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ABSTRACT 

Fifty-four Holstein and Jersey calves 
were assigned at 4 days of age within 
breed and sex to one of  four treatments: 
control consisting of colostrum, milk 
replacer, and starter; buffered colostrum 
and replacer (.6% sodium bicarbonate) 
and starter (2% sodium bicarbonate); 
acidified colostrum (1% propionic), un- 
treated replacer, and starter; and acidified, 
buffered colostrum (1% propionic, .6% 
sodium bicarbonate), buffered replacer 
(.6% sodium bicarbonate), and starter 
(2% sodium bicarbonate). The feeding 
regimen was colostrum once daily, day 4 
to 14; milk replacer once daily, day 15 to 
28; and calf starter ad libitum, day 4 to 
84. Bull calves were fed for 42 days and 
heifers for 84 days. Calves fed acidified 
colostrum refused more feed and were 
less efficient from day 4 to 14 than calves 
fed buffered colostrum. Bulls were more 
sensitive to acidified colostrum than 
heifers. Starter intake, total dry matter 
intake, and average daily gains were 
similar for all calves during days 4 to 84. 
Rumen fluid from calves fed diets with 
sodium bicarbonate was higher in acetate 
and lower in propionate and lactate than 
that from calves fed diets without sodium 
bicarbonate. Sodium bicarbonate im- 
proved intake of acidified colostrum 
during the first 2 or 3 days of  feeding but 
had no other effect on gain or feed 
intake. 

I N T R O D U C T I O N  

Milk and colostrum are two liquid feeds 
commonly fed to young calves. In current dairy 
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practice, excess colostrum and nonsalable milk 
often are preserved for future feeding by 
fermentation or addition of acids. Otterby et al. 
(10) reported decreased acceptability of diet 
and depressed weight gain in calves fed colos- 
trum acidified to pH 3.9, but responses improved 
when pH of colostrum was increased with 
sodium bicarbonate (NaHCOa). Foley et al. (7) 
observed that serum gammaglobulin and IgG 
concentrations of  neonatal calves fed buffered 
colostrum were higher than those of  calves fed 
fermented colostrum. In addition, Bullen et al. 
(3) reported that bovine colostrum with 
NaHCO3 had increased bacteriostatic activity. 
Kellaway et al. (8) and Emerick (5) reported 
NaHCO3 may improve performance of calves 
fed high concentrate diets pre- and postweaning. 
In contrast, Wheeler et al. (12) observed no 
improvement in feed intake, weight gain, rumen 
fluid pH, or fecal starch of  calves fed pelleted 
diets containing 35% forage and NaHCO3 
compared to calves fed rations without 
NaHCO3. However, feed efficiency was reduced, 
ratio of acetate-propionate increased, water 
intake increased, and more free-gas bloat 
occurred in animals fed NaHCO3. 

The objective of  this research was to study 
effects of NaHCO3 additions to liquid and- 
starter feeds on growth and health of calves. 

E X P E R I M E N T A L  PROCEDURE 

During fall, 1979, and winter, 1980, colost- 
rum was collected from several cows for six 
milkings immediately postpartum and frozen 
until approximately 115 kg were available. The 
frozen colostrum was thawed, pooled, mixed, 
and divided into four portions. One portion was 
used as control colostrum (diet 1). A second 
(diet 2) was treated with NaHCO3 (.6% wt/wt). 
The third (diet 3) was acidified with propionic 
acid (1.0% wt/wt). For diet 4 colostrum was 
first acidified with propionic acid (1.0% wt/wt), 
then buffered to approximately pH 6.0 with 
NaHCO3 (.6% wt/wt). After treatment, the 
colostrum was placed in 3.8-liter plastic con- 
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tainers and stored at -20°C.  The process of 
treating raw colostrum was repeated as necessary 
to meet  feed requirements of  calves on trial. 

For ty- two Holstein and 12 Jersey calves 
were assigned randomly at birth to one of  four 
dietary treatments (Table 1) in a randomized 
block design with blocks being sex and breed. 
All calves were fed dam's colostrum for 3 days. 
At  day 4, calves were weighed and fed experi- 
mental colostrum once daily until day 14. Calf 
starter (2% NaHCO3 was included in starters of 
calves fed diets 2 and 4) was available ad 
libitum from day 4 throughout  the experimental  
period. Prior to feeding, colostrum was thawed 
and mixed with warm water so that  total liquid 
offered was 8.5% of day-4 body weight whereas 
actual colostrum offered was 6% of body 
weight. Liquid feeds were offered at 1500 h. 
From day 15 to 28 milk replacer was fed to 
maintain a solids intake equal to that  offered 
during colostrum feeding. The milk replacer 
was a commercial product  containing 20% or 
more protein from milk sources. Sodium bicar- 
bonate was added at .6% wt/wt  to reconsti tuted 
replacer for calves fed diets 2 and 4. Calves 
were weaned at day 28. Water was available 
free-choice throughout  the trial. Bulls were fed 
for 42 days and then sold, but  heifers were fed 
for 84 days. The calf starter contained 41.7% 
shelled corn, 22.9% oats, 20.9% soybean meal, 
8.3% wheat bran, 4.2% dried molasses, .8% 
trace mineral salt, .4% ground limestone, .4% 
dicalcium phosphate,  and .4% vitamin premix. 
Calves were kept  in individual pens bedded with 
wood-shavings in an artificially lighted and 
ventilated calf barn. All calves were treated at 
birth with an oral bovine rota-coronavirus 
vaccine. ~ 

Daily observations were on health with 
number and type of medications administered 
recorded. Feces were scored (1 to 4) for scours 
(4 = severe diarrhea). Body weights were taken 
on days 4, 14, 28, 42 (all calves), and 84 
(heifers only). Each port ion of colostrum was 
analyzed for protein, fat, and total  solids (1). 
Prote in ,  dry matter  (DM), and acid detergent 
fiber (1) were determined on the calf starter. 
Mineral contents of  colostrum, milk replacer, 
and starter were analyzed by emmision spec- 

~Norden (Smith Kline), Lincoln, NE 68501. 
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SOD1UM BICARBONATE IN DIETS FOR CALVES 1973 

TABLE 2. Mineral composition of colostrum, milk replacer, and calf starter fed with and without NaHCO 3 
to 4- to 84-day-old calves, a 

Colostrum Milk replacer Calf starter 
Mineral With .6% Without With .6% Without With 2% Without 
(ppm) NaHCO 3 NaHCO 3 NaHCO 3 NaHCO 3 NaHCO 3 NaHCO 3 

Phosphorus 1082 1060 1138 1143 7719 8010 
Potassium 1197 1198 1916 1923 9436 10376 
Calcium 1145 1140 1372 1366 9821 5939 
Magnesium 114 116 158 159 3066 3346 
Sodium 1845 348 2404 990 20713 5894 
Iron .42 .45 6.10 12.19 317.7 201.1 
Manganese . . . .  . . . .  1.43 1.51 49.3 45.6 
Zinc 5.05 5.15 6.01 5.59 39.6 39.8 
Copper .06 .07 .22 .06 10.4 7.2 

aDiets with NaHCO 3 were 2 and 4. Diets without NaHCO 3 were 1 and 3. 

t roscopy with an A R L  plasma spec t romete r  
Model  137. a At  approx imate ly  1000 h on day 
84, rumen fluid was col lected,  analyzed for  pH, 
treated with saturated HgC12, and f rozen for  
later analyses. R u m e n  fluid pH was measured 
with an Orion Model  701A digital pH meter ,  s 
Af te r  all rumen  fluid samples were col lected,  
samples were thawed and prepared according to 
the procedures  of  Erwin et  al. (6) for volat i le  
fa t ty  acids (VFA)  and Byers (4) for  lactic acid 
(modif ied  to fo rm the ethyl  ester of  lactate  
rather  than the me thy l  ester). Volat i le  fa t ty  
acids and lactic acid concent ra t ions  were 
measured with a Hewlet t  Packard 5880A gas 
chromatograph  containing a fused silica V F A  
capillary column.  6 Operat ing condi t ions  were 
oven tempera ture  at 100°C, f lame ionizat ion 
de tec tor  at 250°C, and ni t rogen carrier gas at 
14 ml /min .  Statistical analyses were least square 
analyses and analysis o f  variance techniques  
described by Snedecor  and Cochran (11) by the 
Statistical Analysis System (SAS) compute r  
package. 7 

4Applied Research Laboratories, 9545 Wentworth 
St., Sunland, CA 91040. 

SOrion Research Inc., 380 Putnam Avenue, Cam- 
bridge, MA 02319. 

6Hewlett Packard, Avondale Div., Route 41, 
Avondale, PA 19211. 

~SAS Institute Inc., Box 8000, Cary, NC 27511. 

RESULTS A N D  DISCUSSION 

Composition of Diets 

The percent  crude protein,  fat, and total  
solids of  the poo led  colos t rum before  t r ea tmen t  
were 5.64 -+ .69, 4 .29 -+ 1.00, and 15.76 + .66 
(mean +- standard deviation).  Table 2 shows the  
mineral  con ten t  of  the colos t rum,  milk  replacer,  
and calf starter. Sodium of  the buffered colos- 
t rum, milk  replacer,  and starter  was 1845 ppm, 
2404 ppm,  and 20713 ppm and within  range to 
elicit normal  calf growth and feed intake (8, 
10). The concent ra t ion  for  the starter with 
NaHCO3 was high and may  have been a con- 
sequence of  sampling or contaminat ion .  Per- 
centages of  dry mat ter ,  crude protein,  and acid 
de tergent  f iber  for  the  calf starter  were 92.9 + 
1.9, 15.7 + .8, and 8.19 + .51 (mean + standard 
deviation).  

Performance of Calves 

Health of  calves was good th roughou t  the 
course o f  the trial with few differences among  
treatments .  Illness was primari ly diarrhea, 
and average scour scores of  calves during days 4 
to 28 were lower  than 3, indicat ing few prob- 
lems (Table 3). One calf fed diet  4 died of  
unknown  causes at day 20. In contras t  to the  
s tudy of  Wheeler et al. (12), no bloat  was 
observed even though no forage was included in 
the diet. 

Calves fed the acid-treated colos t rum (diet  
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3) had  h igher  to t a l  co lo s t rum refusals  (Table  4) 
f rom day  4 to 14 t han  calves fed diets  2 or  4 
(P< .05) .  Bulls fed diet  3 refused 7.4 kg colos- 
t r u m / c a l f  c o m p a r e d  to 2.6 kg /ca l f  refused by  
bulls  fed diet  4. Bulls also t e n d e d  to  have h igher  
and  more  variable  refusals and  were more  
sensi t ive to  acid t han  hei fers  (Table  4). We were 
u n a b l e  to  f ind  o t h e r  research r epo r t i ng  these  
differences.  A l m o s t  all c o l o s t r u m  refusals  
occur red  dur ing  the  f i rs t  2 to  3 days  of  feeding.  
Af te r  3 days, refusals essent ia l ly  were zero 
unless the  calf was ill. This  con f i rms  (10)  
ind ica t ing  improved  accep tab i l i ty  of  e x t r e m e l y  
acid co lo s t rum (ca. pH 4.0).  As expec ted ,  DM 
in takes  f r o m  l iquids  (Table  5) dur ing  day  4 to 
14 were less ( P < . 0 5 )  for  calves fed d ie t  3 t h a n  
for  calves fed die ts  1, 2, or  4. Calves c o n s u m e d  
all mi lk  replacer  o f fe red  unless  t hey  were ill. 
Thus,  d i f ferences  in DM in take  f rom l iquids  
dur ing  day  15 to  28 ref lec t  d i f fe rences  in feed  
a l locat ion.  Tab le  5 shows  t h a t  d i f fe rences  in 

DM in takes  f r o m  l iquids were c o m p e n s a t e d  
par t ia l ly  by  s ta r te r  DM c o n s u m p t i o n  dur ing  day  
4 to  14 and  15 to  28 o f  the  feeding periods.  
S ta r t e r  DM in takes  were s imilar  (P = .10) 
a m o n g  t r ea tmen t s .  Af t e r  wean ing  (day 29  to  
84), c o n s u m p t i o n  of  s ta r te r  wi th  or w i t h o u t  
NaHCO3 was similar  for  all calves. 

Four-  to  14-day-old calves fed  d ie t  2 ga ined  
.29 kg /day  and  did  n o t  d i f fer  f rom gains (.11 
kg /day )  of  calves fed diets  3 and  4 (Table  
4). Average daily gains (ADG)  were similar  
a m o n g  t r e a t m e n t s  dur ing  all feeding periods.  
Wheeler  e t  al. (12)  also f o u n d  no  d i f fe rences  
in A D G  w h e n  calves were fed  r a t ions  wi th  or  
w i t h o u t  NaHCO3,  b u t  o the r s  (5, 8) have 
observed  differences.  Table  4 shows  bul ls  
fed d ie t  3 f rom day  4 to  14 did  n o t  gain because  
of  lower  feed in take ,  a consequence  o f  decreased  
accep tab i l i ty  of  the  acidi f ied co los t rum.  Heifers 
ga ined  more  t han  bulls  dur ing  this  per iod.  
Heifers  fed  d ie t  2 ga ined  more  ( P < . 0 5 )  per  day  

TABLE 3. Health of 4- to 84-day-old calves fed control, bicarbonate, acid, and acid/bicarbonate diets, a 

Item Diet 1 b Diet 2 Diet 3 Diet 4 SE c 

No. of calves 13 13 14 14 
No. of days ill 
(days/calf) 

Days 4 to 14 .45 1.11 .44 .87 .34 
Days 15 to 28 .48 d .09 e .08 e .10 e .11 
Days 4 to 28 .92 1.20 .52 .96 .34 
Days 29 to 42 .06 .02 .05 .40 .22 
Days 4 to 42 .98 1.20 .56 1.35 .38 
Days 43 to 84 .20 .08 .21 .17 .26 
Average scour scoref/calf 

Days 4 to 14 2.05 2.63 1.83 2.30 .78 
Days 15 to 28 1.58 1.18 1.17 1.20 .23 
Days 4 to 28 1.78 1.78 1.44 1.66 .46 
Days 29 to 42 1.41 1.43 1.18 1.40 .23 
Days 4 to 42 1.60 1.60 1.31 1.53 .39 
Days 43 to 84g 1.30 1.25 1.21 1.50 .43 

aDiets consisted of colostrum and starter (4 to 14 days), milk replacer and starter (15 to 28 days), and 
starter only (29 to 84 days). 

bDiet 1 = control; 2 = .6% NaHCO~ in colostrum, 2% NaHCO 3 in starter; 3 = acidified colostrum; 4 = 
acidified colostrum with NaHCO 3 added (.6% wt/wt), 2% NaHCO 3 in starter. 

cSE for n = 13. SE for n = 14 is (SF n = 13) (13/14). 
d'eLeast square means in the same row with different lower case superscripts differ (P<.10). However, if 

one calf with persistent scours during this period was deleted, treatments did not differ at (P<.10). 
fScour score ranged 1-4 (1 = dry feces, 2 = moderately moist feces, 3 = very wet feces, and 4 = liquid feces). 
gData from 43 to 84 days for heifers only. 
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than heifers fed diets 1 or  4 (.35 kg, .12 kg, and 
.11 kg). 

F rom day 4 to 14, calves fed diet  2 were 
more  than three t imes as eff ic ient  (Table 6) as 
calves fed diet  3 (.52 kg gain/kg feed v s . . 1 6  
kg/kg). However ,  15- to 28-day-old calves 
fed diet  2 were the least eff icient  (.39 kg 
gain/kg feed), whereas calves fed die t  4 were 
the most  eff ic ient  (.59 kg gain/kg feed). There  
was no breed effect.  Intakes and gains f luc tuated  
f rom day 4 to 28 and may  have caused in- 
consistent  feed efficiencies. Differences in feed 
efficiencies early in life probably  mean li t t le 
because A D G  and feed efficiencies f rom day 29 
to  84 were similar for  all t reatments .  

Rumen Fluid Characteristics 

Table 7 shows that  rumen fluid f rom 84-day- 
old heifers fed NaHCO3 (diets 2 and 4)  was 
higher (P<.05)  in molar  percent  acetate  and 
lower  (P<.05)  in molar  percent  p rop iona te  than 
rumen fluid f rom heifers fed diets 1 and 3. 
Contents  for  butyrate ,  i sobutyrate ,  valerate,  
isovalerate, and total  V F A  were similar for  all 

calves. Other  researchers (2, 9, 12) repor ted  
similar changes in V F A  profi le when buffers 
were added to high concent ra te  rations. The  
lactic acid concen t ra t ion  of  rumen  fluid f rom 
heifers fed diets w i thou t  NaHCO3 ( .20/~moles /  
ml) was higher (P<.07)  than heifers fed diets 
containing NaHCO3 (.09 /zmoles/ml)  and 
possibly related to concur ren t  changes in 
amoun t  of  p rop iona te  (Table 7). The  average 
pH of  rumen  fluid f rom heifers fed diets 
w i thou t  NaHCO3 (6.43) and diets with NaHCO3 
(6.50) did no t  differ. Two percent  sodium 
bicarbonate  in the starter  did no t  elevate rumen  
pH as in (2). Differences in rat ion compos i t ion  
and ma tu r i ty  o f  calves probably  accounted  for  
the varied results be tween  studies. Considering 
that  NaHCO3 did no t  affect  rumen  fluid pH, 
feed intakes, or  heal th f rom day 29 to 84, i t  is 
no t  surprising that  calf per formance  was 
similar for  all t rea tments  (Table 4). 

The results of  this exper iment  indicate  that  
NaHCO3 was effect ive in improving intake of  
acidified colos t rum early in the feeding period. 
Sodium bicarbonate  had no ef fec t  on calf 
health and pe r fo rmance  when added to starter  

TABLE 4. Acceptability of colostrum and performance by 4- to 14-day-old calves fed untreated, buffered, 
acidified, and acidified/buffered colostrum. 

Item Diet 1 a Diet 2 Diet 3 Diet 4 SE b 

No. of calves 13 
No. of bulls 6 
No. of heifers 7 
Total colostrum 

Offered/calf (kg) 40.6 
Refused/calf (kg) 2 2 c 
Refused/bull (kg) 313 cd 
Refused/heifer (kg) .6 

Average daily gain 
(kg/day) 
All calves .15 
Bulls .28 
Heifers .12 c 

13 14 14 
6 5 6 
7 9 8 

40.9 36.6 39.4 2.0 
1.4 cC 4.8 dD 2.2c .7 
1.3 c 7.4 d 2.6 cd 1.4 
1.5 2.3 2.0 .7 

.29 .11 .11 .06 

.27 -.01 .18 .12 

.35 d .23 cd .11 c .06 

aDiet 1 = control; 2 = .6% NaHCO 3 in colostrum, 2% NaHCO 3 in starter; 3 = acidified colostrum; 4 = 
acidified colostrum with NaHCO 3 added (.6% wt/wt), 2% NaHCO 3 in starter. 

bSE given is for n = 13 calves, 6 bulls, or 7 heifers. SEm for m = 14 calves, 5 bulls, 8 or 9 heifers is equal 
to (SE n) (n/m). 

C'dLeast square means in rows with different lower case superscripts differ (P<.05). 
C'DLeast square means in rows with different upper case superscripts differ (P<.01). 
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TABLE 5. Performance of calves fed control,  bicarbonate,  acid, and acid/bicarbonate  diets, a 

I tem Diet 1 b Diet 2 Diet 3 Diet 4 Diet SE c 

No. of calves 13 

4-day weight  (kg) 43.4 

Average daily gain 
(kg/day) 

Day 4 to 14 
Day 15 to 28 
Day 4 to 28 
Day 29 to 42 
Day 4 to 42 
Day 43 to 84 

Liquid dry mat te r  intake 
(kg/day) 

Day 4 to 14 
Day 15 to 28 
Day 4 to 28 

Starter dry mat ter  intake 
(kg/day) 

Day 4 to 14 .15 
Day 15 to 28 .64 
Day 4 to 28 .43 
Day 29 to 42 1.35 
Day 4 to 42 .77 
Day 43 to 84 2.23 

Total dry mat te r  intake 
(kg/day) 

Day 4 to 14 .57 
Day 15 to 28 1.06 
Day 4 to 28 .85 
Day 4 to 42 1.04 

13 14 14 

43.7 39.1 42.1 1.3 

.15 .29 .11 .11 .06 

.57 .45 .59 .59 .05 

.39 .38 .39 .39 .04 
• 64 .56 .61 .58 .05 
.48 .45 .47 .46 .03 
.77 .71 .69 .76 .03 

.42 e .42 e .38 f .41 ef .01 

.42 e .41 ef .40 f .41 ef .01 

.42 e .42 e .39 f .41 ef .01 

.17 .16 .12 .03 

.55 .62 .53 .06 

.39 .43 .36 .04 
1.29 1.40 1.28 .07 

.73 .79 .69 .05 
2.08 2.10 2.18 .07 

.60 .54 .53 .02 

.96 1.02 .94 .06 

.81 .82 .77 .04 

.99 1.04 .95 .07 

aDiets were colostrum and star ter  (4 to  14 days), milk replacer and star ter  (15 to  28 days),  and starter  only 
(29 to 84 days). 

bDiet  1 = control;  2 = .6% NaHCO 3 in colostrum; 2% NaHCO 3 in starter; 3 = acidified colostrum; 4 = 
acidified colostrum with NaHCO 3 added (.6% wt/wt) ,  2% NaHCO 3 in starter. 

cSE given for n = 13. SE for n = 14 is (SE n = 13) (13/14). 

dData from 43 to 84 days for heifers only. 

e 'fLeast square means in rows with different  lower case superscripts differ (P<.05). 
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TABLE 6. Feed efficiency of  calves fed control, bicarbonate, acid, and acid/bicarbonate diets, a 

Item Diet 1 b Diet 2 Diet 3 Diet 4 SE c 

No. of calves 13 13 14 14 

Gain/feed (kg/kg) 

Day 4 to 14 .34 de .52 d .16 e .25 de .09 
Day 15 to 28 .49 de .39 d .56 de .59 e .05 
Day 4 to 28 .46 .44 .45 .48 .04 
Day 29 to 42 .46 .44 .43 .46 .03 
Day 4 to 42 .46 .44 .44 .48 .02 
Day 43 to 84 f .35 .34 .35 .33 .01 

aDiets were colostrum and starter (4 to 14 days), milk replacer and starter (15 to 28 days), and starter only 
(29 to 84 days). 

bDiet 1 = control;2 = .6% NaHCO 3 in colostrum; 2% NaHCO 3 in starter; 3 = acidified colostrum; 4 = acidified 
colostrum with NaHCO 3 added (.6% wt/wt),  2% NaHCO 3 in starter. 

cSE given for n = 13. SE for n = 14 is (SE n = 13) (13/14). 

d'eLeast square means in rows with different lower case superscripts differ (P<.05). 

fData from 43 to 84 days for heifers only. 

TABLE 7. Rumen fluid pH, volatile fatty acids, and lactic acid of  84-day-old heifers fed calf starter with and 
without  NaHCO 3 . 

Treatment 

Diets with Diets without 
Item NaHC03 a NaHCOsb SE 

No. of calves 15 15 

Rumen fluid pH 6.50 6.43 .16 

Volatile fatty acids 
Acetic (molar %) 53.8 c 49.8 d 1.0 
Propionic (molar %) 30.6 c 36.1 d 1.4 
Butyric (molar %) 10.0 8.9 .9 
Isobutyric (molar %) 1.3 1.2 .1 
Valeric (molar %) 2.5 2.4 .2 
Isovaleric (molar %) 1.8 1.5 .2 

Total VFA concentration 
(~mole/ml) 97.7 111.6 9.4 

Lactic acid concentration 
(#mole/ml) .09 .20 .03 

aDiets with NaHCO 3 (2%) were bicarbonate and acid/bicarbonate rations. 

bDiets without  NaHCO 3 were control and acid rations. 

C'dLeast square means in rows with different lower case superscripts differ (P<.05). 
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and  fed  t h r o u g h o u t  the  en t i re  84  days  o f  t he  
expe r imen t .  

ACKNOWLEDGMENTS 

The  au tho r s  g ra te fu l ly  acknowledge  S idney  
Nelson and  ba rn  emp loyees  for  ass is tance wi th  
this  e x p e r i m e n t  and  to Church  and  Dwigh t  Co. 
for  par t ia l  f inancia l  s u p p o r t  of  this  pro jec t .  

REFERENCES 

1 Association of Official Analytical Chemists. 1975. 
Official methods of analysis, l l t h  ed. Assoc. Offic. 
Anal. Chem., Washington, DC. 

2 Bigharn, J. L., W. R. McManus, and G. B. Edwards. 
1973. Whole wheat grain feeding of lambs. III. 
Rumen metabolic responses and animal phys- 
iological adjustment to mineral buffer supplements. 
Australian J. Agric. Res. 24:425. 

3 Bullen, J. J., H. J. Rogers, and L. Leigh. 1972. 
Iron-binding proteins in milk and resistance to 
Escherichia coli infection in infants. Br. Med. J. 
1:69. 

4 Byers, F. M. 1980. Effects of limestone, monensin, 
and feeding level on corn silage net energy value 
and composition of growth in cattle. J. Anim. Sci. 
50:1127. 

5 Emerick, R. J. 1976. Buffering acidic and high- 

concentrate ruminant diets. Page 127 in Buffers in 
ruminant physiology and metabolism. Church & 
Dwight Co., Inc., New York, NY. 

6 Erwin, E. S., G. J. Marco, and E. M. Emery. 1961. 
Volatile fatty acid analyses of blood and rumen 
fluid by gas chromatography. J. Dairy Sci. 44:1768. 

7 Foley, J. A., A. G. Hunter, and D. E. Otterby. 
1978. Absorption of colostral proteins by newborn 
calves fed unfermented, fermented, or buffered 
colostrum. J. Dairy Sci. 61:1450. 

8 Kellaway, R. C., D. J. Thompson, D. E. Beever, 
and D. F. Osbourn. 1977. Effects of NaCI and 
NaHCO 3 on food intake, growth rate, and acid-base 
balance in calves. J. Agric. Sci., Camb. 88:1. 

9 McKnight, D. R., G. S. Hooper, L. A. Drevjany, 
and W. E. Pollock. 1979. Effect of sodium bicar- 
bonate all-concentrate rations fed to Holstein 
steers. Can. J. Anita. Sci. 59:805. 

10 Otterby, D. E., D. G. Johnson, J. A. Foley, D. S. 
Tomsche, R. G. Lundquist and P. J. Hanson. 1980. 
Fermented or chemically-treated colostrum and 
nonsalable milk in feeding programs for calves. J. 
Dairy Sci. 63:951. 

11 Snedecor, G. W., and W. G. Cochran. 1967. Sta- 
tistical methods 6th ed. Iowa State Univ. Press, 
Ames, IA. 

12 Wheeler, T. B., P. J. Wangness, L. D. Muller, and L. 
C. Griel, Jr. 1980. Addition of sodium bicarbonate 
to complete pelleted diets fed to dairy calves. J. 
Dairy Sci. 63:1855. 

Journal of Dairy Science Vol. 65, No. 10, 1982 


