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HOUSING SYSTEMS --THEIR IMPACT ON SWINE PRODUCTION 

J. A. Hoefer 
Department of Animal Husbandry 

Michigan State University, East Lansing, Michigan 

The title suggests that there is a variety of housing systems used in swine pro
duction, and also that a housing system is a well-defined entity. With respect 
to the latter nothing could be further from the truth. Swine housing systems
(20) range from practically nothing to complete, controlled air conditioned 
environments. And to confuse the picture there are successful operators at 
both ends of the spectrum ( 12). 

Housing and all that it entails is an area of intense interest. Probably no 
phase of swine production encompasses more problems with more different 
solutions than the one of housing and equipment. 

After reviewing the literature I am impressed with the fact that many of the 
reports indi cote the conventional foci I ities and the more so ph isti cated and 
more expensive controlled environment buildings are economically compet
itive (2, 13). This means that the choice of facility is related to the man, 
his resources and his objectives, and will therefore vary from farm to farm. 

In my judgment it would be foolhardy for me to attempt to reach a conclu
sion for you regarding that kind of a housing system to recommend. On the 
other hand it might be useful for me to review for you the relationship be
tween the housing system and certain elements of swine production. It is in 
this I ight that I intend to interpret my assignment. 

First of all I would like to call to your attention that while a housing system 
attempts to modify the environment (of the pig and the worker) in a desirable 
manner it may also have even more serious influences on many other elements 
of the total swine picture. 

For example what effect does the housing system have on: 

1 . The size of the operation 

Does it increase the number of pigs one man can care for? Is it necessary to 
increase the volume to justify the added investment? How important is size? 
Bigness and efficiency are not synonomous terms in swine production. Does 
the size required exceed the managerial skill available--if so it is a poor in
vestment. Noah Hadley (12) says, "any good farmer can direct his own ac
tivities. Most good farmers can direct the work of themselves and one hired 
man, but directing two hired men is more difficult and the third hired man 
often costs more than he produces." 
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2. Labor requirements 
~ 

Labor is a cost in pork production but it amounts to only 10 + o/o of the total 
cost (33). A saving of 50% of the labor reduces the total co~ of production 
by only about 5%. Feed cost is seven to eight times as important as labor in 
influencing total costs. Many times a building is sold on the basis of saving 
labor--this is important but it is far more important if it improves feed effi
ciency at the same time. There is ample evidence that a well-design<!d build
ing properly mechanized will allow the operator to make significant suvings in 
the amount of labor needed to raise hogs. The savings will be largely in the 
area of feed hand I ing and manure removal . In order to take advantage of this 
labor saving the operator must raise more hogs or have a good alternate use for 
his labor. Putting money into mechanical, automated equipment makes it pos
sible for the operator to increase the size of his operation several-folc! without 
adding more man-labor (33). This is important even without an increc1se in net 
returns per unit of production. The increase in total volume may more· than off
set any decrease in per unit profits or the added investment in housing and 
equipment. 

When labor is cheap and readily available the amount invested in labor saving 
housing and equipment should be less than the cost of the labor replac~d; on 
the other hand if labor is costly and in short supply the investment ma)' exceed 
the cost of the labor saved. In all cases the amount invested in labor saving 
should be enough to free the operator for management time. It should also sup
port a volume of production large enough to pay off the investment. 

3. Flexibility 

A high-investment housing system represents a long-term commitment to stay 
in the business at a high level of intensity regardless of the price cycl ~s. The 
investment once made must be used--the producer is no longer free to be an in
and-outer to increase or decrease significantly the number of sows bred as the 
corn-hog-ration fluctuates. Although this loss of flexibility may be a disad
vantage to the individual producer the stabilizing effect it has on production 
is good for both the industry and the consumer. 

4. Waste disposal 

The problem ofwastedisposal is a product of the confinement system. In spite 
of the fact that a considerable amount of thought has gone into it, thi; dis
agreeable problem of manure removal is still without a completely satisfactory 
solution. In a study of four common systems of manure disposal, TinsiE!Y and 
Spillman (32) have concluded that there are relatively small differenc=s in 
cost among the systems when buildi.ngs, equipment, labor, bedding ccsts and 
the value of manure returned to fields are all considered. Regarding lagoons 

·there is an increasing amount of evidence to indicate that they are no~ the 
answer, at least not in the northern corn-belt states. To be reasonably accept
able from an odor and disposal standpoint they must be aerobic--and tnis re
quires more area than can be economically allocated for this purpose. Most 

2 



lagoons in use are anaerobic and therefore are essentially open septic tanks. 

5. Performance -- gain and feed uti I ization 

Under average to good conditions the total amount of feed to produce a mar
ket hog is estimated to be from 800-900 lbs. of feed including the breeding 
herd. Feed is the largest item (75%) in the cost of producing pork and there
fore should receive the greatest attention in attempts to lower production 
costs. However since approximately 35% (about 300 lbs.) of the total is used 
for the breeding herd and in bringing the pig up to 50 lbs. in wt.,periods '.'{her 
the feed is being used either largely for maintenance or with high efficiency 
(young pigs make very efficient gains), it is apparent that if feed is to be 
saved through better housing and equipment the possibilities are better for the 
growing finishing period from 50 to 200 lbs. During this period the average 
producer is feeding from 500 to 600 lbs. of feed to put on 150-170 lbs. of 
gain. 

It should be pointed out that if the housing investment results in increased 
litter size then there may be a significant decrease in feed cost per pig at 
weaning. 

Does environment (largely temperature) have a significant effect on the per
formance of swine? The answer is an emphatic, yes, but---. All the con
trolled temperature studies show that temperatures outside the 40° to 80° F. 
range represent a stressing condition for swine (1,3,18,23,24,31). Published 
results (6,8, 16, 17) from the California Experiment Station, Davis, California, 
of data obtained in their Psychrometric Laboratory, show that constant high or 
low temperatures have a dramatic effect on growth rate and feed efficiency. 
In areas where the temperatures are extreme (high or low) a "controlled en
vironment" building will frequently improve gain and feed utilization more 
than enough to justify the investment (7,14,15,16,17). Unfortunately the 
California data have been taken literally and used extensively (5) in the de
sign and engineering of many finishing houses with the result in many cases of 
over-design and too much cost. The excellent results that have been obtained 
at Wisconsin, (10) Purdue (21) and Michigan State (20) with open-fronted 
finishing houses raises a question concerning the controlled environment house 
and the investments involved. Geographic location would have to be consid
ered. It appears that there are interactions between (9, 11,25,26,29) temper
ature, nutritional factors and many other variables that are not at all well 
understood and will have to be worked out before firm conclusions are reached 
regarding environment at the farm level and performance of finishing hogs. To 
quote Dr. Braude (28), "There can be little doubt that environmental condi
tions affect production. Unfortunately knowledge in this field is so meagre 
that one cannot do more than express a hope that large-scale investigations 
to help resolve some of the vital problems will soon be initiated. It is still 
necessary to know exactly how pigs react to being kept in palaces,_ hot houses, 
straw bail huts or in the open. The often-quoted claims for standard tempera
ture, humidity or air change requirements ere not particularly convincing. 
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Pigs are probably much more adaptable creatures thal'l some of the designers 
of piggeries imagine them to be." ~ 

6. Feeding Methods 

Properly engineered housing and eguipment makes mechanical, automatic 
feeding possible for any level of feeding desired. This not only eliminCites 
man labor and makes it far more convenient for the operator, but it also 
opens the door to controlled feeding and the possible benefits associated 
with feed restriction. Dr. Meade gave a very complete review (27) of the 
pros and cons of I imited feeding last year so no attempt will be made to 
cover this subject here. 

7. Cost of production 

There is great dearth of information regarding cost of production under dif
ferent systems of housing. It appears that the complete confinement, highly 
mechen ized, high investment systems do not material! y decrease the per unit 
cost of production but are justified largely on the basis of increasing tht: 
number of hogs one man can handle (2,12,21). These systems are usual•y 
big and therefore reguire much in the way of both capital and manageri•JI 
skill if they are to succeed. 

8. Specialization 

Heavy investments in housing and eguipment tend to lead to increased spe
cialization. Several economic studies (4,12) have shown that beyond 60 
sows there is I ittle advantage if any in reducing the per unit cost of produc
tion. Nevertheless in order to justify expensive specialized buildings a.1d 
eguipment many swine operations have grown much larger than 60 sows. If 
both the capital and the managerial skill are available these large units may 
operate successfully. It is important to remember that in the hog busine;s 
specialized systems do not substitute for management--failure to recognize 
this fact has resulted in the failure of many of the big swine production set
ups. 

9. Number of farrowings 

Number of farrowings increase as the number of dollars in buildings incr~ases. 
Utilizing buildings and eguipment to capacity spreads the costs over more pigs 
and helps to protect the investment. Multiple farrowing is now the rule on 
most high volume farms. It cannot be overemphasized that as the enterF·rize 
size is expanded through multiple farrowing the management requirements 
are also increased and at a much faster rate. For most operators six I ittNs 
(3 groups of sows) per year represent the maximum that should be attempted. 

1 0. Investments 

Total dollar investments in swine housing systems are very difficult to inter
pret, and usually average values have little meaning without specific knowl-
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edge concerning size of the operation, geographic location, environmental 
conditions, cost of materials, construction costs (labor), objectives of the 
operatO'r, management resources, etc., just to name a few of the factors 
needed for good interpretation. 

A number of estimates (4,12, 13) indicate the following kind of investments 
are being made for complete confinement operations 

--- I sow and two I itters 
--- per pig produced 

$400.00 + 
$20-25.00 + 

It is a rather surprising observation that when construction costs on a per pig 
produced basis are compared for different types of housing (2, 13, 19 ,22) these 
costs are very similar. If it is true that the investments per pig produced 
yearly are simi I ar, and they appear to be, then factors other than cost enter 
into the choice of housing system to build. 

Housing Systems 

There are many different kinds of houses used in swine production. Because 
of the variable production and management practices followed by swine pro
ducers it is possible to put together an almost infinite number of combina
tions. The pig adjusts rather readily to the management practices imposed 
upon him by man so consequently the researcher still has many problems to 
work with in his attempts to unravel problems of environment. 

Within the limits of our present knowledge there is no one best housing sys
tem. Whatever the choice it must satisfy the man and his resources as well 
as the pig. 

The following are some examples of housing systems that one may find in the 
u. 5. 

Number Number 
Farrowings Slstem Buildings Tz:~e of Buildins 

2 A Farrowing 
Growing-finishing 

2 B Farrow to finish 
4 A 1 Farrowing 

2 Growing-fin ish ing 
B 2 Farrow to fin ish 

6 A 1 Farrowing 
1 Nursery 
2 Growing-Fin ish ing 

B 3 Farrow to fin ish 
8 A I Farrowing 

1 Nursery 
3 Growing-fin ish ing 

5 

~ 
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Number 
Farrow ings Szstem 

12 A 

Number 
Buildings 

2 
2 
4 

Tt..e.e of B'tJilding 

Farrowing 
Nursery 
Growing-finishing 

There are obviously many other combinations of buildings. In addition to the 
above there would need to be housing provided for the sows during gestation 
and for boars. The system used may be complete confinement for all animals 
or it may involve the use of pasture when available, particularly for the breed
ing herd. Many producers I ike to use some pasture although with I and values 
going up an increasing number of swine operations are complete confinement. 

Although housing systems may be as numerous as the people using them, <I 
properly engineering system should take into account the following: 

1. The pig is a non-sweating animal with a smooth body surface and a 
sparse covering of hoi r. 

2. The thermo-regulatory capacity (30) of the baby pig is limited dt,ring 
the first 24-48 hours of life. Chilling is responsible for many de·.Jths. 

3. Heat dissipation from the pig is accomplished I argel y by evaporation 
of water through the lungs. Respiration frequency increases greedy 
during hot weather. 

4. The contrast in size between the sow and the baby pig is very gr~at 
(200X's- 500 lb. sows vs 2.5-3.0 lb.pig). Their environmental 
needs are obviously quite different. 

5. The pig has very small feet, weight concentration is great; he ha:; a 
very strong nose and is very destructive of equipment. 

6. The anatomy and eating habits of the pig make him very susceptible 
to respiratory and enteric diseases. 

7. During gestation, farrowing, and lactation the primary need is fc·r a 
housing environment which allows the pig to survive. 

8. During the growing-finishing period the need is for an environment 
which will promote growth and efficient feed utilization at a cost 
the pig can afford to pay. 

Summary 

The great changes that are taking place in swine housing that are a part of 
the evolution from 1 and 2 litter production systems using a maximum amount 
of pasture to the multiple farrowing, year round production systems, in many 
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cases total confinement, are having a terrific impact on the swine industry. 

These technological changes in housing are possible as a result of advances 
in swine nutrition, advances that eliminated the need for pasture in swine 
rations. With pasture no longer an absolute essential, the door was opened 
for the producer and the engineer to apply their imagination to housing, auto
mation, etc. The results of their efforts, although not entirely predictable or 
measurable, are enormous. In general I see these effects on the industry, 
qualified by a certain amount of give and take as individuals retreat from 
initial overly enthusiastic efforts, unsupported by enough know-how and 
managerial ability, to a system they can handle: 

1. Size of operation will increase accompanied by multiple farrowing 
and increased specialization. 

2. Production cycles will tend to level out as a result of loss of flexi
bility and need to use facilities at capacity to protect heavy invest
ments. 

3. Productions costs will not be lowered significant! y but one man will 
be able to care for many more hogs. 

4. Managerial requirements will increase greatly as hog farms get 
larger and fewer in number. 

5. Controlled and individual feeding will increase, particularly with 
the breeding herd. There will be more restricted feeding {some 
level of limitation) with finishing hogs, not always because of im
proved performance but because controlled feeding will be possible. 

6. Consumers may benefit from a more uniform supply of pork of possibly 
higher quality. 

7. The 25-50 sow operator on the diversified farm, because of certain 
inherent advantages in his operation, will still be very competitive 
and will not be put out of business by the large specialized opera
tions. 

8. Heavy capital investments in housing and equipment will substitute 
for labor,,will make labor's job easier and more pleasant, and will 
free the operator for management but will not replace or substitute 
for management. 
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FEEDING SYSTEMS- THEIR IMPACT ON SWINE PRODUCTION 
H. B. Geurin 

Ralston-Purina Co., St. Louis, Mo. 

The different hog feeding systems have developed in a way that seems to be 
tied in with three main factors- first, the mechanization trend; second, the 
guestion of pasture versus confinement; and third, the guestion of limit ver
sus full feeding. 

MECHANIZATION TREND 

Man's desire to make his time count by substituting mechanization for hand 
labor has had guite a part to play in the development of several feeding sys
tems. In evaluating these systems the matter of nutrition is basic and yet eco
nomical considerations of time, capitol, flexibility, alternate uses and over 
all profitability is indeed paramount. 

Feeding ear corn vs. a complete ration 

For the purpose of this discussion I am assuming that we are all agreed that a 
good supplement should be fed along with ear corn. A summary of Purina 
demonstrations at dealer points around the country has shown that hogs on 
corn alone not only grow slower but reguire about 12 bushels of corn per 100 
pounds of gain as compared to an average of 5.1 bushels of corn and 47 P?!J~nds 
of a good, well-balanced supplement. The saving in corn more than pay!(for 
the cost of the supplement. Therefore, it is just good business to feed a good 
well balanced supplement to hogs. 

The old sty I e method of full feeding ear corn on the ground and hand feeding 
the supplement twice a day to the hogs is still practiced on some farms in 
various areas of the country. The results of a recent Purina experiment pro
vide data for comparing the ear corn -supplement method of feeding hogs 
versus the feeding of a complete ground and mixed present day ration to hogs. 
Two groups of twenty hogs each were divided egually on the basis of I itter 
mates, initial weight, sex, and general health and vigor. Both groups of 
pigs were handled under very good management conditions. The Lot I hogs 
were fed a complete ground mixed ration. The Lot 2 hogs received a full feed 
of whole ear corn on the ground from start to finish. They were hand fed the 
supplement at one pound per pig per day for the first eight weeks and then at 
a rate of three-fourths pound per pig per da'y on to market. The ear corn was 
fed on a high dry area and mud was no problem in this summer test. Supple
ment for the Lot 2 hogs was fed in two egual daily feeds in a long trough suf
ficient for all the pigs to get their fair share. The results of this experiment 
are presented in Table 1: 

11 



Table 1. Regular complete mixed rations (9r hogs vs. hand feeding supple
ment along with ear corn- HF 96. 

No. of hogs 
Av. starting weight, lbs. 
Av. starting value at $.30 per lb. 
Av. 5 month weight, lbs. 
Av. value per hog at $.18 per lb. 
Av. shipping & commission cost per hog 
Av. daily gain, lbs. 
Feed per 100 lbs. of gain, lbs. 
Feed cost per hog 
Pig, feed, shipping, commission, 
and mixing cost per hog 
Labor and feeding return per hog 
Labor to feed per hog per day, minutes 
Labor to feed per hog at $2.00 an hr. 
Feeding return per hog 

Ear Corn Plus 
Complete Ground Supplement 
& Mixed Ration Hand Fed 

20 
31.3 

$9.39 
206.0 
$37.08 

$1.00 
1.75 

294 
$15.67 

$26.06 
$11.02 

0.5 
$1 .68 
$9.34 

20 
31 .. I 

$9.33 
174.2 
$31 .36 
$ .95 

1.43 
413 (341)* 

$12.68 

$22.9{; 
$8.40 

1.5 
$5.00 
$3.40 

* Figure in parenthesis shows actual feed weight less the weight of cobs. 

The hogs on the mixed ration gained 0.32 pounds more per pig per day, Nhich 
is a 22% increase in rate of growth as compared to the ear corn fed pigs. 
Actually the pigs on ear corn at their overage rate of growth of 1.43 po1mds 
daily would have required twenty-two more feeding days to have reache:J the 
same final weight as the hogs on the regular mixed ration. 

The pigs receiving ear corn and supplement hand fed required 16% more feed 
per pound of gain than that of the hogs on the mixed ration. It was obv"ous, 
however, that there was a lot of built-in and already paid for labor saving 
involved in the cost with the mixed ration group. This is evident when 'Ve 
look at the amount of labor required to feed the two groups of hogs each day. 
An average of ten minutes daily was spent in feeding the Lot 1 hogs as com
pared to thirty minutes daily for the Lot 2 hogs. This was the actual dif'er
enti al in feeding time because with the hogs on ear corn the corn hac al
ready been hauled in a wagon to the feed area and the supplement was stored 
in the wagon. In the case of the hogs on the complete ration, the ration had 
already been delivered to the feed bin next to the hog pen. 

The amount of labor involved in feeding hogs according to the two sys:·ems 
may seem to be a minor factor at first gl once because it amounted to only 
l/2 ami nute per pig per day for complete ration versus 1-l/2 minutes per 
pig per day for the hand fed hogs. I n order to see just how important this 
factor is when labor is charged at $2.00 per hour, it requires $3.32 more 
labor per hog marketed for the group fed ear corn and hand fed the supplement. 
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The data could be carried one step further in order to calculate the actual 
labor and feeding return per hour involved. Since there was 0.84 hours of 
labor used to feed each hog in Lot 1 and 2-l/2 hours to feed the hogs in 
Lot 2, then the returns per hour spent in feeding would amount to $13.00 
per hour for the hogs fed the mixed ration versus $3.36 per hour for the hogs 
that were hand fed the supplement and ear corn twice a day. 

Complete rations for hogs can have a built-in labor saving feature which is 
a big factor in the aver-all profit picture. In general, then, under todqy's 
conditions, scooping out ear corn to the hogs and hand feeding the supple
ment would be considered a profit robbing practice. 

Feeding high moisture earn 

The feeding of high moisture corn has been a factor down through the years 
and all the large amount of work spent in this area has indicated that high 
moisture corn should be fed in the winter before spoilage occurs in the warm 
spring months. Recently, however, mechanization has made it possible to 
either dry the corn so that it can be handled normally or to stare it as high 
moisture corn in a sealed storage silo in such a way that it can be fed out 
mechanically as needed. Nutritionally speaking, the dried high moisture 
corn retains its full feeding value, whereas a summary of all of the work on 
sealed high moisture corn would show that some of the nutritional value of 
the corn is lost before it gets to the hogs, in that an an average it takes 
more high moisture corn on a dry matter basis to produce a pound of gain 
(Beeson, 1964; Conrad, et. al., 1961 and Jensen and Becker, 1961}. 

Trend to complete ration aver free choice feeding system 

There has been a trend in the last few years toward the feeding of complete 
rations to hags although it should be emphasized that this trend is by no means 
complete. We had a series of studies aver a several year period of time work
ing on possible ways of improving results of hogs fed on mixed complete ra
tions. After making several improvements it was noticed that hogs on the 
mixed, complete ration seemed to be making a better record than hags in 
other tests an free choice feeding. This was a contrast to previous direct 
test comparisons. At this time a test was set up at the Purina Research Farm 
and the results shown in Table 2 were obtained: 

Table 2. Free choice vs. a new mixed ration feeding results 

No. of experiments 
No. of hogs 
Av. daily gain, lbs. 
Feed per 100 lbs. of gain, 

Corn 
Supplement 
Total 

Free Choice 

lbs. 

4 
82 

1.58 

260.3 
83.8 

343.6 

13 

Complete Mixed Ration 
4 

82 
1.75 

278.3 
49.9 

328.2 

l ., 



Hogs on the mixed complete ration gained 10.8% faster with a saving of 
4-l/2% in feed required. The saving in feed would pay for the cost of 
grinding and mixing and, therefore, the significant improvement is in the 
faster gain of the hogs. · 

I mentioned previously that the .trend to complete ration feeding is by no 
means complete. Hogs still do a good job of balancing their own ration by 
free choice feeding. Just the feeding of any complete ration does not in
sure that this is a better ration than hogs would select for themselves. In 
fact, if the supplement is deficient or is borderline in some essential food 
nutrient, or if the ration were poorly mixed, the tendency would be for hogs 
to produce better results if fed this supplement free choice with grain. Thus 
we still have some free choice feeding. 

Pelleting the complete ration 

This point has received a considerable amount of experimental attention in 
our work over the last thirty years. There is also some experimental work 
in the literature that one could refer to. It is difficult to summarize all of 
the experimental work on pelleting in brief form. On an average there is 
a small improvement due to pelleting when either corn or milo is the grain. 
This improvement is just essentially a break-even proposition as far as paying 
for the extra cost of processing. In the case of barley rations or rations with 
a large amount of oats, the improvement, however, is usually sufficient to 
more than pay for the extra cost of pelleting these rations for growing finish
ing hogs. 

PASTURE VS. CONFINEMENT 

A significant and far reaching new trend is the finishing of market hogs in 
confinement. The practice has been characterized as "Pig Parlor" feeding 
because the idea is to make things as conducive as possible for pigs to make 
hogs out of themselves. There can be all types and sizes of pig parlors as 
long as the emphasis is on sound management, good breeding, careful sani
tation and good feeding of pigs from weaning to market in a confined area. 

Improved nutrition in the last few years has probably been the major factor 
in allowing hogs to be raised successfully in confinement. To get a measure 
of the improved nutrition over the last few years, I checked the performance 
of all the hogs in one of our Iorge experimental growing finishing barns in 
1950 and in 1959. Since there were many rations checked each year the 
overall average gives an indication of the progress in nutrition for hogs over 
this period of time. 

Table 3. Confinement hogs in 1950 vs. 1959. 

No. of hogs 
5-l/2 months weight, lbs. 
5 months weight, lbs. 
Feed per 100 lbs. gainr lbs. 

14 

1950 
480 
163 

366 

1959 
720 

195 
326 



These results show that in 1959 the hogs were going to market in fifteen days 
shorter time at 32 pounds heavier weight and reguiring 40 pounds less feed 
per 100 pounds of gain as compared to the hogs in 1950. 

In the years gone by, posture has concealed inodeguocies of poor rations and 
hogs hove performed very poor! y without posture. However, when you look at 
the results comparing hogs on posture versus dry lot with present day rations 
we con see the pigs ore actually gaining foster in dry lot. A recent Purina 
Research Form test is shown below: 

Table 4. Hogs on good lodino posture vs. confinement. 

No. of hogs 
Av. doily gain, lbs. 
Feed per 100 lbs. of gain, lbs. 

Good Lodino Posture 
20 

1.42 
274 

Confinement 
20 

1.48 
281 

Confirmation work from various experiment stations on posture versus dry lot 
feeding of hogs is presented in Table 5 below: 

Table 5. Hogs fed on well balanced ration in dry lot or posture. 

No. of test comparisons* 
No. of hogs 
Av. doily gain, lbs. 
Feed per 100 lbs. of gain, lbs. 

Dry Lot 
69 

633 
1.48 

324 

Posture 
69 

640 
1.40 

315 
* Tests compiled from recent experiment station Swine Day Reports at Illinois, 

South Dakota, Kansas, Tennessee, and Nebraska. 

On the overage, the hogs in confinement gained 5.7% foster than those on 
posture. In other words, pigs were not intended to be "hoy burners" and when 
we feed them todoy's present well-balanced rations, posture, if used, just 
tends to slow down their rote of growth. In general, the amount of feed saved 
on posture is very minor today as compared to results of the post. In our own 
work, the feed saving on posture amounted to $7.50 per acre for the posture 
season. An estimate of the feed saving on posture from the results in Table 5 
would show a little less than $10.00 return per acre for the posture season. 
The low return from posture through growing finishing hogs today makes it so 
the good form manager who is trying to get more from what he has, is looking 
for cattle and sheep to give him the greatest return from posture that is pro
duced either directly or as a normal port of the crop rotation. 

LIMIT VERSUS FULL FEEDING OF HOGS 

There is not much guestion but that one of the big controversial subjects at 
the present time concerns the feeding system of either limit or full feeding 
hogs. True, this subject has been controversial in the post, and in fact, it 
bids to continue to be controversial in the future unless at meetings such as 
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this one, all of the post research work con be dfscussed and eva I uoted so 
that a more unified scientific evaluation con be understood at the field level. 
I know that lost year Dr. Meade did on excellent job in reviewing for you, 
not only his work, but on extensive amount of literature concerning various 
aspects of limit feeding of hogs. 

Of course, logically, when one thinks in terms of less fat on the hog he 
thinks in terms of restricted feed intake, for after all, that's the way you and 
I would lose fat. Limited feeding seems such a routine thought that you might 
wonder why all the controversy. Well, the truth is that there hove been many, 
many experiments in this area around the world in the years gone by and to put 
it bluntly, they hove foiled miserably to do the job expected. True, on sorne 
points of limit feeding, results look encouraging and as a result, experimenters 
keep looking and set up other tests to try to find the best way to limit feed hogs. 
In fact, there were forty-four I imi t feeding comparisons in progress at exp·eri
ment stations in this country lost year with growing finishing hogs. It bec:)mes 
a rather difficult job for the overage man to see both positive and negative re
sults presented from a limit vs. full feeding experiment and be able to fully 
evaluate these in his mind and come up with the best recommendations. I 
believe it is necessary to study the work of the post in order to bring all cf the 
various factors into focus so that one con look at the probl ern i ntell igentl > • 

For instance, a severe restriction of feed intake bock to 50% of normal sh:)WS 
a very dramatic reduction in bock fat thickness when both the full and lirrit 
fed hogs were carried up to almost one year of age (Calloway, 1962). Se\ere 
restriction of feed even when pigs ore slaughtered at equal weight still r~
duces bock fat considerably, (McMeekon, 1940); however, it produces soft 
carcasses (Hilditch, et.ol., 1939). With severe feed restriction, Morriso1 
(1956) warns against unthriftiness in the pigs and Crompton (1935) present~ 
data to show that the market grade is actually lowered when feed intake i; 
restricted to the 50% I eve I. There is, however, rnuch work to show when 
feed intake is limited in the range of 3/4 full feed that a significant reduction 
in fat on the carcass of hogs results when both groups ore marketed at on equal 
final weight. (Bowland, 1962; Braude, et.ol., 1958; Brugman, 1950; Cromp
ton, et. ol . , 1954b; Cunn inghom, et. ol . , 1962; Lu cos and Colder, 1956; l ucos, 
et .ol., 1960 and Ell is and Zeller, et .ol., 1934). Under these condition~ with 
less severe restriction of feed intake, the carcasses ore only slightly soft 
(Braude, et. ol., 1958). 

The Illinois group (Becker, et. ol., 1964) has hod good previous success b;' 
moderate limit feeding hogs individually and saving feed as compared to f;ll 
fed hogs. This year, however, by group feeding pigs rather than individuJI 
feeding and feeding the limit fed hogs on the floor, their limit fed hogs re
quired on overage of 18.6% more feed per pound of gain. The question re
mains as to what has caused this recent Illinois test to be so negative for I im it 
feeding. Our own work, for instance, on limit feeding on the floor as call
pored to full feeding was negative but not nearly as adverse as the recent 
Illinois test. See Table 6 on the following page. 
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Table 6. Conventional confinement full feeding of hogs vs. floor feeding in 
a restricted area on partial slats. 

No. of hogs 
Av. starting weight, lbs. 
Av. final weight, lbs. 
Av. daily gain, lbs. 
Feed per 100 lbs. of gain, lbs. 

Limit Feeding on 
the floor in a 
Restricted Area 

20 
80 

161 
1.25 

312 

Full Feeding in 
Conventional 
Confinement 

20 
82 

192 
1.69 

311 

The main effect seemed to be a very decided slower growth rate of the hogs 
limit fed on the floor. We didn't experience noticeable trouble such as 
Barber, et.al., (1963) warns concerning hogs wearing their teeth down to 
the gums when being fed on a rough concrete floor. 

In reviewing data on limit feeding of hogs one cannot overlook the fact that 
at moderate restrictions of feed intake the effect of reducing back fat thick
ness is rather small (Smolinsky, et.al., 1963). In some of our work (Geurin, 
1964) three group feeding tests were conducted with full fed pigs self fed out 
of a good, well adjusted commercial self-feeder, while limit fed pigs had 
ample trough space for all pigs to eat at one time. Data from these tests are 
presented in Tab I e 7. 

Table 7. Full versus limit feeding of hogs (Geurin, 1964). 

No. of tests 
No. of hogs 
Av. daily gain, lbs. 
Av. feed per 100 lbs. of gain, lbs. 
Dressing per cent (farm to chill) 
Av. carcass back fat, inches 

Limit Fed 

3 
42 

1.44 
327 
70.5 

1.61 

Full Fed 

3 
43 

1.73 
314 
71.4 

1.66 

Similar small effects in back fat reductions due to limit feeding of hogs are 
shown by the work of Becker, et.al., ( 1963) covering five experiments with 
14,135 experimental pig days as well as the work by Berg and Plank (1960) 
with 21,344 pig days and Tribble, et.al., ( 1956) with 13,568 pig days in
volved in the study. Just the number of papers as well as the discussions in 
the papers show that man still clings to the idea that pigs can be kept from 
getting fat by simply restricting feed intake. Personally, it helps me in my 
thinking when I pause for a moment- forget that the limit fed pigs have such 
a highly significant reduction in growth weight and realize that the limit fed 
pigs are still gaining weight very rapidly as seen in Table 7. Limit feeding 
merely seems to slow both the rate of growth and the rate of fat deposition, 
but the back fat appears to be almost as much at equal market weight 
whether the pigs were limit fed or full fed. We would like to keep pigs 
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from getting too fat, yet we want them to gdin rapidly to market so they ore 
not kept around long enough to become pets or get old enough to vote. Limit 
feeding results seem to bear out the age-old philosophy "you can't have your 
cake and eat it to." · 

The question of whether limit fed hogs ore more efficient or less efficient in 
feed utilization is certainly an open question as evidenced by the fact that 
the I imit fed pigs in Table 7 were less efficient and there is substatiatic•n for 
this work by reviewing the papers of Ashton {1950), Becker, et. al . , {1964), 
Berg and Plank {1960), Braude, et.al., {1958), Burroughs and Carroll (1939), 
Lucas and Calder { 1956), McFate and Tribble {1964), Morrison {1956), Perry, 
et.al., {1963), Shrader {1963), Thrasher {1964), and Tribble and Holck (1963). 
On the other hand there ore a number of reports showing that I im it fed hogs ore 
more efficient in feed utilization than full fed hogs. Becker, et.al., 1963, 
1964; Bowland, 1962; Morrison, 1956; Young, 1962; Tribble, et.al., 1956; 
and Berg and Bowland, 1958. A very detailed review of high versus low feed
ing on feed efficiency by Lucas and Calder {1956) discussed data from 28 com
parisons. I charted the results and they split equally with 14 comparisons show
ing high feed intake to be the most efficient at a saving of 8.4% of feed,where
as in the other 14 comparisons the limit fed pigs were more efficient at a saving 
of 9% of feed. 

Feed efficiency of full versus limit fed hogs can depend on other factor:; which 
have not been standard in each of the above experiments that are repor:·ed from 
widely varying areas in the world. Frankly, in several cases statistical analy
sis has shown significant differences in feed efficiency in either directi·)n and, 
therefore, the other factors should be considered. 

Five factors that can contribute to feed efficiency differences of full v1:rsus 
limit feeding are: 

1. Degree of limit feeding. 
2. Experimental technique in weighing bags. 
3. Health of the hogs. 
4. Environment of hogs. 
5. Feed wastage. 

The papers by Greer, et. al., {1963), Lucas and Calder {1956), McMeE:kan 
{1940), and Morrison {1956) would indicate that the more the restriction of 
feed intake the more inefficiently the ration is used, but the work of BE:cker, 
et.al., {1963), Braude, et.al., {1958), and Ellis and Zeller {1934) would 
disagree. Becker, et. al., ( 1963) states that the time of the final we ig:1 ing of 
hogs should be given consideration in the experimental technique so thCit any 
differences in fill will not bias feed efficiency either for or against full fed or 
limif fed hogs. There is some indication that limit feeding reduces dressing 
per cent (Stothers,1963, Meade, 1963, Teague, 1964, and Speer, 196.3). It 
is obvious that if there were any disease problems affecting hogs, this f·Jctor 
could bias results either way, depending on which group was affected the most. 
The effects of conditions of handling hogs such as housing or environment could 
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influence results; however, Lucas and Calder {1956) showed that this can go 
either way. 

The matter of feed wastage remains as a very important fader to influence the 
relative feed efficiency of full versus limit fed hogs. Limit fed hogs tend to 
consume all feed available, whereas full fed hogs just don't care whether they 
waste feed or not. Good management to control feed waste is more critical 
with full fed hogs. Morrison {1956) stresses the need for frequent inspection 
to make sure the self feeder is not clogged or out of adjustment. Work by 
Horvath and Elliott {1962) with a good, well-adjusted self feeder indicates 
that a 1-3% waste was normal, while as much as 7% feed wastage was rou
tine on certain makes of feeders even when adjusted as carefully as possible. 
There were times when a feeder was out of adjustment when feed wastage 
amounted to 20% of feed entered. Therefore, either a poor self feeder or 
poor adjustment would waste from 4 to 17% extra feed than a well-adjusted, 
good feeder. This would amount to $.60 to $2.40 per hog from weaning to 
market. Fifty hogs in a parlor fed from a poor feeder would waste a minimum 
of $30.00 to a maximum of $120.00 of extra feed per group. With three groups 
per year this would amount to more in two years than the best feeder costs on 
the market today. Certainly a poor feeder costs too much even if given to a 
producer. 

Considering all factors relating to feed efficiency, it is logical that differences 
favoring full feeding are true, while differences favoring limit feeding mainly 
results from feed wastage by the full fed hogs. 

Concerning I im ited feeding of hogs, Cunha {1962) states that the economy of 
the practice should be carefully studied before one embarks on restricted feed
ing. Barnhart {1963) and MacCallum {1963) points out the extra time involved 
in finishing limit hogs as well as the extra cost of production {since fewer hogs 
can be finished in a given set of foci I ities per year), and yet when one turns to 
the literature for complete cost accounting evaluation of limit feeding experi
ments, the references are indeed few. Cost accounting of the I imit versus full 
fed hogs in Table 7 at the Purina Research Farm shows that limit feeding result
ed in only about three-fourths as much return when expressed on a per pig per 
day basis compared to the full fed hogs. 

Costs do change over a period of time and for this reason scientists usually omit 
cost accounting in reporting experimental results. It can be argued, however, 
that with a controversial method of feeding involved, which seems to include 
such basic differences in the area of cost accounting as with full versus limit 
feeding of hogs, it is necessary for proper guidance of farmers to look at this 
aspect of the experimental results. Berg and Plank {1960), selling their hogs 
on a grade and yield basis, show a return per pig over feed and initial pig 
costs and when this is divided by the number of days to market, the limit fed 
pigs returned 83% and 73o/o'as much profit per pig per day as the self fed pigs 
in the two experiments. More complete cost accounting should also include an 
additional interest charge per hog for the longer investment time, as well as an 
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.. 
additional building and equipment cost. If limit feeding is done by hand, 
there should also be an additional labor charge or if it's done mechanically, 
there is an extra investment and operating charge. Partial cost accounting 
in the work of Thrasher and Mullins (1963) and Thrasher, et.al., (1962) pro
vides data to verify that the I imit fed pigs have a lower return per pig per 
day than full fed hogs, even considering the slightly improved selling price 
of the limit fed hogs. Limit feeding results are certainly vulnerable when 
based on returns per pig per day. 

Another factor to be considered concerning limit feeding is the work by 
Brunstad and Fowler (1959) where, in an eight generation study on there
lationship between nutrition and breeding, the results showed that the gilts 
selected from a background of full feeding had more muse I ing than those se
lected from a background of limit feeding. The gilts from the backgroL•nd of 
full feeding averaged over 1/2 square inches greater development of lcin eye 
area, which was significant at t~e 1% level. 

Pigs forced to stand on hind I egs to eat 

Results by Hillier, et.al., (1964} showed that pigs that are forced to sland 
on a stair step arrangement will automatically limit their feed intake 011d 
produce slightly I eaner carcasses. 

In a paired feeding test, Skjervold, et.al., (1963) showed there was n•) 
change in ham or muscle development when pigs were forced to stand on hind 
legs to eat (the feed trough was raised as the pigs grew and there was a feed
ing platform for the pig's front feet where they could jump up and reach the 
feed). The work by Heitman and Bond (1962) did show there was an in :reese 
in per cent of ham when pigs were forced to stand on their hind legs to eat; 
however, this was in a full feeding experiment and one should not over I ook 
that the data also showed the pigs ate much I ess dai I y this way, gained more 
slowly and less efficiently, and in reality were developing ham at a slc•wer 
rate than the control pigs. 

Heitman's results follow the pattern remarkably close to the same as the: ef
fect of limit feeding on hogs. Calculations based on the experimental re
sults show a third less return per pig per day for the pigs forced to stancl on 
hind legs while eating. 

Liquid or slop feeding of hogs 

Liquid or slop feeding of hogs usually result in the hogs being limited f,~d 

(Clawson and Pierce, 1963). In fact, when the experimental design pe:rmits 
the eros~ study it is obvious that the effect of I imit feeding is to slow perform
ance whereas, there are no measurable differential effects due strictly to the 
liquid versus dry feeding (Clawson and Pierce, 1963, and Perry, et.al.,1963). 

Becker, et.al., (1964) recorded a sizable response to liquid feeding rn one 
test but several later tests failed to repeat the initial results. 
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In an experiment recently completed- at our research farm, twenty-four wean
ing pigs were egually divided into two groups and fed on the regular complete 
ration. One group of hogs were full fed the ration in dry form in a well-ad
justed self feeder. The other group of hogs were fed the same ration mixed 
with water. The liguid ration was fed twice daily in amounts so that the hogs 
would clean up their ration before the next feeding. Carcass studies were 
conducted on both groups of hogs at the com pi etion of the test. The results 
are presented in Table 8. 

Table 8. Liguid versus dry feeding of growing finishing hogs- YCB #12. 

No. of hogs 
Av. starting weight, lbs. 
Av. final weight, lbs. 
No. days on test 
Feed per 100 lbs. of gain, lbs. (dry wt.) 
Farm to carcass dressing per cent 
Av. carcass back fat 

Dry Ration 
12 
28.6 

193.6 
99.4 

295 
71.36 

1.58 

Ligu id Ration 
12 
27.3 

193.4 
110.7 
302 
69.89 
1.59 

The liguid fed hogs consumed 8.2% less daily feed, dropped back 9.6% in 
growth rate and reguired 2.4% more feed per pound of gain as compared to 
the hogs fed the same ration in dry form. Liguid feeding is another way of 
feeding hogs. It is not superior to feeding the same ration in dry form pro
viding good fresh water is readily available and the self feeder is well ad
justed so feed wastage is controlled. 

High fiber levels in the ration 

There is essentially unanimous agreement of experimental results showing that 
increasing the fiber level in the ration improves carcass grade of market hogs 
(Anderson and Hanby, 1961; Bell, 1962; Crampton, et. al., 1954; Hoefer, et 
al., 1963; Merkel, et. al., 1958b; and Noland and Scott 1960). Extra fiber 
in the ration decreases the growth rate and also increases the feed reguired 
per pound of gain. The use of chemically inert materials has apparently the 
same effect as added fiber in the ration for pigs (Bowl and, 1959). 

The real disadvantages, however, from adding fiber in the ration is the low
ered dressing per cent of pigs on a high fiber ration. There is amp I e evidence 
concerning the effects of fiber in lowering the dressing per cent (Bell, et .al., 
1958; Bowland and Berg, 1958, 1959; Coey and Robinson, 1954; Cunningham, 
et.al., 1961; Handlin, et.al., 1961; Hillier, et.al., 1963; Hochstetler, et. 
al . , 1959; Kidwell and Hunter, 1956; Merkel, et. al., 1958b; and T roelsen 
and Bell, 1962), so that this highly significant differential factor must be 
considered in any evaluation of the use of higher fiber rations for hogs. 

It should be pointed out that depending upon the experimental design there
su Its of improved grade attribute to fiber in various experiments may actually 
be due in part to two other factors associated with the feeding of the high 
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fiber ration. The first is that the so-called fiber ef~ct may be simply due to 
more adequate protein intake of the hogs. Hogs tend to eat on an energy ba
sis rather than on pounds of feed (D inusson et. al., 1961 , and Merket et. al., 
1 958a), and, therefore, usually eat more total pounds of a higher fiber ration. 
Certainly a lack of either sufficient quantity or quality of protein has the de
pressing effect on carcass grade and, therefore, in any experiment where fi
ber level is being tested, if the general quantity or guality of protein in all 
rations is borderline or deficient, there could be a tendency for improv-~d 
carcass grade in the higher fiber ration due to these hogs eating more and 
thus having a more adequate protein intake (assuming all rations are balanced 
for equal protein levels). 

Another bias for increased carcass grade in favor of high fiber rations is a 
very real and important point concerning the true I iveweight of the hog. For 
instance, the higher the increase in fiber level of the finishing ration t:Je 
more the decrease in dressing per cent of the hog. To show the extrem!, dif
ferences involved with this point, one can study the data presented by Kid
well and Hunter ( 1 956) where the control pigs dressed 69.9% and the p;gs 
receiving 50% alfalfa in the ration dressed 62.4%. Applying this data to a 
standard 200 pound hog in the control group, one can calculate that a :?00 
pound liveweight hog in the alfalfa group would adjust back to a correlated 
weight of 1 80.9 pounds at equal dressing per cent. An equal! y dramatic ex
ample of this lower dressing per cent phenomena plus the resulting watery 
carcasses (17.2% more water in the carcass) is shown in the paper by Jc•rdan, 
et.al., (1957) with pigs feeding mainly on pasture. Therefore, much cf the 
so-called effect of fiber on market grade or carcass composition is a differ
ence in market weight. 

The above points are illustrated in reviewing one of our recent tests shewn 
in Table 9 below where pigs were fed either a standard high energy ration or 
one containing added fiber (1 5% added soybean hu lis). 

Table 9. The effect of added fiber in hog finishing ration (15% soybean hulls). 

No. of hogs 
Av. starting weight, lbs. 
No. of days to market 
Av. final weight, lbs. 
Av. daily gain, lbs. 
Feed per 100 weight of gain, lbs. 
Dressing per cent (farm to chill) 
Percent g-rade No. 1 
Av. carcass length, inches 
Av. loin eye- area, inches 
Av. carcass back fat, inches 
Grade and yield selling per cwt. 
Selling price per hog 

22 

Regular 
Ration 
-8-

36 
101 .7 
210 

1 .71 
287 

71.46 
50 
28.7 
3.46 
1.62 

$15.94 
$33.47 

Added Fiber 15% 
Soybean Hulls 

8 
38 

107.3 
214 

1.64 
297 
69.35 
62 
29.4 
3.57 
1.57 

$15.52 
$33.21 



·I 

II 

(continued) 
Table 9. 

Feeder pig cost at 30¢ a I b. 
Feed cost per pig ( $3. 10 & $2. 95) 
Ex tro overhead for 5. 6 days 
Return per hog 
Return per hog per day 

Regular 
Ration 
m 
$15.50 

$ 7.17 
7.1¢ 

Added Fiber 15% 
Soybean Hulls 

$11.40 
$15.46 
$ .20 
$ 6.15 

5.7¢ 

Resu Its of this test verified the I ower back fat and higher market grade. of 
hogs fed ex tro fiber i n the rot ion. However the I ower do i I y go in, higher 
feed cost and I ower dressing per cent due to the ex tro fiber were big pro
fit deterents. 

The economic signifi conce of the I ower dressing per cent of the hogs fed the 
high fiber ration is worthy of specific discussion. Even though the hogs fed 
the high fiber ration graded higher and weighed 4 pounds more at market they 
still sold for $.26 less per hog on a grade and yield basis as compared to the 
control hogs. The mo jor contributing foetor was the 2. 11% lower dressing 
percent caused by the high fiber ration. To show what "foolers" the hogs 
were as a result of the high fiber ration if we adjust back from their carcass 
weight for a standard dressing per cent as shown by the control pigs the fol
lowing corrected data is obtained: 207.7 pounds adjusted liveweight, 1.58 
pounds adjusted overage doily gain and 308 pounds adjusted feed per 100 lbs. 
gain. 

Formers would be better off today if scientists fully realized that in evaluating 
high fiber rations for hogs the increase in value due to the higher grade is not 
great enough to overcome the lower sole value due to the lower dressing per 
cent. Purina field research work in this connection (Brock, 1956) is substan
tiated by the work of Hole and Southwell ( 1963), Robinson (1928), and 
Whotl ey, et. of., ( 1951) where cost studies were included as a part of the work. 
Breeding accounted for most of the difference in grade of the hogs in the Puri
na work and actually today breeding is the key to improving market grade of 
hogs (Geurin, 1963). 

Even in experiments where there ore no cost studies presented with the basic 
results, one con apply standard cost accounting factors with sufficient accu
racy to see that adding fiber in the ration of the pigs is a money losing propo
sition. For.instonce, referring to on article in Canadian Swine (1962) which 
indicated on average of $.31 more profit per pig for diluting the ration with 
hoy, one can check the basic research data that was used in the popul or arti
cle which come from the report of Comerson (1960). The basic data showed 
the pigs receiving the added ground hoy dressed 2.9% less than the pigs on 
the control ration and hod a 6.0% pound lighter carcass. Since Canadian 
hogs ore sold on a carcass weight as well as grade basis it is obvious there 
was considerably more loss in returns due to less carcass weight than there was 
additional returns from the higher grade even with the accompanying premium 
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from the packer plus the government subsidy. Aatuall y, I carried these re
sults further using some standard costs. Calculations showed the pigs receiv
ing added ground hay had an 8<;: per pig higher interest charge, 33<;: per pig 
more labor and bedding charge I $1 , r 1 per pig higher feed COSt I 38% per pig 
less carcass return, and $1 • 90 I ess profit per pig compared to the standard fed 
control pigs. Carrying this one step further on the basis of a standard $6.00 
per pig profit would show the control pigs returning 6<;: per pig per day versus 
3. 6<;: per pig per day for the pigs receiving added ground hay. Furthermore, 
I cannot conceive of any set pricing situation whereby the feeding of added 
hay in the ration based upon the evaluation of these experimental result!; 
would be anything other than a losing proposition from a monetary standpoint. 
The feeding of higher fiber rations for finishing hogs, then, is a contributing 
factor to going broke in the hog business, or if a man is destined to be a suc
cess then it makes it harder for him to succeed. I recognize that my comments 
here are emphatic, however, I can assure you that I fully intended such em
phasis. I did not intend to come here and pussyfoot around on such an impor
tant factor that has such a profound effect on the pocketbook of the swine 
producer. 

Summary 

The following comments concerning the feeding systems that were dis~.:ussed 
seem appropriate in view of the data presented: 

1. The scooping of ear corn out on the ground for hogs as a feeding sys ·em 
limits one's profit potential as compared to feeding a complete well
bel anced ration. 

2. The feeding of high moisture corn to hogs has a basic disadvantage in 
that it requires more feed on a dry matter basis per hundred pounds <,f 
gain as compared to regul or dry corn. 

3. The feeding of hogs on a campi ete ground and mixed ration en obi es them 
to gain 10.8% faster on 4-1/2% less feed per pound of gain than hogs 
fed free choice when the supplement is well balanced and the ratioro is 
ground and mixed proper! y. 

4. Hogs fed on present day rations in confinement will gain faster in dry 
lot and the saving of feed on pasture is so small that good farm manCigers 
turn to other avenues of uti I iz ing pasture on the farms. 

5. Based on cost accounting evaluations, limit feeding of hogs, requ1nng 
hogs to stand on their hind legs to eat or adding of high fiber levels in 
the ration of finishing hogs has a disadvantage from the profitability 
standpoint. 

6. Liquid or slop feeding of hogs is without effect other than it generally 
results in hogs being limit fed and results are changed accordingly. 
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Present evidence indicates that the greatest profitability from hogs comes 
from full feeding a well balanced, complete mixed ration to hogs during 
the growing finishing period. 
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DOLLARS AND SENSE IN SWINE AUTOMATION 

Kenneth H. Thomas 
Extension Economist in Farm tv\anagement 

It appears that we may well be on the threshold of an era during which many 
hog producers will be making some very important decisions regarding the 
future of their swine enterprises. The farm cost-price squeeze and the fami
ly's desire for improved living, have caused many farmers to look in earnest 
for ways of expanding volume, hopefully with little increase in effort. In
creased stability of hog prices and the advent of major changes in the tech
nology of buildings and materia Is handling have caused many farmers to 
seriously consider expansion of the swine enterprise as a possible solution to 
their income-effort problem. 

Yet only a small portion of our total output of hogs is achieved in systems 
embodying a high level of mechanization and for automation. Eighty to 
ninety percent of our hog producers still raise less than 200 hogs per year. 
Herds of this size will obviously not be mechanized to any marked degree. 
Labor studies bear this out, as man-hours required to produce TOO pounds of 
pork dec I i ned only 27 percent over the past 20 years compared to an 84 per
cent dec I i ne in labor required to produce 100 bus he Is of corn. 

Thus, most hog producers have yet to make a decision concerning the use of 
improved hog buildings and equipment and all are confronted with a con
tinuous, a I most overwhelming flow of techno logic a I developments. We are 

o111 here to consider ways of improving decision making in this area, or to hope-
11111 fully make some do liars and sense out of improved production systems for the 

swine producer. Our discussion will center around three questions which the 
swine producer should attempt to answer in considering a new production 
system. They are: 1. Am I ready for an intensive, automated swine produc
tion system? 2. If so, which production system will make best use of my 
limited resources? 3. How large should this production system get; how fast 
should I attempt to develop it? 

1. Am I ready for an intensive, automated swine production system? 

Before spending a lot of time investigating new, highly mechanized swine 
production systems, the swine producers should first evaluate his present 
operation to determine whether he is ready for or really needs such a system. 
At least two aspects of his p~esent operation should be studied in making 
such a determination. 

First, he should explore the possibility of improving or expanding his swine 
enterprise within the limits of his existing swine production system. With 
feed representing two-thirds of the cost of producing pork, efficient feed 
utilization is a must. Our farm management studies suggest that producers 
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with high levels of feed efficiency are abl~to make $3,000 net with 200-
300 hogs whereas the very inefficient may need 1, 000 - 1, 500 hogs to achieve 
the same earnings. This indicates that returns per unit must be adeguate be
fore volume will be effective in increasing total net income. 

Fuller utilization of existing facilities and improve-d work routines may permit 
expansion of the swine enterprise and thus provide adeguate earnings within 
the limits of the existing system. Other farm buildings may be available for 
use in hog production with a minimum of remodeling cost. Adoption of a 
limited degree of mechanization may also be possible, and very profitable. 

A second aspect that should be studied is the possibility of improving or ex
panding other livestock enterprises in lieu of swine. The resources available 
and the re loti ve profi tabi I i ty of the various enterprises w iII affect the opera
tor's choice of expansion possibilities. Certainly, if the operator is more 
efficient in other crop and livestock enterprises, then serious consideration 
should be given to expanding one or more of these enterprises first. 

II. If ready, which production system will make best use of my limited 
resources? 

Having explored the above areas and decided that he is ready for (or in need 
of) an intensive, mechanized hog system, the farm operator should then 
attempt to decide which production system will make best use of his limited 
resources. The first step in this process is for the operator to narrow dow 1 the 
wide range of production systems available to those which appear to be hasi
ble for his farm. 

In this stage of investigation, an approximation should first be made as to 
which resource is presently most limited, whether it be labor or capital. If 
labor is the major limiting factor, then systems that are highly labor efficient, 
though somewhat costly, should be explored. If capital is limiting, the:1 low 
investment systems should be explored, though they may not be as efficient 
labor-wise as other types. If both capital and labor are limiting, systems 
that are guite labor efficient while being moderate in cost should be investi
gated carefully. 

Knowing the relative scarcity of his capital and labor resources, the farm 
operator should then begin looking at various systems, appraising each fr:>m 
the standpoint of benefits to be derived and the costs to be incurred. 

A. Appraising benefits of a production system. In appraising the benefits 
that may accrue from a given system, the following factors should be 
considered: 

1. How much labor wi II be saved by this investment? 
2. How much wi II the new system increase production rates (more 

pigs saved per litter) or improve production efficiencies (les~ 
feed per cwt. gain)? 
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3. How much wi II the investment add to the comfort of the aperatar 
and the ease of getting his labor and management job done? 

4. How flexible is the system? Can it be modified and used in 
another system of farming? 

5. In case the farm should be sold in a few years, how much will 
the new permanent improvement increase the value of the farm? 

B. Appraising costs of a production system. The farm operator will then 
want to look at the relative cost of a new production system in at 
least one of three ways, namely, total investment, yearly repayment 
required, or annual use cost. For the farmer short of capital total 
i nv·estment and yearly debt repayment requirements wi II I ike ly be of 
major concern. 

The size of investment {total cost) required to implement a new pro
duction system should be appraised from two standpoints. First, with 
the expected annual earnings from a given production system, how 
much can the operator afford to invest in facilities and yet provide a 
reasonable return on investment? The following is a procedure for 
appraising the feasability of an investment from the standpoint of rate 
of return. 

Step # 1 - Determine expected gross income from system 
Market hogs $ 
Non-breeding gilts 
Sows 
Baars 

$60,000 

Step #2- Determine expected operating expenses of system, includ-
ing labor 
Breeding herd costs 2,000 
Veterinary costs 1, 600 
Feed costs 40,000 
labor costs@ $1.50 7,000 
Mise. costs 5, 000 

$55,600 

Step #3- Determine residual return {Step #1 less Step #2) 

$4,400 

Step # 4 - Determine return on or i gina I investment 
Residual return $ 4,400 12.6% return on 
Original investment $35,000 investment 

Step # 5 - Compare expected return from this investment {Step # 4) 
with return on investment in other systems and other sectors 
of farm business. 
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A second type of appraisal should also be ~ode regarding the size of 
investment. That is, what effect will the projected size of investment 
have on the financial soundness of the total business? The farm 
operator should attempt to maintain a safe ratio between net worth 
and liabilities. Traditionally, a maximum debt of $1 for each $1 
net worth has been considered safe. The repayment schedule under 
which the existing debt must be repaid wi II affect the soundness of a 
business at any given ratio. 

The yearly debt repayment requirement for the production system is 
also important when appraising the cost of a system. The following 
is a procedure that can be used in determining whether the production 
system will be profitable enough to meet debt repayment requirements. 

Step# 1 - Determine the net returns from the production available for 
debt and interest payments. 
Residual return (Step #3 above) $4, 4DO 
Plus value of family labor ---

included in labor cost above 
(Total= $7,000 of which 
$1,000 was for family) $1,000 

Equa Is net ova i I. for debt and i nte~ $5, 4DO 

Step #2 - Subtract average annua I interest payment 
T ota I mortgage x interest rate = $35,000 x 6% 

2 2 

Step #3 - Equals returns available for debt repayment 

$1,050 

$4,350 

Step #4- Divide this amount (Step #3) 
length of loan needed 

into toto I loan to determine 
$35,000 
$ 4,350 8.0 years 

Step #5- Compare years needed to pay investment (Step #4) with 
repayment schedule out I i ned by lender. 
Example: 8. 0 - needed ) Therefore, repay-

9.0- required by lender) ment capacity o.k. 

For the farm operator whose major concern is that of saving labor, 
the annual use cost of the system should be of greatest concern. n.e 
following 'break-even' analysis procedure should prove useful in 
this situation. 

Step #1 - Determine the annual use cost of a building or piece of 
equipment. (Annual use costs include depreciation, 
interest, repairs, taxes, and insurance. As a rule of 
thumb, annual use costs of buildings will approximate 
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10 percent per year; on machinery and equipment, 15-20 per
cent.) Multiply the new investment cost by the rule of thumb 
percentage to get approximate annual use cost. 
Example: $5,000 x 10% = $500 annual use cost. 

Step #2 - Divide annual use cost by per hour value placed on labor 
to determine the labor that would have to be saved per year to 
justify the investment. 

Example: $500 annual use cost 333 hours to justify-
$1.50 value labor 

Step #3 -Compare labor savings needed to justify the investment 
(333 hours) with savings expected from new improvement 
( hours). If expected savings in labor are greater than 
savings needed to justify the investment, then the system wi II 
more than pay its way. If not, then .profits will likely decline. 

C. Comparing various production systems; various investment opportuni
ties. It is important that the farm operator make a detailed appraisal 
clmore than one of the feasible swine production system for his farm. 
No two systems will provide the same benefits; no two will involve 
the same costs. He should, therefore, budget out several alternative 
systems to determine which one will best achieve his goals. 

The farm operator should also look at other investment opportunities 
in his business before deciding upon a given size and kind of swine 
production system. Remember, if one is somewhat limited in capital, 
he should strive to invest in buildings, machinery, and equipment up 
to the point where the last dollar invested in these items gives the 
same return as the last dollar invested in fertilizer, hog supplement, 
etc. This is a very difficult thing to determine. However, budget
ing through several alternative farming programs should help to lift 
up the most desirable allocation of the farmers limited funds and 
other resources. 

Ill. How large should this production system get? How fast should I attempt 
to develop it? 

A. How Big? The "right" size for any livestock enterprise varies 
greatly from farm to farm. Economies gained by increasing enterprise 
size came from (1) more efficient use of labor, buildings, and equip
ment; (2) savings resulting from large volume purchases of production 
items; and (3) more favorable marketings. 

Studies show that at present hog producers with herds of 30 to 60 sows 
can achieve most of the efficiencies of park production associated 
with size of enterprise. This is because reduction in the cost of pro
ducing pork usually comes from improvements in feeding efficiency, 
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as feed represents two-thirds of total cost. Improvements in labor 
efficiency are often off-set by increased capital costs. 

In determining how large a·hog production system to develop, the 
farm operator should consider at least three factors: (1) his mana
gerial capacity, (2) his financial position, and (3) the relative pro
fitability of other enterprises. The maximum size of herd usually is 
limited by the managerial capacity of the operator. Under present
day technology, successfully managed herds of over 100 sows are 
quite rare. The farm operator's debt carrying capacity should also 
be scrutinized in determining size of enterprise, particularly if 
there is any question regarding the operator's managerial capacity. 
Further, if other enterprises can compete quite favorably with hogs, 
then the hog enterprise should not be expanded beyond the point 
where it can compete with these other enterprises. 

How Fast? Making a smooth, well planned transition from the pre
sent hog system to the new is often the key to the success or failure 
of a given system. Here, timing of investments, etc., are very im
portant. Therefore, if the projected change in the swine production 
system is of any magnitude, the swine producers should be encouraged 
to make short-run production and financial plans. 

The production plans should show the annual balance between the 
crop and I i vestock programs, the rate at which shifts w iII have to 
take place in each, and the change in purchased inputs required. 
The financial plan should show the projected annual change in pro
duction expenses, debt repayment and income and the balance that 
wi II likely exist between income and expenditures. The operator 
may wish to refine this financial plan further, determining the monthly 
and/or quarterly income-expenditure balance. 

IV. Summary 

It a.ppears that in the very near future many hog producers wi II be making 
some very important decisions regarding the future of their swine enterprise. 
It is suggested that the swine producer attempt to answer three questions in 
considering a new swine production system. 

First, am I ready for an intensive, mechanized swine production system? 
Here, it is suggested that the farm operator first appraise his opportunities 
for improving or expanding his present swine production system. This might 
include improvements in production and feeding efficiency or making im
provements in existing facilities and work routines to permit the handling of 
a larger volume. The operator should also consider improving or expanding 
other, more efficient areas of his business first. 

Second, if ready, which production system will make best use of my limited 
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resource? Here, the farm operator should first determine which resource 
tends to be limiting, whether it be capital or labor, or both. If capital, 
analysis procedures should be used which would appraise systems from the 
standpoint of return on investment and obi I i ty to meet repayment schedules. 
If labor, then analysis procedures should be used which compare annual use 
costs of buildings, equipment, etc., with anticipated savings in labor costs. 
In any case, several alternative production systems as well as other invest
ment opportunities should be investigated in detai I before a final production 
plan is selected. 

Third, how large should the system get? How fast should I attempt to de
velop it? As regards the ultimate size of the system it appears that most 
efficiencies of size in swine production can be gained with only moderate
sized units. Thus, one's managerial capacity, debt-carrying capacity, and 
alternative opportunities should be considered carefully in deciding upon 
the size of unit. Carefully planned year-to-yeor production and financial 
plans should be developed as a guide in deciding how fast to develop the 
unit. 

In conclusion, it has been said that it is easy to mix business with pleasure; 
but it is much more difficult to mix business with profit. It is hoped that the 
above discussion, with its heavy emphasis on careful planning, will aid you 
in helping our swine producers in selecting swine production systems that are 

:~! truly "profit boosters" rather than "monuments of ignorance." 
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DAIRYING AND RESEARCH IN EUROPE .., 

J. B. Williams 
Department of Dair-y Husbandry 

University of Minnesota, St. Paul 

Research is conducted the world over for the common good. Communi cation 
and transportation have unified scientific goals, although idealogies are di
verse. Many people classify North American research efforts with Europecm 
research since common tools and methods are used. Great Britain and Wesi·
ern Europe have many excellent research personnel and facilities; though 
cultures and economic considerations dictate many of the avenues of research 
pursuit. 

Agriculture in Western Europe appears to be modern although each country 
is one of contrasts. While standing in one spot on rich soil in West Germa11y, 
I saw a self-propelled combine, tractors with binders and two men using a 
cradle and straw-binding lush barley. Some farms are large and completely 
mechanized; others are small and use hand I abor. Garden tractors are re
placing some of the labor on the smaller farms. 

Dairy research is directed more to the fundamental approach than to the op
erational level. The greatest difference in the agricultural effort between 
the continents lies in the dissemination of research results; results are most 
rapidly available to the farm operator via the weekly or monthly periodicals. 

Denmark has a highly developed farm advisory system and England is rapidlt 
developing an agricultural extension program. Some Frenchmen are criticcl 
of their experiment stations in that I ittle information filters down to the far n 
level in terms easily understood by the farm operator. 

The situation has resulted in the development of some elaborate research units 
by commercial companies. These units do primary investigational work as 
well as using experiment station information to develop operational programs. 
The several Uni -Lever groups are the leaders in this area. The feed organ
izations have developed the highly specialized veal industry. Veal in som·~ 
countries has a liveweight of 500 pounds, other countries call it veal at 401) 
pounds. Dried milk products fortified with vitamins A, D, and E and 18 to 
30% fat are used as food. Some calves are muzzled to prevent the consump
tion of bedding or wood from the veal crates and subsequent coloring of the 
lean meat. Veal crates frequently are elevated pens, 24x 60 inches in si2.e 
with slatted floors. An abundance of water in the veal producing areas per
mits the use of high pressure water streams to force feces and urine into pub
lic or private septic tank systems. The effluent from private sewage tanks is 
pumped into ll)Obile tanks or through sprinkler systems for land distribution. 
Temperatures in most of England seldom drop below freezing, so pumping is 
done all the year. 
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Several of the European dairy experiment stations turn the cows out to pasture. 
in May and leave them on pasture until October. Calves are obtained in May 
and placed in portable pens on the stanchion platforms. Cow feeding trials 
are conducted for 7 or 8 months and calf experiments have a duration of 4 to 
5 months. The cows are mi I ked in portable or permanent parlors for the entire 
pasture season. 

Sterilized milk is sold in many countries in l/2 liter and liter soda pop bottles. 
Ice cream is available everywhere. Cheeses are plentiful and delicious. 
Steaks are usually veal or light weight barley or grass fed beef. · 

Barley beef is the popular discussion topic. Actually those feeding cattle 
have used barley for many years as barley is the major feed grain crop. Cur
rently ·the feeding I evels are higher than in previous years. Several of the 
technical people report that 30% of the barley beef animals have damaged 
I ivers at slaughter. Antibiotics cannot be used except on prescription by a 
veterinarian. The barley beef trials and commercial feed lot practices as 
well, involve many small groups of animals. British Beef, Limited, has 
started a 10,000 head operation that will include the selection of the sire to 
be used in producing feed lot animals; strict rearing program by the contract 
calf raiser; slaughtering facilities and boned beef retail marketing. Dairy 
herds, preferably black and white, supply the week old calves to the contract 
rearer. A specific milk replacer is used on a limited feeding basis until the 
calves are 10 to 14weeks old. The barley fattening formula is fed during the 
I im ited m i I k rep I acer period so the calves are pre-conditioned when placed 6 
or 8 to a fattening pen. Several other groups operate along simi I ar I ines but 
a smaller output. Veal operations are frequently developed to supply a spe
cific wholesaler or retailer with a specific carcass weight and grade and at a 
pre-determined minimum price. 

The Milk Marketing Board in England has started construction of a unit to 
raise and feed 5,000 head of cattle yearly. Offspring of MMB bulls will be 
used so that daily gain information as well as milk production records will be 
available on all bulls. 

Some of the geneticists feel that high milk production and good daily gain are 
compatible in the same sire although most of the black and white cattle in 
Europe lack the refinement of American strains. They have wider shoulders, 
loins and thighs and present a good carcass of cow beef or provide stocky
built calves for veal purposes. 

Yugoslavian beef is in great demand because of larger carcasses from older 
animals. Much of their export beef is from corn fed animals of dual purpose 
or nondescript breeding. 

Purveyors of beef use trade designations similar to wholesalers in this country. 
In England, the slaughter channels import live beef from Ireland and advertise 
it as "Home-Killed" beef. Otherwise it must be stamped as Irish beef. Such 
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cattle ore driven or hauled to the wharves, dri~en loose into the holds of 
small freighters and driven off the ship in Wales, England or Scotland. 

Terminology is a bit different among English speaking groups. "Corn Stores" 
in England usually means the composite of all farm grains. Generally it re
fers to feeding barley. "Irish Stores" or "stores" describes two year old steers 
that are ready to be fattened. Veal is any calf fed on m i I k and includes 
calves in excess of 500 pounds. The best veal carcasses weigh at least 150 
pounds on the roil and are often blown up with air to present a rotund ap
pearance. 

All of the countries operate many one and two year post high school insti
tutes. These educational institutes ore very similar to the Minnesota Schools 
of Agriculture. Certificates are granted, students ore supervised on the com
mercial farms after completion of classroom work but University credit is with
held. Such schools or institutes seldom can accommodate more than 100 
students but are located in each county or similar political division. In
struction is on a high pi one and the graduates are sought after as herdsmen 
and farm managers. Most of the agri cui ture graduates from universities have 
completed an Institute course of study. Most of these institues do demonstra
tion type feeding trials and management studies. Financial support comes 
from the geographical area of the students. 

Basic research in the central government units usual I y involves several depart
ments. Very few of the research departments do all of their own analytical 
work. The trend is toward complete and self contained research units but 
this is not a reality at present. A high state of cooperation must be main
tained to avoid personality conflicts. This reduces the duplication of ex
pensive and campi i co ted analytical equipment at each experiment station. 
Laboratory technologists and senior staff become highly proficient in a spe
cific area but do not in general have a broad perspective of the area or prob
lem. Department heads and senior project leaders must of necessity be highly 
trained and very capable people. Most all of the people that ore known in 
this country are people that have been to America one or more times; simi
larly, these people have visited most of the laboratores in Europe as distances 
ore much less than in this country and international meetings are many and 
frequent. Some elder statesmen in each research area spend a great deal of 
their time attending meetings in other countries. The salary structure is such 
that central governments must provide travel funds for these workers. 

The lack of on-the-farm extension personnel has forced commercial interests 
to develop extensive and complete laboratory facilities. Project leaders are 
in close association with governmental I y supported research people as well as 
current in foreign literature in the field of interest. American research is 
well known and generally well received. Adaptations must be made to suit 
local situations as the economic objectives are a bit different and the tools 
of action may be different. Feeding trials with American corn and alfalfa 
ore only of academic interest unless a principle is demonstrated. Most of 
the green herbage in Europe is derived from rye grass, timothy and similar 
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grasses. Corn is most often grown as green chop because climatic conditions 
do not permit seed formation and maturity. 

It appeared to me that the plant breeders and growers had not been nearly as 
active nor productive as the animal breeders and animal nutritionists. The 
poultry industry in England and Western Europe has been greatly influenced 
by American strains of broilers and layers as well as diet formulation and 
American feed grains. 

Pork production goals are quite different between Western Europe and Amer
ica. The superiority of American feed formulae for growing pork is recog
nized but the end product is not wanted by the European housewife so the 
economics of efficiency dictate medium gain rates, lean meat and slaughter 
weights of 120 to 140 pounds. 

Dairy herds in many countries consist of 3 to 10 cows and most are milked by 
machine. Very little milk is handled in bulk, although the practice is ex:_ 
pending rapidly as herds are increasing in size. Milk in cans or chums is not 
usually cooled on the farm. Temperatures in summer seldom exceed 75° dur
ing the day so there is very little need for mechanical refrigeration or flow
ing water. Milk is picked up twice daily in event of the infrequent temper
atures of 80°. Most of the dairies pour or run the milk over water cooled 
surfaces before canning. 

Loose housing, self feeding bunker silos and milking parlors are very common 
in England. Winter stanchioning is most common on the continent with fresh
air milking parlors prevailing in summer. There are few visible tower silos 
anywhere in Europe. The Scandinavian countries use towers but build the 
silos inside the barns. Some are inside pits and others combine above ground 
and below ground poured cement units. Hay drying is· a real problem in 
Northern Europe and Switzerland. Most of the hay is laid on wires or vari
able size "A" frames. Hay drying in Central Norway resembles a grape vine
yard. High humidity, low daytime temperatures and lush growth force the 
dairyman to stir the hay frequently and eventually place it above the ground 
for final curing. Baled hay is popular but not usuable in some areas and some 
seasons. Horse drawn hay tedders are primary farming implements. Weather 
conditions have forced the dairyman to either use a lot of hand labor in dry
ing hay or mechanize and use long, self-feeding bunker silos. Currently, 
field choppers are being used extensively to produce silage but wet ground 
conditions preclude their use in certain areas. Outdoor tower silos will be
come more numerous as silo unloaders and silage delivering equipment are 
becoming competitive with increasing labor costs and a diminishing skilled 
dairy farm I abor force. 
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NUTRIENT REQUIREMENTS AND DEVELOPMENT~OF RATIONS 
FOR DAIRY CALVES 

N. L. Jacobson 
Iowa State University 

Many changes in calf feeding recommendations have been made in recent 
years. The basic requirements ore set forth in the National Research Council 
Publication 464 (1958) but these are subject to change as additional data are 
available and as new feeding systems are evolved. 

Protein 

The digestibility of the protein (and other nutrients as well) in many ingredi
ents of milk replacers has not been determined for the calf; thus, recommen
dations for the use of these components are not very accurate. Furthermore, 
other factors, such as level of protein in the diet and the nature of the other 
dietary components, affect the biological value of a protein from a single 
source (Biaxter and Wood, 1951; Brisson et al., 1957). In the young calf, 
rate of growth desired and the nature and amount of solid feed consumed are 
important factors in determining the amount of protein needed in the milk re
placer. Although it is difficult to arrive at specific recommendations, some 
rather definitive data ore available. Brisson et al., (1957), employing diets 
composed of crude casein, cerelose, lard, lecithin, minerals, vitamins and 
antibiotic, found that optimum growth was attained when crude protein con
stituted 24.3% of the total energy intake (22. 1% of the dry matter intake). 
Cunningham et al . , ( 1958) observed good growth, however, when protein 
constituted 19.4% of the dry matter intake. Preston et al., (1960) found that 
nitrogen retention in early-weaned calves increased as dietary protein was 
increased, with a maximum attained at a level of 20% crude protein. Data 
of Lassiter et al., ( 1959) suggest that a crude protein I eve I of about 19% in 
the milk replacer is adequate for herd replacement calves when a dry starter 
containing 16.5% protein and alfalfa hay also are fed. Other data suggest 
that when calves are fed a limited amount of whole milk or a high quality 
milk replacer, a crude protein level of 14 to 16% in the starter is sufficient 
(Brown et al., 1958; Everett et al., 1958; Loosli} 1961). Huber and Miller 
(1964) fed three levels of protein in a milk replacer (10.6, 17.3 and 22.4%) 
and two levels in the calf starter (12.2 and 18.4%). The calves were weaned 
at 4 weeks. Weight gains to 12 weeks increased with increase in protein, 
both in the replacer and in the starter. Results of Brown et al., (1956) and 
Lassiter et al., (1960) indicate that a part of the nitrogen requirement of the 
young calf can be met by urea in either the milk replacer or starter. 

As stated earlier one of the major problems in assessing protein requirements 
of the calf is the absence of data on digestibility of protein from various 
sources by the yo~ng calf. Recently Bryant (1963) and Bryant (1964) evalu
ated soya flour and corn distillers dried solubles as ingredients of milk re-
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40 



placers far calves. Soya flour (which contains more protein than dried skim
milk) and lactose were substituted for dried skimmilk at levels up to 50% of 
the protein. Corn distillers dried solubles (which contains less protein thon 
skimmilk) were substituted for dried skimmilk and lactose. As the levels of 
soya flour and distillers solubles increased, the weight gains and nitrogen 
and energy digestibil ities decreased. However, when the new digestibility 
figures were used in substituting the distillers solubles for dried skimmilk and 
lactose, there were no significant differences il') weight gains. This empha
sizes the need for more data on digestibility of nutrients from various ~ources 
by the cal f. 

Fat 

There has been considerable difference of opinion in recent years on the op
timum level of fat in milk replacers for herd-replacement calves. A liquid 
milk replacer containing 12 to 14% solids and low in fat (6% or less on a 
dry matter basis) is a low-energy product as compared to whole milk. There
fore, in years past the addition of fat to low-fat replacers to raise the energy 
level was advocated. It has become apparent, however, that if a high
quality, palatable starter is available, the calf will compensate for the low
fat rep I acer by consuming proportionately more starter, just as it adjusts 
similarly to limited milk or replacer feeding. 

The importance of difference in starter consumption was demonstrated by the 
study of Warner (1960) wherin Holstein heifer calves fed a low-fat (2%) 
milk replacer gained weight as rapidly as calves fed a high-fat 25% replacer 
containing coconut fat or lard oil, even though the energy content of the 
former was substantially less than that of the latter. Moreover, calves fed 
the low-fat replacer gained about as much weight as those fed whole milk 
containing energy equivalent to the high-fat replacers. The additional 
calories needed by the calves fed the low-fat replacer were obtained by 
greater starter consumption. Studies at Iowa (Rust, et al., 1960) show that 
calves fed milk containing 6% (milk) fat and a high quality starter gained 
weight as rapidly as those fed similarly except that the milk contained 18% 
fat. In this instance also, calves on the low-fat replacer consumed more 
starter. Weight gains to 16 weeks and TDN required per pound of gain were 
similar for the two groups. 

Carbohydrates 

There is a marked difference in efficiency of uti I ization of various carbohy
drates which by-pass the reticula-rumen in the calf, as usually occurs when 
the carbohydrate is a component of a m i I k rep I acer (Huber et al . , 1961 a and 
1961 b; Jacobson et al., 1960). Sucrose and starches are not used efficiently, 
although after 3-4 weeks the utilization of starch improves; this, however, is 
too late to be of much value in an early-weaning program. Therefore, there 
seems to be little justification for including these products in milk replacers. 

Time does not permit detailed discussion of the requirements for vitamins and 
minerals and the role of various feed additives. Most of these are consider
ed in the National Research Council Pub I ication 464 (1958). 
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Calf feeding systems~ 

Calf feeding programs for the herd-replacement calf should be designed to 
convert the calf at an early age from a non-ruminant state (requiring liquid 
feeds) to a true ruminant which is able, through fermentative processes in 
the reticula-rumen, to use solid feeds efficiently. It has been demonstrat
ed that the nature of the diet has a profound effect upon the development 
af the reti cuI a-rumen of the calf. Anatomical aspects of this development 
have been discussed recently by Tamate et al., (1962, 1964). Hay and dry 
concentrates such as grain which pass into the reticula-rumen cause an in
crease in size of that organ and stimulate development of rumen papiLlae. 
Moreover, these feeds increase the ability of the rumen to absorb fatty acids, 
the end-products of carbohydrate degradation in the reti culo-rumen (Sutton 
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McGilliard and Jacobson, 1961). Under these circumstances the metabolic 
activity of the rumen mucosa also is greatly increased (Sutton, McGilliard 
and Jacobson, 1962). 

Early weaning 

Calf feeding programs involving only a I imited amount of milk or milk re
placer are not a recent innovation although they have received more atten
tion during the past few years. Weaning at 1 month or less now is common
place. Warner (1960) fed either a total of 180 lb. of whole milk or 25 lb. 
af dry milk replacer per calf. Weight gains to 7 weeks of age were about 
1 lb. per calf daily, which is considered satisfactory for herd-replacement 
calves. Clark and Whiting (1961) reported that Holstein heifer calves fed 
6lb. of milk daily to 4weeks of age gained as rapidly as calves fed Bib. 
of milk daily during the same period. Furthermore 
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fed 6 lb. of milk daily for 8 weeks was no better than that of calves fed at 
the same rate for on I y 4 weeks. 

Work at I ow a State University (Van Horn et al. 1 1962) has shown that calves 
can be weaned successfully at 1 month, or earlier, if a high quality calf 
starter is fed. A suggested milk feeding program is shown in Table 1. 

Table 1. Milk feeding schedule for earlzweaning 

Age of calf, 

dazs 

0 - 3 

4 - 24 
25 - 31 

Milk 

Colostrum 

Whole milk* 
Whole milk* 

Milk per daz 
Small-breed calves Large-breed calves 

Nurse dam or 
4 lb. 
5 lb. 
3 lb. 

Nurse dam or 
6 lb. 
7 lb. 
4 lb. 

*Or an-equivalent amount of milk replacer. 

If early weaning is to be successful, a high quality, palatable calf starter 
must be fed from an early age ( 1 week or I ess). An exam pie of a satisfactory 
starter is shown in Table 2. Other ingredients which frequently are used in 
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starters at levels of 5 to 15% are corn distillers dried solubles, wheat bran, 
I inseed meal, dried whey and wheat middlings. Recent work at Iowa has 
shown that the palatability of a starter in the form of a meal compares fa
vorably with that of a starter in the form of pellets or crumbles but there 

Table 2. (aft starter formula 

Ingredient Lb. 

Corn, shelled and coarsely ground 40 
Oats, crushed or crimped 27 
Soybean meal 20 
Mol asses, bl ackstrap 10 
Dicafcium phosphate 2 
Trace mineral salt 1 
Vitamin A- 2,500 I.U./Ib. starter 
Vitamin D - 300 I.U ./lb. starter 
Chlortetracylcine or oxytetracycline- 15 mg./lb. starter 

are certain advantages for each form which deserve consideration. The start
er should be fed free-choice up to a maximum of about 4 lb. per calf daily 
during the first 3 to 4 months. 

<:::1 The body weight gains of calves fed three levels of milk in tests at Iowa are 
shown in Table 3. 

Weights beyond 12 weeks were not available for heifers in group 3 but other 
data indicate that the weight advantage apparent at 12 weeks had disappear
ed by 1 year or earlier. Calves which are fed less milk increase starter con
sumption more rapidly. This is apparent in Table 4 which summarizes starter 
consumption of calves shown in Table 3. 

Table 4. Average daily starter consumption by the Holstein heifer calves 
shown in Table 3. 

Weeks 

Group 0-2 2-4 4-6 6-8 8-10 10-12 
lb. 

1 0.8 1.2 3.2 4.2 5.4 6.5 
2 0.8 0.8 1.8 3.2 5.4 7.0 
3 0.4 0.8 1.1 1.6 2.5 3.3 
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Because of the nature of this study, the calv~ in groups 1 and 2 received no 
hay. Calves in group 3 were offered hay but consumed very I i ttl e, varying 
from o·.2 lb. per calf daily during the first 4 weeks to 0. 9 lb. during the last 
4 weeks. AI though it is general! y recommended that calves be fed good qual
ity legume or legume-grass hay as soon as they will eat it, they develop very 
well without any hay or other forage for the first month or two. Some calf 
feeding systems proposed by workers at the Ohio Agricultural Experiment Sta
tion and elsewhere incorporate relatively high levels of ground hay in the 
starter. In most cases, however, these systems involve use of considerably 
more milk than is proposed herein for the limited milk system. Bartley (1964) 
found that with calves fed 350 lb. of whole milk over a 6-week period, a 
pelleted starter containing 25% ground alfalfa promoted better growth than 
one containing no alfalfa. Calves fed a starter containing 50% alfalfa grew 
at the same rote as those fed no al fa I fa but the former ration was more econo
mical. 

In studies at Iowa, calves have been weaned at 17, 21 and 24 days of age. 
Weaning at 17 days or younger was too early; some calves had difficulty ad
justing to dry feed at this age. However, satisfactory results were obtained 
with 21-day weaning (about 125 lb. milk). Similar observations were made 
by Jacobson (1962). Satisfactory weaning at 24 days has been reported by 
Pardue et al., ( 1962) and Noller et al . , ( 1962) and at 26 days by Brown et 
al., (1964). 

Veal 

Feeding systems designed for herd-replacement calves are not suitable for pro
duction of veal. The most desirable veal carcass in most U.S. markets is from 
a rapidly-growing calf fed only milk or a suitable milk replacer at a high level 
for 6 to 8 weeks. Since there is little or no profit in veal produced from whole 
milk, the only acceptable system is the use of a milk replacer which produces 
weight gain considerably more economically than whole milk. Furthermore, 
the rate of gain must be rapid (2 to 3 lb. daily from birth to 6 weeks) and the 
carcass must be high quality (I ight-colored and a good fin ish). Therefore, the 
replacer should be relatively high in fat (15- 20%), be utilized efficiently 
(1.1 - 1.4 lb. per pound gain), be consumed in Iorge amounts without causing 
digestive disturbances and be economical. Some replacers formulated for veal 
calf production meet these criteria. Because of the relatively low margin of 
profit and the uncertainties of the veal market, the demand for milk replacers 
for veal calves cannot be expected to increase rapid!) 

Summary 

Although there still ore many areas of uncertainty, progress is being made in 
the d~termination of the nutrient requirements of the dairy calf. Most of the 
available information is summarized in the National Research Council Publ i
cation 464 (1958). Protein needs have been studied extensively but the ef
ficiency of utilization of protein from various sources has not been clearly 
delineated; some plant proteins have been shown not to be used efficiently. 
Fat requirements ore low except for veal calves where the fat is needed for 
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fast growth and a high quality carcass. Sucrose and starches ore not well 
utilized when fed in milk replacers. Early weaning is gaining popularity. 
Herd replacement calves of the Iorge breeds con be reared successfully with 
125 to 175 lb. of whole milk (or on equivalent amount of milk replocer)i 
small breed calves need less. If on early weaning system is to be successful, 
however, a nutritionally adequate, highly pol a table col f starter is essential. 
Milk replacers for veal calves must cost substantially less than on equivalent 
amount of whole milk, support rapid growth and produce a high quality car
cass. 

REFERENCES 

Bartley, E. E. Proc. 19th Kansas Formula Feed Conference, p. 18. 1964. 
Bloxter, K. L. and W. A. Wood. Brit. J. Nutr. 5:55. 1951. 
Brisson, G. J., H. M. Cunningham and S. R. Haskell. Canadian J .Animal 

Sci. 37:157. 1957. 
Brown, L. D., R. S. Emery and C. A. Lassiter. J. Dairy Sci. 47:688. 1964. 
Brown, L. D., C. A. Lassiter, J.P. Everett, Jr., and J. W. Rust. J. 

Animal Sci. 15:4. 1956. 
Brown, L. D., C. A. Lassiter, J.P. Everett, Jr., D. M. Seoth and J. W. 

Rust. J. Dairy Sci. 41:1425. 1958. 
Bryant, A. B. M.S. Thesis. Iowa State University Library. 1963. 
Bryant, J. M. M.S. Thesis. Iowa State University Library. 1964. 
Clark, R. D. and F. W. Whiting. Canadian J. Animal Sci. 41:16. 1961. 
Cunningham, H. M., S. R. Haskell, V. J. Miles, V. S. Logon and G. J. 

Brisson. Canadian J. An.imol Sci. 38:33. 1958. 
Everett, J.P., Jr., L. D. Brown, C. A. Lassiter, D. R. Jacobson and J. 

W. Rust. J. Dairy Sci. 41:1407. 1958. 
Huber, J. T., N. L. Jacobson, A. D. McGilliord and R. S. Allen, J. 

Dairy Sci. 44:321. 1961 a. 
Huber, J. T., N. L. Jacobson, A. D. McGilliord, J. L. Morrill and R. S. 

Allen. J. Dairy Sci. 44:1484. l96lb. 
Huber, J. T. and W. L. Miller. J. Dairy Sci. 47:688. 1964. 
Jacobson, D. R. Kentucky Agr. Expt. Sto. (Preliminary report 400-2-62) 

1962. 
Jacobson, N. L., A. D. McGilliord, J. T. Huber and J.D. Sutton. Proc. 

Cornell Nutrition Conf. 24. 1960. 
Lassiter, C. A., R. M. Grimes, C. W. Duncan and L. D. Brown. J. Dairy 

Sci. 42:919. 1959. 
Lassiter, C. A., G. D. Riegle, L. D. Brown and E. J. Benne. J. Dairy 

Sci. 43:891. 1960. 
Loosli, J. K. Hoard's Dairyman. 106:18. Jon. 10, 1961. 
Notional Research Council, Notional Academy of Sciences. Publ icotion 464. 

1958. 
Noller, C. H., I. A. Dickson and D. L. Hill. J. Dairy Sci. 45:2. 1962. 
Pardue, F. E., D. R. Jacobson, A. P. Groden and D. M. Seoth. J. Dairy 

Sci. 45:986. 1962. 
Preston, T. R., F. C. Whitelaw, R. D. Ndumbe and E. B. Chorleson. Proc. 

Nutrition Soc. 19:(1) v-vi. 1960. 

45 



Rust, J. W., C. F. Foreman, A. D. M~Gilliard and N. L. Jacobson. Un
published data. Iowa State University. 1960. 

Sutton, J. D., A. D. McGill iard and N. L. Jacobson. J. Dairy Sci. 
44:1184. 1961. 

Sutton, J.D., A. D. McGilliard and N. L. Jacobson. J. Dairy Sci. 
45:679. 1962. 

Tamate, H., A. D. McGilliard, N. L. Jacobson and R. Getty. J. Dairy 
Sci. 45:408. 1962. 

Tamate, H., A. D. McGilliard, N. L. Jacobson and R. Getty. Tohoku 
J. Agr. Res. 14:171. 1964. 

Van Horn, H. H., Jr., J. W. Rust, C. F. Foreman and N. L. Jacobson. 
lowaFarmSci. 16:15. 1962. 

Warner, R. G. Proc. Cornell Nutrition Conf. 88. 1960. 

46 



WHAT WE'VE LEARNED ABOUT DAIRY BEEF* 

Edward C. Frederick 
Southern School and Experiment Station 

University of Minnesota, Waseca 

Dairy beef is a by-product of the dairy enterprise. In a broad sense, dairy 
beef includes: 1. Cull dairy cows and bulls, 2. Dairy animals fed for · 
meat production. 

In recent years, the feeding of dairy steers and bulls for meat production has 
been increasing. There are a number of reasons for this development. Arti
ficial insemination has made more males available for feeding. Dairy herds 
are getting larger, therefore, more male calves per dairy unit are avai I able 
for meat production. 

Consumer demand for red meat has been increasing. Per capita consumption 
of beef in the United States increased from 62.2 lb. in 1952 to 89.1 lb. in 
1962 (USDA Handbook, 1963). At present, about 30% of the beef consumed 
in this country comes from dairy animals; 10% from cull dairy cows and 
bulls; 20% from dairy steers and bulls fed for meat production. 

Because of the increased interest in feeding males of dairy breeding, many 
questions are being raised. In order to answer these questions, a number of 
research projects have been completed or are in progress at the University of 
Minnesota. The purpose of this paper is to summarize and discuss the Minne
sota work on feeding Holstein steers and bulls. 

The work will be discussed under the following main headings: Growth Rote, 
Efficiency of Feed Use, Feedlot Activities, Carcass Evaluation and Economic 
Considerations. 

GROWTH RATE 

Growth rate wi II be discussed under the following sub-headings: Breeds, 
Castration, Stilbestrol and Rations. 

Breeds 

Hanke et al. (1963) conducted a study at the University of Minnesota, West 
CentrafSchool and Experiment Station, comparing feedlot performance and 
carcass traits of Hereford, Shorthorn and Holstein steers on light and heavy 
weight barley. 

*Prepared for the 1964 Minnesota Nutrition Conference, University of 
Minnesota, St. Paul, Minnesota, September 14 and 15, 1964. 
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Thirty-five calves weighing approximately, 460 lb. were used in a 258 day 
test. The ration fed consisted of approximately four pounds of alfalfa hay 
and ground barley fed to appetite. One lot of cattle within each breed was 
fed light weight barley and the other lot within each breed was fed heavy 
weight barley. Trace mineralized salt was fed free choice while steamed 
bone meal was fed the last 98 days of the trial. All calves were implanted 
with 12 mg. stilbestrol.at the start. They were re-implanted again 112 days 
later with 24 mg. stilbestrol. Holstein calves used in the trial were from 
the Morris Station dairy herd. The Hereford calves were purchased at the 
stockyards. Ho If of the Shorthorns were purchased at the stockyards and the 
other half came from the purebred Shorthorn herd at the Morris Station. 

Table 1 indicates that the average doily gain of Holstein steers was greater 
than for either Herefords or Shorthorns. This finding is in agreement with 
that reported by Bohstedt (1922), Branaman and Brown (1936, 1937), Fuller 
and Rouche (1927, 1929, 1930) Gerlough et ~· (1964) and Cole~~.(l96.4). 

Table 1. A comparison of feedlot performance and carcass traits of Hereford, 
Shorthorn and Holstein steers. November 27, 1962 to August 12, 1963 (258 days). 

Item Hereford Shorthorn Holstein 

No. cattle 11 12 12 
Av. initial wt., lb. 442 473 477 
Av. final wt., lb. 1016 1002 1108 
Av. daily gain, lb. 2.22 2.05 2.45 
Total daily feed, lb. 18.6 20.0 22.1 
Total feed/cwt. gain lb. 833 973 899 
Feed cost/cwt. gain $0 13.67 16.16 14.96 
Return/steer over feed, $ 18. 13 3.50 16.86 
Carcass data 

Weight, lb. 608 605 641 
Rib eye area, sq. in. 11.3 10.2 10.6 
Fat cover, in. 0.57 0.66 0.28 
Marbling score b 4.5 4.8 3.6 
Grade c 9.0 9.2 6.2 
Yield d 50.6 49.3 51.6 

a Feed prices: alfalfa hay $15/T; ground barley 90¢/bu. 
b Marbling scores: traces, 3; slight, 4; small, 5. 
c Carcass grades: high standard, 6; low good, 7; ov. good, 8; high good, 9. 
d Calculated by formula to give yield in terms of boneless trimmed cuts. 

The experiment conducted by Hanke et a I. (1963) is being repeated at the 
pr~sent time and the results to dote (223doys on test) tend to verify the data 
presented above. 

Castration 
Jodhav (1963) conducted a study at the University of Minnesota, Northwest 
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School and Experiment Station, comparing Holstein bulls and steers with and 
without stilbestrol on high roughage diets. Forty Holstein bull calves from 
the Station herd were used in the study. Bull calves were paired as uniformly 
as possible on an age and weight basis and introduced into the feeding lots 
between 4 and 6 months of age. One member of each pair was castrated. 
Animals in the odd numbered pairs received no stilbestrol while the animals 
in the even numbered poirs received 12 mg. stilbestrol at 4 months, 24 mg. 
at 8 months and 24 mg. at 12 months of age. The steers and bu lis were kept 
in separate but adjoining lots. The ration fed consisted of 9.29 lb. silage, 
10.8 lb. medium to poor quality alfalfa hay, 7.1 lb. rolled barley, 0.41 lb. 
soybean meal and mineral mixture free choice. Animals were slaughtered 
at 13 to 16 months of age. Shrunk weights were taken at the beginning and 
end of the trial. Data on feed consumption, carcass characteristics, feedlot 
activity and economic return were collected. 

Table 2 contains the pertinent data on rate of gain from Jadhav's (1963) the
sis and shows that bulls gained significantly faster than steers (2.25 lb. com
pared to 2.03 lb.). This finding is in agreement with most of the previous 
studies with beef breeds and also that of Nichols.:..!_~· (1962) with Holsteins. 

Table 2. Average starting and final weights of bulls and steers both with and 
without implanted stilbestrol over an average feeding period of 312.5 days. 

I II 
Item Bullsa Bulls Steers 

a 
Steers 

Number of animals 
in each category 10 10 10 10 
Average initial 
weight, lb. 352 346 352 339 
Average fi na I 
weight, lb. 1084 1023 1034 926 
T ota I gain average 
on experiment, lb. 732 677 682 587 
Average dai ly 
gain, lb. 2.31 2.19 2.20 1.85 

a Implanted with stilbestrol. 

Sti I bestro I 

Jadhav (1963) found that bulls implanted with stilbestrol did not gain sig:
nificantly faster than bulls without stilbestrol, however, steers implanted 
with stilbestrol gained significantly faster (15.9%) than steers without stil
bestrol (Table 2). The steers implanted with stilbestrol gained at similar 
rates to the bu lis without the hormone. These resu Its are in agreement with 
those of Cahill (1955) who made similar comparisons between beef bulls and 
steers. Rupp et al. (1961) observed no difference in the weight of the im
planted and non-implanted Holstein steers during the first 60 days on feed. 
Subsequently, implanted steers gained faster than those in the control group. 
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They cone luded that there was no apparerat advantage in feeding sti I bestrol 
to Holstein calves and light weight Holstein steers. 

Rations 

Dairy steer feeding trials were started at the University of Minnesota, 
Southern School and Experiment Station, in January, 1962, to study the 
effects of various proportions of concentrate to roughage on growth rate, 
efficiency of feed use, carcass quality and economic returns. Holstein 
steer calves from other University Branch Stations and State Institution herds 
are being utilized in the trials. The calves are on test from approximately 
400 to 1000 lb. Steers are lotted six to a pen in a pole building. Rations 
consisting of the following ratios of concentrate to roughages are being fed: 
11:1, 3:1 and 1:1. The concentrate mix contains 74.2% cracked shelled 
corn, 15.1% soybean meal, 8. 7% dehydrated alfalfa meal, 0.4% calcium 
carbonate, 0.6% dicalcium phosphate and 1.0% salt {ration with 11:1 ratio 
of concentrate to roughage). Extra roughage in the 3: 1 and 1: 1 rations is 
supplied by ground alfalfa. All rations are self-fed. 

The trials being conducted by Miller et al. {in progress, 1964) at the South
ern School and Experiment Station ar~iTII underway; however, preliminary 
analysis of the data show no marked difference in rate of gain with concen
trate to roughage ratio varying from 11: 1 to 1: 1 . A pre I i m i nary summary of 
the results to date are given in Table 3. 

Table 3. A comparison of feedlot performance and carcass traits for Hol
steins on varying concentrate to roughage ratios. 

Item 11: 1a 3:1a 1: 1a 

No. cattle 35 27 26 
Av. initial wt., lb. 427 409 419 
Av. final wt., lb. 1005 1015 967 
Av. daily gain, lb. 2.41 2.46 2.30 
Total feed/cwt. gain, lb. 707 747 778 
Feedcost/cwt. gain, $b 15.28 14.62 12.74 
Carcass data 

Rib eye area, sq. in. 10.5 10.0 10.0 
Fat cover, in. 0.32 0.27 0.20 
Marbli'Jl score c 5.4 5.0 5.1 
Grade 7.6 7.5 7.0 
Dressing% 62.1 60.7 60.0 

a Parts by weight of concentrate to roughage. 

b. Corn, $1.80, soybean meal, $4.00, dehydrated alfalfa meal, $2.00, 
alfalfa hay, $1.00, limestone, $1.50, dicalcium phosphate, $4.00, 
salt, $2.00 per 100 lb. 

c Marbling score: slight, 4; small, 5; modest, 6. 

d Carcass grades: high standard, 6; low good, 7; av. good,8; high good,9. 
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Additional trials with wider concentrate to roughage ratios, i.e. varying 
from 11:1 to 1:3, are being conducted at the Southern School and Experiment 
Station at the present time. 

A series of experiments were conducted with Holstein steers at the University 
of Minnesota, Rosemount Agricultural Experiment Station, during 1963. 
Harvey et al. (1963) utilized 70 "medium" grade yearling Holstein steers to 
test the ~a~e of cobalt bullets for grazing steers fed trace mineralized sa.lt 
and to compare iodized and trace mineralized salt as a source of iodine. The 
steers were lotted as uniformly as possible into 9 groups which were grazed 
rotationally on fertilized pasture consisting of grass or grass legume mixture. 
Ample rainfall produced excellent pasture up to July 1. From then until 
September 3 little rain fell resulting in low yielding pasture during there
mainder of the season. All steers were implanted with 24 mg. stilbestrol. 
One-half of the steers in 7 groups were given 20 gram cobalt bullets when 
turned into pasture May 14 and each group had access to trace mineralized 
block salt ad lib. As the pasture became less productive, steers were removed 
from the experiment in pairs. Two groups of 8 steers were placed on alfalfa
brome pasture in which block iodized salt or trace mineralized salt, respec.: 
tively, were supplied ad lib. The results showed that cobalt bullets did not 
improve pasture gains of steers fed trace mineralized salt. The average daily 
gain on the steers was 2.92 lb. with 357 lb. beef produced per acre. Gains 
of steers grazing fertilized pasture consisting of alfalfa-brome fed either trace 
mineralized or iodized salt were similar. The average daily gain was 2.09 lb. 
with 376 lb. of beef produced per acre. 

Burson et al. (1963) utilized "medium" grade yearling Holstein steers to de
termi net he effects of pasture ferti I ity and management on beef production. 
The poor to fair soil with 120 lb. nitrogen produced 314 lb. beef per acre 
compared to 356 and 354 lb. beef per acre from the fair to good soil with . 
60 I b. nitrogen and the renovated pasture on good to very good soi I, respec
tively. The data seems to bear out the principle that more beef per acre is 
produced on the soils that are higher in fertility. 

Schmid et al. (1963) utilized "medium" grade yearling Holstein steers at the 
Rosemount Agricultural Experiment Station to determine beef production from 
renovated and fertilized grass postures. The renovated postures were the most 
productive. The renovated pastures produced 456 lb. of beef and returned 
$70.17 per acre after deducting lime, fertilizers, tillage and seed costs. 
Total steer days, lbs. beef produced and dollar return per acre for the nitrogen 
treated, manure treated and controls were 134, 444, $67.95; 161, 387, 
$56.69; 88, 244, $43.93, respectively. The treatments resulted in the fol
lowing increase in value of beef produced per acre compared to the control 
pastures: renovated, 63%, nitrogen, 58%, manure, 34%. 

EFFICIENCY OF FEED USE 

In general, the efficiency of feed use reported for Holsteins has beenslightly 
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less than for beef or dual purpose breeds. However, Hanke et al. (1963) 
found that Shorthorns required the most feed per 100 lb. goi;:;-ond Herefords 
required the least; Holsteins were intermediate. Holsteins consumed more 
doily feed than Shorthorn or Here"fords (Table 1). Motsushimo (1949) and 
Clanton et ol. (1963) also reported that Herefords were more efficient than 
Holstein~ Cole et ol. (1964) reported that Holstein steers hod the hi"ghest 
efficiency of feeduse of the six breeds tested. Kidwell and McCormick 
(1956) showed that when breeds were considered at the some relative degree 
of maturity, no difference due to the breed effect other than size could be 
noticed at a given weight. 

Jodhov (1963) compared Holstein steers and bulls on high roughage diets. His 
data showed bulls were more efficient with a feed consumption of T25 lb. less 
per TOO lb. gain (10% less) compared to steers (Table 4). The corresponding 
TON and net energy requirement were also less by 57 lb. and 50 therms. Simi
lor results were reported for Holsteins by Nichols et ol. (1963) and for beef 
breeds by K los termon et ~. (1954). --

Table 4. Pounds of feed, pounds of TON, therm of net energy required for 
TOO lb. gain and cost per pound gain of bulls and steers in feeding trials. 
(Refer to Table 2 for supplementary data.) 

Bu lis Steers 

Feeds 
Rolled barley, lb. 316 350 
Alfalfa silage, lb. 413 457 
Soybean mea I, I b. T8 20 
Alfalfa hoy, lb. 0 

450 494 
Total feeds, lb. T197 T32T 

TON, lb. 547 604 
Net energy, therms 478 528 

Cost (cents) per lb. weight goinb 11.24 12.44 

0 Mineral mixture and salt not included in the total feed and cost calculation. 
b Feed prices charged: Barley, 78¢ per bushel; alfalfa silage, $7.00 per ton, 

soybean meal, $80.00 per ton; and alfalfa hay, $20.00 per ton. 

The total feed per cwt. gain reported by Miller (in progress, T964) for Hol
stein steers on varying concentrate to roughage ratios of 1 T: 1, 3: T and T: T 
were 707, 747, 778 lb. respectively (Table 3). Luitingh (1963) considered 
the effect of various factors on the efficiency of feed utilization in meat pro
duction and concluded that a high roughage ration for beef cattle was the 
least efficient type of ration. 
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FEED LOT ACTIVIT! ES 

Activity studies were conducted on Holstein bulls and steers by Jadhav (1963). 
The animals were watched continuously for 24 hours, every two weeks for 12 
periods. During the observation periods, the following activities were re
corded: (1) standing, (2) lying, (3) ruminating, (4) eating silage and grain, 
(5) eating hay, (6) inside, (7) outside, (8) chasing, (9) fighting, (10) mounting, 
(11) pushing, (12) drinking, (13) defecation, (14) urination, and (15) mastur
bation. 

Some of the more pertinent results are as follows. The bulls and steers spent 
3 to 4 1/2 hours eating daily. On the average, individual a.nimals visited the 
feed bunk and hay rack 8 to 10 times during the day and night. The animals 
spent 3/4 of their feeding time during the daylight hours; however, feeding 
occurred every hour of the night. Weather disti net ly affected some activities. 
With colder temperature, the animals spent more time lying down. 

The effect of castration was clearly seen; steers spent more time lying down 
than bulls. In contrast to this, the effect of implantation on some activities 
was not clear. However, stilbestrol treated bulls showed a decrease in sex 
drive as seen by the lower number of mountings made by them. 

On the average, the animals ruminated 57% of the time during the night and 
43% during the day. Sixty-one percent of the time spent lying down was at 
night and 39% during the day. Rumination was proportional to lying down 
time because most of the time spent ruminating was in the recumbent position. 
Bulls were more active than steers, however, no serious problems were noted 
by keeping bulls together in a lot or by introducing smaller animals with 
larger ones. In some cases small animals were pushed aside by larger animals 
while eating; in other cases, they took advantage of their small size to make 
entry between ani rna Is to get to the feed. 

CARCASS EVALUATION 

Based an the present system of carcass evaluation, Holsteins rank lower than 
beef animals in many characteristics. Hanke et al. (1963) found that Hol
steins hod the lowest average marbling score, 7arcass grade· and fat cover when 
compared to Herefords and Shorthorns, however, they had the highest carcass 
weight and yield. Herefords had the largest rib eye area but yield score was 
simi lor to that of the Shorthorns. The Shorthorns had the highest average 
marbling score, USDA grade and the mast fat cover (Table 1). Matsushima 
(1949) and Hibbs et al. (1959) concluded that Holsteins usually lack uniformity 
in the thickness off~ cover and that it was very thin compared to the dual 
purpose or beef breeds. 

In comparing bulls and steers, Jadhav (1963) found that steer carcasses were 
superior in marbling, thickness of fat cover and USDA grade. The loin eye 
area and total lean obtained from the four major cuts, i.e. loin, round, rib 
and chuck were in favor of the bulls. Nichols et al. (1963) noticed an inter-
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action between bulls and steers with age, in r.egard to loin eye area and 
they cone luded that younger, more rapidly growing bu lis developed much 
faster than steers. Jadhav (1963) showed that carcasses of bulls and steers 
were similar in dressing percent.· However, Nichols et al. (1963) observed 
that Holstein bulls without stilbestrol dressed lower than~eers, primarily 
due to heavier hides of bulls and fatter condition of steers. J~dhav (1963) 
found that steer carcasses ranged in grade from low utility to high standard 
and average approximately 2/3 grade higher than the bull carcasses. The 
observations made with regard to grades in this study are in agreement with 
past studies for Holstein animals (Hibbs et al., 1959; Nichols et al., 1963). 
Holstein steers fed high grain rations wilT produce higher grading~arcasses; 
up.to good according to Rumery and Adams (1956) and up to choice accord
ing to Miller et ~· (in progress, 1964). 

ECONOMIC CONSIDERATIONS 

Many factors are involved in economic considerations of meat production. 
Some of the factors include the initial cost of the animals, rate of gain, feed 
efficiency, relative price of concentrates and roughages and selling price. 

Hanke et al. (1963) found that Herefords had the highest return over feed 
costs ($18-:1 3); Holsteins were a close second ($16. 86) with Shorthorns the 
lowest ($3.50), (Table 1). Burroughs and Yoder (1963) compared financial 
returns from different grades of fattening yearling steers on a full feed of 
corn for 160 days. They found that under the conditions that prevailed at 
that time, the common Holsteins and common Brown Swiss returned more 
profit per steer than the choice, good and medium feeders. 

Jadhav (1963) studied whether Holstein bulls or steers would bring higher 
returns when fed similarly. Bulls gained faster and more efficiently than 
steers (Tables 2 and 4), but their carcass grades and consequent values per 
cwt. were lower. Bulls averaged $2.17 less pr 100 lbs. of live weight than 
the steers evaluated on the hoof and $3.63 less per 100 I b. when evaluated 
as carcasses. On the present market with lower prices offsetting increase 
gains and feed efficiencies, no significant differences were noted between 
bulls and steers in dollar return. 

The toto I value averaged for bu lis and steers with and without sti I bestro I 
(Jadhav, 1963) on the hoof (estimated value) and as carcasses (se IIi ng price) 
are given below: 

Bulls0 Bulls Steers a Steers 

Total value on hoof, $ 195.40 181.99 212.79 180.53 

T eta I va I ue of carcass 
at plant, $ 191. 11 180.66 204.55 176.83 

0 Implanted with stilbestrol. 
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The differences in the value between selling the animals on the hoof or on a 
yield and grade basis were not significant. 

Jodhov (1963) studied the relative cost of feed, labor and miscellaneous 
items on experimento I Holste in bu lis and steers from birth to slaughter and 
their return. The results ore shown in the following table: 

Market value of calf at one week0 $ 
Feed cost for four monthsb 
Labor 7 hours 
Other costs 
Feed cost for 312.5 days in the feedlotc 
Labor and miscellaneous cost 
Total cost per animal up to sloughterd 
Final values obtained per animal 
Return above feed and other costs 

Bu lis 

15.20 
15.20 
10.12 
5.08 

79.26 
10.00 

134.86 
185.88 
51.02 

$ 

Steers 

15.20 
15.20 
10. 12 
5.08 

78.93 
10.00 

134.53 
190.69 
56.16 

° Calves included in the trial were from Northwest Experiment Station dairy 
herd and initial cost was estimated. 

c- b Cost is estimated from approximate consumption of 270 lb. of groin mixture 
·:~;' up to four months of age. Hoy consumption figures were not available . 
. ~:f··:: c This does not include cost of salt and minerals. 
::~.:::::: d This does not include expenses incurred on transportation of animals to ~~~~~:: 

(&""·"" Forgo. 
cr;~i:: 

The return above feed and other costs were on the overage $51.02 for bu lis 
and $56.16 for the steers. The difference was not significant. 

The importance of considering the relative price of concentrate and roughage 
is pointed out by Miller et ol. (in progress, 1964), (Table 3). Even though 
the overage doily gain iSless and total feed per cwt. gain more for the group 
of steers fed on the 1: 1 concentrate to roughage ratio, the feed cost per cwt. 
gain is lower than for the group of steers fed either the 3:1 or 11:1 ratio 
(Table 3). 

The question of the proper time to slaughter dairy moles for meat is important, 
controversio I and needs further study. In the experiment conducted by 
Jodhov (1963), the overage slaughter age was 15 l/2 months. He recom
mended that animals be slaughtered at 13 to 16 months of age because of the 
economical gains mode by Holstein moles up to this period and their ability 
to finish at this age. McCormick and Myles (1959) found that maximum 
gains were mode by Holsteins at the end of the first year; the weight gains 
started to decline at 16 to 17 months of age. Davis and Hathaway (1959) 
formed similar conclusions from their observations of 220 Holstein moles over 
a period of 20 years. Miller et ol. (in progress, 1964) showed that 100 lb. 
gain between 950 and 1050 lb:""" was twice as costly as between 450 and 550 lb. 
liveweight. 
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SU"4.MARY 

The Minnesota studies and other references cited support the following state
ments: 

I. Holstein bulls gain faster than Holstein steers and Holstein steers goin 
faster than beef steers. 

2. Steers with stilbestrol gain as fast as bulls and significantly faster than 
steers without stilbestrol. 

3. Holstein steers can be fed a ration with a concentrate to roughage ratio 
of I: I without lowering gains. 

4. There is no advantage in using cobalt bullets on yearling Holstein steers 
grazing grass-legume pastures with access to trace mineralized salt. 

5. Holstein steers grazing productive pastures can average 2.92 lb. daily 
gain and produce 456 lb. of beef per acre. 

6. Holstein bulls are more efficient than Holstein steers in converting feed 
into body gains while Holstein steers are slightly less efficient than 
steers of some beef breeds. 

7. Holstein bulls can be handled together in feedlots and small animals can 
be introduced into a lot with larger ones without any serious problems. 

8. Holstein bulls show a greater lean meat yield, however, less marbling, 
fat cover and a lower USDA grade than Holstein steers while Holstein 
steers show similar carcass advantages and disadvantages as compared 
to beef steers. 

9. Holstein steers and bulls can be profitably fed for meat production with 
no advantage of one over the other in net profit. 

10. Information concerning the feeding of dairy steers and bulls for meat 
production is limited, therefore, further research is needed to determine 
the type of feeding program which will yield maximum profits and at the 
same time result in an end product that will be highly acceptable to 
the consumer. 
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THE EFFECTS OF DIFFERENCES IN PLANES OF 
NUTRITION OF GROWING HEIFERS UPON THEIR PERFORMANCE 

John D. Donker 
Dairy Husbandry Department 

University of Minnesota, St. Paul 

The title leaves great choice in latitude of coverage of the topic. Obviously 
it becomes impossible to compare everything between severe nutritional re
strictions to over-abundantly-fed animals, particularly considering that per
formance includes such things as growth rates and patterns; efficiency of 
growth (in a nutritional and economic sense); reproductive performance; milk 
production from a yield, efficiency and compositional basis; health and lon

gevity. 

Because of time limitation this review will focus attention on three rather 
comprehensive trials reported in the literature and give a brief summary of 
trials being conducted here. Brief reference will be made to other pertinent 
work reported in the I iterature. 

The study reported in greatest detail was conducted in Scotland by Crichton 
etal., (1959, 1960a, 1960b). Theyused24setsoftwins(18and6setsof 
identical and fraternal, respectively) to examine the effects of four different 
feeding regimem. Holsteins and Ayrshire were used, but the specific breed 
partition was not given. The experimental design used was a balanced in
complete block in which a member of a twin set on each treatment was com
pared to a mate on each of the other treatments, i.e. six sets used for each 
of four replicates. The four feeding schemes were as follows: 

1. A high-high (HH) plane which approximated 110% of tpe Ragsdale 
Standard forgrowing heifers from birth up to time of calving, 

2. A high-low (H-L) plane in which a high plane was followed for 
44 weeks and then a low plane up to 2 months before calving, 

3. A low-high (LH) plane the opposite of the second treatment and 
4. A low-low (LL) plane which approximated 70%.of the Ragsdale 

Standard for the first six months and was 60% thereafter until 2 
months previous to calving at which time all animals were fed 
alike. 

All animals were bred to calve at a uniform age. After calving all animals 
were given similar and sufficient rations according to British Feeding Stand
ards for the largest animals involved. There should have been sufficient 
energy and protein available to allow full expression of growth and milk pro
duction of all animals within the limits of their appetites. 

The animals on the low planes of nutrition attained sexual maturity later than 
those animals fed more but all animals were_approximately the same weight 
and their body measurements were also similar at sexual maturity. The LL 
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group was bred at about 80 weeks of age, as were the others, and at this 
time they weighed about 50% of their a~ticipated mature weight. They ex
perienced no more difficulties at calving than HH animals, although\ they 
weighed obout 150 I b. I ess. The skel eta I development was I ess affected by 
the LL treatment than was weight. 

At peak production in the first lactation the LL and HH groups had attained 
69 and 76%.of their respective mature weights. By the end of the 3rd lac
tation differences in weight and body measurements had disappeared. Most 
of the differences had disappeared by the end of the first lactation. 

There were no differences in milk productions among the groups that were 
statistically significant either for 1st lactation or first three lactation yields. 
The HL group, however, tended to be inferior, most especially in the first 
lactation. In the first two months of lactation the HH group showed a high
er butterfat content in their milk than the other groups and this group lost 
the most weight in this time interval. 

The relative feed costs to time of calving were as follows: HH, 100%; HL, 
75%; LL, 53%; LH, 87%. Had the HH group been bred at the same weight 
as the LL group the cost would have been reduced about 15%. 

The efficiency with which feed was converted to gain between HH and LL 
depended upon when the observation was made (also on relative difference 
in plane between groups). Up to 250 lb. weight there was little difference 
in TD N required (413 TD N for H H and 454 for LL). However, when TD N to 
each 350 lb. was calculated the differences had magnified (757 for HH and 
954 for LL). The change from 70 to 60% of Ragsdale's Standard was imposed 
about the time animals of LL group reached 250 lb. weight. 

The rates of growth (lb/day) from birth to 2 years were 1.3 for HH, 1.16 for 
LH, 1 • 06 for H L and . 93 for LL. 

Data taken from this trial are shown in Tables 1, 2 and 3. 

The authors point out that the LL feeding regimen showed up to be most fa
vorable. This was not, however, a condemnation of a high-plane plan for 
rearing calves because animals under such a regimen could be served and 
brought into production much earlier than was done on the trial and that is 
now customary. 

A Cornell study, Reid et. al., (1963), compared three I evels of nutrition of 
growing heifers from birth to 1st calving. There were 43 Holstein heifers 
allotted to each treatment. The three treatments were as follows: (1) a high 
plane (H) of nutrition in which 146% of the high values of the range present
ed in Morrison's Feeding Standard was used, (2) a medium plane (M) 100% of 
the standard needs and (3) a low plane (L) 62%, Two months previous to 
calving the following concentrate feeding scheme was followed: L, 3 lb.daily; 
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M 1 6 and H 1 9 lb. After freshening cows were fed according to needs of 
maintenance 1 growth and production. The l and M groups received 18 and 
9% above maintenance needs for anticipated growth while H group received 
no extra allowance. After the second lactation all were fed alike. 

Attempts were made to breed all animals at first heat after 18 months of age. 
Animals were discarded from the study upon becoming sterile or because of 
a serious physiological impairment to functional usefulness. 

Table 1 {from ref. 5 & 6) 

Mean Body Weights Measurements and Age at First Estrus 

Treatment Grou~ 
HH Hl ll LH 

Body weight {lb.) 565 548 525 567 
Width at hooks {in.) 14.9 15.1 14.7 15.2 
Height at withers (in.) 43.7 44.1 43.6 44.3 
Heart girth {in.) 56.3 55.6 53.8 57.0 
Age {days) 372 552 474 440 
Body weight {%of mature wt.) 44.6 46.4 45.5 46.7 

Table 2 {from ref. 5 & 7) 

Bod~ weights at two ~ears and after 1st calving 

HH Hl ll LH 
2-years {lb.) 985 839 741 912 
After freshening in 1st 

lactation {lb.) 946 870 877 815 
Age at 1st calving {days) 839 821 830 846 

Table 3 {from ref. 7) 
Mean yield {lb.) of fat-corrected milk in three lactations and butter

fat % in 1st lactation 

lactation HH Hl ll LH 
1 5998 5359 6166 6156 
2 5115 5680 5675 5852 
3 7262 6816 6885 6013 

Totals 18375 17855 18726 18021 
-----------% butterfat--------
3.92 3.81 3.77 3.85 

As far as the work can be compared with the Scottish work the results agree 
quite well. The heifers attained sexual maturity at essentially 609 lb.welght 
against a value of 550 lb. for heifers in Scottish trial which were a mixture 
of Holstein and Ayrshire animals. The ages involved were: l

1 
88 weeks; M

1 

49; H1 40. The Cornell high plane was considerably above the Scottish 
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high plane and this difference was reflected in earlier sexual maturity in 
_Cornell heifers. On the other hand the Cornell heifers on the low plane 
took longer to become sexually mature than the low-plane Scottish heifers. 
In other words, there was a much. greater spread of values in the Cornell 
data. 

During the first five pregnancies the number of services required by animals 
in each group has been equal • However, to date four in the H group have 
failed to conceive while none of the others had failed to conceive. The 
The Scottish trial reported that many individuals failed to breed early in 
the trial and it was necessary to replace many sets of twins in order to have 
24 sets complete three lactations. 

The weights of calves born to L group w.ere lighter in weight in first lacta
tions only (L- 80, M- 85, H- 91 lb.). 

During the first four lactations there were no significant differences in milk 
production among groups. As in the Scottish work those on the low plane 
gave milk with lower fat test in the first lactation. 

The study is not yet completed, but at the time of this report there were 8, 
3 and 2 animals remaining in L, M and H groups, respectively. 

It was concluded that lactation yield was much more profoundly affected by 
feeding during lactation than by feeding differences during rearing. 

As in the Scottish work the suggestion was made that the H group could have 
been bred much earlier and thus saved feed and gotten the animals into pro
duction earlier. It was noted in the L group that these animals were not yet 
sexually mature at the time it was desired to breed these animals. Further
more, at the first calving the L group experienced considerable difficulty in 
that out of the 34 calvings there were 6 dead at birth and 3 more died with-
in 2 months postpartum. The difference in weight at first calving was more 
than 300 lb. as is illustrated in the following data: 

Level of Feeding 
Low 
Medium 
High 

No. of Animals 
31 
34 
33 

Weights of Cows 
Before Calving After Calving 

969 845 
1188 1062 
1353 1208 

Shortly after calving the Scottish LL heifers averaged almost 70% of mature 
weight contrasted to less than 60%.in the Cornell study. This difference 
probably explains the reason the Cornell L group experienced difficulties at 
calving. 

Another experiment carried out with a goodly number of animals was con
ducted in Sweden using identical twins, Hansson (1956). Thirty-four sets of 
twins were utilized to compare effects of various levels of nutrition of heifers 
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on their performance. In this experiment, one out of each set was assigned 
to the standard level based on the Scandinavian Standard for 1 to 25 months 
of age. The levels examined were 51, 62, 81, 99 (100%), 115 and 124% 
of standard. After six lactations the average daily production of milk re-
I a ted to I eve I of production and butterfat content was as foil ows: 

Level of feeding 
lb/day 
% BF in milk 

51 
31.2 
3.9 

62 
30.4 
3.9 

81 
27.4 
4.0 

99 
26.6 
3.9 

115 
24.6 
4.0 

124 
24.3 
4:0 

As a result of these three studies it is agreed that level of nutrition of the ,} 
growing heifer was not important to her future milk-producing ability pro- ! 
viding that she is adequately fed from shortly before calving throughout her ,, 
productive life. ~ 

A low plane of nutrition delays sexual maturity and if such animals are bred 
soon after attaining sexual maturity and continue to be fed on a meagre 
ration they will have problems at calving time, i.e. difficult calvings and 
calves born dead. 

A recent report by Swanson and Hinton (1964) from the University of Ten
nessee indicated that considerable diffic;:ulty was had at'calving of heifers 
fed at a rate equal to 65% of full-fed heifers. These heifers freshened at 
two years of age in contrast to later calving in the previous work reported. 
The low-plane heifers produced about 13% less milk in the first lactation 
though they received as much concentrate feed and had equal opportunity 
to consume forage. They, in fact, did consume almost as much estimated 
TDN. The low-plane animals gained more weight and in subsequent lacta
tions produced as much or more milk than those on the higher plane. 

In not all instances has there been more benefit to production seen from cur
rent feeding in contrast to prior feeding. Brester, et al., (1958) found that 
when a high-level prepartum regimen was followed by a low-level post
partum regimen, then the prepartum feed was instrumental in causing a sig
nificant increase in production in contrast to a high-level both before and 
after parturition. A low-high scheme was about as effective but used more 
concentrates to effect the same result. In the above study 88 heifers over 
a three-year period were used and this resulted in the following 305-day 
lactation milk yields. 

HH HL LH LL 
8220 8171 8089 6750 

(first letter signifies prepartum level, the second postpartum) 

In a more recent study using older ani mal s over a longer prepartum feed
ing period different results were found. Castle and Watson (1961)found_ 
nos teaming-up effect but over the lactation the hi gh-pl one resulted in 
8600 lbs. milk contrasted to 7700 on the I ow-plane (25.8 vs. 12.1 cwt. 
over first 140 days of lactation). Difference was not, however, statistically 
significant because of I i mited numbers of animals used. 
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The level of feeding has diverse effects on the~efficiency with which nutrients 
are used. If the level of feeding is low, e.g. close to maintenance, then the 
efficiency of feed use for weight gain or milk production is low because such 
a large proportion is used for maintenance. If, however, an overabundance 
of feed is fed, the efficiency of utilization again might become quite low be
cause of lowered digestion, absorption and utilization efficiency. 

In an experiment designed to measure the effect of grain feeding to dairy 
calves, Gullickson (1950) fed three pair members of identical twins an aver
age of 237 lbs. of grain over a 6-month period while the pairmates received 
no grain. As a result the grain-fed animals gained faster- 1.8 lb/day vs. 
1.6, but the cost of gain in TDN use increased (2.32 vs. 2.17 lb/lb gain). 

Another type of research has been done in this area to seek additional infor
mation that would be of practical use to farmers in arriving at a decision as 
to how to feed hi~ growing heifers. $urveys have been conducted to collect 
information relative to the relationship between size of heifers in herds and 
their subsequent production. Snook (1960) expresses great concern about the 
number of poorly-fed heifers and that the results of the above work has en
couraged poor feeding practices among New Zealand dairymen. 

Surveys conducted by a number of investigators have found that larger heifers 
give more milk. Data illustrative of these findings are reproduced below. 
They were taken from a state-wide (Pennsylvania) survey by Adams (1959). 

Guernsez 

Weights No. of %of 2 X 305 ME (lb) 
(I b) Records Records Milk Fat 

Under 800 204 6.6 7061 341 
800 785 25.2 7661 368 
900 1193 38.4 8058 392 

1000 683 22.0 8482 414 
1100 & above 344 7.8 9166 442 

Holsteins 

Under 900 483 3.7 9841 369 
900 1977 15.1 10822 408 

1000 4361 33.3 11576 438 
1100 3626 27.6 12219 461 
1200 1967 15.0 12612 478 
1300 699 5.3 12797 484 

Similar-findings were reported from other states (Illinois by Cash and Fryman 
(1963) and Wisconsin by Menge et al., (1959). 

The surveys found the smaller heifers to be less productive but do not go on to 
explain that such heifers most probably continue on a low plane 
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after they freshen and that this fact was likely to have caused the lowered 
rate of production rather than the prepartum feeding regimen. In the com
parisons cited above every effort was made to limit only energy intake while 
keeping intakes of other dietary essentials adequate. In the survey work 
little is known as to what the nutritional status was outside of the energy 
situation, but it probably involved other shortages as well. 

At the University of Minnesota 21 sets of twin dairy calves, mainly of Hoi: 
stein extraction, were used to study effect of plane of nutrition during growth 
on performance. Of this number 13 sets completed first lactation records that 
can be compared. In this study there was one animal fed according to ac
cepted procedures and the other animal of the set received 20% I ess. The 
high-plane animals gained 1 .41b/day between birth and calving while the 
low-plane animals gained 1.1. It was intended that animals within twin sets 
should have calved at the same weight, i.e., high-plane animals first and 
low-plane animals sometime later. The high-plane animals calved at an 
average age of 24.7 months at which time they weighed 985 lb. The low
plane animals calved at 29.5 months but weighed 1040 lb. 

Within sets of twins the milk production records were computed up to the 
point in lactations that the first member of the set was pregnant for a five
month period. This period averaged 277 days for the 13 sets milking in their 
first lactations. The high-plane animals averaged 8169 lb. milk with 280 lb. 
milk fat while the low-plane animals produced 8871 lb. milk and 320 lb. 
milk fat in the same phase of their lactations. In nine of the comparisons 
the low-plane member of the twin set produced more than the other animal. 

It appears from these results that age apart from weight influences production. 
Age-correction factors have been in use for many years signifying recognition 
of the effect of age on m i I k produ c fion .• 

In most instances advance in age also was confounded by increases in weight. 
In the present experiments the effect of weight differences were quite nominal 
though unfortunately, not perhaps completely negligible. 

It would appear that a note of caution should be interjected when one con
siders that the Scottish and Cornell workers both have suggested that when 
a high-plane of rearing is uti I ized that such animals can be bred and brought 
into production sooner than is usually the case. The implication is that these 
high-plane animals would produce as well as those brought aLong on a more 
leisurely pace. Such, in fact, may not be the case if the Minnesota findings 
are substantiated. 

It seems important that considerably more data be gathered along the I ine of 
work done here at Minnesota. 

In regards to reproductive performances it was found that two low-plane 
animals did not conceive to six and seven services and were considered sterile 
while their pairmates required 6 and 3 services for conception. 
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For animals conceiving, the high-plane grol{p required 48 services for 21 
calvings while 45 services were required for 19 calvings in low-plane group. 
One would conclude there were no real differences between groups. The 
animals which failed to conceive did cycle, but not regularly, which indi
cated fetal mortality from causes unknown. 
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ENERGY LEVELS FOR MILK PRODUCTION 

N. L. Jacobson 
Iowa State University 

Dairy cows are well equipped to use large quantities of roughage; however, 
roughage is not always the cheapest source of nutrients nor is it possible for 
high-producing cows to obtain enough energy from high-roughage rations 
to meet their needs. This has become more apparent in recent years when 
high energy feeding and high production per cow have been emphasized. 
The stomach capacity of the cow I imits the total amount of feed that can 
be ingested; since roughages are more bulky than concentrates the high
producing cow cannot consume enough of the former to obtain the energy 
she requires. Furthermore, in some areas, and particularly in the midwest, 
roughage sometimes is not a lower cost source of nutrients than concentrates. 
For example, the cost of a therm of net ene.rgy from alfalfa hay at $20 a ton 
is about the same as from shelled corn at $1.10 per bushel. 

Under usual circumstances cows should receive at least 1 lb. of hay daily, 
or its dry matter equivalent in silage, for each 100 lb. of body weight. 
When substantially less than this amount is fed there is the possibility of a 
marked reduction in the fat percentage of the milk. After this minimum 
roughage I eve I is met, however, concentrates can be used to supply c:tfly 
proportion of the remaining energy requirement of the cow. 

The feeding and management program must be designed for high production 
per cow if the dairy enterprise is to be efficient and profitable. Too often, 
maximum potential of the cow has not been attained because she wasn't 
given enough feed (Huffman, 1961, 1962). There is evidence that feeding 
standards for milk production (Morrison, 1956; National Research Council 
1958) do not provide sufficient energy to permit maximum production by 
potentially high producers. It appears that the TDN requirement per lb. of 
4% FCM increases markedly as production level rises (Reid, 1951). This, 
however, does not mean that the high producer is less efficient in the gross 
uti I izati on of feed. The maintenance requirements are a substantial propor
tion of the total needs of any cow and the lower the level of production the 
higher the portion used for maintenance. 

Some cows w iII eat more than the recommended amount of feed if it is of
fered. Substantial increases in energy intake also can sometimes be achieved 
by adjustments in managemental procedures such as frequent feeding and the 
use of a variety of feeds. Two other ways in which energy consumption can 
be increased are to improve forage quality and to feed more grain. Early 
cut forage is higher in both digestible protein and in TDN. Moreover, cows 
will eat considerably more of the high quality forage, as is shown in Table 1. 
When forage quality decreases and milk production rises, .the proportion of 
of concentrate in the ration should be increased. In recent years a system of 
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Table 1. Influence of forage quality on estimated concentrates needed 
in high-energy rations fJ'r a 1,400-lb. cow producing 60 lb. 
of 4.0% milk; hay fed free-choice. 

Alfalfa hay 
(estimated I b. consumed) 
Concentrates 
(lb.) 

Stage of growth of the alfalfa 
Vegetative Bud Bloom Seed 

42 35 28 21 

12 20 28 33 

supplying more energy jn late pregnancy and early lactation has gained 
favor (Reid, 1963a and 1963b; Van Horn, 1962 and 1963). The procedure 
is essentially as follows: 

Before calving: The amount of concentrates to feed depends on a cow's 
condition. In addition to high quality roughage a cow in good condition 
needs only 4-6 lb.of concentrate daily at the beginning of her dry period, 
while a thin cow should be given 8-10 lb. The level of concentrate feed
ing should be increased gradually toward the end of the dry period so that 
12-18 lb. is fed immediate! y before parturition. Reid (1961 a) recommends 
levels as high as 26 lb. per cow per day. 

After freshening: On the day of calving feed the same as the day before. 
Thereafter, increase concentrate feeding as rapidly as good judgment in
dicates, usually at the rate of 1-2 lb. per day. This, however, must be 
adjusted to the individual animal. Continue this increase as long as the 
cow continues to increase in milk production. When the cow ceases tore
spond with additional milk, continue to feed at the current level until milk 
production begins to decline. Then for cows producing milk containing 
4.5% fat or less, reduce the daily concentrate level I lb. for each 3 lb. 
drop in daily milk production. For cows producing milk testing higher than 
4.5%, the decrease in concentrate should be I lb. for each 2-2-l/2 lb. 
drop in daily milk production. 

Some cows respond to the increased energy intake by producing more m i I k. 
Others respond only by gaining weight and should be culled. In some ex
periments wherein concentrates have been fed ad I ibitum, cows sometimes 
have consumed exceedingly high levels without showing the expected re
sponse either in milk production or in weight gain. The reason for this is 
not clear but emphasizes the need for more information and for exercise of 
good judgment in the use of high energy rations. 

The protein content of the concentrate mixture must be adjusted to balance 
the kind and amounts of forages being fed. A series of concentrate mixture 
suitable for use with different types of forage has been proposed (Table 2) 
by Van Horn et al. ( 1963). 
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Table 2. Concentrate mixtures to feed with different quality forages 1 

Group B. Feed with 
Total Group A. Feed with medium-protein Group C. Feed with 

DP protein TDN high-Erotein forages forages low-2rotein forages 
Insredient % % % 1 2 3 4 5 6 7 8 9 10 11 12 

Ground shelled corn 6.7 8. 7 80.1 --- 700 --- 700 600 500 --- --- --- --- --- 550 

Corn and cob meal 5.4 7.4 73.2 980 --- 880 --- --- --- 780 730 480 630 680 

Ground or rolled oats 9.4 12.0 70.1 --- 280 --- --- 280 280 

Wheat bran 13.3 16.4 66.9 --- --- --- 280 --- --- --- --- --- --- --- 180 

Soybean meal2 42.0 45.7 78.1 --- --- --- --- 100 --- 200 --- --- --- 300 250 

Cracked soybeans 33.7 37.9 87.6 --- --- 100 --- --- --- - -·- 250 --- 350 

32% supplement, est. 24.0 32.0 70.0 --- --- --- --- --- 200 --- --- 500 

Dicalcium phosphate3 ---- ---- ---- 10 10 10 10 10 10 10 10 10 10 10 10 

Salt ---- ---- ---- 10 10 10 10 10 10 10 10 10 10 10 10 

Percent DP in concentrate mixture 5.3 7.3 8.1 8.4 10.9 11.2 12.6 12.4 14.6 15.1 16.3 16.6 

Percent total protein in concentrate mixture 7.3 9.5 10.3 10.7 13.2 14.1 14.9 14.9 19.6 17.9 18.7 19.2 

Percent TDN in c~ncentrate mixture 71.7 75.7 73.2 74.8 75.5 73.7 72.7 75.3 70.1 76.8 73.2 75.6 

If cows are limited to less forage than they will consume under a free-choice feeding program, follow the steps in 
balancing rations to determine the appropriate percentage protein to use in the concentrate mixture. 
Other high-protein supplements, such as cottonseed meal or linseed meal, can be substituted for soybean meal. Use 1.5 times 
as much linseed meal as soybean meal and 1.3 times as much cottonseed meal as soybean meal, substituting for corn the 
amount in excess of that originally used of soybean meal. 

3 Steamed bonemeal or defluorinated rock phosphate can be used in place of dicalcium phosphate. 
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The specific composition of the conc~ntrate can be varied within wide 
limits as long as quality (especially palatability and levels of protein, 
energy, calcium and phosphorus) is maintained. At the present time 
urea is an economical ingredient of dairy feeds and should be given 
favorable consideration. A discussion of the place of urea in dairy feeds 
recently has been presented by Colovos (1964). 

Availability and cost of various ingredients will have a major influence on 
the composition of the concentrate. Moreover the cost relationships among 
concentrate, roughage and m i I k w iII influence the forage : concentrate 
ratio and the plane of nutrition. An economic analysis and input- output 
relationships in milk production have been discussed recently by Hoglund 
(1963) and Heady et al. (1964). 

Summary 

The nutritional !.imitation most often placed on milk production of the cow 
is insufficient energy. High energy rations are designed to correct this 
deficiency and, if used judiciously, to maximize profit per cow. 
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MINNESOTA PLANTS POISONOUS TO LIVESTOCK 

Thor Kommedahl 
Department of Plant Pathology and Physiology 

University of Minnesota, St. Paul 

About 700 species of plants growing in the USA and Canada have been listed 
by Kingsbury as poisonous to animals. These include algae and fungi but not 
bacteria. Whether a plant is poisonous may depend upon some chemical pres
ent in that pi ant, such as tremetol in white snakeroot, or whether a chemical 
is produced from the action of an external factor, for example, wilting of 
cherry leaves to produce HCN or molding of sweetclover hay to produce the 
toxin, dicoumarin. Even a plant disease may make an innocuous plant poi
sonous, e.g. smut in oats, scab of barley, or ergot in rye. The spraying 
with 2, 4-D of plants normally harmless to animals may make such plants 
poisonous and even more attractive to animals e.g. jewel weed. 

Not all plant parts are equally poisonous. Thus only the seeds of mustards 
are toxic, whereas fleshy roots of water hemlock are especially dangerous. 
The foliage is the principal poisonous part of plants such as b~,Jttercups or oak 
trees. Larkspur is most toxic in early growth while lupine is most toxic after 
flowering. Other plants such as bracken or nightshade are poisonous through
out their growth and continue to be toxic when dried as hay. 

Many other factors may determine whether poisoning occurs. These include 
size, age and species of animal; how much of the plant is eaten; soil and 
climatic conditions; and genetic differences in both plants and animals. 

PI ants are poisonous because of some chemical substance. There are alka
loids, polypeptides, amines, glycosides, oxalates, resins or resinoids,phy
totoxins, minerals (nitrates or selenium) and photosensitivity-inducing sub
stances. Some plants produce substances that belong to none of the cate
gories I isted. 

PI ants that produce alkaloids. Most alkol oids affect the nervous system. 
Wild onion (Allium) and Death Camas (Zigadenus) of the lily family are 
found along the railroad right-of-way in the prairie area of Minnesota. 
Horsetail (Equisetum) is found throughout the southern and western prairie 
areas. Poison hemlock (Conium maculatum) is a notoriously poisonous plant. 
It is a large herb with spotted and hollow stems,. white flowers, and compound 
leaves, found mostly in waste places and roadsides. The tap root is white 
and fleshy. Yew is a conifer and both seeds and wilted needles of American 
and European Yew planted in the state are poisonous. Three members of the 
nightshade family occur mostly along roadsides, waste places and edges of 
fie Ids and pastures. These are Jim son weed (Datura), henbane (Hyoscyamus) 
and black nightshade (Solanum nigrum). 
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Plants that produce gl~cosides. Some o~the glycosides are involved in re
lease of HCN (chokec erry), some interfere with iodide accumulation by 
the thyroid (mustard seeds), some are irritants (mustards and buttercups) 1 

some are heart stimulants (dogbane), and some affect the digestive tract 
(Saponaria). Crop plants such as flax, white clover, and corn produce 
cyanogenetic glycosides under certain conditions. 

Plants that produce oxalates. Oxalic acid is the only organic acid of plants 
toxic to livestock under natural conditions, according to Kingsbury. The 
docks (Rumex), Russian thistle, and Calla are well-known examples. 

Plants that produce resins or resinoids. These substances affect nervous or 
muscle tissue. Common tv\innesota plants in this group include the milk
weeds (Asclepias), hemp (Cannabis) and water hemlock (Cicuta maculate) . 
Water hemlock is distinguished from other related plants such as poison 
hemlock, by the fascicled, tuberous roots; chambered, swollen rootstock; 
and a pungent yellow liquid that appears from the cut surface of stems. A 
fragment of this root the size of a walnut has been known to kill a cow. 

Plants that produce minerals, phytotoxins, or induce photosensitization. 
Plants such as pigweed (Amaranthus) docks (Rumex), goldenrod (Solidago), 
have been found to store unusual amounts of nitrates in their stems and 
leaves, sufficient to be toxic to animals. Hay made from soybeans, flax, 
corn and small grains have been implicated also. In states west of Minne
sota, plants such as aster and gumweed (Grindelia) have been shown to 
accumulate selenium. Buckwheat, clovers, and oats have been shown to 
cause animals to be sensitive to light. Black locust (Robinia) produces a 
phytotoxin named robin. ---

Miscellaneous plants. Bracken fern is the dominant fern in open woods and 
clearings throughout all but the prairie regions of Minnesota. It is a large 
fern nearly waist-high and has leaves that are divided into 3 main parts . 
This plant inactivates thiamine in horses. It is not known why it is poison
ous to cattle. Cocklebur is unique in that only the seed leaves are toxic 
to pigs. White snakeroot (Eupatorium rugosum) contains a higher alcohol 
(tremetol) which is found in the milk of cows that graze on this plant. The 
milk in turn is deleterious to man. White snakeroot is common in the state. 
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RECENT ADVANCES IN RUMINANT NUTRITION 

O.E.Kolari 
Department of Animal Husbandry 

University of Minnesota, St. Paul 

Recently, considerable interest has been shown in the production of vola
tile fatty acids (VFA) in the rumen. Particular emphasis has been placed 
on evaluating various diets and the physical form of feeds in their relation
ship to the production of VFA in the rumen. It appears that an important 
goal of researchers is to be able to define conditions producing various pro
portions, or concentrations, of the various VFA, especially acetic, butyric, 
propionic and valerie acids and to control their production in the rumen. 

It is the main purpose of this paper to review recent studies evaluating 
factors affecting VFA production in the rumen. A brief review of vitamin 
synthesis and destruction ond amino acids in the rumen is included also. 

Physical Form of Feedstuffs and VFA 

Changes in the physical form of feedstuffs fed to ruminants are known to af
fect VFA production in the rumen, feed consumption, digestion, rate pas
sage of feedstuffs through the Gl tract, efficiency of feed use and rate of 
growth. 

Recent studies by Kentucky workers (Thompson et al., 1964) showed that 
cattle fed long hay had a significantly higher molar percent acetate and a 
correspondingly lower percent propionate (C2/C3 ratio of 1.34) in their 
rumen fluid than steers fed no hay (C2/C3 ration of 1 . 02) or ground hay 
(C2/C3 ratio of 1.03). Steers fed long hay also had a significantly lower 
concentration of VFA in the rumen fluid (126.5 micromoles/ml.) than steers 
fed no hay (155.7) or ground hay (153.7). Similar results were obtained by 
Balch (1957) who fed a low level of hay or ground hay diets to ruminants. 

The effect of pelleting hay upon VFA produced in the rumen is illustrated by 
the studies of Nicholson and Cunningham (1964). They fed poor quality tim
othy hay in either the long or pelleted form to sheep. Their results indicat
ed a significantly lower (P< .01) proportion of acetic acid (69.7 vs. 73) and 
a higher proportion of propionic (20.5 vs. 19) and butyric acids (9.1 vs. 
7:3 molar percent) for sheep fed pelleted hay than for those fed long hay. 
In another experiment in which grass hay was fed to lambs in either the long 
or pelleted form they also found a significantly lower (P<.01) molar propor
tion of acetic acid (62.8 vs. 69.3) and a higher proportion (P<.01) of pro
pionic acid (26.6 vs. 22.4) and valerie (P<.05) acid (9.7 vs. 8 molar per
cent) in the rumen fluid of those fed long hay. Earlier, the studies of King 
and H imken (1962) demonstrated that feeding pel I eted hay (at over 50% of 
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the total ration) resulted in a dec~eased proportion of acetic and an increas
ed proportion of propionic acid in the rumen of milk cows; the molar percent 
butyric acid was increased and valerie acid decreased as a result of feeding 
the pelleted hay. The concentration of VFA in the rumen fluid was increas
ed (580 to 1357 mg./100 mi.) as a result of feeding a pelleted hay, flaked 
corn, I inseed meal ration in comparison to a ration of chopped al fa I fa hay, 
ground corn and linseed meal in studies reported by Shaw (1960). The form
er treatment also produced a lower proportion of acetic and an increased 
proportion of propionic acid in the rumen I iquor. 

The effect of fineness of grind of alfalfa hay upon VFA production was demon
strated in studies by Wright et al. (1963). Finely ground hay (l/4 in. screen). 
pelleted and fed to sheep, produced a higher concentration of VFA in the ru
men liquor (215.1) than finely ground hay (1/4 in. screen, 189.3), coarsely 
ground hay (l/2 in. screen, 173.3) or long hay (164.7 millimoles per liter). 
The concentration of acetic acid was the lowest and propionic and butyric 
acids the highest for sheep fed the pelleted ration. Sheep fed the long hay 
had the highest concentration of acetic acid and lowest concentration of pro
pionic and butyric acids. Finely ground hay (l/4 in. screen) produced a low
er concentration of acetic acid and a higher concentration of propionic and 
butyric acids than coarsely ground hay (1/2 in. screen). However, earlier 
data (Woods and Luther, 1962) had indicated that fineness of grind (l/ 4 in. 
vs. 1/2 in .screen) was not a factor in altering rumen fermentations when 
only roughage was fed to lambs. The feeding of the finer grind of hay with 
concentrates increased the amount of propionic acid produced in the rumen. 

Bishop et al. (1963) studied the effect of feeding a concentrate in either the 
meal or pellet form at the rate of 1 lb. per 4 lb. of milk produced with dairy 
cows. Their results showed that VFA production in the rumen was not affect
ed when either form af the concentrate was fed with either high- or low
roughage rations. However, cows fed the high-roughage ration had signif
icantly higher levels of acetic and butyric acids in the rumen fluid. 
Stanley et al. (1964) also reported a higher mol or percentage of acetic and 
a lower percentage of propionic acid when cattle were fed high-roughage 
rations. Only small differences in the molar percentages of VFA produced 
in the rumen were reported by Hawkins et al. (1963) when either oats or 
corn in a concentrate mixture for dairy cows was pelleted. The concentrate 
mixture consisted of approximately 40% oats, 40% corn and 20% cottonseed 
meal. The balance of the ration consisted of 25% pelleted alfalfa and 25% 
corn silage (dry matter basis). 

Eusbio et al. (1959) studied the effect of flaked corn upon rumen VFA pro
duction. Feeding an all-flaked corn ration resulted in a slight decrease in 
acetate and a slight increase in propionic acid production when compared 
to an ali-corn meal ration. The molar percent butyric acid was decreased 
as a result of feeding flaked corn but caproic acid production increased 
from 4.5% to 11.5%. Little et al. {1964) also fed either flaked or ground 
corn to cattle. The molar percent propionate was higher in the rumen fluid 
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of those fed flaked corn than for those fed ground corn (41.2 vs. 34.3). 
Differences in the molar proportions of other rumen V FA were small. How
ever, steers fed ground corn had a higher concentration of VFA (128 .5 
micromoles/ml.) than those fed flaked corn (108.2). When long hay was 
included in the diet with the two physical forms of corn, the concentration 
of VFA in the rumen I iquor was less for the cattle fed the ground com than 
for those fed the flaked corn {76 vs. 87.2 micromoles/ml.). However ,when 
ground hay was fed with the two forms of com, those fed ground com had a 
higher concentration of VFA in the rumen liquor than those fed flaked com 
(123.2 vs. 76.3 micromoles/ml.). Differences in the molar percentages of 
the VFA were small when ground hay was fed with either flaked or ground 
corn. The feeding of long hay with ground corn resulted in an increased 
proportion of propionic and decreased proportion of butyric acid compared 
to those fed flaked com • 

The effect of feeding either crumbled or ground shelled corn upon rumen 
VFA production was studied by Newland et al. (1962). Their results sug
gested propionic acid production was increased and butyric acid decreased 
as a result of feeding crumbled corn. The highly significant narrowing of 
the acetate to propionate ratio was similar to that reported as a result of 
feeding bread to dairy cows (Shaw et al., 1957; Shaw, 1959), flaked com 
to dairy cows (Balch et al., 1955), heated corn and pelleted hay to dairy 
cows (Ensor et al • , 1959) and steam -rolled corn to beef co ttl e (Hentges 
et al., 1961). However, a widening of the acetate to propionate ratio was 
reported by Raun and Burroughs (1961) when sheep were fed autoclaved corn. 
Differences in the production of VFA in the rumen of cattle fed either steam
rolled or dry-rolled barley were reported by Hayer et al . ( 1961). The con
centration of VFA in the rumen I iquor was higher for cattle fed dry-rolled 
barley than for those fed s!team-rolled barley (811 vs. 1230 mg. VFA/100 
mi.). The molar percentages of acetic, propionic, butyric and higher acids 
in the rumen fluid of cattle fed dry-rolled barley were 23.9, 59.5, 8.7 
and 7. 8 compared to 32 .6, 49. 1, 10. 1 and 8 .2, respective! y, for those fed 
steam-rolled barley. 

Varying Roughage-Concentrate Ratios and VFA 

Studies suggest that level of energy (or roughage) in ruminant rations affects 
the proportion and rate production of VFA in the rumen. The recent studies 
of Donefer et al. (1963) illustrates the effect of varying roughage:concen
trate ratios upon mol or percentages of VFA produced in the rumen of sheep. 
The sheep were fed a complete pelleted ration composed of dehydrated al
falfa pellets re-ground in various combinations with barley. The various 
al fa I fa:barl ey ratios fed and mol or percentages of the various VFA produced 
in the rumen are given in the following table: 

~ 75 

J 

l 
Hinc 
ENE 
The' 

The 
cone 
in th 
VFA 

varia! 
pared 
not c< 
not st• 
anima 



Alfalfa:barley ratios- 100:0 85:15 7£):30 55:45 40:60 
VFA, molar% 

Acetic 62 55 47 39 36 
Propionic 27 27 28 24 21 
Butyric 10 17 23 33 38 
Higher 2 2.5 3.2 3.0 4.3 
Acetate:e_ropionate ratio 2.4 2.1 1.7 1.6 1.6 

The above data suggest alteration in rumen fermentation as a result of feed
ing increasing increments of barley. However, iri another trial they report
ed no differences in molar percentages of the VFA when the daily consump
tion of pelleted barley was fixed at 0, 180 or 360 gm. per head doily and 
pelleted alfalfa hoy was offered ad~· 

Hinders and Owens {1963) measured the effect of feeding various levels of 
ENE from concentrates upon VFA production in the rumen of dairy cows. 
Their results indicated a significantly (P(.05) lower molar percentage of 
acetate and a higher proportion of butyrate when 90% of the ENE of the 
ration was supplied by concentrates compared to a ration supplying 30% 
of the ENE from concentrates. Concentrations of the various VFA tended 
to decrease with increasing level of concentrates in the ration. Similar 
decreases in concentrations of VFA with increasing amounts of concentrat
es in the ration hove previous I y been reported {Stewart et ol., 1958; Bolch 
and Rowland 1 1957). The trend in decreasing concentration of VFA with 
increasing levels of concentrates suggests decreased digestion with sub
sequently less VFA production in the rumen (Hinders et ol., 1963). How
ever, rumen VFA concentration at any one time provides only on estimate 
of the VFA produced at any given time. 

The studies of Bolch and Rowland (1957) demonstrated that the amount of 
concentrate in the diet affected rote and concentration of VFA produced 
in the rumen of dairy cows. High-concentrate rations produced peaks of 
VFA production with in about 4 hr. post-feeding; the concentration de-
creased to pre-feeding levels within about 8 hours post-feeding. The cyclic 
sequence in VFA concentration was repeated with subsequent feedings. High
hay rations resulted in a lesser concentration of total VFA in the rumen 
liquor and in lesser variations in concentrations {with time) than with high
energy rations. Similar results were obtained by Chou and Walker {1964) 
in which sheep fed wheat diets hod higher total VFA production than sheep 
fed alfalfa rations. Acetic acid production was lower and propionic and 
butyric acid molar percentages were higher when wheat rations were fed in 
comparison to alfalfa rations. Their results also indicated considerably more 
variation in VFA production when the diet consisted only of wheat when com
pared to the alfalfa diet. It appears the biological activity of the rumen was 
not constant. They pointed out that the composition of the rumen I iquor is 
not stable but varies from day to day and that variations between individual 
animals may be greater than that due to differing dietary regimes. 
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Recent studies by Topps and Elliott (1964) indicated that increasing the 
amount of concentrate in the ration resulted in a decrease in the proportion 
of oceti c ocid accompanied by an increase in the proportions of butyric and 
higher acids. The proportion of propionic acid was not influenced very much 
by level of concentrate in the diet, although highest values were obtained 
when rations of high quality were fed. They also reported no distinct changes 
in rumen VFA concentrations when all-roughage rations were compared to 
mainly all-roughage rations. The studies of Bishop et al. (1963) also in
dicated that the proportion of propionic acid is not always increased as a 
result of feeding higher levels of concentrates in the ration. 

Proteins and VFA Production 

The need for protein for maximum production of VFA in the rumen was shown 
by the work of Lewis and McDonald (1958) and Lewis (1962a). Their studies 
demonstrated that an energy source (starch) placed in the rumen did not re
sult in vigorous fermentations as measured by VFA production in fasted sheep. 
The addition of casein with starch stimulated VFA production. The addition 
of casein alone stimulated greater production of VFA than starch, suggesting 
readily hydrolyzable proteins may be used as an energy source. Lewis (1962a) 
grouped the rate of hydrolysis of the various proteins into three groups on the 
basis of decreasing solubility in the rumen: (1) eosin, gelatin, peanut; (2) 
soybean, wheat gluten; (3) bovine albumin, zein. He also demonstrated 
that the proportion of acetic decreased and propionic and higher acids in
creased as a result of placing rapidly fermented proteins in the rumen. 

The data of Eusebio et al. (1959) indicated that feeding linseed meal in com
bination with flaked com resulted in a marked increase in the production of 
butyric acid when compared to feeding only flaked corn to cattle. The in
crease in butyrate production appeared related to a decrease in propionate 
production. Likewise, the data of Balch and Rowland (1957) showed that the 
proportion of butyric acid in the rumen fluid of dairy cows coincided with the 
increase in protein intake. However, Topps and Elliott (1964) fed sheep 4, 
6, 8 or 10% protein rations. Their results showed protein content of the 
ration had no effect upon the proportion of VFA present in the rumen. 

Using washed suspensions of rumen microorganisms, EI-Shazly (1952) demon
strated that the addition of proteins (casein hydrolysate) and/or amino acid 
mixtures increased the yield of branch-chain VFA in fermentations. He sug
gested that butyric and valerie acids could arise from valine, leucine and 
isoleucine; valeri c acid could also arise from erg inine, ornithine, pro I ine or 

c lysine. 
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Frequency of Feeding and VFA 

Recently, interest has been shown in the effect of frequency of feeding upon 
the patterns of VFA produced in the rumen. Increased frequency of feeding 
has been reported to increase the growth rate of young co ttl e and sheep 
(Gordon and Tribe, 1952; Horton and Nelson, 1961; Mohrman et al. 1959) 
and increase rate of milk production in dairy cattle (Campbell and Merilan, 
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1961). In some instances intake of feed increase<t,due to increased fre
quency of feeding and offers a partial explanation for the improved per
formance reported. Results of studies designed to measure the effect of 
frequency of feeding upon digestibility have been variable (Campbell and 
Meril an 1 1961; Mochrie et al., 1959). 

Putnam (1961), using young calves, noted that those fed all-hay rations 
(ground through 1-1/2 in. creeen) 10 times dai I y gained faster than those 
fed two times daily. However, no differences in the mol or proportions of 
acetic, propionic or butyric acids were noted. He also reported that pro
tozoal counts were higher in the rumen of calves fed 10 times daily. 

The results of Satter and Baumgardt (1962) indicated that the diurnal varia
tion in concentration of VFA in the rumen I iquor was reduced with increas
ed frequency of feeding. Frequency of feeding (2, 4 or 8 times daily) of 
alfalfa hay had no effect upon rumen VFA concentration or relative amounts 
of acetic, propionic, butyric or valerie acids. Diurnal variation about the 
mesm in rumen pH was significantly less when animals were fed either 4 or 
8 times daily compared to those fed 2 times daily. However, Knox and 
Ward (1960) had earlier reported a decreased acetate to propionate ration 
as a result of feeding 8 times compared to 2 times daily. 

Buffers and VFA 

Recent interest in high-energy rations has stimulated interest in the effect 
of buffers upon VFA production in the rumen. Certain problems are associ
ated with high-energy rations and it is possible that some of the problems 
may be partially explained by the failure of the rumen to adequately buffer 
the VFA produced as a result of fermentations. Other factors may be in
volved 1 such as decreased rate, or I ack, of rum in at ion and rate of absorp
tion of VFA. Rumination time appears related to salivary output and saliva 
is a good source of recirculating minerals, thus increasing the buffering ca
pacity of the rumen. 

,. r Van Campen and Matrone (1960) observed more total VFA production and a 
higher proportion of propionic acid in the rumen fluid of sheep fed purified 
rations when bicarbonates were added to the ration. The concentration of 
VFA decreased more rapidly with time after feeding the control ration than 
when the ration was supplemented with bicarbonate. Wise et al. (1961) re
ported that the feeding of buffers with high-concentrate rations tended to 
provide a higher proportion of acetic acid in the rumen than the controls. 
More recent studies by Lassiter and Cook (1963) indicated that the feeding 
of water containing .5% sodium bicarbonate increased the concentration of 
VFA in the rumen fluid (acetic, propionic, butyric and valerie acids). The 
inclusion o·f bicarbonate in drinking water significantly increased the number 
of anaerobes in the rumen; removal of bicarbonate from the water resulted in 
a decline in anaerobe counts. Bicarbonate may have had its effect by in
fluencing the rumen environment or in meeting the nutritional needs of the 

78 



rumen microorganisms (anaerobic flora increase may have reflected a need 
for carbon dioxide). The buffering capacity of the rumen juice may also 
have been increased, affecting the microbial population accordingly. 

On the other hand, Nicholson et al. (I 963a) found the concentration of 
VFA in rumen fluid decreased as a result of feeding either sodium bicarbon
ate or a mixed buffer with all-concentrate rations to cattle. Likewise, the 
molar proportion of acetic acid was higher in the rumen fluid of cattle fed 
the control ration than for those fed the bicarbonate (P .05) or mixed buf
fer (P .01) rations. The molar percentages of propionic, butyric and high
er VFA tended to be lower in the rumen fluid of cattle fed the ration with
out buffers. They also reported I 2 of I 3 steers fed sodium bicarbonate and 
8 or I 3 fed the buffer mixture had kidney lesio~s; control steers had no kid
ney lesions. Somewhat similar patterns of VFA production were reported by 
Nicholson et al. (1963b) in which rumen-fistulated steers were fed all-con
centrate rations. In addition, rumen pH was increased from 6.47 to 6.74 as 
a result of feeding 6 lb. sodium bicarbonate per 100 lb. ration and buffering 
capacity of the rumen fluid increased from 7.46 to 8.70 (buffering capacity, 
meq. of HCI to reduce 100 mi. rumen fluid to pH 4.5). In another experi
ment, the feeding of I imestone had I itt I e effect on rumen pH and buffering 
capacity of the rumen fluid. The addition of sodium bicarbonate significant
! y increased both pH and buffering capacity of the rumen fluid. The ~feeding 
of sodium bicarbonate has not significantly affected rumen fluid pH~in all 
experiments (Lassiter and Cook, 1963). However, Reid et al. (1957) noted 
that sheep fed rations high in starch frequently went off feed; appetite was 
restored by the addition of sodium bicarbonate through a rumen fistula. 

Raun et al. (I 962) added 0.5, I .5 and 3% calcium carbonate to 80% con
centrate rations fed to sheep. Although results were difficult to interpret 
it appeared levels of limestone used were without any great or consistent 
effect upon the ratios of VFA produced in the rumen. The stud iTs of Van 
Campen and Matrone (I 960) suggested that when I abe led NaHC 403 was 
added in vitro, fermentations were affected. They also observed a two-fold 
increas-e-in the incorporation of c14o2, especially into propionic and va-
l eric acids, presumably due to the presence of sodium or potassium bi carbon
ate. 

Feeding Various Fatty Acids or Fat and VFA 

Pennington (I 957) demonstrated in vitro that the presence of one VFA may 
affect the metabolism of another; propionic acid inhibited the growth of some 
rumen microorganisms. He suggested propionic acid combined with coenzyme 
A, interfering in the oxidative decarboxylation of pyruvate to acetate or by 
the inhibition of acetoacetate formation by blocking the formation of acetyl 
Coenzyme A. However, the results of Davison and Woods (1960) demonon
strated that the short-chain VFA acetic, butyric, valerie and caproic acids 
did not decrease cellulose digestion in vitro. Longer-chain fatty acids, 
saturated and unsaturated, generally -;xerted a depressing effect upon cel
lulose digestion. Doetsch et al. (1953) had previously shown that VFA were 
not vigorously attacked by rumen bacteria and that acids higher than acetic 
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produced acetic in addition to propionic and bu.Jyric acids. The studies of 
Brown et al. (1960) indicated that the addition of butyrate to a perfused 
rumen resulted in apparent conversion of butyrate to acetate and propionate. 

Rook et al. (1963) separately infused acetic, propionic or butyric acids into 
the rumen of Holstein heifers. Their results showed an increase in concen
tration of the acid being infused in the rumen I iquor. They pointed out that 
the infusion of dilute solutions of VFA directly into the rumen to study their 
metabolism may be criticized since abnormal conditions may be induced in 
the rumen and the digestion of the basal diet and absorption of end-products 
of rumen metabolism modified. A slight reduction in voluntary intake of 
feed and in dry matter digestibility of the diet during the infusion of acetic 
acid indicated such effects. No abnormalities were noted in feed intake 
or digestibility when propionic or butyric acids were infused. 

Interest in factors affecting feed consumption of ruminants has stimulated 
studies designed to measure the effect of infusing various VFA and/or lactic 
acid either into the rumen or vascular system. The chemostatic or thermo
static regulation of feed intake has not been adequately studied. 

Montgomery et al. (1963) studied the effect of infusing various VFA into 
the rumen of dairy cows fed coarsely chopped alfalfa hay. Their results 
showed that the infusion of acetic acid resulted in a significant reduction 
in feed intake when compared to the infusion of propionic (P<.05) or lactic 
acid (P<.OI). When hay intake on the day of infusion was compared to the 
average daily consumption during the standardization period, a significant 
(P<.OI) reduction in intake was noted as a result of infusing with acetic and 
butyric acids, but not with propionic or lactic acids. Previously, Balch and 
Campling (1962) had demonstrated that the intravenous infusion of glu-:ose, 
butyric, valerie, hexanoic and lactic acids had no significant effect on 
daily feed intake; the infusion of acetic or propionic acids significantly de
pressed feed intake. This difference in results noted with propionic acid 
may be expected since a large portion of the propionic acid is absorbed 
through the rumen wall and carried to the I iver where it is largely metab
olized. The possibility exists that very little of the infused propionate 
reached the peripheral circulation. The intra-ruminal infusion of various 
VFA by Montgomery et al. (I 963) changed the proportion of VFA in the ru
men according to the acid being infused. However, the infusion of lactic 
acid resulted in a significent increase in the percent butyric acid in the ru
men. These experiments suggest that the level of one or more of the rumen 
metabolites studied (either in the rumen or circulating blood) may be im
portant in controlling feed intake. 

The data of Stanley et al. (1964) showed that the feeding of sodium acetate 
with 10 lb. bran and a concentrate mixture had no significant effect on the 
production of acetic, propionic or butyric acids. However, the feeding of 
acetate resulted in significantly less production of valerie acid. 
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The recent study of Nicholson and Cunningham (1964) demonstrated the 
effect of feeding pelleted rations containing 1.6% of either sodium citrate 
or sodium propionate. Treatments, rations and molar percentages of the 
various VFA in the rumen are contained in the following table: 

Treatmenta 

Molar percentages of VFA and 
physical form of feed 

Acetic Chopped 
Pelleted 

Propionic Chopped 
Pelleted 

Butyric Chopped 
Pelleted 

Valerie and higher Chopped 
Pelleted 

Control 

65.4 

21.4 

12.2 

Citrate Propionate 

66.5 60.6 
68.6 66 
22.4 24.2 
14.4 17.7 
10.1 13.7 
16 15.2 

1 1.5 
1 1.2 

0 Rations: 1/3 grain and 2/3 timothy hay for first 4 weeks, then ration 
changed to 1:1 . Hay chopped to a length of 2 to 3 inches. Hay ground 
through 1/8-inch screen and pelleted through 12/64-inch die. 

The feeding of citrate or propionate did not significantly alter rate of gain, 
efficiency of feed utilization, feed consumption or digestibility of dry 
matter, organic matter or nitrogen. In another trial they found that feed
ing citrate with a pelleted hay ration to sheep had no effect on the pro
portion of acids produced in the rumen except propionic, which was sig
nificantly decreased (P<:.05). 

The data of Shaw (1959) indicated that the feeding of 300 mi. cod I iver oil 
to cows resulted in a sharp decrease in the molar percent acetic acid in the 
rumen liguor, an increase in propionic and valerie acids and a decrease in 
butyric acid. Feeding 300 mi. oleic acid resulted in a lesser decrease in 
the proportion of acetic and a lesser increase in propionic acid; the pro
portion of valerie acid was decreased. Feeding 300 mi. linoleic acid re
sulted in a sharp reduction in acetic acid production and an increase in 
the molar percentages of propionic and butyric acids. The proportion of 
valerie acid was slightly increased. All three treatments resulted in a 
sharp increase in the total VFA concentration in the rumen fluid. 

The addition of fat to ruminant rations provides a method of increasing the 
energy density of the ration. Esplin et al. (1963) added either 4% animal 
tallow or hydrolyzed vegetable and animal fat to steer rations containing 
30% al fa I fa. The feeding of the fat had no effect upon the molar percent
ages of the various VFA although total VFA concentration in the rumen 
fluid appeared greater for those fed fat. Previously, Brooks et al. (1954) 
had reported a decrease in the total VFA production in the rumen of sheep 
fed a 90% cottonseed hull ration with corn oil. The addition of alfalfa ash 
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to the ration returned the concentration of VFA'l<:to normal. 

lactic Acid and VFA 

lactic acid is a normal intermediate in rumen fermentations and is often 
found in low concentrations. Under certain conditions, such as rations 
high in energy, rate production of lactate may exceed rate use. Excess 
lactic acid in the rumen can be toxic. The reason for the toxicity is not 
clear; however, it is known that at about pH 5 amino acid decarboxylases 
may yield toxic amines. Acidosis may also partially explain the deleteri
ous effect of excess lactic acid production in the rumen. Lactic acid ex
erts a stronger effect upon rumen pH than the VFA. 

Two of the most intensive studies on factors affecting lactic acid production 
in the rumen of sheep fed a variety of diets were conducted by Briggs et al. 
(1957) and Reid et al. (1957). Their data indicated that as the pH of the 
rumen fluid fell below about 5 lactic acid production increased sharply at 
the expense of rumen VFA. Their data also indicated that changes in the 
production of lactic acid altered the amount and proportion of the other 
VFA in the rumen. Their data suggest major changes in the microbial pop
ulation or metabolic pathways of rumen microorganisms in response to diets 
which affect rumen pH. 

Recent studies by Ekern and Reid (1963) showed that the proportion of VFA 
produced in the rumen of young cattle was altered by the infusion of lactic 
acid into the rumen. Cattle infused with lactic acid had significantly 
(P<.OI) lower molar percentages of acetic acid (57.4 vs. 69.5) and higher 
propionic acid (28.7 vs. 18.5) than those fed only hay. Differences in the 
total production of rumen VFA, molar percentages of butyric and higher 
acids were small. These data also suggested that the energy retained ex
pressed as a percentage of metabolizable energy was higher For cattle in
fused with lactic acid (18 vs. 33.4%). 

Vitamin Synthesis and Destruction in the Rumen 

It is generally accepted that ruminants with a Functional rumen do notre
quire a dietary source of B-complex vitamins or vitamin K. Evidence has 
accumulated showing that B-complex vitamins are synthesized in the rumen. 
Evidence suggests net synthesis of vitamins is greater when diets contain 
less vitamins. Vitamins are present in feed in the combined form and are 
broken down by rumen microorganisms. Vitamins entering the rumen in feed 
may be: further metabolized or directly used by microorganisms; absorbed 
through the rumen wall; remain in suspension in rumen fluid and pass along 
into the lower Gl tract where they are either absorbed or excreted. Vita
mins are excreted in urine and feces and secreted into milk. Rumen micro
organisms have vitamin requirements and vitamins synthesized by rumen 
microorganisms in excess of their needs, or as a product of their metabolism, 
ore secreted into the rumina! fluid. It appears reasonable to suggest that a 
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given vitamin, a by-product of the metabolism of a microorganism, may be 
used as a dietary essential by another inhabitant of the rumen (Porter,l961). 
Data are limited on the vitamin needs and rate synthesis of the various vi
tamins by the various microorganisms in the rumen. 

The concentrations of thiamine, riboflavin and biotin were measured in the 
rumen fluid of steers fed various rations by Haynes (1964). The concentra
tion of thiamine in the rumen fluid of steers fed ground com without hay was 
significantly higher than for steers fed flaked com without hay. It was also 
higher than steers fed either flaked or ground corn with hay. Steers fed 
ground hay had a greater concentration of riboflavin than those fed no hay 
or long hay. Steers fed ground corn without hay had significantly more 
riboflavin in their rumen fluid than those fed flaked corn without hay. 
Levels of biotin in the rumen fluid were not affected by kind of hay or com 
fed. 

Early work by Hollis (1954) demonstrated that the addition of urea to a 
prairie hay ration increased the rumina! synthesis of riboflavin, nicotinic 
and pantothenic acids. Likewise, the more recent studies of Teeri and 
Calovos (1963) indicated that feeding various levels of urea to cattle fed 
high (22%) or low (19%) fiber rations had a favorable effect upon rate 
synthesis of nicotinic acid, riboflavin and vitamin B12 as measured by fecal 
and urinary excretions of the vitamins. 
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abomasal fluids; incubations with autoclaved rumen fluid suggested micro
;.; 

bial activity was important in the destruction of vitamin A. 

Roberts and Sell {1963) found only small differences in the vitamin A con
centration of abomasal fluid of sheep as a result of feeding 2% KN02. 
Their results suggested slightly accelerated destruction of vitamin A and 
carotenoids in the rumen of sheep fed KN02 but their concentration in the 
abomasal fluid did not substantiate this finding, illustrating the minor effect 
nitrite had on their destruction. Keating et al. (1964) found dietary nitrate 
(KN03) had little effect upon vitamin A destruction in vitro. The inclusion 
of ethoxyquin in the ration increased in vitro recoveo~ of vitamin A from 
39% for the control to 87.6% for the ethoxyquin-treated animals. 

Dietary nitrate is rapidly converted to nitrite and ammonia in the rumen 
0/Vang et al.,1961). The earlier in vitro and in vivo studies of Lewis 
{1951a,b) demonstrated that nitrai;""was quantitatively reduced to ammonia 
with an equivalent amount of hydrogen taken up. His data also demonstrat
ed intermediate products formed as a result of feeding nitrate. Perhaps 
these data partially explain the effect of nitrates upon vitamin A and caro
tene stability in the rumen. 

Amino Acids in the Rumen 

Early work showed that NHTN could meet the nutritional needs of rumen 
microorganisms for nitrogen when activity was based in vitro on the disap
pearance of cellulose {Burroughs et al., 1951; Belasco, 1954). The nitro
gen requirement of some strains of rumen bacteria are simple and only re
quire NH3; others show a relative preference for exogenous amino acids 
rather than synthesizing them from NH3 and other carbon sources; others 
can uti I ize NH3 or amino acid nitrogen as the main source for growth but 
require other factor{s) presumably other amino acids; others preferential I y 
use nitrogen component{s) of protein hydrolysates other than NH3, presum
ably amino acids, peptides and/or am ide nitrogen. The observation that 
many species of rumen bacteria require NH3, and are inefficient in using 
amino acid carbon, suggest that the environment that has resulted in a se
lection of these organisms contains little amino acids for microbial growth. 
It also suggests that a considerable portion of dietary protein is broken down 
further than the amino acid stage {to NH3, C02 and VFA) before being 
utilized by rumen microorganisms {Bryant and Robinson, 1963). The solu
bility of protein appears related to the degree of proteolysis by rumen micro
organisms {McDonald, 1954; Little et al., 1963). 

The effect of protein source upon cellulose disappearance in vitro is illus
trated by the studies of Chalup et al. {1963). The addition of corn gluten 
meal resulted no increase in cellulolytic activity; the addition of urea to 
the corn gluten meal increased cellulose disappearance; the addition of 
ethanol depressed cellulose digestion. Little et al. {1963) also indicated 

,. that corn gluten meal was a poor source of dietary nitrogen for~ vitro 
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cellulose digestion; soybean meal was an effective source of nitrogen. The 
fact that some proteins are not completely digested in the rumen, and may 
pass to the lower Gl tract, reemphasize the need for additional studies to 
measure the effect of quality of protein on the efficiency of utilization of 
various proteins under various feeding regimes. 

The uti I ization of nitrogenous compound by rum in ants is influenced by at 
least three processes: conversion of dietary protein to microbial protein; 
release of NH3 from dietary protein and from NPN sources and absorptfon 
of a portion of the NH3 through the rumen wall; synthesis of microbial pro
tein from NPN (Looper, 1959). 

Evidence for the synthesis of amino acids in the rumen was presented by the 
classical work of Loosli et al. (1949). Research on rates of amino acid syn
thesis as a result of various dietary regimes has lagged since that time. How
ever, recently Richardson and Tsien (1963) determined the amino acid con
tent of rumen fluid of two pair of twin steers fed 1 lb. alfalfa hay, 41b. 
prairie hay and 5 lb. com. Treatments consisted of either 1 lb. soybean 
meal or 1 lb. corn plus 60 gm. urea. They concluded that the concentra
tion of all amino acids was higher in the rumen liquor of steers fed soybean 
meal, suggesting that those fed soybean meal synthesized a greater amount 
of ami no acids in the rumen. However, previously Duncan et al . ( 1953) 
fed calves either a purified or natural ration and found (except for histidine) 
amino acid patterns of rumen material similar for both diets. 

In addition to studies demonstrating the synthesis of amino acids in the ru
men and patterns of amino acids produced on various diets, researchers have 
evaluated the metabolism of most amino acids. Sirotnak et al. (1953,1954) 
found that six amino acids (aspartic and glutamic acid, serine, arginine, 
cysteine and cystine) were readily deaminated by rumen microorganisms; 
aspartic acid was the most actively attacked. Lewis (1962b) found the 
amino acids serine, cysteine, aspartic acid, threonine, arginine, phenyl
alanine, glutamic acid, lysine and cystine readily dissimilated when in
cubated with rumen microorganisms in vitro. Tryptophan, histidine, methi
onine, ornithine, valine, alanine, i;ucine, isoleucine, glycine and pro
line were dissimilated at lesser rates. Lewis (1962c) reported intermediate 
products formed as a result of the catabolism of various amino acids by ru
men microorganisms. Looper et al. (1959) studied the deamination of vari
ous amino acids in vivo. They found differences in the deamination of the 
various amino acids by rumen microorganisms. Further evidence for the de
ami nation of L-lysine was presented by Williams et al. (1961). 

Summary 

The effects of physical form of feedstuffs fed, roughage: concentrate ratio, 
proteins, frequency of feeding, buffers, various fatty acids and fats and 
lactic acid upon VFA production in the rumen were reviewed. In addition, 
vitamin synthesis and destruction and amino acids in the rt~men were discus
sed. 
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The experimental evidence reviewed indicatei. VFA production in the rumen 
was influenced by varying the environmental conditions in the rumen. Most 
experimental results indicated agreement in trends of VFA production in the 
rumen as a result of given treatmeAts. However, conflicting reports on the 
effects of certain treatments upon VFA production in the rumen, and inade
quate information on the effects of various dietary regimes on the synthesis 
and role of various vitamins and amino acids )n the rumen, suggest addition
al studies are needed in these areas. 
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THE BIOCHEMISTRY OF THE TRYPTOPHAN TO NIACIN CONVERSION 
~ 

L. M. Henderson 
Departmeot of Biochemistry 

University of Minnesota, St. Paul 

j' 

Tryptophan, a dietary essential for monogastric animals, has many diverse 
metabolic fates including the conversion to a neurohormone (serotonin), a 
phytohormone (indo I eaceti c acid), an eye pigment in insects (ommochrome), 
and a vitamin in animals (niacin). The observation by Krehl et.al.,(1) 
that tryptophan would replace niacin in the diet of the rat initiated a 
series of nutritional and metabolic experiments involving several species of 
animals, molds, and bacteria which showed that tryptophan is converted by 
the series of reactions shown in Figure 1 to the nicotinamide portion of pyr
idine nucleotides. Results published in the last year have clarified these 
pathways considerably. Quinolinic acid, long considered a side reaction 
product by many, is converted by a liver enzyme to nicotine acid ribotide 
in the presence of 5-phosphoribosyl pyrophosphate (2,3). The conversion 
of this ribotide to nicotinamide adenine dinucleotide (NAD) has been 
recognized as the major synthetic route for some time. 

Experiments with isotopic tryptophan in rats have indicated that the 
kynurenine-3-hydroxyanthranil ic acid-glutaric acid pathway (4) is the major 
route by which the indole nucleus is degraded. Quinolinic acid is not on 
this pathway since this compound is metabolically rather inert in the rat. 
Thus, it appears that the degradation pathway and the niacin synthesis path
way diverge at 2-amino-3-carboxymuconic semialdehyde. It is evident that 
species vary widely in the extent to which these two sequences of reactions 
occur. In the cat little or no niacin is formed from tryptophan and 3-hydroxy
anthranilic acid is extensively degraded to C02 compared to the rat or the 
pig (5). 

Picolinic acid, a product formed readily in vitro by the action of an enzyme 
described by Mehler (6), results from the -;:;;action of the amino and the alde
hyde groups to form a pyridine ring. In vivo the oxidation of the aldehyde 
and subsequent reactions of the resulting acid (Figure 1) to give a-ketoadi
pate, glutarate, etc., appears to prevent any picolinic acid formation since 
the latter isolated from the urine with the aid of cold carrier, contained no 
14c from tryptophan-3a,7,7a- 14c (5). Hayaishi and coworkers (7) have 
proposed a pathway similar to that shown in Figure 1 to account for the 
oxidative metabolism of 2-amino-3-carboxymuconic semialdehyde. Those 
species which have the least active picolinic carboxylase are more likely 
to form quinolinic acid and to be better converters of tryptophan to niacin. 
Those species which are slow to oxidize 3-hydroxyanthranilate to C02 are 
better at using tryptophan and its metabolites as a source of niacin (5,8). 
More work needs to be done to correlate the capacity to form niacin with 
the capacity to form quinolinate and with the lack of certain steps in the 
degradati ve pathway. 
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Most bacterial species appear to form niacin by other pathways and plants do 
not use tryptophan as a source of niacin. On the other hand, the enzyme 
which converts quinolinate to nicotinic acid ribotide is present in plants, 
suggesting that quinolinic acid, arising from sources other than tryptophan, 
might serve as an intermediate in pyridine nucleotide synthesis. 

The explanation of the pellagragenic effect of corn on certain species of 
mamr:nals which rely on tryptophan as the precursor of their niacin supply 
appears to involve a specific example of induced imbalance of amino ~cids 
involving tryptophan, threonine, cysteine and possibly other amino acids. 
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HIGH ENERGY DIETS FOR GROWING TURKEYS 

K. E. Dunkel god, P. E. Waibel, 
A. M. Pilkey*, D. Reimer and E. L. Johnson 

Department of Poultry Science, and 
Northwest School and Experiment Station, Crookston 

University of Minnesota, St. Paul 

The term "high energy diet" implies that the die contains a higher nutrient 
density. Dietary energy level is closely related to efficiency of feed utili
zation. This term came into being with the work of Scott et al. (1947) at 
Connecticut, with the demonstration that chick diets which were higher in 
energy promoted more rapid growth and more efficient feed conversion than 
did chick diets which contained relatively lower levels of dietary energy. 

As stabilized fats and greases became more readily available for use as ener
gy sources in poultry feeds, more intensive studies were undertaken to deter
mine the interrelationships between energy and protein levels in the diet of 
chickens and turkeys. {Combs and Romoser, 1955; Leong et a!., 1955; Don
aldson, etal., 1955,1956, 1957; Lockhart, 1955;Waibel, 1955,1956, 
1958, 1959; Ferguson et al . , 1956, 1957; Dunkel god and Thayer, 1961; 
Dunkel god et al., 1961; and Fitzsimmons and Waibel, 1962). These studies 
showed that a very definite ratio must be maintained between the percentage 
of protein and the energy content of the diet. Efficiency of feed conversion 
was progressively improved as protein level was increased, provided a cor
responding increase was made in the energy level of the diet. In addition, 
it was found that the optimum energy:protein ratio changed at each protein 
level {Sunde, 1956). 

The addition of fat to a well-balanced diet will not necessarily increase the 
growth rate but will increase the efficiency of feed utilization. However, 
when fat is used in the formulation of a diet as the energy source, the for
mulator can provide a higher nutrient density diet to more adequately meet 
the animal's physiological requirement at a given age. Diets based an grain 
and protein supplements do not allow the animal to consume adequate nutri
ents within the capacity af each specific feed intake. In other words, the 
animal can usually use more nutrients than voluntary feed intake can supply. 

Given good genetic stock, management, and environment, a bird will grow 
at a rate according to the extent which all nutrients are provided and bal
anced within daily food intake. If adequate nutrients.are present, the bird 
will increase in body size in relation to concentration of nutrients present. 
When lower nutrient levels are provided, the bird will grow at a slower rate 
with a I arger amount of the nutrients being used for the maintenance of the 
bird. This bird will require a longer growing period to reach market weight 

*- Deceased 
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and more feed per pound of gain produced. The faster a tom or hen can be 
produced to market weight the more efficient th~ growth rate will be in 
terms of nutrients required per pound of gain. 

Studies on the practical application of higher nutrient density diets were con
ducted during the past three years at the Northwest School and Experiment 
Station. A partial summary of these results will be given in this presentation. 
A complete summary will be included in a station bulletin. The 1961 and 
1962 data are combined in Study 1 and the 1963 data into Study 2. 

STUDY 1 

The 1961 and 1962 studies were combined for simplicity of presentation. 
These studies were initiated to determine if the addition of fat to corn-soy
bean meal type diets would increase the growth rate of growing turkeys, to 
study the protein requirements of the growing bird, and to determine whether 
more frequent nutritional adjustments than usually employed would be bene
ficial. 

The 1961 experiment was initiated on April27, 1961, and conducted over 
a 24-week period. The 1962 experiment was initiated on May 2, 1962, and 
conducted over a 22-week period. Individual body weights and feed conver
sion data were collected at 6, 8, 14, 22 and 24 weeks of age. The Univer
sity of Minnesota strain of Broad White turkeys was used in both experiments. 

Experimental Procedure 

0 - 8 weeks of age 

Day-old poults were wingbanded and randomly distributed int~ 10 pens of 75 
poults per pen with a similar number of males and females. These pens (15'x 
17') were located in a pole-type building. Poults were placed under gas 
brooders. 

Diets were modified as outlined in Table 1. 

8 - 22 weeks of age 

At eight weeks of age all birds were individually weighed and randomized 
into uniform groups. Ten pens of 26 average turkeys (selected by a weight 
stratification procedure} were continued in the pole-type building and 5 pens 
of 100 similar turkeys were placed in range pens containing good alfalfa
brome pasture. Although the range was satisfactory in the early weeks of 
the experiment, the weather conditions did not permit continued succulent 
growth. 

Results and Discussion 

0 - 8 weeks of age 

The body weight gain and feed conversion data are presented in Tab I e 1 . The 
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average bady weight gain values of the two years for males tend to indicate 
that the higher protein levels with the supplemental fat produced the heaviest 
weights. The pres tarter program (treatment 5) produced significant I y greater 
gains than the other four treatments during 1961; this was not the case in 1962. 
Treatment 3 was best in 1962. Previous studies (Johnson, Waibel and Pilkey, 
1960) also indicated that the pres tarter program produced the greatest response ( 
in males during the first 8 weeks. { 

The average values of the two years for females did not indicate any l~rge 
difference between treatments. The females did respond to the pres tarter pro
gram during 1961; however, there was no significant response during the 1962 
feeding program. 

The average feed conversion values for both sexes indicated that there was an 
approximate 5% saving in the amount of feed required per pound of gain 
(treatments 3, 4, and 5 vs. 1 and 2) due to the inclusion of 5% fat. 

8 - 22 or 24 weeks of age 

The body weight gain and feed conversion data are presented in Table 2. 

In 1961, the average body weight gain for males indicated that the Minnesota 
standard (25% protein) fed with corn and oats, free choice, produced the same 
average weight male as the various complete feeding programs tested (average 
of confinement and range groups). In 1962, males under confinement and 
range conditions fed diets with supplemental fat were heavier than the non
supplemented groups (treatments 1 and 2). The range birds averaged approxi
mately 1 .25 pounds heavier than birds in confinement. 

The average body weight gain values for females indicate that growth rate 
for hens was similar regardless of dietary treatment, both in confinement and 
on range. Range birds averaged approximately 0.75 pounds heavier than 
those in confinement. 

Feed conversion values reflected an 8.25% saving of feed on treatments 3, 
4, and 5, containing added fat, compared to treatments 1 and 2. The higher 
feed conversion values obtained with all treatments under range conditions 
(avg. 3.85 vs. 3.55, or 8.5% difference) are noteworthy, especially in view 
of the growth effects. Two factors which lend to this occurrence are the 
lesser physical activity and feed wastage of the birds in confinement. 

Summary 

Growth, 0 - 8 weeks of age 

Heavier body weights for males were obtained using a prestarter-type program 
containing approximately 30% protein with 5% added fat during the first 8 
weeks. 
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Growth, 8 - 22 weeks of age ;., 

Males. In confinement the Minnesota standard program produced good re
sults when compared with birds re·ceiving the complete feeding programs. The 
best results among the complete feeding programs were obtained with a series 
of diets which contained higher fat and protein levels (treatment 5). Under 
range conditions the addition of fat clearly improved growth rate during both 
years regardless of protein levels fed. 

Females. The growth rate of females did not appear to be markedly affected 
by dietary treatment, although females grown on range showed a 0.75 pound 
advantage in weight gain when all dietary treatments were averaged. 

Efficiency. 

During the starting and growing periods, the inclusion of 5% added fat re
sulted in 5 and 8.3 percent improvements in the efficiency of feed utiliza
tion, respectively. Although lighter in body weight, birds reared in con
finement showed a better feed conversion. 

STUDY 2 

The 1963 study was established to determine to what extent widely varying 
. nutrient density regimens influence growth patterns and feed efficiency and 
whether an early growth advantage of one system could be carried over to 
market weight. Males and females were grown separately throughout the en
tire growing period. One series of diets was formulated for males and anoth_er 
for females. The experiment was conducted over a 22-week period. Females 
were marketed at 20 weeks of age. Group body weights and feed consumption 
data were collected by two-week intervals. Diets were modified at two-week 
intervals in an attempt to more adequately meet the individual bird's physiol
ogical requirements. The Nicholas strain of Broad White turkeys was used in 
this study. Four treatments with two rep I i cates of 65 pou Its each were used 
during the first eight weeks of age within each sex. There were 520 males 
and 520 females utilized in the study. At eight weeks of age each replicate 
was reduced to twenty birds by a randomization procedure. The remaining 
birds were randomly allocated by weight to six pens on range. Results on 
range w iII not be reported at this time. 

Experimental Procedure 

Day-old poults were wingbanded, group weighed, and distributed into six
teen pens (15' x 17') located in a pole-type building and placed under gas 
brooders. Birds were placed on the treatments as outlined in Table 3. The 
Calori·e:protein ratios were essentially the same for all treatments during the 
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growing period. 

Diets fed in treatment 1 were practical-type corn-soybean without the addi
tion of fat. Diets were modified at two-week intervals with a reduction in 
protein level and increase in energy after six weeks of age. This treatment 
was formulated to obtain the most efficient utilization of the nutrients avail
able to the bird. 

Treatment 2 utilized the same starting diet as fed in treatment 1; ho.;.,ever, 
the 28 percent protein level was maintained throughout the entire growing 
period. In order to balance the nutrients provided with this 28% protein 
diet, higher energy I evels were required as the birds became older. This was 
accomplished by replacing the 50 percent dehulled soybean meal with a 42 
percent dehulled whole bean full-fat meal containing 22 percent crude soy
bean oil and further supplementing with animal tallow. 

Diets fed in treatment 3 were identical to diets fed in treatment 1 through 
12 weeks for females and 14 weeks for males. By this time the protein level 
had been decreased to 24 percent. This level was maintained throughout the 
remainder of the growing period and the energy level was increased by re
placing the 50 percent dehulled soybean meal with a 42 percent full-fat soy
bean meal and by the addition of animal tallow. 

Diets fed in treatment 4were calculated to contain 1600 Calories/lb. 
throughout the growing period. Through this approach we were able to pro
vide more nutrients at the early age and to gradually decrease the non-energy 
bearing nutrients per pound. 

Results and Discussion 

0 - 8 weeks of age 

The males fed the diet series with the highest nutrient level (ht.4) showed 
the fastest rate of growth. Toms averaged 6.35 lbs. with 1.51 feed conver
sion (Table 4). These weights were significantly greater than those achieved 
by birds on the other three treatments. Birds fed diets in treatment 2 (con
stant 28 percent protein- increasing energy level) had a nearly significant 
increase in gain (P<0.05). Males showed a greater response to the diets of 
higher nutrient density than did the females. Females indicated no signifi
cant differences due to treatment, but there was an increase in the efficiency 
of feed utilization with the higher nutrient density diets. (Table 4). 

8 - 22 weeks of age 

Average body weight gain values by two-week periods for males and females 
are given in Tables 5 and 7, respectively. Males on treatment 4 gained at 
the fastest rate to ten weeks of age. However, during the 10-12 week period 
birds on treatment 2 began gaining at a faster rate. Growth rates on all treat
ments were depressed during the 12-14~eek period. Treatment 2 continued 
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to produce the fastest rote of gain throughout fhe remainder of the growing 
period. Moles (trt.2} fed diets which contained the highest nutrient levels 
averaged 23.52 pounds in 22 weeks- approximately one pound heavier than 
birds on the other two comparable .treatments (trt. 3 and 4). Moles fed the 
series of diets in treatment I were approximately I . 75 pounds I ighter than 
on the other treatments. A growth depression of the magnitude of the one 
during the 12-14 week period can affect the overall performance of the bird 
at market weight. A bird can recover in part from a growth depression, but 
a substantial amount of the potential weight gain lost is never recovered 
within a given period. 

Body weight gains for females ore presented in Table 7. Treatment 3 pro
duced a 15.39 pound hen in 20 weeks. This treatment contained next to the 
highest nutrient density level fed. This significant increase in growth rote 
was obtained during the 14:-20 week period. The highest nutrient intake 
level (trt. 2) produced the fastest growth during the depression at 12-14 
weeks. Treatment 4, which contained the highest nutrient level during the 
first eight weeks, failed to increase growth rate. Hens on the corn-soybean 
balanced diets (trt. I) did not gain as rapidly between 14-18 weeks as did 
hens on treatments 2 and 3. This occurrence of reduced gain (Table 7) with 
concomitant increase in feed intake {Table 8} would seem to suggest that 
birds fed the diets in treatment I were not able to consume sufficient nutri
ents within their capacity for feed intake, relative to treatments 2 and 3. 

Average feed consumption values for males and females by two-week periods 
ore presented in Tables 6 and 8, respectively. Males fed the highest nutrient 
density diets (trt. 4) during the first 8 weeks consumed less feed than all other 
treatments. Toms on treatment I required 71.4 lbs. of feed per bird as com
pared to 55.9 for treatment 2- or approximately 15 lbs. more feed per bird 
than consumed with the higher nutrient density diets. Although both groups 
consumed approximately the same amount of nutrients, those on the higher 
nutrient density consumed less feed, showing the more efficient feed utiliza
tion by birds on the higher nutrient levels. Females on the highest nutrient 
density diet (treatment 2) required II pounds less feed per bird with a 2.38 
feed conversion. Females on treatment I were consuming approximately 
1000 grams more feed per bird for each period from 16-20 weeks. 

Summary 

0 - 8 weeks of age 

Males receiving the diets containing the highest nutrient density (trt. 4) ex
hibited a growth rote which was superior to those on the other treatments. 

Females again responded similarly regardless of treatment fed. 

Marked differences in feed utilization occurred between treatments which 
were dependent largely on the dietary nutrient density level. 
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8 - 22 weeks of age 

In spite of the fact that treatment 4 produced the heaviest male during 0 - 8 
weeks of age, the heaviest males at 22 weeks were produced by treatment 2. 
This close relationship between growth rate and dietary nutrient density level 
seems to support the possibility of obtaining increased growth rate by the for
mulation of diets of greater nutrient density throughout the growing period. 

Females also responded to the higher nutrient density levels at the .end of the 
growing period. More research work will be required on hen nutrition in 
order to obtain the fastest rate of growth with the most efficient nutrient 
uti I ization throughout the growing period. 
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Table 1. Experimental plan and 8-week performance data !or 1961 and 1962. 

2 
Feed Conversion 

Protein/Fat Bodz Weisht Gain (lbs.) lfeighted Average 

Trt. 1 
(percent) Males FemAles Feedl:Gain 

0 - 3 3 - 6 6 - 8 1961 1962 Av5• 19111 1962 Av5• 1961 1962 Av5• 

1 28 28 28 5.36 a 5.22 b 5.29 4.15 ab 4.29 a 4.22 2.16 a 2.06 a 2.ll 
0 0 0 

2 28 26 24 5.35 a 5.31 b 5.33 4.12 a 4.12 a 4.12 2.09 ab 2.14 a 2.12 
0 0 0 

3 30 30 30 5.29 a 5.61 c 5.45 4.15 ab 4.29 a 4.22 2.03 b 1.95 a 1.99 
5 5 5 

4 30 28 26 5.41 a 4.99 a 5.20 4.21 ab 4.20 a 4.20 2.06 ab 1.94 a 2.00 
5 5 5 

5 31 29 29 5.64 b 5.23 b 5.43 4.30 b 4.19 a 4.25 2.04 ab 1.97 a 2.00 
7.5 2.5 2.5 

1Trt.l - Corn-44.5, SBM-40, MBM-5, UGF-7.5 + Min. + Vit. + Med. + Met. 28.3-828 C/P-29.3 
Trt.2 - Corn-44.5, SBM-40, MBM-5, UGF-7.5 + Min. + Vit. + Med. + Met. 28.3-828 C/P-29.3 

Corn-49.5 1 SBM-35 1 MBM-5 1 UGF-7.5 + Min. + Vit. + Med. + Met. 26.1-853 C/P-32.6 
Corn-54.5 1 SBM-30 1 MBM-5 1 UGF-7.5 + Min. + Vit. + Med. + Met. 24.0-879 C/P-36.6 

Trt.3 - Corn-34.5 1 SBM-45 1 MBM-5 1 UGF-7.5 +Min. + Vit. + Med. +Met., Fat-5 30.0-883 C/P-29.4 
Trt.4 - Corn-34.5, SB~I-45, MBM-5, UGF-7.5 + Min. + Vit. + Med. + Met. 1 Fat-5 30.0-883 C/P-29.4 

Corn-39.5, SBM-40 1 MBM-5, UGF-7.5 + ~lin. + Vit. + Med. + Met. 1 Fat-5 27.9-909 C/P-32.6 
Corn-44.5 1 SBM-40 1 MBM-5 1 UGF-7.5 + Min. + Vit. + Med. + ~let. 1 Fat-5 25.7-936 C/P-36.6 

Trt.5- Corn-29.0 1 SBM-48, MBM-5, UGF-7.5 +Min.+ Vit. + Med. +Met., Fat-7.5 31.2-908 C/P-29.1 
Corn-40.0, SBM-42, MBM-5 1 UGF-7.5 +Min. + Vit. + Med. +Met., Fat-2.5 28.9-859 C/P-29.7 

NOTES: UGF - Fish Sol.,..2.5, Alfalfa (17)-2.5, D. \Vhey-2.5. Methionine used was Hydan (Ca.90~ Purity). 
SBM - ~ protein 

2
Required difference (P<0.05) between adjacent means !or 1961 are: Males, 0.15 lbs.; Females, 0.16 lbs.; 
Feed/Gain, 0.12 lbs. For 1962: Males, 0.13 lbs.; Females, 0.11 lbs.; Feed/Gain, 0.13 lbs. 
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Table 2. Experimental plan and 8-22 or 24 week performance data tor 1961 and 1962. 

Added Fat 
Level Protein Level (2ercentl 

Trt. (2ercentl 8-10 10-12 12-14 14-16 16-18 18-20 20-22- 22-24 

1 0 < 2~ Standard + Corn + Oats > 
2 0 22 22 22 19 19 19 14 14 

3 15 23 23 23 20 20 20 111 111 

4 3 23 22 21 20 19 17 13 13 

3 3 26 24 24 22 21 19 17 111 

1 
Yoied Conversion 

Bod: Weight Gain (lbs.) Weighted Average 
Males Females Feed/Gain 

g 1961 1962 1961 1962 1961 1962 
Trt. 8-24 8-22 Avg. 8-22 8-22 Avg. Avg. 

Confinement: !Y 
1 19.7 b 15.6 a 17.6 10.3 ab 10.6 e 10.4 4.07 " 3.38 a 3.72 

2 18.8 ab 15.5 a 17.1 9.6 a 10.5 c 10.0 4.03 a 3.43 a 3.74 

3 18.2 a 15.9 a 17.0 10.1 ab 10.7 cd 10.4 3.72 b 3.22 a 3.47 

4 18.8 ab 16.0 ab 17.4 10.4 b 10.1 a 10.2 3.33 e 3.24 a 3.38 

3 19.1 ab 16.2 b 17.6 10.2 ab 10.3 b 10.2 3.62 be 3.23 a 3.42 

Range: 

1 18.6 17.3 18.0 10.3 11.1 10.8 3.94 4.00 3.97 

2 19.2 17.4 18.3 10.4 11.3 10.9 4.23 3.94 4.08 

3 20.0 18.3 19.1 10.7 11.8 11.2 4.04 3.55 3.79 

4 19.3 18.11 18.9 10.2 12.0 11.1 3.80 3.53 3.66 

3 19.7 17.8 18.7 10.8 11.0 10.9 3.91 3.63 3.77 

1Required difference (P<0.05) between adjacent means tor 1961 are: Males, 1.47 lba.; 
Females, 0.69 1bs.; Feed/Gain, 0.32. For 1962: Males, 0. 27 lbs. ·; Females, 0.16 lbs. ; 
Feed/Gain, 0.37. 

Atnn~sn JJ~~~.,:R~"' ~ ~r. 
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Table J, Experimental plan 0 - 22 weeks (1963) 

1, No added fat, corn-soybean series 

~ ~ 

28% prot, 1600 Cal./lb. 

6% prot, 

2, Constant protein level of 28% with 
increasing Cal./lb. throughout growing 
period, 

2200 Ca./lb, 

Calories/lb. are listed as metabolizable energy, 

J, Same series of diets fed in trt, 1 up 
to 14 weeks of age - at this time 
maintained on 24% protein with increasing 
Cal,/lb, throughout growing period. 

~ ~ 

1288 Cal,/lb, 

4, Constant Cal./lb. throughout the growing 
period with adequate protein level, 

16% prot, 
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Table 4. Experimental plan and 0 - 8 week performance data for 1963. 

M. E. Calorie: \Veeks Weeks 
Protein Calories Protein Fed Fed Toms

1 
Hens Feed/Gain 

Trt. (J2ercent) (Cal.!lb.) ratio Toms Hens lbs. lbs. Toms Hens 

1 28 1288 46:1 0 - 6 0 - 4 
27 1296 49:1 6 - 8 4 - 6 
26 1352 52:1 6 - 8 5.77 a 4.77 a 1.91 a 1.91 a 

2 28 1288 46:1 0 - 2 0 - 2 
28 1344 48:1 2 - 4 2 - 4 
28 1400 50:1 4 - 6 
28 1456 53:1 6 - 8 4 - 6 
28 1512 54:1 6 - 8 6.03 a 4.81 a 1.70 a 1.64 a :1.• 

3 28 1288 46:1 0 - 6 0 - 4 
27 1296 49:1 6 - 8 4 - 6 
26 1352 52:1 6 - 8 5.81 a 4.94 a 1.86 a 1.80 a 

4 35 1600 46:1 0 - 2 0 - 2 
33 1600 48:1 2 - 4 2 - 4 
32 1600 50:1 4 - 6 
31 1600 53:1 6 - 8 4 - 6 
29 1600 54:1 6 - 8 6.35 b 4.98 a 1. 51 b 1.52 b 

1
Required differences (P<0.05) between adjacent means are: Males, 0.27 lbs.; Females, 0.23 lbs.; 
and Feed/Gain, 0.32. 



Table 5. Average body weight gain for males by two-week 
periods. 

Treatments 
Weeks 1 2 3 4 

{grams) 

0 - 2 186 195 174 196 

2 - 4 519 541 503 556 

4 - 6 847 863 842 898 

6 - 8 1,014 1,073 1,065 1,179 

8 - 10 1,259 1,094 1,228 1,258 

10 - 12 1,135 1,421 1,268 1,185 

12 - 14 617 770 823 785 
,,, 

14 16 1,462 1,296 1,028 1,103 

16 - 18 1,067 1,257 1,126 1,158 

18 20 922 921 906 1,003 

11 I 

1ii, i 
20 - 22 767 1,194 1,201 867 

,•', Total (gms.) 9,795 a• 10,625 c 10,164 b 10,188 b 1::: 
r:· ,, 

(lbs.) ~~ I' I 21.57 23.40 22.38 22.44 
'I'' 

*(P<O.lO) Body weight gain 336 grams bet,veen 2 means. 



Table 6, Average feed consumption 
week periode, 

values for males by two-

Treatments 
Weeks 1 2 3 4 

(grams) 

0 - 2 246 257 241 217 

196 2 - 4 795 776 752 672 

556 4 - 6 1,405 1,325 1,389 1,209 } 

r 
6 - 8 1,935 1,841 1,970 1,780 898 
8 - 10 2,862 2,311 2,869 2,379 

1,179 

1 10 - 12 3,357 2,901 3,373 2,699 

1,258 12 - 14 3,441 2,804 3,384 2,690 

1,185 14- 16 4,008 3,028 3,527 3,114 

785 16 - 18 4,410 3,502 3,589 3,500 

18 - 20 4,983 
1,103 

3,230 3,364 4,165 

20 - 22 4,958 3,387 3,573 4,354 

1,158 Total (gms.) 32,400 d· 25,362 a 28,031 c 26,779 b 

1,003 (lbs.) 71.4 55.9 61.7 59.0 

867 Feed/Gain 3,31 2.40 2.76 2.63 

10,188 b •(P<O.Ol) Feed Consumption 585 grams between 2 meana, 

22.44 

I 

; I I js. 
! 
I 
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Table 7. Average body 
periods. 

weight gain !or females by two-week 

Treatments 
Weeks 1 2 3 4 

(grams) 

0 - 2 158 163 173 173 

2 - 4 440 446 445 470 

4 - 6 663 654 697 680 

6 - 8 849 865 874 882 

8 - 10 864 878 937 973 

10 - 12 922 949 938 931 

12 - 14 604 635 554 504 

14- 16 681 763 808 799 

16 - 18 708 808 862 754 

18 - 20 ~ ~ 645 ~ 
Total (gms.) 6,434 a• 6,624 b 6,933 e 6,652 b 

( 1bs.) 14.17 14.59 15.27 14.65 

I "(P<0.005) 
il i · 

Body weight gain 128 grams between 2 means. 
II I' 

!Ill: 
11::: I 
1:", I 

. ,r 1 • 
,t:r• ', 
ljlil I I 

'••''' 



Table 8, 
Average feed consumpti~n values for females by two-
week periods, · 

Treatments Weeks 1 2 3 4 
(grams) 

0 - 2 229 229 231 197 
2 - 4 673 641 673 567 
4 - 6 1,267 1,087 1,291 1,044 

I 

·' 
6 - 8 1,897 1,534 1,774 1,574 ( 8 - 10 2,179 1,751 2,211 1,839 

~ 10 - 12 2,633 2,114 2,712 2,188 I 12 - 14 2,645 1,972 2,365 2,049 ! 
14 - 16 2,.910 2,230 2,545 2,504 
16 - 18 3,095 2,242 2,497 2,779 <. 

r: 18 - 20 3,385 1,954 2,413 2,779 .. 
L Total (gms.) 20,913 d· 15,754 a 18,712 c 17,520 b ;.,.·. ·-(lbs.) 46.1 34.7 41.2 38.6 ~ .. ~ 
~.:. Feed/Gain 3.25 2.38 2.70 2.63 :rc: 
<i 
r"" -· 0

(P<0.005) Feed Consumption 360 grams between 2 means. :IV 
~ 
t::> 
lCJ 
<. 
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THE UTILIZATION OF FEATHER MEAL AND OTHER 
POULTRY BY-PRODUCTS IN ANIMAL FEEDS 

Edward C. Naber 
Department af Poultry Science 

The Ohio State University, Columbus 

When feather meal that had been processed by cooking under steam pressure 
was first proposed as a feed component in 1950, very I ittle interest was shown 
because of the long-standing knowledge that the keratin proteins are poorly 
soluble and highly indigestible. By 1955, however, feeding experiments were 
pub I ished and have continued to be pub I ished on the feeding value of process
ed feather meals and other poultry by-products. 

Wilderet al., (1955), Naber(1955), Lillieet al.,(1956), NaberandMor
gan (1956), Sullivan and Stephenson (1957), Wisman et al., (1958), McKerns 
and Rittersporn (1958), Sibbald et al., (1962) and Tsang et al.,(1963) have 
all shown that feather protein processed by wet cooking under steam pressure 
can be uti I ized to some degree for chick growth. These authors have shown 
that feathers can serve as a source of dietary protein, certain vitamins and 
unidentified growth factors. The degree to which feather meal protein can be 
utilized by the chick has remained somewhat in doubt since Sullivan and 
Stephenson (1957) found no evidence that processing conditions alter protein 

il ,, · uti I ization from feather meal. 
iii: ,,,I, 

1 ~: :: Other problems in evaluating the true nutritive potential of feather meal arise 
.1~: il from the fact that feathers from poultry slaughter plants often undergo fermenta-
~, ~. ,, 
.,,, :: tion prior to processing and are contaminated with blood and offal. Finally there 

is the problem of amino acid supplementation since feather protein is deficient 
in histidine, lysine, tryptophan and methionine. 

Use of feather meal has also been studied for laying hens (Harms and Goff, 
1957; Gerry, 1964), lambs (Jordan and Croom, 1957), swine (Combs et al., 
1958) and cattle (Ray, 1959). 

Other poultry by-products such as poultry meat scrap (poultry by-products 
meal) and poultry blood meal have also been studied. Naber and Morgan 
(1956) and Wisman et al . , (1958) have shown that pou I try meat scrap can be 
used to replace fish meal, meat scrap and milk by-products used in many chick 
starting rations. Wilder et al. 1 (1955) and Wisman et al., (1958) have also 
used blood meal successfully in chick starting rations. A poultry by-product 
meal that recombines blood, offal and feathers in their naturally occurring 
proportions after processing has been produced on a pilot plant basis. Naber 
et al., (1961) fed this combination product to chicks and showed that it 
stimulated growth on a corn-soybean meal ration and gave results superior 
to feather meal. 
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The object of this report is to consider the question of processing of feather 
meal to yield maximum utilization of profuin and the role of amino acid 
supplementation in improving feather protein utilization. 

Processing of Feathers and Nutritive Value 

The results of experiments to evaluate the I a bora tory feather-meal sam pies 
ore shown in Table I. An attempt was made to study the usefulness of ex
perimental samples in three types of diets. The first diet provided a total 
of 21 percent of protein with feather meal, soybean meal, and corn, each 
contributing about one-third of the protein mixture. By use of this ration 
fortified with methionine and lysine, it was possible to distinguish between 
a meal made from untreated feathers and six other meals made from feathers 
treated under a variety of steam pressures for varying lengths of time. The 
untreated meal, which depressed growth rate, contained 16 percent of pep
sin-digestible protein. The treated meals, all of which allowed normal 
growth, contained from 64 to 83 percent of pepsin-hydrochloric acid di
gestible protein. 

The second experimental diet contained a total of 20 percent of protein with 
feather meal providing six-tenths and corn the remainder. Methonine, ly
sine, and tryptophan supplements were used to provide a reasonable amount 
of growth. When the experimentally processed pure feathers were fed as 
components of this diet, it was possible to distinguish between the meal 
mode from untreated feathers and the six treated meals. Again, however, 
it was not possible to distinguish between any of the treated meals. 

It is interesting to note that the untreated feathers were uti I ized to a small 
degree, in spite of the fact that poor growth resulted from their use. This is 
deduced from the finding that chicks fed cellulose - substituted in one of the 
experimental diets for feather meal - gave poorer growth rates than the group 
fed the diet containing untreated feather meal. The nitrogen retention data 
for this experiment show that a smaller amount of total nitrogen in the diet 
of chicks fed the untreated feathers was retained when compared to those fed 
the six treated samples. Thus, with six-tenths of the dietary protein from 
feathers, it was possible to distinguish only between raw ground feather meal 
and the treated feather meals, with both growth and nitrogen retention as 
criteria. 

The third experimental diet was a 20-percent protein semi-purified ration in 
which all of the protein was supplied by feather meal and crystalline amino 
acids. Control diets in which soybean meal or commercial feather meal was 
the sole source of intact protein were also employed. The feather-meal-con
taining diets were supplemented with methionine, lysine, tryptophan, and 
his!idine. It had previously been determined that these four amino acids 
were needed to promote a moderate growth rate in diets where feather meal 
was the only protein source. When the experimental feather meals were 
tested in this third diet, it was possible to determine a treatment difference 
in the processed meals. Growth of chicks fed the diet containing raw ground 
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feathers was very poor. Chicks fed the diets containing the six processed 
samples grew at a moderate rate. However, the group of chicks fed the 
diet containing feather meal processed for 30 minutes under 30 pounds of 
steam pressure showed a slower growth rate than those fed the other experi
mentally processed samples. Thus, the sample processed for 30 minutes 
under 30 pounds of steam pressure (pepsin-hydrochloric acid digestibility 
equals 64 percent) appeared to be inferior to other treated samples (digest
ibil ities of 70 to 83 percent). Unfortunately, no nitrogen retention data 
are reported for this experiment. However, the data do suggest that there 
is some relationship of pepsin-hydrochloric acid digestibility to utilization 
of feather protein by the growing chick. . 

The I imited data on feather-meal processing and its relation to protein util
ization do indicate that the pepsin-hydrochloric acid digestibility of feather 
meal should be 70 percent or more for adequate uti I ization by the chick. 
Growth of chicks fed the third experimental diet containing commercial 
feather meal was much better than that obtained from laboratory-processed 
meals made from pure feathers. This fact emphasizes the importance of con
tamination by non feather substances, or fermentation, to the growth-promot
ing properties of feather meal. 

Amino Acid Supplementation of Feather Protein 

Early work by Routh (1942) established that feather protein is deficient in 
tryptophan, methionine, histidine, and lysine for rat growth. These trials 
were conducted with ground untreated feathers. More recent studies have 
been concerned with the amino acid deficiencies of processed feather meals. 

It is possible that the wet cooking of feathers under pressure could improve 
availability of some amino acids or destroy others particularly labile to heat. 
Consequently, recent studies (Table 2) were undertaken to investigate amino 
acid deficiencies in diets containing both commercial and laboratory samples 
of feather meal. To accentuate the amino acid deficiencies of feather meal, 
only rations containing large amounts of feather meal were employed. In 
some of the experiments, uti I iz ing purified diets, feather meal served as the 
sole source of dietary protein. When chicks were fed a simplified corn
feather meal diet (Expt. Ration 2), amino acid supplementation markedly 
improved growth and nitrogen retention. The limiting amino acids in order 
of importance were lysine, methionine, tryptophan, histidine, and arginine. 
The growth rate of chicks fed the amino acid supplemented corn-feather 
meal diet was, however, poorer than that of control chicks fed a corn-soy
bean oil meal diet. 

In another type of diet (Expt. Ration 1) where feather meal, soybean meal, 
and corn each contributed one-third of the protein intake, lysine and me
thionine supplementation alone produced a maximum growth rate. Since 
practical poultry rations would seldom contain as much as one-third feather
meal protein, methionine and lysine appear to be the only two amino acids 
that would require attention in the for~ulation of poultry rations containing 
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sizable guantities of corn and soybean meal;protein. 

In experiments where feather meal is the sole source of dietary protein in 
purified diets (Expt. Ration 3), ·the amino acid supplementation picture 
changes. In this diet, the first limiting amino acid for chick growth ap
pears to be histidine. In fact, the data show that the histidine content of 
the feather is not available to the chick because the chick gives growth 
responses to graded levels of this amino acid up to and above the total re
quirement level. In other words, while feather-meal protein contains about 
60 percent of the histidine (according to microbiological analysis) needed 
by the chick, very little of this amino acid appears to be available from 
the feather protein during digestion. 

However, the availability of histidine may not be as poor as indicated 
above because work by Rosenberg, Baldini and Tollefson (1957) indicates 
that the histidine requirement of the chick is greater than previously re
ported. It is also interesting to note that histidine, lysine, and methionine 
are concentrated in the less soluble fraction of the original feather. Methi
onine, lysine and tryptophan are, of course, also severely limiting in ra
tions where the only source of protein is feather meal. On the other hand, 
phenylalanine and arginine supplementation are not effective in improving 
growth rote. 

No combination of amino acid supplements tried allowed maximum growth 
rate of chicks fed either diets containing feather meal as the only protein 
source or diets where feather meal and corn were the only protein sources. 
This means that if it were possible to achieve better growth rates on these 
diets, certain amino acids like arginine and phenylalanine might be limit
ing in feather protein. Since some other unrecognized factors limit growth 
rate on these diets, it is not possible at present to list the amino acid de
ficiencies of feather protein beyond histidine, lysine, methionine and tryp
tophan. Although data indicate that tyrosine (or phenylalanine) is a limit
ing amino acid when feathers are used to supply all of the protein in the 
ration of the chick, it has not been possible to demonstrate this deficiency. 
Presumably this is true because the unrecognized factors that I imit growth 
on diets containing only feather protein are more important to chick growth 
than the partial deficiency of tyrosine {or phenylalanine). 

It is of interest to speculate on the nature of factors that prevent normal 
growth rote on amino acid supplemented diets containing either feather meal 
or feather meal and corn as the only sources of protein. If the guantities of 
amino acids in feather-meal protein {as indicated by microbiological assay) 
were available to the chick, one would expect the amino acid supplements 
used in the experiments cited above to allow maximum chick growth rate. 

Since it has been shown that the histidine content of feather meal may not 
be available to the chick, it is entirely possible that other essential amino 
acids in feather meal ore partially unavailable to the chick. Although the 
microbiological assay indicates the presence of adeguote amounts of glycine, 
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leucine, isoleucine, threonine, and valine in feather meal, one or more of 
these amino acids may be limiting because of the chick's inability to digest 
and assimilate them from the feather-meal protein. This hypothesis is now 
being tested. 

A second possible reason for failure to obtain maximum growth rate on the 
diets mentioned above would be the presence of inhibitory or toxic princi
ples in feather meal. While this possibility cannot be overlooked, it ap
pears unlikely because it was possible to obtain maximum growth rates· with 
diets containing one-third of their protein from feather meal. If there were 
a toxic principle in feather meal, it would probably have been expressed 
in these diets to some degree since they did contain 8· percent of feather 
meal. The diets that did not permit maximum growth rate contained 12,16, 
or 23.6 percent of feather meal. Thus, it is difficult to believe that a toxic 
substance in feather meal would be expressed to a marked extent at the 12-
percent level and not at all at the 8-percent level. At the present time, 
therefore, the most likely explanation for failure to obtain maximum growth 
rates on diets heavily dependent on feather-meal protein is poor amino acid 
availability. 

Nitrogen Retention of Chicks from Diets Containing Feather Meal 

The ultimate measure of protein utilization in an experimental animal is the 
ability of the animal to digest, assimilate and retain protein or its compo
nent amino acids for useful purposes such as growth and reproduction. When 
the digestibility of a protein is poor, much of the protein is excreted in the 
feces. When a poorly balanced protein (one that is I ow in one or more es
sential.amino acids) is fed, many of the amino acids that are digested from 
the protein and absorbed do not attain protein biosynthesis. Thus, both di
gestibility and amino acid composition are important to efficient protein 
uti I ization. 

Since nitrogen is an integral part of protein and its component amino acids, 
the retention of this element by the animal provides a tool by which overall 
protein digestibility and amino acid availability can be measured in the ani
mal. Nitrogen retention data would, therefore, be of interest as a measure 
of protein uti I izati on from feather meal . 

Naber and Morgan ( 1956) reported that dietary nitrogen from rations con
taining one-quarter of their protein from feather meal was retained by chicks 
in absolute and relative amounts equal to or greater than that retained by 
chicks fed the basal.ration without feather meal. When total dietary protein 
intake was a limiting factor, the chicks retained smaller absolute amounts of 
nitrogen and growth was retarded. The results show that feather-meal pro
tein was digested and utilized as well as the soybean oil meal protein for 
which it was substituted in the experimental diets. 

Experiments using simplified corn-feather meal diets showed that properly 
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processed feather meal can be used to supply,.,almost two-thirds of the total 
dietary protein if lysine, methionine,and tryptophan supplements are used. 
Under these conditions dietary nitrogen retention is comparable to that 
shown by chicks fed a corn-soybean meal control ration. The findings dem
onstrate that large quantities of feather-meal protein are well uti I ized when 
properly sup pi emented with I imiting amino acids. 

Summary and Conclusions: 

Feather meal that has been properly processed to yield 70 to 80% pepsin 
digestible protein can be used as a protein.source in chick starting rations 
to supply one-fourth of the total protein content when corn and soybean 
meal supply the remaining protein. Under these conditions, chick growth 
was excellent and dietary nitrogen utilization was not impaired. 

When feather meal is used to supply one-third or more of the total dietary 
protein, amino acid deficiency problems were encountered. When corn, 
soybean meal and feather meal each contributed one-third of the total pro
tein, lysine and methionine supplementation was required for maximum 
growth rate. When one-half or more of the protein was contributed by feath
er meal, amino acid problems extend to tryptophan, histidine and perhaps 
other amino acids. 

Small amounts of feather meal are very commonly used in feed formulation. 
At the levels commonly used (1 to 4% of the complete ration) good feather 
meal does not adversely affect performance. At the same time, the use of 
small amounts of feather meal in commercial formulas permits the nutrition
ist flexibility in adjusting protein levels when other formula changes ore to 
be made. 
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Table ~ 

Effect of feather meal processing conditions on growth and nitrogen reten
tion of chicks at four weeks of age. 

Experimental Processing 
Protein Condition on 
Source Feather Meal 
in Diet 

Soybean Meal 
+Methionine 

None 
(cellulose) 

Steam I ime 
Pres- Min. 
sure 
(p .s. i.) 

Feather Meal 0 0 

12-l/2 960 

30 30 

30 90 

30 240 

60 20 

90 7 

Pepsin 
Digesti
bility of 
feather 
meal 
sample 

o/o 

16 

70 

64 

71 

83 

72 

74 

Expt. 
Ration 

1* 
Ave. 
body 
wt. 
(gms) 

379a 

285b 

370a 

366a 

348a 

347a 

339a 

338a 

Expt. Rot ion 
2** 

Ave. N 
body Reten
wt. tion 
(gms) (%) 

372a 50 

l05b 46 

145c 33 

248d 57 

252d 56 

213d 55 

225d 56 

222d 59 

236d 45 

Expt. 
Ration 
3*** 

Ave. 
body 
wt. 

(gms) 

436a 

55b 

170c 

131d 

162c 

161C 

171c 

165C 

* Ration 1 - equal parts of protein supplied by corn, soybean meal and 
feather meal in test diets. Test diets supplemented with methionine 
and lysine. 

** Ration 2 - 40% of protein from corn and 60% of protein from feathers 
in test diets. Test diets supplemented with methionine, lysine and 
tryptophan. 

***Ration 3- All protein in the test diet from feathers. Test diets supple
mented methionine, lysine, tryptophan and histidine . 

. o,b,c,d- Treatment averages that are significantly different from each 
other bear different superscript letters. 
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Table 2 

Effect af amino acid supplementation on growth of chicks fed feather meal 
containing diets. 

Amount of Amino Acid Supplements to Ave. Body Weight 
feather Experimental Diet at 4 weeks of age 
Meal in on 
Experimental Ex pt. Ex pt. Expt. 
Diet Ration Ration Ration 

(%) 2** 1* 3*** 
(gms.) (gms.) (gms.) 

0 Met 405a 
12 69b 
12 Met+ Lys 190c 
12 Met + Lys + Arg 193c 
12 Met+ Lys +Try 245d 

:·1 12 Met+ Lys + His 189C 
12 Met+ Lys + Arg + Try 246d 

I 12 Met+ Lys + Arg + His 180c 
12 Met+ lys +Try+ His 271e 
12 

' ~ :." 
Met+ Lys + Arg +Try+ His 283e 

0 395 
0 Met 409 
8 305 
8 Met+ Lys 398 
8 Met+ Lys +Try 377 

0 Met+ Gly 361 
23.6 Met+ Lys +Try+ 0.06% His 104 
23.6 Met+ Lys +Try+ 0.10% His 158 
23.6 Met+ Lys +Try+ 0.15% His 193 
23.6 Met+ Lys +Try+ 0.20% His 250 
23.6 Met+ Ll:s + Trl: + 0.30% His 239 

* , **and***= See footnote on Table 1 for protein sources. 
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PROTEIN, CALCIUM, PHOSPHORUS AND;RESTRICTED FEEDING 
IN THE NUTRITION OF DEVELOPING PULLETS 

Lawrence R. Berg, Paul try Scientist 
Department of Animal Sciences 

Washington State University 
Western Washington Experiment Station, Puyallup 

Many studies have been conducted and numerous papers have been written 
concerning the nutrient requirements of present day egg production strains 
of chickens during the starting (0-8 weeks) and laying periods. However, 
reports of experiments designed to study the reguirements of such birds dur
ing the developing period are most I imited. The dearth of information for 
the developing period is emphasized when one notes the numerous nutrients 
for which the National Research Council has provided no reguirement val
ues. Furthermore, it is known that many of the values provided by the Re
search Council were established prior to the development of our presently 
used high producing strains of birds and before establishment of many of our 
current concepts of nutrition. 

Protein 

The National Research Council has established the protein reguirement of 
pullets from 8 to 18 weeks at 16 percent. Blaylock (1956) conducted studies 
which suggested that the protein requirement of developing laying strain 
pullets was not a constant figure from 8 weeks to maturity but instead de
creased markedly as the developing period progressed. His general conclu
sion was that the protein requirement was no more than 12% from 12 weeks 
to maturity. 

Sunde and Bird (1959) studied the protein reguirements of White Leghorn 
pullets from 10 to 20 weeks of age. Their results showed that 13-14% pro
tein was necessary for maximum body weight gains but that as I ittle as 
11.3% protein was sufficient for the pullet to develop and still not affect 
subsequent rate of lay, egg size, sexual maturity or mortality. 

In recent years we have reported on two experiments conducted at the 
Western Washington Experiment Station to determine protein requirements, 
and protein energy relationships, for White Leghorn pullets from 8-20 weeks 
of age. In both tests the pullets received a 20% protein starter ration to 8 
weeks. 

The data presented in Table 1 show the effects of decreasing the protein 
level of an all-mash ration from 16 to 14 to 12% at 12 and 16 weeks re
spectively, and of decreasing the protein in the mash from 18 to 16 to 14% 
at similar intervals when whole milo and barley were fed free choice with 
the mash. 
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Table 1. Effect of protein level of the developing ration on the development 
of young pu II ets 

Age perioci 
of birds 

8-12 weeks. 

12-15 weeks. 

16-20 weeks. 

Total for 8-20 wks. 
8-12 weeks. 

12-16 weeks. 

16-20 weeks. 

Total for 8-20 wks. 
8-12 weeks. 

12-16 weeks. 
16-20 weeks. 
Total for 8-20 wks. 

Ration variables 

16.6% protein
all mash 

16.6% protein -
all mash 

16.6% protein -
all mash 

16.6% protein
all mash 

16.6% protein -
all mash 

12.0% protein -
all mash 

18.0% protein mash 
16.1% protein mash 
14.4o/o.protein mash 
(Free choice 
whole barley & milo) 

Lbs. feed 
cons ./bird 

4.24 

4.87 

5.03 

14.14 

4.27 

4.84 

5.21 

14.32 
4.16 
4.55 
4.81 

13.52 

Lbs. body 
weight at 
8, 12, 16 
& 20 wks. 

1.43 

2.22 

2.78 

3.08 

1.39 

2.23 

2.73 

3.09 
1.37 
2.21 
2.72 

3.11 

Age, 
days, 
to 50% 
prod. 

173 

173 

176 

The pullets of all treatments were of the same average weight at 20 weeks of 
age. There was only three days difference between diets in age at 50% lay 
and all groups peaked at over 80% lay. Thus it was concluded that the birds 
developed equally well on the various protein levels consumed. 

Tab I e 2. shows the amount of mash and who I e grains consumed during each 
four week period by the pullets having access to each on a free choice basis. 
Protein consumption was less in this group than in the others fed the all mash 
rations. The results of this test would indicate that the protein requirement 
from 8-12 weeks is not over 15%, is not over 12.5% from 12-16 weeks, and 
not over 11 . 2% from 16 -20 weeks. 

Table 2. Free choice consumption of mash and whole 
grains by developing pullets 

o/o 
Pounds feed per bird Protein, 1 

Age period Whole Whole total 
of birds Mash milo barley ration 
8-12weeks 2.61 1.15 0.39 14.9 

12-16 weeks 1.89 2.31 0.35 12.5 
16-20 weeks 1.41 3.08 0.32 11.2 
lcalculated using a protein value of 10 percent for whole 
milo and barley. 
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In the second experiment all-mash diets containing 13, 16 and 19% protein 
were compared for the entire period from 8 to 21 weeks. In addition the 
same mash rations were compared when the pullets were also given free ac
cess to whole milo. Another variable was introduced in that each protein 
level was tested in diets containing 1100 and 1425 Calories of metabolizable 
energy per pound. When the birds were 21 weeks old they were all given the 
same all-mash laying ration containing 15% protein and 1260 Calories per 
pound. 

Table 3 presents the feed consumption data for the pullets raised on the var
ious diets. Decreasing the energy content of the ration from 1425 Calories 
to 1100 Calories increased feed consumption by 20%. Protein level of the 
ration had no effect on the amount of feed eaten per bird. This was true 
with both energy levels and with both the all mash and mash-milo systems 
of feeding. 

Table 3. Effect of protein and energy level of the deyeloping diet on pounds 
feed consumed per bird during experimental periods. <~:. 

Calories 1 %Pro- Age period 
per lb. tein in 
mash mash 8-12 wks. 12.,.16wks 16-21 wks 8-21wks. 

Mash Mil9 Mash Milo Mash Milo Mash Milo 

13.2 4.22 - 5.62 - 6.93 - 16.78 -
12.9 2.68 .97 2. 92 1.87 2.51 4.08 8.11 6.92 
15.9 4.30 - 5.66 - 6.89 - 16.84 -

11100 16.2 2.65 1.20 2.53 2.26 2.26 4.23 7.43 7.69 
18.9 4.03 - 5.52 - 6.96 - 16.50 -
18.8 2.44 1.44 2.67 2.53 1.77 4.52 6.87 8.49 
12.7 3.46 - 4.53 - 5.74 - 13.73 -
12.8 2.90 .63 3.07 1.43 3.30 3.36 9.10 5.40 
15.8 3.48 - 4.73 - 5.81 - 14.01 

1,425 16.0 2.55 .87 2.79 1. 97 2.56 3.44 7.89 6.28 
18.8 3.56 - 4.67 - 5.57 - 13.80 -
18.8 2.63 .80 2.68 2.02 2.37 3.90 7.67 6.72 

1Metabol izabl e calories. 

With the low energy mashes, the birds fed by the mash-milo system ate about 
1 . 5 pounds I ess feed than those on the all-mash system. This decreased con-
sumption was true for each protein level tested. In contrast, with the high 
energy diet feeding milo with the mash increased total feed intake by .5 
pound per bird. 

With both levels of energy the percentage of the total ration consumed as 
whole milo increased as the level of protein increased. Likewise the percent 
of milo.consumed increased as the pullets became older. 

Energy level of the mash had no effect on body weight gains {Table 4). Like
wise protein level had no effect with the all mash rations. However with the 
mash-milo feeding system, increasing the protein I eve I did result in increased 
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body weight with both energy I evels. 

Table 4. Effect of protein and energy level of the developing diet on body 
weight, dals to 50% lal, rate of lal and egg weight. 

Treatment variables Age Egg wt. 
Calories %Pro- lbs. bodl weight at at 50%% lay 29th 
per lb. tein in Whole 8 wks. 21 wks. lay, 29th week, milo 

mash mash dals week grams· 
13.2 No 1.43 2.98 171 88.3 51.0 
12.9 Yes 1.41 2.98 175 87.3 50.5 

1,100 15.9 No 1.38 2.95 172 90.2 50.7 
16.2 Yes 1.44 3.05 175 90.7 50.8 
18.9 No 1.39 2.99 172 89.4 50.9 
18.8 Yes 1.45 3.12 174 90.5 50.8 
12.7 No 1.43 2.94 176 88.2 50.4 
12.8 Yes 1.43 2.96 177 86.6 51.0 

1,425 15.8 No 1.44 3.03 173 88.2 50.4 
16.0 Yes 1.42 3.05 174 91.5 50.4 
18.8 No 1.42 2.98 171 92.0 50.1 
18.8 Yes 1.42 3.08 175 91.4 50.5 

Protein levels had no effect on the average age of the pullets at 50% lay 
with 1100 Calorie diets. Free choice milo, however, retarded maturity by 
2 to 4 days. With the high energy diets, decreasing protein levels resulted 
in increased days to sexual maturity. 

Neither the level of energy or of protein in the developing rations had any 
effect on the ability of the pullets to attain peak production (87-91%) or 
on size of eggs produced. 

Summary 

White leghorn pullets will grow and develop normally on less than 15% pro-
tein. The requirement for protein decreases with age. Excellent pullets 
have been raised with only 13% protein from 8-20 weeks of age. 

Restricted Feeding and Restricted light 

Much interest has been manifested in recent years over methods of retarding 
sexual development of pullets. Both restricted feeding and restricted light 
have been used. 

In general it has been agreed by investigators that restricting feed intake of 
developing pullets will retard sexual development (Sunde et al., 1954; 
Milby and Sherwood, 1956; Tomhave, 1958 and Macintyre and Aitken, 
1959). In these studies the extent of sexual retardation was dependent upon 
the degree of feed restriction used. Of interest in relation to the present 
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Table 5. Effect of restricted feeding during development period on various performance criteria 

Feed consumed Days % % Bodz: weight 1 grams Av. %Mortal itz: 

1 per bird 1 lbs. of ·age Lay Lay 21 50% 65 egg De- Lay-
Diet 8-21 Wks. 8-21 21-65 50% peak 25-65 Wks. Lay Wks. wt. 1 vel. ing 

Wks. Wks. laz: week weeks g. pd. pd. 

Full fed corn ration 14.0 81.5 171 91.2 79.6 11426 11751 21057 55.8 1 .30 3.29 

Restricted corn ration 11.8 81.4 173 91 .3 79.9 11406 11719 11985 56.5 4.55 .69"' 

N 
Full fed barley ration 15.0 80.5 172 90.2 79.1 11388 11726 11985 55.7 2.60 3.34 0 

Restricted bar! ey ration 12.6 80.1 172 92.4 77.9 11346 11656 11937 55.5 1.95 4.03 

1 All groups fed the same diet during the laying period. Restricted feeding= 83% of full-fed diets. 
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discussion is the fact that all of these tests were conducted with winter or 
spring hatched pullets which were exposed to natural increasing day length 
as they matured. 

In 1958-59 we conducted a test to compare 17% feed restriction of corn and 
barley diets with ad libitum feeding for White Leghorn pullets from 8-21 weeks 
of age. The stud~as conducted in an environment controlled brooder house 
in which light was restricted to eight hours per day. At 21 weeks the pullets . 
were transferred to a laying house, given a minimum of 13 hours light per day 
and all birds were fed the same laying mash on an ad libitum basis. 

The results of this test are shown in Table 5. 

In contrast to previously reported results, in this test feed restriction did not 
delay sexual maturity. The results suggested that the I ight restriction used 
on the pullets exerted a greater influence on sexual maturity than the feed 
restriction. As a res~ It of this suggestion we conducted a more comprehen
sive experiment designed to study restricted feeding under four different 
I ight treatments • 

The four I ight treatments compared from 8-20 weeks were: (1) constant 8 
hours daily; (2) constant 16 hours daily; (3) light increased by equal weekly 
increments from 8 to 16 hours daily; (4) light decreased by equal weekly 
decrements from 16 to 8 hours per day. With each light treatment full-
feeding was compared with 20% restriction. At 20 weeks all birds were 
given 16 hours of light daily and fed the same ration ad libitum. 

Table 6 shows the effect of the treatments on body weight and feed consump-
tion. Restricting feed intake by 20% -depressed body weight with all I ight 

Table 6. Effect of photoperiod and nutritional variables in the developing 
period on various performance criteria. 

8-20 Weeks 

Photoperiod Diet 

High energy 
8 Hours per Rest. high E. 

day Low energz: 
8 Hours in- High energy 

creased to Rest. high E. 
16 hours Low energz: 

16 Hours de- High energy 
creased to Rest. high E. 
8 hours Low energz: 

High energy 
16 Hours per Rest. high E. 

daz: Low energz: 

Bodz: weight, gm. 

20 wks. 

1,313 
1,211 
1,273 
1,455 
1,328 
1,364 
1,349 
1,280 
1,331 
1,396 
1,285 
1,321 

< 
121 

50% Lay 

1,629 
1,595 
1,600 
1,630 
1,557 
1,627 
1,638 
1,627 
1,635 
1,656 
1,619 
1,582 

Lbs. feed per bird 
Maximum 

adult 8-20 20-76 
wt. Wks. Wks. 

1,907 12.2 105.5 
1,834 9.9 104.2 
1,900 14.6 106.4 
1,875 13.0 103.8 
1,861 10.3 105.5 
1,863 15.3 106.0 
1,916 12.5 106.8 
1,874 10.1 106.2 
1,902 14.8 106.6 
1,935 13.3 107.7 
1,883 10.8 107.2 
1,849 15.4 106.2 
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treatments at 20 weeks of age and at sexual 'lnaturity (50% lay). The pullets 
which had been restricted in feed during the developing period did not con
sume more feed when full-fed the laying ration. As a result they continued 
to weigh less during the entire laying year. 

The pullets raised under increasing I ight were heaviest at 20 weeks of age, 
those given only 8 hours of light were the lightest. The differences in body 
weight at 20 weeks between light treatments were the result of differences 
in degree of sexual maturity. At a common degree of maturity (5Qo/o,loy) 
there were no differences in weights due to I ight treatment. 

Restricting feed intake by 20% with increasing I ight resulted in 10 days de
loy in reaching 50% loy {Table 7). As in our previous test, when the pullets 
were given only eight hours of light doily feed restriction hod practically no 
effect on maturity. Maturity was definitely affected by I ight treatment. In
creasing I ight enhanced maturity, even more so than constant 16 hours of 
light. Decreasing light did not depress maturity as much as constant 8 hours 
of I ight. 

There was a tendency for the pullets raised on decreasing I ight to I oy more 
eggs than those raised under the other three I ight treatments. There was no 
consistent advantage or disadvantage with restricted feeding. 

Restricted feeding enhanced egg size of first laid eggs with all I ight treat
ments although the greatest increase occurred with pullets raised with in
creasing I ight {Table 7). Over the entire experiment the I orgest and small
est eggs were produced by the pullets given 16 and 8 hours of light doily, 
respectively. 

Of interest is that during the early stages of production, greater numbers of 
double yolk eggs were laid by the pullets exposed to the most light during 
the onset of loy and by those which were full fed the high energy diet. 

Calcium and Phosphorus 

The Notional Research Council {1960) has set the col cium and phosphorus re
quirements of growing chickens from 8 to 18 weeks of age at 1 .0 and 0.6%, 
respectively. It is further indi coted that a portion of the phosphorus must be 
supplied in inorganic form. Evidence to support such high requirements for 
these two elements during the developing period {8 weeks to 18 to 21 weeks 
of age) is meager. Numerous investigations have indicated that the above 
indicated values ore necessary for early chick growth and normal bone ash. 
However, few studies hove been conducted to determine requirements during 
the growing or de vel oping period. 

Berget ol., {1947) found no difference in the performance of laying pullets 
fed diets containing 0.7, 0.9 or 3.0 percent calcium for on overage of eight 
weeks prior to the onset of loy. 0 'Rourke et ol., (1952) showed that the 
phosphorus requirement decreased with age. Using inorganic phosphorus only 
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Table 7. Effect of photoperiod and nutritional variables in the· developing period on various laying period performance 
criteria. 

8-20 Weeks Days Eggs per bird, Av.egg weight,grams % 
of % bird day basis Double % 

Photoperiod Diet age Lay to 48 76 yolk Mortality 
50% Peak 20-76 1 Yr.of 67% Wks. of Wks. of eggs to 20-76 wks. 

A' lay week Weeks lay lay age age 67% lay of age 

High energy 172 82.3 256 248 45.3 56.9 62.1 1.99 5.3 
8 Hours per day Rest. high E. 174 82.8 253 247 45.6 56.2 61.4 1.68 4.1 

Low energy 172 85.4 257 252 46.0 56.6 62.2 1.48 5.5 
1'0 
w High energy 158 83.5 265 255 44.8 56.9 63.0 3.04 9.4 

8 Hours increased Rest. high E. 168 86.1 255 246 46.1 57.6 62.7 2.18 4.0 
to 16 hours Low energy 162 83.6 260 248 45.4 57.7 63.2 3.09 8.1 

High energy 169 86.1 262 257 46.1 57.0 61.8 2.30 6.0 
16 Hours decreased Rest.highE. 175 86.3 265 261 47.0 57.5 62.2 1.60 3.4 

to 8 hours Low energy 170 86.2 262 257 46.1 57.2 62.3 1.52 6.7 

High energy 166 83.2 265 253 46.9 58.3 63.8 3.44 6.1 
16 Hours per day Rest.high E. 172 85.7 262 255 47.1 57.3 62.6 2.27 3.4 

Low energy 171 81.7 251 241 47.3 58.5 63.6 1.38 4.7 
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they found the phosphorus requirement to be . 43% to three weeks, . 35% 
from 2-5 weeks and .27% from 4-10 weeks. The studies were not carried 
beyond 10 weeks. In subsequent studies O'Rourke et al., (1955) reported 
that with practical-type diets, containing some phytin phosphorus, the phos
phorus requirement was at least 0.73% to three weeks, 0.60% from 4 to 10 
weeks and not more than 0.42% from I 0 weeks to maturity. 

We have just recently concluded a series of five experiments designed to 
make a more detailed study of the calcium and phosphorus requirement of 
pullets from 8-21 weeks of age. 

In all studies the pullets were fed a typical chick starter ration containing 
approximately 1.0% calcium and .6% phosphorus to 8 weeks. 

In experiment I rations containing 0.66, 1.12 and 2.01% calcium were com
pared. Phosphorus level was 0.6% for each diet. As shown in Table 8, level 
of calcium did not affect body weight, feed consumption or serum calcium. 
Bone ash was highest on the lowest level of calcium {0.66%) and was signif
icantly depressed with the highest calcium level {2.01%). 

Table 8. Effect of level of calcium in diet from 8-21 weeks on weight 
gains, bone ash and serum calcium. Ex.e_eriment I 

%Co Grams body weight' 
o/o Ash

2
'
3 

in diet Lbs. 
8-21 wks. 8 Wks. 16 Wks. 21 wks. feed/ of tibia 

bird 21 wks. 

0.66 651 1232 1352 15.2 61.15a 
1.12 651 1230 1351 15.2 60.50a 
2.01 654 1224 1341 15.5 58.13b 

·I 8 Groups of 75 White Leghorn pullets for each treatment. 
2 4 Birds per treatment. 

Mg.% 
serum 

Co 
21 wks. 

13.6 
13.1 
13.2 

3 Values with unlike letters significantly different from each other {p<.OI). 

4 9 Birds per treatment. 

In the laying house, pullets which had received each developing ration were 
fed diets containing 1.67, 2.08, 2.54 and 2.92% calcium. Results obtained 
during a laying year showed that rate of lay, body weight and quality of egg 
shells produced {specific gravity) were not affected by level of calcium in 
the developing ration {Table 9). 
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Table 9. Effect of level of calcium in the developing and laying ration on 
various performance criteria. Experiment 1 

Dietary Co, % No. of 1 Final Specific gravity of eggs 

Developer 
8-21 wks. 

0.66 

l. 12 

2.01 

Layer 
1.67 
2.08 
2.54 
2.92 
1.67 
2.08 
2.54 
2. 92 
1.67 
2.08 
2.54 
2.92 

eggs body 
per weight, 
bird grams 
206 1976 
220 2008 
233 2026 
229 2022 
223 1974 
211 1975 
217 1957 
238 2027 
212 2006 
242 2026 
224 1988 
242 2001 

Calculated on a bird day basis. 

% 
Bone2 To 70%3 
ash lay 
64.28 1 .0867 
63.69 1.0878 
62. 45 1 . 0892 
62.24 1 .0902 
62.25 1.0881 
63.03 1.0891 
63.72 1 .0896 
63.00. 1 .0909 
62.00 1.0871 
61.48 1.0878 
63.29 1.0890 
62 . 85 1 . 0899 

Period 
12 

1.0783 
1.0785 
1.0784 
1.0785 
1.0794 
1.0785 
1.0770 
1.0793 
1.0776 
1.0775 
1.0776 
1.0791 

Av. for 
12 pds. 
1.0788 
1.0796 
1.0809 
1.0811 
1.0800 
1.0808 
1.0805 
1.0814 
1.0793 
1.0790 
1.0801 
1.0817 

2 Average of 4 birds per treatment taken at the end of the experiment. 
3 All eggs laid to approximately 70%production in each pen. 

In experiment 2 calcium levels of approximately 0.6 and 2.0% were com
pared when fed with approximately 0.4, 0.6 and 1.0% of phosphorus. As 
in experiment 1, 0.65% calcium promoted as good growth and bone ash as 
2.0% calcium. With 0.6% calcium, 0.4% phosphorus was sufficient for 
growth and bone ash {Table 10). Growth was depressed when the 2.0% cal
cium diet contained only 0.4% phosphorus. 

Table 10. Effect of level of calcium and phosphorus in developing 
ration on growth and bone ash of White Leghorn pullets. 
Experiment 2 

Ration 8-21 wks. Bodz: weight grams %Bone ash 
%P %Co 8 Wks. 16 Wks. 21 Wks. 21 Wks. 
.38 .65 653 1255 1416 59.55 
.43 1.92 662 1205 1374 58.46 
.65 .67 659 1246 1398 59.70 
.59 1.94 656 1243 1407 59.79 
.99 .72 664 1225 1378 60.48 
.99 l. 92 658 1242 1402 59.40 

In the laying house, each developing period diet was tested with laying 
rations containing 1.75 and 3.50% calcium. Neither calcium or phos
phorus level of the developing ration had any effect on rote of sexual 
maturity, peak production or quality of egg shells produced during the 
first part of the laying year. 
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Experiment 3 was conducted to compare the effect of increasing levels of 
phosphorus when the increases were derived from plant sources (wheat mix
ed feed) and from phosphoric acid. Phosphorus levels as shown in Table I I 
were compared with diets containing 1% calcium using pullets maintained 
in wire-floored cages. The results of this study showed that pullets could 
make normal growth and near maximum bone ash with only 0.32% phospho
rus. It was also shown that all of the phosphorus requirement could be met 
with that of plant origin. 

Experiment 4 compared diets containing .3, .4, .5 and .6% P. In these 
diets .3% phosphorus was derived from plant sources. All increases were 
made by use of tricalcium phosphate. Each phosphorus level was tested 
with calcium levels to give Ca:P ratios of I: I and I .5:1. 

In this experiment the pullets made normal growth and attained maximum 
bone ash when the diet contained only .32% phosphorus and .39% calcium 
with the phosphorus all of plant origin (Table 12). Furthermore groups of 
pullets raised on such low levels of calcium and phosphorus matured as 
rapidly, reached an equally high rate of lay, and produced as good egg 
shells as the other groups. 

Table I I. Effect of phosphorus level of developing 
ration on rate of growth and bone ash of 

White Leghorn gullets. Exgeriment 3 
Develofing ration % 8-2 weeks 

Av. weight, g., Bone 
%P %P at weeks ash 
plant H3Po4 8 21 21 wks . 

• 32 - 663 1516 59.52 
.43 - 663 1518 59.62 
.50 - 666 1536 59.67 
.24 . I 670 1512 59.23 
.23 .2 668 1561 60.72 
.24 .3 663 1453 61.70 
.24 .4 671 1499 60.52 
.21 .5 667 1478 60.63 
.23 .6 671 1496 61.00 

The fifth experiment compared .3, .4 and .5% phosphorus when the in
creased levels were obtained from wheat mixed feed. Each phosphorus 
level was tested with Ca:P ratios of I: I, I .5: I and 2: I. This study was 
conducted with pullets raised in wire-floored cages. 

The _results of this test {Table 13) further emphasized that White Leghorn 
pullets can grow normally on diets containing only .36% calcium and 
.3% phosphorus all of which is of plant origin. The fact that the pullets 
were able to do so when raised in wire-floored cages f'urther emphasized 
that these are true requirement values and not values masked by the effects 
of calcium and phosphorus obtained from the litter. 
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Table 12. Effect of calcium and phosphorus level of the developing ration on growth and laying house 
performance. Experiment 41 . 

Specific gravity 
8-21 Wk. Diet Body wt. g. Rate of lal,% of eggs 

"'o Bone Days 
"'o osh to 50% Peak 29-33 To 70%3 At 33 

... %p2 Co 8 Wks. 21 Wks. 21 wks. lol week weeks lal weeks 

.3 .30 679 1380 60.4 182 91.3 85.9 1.0907 1.0839 
.45 676 1404 61.8 180 91.8 88.8 1.0910 1.0841 

.4 
.40 665 1356 61.6 183 90.1 86.9 1.0917 1.0849 
.60 673 1406 62.0 181 92.1 88.0 1.0913 1.0854 

~ 

I'V .50 669 1387 60.7 180 91.0 85.9 1.0910 1.0834 '-1 
.5 .75 671 1389 61.6 182 83.3 79.7 1.0900 1.0848 

.60 677 1369 61.2 179 92.0 86.7 1.0915 1.0851 
.6 .90 675 1399 61.4 181 89.7 83.2 1.0897 1.0841 

Pullets maintained on I itter floored pens. 
2 Diets with .3% P, all P of plant origin. Additional P from tricalcium phosphate. 

3 Represents all eggs laid by each pen of birds until 70% lay attained. 
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Table 13. Effect of calcium and phosphorus l~el of the developin~ ration 
on growth and laying house performance. Experiment 5 . 

Specific gravity 
8-21 Wks. Diet of eggs 

Body wt. %Bone Doys 1st 5 At 34 
%2 grams ash to 1st eggs wks. of 
p 21 Wks. 21 wks. egg bird age 

.30 1515 61.3 186 1.0926 1 .0876 
.3 .45 1479 61.2 191 1.0904 1.0870 

.60 1486 61.6 185 1.0942 1.0872 

.40 1477 60.8 186 1.0932 1.0871 
.4 .60 1519 61.6 182 1.0930 1.0879 

.80 1549 60.6 181 1.0924 1.0859 

.55 1544 62.3 181 1.0919 1.0849 

.75 1540 60.9 185 1.0929 1.0870 
.5 1.00 1501 61.2 186 1.0923 1.0887 

1 .oo3 1521 62.3 184 1.0929 1.0885 

1 Birds in wire floored cages after 8 weeks of age. 

2 Phosphorus all of plant origin. 

3 Phosphorus for this diet was .3% of plant origin and .2% from tricalcium 
phosphate. 
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WHAT'S IN AN EGG. 
1': 

Milo H. Swanson 
Deportment of P.oultry Science 

University of Minnesota, St. Paul 

Someone is credited with saying more than one hundred years ago that "The 
most perfect thing in the universe is a bird's egg." Today that statement 
might be challenged from several standpoints. For exam pie, egg producers 
ond handlers ore critical of the thin shells that plague the industry a .good 
portion of the laying year. Medical research has pointed on accusing finger 
at certain I ipid components of the egg. The consumer frowns on finding a 
pinpoint blood spot or an off-flavor. A complete I isting of the defects that 
occur in eggs would be a lengthy one. 

One of the most important goals of the paul try industry is that of being able 
to consistently deliver to the consumer "the most perfect thing in the un i
verse". To accomplish that goal will require the joint effort of many, not 
least among whom is the animal nutritionist. 

Before on intelligent and fruitful approach can be made to solving problems 
related to egg quality, a thorough grounding in the fundamentals of egg 
structure and composition would seem essential. The basic biologist and the 
food scientist have accumulated a considerable fund of information in this 
area, and this fund is presently being expanded at a rapid rote. 

The purpose of this paper is to briefly review the highlights of our current in
formation on egg structure and composition in preparation for the papers to 
follow in this symposium. It is also hoped that the tables of data will serve 
as source material for future reference. 

PHYSICAL STRUCTURE AND CHARACTERISTICS 

To the casual observer the egg is simply the yolk and white surrounded by a 
neat bit of packaging material called the shell. Closer examination reveals 
a much more complex structure. 

The Yolk 

In reality, the egg of the hen is nothing more than a highly differentiated re
productive cell. Biologically, the most important port of that cell is the 
yolk, which cradles the minute center of life called the blastoderm and con
tains the mass of nutritive material necessary for embryonic development. Al
though the viscous, semi -I iqu id yolk is seeming I y of a homogenous nature, 
stratification (a I tern ate concentric I ayers of I ight and dark yo I k) can often be 
demonstrated. Surrounding the yolk material is a thin, delicate, pliable,non-
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cellular sac known as the vitelline membrane. Transfer of components be
tween yolk and albumen and the ability of the yolk to hold a new spherical 
shape on break-out are dependent on the integrity maintained by the vitel
line membrane. Yolk size varies with egg size and maturity of the bird. 
Normally the yolk approximates 32% of the total egg weight (Table 1). 

The Albumen 

The white of the egg is mechanically separable into four parts. Volume
wise, the most important portion is the "middle dense layer". It's origin 
is the upper portion of the oviduct where the cells of the magnum secrete 
the thick, viscous album en around the descending yolk. After the egg 
enters the uterus and during the shell deposition which occurs there, strands 
of albumen high in mucin separate out by mechanical action as the egg ro
tates; these strands collect around the yolk to form the "chalaziferous lay
er" ne.xt to the vitelline membrance, and extend out into the dense albumen 
in opaque, white ropy structures called "chalazae". Left behind between 
the chalaziferous layer and the dense albumen is the "inner thin layer", so 
named because its viscosity is low as a result of losing much of its mucin 
content. Simultaneously, the uterus secretes a liquid low in mucin which 
passes through the shell membranes and coli ects between them and the dense 
albumen layer to form the "outer thin layer". 

Proportionate weights of the four albumen layers are given in Table 1. From 
the standpoint of broken-out quality, a large amount of middle dense album en 
is desired. The data in Table 2 from Skala and Swanson suggest that eggs of 
higher initial quality tend to be slightly larger with no increase in yolk size 
but some increase in albumen volume. A higher proportion of the albumen 
was also found in the middle dense layer. 

The Shell Membranes 

Two paper-thin membranes are secreted by the isthmus as the yolk and dense 
albumen pass through this narrowing portion of the oviduct between the mag
num and the uterus. Holding the two membranes together is an albuminous 
cementing material. After the egg is laid and as the contents shrink on cool
ing, an air cell forms between the two membranes, usually in the large end 
of the egg. This cell grows as the egg loses moisture, and its size can be 
used as an indicator of quality in egg candling. 

The Shell 

From studies made many years ago the egg shell structure has been classically 
divided into two well defined zones: (1) the inner mammillary layer and (2) 
the outer spongy layer. The latter layer was so named because it was con
sidered to show no definite structural organization. More recent research 
(Terepka, 1963) involving optical and radiographic studies suggest that the 
hen's egg shell is a highly ordered structure throughout its entire thickness. 
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Interspersed throughout the shell are 7000-8,,000 minute round to oval open
ings called pores which provide for gaseous exchange between the contents 
of the egg and its environment. This exchange is quite necessary for embry
onic development. In the case of market eggs, these pores are a disadvan
tage in that they provide avenues for bacterial contamination and the loss of 
carbon dioxide and moisture. The cuticle or "bloom" of the shell is essen
tially the residue resulting from the drying of a mucus film present on the 
surface of the egg at the time of laying. The cuticle, too, is permeable to 
gases. 

CHEMICAL COMPOSITION 

Romanoff and Romanoff (1949) refer to the avian egg as "a chemical store
house". Wrapped up within itself are all of the varied materials required 
for life, for the function of the egg is reproduction of the species. 

Some variation in composition is expected since the egg is a product of 
biological processes. Heredity and environment have some influence, but 
more important is the hen's diet in accounting for variability in the egg's 
chemical constitution. 

Table 3 presents the proximate composition of the hen's egg. Several gen
eral observations can be made: 

1. Water comprises nearly three-fourths of the egg contents. 
2. The solids content of the yolk is more than four times that of the 

albumen. 

3. Nearly 100 percent of the fat is found in the yolk. 
4. Over 95 percent of the shell is inorganic matter. 
5. Less than 1 percent of the entire egg is carbohydrate. 

The Yolk 

Physically, the yolk is an oil-in-water emulsion; chemically, it is the most 
complex system within the egg. Of primary interest is its lipid content. 
Approximately two-thirds of the total lipids are present as true fats 
(neutral glycerides) and one-third as phospholipids and sterols (Table 4.). 
The fatty acid distribution as found in yolk lipids is given in Table 7. It 
will be noted that the ratio of unsaturated to saturated fatty acids is 
better than 2 to 1. However, because oleic acid makes up nearly 50% 
of the total fatty acids present, the ratio of polyunsaturated to saturated 
fatty acids is approximately 0.9 to 1. The principal sterol found in egg 
yolk is cholesterol. It constitutes 2.0 percent of the yolk by weight but 
only 0.76 percent of the edible contents of the egg. 

The. color of egg yolk is due to the presence of pigments belonging to a 
group of compounds known as the "carotenoids". Although many dif
ferent carotenoids have been isolated from plants, only carotenes (alpha 
and beta) and xanthophylls (crytoxanth in, I utein, and zeaxanthin) have 
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been isola ted from egg yo I k in more than trace amounts. Normally the 
carotenes and xanthophylls are present in ratios of approximately 1:10. 

The Albumen 

The component of interest here is the protein. Several kinds are present 
and each has unique properties of special interest to the food technologist, 
the bacteriologist, and the nutritionist (see Table 5.). Ovalbumin and 
the globulins are primarily responsible for the whipping qualities of egg 
white. Ovomucin plays an important role in quality evaluation of the 
broken-out egg. The antibacterial properties of egg white are largely at
tributable to the lyzozyme, conalbumin, and avidin content. 

Egg albumen, as well as egg yolk, contains small quantities of free reduc
ing sugars. This constituent is of special concern to the processor of egg 
sol ids, for in the storage of this product, glucose combines with certain 
protein fractions in what is known as the Maillard or browning reaction. 
The result is formation of an odoriferous, insoluble product that adds an 
undesirable flavor to and interferes with the functional performance of 
the reconstituted egg. The glucose can be removed by yeast fermentation 
or converted to gluconic acid by an enzyme process prior to drying. 

The Shell Membranes 

The matted, criss-crossing organic fibers of the shell membranes are chiefly 
protein material, the composition of which appears to be keratin in nature. 
Some mucin is also present. There is often a pink tinge in the membranes 
caused by small amounts of porphyrin, the same pigment present in the 
shell proper. 

The Shell 

Table 8 provides data on the mineral composition of the shell. The domi
nant element is calcium, which is present largely in the carbonate form. 
Lesser amounts of phosphorous and magnesium are found as tri calcium phos
phate and magnesium carbonate. 

An organic matrix of protein material forms a delicate framework of inter
woven fibers to support the deposition of inorganic salts during shell for
mation. For some time the matrix was thought to be a collagen-like pro
tein, but recent research by Frank et al. (1964) indicates it is non-col
lagenous. 

The pigment of brown shell eggs is a porphyrin, which is laid down largely 
in the latter stages of shell formation. Even white shell eggs contain traces 
of the pigment. 
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NUTRIENT VALl;;JE 

Eggs are one of our most important sources of food nutrients. They are 
recognized especially for their high vitamin and mineral content. The 
gual ity of egg protein is so high that it is used as a standard to measure 
the value of protein in other foods. Tables 9, 10, and 11 provide 
reference data on nutrient content. 
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Table 1. - Proportional composition of the average hen's egg. 

~ Actual Wei!lht Relative Wei!lht 
grams 't 

Albumen 32.9 55.8 
Outer thin layer 7 .G 23.2 
fliddle dense layer 18.9 57.3 
Inner thin layer 5. 5 16.8 
Chalaziferous layer 0."9 2.7 

Yolk 18.7 31.9 

Shell with membranes 6.4 12.3 
IJ 

Shell 6. 2 96.9 
Shell membranes 0.2 3.1 

Whole Egg 58.0 100.0 

Source: Romanoff and Romanoff 0949) 

Table 2. - Phzsical CO:::;EOSition of hi~h and low 9ualit); fresh egss. 

Inner Hiddle Outer 
Quality Level E&!l Wei&ht Albumem Wei!lht Yolk weisht thin Dense Thin 

grams grams grams ---r- ---r- -,--

Low 57.4 32.7 17.3 19.5 55.8 24.7 
High 59.8 34.5 17.0 16.7 61.0 22.3 

Source: Skala and Swanson (1962) 

Table 3. - Proximate COIDE;OSi tion of the chicken e!l!l 

Egg Shell Entire 
Constituent Yolk Albumen Contents Shell t<tembranes 

~ -,- ---r- ---r-- ---r-
Water 48.7 87.9 73.6 1.6 20.0 65.6 
Solids 51.3 12.1 26.4 98.4 80.0 34.4 

Organic matter 50.2 ll.5 25.6 3.3 70.0 23.5 
Protein 16.6 10.6 12.8 3.3 70.0 12.1 
Fat (lipids) 32.6 Trace ll.8 0.03 10.5 
Carbohydrate 1.0 0.9 1.0 0.9 

Inorganic matter 1.1 0.6 0.8 95.1 10.0 10.9 

Source: Romanoff and Romanoff (1949) 
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Table 4. - Comoosition of egg yolk (dry ~eight basis) 

Constituent 

Fats (total) 

Neutral glycerides 
Sterols 
Phospholipids 

Lecithin 
Cephalin 

Proteins (total) 

Livetin 
Phosviten 
Lipoprotein 

Free reducing sugar 

Salts 

Source: Feeney (1955) 

Approximate quantity 
% 

66 

32.6 

0.4 

2.0 

45 
2 

19 
14 

5 

4.6 
6.0 

22.0 

Table 5. - Com2osition of egg albumen (dr~ wei~ht basis) 

Approximate 
Constituent Quantity Unique properties 

'0 

Ovalbumin 55 Coagulates easily 
Conalbumin 13 Binds iron 
Ovomucoid 11 Trypsin inhibitor 
Lysozyme 3.5 Antibacterial 
Ovomucin 1.5 Viscous 
Avidin 0.05 Binds biotin 
Unidentified proteins 8 Hainly globulins 
Non-protein 8 Glucose and salts 

Source: Feeney ( 1955) 
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Table 6. - Amino acid comoosition of 2!j!j Eroteins 1 ex2ressed as 2ercent 2rotein 
\-/hole Ra~< egg Raw egg 

Amino acid raw eg¥ white :z:olk 
% prote1.n '!>. proteln % protein 

Arginine 6.7 6.3 7.2 

Aspartic acid 5.8 6.0 5.5 

Cystine 2.2 2.5 1.7 

Glutar.lic acid 12.3 12.4 12.1 

Glycine 3.7 4.0 3.5 

Histidine 2.7 2.7 2.9 

Isoleucine 7.0 7.2 6.9 

Leucine 8.5 8.5 8.5 

I Lysine 6.8 6.6 7.2 :.I 
'<1: 

r· Methionine 3.3 4.1 2.4 

fl Phenylalanine 5.4 6.1 4.6 
"'!' :,,,.1, 

llt.."t> Serine 7.7 6.9 8.9 ,,:.o. 
' .~~t: 
'i:P Threonine 5.5 5.2 6.1 ··:;r If,', 
~·F~ I Tryptophan 1.9 2.0 1.8 , .... 
,I ... Tyrosine· 4.6 4.6 4.6 ill:z:: 
~:t! Valine 8.2 8.8 7.3 'it::J' :I,(JI 
•t• ! 

t~i:e, Source: Everson and Souders (1957) 
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Table 7. - Lipid composition of egr,s, per 100 gm. 

Constituent 

Total saturated fatty acids 
Total unsaturated fatty acids 
Linoleic acid 
Linolenic acid 
Arachidonic acid 
Cholesterol 

\-/hole 

~ 
gm. 

3.04 
6.63 
2.20 
o. 30 
0.24 
o. 76 

Source: Everson and Souders (1957) 

Table 8. - Mineral composition of the egg shell 

Raw egg 
Hhite 

gm. 

0 
0 
0 
0 
0 
0 

Raw egp; 
zolk 

gm. 

8.00 
17.44 

5.79 
0.78 
0.63 
2.00 

Relative amount of total 

Major mineral elements 

Calcium 98.2 
Phosphorus 0.9 
Magnesium 0.9 

Major mineral compounds 

Calcium carbonate 98.43 
Magnesium carbonate 0.84 
Tricalcium phosphate 0.73 

Source: Romanoff and Romanoff (1949) 
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Table 9. - Vitamin composition of eggs, per 100 gm• 

~fuole Raw egg Raw Egg 
Constituent raw egg white yolk 

Vitamin A (I.U.) 1140 0 3210 

Vitamin D (l.U.) 50 0 150 

Vitamin E (mg.) 2.0 0 6.0 

Vitamin K (mg.) + 0 + 

Ascorbic acid (mg.) 0 0 0 

Thiamine (mg.) 0.10 0 0.27 

Riboflavin (mg.) o. 29 0.26 0.35 

Niacin (mg.) 0.10 Trace 

Pantothenic acid (mg.) 2.7 0.13 6.0 

Folic acid (mg.) 9.4 1.6 23.2 

Biotin (meg.) 22.5 7 52 

Pyridoxine (mg.) 0.252 0.217 0.308 

Choline chloride (gm.) 0.532 Trace 1.49 

Vitamin 812 (meg.) 0.282 0.009 0.826 

Inositol (mg.) 33 

Source: Everson and Souders ( 1 957) 
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Table 10. - Mineral composition of eggs, per ~00 gm• 

Whole Raw egg Raw egg 
Constituent raw egg white __zolk 

Calcium (mg.) 54 6 147 

Phosphorus (mg. ) 210 17 586 

Iron (mg.) 2.1 0.3 5.6 

Iodine (meg.) 12.0 6.3 16.0 

Sodium (mg.) 111 175 78 

Potassium (mg.) 149 149 110 

Chloride (mg.) 100 131 67 

Hagnesium (mg.) 9 11 13 

Fluorine (mg.) 0.06 0.02 0.12 

Copper (mg.) 0.17 0.04 0.25 

Sulphur (mg. ) 233 211 214 

!·!anganese (mg.) 0.04 Trace 0.11 

Zinc (mg.) 1.3 0.01 3.8 

Source: Everson and Souders. (1957) 

l· 
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I Table 11. - Nutrient value of eggs i: 

!I 
Content of % of Daily adult 

Food Nutrient two eg!ls resuirements 

I 
!, 

Protein 14 20 
I gm. 

Calories 160 6.6 

Calcium .06 gm. 6 D 

Phosphorus .22 gr:~. 18 

Iron 3.2 mg. 26 

Vitamin A 1140 r.u. 22 

Thiamine .16 r.~g. 12 
I 
I 

~: Riboflavin .38 mg. 24 

r·; Vitamin D 100 r.u. 24 

Niacin • 10 i1g • 8 

Pantothenic acid 2400 meg. 24 

Source: Poultry and Egg Jlat~onal Board 



HOW MUCH DIETARY CALCIUM AND HOW? 

Davi~ C. Snetsinger 
Associate Professor, Department of Poultry Science 

Univ~rsity of Minnesota, St. Paul 

Does a hen "know" how much calcium she should consume to produce the 
strongest shell possible? Do poultry nutritionists know? If not, do they 
know better than the hen? Recent research reports give partial answers 
to these interesting questions. 

The calcium requirement of hens is usually met by either placing all of the 
calcium in the mash or by offering a given amount in the mash and supply
ing the remainder by feeding a calcium source such as oyster shell or cal
cite free choice. While the economics of these two methods may vary, 
the question which this article attempts to partially answer is: Does one 
method more suitably meet the average hen's requirement than the other? 

The factors affecting the hen's calcium requirement have been reviewed 
extensively by many authors, inc I uding this one at I ast year's Minnesota 
Nutrition Conference. The primary factors which affect the calcium re
quirement of the hen as a percent of the diet ore, in addition to its meta
bolic needs, the caloric density of the diet and environmental, strain and 
individual variations in feed consumption and thus calcium consumption. 

The actual metabolic requirement for calcium is influenced by the hen's 
ability to retain calcium ingested or secrete it into the shell. The latter 
variable is affected by total eggs produced, thickness of the shell and size 
of eggs. In view of these many variables, nutritionists and flock managers 
have logically turned to offering calcium supplements free choice with the 
thought that the hens will adjust their intake of calcium to their individual 
needs for shell making and body maintenance. 

This method of calcium feeding presupposes that the hen indeed can adjust 
her calcium intake to her needs; however, until very recently little experi
mental evidence existed on this point. Recently at Minnesota a test was 
conducted to investigate the effect of offering a free choice calcium sup
plement to hens fed practical com-soybean meal rations ranging in calcium 
content from 1.75 to 4.75 percent of ration. Dietary calcium in the mash 
was altered by adding levels of ground limestone "on top" of the basal ra
tion which contained the 1.75% level of calcium. At each calcium level 
in the mash a second group of hens received oyster shell free choice. No 
grit was fed in these trials. The test ran for five six-week periods, the last 
two of which were at times of high environmental temperatures (June-August). 
Each treatment represents two replicates containing initially 28 hens and 2 
males each. Compensations were made in feed and calcium consumption 
data for amounts consumed by the males where possible. The complete design 

142 



and results of this experiment are found in Table 1. 

It can be observed that allowing hens oyster shell free choice had no con
sistent effect oJ feed consumption in comparison to their control lots. Cal
cium consumed per hen increased with increasing levels of calcium in the 
ration as would be expected; however, it was rather surprising to find that 
hens consumed very little less oyster shell at the higher calcium levels than 
at the lower levels. On a basis of grams of calcium consumed per egg laid, 
this uniformity of calcium consumption is even more striking. This would 
indicate that some factor(s), other than the calcium requirement alone, 
dictates the quantity of calcium consumed. 

In general there was a trend for slightly higher specific gravity of eggs with 
higher calcium levels; however, whether such slight increases are beneficial 
in reducing the number of cracked eggs in commerc.ial channels is of course 
questionable. 

Small increases in specific gravity of eggs were also seen where hens re
ceived oyster shell free choice as compared to their control lots at each 
calcium level with the exception of the 4.75% calcium lots. It is diffi
cult to conceive how free choice calcium supplements could increase shell 
thickness (as measured by specific gravity) at the 4.00% or even the 3.25% 
calcium levels if Gri*minger's studies (1961) apply, indicating that no great
er absolute retention of calcium occurs in hens receiving 3.00% or more 
calcium. However, strain variations may in part be responsible for differ
ences between I aboratories. 

Significant egg production and body weight differences due to treatment were 
not apparent. There was no effect of high dietary calcium level on hatcha
bility of fertile eggs, which is in contrast to studies conducted by Washing
ton State University with turkey breeders. 

Recently Griminger and Lutz (1964) have also reported on the quantity of 
calcium when supplements of either calcite or oyster shell were offered free 
choice with several levels of calcium in the complete feed. In agreement 
with the work reported above, considerable variation in calcium intake 
occurred. Griminger and Lutz reported that 5 to 10 times more variation 
occurred in free choice calcium consumption among hens than in feed intake. 
While this may indicate that the need for calcium is more variable than for 
other nutrients, further evidence suggested that this variation is only in part 
related to the hen's calcium requirement. 

Summary of several trials which involved floor pens, individual cages and 
colony cages suggested that differences in behavior pattern due to differ
ences in type of housing markedly influenced free choice calcium consump
tion. It was found that hens in single cages consumed the highest amount 

* In this case retention is measured by that retained in the body and that 
secreted in the shell. 
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of free choice calcium followed by the ~olony cages and finally the floor 
pens. The authors suggested that the col cium consumption might be re
lated to an activity pattern rather than an actual metabolic need. 

Peterson (I 960) and Peterson ~t 21. (I 963) have also reported on free choice 
versus controlled feeding of calcium; however, the findings of these two re
ports are almost diametrically opposed to each other. In the first report, 
hens fed 2.25% calcium in the feed plus free choice calcium started at a 
low level of total calcium intake and increased throughout the year while 
consuming calcium at an average less than those receiving the 3.75% con
trol ration. In the later report free choice consumption by hens decreased 
as the experiment continued and was the lowest at the end of the laying 
year. Average total consumption was higher (4.3-4.5%) than the control 
rations (3.6 and 3.75%). Shell quality was similar in both treatments as 
were other production criteria. 

In on effort to explore further factors controlling calcium intake an ex
periment was conducted at Minnesota which studied the effect of calcium 
and other dietary constituents on the level of plasma calcium. In addi
tion the plasma alkol ine phosphatase (an enzyme control I ing indirectly 
metabolic calcium movement) levels were examined. 

This experiment included the variables of four levels of dietary phosphorous, 
three of calcium and two of vitamin D3 in a factorial arrangement. The 
basal diet was a simplified corn-soybean meal ration shown in Table II and 
supplemented with dicolcium phosphate and/or calcium carbonate to give 
the test diets. Two vitamin D additions at 90 and 900 ICU/pound com
pleted the experimental treatments. 

Two replicates containing 4 individually caged White Leghorn hens each 
were used per treatment. Production and blood measurements were made 
and summarized every six weeks during a test period of twenty-four weeks. 
The results of this are found in Tables I I I -VI I. 

The effect of treatments on egg production is shown in Tab I e I I I . It hod 
expected that the vitamin D3 level of 90 ICU/pound would produce a sharp 
drop in egg production; however, this did not occur, indicating that either: 
I. The vitamin D requirements are lower than suggested by the National 
Research Counci I, probably because of the stab if ized form of vitam in D 
used, 2. The fluorescent lighting contributed to synthesis of vitamin D by 
the hens to such a degree that 90 ICU/paund was adequate, 3. or a com
bination of I and 2. 

There appeared to be little effect of calcium level on production, although 
the hens on the 3.25% treatment averaged the highest. There is some sug
gestion that hens receiving the highest calcium and lowest phosphorous 
levels had a depression in egg production which was greater than at the 
other phosphorous levels. 
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The primary treatment effect on specific gravity of eggs {Table IV) was 
that of increasing the calcium level from 1 .75% to 3.25%. There were 
only slight increases in specific gravity of eggs above 3.25% dietary cal
cium. No consistent effects of phosphorous or vitamin D treatments on 
specific gravity of eggs were observed. 

Plasma calcium levels in hens {Table V) were not affected by the vitamin 
D levels employed. The primary relationship with phosphorous or calciu_m 
appeared to be an indirect one, in that those treatments which depressed 
egg production also depressed plasma calcium levels. There appears to be 
one exception, that of the 4.75% calcium and 900 ICU vitamin D treat
ments, in which plasma calcium levels are higher than would be expected. 

Plasma alkaline phosphatase is an enzyme which is active in decalcifica
tion of bone. Since most of the calcium for the shell by necessity must 
come from bpne, the degree of decalcification of bone necessary for this 
can be in part measured by the I eve I of the alkaline phosphatase found in 
the pi asma. AI though alkaline phosphatase itself does not control decal
cification and calcification it has been found in chicks that it reflects 
closely the status of the parathyroid gland, which is one of the primary 
controllers of the calcium status. Thus alkaline phosphatase values were 
determined for the treatments previously described in order to have one 
more measure of the calcium status of the hens. The data are presented in 
Table Vl. 

These values reflect the increase or decrease from a pretest period when 
the hens were receiving 3.00% calcium in the diet. The alkaline phos
phatase values increased for the hens receiving the lowest calcium level 
and decreased with increasing calcium levels. The average values for hens 
receiving the higher level of D decreased more than the lower level. This 
would suggest that the higher D level was beneficial in maintaining a better 
calcium status. No consistent effect of dietary phosphorous level was ob
served on the pi asma alkaline phosphatase values. 

Considerable variation has been reported in pi asma alkaline phosphatase 
values, making it difficult to accurately use such values as a predictor of 
calcium status. In Table VII are presented data suggesting that time in the 
egg formation cycle when the blood is sampled may partially cause this 
variation; however, a later study not fully analyzed suggests that it is not 
related to egg formation cycle but is merely a diurnal variation. 

This experiment would indicate, using alkaline phosphatase values as a 
criterion of calcium status that some justification would exist for having 
higher calcium levels than 3.25%. From a practical standpoint, however, 
the improvement in shell quality as measured by specific gravity was very 
small. Blood samples from the first experiment have been taken but are yet 
unanalyzed. These may reveal more fully whether alkaline phosphatase is 
a good measure of the calcium status of the hen. 
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The first experiment as well as others reviewed here indicate that while 
the hen will make up gross deficiencies by consuming calcium free choice_, 
above certain levels hens will continue to consume oyster shell or calcite 
for reasons other than merely to meet their calcium requirement. It would 
seem somewhat wasteful to allow hens to consume extra calcium supple
ments on top of a ration already adequate in calcium. Man has imposed a 
condition on the hen that she should produce as thick a shell as possible 
with no commensurate drop in other production criteria. It is difficult for 
the author to conceive how the hen through variations of calcium intake, 
absorption and secretion can naturally fulfill this artificial stipulation. 

From the above experiments as well as earlier Minnesota studies notre
viewed here and the host of other (eports on this subject the author would 
make these summary statements: 

1 . Three to three and a half percent dietary calcium should be ade
quate for hens under most conditions. 

2. Higher environmental temperatures may require an increase of 
another 1/2%; however, the increase in specific gravity of eggs 
of hens fed 3.5% calcium have been quite small. 

3. In order to be sure the hens are receiving the calcium level you 
wish, put it all in the feed. 

4. If for economic reasons free choice feeding of calcium seems 
desirable it should be used with a mash containing less than two 
percent calcium. 
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Table 1. The effect of calcium feeding method on production criteria. 

Calcium level Feed Calcium Calcium Egg o/o Ave. o/o 
consumed/ consumed/ consumed/ specific Production body Hatch 
hen/day hen/day egg gravity Weight Fertile 

(gms) (gms) (gms) eggs 

1 .75 151 2.9 4.1 1.081 71 1997 89 
1 . 75 + oyster shell 148 6.2 8.4 1.083 74 2007 88 
Difference -3 +3.3 +4.3 +.002 +3 +10 -1.0 

2.50 137 4.0 5.1 1 .082 74 1905 92 
2. 50 + oyster shell 154 6.7 8.8 1.083 73 1933 91 

.. Difference +17 +2.7 +3.7 +.001 -1 +28 -1 

3.25 161 5.7 7.5 1.082 76 2014 90 
3.25 +oyster shell 155 8.1 11.4 1.085 71 2022 87 

-1>-
Difference -6 +2.4 +3.9 +.003 -5 +8 -3 

'J 

4.00 148 6.5 8.9 1.083 74 1942 91 
4. 00 + oyster shell 162 9.6 13.2 1.084 71 1961 90 
Difference +14 +3.1 +4.3 +.001 -3 +19 -1 

4.75 164 8.5 11.7 1.085 74 1909 89 
4.75 + oyster shell 154 10.5 14.5 1.084 73 1914 93 
Difference -10 +2.0 +2.8 -.001 -1 +5 +4 

Average 152 5.5 7.5 1.0826 73.8 1953 90 
Average + oyster shell 154 8.2 11.3 1.0838 72.4 1967 90 
Difference +2 +2.7 +3.8 +.0012 -1.4 +14 0 

l -
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"' Table 11 Basal diet, Experiment 2 

Corn 74.00 

Soybean meal (50%) 22. 1 0 

Methionine 0.05 

Ground Limestone 4.23 

Salt 0.50 

Choline Chloride 0.075 

Trace mineral and vitamin mix (no D3) 
l.OO 

Calculated analysis 

Crude protein, % 
17.51 

Calcium, % 
1.75 

Total phosphorous, % 
0.35 

Metabolizable calories /lb. 
1463 

C/P 
84 -----------------------------------------------------------------

> 
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Table 111. Experiment 2. Average egg production for test period 
(hen do~ basis} a 

%Calcium in diet 
1.75 3.25 4.75 Ave. 

0.35 39 51 27 39.0 

%Total 0.50 52 58 63 57.7 90 ICU of 
Phosphorous Vit Dylb. 

0.65 60 67 66 64.3 ' 0 

0.80 59 63 65 62.3 
Ave. 52.5 59.7 55.3 55.8 

0.35 45 45 32 40.7 
%Total 900 ICU of 
Phosphorous 0.50 62 74 55 63.7 Vit Dy!Jb. 

a: 
0.65 63 60 62 61.7 

·If 
.:H 0.80 59 58 58 58.3 
·•:/• 

Ave. 57.3 59.3 51 .7 56.0 II~<· 

::)~ 
'''!:! .::k 

Table 1V. Average decrease in specific gravity of eggs during test ' I 

·~!~ period. (all values ore negative} 
.,l,l:J %Calcium in diet 

' I ~~tl> 1.75 3.25 4.75 Total • 
. I !.u 0.35 .012 .004 .003 .019 ! I ~~ I 

'II•( 

1 I· %Total 0.50 .009 .007 .004 .020 90 ICU of 
::I i Phosphorous Vit Dy%. 
' I, 
' I 0.65 .012 .007 .006 .025 1: I 

I 
' ' 
I ' 0.80 .010 .003 .004 .017 
; II 
' I' 
I ', 

I Total .043 .021 .017 .081 i 1., , I. 
I'' : i ~ ' ' 0.35 .012 .005 .003 .020 

%Total 0.50 .012 .006 .006 .024 900 ICU of 
Phosphorous Vit Dylb. 

0.65 .009 .004 .006 .019 

0.80 .005 .007 .005 .017 

•li a 
Total .038 .022 .020 .080 
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Table V o 
;, 

Plasma calcium levels (mg 0 o/o) 

o/o Calcium in diet 
1 075 3o25 4.75 Total 

Oo35 1704 2300 1503 5507 

%Total Oo50 1901 20o7 2309 63o7 90 ICU of 
Phosphorous Vit Dy%0 

Oo65 22o4 2701 24o0 73o5 

0080 21.0 2008 24o5 6603 -- -- -- --
Total 7909 9106 87.7 25902 

0035 1708 1904 1800 5502 

%Total Oo50 20o2 02606 30o3 7701 900 ICU of 
Phosphorous Vit Dy%0 

Oo65 2001 21 .7 25o3 6700 

Oo80 20ol 1804 19.7 5808 -- -- -- --
Total 7802 86ol 9302 258ol 

Table Vlo Average change of alkol ine phosphatase values (KA units} 
during test period o * 

o/o Calcium in diet 
1 .75 3o25 4.75 Total 

Oo35 +18 -34 -24 -40 

% Total 0050 +10 -29 -32 -51 90 ICU of 
Phosphorous Vit D:/lbo 

Oo65 +13 -26 -29 -42 

Oo80 +36 -14 -31 -9 -- -- -- -
Total +77 -103 -116 -142 

' I 
Oo35 -19 -26 -37 -82 I 

~ %Total 0050 +26 -21 -37 -32 900 ICU of 
Phosphorous Vit Dy%0 

Oo65 + 5 -39 -47 -81 

Oo80 + 1 -16 -31 -46 -- -- -- -
Total +13 -102 -152 -241 

*Values represent difference between overage of test value5\3 sampJeS} 
and pretest I eve I o 
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Table V11. Time in egg formation cycle and plasma alkol ine phosphatase 
Hours post-oviposition when blood sampled. 

No. of Hens 1 10 23 
KA units KA units KA units 

21 49.2 67.3 51.0 

33 53.0 68.0 NS 

8 NS 90.0 NS 

9 NS NS 49.0 

NS indicates no blood sample taken .. 
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EGG QUALITY PROBLEMS A~D FEEDING 

Lawrence R. ~erg, Poultry Scientist 
Department of Animal Science 
Washington State University 

Western Washington Experiment Station, Puyallup 

Marketing of quality eggs is of prime importance to the poultry industry as 
it competes for its share of the consumers food budget. Complaints about 
eggs are too frequent. 

There are numerous factors that contribute to poor egg quality. Because of 
genetic differences, all birds do not produce eggs of the same quality. Phys
iological changes in hens associated with certain diseases and aging result 
in declining egg quality. The environment in which both the hen and the 
laid egg is maintained also affect the quality of egg which is marketed. 

Nutrient factors which have been shown to affect egg quality and egg ab
normalities are not numerous. A knowledge of factors in feed formulation 
which may result in reduced egg quality is important to feed manufacturers. 

Blood Spots 

Blood spots have been the subject of many investigations. It is known that 
this abnormality can be affected genetically. Strains of birds have been 
established which vary greatly in the number of blood spot eggs produced. 
The number of eggs with blood spots increase as the laying year progresses. 
Management factors, such as cage housing, have been implicated as causes 
of in creased b I ood spots. 

Many studies have been conducted in attempts to associate nutrient levels 
and nutrient interrelationships with incidence of blood spots. The confusion 
in this field of research is great. Inability of investigators to obtain similar 
results and inability of investigators to repeat results in their own laborato
ries indicate that there are many interacting factors which influence the 
formation of blood spots. 

Vitamin A 

I Bearse et al., (1960) presented evidence from which they concluded that 
~ blood spot incidence in eggs will increase if the level of vitamin A in the 

ration is decreased below 1100 U.S.P. units per pound. The effect of de
creasing levels of vitamin A is shown in Table 1. 
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Table 1. Effect of level of vitamin A on incidence! of blood spots 

U.S.P. units vitamin A 
per lb. ration 

553 
758 
816 
962 

1,198 
I ,579 

1st Observation2 

o;o 
39.6 
22.7 
22.4 
19.2 
20.3 
16.1 

2nd Observotion 3 

o/o 
35.5 
30.5 
26.8 
23.7 
22.1 
15.2 

Incidence refers to percent of eggs with blood spots of all sizes 
found in broken out eggs. 

2 After I 03 days on rations - 2 days' eggs. 

3 After 145 days on rations- 4 days' eggs. 

Based on the results of their studies these investigators further concluded that 
levels of vitamin A in the range of 1200-1600 units per pound resulted in min
imum blood spot incidence. 

In subsequent studies, Bearse & Berg (1958), it was found that higher I evels 
of vitamin A (6000 U.S.P. units per pound) did tend to reduce blood spot in
cidence. Similar results have been reported by Helbocko (1961). Hill et ol., 
(1961) and Pope and co-workers (1961) confirmed the observation that low 
levels of vitamin A will result in increased blood spots but they obtained no 
evidence that levels of vitamin A higher than that necessary to obtain maxi
mum production (1200-1600 U.S.P.units per pound) would decrease the in
cidence of blood spots. 

Donovan and Luneou (1962) observed blood spot incidence when feeding very 
high levels of vitamin A and found that levels of 110,000 units per pound 
actually caused an increase in eggs with blood spots. 

Vitamin K 

Since vitamin K is necessary for normal blood clotting, and its absence has 
been associated with hemorrhog ing, numerous studies have been mode to de
termine the role of vitamin Kin blood spotting. 

Additional vitamin K had no effect in reducing blood spots in studies of Den
ton (1947). Likewise Bearse and Berg ( 1958) reported no response to additions 
of vitam in K to a practical laying ration. However, Berruti and Dedrick 
(1961) reported results of a field trial in which the addition of 4 grams of 
vitamin K per ton of feed resulted in a marked drop in blood spot incidence. 
Since this report Word and Schaible (1961) hove reported that additions of 
up to 8 grams of vitamin K to a ton of vitamin K deficient feed hod no effect 
on blood spot incidence. Perdue et ol.,(1961).observed that birds producing 
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"' a high incidence of blood spot eggs had normal prothrombin times and that 
vitamin K did not reduce the incidence of blood spots. 

More recent evidence from the Western Washington Experiment Station shows 
that even higher levels of vitamin K (20 grams per ton) will not reduce blood 
spot incidence. Table 2. 

Table 2. Effect of vitamin K on blood spots 

Level of vit. K 
g./ton 

0 
20 

% Blood spot 
eggs 

29.1 
38.0 

This study was conducted with a strain of birds developed from high blood 
spot incidence. That high levels of vitamin K (4 g./ton) may actually 
cause an increase in blood spots has been suggested by recent results of 
Day et al., (1964). 

Further evidence that blood spotting of eggs is not associated with increased 
blood clotting time has been presented by Waldroup and Harms (1962) and 
by Siddique and Fry (1963). These investigators fed graded levels of the 
vitamin K antagonist dicumarol (warfarin) to hens. The dicumarol increas
ed the blood clotting time of the hens but did not increase the incidence of 
blood spots. Day and co-workers (1964) have secured results which indi
cote that prolonged blood clotting time associated with feeding dicumarol 
may actually reduce blood spotting incidence. Their results are summariz
ed in Table 3. 

Protein 

Table 3. Effect of vitamin K and dicumarol on 
blood spots 

Treatment 

Basal 
Basal + vitamin K 
Basal + dicumarol 

% Blood spots 
Exp. I Exp. 2 
4.78 3.30 
5.89 5.74 
1.58 2.24 

In 1961 Helbacka presented evidence indicating that increasing protein 
levels from 15 to 16.5 to 18% resulted in decreasing incidence of blood 
spots. Since this release by Helbacka, several studies have been con
ducted at the Western Washington Experiment Station relative to protein 
levels and sources as factors in blood spot incidence. The results have not 
been conclusive. Bearse et al., (1962) reported on the results of four tests 
which indicated that increasing protein levels caused an increase in blood 
spots and not a decrease as reported by He I back a. In one experiment the 
hens were changed periodically from 13 to 1 8 to 13% protein diets and 
each change to the high protein diet resulted in increased blood spots as 
shown in Table 4. 
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Table 4. Effect of changing from 13% to 18% protein 
diet on incidence of blood spots 

Period 

Base 
1 
2 
3 
4 
5 
6 

o/o 
Protein 

16 
18 
13 
18 
13 
18 
13 

o/o 
Blood spots 

7.6 
11.7 
8.5 

10.0 
6.8 

10.3 
7.3 

The results of several experiments conducted subseguent to the original re
port have shown increasing blood spots with increasing protein levels. It 
has not been true in every test however. No response at all has been ob
served in some cases. However, the.re have been no instances where in
creasing protein levels decreased blood spots. 

Saxena et al., (1963) presented evidence showing that the use of raw soy
bean meal in laying rations caused an increase in blood spots when compared 
to heat treated soybean meal, blood spots being 24.4 and 9.2% on the two 
meals, respectively. These results suggested that the increased blood spots 
resulting from increased protein in our studies may have been the result of 
using improperly heated soybean since protein increases were made with 
soybean meal . 

Subseguent tests have failed to confirm the report that raw soybean meal will 
increase the incidence of blood spots and that heat treatment of the meal will 
reduce this effect. Other data have been obtained, however, which suggests 
that source of protein may influence blood spotting. In studies by Bearse 
(1964) it was observed that birds fed diets made with soybean meal produced 
more blood spots than birds fed diets containing herring fish meal as the main 
source of protein. Furthermore, increasing the protein level of the soybean 
diet from 15 to 18% resulted in increased blood spots. No such protein level 
effect was observed with the fish meal diet (Table 5) . 

Table 5. Effect of source and level of protein on 
incidence of blood spots 

Source of o/o o/o 
protein Protein Blood spots 
Soybean 15 9.8 
meal 19 12.1 
Herring 15 7.4 
fish meal 19 8.0 

Further studies however, have not confirmed these results. The results of a 
study comparing four different sources of supplemental protein are shown in 
Table 6. 
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"' Table 6. Comparison of protein sources on incidence 
of blood s.e_ots 

Source of 
.e_rotein 

Herring fish meal 
Soybean meal 
Meat meal 
Casein 

AI fa I fa or "Greens" 

%Blood 
s.e_ots 

40.4 
36.0 
37.3 
36.0 

% Change from 
index .e_eriod 

7.6 
1.0 
4.3 
6.2 

Nalbandov and Card (1947) reported that releasing birds to green range re
duced blood spots. Of interest was the fact that feeding fresh grass to con
fined birds did not reduce blood spots as had free access to range. The ef
fect of both dehydrated and succulent alfalfa on blood spots was studied by 
Carver and Henderson (1948). They found that neither fresh al fa I fa nor 15% 
of dehydrated al fa I fa sign ific anti y affected the numbers of blood spots. 
Sauter et al., (1952) however, obtained a significant decrease in blood 
spots when 10% dehydrated alfalfa was added to the diet. 

Interest in dehydrated alfalfa as a factor in blood spots was revived last year 
when Sauter and co-workers (1963) presented evidence indicating that the ad
dition of 3 and 6% dehydrated alfalfa resulted in an increase in blood spots. 

Since this report a number of experiments have been conducted at the West
ern Washington Experiment Station in an attempt to associate blood spot in
cidence with the presence or absence of "greens" of various kinds in the 
diet. In one trial an attempt was made to substantiate the findings of Nal
bandov and Card (1947) regarding the value of range. Confined birds were 
compared with those given free access to a grass range. As shown in Table 
7 in four different trials there was no consistent difference in blood spots 
between the two management procedures. 

Table 7. Effect of access to grass range on the incidence 
of blood s.e_ots 

Confinement 
Range 

35.7 
37.7 

Experiment 
2 3 

Percent blood spots 

22.2 
19.2 

33.5 
31.0 

4 

30.4 
31.2 

The effects of different levels of dehydrated grass, dehydrated alfalfa and sun
cu;ed alfalfa have also been studied. Table 8 shows the effect of adding 15% 
of each of these materials to the ration. 
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Table 8. Effect of various dehydrated "greens" on 
blood spot incidence 

Basal 
15% Dehydrated grass 
15% Dehydrated al fa I fa 
15% Suncured alfalfa 

o/o Blood spots 
Base pd. After 2 months 

3.7 5.7 
4.1 3.7 
3.6 5.5 
3.5 3.7 

In this test there was no evidence that any of the three materials caused 
either an increase or decrease in blood spots. 

Studies have also been made to check the results secured by the Idaho in
vestigators rei ative to the effects of 3 and 6% al fa I fa. Corn-soybean meal 
diets conta.ining 0, 3 and 6% dehydrated alfalfa were fed to a strain of 
birds known to produce a high incidence of blood spot eggs. The results are 
shown in Table 9. 

Table 9. Effect of level of dehydrated alfalfa on 
incidence of blood spots 

o/o 
o/o Blood spots 

Alfalfa Index pd. After 3 mo. on test 

0 21.4 30.2 
3 22.1 31.5 
6 22.2 32.0 

The increase in blood spots after feeding the diets for three months was practi
cal! y the same for each diet, no increase due to al fa I fa being noted. 

The same type of results have been obtained when the Idaho basal diet has 
been duplicated as near as possible. 

Albumen Quality 

Very few nutritional factors have been shown to affect album en quality. 
Sources of and levels of energy and protein have been found to have es
sentially no effect by Sowell and Morgan (1936), Griminger and Scott 
(1954), Mueller (1956) and Orr et al., (1958). Card and Sloan (1935) 
found no effect on albumen quality from the addition of sodium silicate, 
sodium chloride, magnesium oxide or potassium carbonate to the diet. Orr, 
et al., (1958) observed a slight depression in Haugh units when 3-nitro, 
4 hydroxyphenylaaisonic acid was added to the diet. 

157 

D 

' . 
" 



~ 
I 

~ 

., 
Marked improvement in albumen quality when either NH

4
C1 or HC:1 was 

added to the diet was observed by Hall and Helbocko (1959) and by Hunt 
and Aitken (1962). 

Until recently poor albumen quality has been considered to be primarily the 
result of (1) length of time in loy, (2) environment in which the egg was 
kept, (3) genetic inability of a bird to produce on egg with good albumen 
quality, or (4) the after effect of certain respiratory diseases. Feed has 
generally not been implicated in poor albumen quality. 

Recent studies from the Western Washington Experiment Station indicate 
that feed may be impl icoted. In routine government ordering of feed grade 
tricolcium phosphate, a sample was obtained which caused growth depres
sion in chicks. The causative foetor was determined to be exces~ive vana
dium in the phosphorus supplement. 

Upon testing the phosphorus supplement with laying hens, . it was noted that 
a marked decrease in albumen quality resulted in a short time when feeding 
rations containing this supplement (Table 10, Phos. sample 2). 

Table 10. A comparison of the effect of two samples 
of "feed grade" tricolcium phosphate on 
albumen~ 

Phos. 
some.le 

2 

Group 
No. 
1 
2 

Av. 
3 
4 

Av. 

Prelim. 
83.5 
86.2 
84.9 
83.5 
83.6 
83.6 

Hough units 

2 Wks. 4 Wks. 8 Wks. 
83.6 84.1 81.6 
86.5 88.5 85.0 
85.1 86.3 83.3 
78.7 78.6 69.3 
76.5 77.4 71.3 
77.6 78.0 70.3 

A test was then conducted to determine if adding vanadium through ammo
nium meta vanadate to a practical low vanadium ration would affect albu
men quality. Table 11 shows the effect of odd ing 0, 20, 40 and 60 ppm. 
of vanadium to the ration. 

Table II. Effect of adding vanadium to a Ioyer ration 
on albumen~ 

Ppm 
vanadium 

added 
0 

20 
40 
60 

on 
Dec. 3 1 

80.5 
79.5 
73.0 
72.5 

Hough units 
on 

Dec. 27 
80.0 
73.5 
68.0 
65.0 

5 days on vanadium at this observation. 
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Vanadium caused a very marked depression in albumen quality as expressed 
by Haugh units. Thus it is important that the feed manufacturer be concern
ed about the vanadium content of the feed ingredients he uses. 

Yolk Color 

Egg yolk color is controlled by diet. Until the last few years feed formula
tion was directed to the production of light or medium colored egg yolks 
because dark colored yo I ks would result in dark yo I k shadows when eggs 
were candled with the resulting down grading of eggs. Today many flocks 
are being fed so as to produce yolks of a specific color for a specific use, 
such as dark colored yolks for the salad dressing industry. 

Undesirable yolk color can result from certain feed formulations. Deuel ,et 
al., (1943), Sunde (1962) and Donovan and Luneau (1962) have shown that 
high levels of vitamin A will cause decreased yolk pigmentation with some 
evidence that continued feeding for an extended period of over 100,000 
I.U. per pound of feed may result in some yolks that may be classified as 
so-called "platinum yolks". 

Cottonseed meal has long been imp I i co ted as causing olive-green yo I ks in 
fresh and stored eggs and in salmon pink whites in stored eggs. Schaible, 
et .JI., (1934) were among the first to show the gossypol is the factor in 
cottonseed responsible for olive-green discoloration in egg yolks. The re
sulting discoloration may be from olive-green to nearly black as reported 
by Swenson, et al., ( 1942) and Heywang, et al., (1949). 

Lorenz (1939) observed that there was another component in cottonseed be
sides gossypol which causes an abnormal enlargement of the yolk and a red
dish-brown col or of yo I k and album en when eggs are stored. Heywang, et 
al., (1954) found that the factor responsible for pink ol bum en in storage 
eggs is present in raw cottonseed pigment glands but not in cottonseed hulls. 
Evans and co-workers (1957) observed that the factor causing pink whites 
was present in crude cottonseed oil. Pink discoloration resulting from feed
ing cottonseed meals was shown to be caused by the oil remaining in the meal. 

Heywang, et al • , (1955) showed that some eggs with olive-green yo I ks oc
curred when the ration contained only .001% of free gossypol. Numerous 
discolored eggs occurred when the diet contained .008% free gossypol. Evi
dence which showed that the yolk discoloration resulting from the use of 
cottonseed products is the result of the formation of a ferrous iron gossypol 
complex in the yo I k was shown by Kemmerer, et al., (1961); It was found 
that the reaction to form this compound takes place when the pH of the yolk 
is or becomes alkaline. The fact that egg yolk tends to become more alko-
l ine in storage accounts for the increase in olive-green yo I ks after periods 
of storage. 
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Yolk Mottling ~ 

Most cases of yolk mottling ca[J be traced to improper handling of eggs with 
respect to temperature and humidity. However, when nicarbezin was made 
available as a coccidiostat for growing chicks, a certain amount found its 
way into feed for layers. Among the undesirable effects of this drug on lay
ing hens was the resulting increase in numbers of eggs with mottled yolks, 
Polin (1957). Other chemicals have been shown to cause yolk mottling. 
Among these are the antioxidents gallic acid and n-propyl gall ate and also 
tannic acid, McNally and Brant (1958). 
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Dietary Fat, Cholesterol Metabolism and 
Egg Yolk Composition in the Laying Hen 

Edward C. Naber 
Department of Pou I try Science 

The Ohio State University 
Columbus 10, Ohio 

During the past five years there has been a great accumulation of evidence 
implicating cholesterol as a causative factor in the production of atheroscl.e
rosis and heart disease. While elevated blood levels of cholesterol may 
influence atheroma formation and as a result the occurrence of heart disease, 
evidence for a cause and effect relationship between blood cholesterol level 
and heart disease has not yet bee~ established. Long term diet studies are 
now underway to compare low cholesterol-unsaturated fat diets that lower 
blood serum cholesterol to normal diets for their effect on the occurrence of 
clinical heart disease. If these long term studies indicate that blood choles
terol control is a factor in the incidence of heart disease, diet therapy to 
control blood cholesterol levels will undoubtedly become widespread. Our 
present state of knowledge about diet therapy to reduce blood cholesterol 
consists of: (a) rep I acing saturated fat with unsaturated fat (using vegetable 
oils instead of animal fat) and (b) reducing intake of foods containing cho
lestero I. 

While the lipids of the egg yolk are fairly unsaturated, they contain rela
tively large amounts of cholesterol. It has already been demonstrated that 
eggs prevent the reduction in blood serum cholesterol resulting from certain 
diet patterns employed for their hypocholesterolemic action. Thus, it is 
apparent that eggs can not now be used in human diet patterns designed to 
control blood serum cholesterol levels. If diets of this type should become 
widely used, egg consumption would drop sharply in spite of the otherwise 
excellent nutritive properties of eggs. Therefore, it becomes important to 
learn more about the biosynthesis and disposition of cholesterol by the laying 
hen. Such studies might make it possible to alter egg composition in such a 
way as to reduce the hypercholesterolemic property of the egg. 

Review of work on the laying hen: 

The effect of dietary fat on the nature of egg yolk fat has beeri studied by 
severo I workers. Cruickshank (1934) showed that the polyunsaturated fatty 
acid fraction of egg yolk lipid is most susceptible to dietary manipulation. 
The feeding of hemp oil increased the linoleic acid content of egg yolk 
2 l/2 fold while this same fat increased egg yolk linolenic acid 10 fold. 
Studies by Fisher and Leveille (1957) showed that the linoleic and linolenic 
acid content of egg yolk fat can be increased greatly at the expense of oleic 
acid by feeding of 30% safflower or linseed oi I. Cholesterol content of the 
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egg yolk was not significantly affected Cf.lthough the data suggest an increase 
due to feeding of these vegetable oils. Later work by Feigenbaum and 
Fisher {1959) has shown that body depot fat in the hen is influenced by in
gestion of either saturated or unsaturated fatty acids. In these experiments 
it appeared that the hen draws upon body depot fat for production of egg fat 
when there is a dietary insufficiency of polyenoic acids. Wheeler et al. 
(1959) studied the distribution of fatty acids in eggs by gas-liquid partition 
chromatography and alkaline isomerization. Linoleic acid was deposited in 
egg yolk fat from several vegetable oi Is largely at the expense of oleic acid 
and palmitoleic acids. Linolenic acid in the diet appeared to interfere with 
deposition of linoleic acid into egg yolk fat. The vegetable oi Is did not 
alter the tetra, penta and hexaenoic acid of egg fat. High fat diets did not 
alter the total lipid content or total cholesterol content of egg yolk although 
the amount of phospholipid was increased by the high fat diets. Cholesterol 
was determined by the method of Michaels et al. {1958) {digitonide precipi
tation procedure), with color development based on the reaction of orcinol 
with digitonin. 

Daghir et al. (1960) reported that blood serum cholesterol of the hen was 
decreasedby feeding of 10% soybean oil and unaffected by feeding of 10% 
white grease. Egg yolk cholesterol was unaffected by inclusion of either 
fat a I though the data suggest that soybean oi I may have increased yolk cho
lesterol concentration. Choline supplementation did not affect serum or egg 
yolk cholesterol content. 

Combs and Helbacka (1960) also observed an increase in the cholesterol 
content of egg yolk from feeding of 10% corn oil. Miller and Denton (1962) 
fed 5% dried egg yolk to laying hens without observing increases in serum 
cholesterol. However, these workers used the method of Koval (1961) for 
cholesterol determination whereas Fisher and Levei lie (1957), Daghir et al. 
(1960) and Combs and Helbacka (1960) used the method of Zlatkis et ;1.
{1953) 0 

Edwards et al. {1962) fed hens diets containing 10% corn oil, lard or beef 
tallow and failed to find any significant change in cholesterol content of 
egg fat. 

Preliminary work in our laboratory has shown that cholesterol determinations 
by the method of Zlatkis et al. (1953) gives abnormally high values when 
compared to the method oTAbell et ~- (1952) or the Zlatkis method accom-~: 
ponied by a saponification-extraction procedure. Thus apparent increases__.. ' 
in "cholesterol" content of egg yolk from feeding of vegetable oil take place 
when the Zlatkis method is employed but are smaller when certain other 
methods are used. Therefore, it becomes important to clarify the methods 
for cholesterol determination before adding to the already confused literature 
on the effects of diet on serum and egg yolk cholesterol concentration. 

Drugs which inhibit cholesterol biosynthesis might limit the cholesterol con-

164 



~---

centrotion of the egg. One such drug, triparonol, (Mer-29) has the ability 
to reduce the cholesterol content of rot tissues by blocking conversion of 
desmosterol (24-dehydro-cholesterol) to cholesterol. Nichols et ol. (1961) 
reported that this drug fed to hens at 25 to 100 mgs. per pound-;f feed dras
tically reduced egg size and production without affecting serum or egg yolk 
concentration of cholesterol. While the method of cholesterol determination 
is not given, it may be assumed to be the Zlotkis method since this group has 
reported other work using this method. Nelson et ol. (1962) administered 
triporonol to hens in gelatin capsules to provide-;Jnintake of 25 mg: per kg. 
of body weight per day. They found serum cholesterol concentration to in
crease by 90% after 10 days of drug administration. The method of Pearson 
et ol. (195:3) was used for cholesterol determination. This method is lil<e the 
Zlotkis method in that it involves direct determination on the serum sample 
without prior saponification. These workers also reported that serum calcium 
was unaffected by triporonol and that egg size and production were greatly 
reduced. In contrast to these findings Burgess et ol. (1962) found that tri- • 
poronol at 0.5% of the diet (about 500 mgs. pff"bird per day) resulted in 
gradual replacement of 85% of the yolk cholesterol by desmosterol over a 14 
day period of time. Egg production stopped entirely after 20 days of feeding 
the drug. The authors suggest that by preventing cholesterol biosynthesis, 
triporonol may interfere with estrogen production as it is known to interfere 
with sterol synthesis in the adrenal cortex. Thus limitations on estrogen syn-
thesis may cause the hens to cease egg production. Analyses for cholesterol 
and desmostero I were mode by gas chromatography (Vanden Heuve I, et a I., 
1960) followed by digitonide precipitation of the sterols and assay byth-; 
method of Sperry and Webb (1950). Thus it seems entirely possible that the 
divergent results obtained on the effect of triporonol on cholesterol in serum 
and eggs is due to methods of analysis. All of the data indicate that there 
is a need for work on the nature of the sterol components of the blood and 
egg yolk as these ore affected by dietary manipulation. Cholesterol deter-
mination by the better methods probably does not distinguish between many 
of the closely related stero Is. Cho I estero I de term inotion by the poorer methods 
does no_t appear to be specific for the sterol components. 

Experimental Results: 

Our work on the effect of dietary fat and other factors on egg yolk choles
tero I was started in 1961 when we supplied norma I and "po lyunsoturoted 
eggs" for a human diet study conducted by Dr. He len B. Brown of the C I eve
lend Clinic Research Division. The "polyunsaturated" eggs were produced 
by fe~ding Iorge amounts of safflower oi I to laying hens. When these eggs 
were fed to patients on a special diet designed to reduce blood cholesterol 
in humans, both the normal eggs and the "pa lyunsoturoted" eggs prevented 
the reduction in blood cholesterol obtained with the special diet. nus, 
there was no advantage in using the "polyunsaturated" eggs over normal eggs 
where blood cholesterol control was desired. 
Analysis of the "polyunsaturated" eggs revealed that they contained more of 
the polyunsaturated fatty acids as expected but that these eggs also contained 
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more cholesterol than normal eggs. In adcf.ition, as pointed out above, sev
eral methods for cholesterol analysis gave divergent results. 

The first experiments conducted showed clearly that unsaturated fatty acids 
contribute to the apparent cholesterol content of the egg yolk when color 
analysis for cholesterol is conducted on the lipid extract of egg yolk. When 
interfering fatty acids are removed by saponification and extraction of the 
nonsaponifiable cholesterol, all methods of analysis agree well with the more 
specific methods. The details of this work have recently been published by 
Weiss et al. (1964). 

The real effect of feeding either 30% safflower oil or 30% linseed oil on the 
egg yolk composition of laying hens is shown in table 1. Increase in egg yolk 
cholesterol due to feeding these oils was 20 or 26% of the basal normal val
ues. Hence the "polyunsaturated" eggs contain more cho I estero I than norma I 
eggs. 

That the effect of dietary fat on egg yolk cholesterol is not specific for un
saturated vegetable oil has recently been shown. Table 2 shows the blood 
plasma and egg yolk cholesterol response to a number of dietary fats. It can 
be seen that the increase in yolk cholesterol takes place with all fats and is 
not apparently related to such factors as unsaturation as indicated by the 
iodine value of the fat or chain length of the fatty acids. Blood cholesterol 
levels are unrelated to the deposition of egg yolk cholesterol. Only when 
cholesterol is fed to the laying hen is there a correspondence of blood and 
egg yolk levels. 

Why should a laying hen fed fat deposit more cholesterol in her egg yolks? 
With unsaturated fats, the lower blood levels of cholesterol might be explained 
by increased excretion of cholesterol and in the laying hen the route of ex
cretion might be through the egg. On the other hand saturated fats also give 
this response and they increase rather than reduce blood cholesterol. Hence 
the effect must be one on fatty acid and cholesterol synthesis by the hen. 
Recent experiments with radioisotopes have shown that livers from fat fed hens 
make much more cholesterol from simple starting substances than do the livers 
from hens fed normal practical diets. On the other hand, fatty acid synthesis 
is reduced in livers of hens fed fat compared to fatty acid synthesis in livers 
from hens fed the normal diet. This means that large amounts of dietary fat 
change fat metabolism in the !eying hen in such a way that she switches from 
fatty acid synthesis to more cholesterol synthesis. 

Summary and Cone Ius ions: 

The true cholesterol concentrations of egg yolk are increased by the feeding 
of iarge amounts of dietary fat. Hence eggs that are modified in fatty acid 
composition by feeding of large amounts of dietary fat also contain more 
cholesterol. Therefore, the desirability of modifying egg yolk fatty acids is 
open to serious question. 
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The laying hen responds to dietary fat by increasing cholesterol synthesis and 
decreasing fatty acid synthesis. 

Since the fatty acid composition of normal eggs is already unsaturated in 
comparison to most animal fats, any desirable changes in egg yolk composi
tion will probably stem from control of egg cholesterol content rather than 
fatty acid composition. 

Finally, it should be pointed out that the nutritive properties of eggs are ex
cellent and that any changes in egg composition that may be desirable in the 
future will be significant only to a small proportion of the human population. 

Literature Cited 

Abell, L. L., B. B. Levy, B. B. Brodie and F. E. Kendall (1952). "A sim
plified method for the estimation of total cholesterol in serum and demonstra
tion of its specificity." J. Bio. Chem. 195: 357-366. 

Burgess, T. L., C. L. Burgess and J. D. Wilson (1962) Effect of Mer-29 on 
egg production in the chicken. Proc. Soc. Exp. Bioi. Med. 109:218-221. 

Combs, G. F. and N. V. Helbacka (1960). Studies with laying hens. 
1. Effect of dietary fat, protein levels and other variables in practical ra
tions. Poultry Sci. 39: 271-279. 

Cruickshank, E. M. (1934) Studies on Fat metabolism in the fowl. I. The 
composition of the egg fat and depot fat of the fowl as affected by the in
gesting of large amounts of different fats. Biochem. J. 28: 965-977. 

Daghir, N. J., W. W. Marion and S. L. Balloun (1960). Influence of 
dietary fat and choline on serum and egg yolk cholesterol in the laying hen. 
Pou I try Sci. 39: 1459-1466. 

Edwards, H. M., J. E. Marion and J. C. Driggers (1962). Serum and egg 
cholesterol levels in mature hens as influenced by dietary protein and fat 
changes. Poultry Sci. 41: 713-717. 

Feigenbaum, A. S. and H. Fisher (1959). The influence of dietary fat on 
the incorporation of fatty acids into body and egg fat of the hen. Arch. 
Biochem. Biophys. 79: 302-306. 

Fisher, H. and G. A. Leveille (1957). Observations on the cholesterol, 
linoleic acid and linolenic acid content of eggs as influenced by dietary 
fats. J. Nutrition 63:119-129. 

Koval, G. (1961). Cholesterol measurement in lipemic sera: Elimination 
of an extraneous chromogen. J. Lipid Res. 2: 419-420. 

167 

D 

' . 



--
Michaels G. D., G. Fukoyomo, H. P. Chin and' P. Wheeler {1958). Tech
niques for separation of plasma cholesterol esters, for determination of iodine 
value and of cholesterol. Proc. Soc. Exp. Bioi. Med. 98: 826-829. 

Miller, E. C. and C. A. Denton {1962). Serum and egg yolk cholesterol 
of hens fed dried egg yolk. Poultry Sci. 41: 335-337. 

Ne I son, S. J., R. E. C I egg and P. E. Sanford (1962). The effect of tri
poronol on calcium and cholesterol levels in the blood sera of laying hens. 
Pou I try Sci. 41: 664-668. 

Nichols, E. L., W. W. Marion and S. L. Balloun {1961). Effects of tri
paranol on serum and egg yolk cholesterol concentrations. Poultry Sci. 
40: 1437-1438. 

Pearson, S.,·S. Stern and T. H. McGavock {1953). A rapid, accurate 
method for the determination of total cholesterol in serum. Anal. Chem. 
25: 813-814. 

Sperry, W. M. and M. Webb {1950). A revision of the Schoenheimer-Sperry 
method for cholestero I determi notion. J. Bioi. Chem. 187: 97-1 TO. 

VandenHeuvel, W. J. A., C. C. Sweeley and E. C. Horning {1960). 
Separation of stero Is by gas chromatography. J. Am. Chem. Soc. 82: 3481-
3482. 

Weiss, J. F., E. C. Naber and R. M. Johnson {1964). The effect of dietary 
fat and other factors on egg yolk cholesterol. 1. The "cholesterol" content 
of egg yolk as influenced by dietary unsaturated fat and the method of deter
mination. Arch. Biochem. Biophys. 105: 521-526. 

Wheeler, P., D. W. Peterson and G. D. Michaels (1959). Fatty acid dis
tribution in egg yolk as influenced by type and level of dietary fat. 
J. Nutrition 69: 253-260. 

Zlatkis, A., B. Zak and A. J. Boyle {1953). A new method for the direct 
determination of serum cholesterol. J. Lob. and Clin. Med. 41: 486-:492. 

168 



Table 1 

Effect of dietary fat on egg yolk cholesterol content. 

Diet 

On 30% fat diet 
for two weeks 

On practical 
low fat diet 
for two weeks 

Increase ave. 
to fat feeding 

Day of 
Analysis 

15 
18 
21 

15 
18 
21 

Cholesterol Content 
{mgs./gm. yolk) 

Safflower Oil Diet Linseed Oi I Diet 

16.0 
14.0 
14.6 

12.6 
12.7 
12.3 

20% 

Table 2 

14.9 

12.5 

15.8 
14.8 < 15.6 
16.3 

12.5 
11.4 12.4 
13.1 

26% 

Effect of dietary fat on blood plasma and egg yolk cholesterol concentration 
of the hen. 

Diet 
of 
Hen 

Basal 

30% Safflower Oi I 
{I. v. = 150) 

30% Partially hydro
genated Safflower Oi I 

{1. v. = 75) 

30% Coconut 0 i I 
(I.V.=6) 

30% Menhaden Oi I* 

30% Animal Fat 

%change in cholesterol content of 
tissue after three weeks on ex peri menta I 
diet 

Blood Plasma Egg Yolk 

- 7% - 3% 

-16% +20% 

+24% +30% 

+58% +23% 

+ 5% + 6% 

+26% + 8% 

*Hens ceased egg production after _10 days on diet. Analysis on 7-9 day. 
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