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Abstract
Present investigation is an effort to study the effect of
manipulation of rumen fermentation using buffers (buffer
feed technology) in crossbred calves on metabolism of the
of the animals. Twelve crossbred calves (131-221d,
57.5-93.9 kg were selected and divided into three groups.
One animal from each group was randomly allotted to one
of the four treatments T1, T2, T3 and T4. They were kept on
green grass mixture, wheat straw and concentrate as per
NRC feeding standard. Concentrate included barley grain
and mustard cake. Buffer in the form of sodium bicarbonate
and magnesium oxide in combination at the rate of 0.00
and 0.00, 0.50 and 0.25, 1.00 and 0.50 and 1.50 and 0.75%
of assumed DMI to be 4% of LW or 0.00 and 0.00, 0.02 and
0.01, 0.04 and 0.02 and 0.06 and 0.03% of LW were given
T1, T2, T3 and T4, respectively. After 21 days of adaptation,
a metabolic trial for 7 days was conducted. The samples of
feed, refusals, faeces and urine were chemically analyzed.
The data recorded were analyzed statistically. The animals
in T3 and T4 were died during experiment due to acute
bloat and severe diarrhea. Intake of DDM, CP, DCP and DE
were highest in T3. Metabolizability of N and energy was
lowest in T1. Intake of metabolizable CP and calories were
highest in T3, M:D ratio for calcium in T1 and CP and
calories in T3. Overall conclusion of the study revealed that
the buffer feed technology in calve nutrition increased
proteins, fibre and decreased calcium utilization.

Keywords: Buffer feed technology; Buffers; Crossbred
calves; DMI; Magnesium oxide; Metabolism; Rumen
fermentation; Sodium bicarbonate.

Introduction
At constant pH between 6.5 to 7.0 maximum potential can be

explored from the ruminants but in general after 4 to 6 hours of
feeding acidity of rumen content increases drastically (Mertens
and Grant) due to the fermentation of feed and production of
several TVFA which depresses microbial activity in rumen.

To check the fall of ruminal pH many chemicals have been
tried but the use of sodium bicarbonate and magnesium oxide in
combination showed better potential in terms of intake (Toro)
and digestibility of different nutrients (Peirce).

Sodium bicarbonate and magnesium oxide both are alkaline in
nature and increase ruminal pH immediately (Dijkstra) which is
reported to be responsible for higher degradation of fibre in
rumen (Erdman) and higher production of acetic acid which may
be responsible to neutralize decreased pH and as such buffers
show buffering activity. Thus buffer feed technology reveals to
add buffers in animal nutrition with the object to keep pH
constant in rumen fluid.

On the basis of studies, it may be worked out that buffers
(sodium bicarbonate without or with magnesium oxide)
inclusion in the diet either increases milk fat yield or keeps it
constant (Rogers ; Teh; Johnson; Solorzano). No evidence is cited
in the literature showing fall in the yield of milk, sugar and
protein by the addition of buffers.

But before offering the buffer directly to the milch cows, a
thorough study on calves to decide the level suitable

for this class of livestock was felt required. Present
investigation was, therefore, an effort objected to study the
effect the manipulation of rumen fermentation using buffers in
crossbred calves on metabolism of the animals viz. intake,
digestibility, metabolizability and balance of various nutrients in
the body.

Materials and Methods
Twelve crossbred calves for the purpose were selected from

the herd of RBS College Dairy Farm, Bichpuri, Agra. At the start
of the experiment, the age (131-221 d), Live weight (57.5-93.9
kg), heart girth (91-105 cm), body length (75-92 cm), height
(78-93 cm), collar length (72-71 cm) and tail length (42-57 cm)
were recorded. All the animals were dewormed to make them
free from internal and/or external parasites infection during the
course of present study. The subjected animals were housed in
calf shed having separate feeding mangers and water troughs for
individual feeding. Large sized open enclosure was used for
exercise. All the animals were given green grass mixture and
wheat straw. Concentrate mixture contained barley grain and
mustard cake. The animals were offered feed as per NRC feeding
standard. Each animal also received 20 g of common salt and 25
g of mineral mixture.

On the basis of age, weight, heart girth and length of the
animals, they were divided into three groups. One animal from
each group was randomly allotted to one of the four treatments
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viz. T1, T2, T3 and T4. Buffer in the form of sodium bicarbonate
and magnesium oxide in combination at the rate of 0.00 and
0.00, 0.50 and 0.25, 1.00 and 0.50 and 1,50 and 0.75 per cent of
assumed dry matter intake to be 4 per cent of live weight or 0.00
and 0.00, 0.20 and 0.10, 0.40 and 0.20 and 0.60 and 0.30 per
cent of live weight were given in T1, T2, T3 and T4, respectively.

After preliminary feeding of 21 days, metabolic trial was
conducted for seven days consecutively. During the metabolic
trial samples of feeds and fodders were collected daily at the
time of feeding. The refusals were sampled in the next morning,
whereas faecal and urine sampling were started after 48 hours.
The samples, after weighing and mixing thoroughly, were
preserved for chemical analysis.

During metabolic trial collected samples of feed, refusals and
faeces were analyzed for dry matter (DM), crude protein (CP),
ether extract (EE), crude fibre (CF), total ash (TA), gross energy
(GE), organic matter (OM), total carbohydrates (TCHO), nitrogen
free extract (NFE), Cell content, cellulose and hemicellulose and
urine for CP and gross energy were analyzed (Oser; ISI; AOAC).
The data recorded during the experiment were analyzed
statistically using RBD (Snedecor and Cochran).

Results and Discussion
It has been observed that after 48 to 72 hours of first buffer

regime, the animals suffered from bloat followed by diarrhea for
one day which was cured automatically. Diarrhoea followed by
acute bloat was frequent in T4 in which buffer was offered at
high dose, could complete only adaptation period of 21 days and
on day 22 they suddenly died within 6 hours. Animals in T3 also
showed similar symptoms and died with in week 8 and 9 of the
experiment.

Table 1: Chemical Composition of Feeds (% DM)

Parameter Straw Grass Barley
green

Mustard
cake

DM* 91.2 28.2 90.3 88.2

TA 10 10.6 9.3 7.5

OM 90 89.4 90.7 92.5

CP 3.1 6.9 10.2 35

EE 1 1.8 2.6 2

TCHO 85.2 80.9 77.9 55.5

GE** 3.98 4.08 4.2 4.62

CF 35.2 44.6 10.1 7.9

NFE 50.7 36.1 67.8 47.6

Calcium 0.1 0.4 0.2 0.2

Phosphorus 0.1 0.2 0.2 0.2

Sodium 0.2 0.6 0.4 0.4

Magnesium 0.1 0.3 0.3 0.4

Potassium 5.8 0.9 0.5 1.2

NDF 74.2 71.1 56.8 53.5

ADF 51.1 38.2 42 43.9

Hemicellulo
se

23.1 32.9 14.8 9.6

Cellulose 43 31.9 37 33

Lignin 2.8 2.7 2.3 2

Cell Content 25.8 28.9 43.2 46.5

Fresh

M cal/kg DM

Digestibility coefficient of different nutrients are presented in
Table 2. Digestibility coefficients of DM and CF, did not differ in
T1 and T2 and T2 and T3 but differed in T1 and T3, whereas CP it
showed significant difference in each treatment, however
digestibility of TA was lowest in T1 only. In all the above cases
digestibility coefficient showed the pattern to be better with the
increased level of buffer dose. The digestibility coefficients of
OM, EE, TCHO, GE and NFE, remained unaffected with the dose
of level offered to the animals. There is a clear cut indication
that fibre and crude protein digestibility were increased. It was
observed that increased level of buffers increased intake of
magnesium ions which helps in catalyzes microbial activity i.e.
proteolytic, cellulolytic and hemicellulolytic activities through
activating enzymes systems responsible. The similar trends were
also reported by a number of research workers
(Hadjipanayiotou; Toro; Rogers; Johnson; Solorzano; Wedekind;
Kishore).

Table 2: Digestibility Coefficient (%)

Nutrient A B C CD at 5%

DM 54.9±1.1B 58.6±1.2AB 61.1±0.8A 4.8

OM 55.2±0.9 57.8±1.4 59.4±3.0 4.5

TA 46.3±5.9B 67.9±0.9A 71.7±2.8A 18.1

CP 57.8±1.1C 60.0±1.0B 63.8±0.9A 1.3

EE 57.6±2.5 58.3±3.2 60.1±3.2 12.7

TCHO 55.1±0.8 57.8±1.6 58.9±1.0 4.7

GE 55.1±1.0 57.7±1.4 59.5±1.0 4.8

CF 58.2±0.9B 61.3±1.3AB 63.6±0.6A 5.1

NFE 53.9±1.0 55.8±1.9 56.8±1.6 5.9

Table 3 represents voluntary intake of Digestible nutrients viz.
DM, OM and digestible energy (DE) did not differ in T1 and T2
and T2 and T3 but differed in T1 and T3, whereas intake of CP
and digestible CP were lowest only in T1 and remained equal in
T2 and T3 and that remained unchanged among all the
treatments when expressed in terms of per kgW0.75. Data
expressed in terms in terms of per 100 kg LW, intake of
digestible DM and OM were observed to be non-significant and
DE was noted to be lowest only in T1 and remained non-
significant for T2 and T3. Increased intake of digestible DM in T3
was due to the effect of digestibility coefficient of DM. Similar
pattern of intake of these nutrients is reviewed in the literature
(Toro; Peirce; Stocks; Teh; Kishore). The reason could be due to
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addition of buffers increases liquid turnover rate (Erdman), solid
retention time (Dewhurst and Webster) rate of dilution of
ruminal fluid (Perez-Ruchel), outflow rate and duodenal passage
of digesta (Hristov). Water intake is observed to be related
directly proportional with level of buffers inclusion in the diet
(Rauch). The reason for the same could be the addition of
sodium ion (Johnson; Solorzano; Dewhurst; Kishore; Bach).

Table 3: Voluntary Intake (g)

 Volu
ntar
y
Inta
ke
(per
kg
W0.
75)

   Volu
ntar
y
inta
ke
(per
100
kg)

   

 Trea
tme
nt

   Trea
tme
nt

   

 A B C CD
at
5%

A B C CD
at
5%

DM 78.1
±0.9

84.3
±4.6

85.1
±1.5

11.2 2.59
±0.0
7**

2.69
±0.0
6**

2.73
±0.0
6**

0.39

DD
M

42.8
±0.7
B

40.4
±3.4
AB

52.1
±1.5
A

7.9 1.42
±0.0
3**

1.57
±0.0
4**

1.67
±0.0
5**

0.21

CP 4.6±
0.4B

6.9±
0.4A

7.6±
0.4A

1.7 153.
2±12
.2B

231.
2±15
.3A

244.
9±17
.1A

62.9

DCP 2.7±
0.2B

4.1±
0.2A

4.9±
0.2A

1.1 86.7
±7.7
B

135.
8±8.
4A

155.
7±8.
9A

38

DE 182.
5±1.
5*B

194.
4±6.
6*A
B

206.
4±8.
4*A

16.9 6.05
±0.1
3*B

6.45
±0.1
5*A

6.65
±0.0
8*A

0.35

Metabolizability coefficient of a nutrient is a parameter which
showed the actual utilization of particular nutrient in animal
body. Metabolizability of nitrogen recorded (Table 4) to be
higher in buffer fed groups due to increased proteolytic
microbial activity in rumen (Kishore). Increased energy
metabolizability with the increased dose of buffer is observed
which could be due to the increased cellulolytic and
hemicellulolytic microbial activities in the rumen.

Table 4: Metabolism of Nutrients

Parameter A B C CD at 5%

Metabolizab
ility (%)

    

Nitrogen 20.0±3.6B 33.5±2.2A 37.1±2.3A 13.4

Energy 44.4±0.6B 45.9±1.9A 48.8±3.1A 3.7

Calcium 40.5±2.8 42.2±3.8 41.6±4.6 18.1

Phosphorus 31.5±4.3 34.8±4.9 35.5±2.7 19.4

Metabolizab
le nutrient

    

intake
(kgW0.75)

CP 0.97±0.23B 2.35±0.20A 2.85±0.33A 1.32

Energy 147±2B 160±6AB 171±7A 13

Calcium 0.11±0.01 0.13±0.02 0.13±0.02 0.08

Phosphorus 0.07±0.01 0.09±0.01 0.09±0.01 0.05

Metabolizab
le nutrient
intake
(g/100 kg
LW)

    

CP 32.2±7.8B 78.2±7.3A 91.5±11.7A 45.2

Energy 4881±139B 5297±152A 5457±54A 260

Calcium 3.58±0.32 4.29±0.53 4.26±0.62 2.29

Phosphorus 2.23±0.22 2.82±0.46 2.89±0.19 1.57

M:D Ratio
(%)

    

Nitrogen 34.4±6.1B 55.7±2.9A 58.4±4.1A 22.3

Energy 80.6±0.6B 82.1±0.5A 82.0±0.7A 2.3

Calcium 84.4±1.2A 74.7±1.3A 71.9±4.5B 12.1

Phosphorus 66.6±5.1 69.5±6.0 74.0±4.1 35.4

Nutrient
Balance(g/d
)

    

Nitrogen 4.16±0.98B 10.03±0.58
A

12.08±1.78
A

6.22

Energy 4058±145 4343±282 4465±117 828

Calcium 2.59±0.15 3.51±0.46 3.52±0.58 1.81

Phosphorus 1.89±0.27 2.33±0.41 2.37±0.16 1.43

The ratio between coefficient of metabolizability and
digestibility (M:D ratio) can be defined as the part of digestible
nutrients which retained by the animal body and not excreted
through urine. It is the ratio between metabolizability and
digestibility of nutrient. The above parameter has great
significance to describe the utilization of nutrients especially
soluble nutrients which are easily digestible but not always be
easy to metabolize. M:D ratio (Table 4) for nitrogen was
recorded to be lower in T1 only whereas in T2 and T3 it
remained same. M:D ratio of energy, phosphorus, sodium and
magnesium the ratio remained unchanged among all the
treatments. Increased ratio may be the result of either increased
metabolizability coefficient or decrease in both the coefficients
in similar ratio or constant coefficients do not affect the above
parameter as presented for energy.

Balance of various nutrients in the body is presented in Table
4. Nitrogen balance (Bodas) in T1 recorded to be lower. These
findings showed that inclusion of buffer with the increased level
enhanced the retention of the nutrient in the body. It is obvious
that addition of buffer increases availability (digestibility and
metabolizability) of nitrogen which resulted in the form of
increased balance of nitrogen, sodium, magnesium in the body
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with the increased balance of nitrogen. Energy, calcium and
phosphorus did not show any significant impact of buffer
addition to the ruminant diet with increased level on their
balance.

As far as the values of nutrient balance are concerned the
same for nitrogen was not similar to those reported (Solorzano)
which could be due to different experimental animals and diets.
Similar findings for all the nutrients are also well reported in the
literature following similar trend (Solorzano).
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