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Alfalfa Hay: Evaluating its Quality by Performance 

of Dairy Animals and Laboratory Procedures 

J. D. Donker and G. C. Marten 

Dairymen know that forage quality may affect rates 
and efficiencies of growth and milk production, repro
duction, disease resistance, and longevity. Performance 
often is limited by energy intake. Accurate evaluation 
of forage energy content makes it possible to supple
ment forage adequately. 

To evaluate forage from an energy standpoint, we 
must consider the variation in: 1 ) how much an animal 
will consume over time, 2) energy digestibility, and 3) 
the efficiency of utilization of digestible energy. Forage 
composition affects all factors, and there are numerous 
interrelationships. Animals differ genetically in their abil
ities to consume forage and use its energy, but these 
differences will not be considered here. 

Even though feed intake is easily measured, it is 
difficult to predict from feed composition. Digestibility 
of forage energy can be measured directly by conducting 
a digestion trial, but often it is estimated from known 
relationships between digestibility and chemical com
position of the feed or its loss of dry matter ( DM) by 
fermentation in vitro. The simplest measures of energy 
availability are apparent digestibilities of DM ( DDM), 
organic matter (DOM), or energy (DE). All are de
termined more easily than total digestible nutrients 
( TDN), but all are correlated highly with TDN. Here
after, when "digestibility" is used, apparent digestibility 
is implied. 

The TDN determination is based on the proximate 
analysis, which gives a simple chemical breakdown of 
the feedstuff that may relate to its quality rating. Un
fortunately, parts of this chemical partition of the con
stituents are seriously lacking a logical relationship with 
utilization. Therefore, Van Soest has proposed a sub
stitute method of feed analysis that has a logical re
lationship to digestible energy content. He separates 
plant components into cell walls and cell contents. The 
degree of lignification of the cell walls is highly related 
to the digestibility of their energy or DM. 

It appears that digestibility of energy may be pre
dicted quite reliably by use of an equation devised by 
Van Soest or a formula using the disappearance of DM 
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following a fermentation by rumen fluid and pepsin ( in 
vitro digestible DM) ( see table 1 footnotes). Other for
mulas dependent upon other chemical analyses are being 
developed. 

Digestion coefficients do not explain variation in 
utilization of digested energy for maintenance or pro
duction ( net energy). Formulas have been developed 
to predict estimated net energy (ENE) from TDN 
values. One can substitute DDM, DOM, or DE as other 
measures of energy digestibility for TDN in computing 
ENE. The purpose of transforming TDN to ENE is to 
have an energy unit that more strongly relates the energy 
of the ration to performance of the animal consuming 
the ration. In using feeding standards to estimate the 
energy requirements of animals, sources of energy are 
not distinguished from each other. Digestible energy 
( or TDN) from concentrates liberates more net energy 
than digestible energy from forage. Thus, in general, 
it is more meaningful to relate net energy content of 
feedstuffs to performance than to relate digestible en
ergy to performance. 

Net energy of a feedstuff varies depending upon how 
the animal uses the energy, how much feed is being 
consumed, and other factors. University of California 
animal nub·itionists have advocated using two net energy 
values for each feedstuff, i.e. one value for maintenance 
and another lower value for growth and fattening. TDN 
and ENE are in widespread use and both will be con
sidered. 

There is a great need to compare the determined 
as well as the predicted energy values of rations with 
the energy requirements of producing animals as stated 
in feeding standards. These efforts are _being . made in 
several laboratories around the world, mcludmg those 
in Minnesota, but the work is costly and proceeding 
slowly. 

In order to evaluate methods of measuring forage 
quality for milking cattle, it is ultimate~y necessa_ry. to 
relate forage quality values to product10n of m1lkmg 
cows fed different qualities of forage. 



One of the major factors affecting forage quality is 
the stage of plant maturity at the time of harvest; as 
forage matures, it declines sharply in quality. Our objec
tive was to produce differences in forage quality and to 
relate these differences to performance by dairy cattle 
consuming the forage. 

Procedure 
In each of 4 years ( 1963-1966), alfalfa hays of two 

different maturities were produced at the Agricultural 
Experiment Station at Rosemount, Minnesota, for feed
ing trials in St. Paul. Fields of Vernal alfalfa were divid
ed so that half of each field represented one of two 
different harvest stages. Early hay was harvested at the 
bud to early-bloom stage and late hay was harvested 
at full-bloom stage. Both hays were conditioned at cut
ting, baled at about 30 percent moisture, and barn dried 
with unheated air. The calendar dates for cutting varied 
from year to year. Beginning dates of first cutting for 
early hay ranged from May 27 to June 7. The late hay 
was harvested almost a month later. Second and third 
cuttings of early hay ( not always needed) were taken 
at early bloom. Second cuttings of late hay ( not always · 
needed) were taken at the full-bloom stage. During 
1967 and 1968 only early hay was produced. 

Forty yearling grade Holstein heifers were selected 
from dams that averaged more than 400 pounds of milk 
fat per animal per year. Twenty received early hay and 
20 received late hay during the 1st year. Growth, re
production, and feed consumption were measured. Milk 
production was included after lactation started. 

In the first 2 years, the two hays comprised the only 
sources of energy and protein. In the 3rd and 4th 
years, about 30 percent of the hay DM was removed 
from both hay rations and replaced with well-eared corn 
silage DM. In the 5th and 6th years, corn silage con
stituted 50 percent of the forage DM with the remainder 
coming from alfalfa hay. In the 5th year, the corn 
silage was fortified with ground corn so that 20 percent 
of the silage DM came from added corn. In the 6th 
year, corn grain was fed in proportion to the silage in 
two different ratios. For the first 150 days, it was 1 
part corn DM to 2 parts silage DM, and after 150 days, 
1 part to 3.5 parts. Hays and corn silage were fed to 
maintain the arbitrary ratios. Animals not pregnant, preg
nant out-of-phase at the end of each year, or those 
with serious health problems were replaced to keep 
animals in each of the groups calving within a few 
months (fall). 

The measurements taken on each cow included: daily 
allotments of individual feedstuffs and orts ( refused 
feedstuffs) weekly body weight, daily milk production 
and bi-weekly or monthly milk analysis for fat, solids
non-fat, and protein. Daily samples of hays and weekly 
samples of corn silage and orts were composited and 
analyzed on a group basis every 2 weeks. The values 

from successive 14-day periods were used to derive data 
for complete lactations. The forages offered and the 
orts for each period were analyzed for DM, crude pro
tein, and crude fiber. Samples of forages offered and 
orts were composited for the lactation period and were 
analyzed for neutral detergent fiber ( ND F), acid de
tergent fiber ( ADF), and lignin ( ADL). Digestible dry 
matter ( DDM) was determined by the in vitro method. 

Whenever silages and feces are dried for chemical 
analysis, as is commonly done, some of the highly digesti
ble DM is volatilized and lost. As a consequence, analy
tical values for other substances determined on the dry 
residue and recorded on a dry basis are overestimated. 
TDN or DDM coefficients may be almost correct be
cause of balanced losses in the forages and the feces. 
Furthermore, regression equations to estimate the per
cent TDN or the percent DDM of silage from analyti
cal values derived from dried samples might be useful. 
However, for the regression equation to be properly 
applied, similar methods of analysis to those employed 
by investigators doing the original work should be 
applied to forages for which one desires to apply re
gression formulas. Probably most of the analytical work 
with corn silages used in digestion trials reported in the 
literature was done on oven-dried corn silage and oven
dried feces from animals feed corn silage. For these 
reasons, corn silages were oven-dried at 80°C. for 48 
hours in preparation for analyses. If the above premise 
is sound, it would follow that to calculate energy intake, 
it would be necessary to accurately determine DM con
tent of the silage. Oven DM would not suffice. In order 
to approximate a realistic DM intake estimate, it was 
assumed that 5 percent of DM was lost in the drying 
process1 . Therefore, the DM intakes from silage (based 
on silage DM determined by oven drying) were in
creased by 5 percent. 

If we want to compare such corrected estimates of 
animal energy intakes against those needs estimated 
from feeding standards, the question arises as to how 
analyses were done in the original work on which feeding 
standards were based. It is virtually impossible to know 
because the results come from diverse sources and the 
compilers have not always kept the diverse sources se· 
parate. 

Several formulas used to predict energy content from 
forage composition were compared. The formulas and 
their sources are shown in table 1. 

Alfalfa hay yields per acre for 2-cut and 3-cut sys
tems ( representing late and early cutting, respectively) 
were obtained from small replicated plots representing 
the fields during 3 years. 

Sheep were used to determine the digestibility ol 
the DM of the hays produced during the first 4 years. 
Four sheep were used each year for each forage. During 
the adjustment period of 2 weeks, hay intake was es· 
tablished at approximately 90 percent of ad libitum in· 
take level. Collection periods were 10 days. The hays 

1 Comparison of five methods for determination of silage dry matter. Journal Dairy Sci. 54:803. 
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consumed by the sheep were valid samples of the hays 
fed to the cattle as indicated by comparative analyses, 
with one exception ( 1964); therefore, no separate table 
of analytical values is shown. The values for 1964 are 
deleted. 

If given an opportµnity, cattle selectively consume 
only a part of the total feed offered. A consequence of 
this selection is that the composition of the portions con
sumed may differ from that offered. The composition of 
the forage consumed was of greater interest in this study 
than the composition of the forage offered, and it was 
determined according to the following example: 

Ration offered:· 20 pounds material, 90 percent DM 
and 10 percent crude protein; orts from the ration: 2 
pounds material, 85 percent DM and 5 percent crude 
protein. 

Calculations : 

1) DM consumed: 
(20 X .9)-(2 X .85)=16.3 lbs. 

2) Crude protein consumed: 
(20 X .1)-(2 X .05)=1.9 lbs. 

3) Protein percentage of consumed DM: 

~ x 100 = 11.66% crude protein 
16.3 

The same procedure was employed to determine 
other constituents of consumed forages. In the case of 
crude protein and crude fiber and values derived from 
them, this procedure was employed for each cow period. 
For the other constituents, it was employed on the basis 
of feed samples and orts composited for total feeding 
periods. When combinations of feedstuffs were fed, the 

composition of each feedstuff consumed was determined 
when it was possible to designate the source of the orts. 
When this was not possible, the ration as a whole was 
considered. · 

To explain improved performance in one group com
pared to another, change in energy intake was parti
tioned into changes in consumption and availability. On 
a within-year basis, the group of animals eating the 
poorest ration was assigned a value of 100 percent for 
the intake observed and also for the availability of 
energy consumed ( ENE of ration consumed ), and the 
groups to be compared were assigned values that re
flected percentage increases of both base values. For 
each group, these two values were added together and 
then expressed as percentages of that total. These two 
percentages reflected the relative improvement in per
formance from increasing intake or increasing the ENE 
values as a result of consuming a better ration. 

Even though the manner of data collection precluded 
the possibility of an accurate and complete economic 
evaluation of forage value, some simple comparisons 
among results of feeding rations are presented. One 
method compared returns above feed costs. The follow
ing was done: 1) a period of 1 year was considered 
during which the cow milked 305 days or the record 
was extended to 305 days by USDA factors 2 if the cow 
was still lactating on the last day observed; 2) the daily 
feed consumed during the observation period was ex
tended linearly to 365 days to include the dry period; 
3) weight changes were not considered nor was a return 
from calves; and 4) the prices used were : milk, 4 cents 
per pound; early-hay DM, 1.22 cents per pound; late-

Table 1. Formulas used to predict percent TDN, percent digestible dry matter, and megacalorie (Meal) ENE per 100 pounds dry matter from analytical 
values of forages 

Unit to be Analytical values Source of 
predicted to be used Formula formula* 

% TDN of hay % crude fiber (CF) 78.7 - .8027%CF + l.142%CP + 33.33 (1) 
dry matter % crude protein (CP) 2 

% TDN corn silage % CF 77.07 - .75%CP - .07%CF (2) 
dry matter % CP 

% digestible dry % DDM 16.7 + .74% DDM in vitro (3) 
matter (DDM) in in vitro 
vivo 

% DDM in vivo % cell content (S) .98S + W(l.47 - .79 logl) - 12.9 (4) 
% cell wall constituents (W) 
Lignin as % of acid-detergent fiber (L) 

Meal ENE per 1.393 % TDN - 34.63 (5) 
100 lb DM % TDN 

• (1) Meyer, J. H., and Lofgreen, G. P. 1959. Evaluation of alfalfa hay by chemical analysis. J. Animal Sci., 18:1233. _ _ _ . ci 
(2) Adams, R. S., Moose, J. H. Keder, E. M. , and Stevens G. L. 1964. New relationships for estimating TDN content of forages from chemical composition . J. Dairy S ·• 

47
: 
146

1. - - - · - d · ·1 f t lion (3) Oh, H. K. , Baumgardt, B. N., School, J. M. 1966. Evaluation of forages in the laboratory v. comparison of chemical analysis, solub1hty tests, an in v, ro ermen a · 

J. Dairy Sci., 49:850. - I" - t t f acid detergent 
(4) Van Soest, P. J. 1965. Comparison of two different equations for prediction of digestibility from cell contents, cell-wall const1turents, and ignm con en ° 

fiber . J. Dairy Sci., 48 :815. _ _ 
(5) Moore, L. A., Irving, H. M., and Shaw, J. C. 1953. Relationship between TDN and energy values of feeds . J. Dairy Sc,., 36:93. 

2 USDA Dairy-Herd-Improvement Letters ARS-44-164, (Vol. 41, No. 6). 
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Table 2. Composition of hays and silages that were actually consumed in Table 2 continued 
trials. Means for crude protein, A.0.A.C. crude fiber, neutral· deter- Variable Year Early hay Late hay Corn silage gent fiber, acid detergent fiber, acid detergent lignin, digestibility 
in vivo estimated digestible dry matter in vivo, and estimated TDN % estimated in vivo 1963 60.4 56.6 
expressed as percentages of dry matter and ENE expressed as Meal dry matter digest- 1964 62.5 59.0 
per 100 pounds dry matter consumed ibility system 1965 58.3 51.5 59.6 

Variable Year Early hay Late hay Corn silage No. 2t 1966 55.9 52.7 66.2 
1967 57.5 63.0 

% crude protein 1963 19.5 15.5 1968 59.2 67.8 
1964 20.3 15.8 
1965 20.6 15.5 8.8 % TDNt 1963 55.6 51.7 
1966 18.7 15.3 8.7 1964 56.9 51.5 
1967 20.8 8.9 1965 54.6 48.3 68.8 
1968 20.5 8.5 1966 53.9 49.3 69.2 

1967 55.0 69.2 
% crude fiber 1963 28.9 32.7 1968 54.5 69 .2 

(A.O.A.C.) 1964 26.8 33.6 
1965 32.9 41.1 23.3 ENE Mcal / 100 1963 42.8 37.4 
1966 31.7 38.6 19.7 lbs. dry matter§ 1964 44.6 37.l 
1967 32.l 17.3 1965 41.2 32.9 61.2 
1968 33.2 22.l 1966 40.5 34.0 61.7 

1967 42.0 61.7 
% neutral deter- 1963 42.0 47.9 1968 41.3 61.8 
gent fiber (N OF) 1964 38.4 44.5 • Based on formula 3, table 1. 
or (CWC) 1965 46.6 55.5 54.3 t Based on formula 4, table 1. 

1966 47.6 53.8 43.5 * Based on formulas I and 2, table 1. 
§ Based on formulas I, 2, and 5, table 1. 

1967 50.6 53.0 
1968 44.7 55.9 hay DM, .83 cents per pound; com silage DM, 1.83 

% acid detergent 1963 34.0 38.9 
cents per pound; and com grain DM, 2.75 cents per 

fiber (ADF) 1964 30.5 35.0 pound. 

1965 39.0 45.6 29.0 A second method of evaluating the difference in 
1966 39.8 44.8 27.0 value between early and late hays was used. It was 
1967 37.9 20.5 assumed that any two rations of hay and concentrates 
1968 36.8 25.8 would be equal in value when their crude fiber con-

% acid detergent 1963 6.9 8.2 
tents were equal. More concentrates would be required 
to formulate a ration with a desirably low crude fiber 

lignin as % of 1964 6.1 7.1 
content from late hay than from early hay. Using the dry matter (AOL) 1965 7.5 10.0 4.3 

1966 8.7 9.6 3.5 prices recorded fo:r early hay and com, the value of 
1967 6.9 2.6 late hay was calculated. Following this, the difference 
1968 7.3 2.4 in the values of the two hays was assigned to the dif-

Acid detergent 1963 20.3 21.1 
ference in crude fiber levels of the two hays to arrive 
at a change in value per unit of crude fiber. 

lignin as % of 1964 20.0 20.3 The methods employed to evaluate forage assay tech-ADF 1965 19.8 22.2 14.8 
1966 21.8 21.4 13.0 niques are outlined just prior to results in that section 
1967 18.3 12.7 of this bulletin. 
1968 19.9 9.3 

% in vivo digest- 1963 57.9 55.4 Results and Discussion 
ibility of dry 1965 58.5 49.4 

The values for various chemical constituents and matter by sheep 1966 56.7 46.5 
the derived energy values of the consumed forages dur· 

% in vivo digest- 1963 64.5 59.8 ing each of the 6 years are outlined in table 2. It is 
ibility of dry 1964 65.2 64.3 apparent that early and late hays varied from year to 
matter by Tilley 1965 63.3 56.l 75.3 year, even though effort was made to cut them at the 
& Terry method 1966 65.8 59.6 75.7 same stages of development. Each year early hay· wa1 
(DOM) 1967 63.8 78.8 definitely higher in protein and energy and lower ir 1968 65.5 71.6 

fiber and lignin than late hay. The late hays of 1961 

% estimated in 1963 64.4 60.9 and 1964 were essentially of equal fiber content to earl} 
vivo dry matter 1964 64.9 64.3 hays prepared after 1964. It would be possible to dif. 
digestibility 1965 63.5 58.l 72.4 ferentiate early hay from late hay by use of any of tfo 
system No. 1 * 1966 65.4 60.6 72.0 criteria presented in table 2; the relative values of tb1 

1967 63.9 75.0 various laboratory assays used to predict animal r~ 1968 65.2 69.7 
sponse will be discussed later. The least difference b~ 
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tween early and late hays was seen in ADL expressed 
as a percentage of ADF. 

Hay yields are presented in table 3. The early hay 
yielded an average of about 0.2 ton DM per acre more 
than late hay. While yields under early cutting were 
only 5 percent higher than those under late cutting, 
early cutting provided 16 percent more TDN and 26 
percent more ENE per acre than late cutting. The pro
duction per acre of other constituents can be calculated 
by multiplying the relevant values in table 3 ( quantity 
of DM) with values in table 2 ( concentration per unit 
of DM). 

Table 3. Yields of dry matter· of Vernal alfalfa harvested as late-cut (2-cut 
system vs. early-cut (3-cut system) hay at Rosemount, Minnesota 

Tons dry matter per acre 

Year Early-cut Late-cut 

1963 4.68 4.63 
1964 3.48 3.25 
1965 5.03 4.70 

Average 4.40 4.19 

1963 heifer growth results 
The early and late hays were fed to yearling Holstein 

heifers in 1963. The animals fed the early hay weighed 
about 75 pounds or 7.6 percent more (1,060 vs. 985) 
at the end of the year ( 4 days after calving). At the 
initiation of the trial, the early-hay group ate more, and 
this allowed them to spurt ahead in growth. After a 
few months, intake per unit weight was similar for both 
groups, and gains in weight were only slightly higher 
for those fed early hay. The overall difference in rate 
of gain ( .2 pounds per day) was statistically significant 
(P<.001). The average daily hay consumption was 22.8 
pounds for early hay and 21.5 pounds for late hay. This 
was a 6 percent greater intake for heifers fed early hay. 
There was no difference between groups in skeletal 
growth as measured by height at the withers. 

The average amounts of both hays produced per acre 
per year ( table 3) corresponded almost exactly to the 
amounts consumed by heifers being fed similar hays 
over the same period. 

It is doubtful that the 7.6 percent greater weight per 
heifer fed early hay led to an economic advantage for 
this system, when heifer gain was the only measure of 
profit. The 5 percent greater DM yield per acre ( aver
age of 3 years) with three cuttings as opposed to two 
( table 3) was needed to provide the 6 percent greater 
intake by heifers fed early ( three cuttings) alfalfa. Con
sidering that this system was more expensive ( the cost 
of harvesting three cuttings of hay is greater than that 
of two cuttings), a significant difference in economic 
return from the two systems most likely did not occur 
at this point. This especially would be true if the value 

•USDA Dairy-Herd-Improvement Letter ARS-44-188 (Vol. 43, No. 1). 
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of 0e heifers could be considered only directly pro
po~honal _to their ending weights. Perhaps the extra 
weight gamed should be considered at a premium value 
T~ose h~ifer~ fed e~rly hay started out producing mor~ 
milk ( th~s will be ~iscussed in the next section) . 

Yearling Holstem heifers grew satisfactorily when fed 
only alfalfa hay of the quality represented by the late-cut 
system in 1963. This ration allowed the heifers to freshen 
at the desired 24 months of age, and reproductive per
formance was not impaired. However, calves from heifers 
fed early hay were heavier than those fed late hay. Male 
calves weighed 82 pounds vs. 78 pounds and females 
weighed 74 pounds vs. 67 pounds from heifers fed early 
hay vs. late hay, respectively. 

Lactation 

The first question to consider is, did the heifers fed 
early rather than late hay during growth and develop
ment produce more milk after freshening? The answer 
is a qualified "yes." During the first 14-week period in 
lactation, those animals that continued on early hay pro
duced 4.1 pounds more milk per day than those switch
ed from late to early hay. Also, those switched from 
early to late hay produced 4.2 pounds more milk per 
day than those fed late hay continuously. These dif
ferences were statistically significant ( P < .05). Over the 
total lactation, the trends were still apparent ( 0.8 pound 
milk per cow per day) but were not statistically sig
nificant. Efficiency of milk produced followed the same 
trend but milk composition showed no carryover effect. 

Those fed early hay as growing heifers still main
tained a weight advantage of 46 pounds at the end of 
the first lactation, irrespective of hay fed as a milking 
cow. At the end of the first lactation, those fed early 
hay for 2 years weighed 92 pounds more than those 
fed late hay over the same period. Those that had 
switched hays were almost identical in weight and directly 
between the extremes. 

Because the ages of milking cattle varied somewhat 
within and between years, milk production was express
ed as lactational yields ( 305 days) of 4 percent fat
corrected milk ( FCM) on a mature-equivalent (ME) 
basis. We used USDA factors 3 to accomplish this. These 
values are shown in table 4. Cows fed only early hay 
produced considerably more milk than cows fed only 
late hay. These differences were 2,953, 5,496, and 4,091 
pounds, in 1964, 1965, and 1966 respectively. The var
iation in differences was largely explained by differ
ences in the qualities of the two hays being fed each 
year ( table 2). The greater content of energy in the 
early hay, as well as greater intake, accounted for the 
improved production ( table 4.). 

The replacement of alfalfa hay with corn silage re
sulted in increased production. This increase depended 
both on the quality of the hay displaced and on the 
proportion displaced. When silage made up about 30 



Table 4. Average mature equivalent (ME) 4 percent fat-corrected milk (FCM) per lactation, daily intakes of ration ingredients and energy, and estimates 
of returns above feed costs by years 

Daily intakes of ingredients (dry) Energy intake 
Returns above 

Year 
M.E. 305-day FCM 

Ration milk yield* alfalfa hay corn silaget corn total TDN ENEt feed costs§ 

............................ . lbs./cow . ...... ....... ...... .. .... . . .. . . .................. . .... . . $/ year /cow 

1964 

1965 

1966 

1967 

1968 

Early hay (EH) 
Late hay (LH) 

EH 
LH 
EH & silage 
LH & silage 

EH 
LH 
EH & silage 
LH & silage 

EH & silage 

EH & silage 

10,244 35.2 
7,291 30.8 

9,003 38.8 
3,507 25.6 

10,167 24.6 
6,772 19.0 

9,265 39.7 
5,174 30.6 

10,923 23.4 
7,929 18.2 

ll,005 17.2 

ll,774 15.9 

35.2 
30.8 

38.8 
25.6 

11.1 35.7 
10.3 29.3 

39.7 
30.6 

12.6 36.0 
11.2 29.4 

13.4 4.5 35.l 

16.2 6.6 38.7 

20.0 15.7 174 
15.9 11.4 141 

21.2 16.0 138 
12.4 11 8.4 11 43 
21.1 16.9 163 
16.3 12.6 108 

21.4 16.1 153 
15.l 10.4 91 
21.3 17.3 193 
16.7 13.l 132 

22.7 19.5 193 

25.7** 22.4** 205 

• 1964-65-projected from average of 280-day periods; 1966-average of 252-day periods; 1967-average of 193 days; 1968-average of 244 days. 
t Silage DM adjusted upwards 5% to correct for DM lost in oven drying. 
t Meal/cow/day. 
§ Actual 4% FCM projected to 305 days, intakes estimated by linear extrapolation. Prices/ lb. as follows: milk-4 cents, early hay-1.22 cents, late hay-.83 cents, corn silage 

-1.83 cents, and corn-2. 75 cents . 
II 62% of TDN or 80% of ENE respectively was required for maintenance. 

•• 36% of TDN or 37% of ENE respectively was required for maintenance. 

percent of the forage DM with late hay, the increases 
in milk were 3,265 and 2,755 pounds above yields from 
hay alone in 1965 and 1966 respectively. The increases 
were only 1,164 and 1,658 pounds when 30 percent of 
the early hay was replaced with silage. 

When the proportion of silage was increased to 50 
percent (only with early hay) in 1967 and 1968, the 
advantage in production over early hay alone averaged 
1,885 pounds annually Contributing to this increase were 
the amounts of corn grain added in the silage in 1967 
and fed separately in 1968, but in proportion to the 
silage. 

The level of production attained by certain animals 
fed only alfalfa hay was remarkable. Four out of the 
20 heifers fed only early hay in 1964 produced in ex
cess of 10,500 pounds of milk in 305 days of lactation. 

Milk composition 

The lactational composition of milk is shown in table 
5. The fat content of the milk produced in the last third 
of the first lactation ( not shown in table 5) was affected 
by the hay consumed. Milk of cows fed late alfalfa both 
in 1963 and 1964 ( LH, LH group) contained 3.5 percent 
fat contrasted to an average of 3.9 percent for the other 
three groups (P< .05). Total solids content of the milk 
for the group fed late hay for 2 years was 11.9 percent 
throughout lactation, compared to an average of 12.5 
percent for the other three groups. The group fed late 
hay as cows but early hay as heifers tended to have 
higher milk total solids contents than the group fed late 
hay both years but lower than the two groups fed early 
hay as cows. The severe reduction in milk production 
of the late-hay group in 1965 caused the butterfat con-
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tent of the milk to be elevated, but the solids-not-fat 
content was low. The addition of silage to late hay in 
1965 caused both fat content and SNF to be low. The 
groups fed early hay in 1965 produced milk of nonnal 
composition. Milk composition was similar and nonnal 
among the groups in 1966 and after. 

Table 5. Milk composition: mean percentages of milkfat, solids-not-fa! 
(SNF), and protein 

Year 

1964 

1965 

1966 

1967 

1968 

Ration* 

EH,EH 
LH, EH 
LH, LH 
EH,LH 

EH 
LH 
EH and S 
LH and S 

EH. 
LH 
EH and S 
LH and S 

EH and S 

EH and S 

Fat 

. ...... . ... 
3.6 
3.8 
3.5 
3.8 

3.7 
4.1 
3.7 
3.4 

3.8 
3.8 
4.0 
3.8 

3.9 

4.1 

SNF Protein 

percent ... . . ...... 
8.7 3.6 
8.8 3.7 
8.4 3.3 
8.4 3.4 

8.6 3.4 
8.0 3.3 
8.5 3.3 
8.1 3.1 

8.0 3.3 
8.0 3.2 
8.1 3.4 
8.1 3.3 

8.1 3.1 

8.4 3.4 

• EH, L~, ~nd .s ~ignify early hay, late hay, and silage respectively. In 1964, the (in 
abbrev1at1on md1cates hay fed before lactation, the second hay fed during Ja ctat101 

Reproductive performance of cows 

There were no differnces in conception rates due tc 
hays in 1964. Male calves at birth weighed 90 pound 



and females 81 pounds from late-hay cows while calves 
of early-hay cows weighed 81 and 75 pounds, respec
tively, for males and females. However, these differ
ences probably were not directly attributable to the 
quality of hay feed during lactation. Because lactation 
was suppressed by late hay, these animals may have 
had relatively more energy available for other body func
tions subsequent to the reduction of milk yield, e.g. 
the late-hay cows gained as much weight as the early
hay cows after the first third of the lactation. 

In 1965, reproductive function was arrested for sev
eral months after calving in those cows fed only late 
hay. Some of these animals manifested estrus when ex
pected after calving: but then ceased cycling for several 
months. By this time the cows essentially were dry. The 
other groups in 1965 and subsequent years functioned 
normally from a reproductive standpoint. 

Intake of feedstuffs and energy 

Intakes of ration ingredients, DM totals, and energy 
per cow are listed in table 4. Because cows varied in size 
( mainly due to age differences) within and between 
groups, intakes also were expressed per 100 pounds 
weight of the animals ( table 6). When "percent" is used 
in this discussion, it means pounds of intake daily per 
100 pounds of live weight of animal. 

Table 6. Intakes of dry matter, TON, and ENE of cows fed various rations 
expressed as units per hundred pounds live weight 

Daily intake per hundred pounds live weight 

Year Ration Dry matter TDN ENE 

. . . . . . . pound Meal 
1964 Early hay 3.23 (9)* 1.83 (9) 1.44 (8) 

Late hay 2.93 (7) 1.51 (4) 1.08 (3) 
1965 Early hay 3.43 (12) 1.87 (10) 1.41 (7) 

Late hay 2.35 (1) 1.14 (1) 0.77 (1) 
Early hay & silage 3.07 (8) 1.81 (7) 1.45 (9) 
Late hay & silage 2.68 (2) 1.49 (3) 1.15 (4) 

1966 Early hay 3.31 (11) 1.78 (6) 1.34 (6) 
Late hay 2.80 (4) 1.38 (2) 0.95 (2) 
Early hay & silage 3.30 (10) 1.95 (12) 1.59 (11) 
Late hay & silage 2.79 (3) 1.58 (5) 1.24 (5) 

1967 Early hay & silage 2.81 (5) 1.82 (8) 1.56 (10) 
1968 Early hay & silage 2.87 (6) 1.91 (11) 1.66 (12) 

• Numbers in parentheses indicate rankings from lowest to highest within columns. 

An example of the importance of making this trans
position of data is seen when one compares the cows in 
1968 with the early-hay cows of 1965. The DM intakes 
per cow essentially were the same ( table 4), but because 
the 1968 cows were larger, their intake per unit weight 
was considerably less (2.87. vs. 3.43 percent; table 6). 

The consumption of early hay alone ranged between 
3.23 and 3.43 percent over the periods of observation. 
These amounts were significantly ( P < .05) higher than 
amounts of late hay, which ranged between 2.35 and 
2.93 percent. Consumption of late hay in 1965 was con
siderably less than in the other 2 years it was used. The 
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consumption pattern of this group of cows was unusual 
because consumption did not increase as lactation pro
gressed. A progressive increase in DM intake for a 
period of 8 to 12 weeks after calving is common and 
was noted in all groups except for the one noted above. 
The reason for the low intake of late hay in 1965 will be 
discussed in later sections. 

It is quite clear that satisfaction of energy needs 
was not the factor that limited intake of DM by cows 
eating late hay. 

When silage replaced part of the hay, DM intakes 
were sometimes different from all-hay rations. In 1965 
when the late hay was combined with silage, more total 
DM was consumed ( 2.35 vs. 2.68 percent). On the other 
hanci, DM intake decreased from 3.43 to 3.07 percent 
when silage displaced early hay. In this group ( early 
hay and silage, 1965), the DM intake immediately after 
calving was lower than the 1965 late-hay group; but 
in contrast to that group, consumption increased ma
terially as the lactation progressed. There is no good 
explanation for this low initial intake, although there 
is the possibility that it was inadvertently imposed upon 
this · group by holding arts to quite a low level ( 5 per
cent). In 1966, there did not appear to be an effect on .. 
DM intake caused by substitution of silage DM for hay 
DM. In 1966, the arts were allowed to be about 2 per
cent higher than in 1965. Replacement of 50 percent 
of the early hay DM with silage in 1967 and 1968 caused 
lower total intake than when early hay was fed alone 
in previous years. 

The effect of using silage with hay had a variable 
effect on energy intake depending on hay quality, pro
portion of silage substituted, and kind of unit in which 
energy was expressed. When early hay was displaced, 
TDN . intake per unit weight increased with one ex
ception ( 1965), and the increase was greater as more 
hay was displaced. When late hay was displaced with 
silage, TDN intake increased in both 1965 and 1966. 
ENE intake increased in each case when early hay was 
displaced. ENE intake was largest when 50 percent of 
hay DM was displaced and the largest quantity of com 
was used ( 1968). When late hay was displaced, ENE 
intakes increased more than when early hay was dis
placed, but the total intakes of energy from late hay
silage rations were significantly less ( P < .05) than those 
of early hay-silage rations. 

The reduced intake of DM by the substitution of 
silage for early hay in 1965 suggests that satisfaction ?f 
energy requirements had limited intake. However, m 
each of the following 3 years in which silage and early 
hay were used, mature-equivalent production was in
creased, indicating that energy requirements in 1965 
and the subsequent 2 years had not been met. The 
implication is that in 1965 especially, but also in 1966 
and 1967 animals did not eat enough ration to meet 
energy r~quirements at the beginning of t~e lactatio~. 
This caused lactation to peak below potential. Later m 
the lactation, energy needs may have regulated amounts 
consumed. The reader is reminded that in 1968, more 



concentrates were used in early lactation than the mean 
daily value recorded in table 4. These cows, therefore, 
had a better opportunity to achieve high production 
than earlier groups. 

Energy intake was less among groups consuming 
late-hay than among early-hay groups. Therefore, energy 
intake among late-hay groups was limited by some fac
tor(s) other than satisfaction of enery needs, at least 
initial needs. Those fed silage consumed more energy 
than hay-only groups, and energy intake kept increasing 
as more silage or more corn was introduced into the 
rations. Maximum intake was achieved in 1968. Using 
that year as a standard, no other ration intake satisfied 
the energy requirement; therefore, some factor other 
than energy satisfaction must have been operating. The 
question of "gut capacity" as a factor limiting energy 
intake is considered in the following section. 

Fecal output of DM 
Although there will be further discussion of factors af

fecting intake in a subsequent section, it seems pertinent 
at this point to relate fecal DM output to the DM and 
energy intakes just discussed. Fecal DM output may 
be a good reflection of gut capacity in forage-fed cattle. 
Estimates of fecal DM output per 100 pounds of body ' 
weight are shown in table 7. These values only can be 
considered approximations and were not analyzed for 
variance. Nevertheless, the mean values for groups fed 
differently provide some interesting values for consider
ation. 

Table 7. Estimates of daily fecal output of dry matter* expressed as a 
percentage of live weight of cattle eating two qualities of alfalfa 
hay alone or with corn silage 

Ration 

Year Early hay Late hay 

1963 1.16 1.21 
1964 1.40 1.42 
1965 1.50 1.21 
1966 1.53 1.42 
1967t 
1968 
• Difference between dry matter intake and TON intake. 
t Also included some concentrates. 

Early hay Late hay 
& silage & silage 

1.26 1.19 
1.35 1.21 
0.99 
0.96 

The output by the yearling heifers was considerably 
lower than that of milking cows fed only hay, except for 
cows fed late hay in 1965. The heifer data suggest 
that heifers fed late hay ate to their gut capacity and 
heifers fed early hay ate to satisfy energy needs. After 
calving, fecal DM output increased materially but the 
change from heifer pattern to cow pattern took several 
months to become fully established. This same pattern 
of consuming increased amounts of DM following cal
ving is seen after each calving but the increase was 
most striking in first-calf heifers. It would appear that 
"gut capacity" is dependent upon energy needs but that 
adjustments in response to increased needs such as milk 
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production take considerable time to be implemented. 
In most yearly comparisons, the fecal output of late-hay
only animals was similar to early-hay-only animals ( table 
7). This suggests that both groups were eating to gut 
capacity and this capacity limited energy intake. How
ever, for the animals eating only late hay in 1965, fecal 
output was 1.21 pounds of dry matter per 100 pounds 
of body weight while for the animals fed early hay, it 
was 1.50 pounds. There appeared to be a factor(s) other 
than amount of undigested bulk that limited intake of 
the late hay in 1965. In that year, the late hay was 
musty and quite coarse. It is our opinion that the hay 
was unpalatable and that this factor contributed greatly 
to its poor intake. There is also the possibility that it may 
have contained mycotoxins which reacted upon the sys
tem to cause decreased appetite. 

Cows fed silage generally produced less fecal DM 
than their counterpart cows fed hay only. The one ex
ception was cows fed late hay in 1965 compared to 
their counterparts fed silage. As already explained, these 
groups may have been unusual. Fecal DM decreased 
as the ration energy concentration increased with ad
ditions of either silage or corn. Thus, in 1968, energy 
intake was highest and fecal DM output was lowest. 

Animals fed silage may have produced less fecal DM 
because energy needs had been met, so it was not ne
cessary to eat to gut capacity. The question may be 
raised, "Why did other groups fed silage not then pro
duce as much milk as the 1968 group?" It seems pro
bable that gut capacity limited energy intake at the 
time the lactation pattern was being established. As a 
consequence, production was lowered, energy needs 
were lowered, and gut capacity thereafter was not 
limiting. 

Relationship of animal performance to variations in feed DM 
intake and availability of energy in the feed consumed 

To explain why animal performance is better on high 
quality forage than on poor quality forage, one must ex
amine simultaneously changes in intake of feed and 
availability of its energy. When considering cattle fed 
forage, one usually finds a positive relationship between 
feed intake and digestibility ( or availability) of energy. 
However, this is not always true, especially if energy re
quirements are modest. Therefore, it was of interest to 
determine what happened to intake and availability of 
energy ( as expressed by ENE values) in the various 
comparisons on a yearly basis. 

Table 8 shows the percentage changes in intake and 
availability of energy when animals were fed rations 
better than the poorest ration in each of 4 years . The 
proportion of the increased performance resulting from 
the better alfalfa ( or mixture of alfalfa and corn silage) 
related to increases in intake varied widely, but in gen· 
eral was smaller than the proportion attributed to in· 
creased availability of_ the energy of the consumed feeds. 

The most notable exception was in 1965; hay DM 
intake increased 52 percent while energy availability 



only improved 25 percent when early hay was compared 
to late hay. It may be inferred, therefore, that increased 
intake was twice as important as increased availability 
of energy in explaining why milk production increased 
from 3,507 to 9,003 pounds FCM in 1965 ( table 4). 

Table 8. Partition of improved performance between increased feed intake 
and increased ENE of-feed when animals ate higher quality forage 

% improvement 
Performance % increase in 

Year criteria performance Intake 

1963 Weight gain 16* . 6 (.30)t 
1964 Milk production & 

weight gain • 39 and 112* 14 (.41) 
1965 Milk production 93:j: 13 (.33) 

157* 52 (.67) 
185§ 38 (.47) 

1966 Milk production 41:j: -5 (-.17) 
78* 30 (.54) 

105§ 16 (.25) 

• Early hay only compared to late hay only. 
t Proportion of two percentages added together in parentheses. * Late hay and si lage compared to late hay only. 
§ Early hay and s ilage compared to late hay only. 

ENE 

14 (.70) 

20 (.59) 
27 (.67) 
25 (.33) 
43 (.53) 
34 (1.17) 
26 (.46) 
48 (.75) 

Several factors govern how much feed an animal 
eats. If the energy needs are met, a chemostatic mech
anism generally signals the animal to stop eating. On 
the other hand, the physical capacity may be reached 
before energy needs are satisfied. In both cases, neural 
signals reach the appetite center in the hypothalamus 
of the cow's brain to signal the animal to stop eating. 
Also, if the material is unpleasant to the taste or the 
smell, the animal may not eat enough to reach either 
gut capacity or energy balance. This latter situation 
seems to describe the situation in 1965 of dairy cattle 
eating late hay. The groups eating early and late hays 
originally should have had equal energy needs and equal 
feed handling capacities. Because the groups fed late 
hay did not eat enough to meet energy demands, per
formance declined and subsequently their need for en
ergy also declined. 

In general, a dairy animal eats to satisfy energy needs 
if gut capacity does not become limiting. When energy 
needs are not satisfied, the animal eats to gut capacity 
unless there are other -interfering factors. Such factors 
could include sickness, heat stress, excitement, fear, un
palatability, or imbalance among certain nutrients of the 
ration. 

At this time there is no reliable way to estimate, on 
a quantitive basis, how much of a given ration will be 
consumed from measurements used to estimate forage 
quality. This is an area of research demanding much 
attention, as it is one of the major factors causing large 
error variance in equations relating forage quality to 
animal performance. Insofar as accurate estimates of 
iµtake cannot be made from forage analyses, it is im
portant to measure intakes directly. There is some ques
tion as to how to report intake values to remove as much 
variation from animal source as possible, in order to 
have smaller error variance in making comparisons be-

tween rations. Reporting consumption per unit weight 
of animal is recommended. Some workers favor a direct 
or linear relationship between intake and weight while 
othe~s advocate th~t intake be related to some expo
nential power of weight. Weight to ¾ power is most often 
the weight unit used and is termed "metabolic body size." 

In 1963, as the heifers grew, ration DM intake ( ex
pressed as a percentage of body weight) decreased sig
nificantly with time, and the decrease was faster among 
those animals eating early hay rather than late hay. How
ever, the two hay groups did not differ in mean DM 
intakes when they were expressed as a percentage of 
body weights. If intake was expressed in terms of weight 
to the ¾ power, the early-hay animals did not change 
with time while those on late hay increased. It is sug
gested that intake be expressed simply as percentage 
of body weight among animals of different weights, as 
was done in this report. 

Economic considerations of ration differences 
attributed to differences in quality 

Ultimately, forage or ration quality must be expressed 
in economic terms. It was possible to calculate returns 
above feed costs when specific, but arbitrary, values 
were assigned to the feedstuffs used. A discussion of 
the real costs of the feedstuffs used could constitute an
other article. Futhermore, we will make no attempt to 

. determine returns per acre, although a rough approx
imation of this would be possible for the two kinds of 
alfalfa hay produced. 

Returns above feed costs are outlined in table 4 
These values ranged from $43 per cow per year on 
late hay in 1965 to $205 for cows eating the 1968 rations . 
There is a very high positive relationship between ENE 
intake and return over feed cost because of the impor
tant relationship between energy intake and milk pro
duction. At lower levels of production, the conversion 
efficiency of feed to milk was poor. The last two foot
notes to table 4 clearly define these relationships. With 
low intake of feed energy, most of the energy is needed 
for maintenance and little is available for milk; there
fore, net returns are very small. Highest economic re
turn is not always associated with highest energy intake 
or maximum milk output. The price of high-energy feed
stuffs could be high enough relative to low-energy feed
stuffs so that it would be more profitable to feed the 
lower cost source of energy even if milk output is re
duced. 

In addition to the very low return from milk over 
feed costs of the cows fed late hay in 1965, the cows 
themselves were lost for future use because they failed 
to reproduce. . 

It was possible to calculate the effect of mcreased 
crude fiber content of hay on the value of the hay as 
a ration component. In order to formulate two rations 
that contained, as an arbitrary selection, 15 percent crude 
fiber ( dry basis), the following percentages of feedstuffs 
were required: 
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Early-hay ration 
55.9% early hay (with 25% crude fiber) 

44.1 % corn (with 2.3 % crude fiber) 

Late-hay ration 
35.6% late hay (with 38% crude fiber) 

64.4 % corn (with 2.3 % crude fiber) 

One hundred pounds of the early-hay ration would 
cost $1.89 using the prices listed previoulsy for early 
hay and corn. In the late-hay ration, corn would cost 
$1.77 leaving a value of $0.12 for 35.6 pounds of hay 
( .34 cents per pound or $6.80 per ton in contrast to $24.40 
per ton of early hay). This difference in value is attrib
uted to the difference in crude fiber content, namely 13 
percentage units or $1.35 per ton per unit change in 
crude fiber content. The value of the per unit change 
in fiber is dependent upon the prices assigned to the 
early hay and corn. These data only illustrate the sys
tem. Other values could be inserted to derive other val
ues. In addition to the increase in crude fiber content 
in late hay, the late hay would have had a lower pro
tein content and the concentrate used to supplement 
it would most likely need additional protein. This would 
raise the cost of the concentrate above the $1.77 listed 
previously, thus lowering even further the value of the 
late hay. 

Another approach to making an economic assessment 
of ration differences would be to relate values of criteria 
that reflect the forage or ration quality to milk pro
duction. The relationship between these quality criteria 
per se and milk production will be discussed in a sub
sequent section. Crude fiber will be used as an example 
here because it was the quality criterion best related 
to milk production in these trials . As the fiber content 
of the ration increased, milk production decreased. For 
every percentage unit increase in fiber, the lactational 
yield of milk decreased 460 pounds FCM. This repre
sents a yearly decrease of $18.40 per cow per percentage 
unit increase in ration crude fiber. The nonfeed cost 
of producing milk in Minnesota is approximately $285 
per cow per year. This amount could be subtracted 
from the return from milk to arrive at an income that 
reflected the value of the ration fed to any given cow. 
One could derive the value per unit weight of ration 
used and the per unit value of change of any quality 
criterion to be considered. 

Cows consuming rations in which the DM contained 
23.5 percent crude fiber produced 12,195 pounds FCM 
worth $202.80 in excess of the $285 noted above. Such 
cows consumed 7.019 tons of DM. The ration DM was 
therefore worth $28.93 per ton. On the other hand, cows 
consuming ration DM that contained 41.1 percent CF 
only produced 4,141 pounds FCM and this was $119.36 
short of paying the $285 fixed cost. These cows consumed 
6.358 tons of DM. Each ton of DM would have a nega
tive value of $18.79. The difference in value of a ton of 
DM from these two rations would be $47.72 and the dif
ference in crude fiber contents was 17.6 percentage 
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units. Therefore, each unit change in fiber content was 
worth $2.71 per ton of ration. 

The change in value of forages ( or rations) related 
to differences in crude fiber content would differ de
pending upon the approach used, and was dependent 
upon fixed costs and the various prices used for milk 
sold. Nevertheless, it is very clear that rations fed to 
good dairy cows are worth between $1 and $3 more 
per ton for each percentage unit decrease in crude 
fiber. 

Evaluating forage evaluation techniques 

An important reason for conducting the feeding trials 
with the early and late alfalfa hays was to devise better 
ways of evaluating forages used by dairy cattle. This 
raises two key questions: 1) What should an ideal 
forage evaluation technique disclose about a forage? 
2) What is involved in developing an ideal forage eval
uation technique? A direct answer to the first question 
would be that an ideal forage evaluation technique 
should perdict accurately how an animal or a group of 
animals would produce when fed a specific forage. The 
second question requires a much more detailed answer 
because factors governing animal performance ( intake, 
digestibility, and utilization) should be partitioned and 
individually related to measurable forage characteris
tics . In other words, an ideal forage evaluation tech
nique should give information about intake potential, 
digestibility, and utility of consumed energy as well as 
overall animal performance potential. Certain forage 
characteristics often are related to all factors governing 
performance, but not to the same degree for each factor. 

It is axiomatic that it is easier to solve complex prob
lems part by part rather than as a whole. We meas
ured intake and assumed that intake times some "avail
ability factor" equalled animal performance. Our efforts 
were directed toward determining if certain measured 
forage characteristics accurately reflected the availabil
ity of the energy of the consumed forage. This was done 
in an indirect way. 

TDN and ENE values of the forages were the avail
ability factors generated from forage analyses. Several 
TDN and ENE values were computed for each forage 
used. The product of the availability factor and the 
DM consumed was considered a measure of the tot~ 
energy available for animal performance. An estimate 
of the energy required was calculated by use of per· 
formance data and feeding standards. If these two es 
timates, one an energy intake measurement and th1 
other an estimated energy requirement, coincided ~ 
magnitude, then one would conclude that the measur~ 
ment of energy availability had been made satisfactorily. 
The problem was to select which measure of energ) 
availability was best from among the several generated 
Once TDN or ENE estimates can be made accurately. 
then we shall turn our attention to forage factors al· 
fecting intake. 



The system that best estimated energy availability 
was selected as follows: 

I) In each feeding period for each animal, forage 
DM intake was measured. 

2) The values of the various estimates of energy 
availability being compared were multiplied by 
the DM intake figures. This gave several esti
mates of energy intake for each feeding period. 

3) The requirements for energy ( TDN and ENE) 
by the animal for the period in question were 
calculated from feeding standards. 

4) Each of the energy intake estimates was com
pared to the relevant energy requirement. 

5) The system giving the highest degree of concur
rence between series of the two values using dif
ferent forages ( or rations) would be the system 
to use to evaluate forage energy availability. 

It was assumed that feeding standards would furnish 
reliable data to calculate energy needs with the desired 
degree of accuracy. When this approach was used, cer
tain schemes to estimate energy availability resulted in 
energy intake estimates that were in very good con
currence with needs calculated from feeding standards. 
This was quite encouraging. Unfortunately, however, 
no .one scheme had consistently good concurrence when 
comparing both early and late hays. 

There are certain circumstances that affect how much 
energy an animal needs that are not included in feeding 
standard tables. The animal's condition ( degree of fat
ness) is one such factor. Because of the great difficulty 
of objectively measuring live animal condition, there 
is little quantitative information on how condition af
fects energy requirement. Previous Minnesota research 
showed that animals in higher condition required more 
energy than other similar animals of equal weight but 
in lower condition. Cows in this trial that ate early hay 
were in better condition than those that ate late hay. 
Thus, it could be assumed that cattle that ate early hay 
would have somewhat higher maintenance requirements 
of energy per unit weight than those that ate late hay. 

The possibility exists that energy requirements were 
not estimated accurately enough from existing feeding 
standards to evaluate the energy availability of forages 
when animals were in different states of condition. 

Table 9 illustrates the deviations from perfect con
currence as a percentage between energy intake and 
the required energy when the best system of evaluating 
early hay, from previous experience, was used. The best 
system used TDN values of the forages calculated from 
crude protein and crude fiber contents by formula I 
shown in table I ( Meyer and Lofgreen); the TDN values 
were converted to ENE values by formula 5 ( Moore 
etal.). 

Deviations of high-fiber rations from perfect con
currence were consistently larger ( all negative) than 
those of low-fiber rations. This indicated that high-fiber 
rations were undervalued or supplied more energy than 
anticipated from the analyses. 
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What probably happened was that these animals 
really ha_d lower maintenance needs than indicated from 
the ~eedmg standard. Until this can be verified, no con
clus10n. can be drawn on the adequacy of the forage 
evaluation schemes being compared. 

The vario~s types ~f analytical values of forages may 
be related directly ( smgly or in various combinations) 
to performance by regression analysis. The measure of 
performance of greatest interest in our case was milk 
production over a complete lactation. This was standard
ized on a mature equivalent basis to 305 days ( table 4). 

Table 9. Deviations from concurrence between estimates of net energy in-
take and energy requirements using the scheme that gave the 
best concurrence with early hay 

Year Ration 

1963 Early hay 

1964 
Late hay 
Early hay 

1965 
Late hay 
Early hay 
Late hay 
Early hay and silage 
Late hay and silage 

1966 Early hay 
Late hay 
Early hay and silage 
Late hay and silage 

1967 Early hay and silaget 
1968 Early hay and silaget 

• Expressed as energy intake x 100 - 100 
energy required 

t Also included some concentrates. 

Deviation* 
from concurrence 

-2.0 
-11.3 
-2.9 

-12.0 
7.0 

-2.0 
-1.0 
-7.0 
-6.0 

-11.0 
-2.0 
-6.0 

2.0 
5.0 

The forage or ration analytical values which were 
related to milk production were percent crude fiber, 
Association of Official Analytical Chemists ( A.O.A.C.) 
percent NDF, percent ADF, percent ADL, ADL as per
cent of ADF, DDM, as determined by the Tilley and 
Terry in vitro procedure, the related estimated DDM 
in vivo values from the Tilley and Terry in vitro values, 
and DDM in vivo as estimated by the summative equ
ation of Van Soest. 

Simple correlation coefficients between the various 
types of analytical values of rations and milk production 
are given in table 10. Regression coefficients also are 
presented which indicate the change in milk production 
per unit change in the forage quality measurement con
sidered. 

All coefficients in table 10 except for NDF are sta
tistically significant ( P < .01). NDF was significant at 
the 5 percent level (P<.05). Ninety-two percent of the 
variation in milk produced by these groups of cows 
was explained by the variation in crude fiber contents 
of the DM ration consumed ( r=-0.96) . This was the 
highest value recorded. Even though the entity crude 
fiber is nondescript, empirically it was highly related 
to milk production. This is not surprising, for it is known 
to be related to both forage intake and digestibility. 
DDM in vitro and estimated DDM in vivo from in vitro 
values also were excellent predictors of milk production 



Table 10. Relationships between various measurements of forage quality 
and milk production: correlation coefficients and regression co
efficients 

Measurements Regression 
related to production Correlation coefficient coefficient* 

A.O.A.C. crude fiber -0.96 -459 
Neutral detergent fiber -0.66 -322 
Acid detergent fiber -0.87 -383 
Acid detergent lignin -0.85 -1,240 
Acid detergent lignin 
as % ADF -0.70 -906 
DDMt 0.94 509 
DDMf 0.94 689 
DOM§ 0.85 592 

• Represents change in 305-day M.E. lactation yield (lbs .) per unit change in the 
measurement of forage quality used. 

t Tilley and Terry-in vitro. 
t Tilley and Terry in vitro estimates of in vivo DDM . 
§ Van Soest Summative Equation values. 

( explaining 88 percent of the variation). The Van Soest 
summative equation was somewhat inferior as a pre
dictor of milk production to the other two DDM values 
used ( table 10). 

The data are too few to condemn or get overly en
thusiastic about any system of forage evaluation. How
ever, these data do lead to the conclusion that we should 
not be hasty in discrediting crude fiber as an effective 
system by which to evaluate individual forages or com
posite rations, as long as gut capacity limits intake of 
the ration. 

General Conclusions 
The quality of alfalfa hay, from the standpoint of 

energy provided to cattle consuming it, was materially 
affected by changes in composition brought about by 
cutting at different stages of maturity. As the alfalfa 
matured, its feeding value decreased. Two factors were 
involved: 1) decreased intake by the animals, and 2) 
decreased availability of energy per unit consumed. In 
some comparisons between alfalfa hay-corn silage ra
tions, the performance of the animals was affected more 
by changes in intake than by changes in available energy. 
In general, however, the energy content per pound of 
ration exerted a greater effect on performance than did 
intake of feed. What prevailed for hay-only rations also 
prevailed for combinations of alfalfa hay and corn sil
age, in which corn silage constituted up to 50 percent 
of the DM consumed. 

In terms of past prices for hay and milk, early-cut 
hay with about 25 percent crude fiber was worth twice 
as much per ton for lactating cows as late-cut hay with 
35 percent crude fiber, if the hay was the only energy 
source used. In one comparison between late and early 
hay, the cows produced two and a half times as much 
milk when fed early hay. 

The advantage of feeding early hay to yearling heifers 
was not great, because their energy requirements for 
normal growth are not great. Holstein heifers made ade
quate gains when fed only alfalfa hay that contained 
more than 32 percent crude fiber. 
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Corn silage contained higher concentrations of energy 
than the best alfalfa hay, but it had less protein than 
the poorest alfalfa hay. Corn silage, when substituted 
for 30 to 50 percent of the DM from hay, increased 
milk production without benefit of additional protein 
in the rations. The increase was greatest when late hay 
was displaced. 

Although this work has emphasized the importance 
of improved quality of forage on milk production by 
dairy cattle, there are practical limitations to this means 
of improvement in milk production. Even with high. 
quality forages, considerably more milk and more pro. 
fits may be expected from today's high-potential dairy 
cattle by judicious supplementation of the forage ration 
with high-energy concentrate feeds. The levels of con
centrate used in 1967 and 1968 would be considered 
nominal. What the level( s) of concentrate additions 
should be for maximum economic returns when forages 
of different qualities are fed is the subject of research 
now being done. 

In general we may have confidence in the use of 
several criteria to evaluate forage quality from an energy 
standpoint. In this study, one of the older methods 
( crude fiber) appeared to be better than any of the 
newer chemical or biological methods in use. Crude 
fiber proved useful as an index of quality when the 
alfalfa was early-cut or late-cut and was fed either alone 
or in combination with up to 50 percent of the dry 
matter intake as corn silage or corn silage plus grain. 
DDM in vitro ( fermentation in rumen fluid followed 
by digestion with pepsin) was also an excellent predictor 
of milk-production potential of alfalfa hay with or with
out corn silage. 
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