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Effect of Feeding Bypass Protein on Rumen Fermentation Profile of
Crossbred Cows
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ABSTRACT

* The effect of three varying ratios (high, medium and low) of Rumen Degradable Protein (RDP) to

Undegradable Dietary Protein (UDP) of 37:63, 52:48 and 70:30 in iso-nitrogenous and iso-caloric concentrate mixtures on
rumen fermentation profile was studied using rumen fistulated Jersey crossbred cows. Rumen pH and ammonia nitrogen
concentration were found to be lower with a concentrate mixture containing a higher UDP level of 63.38% when compared
with those having medium and low UDP levels of 47.35 and 29.75%, respectively, at all post feeding intervals, Total
volatile faity acid concentration as well as concentrations of individual fawy acids viz., acetate, propionate and butyrate were
also found higher in animals fed concentrate mixture with the highest UDP level, (Asian-Aust. J. Anim. Sci. 2001. Vol 14,

No. 7 : 974-978)
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INTRODUCTION

Change in the rumen fermentation profile and
fermentation characteristics as influenced by quantity
and solubility of dietary proteins have been well
documented by many workers (Thomas and Hodsen,
1979; Miller, 1982; Wanpath et al., 1982; Hoover and
Stokes, 1990). Lough et al. (1983) suggested a
synergistic relationship between acetate and post
ruminal protein availability on milk fat synthesis. In
view of the variable reported responses, the work was
planned to study the influence of the three varying
ratios of Rumen Degradable Protein (RDP) and
Undegradable Dietary Protein (UDP) in a concentrate
mixture on the rumen fermentation profile viz., rumen
pH, ammonia nitrogen, total volatile fatty acid (TVFA)
and individual volatile fatty acid concentration.

MATERIALS AND METHODS

Three fistulated, adult, healthy, non producing
Jersey crossbred cows weighing on average 275 kg=¥*
2.5 fitted with large rumen cannulae were selected for
the study and were fed three concentrate mixtures A,
B and C with varying levels of rumen degradable
protein (table 1), and maintained for a period of one
month under similar conditions of management. All the
animals were fed the same type of roughage ad
libitum. Each concentrate mixture was then fed to the
experimental cows for a period of 10 days, the last
two days being employed for the collection of rumen
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liquor.

Rumen liquor was collected on two consecutive
days from each of experimental cow at 0, 3, 6 and
12 h after feeding on each day. The rumen liquor
collected from different sites in the rumen was
strained through four layers of muslin cloth. The pH
and ammonia nitrogen concentration were determined
immediately after collection, while estimation of total
volatile fatty acid concentration was done on samples
preserved by using a saturated solution of mercuric
chloride (1 ml/50 ml strained rumen liquor). Strained
rumen liquor (SRL) was preserved by adding 0.5 ml
of 50% formic acid to 9.5 ml SRL and was then
mixed and centrifuged at 3,000 rpm for 10 min. The
supernatant was used for individual fatty acid
determination.

The ammonia nitrogen (NH;-N) concentration in
the rumen liquor was estimated by the microdiffusion
method of Conway (1957} using mixed indicator. Total
volatile fatty acid concentration was estimated
following the procedure of Barnett and Reid (1957).
The concentrations of individual fatty acids viz.,
acetate, propionate and butyrate were estimated using
gas liquid chromatograph AIMIL Nucon 5700 (Bernard
and Boucque, 1968). The data were statistically
analysed (Snedecor and Cochran, 1968).

RESULTS AND DISCUSSION

Rumen pH

From the results presented in table 2, it can be
seen that the pattern of changes in rumen pH in
animals fed the three iso-nitrogenous and iso-caloric
concentrate mixtures (A, B and C) varying in ratios of
RDP to UDP was found to be almost similar with
increase in post feeding intervals. There was increase
in rumen pH from 0 to 3 h post feeding and



BY-PASS PROTEIN ON RUMEN FREMENTATION PROFILE

Table 1. Percentage ingredient composition and
nutritive value of concentrate mixtures A, B and C

Particulars Concentrate mixtures
A B C
Groundnut cake (deciled) 5 5 5
Gingelly cake 5 15 17
Cotton seed cake 10 5 5
(decorticated)
Coconut cake 25 8 5
(solvent extracted)
Yellow maize 32 29 20
Wheat bran 20 35 45
Mineral mixture 2 2 2
Common salt 1 1 1
100 100 100
% Crude protein 20.24 20.71 20.19
(estimated)
% RDP --do-- 7.48 10.76 14.13
% UDP --do-- 12.76 9.94 6.05
RDP:UDP ratioc --do-- 37.63  52:48 70:30
Nutritive value (calculated)
% DCP 15.44 15.32 15.85
% TDN 7225 7021 68.66
ME kcal/kg 2639.6 2627.7 25946

thereafter a linear decline up to 12 h post feeding in
all cases. The results further indicate that the rumen
pH was higher with increase in protein degradability
rates though a significant (p<0.01) difference was
noted only between the concentrate mixtures A and B
with RDP levels of 36.62 and 52.45%, respectively.
However, the rumen pH values in animals fed the
three concentrate mixtures with varying levels of
degradable protein were found to range from 6.30 to
6.92 at all post feeding intervals and all were within
the normal range. Similar observations were made by
other workers (Sampath and Sivaraman, 1985;
Khorasni et al, 1994), Leng and Nolan (1984}, stated
that at lower ruminal pH, the efficiency of microbial
protein synthesis was increased because of decreased
protozoa content in the rumen. Mertens (1979)
observed that crude fiber digestion decreased greatly
when ruminal pH declined below 6.0.

Rumen ammonia nitrogen

Ammonia nitrogen concentration (NH3;-N mg/100
ml SRL) in rumen liquor was found to increase with
increasing levels of degradable protein in the
concentrate mixture, the differences being significant
(p<0.01) at all post feeding intervals (table 2}. It can
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be seen that with concentrate mixture A the peak
ammonia nitrogen level was reached at 6 h post
feeding and the levels were found to decline
thereafter. With concentrate mixture B and C, a higher
level of ammonia was reached even at 2 h post
feeding and the peak levels were reached much later,
being at 9 h post feeding. With concentrate mixtures
B and C, higher ammonia nitrogen levels persisted
even up to 12 h post feeding, while there was a
slight decline in ammonia nitrogen levels after 6 h
with concentrate mixture A. The highest level of
ammonia nitrogen concentration of 19.49 mg/100 ml
SRL was obtained at 9 h post feeding in animals
receiving concentrate mixture C with a RDP level of
70.25%. These observations of higher ammonia
nitrogen level with increased levels of degradable
protein are in agreement with all other studies (Wholt

et al., 1976; Santos et al, 1984; Sampath and
Sivaraman, 1985; Rao et al, 1987), In practical
feeding  situations, rumen  ammonia  nitrogen

concentrations increases after feeding and the extent of
increase is determined by the solubility of the protein
and the form of energy substrate which governs the
rate at which ammonia is c¢onverted to microbial
protein. Annexstad et al. (1987) recorded lower
ammonia nitrogen concentrations in the rumen fluid of
cows fed extruded soybean meal and corn gluten meal,
as compared to soybean meal which is highly
degradable in the rumen. Leonard and Block (1986}
stated that lowering dietary nitrogen solubility from 53
to 29% significantly (p<0.01) depressed rumen
ammonia nitrogen levels. Several in vitro fermentation
studies have suggested a rumen ammonia nitrogen
level of 5 to 8 mg/100 m!l of rumen fluid as optimum
for maximum rumen microbial protein = synthesis
(Allison, -1970; Satter and Slyter, 1974; Satter and
Roffler, 1975, Annison, 1975). Hume et al. (1970)
through in vitro studies observed that microbial growth
attained a maximum level when rmumen ammonia
nitregen concentration reached approximately 9 mg/100
ml] rumen liquor. It is evident that the nature and
extent of degradation in the rumen of both nitrogen
and carbohydrate sources are quite important in
determining the efficiency of microbial growth, which
ultimately may affect the rumen fermentation profile
and production performance in ruminants. The results
of present study revealed that concentrate mixture A
containing 36.62% RDP was found to be optimum in
respect of rumen ammonia nitrogen levels.

Total volatile fatty acid (TVFA) concentration

From the summarised data (table 2} on TVFA
concentration in the rumen liquor in cows fed three
iso-nitrogenous and iso-caloric diets (A, B and C), it
appears that protein degradability affects the formation
of the end products of ruminal fermentation.
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Table 2. The pH, ammonia (NH;-N mg/100 ml) and total volatile fatty acids (TVFA mEg/1000 ml)
concentration in rumen liquor of Jersey cross bred cows fed concentrate mixtures (A, B and C) of varying
protein degradability, at different hours after feeding (means of 12 observations)

Hours after feeding

Parameter Concentrate Mixture
0 3 : 6 9 12
Mean 6.43 6.52° 6.40° 6.37° 6.30°
A SE+ 0.16 0.03 0.03 0.05 0.03
Mean 6.80 6.85" 6.83° 6.72° 6.71°
pH e SE+ 0.04 0.02 0.02 0.02 0.05
c Mean 6.80 6.92¢ 6.89" 6.71° 6.69"
SE+ 0.07 0.02 0.03 0.15 0.08
CD 0.067 0.073 0.024 0.079
A Mean 5.60° 7.22° 8.09° 7.79% 7.38"
SEx 0.18 0.22 0.22 0.18 0.12
B Mean 6.82° 9.55° 11.63° 12.12° 12.05°
NH,-N SE+ 0.22 0.16 0.45 0.44 0.30
Mean 11.15° 15.70° 16.73° 19.49° 19.25°
¢ SEx 0.29 0.37 0.48 0.40 0.31
CD 0.18 0.78 1.33 0.85 1.60
A Mean 81.30° 89.76" 101.31° 112.69° 109.08*
SE+ 0.61 0.82 1.82 3.01 1.82
Mean 79.95% 85.51° 86.31° 92.31° 93.97°
TVFA B SE+ 1.11 0.77 1.31 0.88 1.19
Mean 78.08" 81.76° 84.98" 91.43* 89.36°
¢ SEx 0.84 0.65 0.70 1.12 1.24
CD 2.28 2.55 2.95 3.22 3.72

Means bearing a, b and ¢ superscript in a column differ significantly (p<0.01)

TVFA levels in the rumen liquor in animals fed
concentrate mixture A with a protein degradability
level of 36.62% was found to be significantly (p<0.01)
higher at all post feeding intervals as compared to
those in cows fed concentrate mixture B and C with
protein degradability levels of 52.45% and 70.25%
respectively. Though the concentration of TVFA
(mEq/1000 m] SRL} was found to decrease with
increase in degradability rates of protein, a significant
(p<0.05) difference was observed between concentrate
mixture B and C only at 3 and 12 h post feeding.

The TVFA concentration was found to increase
linearly with increase in post feeding intervals reaching
a peak at 9 h and declining thereafter, except for
concentrate mixture B where the concentration was
found to increase even wp o 12 h post feeding.
Sampath and Sivraman (1985) recorded mean TVFA
levels of 90.31, 83.63 and 85.38 mEq/1,000 ml] SRL
with RDP levels of 4530, 6470 and 76.90%,
respectively, in animals maintained under an almost

similar feeding regimens. They have attributed higher
TVFA production with less degradable protein to
increased cellulolytic bacteria, resulting from low
proteolysis. Khorasani et al. (1994) recorded no
significant changes in TYFA concentration in rumen
liquor of cows fed iso-nitrogenous diets but differing
in insoluble protein contents.

Concentrations of individual volatile fatty acids
Results indicated that the concentrations of all
individual volatile fatty acids, viz. acetate, propionate
and butyrate followed almost the same trend as that of
TVFA level at all post feeding intervals. Results for
VFA concentrations in rumen liquor (fable 3) further
indicated that the molar percentages of individual
volatile fatty acids increased with a decrease in
solubility rates comresponding to the higher TVFA
levels, more so for acetate and propionate than
butyrate. Concentrations of all the three volatile fatty
acids were found to reach maximum at 3 to 6 h post
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Table 3. Acetate, propionate and butyrate concentration (mole/l00 mole) in the rumen liquor of Jersey
crossbred cows at different hours after feeding concentrate mixtures A, B and C (means of 12 observations)

Hour after feeding

Parameter Concentrate Mixture 0 3 P 9 12
A Mean 57.66" 63.66" 62.16° 62.00° 62.83"
SE+ 1.20 1.45 1.49 0.73 1.01
B Mean 51.66" 54.00° 55.83° 55.00° 5333
Acetate SE+ 1.20 2.08 2.04 2.48 1.61
c Mean 47.50° 51.50° 51.83° 49.50° 49.50°
SE+ 1.02 0.56 0.65 1.02 0.72
CD 3.76 230 . 365 1.76 3.52
A Mean 22.33° 24.00° 25.16" 24.83° 24.73°
SE+ 1.71 1.67 . 108 1.31 1.16
B Mean 21.50° 21.66° 21.16° 21.03* 20.50°
Propionate SE+ 1.52 1.28 1.49 1.60 1.26
c Mean 18.00° 18.50° 22.83° 22.66° 17.83°
SE+ 0.77 0.96 0.87 1.96 1.40
CD ' 4.63 3.99 3.14 0.00 4.07
N Mean 10.66 11.50* 11.83° 11.16" 10.66°
SE+ 0.49 0.50 0.49 0.47 0.21
5 Mean 8.33° 8.83" 9.33° 8.16° 8.16°
Butyrate SEx 0.33 0.47 0.66 0.60 0.60
c Mean 10.00° 9.00° 8.66° 8.33" 8.16"
SE+ 0.63 0.63 0.55 0.55 0.54
CD 1.16 1.94 2.20 1.94 1.63

Means bearing a, b and ¢ superscript in a column differ significantly (p<0.01}.

feeding with all three concentrate mixtures. Blauwiekel
and Kin Caid (1986) also recorded significantly
(p<0.01) higher acetate in the rumen fluid of cows fed
low solubility diets when compared to cows fed high
solubility diets. Similar rtesults were obtained by
Zimmerman et al. (1992) and Herrera-Saldana and
Huber (1989). Christensen et al. (1993) reported lower
molar proportions of acetate and butyrate and a higher
level of propionate with low rumen undegradable
protein diets resulting in low acetate to propionate
ratio.

From the overall results on TVFA concentration it
can be seen that though the TVFA concentration as
well as molar percentages of individual volatile fatty
acids appeared to be affected by the protein
degradability levels, all the values were within the
normal range rtecorded for animals maintained on
standard diets. As such, the differences observed may
be more related to the composition of the fermentable
organic matter and its influence on kind of microbes
rather than on protein degradability rate, which is also

evidenced. by the almost normal rumen ammonia
nitrogen levels,
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