM yield (kg) / DMI (kg) 
was 0.85 in lactating Murrah buffaloes. It was 
concluded that feeding linseed and linseed oil in 
lactating Murrah buffaloes didn’t affect the milk 
production efficiency (gross efficiency of milk 
production and gross protein efficiency) and feed 
conversion efficiency.
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INTRODUCTION

India is having highest buffalo population 
i.e. 109.85 million (20th Livestock Census) in the 
world. More than half of the total buffaloes of the 
world is found in India and they are of milk type 
buffaloes. India is highest milk producer in the 
world since 1997 and BAHS (2019) reported that 
milk production was 187.74 million tonnes in 2018 
to 2019. Buffaloes yielding nearly half of total milk 
produced in India and average milk yield of buffalo 
was 5.23 kg/day. Buffaloes are very important in 
providing nutritional and livelihood security for 
most of rural people in India. In India, more than 
half of the world’s buffaloes are found. Madhya 
Pradesh has a large livestock population of 40.63 
million animals and ranks third in India in terms 
of total milk production with 159.11 lakh MT in 
2018 to 2019.

The efficiency of utilisation of dietary 
energy for milk production and feed conversion 
efficiency differ significantly within and between 
breeds, parity, season, and days in milk (Zamani, 
2005) depending upon their physiological stage 
viz. stage of lactation, parity, and stage of gestation 
(Blake and Custodio, 1984), type of feed and 
fodder used and environmental conditions in 
which animals are reared. Therefore, the present 
study was planned to find out the effect of linseed 
and linseed oil supplementation on feed conversion 
efficiency and milk production efficiency (gross 
efficiency of milk production and gross protein 
efficiency) in lactating Murrah buffaloes.

MATERIALS AND METHODS

The present study was carried out to see 
the influence of feeding linseed and linseed oil on 
feed conversion efficiency and milk production 
efficiency in lactating Murrah buffaloes in Jabalpur 
district (M.P., India). Eighteen nursing Murrah 
buffaloes were classified into three groups: Control 
(T0), T1, and T2 based on their average body 
weight (516.55±9.53 kg), milk output (7.50±0.3 
kg), fat (6.70±0.29%), and lactation stage (2 weeks 
post-partum). All Murrah buffaloes were fed the 
same ration, which included wheat straw, green 
grass, and concentrate. Table 1 shows the chemical 
composition of the concentrate mixtures in Control 
(T0), T1 and T2, berseem, and wheat straw, as 
determined by established procedures (AOAC, 
2012). To meet the requirements for maintenance 
and production, buffaloes in the Control (T0) 
group were given a mix ration consisting of wheat 
straw, green fodder, and concentrate (69.03:30.97; 
roughage: concentrate ratio) (ICAR, 2013). The 
treatments were either a basal ration supplemented 
with 250 g/d linseed oil (T1) or 570 g/d whole linseed 
(T2). The feeding of experimental diets began 
15 days after delivery, and the entire experiment 
lasted 60 days. The data, on the other hand, was 
kept for 180 days. After the feeding trial, a 7-day 
digesting trial was done to determine the nutrient’s 
digestibility. At milking time in the morning and 
evening, buffaloes were given a weighed quantity 
of concentrates, followed by roughage (dry + 
green) feeding. For exercise, the animals were 
let go in the surrounded paddock for around 1 to 
2 h each day. All the experimental buffaloes were 
fed individually. The allocated amount of feed, 
fodder and concentrates offered and left over were 
collected next morning from manger and feed 
intake was recorded by difference. Clean and fresh 
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water was made freely available. Body weight of 
each experimental animal was taken before start 
of experiment and at the end of experiment using 
electronic weigh bridge available at livestock farm, 
Adhartal to know the body weight changes during 
experiment. The weighing was done before feeding 
and watering of animals in the morning. 

McDonald et al. (2002) evaluated the 
gross efficiency of milk production using the 
assumptions that 1 kg 4% FCM contained 750 Kcal 
and 1 kg TDN contained 3600 Kcal ME. The gross 
milk production efficiency (ME) was computed as 
follows:

The formula published by Jumah et al. 
(1965) was used to calculate gross protein efficiency 
(GPE) for milk production:

Feed conversion efficiency is used to 
measure the efficiency of utilization of feed 
nutrients by animals. In lactating animals, it was 
calculated by using the formula given by Robinson 
and Erasmus (2010):

i. (Milk yield (kg)) ⁄ (Dry matter intake (kg))
ii. (Fat corrected milk yield (kg)) ⁄ (Dry 

matter intake (kg))
iii. (Fat corrected milk yield(kg)) ⁄ (Dry 

matter intake(kg))
vi. (Solid corrected milk yield (kg)) ⁄ (Dry 

matter intake (kg))

Fat corrected milk yield
Rice et al. (1970) provided the following 

formula for calculating fat corrected milk (FCM) 
yield:

4% FCM (kg) = (0.4×Milk yield in kg+15×Fat yield in kg)

Solid corrected milk (SCM) yield
Rice et al. (1970) provided the formula for 

calculating solid corrected milk (SCM) yield:

SCM (kg) = 12.3 (F) + 6.56 (SNF) - 0.0752 (M)

Where; F = weight of fat in milk; 
             SNF = solid not fat yield (kg);  
             M = milk yield (kg).

Energy corrected milk (ECM) yield
The following equation, developed by 

Tyrrell and Reid (1965), was used to convert whole 
milk to ECM:

ECM(kg)=(Milk yield×0.3246)+(Fat yield×12.86)+(Protein yield×7.04)

Individual buffalo milk production is 
recorded in the morning and evening and collated 
on a daily basis. The data collected during the 
experiment were analysed using SPSS software 
and the Randomised Block Design (RBD) approach 
provided by Snedecor and Cochran (1994). (14.1 
version).

RESULTS AND DISCUSSIONS

The effect of linseed and linseed oil on 
average milk yield, body weight, dry matter 
intake, roughage to concentrate ratio and nutrient 
intake (TDN and CP) has been calculated and 
presented in Table 2. In this investigation, there 
was no significant change in milk yield (P>0.05) 
at the start of experiment and during the course of 
experiment between groups. Tewatia et al. (2014) 
found no significant difference (P>0.05) in milk 
output in Sahiwal cows given linseed or linseed 
meal. Similarly, Dhiman et al. (2000); Lunsin et al. 
(2012); Benchaar et al. (2015) in cows in lactating 
buffaloes also found no significant difference in 
milk production when fed linseed/linseed oil. 
Furthermore, Allen (2000) found that adding 
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hydrogenated fat and oilseeds at roughly 23 and 30 
g/kg DM added fat, respectively, has no influence 
on dry matter consumption, which could help 
explain why dairy cows given linseed oil/linseed 
have lower milk output. The difference in body 
weight between groups and within groups was non-
significant (P>0.05) at the beginning and end of the 
trial since all diets met the nutritional needs of the 
animals and were equally palatable to all. Petit et 
al. (2001) found similar results in Holstein cows fed 
two dietary fat supplements based on either solvent 
extracted flaxseed meal or whole flaxseed treated 
with formaldehyde 9 weeks after birth. In present 
study the dry matter intake from roughage and 
concentrate, roughage to concentrate ratio, crude 
protein and total digestible nutrient intake did not 
differ (P>0.05) significantly between groups from 
each other as all the experimental diets were same 
in composition. Our results are in favour with study 
conducted by Tewatia et al. (2014) who also stated 
that nutrient intake (DCP and TDN) was similar 
among treatments, due to similar dry matter 
intake (DMI) of Sahiwal cows fed on linseed and 
linseed meal. Ramteke (2012) supported present 
results that average daily digestible crude protein 
intake (DCPI) was statistically similar (P>0.05) in 
bypass fat (15 g/kg of milk yield) fed group in early 
lactating buffaloes. Similar results were also found 
in the study conducted by Shankhpal et al. (2009) 
who reported that supplementation of bypass fat 
in dairy cows did not change CP and TDN intake. 
Contrary to present findings, Shelke and Thakur 
(2011) reported high (P<0.05) digestible crude 
protein intake (DCPI) in the rumen protected fat 
(2.5% of DMI) fed animals as compared to Control 
group. Ramteke (2012) found that in experimental 
nursing buffaloes during the post-partum period, 
the average daily total digestible nutrients intake 
(TDNI) was significantly (P = 0.01) greater in the 

bypass fat fed group (15 g/kg of milk output) than 
in the Control group. Nutrient intake of animals 
differed with different life stage, physiological 
stage, species, breed and also depend on the 
production status of animal.

Effect of linseed and linseed oil on 
digestibility (%) of nutrients has been given in 
Table 3. In present study digestibility of nutrients 
were not affected due to the low level (1.9%) of oil 
supplement (calculated as % to DM intake) in control 
as well linseed or linseed oil treatments groups and 
this level has not affected the rumen environment. 
Therefore, no significant (P>0.05) difference in the 
digestibility of DM, CP, EE, CF, NFE and nutrient 
density (DCP and TDN %) between the linseed 
or linseed oil supplemented diets when compared 
with Control group. Digestibility of nutrient were 
not affected may be due to that in our study the 
level of oil feeding (calculated as percentage to DM 
intake) was lower (1.9%) in linseed oil and linseed 
treatment groups. When the forage portion of the 
diet consisted primarily or entirely of non-cereal 
forages, other studies found no effect of linseed oil 
supplementation (4% DM) on DM digestion (Bu et 
al., 2007). 

Benchaar et al. (2012) found that 
supplementing linseed oil at 2, 3, or 4% DM to 
nursing dairy cows fed a complete mixed ration 
with a R:C of 50:50 had no influence on DM 
digestibility, which is similar to our findings. 
The literature on the effects of a low-fat diet and 
lipid supplementation on total-tract digestibility is 
mixed. Ueda et al. (2003) investigated the effect of 
linseed oil supplementation on ruminal digestion 
in dairy cows fed a variety of diets. Total-tract 
digestibility of DM and OM was higher with 
supplementary linseed oil, as were total-tract 
digestibility of NDF and ADF. When crushed 
linseeds (3.7% added fat) were fed to a barley 
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Table 2. Effect of linseed and linseed oil on nutrient intake of Murrah buffaloes.

Items T0 T1 T2

Average milk production (kg/d) 7.78±0. 81 7.92±0.77 7.89±0.78
Average 4% FCM yield 10.91±0.94 11.19±1.05 11.17±0.99
Average SCM yield 10.74±0.97 11.04±0.98 10.98±0.96
Average ECM yield 11.34±1.01 11.60±1.12 11.60±1.07
Average BW (kg) 517.33±14.01 529.17±11.80 508.42±21.75
Change in BW (g/d) +14.77 +37.05 +8.33

Average DMI (kg/d)
Roughage 8.62±1.03 9.08±1.14 8.94±0.94
Concentrate* 4.07±0.39 4.06±0.46 3.81±0.32
Total 12.69±0.27 13.15±0.21 12.75±0.25

Roughage: Concentrate 67.92 : 32.08 69.07 : 30.93 70.11 : 29.89
CP requirement, g/d (500 kg, ICAR 2013) 1479.72 1497.08 1493.36
CP intake (g/d) 1318.15±12.67 1324.45±14.87 1336.04±11.95
TDN requirement, kg/d (500 kg, ICAR 2013) 7.30 7.36 7.35
TDN intake (kg/d) 8.64±0.93 8.68±1.03 8.86±0.87

     *Includes concentrate mixture and 250 g linseed oil in T1 and 570 g of linseed in T2.

Table 1. Chemical composition of concentrate mixtures, berseem and wheat straw on dry matter basis (%).

Particulars
Concentrate mixture

Berseem Wheat straw
T0 T1 T2

Moisture 6.72 6.76 6.87 13.35 90.86
OM 90.35 90.60 90.79 88.35 91.11
CP 19.89 19.78 20.02 15.90 3.29
EE 4.53 4.59 4.57 2.20 1.39
CF 6.82 6.56 6.71 20.55 35.79
Ash 9.65 9.40 9.21 11.65 8.89
NFE 59.11 59.67 59.49 49.70 51.64



Buffalo Bulletin (April-June 2022) Vol.41 No.2

286

Table 3. Effect of linseed and linseed oil on digestibility (%) of organic nutrients in Murrah buffaloes.

Organic nutrients T0 T1 T2

DM 67.98±2.81 66.30±1.38 68.43±1.63
CP 67.76±1.87 68.25±1.56 68.39±0.63
EE 78.44±1.51 79.42±0.67 78.96±1.10
CF 58.69±1.21 60.05±1.20 59.07±0.96

NFE 71.85±0.54 70.01±0.92 71.27±0.47

Table 4. Effect of linseed and linseed oil on gross efficiency and gross protein efficiency of milk production 
of Murrah buffaloes.

Attributes T0 T1 T2 Average
Gross efficiency of milk production (%) 26.29±2.03 26.90±2.22 26.35±3.02 26.51±0.33
Gross protein efficiency of milk production (%) 35.93±4.91 37.22±5.10 36.32±4.45 36.49±0.66

Table 5. Effect of linseed and linseed oil on feed conversion efficiency of Murrah buffaloes. 

Feed conversion efficiency T0 T1 T2 Average
Milk yield (kg) / DMI (kg) 0.61±0.01 0.60±0.02 0.62±0.02 0.61±0.01
FCM yield (kg) / DMI (kg) 0.86±0.02 0.85±0.04 0.88±0.02 0.86±0.01
ECM yield (kg) / DMI (kg) 0.89±0.02 0.88±0.04 0.91±0.02 0.89±0.17
SCM yield (kg) / DMI (kg) 0.85±0.02 0.84±0.04 0.86±0.02 0.85±0.01
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silage-based diet in dairy cows, Beauchemin et al. 
(2009) discovered a decrease in DM digestibility.

Table 4 shows the influence of linseed 
and linseed oil on the gross efficiency of milk 
production (percent) and gross protein efficiency 
of milk production (percent) of Murrah buffaloes. 
When comparing the linseed and linseed oil fed 
groups to the control group, the gross efficiency 
of milk production (percent) and gross protein 
efficiency of milk production (percent) of Murrah 
buffaloes differed non-significantly (P>0.05). 
Krishnamohan et al. (1975); Sharma et al. (2007) 
in Murrah buffaloes and Shah et al. (2012) in cross-
bred cows find that the average gross efficiency 
of ME for milk production was between 19.1 to 
30.6% for various types of roughages, which was 
similar to present findings (26.51%). In contrast 
to our findings, Kawalkar and Patle (1978) found 
that when fed complete feed, milk production 
efficiency was lower (18.54 to 20.11%) than when 
fed conventional feed. Daniel et al. (1989) stated 
that gross ME efficiency decreased significantly 
with advance of lactation because cows being 
less efficient in utilizing dietary nutrients for milk 
production with decline in their milk yield. In the 
current study, the average gross protein efficiency of 
milk production was 36.49%, which is comparable 
to previous works (Huhtanen et al., 2008; Castillo 
et al., 2000; Yan et al., 2006; Kirchgessner et al., 
1994). They stated that proportion of nitrogen 
lost in urine was strongly related to dietary crude 
protein concentration. Avoid feeding diets with 
excessively high crude protein concentrations, 
especially excess ruminally degradable crude 
protein, to enhance milk protein efficiency and 
reduce nitrogen loss in manure, especially in urine.

The effect of linseed and linseed oil on feed 
conversion efficiency of Murrah buffaloes has been 

estimated as milk yield (kg)/dry matter intake (kg), 
fat corrected milk yield (kg)/dry matter intake (kg), 
energy corrected milk yield (kg)/dry matter intake 
(kg) and solid corrected milk yield (kg)/dry matter 
intake (kg) and are presented in Table 5. The feed 
conversion efficiency in the present experiment as 
milk yield (kg)/dry matter intake (kg), fat corrected 
milk yield (kg)/dry matter intake (kg), energy 
corrected milk yield (kg)/dry matter intake (kg) and 
solid corrected milk yield (kg)/dry matter intake 
(kg) didn’t differ significantly (P>0.05) among 
the treatments. It might be due to no change in 
efficiency of feed use for FCM and ECM production 
with linseed oil/linseed supplementation and could 
be related to no change in energy concentration of 
the diets which apparently resulted in no change 
in FCM and ECM production. Similar to present 
findings, Beauchemin et al. (2008); Bu et al. (2007) 
reported that feed conversion efficiency was not 
affected by adding flaxseed or flaxseed oil (4%) 
supplementation in lactating dairy cows. 

In contrary to our study, higher feed 
conversion efficiency was also reported (Crawford 
and Hoover, 1984; Petit, 2003; Eugene et al., 2008; 
Kholif et al., 2011; Benchaar et al., 2012; Benchaar 
et al., 2015) by addition of flaxseed and flaxseed 
oil in lactating cows. The increase in efficiency 
of feed uses for FCM and ECM production with 
linseed oil supplementation could be related to 
the increase in energy concentration of the diet 
which apparently supported high FCM and ECM 
production. Also, feed efficiency was decreased 
gradually with advanced of lactation. Galmessa et 
al. (2015) also observed increased milk production 
efficiency expressed in kg of 4% FCM per kg of 
DMI by supplementation of linseed (0.75 kg). 
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