Sodium bicarbonate in dairy rations

Edward J. DePeters

Sodium bicarbonate (NaHCO,) has
been used in ruminant diets to buffer ru-
men conditions under situations of dietary
or rumen acid stress. For example, sodi-
um bicarbonate has been added to diets of
sheep and cattle entering feedlots because
of radical (dietary) adjustments from
diets of high roughage to high grain,
which are associated with rumen acidosis
{(reduced pH). However, the efficacy of so-
dium bicarbonate in buffering the rumen
environment is variable.

Sodium bicarbonate has also been used
in dairy cattle diets at the beginning of
lactation. At 0.7 to 1.5 percent of the diet
dry matter, it has improved feed intake
and milk yield in early lactation when
added to diets based on corn silage as the
forage. In addition, improvement in di-
etary fiber digestibility has sometimes
been observed and has been associated
with the maintenance of a more favorable
rumen pH (6.6 to 6.8) environment for cel-
lulolytic microorganisms. Consequently,
sodium bicarbonate can sometimes be
partially effective in maintaining normal
milk-fat percentages when high grain,
milk-fat-depressing diets are fed. Improv-
ing the rumen environment for celluloly-
tic microorganisms shifts the rumen fer-
mentation towards acetic acid
production, which is favorable for milk
fat synthesis.

There has been little work evaluating
sodium bicarbonate in dairy diets based
on alfalfa hay as the forage. Alfalfa hay
differs from corn silage in at least three
aspects that may reduce the need for sup-
plemental buffers: (1) effective fiber level
is higher in alfalfa; (2) alfalfa has a higher
buffering capacity; and (3) unlike corn si-
lage, alfalfa hay is not acidic when fed.

In these experiments, we added sodi-
um bicarbonate to diets based on alfalfa
hay as the forage to evaluate its effects on
digestibility of dietary fractions and ru-
men characteristics when fed to dairy
cows in early lactation.

We conducted two experiments at the
dairy facility at University of California,
Davis. In experiment 1, four Jersey cows
in early lactation were fed complete
mixed diets containing 0, 0.25, 0.5, and
0.75 percent sodium bicarbonate (table 1)
in a Latin square design in which each
cow received each diet for 21 days. Diets
were 40 percent chopped alfalfa and 60
percent concentrate. Cows were fed and
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milked twice daily, and feed and fecal
samples were collected for estimation of
diet digestibility. Feed intake and yields
of milk and milk components were re-
corded. Rumen samples were obtained by
stomach tube from each cow two hours
after feeding.

In experiment 2, four first-calf Hol-
stein cows fitted with permanent rumen
fistulas were fed complete mixed diets
containing 0, 0.4, 0.8, and 1.2 percent sodi-
um bicarbonate. Diets of 30 percent
chopped alfalfa and 70 percent concen-
trate were fed in a Latin square design.
Cows were fed twice daily and milked
three times daily. Feed and fecal samples
were taken for digestibility determina-
tion. Milk samples were collected at each
milking. Rumen fluid was sampled at one
hour before and at three, six, and nine
hours after the morning feeding for each
diet and animal.

Within each experiment, the addition
of sodium bicarbonate to complete mixed
diets containing alfalfa hay did not affect
feed intake, milk yield, or milk composi-
tion (table 2). Feed intake and milk yield
were high and normal for cows in early
lactation. In both experiments, milk fat
was normal and remained unchanged
with sodium bicarbonate addition to the
diets.

Apparent digestibility of dietary com-
ponents was not affected by sodium bicar-

bonate in either experiment (table 3). In
experiment 1, there were no differences
in apparent digestibility of dry matter,
crude protein, energy, or fiber fractions.
Similarly, in experiment 2, apparent di-
gestibility was not significantly affected,
although there were small nonsignificant
increases in digestibility of cellulose and
acid detergent and neutral detergent fiber
at 1.2 percent sodium bicarbonate. Pre-
vious reported research has shown either
no change or an increase in fiber digest-
ibility with sodium bicarbonate addition
to diets with corn silage as the forage in-
gredient.

Molar percentages of rumen fluid
volatile fatty acids were not affected by
sodium bicarbonate in experiment 1 (ta-
ble 4). The acetic-to-propionic ratio in-
creased slightly with sodium bicarbonate
addition, but all ratios were above the lev-
el associated with low milk fat. In experi-
ment 2, molar percentage of acetic acid
was markedly elevated and propionic
acid was reduced in cows fed the diet con-
taining 0.8 percent sodium bicarbonate
when compared with the other diets. As a
result, the acetic-to-propionic ratio was
also significantly greater for that diet. As
in experiment 1, the acetic-to-propionic
ratios for all diets were above the level
associated with milk fat depression, and
milk fat was not affected by sodium bi-
carbonate addition to diets containing al-
falfa.

Rumen pH was significantly affected
by sodium bicarbonate addition to the diet
(fig. 1). Diets containing 0 and 0.4 percent
sodium bicarbonate were associated with
a rapid decline in rumen pH following
feeding for six hours. In contrast, diets
containing 0.8 and 1.2 percent sodium bi-
carbonate showed rapid decreases in ru-
men pH during the first three hours after

TABLE 1. Ingredient and chemical composition of complete mixed diets for experiments 1 and 2

Diet (% sodium bicarbonate)

Experiment 1

Experiment 2

Component 0 0.25 0.5 0.75 0 0.4 0.8 1.2
---------------------- % dry matter ---------ccccccccccnn
Ingredient
Alfalfa 40.0 40.0 40.0 40.0 30.0 29.88 29.76 29.64
Barley 30.7 30.4 300 288 — — — —
Corn — — — — 30.0 29.88 29.76 29.64
Beet pulp 14.5 14.55 14.6 14.75 18.0 1792 1785 17.78
Cottonseed meal 6.5 6.5 6.6 7.6 13.0 1295 12.89 12.84
Whole cottonseed 6.0 6.0 6.0 5.8 6.5 6.47 6.45 6.42
Fat 1.8 1.8 1.8 1.8 1.5 1.5 1.49 1.48
Trace mineral salt .5 5 5 5 5 5 .5 5
Dicalcium phosphate — — — — :5 5 5 5
Sodium bicarbonate — .25 5 .75 — 4 .8 1.2

Chemical analysis

Crude protein 17.3 17.7
Acid detergent fiber 23.1 23.6
Cellulose 17.6 17.9
Neutral detergent fiber 324 32.6
Ether extract 4.3 4.5
Lignin 4.8 5.0
Ash 6.9 7.8

17.6 17.7 18.2 17.6 17.7 18.0
226 232 19.1 20.0 20.2 20.7
170 175 148 15.6 15.7 16.2
32.1 32.9 312 323 31.7 33.7

4.6 4.2 4.3 4.4 4.1 44
4.6 4.7 43 4.4 4.4 4.4
73 7.8 6.5 6.4 6.6 71
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TABLE 2. Performance of cows fed sodium bicarbonate during the week of fecal collections

Diet (% sodium bicarbonate)

Experiment 1 Experiment 2

Item 0 0.25 0.5 0.75 0 0.4 0.8 1.2
Dry matter intake
Ib/day 31.3 31.8 29.8 32.4 43.2 42.6 41.0 423 5 .
% body weight 37 37 35 38 34 34 33 34 They’re more resistant
Production
Milk (Ib/day) 443 439 445 452 708 679 690 68.4 than cotton to ozone
Fat (%) 4.8 4.5 4.7 5.1 3.3 3.4 3.3 3.4 H H
Protein (%) 3.8 3.8 3.7 3.7 3.1 3.2 3.1 3.1 and su,fur dIOXIde
Total solids (%) 14.5 141 14.2 14.6 12.2 121 121 12.3
TABLE 3. Apparent digestibility of complete mixed diets.
Diet (% sodium bicarbonate)
a -
Experiment 1 Experiment 2 A p lI t

Item 0 025 05 0.75 SE* 0 04 08 1.2 SE* I r o u lon

.......................... T O ) A CHE 1 oy
Dry matter 719 720 715 715 =*11 617 603 614 623 =21 causes mOderate
Nitrogen 724 726 708 720 =+ .8 609 583 604 605 =2.0
Energy 711 715 705 704 +15 602 585 593 603 =23
Acid detergent fiber 47.0 487 466 469 +13 313 293 325 375 =+39 . .
Neutral detergent fiber 483 481 481 481 24 375 36.4 37.0 444 =+3.3 Patrick J. Temple O Kris A. Surano
Cellulose 58.7 59.7 592 6589 +16 450 457 475 514 =+3.1

*SE is the standard error of the mean and indicates the amount of variation.

TABLE 4. Rumen fluid volatile fatty acids of Jersey cows two hours after feeding (experiment 1) and
Holstein cows three hours after feeding (experiment 2)

Diet (% sodium bicarbonate)

Experiment 1

Experiment 2

More than 90 percent of the processing
tomatoes grown in the United States are
raised in California’s Central Valley.
Much of this acreage is in San Joaquin
County, directly east, downwind, of the

Item 0 0.25 0.5 0.75 0 0.4 0.8 1.2 large urban-industrial complex around

Volatile fatty acid (molar %) San Francisco Bay. Automobile exhaust
Acetic 63.5 63.1 64.6 64.2 64.4 64.4 66.3 64.8 and industrial emissions mix in the atmo-
Propionic 224 215 212 211 206 203 19.0 20.2 re and convert to smog (ozone
Butyric 120 131 120 126 126 127 123 125 fﬁ:‘oi W hotochemirctalt rocesgse(s Pre?

Acetic:propionic ratio 2.8 2.9 3.0 3.0 3.1 3.2 3.5 3.2 8 p p :

vailing westerly winds carry the pollution
into the Central Valley. Increased indus-
trialization and urban growth in the area

o . . di
2:_ Sodium bicarbonate: g?g?:;:gt‘:)nh the control diet (no sodium add to the air pollution burden already
’ 0% o ) . . . sent sult of agricultural burn-
6.4 0.4% o i Suriacy, adding:sodium bicarhons Fx: . Proas();le(;efgssil-fue%burning power
T 6.4 0.8% © ate to complete mixed diets high in con- g “rop
- - plants in the Sacramento Delta could fur-
B 6.2 Lo centrate and containing chgpped alfali ther contribute to air pollution levels in
3 ey hay did not affect digestibility of dietary this agriculturally rich area
c 6.0~ components even though it elevated ru- Sorgn e tomato ycultivars ére known to
€. mien pH. Milk faf also was ot affected. | oy uccentitile to air pollution in-
« 5.9 Improved production responses have been : gy “pub; pf £
5.8- reported with the inclusion of 0.8 percent Jury, although little is known o the'e. ects
: B b -0 Pe of air pollution on tomato productivity. A
5.7 Feeding sodium bicarbonate in the total diet dry maior field study was begun in 1981.to
5.6 | matter or 1.5 percent in the concentrate J y g

2 0 2 4 6 8
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Fig. 1. The highest two levels of sodium bi-
carbonate provides a more stable rumen pH.

feeding followed by smaller changes until
nine hours. Sodium bicarbonate at the
highest two levels provided a more stable
rumen environment in terms of pH. Al-
though differences in cellulose digestibil-
ity were not significantly different (table
3), there were small improvements in cel-
lulose digestibility observed for the 0.8
and 1.2 percent diets that may be associ-
ated with rumen pH. Rumen pH before
feeding was also slightly higher for all
diets containing sodium bicarbonate when

dry matter of diets based on corn silage
as the forage component. This would be
approximately 0.4 to 0.5 pound sodium bi-
carbonate per cow per day in early lacta-
tion and 0.2 to 0.3 pound per cow per day
in mid lactation. Our research indicated
that when dairy rations contain alfalfa
hay, there may not be as much need for
supplemental sodium bicarbonate as is
sometimes the case when corn silage is
the only forage in the diet.
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determine the effects of ozone (O:) and
sulfur dioxide (SO:), the major phytotoxic
components of air pollution, on growth
and yield of tomatoes. This experiment
was conducted as part of the National
Crop Loss Assessment Network (NCLAN)
program. The objectives of NCLAN are to
(1) develop dose-response equations that
relate yields of major agricultural crops
to exposure to ozone, sulfur dioxide, and
their mixtures; and (2) use this informa-
tion to assess the economic effects of air
pollution on U.S. agriculture.

‘Murrieta’, the tomato cultivar used in
these experiments, was released in 1974.
Initial selection was conducted in the San
Joaquin Valley, and final development





