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  ABSTRACT 

  Corn silage (CS) has replaced alfalfa hay (AH) and 
haylage as the major forage fed to lactating dairy cows, 
yet many dairy producers believe that inclusion of small 
amounts of alfalfa hay or haylage improves feed intake 
and milk production. Alfalfa contains greater concen-
trations of K and Ca than corn silage and has an inher-
ently higher dietary cation-anion difference (DCAD). 
Supplemental dietary buffers such as NaHCO3 and 
K2CO3 increase DCAD and summaries of studies with 
these buffers showed improved performance in CS-
based diets but not in AH-based diets. We speculated 
that improvements in performance with AH addition to 
CS-based diets could be due to differences in mineral 
and DCAD concentrations between the 2 forages. The 
objective of this experiment was to test the effects of 
forage (CS vs. AH) and mineral supplementation on 
production responses using 45 lactating Holstein cows 
during the first 20 wk postpartum. Dietary treatments 
included (1) 50:50 mixture of AH and CS as the forage 
(AHCS); (2) CS as the sole forage; and (3) CS forti-
fied with mineral supplements (CaCO3 and K2CO3) to 
match the Ca and K content of the AHCS diet (CS-
DCAD). Feed intake and milk production were equiva-
lent or greater for cows fed the CS and CS-DCAD diets 
compared with those fed the AHCS diet. Fat percent-
age was greater in cows fed the CS compared with the 
AHCS diet. Fat-corrected milk (FCM; 3.5%) tended to 
be greater in cows fed the CS and CS-DCAD diets com-
pared with the AHCS diet. Feed efficiencies measured 
as FCM/dry matter intake were 1.76, 1.80, and 1.94 for 
the AHCS, CS, and CS-DCAD diets, respectively. The 
combined effects of reduced feed intake and increased 
FCM contributed to increased feed efficiency with the 
CS-DCAD diet, which contained 1.41% K compared 
with 1.18% K in the CS diet, and we speculate that 
this might be the result of added dietary K and DCAD 
effects on digestive efficiency. These results indicate 
no advantage to including AH in CS-based diets, but 

suggest that improving mineral supplementation in CS-
based diets may increase feed efficiency. 
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  INTRODUCTION 

  Corn silage has become the predominant forage 
source for dairy cows in the United States because 
of its high yield per unit of land area relative to al-
ternative forages, ease of harvest, and preservation 
characteristics. Over the past 20 yr, corn silage produc-
tion in the top 5 dairy states (California, Wisconsin, 
Idaho, New York, and Pennsylvania) has increased by 
27%, whereas alfalfa acreage and hay production has 
declined (USDA-NASS, 2010). Surprisingly, a major 
question 40 yr ago dealt with the feasibility of all-silage 
diets and in particular, the use of corn silage as the sole 
forage (Hemken and Vandersall, 1967). Several studies 
(Thomas et al., 1970; Trimberger et al., 1972; Grieve 
et al., 1980) demonstrated production equivalency with 
the use of corn silage as the sole forage compared with 
diets containing mixtures of corn silage and alfalfa or 
grass hay. Dhiman and Satter (1997), in a study com-
paring all alfalfa haylage compared with mixtures of 
alfalfa haylage and corn silage, concluded that diets 
with one- to two-thirds corn silage should be fed, based 
on economic responses and potential reductions in N 
losses to the environment. 

  Surveys of high-producing herds in the United States 
showed that corn silage was being used in 91% of sur-
vey herds in 2001 (Kellogg et al., 2001) compared with 
just 67% of the herds surveyed in 1993 (Jordan and 
Fourdraine, 1993), confirming the trend of increased 
use of corn silage. However, these same surveys also 
showed that use of alfalfa hay and haylage, respectively, 
increased from 49 to 58% and 56 to 81% of the herds 
surveyed in 1993 and 2001, suggesting that dairy pro-
ducers preferred feeding diets using mixtures of forages 
rather than a single forage. 

  Jasaitis et al. (1987) showed that in vitro buffering 
capacities of feeds were strongly related to their ash 
or mineral content. Alfalfa has almost twice the ash 
content of corn silage (NRC, 2001), with most of the 
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difference due to K and Ca content. Because of the in-
creased K content, alfalfa also has an inherently greater 
DCAD than corn silage (467 vs. 229 mEq/kg of diet 
DM; NRC, 2001). Hu and Murphy (2004), in a meta-
analysis of previously published experiments, reported 
that maximal milk yield and DMI occurred at DCAD of 
340 and 400 mEq/kg of DM, respectively. This implied 
that differences in forage DCAD might also play a role 
in perceived or real production responses to inclusion of 
alfalfa hay in corn silage based diets.

In a review of studies evaluating the effect of dietary 
buffers in lactating dairy cow experiments, Erdman 
(1988) found that dietary buffers increased feed intake, 
milk fat concentration, FCM production, and rumen 
pH in corn silage-based diets but not in alfalfa hay-
based diets. The author concluded that the differences 
in responses due to forage were from differences in 
inherent feed buffering capacity and increased chew-
ing activity due to the feed particle size of alfalfa hay 
as compared with corn silage. However, dietary buffers 
such as NaHCO3 and K2CO3 also increase DCAD. Kohn 
(2000), based on the strong ion theory of acid-base 
regulation of Stewart (1983), suggested that dietary 
strong ion balance (K, Na, and Cl) or DCAD exerted 
a major influence on rumen pH and that responses to 
dietary buffers were due to changes in strong ion bal-
ance in the diet.

To our knowledge, comparisons of the equivalency of 
alfalfa hay or haylage compared with corn silage have 
never considered differences in dietary mineral concen-
trations or DCAD. Our hypothesis was that the real or 
perceived need by dairy producers to include at least 
some alfalfa hay or haylage in corn silage-based diets is 
actually due to changes in dietary mineral and DCAD 
concentrations. The objective of this experiment was to 
determine if mineral concentrations affected DMI and 
milk production responses in diets where corn silage 
was the sole forage as compared with diets containing a 
mixture of alfalfa hay and corn silage.

MATERIALS AND METHODS

Experimental Design

This experiment was conducted under a protocol 
approved by the University of Maryland Institutional 
Animal Care and Use Committee. Forty-five Holstein 
dairy cows were used in the experiment. At parturi-
tion, cows were blocked by age (21 primiparous vs. 24 
multiparous) and calving date and randomly assigned 
within block to 1 of 3 dietary treatments fed from par-
turition through wk 20 postpartum. Treatment diets 
consisted of (1) a control diet containing 55% forage 
using equal portions of chopped alfalfa hay and corn 

silage (AHCS) on a DM basis; (2) 55.8% corn silage 
(CS); or (3) 55.8% corn silage plus mineral supple-
ments (0.97% CaCO3 and 0.42% K2CO3) to mimic the 
increased Ca, K, and DCAD content in the AHCS diet 
(CS-DCAD; Table 1). Alfalfa hay was purchased in 
2 lots from a common supplier based on similar pro-
tein and NDF analysis provided by the supplier. Corn 
silage came from 2 lots: a 2004 harvest stored in an 
upright silo and a 2005 harvest stored in a bunker silo. 
The first and second lots of alfalfa hay and corn silage 
were fed consecutively as the first lot of each ran out 
approximately midway through the experiment. Diets 
were formulated to meet NRC (2001) standards for a 
650-kg mature-weight cow producing 45 kg of 3.8% fat, 
3.1% protein milk at peak lactation (60 d postpartum).

Cows were housed in sawdust-bedded tie stalls and 
individually fed treatment diets once daily as a TMR. 
Cows were milked twice daily in a milking parlor at 
0600 and 1700 h, and milk production was recorded 
electronically at each milking. Milk samples from con-
secutive milkings were collected weekly and analyzed 
separately for fat, protein, lactose, SCC, and MUN by 
infrared analysis (Foss MilkoScan, Foss Food Technol-
ogy Corp., Eden Prairie, MN). Cow BW was recorded 
weekly throughout the study. Forage and ingredient DM 
were measured weekly, and the TMR was adjusted ac-
cordingly to maintain a constant forage-to-concentrate 
ratio on a DM basis. Weekly samples of forages and 
individual ingredients were frozen at −20°C and then 
composited by treatment for chemical analysis at a 
commercial laboratory (Cumberland Valley Analytical 
Services Inc., Hagerstown, MD). Chemical composition 
of the individual diets was based on the amounts of 
the individual ingredients offered within each diet (DM 
basis; Table 1).

Statistical Analysis

Feed intake, BW, milk yield, milk composition, and 
milk component yields were averaged by cow and week 
postpartum. Net energy intake was calculated as the 
product of feed NEL concentration (Table 1) and DMI. 
Milk energy (E) was calculated using formula in NRC 
(2001). Dry matter intake for feed efficiency (FE) was 
calculated using weekly averages of 3.5% FCM and 
DMI as FCM/DMI. Net energy efficiency (NEeff) was 
calculated as milk E divided by NEl intake. Data were 
analyzed as a randomized complete block design us-
ing the Mixed procedure in SAS software (version 8.2, 
2004; SAS Institute, Cary, NC). The statistical model 
included the effects of treatment, block, cow with block, 
week postpartum, and week postpartum by treatment 
interaction. Cow within block was delineated as the ran-
dom effect in the model and was used to test treatment 
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and block effects, whereas week postpartum and week 
by treatment interaction were tested using the residual 
error. Two preplanned contrasts were used to examine 
forage (AHCS vs. CS) and forage plus minerals (AHCS 
vs. CS-DCAD) effects using cow within block as the 
error term. A probability of P ≤ 0.05 was considered 
statistically significant and P ≤ 0.10 was considered 
a trend in the statistical analysis. Because of severe 
clinical mastitis that caused a permanent 40% loss in 
milk production, data were omitted from 2 cows after 
wk 16 (1 cow on the AHCS and 1 on the CS-DCAD 

treatment) and 1 cow after wk 18 (CS-DCAD treat-
ment). Because of missing data, treatment responses 
are reported as least squares means in Table 2, where 
the largest SEM for an individual treatment mean was 
reported as the pooled SEM.

RESULTS

Ingredient and chemical composition of the experi-
mental diets are in Table 1. Because of the large dif-
ferences in energy, protein, and fiber concentrations 

Table 1. Ingredient and chemical composition of experimental diets 

Item

Diet1

AHCS CS CS-DCAD

Ingredient, % of diet DM
 Corn silage 27.60 55.82 55.78
 Alfalfa hay 27.39 — —
 Ground high-moisture shelled corn 22.78 9.02 9.01
 Dried citrus pulp 2.05 10.69 8.79
 Soybean hulls 6.28 3.22 3.86
 Soybean meal (minimum 48% CP) 5.26 10.47 10.74
 Expeller soybean meal2 6.28 7.47 7.73
 Corn gluten meal 1.65 1.88 1.90
 Potassium carbonate — — 0.42
 Calcium carbonate 0.01 0.77 0.97
 Salt 0.48 0.46 0.42
 Magnesium oxide 0.01 0.01 0.04
 Dicalcium phosphate 0.13 0.04 0.05
 Elemental sulfur — 0.06 0.20
 Vitamins and trace minerals3 0.08 0.09 0.10
Feed cost,4 $/Mt of DM 275.64 265.60 272.69
Chemical composition, DM basis    
 DM, % 61.10 48.32 48.23
 NEL,

5 Mcal/kg 1.66 1.72 1.70
 CP, % 17.43 17.21 17.23
 RUP,6 % 6.36 7.52 7.24
 RDP,6 % 11.07 9.69 10.00
 NDF, % 33.30 31.23 31.27
 ADF, % 22.19 17.82 18.02
 Ash, % 7.31 5.91 6.76
 NFC,7 % 38.9 42.6 41.6
 K, % 1.36 1.18 1.41
 Ca, % 0.77 0.75 0.83
 P, % 0.41 0.35 0.42
 Na, % 0.26 0.20 0.24
 Cl, % 0.65 0.44 0.46
 Mg, % 0.23 0.20 0.22
 S, % 0.29 0.29 0.31
 DCAD,8 mEq/kg of DM 281 251 336
1Cows were fed diets containing a 55% forage including a 50:50 mixture of alfalfa hay and corn silage (AHCS), 
corn silage alone (CS), or corn silage plus minerals (CS-DCAD) to mimic those in the AHCS diet.
2Soyplus (West Central Cooperative, Ralston, IA).
3Formulated to provide 0.3, 0.2, 0.6, 15, 10, 15, and 50 mg/kg of added Se, Co, I, Fe, Cu, Mn, and Zn, respec-
tively, and 3,500, 1,000, and 25 IU/kg of added vitamins A, D, and E, respectively, to the diet DM.
4Estimated using May 2011 Northeast prices for diet components.
5Estimated based on 3× maintenance NEL value of the diet.
6Estimated using ingredient values from NRC (2001) assuming a diet containing 50% forage consumed at 4% 
of BW.
7NFC% = 100 – (CP% + NDF% + ash% + fat%), where measured ingredient values of dietary CP, NDF, and 
ash were used and estimated values for fat taken from NRC (2001).
8Dietary K + Na – Cl, mEq/kg of DM.
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between alfalfa hay and corn silage, cows fed the CS 
and CS-DCAD treatments were fed 14 percentage units 
less high-moisture corn, which was balanced with 8 
percentage units more citrus pulp and 6.5 percentage 
units more soybean meal and expeller soybean meal to 
balance the energy, protein, and fiber concentrations 
between the experimental diets. Because of the DM 
differences between alfalfa hay and corn silage, diet 
DM percentage was 13 percentage units greater in the 
AHCS than in the CS and CS-DCAD diets. Because 
of the DM content, TMR ingredient sorting might be 
a concern in the AHCS diet, but unfortunately we did 
not have TMR sieve data from the mixed diets and 
refusals. Sorting effects would likely be greatest where 
feed refusals are minimal (<5%), whereas the actual 
refusals averaged by study week across treatment were 
21%, which should have minimized sorting. Estimated 
dietary NEL was lower in the AHCS compared with 
the CS and CS-DCAD treatments due to higher than 
expected ADF and NDF contents in the second lot of 
alfalfa hay used in the study. By design, dietary Ca 
and K were similar between the AHCS and CS-DCAD 
diets but higher in those diets compared with the CS 
treatment.

Feed intake and BW were not affected by treatment 
although a trend (P = 0.06) was observed for decreased 
BW in the CS cows (Table 2). Because of smaller BW 
for cows fed the CS diet, intake as a percentage of BW 
was 0.36 percentage units greater (P = 0.01) in the 
CS treatment compared with AHCS. Milk production 

(Table 2) was not affected by treatment and averaged 
36.3 kg/d over the 20 wk experiment reflecting the use 
of both primiparous and multiparous cows in the study. 
Milk fat percentage was reduced (P = 0.014) in the 
AHCS compared with the CS-fed cows. A trend was 
noted for an approximately 150 g/d increase in fat yield 
between the AHCS and CS (P = 0.08) and the AHCS 
and CS-DCAD (P = 0.07) treatments. Although over-
all protein yield was not affected by treatment, a week 
by treatment interaction (P = 0.005; data not shown) 
occurred, whereby protein yields were greater during 
the first 4 wk postpartum in the CS and CS-DCAD 
treatments than in the AHCS treatment. Milk lactose, 
SCC, and MUN were not different among treatments. 
For MUN, a week by treatment interaction (P = 0.009, 
data not shown) occurred, where MUN in the CS group 
was lower during the last 10 wk of the study compared 
with the other treatments.

Because of differences in milk yield and milk fat con-
tent, 3.5% FCM and milk energy yields were numeri-
cally greater in cows fed the CS diet compared with the 
AHCS diets and a trend (P = 0.08) was observed for 
increased FCM in the CS-DCAD compared with the 
AHCS cows. Reflecting differences in FCM production 
and the reduced DMI in the CS-DCAD treatment, a 
significant treatment effect (P = 0.029) occurred on 
FE, which was 0.18 units (P = 0.012) and 0.14 units 
greater in the CS-DCAD than the AHCS and CS treat-
ments, respectively. However, FE did not differ between 
the AHCS and CS treatments. A treatment effect (P = 

Table 2. Effect of a 50:50 alfalfa hay-corn silage (AHCS) mixture, corn silage alone (CS) or corn silage plus dietary cations and anions (CS-
DCAD) comparable to those in AHCS on feed intake, milk production and composition, and feed efficiency in early-lactation dairy cows 

Item

Forage treatment (Trt)

SEM

P-value1

AHCS CS CS-DCAD Trt
Week  
× Trt

AHCS  
vs. CS

AHCS vs.  
CS-DCAD

No. 15 15 15 — — — — —
BW, kg 618 577 591 14.6 0.153 0.387 0.060 0.195
DMI, kg/d 22.0 22.7 20.7 0.52 0.395 0.956 0.340 0.699
DMI, % of BW 3.56 3.92 3.68 0.095 0.032 0.993 0.010 0.365
NEL intake, Mcal/d 36.5 38.9 36.9 0.88 0.109 0.985 0.049 0.726
RDP, g/d 2,431 2,196 2,167 52.0 0.002 0.122 0.003 0.001
Milk         
 Yield, kg/d 35.6 35.5 37.8 1.25 0.325 0.153 0.976 0.197
 Fat, % 3.91 4.32 4.08 0.113 0.044 0.589 0.014 0.297
 Protein, % 3.12 3.17 3.13 0.046 0.595 0.968 0.399 0.936
 Fat yield, g/d 1,389 1,544 1,547 62.8 0.122 0.867 0.083 0.071
 Protein yield, g/d 1,100 1,116 1,164 37.4 0.425 0.005 0.752 0.211
 Lactose, % 4.89 4.84 4.85 0.044 0.628 0.787 0.449 0.460
 SCC, ×1,000 cells/mL 381 411 252 140 0.684 0.629 0.878 0.503
 MUN, mg/dL 12.8 12.4 13.7 0.45 0.122 0.009 0.544 0.146
3.5% FCM, kg/d 37.9 40.4 41.4 1.45 0.197 0.840 0.223 0.081
Milk energy, Mcal/d 25.8 27.2 28.0 0.96 0.249 0.689 0.282 0.104
3.5% FCM/DMI 1.76 1.80 1.94 0.050 0.029 0.998 0.616 0.012
Milk energy/NEL 0.723 0.706 0.773 0.0188 0.039 0.991 0.504 0.061
1Probability that the treatment, comparison, or interaction effects were not different from zero.
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0.039) for NEeff and a trend (P = 0.061) for increased 
NEeff were observed with CS-DCAD compared with 
AHCS similar to that shown between these treatments 
for FE.

DISCUSSION

This study found no advantage to inclusion of alfalfa 
at a rate equal to corn silage based on milk production 
and feed intake data. This is consistent with the results 
of previous studies that showed inclusion of either grass 
or legume hay in silage-based diets was not needed 
(Hemken and Vandersall, 1967; Thomas et al., 1970; 
Trimberger et al., 1972; Grieve et al., 1980). Still, dairy 
producers that use corn silage as the principal forage 
also frequently include alfalfa hay as a small proportion 
(10–15%) of the diet DM.

Efforts were made during diet formulation to mimic 
the mineral concentrations of the CS-DCAD diet to 
be equal those in the AHCS diet, including the K, Ca, 
ash, and DCAD concentrations. By design, dietary K 
was 0.18 and 0.23 percentage units higher (Table 1) in 
the AHCS and CS-DCAD treatments compared with 
CS, but similar between the 2 treatments (1.36 and 
1.41% of diet DM, respectively). Dietary Ca was similar 
across all treatments, ranging from 0.75 to 0.83% of 
diet DM. No attempt was made to balance Cl among 
diets. Because of the higher Cl content in the alfalfa hay 
(0.83%) compared with corn silage (0.24%), dietary Cl 
was higher in the AHCS compared with the CS and 
CS-DCAD diets. The difference in Cl and K contents 
resulted in DCAD contents of 281, 251, and 336 mEq/
kg of diet DM for the AHCS, CS, and CS-DCAD di-
ets, respectively. Ash content was much greater in the 
AHCS and CS-DCAD diets than in the CS diet but 
admittedly we did not succeed in matching the ash 
content between the AHCS and CS-DCAD diets, which 
was due in part to differences in Cl concentrations.

The CS-DCAD diet resulted in a remarkable increase 
in FE, 0.18 and 0.14 units, respectively, compared with 
the AHCS and CS diets. To put these differences in 
perspective, they could be compared with the improved 
FE due to dietary monensin addition. Symanowski et 
al. (1999), in an experiment involving 966 cows at 9 
locations, reported that monensin increased FE from 
1.50 to 1.56 when fed at rates between 0 to 321 mg/cow 
per day. The 0.06 unit change in FE due to monensin 
was only 40% of the response seen in our study with the 
addition dietary K and Ca to the CS diet.

Both the dietary RDP percentage (Table 1) and the 
MUN concentration (Table 2) were lowest in the CS 
diet, suggesting that inadequate RDP for maximal 
microbial fermentation might be a factor contributing 
to differences in FE. However, after accounting for dif-

ferences in DMI, calculated total intakes of RDP were 
2,435, 2,138, and 2,070 g/d in the AHCS, CS, and 
CS-DCAD treatments, respectively (Table 2). In fact, 
the lowest RDP intake was actually in the treatment 
with the highest FE. Also, the observed MUN in this 
study were 12.8, 12.4, and 13.7 for the AHCS, CS, and 
CS-DCAD treatments, respectively. These values are 
greater than the target MUN concentrations of 8 to 12 
mg/dL suggested by Kohn et al. (2002) after adjusting 
for BW and more importantly, analytical errors with 
early MUN analysis in the DHIA system. Finally, more 
recent work by Kalscheur et al. (2006), where RUP was 
held almost constant, showed no improvement in FE 
when diet RDP exceeded 9.6% of DM, the lowest diet 
concentration (CS diet) in the present study. Therefore, 
we do not believe that the observed FE response in the 
CS-DCAD diet was a function of inadequate RDP in 
the AHCS and CS diets.

In a meta-analysis of published work on DCAD ef-
fects in diets fed lactating dairy cows, Hu and Murphy 
(2004) estimated that dietary DCAD of 340, 490, and 
400 mEq/kg of DM were required to maximize milk 
production, 4% FCM, and DMI, respectively. The 
maximal DCAD in our study was in the CS-DCAD 
treatment (336 mEq/kg of DM), which was near the 
suggested maximal DCAD response for milk yield but 
well below the concentrations suggested by Hu and 
Murphy (2004) for maximum 4% FCM milk yield and 
DMI (Hu and Murphy, 2004). Unfortunately, Hu and 
Murphy (2004) did not calculate FE in their meta-
analysis, which precluded us from comparing our FE 
results with that study.

Although both Na and K were lower in the CS diet 
compared with the CS-DCAD diet, the largest differ-
ences were in K (1.18% vs. 1.41%), which also had the 
greatest effect on dietary DCAD, increasing it from 
251 to 336 mEq/kg of diet DM. Mooney and Allen 
(2007) compared FE responses using NaHCO3 and 
K2CO3 to increase DCAD from 251 to 367 and 348 
mEq/kg, respectively. They showed 0.06- and 0.08-unit 
increases in FE with NaHCO3 and K2CO3 but no ef-
fect of increasing dietary Na or K by the same amount 
with added NaCl or KCl, supplements that would not 
change DCAD. Similarly, calculated FE from treatment 
means published by Wildman et al. (2007) show a 0.10-
unit increase in FE by increasing dietary Na from 0.25 
to 0.51% and K from 1.05% to 1.56% of diet DM by 
adding 0.97% NaHCO3 and 0.97% K2CO3, respectively, 
to the diet. Thus, the improvement of FE in the pres-
ent experiment with increased dietary K and DCAD is 
consistent with results of other recent experiments.

An underlying question with improved FE with 
added dietary K or the indirect effect of dietary K 
on DCAD is why such a response would occur. The 
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minimum required dietary concentrations for lactating 
sows, laying hens, lactating beef cattle, and lactating 
dairy cattle are 0.18, 0.10, 0.15, and 0.15%, respective-
ly, for Na; 0.12, 0.11, 0.08, and 0.25%, respectively, for 
Cl; and 0.20, 0.25, 0.80, and 1.25%, respectively, for K 
(NRC, 1998, 1994, 1996, 2001, respectively). Although 
Na and Cl requirements are similar between species, K 
requirements are much higher in beef and dairy cattle 
than in poultry and swine. Theoretically, the underly-
ing mineral metabolism and physiology among these 
species would be expected to be similar. However, ma-
jor differences exist between species in their digestive 
physiology, with swine and poultry being monogastrics 
and beef and dairy cattle being ruminant animals. Ru-
minants employ bacterial fermentation as a key part of 
their digestion processes. Perhaps, the much greater K 
requirement and, in turn, the greater DCAD is required 
for maximal bacterial fermentation rather than as a 
direct physiological need of the cow? Dietary buffers 
(Erdman, 1988) have been shown to increase rumen pH 
and alter rumen VFA patterns, and addition of dietary 
NaHCO3 was shown to increase digestibility in early 
lactation dairy cows (Erdman et al., 1982). Although 
we did not measure changes in rumen fermentation or 
digestibility in this study, enhanced rumen fermentation 
and increased diet digestibility would explain the large 
increases in FE found in this and other experiments.
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