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A B S T R A C T  

Forty-eight lactating Holstein cows 
were fed a total mixed ration of 57% con- 
centrate and 43% forage (dry basis) for 
12 wk postpartum. Treatments consisted 
of 1) no added buffers, 2) .4% MgO, 
3) .8% NaHCO3, and 4) .8% NaHCO3 plus 
.4% MgO of the total ration DM. Body 
weight, DM intake, and milk yield and 
composition were unaffected by treat- 
ment. Gross efficiency of milk produc- 
tion was decreased by the addition of 
NaHCO3 or MgO. Buffer supplementation 
had no effect on ruminal volatile fatty 
acid concentration or blood chemistries. 

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

Economic pressures during recent years have 
encouraged increased productivity of lactating 
dairy cows through increased concentrate feed- 
ing. Major detrimental changes in the rumen 
ecosystem occur when high levels of concen- 
trates are fed. With increased concentrate feed- 
ing and corresponding decline in rumen pH, the 
number of amylolytic or starch-utilizing bacte- 
ria and acid-tolerant bacteria increase (6), and 
numbers of cellulolytic bacteria decrease (11). 
Under extreme conditions, metabolic upsets, 
such as lactic acidosis, occur. 

Use of mineral buffers to counteract the 
detrimental effects associated with high con- 
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centrate feeding has given variable results. 
Differences in animal response to buffer supple- 
mentat ion may be due in part to 1) rate of 
reactivity of the buffer (16), 2) mode of action 
of the buffer (5), 3) manner and the degree to 
which the animal is physiologically stressed, 
4) buffering capacity of the diet (3), or 
5) physical form of the diet. 

Most research involving the use of mineral 
buffers in rations for lactating dairy cows is 
being conducted in eastern and central states 
where both corn grain and corn silage are the 
primary components of the ration. In the 
western states, however, barley and alfalfa con- 
stitute the basal ration. The objective of this 
experiment was to determine the effectiveness 
of NaHCO3 or MgO, or both when added to an 
alfalfa-barley based total mixed ration fed to 
early lactating dairy cattle. 

M A T E R I A L S  A N D  M E T H O D S  

Forty-eight Holstein cows were grouped 
prior to calving according to expected calving 
date, previous milk production, and lactation 
number. Within blocks, cattle were assigned 
randomly to one of four treatments to provide 
12 animals per treatment. Treatments consisted 
of control ration without added buffers, con- 
trol plus .4% MgO, control plus .8% NaHCO3, 
and control plus .8% NaHCO3 and .4% MgO of 
the total ration DM. Diets were fed in a total 
mixed ration, using chopped alfalfa hay (5 cm 
theoretical chop) as the major forage and 
steam-rolled barley as the basal grain in the 
concentrate (Table 1). Treatments were fed 
immediately following parturition through 12 
wk of lactation. All rations were offered ad 
libitum in amounts sufficient to allow at least 
5 to 10% refusal. Beginning 2 wk prior to 
parturition, cattle were adjusted to the mineral 
buffers by feeding at half the rate as prescribed 
for lactation. Cattle had free access to water. 
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TABLE 1. Ingredient and chemical composition of treatments. 

Item Control .4% MgO 

Treatment 

.8% NaHCO 3 
.4% MgO + 
.8% NaHCO a 

Corn silage 7.24 7.20 
Alfalfa hay 36.13 35.99 
Whole cottonseed 10.84 10.80 
Wheat bran 10.03 9.99 
Rolled barley 35.32 35.18 
Dicalcium phosphate .14 .14 
MgO . . . .  40 
NaHCO s . . . . . .  
Trace salt .28 .28 
Vitamin A 1 .02 .02 

DM 76.00 
CP 15.30 
ADF 28.21 

% DM basis 
7.18 7.14 

35.84 35.70 
10.75 10.71 

9.95 9.91 
35.04 34.9O 

.14 .14 
. . . .  40 

.80 ~80 

.28 .28 

.02 .02 

Nutrient analysis, 100% DM basis 
77.82 79.11 77.41 
15.04 14.83 14.96 
28.04 27.20 28.46 

Calculated analysis 
Calcium .79 .80 .79 .79 
Phosphorus .43 .43 .43 .43 
Sodium .26 .26 .48 .48 
Magnesium .31 .52 .32 .52 

1 Contains 30,000 IU vitamin A/g. 

Twice daily milk yield was recorded  and 
b o d y  weights  were recorded  on 2 consecut ive  d 
weekly.  Compos i t e  milk samples f rom the  a.m.- 
p.m. milking 1 d each week were  analyzed for  
percentage fat,  pro te in ,  and sol ids-not-fat  using 
a Mult ispec M 4 infrared analyzer.  Feed intakes 
and refusals were recorded  daily. Weekly feed 
samples were taken,  compos i t ed  by  m o n t h ,  
analyzed for  DM (1), CP (7), and ADF (15). 
Once weekly  rumen  fluid of  cat t le  was ob ta ined  
via s tomach  tube ;  rumen  fluid was analyzed for  
VFA.  Samples were  prepared  for analysis by  

4 Muttispec Inc., Wheldrake, York, England. 
SCorning Scientific Instruments, Medfield, MA. 
6 Technicon Co., Inc., Tarrytown, NY. 
7 Beckman Co., Inc., Palo Alto, CA. 
SMention of a trade name does not imply an en- 

dorsement or recommendation by Utah State Univer- 
sity or US Department of Agriculture over similar 
companies or products not mentioned. 

adding 9 ml rumen  fluid to  1 ml of  6 N HCI. 
Analyses were  conduc t ed  on a Perkin-Elmer  
Series 3920 gas ch romatograph  using PT 10% 
AT-100 + 1% H3PO4 on Chromoso rb  W-AW 
(80/100 mesh) packing material .  Blood samples 
were  wi thd rawn  via the  tail vein once  weekly  at  
4 h post  a.m. feeding.  Blood was col lected in an 
airt ight heparinized syringe and analyzed for  
pH, pCO2, and CO2 con ten t  and base excess 
(CorningTM pH/Blood  Gas System,  Model  
1655). Plasma Mg (Technicon Autoana lyzer  
I16), Na, and K (Beckman Model  E4AT) 8 were  
de t e rmined  on the same b lood  sample.  

Data were analyzed according to a ran- 
domized  comple te  block design using analysis 
o f  variance. T rea tmen t  means  were tes ted  by  
least significant d i f ference  if F-tests were 
significant (2). There  were statistical differ- 
ences among weeks in the  s tudy,  but  no 
cons is ten t  t ime func t ion  was de tec ted ,  so 
di f ferences  among weeks will no t  be included 
in the  results and discussion.  
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TABEE 2. Effect of treatment on body weight, DM intake, and milk yield and composition. 

161 

Treatment 
,4% MgO + 

Measurement Control .4% MgO .8% NaHCO a .8% NaHCO a SEM 

Body weight, kg 584.40 577.30 568.70 561.40 14.40 
DM intake, kg/d 20.80 21.90 22.30 21.90 .67 
Milk yield, kg/d 31.60 31.10 30.30 32.10 .95 
4% FCM, kg/d 30.00 29.40 28.60 30.20 .88 
Milk fat, % 3.71 3.72 3.67 3.65 .08 
Milk fat, kg/d 1.16 1.13 1.11 1.15 .04 
Solids-not-fat, % 8.88 8.84 8.88 8.88 .07 
Solids-not-fat, kg/d 2.80 2.73 2.69 2.85 .08 
Milk protein, % 3.10 3.19 3.20 3.10 .05 
Milk protein, kg/d .98 .98 .96 1.00 .03 
4% FCM/intake 1.42 a 1.27 b 1.20 b 1.35 ab .05 

a'bMeans in the same row with different superscripts differ (P<.05). 

RESULTS AND DISCUSSION 

Body  weights  and  DM in takes  du r ing  the  
s tudy  were  n o t  s igni f icant ly  d i f f e ren t  a m o n g  
t r e a t m e n t s  (Tab le  2). These  resul ts  suggest  t h a t  
pa la tab i l i ty  of  the  buffers ,  a p p r o x i m a t e l y  260  g 
per  head  per  d, d id  n o t  a f fec t  DM c o n s u m p t i o n .  
T h o m a s  and  Emery  (14)  r e p o r t e d  decreased  
c o n c e n t r a t e  c o n s u m p t i o n  w h e n  a c o m b i n e d  
to ta l  of  272 g of  NaHCO3 and MgO was added  
to on ly  the  c o n c e n t r a t e  po r t i on  of  t he  diet .  T eh  
et al. (13)  fed minera l  buf fers  at  c o n c e n t r a t i o n s  
similar  to  those  used  in our  e x p e r i m e n t  in a 
to ta l  m ixed  ra t ion  and  f o u n d  no  d i f fe rence  in 
DM in take .  These  results  d e m o n s t r a t e  t h a t  
fa i r ly  high a m o u n t s  of  minera l  buf fers  can be  
fed in a to ta l  m i x e d  ra t ion  w i t h o u t  a f fec t ing  

pa la tab i l i ty  of  t he  r a t ion  and  reduc ing  overall  
in take .  

Milk p r o d u c t i o n  was u n a f f e c t e d  by  t rea t -  
m e n t  (Table  2). Teh  et  al. (13)  observed  an in- 
crease in mi lk  p r o d u c t i o n  w h e n  buf fe r s  were  
added  to  a to t a l  mixed  r a t i on  in wh ich  g r o u n d  
corn  and corn  silage were the  pr inc ipa l  con-  
s t i t uen t s  of  the  ra t ion .  Milk p r o d u c t i o n  also 
increased w h e n  minera l  buf fers  were added  to 
ra t ions  con ta in ing  50% corn  s i lage:50% concen-  
t r a t e  (8). English et  al. (4)  f o u n d  t h a t  week ly  
mi lk  yield was no t  s igni f icant ly  a f fec ted  by  the  
add i t i on  o f  buffers  w h e n  corn  silage and  hay  
crop silage plus corn  silage were t he  sole forage 
sources.  DePeters  et  al. (3) observed  t ha t  
a l falfa-based die ts  c o n t a i n e d  adequa t e  a m o u n t s  

TABLE 3. Effect of treatments on concentration of volatile fatty acids in the rumen. 

Treatment 
.4% MgO + 

Item Control .4% MgO .8% NaHCO 3 .8% NaHCO 3 SEM 

Molar % 
Acetate 61.86 61.45 59.10 59.75 .57 
Propionate 21.52 21.66 21.14 21.36 .47 
Isobutyrate 1.03 1.15 1.50 1.42 .06 
Butyrate 11.33 11.52 13.30 13.13 .30 
Isovalerate 2.16 2.03 2.34 1.84 .11 
Valerate 2.10 2.18 2.60 2.49 .12 
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TABLE 4. Effect of treatment on blood chemistry. 

Parameter Control .4% MgO 

Treatment 
.4% MgO + 

.8% NaHCO 3 .8% NaHCO 3 SEM 

Whole blood 
pH 7.47 7.48 7.49 7.46 .05 
pCO2, mm Hg 43.00 42.00 39.80 43.60 .70 
CO 2 content, meq/L 31.90 31.10 30.40 31.70 .51 
Base excess, meq/L 7.15 6.80 6.49 6.85 .46 

Blood plasma 
Sodium, meq/L 140.60 139.90 139.60 140.90 .38 
Potassium, meq/L 4.38 4.44 4.39 4.48 .05 
Magnesium, mg% 2.71 2.73 2.78 2.78 .05 

of endogenous buffers, which would mask ben- 
eficial effects from buffer supplementation. 

In our study, milk components were un- 
affected (P>.05) by treatment. This parallels 
the findings of Rogers et al. (10) who found no 
difference in feed intake, milk yield, and milk 
composition when NaHCO3 was added to diets 
containing approximately 46% concentrate and 
54% alfalfa hay. Chopped versus long stem hay 
was likewise evaluated in this study (10) and 
demonstrated that NaHCO3 addition did not  
improve milk production. In our study, the 
total mixed ration contained approximately 
57% concentrate and 43% forage, with an ADF 
analysis approximating 27 to 28%. Inclusion of 
high energy, high ADF feed ingredients such as 
whole cottonseed and wheat bran and the high 
ADF content of alfalfa hay (40% ADF) meant 
it was not difficult for the ration to contain at 
least 21% ADF. Therefore, a lack of response to 
the added buffers was, in part, due to the fairly 
high fiber content of the total ration. Gross 
efficiency of milk production (kg 4% FCM/kg 
DM) was lower (P<.05) for the MgO and 
NaHCO3 treatments (1.27 and 1.20, respec- 
tively). Stokes et al. (12) also found efficiency 
of milk production decreased when buffers 
were added. 

The molar proportions of VFA were un- 
affected by buffer addition (Table 3). Similar 
results were observed by others (3, 10). Teh et 
al. (13) observed that acetate to propionate 
ratio increased with addition of NaHCO3 and 
MgO in combination. Stokes et al. (12) fed 
cows in early lactation a ration containing 70% 

concentrate and 30% hay crop silage, thus pro- 
viding marginal fiber intakes (9). With the addi- 
tion of mineral buffers, milk fat percent tended 
to increase; also, 3.5% FCM was unaffected and 
NaHCO3 addition had no apparent affect on 
total VFA concentration or profile. 

Addition of buffers had no effect (P>.05) 
on blood chemistry (Table 4). However, blood 
potassium appeared to be higher in cattle sup- 
plemented with MgO. Similar trends have been 
observed by other researchers (13). 

CONCLUSIONS 

Inclusion of NaHCO3, MgO, or NaHCO3 plus 
MgO in a total mixed ration containing ade- 
quate fiber for dairy cows in early lactation had 
no effect on milk production or composition 
but  decreased gross efficiency of milk produc- 
tion. These results indicate that value of buffers 
in dairy rations that contain adequate fiber may 
be questionable for cows in early lactation. 
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