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STORAGE SPACE utilization is a dominant factor in selection of pelleted, waferecl, or baled hay. Comparative sizes of each are shown here.
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ACONSIDERABLE TON NACE of baled
hay, particularly alfalfa, is trans-

ported long distances from areas where
it is produced to localities where it is
fed. Transportation costs for a bulky
feed like hay are relatively high if corn-
pared with those for farm grains and
milling by-products. Hay's bulky na-
ture results in high storage costs both
at places of production and at the
farms where it is eventually fed. Load-
ing and unloading baled hay leads to
considerable additional cost and is a
difficult job. The prospect of elimina-
ting some handling costs and hay stor-
age problems is leading to increased in-
terest in condensing hay into some sort
of pellet, briquette or biscuit, or wafer.

Pelleting of feeds and foods is not
new. Pelleted calf meals have been on
the market many years. Likewise, pd-
leted poultry feeds, and dog foods in
biscuit form have been used for some
time. During recent years a pellet made
of ground hay and concentrates has
been fed quite successfully and appar-
ently quite economically in fattening
of lambs and steers.

Separate rations required
For dairy cows in milk, it is not

logical to combine roughage and con-
centrate into one pellet because the
proportion of roughages to concen-
trates fed should vary with production
levels of the individual cows in the
herd. Consequently, for milk cows, any
feed condensing should involve rough-
ages and concentrates separately.

The type of condensing is important
because cost of production is related to
the hay processing requirement before
such condensing. if some of the usual
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hay-making costs can be eliminated or
reduced by condensing, the possibility
of an economical practice is apparent.
For example, if field cured hay can be
chopped in the field and hauled to a
forage condensing machine, elimina-
ting baling and some of the hand labor
involved, then sonic condensing costs
would be cancelled. Also, if hay can
be satisfactorily condensed without
previous grinding, further costs could
be eliminated. This introduces the pos-
sibility of using mechanical pressure
to condense chopped hays into some
satisfactory form for feeding to live-
stock.

Fine roughage reduces butterfat
Besides the high cost of ground

hays, the feeding of such hay to the
milk cow is not desirable because a ra-
tion in which all of the roughage is
finely ground definitely results in a (Ic-
crease in butterfat test of milk. This
decrease in butterfat test is occasioned
by the fact that such finely ground
roughage is ruminated and fermented
in the rurnen and passed along through
the digestive tract too rapidly for de-
sirable formation of organic acids, par-
ticularly acetic. These acids normally
are absorbed directly from the rumen
into the blood stream and transported
to the mammary gland where they are
synthesized into butterfat.

A hay briquette or biscuit, or wafer
has been made by mechanically forcing
chopped hay through a machine used
to make briquette shavings, sawdust,
metallic filings, peat moss, etc. The
preferable name for this hay product
seems to be wafer and for the process,
wafering. As it comes from the experi-
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mental machine, this wafer is a circu-
lar disk, 3 inches in diameter, and ap-
proximately 1 inch thick. Later models
of the machine will make 4-inch wa-
fers of any desired density and thick-
lies 5.

Wafer and pellet differentiated
In this report, the chopped 3-inch

diameter condensed hay is designated
as a wafer and the process as wafer-
ing, in contrast to the designation of a
pellet for the hay ground through a
hammer mill with 5/16-inch screen and
pressed into a i-inch pellet about i

inch long.
Possible advantages of condensing

hay into a wafer or pellet include:
elimination of dust in the barnim-
portant in producing clean milk and in
reducing the discomforts that result
from (lust allergies; prevention of
waste in handling; reduction in stor-
age space; lower transportation costs;
and a possibility of mechanical hand-
ling during merchandising and feeding.
However, the primary consideration is
actual comparative performance of
dairy cows when fed hay in the baled,
wafered, or pelleted forms. This ex-
periment was to determine effects of
feeding these forms of alfalfa hay.

Results of such an investigation are
reported herein. Basic considerations
in the early part of this experiment
were: to obtain enough hay from a
given field and cutting; to prepare ade-
dluate amounts in the three forms ; and
to feed a number of grouped cows over
a sufficiently long period so that effects
on milk and butterfat production, body
weight, and feed consumption could
be (letermined.

* Dairy Husbandman, Research Assistant in Dairying, and Statistician respectively.

This study was supported in part by the Pendleton Grain Growers, Inc., Pendletoll, Oregon ; Sumner Iron Works,
Everett, Washington ; and by Consolidated Freightways, Portland, Oregon.



Procedure
The 36 tons of experimental hay

was good quality, second cutting, baled
alfalfa from a Hermiston, Oregon
farm. Twelve tons were chopped into
1- to 2-inch lengths and compressed
by machine into wafers 3 inches in
diameter and about 1 inch thick. An-
other 12 tons was ground in a 5/16-
inch hammer mill, then formed into
pellets 3 inch in diameter and inch in
length. Binding solutions such as mo-
lasses were neither needed nor used to
keep the pellets or wafers from crum-
bling. The remaining 12 tons of hay
were fed from the bale.

Twelve Holstein and six Jersey
cows from the college herd were se-
lected for this study. They were di-
vided into six groups of three each, in-
cluding two Holsteins and one Jersey,
according to milk production, fat pro-
duction, stages of lactation and gesta-
tion, body weight, and age.

Feeding sequence explained

The sequence adopted for feeding
the six groups is presented in table 1.
It will be noted that the table contains
two latin squares designed so that each
cow received each form of hay for 28
days, with the order of feeding equal-
ized by groups. This made it possible
to statistically analyze for carry-over
effects from one form of hay to an-
other.

Excellent quality, baled alfalfa hay
from another source was fed the 18
cows for one week before placing them
on the experimental feeds. From this,
workers could determine the limits of
hay consumption which could be con-
sidered normal for the individual ani-
mals. Average daily feed consumption
during the preliminary period appears
in figures 1 through 6.

At the beginning of the experiment,
requirements of individual cows for
hay and concentrates were determined,
depending on their milk production,
butterfat test, and body weight. A low
protein concentrate mixture consisting
of 400 pounds of ground barley, 300
pounds of ground oats, 170 pounds of
wheat mixed feed (mill run), 100
pounds of cottonseed meal, 15 pounds
of iodized salt, and 15 pounds of steril-
ized bone meal, was fed at a constant
level during the experiment.
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SAMPLES SHOW the differences in size and physical appearance of the 2 forms of hay fed in this
study. The 1/2 X 3/4" pellet was formed from ground hay; the 1 x 3" wafer was made from chopped hay.

Based on consumption rates of indi-
vidual animals, amounts of hay were
allowed to fluctuate. The three types of
hay were weighed daily on platform
scales and put in marked canvas bags.
These were placed in front of the indi-
vidual cows and about one-half fed
after each milking. Feed consumption
was determined by weighing any re-
fusal before the afternoon milking each
day. This determined the amount of
ha a cow would receive during the fol-
lowing 24-hour period. If the hay was
completely eaten, the cow was offered
more the following day.

During the experiment the animals
were kept in stanchions with patti-

tioned mangers. This prevented ani-
mals from eating feed in adjoining
mangers and permitted accurate meas-
urements of hay consumed.

Milk from each cow was weighed
and recorded at the twice daily milk-
ings. Also at this time a sample of milk
was taken from each cow, composited
for six milkings, and tested for butter-
fat content.

At approximately weekly intervals
the cows were weighed. Observa-
tions of the animals were made period-
ically each day with normal and ab-
normal conditions recorded. These in-
cluded estrus, breeding, mastitis, bloat,
and extreme digestive disturbances.

Results

Feed consumption, milk production,
and butterfat percentage data are
plotted for individual cows in figures
1 through 6. Figure headings indicate
the form of alfalfa hay fed during
each of the 4-week feeding sequences.
The uppermost series of three lines
presents the average daily milk pro-
duction of these cows. The prefix H
or J appearing in front of the cow
number designates the animal breed as
Holstein or Jersey. Average daily feed
consumption data is plotted in the cen-

ter portion of the figures and the three
remaining lines at the bottom indicate
average butterfat percentage of milk
produced.

Instances of individual fluctuation in
milk production, feed consumption,
and butterfat percentage beyond what
would normally be expected with dairy
cattle are apparent upon examination
of the figures. In figure 1, cow H612
appeared normal in milk production
during the first nine weeks of experi-
mental feedings. In the tenth week,



while she was receiving pelleted al-
falfa, she declined in milk production
from an average daily production of
49 to 29 pounds. This was due to a
marked decrease in feed consumption.
As shown in table 3, H612 lost 47
pounds of weight during this period.
An increase in butterfat percentage
accompanied the decreased milk pro-
duction during the tenth week.

Figure 2 indicates essentially normal
feed consumption, milk production,
and fat percentage for three cows, with
the exception of H574. This animal
decreased in feed consumption during
the first week when fed wafers and
likewise when she first received pellets.
This decrease did not appreciably alter
her milk production nor did it affect
the butterfat percentage.

Figure 3 shows a considerable drop
in feed consumption when H591 and
H629 were switched from the prelim-
inary feeding of excellent baled alfalfa
hay to pelleted alfalfa. It seems logical
to assume that many cows would re-

spond in similar fashion when switch-
ed abruptly from one type of feed to
another, in this particular case the
effect of lowered feed consumption
was not particularly apparent in milk
production or butterfat percentage.

The three cows in group 4 per-
formed normally, as shown in figure 4.

In figure 5, cow H572 dropped con-
siderably in feed intake during the
first two weeks on baled hay, but re-
turned to normal consumption during
the remaining two weeks. A small dc-
dine in the milk production (if this
individual is apparent during the first
2-week period.

Cow H599 in figure 6 dlevelopeci a
severe case of mastitis (luring the sec-
ond week of pellet feeding, resulting
in a decided decline in both milk pro-
duction and feed consumption. A sharp
increase in butterfat percentage was
observed at this time.

The research team believes the sud-
den switching of feed, in this case
from baled hay to pelleted or wafered

hay, is a drastic change. One ac-
qttainted with eating habits of dairy
cattle would expect many cows to re-
fuse a portion of the pelleted or waf-
ered hay when changed from the baled
hay to which they were accustomed.
However, a study of daily individual
feed records shows that in practically
every case, cows consumed more of
wafered or pelletecl alfalfa on the first
clay following the change.

Note that in table 2, with three ex-
ceptions, all cows declined in 4% fat-
corrected milk (4% FCM) as their
lactation period advanced by 4-week
intervals. Also, in all cases the group
average 4% FCM declined as lacta-

tion progressed.
Table 3 shows that average weight,

and weight changes of individual cows,
were quite variable when the three
forms of hay were fed. However,
large daily fluctuations in body weights
of dairy cows are normally expected
due to water consumption and diges-
tive tract fill at the time of weighing.

Figure 1. Milk production, feed consumption, and butterfat percentage of

cows fed baled, wafered, and pelleted alfalfa hay
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Figure 2. Milk production, feed consumption, and butterfat percentage of
cows fed wafered, pelleted, and baled alfalfa hay
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Figure 3. Milk production, feed consumption, and butterfat percentage of
cows fed pelleted, baled, and wafered alfalfa hay
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Figure 4. Milk production, feed consumption, and butterfat percentage of
cows fed baled, pelleted, and wafered alfalfa hay
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Figure 5. Milk production, feed consumption, and butterfat percentage of
cows fed wafered, baled, and pelletecl alfalfa hay
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Figure 6. Milk production, feed consumption, and butterfat percentage of
cows fed pelleted, wafered, and baled alfalfa hay
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1)ata obtained with the 18 milk cows
fed baled, wafered, and pelletcd alfalfa
hay over three 4-week periods were
averaged and analyzed statistically.
Table 4 shows no significant differ-
ences in feed consumption; actual, or
4c/( fat-corrected milk production;
and body weight, when cows were fed
alfalfa hay in baled, wafered, or pel-
leted form.

The butterfat percentage of milk
from the cows when fed pelleted al-
falfa was lower than when they re-

8

Summary
ceived the same hay from the bale or
iii wafer form. As shown in table 4.
this difference was statistically signifi-
cant at the 5% level of probability and
ahnost significant at the 1% level. The
alfalfa hy pellets fed were made from
hay ground in a hammer mill with a
5/16-inch screen. This gave a rather
coarsely ground alfalfa meal. Conse-
(l1ently these pellets were not expected
to show extreme effects on the butter-
fat test. Table 4 shows that the test
only decreased from an average of

4.14 for baled and wafered alfalfa hay
to 4.00 for pelleted hay. This further
indicates that pellets made from even
more coarsely ground alfalfa hay may
not result in any depression of butter-
fat test.

it is concluded from this study that
alfalfa hay can be condensed into a
wafer and satisfactorily fed to milk
cows. The economic aspects of hay
wafering were excluded from this cx-
1)e1ime11t and therefore shotild receive
additional study.



Appendix

Table I. Feeding sequence of cow groups

Group no

Weeks of Feeding

Figure no.1 4 5 8 9 12

Bale Wafer Pellet

2 Wafer Pelkt Bale 2

3 Pellet Bale Wafer 3

4 ...................................................................................... Bale Pellet Wafer 4

S...................................................................................... Wafer Bale Pellet 5

6 ...................................................................................... Pellet Wafer Bale 6

Table 2. Pounds of 4% fat-corrected milk produced over 28-day periods*

Group no. Cow no. Forms of condensed hay

Bale Wafer Pellet
1H612 1311.2 1191.0 1019.0
j H605 822.7 713.5 646.1
1 J302 945.0 810.5 654.1
lAverage 1026.3 905.0 773.1

Wafer Pellet Bale

I H623 1438.2 1290.8 1249.0
2 J H574 782.1 682.0 693.5

1 J263 714.3 458.5 202.6
Average 978.2 810.4 715.0

Pellet Bale Wafer
I H629 1650.0 1443.9 1404.7

3 j
H591 863.4 711.9 611.6

1 J322 1135.8 968.7 1078.8
Average 1216.4 1041.5 1031.7

Bale Pellet Wafer
1H555 1163.8 1024.5 886.3

4 J TP-2 687.9 547.1 388.8
1 J323 621.1 611.3 459.4

Average 824.3 727.6 611.5

Wafer Bale Pellet
1H572 1047.9 935.3 861.1
j H626 850.5 783.9 676.8
1 J325 582.5 497.1 447.7

Average 827.0 738.8 661.9

Pellet Wafer Bale
1H599 1167.0 1042.0 1032.0

6 j H643 858.3 860.4 834.2
1

J326 764.9 466.1 374.6
Average 930.1 789.5 746.9

* The Gaines formula of 0.4 times the pounds o milk plus 15.0 tiiiies the pounds of fat was used to ohtain the 4% fat-corrected milk.
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Table 3. Body weights and changes in weight

Group
No.

Cow
No.

initial
weigh!

Average Weight
weight changes

Average Weight
weight changes

Average Weight
wcight changes

lbs. lbs. lbs. lbs. lbs. lbs. lbs.
Hale _____ \afer Pellet

1H612 1409 1380 -29 1420 40 1373 -47
1 H605 1289 1281 8 1326 45 1342 16

3302 923 897 -26 926 29 922 4
Average 1207 1186 -21 1224 38 1212.3 -11.6

Wafer r Pellel-m Bale-m
111623 1186 1165 -21 1135 -30 1176 41

2 H574 1286 1206 10 1279 -17 1270 9
13263 1009 1044 35 1086 42 1139 53

Average 1160.3 1168.3 8 1166.6 1.6 1195 28.3

lellet Bale Wafer
1T1629 1195 1170 -25 1189 19 1214 25

3 1-1591 1430 1445 15 1471 26 1503 32
13322 698 693 5 679 -14 682 3

Average 1107.6 1102.6 5 1113 10.3 1133 20

Hale r Pellei _____ Wafer
11-1555 1462 1472 10 1468 4 1511 43

4 1I-TP2 1433 1436 3 1480 44 1526 46
[3323 877 900 23 941 41 967 26

Average 1257.3 1269.3 12 1296.3 27 1334.6 38.3

Wafer ____ r Hale l'ellet
114572 1620 1598 -22 1554 44 1597 43

S 11626 1165 1169 4 1195 26 1228 33
13325 865 869 4 864 5 889 25

Average 1216.6 1212 4.6 1204.3 7.6 1238 33.6

Pellet \'afcr r- Bale
1H599 1407 1401 6 1443 42 1464 21

5 H643 1067 1057 -10 1120 63 1127 7
1J326 965 1000 35 1045 45 1040 5

Average 1146.3 1152.6 46.3 1202.6 50 1210.3 7.6

Table 4. Average of results obtained with different forms of alfalfa hay

Bale Wafer Pellet

L.S.D.* C.VJ

%5% lr/(

Feed consumed (pounds) 797.2 833.2 811.8 65.5 89.3 11.6

Body weight (pounds) ....................................................... 1195.6 1212.9 1190.6 22.9 31.1 2.8

I1utterfat (percent) .............................................................4.13 4.15 4.00 0.11 0.15 3.8

lotal milk produced (pounds) 899.74 887.06 903.93 26.31 35.76 4.2

4% Fat corrected milk (pounds) ..................................... 848.83 857.14 853.24 52.00 70.68 8.8

* L.S.D.-Least Significant l)illereiiee
t C.V.-Coefficient of \ariation

Significant at the 5% level of prohahilitv
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