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G.A. Lodge is Chief of the Nutrition Sec• 
tion, Animal Research Institute , Canada 
Department of Agriculture, .Ottawa, engaged 
in a variety of research activities involving 
animal nutrition. He -graduated in 1951 from 
the University of Durham, England, now 
the University of Newcastle upon Tyne, with 
B.Sc. in Agriculture and Honours Animal 
Husbandry. Following 2 years in the Royal 
Armoured Corps he spent 7 years as Scien
tific Officer and then Seniour Scientific 
Officer at the Rowett Research Institute, 
Aberdeen, Scotland. He worked in the 
Applied Nutrition Department on nutrition 
of pigs, especially sows, and was awarded the 
Ph.D. from Aberdeen University for work on 
the energy requirements of the lactating 
sow. During the next 7 years he served, 
initially as Lecturer and subsequently as 
Reader in Animal Production, at the Uni
versity of Nottingham. He conducted re
search on various aspects of nutrition and 
husbandry of dairy cows, beef cattle, sheep, 
and swine. He accepted his present position 
in May 1968. 
R.H. Rippel, a native of central Illinois, 
received his B.S. and M.S. degrees at 
Southern Illinois University. He was awarded 
the Ph.D. degree in 1964 from the Uni
versity of Illinois where his dissertation 
research was concerned with protein and 
amino acid needs of the gravid gilt. Since 
1964 he has been project leader in the 
Biochemical Research Department, Abbott 
Laboratories, North Chicago, Illinois. His 
research has emphasized the physiology and 
nutrition of the newborn and finishing pig. 

R.J. Meade is a native of Nebraska and 
received the B.S. degree with High Distinc
tion from the University of Nebraska in 
1949. He was awarded the M.S. and Ph.D. 
degrees in animal nutrition from the Uni
versity of Illinois. He was a member of the 
Animal Husbandry staff at the University of 
Nebraska from 1952 until late 1956 when he 
joined the staff of the University of Minne
sota and is currently Professor of Animal 
Science . His research has been devoted to 
protein and amino acid nutrition of the 
young pig and effects of early nutrition on 
rate and efficiency of gain during the final 
growing period, and on carcass traits. He has 
also conducted numerous studies with 
growing-finishing swine and with pregnant 
sows and gilts. He served as secretary
treasurer, vice president and president, Mid
western Section, American Society of 
Animal Science, and is currently section 
editor, Nonruminant Nutrition, Journal of 
Animal Science. 

Jerry D. Hawton has been Teaching Assis
tant and Research Assistant during his 
period of graduate study at the University of 
Minnesota. He is from a livestock farm at 
Redwood Falls, Minnesota, and graduated 
from the University of Minnesota with a B.S. 
in Agriculture in 1964. He was Livestock 
Buyer, Swift & Co., South St. Paul before 
starting graduate studies in 1966 leading to 
an M.S. degree in 1968. He is working in the 
area of nonruminant nutrition and expects 
to obtain his Ph.D. degree in December 
1969. His research is devoted to studying the 
effects of protein nutrifon of the gravid 
female on reproductive performance, devel
opment of offspring during the early grow
ing period as well as the final period, and 
carcass traits. 

Richard D. Goodrich is an Associate Profes
sor of Animal Science at the University of 
Minnesota. He received his B.S. at Wisconsin 
State University , River Falls; his M.S. at 
South Dakota State University ; and his 
Ph.D. (1965) at Oklahoma State University. 
He joined the staff at Minnesota in 1965 and 
has been active in teaching and research. His 
major areas of research have included 
mineral interrelationships, nonprotein nitro
gen metabolism, sulfur metabolism, nutri
tional value of immature corn, forage evalua
tion , and nutrition of feedlot cattle. 

Jay C. Meiske is Associate Professor of 
Animal Science at the University of Minne
sota. He received his B.S. from Iowa State 
University , M.S. from Oklahoma State Uni
versity, and Ph.D. 1957 from Michigan State 
University . At Minnesota, his research ef
forts have been in ruminant nutrition and 
beef cattle management. Major areas of 
research have included biuret as a nitrogen 
source , factors affecting corn silage fermen
tations , drylot cow-calf production, NPN 
utilization and adaptation, and byproduct 
utilization by ruminants. 

Carl Alexander in Ruminant Research 
Manager , Nutrena Feed Division, Cargill, Inc. 
He received his B.S. degree from Oklahoma 
State University · and his M.S. and Ph.D. 
(1967) degrees from Kansas State Uni
versity. Since joining Cargill he has been 
involved in the development of liquid sup
plements and a computerized custom ration 
formulation system for cattle feeders. Other 
areas of nutritional research have been non
protein nitrogen utilization, grain processing, 
complete cattle starter feeds, and built-in
roughage supplements. 



C. Wendell Carlson is Professor and Leader 
of the Poultry Research and Extension 
Section in the Department of Animal 
Science at South Dakota State University . 
He received his B.S. degree from Colorado 
State University in 1942, his M.S. degree in 
1948, and Ph.D. in 1949 from Cornell 
University. Except for a sabbatical leave at 
Washington State University in 1961-62, he 
has taught and conducted research since 
1949 at South Dakota State University in 
poultry nutrition : feed additives; energy, 
protein and amino acid requirements; factors 
influencing calcium and phosphorus require
ments; selenium metabolism and mycotox
ins. He is second vice president of the 
Poultry Science Association and received the 
1961 National Turkey Federation Research 
Award. 

R.M. Jordan is Professor of Animal Science 
at the University of Minnesota. He received 
his B.S. degree from the University of 
Minnesota in 1942, M.S. from South Dakota 
State University in 1949, and Ph.D. from 
Kansas State University in 1953. He has con
ducted extensive research work in nutrition 
and management of ewes and lambs and cur
rently is involved in the study of pasture 
forage utilization by ruminants. He coaches 
the University of Minnesota livestock judg
ing team, teaches the course in horse science, 
and recently has conducted a series of 
lectures on horse science via telephone. He is 
the author of three extension bulletins on 
horse science and is responsible for the horse 
extension work in Minnesota. He is the 
author of numerous scientific and popular 
articles on several aspects of sheep nutrition 
and management. 

Foster G. Owen is Professor of Animal 
Science at the University of Nebraska. A 
native of Alabama, he obtained his B.S. 
degree at Auburn University in 1948, M.S. 
and Ph.D. (1956) degrees at Iowa State 
University. His major areas of research in
clude carbohydrate interrelationships in 
energy and NPN utilization for lactation, 
and early-weaning programs for dairy calves. 
Professor Owen is a member of the Ameri
can Dairy Science Association, the American 
Society of Animal Science, and the Ameri
can Forage and Grassland Council, and a 
member of the Editorial Board, Journal of 
Dairy Science . 
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Hugh E. Henderson is Professor of Animal 
Husbandry at Michigan State University. He 
received his B.S. and M.S. degrees from 
Virginia Polytechnic Institute and his Ph.D. 
(1958) from Michigan State University. He 
served as adviser to the University and Head 
of the Department of Animal Sciences at the 
University of Nigeria from 1962 to 1964. He 
is currently in charge of the Beef Cattle 
Research Center at Michigan State Uni
versity and Exh~nsion Beef Cattle feeding 
programs. His responsibilities also include 
teaching Beef Cattle Management and ad
vising M.S. and Ph.D. candidates. He has 
authored more than 100 extension publica
tions and more than 30 research papers. 

J.W. Nordstrom, a native Minnesotan ob
tained the B.S., M.S. , and Ph.D. (1964) 
degrees at the University of Minnesota. His 
research was on the effects of time post
feeding and source and level of dietary 
protein on plasma free amino acids in 
growing swine. He has served as a Post 
Doctoral Fellow in the Department of Nutri
tional Sciences at the University of Cali
fornia and was Assistant Professor of nutri
tion, Home Economics Department, Uni
versity of Illinois, prior to joining the De
partment of Animal Science, University of 
Minnesota, in August 1968. He is working on 
protein and amino acid nutrition of swine. 

C. Oran Little is a native of Texas and 
Professor of Animal Sciences at the Uni
versity of Kentucky. He was awarded the 
B.S. Degree in Agriculture , magna cum 
laude, at the University of Houston in 1957, 
and received his graduate degrees from Iowa 
State University, and the Ph.D. in 1960. 
Since then he has been active in research and 
teaching in the animal nutrition program at 
the University of Kentucky. His research has 
involved nitrogen and carbohydrate metab
olism in ruminants with emphasis on devel
oping techniques and seeking basic bio
chemical and physiological explanations for 
animal responses. 

Donald E. Otterby is Associate Professor of 
Animal Science at the University of Minne
sota. A native of South Dakota, he was 
awarded the B.S. and M.S. degrees at South 
Dakota State University. He completed his 
graduate program at North Carolina State 
University and received the Ph.D. in nutri
tion in 1963. His major area of research ] 
emphasis is in dairy cattle nutrition with 
particular attention to digestive physiology. 
He is also active in undergraduate and 
graduate teaching in ruminant nutrition. 



A.L. Pope is Professor and Chairman of the 
Meat and Animal Science Department at the 
University of Wisconsin. He was raised on a 
general livestock farm in Southern Michigan 
and recieved his B.S. degree in Animal 
Husbandry from Michigan State University 
and M.S. and Ph.D. degrees in animal nutri
tion from the University of Wisconsin. His 
research work with sheep has been in breed
ing, nutrition, and physiology of reproduc
tion. Nutrition research has been primarily 
in the field of trace minerals and nutrient 
requirements of growing lambs. He is cur
rently chairman of the National Research 
Council Subcommittee on Nutrient Re
quirements of Sheep. In 1967-68, he was the 
recipient of a Fulbright Fellowship to do 
research work with trace minerals at the 
University of Western Australia. 

J.D. Donker is Professor of Animal Science 
at the University of Minnesota. He is a 
graduate of the College of Agriculture , Uni
versity of California. He received the Ph.D. 
at the University of Minnesota in 1951. 
From 1953 to 1956, he was Director of the 
Dairy Cattle Nutrition Laboratory, Agri
culture Experiment Station, University of 
Georgia. Since that time he has been a 
member of the faculty at the University of 
Minnesota and has conducted research in 
dairy cattle nutrition. He is a member of the 
American Dairy Science Association and the 
American Society of Animal Science. 

Paul E. Waibel, a New Jersey native, is 
Professor of Animal Science at the Uni
versity of Minnesota. He was awarded the 
B.S . degree at Rutgers University and the 
M.S. and Ph.D. (1953) at the University of 
Wisconsin. He was Research Associate in 
poultry nutrition at Cornell University prior 
to coming to Minnesota in 1954. The Minne
sota Nutrition Conference benefited from 
his chairmanship for 5 years terminating in 
1968. He was awarded the 1967 Outstanding 
Research Award by the National Turkey 
Federation and the 1968 Ranelius Award for 
service to the Minnesota turkey industry. He 
is the author of many scientific and popular 
articles in his area of research in poultry 
nutrition. 
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INFLUENCE OF ENERGY INTAKE ON 
REPRODUCTIVE PERFORMANCE IN SWINE 

G. A. Lodge 
Canada Department of Agriculture 

Animal Research Institute, Ottawa 

In the days before very much was known about requirements for 
specific nutrients, the only way to ensure satisfactory animal 
performance was to provide quantities of total feed which 
ensured that the most limiting nutrients were in adequate supply. 
At the same time this would mean over-consumption of energy and 
of the more plentiful dietary constituents. As knowledge of 
specific nutrient requirements increases, however, the justifica
tion for this 'shot-gun' approach to feeding becomes less and 
less, and greater emphasis is thrown on the need to establish 
energy requirements for each type of production, reproduction 
included. 

Perhaps because of the ability of the pregnant female to buffer 
the developing foetuses against environmental variations, energy 
needs for pregnancy have never been clearly established and 
considerable uncertainty still surrounds the significance of 
pregnancy ~ight gain, the optimum to be achieved and nutrient 
requirements for this purpose. This problem is not peculiar to 
the pig; in fact the sow is probably better documented in this 
respect than most species, which is fortunate for pig breeders 
because the crossing of species boundaries on matters pertaining 
to pregnancy and its dietary requirements is fraught with pitfalls. 

PREGNANCY WEIGHT GAIN 

A phenomenon of pregnancy is the immediate weight gain which occurs, 
even at a stage when embryo and placental weight gain is minimal 
(Fig. 1). This occurrence has long been known, and indeed exploited 
by farmers with a direct interest in speeding up growth, and 
variously attributed to increased feed intake (Robinson, 1957; 
Mitchell, 1962; Blaxter, 1964), largely on the basis of evidence 
obtained from rats (Cole and Hart, 1938) but also sheep (Rombauts, 
1959) 1 and to reduced activity (Brody 1 1945) 1 again ·largely on the 
basis of rat data (Slonaker, 1925 z Wang, 1935) but also from 
observations on cattle (Snapp and Bull, 1944). In the case of the 
pig neither of these explanations appears satisfactory, since 
weight increase occurs without any increase in feed intake and sows 
are not noted for activity at any time. 

Whatever the underlying mechanism, it is very evident that a 
pregnant sow will gain appreciable weight on what constitutes a 
maintenance ration for the non-pregnant animal. In addition to 
the example with gilts (Elsley ~ al., 1966) shown in Fig. 1, we 
may cite examples from Salmon-Legagneur and Rerat (1962) and our
selves (Heap and Lodge, 1967) obtained with more mature sows 
(Table 1}. 
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Table 1. Comparati v e wei ght c hanges in pregnant and non-pregnant sows (from 
(1 ) Salmo n-Legagneur and Rerat, 1962 and (2) Heap and Lodge, 1967). 

Feed Wt. at Wt. before Wt. after Net Difference 
intake mat i ng parturi t)ion parturition gain 
lb. lb. lb. I lb. lb. lb. 

(1) Pregnant 495 505 603 550 4~} 36 
Non-pregnant 493 508 517 517 

Pregnant 920 506 678 625 119} 33 Non-pregnant 922 508 594 594 86 

(2) Pregnant 512 433 51~ 464b 31} 21 
Non-pregnant 512 432 442 442 10 

I 
ex> awt. at slaughter on llOth day of pregnancy. 

bFinal liveweight less weights of placenta, fluids and foetuses. 



It is evident from these data that the state of pregnancy enabled 
the sow not only to produced a litter and its directly associated 
tissues but also gain appreciable weight herself with no increase 
in feed intake. There seem to be only two possible explanations 
for this: either (1) the body composition of the sow changes so 
that tissue of high energy value, i.e. fat, is replaced by tissue 
of low energy value, i.e. muscle and other proteinaceous organs, 
so that weight gain occurs with no increase in energy increment; 
or (2) there is a real improvement in the efficiency with which 
new tissue is synthesized under hormonal stimulus during pregnancy. 

Composition of weight gains 

There is some conflict of evidence on the nature of weight gain by 
the pregnant sow. Heap and Lodge (1967) found that of the extra 
body weight gained by pregnant over non-pregnant sows, 48% was fat, 
31% was muscle and 21% was mammary tissue; the greatest proportion 
of extra fat was in the back, while that of the muscle was in the 
belly. Total organ weights, except for the reproductive tract, 
remained unaltered. French workers, on the other hand (Salmon
Legagneur and Rerat, 1962; Salmon-Legagneur, 1965) present data 
purporting to indicate a reduction in fat content with pregnancy 
but an increase in skeletal muscle (Table 2). It is important to 
stress, however, that these dataare relative not absolute and 
result from correcting to equal carcase weight. The true situation 
is indicated y- other data also presented by Salmon-Legagneur (1965) 
and shown in Table 3. These show that while the sow in advanced 
pregnancy has relatively less fat and more muscle plus bone than 
the non-pregnant sow if she were of egual weight, in real terms 
there is an overall increase in skeleton, muscle and subcutaneous 
fat during the course of pregnancy, but a reduction in internal fat 
reserves. These data still contrast with those of Heap and Lodge 
(1967), however, in showing muscle to increase at a faster rate 
than fat, instead of vice versa. 

Table 2. Body composition of pregnant and non-pregnant sows corrected 
to equal carcass weight (from Salmon-Legagneur., 1965). 

Live weight 
Carcass weighta 
Bone and muscle 
Subcutaneous fat 
Kidney fat 
Respiratory tract 
Li ver 
Spleen 
Stomach 
Intestines 
Mesentery 
Omen tum 
Uterus 
Blood 

Wts. of different organs(kg) Pr egnancy gain 
non-pregnant pregnant kg % of controls 

controls 
238 
193.5 
156.7 
36.8 

8.4 
3.3 
3.0 
0.3 
1.3 
6.8 
2.9 
1 . 3 l.o 

15.6 

252 
193. 5 
161. 3 
32.2 
6.o 
3.1 
2.9 
0.3 
1.2 
6.1 
2.1 
1.1 s.o 

15.8 

0 
4. 62 

-4.62 
-2.36 
-0.21 
-0.18 
-0.02 
-0.09 
-0.74 
-0.80 
-0.20 
+J.38 
+0.20 

0 
2 .9 

- 12.6 
- 28.0 

6.4 
5.9 
6.4 
6.8 

- 10.8 
- 27.9 
- 15.8 
+211.2 
+ 1.3 

aLive weight - (contents of alimentary tract and uterine contents) 
corrected to equate pregnant a_n$!1on-pregnant. 



Tabl e 3. 
\ 

Par t i t ion of body gain dur i ng pregn~ncy (from Salmon-Legagneur , 1965). 

Wt s. of different organs{kg) Pregnancy gain rn 

control s before pregnant at % of % of 
pregnancy 105 days kg ini tial_ wt . totcil. gain 

Live wei ght 200.00 252.00 52.00 26 100 
Bone and muscle 134.80 161.20 26.40 19 50 . 7 
Subcutaneous fat 28.60 32.20 4.60 16 8 . 8 
Kidney fat 6.60 6.04 - 0.56 - 8 1 . 1 
Respi ratory tract 2.80 3.09 0.29 10 0 . 5 
Liver 2.43 2.86 0.73 18 1 .4 
Spleen 0.28 0.29 0.01 3 o . o 

0 Stomach 1.17 1.23 0.06 5 0 . 1 
Intestines 5.77 6.10 0 . 33 6 o . 6 
Mesentary 2.12 2.06 - 0.06 - 3 0 . 1 
Omen tum 0.76 1.06 0.30 39 o . 6 
Uterus 1.42 4.98 3.56 251 6 . 8 
Uteri ne contents - 14.88 14.88 - 28. 6 
Blood(by difference) 13.60 15.80 3.20 16 4 . 2 



The data of Elsley et al. (1966), obtained with gilts, add further 
confusion by showing that all the difference in weight gain between 
pregnant and non-pregnant animals (Fig. 1) was accountable in 
reproductive tract, mammary gland and blood. Carcase weights were 
unaffected by pregnancy and in this natural circumstance, as in 
the contrived one of Salmon-Legagneur, there was a decrease in 
percent back fat and an increase in percent muscle plus intermuscular 
fat. 

The explanation of increased body gain as a result of pregnancy in 
sows but not in gilts may rest in their relative stages of maturity; 
where growth is already active, perhaps no further stimulation from 
pregnancy may occur. 

Even where genuine gains in muscle and adipose tissue of the sow do 
occur, conservation of energy may not be implicated if hydration 
occurs. Penzes (1959, 1961) reported that increased weight of some 
maternal tissues was due to increase in their water content rather 
than any increase in nitrogen of the dry matter. Heap and Lodge (1967), 
however, found no significant differences in the chemical compositions 
of sample muscles from pregnant and non-pregnant animals. Nitrogen 
retention data (Evans, 1929; Mitchell et al., 1931; Lenkeit et al., 
1955 a and b, 1956; Salmon-Legagneur, 1965; Elsley et al., 1966) 
indicate a real increase in body protein content, which may exceed 
deposition in the uterus and its contents five-fold (Table 4). This 
and other gat.a- from Salmon-Legagneur (1965) well illustrate the fact 
that maternal tissues act as a reservoir for dietary intakes in 
excess of foetal needs (Table 5). 

Table 4. Partition of nitrogen and energy retained during pregnancy 
(from Salmon-Legagneur, 1965; after Clausen, 1952). 

Body gain 
Uterine contents 

Total 

Nitrogen 
g. N % of total 

1248 
276 

1524 

81.8 
19.2 

100 

- l l -

Energy 

Meal % of total 

155 
14 

169 

91.7 
8.3 

100 



Table S. Nitrogen balance of sows given different dietary intakes 
(from Salmon-Legagneur, 1965). 

High Low 

Total N intake (kg) 12.3 4.9 
Fecal N (kg) 1.5 1.0 
Absorbed N (kg} 10.7 3.9 
Digestion coefficient (%N) 86.4 79.7 
Urinary N (kg) 8.3 2.5 
Retained N (kg) 2.3 1.4 
Retention coefficient (%N) 21.8 36.1 
Uterine N (kg) 0.3 0.3 
Body N (kg) 2.0 1.1 
Net pregnancy gain (kg) 56 43 
N as % of net gain 3.6 2.6 

It would appear to be safe to conclude from the data so far 
presented that the pregnant sow, in addition to producing a 
litter and other concepta, will also gain both fat and protein 
tissue over the gestation period, and this with no increase in 
feed. This implies, therefore, an enhanced efficiency of feed 
utilization in t~e pregnant animal, which appears irreconcilable 
with publish~d:data on heat increment of gestation. Since first 
observed by Murlin (1908-1909) in dogs, numerous workers have 
reported an increase in heat output in pregnancy which has been 
interpreted as indicating an increase in basal metabolic rate 
and, therefore, in dietary energy requirement. The calorimetric 
data suggest, therefore, that the pregnant animal requires more 
feed for maintenance (e.g. Jakobsen et al., 1957, Van Es, 1961, 
and Hashizume et al., 1965, in cows; Graham, 1964 in sheep; 
Ritzman and Colovos, 1941, in sheep and pigs; and Brody, 1938, in 
a variety of species.) whereas information on weight and tissue 
gain suggests they require less. It is pertinent to note, how
ever, that at least some of the calorimetric work indicated a 
reduction in heat output in early pregnancy and any marked increase 
above non-pregnant values only in the later stages. Of further 
relevance to this point is the pattern of tissue development during 
the course of pregnancy, indicated both by nitrogen retention and 
carcase dissection data. 

Pattern of tissue gains 

Evidence is conflicting on the pattern of gain in protein tissues 
during course of pregnancy. Nitrogen retained in the uterus increases 
at an ever increasing rate, following the pattern of foetal growth 
(Mitchell et al., 1931; De Villiers et al., 1958; Moustgaard, 
1959, 1962) and remains essentially unaffected by level of intake 
(Table 5). Maternal tissues, however, account for the greatest part 
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retained and here the pattern of uptake appears to be very variable. 
Evans (1929) and Mitchell et al. (1931) found no increase in N 
retention with advance in pre£!iancy, with the implication, therefore, 
that as foetal retention was presumably increasing, maternal 
storage must have declined. On the other hand, Lenkeit et al. 
(1956) found a marked increase in total retention over the last 
half of pregnancy when high protein intakes were allowed; on low 
intakes retention remained constant. This would imply that the 
sow in late pregnancy has the ability to retain protein far in 
excess of foetal needs but not because of any increase in efficiency 
of utilization. Then in constrast to both the above findings, 
Elsley et al. (1966) obtained a linear increase in nitrogen 
retention of gilts throughout pregnancy, from 10 g per day following 
conception to 20 g per day at term. The implication of all these 
data must be that protein storage in the maternal tissues continues 
throughout pregnancy, but generally at a decreasing rate; this may 
be overcome by high protein intakes, but the value of this in 
production terms is debatable. 

The concept of a decline in rate of growth of protein tissues is 
supported by Salmon-Legagneur (1965), who provides also very 
relevant data on changes in the fat content of the body (Table 6). 

Table 6. Composition of daily weight gain (g/day) in sows during 
the course oj'_ pregnancy (Salmon-Legagneur, 1965). 

Period:- days 0-30 days 30-60 days 60-90 days 90-114 

Total gain 647 622 456 408 
Bone and muscle 290 ~a 253 239 
Subcutaneous fat 162 122 - ~ - 69 
Kidney fat 10 4 6 - 22 
Uterus 33 30 38 39 
Uterine contents 62 148 156 217 

These provide strong support for the hypothesis that pregnancy 
metabolism is in two distinct phases: an anabolic phase during 
which time placental growth occurs but uterine demands are low 
and maternal tissues are accumulated very efficiently, with or 
without some stimulation of appetite; and a catabolic phase 
during which time foetal growth accelerates rapidly, maternal 
tissues are withdrawn under hormonal stimulus, possibly from the 
placenta, and appetite is depressed by the presence of metabolites 
in the blood from catabolism of maternal tissues. This phase may 
be thought of as continuing through lactation, and parturition as 
being an event occurring sometime during the catabolic phase 
without any considerable physiological implications for the mother. 
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It can now be seen that the calorimetric and the weight change data 
do not necessarily conflict. The high heat loss in late pregnancy 
may not be the result of increased basal metabolism of the dam but 
rather the energy cost of tissue catabolism and resynthesis into 
foetal growth. The early gains may be achieved efficiently because 
of lowered basal metabolism following conception, so the overall 
energy requirement for pregnancy may be no greater than that 
needed to maintain the non-pregnant state. Thus, the data of Heap 
and Lodge (1967) and Salmon-Legagneur (1965), one suggesting an 
increase in fat and the other a loss, are not irreconcilable either; 
although Salmon-Legagneur's sows were losing fat during the latter 
half of pregnancy they still fini·ahed with considerably more than 
they started, and Heap and Lodge's sows may have had even more fat 
had they been examined at mid-pregnancy instead of term. 

Time of transition from anabolic to catabolic phase is not clear. 
The data on loss of kidney fat (Salmon-Legagneur, 1965) suggest 
t hat it is a staggered process and that loss of more labile fat 
may o ccur during the first half of pregnancy; clearly, level of 
feeding could have considerable influence on this. Herein also 
may lie some explanation of the hitherto unexplained observation 
by Lodge et al. (1961 a) of a consistent check in weight gain of 
pr egnant sows at around the sixth week, at which time demands for 
foetal growth would be still very small. This check may indicate 
the begil!!ling of the transition from a largely anabolic to a 
largely -catabolic state. 

The data in Table 6 also illustrates the principle that weight gain 
can continue at a relatively rapid rate while the energy val~e of 
total body tissues is declining. The answer, therefore, to the 
query po sed earlier as to whether increased weight gain with no 
increase in feed intake was due to improved efficiency or trans
location of reserves, is that both may occur in sequence. 

Although it is clear in the pig that weight gain and reproduction 
can be obtained on a normal maintenance diet, the question remains 
whether any additional advantage accrues from increasing ·the feed 
allowance and so increasing the weight gains. 

WEIGHT GAIN AND REPRODUCTIVE PERFORMANCE 

Pregnancy weight gain and foetal growth 

Mention has been made already of the fact that the foetus is 
relatively insensitive to variation in maternal diet, certainly 
insofar as energy and protein are concerned. In view of the small 
proportions of ingested energy (<10%) and protein (<20%) which 
a ppear in intra-uterine tissues, this is perhaps not surprising. 
Nevertheless, there is some apparent conflict of evidence on the 
influence which maternal plane of nutrition may have on prenatal 
growth. Salmon-Legagneur (1965) concluded from a series of 
experiments that maternal diet had negligible influence on weight 
of pi gs at birth, while Lodge~ al. (1966 a) and Lodge (1969) 
obtai ned a reduction in birth weight when feed intake was below an 
aver age of 4 lb. per day but no significant difference in this 
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respect between allowances of 4 and 6 l b. per day, and Baker et al. 
(1969),who fed 5 levels to pregnant sows, obtained maximum birth
weight on their medial leTel of 4.2 lb. feed per day. Elsley et 
al. (1969), however, in a collaborative trial with some 44 sows per 
treatment, obtained a linear increase in both individual pig and 
litter weights at birth as daily feed allowance increased from 3.5 
to 5.3 to 7 lb. per day (Table 7). 

Table 7w Influence of feed intake during pregnancy on birthweight 
of pigs. 

Daily feed 
intake 

lb. 
Clawson et al. (1963) 6.o 

3.0 

Salmon-Legagneur (1965) 8.4 
4.2 

Lodge ~ y. (1966 a &b) 6.o 
3.0 

Frobish et al. (1966) 

o•Grady ( 1967) 

Spaendonck (1967) 

Elsley ~ al. (1968) 

Elsley et al. (1969) 

Lodge ( 1969 ) 

Vermedahl et al. (1969) 

Baker ~ al. (1969) 

8.o 
4.0 

6.o 
J.O 
6.8 
s.1 
5.9 
3.7 

7.0 
5.3 
3.5 

6.o 
4.0 

5.0 
3.0 

2.0 
3.1 
4.2 
5.3 
6.o 

Net weight 
gain 
lb 

127f1) 
39Cl) 

119 
43 

97 
9 

84 
14 

123 
101 

86 
37 

117 
70 
28 

104 
52 

8a<1> 
28(l) 

- 14(l) 
37(l) 
78< 1 ) 
90< 1 > 

130(l) 

No. pigs Av. birth 
born weight 

lb. 
9.4 2.83* 
9.3 2.51 

12.0 2.73 
13.1 2.64 

12.4 
11.7 

11.0 
11.3 

10.3 
10.l 

9.7 
10.4 

10.3 
10.5 

11.0 
11.1 
10.9 

11.3 

9.7 
8.5 

9.1 
8.9 
9.5 
9.6 
9.3 

2.76* 
2.40 

3 .21 
3.04 

2.75* 
2.44 

3.01* 
2.83 

2.82 
2.60 

3 .17* 
2.98 
2.71 

2.93 
2.80 

3.26* 
3.04 

2.20* 
2.49 
2.71 
2.73 
2.68 

(l)Estimated from gross weight gains by subtracting total litter 
weight plus 36% for membranes and fluids (Mithcell et al., 1931). 

* Experiments so designated showed significant treatment effects on 
individual birth weight. 
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Elsley (1969) suggests from consideration of the published data on 
piglet birth weights relative to sow feed intakes that although 
each experiment may have shown only small and sometimes insignificant 
differences in birth weight, the combined data indicate a linear 
relationship between feed intake and the individual weight of pigs 
at birth. Whether the relationship is linear or curvilinear remains 
debatable but whatever the answer proves to be it is notable that 
feed increments of up to 100% give increases in birth weight of less 
than 20% and that by far the greatest effect of increasing feed 
allowance is on the weight gain of the sow herself. 

The problem resolves itself, therefore, as one of determining 
optimal weight gain to allow pigs of a satisfactory, but not 
necessarily maximum, birthweight and for the sow to complete satis
factorily that part of their rearing which is required of her. 

Pregnancy weight gain and post-partum weight loss. 

Although weight gain of the sow during pregnancy may have relatively 
little effect on prenatal development of the pigs, there remains 
the possibility of an influence on the post-partum performance of 
the sow. 

There is clear evidence that the feed intake of the so~ during 
pregnan~y--aoes influence her subsequent performance. It would 
appear that some weight loss during the first week following 
parturition is usual, even though lactation is then considerably 
below its peak level (Lodge et al., 1961 a), but that this may be 
changed to weight gain if the gain during pregnancy has been 
minimized through feed restriction. Thus, lactating sows respond 
differently to the same feed allowance from parturition depending 
upon the feed allowance, and weight gained, during pregnancy 
(Clawson et al., 1963; Lodge et al., 1966 b; Elsley et al., 1969; 
Vermedahl et al., 1969; Baker et al., 1969). The cause of this is 
twofold; voluntary feed intake during lactation is related inversely 
to feed intake during pregnancy (Salmon-Legagneur and Jacquot, 1961,a 
and b; Dean and Tribble, 1961; Baker et al., 1969) but, also, 
utilization of feed for weight gain, or reduction of weight loss , 
during lactation is more efficient following low pregnancy gains 
than high (Salmon-Legagneur, 1965; Lodge et al., 1966 b; Elsley et 
al., 1969; Baker et al., 1969). Both of these effects are illus
trated in the data of Baker et al. (1969) shown in Table a. 
Table a. Influence of pregnancy feed intake on voluntary intake 

during lactation and its efficiency of utilization for 
weight gain (Baker et al., 1969). 

Pregnancy feed intake (lb./day) 2 3.1 
Pregnancy weight gain (lb.) 13.0 66.7 
Lactation feed intake (lb./day)(l) 9.4 9.5 
Lactation weight change (lb.) 13.4 2.0 

4.2 
112.6 

9.6 
9. 

5.3 
138.2 

8.5 
- 16. 

6.6 
163.7 

7.5 
- 18. 

'simulated ad lib', i.e. voluntary intake in two 1-hour feedings 
per day. 
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Weight changes in sows during lactation are in themselves of some 
significance, in that a weight loss which exceeds the weight gain 
of the preceeding pregnancy will result in a progressive decline 
in body weight of the sow with each reproductive cycle, with 
possible adverse effects on fertility. Evidence for such an effect 
is lacking, however, as in no reported experiments involving 
several cycles has such a situation occurred. Where sows have been 
fed allowances which caused reversion to approximately initial 
weight by the end of each lactation (Elsley et al., 196a, 1969) 
there was no significant effect on numbers born over three reproduc
tive cycles. 

The subject of influence of body weight on ovulation and embryo 
survival in pigs has its own ~xtensive literature and is somewhat 
outside the scope of this paper. Sufficient is it to mention that 
evidence is conflicting on relationships between weight and 
fertility but in a recent experiment (Hardy and Lodge, 1969) 
ovulation rate in sows was found to be influenced by weight change 
during preceding lactation rather than by absolute weight. Surpris
ingly, perhaps, the degree of the weight loss which commonly occurs 
between weaning and remating (Lodge et al., 1961 a; Lodge, 1969) 
did not appear to influence ovulation. 

It would appear from the evidence that weight losses during lactation 
per se are relatively unimportant so far as numbers and weights of 
pigs born are concerned. Post natal growth, however, either through 
some direct effect manifest in the pigs at birth or indirectly 
through the lactati_9n-p~rformance of the sow, may be influenced by 
pregnancy feeding. 

Pregnancy weight gain and postnatal growth 

As weight gain during pregnancy, at least over a certain range is 
associated positively with piglet birth weight, and as birth weight 
has been shown to influence post natal growth, it follows that 
pregnancy feed allowances mightbe expected to affect the weaning 
weights of pigs through this medium alone, quice apart from any 
lactation effects. However, it should be emphasized that. established 
relationships between birth weight and weaning weight are not strong, 
generally in the order r = 0.45 (Blunn et al., 1954; Combs et al., 
1959; Lodge and McDonald, 1959; Lodge et al., 1961 b), especially 
on a between-litter basis, and therefore if reduction in feed allowance 
results in a uniform reduction in birth weight within litters, so 
that the element of competition remains unaltered, the effect on 
post natal growth would not be expected to be great. Thus, Lodge 
et al. (1959, 1961 b) found on a between-litter basis that 21-day 
weight increased by about 3.0 lb. for every 1 lb. increase in birth 
weight. From Table 7 it can be seen that doubling the daily feed 
allowance of the pregnant sow from 3.0 to 6.0 lb. has resulted 
generally in a birthweight increase of about 0.3 lb.; sufficient to 
account for only a 1 lb. difference in 21-day weight. Some experiments 
showing a significant influence of pregnancy feed allowance on birth 
weight found no such effect on subsequent weights (Clawson et al., 
1963; Lodge et al., 1966 a; Spaendonck, 1967) but others have found 
the differences to persist and increase to 21 (Vermedahl et~., 
1969; Baker et al., 1969) and, even, 56 days of age (O'Grady, 1967; 
Elsley et ~., 1969). - 17 -



It is not clear whether effects of pregnancy feed intake on weaning 
weights of pigs are manifest via differences in weight and, 
perhaps, viability of the pigs at birth, or via differences in 
yield and, perhaps, composition of milk. That the latter may be 
the more influential is indicated by the results of Vermedahl et 
al. (1969), who found that the difference in birth weight of 0.22 
lb. which increased to a difference of l.S lb. at 21-days, when 
the pigs were weaned, resulted in no difference in daily gain post 
weaning, either to 50 lb. or 200 lb. liveweight. The overall effect 
of reducing the daily gestation feed allowance of the sow from 5 
to 3 lb. was 1.7 days longer for the pigs to reach 200 lb. 

That pregnancy feed allowance influences lactation is indicated by 
results of Salmon-Legagneur (1965) which indicated that yield of 
milk was influenced mainly by lactation feed allowance but that 
composition, notably fat content, was influenced by the pregnancy 
allowance. This had the effect of modifying effects of differences 
in yield through lactation feeding on growth of the pigs by 
altering milk energy and, to a lesser extent, protein values. 

OVERALL ENERGY INTAKE ON REPRODUCTION 

Differences in the relative energy demands for foetal growth and 
lactation and the uncertainty which exists about the significance 
of pregna,n.ey -body gains and the efficiency with which they are 
achieved, results in some confusion and confliction of opinion on 
the optimal distribution of energy over the reproductive cycle 
as a whole. As foetal and postnatal growth are influenced but . 
little by energy intake during pregnancy while the energy demands 
of lactation are considerable, greatest efficiency of overall 
energy utilization would seem to be achieved by a relatively low 
intake during gestation and a high intake during lactation when 
demands are high. Smith (1960 a and b), Salmon-Legagneur and Rerat 
(1962) and Bowland (1967) have presented calculations to suggest 
that this would be so, and, more recently, Salmon-Legagneur (1965) 
and Lodge (1969) have presented experimental results in . support; 
Lodge reported an 8% improvement in utilization of feed for weight 
gain, and Salmon-Legagneur a 39% increase in energetic efficiency. 
However, Elsley et al. (1968) found no indication of improved feed 
utilization from a low pregnancy/high lactation pattern of feeding 
compared with the reverse, and there the matter must rest to await 
the obtaining of more detailed information on changes in the actual 
en ergy values of sows' body tissues during the reproductive cycle. 

What does emerge clearly from present knowledge is that considerable 
changes in feed intake by sows, in pregnancy or lactation, have but 
minor effects on the number or growth of pigs produced and, therefore, 
considerable potential exists f--or economizing in the feed allowances 
of breeding sows. 
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PROTEIN AND AMINO ACID INTAKES OF THE PREGNANT FEMALE 
AND THEIR EFFECTS ON REPRODUCTION 

R. H. Rippel 
Abbott Laboratories 

North Chicago, Illinois 

An increasing part of the life-span of meat producing animals is spent in 
utero due primarily to improved nutritional and managerial techniques ~ 
resulting in a reduction of the slaughter age. For instance, a pig may 
spend 4CJ1, of its life dependent on the maternal uterine environment. Even 
though the uterine existence is lengthy, swine seldom experience nutrient 
deficiencies which influence overall reproductive performance. Partial or 
complete diet restriction is usually the major deficiency encountered which, 
in turn, may lead to symptoms of a lack of more specific nutrients. That 
the level of total diet intake may influence the developing fetus is well 
documented and reviewed (Moustgaard, 1959; Duncan and Lodge, 1960). During 
the last decade a comprehensive attempt has been made to develop an under
standing of the protein nutrition of swine for optimum reproduction. Yet 
considerable controversy exists relative to an "adequate" protein intake and 
little or no attention has been given to optimum amino acid intake or the 
inefficiencies accompanying amino acid imbalance, antagonism or excess. 

PRENATAL DEVELOPMENT 

Maternal factors such as hormones, embryo-endometrial interaction, age of 
dam, litter size and placental efficiency and nutrition are responsible for 
nearly 75~ of the variability in fetal size (Hafez, 1963). However, fetal 
tissue growth constitutes only a small part of the tissue build-up during 
pregnancy with placental and uterine growth and body gain of the darn of 
greater importance. 

Controlled experiments (Elsley et al., 1966) have indicated that the 
difference in gain between pregnant and nonpregnant gilts cannot be accounted 
for by the products of conception, which suggests that the weight of maternal 
tissues change (table 1). The modifications in maternal metabolism which 
occur as a result of pregnancy explain in part the ability of the pregnant 
sow to successfully complete gestation with diet intakes no greater than those 
required by nonpregnant animals. Yet, requirements for the following functions 
are met: (1) maintenance; (2) repletion of tissues previously depleted by a 
previous lactation (not applicable to gilts); (3) increases in uterine and 
mammary tissue; and (4) pregnancy anabolism. The latter refers to changes in 
body composition due to pregnancy per se and is likely to be of a temporary 
nature, distinct from those changes which are due to normal growth of the 
animal. Pregnancy anabolism occurs early in gestation as evidenced by a 
considerable gain in weight of the dam, prior to uterine enlargement. The 
exact nature of, extent of, and necessity for extrauterine gain for optimum 
reproductive performance remains unanswered. The labile nature of pregnancy 
anabolism is illustrated by the work of several (Dean and Tribble, 1959; 
Salmon-Laganeur and Rerat, 1962; Meade et al., 1963; Rippel et al., 1965d; 
Hold.en et al., 1968) where weight gained during pregnancy in excess of that 
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Table 1. Live weight changes, nitrogen retention and carcass composition of 
pregnant and nonpregnant giltsa. 

Criteria 

Live weight and carcass data, kg. 

Live weight at slaughter 
Carcass wt. 
Alimentary tract 
Blood volume 
Viscera 
Mammary tissue 
Empty reproductive tract 
Contents of reproductive tract 

Pregnant 

186 
118.6 

3.82 
6.19 
7.16 
5.93 
6.14 
20.7 

Composition of carcass excluding mammary tissue, ~ 

Bone 
Subcutaneous fat + skin 
Muscle ~.J.-ntermuscular fat 

10.18 
22.99 
62.52 

Nonpregnant 

161b 
120.lb 

3.98b 
5.14 
7.19 
3.65 
0.78 

l0.34 
25.57 
60.07 

Nitrogen balance data means of six 10-d.ay periods, gm• 

Intake 
Fecal N 
Urinary N 
N retention 
~ N retention 

49.4 
9-3 

23.8 
16.7 
33.6 

49.4 
8.7 

28.7 
12.4 
24.8 

a Elsley et al., 1966 

b Adjusted to equalize initial weight with pregnant gilts. 

Level 
of 

Significance 

p < .001 

p < • 05 

p < .001 
p < .001 

p < .1 
p < .05 

p < .01 
p < .01 

accounted for by the litter and placenta was lost before the next pregnancy, 
either during lactation or immediately after weaning. It also remains 
unresolved if the feed allowance of the pregnant animal should follow a 
pattern which reflects known reproductive changes, or if sufficient maternal 
adjustments are made independent of the environment. 

Another important aspect is the change during pregnancy in the relative 
proportions by weight of fetal membranes, fluids and tissues. During the 
initial stages of fetal development the quantity of fluids is greatest, 
followed by the placenta, then the fetuses. By the end of pregnancy the 
relationship is reversed. Thus, in early pregnancy there is little relation
ship between the weight of individual fetuses and the weight of the corres-

- 26 -



ponding placenta. However, by late pregnancy a close relationship exists 
(Waldorf et al., 1957). Because placental growth is initiated in early 
pregnancy, its ultimate size ~ determine the level of nutrition which is 
available to the fetuses later in pregnancy. An indication of the importance 
of protein (amino acids) during early placental growth may be provided by the 
data of Walker et al., 1968 (table 2). These workers found that number of 
pigs born and mean birth weight wer-e not reduced if gilts were fed a 161>
protein corn-soybean meal diet the first 24 d~s of gestation followed by a 
protein-free diet until parturition compared to gilts fed 161' protein through
out gestation. However, maternal milk supply from protein-deprived sows 
appeared to be inadequate as measured by progeny weight gain. 

Table 2. Reproductive performance of gilts fed protein-free diets for 
various times postcoituma. 

Diet and days of pregnancy fed 

PF PF cs 
(0-114) (0-15, 21-114) (0-24) 

cs PF 
Criteria (16-20) (25-114) 

No. gilts 5 5 5 
wt. at breeding,_ kg. 127.9 131.7 124.7 
Wt. 1 day postpartum, kg. lo6.7 121.4 119.2 
Pigs/litter 10.0 11.0 9.2 
Live pigs/litter 8.4 9.8 7.8 
Birth wt., kg. .76 .88 1.09 

a 
et al., 1968 Walker 

b Group-fed 1.82 kg. per head daily 

PROTEIN INTAKE AND REPRODUCTIVE PERFORMANCE 

cs 
(0-114) 

3 
127 .o 
149.4 
10.7 
10.0 
1.12 

The principal mechanism affecting birth weight and viability appears to be the 
sow's ability to transfer nutrients to the fetus, as there is considerable 
uniformity between successive litters from the same sow, but considerable 
variation between sows on the same feeding regime (Lodge et al., 1961). Early 
experiments indicated that supplementary protein was necessary for optimum 
reproductive performance in swine fed a grain diet (Evvard et al., 1914); 
however, it is possible that nutrients other than amino acids were limiting in 
these diets. The reports of Clawson et al. (1963), Rippel et al. (1965a,d), 
Frobish et al. (1966) and Holden et al:"" '(1968) suggest that-Yevels of protein 
lower than normally fed will support"""Satisfactory reproductive performance. 
Previously Davidson (1930), Ienkeit (1957), Duncan and Lodge (1960) and Boaz 
(1962) contended that the number of pigs born alive and birth weight were not 
influenced by protein intakes considered to be inadequate. 

- 27 -



Table 3. Mean reproductive performance of gilts and sows f ed various sources and level of protein 

Criteria 

No. animals 
Gestation gain, kg. 

Pigs/litter 
Live pigs/litter 
Birth wt., kg. 

Pigs weaned/litter 
Gain to weaning, kg. 

a 8-week gain 

b 6-week gain 

Clawson et al., 1963 

Gilts Gilts + Sows 

Daily Proteinz gm. 

140 560 140 560 -- -- -- --

48 48 37 45 
50.7 56.1 44.4 53.8 

9.4 10.0 8.9 8.8 
8.8 9.4 7.8 8.2 

1.20 1.18 1.22 1.23 

7.6 8.2 6.9 7.8 
19.1a 19-5 13.ob 13.0 

c Diets fed final 50 days of gestation to gilts and sows 

d 2-week gain 

e Gain f'rom end of first lactation 

I 
t-..) 
00 

Rippel et al., 1965 
\ Giltsc Sows 

D~iJ.y corn-soybean 
meal protein, gm.c Level and Source of Protein 

90 290 16'i c-s &;, c 16,; c-s 8',L c 
--

35 35 23 23 13 13 
16.8 21.4 19.8 15°9 49.1e 36.4 

12.0 12.1 11.9 10.5 11.9 11.4 
11.1 10.9 10. 5 9.8 10.0 9.9 
1.32 1.32 1.13 1.18 1.28 1.28 

9.5 9.6 9.5d 8.8 8.ld 7.8 
l.91d 2.22 2.25 2.22 2 . 09 1.75 



-
Clawson et al. (1963) demonstrated that as little as 140 gm. of soybean meal 
protein daily (2.27 kg. of a 5~-protein diet) did not adversely affect 
reproductive performance of gilts and sows (tablP 3). Rippel et al. (1965d) 
fed gilts and sows 1.82 kg. per head daily during the final 50Ciays of 
gestation of either a 5 or 16~ protein diet in which a constant ratio of corn 
to soybean meal of 4.4:1 was maintained. It was conclusively demonstrated 
that the usual criteria of reproductive performance were unresponsive to such 
varied levels of protein. In addition, these workers observed no effect on 
parturition performance of gilts and sows fed an all-corn diet (table 3) or 5'fo
protein diets containing either sesame meal or gelatin as the sole source of 
dietary protein. However, pigs nursing sows which received the 5~-protein or 
the all-corn diet did not gain as rapidly as those which nursed sows fed the 
16~ protein diet continuously. Frobish et al. (1966) found no significant 
differences in number of pigs farrowed aliv~ birth weight or pig weight at 
2 weeks postpartwn when sows received either 182 or 364 gm. of protein (corn 
to soybean meal weight ratio of 2.6:1, respectively) daily throughout gestation. 
However, these workers observed an increased number of pigs weaned from sows 
fed the higher level of protein. 

Holden et al. (1968) studied the effect of 8, 12, 16 and 2C/fo crude protein at 
the level of 1.82 kg. of feed per head daily during gestation and fed to 
appetite twice daily during lactation. Their diets were composed of 7C/fo of 
the protein from soybean meal and 3Clfo from corn. Of 256 possible litters, 
237 were farrowed, and of these 168 litters were accounted for by 42 sows that 
completed four reproductive cycles. Data from the latter sows (table 4) 
indicated that irmreasing dietary protein significantly (P < .10) increased 
gestation gain. 

Table 4. Influence of dietary protein level on reproductive performance of 
sows completing four reproductive cyclesa. 

Protein level fed continuously, %b 

Criteria 8 12 16 20 

No. animalsc 12 13 8 9 
Gestation gain, kg. 31.7 35-3 39.0 37 .4 
Lactation wt. loss, kg. 19.8 21.8 23.7 24. 9 
Daily lactation feed, kg. 5.7 5.4 5.4 5.1 
Live pigs/litter 9.8 9.5 10.2 10.0 
Birth wt., kg. 1.36 1.34 1.36 1.38 
Pigs weaned/litter 7-3 7.4 7.6 7.5 
2-week pig gain, kg. 2.o6 2.22 1.96 2.23 
Crude protein in milk, 'fo 5.04 5.37 5-32 5.69 

a Holden et al., 1968 

b Ratio of corn:soybean meal constant 

c Initially 16 gilts/treatment 
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In contrast, there was a tendency for increased lactation weight loss and 
decreased feed consumption as protein level increased. Pig gains from birth 
to weaning, though not statistically significant, increased as the protein 
level increased except for the pigs suckling sows receiving the- 16~-protein 
diet. Summarizing the data from all sows, these workers obtained a reduction 
in weight gains from birth to weaning in pigs from dams which received 8~ 
protein compared to those from dams receiving the higher levels of protein. 
Based upon the observations of Mahan et al. (1968) it seems likely that this 
effect was a result of the protein levels fed during lactation rather than 
gestation. The data of Mahan et al. (1968) showed that protein restriction 
of the dam during lactation markedly reduces weight gain of pigs from 7 to 
28 days of age. 

Of particular interest was the observation by Holden et al. (1968) that the 
crude protein level in whole sows milk increased (P <~ofY linearly with 
increasing level of protein in the diet. This effect may have contributed 
toward the increased gain of pigs nursing sows fed 12 and 2~ protein. 
I.enkeit and Gutte (1957) showed that crude protein of milk increased only 
slightly along with a linear increase in milk yield. Stothers and Milne 
(1964) fed gestation diets containing 8 and 14~ crude protein and a 14~ 
protein diet during lactation. At the end of the first week of lactation 
milk from the sows on the high protein gestation diet contained a higher level 
of protein than milk from sows fed the low level of protein, but this effect 
disappeared by the third week. Lodge (1959) fed diets containing 11, 15 and 
l~ crude protein to maintain constant bodyweight and observed that, as the 
protein level-Of the diet increased, the amount and percentage of nitrogen 
excreted in the milk decreased. 

Danish investigators, Jespersen and Olsen (1940), divided 157 gilts into two 
groups receiving either 275 or 320 gm. digestible protein per day per gilt 
throughout the gestation period. They found that the lower level of protein 
resulted in a mean litter size of 9.2 with a mean litter weight of 13-3 kg., 
while the corresponding values for the higher level of protein were l0.5 and 
14.6 kg . Studies with lo6 mature sows gave similar results. There are data 
favoring even higher levels of protein during gestation. Stevenson and Ellis 
(1957) observed a significantly higher survival rate of pigs from sows that 
had rece i ved 17 and 2~ protein diets during gestation than from sows fed a 
diet containing 15~ protein. These workers suggested that the beneficial 
effects may have been due to vitamin concentration rather than protein per se, 
since increased levels of riboflavin improved survival rate in other studies 
(Miller et al., 1953). Hanson et al. (1957) reported that sows fed 11 or 14~ 
protein had-Similar parturition-Performance, but that the pigs' resistance to 
a scours-type disease was greater if the sows had received the higher level of 
protein during gestation. 

Recent unpublished data (D. H. Baker, University of Illinois) suggest that an 
all-corn diet fed throughout the 114-day gestation period will not support 
optimal lactation performance as indicated by a reduced number and weight of 
pigs weaned at 21 days of age. These studies are distinct from those of 
Rippel et al. (1965d) who fed the all-corn diet during the final 50 days of 
gestation and failed to observe any detrimental effects on reproductive 
performance. Based on the recent work of Walker et al. (1968), it may be that 
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a period of adequate protein-amino acid intake during early pregnancy is 
sufficient to protect the sow against a reduced lactation performance. 

Only a limited number of studies involving protein or amino acid inadequacy 
during gestation have produced a reduced weight of offspring at weaning. 
Even fewer experiments have been conducted to determine the permanence of 
in utero or lactation "stunting" during the growing and finishing phases. 
In a study utilizing reciprocal transfer of pigs (Pond et al., 1968) severe 
protein restriction of the dam during gestation had no effect on postweaning 
gain and carcass measurements, yet the pigs evidenced a reduced gain in utero 
and during lactation. In experiments where energy restriction during- --
gestation and lactation produced a reduced weaning weight (Frape et al., 
1959; Blair, 1961; Boaz and Elsley, 1962; Meade et al., 1966; Vermedahl et al., 
1969), gain and efficiency of offspring subsequent to 8 weeks of age waslio~ 
affected. Similar extensive studies involving protein insults are needed. 

PROTEIN AND AMINO ACID NEEDS - NITROGEN (N) BALANCE DATA 

As a result of the insensitivity of many criteria of reproductive performance 
to protein insults N balance techniques have been used to determine protein 
and amino acid adequacy for gestating gilts and sows (Rippel et al., 1965a). 
A mixture of corn and soybean meal (4.4:1 on a weight basis) was"""'diluted with 
various levels of corn starch to formulate diets varying in protein from 0 to 
15~· The diets were also equalized to 2.1~ crude fiber and the levels of 
calcium and phosphorus were maintained at 0.75 and o.5(Jf,, respectively. 
Statistical ana-J::ysls of the combined data of four experiments (table 5), 
indicated that 12.2 and 12.4~ protein maximized N balance at the 85th and 
105th day of pregnancy, respectively. At 9, 12 and 15~ dietary protein, N 
retention was significantly greater at the 105th than at the 85th day post
coitum. 

Table 5. Nitrogen balance and parturition performance of gilts and sows 
fed graded levels of protein. 

Rippel et al., 1965a 

~ No. N balance {gm../day) Litter data 
Protein Gilts 85th 105th No. Pigs Wt., kg. 

0 3 -6.5 -6.7 11.0 11.1 
3 4 1.8 1.8 10.4 l0.3 
6 8 7.8 8.1 7.4 10.9 
9 8 10.2 12.0 9.9 12.2 

12 8 14.3 17 .o 10.4 14.2 
15 8 13.3 17 .5 11.6 13.5 

a Constant ratio of corn:soybean meal. 

Since the dietary protein level (230 gm. per day) at which retention was 
maximized did not differ for the two periods (12.2 vs. 12.4~), the increased 
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retention during the latter period resulted from an improved utilization of 
absorbed N. Even though it appears correct to increase the protein intake 
late in gestation, these data indicate that the total dietary N need of the 
gravid gilt during the last 40 d&\YS of pregnancy did not increase, but that 
the efficiency with which the absorbed N was retained did increase. Lenkeit 
and Gutte (1956) and Lenkeit et al. (1956) also reported a pronounced rise in 
N retention a~er the 95th to--YOOth d&\Y of gestation, but with the amount 
retained closely related to the quantity fed. From the data of Mitchell et al. 
(1931) and DeVilliers et al. (1958), N deposited in the uterus at the 105th ~ 
d&\Y should exceed that"8:t-:the 85th d&\Y by 3.6 gm. for fetal tissue development 
alone; there being a daily deposition of 8 gm. at the 105th day and nearly 
10 gm. at the 112th d&\Y for a litter of 10 fetuses. The marked rise in N 
retention during late pregnancy could also be due to accelerated mammary 
deposition. DeVilliers et al. (1958) estimated that daily mammary deposition 
of N increases from o.8 gm."8:t the Both day to 2.7 gm. at the llOth d8\Y of 
pregnancy. Moustgaard (1956) stated that based on analysis of mammary glands 
of gravid and nongravid gilts, 5 gm. of N were retained daily in mammary 
tissue during the final two weeks of pregnancy. 

It appears that the fetal N need was satisfied before extrauterine N deposition 
occurred, since birth weight was not affected by protein level (table 5). It 
follows that a reduced fetal development, as reflected by fetal number and/or 
size, decreases N efficiency at levels of dietary protein sufficient to 
maximize N ba::Lance. In contrast, at levels of dietary protein inadequate to 
maximize N 'balance, fetal retention will account for nearly all of the N 
retained, but in the event of a reduced fetal need excess N will be available 
for extrauterine retention - the net balance being similar in either instance. 
These observations suggest little or no pregnancy anabolism in late pregnancy 
if dietary protein is somewhat less than that required to maximize N balance. 

A series of N balance studies were performed by Miller et al. (1968) in which 
diets containing 6 to 18i protein were formulated by varying the levels of 
corn and soybean meal. When daily protein intakes were 114, 171, 228, 285 and 
342 gm. per day the mean daily N retentions were 4.23, 8.38, 12.37, 15.64 and 
16.28 gm. , respectively. Regression of N retention was significantly 
(P < .01) linear but not significantly quadratic. These data suggest that 
15i dietary protein or 285 gm. of protein intake daily is near the minimum 
per d8\Y for maximum N retention. 

The protein level studies were extended by Rippel et al. (1965b) to include 
an evaluation of several amino acid requirements ofthe pregnant gilt from 
day 90 to 110 postcoitum. Various intact proteins, providing the sole source 
of protein at the 12i level were selected for ass&\Y based on their inability 
to support maximal N retention in the absence of supplementation of the first 
limiting amino acid. Calculated amino acid deficiencies other than of the 
amino acid to be studied were corrected, based on the reference !2i-protein 
corn-soybean meal diet. These diets contained approximately 3.34 kcal. of 
metabolizable energy per kg. and were fed at the rate of 1.82 kg. per d8\Y. 
It was shown that 0.42i lysine (sesame protein), 0.37i isoleucine (blood flour 
protein) and 0.28'i total sulfur-bearing amino acids (isolated soybean protein) 
adequately met the gilt's need during late gestation (table 6). These values, 
as a percent of the diet, are similar to the suggested needs of the finishing 
pig (Becker et al., 1963). 
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Table 6. Requirement and daily intake of amino acids by the pregnant gilt 
fed various levels and sources of protein. 

Amino acid intake as percent 
Requirement 

Gm. 
'1 of per Rippel 

Item diet dey- 1965a 

Protein, ,, 12 12 
Intake, kg. l.82a 

Isoleucine .37 6.7 155 

!if sine .42 7.6 129 

Methionine .28 5.1 144 
+ cystine 

Threonine .34 6.2 126 

Tryptophan .07 1.3 157 

Valine .46 8.4 131 

a Corn:soybean meai:--4.4:1 

b Soybean meal as sole source of protein 
c Corn:soybean meal 2.4:1 

daily ,gm. required 

Clawson Holden 
1963 1968 Reg. 

5 8 8.5 
2.27b l.90c 1.82 

101 100 92 
102 90 55 
71 83 lo6 

85 86 88 

173 142 83 

84 85 92 

of 

Corn 
Opaque-2 

11.6 
1.82 

97 
111 

104 

lo8 

205 

120 

A purified diet containing 7.4,, casein and crystalline amino acids was fed at 
the level of 1.82 kg. daily to evaluate other requirements (Rippel et al., 1956). 
Dietary requirements of 0.34 and 0.46,, were determined for threonine-and valine, 
respectively. Requirements not exceeding 0.17, 0.30 and 0.07,, were determined 
for histidine, phenylalanine and tryptophan, respectively, since the. 6%-protein 
of casein adequately met the needs for these amino acids. 

An all-corn diet fed to gilts during a balance study supported a N retention of 
only 7.0 gm. daily (Rippel et al., 1965b). The addition of 0.1°" lysine to the 
basal diet significantly improved N retention; 0.20 and 0.3°" supplementary 
lysine produced no additional improvement. Tryptophan, but not isoleucine, 
increased N balance in the presence of 0.3°" lysine. The presence of these 
three amino acids supported a daily balance slightly in excess of 10 gm., 
considerably less than obtained with a diet of higher total N, but sufficient 
to meet the fetal N demands of late pregnancy. 

Amino acid intakes from various sources of protein 

The gilt's total N requirement for pregnancy cannot be precisely stated because 
of the apparent success of the 5'1-protein and all-corn diets which may provide 
only 90 gm. of protein per day. However, the total protein intake necessary 
to maximize N balance may range from 230-285 gm. depending on the relative 
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contributions of corn and soybean meal. In addition, the similar requirements 
of the pregnant gilt and finishing pig for individual amino acids seems 
doubtf'ul because of the relatively small N requirement of the fetuses. Yet, 
the gilts' requirements become more realistic if calculated on the basis of 
gm. amino acids consumed per day. 

Caref'ul examination of table 6 points to the minor amino acid deficiencies 
existing in many of the "low-protein" diets which failed to depress 
reproductive performance of the gilt. Corn protein calculates to be 
severely limiting in essential amino acids relative to the gilts' daily 
requirement (55~ adequate in lysine); whereas, the 5~-protein soybean meal 
and the 8~-protein corn-soybean meal diets are first limiting in sulfur
bearing amino acids and slightly limiting in threonine and valine. The 
essential amino acids contained in an all-opaque-2 corn diet appear sufficient 
to meet the gilts' daily requirements. The data of Hesby et al. (1968) 
indicated that the gilt retained slightly more N, as a percent of the N 
consumed, when fed an opaque-2 corn diet compared to a 15~-protein corn
soybean meal diet. Total N may be a deficiency of opaque-2 corn for the 
pregnant gilt as there is considerable variation in the protein content of 
this grain. 

SUMMARY 

Aside from a few severe nutrient deficiencies, the diet fed during pregnancy 
has minimal inf~uence on the pig at birth and its subsequent growth and 
development.~ This is not to suggest that the diet intake of pregnant swine 
i s immaterial, but rather, within the range and quality of nutrients normally 
f ed the gilt or sow effectively buffers her offspring against nutritional 
i nadequacy. 

Studi es during the last decade have indicated that optimum parturition 
performance can be achieved with very low levels of protein during gestation, 
but to attain adequate lactation performance may necessitate levels of protein 
near t hat required to maximize N balance. There appears to be a need to 
emphasize amino acid intake of the gilt with less concern toward protein 
level per se. The availability of data defining optimum milk yield, weaning 
weight, sow condition postlactation and development of the offspring during 
the growing-finishing phases now limits a complete description of the most 
efficacious protein-amino acid regime for swine reproduction. 
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INFLUENCE OF ENERGY AND PROTEIN INTAKES OF THE PREGNANT FEMALE OlJ 
REPRODUCTIVE PERFORMANCE AND DEVELOPMENT OF OFFSPRING IN SWINE lf ,S) 

J. D. Hawton and R. J. Meade 
Department of Animal Science 

University of Minnesota 

Du.ring the past two decades increased emphasis has been placed on 
reducing energy and protein intakes of gravid swine. Excessive 
feeding of sows and gilts during the prebreeding, breeding and 
gestation periods leads to increased feed costs and may interfere 
with the potential to maximize profit. Often sows that are overfed 
immediately after breeding or throughout the gestation period suffer 
greater embryonic mortality and will generally lose more weight at 
farrowing and during lactation than properly fed sows. In order to 
realize maximum profits from the swine operation, it will become 
necessary for the producer to feed the sow herd in such a manner as 
to reduce embryo mortality, improve efficiency of reproduction, in
crease longevity of the sow in the breeding herd and assure no de
leterious effects on development of offspring. 

INFLUENCE OF ENERGY INTAKE OF THE PREGNANT FEMALE ON REPRODUCTIVE 
PERFORMANCE AND DEVELOPMENT OF OFFSPRING. 

-Numerous studies have been conducted in the past 20 years in attempts 
to evaluate the performance of gilts fed at different planes of nutri
tion. Hanson et al. (1955) used 16 pairs of littermate gilts to 
investigate the i'ii1luence of two levels of feeding of the same diet 
du.ring the period from 54.5 kg. live weight throughout gestation. 
Even though both groups of gilts were kept on brome grass pasture, 
those fed~ libitum weighed 194.8 kg. at farrowing and produced 
average litters of 8.2 live pigs averaging 1.29 kg. while gilts fed 
at a lesser level weighed only 138.0 kg. and produced average litters 
of 7.0 live pigs weighing 1.19 kg. each. It was noted in this study 
that during the lactation period gilts that had previously been limited 
ate more feed and gained more weight than those fed ad libitum du.ring 
gestation. 

Self et al. (1960) fed young growing gilts at three different levels 
of feed ranging from one-third of f'ull-feed to a f'ull-feed throughout 
gestation to investigate the effects on reproductive performance. As 
would have been expected, the more the gilt$ were fed the heavier 
they were at farrowing. They reported, however, that .litter size, 
birth weight, weaning weight and number of pigs weaned were not 
significantly affected by the level of feeding prior to and during 
gestation. 

11 Paper No. 1355 , Miscellaneous Journal Series, Minnesota 
Agricultural Experiment Station. y Acknowledgement is due Glen Swartz, Herdsman, 
assistance in caring for experimental animals 
experiments reported here. 
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Dean and Tribble (1961) conducted a large scale study involving four 
trials with both gilts and sows fed at two levels. The normal-fed 
group was fed according to the N.R.C. (1959) recommendations while 
the limited-fed sows and gilts were fed to gain about 50 percent as 
much. Gilts from the restricted group had lesser gestation weight 
gains but consumed more feed when self-fed during lactation than 
gilts fed at the higher level during gestation. They reported no 
significant differences in number of pigs born, however, they did 
find that the restricted gilts weaned significantly more pigs. 

Clawson et al. (1963) fed 148 gilts semi-purified diets in three 
experiments such that the daily intakes of protein, vitamins and 
minerals by gilts fed either 1.36 or 2.72 kg. per head daily were 
equal. As would have been expected, gilts fed at the high energy 
level gained significantly more weight during gestation than those 
fed at the low energy level. The authors concluded that the lesser 
energy level appeared to be adequate tor reproduction and apparently 
did not hinder lactation performance as measured by survival, number 
of pigs weaned or litter weight at weaning. It may be important in 
considering the results of this study to recognize that environmental 
temperature varies widely between locations. Feed or energy intakes 
that are adequate to support satisfactory weight increase of gravid 
sows or gilts in one location may be quite inadequate in a different 
location, or env~ronment. 

Henson et al. (1964) attempted to demonstrate the effect of limiting 
energy or feed intake during rearing or gestation on reproductive per
formance. They fed gilts either 1.36 or 2.27 kg. per head daily 
during rearing. At the time of breeding one-half of each group was 
assigned to the other feeding level. Weights of the gilts at breeding 
and at farrowing were significantly influenced by feeding level. The 
difference in body weight at farrowing between gilts fed at the 2.27 
kg. intake continuously and those fed continuouely at 1.36 kg. was 
about 45 kg., and average body weight for gilts assigned to the other 
two treatments was about intermediate. The authors reported no dif
ferences in numbers of live pigs farrowed and of pigs weaned, however, 
average birth weight of pigs from dams fed continuously at the low 
level was significantly less than that of pigs from dams on the other 
three feeding regimes. 

Frobish et al. (1966), using two levels of protein (182 !:§.• 364 gm. 
daily) and two ener~ levels (5,400 !!!.• 10,800 kcal. metabolizable 
energy (M.E.) daily) in a factorial arrangement, conducted a study 
which was continued through three successive reproductive cycles. 
Only about one-half of the original 64 gilts completed the study. 
Gestation weight gain of sows fed the higher energy level was sign
ificantly greater than that of sows fed at the low energy intake. 
They also reported no significant effects due to dietary energy 
level imposed during gestation on the number of live pigs farrowed, 
birth weight of live pigs, number of pigs weaned or pig gain from 
birth to weaning at 14 days of age. 

Lodge et al. (1966) used twelve sets of three litter sister gilts to 
compare-'gestation feeding regimes of 2.72 or 1.36 kg. per head daily, 
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or 1.36 kg. per head daily for the first 76 days of pregnancy followed 
by 2.72 kg. per head daily until parturition. The study was continued 
through three successive reproductive cycles. There was no significant 
difference in number of pigs born, however, there was a highly signifi
cant difference between treatment groups in mean piglet birth weight; 
1.25, 1.09 and 1.17 kg., respectively. Furthermore, these workers 
reported no evidence of a gestation treatment effect on either number 
of pigs weaned or weaning weight at 8 weeks. 

Chow (1964) and Chow and Lee (1964) used gravid female rats as exper
imental animals and fed diets ad libitum or restricted to 50 percent 
of ad libitum during gestation. The diets were based on whole wheat, 
maize, rolled oats and whole and dried skimmilk milk powder. Litter 
size and maternal body weight gain were greatly influenced by gesta
tion treatment. They also reported that dietary restriction during 
gestation caused a reduction in birth weight of offspring and that a 
deleterious effect persisted throughout the life of the offsp~ing. 
The young from restricted dams not only grew at a slower rate from 
birth to maturity, but at maturity were only about two-thirds the 
mature size of the offspring from dams that were fed ad libitum during 
gestation. 

Recently, Vermedahl et al. (1969) conducted a study at two locations 
to investigate the effects of limiting energy intake of gilts during 
the prebreed:ing, -breeding, gestation and lactation periods on repro
ductive performance, development of offspring and carcass character
istics, and composition of lean tissue. Gilts averaging about 110 kg. 
were randomly divided into two groups and individually hand-fed either 
1.36 or 2.27 kg. of a corn-soybean meal (CSM) type diet per head daily. 
The diets were formulated to provide equal intakes of protein, vitamins 
and minerals. Daily energy intakes were calculated to be 4,400 and 
7,300 kcal. metabolizable energy (ME), respectively. During the 21-
day lactation period one-half of the gilts from each gestation treat
ment was fed a 16% protein CSM diet ad .libitum and the other one-half 
was fed the same diet at a level des'Ijn:ed to provide for maintenance 
with an additional allowance of 0.36 kg. feed for each pig nursed. 
In addition, during the 21-day lactation period offspring from dams 
fed ~ libitum had access to an 18% protein CSM diet while pigs from 
gilts fed to scale received no supplemental feed. 

Twenty-two litters produced by gilts assigned to ea9h gestation treat
ment were continued through the growing period subsequent to 21 days. 
During the growing periods from 21 days to 22.7 kg., 22.7 to 45.4 kg. 
and 45.4 to about 90.8 kg., pigs were fed 18, 15 and 12% protein corn
soybean meal diets, respectively. At a minimum weight of 90.8 kg., 
three barrows 8lld one gilt were slaughtered from each of the 22 litter 
units for carcass analysis. 

Feeding 1.36 !:!!• 2.27 kg. feed per gilt daily throughout gestation 
resulted in significant reductions in daily gain, condition of gilts 
at farrowing, total pigs farrowed per litter and birth weight of off
spring, however, number of live pigs per litter and vigor of pigs at 
birth were not significantly affected (table 1). Pigs from .dams fed 
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Table 1. Effect of feeding level of gilts during gestation on 
reproductive performance (Vermedabl et al., 1969) 

Gestation treatmenta 
Performance criteria 1 2 

No. gilts or litters 31 37 
Av. daily gain in gestation, kgdc 0.25 f 

0.52f 
Condition of gilts at farrowing 2.3 1 .o 
Total pigs farrowed per litter 8.5 9.7 g 
Live pigs farrowed per litter 8.5 9.5 g 
Av. birth weight of pigs, kg. 1.38 1.48 
Vigor of pigs at birthe 1.25 1 .16 

b S.D. 

0.01 
0.45 
2.23 
2.28 
0.18 
0.26 

a Treatment 1 = 1.36 kg. per gilt daily of a 24.5% protein diet; 
treatment 2 = 2.27 kg. per gilt daily of a 15.1% protein diet. 

b Standard deviation. 
c Based on gain from initiation of dietary treatments to farrowing. 
d Based on good = 1, fair = 2,and poor = 3. 
e 

Based~ strong= 1, medium= 2, and weak= 3. 
f Means differ significantly (P <.01). 
g Means differ significantly (P < .05). 

1.36 kg. feed daily during gestation weighed significantly less at 21 
days and gained significantly more efficiently during the period from 
21 days to about 22.7 kilograms (table 2). Gestation treatment of 
the dam did not significantly affect rate of gain subsequent to 21 days 
or feed/gain ratio subsequent to 22.7 kilograms. Other than backfat 
thickness which was significantly increased in offspring from gilts 
fed 1.36 kg. daily during pregnancy, gestation treatment of dams had 
no significant effect on carcass characteristics or composition of the 
lean tissue (table 3). 

INFLUENCE OF PROTEIN INTAKE OF THE PREGNANT FEMALE ON REPRODUCTIVE 
PERFORMANCE AND DEVELOPMENT OF OFFSPRING. 

Daily requirements for protein and amino acids for normal growth of 
swine have been elucidated, but less is known of the importance of the 
maternal diet on the growth and development of the fetus. As early as 
1914, Evvard and associates showed that 90 gm. of protein per animal 
daily resulted in pigs of lower birth weights and vigor than 200 grams. 
Since grain diets were fed in this early study, it is possible that 
nutrients other than amino acids were limiting. 
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Table 2. Effect of feeding level of gilts during gestation on per
formance of the sow and offspring during lactation, and 
on subsequent rate and efficiency of gain of offspring 
(Vermedahl il !!1•, 1969) 

Performance criteria 

Birth to 21 dale 
No. sows and litters 
Av. gain of offspring, kg. 
Av. 21-day wt. of offspring, 
Av. sow wt. change, kg. 
Av. sow feed intake, kg. 

21 dale to 22.7 kg. 0 

Av. daily gain, kg. 
Av. final wt., kg. 
Feed/gain 

22.:z to ~0.8 kg.c 

a 
b 

Av. daily gain, kg. 
Av. final -wt., kg. 
Feed/gain 
Av. age at 90.8 kg., days 

See footnote a, table 1. 
Standard deviation. 

kg. 

c Twenty-two litters per treatment. 

Gestation 
1 

27 
3.7 
5 .1 

- 3.9 
87 .1 

0.40 
22.9 
1.84 

0.79 
92.7 
3.36 

151. 9 

d Means differ significantly (P<.01). 
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treatment a 
2 

32 
d 

4.4d 
5.9 

- 15.6 d 

87 .1 

0.40 
22.9 
1. 95d 

0.78 
92.6 
3.32 

150.2 

S.D. b 

0.48 
o.53 
8.96 
8.24 

0.03 

0.13 

0.04 

o.oa 
6.14 
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Table 3. Effect of feeding level of gilts during gestation on 
carcass characteristics of offspring (Vermedahl ~al., 
1969) 

Gestation treatmenta, 
Carcass characteristic 1 2 c S.D. 

a 

b 

c 
d 

Dressing percent 
Carcass length, cm. 
Av. back:fat thickness, cm. 
Av. cross-sectional are~ of 

longissimus dorsi, cm • 
Percent trimmed ham and loin 

Of slaughter weight 
Of chilled carcass 

Composition of lean tissue from 1. 

Dry matter, % 
Protein (N x 6.25), % 
Ether extract, % 

See footnote a, table 1. 

72.0 
75.6 
3.86 

30.4 

29.2 
40.6 
dorsi 

27.0 
20.4 
4.9 

71.7 
76.0 d 
3.65 

30.0 

29.2 
40.7 

26.6 
20.4 
4.5 

0.94 
1.08 
0.24 
1.72 

0.79 
0.93 

0.80 
0.62 
1.04 

Means baseQ. on 22 litter units of four pigs, 88 pigs per treatment. 
Standard deviation. 
Means differ significantly (P <.05). 

More recently, Boaz (1962) fed diets providing from 280 to 559 gm. 
protein daily to sows through three successive reproductive cycles. 
He reported no marked effect on any reproductive characteristics. 
It was noted, however, that there were indications of breeding ir
regularity being associated with the low-protein intake. Factors 
other than protein intake of the dams cannot be ignored, however. 

Clawson et al. (1963) used 148 gilts and 40 second litter sows to study 
the influence of feeding 136 or 545 gm. of soybean protein daily in 
combination with either 1.36 or 2.72 kg. total feed on reproduction. 
Energy was supplied by cornstarch, sugar and fat. Vitamins and miner
als were fed to provide equivalent daily intakes for both treatments. 
They reported that level of protein did not significantly affect re
productive performance as measured by number of pigs farrowed, birth 
weight, pig survival or litter weight at weaning. 

Rippel et~· (1965) conducted a study using 155 animals to invest
igate the effect of level and source of protein fed during the last 
one-half of pregnancy on reproductive performance of swine. Gilts 
or sows were group-fed either a 16% protein CSM, a 5% protein CSM, 
a 5% protein sesame meal, a 5% protein gelatin or an 8% protein corn 
diet at the rate of 1.82 kg. per head daily during the experimental 
period. They found that neither level nor source of protein influ
enced litter size, number of live pigs farrowed, birth weignt or pig 
livability. They did note that gestation gain of gilts was less 
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when the 5% prot ein diets were fed compared to the 16% protein CSM 
diet. Sow gains during ~estation were unaffected. Furthermore, 
litters from gilts f ed 5% protein diets during gestation and a 16% 
protein diet duri ng lactation were heavier at 2 wk. than litters 
from gilts fed 5% protein diets during both phases. 

Frobish et a l . ( 1966 ) fed gilts 182 or 364 gm. protein daily i n com
bination with two levels of energy to investigate the effects of 
protein and energy i ntakes on r eproductive performance in swine. 
The study was continued through three successive repr oducti ve cycles. 
They noted that sow weight changes from breeding until pigs were 
weaned, number of live pigs farrowed, birth weight and weaning weight 
were not signifi cantly affected by gestation treatment . They did re
port, however, that significantly (P<.05) more pigs were weaned from 
sows fed at the high-protein intake than from those fed a t the low
protein level. 

Meade~ .s!J.. (1966), in a series of studies conducted over a 3-year 
period at four l oca tions, used 362 first litter gilts to determine 
the influence of daily intakes of feed and protein on reproduc t ive 
performance. Gilts assigned to treatment A were fed 2.72 kg . feed 
and 409 gm. prot ein per head daily throughout gestation. During the 
first and second 28-day periods following breeding and the f inal 
period, gilts a ssigned to treatments Band C were fed the f oll owing 
amounts of feed (kg.) and protein (gm.): B, 1.82, 327; c, 1.36, 281; 
B, 2.27, 409; --C , - 1 . 82, 327; B, 2.72, 409; C, 2.27 and 340 . They con
cluded from a summary of the combined data from all locations that 
there were no dietary effects on number of live pigs per litter, 
average birth weight, number of pigs weaned or 21-day weaning weight 
of pigs. 

Holden~~· (1968) continued sows through four successive r epro
ductive cycles to study the effect of protein intakes during gestation 
and lactation on reproductive performance. Sows assigned t o t he var
ious treatments were fed 1.82 kg. daily of a diet providing either 
146, 218, 291 or 364 gm. of protein per head daily throughout both 
gestation and l actation. Constant amino acid ratios were maint ained 
among the diets and adjustments were made to equalize intakes of 
vitamins and minerals. They reported no significant differences 
due to treatment in numbers of pigs farrowed alive, birth weight or 
number of pigs weaned. Their data did suggest improvement in pig 
gain from birth to 2-wk. of age when sows were fed at the higher 
levels of protein. 

Livingstone et a l . (1966) conducted a study to determine the ef fect 
of level of protein in the diets of pregnant sows on reproductive 
performance and on performance and carcass quality of their progeny. 
They used 18 sows in the study and fed 18 or 10% protein diets a t 
the rate of 2.04 kg. per head daily for the first 84 days and 2 .50 
kg. daily for the last 30 days of gestation. The low-protein diet 
was based primarily on ground barley. They reported no apparent 
effect of dietary treatment on reproductive performance of dams, 
post-weaning perf ormance of pigs or carcass characteristics. 
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Pond et al. (1968a) compared the reproductive performance and lacta
tion performance of three gilts fed a protein-free (PF) diet from 24 
to 28 days of pregnancy to parturition to that of three gilts fed a 
16% protein control (C) diet throughout gestation. The PF diet as 
compared to the C diet did not result in a significant reduction in 
number of live pigs farrowed per litter or birth weight of pigs. At 
two days,one-half of each of the six litters was transferred to a 
foster dam fed the diet opposite to their own dam during gestation. 
Thus, the following four prenatal-postnatal treatment groups were 
formed: PF-PF, PF-C, C-PF and C-C. They reported that milk product
ion of gilts fed PF diets during pregnancy was adversely affected as 
indicated by significantly lower 6-wk. body weights of their own pigs 
and of those transferred to them at two days from C sows compared to 
pigs nursing C sows. 

Fifty-two pigs from the six litters used in the previous study were 
continued by Pond et al. (1968b) to investigate effects of gestation 
treatment of the dam on post-weaning performance and carcass char
acteristics. No differences were found in daily gain and feed intake 
from weaning to slaughter due to prenatal or postnatal treatment. Back
fat thickness, carcass length and loin-eye area were not significantly 
affected by gestation treatment of the dam. 

Recently, a study was conducted at the University of Minnesota to 
investigate the influence of quantity and quality of protein fed the 
gravid female on reproductive performance, and development and carcass 
characteristics of offspring. Thirty-six gilts averaging 113.5 kg. 
were used in the study which was conducted through two successive re
productive cycles. The gilts were assigned from groups of similar 
breeding and weight to three groups of 12 gilts. All gilts were kept 
on concrete drylot and individually hand-fed a 15% protein CSM diet 
at the rate of 1.82 kg. per head daily for 35 days at which time 
breeding began. Throughout gestation, gilts within separate groups 
were individually hand-fed CSM diets at the rate of 1.82 kg. per head 
daily. The diets contained 18.8, 13.7 or 8.5% crude protein (table 4). 
The respective treatments provided daily intakes of 341, .250 and 154 
gm. protein per gilt. A 16% protein diet was hand-fed at a rate not 
t o exceed 2.7 kg. per head daily from about 4 days prepartum to 4 days 
postpartum. During lactation, all sows were hand-fed a 16% protein 
CSM diet at a level designed to provide for maintenance and an ad
ditional 0.36 kg. was provided for each pig nursed. Litters were 
adjusted to eight or nine pigs for the 21-day lactation period by 
transferring pigs between dams within treatments. Upon weaning of 
their first litters at 21 days, all sows selected to continue in the 
study were returned to the same treatment group to which assigned 
during the first gestation period. They were rebred following the 
second estrus. 
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Table 4. Composition of Experimental Diets.a 

Ingredientb 

Ground yellow corn 
Soybean meal, solvent, 48.5% 
Dicalcium phosphate 
Ground limestone 
Salte 
Vitamin premixd 

Percent protein 
Percent calcium, calculated 
Percent phosphorus, calculated 
Protein intake, gm./gilt/day 

1 

70.1 
26.0 
1.5 
1 • 1 
0.8 
0.5 

18.8 
0.82 
o. 61 

341 

Diet No. 
2 

82.9 
13.c 
1.8 
1.0 
0.8 
0.5 

13.7 
0.81 
0.62 

250 

95.6 

2.0 
1.0 
0.8 
0.5 

8.5 
0.82 
0.61 

154 

a Fed at rate of 1.81 kg. per gilt daily during gestation. 
b Percent of air-dry diet. 
c A trace mineralized salt containing 0.8% Zn. 
d Provided the following per gilt daily: Vitamin A, 12,000 I.U.; 

vitamin D, 1,200 I.U.; riboflavin, 6 mg.; niacin, 18 mg.; 
d-calcium pantothenate, 18 mg.; choline chloride, 1 ,600 mg.; 
vitamin B12 r 30 mcg.; dl-alpha-tocopherol, 100 mg. 

Quantity and quality of protein fed to dams during gestation for two 
successive reproductive cycles had no apparent effect on weight gains, 
condition at farrowing or weight loss at farrowing (tables 5 and 6). 

Table 5. Influence of protein intake during gestation on weight gain, 
condition at farrowing and weight loss at farrowing. 

Daily protein intake, gm. 341 250 

Response criteria 
No. gilts 11a 1ob 

Weight gain during gestation,kg. 46.6 42.1 
Condition at farrowingd 1.3 1.4 
Weight loss at farrowing, kg. 14.1 12.5 

a One gilt removed; failure to exhibit estrous. 
b Two gilts removed; conception failure. 
c Three gilts removed due to 1) injury, 2) conception 

3) apparent resorption of feti, respectively. 
d Based on good= 1, fair= 2 and poor= 3. 
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Table 6. Effect of protein intake during the second gestation on 
weight gain, condition at farrowing and weight loss at 
farrowing 

Daily protein intake, gm. 341 

Response criteria 

a 

b 

c 

No. sows 10 
Weight gain during gestation,kg. 47.8 
Condition at farrowingc 1.2 
Weight loss at farrowing, kg. 17.2 

Two sows removed, conception failure. 
Three sows removed, conception failure. 
Based on good = 1, fair = 2 and poor = 3. 

250 154 

7a 5b 

43.8 33.8 
1.29 1.80 

14.0 15.8 

Reproductive performance and development of offspring during lactation 
apparently were not influenced by gestation treatment of the dam 
(tables 7 and 8). 

Table 7. - Influence of daily protein intake of the gravid female on 
reproductive performance and development of offspring 
during lactation. 

Daily protein intake, gm. 

Response criteria 
No. gilts or litters 
Total pigs farrowed/litter 
Live pigs farrowed/litter 
Av. birthweight, kg. 
Strength scoresa 
Birth to 21 daysb 

No. sows or litters 
Av. 21-day wt., kg. 
Av. sow wt. change, kg. 

341 

11 

9 .1 
8.8 
1.34 
1.03 

250 

10 

8.3 
8.2 
1.24 
1.28 

10 
5.6 

- 11.0 

a Based on strong = 1, medium = 2 and weak = 3. 

154 

9 
8.6 
7.9 
1.29 
1.12 

b Litters adjusted to 8 or 9 pigs by transferring pigs between dams 
within treatments. 

c One sow and litter eliminated; sow refused pigs. 
d One sow removed; pigs transferred to other dams within treatment. 
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Table 8. In:fluence of daily protein intakes by gravid females 
during the second gestation period on reproductive 
performance and development of offspring to 21 days 

Daily protein intake, gm. 

Response criteria 
No. sows or litters 

Total pigs farrowed/litter 
Live pigs farrowed/litter 
Av. birthweight 1 kg. 
Strength scoresa 
Birth to 21 daysb 

No. sows or litters 
Av. 21-day wt., kg. 

Av. sow wt. change, kg. 

341 

10 

9.4 
9.3 
1.37 
1.03 

10 
6.0 

- 3.5 

a Based on strong= 1, medium= 2 and weak= 3. 

250 

7 
9.6 
9.4 
1.07 
1.55 

7 
5.2 

- 3.0 

154 

5 
9.4 
9.4 
1.40 
1.05 

5 
5.5 

- 0.3 

b Litters adjusted to 9 or 10 pigs by transferring pigs between 
dams within treatments. 

Two barrows and one gilt were selected from each of eight litters 
per treatment and grouped into four groups of six pigs to be contin
ued through the growing period subsequent to 21 days and until they 
attained final weights of about 92 kg. at which time they were slaugh
tered for carcass analysis. All pigs were fed an 18% protein CSM 
diet from 21 days until 18.2 or 22.7 kg. as they originated from the 
first or second reproductive cycles, respectively. A 15% protein 
CSM diet was fed ~ libitum during the period from 18.2 or 22.7 to 
45.4 kg. and from 45.4 to 92 kg. pigs were self-fed a 12% protein 
CSM diet. 

There was no apparent effect of quantity and quality of protein fed 
the gravid female dur~ two successive reproductive cycles on aver
age daily gain and feed/~ain of offspring during the various growing 
periods (tables 9 and 10). Gestation treatment of dams also appeared 
to have little or no in:fluence on carcass characteristics and compos
ition of lean tissue from the lo~issim:us dorsi. The possible except
ion was that of percent ether ex ract in lean tissue in th~t it ap
peared to increase as quantity and quality of protein fed dams in 
gestation decreased (tables 11 and 12). 
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Table 9. Effect of protein intake of the gravid female on rate 
and eff icienoy of gain of offspring 

Protein intake, gm./day 341 250 154 

21 da:£S to 18. 2 k~. 
a 

Av. daily gain, kg. 0.38 0.38 0.39 
Feed/gain 1.91 1.89 1.90 

b 18.2 to ~2.0 ki• 
Av. daily gain, kg. o.69c 0.69c 0.64d 
Feed/gain 3.51 3. 61 3.48 
Av. age at 92.0 kg., days 161 .1 166.6 169.6 

a Means based on adjusted litter averages. 
b Means based on eight litter units of three pigs each (two barrows 

and one gilt)per treatment. 
c ,d Means with different superscript letters differ significantly 

(P < . 05). 

Table 10. Effect of protein intake of the gravid female during 
the second gestation period on rate and efficiency of 
gain_ of offspring 

Protein intake, gm./day 341 250 154 

21 dais to 22.'l kg. a 

Av. daily gain, kg. 0.42 0.42 0.39 
Feed/gain 2.08 2.09 2.14 

22.1 to ~~.o !g. a 

Av. daily gain, kg. 0.82 0.79 0.83 
Feed/gain 3.61 3.58 3.67 
Av. age at 95.0 kg., days 150.2 156.0 154.5 

a Means based on eight litter units of three pigs each (two barrows 
one gilt) grouped into four groups of six pigs per gestation 
treatment. 
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Table 11. Inf'luence of protein intake of the gravid female on 
carcass characteristics and composition of lean 
tissue of offspring 

Protein intake, gm./day 341 250 154 

Response criteriaa 
Dressing percent 73.1 72.9 72.5 
Av. carcass length, cm. 75.2 75.7 76.1 
Av. backfat thickness, cm. 3.59 3.37 3.33 
Av. cross-sectional area of 29.9 30.0 29.5 longissimus dorsi, cm2. 
Percent trimmed ham and loin 

Of slaughter weight 29.3 29.8 30.0 
Of chilled carcass 40.1 40.8 41.4 

Composition of lean tissueb 
Dry matter, % 26.1 26.6 26.4 
Protein (N x 6.25), % 21.6 22.2 22.1 
Ether extract, % 3. 71 3.82 3.83 

a Means based on two pigs (one barrow and one gilt) from each of 
eight litt~s per treatment. 

b Obtained from longissimus dorsi at the level of the 10th to 
12th rib. 

Table 12. Inf'luence of protein intake of the gravid female during 
the second gesta~ion on carcass characteristics and 
composition of lean tissue of offspring 

Daily protein intake, gm. 

Response criteriaa 
Dressing percent 
Av. carcass length, cm. 
Av. backfat thickness, cm. 
Av. cross-sectional are~ of 

longissimus dorsi, cm • 
Percent trimmed ham and loin 

Of slaughter weight 
Of chilled carcass 

Composition of lean tissueb 
Dry matter, % 
Protein (N x 6.25), % 
Ether extract, % 

341 

74.0 
76.8 

3.54 
29.3 

29.0 
39.2 

26.8 
22.3 
4.03 

250 

73.8 
77.7 

3.35 
28.5 

29.3 
39.8 

27 .1 
21.9 
4.59 

154 

73.9 
76.4 

3. 51 
30.3 

29.5 
39.8 

27 .1 
21.7 
4.93 

a Means based on three pigs (two barrows and one gilt) slaughtered 
from each of eight litters per gestation treatment. 

b See footnote b, table 11. 
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SUMMARY 

The results of experiments reported in this paper suggest that sows 
and gilts can be fed as little as 1.36 to 1.82 kg. per head daily 
of a nutritionally adequate diet, providing about 4,400 to 5,400 
kcal. ME, during the prebreeding, breeding and gestation periods 
without greatly affecting reproductive performance. Post-weaning 
rate and efficiency of gain, and carcass characteristics of off
spring, likewise, were not greatly affected by dietary treatments 
imposed on the dams during gestation. Level and quality of protein 
fed dams during pregnancy apparently had no marked effect on re
productive performance or subsequent development of offspring. 
There appeared to be little or no effect of protein intake of the 
gilts or sows during gestation on carcass characteristics or on 
composition of lean tissue of their progeny. 
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VITAMIN AND MINERAL INTAKES FOR PREGNANT SOWS AND 
GILTS UNDER RESTRICTED FEEDING 

R. J. Meade 
Department of Animal Science 

University of Minnesota 

The vitamin needs of pregnant sows and gilts are ill-defined in many instances. 
There have been only limited investigations of the precise quantities of in
dividual vitamins required to support normal reproduction including a success
ful lactation. In many instances, requirement values as used today are drawn 
from inferences based on our knowledge that very young pigs require certain 
vitamins or they are the result of extrapolations based on requirements of 
growing swine. 

VITAMIN REQUIREMENTS 

Hogan and McRoberts (1940) reported that a diet containing 77 parts corn, 10 
parts tankage, 5 parts linseed meal and 1 part cod liver oil was inadequate 
to support normal reproduction in swine. Sows that received 100 mg. niacin, 
5 mg. thiamine and 5 mg. riboflavin daily performed more satisfactorily, but 
some pigs still goosestepped suggestive of pantothenic acid deficiency as it 
is known today, and they also had sickle hocks. Ross et al. (1944) reported 
that a corn-expeller soybean oil meal type diet was inadequate to support re
production in swine-.- They also described congenital abnormalities resulting 
from feeding the nutritionally inadequate diet. Good quality alfalfa meal at 
10% of the diet was reported to supply a factor that partially or wholly 
corrected the deficiency (or deficiencies). 

Cunha et al. (1944) also found the corn-soybean meal diet to be inadequate for 
normal---reproduction in swine, and 10% alfalfa meal was reported to support 
normal reproduction but 5% was inadequate. Riboflavin and choline additions 
to the basal diet did not improve reproductive performance. The authors also 
suggested that inositol, pyridoxine and choline were required for satisfactory 
reproductive performance. 

In 1947, Ensminger and associates attempted to use a purified diet in studying 
the vitamin needs of the gravid female. Their diets contained vitamins A, D, 
E and K as well as thiamine, riboflavin, niacin, pyridoxine, pantothenic acid 
and choline. Deletion of thiamine, riboflavin or choline from the diet re
sulted in unsatisfactory reproductive performance or reproductive failure, de
pending on the vitamin. Anderson and Hogan (1950) used a purified diet supple
mented with vitamins A, D, E and K along with thiamine, riboflavin, niacin, 
pyridoxine, pantothenic acid, choline chloride, inositol, biotin and pteroyl
glutamic acid and found this diet to be inadequate to support reproduction in 
swine. Hodgkiss et al. (1950) fed a purified diet supplemented as indicated 
for Ensminger et aT.--r1947) and also containing vitamin C and folic acid. This 
diet was inadequate to support satisfactory reproductive performance. When 
pantothenic acid was deleted from the vitamin supplementation, the gilts ex
hibited locomotor incoordination, an exudate on the skin and rectal hemorrhage. 
The gilts conceived but failed to farrow; litters were being resorbed. 
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Teague and Grifo (1965) reported the results of a study in which they fed diets 
containing 5% alfalfa meal during the growing period and 18% alfalfa meal during 
gestation. When the alfalfa meal was eliminated from the diet of one group, a 
vitamin supplement providing twice the amounts supplied by alfalfa was included 
while the unsupplemented diet was fed to a third group. They reported no effect 
of alfalfa meal or of vitamin additions on numbers of live pigs, stillbirths, 
birth weights or vigor of pigs at birth. The initial gilts were selected at 
131 kg. at an average of 227 days. The study was continued over three genera
tions. The results permit speculation that gilts and sows fed nutritionally 
adequate diets for several weeks or months prior to breeding may produce one 
or more satisfactory litters without attention to vitamin supplementation of 
a diet based on corn, oats, meat and bone scraps and soybean meal. 

Vitamins A, D, E and K. 

Hughes (1934) described some of the symptoms associated with reproductive 
failure due to vitamin A deficiency in swine. Hale (1937) described the 
errors in embryonic development associated with vitamin A deficiency in the 
gravid female, particularly those related to faulty or abnormal development 
of the eyes. Guilbert et al. (1937) related the vitamin A requirements of 
farm animals, lncluding"'"SwTne, to body weight and not to energy intake. In 
addition, they reported that sows fed sub-minimum amounts of vitamin A for 
several months did exhibit heat at more or less regular intervals, accepted 
service but did not conceive. Parrish et al. (1951) reported that 7,000 I .U. 
preformed vitamin A daily was apparentlY-adequate to meet the needs of pregnant 
gilts. Heaney et al. (1963) selected gilts at four months of age. Three lots 
of five~gilts were-Used and they were continued through two gestation periods. 
One group of gilts was fed the low vitamin A basal diet continuously while the 
other two groups received either 2.5 or 5.0 mcg. vitamin A/kg. body weight 
daily following a 6-mo. depletion period. Litter size, birth weights, survival 
rates and gains subsequent to birth did not appear to be affected by gestation 
treatment. Pigs with very low vitamin A stores survived and gained well ' 
following consumption of colostrum which contained some vitamin A. These re
sults appear to be similar to those of Selke et al. (1967) who stated "sows 
which have built up stores of vitamin A until--"they are 8 to 9 mo. of age and 
are then placed on a diet practically devoid of carotene or vitamin A can 
produce at least two normal litters." These workers had fed diets providing 
0, 2,939, 5, 878, 11 ,755 or 23,510 l.U. vitamin A/kg. diet through two repro
ductive cycles without producing classical symptoms of vitamin A deficiency. 

Although vitamin D is assumed to be required by the pregnant gilt or sow and 
the N.R.C. (1968) indicates a requirement of 550 I .U./head daily, the author 
did not find results of a study devoted exclusively to determining the vitamin D 
requirement of the gravid female. It may be desirable to define the require
ment of pregnant gilts and sows precisely as specialization results in increased 
confinement of sows with less exposure to sunshine. 

It is well known that vitamin E deficiency in the laboratory rat results in 
gestation-resorption, but the author is unaware of any such results with preg
nant sows or gilts. Prior to 1950, Dr. L. E. Hanson attempted to produce 
vitamin E deficiency in pregnant gilts fed a semi-purified diet, and to de
termine the requirement for the vitamin. This work was continued at the 
Nebraska Experiment Station by Dr. M. J. Brinegar during the 1950 to 1952 
period. The workers were unsuccessful in demonstrating reproductive failure 
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and the need for vitamin E was not clearly demonstrated, although it is still 
assumed to be required by pregnant swine. Surely, gestation-resorption was 
not demonstrated. 

The quantitative need of pregnant swine for vitamin K has not been established. 
Presumably, the need is partially met from natural feedstuffs, but primarily 
from intestinal synthesis. 

Riboflavin, pantothenic acid, pyridoxine and niacin. 

Miller et al. (1953) reported that 1 .82 mg. riboflavin/kg. diet was barely 
adequate-for gestation but not adequate for lactation. They indicated 2.75 mg. 
riboflavin/kg. diet to be the practical m1n1mum. The N.R.C. (1968) require
ment of 4.1 mg. of the vitamin/kg. of diet is approximately 150 percent of the 
requirement established by Miller and coworkers. 

Ullrey et al. (1955) produced pantothenic acid deficiency symptoms in pregnant 
swine aiid their offspring while elucidating the requirement. They reported 
12.5 mg. pantothenic acid/kg. of diet was adequate to support normal repro
duction. Davey and Stevenson (1963) found a nearly identical requirement of 
11.9 mg. pantothenic acid/kg. of diet. The requirement of 16.5 mg. pantothenic 
acid/kg. diet established by the N.R.C. (1968) is approximately 130% of re
quirements established by the investigators cited. 

Although pyridoxine is assumed to be required by the pregnant sow, there have 
been no reports of deficiency in sows fed diets based on conventional feed
stuffs. Ritchie et al. (1960) supplemented a conventional diet for pregnant 
gilts and sows witilS-mg. pyridoxine·HCl starting with the second month of 
gestation but with no effect on reproductive performance. 

Niacin is assumed to be required for normal reproduction, and conceivably may 
become limiting in high cereal diets because of its poor availability from 
cereals. However, the author was unable to find results of a study devoted 
exclusively to determining the niacin requirements of the gravid female, or 
to locate literature in which symptoms of niacin deficiency in the pregnant 
female were discussed. In discussing the niacin needs of pregnant gilts and 
sows and attempting to arrive at reasonable levels of niacin supplementation 
in a subsequent portion of this paper the niacin contributions of all feed
stuffs, including cereals, will be included because of the likelihood that 
the niacin requirement as established by the N.R.C. (1968) is well in excess 
of the minimum need of the gravid female. 

Inositol, biotin, folic acid and choline. 

It may be inferred from work with growing pigs that these vitamins, or vitamin-
1 ike compounds, are required by the pregnant female. However, the quantitative 
requ i remen ts have not been de term i ned. In most instances, i nos i to 1 , biotin 
and folic acid are assumed to be provided in adequate amounts by basic feeds, 
or as a result of intestinal synthesis in the case of biotin. Choline is 
often assumed to be required at a rate of about 900 mg./kg. of diet, an amount 
reported to be required by the growing pig. There has been some concern that 
as feed intakes of pregnant sows and gilts are reduced in accordance with 
reconvnendations of the N.R.C. (1968) the daily supply of choline will be in
adequate. Therefore, in this discussion a daily choline need of 2400 ~g., 
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approximately 1,322 mg./kg. diet, has been assumed. This is approximately the 
amount that would have been supplied by a diet containing 900 mg. choline/kg. 
and fed at a rate of 2.5 to 2.7 kg. daily as indicated by N.R.C. (1964). How
ever, evidence of the quantitative need for choline is lacking. 

Vitamin B12· 

Reproductive failures resulting from use of corn-soybean meal diets (Ross et al., 
1944; Cunha et al., 1944) or purified diets (Ensminger et al., 1947; Anderson~ 
and Hogan, 1950r-may have been due to a lack of vitamin"""'B1~in the diet; other 
B-vitamins were included in some experimental diets. 

Krider et al. (1946) found a 17% protein corn-soybean meal-dehydrated alfalfa 
meal (5%f-cod liver oil diet nutritionally inadequate to support normal repro
duction and lactation in swine. When 3 or 6% sardine condensed fish solubles 
was included in the diet fed during gestation the deficiency (or deficiencies) 
was corrected with resultant greatly increased survival and 8 wk. weights of 
the pigs. Presumably, the vitamin B1 2 contribution of the fish solubles would 
have improved the nutritional adequacy of the basal diet. Van Poucke et al. 
(1950) found that a corn-soybean meal diet would not support satisfactory~ 
lactation of sows and survival of offspring. Supplementation of the basal diet 
with a vitamin B12 supplement, or a dried whey product alone or in combination 
with the vitamin B12 supplement, greatly improved lactation performance of the 
sows and survival of the offspring. Gard et al. (1955) fed pregnant gilts a 
purified diet- containing vitamins A, D, E andl< and the known B-vitamins in
cluding vitamin B12· Including 10% dehydrated alfalfa meal in the diet did 
not consistently improve litter weaning weight, but apparently exerted a 
favorable influence on breeding behaviour of the sows. Litter weaning weights 
were greater when the sows had been fed 3% fish solubles in the diet, but a 
·
11 v i tami n B 1311 concentrate was with out ef feet. 

Frederick and Brisson (1961) demonstrated that vitamin B12 was clearly essential 
for reproduction and for neonatal survival. They fed a basal corn-soybean meal 
diet containing less than 2.2 mcg. vitamin B12/kg. A high percentage of pigs 
born alive to darns fed the basal diet died within three days. Pigs from darns 
fed the basal diet but provided with 400 mcg. vitamin B12 daily survived. 

Teague and Rutledge (1960) compared an all-plant diet with one in which the 
supplemental protein was supplied by protein of both plant and animal origin. 
The diet was supplemented with riboflavin, niacin, pantothenic acid, choline 
and vitamin B12· Sows fed the mixed protein farrowed significantly heavier 
pigs than those fed all-plant protein. There was, however, no evidence of a 
decline in performance over three generations due to feeding a diet con-
taining all protein of plant origin vs. mixed protein. 

Subsequently, Teague and Grifo (1964; 1966) fed sows and gilts conventional 
diets with 0 or 220 rncg. vitamin B12/kg. diet. The basal diet contained 
5.2% meat and bone scraps. Sows fed the diet containing added vitamin B12 
farrowed more pigs each season, also more stillborn pigs, and the pigs were 
heavier at birth. Results with gilts were more variable with an increase 
of 0.6 pigs per litter with supplemental vitamin B12 and more stillborn pigs. 
There was no effect on pig birth weights or on litter weight. When they fed 
diets containing O, 220 or 2,200 mcg. vitamin B12/kg., they found no effect 
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of vitamin B1 2 in the first two farrowing periods. Sows did farrow 2.3 and 
2.0 more live pigs per litter during farrowings 3 and 4, respectively, when 
the diet was supplemented with 2,200 mcg. vitamin B12/kg.; 220 mcg./vitamin 
B12/kg. did not affect litter size, but both levels of supplemental vitamin 
B12 resulted in heavier pigs in farrowings 3 and 4. These results caused the 
authors to suggest "The vitamin B1 2 requirement of the sow is not known but 
for an extended reproductive period it is probably higher than the present 
recommended feeding 1eve1 . 11 

The review of Ellis (1945-46) provides an excellent evaluation of the early 
work on vitamin requirements of swine, including the limited research on re
quirements of the gravid female and known deficiency symptoms. 

VITAMIN SUPPLEMENTATION OF CONVENTIONAL DIETS FOR PREGNANT SOWS AND GILTS. 

The material presented in table 1 was prepared in an effort to demonstrate the 
capacity of three 11 conventional 11 diets for pregnant gilts and sows to supply 
the vitamins that apparently are most critical in formulation of nutritionally 
adequate diets. These diets have been set up on the basis of being fed at the 
rate of 1.82 kg. (4 lb.) per animal daily and to supply the same amounts of 
protein, calcium, phosphorus and salt provided in a diet fed at the rate of 
2 kg. per sow or gilt daily as set forth by N.R.C. (1968). The apparent con
tributions of vitamins A and D, and of riboflavin, niacin, pantothenic acid, 
vitamin B1 2 and choline have been calculated. Daily needs as set forth by 
the N.R.C. (1968) are also shown as is one approach to daily allowances. The 
suggested daily all0wances are based on providing twice the requirements for 
vitamins A and D and 1-1/2 times the requirements for riboflavin, niacin and 
pantothenic acid. These allowances include so-called "safety factors" against 
variations in contributions from basic feedstuffs, losses in processing and 
handling and losses in storage. The data presented in preceding portions of 
this paper fail to indicate that added quantities are needed to assure meeting 
nutrient requirements, with the possible exception of vitamin B1z• and in . 
some instances the data that are available indicate that N.R.C. (1968) re
quirements do in fact provide for excesses of some vitamins or, "safety factors. 11 

The amounts of vitamins to be added per ton if one follows the "safety factor 11 

approach do not appear to be excessive although they may exceed practical 
minimum additions. Perhaps some question will arise with regard to the amount 
of niacin because of its being poorly available from corn and other cereals. 
In this connection, it might be pointed out that in recent studies on energy 
and protein intakes of pregnant gilts and sows at the University of Minnesota, 
the vitamin premix provided daily intakes of 12,000 I .U. vitamin A, 1,200 1.U. 
vitamin D, 6 mg. riboflavin, 18 mg. niacin, 18 mg. d-calcium pantothenate and 
30 mcg. vitamin B12· Diets similar to diet C, table 1, have been supplemented 
with as little as 2,400,000 l.U. vitamin A, 240,000 I .U. vitamin D, 1 gm. 
riboflavin, 4 gm. d-calcium pantothenate, 6 gm. niacin and 10 mg. vitamin B12 
per ton. Evidence of deficiency symptoms has not been encountered. The sug
gestion that choline might possibly need to be added to diets fed to pregnant 
sows and gilts is made primarily because of the trend toward restriction of 
feed intake which may lead to marginal intakes of this nutrient. Choline 
chloride was not included in diets fed by Vermedahl et al. (1968) where minimum 
daily intakes would have been about 2,000 mg. per gilt daily, and there was no 
evidence of deficiency. The above, however, are only observations and are not 
based on controlled experiments. 

- 59 -



Table 1. Nutrient contributions of diets for pregnant sows and gilts.a 
Diet identification 

lngredientb A B C 

Ground yellow corn 
Soybean meal, solvent, 

48.5% protein 
Meat and bone scraps, 

50% protein 
Dehydrated alfalfa 

meal, 17% protein 
Dicalcium phosphate 
Ground limestone 
Salt (Iodized) 

Crude protein, % 
Calcium, % 
Phosphorus, % 

Daily intakes 
Crude protein, gm. 
Calcium, gm . 
Phosphorus, gm. 
Salt, gm. 
Metabolizable energy, kcal. 

~c 
Vitamin A, I .U. 16,400 
Vitamin D, I . U. 1 , l 00 
Thiamine, mg. 4.2 
Riboflavin, mg. 12.3 
Niacin, mg. 66 
Pantothenic acid, mg. 49.5 
Vitamin B12• mcg. 27.6 
Choline, mg. 2,4ooe 

80.5 

16.2 

1.4 
1. 3 
0.6 

15.0 
0.90 
0.60 

272 
16 
1 l 
11 

5809 

1,941 (1,069)d 

5.97(3.29) 
2.81 (1.55) 

44.8 (24.7) 
9.97(5.49) 

1 ,600 (880) 

Add/ton complete dietf 
Vitamin A, I . U. 
Vitamin D, I. U. 

8,200,000 
550,000 

Riboflavin, gm. 
Niacin, gm. 
Pantothenic acid, gm. 
Vitamin B12. mg. 
Chol i ne, gm. 

4.8 
10.6 
19.8 
13.8 

400 

83.0 

10.5 

5.0 

o. 1 
0.8 
0.6 

15.0 
0.90 
0.60 

272 
16 
11 
11 

5886 

2,052(1,130) 

5. 99 (3. 30) 
2.94(1.62) 

48. 1 (26.5) 
8.97(4.94) 
4.05(2.23) 

1 ,535 (845) 

8,200,000 
550,000 

4.7 
9.0 

20.2 
11. 8 

432 

75 .6 

8.2 

5.0 

10.0 
0.2 
0.4 
0.6 

15.0 
0.90 
0.60 

272 
16 
11 
11 

5550 

24,022(13,227) 

5.90(3.25) 
5.15(2.69) 

51.9 (28.6) 
13.29(7.32) 
4.05(2.23) 

1,624(894) 

550,000 

3.6 
7.0 

18.1 
11. 8 

388 

a Nutrient contribution data and requirement data taken from N.R.C. (1968). 
b Percent of air-dry diet . 
c Daily requirements for vitamins A and D multiplied by 2; those for riboflavin, 

niacin and pantothenic acid multiplied by 1.5. 
d Values in parentheses indicate contributions per kg. diet. 
e Based on the choline requirement of the growing pig. 
f Vitamin A potency of corn ignored in diets A and B. 
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Thiamine, pyridoxine, folic acid, inositol and biotin have not been indicated 
in table I to be required in supplemental amounts. Likewise, vitamins E and K 
have been ignored. These omissions must not be interpreted to mean that these 
nutrients are not required for satisfactory reproduction. Rather, it appears 
that they are supplied in adequate amounts by basic feedstuffs or that in
testinal synthesis is adequate to meet the needs. In some instances, contact 
with feces and coprophagy may also constitute important sources of a-vitamins. 
Currently, it must be recognized that there is considerable interest in the 
possibility that supplemental amounts of biotin are required in diets of 
pregnant sows and gilts as well as of the offspring. 

MINERAL REQUIREMENTS 

Levels of conventional sources of calcium and phosphorus have been adjusted in 
the examples given in table I so that daily intakes of these nutrients will be 
adequate even with total feed intakes of only 1.82 kg. (4 lb.) per gilt or 
sow daily. The calcium and phosphorus requirements of breeding swine were 
revi.ewed for this group by Hanson (1962). 

The dietary formulations suggested in table I imply the use of stabilized 
iodized salt. Iodine can be easily supplied in this manner or by use of a 
trace mineral mixture providing stabilized iodine. If 0.6% stabilized iodized 
salt is included in diets as shown in table 1 and these diets are fed at a 
rate of I .82 kg. per sow or gilt daily, the daily intake of iodine will be 
about 0.75 mg. iodine daily. A gilt weighing 136.2 kg. (300 lb.) requires 
0.6 mg. iodine daily indicating that the level of iodized salt shown should 
provide adequate assurance against iodine deficiency even in instances of 
minimum contribution from basic feedstuffs. 

The contributions of copper, iron, manganese and magnesium by the diets 
described in table I are indicated in table 2. 

Table 2. Copper, iron, manganese and magnesium contents of example diets.a 
Diets 

Mineral elementb A B C 

Copper 
Iron 
Manganese 
Magnesium 

a N.R.C. (1968). 
b Mg./kg. diet. 

8.6 
219 

7.8 
I ,645 

6.7 
176 

6.9 
2,093 

6.6 
192 

8.9 
2,210 

Requirements of the gravid female for some of the trace elements are not well 
established. As shown in table 2, however, the diets described provide 
slightly more copper and substantially more iron than required by the growing 
pig. If the gravid female requires as much manganese as reported to be required 
by the growing pig, the diets described are, by calculation, deficient in this 
element. However, manganese deficiency has not been described for pregnant 
sows and gilts fed diets similar to those described. It must also be recog
nized that trace mineralized salts and trace element mixtures are routinely in
cluded in many diets for swine and these ingredients will supply varying amounts 
of manganese. As indicated by the values shown in table 2, the likelihood of 
magnesium deficiency appears very remote. 
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Administration of trace elements in the diet of the sow may not be an effec
tive means of providing needed quantities of the given element to the young. 
Rydberg et al. (1959) and Pond et al. (1961) demonstrated that intramuscular 
administratTOn of large doses o-r-iron to the gravid female was ineffective in 
preventing nutritional (iron deficiency} anemia in the suckling pigs. Pigs 
may have had slightly greater stores of iron at birth, but they became anemic 
nearly as rapidly as would have been expected with pigs nursing sows not ad
ministered supplemental iron. Feeding high levels of iron, e.g., ferrous 
fumarate to the sow during late pregnancy and early lactation, may increase 
iron stores slightly in the newborn pigs, and it may increase the iron con
tent of the milk somewhat. However, it must be recognized that milk is very 
low in iron content and even doubling the amount does not provide the nursing 
pig with a substantial quantity of the element. Miller et al. (1964), Pond 
et al. (1965) and Veum et al. (1965) were unable to demonstrate that providing 
supPfemental iron (ferrous"""""fumarate) in the diet of the sow was an effective 
means of preventing the onset of iron deficiency anemia in nursing pigs. 

Results of research with supplemental zinc in diets of pregnant and lactating 
sows offers some contrast to the work with supplemental iron. Pond and Jones 
(1964) supplemented a diet containing 35 ppm zinc with 50 ppm zinc for gilts 
from weaning through one gestation and lactation period. The basal diet con
tained 1 .4% calcium. Offspring of the gilts were fed either high- or low
calcium (1 .4 and 0.66% calcium, respectivelY.) diets during the growing period. 
Pigs fed high-calcium diets during the growing period gained significantly 
faster when they were from high-zinc compared to low-zinc-fed dams (85 vs. 
35 ppm zinc respectively}. · These workers were unable to demonstrate a signi
ficant influence of zinc intake of the sow on zinc content of milk during the 
fourth week of lactation. 

Earle and Stevenson (1965) fed sows diets with and without 100 ppm supple
mental zinc. They did not find a significant effect of level of dietary zinc 
on level of the element in the colostrum. Their results contrast to those of 
Pond and Jones (1964), however, in that they found zinc content of the milk 
at 35 days to increase significantly from 6.9 to 10.3 mg./kg. of whole milk 
due to zinc supplementation. The work of Hoekstra and associates (1967) is 
also of interest in that they demonstrated increased zinc in livers of off
spring due to supplementation of a basal corn-soybean meal diet with 100 ppm 
zinc. They stated "the data indicate that borderline zinc deficiency can be 
a problem in reproducing gilts fed a high calcium, corn-soybean meal diet.i 1 

Based on the results of Pond and Jones (1964) the increased level of dietary 
zinc for gravid females would also exert a favorable effect on offspring, 
particularly if the diets happened to contain excessive calcium. 

In the foregoing discussion, the author has attempted to provide some basis 
for rationalizing the likelihood of deficiencies of some vitamins and minerals 
in diets for pregnant sows and gilts. Examples were given of diets that 
should provide adequate protein and energy to assure successful reproduction 
in .gilts and sows in a thermoneutral environment, and illustrations were set 
forth of the necessity of providing adequate quantities of calcium, phosphorus 
and iodized salt in diets fed in limited quantities. The extent of vitamin 
supplementation of the example diets was also discussed. The likelihood of 
needing supplemental quantities of some microelements in diets of pregnant sows 
and gilts was discussed briefly and the possibilities of beneficial effects of 
supplemental quantities of some microminerals in diets fed during gestation 
and lactation were demonstrated. _ 62 _ 
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ALL-CONCENTRATE RATIONS FOR BEEF CATTLE 

Carl Alexander 
Ruminant Research Manager 

Nutrena Feed Division, Cargill, Inc. 

Early unsuccessful attempts to raise cattle on roughage-free 
rations by Davenport (1897), Mccandlish (1923) and Huffman (1928) 
led to the conclusion that some unknown essential factors were 
present in roughage but absent from concentrates. Meade and 
Regan (1931) were the first workers to successfully raise calves 
on an all-concentrate ration by supplementing it with alfalfa ash 
and cod liver oil. These results indicated that vitamins and 
minerals normally furnished by roughage,and not bulk per se,were 
the essential factors. Little use of this discovery was made 
for a number of years since economic conditions and livestock 
management systems favored high roughage rations. 

Present conditions are considerably different from those in 1931; 
consequently there is widespread interest in minimum roughage 
or all-concentrate rations. 

1. In many areas, nutrients cost relatively less in grain 
than in roughage, especially when roughage storage and 
hancfling costs are considered. 

2. Reduced availability and increased cost of labor have 
necessitated mechanization of feed handling, especially 
in large feedlots. Grain handling can be mechanized 
easier and more economically than roughage handling. 

3. Grain is readily available through trade channels in 
well-defined grades at publicized prices, while 
roughage availability, price and quality tend to be 
uncertain. 

4. The increasing demand for lighter, younger, well-finished 
cattle favors the use of high concentrate rations. 

5. The increased costs of feeder cattle, labor, facilities, 
interest and other items dictate that cattle be brought 
to marketable grade in as short a period as possible. 

Because of the above factors many cattle feeders are currently 
using high concentrate rations. However, the complete removal of 
roughage from rations has not been widespread. Many feeders still 
question whether this type of feeding program will work and the 
fear of founder, bloat and digestive upset persists. Several 
recent research studies indicate that outstanding performance can 
be obtained with all-concentrate rations and these reports along 
with recommendations from commercial feed companies will probably 
stimulate increased usage. 
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ALL-CONCENTRATE VS, PART ROUGHAGE 

Several comparisons have been made between all-concentrate rations 
and rations containing some roughage. A summary of some of these 
reports is shown in Table 1. These data indicate that rate of 
gain was not greatly affected by the percentage of roughage in the 
ration, despite differences in grain, roughage, cattle, season, 
location, feedi.J:lg facilities, and experimental technique. At the 
same time, feed consumption was about 10-2~ greater when roughage 
was included. Since rates of gain were essentially equal, the 
all-concentrate rations invariably resulted in more efficient con
version of feed into gain. Economic data were not presented in all 
of the studies but the application of normal concentrate and rough
age costs leads to the conclusion that feed cost per unit of gain 
was usually less with an all-concentrate ration. 

Table 1. .Effect of Roughage Level on Rate of Gain, Feed Efficiency 
and Feed Intake 

Animals/ 
treatment 

14 
14 
14 

84 
86 
87 
84 

16 
48 
48 

40 
39 
39 

20 
40 
20 

36 
18 

6 
12 

Percent 
roughage 

0 
5 

15 

0 
5 

10 
15 

0 
20 
40 

0 
7.5 

15.0 

0 
5 

18 

Average 
daily gain 

~ 
1.31 
1.51 
1.42 

1.22 
1.27 
1.26 
1.30 

0.98 
1.08 
1.04 

1.31 
1.44 
1.40 

1.26 
1.27 
1.28 

0 1.20 
Part roughage 1.15 

0 
14 

0 
16 

1.06 
1.04 

1.13 
1.16 

Feed/ 
gain 

~ 
7.44 
6.98 
8.34 

8.37 
8.75 
9.24 
8.64 

5.92 
6.97 
8.14 

6.58 
6.81 
7.45 

5.71 
5.94 
5.94 

7.24 
8.82 

7.11 
8.98 

5.01 
6.04 

Feed 
intake 

kg. 

9.75 
1o.57 
11 .88 

10.25 
11 • 11 
11. 61 
11.25 

5.80 
7.53 
8.47 

8.62 
9.80 

10.43 

7.20 
7.55 
7.60 

8.66 
10.16 

7.54 
9.34 

5.67 
7.01 

involTing approximately 3,300 cattle. 
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TYPE OF GRAIN 

Barley 

The high fiber content and fibrous nature of the seed coat led 
research workers to investigate barle~ all-concentrate rations. 
Geurin et al. (1959) showed that a 32~ protein supplement and 
rolled barley provided sufficient roughage for rapid, efficient 
gains and normal rumination. Bloat was never observed. Harper 
et al. (1962) found that all-barley rations must be fortified with 
trace minerals but that no advantage resulted from the addition of 
10% cottonseed hulls. Brethour and Duitsman (1962) reported that 
initial tests with all-barley rations resulted in several cases 
of founder but this problem was avoided in subsequent tests when 
cattle were brought to full feed more slowly. In two separate 
tests, cattle fed barley rations gained significantly less than 
cattle fed a conventional ration of silage, hay and grain. 

Wheat, Corn, Milo 

In a study reported by Oltjen et al. (1966), steers fed either 
60 or 90% wheat gained significantly slower than steers fed 60 
or 90% corn. Performance during the first 70 days was similar 
but steers consumed less of the high wheat rations the last 28 
days of the trial and gained significantly less. Carcass char
acteristics-Were not significantly different but abscessed livers 
were more prevalent from steers fed wheat. In three tests, 
Brethour and Duitsman (1966d) compared an all-milo ration with one 
composed of 50% milo and 50% wheat. Average intake was about 12% 
less and gain was depressed when wheat was included but feed 
efficiency and carcass quality were not affected. 

A number of research groups have investigated corn in all
concentra te rations. Success has been reported by Wise et al. 
(1961), Davis et al. (1963), Oltjen et al. (1965), Brethour and 
Duitsman (1963), Goodrich et al. (1968), Woods et al. (1969) and 
Bolsen et al. (1968). All-milo rations have been successfully 
fed by Brethour and Duitsman (1964) and Durham (1968). 

A series of tests by Brethour and Duitsman at the Fort Hays, 
Kansas Station facilitates comparison of a conventional ration 
with various grains in all-concentrate rations. These data are 
summarized in Table 2. When comparing all-concentrate rations with
in a given trial, the kind of grain does not appear to influence 
greatly rate of gain but has a great influence on feed efficiency. 
In all cases, milo was substantially less efficient than either 
corn or barley. Corn appeared to be slightly more efficient than 
barley. Table 2 shows that rate of gain on the summer conventional 
ration was 12-14% less while winter rate of gain was nearly equal 
to the milo all-concentrate ration. This suggests that all-con
centrate rations may be more adaptable to summer feeding because 
there is less heat released in the metabolism of concentrates 
than roughages. The excess heat is a burden on cattle in summer 
but can be utilized to maintain body temperature in winter. · 
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Table 2. Effect of Grain Type, Roughage Level and Season on 
Cattle Performance (Brethour and Duitaman, 1963, 
1964, 1966a) 

Performance 
Season criteria 

Summer 

Winter 

Summer 

Winter 

Fall 

Daily &ain, kg. 
Kg. DM/kg. gain 

Daily &ain, kg. 
Kg. DM/kg. gain 

Daily ~ain, kg. 
Kg. DM/kg. gain 

Daily &ain, kg. 
Kg. DM/kg. gain 

Daily ~in, kg. 
Kg. DM/kg. gain 

Conventional 
rationa 

1.12 
8.35 

1.39 
7.54 

1.19 
7.93 

1.36 
8.77 

1.42 
10.05 

All-concentrate rations 
Milo Corn Barley 

1.30 
7.06 

1.40 
7.02 

1.35 
7 .13 

1.39 
6.76 

1.34 
9.25 

1.24 
6.29 

1.43 
6.16 

1.34 
8.22 

1.21 
6.43 

1.42 
6.47 

a Daily ration composed of 2.27 kg. sorghum silage, 1.36 kg. chopped 
alfalfa hay, 0.91 kg. protein supplement and rolled milo, ad lib. 

b Daily ration composed of 91% rolled grain and 9% protein supplement 

Starting Cattle on All-Concentrate Rations 

According to Durham (1968), a very critical factor affecting the 
overall performance of cattle fed an all-concentrate ration is a 
proper starting program. At Texas Tech., cattle were offered 0.91 
kg. concentrate immediately. As soon as they started eating, they 
were fed at 1t% of their body weight, split into two feedings. 
Each day thereafter the feed was raised 0.45 kg. until the fifth 
or sixth day when the cattle were ~t on self-feeders for the 
duration of the feeding period. 

At Kansas, the program followed by Brethour and Duitsman (1966b) 
involved a f'u.ll feed of sil~e and 0.91 kg. grain the first day. 
Grain was increased 0.23 kg./day with a reduction in silage until 
the cattle were on an all-concentrate ration at 40 days. In two 
separate trials, this 40-day starting program was compared with a 
program in which concentrate was increased from 1.81 kg. to full 
feed in five days. Silage was fed in gradually decreasing amounts 
during the 5-day period. In one trial, 50% of the cattle foundered 
and in the other 85% foundered. In the first trial, most of the 
stiffness disappeared by the end of the feeding period and the 
cattle started on the 5-day starting program actually gained 
significantly faster than cattle on the 40-day starting program. 
In the second test, gains of the cattle started on feed in 5 days 
were significantly depressed. 
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Various starting programs have been tried at other research centers 
but most are based on the gradual withdrawal of roughage and a 
corresponding increase in concentrate over a 14- to 21-day period. 

Supplementing All-Concentrate Rations 

Protein 

Since nearly equal gains can be expected from all-concentrate and 
part roughage rations, the daily protein requirement for a given 
animal is essentially the same in both cases. However, the 
protein percentage of the all-concentrate ration must be increased 
to compensate for the 10 to 20% lower feed intake normally exper
ienced. Haskins et al. (1967) reported that steers fed 14% protein 
rations gained significantly faster than steers fed 11% protein 
rations. Woods and Tolman (1968) reported that faster, more effic
ient gains were obtained with 14%· protein all-concentrate rations 
than 11% protein all-concentrate rations. A similar increase in 
protein did not improve performance when the ration contained 
15% roughage. 

Urea should fit particularly well into an all-concentrate program 
because of the abundance of available energy in this type of 
ration. Thia has been substantiated by Oltjen et al. (1965) who 
showed that gains were not significantly affected by supplementa
tion by eitger urea or soybean meal. Wise et al. (1965) concluded 
tlnt urea, compared to soybean meal, resulted in a slight decrease 
in feed intake but very little change in performance. Haskins 
et al. (1967) reported that performance of steers fed urea was 
comparable to steers fed soybean meal when eit~r 11 or 14% protein 
rations were fed. Durham (1968) indicated that cattle fed all
concentrate rations supplemented with urea seemed to perform well 
in the summer time but relatively unsatisfactorily in the winter. 

Vitamin A 

The requirement for vitamin A in beef cattle rations has been 
demonstrated in many experiments. Vitamin A must be included in 
the supplement since all-concentrate rations do not contain 
alfalfa or other sources of carotene. 

Calcium 

Most cereal grains are extremely low in calcium while most rough
ages are moderate to high in calcium. Bushman et al. (1968) fed 
all-concentrate corn rations with 0.15 to 0.60% calcium and 0.37 
to 0.79% phosphorus. They found no effect on weight gains, feed 
consumption, blood calcium and phosphorus or bone ash. There were 
no signs of founder and the severity of bloat was low. 

A recent study by Vipperman et al. (1969) spotlighted the import
ance of calcium in high concentrate rations. They reported a field 
case in which cattle consuming a ration containing 0.16% calcium 
exhibited a stiffness syndrome that included swollen shoul~ers, 
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stiff hind limbs, and evidence of pain when the animals moved. 
The description could be confused with the early stages of 
founder. Sheep fed this ration and experimental rations having 
a similar calcium:phosphorus ratio of approximately 0.5:1 also 
exhibited the stiffness syndrome. Increasing the calcium:phos
phorus ratio to 1.0 or 1.5:1 improved performance and eliminated 
the stiffness syndrome. 

Phosphorus, Potassium, Trace Minerals 

Meeting finishing cattle phosphorus requirement does not appear 
to be a serious problem since most cereal grains are relatively 
good sources of phosphorus. The use of a supplement with about 
0.75 to 1.0~ phosphorus should be sufficient. 

Meeting the potassium requirement has not been considered a pro
blem in the past since roughages are normally good sources of 
potassium. A recent study by Devlin et al. (1969) indicated 
that the minimum potassium requirement for finishing steers was 
0.51% in one trial and o.62% in a second trial. This suggests 
that potassium supplementation might be necessary for all-concen
trate rations, as corn and sorghum grain normally contain only 
about 0.30 to 0.35% potassium. 

Harper et al. (1962) reported that barley was deficient in nearly 
all trace minerals, based on analysis. Supplementing with a 
complete trace mineral mixture containing iron, copper, cobalt, 
manganese, zinc and iodine significantly improved gains. The 
addition of 100 ppm zinc by Oltjen et al. (1965) failed to improve 
performance of cattle. Brethour and Duitsman (1966c) found that 
a trace mineral mixture of cobalt, copper, iodine, iron, manganese 
and zinc gave a consistent response in increasing gain and reducing 
cost of gain. · 

Buffers 

A number of workers have noted that rumen pH was usually lower 
when cattle were fed all-concentrate rations. The buffering 
capacity of the rumen is dependent on the amount of saliva pro
duced which in turn is dependent on the amount of time spent 
ruminating. In an early trial Wise et al. (1961) found that 
adding 11% sodium and potassium bicarbonate to an all-concentrate 
ration depressed feed intake and rate of gain. Subsequent work 
by Wise et al. (1965) showed that 5~ sodium and potassium bicarb
onate and 5~ calcium carbonate slightly increased feed intake 
and rate of ~ain but the increases were not significant. Oltjen 
et al. (1965) reported that buffer additions had little effect 
on animal performance. Durham (1968) suggested that the lower 
pH encountered with all concentrate rations may actually be a 
key factor in the success of this method of feeding. His reason 
for this opinion is that the rumen environment is more stable, 
thus enabling development of a superior acid loving microbial 
population which enables the animal to better digest starch. 
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Problems with All-Concentrate Rations 

Brethour and Duitsman (1964) reported that 3 out of 12 steers in 
two separate trials foundered on all-barley rations while several 
other all-concentrate treatments had only one foundered steer. 
Wise et al. (1968) indicated that considerable founder and stiff
ness has been associated with all-barley rations. In discussing 
the functions of roughage in cattle rations, Woods and Tolman 
(1968) stated that there is less trouble with digestive upsets, 
founder, and bloat with adequate roughage levels in the rations 
as compared to all-concentrate rations. They further stated that 
research data to back this statement may be difficult to find, 
yet, research and practical feeding observations have found this 
to be true. Durham (1968) reported that none of the last 700 
cattle fed on all-concentrate rations were foundered. He indicated 
that improper starting on feed and improper feeding are responsible 
if cattle on all-concentrate ration founder. 

Bloat has occasionally been suggested to be associated with all
concentrate rations but there is little evidence in the litera
ture to support this. 

Liver abscesses and rumen parakeratosis are frequently associated 
with all-concentrate rations. The causes of rumen parakeratosis 
are not known but it is believed that high energy diets or the 
absence of coarse roughage are contributing factors. There is 
a positive correlation between rumen parakeratosis and liver 
abscesses; thus suggesting that the most common causative organism, 
Spherophorus necrophorus, enters through damaged rumen epithelial 
tissue, passes through the portal blood system and lodges in the 
liver causing an abscess. 

Not only is an abscessed liver unavailable for human consumption 
but also it may reduce the performance of an affected animal. 
Data in Table 3 indicates that performance of animals with 
abscessed livers was inferior to animals with healthy livers. 

Table 3: Effect of Liver Abscesses on Rate of Gain (kg.) 

Abscessed IIver Normal Liver 
No. Animals Average No. Animals Average Reference 

Dail~ Gain Dail~ Gain 
10 1.13 30 1.29 Bolsen et al. 

(1968) 
17 1.10 23 1.19 Wise et al. 

16 14 1.34 
(1968) 

1.19 Wise et al. 
(1968) 

The addition of chlortetracycline to all-concentrate rations has con
sistently reduced the number of abscessed livers. Durham (1968) 
reported that 70 mg. per head per day chlortetracycline reduced liver 
abscess from 70~ in the control cattle to 18~. Harvey et al. (1968) 
found that 33.3~ of steers not fed antibiotic had abscessed livers 
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while only 3% of the steers fed 75 to 85 mg. of chlortetracycline 
were affected. Bolsen et al. (1968) reported that liver abscesses 
were reduced from 10% in the control steers to O~ when the ration 
contained chlortetracycline at the rate of 11 or 22 mg. per kg. 
of ration. The antibiotic significantly increased gain but had 
no influence on feed efficiency. Despite the apparent reduction 
in the liver abscess problem, chlortetracycline has not been 
effective in improving the health of the rumen epithelium. Con
sequently tripe from animals fed an all-concentrate ration is 
usually condemned. 

SUMMARY 

Current economic and mechanization trends have increased the 
attractiveness of all-concentrate rations. Research has shown 
that such rations are usually equal in rate of gain and superior 
in feed efficiency to part roughage rations. Corn and barley 
have resulted in better feed efficiency than milo. All-concen
trate rations require supplemental protein, vitamin A, calcium, 
potassium and trace minerals. Buffers have not proven neces
sary. Considerable research indicates that bloat and founder 
are not serious problems if cattle are started and managed 
properly. Liver abscesses tend to be higher on all-concentrate 
than on part roughage rations. 
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NONPROTEIN NITROGEN IN BEEF CATTLE RATIONS 

R. D. Goodrich and · J. C. Meiske 
Department of Animal Science 

University of Minnesota 

Several recent reviews are available on nonprotein nitrogen metabolism and 
factors influencing nonprotein nitrogen utilization (Briggs, 1967; Conrad and 
Hibbs, 1968; Goodrich and Meiske, 1969; Huber et al., 1968; Meiske and Goodrich, 
1966; Tillman and Sidhu, 1969; Waldo, 1968; Visek-:-1968). Also, the review by 
Reid (1953) contains much interesting information. 

Although many studies have shown that animal performance and nitrogen retention 
favor animals fed preformed protein, feed cost per unit gain generally favors 
cattle fed urea. Ruminant nutritionists continue to investigate the use of 
urea, and other nonprotein nitrogen sources, in an attempt to equalize perfor
mance between cattle fed preformed protein and nonprotein nitrogen. Amino acid 
patterns are influenced by the form of nitrogen fed and it appears that many 
more fundamental studies of nitrogen metabolism in the rumen are needed in order 
to understand the significance of these observations. Also, since humans and 
other nonruminant animals require that their diets contain preformed protein or 
amino acids, it appears that the competition between ruminant and nonruminant 
for preformed protein will increase if world population predictions hold true. 

NITROGEN METABOLISM WITHIN THE RUMEN 

Urea enters the rumen from three sources; the food, saliva and by passing across 
the rumen wall. In his recent review Waldo (1968) concluded that transfer of 
urea across the rumen wall was a more important means of re-entry than is 
saliva. Houpt (1959) estimated that the amount of blood urea which enters the 
rumen and is utilized by microorganisms is greater than 52% of the total blood 
urea. 

In the rumen, urea is rapidly hydrolyzed to ammonia and carbon dioxide by the 
enzyme urease. The optimum pH for ruminal urease is apparently between 7.5 
and 8.5 (Pearson and Smith, 1943; Rahman and Decker, 1966), although initial 
studies with the crystalline enzyme (Sumner and Hand, 1928)' showed optimum pH 
to be 7.0. The urease activity of rumen contents is reduced by feeding urea 
(Caffrey et al., 1967; Yamoor et al., 1969), but this reduced activity may be 
due to ammonia production, since both ammonia and ammonium sulfate have also 
been shown to reduce urease activity (Gibbons and Doetsch, 1959 ;Wall and 
Laidler, 1953). 

Large numbers of ureolytic bacteria exist in the rumen. However, many strains 
of bacteria which are common to the rumen do not produce the enzyme. The 
protozoa probably contribute little urease activity (Abou Akkada and Howard, 
1962), but in contrast to this observation studies with protozoa-free animals 
have shown reduced rumen ammonia levels (Christiansen et al., 1965). Clifford 
et al. (1968) have illustrated the great capacity of the rumen microorganism to 
hydrolyze urea. They reported that the contents from the entire rumen of cattle 
could hydrolyze 2 to 4 kg. of urea in one minute. There were indications that 
diet had an influence on urease activity and total activity was lowered due to 
fasting. 
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Ruminal ammonia is produced from all nitrogen-containing compounds, including 
proteins, and is removed via several routes. It is utilized by rumen bacteria 
for amino acid synthesis, it can be absorbed from the rumen, it may be metabo
lized by the rumen epithelium to form glutamic acid or it may pass on to the 
omasum. The amount of ammonia which is absorbed from the rumen depends on the 
rate of ammonia production, its concentration and the pH of the rumen contents. 
The pKa of ruminal ammonia is apparently about 9.0 (Bloomfield et al., 1963; 
Bromberg et al., 1960). Since ammonia is absorbed largely as free ammonia 
(Hogan, 1961"')."" conditions which maintain a low ruminal pH will cause nearly all 
of the ammonia to exist as the ammonium ion and losses will be minimized. 

Data presented by Bloomfield et al. (1963) indicated that ammonia absorption 
from the rumen rises sharply as ruminal pH rises from 6.5 to 7.5. Diets which 
contain large amounts of readily available carbohydrates result in lowered 
ruminal pH values, which may partly explain the better urea utilization when 
diets containing cereal grains are fed. Acetic acid has been used as a treatment 
during urea toxicity (Davis and Roberts, 1959) and phosphoric acid has been 
suggested to improve urea utilization, probably because they reduce ruminal pH 
and thus prevent large amounts of ammonia from being absorbed. 

Under many circumstances the rate of ammonia production may exceed the rate of 
protein synthesis. Highly soluble proteins are degraded too rapidly for effi
cient nitrogen utilization and large losses can occur via the urine (Sherrod 
and Tillman, 1962). Fasted animals show a reduced tolerance to large doses of 
urea (Davis and Roberts, 1957), no doubt due to the higher pH values and the 
greater amounts of ammonia which are absorbed if urea is offered to animals 
which have -Oeen withheld from feed. 

Urea toxicity, which is actually an ammonia toxicity, is reached when the blood 
ammonia level rises above 1 mg. per milliliter. Normally the liver efficiently 
converts portal blood ammonia to urea, glutamic acid or glutamine. However, 
the ability of the liver to synthesize these compounds can be exceeded and ex
cess ammonia is eliminated as ammonium salts by the kidney. 

THE ADAPTATION OR ADJUSTMENT PERIOD 

Animals fed urea often exhibit an initial period of adaptation, or. adjustment, 
during which time rates of gain are not equal to those of animals fed preformed 
protein. McLaren and his associates at West Virginia have reported many studies 
which demonstrate adaptation. These workers (Smith et al., 1960; McLaren, 
1964) reported that nitrogen retention was improved from 2.0 to 3.9 percentage 
units for each 10 days of urea feeding. In addition, McLaren et al. (1959, 
1960) found that diethylstilbestrol reduced the adaptation period""f°rom 50 to 
10 days in lambs. Table 1 illustrates adaptation in cattle fed either urea or 
biuret. 
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Table 1. Average daily gains by periods of calves fed urea or biureta. 

Source of supplemental nitrogen 
Soybean 

Period meal Urea Biuret 

lb. lb. lb. 
0-27 days 1. 76 1.08 1.18 
27-55 days 2.05 2.21 2.32 
55-97 days 3.03 3.09 3.04 
0-97 days 2.17 2.00 2.04 

a Data from Owens et al. (1967). 

These data show that all of the difference in rate of gain between calves fed 
soybean meal and those fed nonprotein nitrogen which existed at 97 days was 
attributable to the superior performance of calves fed soybean meal during the 
initial 27 days. Other Minnesota data (Meiske and Goodrich, 1966) are 
summarized in table 2. 

Table 2. Performance of adapted and nonadapted cattle. 

Nonadapted cattfea 
First 28 days 
Remainder 
Total 

Adapted cattleb 
First 28 days 
Remainder 
Total 

a Average of 4 trials. 
b Average of 3 trials. 

Source of supplemental nitrogen 
Preformed 
protein 

2.42 
1.98 
2.09 

2.40 
2.51 
2.49 

Daily gain, lb. 

Urea 

1.83 
1.87 
1.85 

2.53 
2.51 
2.51 

These data also show that cattle which had not previously received urea gained 
at a considerably slower rate, for at least 28 days, than cattle fed soybean 
meal. Cattle which had received urea previously gained fully as well as those 
fed soybean meal. Data reported by Hanke and Jordan (1965, 1966) clearly show 
a similar adaptation response by feedlot lambs. 

Yamoor et al. (1969) reported that rumen fluid urease was rapidly reduced 
following addition of urea to the ration. However, ruminal anunonia, urea and 
pH showed more gradual changes. They concluded that a change in urease activity 
was not a major factor in the adaptation of ruminants to urea. Illinois workers 
(Caffrey et al., 1967) did not find a more efficient recycling of blood urea in 
adapted sheeP:- Virtanen (1967) suggested that efficient incorporation of 
ammonia into milk protein by adapted cows may be explained by an improved 
efficiency of utilization of anunonia nitrogen by adapted microflora. He re
ported that the protozoa h·ad generally disappeared from the rumen of adapted cows, 

-79 -



but bacterial numbers showed a 50-fold increase. Whether this is an influence 
of nonprotein nitrogen or the type of diet which he employed is open to 
question. Briggs ~ al. (1964) found that in animals fed urea the proteolytic 
bacteria decreased in number, while the amylolytic and cellulolytic bacteria 
increased in number. 

The adaptation response may be due to one or more of the following factors: 

1. Altered bacteria and protozoa numbers and types. 
2. Reduced rate of urea hydrolysis. 
3. Increased ability of microbes to synthesize protein. 
4. Increased ability of the liver to synthesize protein. 
5. Altered metabolism by the rumen mucosa. 
6. Adjustment by the animal to the "taste" of urea. 

FEEDING PROCEDURES TO IMPROVE UREA UTILIZATION 

Practical feeding procedures that have been advanced for the improvement of urea 
utilization include: 

1. full-feeding 
2. frequent feeding of small amounts of urea 
3. thorough mixing of urea-containing supplements 
4. mixing of urea-containing supplements into the daily feed 

These practices are suggested to ensure that an even intake of urea occurs and 
that conditions in the rumen will be such that urea utilization is favored. 
Full-feeding, that is having feed, no matter :1hat type of ration is being fed, 
available at all times will aid in maintaining a low ruminal pH. Also, if urea 
is mixed with the entire daily ration the intake of urea at any one time will not 
be great and the ability of the microbes to synthesize protein will not as likely 
be exceeded. This will accomplish the same objective as the frequent feeding of 
small amounts of urea. The feeding of urea 4 to 6 hours after feeding has also 
been found to improve nitrogen retention (Simpson and Woods, 1965). 

Most readily available carbohydrates enhance the utilization of urea, but 
differences among the carbohydrates exist (Bloomfjeld et al., 1958). The mono 
and dissaccharides are apparently fermented too rapidly to favor maximum protein 
synthesis. Starch is superior to molasses and cellulose is degraded too slowly 
to furnish energy at the time ammonia is available from urea hydrolysis. Table 3 
shows a summary of data which Meiske and Goodrich (1966) reviewed to study the 
influence of energy level of the diet on performance of cattle fed urea or 
preformed protein. 

Rates of gain of calves and yearlings fed urea with high energy and medium 
energy rations averaged 97.2 and 95.5% of the rate of gain of cattle fed pre
formed protein with rations containing respective energy levels. Most, if not 
all, of this difference could no doubt be attributed to adaptation (as shown in 
tables 1 and 2). 
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When low energy rations were fed, cattle receiving urea gained 70.4% as fast as 
those fed preformed protein. Many of these trials had been conducted under 
range conditions and the urea supplements were probably consumed within a short 
time after feeding. Methods of feeding which ensure a uniform intake of urea 
would likely be beneficial under these conditions. 

Table 3. Ration energy content and urea utilizationa. 

No. of Dail:t gain 2 lb. 
. comparisons Preformed Urea 

High energy rations 
Calves-part ureab 5 2.16 2.09 
Yearlings-part urea 10 2.40 2.35 
Calves-high ureac 14 2.33 2.27 
Yearlings-high urea 27 2.46 2.38 

Medium energy rations 
Calves- part urea 5 1.58 1.65 
Calves-high urea 15 1.65 1.52 
Yearlings-high urea 2 2.13 1.94 

Low energy rations 
Calves-part urea 10 0.29 0.18 
Yearlings-part urea 1 - .29 - .31 
Calves-high urea 1 0.64 0.55 
Yearlings-high urea 2 0.95 0.70 

a Data from Meiske and Goodrich (1966). 
b 
c 

One-half or less of nitrogen in supplement from urea. 
Two-thirds or more of nitrogen in supplement from urea. 

OTHER FACTORS WHICH MAY AFFECT UREA UTILIZATION 

Feed/gain 2 lb. 
Preformed Urea 

8.2 8.2 
9.7 9.5 
7.1 7.2 
9.7 10.0 

9.2 9.0 
10.0 11.0 
8.0 8.4 

23.8 28.0 
16.3 21.6 

Most minerals which are required by animals are also required by rumen micro
organisms for normal metabolic activity. Hence, although mineral requirements 
are not altered due to the feeding of urea, closer attention must be given to 
meeting these requirements since the natural high protein feeds that have been 
replaced by urea are often excellent sources of minerals. Sulfur has been 
actively investigated and methionine, sodium sulfate and elemental sulfur have 
often improved the performance of sheep fed urea. Results with cattle have not 
been as consistent. However, the Minnesota station recommends that sulfur be 
added to urea-containing supplements for feedlot cattle at a rate to furnish 
2 gm. of sulfur per day, either as sodium sulfate or elemental sulfur. 

Ethanol and the branched chain fatty acids isovalerate, 2-methyl butyrate and 
isobutyrate have also been actively researched, but these compounds do not 
appear to be of benefit when added to natural diets. 

It has been suggested that the antibiotics may improve urea utilization by slow
ing the rate of urea hydrolysis. However, results to date have not been con
sistent and it would appear that the levels normally fed have little influence 
in addition to the response obtained with diets not containing urea. 
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Diethylstilbestrol is known to increase nitrogen retention in treated animals. 
This influence of stilbestrol has been observed when plant protein or urea were 
fed. As previously cited, McLaren et al. (1959, 1960) have also reported that 
stilbestrol shortens the adaptation period. 

Additions of B-vitamins and amino acids to urea-containing diets have not been 
beneficial, even when purified diets have been used. However, plasma amino 
acid patterns are altered when high levels of urea are fed. Elevated plasma 
serine and glycine levels have been consistently noted in urea-fed animals 
(Schelling et al., 1967; Oltjen and Putnam, 1966). 

Various researchers (Karr et al., 1965; Horn and Beeson, 1969; Lowrey and Mc
Cormick, 1969) have reported that alfalfa contains factors necessary for 
optimum urea utilization. Growth rate, dry matter digestibility and/or nitro
gen retention have been reported to be improved when alfalfa is included as 
a part of urea-containing diets. However, others (Hanke and Jordan, 1965, 
1966; Meiske and Goodrich, 1966; McCarter and Tillman, 1967) have not been able 
to demonstrate improved performance of sheep or cattle fed dehydrated alfalfa 
with urea. 

Another ration addition which has been considered as having a possible bene
ficial effect on urea utilization is acetohydroxamic acid. This compound is 
a potent inhi')iter of urease activity and it is postulated that it may improve 
utilization by slowing the rate of urea hydrolysis. Streeter et al. (1969) re
ported that acetohydroxamic acid lowered the ruminal ammonia peaiz--and signif i
cantly improved nitrogen retention in wethers. 

METHODS OF FEEDING UREA 

Urea, as well as many of the other nonprotein nitrogen compounds which are in 
use today, can be fed by several methods. Commonly used are dry supplements, 
liquid supplements and adding them to corn silage at ensiling time. Each 
method of feeding nonprotein nitrogen has its advantages under specific condi
tions. The use of nonprotein nitrogen in supplements for ruminants will con
tinue to increase and it is only the method of feeding them that is being dis
cussed here. 

The reasons for and against using liquid supplements have been adequately ad
vanced in the last few years (Peeler, 1967; Britzman, 1969; Goodrich and Meiske, 
1968). However, a critical presentation of the pros and cons of adding urea to 
corn silage at ensiling time appears to be needed. 

1. Mixing urea with chopped corn plants at ensiling time is a practice 
which farmers can easily do themselves, while many may feel that urea
containing supplements must be purchased. The outlay of capital for 
supplements may cause some feeders to of fer less than required amounts 
of nitrogen in an effort to "save" money. 

2. The addition of urea at ensiling time may increase labor requirements at 
a time when labor is already stressed. Dry supplements can usually be 
mixed when labor is more available. 
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3. Most rations fed to feedlot animals require supplementation with 
nutrients in addition to nitrogen. No matter which method of feeding 
urea is used, it is important that the ration be balanced with respect 
to all required nutrients. The use of urea-containing corn silage may 
lead some to think that their ration is complete. Calcium, phosphorus, 
sulfur, salt and stilbestrol are often fed via the supplement; but, 
ground limestone or dicalcium phosphate and sulfur also could be added 
at ensiling time, salt could be fed free-choice and the cattle implanted 
with stilbestrol. At present a supplement would be required for heifers 
if MGA were to be used. 

4. The addition of urea at ensiling time should allow for some diffusion 
of urea throughout th'e corn silage. This is important since optimum 
urea utilization is dependent on the urea being consumed with the entire 
ration. Despite the fact that some diffusion will take place in the 
silo, care must be taken to ensure even distribution of the urea through
out the silage. However, good mixing of urea-containing supplements 
can be accomplished when they are added at feeding time. 

5. A majority of the urea added to corn silage is rapidly converted to 
ammonia and carbon dioxide. Owens et al. (1969a,b) have reported data 
which show that between 50 and 100% of added urea-nitrogen is recovered 
as ammonia. Since ammonia acts as a weak base, it may prevent the normal 
drop in pH and fermentation may continue for a longer than normal period 
of time. Especially with dry corn silage, increased losses of both dry 
matter and nitrogen are possible because of an insufficient drop in pH 
to cause fermentation to cease in a short period of time. Owens et al. 
(1969b) used corn silage containing 33% dry matter and recovered all 
added 15N from the silage. In other studies with 45% dry matter corn 
silage, Owens et al. (1969a) reported that losses of crude protein 
averaged 6.4% and~hat fermentation was increased and extended due to 
urea additions. 

6. Animals fed urea-treated silages have generally had similar gains and 
feed efficiencies as those fed their urea in a supplement. Essig (1968) 
summarized several trials and concluded that there was about a 5% advant
age in feed efficiency for cattle fed urea-containing silage. Others 
(Goodrich and Meiske, 1966; Owens et al., 1967, Meiske et al., 1968) have 
found no advantage, either in gain or feed efficiency for animals fed 
urea-treated silages. Also, the validity of the calculated conversion 
of silage dry matter to gain is questionable since Owens ~ al. (1969c) 
have pointed out discrepancies in dry matter determinations of ensiled 
materials. 

7. Two nitrogen balance trials conducted at Minnesota have shown nitrogen 
retention to be greater for lambs fed urea in supplements than for lambs 
fed urea-treated silage (Goodrich and Meiske, 1966; Yamoor et al., 1967). 

8. Rate of feeding of urea-treated corn silage may be more critical than for 
nontreated silage. Owens et al. (1967) reported that urea-containing corn 
silage heated readily and that upon heating the smell of ammonia was 
noted. 
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9. Since the amount of corn silage fed is often decreased as cattle reach 
heavier weights, urea-treated silage cannot be effectively used for the 
entire feeding period. Urea could also be added to high-moisture 
shelled corn at ensiling time so that it would make no difference how 
much silage were fed. However, for those farmers not equipped to feed 
high-moisture grain the feeding of a supplement containing urea would be 
necessary. Also, unless the amount of corn silage feeding is changed 
abruptly, graded increases in amount of nitrogen supplementation would 
be needed. This would mean that several supplements would be needed 
rather than only one supplement if all urea were included in the supple
ment. 

SUMMARY 

All factors indicate that the use of urea in ruminant rations will continue to 
increase. However, several other nonprotein nitrogen materials will also find a 
significant place in the market. Ammoniated polyphosphate and biuret will likely 
increase in importance. It is also expected that new nonprotein nitrogen 
sources will be developed. 

Proper urea utilization is influenced by the method of feeding (full feeding, 
frequent feeding, thorough mixing of urea with the daily ration), digestible 
carbohydrate content of the diet, percentage of crude protein fed as urea, 
mineral content of the diet, diethylstilbestrol and possibly by molasses and 
alfalfa. Ruminants experience a period of adaptation before nonprotein nitrogen 
is fully utilized. Of these factors it appears that the digestible carbohydrate 
content of the diet is the most important single factor affecting the utilization 
of nonprotein nitrogen. 
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FACTORS INFLUENCING CARCASS COMPOSITION 

J. C. Meiske and R. D. Goodrich 
Department of Animal Science 

University of Minnesota 

In this review the term 11 carcass composition 11 will refer to the proportions 
of the major tissues--muscle, fat and bone--in the carcass. These proportions 
may be influenced by age, weight, breed, nutrition, hormone treatment, manage
ment and heredity. Carcass composition is important since it relates to 
quantitative characteristics of carcass merit. From a strictly quantitative 
standpoint, a highly desirable beef carcass is one which has maximum muscu
larity, minimum bone and minimum fat. 

Carcass merit, however, is not simply a function of carcass composition or 
the quantitative aspects. It is a function of both quantity and quality of 
the edible portion. The qualitative traits are taste, flavor, aroma, 
juiciness and tenderness. It is imperative that the beef industry recognize 
the necessity of maintaining and improving quality because it is these 
characteristics that are of prime importance in satisfying consumer tastes 
and demands. Thus, while maximum muscularity in relation to fat and bone is 
desired, limitations of the importance of this aspect need to be recognized. 
The carcass must be sufficiently youthful to have tenderness, sufficiently 
finished to impart desired flavor and juiciness, and of sufficient age to 
impart desired flavor and taste. 

Another important consideration in producing a beef carcass which contains a 
high percentage of edible product and which has acceptable quality is that 
it must be done economically in order to compete with other meat or protein 
sources. Thus, traits such as reproductive performance, mothering ability, 
growth rate, efficiency of growth and longevity are also major contributors 
to efficient beef production. With all factors considered, the goal of the 
beef industry is to produce animals that have a maximum amount of lean meat, 
of acceptable quality, at the lowest possible cost (Cundiff and Gregory, 1968). 

It is the purpose of this paper to sample and present the findings of research 
workers on various factors that influence carcass composition. 

GENETICS, BREEDING AND SELECTION 

Equations for accurately predicting carcass composition from carcass measure
ments have been developed. Results are usually expressed in terms of either 
percent muscle, percent closely trimmed retail cuts or pounds of cuts. 
Effective, reliable indications of carcass traits in the live animal are 
needed so that selection will be accurate. 

Most desirable production and carcass traits are heritable to the extent that 
progress can be made by selecting breeding animals for these traits (table 1). 
To date, most selection has been on the basis of progeny tests. If carcass 
merit could be accurately measured in live cattle, it is estimated that mass 
selection would be approximately four times more effective in improving carcass 
traits than selection based on progeny test information (Cundiff and Gregory, 
1968). 
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In their surrvnarization of beef cattle breeding projects, Cundiff and Gregory 
(1968) stated that selection for growth rate will do more to increase pounds 
of edible meat at a constant age than selection for any other trait. They 
stated that final weight accounted for 80-88% of the variation in pounds of 
boneless, trimmed retail beef on an age-constant basis. Variation in live 
weight adjusted for age was many times more important than variation in 
dressing percent or carcass composition in determining pounds of edible 
product. They found that the heritability of carcass composition, within a 
herd and breed on a weight constant basis, was only 10-15% . . When net merit 
was defined in terms of maximum amount of lean meat of acceptable quality at 
the lowest possible cost, weight of retail product at a constant age accounted 
for 96% of the variation in net merit. Thus, they suggested that much more 
attention in breeding programs should be given to differences in weight of 
retail product or edible portion at a constant age than to differences in 
proportion of fat, lean and bone. 

The review of Cundiff and Gregory (1968) also indicated that effects of 
heterosis among Hereford, Angus and Shorthorns were significant for most of 
the production traits evaluated. These included calf crop, weaning weight, 
yearling weights and age at first heat. However, when carcass traits were 
adjusted for differences in weight, there was no difference in carcass 
composition. 

The favorable genetic correlation between growth rate and pounds of edible 
product has been cited. Important genetic antagonisms among performance 
traits ano carcass traits have not been detected when carcass weight is held 
constant. However, more research is needed to elucidate the genetic relation
ships among traits such as growth rate and composition of gain. 

AGE 

The important affect that age has on body or carcass composition is obvious, 
since at birth the various body parts of the bovine are vastly different in 
relative size in comparison to total body size at maturity (Hedrick, 1968). 
However, it is difficult to separate the effects of growth, age and nutrition 
because these three factors are closely related. Generally, as animal growth 
and development continues after birth, body composition continues to change. 
The major tissues (bone, muscle and fat) develop at different rates post
natal ly, with maximum bone growth preceding that of muscle and muscle in turn 
preceding fat deposition. At birth the head is relatively large, the legs are 
long and the body is small, while in the mature animal the head is relatively 
small, the legs are relatively short and the body is large. Such changes are 
brought about because the various parts grow at different rates. Luitingh 
(1962) studied changes in growth of various carcass sections using 8-month-old 
calves and 20-month-old and 32-month-old steers. He reported the following 
ranking (in order from slqwest to most rapid relative growth rate): Shoulder, 
round, chuck, rib, loin, plate, neck, brisket and finally, the fat depots-
flank, cod and kidney fat. 

Moulton et al. (1922a, 1922b) reported that growth rate, as determined by 
physicalrneasurements, was more rapid at an early age and became slower as 
age increased. Age of the animal had less effect on the composition of the 
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animal than weight and stage of fattening. In general, the percent of fatty 
tissue increased and the percent of bone and muscle decreased as the animal 
increased in weight. Age and fatness had · little influence on the distribution 
of total lean flesh. 

Table 1. Heritability estimates of some important traits. 

Trait 

Calving interval 
Birth weight 
Weaning weight 
Cow maternal ability 
Feedlot gain 
Pasture gain 
Efficiency of gain 
Final feedlot weight 
Leg length 
Conformation at weaning 
Conformation at slaughter 
Carcass traits: 

Body length 
Body depth 
Carcass grade 
Carcass weight 
Rib eye area 
Marb 1 i ng sco~ 
Tenderness 
Fat thickness 
% fat 9-10-llth rib 
% lean 9-10-llth rib 
% bone 9-10-llth rib 
Retail product (%) 
Retail product (lb.) 
Net merit 

Heritability estimate 

0. 10 
o.4o 
0.30, 0.58 
0.40 
0.45, 0.60 
0.30 
0.40 
0.60, 0.72 
0.76 
0.25 
0.40 

0.81 
0.01 
0.40, 0.44, 0.32, 0.62 
0.40 
0.70, 0.45, 0.73 
0.45 
0.60 
0.45, 0.12, 0.50, 0.43 

-0.01 
0.08 
0.32 
0.30, 0.24, 0.40 
o.65, o.65 
0.39-0.63 

Sourcea 

1 ' 3 
1 
1 ' 3 
1 
1 
1 ' 3 
2 
1 
1 

2 
2 
1,2,3,4 
2 

1 ' 2' 4 
2 
l 
1,2,3,4 
2 
2 
2 

l ' 3' 4 
l ' 3 
3 

a Sources were: l, Cundiff and Gregory (1968); 2, Arthaud et al. (1966) as 
cited by Hedrick (1968); 3, Swiger et.!!._. (1964); 4, Cundiff et~· (1964). 

Since postnatal increase in size of muscles is by an increase in cell size and 
not by an increase in cell number, the maximum adult size of the animal has 
been fixed at birth. Differences in size between breeds, within a species, 
are due to differences in muscle cell number and not to cell size. It is 
generally agreed that in a specific muscle, there are certain limits to 
muscle fiber size which are associated with age and cannot be exceeded by 
nutritional treatments (Hedrick, 1968). Fat is normally deposited at widely 
varying rates in different parts of the body. Deposits appear in younger 
animals around viscera and kidney, and as age increases, between the muscles, 
then beneath the skin and finally, in the form of marbling between the muscle 
fibers. 

WEIGHT 

In early work designed to observe the changes in composition of the beef animal 
at 100 lb. live weight intervals from birth to maturity, Haecker (1920) showed 
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that percentage of flesh (fat and lean) increased rapidly with increasing 
weight, while that of bone and tendon decreased. Figure l shows that the 
amounts of protein and fat were approximately the same at 700-800 lb. live 
weight. From that weight on, the amount of fat deposited became progressively 
greater than the amount of protein which was deposited. 

In his review, Hedrick (1968) stated that most data indicate that weight and 
stage of fattening have a greater influence on the physical composition of the 
carcass than does the age of animal. 

Tulloh (1964) investigated published data on the carcass composition of cattle, 
based on dissection of carcasses into bone, muscle and fat. The data included 
females and castrate males, without regard to breed, age or nutritional history. 
He found that the relationship between each carcas~ component and empty body 
weight was curvilinear and was of the type, y =ax, the allometric equation. 
This could be described as a linear regression equation by using logarithmic 
values for the variables. The expression then becomes: log y = log a+ b log x. 
The equations indicated, as empty body weight increased, that a) the weight of 
each carcass component (i.e. bone, muscle and fat) also increased; b) the pro
portion of carcass bone fell, that of fat increased and that of muscle remained 
almost constant. The relationships of each of these carcass components to 
carcass weight were similar to those obtained with body weight. Tulloh (1964) 
concluded that comparisons of carcass composition of cattle may be invalid 
unless they are made at the same body or carcass weight. Dinkel et al. (1965) 
discussed weight adjustment procedures and suggested that percent"S:'"ratios and 
size/100 lb. carcass are poor adjustments and that regression methods be used 
to correct fo% differences in carcass weight. 

Recently, Reid et al. (1968a) reported on compositions of the porcine, ovine 
and bovine species-and the relationships between body weight and weight of 
chemically determined components. Their results agree with those of Tulloh 
(1964) who reported that weight of physically separated muscle and fat were 
strongly related to empty-body weight. The data of Reid et al. (1968a) show 
that, with sheep, weight is associated with a considerablY-greater proportion 
of the variability in body constituents than is age. In a subsequent paper, 
Reid et al. (1968b) stated that differences in sex (sex con_dition) and breed 
also are--i-mportant variables influencing compositions in sheep. The Cornell 
workers (Reid et al., 1968b) used cattle data from several sources and 
showed that chemically determined fat and protein are also highly associated 
with body weight. 

BREED 

Branaman et al. (1962) compared the carcasses of beef- (Hereford) and dairy
type (Holstein) cattle. They found no significant differences between types 
of cattle for percent kidney knob, plate, chuck, rib, round and loin. Thus, 
the idea that beef-type cattle have a higher percent of high-priced cuts was 
not observed in their study of cattle fattened in a similar manner. Dif
ferences in sepa~~ble lean and separable fat were not statistically signifi
cant and Holstein steers had only slightly more separable bone (P~.05). 

Callow (1961) compared Hereford, Dairy Shorthorn and Holstein breeds and ob
served that Holstein carcasses had less fat and more lean and bone than 
Hereford and Dairy Shorthorn carcasses. Cole~~· (1964) compared steer 
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carcasses from the Hereford, Angus, Brahman, Santa Gertrudis, Holstein and 
Jersey breeds. The Hereford and Angus breeds were fatter and yielded less 
separable muscle than the Zebu and dairy breeds. Percent separable bone was 
greatest for the dairy breeds and least for Herefords and Angus. The fatter 
beef breeds had a higher percent of each of the minor wholesale cuts along 
the belly and a lower percent of the major wholesale cuts. These and other 
results indicated that, when analyzed in this way, significant differences 
occurred in carcass composition among breeds. 

Butterfield (1963) reported that distribution of muscular tissue is similar 
in animals of widely different conformation. Nevertheless, these observations 
have been made for many years and by many investigators, but have had little 
effect on the thinking of beef producers. Butterfield (1963) also observed 
that it has been the aim of cattle breeders to improve the proportion of high
priced cuts from their animals by selecting early-maturing animals according 
to development of the late-developing parts of the carcass. However, his 
studies showed that the late-developing parts are, in fact, located mainly in 
cheaper parts of the carcass. Thus, if . these misguided efforts to change the 
proportion of musculature were successful, we would now have early-maturing 
cattle with a lower proportion of their muscle weight in the high-priced 
regions of the carcass. If efforts of the breeders have not been successful 
then it is likely that the distribution of muscle weight has remained un
changed. Butterfield (1963) used six distinct groups of cattle to study this 
concept. The Polled Hereford, Hereford and Angus groups represented the 
11beefiest11 group, followed by 3/4 Brahman, 1/2 Brahman and unimproved Short
horn. Since he found little difference among these groups, Butterfield (1963) 
concluded that efforts by breeders to improve muscle distribution of the 
carcass have been unproductive. He concluded that selection pressure should 
be applied to factors which result in maximum growth rate in the environment 
where the cattle are grown. Further, his data showed that in the search for 
cattle which are capable of producing lean carcasses at market weights, we 
can use late-maturing, fast-growing types without fear of decreasing the pro
portions of high-priced musculature. He stated that is is likely that it is 
only by changing the function of muscles that we can expect to change their 
deve 1 opmen t. 

Berg and Butterfield (1968) felt that figures 2 and 3, which illustrate breed 
differences at weight or age end points, may be inappropriate since tissue 
growth pattern can only be inferred. Herefords showed a tendency to fatten 
at lower muscle-bone weights than Holsteins. There was also less bone relative 
to muscle plus bone in the Hereford steers (shown in figure 4). Herefords had 
higher muscle-bone ratios throughout, with curves for both breeds plateauing. 
These workers felt that these breed differences suggest that the criteria for 
carcass composition comparisons therefore should be muscle-bone ratio and 
percentage of fat in the carcass. 

This has strong implications on the ideal market weights for cattle of various 
types or breeds; since some breeds or types reach a desirable finish at lower 
weights than others there should not be a single ideal market weight to fit 
all types of cattle but a different one for each type. 

Breed does have a significant effect on fat distribution (Hedrick, 1968). A 
major difference between dairy and beef breeds is the manner in which fat is 
distributed among the various fat depots. Carcasses of dairy breed steers 
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appear to have a higher proportion of kidney and pelvic fat and less subcu
taneous fat than beef breeds. Callow (1961) found that nutritional treatments 
did not significantly affect the distribution of fat among the subcutaneous, 
intermuscular, kidney and intramuscular depots. 

While the conclusions several workers have reached on predicting carcass com
positions have been based on data from many sources (Reid et al., 1968a and b; 
Tulloh, 1963), there is a need for experiments designed to---Study more critically 
the effects of breed and strain as well as age, weight, nutrition and other 
environmental effects on carcass composition. Also, in view of the apparent 
contrast of such observations as l) those of Butterfield (1963) on the relative 
constancy of musculature proportions in cattle, and 2) those results of our 
swine carcass shows in which ham and loin percentages have increased, it is 
apparent that further study with these two species especially are needed. In 
light of the latter observation, it is obvious that the conclusions of Reid 
et al . (J968b) need further substantiation. Further, as Reid et al. (J968b) 
suggest, if it is most accurate to develop prediction equationS-for composi
tions within a given breed, sex and species, it seems likely that strains 
within breeds should also be strongly considered since there are several 
breeds in wbich large variations in several traits occur. It is commonly 
recognized that there may be more variation between strains within some breeds 
than there is between some strains of different breeds. Therefore, it is 
questionable that prediction equations should be obtained or developed merely 
for a breed. 

PLANE OF NUTRITION 

The data of Guenther et al. (1965) illustrate the effect of plane of nutrition 
on carcass compositio;:;-o'f""half-sib Hereford steer calves fed from weaning to 
slaughter weight. The design permitted comparison of data on both an age-
and a weight-constant basis. The data are illustrated in figure 5. Lean 
deposition was greater for steers fed the high energy ration than for their 
age-constant mates fed the moderate energy ration. (HJ vs. Mi; H2 vs M2). 
However, on a weight-constant basis, there was no significant different due 
to plane of nutrition (H 2 vs. M3). Rate of lean deposition favored the calves 
on the higher plane of nutrition in all comparisons. Skeletal development 
was accomplished early in life and was related more to animal age and duration 
of feeding time than to nutritional treatments. There was no significant 
difference in total bone content on an age-constant basis (Hi vs. Mi; H2 vs. M2), 
but on a weight-constant comparison, calves fed the moderate level of energy 
had more bone than those on the high plane of nutrition (H 2 vs. M3). Fat 
accumulation was most rapid during the latter part of the feeding period. The 
only significant difference in fat content was between calves fed medium and 
high energy rations and slaughtered at a constant age (H2,... M2 in figure 5). 
On a weight-constant basis there were no significant differences in fat content 
between calves fed the two different planes of nutrition (H2 vs. M3). When 
the weights of the tissues are plotted against weight of muscle plus bone 
(figure 6), it appears that the high plane of nutrition resulted in more fat in 
the carcass relative to muscle plus bone (Berg and Butterfield, 1968). 

Butterfield and Berg (1966) compared calves fed two planes of nutrition (11high 11 

or 11 low11
). Muscle growth of the calves over time is i 1 lustrated graphically 

in figure ] . A group of specific muscles was examined to appraise the effect 
of the different rates of growth on their development (figure 8). This group 
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of muscles reached a plateau at their expected mature carcass proportions much 
faster on the high-plane than on the low-plane regime. However, when pro
portions are plotted against total muscle weight (figure 9), the two treat
ment groups followed the same line. Thus, on an age basis, the differential 
growth of this group of muscles was retarded but when compared on the basis 
of total muscle weight, nutritional level had no affect. 

There is little known about the effects of nutrients other than energy. A 
deficiency of almost any nutrient will adversely affect feed intake and ulti
mately result in the same effects as energy restriction. There has been no 
demonstration in large animals that protein intakes that are more adequate 
will stimulate protein deposition. 

SEX, SEX CONDITION AND HORMONE TREATMENT 

It is commonly accepted that there are differences in composition of beef 
carcasses due to sex-associated characteristics. Results indicate that bulls 
have less external and internal finish than steers or heifers, and steers less 
than heifers (Hedrick, 1968). Heifers fatten at lighter weights than steers 
and steers at lighter weights than intact males (Berg and Butterfield, 1968). 
Berg and Butterfield (1968) cited unpublished results from the University of 
Alberta that indicate bull carcasses have a lower percentage dissectible fat 
and higher muscle-bone ratio than steers. 

The implantation or addition of stilbestrol to the ration of cattle is a 
common practice. Hedrick (1968) in his summary reported that the results in
dicated that st+lbestrol increases muscle growth and retards fat deposition 
in the steer and heifer. 

MANAGEMENT AND ENVIRONMENT 

There is no indication that environment (i.e., temperature, humidity, type of 
housing) has a significant effect on carcass composition or growth, except as 
it may influence nutrient intakes. 

Systems of management that include periods when growth of cattle is retarded 
are common. Hedrick (1968) reported a study in which yearling steers were 
fed to gain 1 .5, 1.0 and -0.4 lb. per head daily during the winter, followed 
by finishing in drylot. Carcasses from cattle fed the submaintenance ration 
during the winter had more separable fat, less lean and less ether extractable 
constituents in the rib than carcasses from the groups fed the higher energy 
rations. 

Winchester and Howe (1955) retarded the growth of steer calves for periods of 
4 to 6 months (from 6 to 12 months of age) before full-feeding to slaughter 
weights. Twin mates of the retarded calves were full-fed continuously to 
slaughter weights. Estimations of carcass composition indicated that the 
composition of the carcass was not appreciably altered by a restricted period 
of growth. Since the cattle were all fed to the same slaughter weight, this 
work demonstrated that age did not contribute to significant differences in 
physical composition of the carcass. 

The influence of semistarvation and subsequent refeeding on carcass composi
tions of animals depends on the degree of starvation and the length of time 
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in the recovery period . . Berg and Butterfield (1968) reported that their 
summary showed that adequate refeeding leads to recovery of normal relation
ships of muscle, fat and bone. 

Reid et al. (1968a) found that they could alter the relationship of body 
chemical-Components in sheep by a prolonged fasting-refeeding regime. They 
found that this was the only one of several dietary treatments they imposed 
which did not follow their concept of the mass-related homeostatic nature 
of body composition. 

It seems that there is a need for recogn1z1ng the stage of growth in which 
nutritional alterations are imposed. Apparently cattle maintain a strong 
growth impetus over a long enough period of time that most of the dietary 
changes can be compensated for if they have a sufficiently long enough period 
of adequate nutrition to do so. 

SUMMARY 

Carcass composition is influenced by the differential growth of the major 
tissues, bone, muscle and fat. By understanding the factors influencing 
differential tissue growth, it would be possible to control carcass composition 
to some degree. 

Weight at slaughter has an important influence on carcass composition; as 
weight increases muscle percentage decreases, fat percentage increases and 
bone perceRtage decreases. 

The tendency for some breeds or types of cattle to fatten at lower muscle and 
bone weights than other breeds or types needs to be recognized in determining 
ideal market weight designations for slaughter cattle. Further, the observa
tions of other researchers, that chemical compositions of whole bodies are 
relatively constant at specific empty body weights, needs to be reconciled, 
on a quantitative basis, to those cited earlier. In other words, what is 
the relationship between physically separated tissue components of the 
carcass and the chemically determined components of the whole body? 

A high plane of nutrition increases the percentage of fat at a constant age . 
Periods of a low plane of nutrition do not seem to affect carcass composition 
when animals are allowed an adequate period of unrestricted recovery. 

Breed or genetic differences in relative tissue growth are found in muscle-to
bone ratios and in weight at which the onset of fattening occurs. Sexes differ 
in weight at which the onset of fattening occurs. 

Further work is needed to elucidate breed effects, the importance of apparent 
strain or type differences, and the effects of hormone treatments and sex con
dition on carcass composition of cattle. 

The animal breeder will contribute most to increasing pounds of edible meat by 
selection for growth rate or weight at a given age. There have been no im
portant genetic antagonisms detected among performance and carcass traits, 
but more needs to be learned about genetic correlations among traits such as 
growth rate and composition of gain. 
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Figure 8. 
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EFFECT OF ENVIRONMENT AND HOUSING ON THE PERFORMANCE OF 
FEEDLOT CATTLE UNDER MIDWEST CONDITIONS 

Hugh E. Henderson 
Department of Animal Husbandry 

Michigan State University 

A total of 68 feeding trials was reviewed and summarized. Data were 
presented from 62 trials on the effects of environment and housing 
on feedlot performance of cattle. 

HOUSING VS. NO HOUSING 

In 13 winter feeding trials, conducted at seven different stations, 
average daily gain for the no housing group was consistently de
pressed from 2 to 22% (average 12%), feed cost was consistently 
increased from 4 to 28% (average 14%), and carcass grade was s 
slightly depressed, but not consistently. 

In eight summer feeding trials, conducted at four different stations, 
average daily gain for the no housing group was consistently de
pressed from 2 to 7% (average 5%), feed cost per cwt. gain was 
increased in a-11 but one trial (average 4%) and average carcass 
grade was not affected. 

TYPE OF HOUSING 

In one trial comparing 10% of the lot area under roof with 40% of 
lot area under roof, average daily gain was depressed 4% for the 
10% group but no difference was found in feed cost or carcass grade 
between the two groups. 

In 10 trials, conducted at two different stations, comparing 40% of 
the lot area under roof with 100% of lot area under roof, no differ
ces were found for any performance criteria, however, bedding needs 
favored the 100% under roof group in winter and the 40% under roof 
group in summer. 

In two trials, conducted at the Michigan station, comparing 100% 
of lot area under roof vs. the same structure enclosed and insul
ated, performance traits favored the group fed in open lots 100% 
under roof. When straw bedding was used in the enclosed and in
sulated structure, no difference existed in average daily gain but 
feed cost favored the enclosed and insulated group. 

TYPE OF LOT SURFACE 

In nine winter and summer feeding trials, conducted at two stations, 
no consistent differences existed for any performance traits when 
concrete vs. part concrete vs. dirt lots were compared. 
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In five trials conducted at two different stations, comparing 
slotted floors with conventional bedded and non-bedded floors, 
no difference was found in performance traits attributable to 
floor surface. 

EFFECT OF SUMMER SHADE 

In nine trials conducted at the Kansas and Georgia stations, 
small but insignificant differences in performance traits 
favored cattle provided with summer shade vs. no shade. In four 
other trials conducted in Arizona and California, all performance 
traits were significantly depressed when shade was not provided. 

EFFECT OF FEEDLOT LIGHTING 

In two trials conducted at the Kansas station, no advantage was 
found for feedlot lighting. 

ANIMAL DENSITY 

After conducting three trials, Henderson of the Michigan station 
concluded, "Square footage requirements of feedlot cattle are a 
function of body weight and minimum requirements when fed in 
bedded pens completely under roof are two square feet of floor 
space per 100 pounds of body weight during winter months and 
increased to- three square feet during summer months." 

OTHER ENVIRONMENTAL EFFECTS 

Results of six experiments conducted at the Imperial Valley, 
California station comparing the effects of air movement, type of 
corral, water temperature and breed differences were reviewed. 

- 108 -



THE ROLE OF GENETICALLY MODIFIED CORNS IN ANIMAL NUTRITION 

J. W. Nordstrom 
Department of Animal Science 

University of Minnesota 

Tiie discovery of the nutritional superiority of opaque-2 over normal corn by 
Purdue researchers (Mertz et al., 1964) opened a new era for both agronomic 
and nutritional researchers. The possibility of genetically improving the 
protein value of a high-producing cereal such as corn offers great promise for 
a world critically short of high quality protein foods. 

Because of the importance of corn as an animal feed, the livestock industry has 
a vital interest in the development of modified protein corns. Data from swine 
feeding tests at Purdue (Beeson, 1966) indicated that the swine feeder could ex
pect to reduce the amount of soybean meal required to supplement corn fed to 
growing pigs and that beyond the weight of 59 kg. (130 lb.) a protein supple
ment would not be needed if opaque-2 corn was fed in place of regular variet ies 
(table l). 

Table 1. Performance of finishing pigs fed normal and opaque-2 corn (Beeson 
et al., 1966). 

Ingredient~ 
Normal corn, % 97.5 91.2 
Opaque-2 corn, % 97.5 
Soybean meal, % 5.6 

Protein % 8.9 11.2 11.2 

Response criterion 

87.8 

9.9 

13.0 

Av. daily gain, gm. 682 1045 864 1091 
Feed/gain ratio 4.71 3.59 3.74 3.65 

~/ Percent of air dry diet. 

Whether the opaque-2 gene can be incorporated into practical commercial hybrids 
without sacrificing yield and other desirable qualities is a question plant breed
ers still must answer. Assuming this is successfully acco~plished geneticists 
would still be far from the ultimate goal of changing a cheap and abundant cereal 
into a "complete" food, one that as the basis of human and animal diets would 
greatly simplify the problem of ration balancing. In spite of such developments, 
however, it is likely that livestock feeding will tend to become more rather than 
less, requiring greater dependence on application of scientific knowledge. The 
Feed Industry, a major contributor to profitable livestock production in this 
country, can undoubtedly expect to play an increasingly important role in the 
future. 
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The outstanding difference between opaque- 2 corn and varieties couunonly grown 
for animal and human consumption has been found to be greater contents of 
lysine and tryptophan in the mutant variety, the same amino acids experi
mentally indicated to be most limiting for growing animals fed corn as their 
only source of protein. However, the success from feeding opaque-2 has often 
been attributed to its higher lysine content alone, having earned it the name 
"high lysine" corn. This has probably influenced some geneticists to concen
trate exclusively on lysine content as a selection criterion. Other essential 
amino acids are also deficient in corn for growing animals, a fact that becomes 
readily apparent when one compares recommended requirement levels (table 2) with 
amounts measured in a normal variety (table 3). Recent work at Illinois has 
indicated that tryptophan, not lysine, is the most limiting amino acid in corn 

Table 2. Amino acid requirements for pigs, chicks and rats. 
(In percentage of diet) 

2/ 
Amino acid Growing Pigf/ 1/ 

Finishing Pig- Starting Chicks-
15 k 

Arginine .25 
Glycine 
Histidine .23 
Isoleucine .52 
Leucine .67 
Lysine .74 
Methionine .50 
Phenylalanine .54 
Threonine .45 
Tryptophan .12 
Valine .46 

1/ Becker et al., 1966. 
2/ N.R.C., 1966. 
3/ N.R.C., 1962. 

. 45 k . 
.15 1.20 

1.00 
.14 .40 
.35 .75 
.40 1.40 
.50 1.10 
.30 .75 
.32 1.30 
.27 .70 
.07 .20 
.28 .85 
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Growing Rats-

.20 

.30 

.50 

.80 
• 90 
.60 
.90 
.50 
.15 
.70 



Table 3. Essential amino acids, total protein and oil in selected corn varieties!/ 

Amino acid Normal Oz Hz ae suz btz K G 

% of 1air-dry weight 
Arginine 0.373 0.64Z 0.40Z 0.500 0.44Z 0.618 0.509 0.4Zl 
Histidine O.Z68 o. 394 O.Z45 0.350 0.306 0.369 0.305 O.Z76 
lsoleucine 0.365 0.376 0.3Z9 0.457 0.401 0.548 0.410 0.410 
Leucine l.Z97 0.988 1.018 1.501 l.Z44 l.6Z5 1.Z53 1.361 
Lysine 0.244 0.458 0.30Z 0.367 0.3Z9 0.466 0.365 0.336 
Methionine O.lZZ 0.096 O.llO 0.1Z6 0.133 0.158 O.Z45 0.17Z 
Methionine + O.Z39 O.Z30 0.194 O.Z59 O.Z63 0.360 0.4Z8 O.Z85 

Cystine 
Phenylalanine 0.486 0.437 0.404 0.567 0.468 0.651 0.49Z 0.5Z7 
Threonine 0.36Z 0.411 0.3Z5 0.44Z 0.387 0.553 0.409 0.399 
Tryptophan 0.058 0.095 0.071 0.086 0.073 0.103 0.077 0.072 
Valine 0.486 0.586 0.451 0.609 0.558 o. 777 0.601 0.579 
Crude protein 9.75 10.69 8.81 11.63 10.Z5 14.4Z 10.17 10.4 
Total oil 3.99 5.70 4.Zl 5.54 5.76 9.09 6.46 5.94 
Dry matter 89.7 89.92 89.69 89.6 90.36 90.0 90.0 89.0 

1/ oz, opaque-Z; flz, floury-Z; ae, amylose-extender; suz, sugary-Z; 
btz, brittle-Z; K, G, sweet corn. 



for the young pig, and that lysine supplementation to corn diets may result in 
an amino acid imbalance with a characteristic growth depression (Baker et al., 
1969). For the chick, methionine may be the most limiting amino acid when 
corn-soybean meal rations are fed. Thus, Cromwell et al .• (1967) observed no 
improvement in chick gains from replacing normal by opaque-2 corn in corn
soybean meal diets containing 12 to 21% protein unless a methionine supplement 
was added--a not unexpected result since opaque-2 contains about the same total 
amount of methionine and cystine as normal corn. 

EXPERIMENTS WITH MUTANT CORN VARIETIES 

We have analyzed many corn varieties for amino acid content in our laboratories 
with the objective of finding some that, like opaque-2, may have potential for 
genetic improvement of protein quality in commercial corn varieties. These in
cluded 11 varieties homozygous for different mutant genes (partially listed in 
table 3) obtained from the Agronomy Department at the University of Illinois, 
Urbana, in sufficient quantity for small animal feeding experiments. These 
varieties differed not only in concentration of amino acids but also in total 
protein (8.56 to 14.42%); in oil content (4.21 to 9.09%) and in the nature and 
amount of starch or carbohydrate present, the latter characteristic contributing 
to the names of the mutant varieties, i.e., opaque, floury, and sugary. All of 
the mutants contained more oil than ordinary corn, and all except one were higher 
in total protein. Also, all of them contained more lysine and tended to have 
greater concentrations of all the other essential amino acids as well. Assays in 
our laboratory for amino acids were made with a Beckman 120C analyzer, except for 
tryptophan, which was measured microbiologically. 

The different mutant strains were compared with normal corn in growth studies 
utilizing weanling male rats as test animals fed diets containing 95% corn plus 
supplementary vitamins and minerals (see table 4). After 28 days all of the 
groups of rats fed the mutant varieties had made weight gains equal to or better 
than those fed ordinary corn, growth resulting from 7 of the mutants (1.5 to 
3.9 mg/day) being significantly greater (P< .05) than that from the normal 
variety (1.0 gm!day). 

Table 4. Average weight gain per day in rats fed diets containing 95% of 
different corn varieties. 

Corn variety 

Normal 
Opaque-2 
Floury-2 
Amy lose-extender 
Sugary-2 
Brittle-2 

Average gain/da~/ 
gm. 
l.Oa 
3.9b 
i.5c,d 
l.9c 
l.9c 
3.5b 

1/ Mean values ,for 6 rats/treatment fed for 28 days. 
Means with different superscript letters are significantly different 
(a,d, P4(.05); (a, b, c, P.C:~Ol). 
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PROTEIN VALUE OF SWEET CORN 

Some of these mutant genes have been utilized by plant breeders in the pro
duction of varieties of sweet corn for human consumption. One of the sweet 
varieties we have tested (K, table 3) contained 49% more lysine, 33% more 
tryptophan, 12% more isoleucine, 24% more valine and 78% more total sulfur 
amino acids--methionine plus cystine--than normal hybrid corn. This and 
other types of sweet corn fed to weanling rats in our laboratory have gener
ally produced more growth than normal corn. 

Adding amino acids to diets based on either sweet or normal corn required to 
meet N.R.C. recommendations resulted in approximately equal gains for all 
groups of rats, about 5 gm. per day over a 21-day period. In other treatments, 
single amino acids were omitted from the otherwise complete supplement. While 
this practice might be expected to cause an imbalance effect, none of the groups 
of rats fed in this manner gained less than those receiving the unsupplemented 
corn diets (table 5). Our results suggest that this technique may quite 

Table 5. Effect of amino acid additions on weight gains for rats fed normal 
or sweet corn diets.!./. 

Amino acid supp. 

1. None 
21 2. Complet~ 

3. Complete - methionine~/ 
4. Complete - tryptophanl/ 
5. Complete - isoleucinel/ 
6. Complete - valinel/ 
7. Complete - threoninel/ 

Normal corn 

gm. 
0.9 
5.1 
4.6 
1.0 
1.5 
2.2 
1.7 

Sweet corn 

gm. 
1.6 
5.5 
5,7** 
2.2** 
1.9 
4.1** 
3.5** 

1/ Means for 6 rats/treatment fed for 21 days. 
J./ Crystalline (L) amino acids were added to bring total concentrations 

in the diets to that recommended by the N.R.C. (1962). 
2_/ Amino acid indicated was omitted from the supplement. 
** Indicates significant difference (P<. .01) between normal and corresponding sweet 

corn values. 

sensitively reveal differences in essential amino acid content of different corn 
varieties. Thus, when amino acid supplements, complete except for either 
methionine, tryptophan, valine or threonine were added to normal and sweet corn 
diets, rats fed 1 the latter grew significantly faster (P( .01) in each case, the 
results indicating that greater amounts of these amino acids were present in 
the sweet corn in agreement with chemical and microbiological measurements. 
Similarly, an only slightly larger quantity of isoleucine was found in sweet 
corn by chemical determination, was an amount not sufficient, apparently, to 
cause a significant improvement (P< .05) over normal corn in the growth assay. 

- 113 -



Studies with chicks also indicated that sweet corn K contained more of the 
sulfur amino acids than normal and opaque-2 varieties with diets containing 
corn and soybean meal to provide 18 and 22% protein (Speers, 1969). In these 
experiments methionine supplementation to the opaque-2 and normal corn diets 
was required to produce growth equivalent to that obtained with diets based 
on sweet corn. 

A second variety of sweet corn, identified as "G" in table 3, was utilized in 
growth studies with young pigs since this corn was available in more adequate 
supply than was true for variety K. Sweet corn G, when analyzed for amino 
acid content, was indicated to contain a similar amount of most of the essen
tial amino acids, as variety K except in the case of methionine (and cystine). 
It is unlikely that this disparity would account for the lack of difference in 
growth observed between pigs fed the sweet corn and the normal variety since 
those receiving opaque-2 synthetic corn, which contained about the same amount 
of total sulfur amino acids, gained significantly faster at all levels of pro
tein intake. At this time we can only speculate whether a lack of acceptability, 
since the diets were fed in meal form ad libitum, or a depressed digestibility 
detracted from the sweet corn treatments. However, based on recent data, the 
latter case was not true for rats, the apparent digestibility of both dry 
matter and protein being found to be about equal for sweet corn G and normal corn 
(table 6 ) . 

Table 6. Comparison of normal, sweet and opaque-2 (synthetic) corn for 
growing pigs.!/. -

Protein Average Feed/gain 
Diet level gain/day21 ratio 

% gm. kg. 
1. Normal corn 8.75 130a 7.91 

a. + soybean meal 12.0 404b 3.72 
b. + soybean meal 15.0 573c 2.85 

2. Sweet corn (G) 10.06 164a 7.48 
a. + soybean meal 12.0 4oob 3.44 
b. + soybean meal 15.0 532c 3.13 

3. Opaque-2 (synthetic) corn 9.61 341d 4.02 
a. + soybean meal 12.0 564C 2.97 
b. + soybean meal 15.0 686e 2.67 

1/ Gain and feed consumption data are means for 6 pigs/treatment (starting 
weight, 22.7 kg.) for a 28 day period. 

2/ Means with different superscript letters are significantly different 
(PL .05). 

STUDIES WITH OPAQUE-2 SYNTHETIC CORN 

The synthetic opaque-2 corn used in this study, when fed in combination with soy
bean meal at the 12% protein level, produced approximately equal gains in young 
pigs as the normal corn diet containing 15% protein and over twice as much soy
bean meal (6.2 vs. 15.7%). This variety of corn, a cross in which the opaque-2 
gene had been incorporated, was assayed to contain 0.524% lysine, slightly more 
than that found in the homozygo~s opaque-2 mutant listed in table 3,. and was 
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also measured to possess equal or greater amounts of all the other essential 
amino acids as well. 

Good results have also been obtained from feeding synthetic opaque-2 corn to 
older (58.6 kg.) pigs (Pick, 1968). In that case the synthetic variety fed 
without protein supplementation produced gains equal to that from a 12% pro
tein normal-corn and soybean meal diet, similar to results reported by Beeson 
et al. (1966) with the opaque-2 mutant. However, the addition of either 
Q.1% lysine or 4% soybean meal significantly improved feed efficiency, probably 
due ~o a lower concentration of lysine (0.386%) found in this variety of 
synthetic opaque-2 corn. 

SUMMARY 

Data from amino acid assays and growth studies with animals have indicated that 
other mutant genes in addition to opaque-2 possess potential for enriching the 
protein quality of corn. The extent to which variations in the carbohydrate, 
oil and possibly in the vitamin and mineral fractions of corn varieties tested 
at this station and elsewhere have influenced results of nutritional studies 
is unknown at present, attention having been focused almost exclusively on 
protein. Perhaps modification of the other nutrients will also contribute to 
an improvement of the food value of corn. It would seem important, however, 
that in projects undertaken to change the nutritional value of cereals close 
cooperation be maintained between geneticists and nutritionists to avoid the 
possible and undesirable creation of nutrient imbalances. 
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NUTRIENT REQUIREMENTS OF PULLETS FROM 8 TO 20 WEEKS OF AGE 

C. W. Car 1 son 
South Dakota State University 

The nutrient requirements of developing pullets are not well defined in many 
areas. Probab ly less is known about this type of bird's requirements than for 
that of any other stage of the life of a ch icken. We have hundreds of repo rts 
in the literature on the requirements of the chick and perhaps half as many, 
a t least , on the requirements of the layer and breeder hen. But the poor 
pullet somehow 11 just growed 1 i ke Topsy", and has managed to do a pretty good 
job i n later life in spite of such lack of attention. 

There have been a few published reports in recent years on this subject and it 
will be the purpose of this pape r to review them in a brief manner. Un
fortunately at our laboratory, we are in the same category as many -- most of 
our attention has been focused on things other than the growing pullet. At 
S.D.S .U. , we have used a rather r igid grower routine over the past 10 years 
pertaining to the feeding and management of growing pullets. This was to 
concentrate our efforts on the hen and to ~inimize their year-to-year variation. 
Our routine involves the use of a high energy starter diet to 8 weeks of age , 
then in a week's time gradually switch to a relatively low energy diet in which 
whole oats makes up the bulk of the ingredients. 

The formula for this diet is shown in table 1. Note that it is not extreme ly 
low in energy, as a typical restricted energy diet would contain upwards of 
15-20% oat h~lls or other inert or high fiber material. This diet is such 
that the bird can eat to satisfy its desires and its sexual maturity is not 

Table 1. Pullet grower diet used at South Dakota State Universityl 

Ingredient 

Ground oats 
Wheat middlings 
Soybean mea 1 (47%) 
Meat scraps (55%) 
Alfalfa meal (17%) 
Fi sh mea 1 (60%) 
Dried whey 
Dicalcium phosphate 
Ground limestone 
Salt mix 
Vitamin mix 

Calculated Protein, % 
Calculated Energy, M.E./Kg. 
Calculated Ca, % 
Calculated P, % 
Calculated Methionine and Cystine, % 
Calculated Lysine, % 
Calculated Fiber, % 

Percent 

80.5 
5.0 
2.0 
2.0 
2 . 0 
1.0 
2.0 
3.0 
l. 5 
0.5 
0.5 

100.0 

13. 7 
2280 

1.6 
0.8 

.44 

.62 
9.86 

1 Ingredient cost, June, 1969 - $54.54/ton based on Minneapolis, F.O.B . pr i ces. 
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retarded to a significant extent, unfortunately. Pullets receiving this diet 
to 20 weeks of age develop good capacity and also an excellent feather covering. 
Even with crowding to 1/2 sq. ft. per bird on litter or slat floors or in 
growing cages, no cannibalism has ever been encountered, when this diet was 
used even without debeaking. In fact, this diet has been a good remedy for 
cannibalism. 

However, for modern large scale pullet growing operations, this diet is not 
particularly adaptable. Certain automatic feeding systems just will not handle 
such bulky feed unless it is pelleted. In addition, pullets fed this diet pro
duce great quantities of droppings which adds to the ultimate labor requirement. 
We have never had a problem with wet or liquid droppings with this diet, how
ever. Ours are hand feeding operations, and we have considered the advantages 
thus far to outweigh the disadvantages. 

What sort of a grower diet should be used in today's mechanized pullet growing 
operations? Often, it appears that fairly high energy diets of 16% protein 
are used. Much of the restriction is accomplished by means of decreases in 
light intensity or duration. Cannibalism is largely controlled by debeaking 
and light restriction. This isn't always completely successful, as many can 
testify. Others use some ingredients that make the feed less palatable, such 
as alfalfa meal. 

Rather than dwell further on the diet or diets we would recommend, the balance 
of this presentation will cover pertinent points about some of the practices 
and the known nutrient requirements for developing pullets. 

RESTRICTED FEEDING 

A topic which in itself could occupy this entire presentation is that of 
restricted feeding, its pros and cons and means of accomplishment. Whether 
restriction is practiced or not could determine what the nutrient levels 
should be. Therefore, under the discussion of particular nutrients we will 
point out what dietary changes are needed or are appropriate with restriction. 

Hens that have been grown on a restricted regime usually show less laying 
house mortality. Largely on this basis, the very extensive studies of Gowe 
and co-workers, (1965) (see also Strain et al., 1965) have shown an average 
of 31¢ increased return per hen with restriction. Restriction was accom
plished by feeding 70-80% of the nutrient intake of comparable controls from 
8 to 20 weeks of age, see table 2. Statistical analysis for the criteria 
shown indicated a significance in favor of the restricted groups except for 
rearing mortality and feed efficiency. These data represent the performance 
of some 48,000 pullets at 5 locations over a 5-year period. Similar results 
were reported by Fuller (1961), Luckham et al. (1963) and Macintyre and 
Gardiner (1964). On the other hand, Lillie and Denton (1966) reported that 
restricted feeding was of no effect on egg production, egg size on hen~house 
livability, see table 3. 

Unfortunately, it seems to me, most of their efforts were directed towards 
restriction of the first 4 types, and only l study of the 5 involved the 
latter types of restriction, i.e., 75% or 70% of full-feeding during the 
growing period. The magnitude of the differences were greater than shown 
by Strain et al. (1965) but the limited numbers prevented showing any signi
ficance except for 20-wk. weights. In two limited studies conducted at this 
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Table 2. Performance of hens on full-feed (FF) or restricted (R) feed during 
rearin9 (3-21 weeks) 1 

Restriction to 70% Restriction to 80% 
Criteria F.F. R. F .F. R. 

Hen housed prod.i eggs 2 225 229 227 232 
Hen-day prod., % 72.5 75. 1 72.4 75. 1 
Age at 1st egg, days 166 184 164 179 
Mortality, rearing, % 2.7 5.6 2.4 4.4 
Mortality, laying, j 11. 5 9.6 11.3 9.5 
Extra profit $/bird .35 .42 
Lb. feed/doz. eggs 4.62 4.70 4.46 4.51 

l From Strain et al. (1965) and Gowe et al. (1965). 
2 Over a 500-day period. 
3 Per bird housed during producti ve pe riod. Total increased egg income 

including all factors was abou t 31¢. 

Table 3. Performance of hens on full-feed or restricted feed during rearing 
- - ( 8-20 wk.) 1 • 2 

20-wk. Hen-day Kg. feed Mortality, 
Type of Restriction wt., kg. prod., 2 % doz. eggs % 

Basal (none) 1. 32 57 . 5 2.6 13.7 
25% fiber 1.34 61.6 2.4 9.6 
12% protein 1.24 58.5 2.6 11. 5 
12% protein and 25% fiber 1.25 56.8 2.6 13.9 
80% of basal 1. 16 59. 1 2.6 11.6 
75% of basal 1.08 64.6 2.4 16.5 
70% of basal 1.07 65.2 2.3 6.5 

l From Lillie and Denton, 1966. 
2 Five years of tests, 40-48 wk. lay period, no significant differences in 

production, efficiency or mortality . 

laboratory in 1958-59 and 1959-60 oats diets similar to that described in table 1 
were compared to high energy diets -- essentially corn and soybean meal replaced 
the oats. There was little effect on mortality in the laying house and no 
effect on hen-day egg production . The time required to reach sexual maturity 
or 50% production was not affected in this work. We continue to use the oats 
diet primarily because of the fine feathering produced and the elimination of 
cannibalism. 

Restricted feeding probably has a place in today's pullet growing operations. 
However, the inconveniences it imposes, toge t her with increased labor costs and 
greater demand for precise management have limited its practice, except for 
breeder flocks particularly of the heavy breed types where greater attention 
can be afforded. Perhaps such techniques can be worked out in the near future. 

The recent report of Wilson et al. (1968) indicated that use of iodine may be 
a good way to retard onset of egg production. Levels of 2500 or 5000 ppm, fed 
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from 19 to 24 or 20 to 24 weeks satisfactorily retarded production and did not 
interfere with subsequent performance. If iodine was used before 19 weeks of 
age, ovarian development was adversely affected, and if used past 24 weeks of 
age, a few hens failed to initiate egg production. More extensive studies may 
be desirable before this technique is widely adopted. 

PROTEIN AND ENERGY 

The work of Turk et al. (1961), Smith (1967) and Wright et al. (1968) indicates 
that 10-11% protein diets can be used satisfactorily during the growing period 
from 8-20 weeks of age. The diets where such low protein was used would not 
be termed particularly high energy diets -- diets used by Turk and associates 
(1961) were calculated to contain 800-1000 Cal. of Productive Energy per lb. 
(2500-3100 Cal. M.E./Kg.). In a practical sense, restriction of development 
can be and has been accomplished by low protein or imbalanced protein diets. 
The extensive work of Singsen (1965) and others has demonstrated this very 
dramatically, i.e., a lysine deficiency will markedly retard development. 
Most of this application has again been with broiler breeders and the technique 
has not been extensively developed for egg-type pullet production. 

It is possible to use very low protein diets quite satisfactorily. There is 
really very little recent data to substantiate the 16% protein requirement 
indicated by the National Research Council (1966). The work by Turk et al . 
(1961) indicates that 13% protein with 1000 Cal ./lb. (P.E.) produced satis
factory growth from 15 to 20 weeks of age, 14% protein was adequate from 
8-15 weeks of age (table 4). With the higher energy diet, they encountered 
problems wi-t:h feather picking. Based on body weight criteria, which of 
course is not a good measure of subsequent egg production, the 13%--800 Calorie 
diet was apparently a good diet. The data of Wright et al. (1968) are sum
marized in table 5. Apparently 10% protein during the-growing period from 
8-18 weeks of age was quite adequate in their work. They suggest a strain 
difference in response, since different strains of SCWL were used in the 
2 experiments and the first experiment seemed to show some advantage for the 
low protein diet. Where restriction of maturity is not desired and feed intake 
is not restricted, it would be our recommendation that the diet contain at 
least about 14% protein. 

Table 4. Protein 
Protein, 

% 

for pullets, 8 to 20 wk. 1 

Energy 
P.E. Cal ./lb. 

15 1240 
15-132 1240 
16-152 1000 
14-132 1000 
12-11 2 1000 
15 800 
13 800 
11 800 

1 From Turk et al. (1961). 

20 wk. wt., 
gm. 

1420 
1408 
1528 
1498 
1305 
1441 
1503 
1455 

2 Protein level 8-15 wk. and 15-20 wk., respectively. 
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Table 5. Perrormance of pullets fed normal and low protein from 8-18 wk. of 
a e 

2 Avg. % prod. 
Kg. feed/doz. eggs 
Mortality - layers% 

16 

73.0 
1.6 

14.4 

From Wright et al. (1968). 
2 Hen-day, for 52 wk. 

Exp. 

10 

75.0 
1.6 

15.5 

% Protein 

16 

69.0 
1.9 
8.0 

Exp. 2 

10 

66.0 
2.0 
5,5 

If restriction is accomplished by reduced length of daylight or other means, it 
would be recorrmended that a high energy grower diet be used containing about 16% 
protein. Feed intake might possibly be reduced with the shorter feeding time, 
and it might be necessary that the dret be more concentrated in protein, as well 
as other nutrients, so as to assure their adequate intake. However, with a 
photoperiod of 8 hours, Berg et al. (1963) showed that there was no effect on 
subsequent egg production by restricting a high energy diet or in feeding a low 
energy diet during the growing period (table 6). On the other hand, with a 
16-hour photoperiod, the hens that had been grown on a low energy diet did not 
produce as many eggs as those grown on high energy or restricted high energy. 
In their work the ~igh energy growing diets caused the hens to produce signifi
cantly more double-yolked eggs, particularly when a 16-hour photoperiod was 
involved. They stated that 11 

•••• managed lighting, acting through natural 
control of the endocrine system is preferred to restricted feeding as a means 
of regulating maturity." Note that the 16-hour photoperiod also caused the 
hens to produce larger eggs. This was particularly true in the earlier periods 
of egg production. 

Table 6. Effect of ehotoeeriod and nutrition durin9 9rowth on layin9 eerformancel 
Eggs per Avg. wt. % double 

Grower Days to bi rd, eggs, Yolked 
Photope r i od diet 50% lay 20-76 wk. gm. to 67% 

8 hr ./day High Energy 172 256 55,6 2.0 
Rest. Energy 174 253 55.0 1. 7 
Low Energy 172 257 55.6 1. 5 

16 hr./day High Energy 166 265 57.2 3.4 
Rest. Energy 172 262 56.4 2.3 
Low Energy 171 251 57.6 1.4 

1 From Berg et al. (1963). 

CALCIUM AND PHOSPHORUS 

A factor which seems quite important here is the ability of older birds to use 
phytin phosphorus or plant sources of phosphorus quite effectively. This topic 
has been reviewed quite adequately by Nelson (1967) who pointed out that after 
4 weeks of age the chick utilizes phytic acid phosphorus quite well. ~alcium 
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phytate is poorly used, and increased levels of calcium reduce the utilization 
of phytic acid phosphorus. 

Berg et al. (1964) reported that 0.3% P was adequate for growing pullets from 
8-21 weeks of age (table 7). Examination of the data would suggest that no 
more than 0.4% calcium is needed, perhaps 0.3% is quite adequate. On the other 
hand, Anderson (1967) reported that 0.65% Ca was adequate for growth but not 
for subsequent egg production (table 8). The work of Howes (1967) indicated 
that less than 1% Ca was not adequate for maximum egg production. A level of 
0.4% Ca was not adequate for calcification and egg production as reported by 
Meyer et al. (1968). The hazards of excess calcium during the growing period 
were described by Shane et al. (1968), particularly that when over 2% Ca was 
fed, a high incidence of renal failure and visceral gout was encountered. It 
was concluded from histological studies that a high calcium diet induces nutri
tional hypo-parathyroidism. They state that it would be unwise to exceed 1% Ca 
in growing diets when the phosphorus content is maintained at 0.40% available P. 

Table 7. Effect of calcium and phosphorus level of the developing ration on 

S-21 
performancel 

wk. Diet 21 wk. Bone Ash, Egg wt. at Rate of lay, Egg/bird 
% p % Ca wt., gm. % 33-34 wk. 29-33 wk., % to 34 wk. 

0.3 .30 1380 60.4 54.3 85.9 
.45 1404 61.8 54.5 88.8 

o.4 .40 1356 61.6 53.9 86.9 
.60 1406 62.0 54.7 88.0 

0.32 .3o 1515 61.3 57.9 39 
.60 1486 61.6 57.0 40 

0.52 0.55 1544 62.3 56.6 45 
1.00 1501 61.2 58.8 39 
1 .oo3 1521 62.3 58.3 39 

From Berg et al. (1964). 
2 All plant phosphorus. 
3 P in diet of mixed source, 0.2% from tricalcium phosphate and 0.3% from 

plant sources. 

Table 8. Influence of pre-laying dietary calcium and 
Dietary Ca Avg. 22-wk. 

% Environment wt. gm. 

0.65 Wire 1698 
Litter 1616 

1.30 Wire 1598 
Litter 1575 

2.60 Wire 1676 
Litter 1594 

From Anderson (1967). 
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Eggs/bird 
(5 mo.) 

88.0 
88.9 
96.6 
92.2 

104.2 
89.0 



Therefore, if restriction is accomplished by use of reduced lighting or un
palatable Ingredients to cut down feed intake, it would be our recommendation 
that the diet contain 1% calcium and 0.4~ available phosphorus. If a low 
energy diet were used such that feed intake were increased, it is quite possible 
that 0.6% Ca and 0.3% P are adequate. 

OTHER NUTRIENTS 

Not much work has been published in the last 10 years on other nutrients. Two 
reports seem worthy of note. Studies by Reid et al. (1965) have shown that the 
vitamin A requirement during the growing period exceeds 500 I .U./lb. From their 
data it appears that 1250 I .U./lb. were adequate, but that a group receiving 
3000 I .U./lb. showed the lowest incidence of blood spots in subsequent per
formance. 

A report by Neshein et al. (1967) on the effect of dietary choline on growth of 
pullets and subsequent effects on performance indicated that the growing pullet 
has a marked ability to synthesize its own choline. On the other hand, if the 
pullet receives choline during the growing period, it also needs it during re
production. 

For a review and consideration of nutrients not discussed, the recommendations 
made for growing pullets by our Station are shown in table 9. Note the range 
of energy and protein and amino acid levels. It would be our suggestion that 
the vitamin and mineral levels be as listed, however, it is well appreciated 
that higher or lower levels could be appropriate depending on the extent of 
feed intake. In short, growing pullets can tolerate a wide range of nutrient 
levels -- undoubtedly future work will elucidate many shortcomings in this 
philosophy. Hopefully a change in some of the present practices may answer 
some of our problems in egg production. The convnercial industry seems to be 
ahead of academic research in this area, and more work should be concentrated 
on the growing pullet. 
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Table 9. Suggested nutrient levels for growing pullets 
Nutrient Unit 

M. Energy Ca 1 ./Kg. 
Ca % 
p % 
Salt % 
Mn Mg ./Kg. 
I Mg ./Kg. 
Zn Mg ./Kg. 

Vi t. A I .U ./Kg. 
Vit. D3 I .C .U ./Kg. 
Vi t. E l.U./Kg. 
Vi t. K Mg ./Kg. 
Riboflavin Mg ./Kg. 
Pant. Acid Mg ./Kg. 
Niacin Mg ./Kg. 
Vit. B12 Meg ./Kg. 
Cho 1 i ne Mg ./Kg. 
Fol i c Acid Mg ./Kg. 
Biotin Mcg./Kg. 

Arginine % 
Lysine % 
Methionine % 
Cystine % 
Tryptophane % 
Glycine % 
Protein % 
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Level 

1500-2800 
1.0 
0.4 
0.5 

55 
1 

44 

4400 
400 

5 
1 
4 
8 

25 
8 

1000 
0.9 

75 

.7-.9 

.6-.8 
.27-.35 
. 15-. 2 
.12-.15 
.60-.75 
12- 16 
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Table 9. Suggested nutrient levels for growing pullets 
Nutrient 

M. Energy 
Ca 
p 

Salt 
Mn 
I 
Zn 

Vi t. A 
Vit. D3 
Vi t. E 
Vi t. K 
Ri bofl avi n 
Pant. Acid 
Niacin 
Vit. B12 
Choline 
Fol i c Acid 
Biotin 

Arginine 
Lysine 
Me-th ion i ne 
Cystine 
Tryptophane 
Glycine 
Protein 

Unit 

Cal./Kg. 
% 
% 
% 

Mg ./Kg. 
Mg ./Kg. 
Mg ./Kg. 

I .U ./Kg. 
I. C .U ./Kg. 
I .U ./Kg. 
Mg ./Kg. 
Mg ./Kg. 
Mg ./Kg. 
Mg ./Kg. 
Meg ./Kg. 
Mg ./Kg. 
Mg ./Kg. 
Mcg./Kg. 
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Level 

1500-2800 
1.0 
0.4 
0.5 

55 
1 

44 

4400 
400 

5 
1 
4 
8 

25 
8 

1000 
0.9 

75 

,7-,9 
.6-.8 

.27-,35 

.15- .2 

.12-.15 

.60-.75 
12- 16 
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TURKEY BREEDER HEN NUTRITION 

Paul E. Waibel 
Department of Animal Science 

University of Minnesota 

Data obtained at the University of Minnesota pertaining to nutrition of 
turkey breeder hens have been reported extensively at previous sessions 
of this Conference. It is the intention at this Conference to present 
additional data from the University of Minnesota. to review recent 
research reports of others• and to make suggestions of appropriate 
nutritional dietary allowances for the turkey breeder hen in the region 
of Minnesota. 

The literature pertaining to the turkey breeder hen is quite limited and 
is published primarily in Poultry Science• Proceedings of Nutrition 
Conferences. and Feedstuffs. Some effort was spent searching out other 
sources of original information but with little productivity. 

PROTEIN 

Information on the protein and energy requirements of turkey breeders 
was reported at this Conference by Waibel ( 1963a). The conclusion was 
that the 15\ protein requirement listed by the National Research Council 
is adequate for turkey breeder flocks in the north central region which 
are in production during November through June. Since that time there 
have been a few other reports which tend to substantiate this recommen
dation but which provide a basis for extension to other situations. 

Anderson (1964) • using Jersey Buff and Broad White turkey females. found 
that increasing the metabolizable energy content of turkey breeder diets 
containing 14.S or 16.S\ protein by 159 kcal ME per kg (addition .of 4% 
animal fat) had no effect on fertility or hatchability with either strain. 
Daily caloric intake was quite constant with the Jersey Buff turkeys 
regardless of ration formulation• meaning that the breeders consumed less 
of the high energy diet. With the Broad Whites. calorie consumption 
increased at the lower protein level where fat was added• and this was 
associated with an increase in egg production. It was suggested that 
added fat resulted in improved protein utilization with the heavier birds 
to overcome a mild protein deficiency. 

As occurred in chicken hen nutrition some years ago• there also has been 
controversy relating to the dietary percentage protein needs of turkey 
hens in eg1 production: the discrepancy may be resolved in large part 
by considering daily nutrient intake. Confirming earlier work at Texas 
(Atkinson et al •• 1960)• Wahid et al. (1967) reported on a large field ----- --
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experiment where 19 9 21 9 23 9 and 25 percent protein rations were fed from 
August 1 to December 17 in an of f-seuon study. Overall superior perfor
mance was obtained with the turkey breeder hens receiving 21% protein. The 
birds fed 19\ protein produced fewer eggs and were not able to maintain 
body weight as effectively as those fed the higher protein levels. 

In another study of off-season production of turkeys, Touchburn (1969) fed 
hens a regular breeder ration containing 17.3% protein and 2960 M.E. kcal/kg 
or a reduced energy ration containing 2783 M.E. kcal/kg and 19.5\ protein. 
The regular ration performed as well as the reduced energy ration containing 
higher protein. 

No recent studies have come to the attention of the author regarding amino 
acid supplementation of turkey breeders. Owings (1963) reported that 
0.2 - o.6% added lysine resulted in improved hatchability and fertility. 
Egg production was not affected. It is surprising that amino acid 
supplementation should have influence on fertility and hatchability and not 
egg production and therefore on the basis of a single report the finding 
can not be given practical significance. 

Suggested protein and other nutrient levels for turkey breeder hens are 
listed in Table l. 

ENERGY 

The Minnesota studies on energy requirements of turkey breeders (Waibel, 
l963a) showe4_ that turkey breeder hens fed a wide range of dietary available 
energy (i.e. 2200 - 3050 M.E. kcal/kg) produced similar results. The 
principal difference observed was in feed consumption; that is, proportion
ately more of the lower energy diet was consumed. The hens fed the higher 
energy diet gained one-half pound more per bird than those fed the lower 
energy diet during the breeding season, but this difference did not relate 
to productivity. 

Cooper and Barnett ( 1968a) substituted 5% corn oil, 7% sand, and 2-1/2% 
additional soybean meal in place of a portion of the ground yellow corn 
in a practical com-soybean diet and reported no significant changes in 
egg production• body weight• hatchabili ty of fertile eggs• or feed 
consumption. However, there was an effect upon egg weight such that eggs 
were approximately three grams heavier when produced by breeders receiving 
the corn oil. 

Atkinson (1968a) reported that Menhaden fish oil may be used as a source 
of energy for turkey breeder hens up to a level of 2.5%. Somewhat depressed 
egg production resulted when st of the oil was used. One using such a 
product would want to prevent rampant oxidation by use of an appropriate 
antioxidant. 

MINERALS 

A study on the calciwn, phosphorus, and vitamin D requirements of turkey 
breeder hens was reported by Waibel ( 1965). Observed dietary refuirements 
(com-soybean maal type diet) were between l.90 - 2.50% for calc um, 
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o.55 - o.67% for total phosphorus. and 730 - 1320 ICU/kg for vitamin D. 

Atkinson et al. (l967a) fed Broad Bronze (BB) and Broad White (BW) turkeys 
maintainea-in-'cages l.24• l.90• 2.66• and 3.43\ calcium (0.64% inorganic 
phosphorus) and found that the BB turkeys produced optimally at 1.90\ 
calcium and the BW turkeys at 2.66% calcium. BB turkeys in floor pens fed 
diets containing l.67• 2.43• 3.19• and 3.95% calcium (0.78% inorganic 
phosphorus) yielded highest egg production at 3.19\ calcium. 

Arends (1967) reported additional experiments at Iowa which showed that 
with o.4 or o.a% phosphorus (levels of calcium of o.1s. l.s. 2.25• and 
3.0%)• the 2.25% calcium level performed optimally for egg production and 
hatchabili ty. 

Thus. 2.25 - 2.50% dietary calcium should be adequate for breeder hens in 
floor pens i however• the question is open as to whether this level would 
be sufficient with warm ambient temperature or with hens in cages where 
daily food intake would be less. Further work is needed to define effects 
of age and productivity• excerise. and environment temperature on calcium 
requirement• both as independent factors upon metabolism and as mediated 
through effects on feed intake. 

Cooper and Barnett (1967) reported oyster shell and insoluble grit consump
tion during holding (20-29 weeks of age) and breeding (30-53 weeks of age) 
periods when hens were fed all mash diets containing l.3 or l.8%• 
respectively• of calcium either in an ad libitum manner or as 80\ of ad 
libitum consumption. The respective daily consumptions of mash• oyster 
shell• and granite grit during the holding period were 231.6 1 4.4 1 and 
12.9 grams on full feeding and 183.3 1 o.9. and 97.l grams at the 80% feeding 
level, and during the breeding period were 238.8 1 11.2 1 and 19.4 grams for 
the full fed birds and 196.3, 28.S• and 157.e grams for the birds fed at 
the 80% level. During the holding period nearly 2% of oyster shells was 
consumed by the full fed birds as compared to approximately 1/2% by the 
restricted birds. In the breeding period, while 4.7% of oyster shells were 
consumed by the full fed turkeys. nearly 15% were eaten by the restricted 
fed birds. Further, the restricted birds really turned to grit as an 
alternative dietary component whether restricted during the holding or 
breeding period. Other performance characteristics were not presented but 
would be of interest. 

Atkinson et al. (1967b) found that a supplemental level of 27 ppm manganese 
(NRC l966~quirement is 33 ppm) did not support maximum egg production or 
hatchability. The amount added manganese required for optimum performance 
in these respects was between 54-108 ppm. A practical sorghum, com• soybean 
meal type diet was used. 11lere do not appear to be other reports on the 
manganese requirement of the turkey breeder hen. 

FAT SOLUBLE VITAMINS 

Studies on the requirement of vitamin A by Stoewsand and Scott (1961) and 
Jensen ( 1965) established that at approximately 2640 USP units of vitamin 
A are required per kg of diet in order to produce satisfactory egg pro
duction and hatchabili ty of fertile eggs and to maintain the breeding hens• 
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but that sreater amounts of vitamin A were required for good carry over 
to the progeny. The former workena concluded that 10 9560 USP uni ts of 
vitamin A/kg were required to provide appreciable carry over such that 
progeny could perform normally on marginal diets. Another paper on the 
requirement of vitamin A (Atkinson et al •• 1963) indicated considerable 
variation such that a precise requirem6ii't wu not offered. Birds fed 
the vitamin A low ration showed poor egg production. decreased red cell 
count and hemoglobin level• low serum and 11 ver vitamin A• and high 
serum uric acid. The use of ethyoxyquin at 220 mg/kg appeared generally 
to do a better job than vitamin E at 44 mg/kg in helping reverse the 
effects of the low vitamin A diet. 

Creger and co-workers (1960) studied the addition of 5% dried brewers 
yeast• 0.1 ppm Se and the combination• with and without 22 IU vitamin 
E per kg in a simplified milo-soybean meal type ration. Beltsville 
Small White turkey hens were used. Vitamin E greatly increased 
hatchability of fertile egga • while dried brewers yeast and selenium 
showed no activity in this respect. It was apparent that selenium did 
not replace the need for vitamin E under these experimental conditions. 

Brief mention is made of the report of Leighton et al. (1968) wherein 
vitamin E added to a practical diet already thouih't--t'o be adequate in 
vitamin E did not improve fertility or hatchability of turkey eggs. The 
diet contained 65 IU vitamin E/kg and the supplemental levels of vitamin 
E were 33 and 66 IU/kg. 

Nutritionists are sometimes challenged on the adequacy of allowances of 
vitamins- A• D and E for turkey breeder hens by persons who may feel the 
levels should be much higher. A study over two breeding seasons was 
established at the University of Minnesota (Waibel and Krista, 
unpublished) to examine the influence of higher levels of vitamins Ae 
D and Eon reproduction. The control diet contained 12.210 IU of 
vitamin A/kg• 1797 ICU of vitamin D/kg and 22 IU of added vitamin E/kg. 
The treatment with additional vitamin A had 63 •690 IU/kg, or 5.2 times 
the control level. The treatment with additional vitamin D contained 
12 9406 ICU added vitamin D/kg 9 or 6.9 times the control level. The 
treatment given additional vitamin E was administered 154 IU per kg• 
or 7 times the added level of vitamin E in the control diet. In no 
instance did the added vitamin level improve egg production, fertility, 
or hatchability of fertile eggs. Indeed 9 in certain instances, 
performance with the added vitamins was somewhat inferior to that of 
the control; however• the differences were not considered statistically 
significant. 

WATER SOLUBLE VITAMINS 

There is a paucity of information on the requirements of turkey 
breeders for water soluble vitamins. The limited work on riboflavin 
and pantothenic acid requirements was done prior to 1955. The Iowa 
workers have contributed substantially with their studies on choline 
and folic acid. Balloun and Miller (1964) showed that the level of 
990 mg of choline per kg as present naturally in a corn-soybean type 
diet was sufficient and that additional choline (440 9 660• BBO mg/kg) 
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did not improve reproductive performance. Miller and Balloun (1967) 
studied the folic acid requirement of the turkey breeder hen in the 
presence of different levels of choline. At the higher level of choline 
(1375 mg/kg)• the folic acid requirement for egg production. egg fertility 1 
and feed conversion was satisfied by o.35 mg/kg of diet while the next 
higher level ( o. 81 mg/kg) was required to assure maximum hatchability of 
fertile eggs. Two additional higher levels were employed (1.23 and 1.67 
mg/kg) and these did not improve performance. However. with a lower 
level of choline in the diet (759 mg/kg) 1 the requirement for folic acid 
was 1.67 mg/kg for maximum hatchability. Tile o.35 level of folic acid 
was satisfactory with lower choline for egg production• fertility• and 
feed conversion. 

A vitamin which has received much attention of late is biotin. Jensen 
(1969) utilized wheat-soybean meal basal diets to study the biotin 
requirements for turkey breeder hens and concluded that "turkey breeder 
diets should probably contain a total biotin level of 250 to 300 mcg/kg 
in order to insure maximum rate of egg production• maximum hatchability 
of fertile eggs. and an adequate carry-over of the vitamin to the 
offspring". 

A study by Waibel et al. (1969) examined the value of supplemental biotin 
with a corn-soybean"'9meai type diet for turkey breeders. Tile addition of 
300 mcg biotin/kg to a com-soybean meal type bre~der diet containing 105 
mcg of biotin per kg by calculation (144 mcg/kg by analysis) did not 
improve hen or P.J'Ogeny performance. Tile corn-soybean meal diet was 
simplified to be fairly low in biotin and yet no egg production• 
hatchability • or progeny performance responses were obtained. Biotin 
content of the egg yolks was assayed and it was determined that a fairly 
high level of biotin was present regardless of whether the breeder diet 
was supplemented or not. 

UNIDENTIFIED FACTOR SOURCES 

The review presented by Waibel and Johnson (1961) showed extreme 
variability in the effects of unidentified factor sources on turkey 
breeder performance. In most cases. however 1 alfalfa meal• fish 
solubles. dried brewer's yeast• and distiller's dried solubles showed 
hatchability responses. The Minnesota work presented showed that fish 
solubles added to a com-soybean meal type diet contributed to increased 
hatchability and probably improved progeny performance. 

Touchburn et al. (1968a) showed variable responses to the addition of 
2% dried fISh'"'Solubles using a corn-soy type diet. The variation included 
no change or increase in egg production• no change or decrease in hatch
abili ty and improvement in progeny performance due to fish solubles either 
in the poult diet or in the diet of the breeder hen. 

Atkinson (1968b) summarized the results of 17 years of research at Texas 
A&M University which show that two unidentified nutritional factors are 
required for maximum hatchability. One factor has been observed in such 
materials as liver "L" • Biopar C • and condensed fish solubles. Another 
factor has been found in alfalfa meal 1 distillers dried solubles. and 
dried brewers yeast. 
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ANTIBIOTICS 

The review by Waibel and Johnson (196Dshowed both positive and non
positive responses in egg production and hatchability due to antibiotics 
at low levels by other workers. In the Minnesota work the so called 
nutritional levels of antibiotics have usually not been effective in 
improving performance of breeders. Further work is required on the 
efficacy of nutritional levels of antibiotics with turkey breeders 9 
especially under field conditions. Reports which have appeared in 
this area since 1961 include those of Greene et al. (1963) 1 Almquist 
(1965) 1 Deacon and Patterson (1966) 1 Harris (!966T1 Atkinson et al. 
(l967c) 1 and Ferguson et al. (1968). ----
HOLDING POTENTIAL TURKEY BREEDER HENS 

The experiments conducted at the University of Minnesota on this aspect 
were summarized at this Conference (Wa.ibel 1 1963b). Conclusions were 
that a complete com-soybean meal type diet may be satisfactorily used 
for holding turkey breeders if the strain does not have an obestity 
problem and if the turkeys are not held too long (e.g. over 36 weeks of 
age) prior to the onset of the breeding season. It was suggested that 
it would be better to feed this ration in the meal form rather than as 
pellets or crumbles. Supplement-whole corn (free choice) programs were 
not suggested. Since that time a few other reports have appeared which 
essentially support the conclusion that it is not necessary to feed 
potential breeders a low energy or restricted diet. 

Potter (1967) fed medium weight female turkeys during 20-32 weeks of age 
a diet containing 75% corn either ad libitum or at a restricted level 9 or 
a diet containing 44% oat mill feed and 37.5% standard wheat middlings. 
Feed consumptions/per hen during the period were 25.5 1 23.0 9 and 35.s 
pounds 9 respectively 9 and weight gains were 2.32 9 1.37 1 and 1.22 pounds 9 
respectively. No significant effect was obtained on subsequent egg 
production• fertility 9 or hatchability of eggs due to these holding diets. 

A thoeough report was made by Touchburn et al. (1968b). These workers 
restricted growth of medium size turkeysdurI°ng 12 or 18 to 28 weeks of 
age by manually limiting conswnption to 70% of full feed 1 feeding a high 
fiber diet 1 or feeding a diet containing a distasteful compound. A 
significantly lower egg production level resulted with all methods of 
restriction. In a further trial where feed was limited to 80% ad libitum 
from 12-24 weeks of age the egg production reduction was small but egg 
weight and possibly hatchability were decreased. Ten percent of added fat 
during 12-29 weeks of age increased egg production and decreased fertility 
and egg weights. A synthetic anabolic steroid supplemented during 20-29 
weeks of age resulted in greater egg production and possibly fertility 
and hatchability. 

HOLDING TOMS 

Two reports are available with variable feeding programs of toms during 
the holding period. Touchburn (1966) fed toms during 12-24 weeks of age 
a growing ration either free choice or at the 80\ restriction level and 
found that at 24 weeks the restricted toms were two pounds lighter and 
that after the males came into semen production there was a definite increase 
in semen volume due to restriction. 
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In the other study Cooper and Barnett ( 196 Sb) fed turkeys O • 30 • and 
40\ Coastal Bermuda meal (CBM) in two experiment•• canmencing at 
either 24 or 35 weeks of age (light stimulation estimated at 32 and 
53 weeks of age• respectively). The males were continued on the rations 
through the breeding season and rotated periodically into pens with the 
hens• where only the control diet was fed (zero CBM). In the first 
experiment • toms receiving CBM at 30 or 40\ of the diet weighed 
approximately one kilogram less than the controls after 40 weeks on the 
experimental diets (presumably end of production period). The second 
trial• after 36 weeks• the males fed CBM weighed approximately two 
kilograms less than the controls. In the first experiment average 
fertilities with the control• 30• and 40\ Bermuda meal diets were 
approximately 80 • 85 • and 87'. In the second trial the respective 
values were 44 • 52 • and 70\. It is stressed that these were natural 
matings. Thus there was a large increase in fertility with the toms 
of lighter body weights. It is possible that the body weight difference 
was the chief reason for this improvement• however. other factors• e.g. 
known or unidentified nutrients in the CBM• cannot be overlooked. 

OTHER REPORTS 

Rapeseed meal resulting from pre-press solvent extraction may be 
substituted for other protein supplements at 10% of the breeder 
diet according to data obtained by Robblee and Clandinin (1967). 
There we~ no adverse effects on livability• egg production. fertility. 
hatchability • or market quality of breeders at the end of the breeding 
season. T1'e experimental and control diets were isocaloric and 
isonitrogenous. Feed efficiency was poorer in the rapeseed meal 
treatment in one of the two experiments. 

Wolford et al. (1963) published data indicating that Broad Bronze and 
Small Whltesin cages consumed 252 and 137 gm of feed• respectively• 
per hen per day. Average weekly feed consumption• egg production. 
and body weight data were given for each strain. Data on average 
weekly egg production at different levels of feed intake and body 
weight were also presented. Egg production and body weight were 
negatively correlated. Feed consumption was positively correlated 
with both egg production and body weight. 

PRACTICAL NUTRIENT LEVELS 

The final section of this report presents National Research Council (1966) 
requirements. suggested allowances by the author. and the nutritional 
composition of the University of Minnesota example formula for turkey 
breeders. The latter formula (Ration 690) is taken from Agricultural 
Extension Service Special Report 25 (Turkey Rations• Waibel. P. E. • K. E. 
Dunkelgod• E. L. Johnson and R. w. Berg• 1967). Biotin has been added 
at the level of 50 mg per ton. 
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The ration follows: 

Corn. ground yellow 
Soybean meal, solvent• 44% protein 
Alfalfa meal, dehydrated, 17% protein 
Fish solubles, 100% equivalent dried on 

soybean meal 
Whey, whole dried 
Dicalcium phosphate 
Calcium carbonate 
Salt, iodized 
Manganese sulfate (27% Mn) 
Zinc oxide (72% Zn) 
Vitamin mixture MTB* 
Biotin (1%) 

% 
66.l 
19 

3 

2.5 
2.5 
l.75 
4.5 
0.4 
0.03 
0.01 
0.25 
o.00055 

* Each gm of vitamin mixture MTB contains: vitamin A• 3527 IU; vitamin D, 
882 ICU, vitamin E, s.e IU, vitamin K (MSB complex) o.es mg; riboflavin. 
2.64 mg; d-calcium pantothenate• 5.28 mg; niacin• ll mg; choline chloride• 
44 mg; vitamin a12 • 5.28 mcg; and folic acid 0.44 mg. 

Nutrient coptPosition of ration 690 

Detailed nutritional composition data of this typical turkey breeder diet 
are given in- Table l. Columns also give the partial nutritional contri
bution of the protein-and energy-containing ingredients and the remainder 
of the formula (supplemental components). The column headed daily intake 
lists the amount of each nutrient contained in a daily ration of 272 grams. 
A further column provides the amount of each nutrient per l megacalorie 
(1000 kilocalories) of metabolizable energy. These latter two columns are 
considered in recognition of the important roles of daily energy and other 
nutrient requirements and dietary nutrient density in optimum formulation. 

NRC Requirements 

NRC ( 1966) requirements for the turkey breeder hen are very limited as may 
be observed in Table l. The requirement is meant to meet the actual need 
of the turkey and does not provide for a margin of safety. 

Suggested Allowances 

The suggested allowances are presented as an aid to those fonnulating 
turkey breeder rations. It is important to understand conditions and 
modifications which accompany this listing. The following points 
summarize additional suggestions and precautions. 

l. These allowances are intended for turkey breeders in good health. 
As long as feed consumption remains at the desired level and egg pro
duction is maintained• the suggested allowances should be adequate. In 
event of severe stress or disease, it may be desirable to double the 
level of vitamin A and increase the remainder of the vitamins and trace 
minerals by 50% for the duration of the problem plus a few days. 
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2. The nutrient levels presented are intended for the typical breeder 
flock in the Minnesota area. Thia includes use of floor pens in an 
insulated house and winter-early spring peak production so that the 
ambient temperature during the first 10 weeks of production is typically 
35-so0 r. 

3. A dietary energy level of 2850 kcal/kg is listed in the table. This 
is the approximate energy level of the example ration given above. The 
nutrient allowances are intended for a diet of this jeneral formulation 
characteristic. If it were desired to vary dietary available energy• 
then the non-energy nutrient specification should be adjusted 
proportionately. 

4. A few variations are presented to sharpen the precision of the 
recommendations. The change in protein will be given. but all other 
non-enerf; nutrients should be varied .!!!. direct preportion ~the 
protein evel. 

(a) If average ambient temperature range is 20-35°F • then a protein 
level of 15% is satisfactory. If under 20°r •• 14% is sufficient. 

(b) If the average ambient temperature range is 60-75° 9 75-85° 9 or 
above ss0 r. the protein level should be revised to 17, is. or 20%, 
respectively. 

(c) If hens are kept in cages an additional 2% protein should be 
included as a further adjustment. 

It is important to recognize the many question marks and blank spaces 
in the NRC requirements and suggested allowances. These are generally 
the nutrients which are considered to be present in "adequate" comnents 
in natural rations. This assumption has been proven to be erroneous 
many times in the past. Phase 1 of our understanding of turkey breeder 
nutrition will not be complete until reliable values are obtained for all 
essential nutrients. 
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TABLE 1. Nutrient Composition of Rati on 690, NRC Requirements, and Suggested Allowances for Turkey Breeder Hens 

Composition of Ration 690 

I 

Nutrient 

Protein 

Metaboliza.ble 
energy 

Productive 
energy 

_.Fat 
~Fiber 
1 Ash 

Total 
diet 

16.6% 

From corn, 
soybean meal, 
fish solubles, 
whey, and 
alfalfa 

16.6% 

2847 kcal/kg 2847 kcal/kg 

1990 kcal/kg 1990 kcal/kg 

2.84% 
3.20% 
8.72% 

2.29% 

2.84% 
3.20% 
2.7CJ!, 

Calciua 
Phosphorus, 
Phosphorus, 

total 0.71% 
o.4?% 

0.15% 
o.3<Jf, 
0.1.5% 

inorganic 

Potassiua 
Magnesium 
Sodiua 

Chloride 
Iron 
Copper 

Manganese 
Zinc 
Iodine 

0.75% 
0.18% 
o.)4% 

o.45% 
78 mg/kg 
7.6 mg/kg 

92.4 mg/kg 
83.8 mg/kg 
0.36 mg/kg 

0.75% 
0.18% 
0.19% 

0.21% 
78 mg/kg 
7.6 mg/kg 

11.4 mg/kg 
11.8 mg/kg 
0.08 mg/kg 

From Iaily Per meal Suggested 
supple- intake, metabol- N.R.C. allowance 
mental 1 (in 272 izable require- (See text for 
component::; gm.) energy ment modificat!on) 

45.2 gm. 58.4 15% 

774 kcal/kg 1000 kcal/kg 

541 kcal/kg 699 kcal/kg 

5.9)% 

2.14% 
0.32% 
0.32% 

0.15% 

0.24% 

7.72 ga 
8.72 ga. 

23.7 ga 

6.23 ga 
1.93 ga 
1.27 gm 

2.04 ga 
o.49 ga 
0.92 gll 

1.22 gm 
21.2 mg 
2.08 mg 

81.0 mg/kg 25.1 mg 
72.0 mg/kg 22.8 mg 
0.28 mg/kg 0.097 mg 

9.97 gm 
11.3 gm 
30.6 gm 

8.04 gJl 

2.49 gm 
1.64 ga 

2.63 ga 
o.64 ga 
1.18 gm 

1.57 ga 
27.3 mg 
2.68 mg 

2.25% 
0.75% 

? 

0.15% 

? 
? 

32.4 mg 33 mg/kg 
29.5 mg ? 
0.125 mg 

15% (variable, 
see text) 

2850 kcal/kg 
(typical diet, see 
text) 

2.25% 
0.75% 
0.50% 

o.44% 
0.066% 
0.25% 

55 mg/kg 
5.5 mg/kf!, 

66 mg/kg 
66 mg/kg 

0.3 mg7kg 



Vitamin A 
Vitamin D 
Vitamin E 

14,225 IU/kg 
2,200 ICU/kg 

31,7 IU/kg 

Vitamin K 2,8 mg/kg 
Riboflavin 9,5 mg/kg 
Pantothenic acid 22.9 mg/kg 

_5426 IU/kg 

9,7 IU/kg 

o.6 mg/kg 
2.9 mg/kg 
9.7 mg/kg 

Niacin, total .52·5 mg/kg 25.0 mg/kg 
Niacin, available 33,6 mg/kg 6.o mg/kg 
Choline 1138 mg/kg 1028 mg/kg 

Vitamin B12 

Folic acid 
Vita.min B6 

13.9 mcg/kg 

2.55 mg/kg 
5.4 mg/kg 

0.72 mcg/kg 

1.46 mg/kg 
5.4 mg/kg 

wThiamine 
"""Biotin 

4.5 mg/kg 
133 mcg/kg 

0.25% 

4.5 mg/kg 
133 mcg/kg 

0.25% I Methionine 

Cystine 
Methionine + 

cystine 
Lysine 

Arginine 
Tryptophan 
Valine 

Glycine 
Histidine 
Phenylalanine 

Tyrosine 
Phenylalanine + 

tyrosine 
Threonine 

0.25% 
0.50% 

o.86% 

1.00% 
0.20% 
0,82% 

0.71% 
o.40% 
0.79% 

o.60% 

1.39% 

o.65% 

0.25% 
0.50% 

o.86% 

1.00% 
0.20% 
0.82% 

0.71% 
o.40% 
0.79% 

o.60% 

1.39% 

o.65% 

8799 IU/kg 3869 IU 
2200 ICU/kg 598 ICU 

22 IU/kg 8,62 IU 

2.2 mg/kg 
6.6 mg/kg 

13.2 mg/kg 

0.76 mg 
1 2.60 mg 
6,23 mg 

27,5 mg/kg 14.3 :ag 
27.6 mg/kg 9.12 mg 

110 mg/kg 309.0 mg 

13.2 mcg/kg 3,78 mcg 

1.09 mg/kg 0.70 mg 
1.48 mg 

55 mcg/kg 
1.23 mg 

36.2 mcg 
o.68 gm 

o,68 gm 

1.36 gm 

2.35 gm 

2.73 gm 
0.53 gm 
2.25 gm 

1.93 gm 
1.09 gm 
2.15 gm 

1.63 gm 

3.78 gm 

1.76 gm 

4997 IU 
773 ICU 

11.1 IU 

4000 IU/kg 11,000 IU/kg 
900 ICU/kg 1,760 ICU/kg 

? 22 IU/kg 
(added} 

0.98 mg 
3,35 mg 
8.04 mg 

18.4 mg 
11.8 mg 

400 mg 

4.89 mcg 

0.90 mg 
1.91 mg 

1.59 mg 
46.8 mcg 
o.88 gm 

o.88 gm 

1.76 gJI 

3.03 ga 

3,53 gm 
0.69 gm 
2.90 gm 

2.50 gm 
1.40 gm 
2.78 gm 

2.10 gm 

4,88 gm 

2.27 gm 

? 
3.8 mg/kg 

16.0 mg/kg 

? 
? 

? 

o.8 mg/kg 
? 

? 

2.2 ag/kg 
6.6 mg/kg 

22,0 mg/kg 

33.0 mg/kg 
1,100 mg/kg 

11 mcg/kg 
(added} 
1.65 mg/kg 
4.4 mg/kg 

3.3 mg/kg 
176 mcg/kg 



TABLE 1. Cont'd, 

Composition of Ration 690 

From corn, 
soybean meal, From IB.ily Per meal SUggested 
fish solubles, 

I 
allowance supple- intake, metabol- N.R.C, 

Total whey, and mental (in 272 iza.ble require- (See text for 
Nutrient diet alfalfa components gm.) energy ment modif ica ti on) 

Leucine 1.47% 1.47% 4,01 gm 5.17 gm 
Isoleucine o.8o% o.80% 2.19 gm 2.82 gm 
Glut.a.Ilic acid 3.01% 3.01% 8,20 gm 10.59 gm 

Asps.rtic acid 1.70% 1.70% 4.62 gm 5,96 gm 
Alanine 1.11% 1.11% 3.02 gm 3.90 gm 

1 Proline 1.02% 1.02% 2.78 ~ 3,60 ga 
..... 
~Serine o.84% o.84% 2,29 gll 2,96 gll 
1 Laurie acid, 12:0 0.001% 0,001% 0.003 gm 1.),004 gm 

Myristic acid, 0.026% 0.026% 0.070 gm 0.090 gm 
1410 

Myristooleio 0.001% 0,001% 0.004 gm 0.005 gm 
acid, 1411 

Pal.aitic acid, 
1610 0.512% 0.512% 1.39 gm 1.80 gm 

Pa.llllitooleic acid, 
1611 0.032% 0.032% 0,088 gm 0,114 gm 

Stea.ric acid, 1810 0.081% 0,081% 0.221 gm 0.285 gm 
Oleic acid, 1811 0,816% 0.816% 2.22 gm 2.87 gm 
Linoleic acid, 1.30% 1.30% 3.53 gm 4.56 gm 

1.812 
Linolenic acid, 0.088% 0.088% 0.239 gm 0.309 gm 

18:3 
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FEEDING AND MANAGEMENT OF FEEDLOT LAMBS 

A. L. Pope 
Meat & Animal Science Department 

University of Wisconsin, Madison 

The fattening of lambs in feedlots is believed to have started about 
1890 when large quantities of flour mill by-products around St. Paul 
and Minneapolis, Minnesota were salvaged by feeding them to mature 
sheep (Kammlade and Kammlade, 1955). Since that time, thousands of lambs 
lacking sufficient finish at weaning have been fattened in U.S. feedlots 
and on pastures. The major lamb feeding areas are still located primarily 
in states of abundant feed supplies in Colorado and Idaho in the Western 
region; Iowa, South Dakota, Nebraska, Minnesota, Ohio and Illinois in 
that order in the Corn Belt, and California on the West Coast (table 1). 
However, lamb feeding is moving closer to the feeder lamb source in the 
Southwest and Western states, and has declined somewhat in the traditional 
lamb feeding states (Menzies, 1968). Texas ranked third to Colorado and 
Iowa in number of lambs on feed January 1, 1969, and Idaho showed a 32% 
increase over the previous yea~ ranking 6th among all states (USDA 1969). 
It is expected that this trend will continue. 

Table l. Sheep and lambs: number on feed January 1, 1969 1 

State 
and Jan. 

reg ion 1968 
1,000 
head 

New York 15 

Ohio 131 
Indiana 35 
11 lino is 101 
Mi chi gan 67 
Wisconsin 34 
Minnesota 150 
Iowa 288 
Missouri 53 
North Dakota 76 
South Dakota 260 
Nebraska 210 
Kansas 69 

Corn Belt States 1,4-74 

1' Jan. 1, 
1969 

1 ,000 
head 

18 

127 
35 

103 
75 
32 

147 
276 

51 
64 

203 
171 
100 

1 ,384 
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Jan. 1, 1969 
as % of 

Rank Jan. l, 1968 

26 

8 
21 
10 
15 
22 

7 
2 

19 
18 
4 
5 

11 

Percent 

120 

97 
100 
l 02 
112 
94 
98 
96 
96 
84 
78 
81 

145 

94 



Table 1. Continued 

State 
and Jan. 

reg ion 1968 
1,000 
head 

Oklahoma 25 
Texas 242 

Montana 110 
Idaho 125 
Wyoming 98 
Colorado 480 
New Mexico so 
Arizona 73 
Utah 60 
Nevada 27 
Washington 23 
Oregon 68 
Ca 1 i fern ia 165 

Western States 1 ,279 

26 States 3 ,035 

1' Jan. 
1969 

1I000 
head 

27 
242 

95 
165 
85 

480 
4.1 
72 
65 
22 
23 
86 

122 

1 ,256 

2,927 

1' 
Jan. 1, 1969 

as % of 
Rank Jan. 1, 1968 

23 
3 

12 
6 

14· 
1 

20 
16 
17 
25 
24· 
13 
9 

Percent 

108 
100 

86 
132 
87 

100 
82 
99 

108 
81 

100 
126 

74 

98 

96 

Sheep and lambs on feed are considered to be animals intended for 
slaughter that are being fed a ration of grain or other concentrates 
or are being run on succulent pastures and are expected to produce a 
carcass that will grade good or better. 

CHANGES ARE OCCURRING 

Lamb Weight 

Improved pasture, breeding and management in the Western Range states 
have resulted in heavier and fatter lambs marketed. · . . Cox and Rell (1965) 
refers to a bulletin written in the 1950's where feeder lambs were 
classified by weight as follows: light weight, 40 to 55 lbs. ; medium 
weight 55 to 65 lbs.; and heavy weight 65 lbs. or more. Currently, few 
feeders from Northern Range states weigh less than 70 lbs . from point of 
or1g1n. Hoffman and Ramey (1968) surveyed Wyoming sheep producers and 
reported an average weight of unshorn lambs marketed off Wyoming ranges 
of 80.2 lbs. in 1967. This means that a number of lambs are heavy and 
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fat enough to go direct to slaughter and it increases the competition 
between packers and feeders for heavy lambs . The transportation charge 
per lamb is also increased. 

Although there has been a marked increased in the average 1 iveweight of 
lambs slaughtered under Federal inspection during the past half century 
(figure 1) (USDA, 1967), there is still a discount in price on lambs over 
110 lbs. during certain months of the year. This usually occurs when the 
largest number of lambs are coming from the feedlots . Lamb feeders have 
forced this increase in weight in order to put more gain on heavy feeders 
and make the 11 cost of gain-sel 1 ing price" margin more favorable. It is 
expected that weights of slaughter lambs will continue to rise and it 
is now possible to produce meaty, trim 120-130 lb. lambs. The killing 
cost for the packer is no greater for a 120 lb. lamb than a 90 lb. lamb. 
A knife can be used to reduce the size of leg of lamb exactly the same 
way it is used on a beef round. The increased size of loin eye in a 
lamb chop from heavier carcasses would have more appeal to the consumer, 
providing fat is not increased in heavier lambs . 

Figure 1. Average 1 iveweight of lambs slaughtered under Federal inspection. 
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Carcass Grading 

Prior to 1968, lamb carcasses were graded mainly according to "quality" 
(estimated palatability) into Prime, Choice, Good, Utility, and Cull. 
This was done almost entirely on the basis of amount of fat with Prime 
being the fattest. Because fat increases the yield of lambs, they would 
also dress the highest. Unfortunately, no single factor decreases the 
cutabil ity of carcasses (%of trirrmed major retail cuts) more than fat. 
For instance, a difference of $13 per hundredweight in total retail carcass 
value has been shown between the highest and lowest cutabil ity values for 
carcasses within the old Choice grade. (Grange, 1968) 

Last year, yield or cutabil ity carcass grades were established and Federal 
Grading now includes Qua! ity grade, Cutabil ity grade or a combination of 
both. The Cutabil ity grades are: 

Cutabil ity grade Yield of major retail cuts 

No. 1 47 .3% and over 
No. 2 45.5 to 47.2% 
No. 3 43. 7 to 45 .4% 
No. 4 4.1 .9 to 43.6% 
No. 5 Less than 41. 9% 

It would seem that the type of carcass of the future VJC>uld be Choice for 
quality and Nos. 1 or 2 for cutabil ity, which VJC>uld mean considerably 
less fat than found in the old Prime grade. Even though these 1 ive lambs 
will not dress as high, they should demand more money because of their 
greater value to the retailer. This is of importance to the lamb feeder 
because it could mean a change in the type of ration to one with less 
energy than previously used. 

Rations 

Marked changes have occurred in fattening lamb rations and correspondingly 
so have weight gains. The finest example of this was reported by Hanke 
and Jordan (1967) the results of which are shown in table 2. Rep! icated 
trials were conducted at the Morris and St. Paul Stations with feeds 
from the same source. The combined results are reported in table 2. 
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Table 2. Pooled comparisons of typical lamb finishing rations of the 
1920's with those fed in the 1960 1 s. 

• 1 
Type of Ration 

Prairie hay and corn 
Salt 
Sa 1 t + 1 i mes tone 
Salt + 1 imestone + SBM 

Alfalfa hay and corn 
Salt 
Salt, dical + SBM 
SBM +antibiotics 
SBM, antibiotics+ 

oral DES 
SBM, antibiotics+ 

DES implant 

Pelleted rat ions 
Basal 
Basal +antibiotics 
Basal, antrbiotics + 

oral DES 
Basal +antibiotics+ 

DES imp 1 ant 

No. 
lambs 

22 
22 
22 

22 
22 
22 

22 

22 

22 
22 

22 

21 

Av. da i 1 y 
gain, lb. 

.30 

.3S 

.38 

.43 

.47 

.so 

.so 

.S7 

.S9 

.S7 

.s6 

. 73 

SBM =soybean meal; DES= stilbestrol. 

% inc. Total feed 
over 
lot 1 

14 
26 

40 
SS 
63 

64 

88 

94 
88 

86 

143 

per 1 b. 
qa in, 1 b. 

9.1 
8.1 
7.9 

7.2 
6.S 
6.4 

6.S 

S.7 

6.9 
6.8 

6.8 

S.9 

All lambs were full-fed and lambs were self-fed pelleted rations. 

Margin 
per 

lamb 

$-1 .33 
-1. 16 
-1. 31 

- .48 
+ .02 
- . 12 

+ . 02 

+l. 00 

- .23 
- • 16 

- .28 

+l .01 

Basal pelleted ration= 6Cflo ground alfalfa hay, 3S% ground shelled corn, 
4.S% SBM, O.S% dicalcium phosphate+ free access trace mineralized salt 
and dicalcium phosphate (2:1) 

The selling price per hundredweight varied from a high of $23.00 to a low 
of $21 .SO. This variation was due entirely to the discount on the lambs 
that weighed over lOS lbs. The initial average weight of lambs in all lots 
was 70 lbs. and the feeding trial was 77 days duration. The average final 
weight per lamb varied from 91 lbs. in lot 1 to 126 lbs. in lot 12. Since 
it was necessary to feed the lambs in the experiment for the same length 
of time, an average price was used so as to more nearly reflect margin 
differentials due to ration and not to price discrimination. 

Two additional points should be made in connection with these comparisons. 
One is that if the most desired final weight is lOS lbs., above which 
lambs from this experiment were discounted, then it would have required 
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127 days for the lot 1 lambs and only 1+4 days for the fastest growing 
lambs to reach it or 1/3 as long. Probably the difference would be 
greater because the prairie hay fed lambs would have had a smaller daily 
gain as they reached final weight, while the fast growing lambs probably 
had a higher daily rate of gain up to 105 lbs. than they did over the 
entire 77 day trial. The second point is that it emphasizes the need, 
as mentioned previously, of the trade utilizing heavy slaughter lambs if 
the lamb feeder is to take maximum advantage of such dramatic improvements 
in fattening rations. 

MANAGEMENT STEPS 

One of the most complete and recent summaries of the management necessary 
to reduce death loss to a minimum is reported by Menzies (1968). His 
summary fo 11 ows: 

11 Feeder lambs undergo considerable stress in the move from the range to 
the feedlot. They are rounded up, sorted, weaned, often stand overnight 
without feed and water before being weighed, loaded on trucks or rail
road cars and shipped. In addition, they are accustomed to wide open 
spaces and grass and not small enclosures and harvested feeds. Feeders 
agree that the first two to three weeks is the critical period. Death 
losses often are high during this period. The following general recommen
dations ror starting lambs on feed can be made: 

1. Transport lambs as rapidly as possible from range to feedlot. 

2. Rest and feed dry average quality roughage for several days. 

3. Have adequate clean water available. 

~. Treat infested lambs for internal and external parasites. If in 
doubt, check fecal sample for worm infestation. 

5. Vaccinate for enterotoxemia. 

6. Possibly vaccinate for soremouth. 

7. Shear - usually, but depends on situation. 

8. Implant with 3 mg. st ilbestrol. 

9. Place on feed cautiously - feed antibiotics. 

10. Have a sick pen. 

Highly stressed lambs should not be drenched, vaccinated, shorn, implanted 
all at the same time immediately after arrival." 
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Starting Lambs on Feed 

Menzies' report continues on this subject: 

11 lt is important for commercial feeders to place lambs on feed as rapidly 
as possible, while farmer feeders finishing only one group of lambs per 
year have time to place lambs on feed more cautiously. Lambs can normally 
be safely started on pelleted and ground mixed rations containing at least 
60% to 7rflo roughage. Menzies and Erhart (1967) used wheat bran as bulk 
to work lambs onto an all concentrate ration. Doane~ .2.!. (1961) reported 
no digestive disturbances caused by putting lambs on a high concentrate 
ration without a warmup period. Woods (1960) derived no benefits from 
feeding a high soybean meal starter ration to lambs placed on a corn and 
alfalfa ration. Hanke and Jordan (1964) reviewed tests conducted at 
Minnesota and reported that grain-salt mixtures could be used to 1 imit grain 
consumption, but that the practice only postponed problems. They reported 
that grinding and mixing hay would work, but was time consuming and expensrve 
and that lambs could be started on pelleted rations with virtually no death 
loss. 

Antibiotics have been of value in reducing problems usually occurring when 
lambs are placed on feed. These are usually fed at a level to supply 25 
to 30 mg. per lamb per day, but considerably higher levels have been 
reported to be more effective during stress and problem periods. 11 

RECENT TRENDS IN FEEDING 

Protein Level 

Few reports show increased rate of gain or improved feed efficiency from 
rations containing more than 12% total protein. Those that do show increase 
also show that the additional cost is not justified. Many tests have 
shown that nonprotein nitrogen sources can be used to cheapen feed costs 
by replacing part of the more costly protein supplements. 

Se 1 f-fed Rat ions 

The popularity of self-feeding is increasing, especially with commercial 
feeding and in this connection, the inclusion of mixed hay is decreasing 
because of inconvenience. Self-fed rations consist more and more of: 

1. A mixture of alfalfa pellets and grain. 
2. Complete pelleted rations. 
3. High concentrate rations. 

One of the main advantages of pelleted rations is improvement in value of 
low quality roughage. The chief disadvantage is cost of processing. Many 
feeders are self-feeding mixtures of dehydrated or suncured alfalfa pellets 
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and whole corn or sorghum grain and obtaining the advantage of pelleted 
feed at cheaper cost. Furthermore, and again to circumvent the problem 
of feeding hay, there has recently been much interest in self-feeding 
high concentrate rations only. Most researchers report good lamb per
formance and very 1 ittle feeding problems. One example of an all concen
trate rat ion is that reported by Bolsen ~ ~· (1967) at 111 inois and 
shown in table 3. 

Table 3. High concentrate ration. 

Ingredient 

High-moisture cornl 
Urea 
Calcium sulphate 
Calcium carbonate 
Trace mineralized salt 
Antibiotic 24.2 mg./lb. 

Percent 

98.84 
0.06 
0. 11 
0.39 
0.60 

1 Moisture content of corn was 29.8%. 

No standard ration was fed as a 
was compared with soybean meal. 
on the above ration gained 0.46 
It required 10 days to have the 

SUMMARY 

control in this trial but, rather, urea 
Both performed equally well and the lambs 

lb. daily over a 71 day feeding period. 
lambs on full feed. 

It is difficult to predict future trends in lamb feeding and how rapidly 
changes will become reality. But a few points seem clear and will be 
brought about through necessity. The day of "the fatter the lamb the 
higher the grade11 is fast drawing to a close. The market lamb of the 
future will be evaluated on the basis of cut out value with a minimum 
stardard of quality. With changes on the horizon, too, of different 
processing methods of the carcass, there isl ittle doubt that the most 
desirable carcasses of the future will come from 1 ive lambs weighing 
130 lbs. and more. The increasing weight of feeder lambs will contribute 
to this. The next question that arises is what will be the main feed 
source for ruminants by the end of this century with the population in this 
country expected to increase nearly one-third by that time. Will it be 
grains or will it be pastures, forages and by-products of grain production 
and processing? It would seem most logical to assume it would be the 
latter. It would seem even safer to assume that labor will be an 
increasing problem and that automation will increase. 
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If these forecasts turn out to be correct, it is apparent that the 
results of past feeding trials will not provide the necessary answers. 
Future work in feedlot feeding and management will need to answer 
problems such as: 

1. The best feeding programs to produce No. 1 and 2 cutabil ity carcasses 
choice in quality. 

2. Methods of processing, storing and automatically feeding high fiber 
rations (forages and by-products). 

3. How to supplement these rations with energy and nonprotein nitrogen 
for efficient and economic production, particularly at body weights 
over 100 lbs. 

4. While lambs from 70 to 100 lbs. have 1 imited capacity for consuming 
high fiber rations (silage, hay, by-product feeds) because of 
body size , is the same true for lambs from 100 to 150 lbs.? 

5. Should lamb growth be measured more in terms of retail cuts/day 
rather than by body weight? In other words, can some measure of 
body composition be applied? 

The end of this century will mark 100 years since lamb feeding originated 
here in this very area. If the progress that has been made from the 
1920 1 s to the 1960 1 s is any indication, the answers to these problems 
will be available before that time. 
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MODERN FEEDING PROGRAMS FOR PLEASURE HORSES 

R. M. Jordan 
Department of Animal Science 

University of Minnesota 

Current feeding programs for 1 ight horses are varied. Some people feed their 
horses as practiced in 1900, timothy hay and oats. Others fortify the timothy 
hay-oat ration with various magic elixirs, high potency vitamin and mineral 
conditioners, as well as liberal quantities of protein. Many horse owners 
are using pelleted rations in order to avoid dust and have an easily stored 
and convenient ration to feed. 

Opinions are divided as to the energy, protein, mineral and vitamin needs of 
horses. There is, however, agreement that the increase in the number of horses 
in the United States is amazing and that there is a decided need for information 
relative to their nutrient requirements. 

In attempting to reason out the horse's protein or vitamin requirements, the 
question arises - is the digestive tract, and therefore the requirements of 
the horse, similar to the pig or to the cow. Some authors feel that the horse's 
requirements are similar to the pig's and therefore protein quality and the con
tent of B-vitamin in the feeds must be given consideration in formulating rations. 
There is also evid~nce to suggest that there is similarity between the horse and 
the ruminant's requirements. While the horse has a simple stomach, it also has 
a cecum and colon which contain microflora capable of converting cellulose to 
fatty acids which can be metabolized for energy (Stillion, 1968). The point 
that raises doubt relative to the nutritional need for quality of protein and 
B vitamin supplementation is the location where this fermentation takes place. 
The cecum and the colon are posterior to the normal site of absorption (small 
intestine). In addition, the rumen microflora digests fresh feed whereas with 
horses the cecal and colon microflora digest feed already partially digested 
in the stomach and small intestine. 

Alexander (1954, 1963) has indicated that complex carbohydrates are digested 
primarily in the cecum and large intestine in the horse. Hintz (1968) compared 
the digestibility of feeds by horses fed in two diverse manners: 1) the horses 
were fed in a conventional manner; and 2) the rations were placed directly in 
the cecum and digestion coefficients calculated. Reitnour (1968) reported that 
it took about 45-90 minutes for feed to pass from the stomach into the cecum. 
He fed various grains with 5-8% added cellulose and used chromium oxide as a 
tracer to determine where digestion was taking place. He concluded that 
digestion posterior to the cecum is four times greater than that that takes 
place anterior to the cecum. The findings of these two studies are presented 
in Table 1. 

Horses can digest the energy of grain as efficiently as ruminants. However, 
they are not as efficient as ruminants in the digestion of roughage (Olsson 
and Ruudvere, 1955). Hintz (1968a) reported that the average organic matter 
and crude fiber digestibility of 24 feeds containing more than 15% fiber was 
52 and 38%, respectively, for the horse, and 60 and 52% for the sheep. Slade 
and Hintz (1969) found that the horse was more efficient in digesting the nutri
ents in a hay-grain diet than in a hay diet (Table 2). This decreased efficiency of 
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fiber digestion in the horse appears to be due to the faster rate of passage 
of the ingesta in the horse and therefore less time for cellulolytic organisms 
of the lower gut to act (Alexander, 1954). 

The ability to digest feedstuffs typical of horse rations, the location in the 
gut of this digestion, the amount of synthesis of B-vitamins and amino acids, 
and finally the amount of absorption of these nutrients logically have a bear
ing on what nutrients should be provided and what would constitute a modern 
feeding program. 

ENERGY 

Digestible energy (DE) requirements for maintenance of horses have been computed 
by several workers and are presented in Table 3. Currently, there is a dif
ference of opinion as to the requirements for maintenance. The NRC values for 
maintenance are based on the following formula: DE (kcal)= 138.3 wk75 Breuer 
(1968) feels these values may be too low based on trials with horses g. and 
proposes the follo~ing formula: DE (kcal) = 162.6 Wk~~ or DE= 88.6 kcal/Wk~:. 
Theracon Laboratories (1967) suggest 1500 kcal of DE per 100 lb. of BW and 
Breuer suggests 1600 kcal of DE per 100 lb. BW. 

Energy for growth would depend on the stage of growth and the composition of 
the increase in weight. Breuer (1968) suggests 3600 kcal DE for growth above 
maintenance per pound of gain whereas for fattening horses, he suggests 7700 
kcal DE over maintenance per pound of gain. Energy requirements for work can 
result in a rather ambiguous figure. The requirements depend not only on the 
type of work but the speed and the terrain over which the work is done. Breuer 
(1968) suggests a value of 2000 kcal of DE (l lb. TON) per hour of work. The 
NRC gives values for light and medium work as 3 and 3.5 x the basal metabolism 
requirement. Albert (1959) reported that it required 17,534 kcal digestible 
energy (about 8.1 lb. TON) over maintenance per 1000 lb. to maintain the body 
weight of a nonpregnant mare ridden four hours daily. It is quite apparent 
that work creates a great demand for additional energy over maintenance. 

Pregnancy does not increase the energy requirements appreciably. The products 
of conception (fetus and placenta) represent about 12% of the body weight of 
horses weighing less than 800 lb. and about 10% in mares weighing over 800 lb. 
The gross energy of these products of conception is equal to 472 kcal per 
pound. Assuming that the utilization of DE for growth and maintenance of the 
fetus and placenta is 60% and that it occurs primarily during the last 85 days, 
a 1000 lb. mare during this period lays down about 555 kcal of gross energy per 
day. Since the energy of the feed is utilized at 60% efficiency, it requires 
925 kcal or about .5 lb. of TON daily above the mare's maintenance requirements 
to meet the requirements for gestation. Energy requirements for lactation 
depend upon the amount of milk produced and the composition of the milk. The 
gross energy of milk is 215 kcal per pound and based upon a 60% efficiency 
conversion of DE into milk, NRC suggests a figure of 358 kcal per pound of milk 
or . 18 lb. of TON per pound of milk. Thus, a mare producing 30 lb. of milk a 
day would require 5.4 lb. TON above maintenance. 

PROTEIN 

For maintenance NRC suggests a value of .60 lb. of digestible protein per 1000 
lb. body weight. Olsson and Ruudvere (1955) indicate that most research workers 
feel that protein requirements are in direct proportion to body weight and 
suggest 48 to 80 grams per 100 kilograms body weight. 
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Since the horse's source of nutrients is greatly dependent upon microbial 
digestion in the cecum and colon, protein for microbial development is vitally 
important. Tyznik (1969) fed rations with 5% urea and found it to be utilized 
to only a slight degree. From his work one might conclude that if the cecal 
microorganisms are synthesizing microbial protein, its constituent amino acids 
are not subsequently absorbed. Fortunately, good quality forage normally con
tains high quality protein. 

Breuer and Word (1968) conducted two digestion and growth studies with 10-20 
month old horses that were fed rations containing 80% concentrate. The sources 
of protein (soybean meal (SBM), zein or amino acid supplemented rations) were 
fed at the same protein level within each trial. SBM supplementation resulted 
in higher protein digestibility and greater growth. With protein intakes 
comparable to those suggested by NRC (300 grams daily), amino acid supple
mented rations resulted in greater weight gains than the NRC standards and 
without amino acid supplementation less gains (Table 4). Serum lysine levels 
declined in unsupplemented rations 22% and increased 53% in those supplemented 
which suggested to these workers lysine deficiencies in the unsupplemented 
rations. They suggest that the NRC levels for protein are too low and further
more young horses have a dietary requirement for essential amino acids. There 
is little question that horses require essential amino acids. What is not 
resolved is whether supplementation over and above what is in a typical ration 
is required. 

Slade and Robinson (1969) fed mature thoroughbred mares diets with either well 
balanced (fish- meal) or imbalanced protein (corn gluten meal) at four levels 
of protein - 7, 10, 13 and 16% protein. The imbalanced diets were also fed 
with 3% urea added. By regression they found that crude protein requirements 
were 157 gm. per 100 kg., a value considerably higher than the NRC value of 90 
grams. Nitrogen retention was increased at each crude protein level by the 
addition of urea. 

Fonnesbeck (1969) determined digestible protein for maintenance as 2.7, 7.0 
and 4.0 gm./WK~~ when the protein was supplied by grass forage, legume forage 
and grain-forage diets, respectively, or 4.5, 8.0 and 6.8% protein in the 
diets. He concluded that horses fed diets containing less fiber and more 
digestible nutrients required higher percentages of crude protein ahd that the 
protein requirements for maintenance must be adjusted to the nutrient content 
being fed. 

Work does not increase the nitrogen requirements of horses (Harvey et al., 1939). 
Some reports suggest that the protein requirements decrease as work increases. 

The estimated protein requirements for pregnancy and lactation suggested by NRC 
are based on what is produced. In the case of pregnancy, the products of con
ception contain 11 .2% protein with half of this deposited during the last 85 
days of gestation. Thus, a 1000 pound mare producing 100 lb. of product of 
conception lays down 11 .2 lb. of protein and would require about .19 lb. of 
total digestible protein per day over her maintenance to maintain and grow the 
developing fetus. In the case of lactation, mare's milk contains 2% protein 
and an allowance of 35% in excess of that appearing in the milk provides 
adequate digestible protein. On this basis, NRC estimates are .027 lb. of 
digestible protein for each pound of milk produced. 

The estimated energy and protein requirements for a 1000 lb. horse at various 
stages of production are presented in Table 5 (NRC) and are substantially 
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lower than those of Nelson (1961) and Linerode (1968). Subsequent NRC 
publications may modify these. Use them as a guide. Individual horses may 
require 20-30% more energy and protein for optimum performance and for other 
horses these levels will be more than adequate. 

VITAMINS 

Vitamin A - For maintenance - 1.5 mg. carotene or 750 I .U. vitamin A per JOO 
lb. BW. For pregnancy and lactation - 7 mg. carotene or 3500 I .U. vitamin A 
per JOO lb. BW. . 

Garton et al. (1964) reported that the vitamin A and carotene content in the 
blood plasma of the horse was low during the summer when the pasture was dry and 
increased when the pasture was green. Rasmussen et al. (1944) noted the same 
seasonal fluctuation but did not note a rise in plasma vitamin A when the horses 
were on green pasture and concluded that horses were inefficient in the 
conversion of carotene to vitamin A. Fonnesbeck and Symons (1967) fed mature 
standardbred horses legume and grass forages that provided approximately 4 to 
50 times the levels suggested by NRC. In spite of these high levels, they were 
not able to maintain the plasma vitamin A and carotene concentration. The 
average plasma vitamin A concentration declined to less than 10 mg. per JOO ml. 
of plasma during the time the horses were receiving 162 mg. of carotene daily 
from grass hay. Normally, there is close agreement between the concentration 
of vitamin A in the plasma and the occurrence of vitamin A deficiency symptoms. 
Hart et al. (1943) observed night blindness in horses when the plasma vitamin 
A concentration declined to less than 5 mg. per 100 ml. When night blindness 
was observed. in horses by Guilbert et al. (1940) the 1 iver vitamin A content 
was already depleted. In Fonnesbeck 1 s s~udy, plasma vitamin A declined to as 
low as 8.5 mg. per 100 ml. suggesting that the liver reserves were depleted. 
They further reported that alfalfa hay was more effective in maintaining plasma 
vitamin A than grass forages even though the carotene content of the alfalfa in 
some cases was lower than in the grasses. While no vitamin A deficiency 
symptoms were apparent in this study, the work suggests that forages may not be 
as good a source of vitamin A for horses as heretofore thought. 

Vitamin D Requirements - 300 I .U. per 100 lb. BW (NRC) 

Horses that are confined to the barn and fed rations low in vitamin D (high 
grain rations) may not always be supplied with sufficient vitamin D. In young 
horses a deficiency of vitamin D very often results in rickets, weak crooked 
legs and in mature horses in osteomalacia. Conversely, excessive amounts of 
vitamin D can lead to as much damage as inadequate amounts. Grant et al . (1963) 
reported excessive vitamin D caused calcium to be removed from the bone and 
deposited in soft tissue such as the intestine, lung and blood vessels. 

Vitamin E Requirements - 10 l.U. per lb. 

Reliable experimentation to date has failed to relate vitamin E with reproduction 
in horses. However, deficiencies of vitamin E result in muscular dystrophy among 
most animals, including horses, and there is a relationship between vitamin E and 
selenium with muscular dystrophy (Brawner 1968). Vitamin E is susceptible to 
oxidation and grass hay that contained 15-30 mg. of alpha-tocopherol per 100 gm. 
at the time of harvest contained only 1.8 mg. per 100 gm. of dry matter 4 months 
later. In addition, the efficacy of natural occurring tocopherol may be less 
than its tocopherol content indicates. 
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The combination of selenium and tocopherol as an injection for the prevention 
and cure of the tying-up syndrome which often occurs in light horses in 
intensive training is widely used by a veterinarian. Unfortunately, there have 
been no controlled experiments to prove that this treatment is effective. 

Ascorbic acid 

Pearson et al. (1943) reported plasma levels of ascorbic acid are increased by 
injection. However, oral administration of synthetic ascorbic acid is 
assimilated to only a limited degree because large amounts are destroyed in 
the digestive tract. Early work from the Michigan station suggested that 
ascorbic acid levels in the plasma of mares was related to loW breeding 
efficiency. However, since that report there has been no further conclusive 
evidence suggesting ascorbic acid supplementation improves the breeding 
proficiency of horses. Recent work at Theracon Laboratories (1968) indicates 
that the horse is able to synthesize adequate amounts of vitamin C. 

B vitamins 

There is evidence that the horse requires B vitamins and deficiency symptoms 
have been developed by feeding deficient diets. There is also evidence that 
these B vitamins are synthesized in the lower intestional tract of the horse. 
What is not known is whether or not they are absorbed in sufficient quantities 
to meet the nutritional requirements of the horse. 

Carroll et al. (1949) fed two horses a B vitamin deficient diet for 28 days and 
then slaughtered the horses and took representative samples from the various 
portions of the GI tract to determine the amount of B vitamins present. 
Considerable synthesis of the B vitamins occurred especially in the cecum and 
large intestine. In a second experiment, horses fed deficient diets developed 
thiaminedeficient symptoms at the end of 16 weeks. One of the fillies became 
nervous and difficult to handle and lost weight. Following a little exercise 
she exhibited rapid breathing and was incoordinated in her hindquarters. After 
19 weeks she died. Post-mortem examination revealed a dilated and hypertrophied 
heart, excessive pericardial fluid and frothy lungs. The cecum and large 
intestine were inflamed and had little feed in them though the stomach was full 
of feed. During the same period the other filly had lost 188 lb. and at 15 
weeks had impaired movement. By the end of 20 weeks her feed consumption was 
down to .6 lb. per 100 lb. BW and her pyruvic acid content was 6.2 mg. per 100 
ml. of blood (normal values 1 to 1.5 mg. per 100 ml.). They administered 200 
mg. of thiamin intravenously and within a few hours the horse began to eat. 
The second week they gave her JOO mg. and the third week 50 mg. per day and feed 
consumption increased from .6 lb. to 1.4 lb. per 100 lb. of weight. The filly 
was slaughtered and the B vitamin content of the muscle was compared with that 
of the muscle of normal horses. Synthesis of riboflavin, pantothenic acid, 
nicotinic acid, pyridoxine, biotin and folic acid was observed in the alimentary 
canal. The gluteus medius muscle of the filly contained considerably less of 
these B vitamins than the composite samp]e from 12 horses fed a normal diet. 
This suggests that absorption of these B vitamins was apparently insufficient to 
maintain normal vitamin levels in the muscle. 

Linerode (1966) studied the synthesis and absorption of B vitamins in ponies 
that had cecal and ventral colon fistulae. The results of a quantative study 
made on the amounts of the B vitamins being fed and the levels present in mcg. 
per gm. in the hay, cecum and feces are presented: 

- 157 -



Hay Cecum Feces 

Thiamine .4 5.5 14.9 
Riboflavin 15.6 39.8 38.2 
Pantothenic acid 3.8 27.2 24.1 
Niacin 30.5 104.7 107.7 

This study shows appreciable synthesis of these vitamins in the cecum and colon. 
A solution of s35 tagged thiamine was placed in the cecum via the f istulae to 
determine level of absorption. It was estimated that approximately 24% of the 
initial amount of thiamine was absorbed in a 4-1/2 hour period which amounted 
to about 2.4 mg. of thiamine. 

There is little question that there is considerable synthesis of the B-vitamins 
in the cecum and colon. However, if the work with thiamine absorption is in
dicative of the other B-vitamins it may be necessary to supplement rations with 
the B-vitamins under certain circumstances. 

Vitamin B12 

Requirements appear to be very low (Tyznik, 1969). Horses in poor nutritional 
condition showing anemia have responded to administration of 812· Recently, 
the Theracon Laboratory maintained mature horses for 10 months on purified 
diets which contained no B12· No abnormalities expressed themselves and blood 
vitamin B12 levels remained high (American Quarter Horse Association Research 
Committee's 1967 Annual Report). 

Daily- Vitamin Reguirements as Recommended by Various Authors 
1000 lb. horse 1000 lb. horse - ~ace Horse 

(NRC) Ensm i nge r.Y Tyzn i k3 Cunhai.f 

Vit. A, l.U. 

Vi t. D, I .U. 
Vit.E,l.U. 
Thiamine, mg. 
Riboflavin, mg. 
Niacin, mg. 
Pyri doxi ne, mg. 
Pantothenic A, mg. 
Cho 1 i ne, mg. 
Vit. B1 2 • mcg . .!! 
Folacin, mg . 
C, mg . .!! 
K, mg. 
Biotin 

7,500 (working) 
(pregnant) 

35,000 (lactation) 
3,000 

? 
25 
20 

synthesized 
synthesized 

18 
? 

30,000 

4-6,000 
100 
100 
40 

100 

120 

synthesized (Theracon) 400 
2.5 

synthesized (Theracon) 375 
8,000 

? 

30,000 

3,000 

25 
20 
50 

60 
400 

40,000 

4,000 
80 
24 
40 

120 
12 
48 

600* 
120 

12 
1 ,000* 
2 ,000,~ 

500 '~ 

*From swine and poultry data. 
J!American Quarter Horse Association sponsored research indicates that for mature 

horses exogenous sources of vitamins B12 and C are not required . 
.f!Ensminger - Horse Science Handbook, Agri-services Foundation, Clovis, Calif. 
1/Tyznik - Personal colll'Tlunication. 
~Cunha - Proceeding 6th Annual Light Horse Short Course, University of Florida. 
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Ml NERALS 

Comments on minerals will be limited to calcium and phosphorus. Bone structure 
is affected by mineral and vitamin inadequacies and imbalances. Furthermore, 
bone composition is not static. Therefore, because the horse was properly fed 
during its first two or three years of life does not preclude abnormal bone 
maintenance and the development of bone unsoundnesses later in life. 

Krook and Lowe (1964) in a classical experiment induced nutritional hyperpara
thyroidism in horses by feeding a ration that provided an imbalance of calcium 
and phosphorus. They characterize metabolic bone diseases as 11 too little 
mineralized bone11 which can occur pathogenically for three reasons: 

I. Bone formation is too little. 

A. A defect in bone matrix formation: osteoporosis 

B. Defect in mineralization of the bone matrix: rickets in young 
individuals and osteomalacia in adults. 

2. Bone resorption is too great. 

A. A generalized osteitis fibrosa caused by an overactive parathyroid 
gland (hyperparathyroidism). Hyperparathyroidism is caused by 
hypocalcemia and the parathyroid gland is stimulated to correct 
this hypocalcemia. 

Hypocalcemia can result from either low calcium feeding or excessive phosphorus 
feeding. If hypocalcemia results from low calcium with normal or low phosphorus 
intakes, rickets and generalized osteitis fibrosis may occur simultaneously. 
Early workers in the 1920 1 s showed that the osteopathy in bran disease is a 
generalized osteitis fibrosa. Wheat bran with a calcium:phosphorus ratio of 
1:10.9 (Morrison,1956) was incriminated as the ingredient in the ration causing 
bone disorder and hyperparathyroidism. No breed or sex predisposition has been 
reported. These bone conditions develop fastest in young animals but age does 
not produce resistance. These early workers reported the following symptoms: 
an insidious shifting lameness, a tenderness of the joints and a sti.ff and 
stilted gait, muscular weakness, trembling, incoordination in gait and a 
preference to canter rather than trot. Spontaneous fractures and ligament 
involvement have been noted in all outbreaks of this malady. Although lameness 
is the first sign, the most severe changes occur in the skull bones, especially 
the jaws. The appetite is usually normal, though pica may occur and due to 
extensive reabsorption of bone around the teeth mastication problems usually 
occur late in the course of this disease. 

( 1964) 
The experimental work of Krook and Lowe~involved the study of four horses that 
were five to nine months of age and fed a calcium:phosphorus ratio of about 
1:3.6 and a ration with a ratio of about I .3:1. The following observations 
were noted: 

I. Weight gains of all of the ponies were normal. 
2. During the first 12 weeks when these experimental diets were fed, no 

abnormalities were observed. 
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3. During the period from 13 to 24 weeks one horse showed the classical 
symptoms of insidious shifting and lameness, muscular stiffness and short 
stride, decreased hock flexion and worn down toes. There was some swelling 
of the mandible, particularly in · the area of lateral cheek teeth. 

4. From 25 to 36 weeks, all of the horses fed the experimental diet showed the 
typical stiffness and lameness and had great difficulty in rising. 

5. During this 36 week period the horse fed the control diet remained vigorous 
and normal in every way. 

Laboratory analysis of blood serum revealed striking differences in serum 
phosphorus levels between the horses fed experimental diets and the control. 
The serum phosphorus was variable in the high phosphorus fed horses ranging 
from 4 to 8 mg. per 100 ml. whereas the control was rather static and ranged 
from 4.5 to 5.5 mg. per 100 ml. Serum calcium levels varied from over 12 to 
less than 10 mg. per 100 ml. whereas the control remained quite steady varying 
from 11.5 to 11 .7 mg. per 100 ml. 

They reported that a diet with a calcium to phosphorus ratio of 1:3.6 readily 
caused hyperphosphatemia and hypocalcemia. Post-mortem examinations revealed 
broken ribs in one of the horses and the rib bones on all of the experimental 
horses could be bent 90° without breaking. The teeth could be removed by hand 
and the parathyroid gland was 2 t0 5.4 times the size of the control horse. 
Osteoclastic resorption was demonstrated in every bone section of every high 
phosphorus fed horse and this was especially true in the region of the jaw. 
Mineral deposits in the bones were replaced to some extent with fibrous tissue 
and collagen. Radiographs of the bone showed marked abnormalities. 

Whether excessive high levels of calcium accompanied by low phosphorus levels 
would result in bone degeneration and hypophosphatemia cannot be stated at this 
time. 

Currently, the estimated requirements for calcium and phosphorus for horses are 
in a state of flux. There is some question whether the National Research 
Council estimates (Table 6) are adequate for horses fed high nutrient levels in 
order to reach maturity at a rapid rate. Stillion (1968) reporting on mineral 
research work conducted at the Theracon Laboratory concluded that these levels 
are too low. Stillion initially worked with a calcium phosphorus ratio of 1.1:1 
with horses, six to eight years of age, and with another group over 20 years of 
age. He reported that six to eight year old animals averaging 1000 lb. required 
30 gm. each of calcium and phosphorus per day (0.3% of the diet) in order to 
remain in positive mineral balance. Animals over 20 years of age required 40 gm. 
each of calcium and phosphorus (0.45% of the diet) to remain in positive balance. 
He recorrmended that the diet of mature horses contain at least 0.5% available 
calcium and phosphorus. He continued this work with Quarter horse weanlings and 
fed five different diets during the time they were 6 to 15 months of age. Four 
of the diets were purified diets and one was a natural feed. Levels of calcium 
and phosphorus supplied in these diets and weight after 9 months of feeding are 
shown in Table 7. With all diets, the ratio of calcium to phosphorus was kept 
at 1. 1:1 but the amount of these minerals varied widely. Growing horses fed 
the higher levels of calcium and phosphorus made appreciably greater weight 
gains. However, in the work of Krook and Lowe (1964) growth rate was not 
significantly affected by abnormal calcium and phosphorus ratios. A further 
report on Stillion's work (Quarter Horse Journal - February, 1969) indicates 
that greater bone abnormalities (knobby knees and large pasterns) and retarded 
growth were evident in horses fed the low calcium and phosphorus levels. 
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The effect of work on the calcium and phosphorus requirement was reported by 
Harvey et al. (1943). They conducted calcium and phosphorus balance trials 
with two Percheron geldings weighing about 1675 lb. with an average daily intake 
of calcium and phosphorus of 18 and 19 gm. per horse, respectively. They were 
fed a maintenance ration of 3 lb. oats and 20 lb .. of ground timothy hay and 
during work periods added energy was supplied by sugar and dextrinized starch. 
While these rations were adequate to maintain the horse in positive nitrogen 
balance, they did not supply sufficient calcium and phosphorus to keep the 
horses in positive calcium and phosphorus balance. During the experiment, total 
elimination of calcium and phosphorus always exceeded total consumption of those 
minerals. However, various amounts of work did not seem to affect measurably 
either the calcium or phosphorus balances of the horses. 
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TABLE 1. DIGESTION STUDIES WITH HORSES WITH EMPHASIS ON LOCATION 
OF DIGESTION 

Hintz Data!./ 
Digestibility Coefficients,% 

Dry Matter Pro~ein Fiber Carbohydrate 

Method of Feeding 

Fed 

Cecal administration 

Ingredient 

Location of Digestion 

Anterior to cecum, % 

Posterior to cecum, % 

Total digestibility 

1/ 

70 

55 

Corn 

5 

59 

77 38 85 

43 23 74 

Reitnour DataJ! 
Relative 

Oats Bar 1 ey digestion 

12 16 

31 40 4 

H. F. Hintz, Cornell University and C. M. Reitnour, University of 
Kentucky, Equine Nutrition Research Symposium, Lexington, Kentucky 1968. 
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TABLE 2. COMPOSITION AND DIGESTIBILITY OF ALFALFA AND ALFALFA-GRAIN DIETS.!} 

Item 

C • • a ompos1t1on 
Alfalfa 
Alfalfa-grain 

Digestion Coefficients 
Alfalfa 

Horse 
Pony 
Rabbit 
Guinea pig 
S .D. 

Alfalfa-grain diet 
Horse 
Pony 
Rabbit 
S. D. 

a Dry matter basis. 

Organic Crude Ether 
matter __protein extract 

% % ! 

90.l 19.7 1.8 
91 .6 16. 7 2.0 

60.4 
62.5 
54.3c 
62.8 

I .4 

71. I 
72.4 
65.2c 
l.2 

74.0 
76.2 
73, 7b 
69.0 
I. 4 

77 .3 
79,6 
73.2 

1.8 

.05). 

.0 I). 

-6.4 
-19.0 

23.6 
14.7 

33,5 
27.4 
46.0 

Crude 
fiber 

% 

25.2 
17.8 

34.7 
38. 1 
16.2C 
38.2 

2.5 

38.6 
40.9 
18. 1 c 
2.6 

NFE 
% 

43.4 
55, 1 

71. 5de 
73,9d 
68.7~ 
76.0 
I. 4 

80.6 
81.6 
79.0 

1.0 

b Means are significantly different (P 
c Means are significantly different (P 
d,e Means with unlike superscripts are 
I/ . 

significantly different (P .05). 
- L. M. Slade and H. F. Hintz 1969. 
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% 

9,9 
8.4 

4436 
4371 

56.9 
58.\ 
51.8 
59.4 

1. 7 

67.4 
68.9b 
62.0 

1. 3 



TABLE 3. DAILY ENERGY REQUIREMENT 

Sourcea 800 

Popov (1946) 7,9 
Hansson ( 1938) 6.9 
Jespersen (1949) 7 .1 
Axelsson (1943) 7. 1 
Crasemann (1945) 6.9 
Breuer ( 1968) 6.7 
NRC (1949) 6.6 
NRC {1966) 5.8 

FOR MAINTENANCEl( 

Live wt. ~lb.~ 
900 1000 

TON (lb.) 

8.5 9.3 
7,7 8.6 
7,7 8.4 
7,7 8.2 
7,5 8. 1 
7.4 8.0 
7,3 7.9 
6.3 6.8 

1100 

9,7 
9,5 
9. 1 
8.7 
8.7 
8.3 
8.5 
7,3 

a All values except for Breuer and NRC were adapted from a table 
compiled by Olsson and Ruudvere in Nutr. Abs. Rev. 25:1 (1955). 
The values were converted from Scandinavian Feed Units. It was 
assumed the ration contained 80% hay, l Sc. FU = 2.2 lb. TON 
and 1 15. TON = 2000 kcal. DE. 

l!From Hintz, 1968. 
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TABLE 4. PERFORMANCE OF HORSES IN FEEDING EXPERIMENTS.!_/ 

Phase 1 Phase 2 
Zein Soybean Unsupplemented Supplemented NRC (1966) 

Item ration meal ration ration ration recommendation 

Average daily gain (kg.) 0 . 4 7 (~O . l 9) a 0. 58 (~O. 11 ) 0.28b (~0.12) o.41b (~0.02) .36 

Average daily feed intake (kg.) .5.27 (~0.08) 5.32 (+0.06) 5.03 (~O. 17) 5,35 (~0.08) 

Average feed efficiency 17.66 (;:5.16) 10.08 (+2.11) 20.09C (+2.85) l3.22c (+0.59) 
(kg. feed/kg. gain) 

Digestible protein 472 528 317 344 300 
intake, gm. 

• 
Digestible energy 16.04 14.92 14.37 15.26 14.2 

~ 
intake (meal/day) 

. 
kg. weight gained per l.09 ,99 l. 18 .69 
kg. digestible protein 

Meal digestible 28.99 53,57 37,70 56.86 
energy per kg. gain 

.!/ Breuer and Word, 1968. 



TABLE 5. DAI LY NUTRIENT REQUIREMENTS OF 1000 POUND HORSE.!/ 

Protein Ener9i'. Ration 
Total Dig. TDN Meal DE Hay Hay-Grain 

Maintenance ,9 .6 6.8 13.6 13 .6 10.9 

Work 
Ridden 1-2 hrs. .9 .6 10.2 20.4 20.4 16.3 
Ridden 3-4 hrs. .9 .6 11.9 23.8 23.8 19.0 

Pregnancy , 
1 ast 1/4 1. 1 .8 7,3 14.6 14.6 11. 7 

Lactation 2.6 1 .8 14.4 28.8 28.8 23.0 

Sta 11 ion, 
breeding 1. 1 .8 11. 9 23.8 23.8 19.0 

Grow th 
400 1 b . , 6 mon. 1. 1 ,75 6.2 12.4 12.4 9,9 
600 1 b., 14 mon. 1.0 .67 7. 1 14.2 14.2 11 .4 
800 lb., 24 mon. ,9 .65 7,7 15.4 15.4 12. 3 

.!!Nutrient Requirements of Horses, 1966. National Research Council, 
Washington, D .C. Pub. 1401. 
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TABLE 6. CALCIUM AND PHOSPHORUS REQUIREMENTS OF 1 ,000 POUND HORSESl( 

Calcium, gm. Phosphorus, gm. 

Maintenance 11 11 
Work 

Light 12 12 
Medium 14 14 

Pregnancy, last 1/4 16 15 
Lactation 30 24 
Growth 

400 lb.' 6 mo. 15 12 
600 1 b.' 14 mo. 14 12 
800 1 b.' 24 mo. 13 12 

.!/ NRC 

TABLE 7. CALCIUM AND PHOSPHORUS LEVELS FOR GROWING HORSES.!/ 

Average 
Percent and ratio of: Body 

Graue No. Calcium Phosehorus Weight--lbs. 

1 .4 ,35 720 
2 .6 .54 750 
3 .8 . 73 740 
4 1.0 ,9 820 
5 1.0 ,9 840 (natural 

feedstuffs) 

.!/ Theracon Laboratories 

- 169 -



- 170 -



CORN SILAGE RATIONS FOR HIGH PRODUCING COWS 

F. G, Owen 
Department of Animal Science 

University of Nebraska 

The popularity of corn silage for dairy cattle has developed 
rapidly during recent years. Among the factors responsible 
for this are: the consistently high quality of corn silage 
as an energy source, its unsurpassed energy yields per acre 
where adapted, and its adaptability to mechanical handling. 

There are many factors related to the effective use of corn 
silage in dairy rations, However, in this presentation 
emphasis will be given to recent developments in knowledge 
concerning the feeding of lactating dairy cattle rations in 
which corn silage is the sole forage. 

WHAT IS THE IDEAL CORN SILAGE FOR DAIRY CATTLE? 

In terms of obtaining good quality corn silage, problems are 
much less than those encountered with the hay crops. Below 
are factors which are usually of concern in relation to 
forage quality (Owen, 1967; Coppock and Stone, 1968). 

1. Variety. Fortunately there appears to be little difference 
among the different types of corn in the value of their dry 
matter for the dairy cow. However, the low grain varieties 
or late maturing varieties are generally voluntarily consumed 
in sufficiently larger amounts so that cows receive approximately 
equivalent amounts of dry matter. Since larger quantities 
must be consumed to receive comparable levels of nutrients, 
intake of nutrients from such silages is more sensitive to 
factors affecting consumption. Consequently, the inferior 
performance sometimes observed with these high moisture 
forages appears closely related to reduced intake. 

2. Growing conditions. Fertilization and plant population 
have only minor effects on quality. However, high nitrogen 
fertilization can improve the protein level, whereas high 
density seeding reduces protein content. 

3. Maturity at harvest. The ideal moisture content for 
corn silage appears to be 32-36 % (mid - late dough stage), 
when consideration is given to preservation as well as the 
cow's response. However, lactation responses are generally 
not greatly different for silages of 27 to 50 % moisture. 

4. Grain content. The contribution of grain to the total 
dry matter of corn silage is affected by maturity, variety 
and growing conditions. When part of the grain is removed 
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from the crop before ensiling, the nutritive value (TON) is 
reduced. However, when the lower grain content results 
from early maturity, poor growing conditions, such as drought 
damage, or is produced genetically as a sterile or low grain 
variety, the energy value per unit of dry matter and lactation 
performance is usually equal or nearly as high as that for 
regular grain types of corn silage. Om the other hand, none 
of the special forage types of corn have demonstrated 
advantages as silages for lactating cows. 

5. Harvest and processing. Research has not revealed any 
benefits for special processing procedures, such as flail 
chopping, chopping and crushing, or recutting compared to 
conventional chopping. 

6. Ensiling preservatives. Calcium carbonate and various 
other additives with primarily buffering effects have been 
tested. Although increases in lactic acid have been obtained, 
none of these have improved the value of the resulting silage 
for lactating cows. 

CORN SILAGE AS ONLY FORAGE 

Improvements in mechanization and automation as well as other 
developments have favored the use of all-silage rations in 
preferen~e to ratio~s utilizing all or part hay as the 
roughage. Until recent years control studies had not been 
conducted to determine the comparative value of corn silage 
versus corn silage plus hay (Table 1). In 56-day trials 
Waugh et al. (1955) found no significant effect on milk 
productTor!from adding hay at .25, .50 or 1.00 lb/100 lb body 
weight to corn silage fed ad libitum. However, yields of 
FCM were slightly higher at the .50 lb hay level. Michigan 
workers compared all-corn silage rations with all-hay and two 
combinations as forages for lactating cows. Forage dry 
matter intake declined with additional silage; however, the 
milk production was slightly higher for the all-silage group 
(Brown, et al., 1965). Results were similar for the all-silage 
versus aTT-ilay groups which were continued for a second 
lactation (Brown, et al., 1966). In contrast, Canadian 
workers (Logan et aT.-,-1968) reported significantly improved 
milk yields froillaOding 6 lb of hay to an early maturing 
variety of corn silage ration. There was also a slight, 
non-significant improvement in milk yield from supplementing 
with hay a corn silage from a late maturing variety of corn. 
These varieties contained 18 and 22% dry matter which is much 
lower than most silage in the United States. · 

Aside from the Michigan report, only two long-term multilactation 
studies have been conducted with high ability cows fed high 
grain rations. Maryland workers (Hemken and Vandersall, 1967) 
compared all-silage with hay or 50% hay as roughages over 
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three lactations. Milk production and composition was 
practically equal for all treatments; however, an apparent 
iodine deficiency was manifest in the production of 
goirterogenic calves and the occurrence of retained placentas 
in three of four cows fed all-corn silage roughage. Cornell 
researchers (Tyrrell et al., 1968) have recently reported a 
comparison of ad libitum--"feeding of corn silage or ad libitum 
hay plus 36 lb. corn silage along with liberal grain feeding 
in a three lactation experiment. Production levels were very 
good, exceeding 16,000 lb. each year for each group. However, 
only one of the ten cows which began on the all-silage 
treatment survived through the third lactation, whereas eight 
of the ten cows on the hay plus silage treatment completed 
all three years. The reason for the higher losses on the 
all-silage treatment is unknown. Consequently, the continuous 
feeding of corn silage as the sole roughage probably involves 
a degree of risk. 

GRAIN FEEDING WITH CORN SILAGE 

Feeding grain with corn silage serves as a means of supplying 
supplemental energy and is also a vehicle for including 
additional protein, minerals and vitamins. Compared to 
average hay crop forages, corn silage contains about 25 % 
more TON per unit of dry matter. Its rather stable 68 % TON 
(dry basis) ts considered approximately the minimum energy 
concentration needed in the total ration for most dairy 
herds even without supplementation. Cows consuming 2.25 lb. 
of corn silage dry matter per 100 lb. body weight would 
consume enough energy to meet the maintenance needs of a 
1320 lb. cow plus enough energy for 35 lb. of FCM (Coppock, 
1969). Not only does it appear unnecessary to add high 
levels of grain to the ration of lactating cows fed corn 
silage as the exclusive forage, but recent evidence suggests 
that it can be detrimental to performance (Table 2). 

Feeding cottonseed meal (41 % protein) alone at 1 lb. to 9 lb. 
milk resulted in slightly higher persistency of milk yield 
(93.5 vs. 89.2 %) than feeding an 18% protein concentrate at 
1 lb. to 3 lb. of milk (Boman et al., 1969). At the start 
of the 112-day trial cows wereJ)rOducing near 40 lb. daily. 
Brown et al. (1965) at Michigan found that full-feeding grain 
during----rhe-first 84 days of lactation reduced average milk 
yields during this period from 65.7 to 60.2 lb. daily, compared 
to feeding on a 1:3.5 basis. This is especially surprising 
since intake of TON by the group fed at the lower level was 
far below their theoretical needs. 

The high grain cows were shifted to 1 lb. grain per 2.5 lb. 
milk at 84 days postpartum for the duration of the 280-day 
trial, whereas the low grain cows remained at a 1:3.5 ratio 
of grain-to-milk from freshening throughout the full length 
of the trial. Feeding the higher grain levels resulted in a 
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yield of 11% less milk and 35% more TON per unit of milk 
produced. 

Similar results occurred at Maryland (Hemken and Clark, 1968). 
Cows received corn silage with or without hay plus grain 
levels to provide 110, 125 or 140% of Morrison's recommended 
TON intake. For the first lactation,milk yields were highest 
for cows fed the 125% level, but during the subsequent 
lactation yields were best for the 110% level of TON. 

The above results are in contrast to the marked improvement 
in milk yields obtained by Tyrrell et al. (1968) from 
liberal grain feeding of cows receiVTng-corn silage limited 
to 36 lb. daily plus free-choice hay. 

UREA IN HIGH CORN SILAGE RATIONS 

When urea added to the concentrate ration furnished 22 % or 
more of the total dietary nitrogen for high producing cows 
utilizing corn silage as the principal forage, milk yields 
were depressed. Palatability is often a problem when urea 
is included at 2% or more of the concentrate. Evidence 
suggests that cows may be able to use somewhat more urea 
when it is prepared in an extruded (highly gelatinized) grain 
product or when included in a pellet with dehydrated alfalfa. 

Several studies have confirmed that .5% urea can be added to 
the corn at ensiling time with a reduction of protein in the 
concentrate ration from 18 to 13% without depressing milk 
production. 

Since the total NPN in the diet may be more significant than 
the amount of added urea, ~ ~' Huber~~· (1968) 
recommends a maximum level of urea supplemental to silage of 
0.27 lb. per 100 lb. body weight. A 1300 lb. cow would 
receive .4 lb. when consuming 80 lb. of a silage containing 
the currently recommended .5% urea. If the urea is included 
in the grain ration it should be limited to not more than 
1.5 %. For high producing cows fed grain levels of over 30 lb. 
the level should be maintained at 1%. With these levels in 
the grain ration~ of course, none should be included in the 
silage. 

MINERAL NEEDS OF COWS FED CORN SILAGE 

High corn silage rations are frequently fed to replace alfalfa 
in the ration. This markedly reduces the calcium, sodium an~ 
sulfur in the ration (Coppock, 1969). Substitution of urea 
for plant proteins further redYces intake of minerals. In a 
Nebraska study (Owen, 1969) conception rate was significantly 
improved by including dehydrated alfalfa in normal and high 
grain rations fed with an all-corn silage forage. 
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In addition to the accepted practice of providing supplemental 
salt and calcium with corn silage, recent results with high 
corn silage rations have produced evidence of the need to add 
other specific mineral elements. Kentucky workers (Jacobson 
et al., 1967) found that increasing the level of sulfur in 
the-Concentrate ration from .10% to .18% produced improvements 
in dry matter intake and milk production of cows fed corn 
silage (.09% sulfur) as the only forage. Production persistency 
and blood levels of amino acids indicated that the 
supplementation was inadequate. 

Maryland workers (Hemken and Vandersall, 1967) encountered 
apparent iodine deficiency in cows fed a full lactation on a 
ration in which corn silage was the sole roughage. Three of 
four cows on the corn silage ration, that calved, had retained 
placentas and produced calves with goiters. It appears that 
the ration would have theoretically contained an adequate 
level of iodine, but a deficiency developed because of the 
goiterogenic properties of the soybean oil meal included in 
large amounts in the ration. Iodine supplementation alleviated 
the problem. Addition of iodine to the ration of cows 
previously fed one complete lactation with corn silage as 
the only forage improved silage intake and milk yields during 
the first 200 days of the subsequent lactation (Vandersall 
~ ~ .• 1969). 

Certain corn silage rations may be benefited by additional 
zinc. Voelker and coworkers at South Dakota (1969) obtained 
a significant increase in milk yield (39.4 to 43.6 lb. per day) 
by increasing the zinc level in the concentrate from 44 to 
170 ppm. Concentrates were fed at a level of 16.3 lb. dry 
matter per day. These results were substantiated in a second 
trial. 

Other mineral deficiencies will probably be revealed as 
greater reliance is placed on a single forage to supply a 
major portion of the nutrient needs of high producing cows. 

VITAMIN SUPPLEMENTATION 

1. Vitamin A. Corn silage preserved before frost and with 
most of the leaves still green will not require supplementation 
for the lactating cow. However, if the crop is harvested at 
a late stage of maturity (when most leaves are dead) or is 
severely frosted or drought damaged before harvest, or becomes 
overheated and severely discolored while ensiled, a 
supplemental source of vitamin A or carotene should be provided. 

2. Vitamin D. The requirement of vitamin D by the lactating 
cow is not known. However, additional vita~in D may be 
desirable with all-corn silage rations, except those made 
from late dut corn. Supplementation would be recommendable 
for confined cows fed silage made from immature corn. 
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COMPLETE-FEEDS 

Combining all the feed ingredients into a single feed for 
dairy cattle is a new concept. In 1967 Illinois (Muller et~., 
1967) reported a study in which corn silage was used as the 
roughage in complete feeds. They mixed the concentrate 
ration and corn silage in about the ratio of 1:2 on a dry 
matter basis . This complete feed gave practically the same 
milk response as feeding the silage and grain separately. 
However, since milk production was only 33-37 lb/day and 
concentrate feeding levels were 9-13 lb/day, this work did 
not indicate the value of such feeds for intensively fed 
high producing cows. To help answer this question Spahr 
and Harshbarger (1969) studied the effect of initial milk 
production level and composition of corn silage complete 
feeds on performance (Table 3). Using rations of 51-62 % 
concentrates for cows averaging initially 60 lb. daily of 
milk, persistency was exceptionally good {Table 6). Tentative 
estimates by these workers suggest levels of concentrate 
should be about 23, 41, 50 and 59% of the ration dry matter, 
respectively, for cows producing 30, 50, 60 and 70 lb. of 
milk daily (Fig. 1). Analyses of their data indicated that 
"proper matching of level of production and energy level was 
an important factor in achieving satisfactory production at 
minimum cost. 11 

Preliminary trials were also conducted by Beltsville workers 
(Derbyshire and Gordon, 1968) to determine amounts of 
additional concentrates required with corn silage for 
maintenance of normal milk production (Table 4). Persistency 
of FCM production was practically as high at 40 % as with 48 % 
concentrate. Intake of dry matter at the higher concentrate 
level averaged 3.1 % of body weight and milk yields averaged 
46.6 lb. daily. With cows yielding only 33 lb. of milk daily, 
normal persistency was maintained with 32% concentrates. In 
trials at Georgia (Fosgate, 1969) using complete corn silage 
based feeds, excellent responses were obtained from cows 
during two lactations (Table 5). Milk yields, on a mature
equivalent basis (ME), averaged near 16,000 lb. The 60 % 
grain ration maintained milk fat percentage better and 
produced practically the same average milk fat (ME) as the 
70 % grain ration ( 548 vs. 546 lb.). Calculated efficiency 
for the complete feeds was .58 lb. TON/lb. milk in Trial I 
and .50 in Trial II. 

According to Fosgate (Personal Communication, 1969) in recent 
work their best record was 19,001 lb. milk and 912 lb. fat; 
the lowest was 11,250 lb. and the next lowest was 17,137 lb. 
This demonstrates that high records can be obtained with 
complete feeds under group feeding systems. 
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Research workers have also examined the question of whether 
the feeds (concentrates and roughages) are benefited from 
being ensiled together (Table 6). Beltsville workers 
(Derbyshire et al., 1968) fed corn silage and concentrated 
feeds blende~elther at feeding time or at ensiling in the 
ratio of 72:28 of forage-to-concentrate on a dry basis. In 
a 90-day trial cows averaged 44 lb. of milk daily, but did 
not differ for the two treatments. Although intake was 
slightly higher for the ration blended at feeding (3.36 vs. 
3.57 % of body weight) body weight gains were similar. Others 
(Marshall and Browning, 1969) also found equivalent daily 
milk yields averaging 44.7 lb. for ensiled complete rations 
and rations from the same ingredients, either fed separately 
or blended at feeding time. Feed intake and weight gains 
were also about the same. 

SUMMARY 

1. An ideal corn silage for dairy cattle is a variety that 
gives highest dry matter yields, which is harvested at about 
the late-dough stage with a moisture content of 32-36 %. In 
terms of nutritional value, there are no known benefits from 
any special processing methods (rechopping, flailing, etc.) 
or preserving agents. 

2. Feeding corn silage continuously as the sole roughage for 
two or more lactations appears to involve a degree of risi. 

3. Heavy grain feeding with corn silage as the sole roughage 
does not improve performance compared to moderate grain 
levels and may depress milk yields. Addition of grain to 
approximate 50 % of the dry matter in the ration appea~s to 
support maximum performance in high ability cows. 

4. Special attention is needed in supplying adequate protein, 
calcium, and trace minerals. Recent research suggests that 
all-corn silage roughage may be deficient in iodine, sulfur 
and zinc. Vitamins A and D supplements are needed under 
certain conditions. 
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Table 1. Corn silage versus hay or combination 

All silage 

A 11 hay 
CX> 
0 

(Waugh et al . , 
1955T" 

(Brown et al., 
1965 -1966) 

----------- (lb milk/day) 

29.4 52.5 50.1 

.25 % H) 30.0 

.50 % H) 31.0 (10 lb H) 50.3 

(1.00% H) 30.3 

(20 lb H) 47.7 

46.6 48.2 

(Hemken and (Tyrrell et al., 
Vandersall, 1967) 1968) -

(lb fat/ 
lactation) 

311 548 551 

(lb milk/ 
lactation) -----

16,900 17~700 18,200 

(
1st 2nd 3rd) (ist 2nd 
lactations lactations 

3rd) 

(50 % H) 312 504 569 16,500 17,700 16,500 
(36 lb max S) 



Table 2. Effect of grain level on performance of cow 
full-fed corn silage 

Lower grain level Higher grain level 

(Boman et al., 1969) 
OM intake -

Silage 
Grain 
Total 

Milk 
112-day persistency 

(Brown ~ ~·, 1965) 

Intake 
Silage OM 
Grain 

FCM (0-280 day) 
TON/FCM 

(Hemken and Vandersall, 1967) 
Milk yield (fat) (110 % 

( 1 : 9) 

2.68 % BW 
4.09 lb. 
2.99 % BW 

(18.3 kg 
93.5 % 

( 1 : 3 . 5 ) 

16.0 lb. 
16 . 6 lb. 
52.2 lb. 

. 264 lb. 

( 1 : 3 ) 

2.2 % BW 
12 . 36 lb. 

3 . 06 % BW 
Standardization) 

89.2 % 

125 %) 

(Ad lib to 84 days 
1:2.5 .84-280 days) 

13.6 lb. 
23.0 lb. 
46 . 3 lb . 

.357 lb. 

(140 %) 
1st lactation 13,244 528 13,917 526 

14,150 (517) 
13,486 (519) 
13,532 (497) 2nd lactation 14,447 (561) 

Table 3 . Corn silage complete feed 

Concentrate 
1eve1 

Starting 
milk yield 

8 wk milk 
decline 

BW 
change 

---------------(lb)---------------

20-40 % 

37-52 % 

51-62 % 

32.3 

46.6 

59.4 

(Spahr and Harshbarger, 1969) 

4.60 

5.28 

6.25 
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Table 4. Corn silage complete feed 

Concentrate OM Mi 1 k Weight 
level intake yield Pers. change 

Trial I (% BW) (lb/da) ( % ) (lb/da) 

32.5 % 2.89 43.1 ( 9 6A) . . 59 

39.9 % 2.96 40.3 (105B) 1. 06 

47 . 9% 3.10 46.6 (lo8B) 3.30 

Trial II 

22.6 % 2.43 33.7 (98A) .68 

31. 4% 2.50 34.3 (102 8 ) .99 

(Derbyshire and Gordon, 1968) 

-
Table 5. Corn silage complete feed 

Concentrate level Mi 1 k Fat yield Milk fat TON/milk 

First Lactation ( 1 b ) ( 1 b) ( % ) ( 1 b) 

60 % 15,021 (108 %) 548 3.54 . 61 

70 % 15,800 (102 %) 546 3.44 .56 

Second Lactation 

60 % 15,800 565 3.58 . 5 1 

70% 16,400 543 3.31 .49 

(Fosgate, 1969) 
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Table 6. Method of incorporating grain in ration 

Blended 
at feeding 

(Derbyshire ~ tl·, 1968) 

OM intake, % BW 3.36 

FCM 44.7 

BW change +l.08 

Ensiled 
complete 

(lb/day) 

(28 % grain) 

3.57 

43.1 

+l.21 

(Marshall and Browning, 1969) (50 % grain) 

OM intake, % BW 3.1 3. 2 

FCM 44.4 44.2 

BW change +l.01 +.79 

(Muller ~ tl·, 1957) (33 % grain) 

OM intake, % BW 2.74 

FCM 33.7 

BW change +l.33 
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Fed 
separately 

3. 1 

45.1 

+1.30 

2.70 

33.0 

+ 1. 01 



Corn Silage OM 

Concentrate OM 

30 40 50 60 70 

Production Level, lb. 

Fig. 1. Tentative composition required 
for complete dairy feeds 
(Spahr and Harshbarger, 1969) 
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MEETING THE ENERGY REQUIREMENTS OF THE HIGH-PRODUCING COW 

J. D. Donker 
Animal Science Department 
University of Minnesota 

Dairy nutritionists have been trying for decades to get dairymen to feed cows 
scientifically, that is, to balance current nutrient intake against current 
nutrient needs by use of feeding standards. Unfortunately, during all of this 
time, the dairy cow herself has not cooperated too well. Few, if any, high
producing cows can be kept in nutrient balance in early lactation. They draw 
on body reserves for energy protein, minerals and vitamins. To achieve energy 
balance at peak yield is almost out of the question. However, attempts are 
made to supply current needs of other nutrients by including them in the 
ration at required levels. 

As with other farm animals, the performance of the high-producing dairy cow 
depends on a balanced supply of all the required nutrients. Production may be 
limited by lack of any one of the required nutrients, but most often the lim
itation would be caused by a relative lack of those nutrients supplying energy. 
Dairy cattle are naturally forage consuming animals. The geneticist, however, 
has developed the mammary system of todays high producer to a very high degree. 
In most instances the udder capacity to secrete milk nutrients after calving 
is greater than- the intake of feed nutrients, especially if the ration is 
forage. The same is true to some lesser degree even of mixed rations high in 
concentrates. Forage, the natural feed,is characterized by being bulky and 
low in energy content. The quality of the forage from an energy standpoint 
can have an effect on milk production. As the quality drops, milk production 
also drops unless the ration is enriched by use of extra concentrates. 

There are several criteria of forage quality. One of these is fiber content 
as derived by the AOAC method. A recent study at Minnesota indicated that as 
the fiber content of an all-forage ration increased between 27 and 42% of the 
dry matter, the lactation yield of good-quality Holstein cows dropped 430 lb. 
fat-corrected-milk for every percent increase in fiber of the ration,from 
9500 to 2000 lb. FCM per 305-day lactation. There is however, a practical 
limit to how low fiber content may be lowered in £orage. From an economic 
standpoint, it appears to be at a higher level than would support milk pro
duction at the desired level. This suggests that even excellent forage rations 
should be supplemented with concentrates. 

The effect on a cow's nutrient reserves upon initiation of lactation is quite 
similar to the ~train on a family's budget when twin daughters get married 
simultaneously in a big wedding. The husband's input and the daughters' 
output may be likened to the input of the gut and the output of the udder of 
the cow. Perhaps this analogy should not be extended. An extended dependence 
upon body reserves to support lactation often causes health to be impaired and 
milk production to be lowered. This topic will be covered in another paper. 
Here we will be concerned with how to feed the cc:JN to realize high production. 

REPLACEMENT HEIFERS 

Firstly, we would like to know if there is an effect on production by the plane 
of nutrition used to raise replacement heifers. There has been a lot of 

- 185 -



evidence accumulated which would indicate that plane of nutrition for the 
growing heifer is not too important except that it should not be so high as 
to cause the heifer to be very fat nor so low that the animals are unduly 
small. The major consideration should be to raise the heifer so that total 
cost to calving is least. From the standpoint of genetic improvement, the 
younger an animal calves the better. A rate of growth of between 1.0 lb./ 
day to 1.5 lb./day for the smaller and larger breeds, respectively, is 
adequate. In most instances, this can be accomplished by making available 
low cost forage such as might be found in pasture, hay, or silage with little 
or no concentrates after one year. 

DRY COWS 

The next consideration would be how to feed the dry cow. There are several 
reports in the literature which would indicate that different levels of con
centrate feeding from zero to ad libitum were without significant affect on 
subsequent production providing-cows were in satisfactory condition to begin 
with. No drastic changes in the ration should be made at the time of calving. 

MILKING COWS 

It is quite clear from the literature that milk production from forage alone 
limits production and that feeding extra concentrates enhances production. 
The addition of concentrates to rations increase energy intakes two ways. 
First, the concentration of energy in the ration is increased and, secondly, 
more total feed is consumed if energy balance is quite negative. It has 
worked out that for every pound of concentrates added only about 0.5 lb. 
forage dry matter is displaced. The question is how much concentrates to use 
under what circumstances. 

In regard to economic relationships between feed level and milk production it 
is very important to recognize that level of milk production is not a re
versible process. Milk production certainly falls as the level of feeding is 
lowered. It is only in early lactation that milking cows would respond fully 
to increases in level of feeding. Some of our own work with Holstein cattle 
pastured on high-quality pasture indicated a loss of 1 .0 lb. of milk . per day 
for every pound of concentrates removed while there was an increase of only 
0. 1 lb. of milk for each pound of concentrates added. These observations were 
made between 2 and 16 lb. concentrates per cow per day. 

In past decades the scientific way to feed cows was to use a feeding standard 
to feed cows according to production. In effect, we said to the cow 11 produce 
and then we will feed accordingly 11

• This concept is outmoded. Firstly, the 
high producers could not eat as much feed as was indicated by their needs. 
Secondly, the now-popular concept of challenge feeding is recommended. In
crease the amount of concentrates offered daily and see if the cow will 
respond in milk production. What this has turned out to be is to feed con
centrates ad libitum after calving until it is obvious that production is at 
its peak. -While some researchers have successfully fed concentrates free
choice from the first day after calving, most animal nutritionists would offer 
a word of caution, e.g., increase daily amounts offered by 10 to 20 lb. There 
are several adverse situations ~hich may arise with high concentrate feeding, 
e.g., going off feed, foundera~iow-fat milk. 
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The objective is to get the milking cow as close to energy balance as possible 
keeping in mind the health of the animal, the fat content of the milk which will 
be produced, and the cost of the ration involved. 

Present-day feeding standards have taken cognizance of the fact that as milk 
production increases, the nutrient cost per unit of milk produced is increased. 
This is not because milk production at the udder itself is less efficient, but 
because the digestive process becomes less efficient at high levels of intake. 

As forages are normally less costly per energy unit than concentrates, the cow 
should be fed all the forage she will consume. This is sound practice and is 
recommended with high producers as well as low producers. Because cows like 
concentrates, the intake of forage is controlled by how much concentrates are 
offered. In attempting to attain a nutritional objective, the composition of 
the ration is a more reliable guide than simply using a ratio between roughage 
and concentrates. It appears that a minimum of approximately 15% crude fiber 
(AOAC procedure) on a dry basis is as low as feasible to attain energy intake 
which should not adversely affect milk fat content. After calving the cow is 
fed a ration calculated to keep her in nutrient balance with the known nutrient 
substances except for energy. It is assumed that she will use energy reserves 
from fat deposits. The use of body fat reserves should not be overtaxed. The 
ration, whether it be an all-in-one ration or compounded of definite proportions 
of roughage to concentrates or controlled by providing certain quantities of 
concentrates, should be arranged at the time of calving to supply a ration with 
a high energy content, e.g., contain 15% crude fiber on a dry basis. 

The animal should be supplied this ration free-choice early in lactation. Un
fortunately, the cow is not able to consume as much right after calving as a 
month or so later. There is not a satisfactory answer as to why such an un
satisfactory arrangement prevails. Perhaps it takes time fo r t he gut to adjust 
to the high demands made upon it. At any rate, maximum intake is usually not 
observed until after the cow has started to decrease in production. To feed 
cows a ration with high energy content throughout lactation is was t~ful. She 
will begin to gain weight thus increasing maintenance costs which in turn then 
decreases gross efficiency of milk production. As it becomes evident that the 
animals are gaining weight, it is possible to begin to restrict concentrate 
intake and thus to increase intake of forages which would be offered free
choice. 

The trick or art of feeding the cow is to be able to feed her enough to stimu
late milk production to the maximum, but not enough to gain excess weight. 
There is no substitute for the experience of a successful dairy cattle feeder 
in this respect. Cows are individuals each having their peculiar capacity to 
eat, to produce milk, propensity to gain weight, persistency of milk flow and 
other factors related to her management. 

Increasing the feed input to a responsive anima l increases the gross efficiency 
of milk production by spreading the maintenance cost over more units of milk 
produced. However, as feed intake increases the digestive process becomes less 
efficient. As the demand for energy increases these two processes are both at 
work counterbalancing each other to some extent. An ordinary cow uses about 
50% of energy intake for maintenance. With well-fed, high-producing cows 
gross efficiency is considerably above 50% in spite of a lowering of digesti
bility. 

- 187 -



If the objective in a ration for high producing cattle is to contain 15% crude 
fiber on a dry base, a ration using high-quality forage, e.g., corn silage with 
20% crude fiber dry basis would use much more forage than if the roughage con
tained more fiber. If two sources of forage contained 20 and 35% crude fiber 
and the concentrate contained 10%, then the ratios of forage concentrate would 
be 50:50 and 33:67, respectively, for the good and poor-quality forages to 
achieve the same objectives in composition. 

ENERGY UNITS 

Up to this point in the discussion, energy units have not been discussed. In 
current feeding standards in use throughout the world today, there are two 
basic energy units employed. There are those based on digestible energy and 
those based on net energy. In the United States, the most popular has been 
the digestible-energy type and the most popular unit, the TON unit. There has 
been a shift to the use of digestible energy expressed as Kcal. Net energy is 
a much more meaningful energy unit to use than digestible energy, but the feed 
content of net energy varies widely according to its use by the animal. The 
same is really true for TON feed values but this has been generally overlooked. 
As a result of newer knowledge concerning use of energy, a hodge-podge of 
feeding standards has sprung up. It is recognized that the law of diminishing 
returns is at work with a milk-producing cow. What is in question is whether 
feedstuffs should be valued on a sliding scale or whether the requirements 
should be expressed on a sliding scale with constant values for the feeds. It 
will be some time for consensus to evolve as to which is the most workable 
system and the most easily understood by the farmer or researcher. At this 
time I favor the use of net energy over a digestible energy as the feed energy 
unit and I favor a sliding scale of requirements to designate how much feed 
with a constant value is required. 

Several such systems are in use in DHI, (Dairy Herd Improvement) and they 
appear to be working well. At this time there is no national system in use 
in DHI, but the several systems are similar in many respects and are converg
ing toward a conmon one. 

LEAST-COST ANALYSIS 

One of the more significant developments in large animal nutrition has been 
the use of electronic computers to calculate least-cost concentrate mixes or 
least-cost complete rations. Examples can be cited in which ration formula
tion and animal performance have been satisfactory using least-cost formula
tions. These have worked well even where ration make-up changed rather 
drastically from one formulation to another with shifts in costs of ration 
components. Least-cost formulation of ration and maximizing profit are two 
different yet related concepts and much needs to be done to wed these two 
concepts in a durable way for common dairy usage. 
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LIMITING AMINO ACIDS IN THE RUMEN 

C. 0. Little 
Kentucky Agricultural Experiment Station 

University of Kentucky 

Protein nutrition of all species, generally, is dependent on the adequacy of the 
nitrogen containing compounds which are absorbed to meet the needs for tissue 
protein synthesis. The requirement of certain nitrogen compounds established as 
essential amino acids is well recognized and has been the subject of considerable 
research. In nonruminant species dietary intake of these essential amino acids is 
recognized as a major consideration in protein nutrition; however, dietary intake of 
amino acids in ruminants is thought to be less critical. Ruminants are less 
dependent on the quality of dietary nitrogen compounds and can effectively use a 
wide variety of nitrogen sources to meet requirements for maintenance and pro
duction because of the microbial fermentation which takes place in the rumen. 

Rumen microbial populations are capable of using many dietary nitrogen sources 
for the synthesis of cellular protein. Nonprotein nitrogen compounds such as urea 
and ammonia salts can be utilized by ruminants through rumen microbial protein 
synthesis and some proteins that are inferior in essential amino acid composition 
can be effectively utilized in ruminant diets by conversion to microbial protein in 
the rumen. The work of Black et al. (1957) and Downes (1961) suggests that the 
amino acids known to be dietary requirements for nonruminant species are also of 
an essential nature at the tissue level in ruminants. Thus, the quantity and 
availability of these essential amino acids passing from the rumen determines 
the nutritional adequacy. The amino acids available for absorption may be from 
microbial material synthesized in the rumen and dietary sources not converted in 
the rumen. Johnson~ al. (1944) summarized the situation when they suggested 
that dietary sources which are converted to microbial protein in the rumen are of 
similar nutrition value commensurate with the value of microbial protein; however, 
nitrogen sources not so converted are of variable nutritional value as with non
ruminants. 

BIOLOGICAL VALUE OF RUMEN MICROBIAL PROTEIN 

Since microbial material may represent a sizeable source of amino acids passing 
from the rumen, considerable work has been directed toward establishing the 
nutritional value of rumen microbial protein and estimating the limiting essential 
amino acids in microbial protein. Much of the biological evaluation of microbial 
protein has employed nonruminant species known to have critical dietary amino 
acid requirements. 

Johnson et al. (1944) fed rumen bacterial and protozoal preparations to growing 
rats and ~ported biological values of 66 for the bacterial protein and 68 for 
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protozoal protein. Protein digestibility was 82% with bacteria and 86% with 
protozoa. McNaught et al. (1950) reported that a mixed preparation of rumen 
microbial protein had a biological value of 88 and digestibility of 73%. In further 
studies (McNaught et al., 1954) biological values of 81 and 80 and true digesti-
bility of 74% and 91% for isolated rumen bacteria and protozoa were determined. 
Reed et al. (1949) compared the nutritive value of bacterial protein from the rumen 
of sheep fed fresh green roughages or dried stored feeds with casein. Bacterial 
protein from sheep on either diet had biological values similar to casein but of 
lower digestibility. Bergen et al. (1968) also reported the nutritional value of 
rumen bacterial and protozoal proteins for young rats to be comparable to casein. 
Biological values for bacteria, protozoa and casein were 85, 82 and 89, respectively ; 
and, the true digestibility of casein was higher (97%) than the protozoa! preparation 
(87%) or the bacterial preparation (75%). 

These observations indicate little difference in the biological value of the protein 
from rumen bacteria and protozoa, while the protozoal preparations appear to be 
more digestible than the bacterial preparations. Although biological values of 
this magnitude may be considered good, they are suggestive that essential amino 
acid content is less than ideal in meeting the requirements of the test animals. The 
recent work of Bergen et al. (1968) suggests that cystine, histidine, leucine, arginine 
and lysine may be potentially limiting amino acids in mixed bacterial and protozoal 
proteins. Their results indicated that cystine was the first limiting amino acid in 
rats fed the bacterial protein and histidine was the first limiting amino acid in rats 
fed the protozoal protein. While these observations may be indicative of essential 
amino acid content of these proteins relative to the requirements of the rat, possible 
differences in digestibility may also have an influence (Bergen et al., 1967). 

AMINO ACID COMPOSITION OF RUMEN MICROBIAL PROTEIN 

Research on the amino acid content of rumen microorganisms suggests that diet 
has little influence. Duncan et al. (1953) found that the amino acid composition of 
proteins in the rumen fluid was similar when the animal was fed natural diets 
containing preformed proteins or purified diets containing urea as the nitrogen 
source. Weller (1957) isolated bacteria and protozoa from the rumen of sheep fed 
various rations including a poor quality roughage, a high quality roughage, and a 
mixture of roughage and concentrates. The amino acid composition of the microbial 
preparations was very similar on all rations. Little et al. (1965) reported similar 
amino acid compositions for bacterial protein isolated from the rumen of steers 
fed concentrate or roughage rations. Purser and Buechler (1966) analyzed the 
amino acids in twenty-two strains of rumen microorganisms grown in pure culture. 
The strains represented organisms commonly found in the rumen under widely 
different dietary conditions. The amino acid content of rumen microbial proteins 
as reported by Purser and Buechler (1966) including the average values of their work 
and calculated values from Weller (1957) is shown in table 1. There is surprising 
similarity. Based on the amino acid composition data available, there is little 
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evidence that possible differences in protein adequacy among different rations 
are due to alterations in the microbial populations. Rumen microbial proteins 
contain all the essential amino acids; however, the desirability of the relative 
proportions to satisfy the host animal's requirements is uncertain. 

PROTEINS AND AMINO ACIDS PASSING FROM THE RUMEN 

Although the essential amino acid content of microbial proteins may be of 
considerable significance in affecting the nutritive value of proteins in ruminants, 
the amino acids actually available for absorption under most dietary regimes are 
provided by mixtures of microbial protein and dietary proteins which escape modifi
cation in the rumen. Only limited information is available on the extent of protein 
degradation in the rumen of animals fed different diets; however, evidence suggests 
that the degree of degradation may vary considerably. McDonald (1954) and 
McDonald and Hall (1957) estimated that 60% of the zein and only 10% of the casein 
fed to sheep passed through the rumen unaltered. Ely et al. (1967) reported similar 
passage of zein on high cellulose and high starch diets. Weller et al. (1958) --
examined the rumen material from sheep fed wheaten hay and found that ll to 27% 
of the total nitrogen remained as plant nitrogen. Further work to identify quanti
tatively the extent of microbial conversion of dietary nitrogen sources under varied 
feeding regimes could be very fertile; however, techniques to differentiate microbial 
protein from dietary protein have been slow in coming. 

Research has been directed toward quantitating the total protein passing from the 
rumen under different dietary conditions. Little et ~· (1968) estimated that 96. 5, 
109. 4, 88. 8 and 85. 4 percent of the dietary nitrogen passed through the abomasum 
of sheep fed soybean, zein, casein and gelatin, respectively, and of this 60. 6, 74. 3, 
62. 5 and 60. 8% was protein. Similar observations have been made in steers fed 
soybean or urea (Potter et al., 1969). Approximately 20% more protein reached 
the abomasum in steers fed soybean than in steers fed urea. 

Analyses of abomasal hydrolysates have revealed that dietary proteins may affect 
the amino acids passing from the rumen. Poley and Trenkle (1963) reported that 
the amino acid composition of abomasal fluid from sheep fed urea or soybean were 
similar, but abomasal fluid from sheep fed corn gluten meal was higher in some 
amino acids which are high in corn gluten. Ely~ al. (1967) found that the amino 
acid composition of abomasal fluid from lambs fed zein and different proportions 
of starch and cellulose varied very little; however, there was significant variation 
between the composition of abomasal fluid and that of the diet or microbial proteins. 
Little et al. (1968) determined the amino acid composition of abomasal fluid of 
sheep fed soybean, zein, casein or gelatin and found a similar pattern with soybean, 
casein and gelatin but significantly less threonine, lysine and arginine and more 
leucine and phenylalamine when zein was fed (table 2). Potter et al. (1969) reported 
that the amino acid patterns in abomasal fluid of steers fed soybean or urea were 
similar (table 2). These variations in amino acid patterns in abomasal fluid have 
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been interpreted as being due to quantitative changes in the relative proportions 
of microbial and unaltered dietary protein fractions. Zein, a protein known to 
resist microbial conversion, gave the most variable amino acid pattern in 
comparison with the composition of microbial protein (table 1). 

Research has also been directed toward determining the quantities of amino acids 
passing from the rumen of animals fed different nitrogen sources. Conrad et al. 
(1967), using isotope procedures, estimated that daily methionine synthesis in the 
rumen of cows eating alfalfa varied between 31 and 59 mg. /kg. body weight. 
Jacobson~ al. (1969) used amino acid balance calculations and showed that 
lactating cows were in balance for methionine, cystine and tyrosine, negative 
balance for glutamic acid and lysine and positive balance for the other amino acids. 
Using the data with indicator techniques of Little et al. (1968), the quantities of ---
essential amino acids reaching the abomasum of wethers fed different proteins were 
estimated (table 3). When compared with intake quantities, there were marked 
differences among the dietary protein sources. Similar estimates were made with 
steers fed soybean meal or urea (Potter et al. , 1969) and are shown in table 4. 
While the relative ratios of amino acids (table 2) were similar, there were signifi
cantly smaller quantities of each amino acid reaching the abomasum. 

Plasma amino acid levels in ruminants are also suggestive of variations in the 
quantities of amino acids absorbed with different diets, although interpretation 
is uncertain. Oltjen (1969) has reviewed work with purified diets in cattle and 
suggested that reductions in plasma levels of valine, isoleucine, leucine and 
phenylalanine were associated with reduced performance of steers fed urea 
compared with soybean. The work of Little~ al. (1969) indicated that reduced 
plasma levels of valine, isoleucine, leucine and lysine were consistently associated 
with reduced growth of steers fed urea diets compared to steers fed soybean meal. 
Virtanen (1966) and Jacobson ~ al. (1967) have observed lower plasma levels of 
methionine with reduced milk production in lactating cows. Purser~ al. (1966) 
estimated the order of limiting amino acids in faunated and defaunated sheep. 
Individual animal variations were large; however, lysine, threonine and valine 
appeared to be most limiting in the faunated sheep and lysine, isoleucine, 
methionine and valine in the defaunated sheep. 

Increasing the quantities of essential amino acids posterior to the rumen has shown 
encouraging results. Reis and Schinckel (1964) have shown increased wool growth 
in sheep receiving abomasal infusions of casein, cysteine or methionine. Little 
and Mitchell (1967) showed a considerable increase in nitrogen retention in wethers 
receiving casein or soybean protein via abomasum. Schelling and Hatfield (1968) 
reported increased nitrogen balance in lambs receiving protein preparations or 
amino acid mixtures by abomasal infusion. Their work suggested that lysine was 
the single essential amino acid most responsible for the increased nitrogen 
retention. 

The above observations suggest that the nutritional status of ruminants could be 
improved if the essential amino acids passing from the rumen were increased 
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under some dietary and production conditions. Physical (Chalmers et al., 1954) 
and chemical (Ferguson et al., 1967) methods to increase the passage of proteins --
from the rumen show promise in this respect. Likewise, if specific limiting 
amino acids could be definitely identified, their use might prove beneficial. The 
work of Scott (1969) suggests that dietary supplementation with amino acids may 
be of questionable value in increasing the level of amino acids passing from the 
rumen. These observations are summarized in table 5 and show that the addition 
of 1. 07% lysine or .18% methionine to diets of wethers had little influence on the 
quantity of these amino acids reaching the abomasum. Presumably, effective amino 
acid supplementation in ruminants will depend on getting the limiting amino acids 
to the tissue. 

SUMMARY 

The ruminant is capable of utilizing a wide variety of dietary nitrogen sources and 
the proportions of amino acids passing from the rumen are rather constant with many 
dietary sources. Research has suggested, however, that there may possibly be 
limiting essential amino acids passing from the rumen under specific conditions 
that may well influence animal performance. Basic research is certainly needed 
to further the knowledge in this area of ruminant nutrition. A thorough understanding 
of the quantity of amino acids in the digestive tract and the digestibility and 
absorption of amino acids from the digestive tract of ruminants under various 
dietary regimes would indeed help define the conditions which may contribute to 
the adequacy or inadequacy of the essential compounds for tissue protein synthesis. 
Ultimately, research must establish the specific amino acid requirements of 
ruminants for different types of production. If such information were available, 
conceivably, methods for increased levels of production and/ or more efficient 
production could be developed. 
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Table 1. Essential Amino Acid Composition of Rumen Microbial Protein 
(gm. /100 gm. total amino acids) (Purser and Buechler, 1966) 

Rumen Bacteria Rumen Bacteria 
Amino Acid a b a b 

Threonine 5.5 5.4 5.1 4.7 
Valine 6.6 6.7 5.2 5.4 
Methionine 2.6 2.9 2.2 2. 'l 
Isoleucine 6.4 6.2 6.9 7. 0 
Leucine 7.3 7. 6 8.1 8.3 
Phenylalanine 5.1 4.9 6.2 6.1 
Lysine 9.3 7. 8 10.l 9. 8 
Histidine 2.3 2. 0 2.1 1. 8 
Arginine 5.4 5.1 4.9 4.7 

a Purser and Buechler, 1966. 
b Calculated from Weller, 1957. 

Table 2. Essential Amino Acid Composition of Abomasal Contents of Ruminants 
Fed Different Nitrogen Sources (molar percent). 

Amino Acid 

Wethers (Little et _&. ,1968) 

Threonine 
Valine 
Mathionine 
Isoleucine 
Leucine 
Phenylalanine 
Lysine 
Histidine 
Arginine 

Steers (Potter et al., 1969) 

Threonine 
Valine 
Methionine 
Isoleucine 
Leucine 
Phenylalanine 
Lysine 
Histidine 
Arginine 

Source of Nitrogen 

Soybean 

6.1 
6.4 
1. 3 
5.0 
9.5 
3.7 
5.9 
1. 7 
3.5 

Zein 

4.6 
5.2 
1.6 
4.6 

15. 4 
4.2 
3.5 
1.4 
2.4 

Soybean Meal 

6.0 
7.5 
2.0 
6.1 

10. 8 
3.8 
5. 9 
1. 8 
3.7 
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Casein 

6.1 
6.4 
1. 7 
5.2 
9.5 
3.5 
6.1 
1. 8 
3.2 

Gelatin 

6.1 
6.2 
1. 8 
4.9 
9. 6 
3. 5 
5.6 
1. 5 
2.9 

Urea 

6.3 
7.3 
1.9 
5.9 

11. 7 
4.1 
6.3 
1. 9 
3.9 



Table 3. Estimated Quantities of Essential Amino Acids in Diet and Abomasum 
of Wethers Fed Different Protein Sources (gm. /day). 

Protein 
Amino Acid Source Soybean Zein Casein Gelatin 

Threonine Diet 4.5 3.0 4.5 2.7 
Abom. 4.7 5. 1 4.2 3.8 

Valine Diet 5.2 4.0 6.4 3.4 
Abom. 4.9 5.7 4.4 3.9 

Methionine Diet 1. 0 1. 6 2. 5 1. 0 
Abom. 1. 3 2.2 1. 5 1. 4 

Isoleucine Diet 5.2 4.7 5.3 2.2 
Abom. 4.2 5.6 3.9 3.4 

Leucine Diet 9.1 19. 2 11. 0 5. 9 
Abom. 7. 9 18. 8 7.3 6.6 

Phenylalanine Diet 5.0 6. 8 5.4 3.0 
Abom. 3.9 6.6 3.4 3.1 

Lysine Diet 5. 7 o. 8 7.6 4.3 
Abom. 5.5 4.8 5.1 4.4 

Histidine Diet 2.8 1. 8 3.3 1. 5 
Abom. 1. 7 2.1 1. 6 1. 2 

Arginine Diet 7.3 2.4 4.4 8.2 
Abom. 3.9 3.9 3.4 2.7 
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Table 4. Estimated Quantities of Essential Amino Acids in Abomasum of 
Steers Fed Soybean Meal or Urea (gm. /day). 

Nitrogen Source 
Amino Acid Soybean Urea 

Threonine 17. 4 13. 9 
Valine 20. 6 15. 7 
Methionine 6.6 4.8 
Isoleucine 18. 3 13. 7 
Leucine 33.9 26.4 
Phenylalanine 15. 5 11. 8 
Lysine 19. 3 14 .9 
Histidine 7. 0 5. 5 
Arginine 15. 3 12. 0 

Table 5. Quantities of Lysine and Methionine in the Abomasum of Wethers 
Fed Zein or Soybean with Lysine or Methionine Supplementation 
(mM/day). (Scott, 1969) 

Amino Acid 

Lysine 
Methionine 

Zein 

67.0 
28.3 
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Treatment 
Zein 
and 

Lysine 

66.8 
27.0 

Soybean 
and 

Soybean Methionine 

81. 0 81. 9 
21. 7 23.3 
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METABOLIC DISORDERS IN HIGH PRODUCING COWS 

D. E. Otterby and K. L. Siewert 
Department of Animal Science 

University of Minnesota 

During recent years milk production of dairy cattle has increased greatly. 
This increase in milk production has been due largely to improvement in the 
genetic potential of our present day dairy cattle, to development of new 
management techniques and to the use of more concentrates in the dairy cattle 
ration. Because maximum return is desirable from our dairy cattle? it is essen
tial to avoid anything that will tend to be detrimental to high milk production. 
Metabolic problems, whether they be of nutritional or genetic origin, have often · 
taken their toll on total milk production. When dairy cows are fed and managed 
so as to maximize their producing capacity, metabolic problems are likely to 
increase. Many herds are now averaging over 16,000 lb. of milk per cow per 
year. This kind of production is likely to continue or increase in the future. 
Herds that have attained this level of production are being fed many more lb. 
of concentrate than previously. Ten years ago, the average amount of grain fed 
to dairy cattle enrol led in Minnesota D.H. I .A. was 3200 lb. (Wayne et al., 1968). 
Today, it is over 5000 lb. There are some herds in Minnesota that are~eing 
fed over 7000 lb. of concentrate per cow per year. These figures emphasize 
that dairy cattle are being pushed for maximum production. To attain this high 
production, the dairy cow must enjoy freedom from such metabolic disorders as 
ketosis, milk fever, off feed problems and the like. In addition, such problems 
as displaced abomasum and udder edema should be minimized. 

In this paper, some of the metabolic disturbances common to dairy cattle and 
some of the problems that may be indirectly associated with feeding or nutri
tion will be discussed. No attempt has been made to cover each area in full 
detail. The reader is referred to the literature cited for more extensive 
treatment of these areas. 

KETOSIS 

Ketosis is most convnon in high producing cows. Shaw (1956) estimated that 4% 
or one million cows developed ketosis in 1956. This metabolic disturbance 
usually occurs during the first 10 days to 8 weeks after calving. Three weeks 
postpartum is considered to be the most critical period. 

Ketosis is defined as a metabolic disorder in which the level of ketone bodies 
in body fluids is elevated. The ketone bodies,~ -hydroxybutyric acid, aceto
acetic acid and acetone are normally present in blood at less than 10 mg %. 
However, blood levels may be as high as 50 mg % in ketotic cows. A change also 
is noted in blood glucose and plasma free fatty acids. Blood glucose may be 
one half of normal and plasma free fatty acids may be 5 times that of the 
normal level. 

One of the predisposing factors to ketosis is that blood glucose is not ade
quate to meet the demand for lactose synthesis. Shaw (1956) estimates that 
over l kg. of glucose may be removed each day by the mammary gland of the high 
producing cow. The ruminant must synthesize most of its endogenous glucose 
because little dietary glucose escapes fermentat ion in the rumen. Gluconeo
genesis from body protein and amino acid pools is not sufficient to meet the 
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demand for glucose. Thus, other precursors of glucose must be supplied. When 
high levels of grain are fed, large quantities of propionic acid are produced 
by the rumen fermentation. Propionic acid is glucogenic and, therefore, is 
desirable for maintaining normal levels of blood glucose. Ho.vever, high grain 
rations often depress milk fat synthesis and this must be taken into account 
when planning the dairy cattle ration. 

Another glucogenic material is propylene glycol. It has been used successfully 
in prevention and treatment of ketosis. Hoover et al. (1969) have found decreas( 
incidence of ketosis in cows fed propylene glyco-1-a°'S""compared to controls. They 
fed .25 lb. of propylene glycol twice daily beginning 14 days prior to antici
pated calving and continuing for 7 weeks postpartum. 

The ketone bodies in the normal co.v are produced by the rumen epithelium, liver 
and mammary gland. When ketosis occurs, the liver produces ketone bodies at a 
much higher rate. Kronfeld (1963) has concluded that ketogenesis in the mammary 
gland is elevated when the problem occurs. Ho.vever, Baird (1965) found the 
mammary gland played only a minor role in ketone body production of both the 
normal and ketotic cow. Ketone body production by the rumen epithelium is 
dependent largely upon the quantity of butyric acid in the rumen. Thus, it is 
desirable to avoid feeding materials such as high moisture hay silage that may 
be high in butyric acid. 

Several explanations have been postulated for the rapid increase in ketone 
body production by the liver during the ketotic state. In early lactation, 
high producing dairy cows often cannot eat enough to meet their demands for 
energy. - Therefore, fat mobilization increases and lipogenesis decreases 
resulting in production of large quantities of acetyl Co A. Krebs (1966) has 
suggested that in such cases there is an increase in gluconeogenes s which 
reduces the amount of oxalacetate available for operation of the c tric acid 
cycle. Consequently, the acetyl Co A supply becomes abundant and s diverted 
into ketone bodies. However, this hypothesis needs further clarif cation 
(Kronfeld, 1969). Nevertheless, it appears desirable to avoid hav ng cows in 
excess condition at calving. In addition, the cow should be fed 1 berally 
during early lactation to attempt to meet her energy needs. Excess body fat 
and underfeeding will lead to faster and prolonged fat mobilization after 
calving. Furthermore, there is a greater chance for fat accumulation in the 
liver with possible increases in the rate of ketogenesis. 

Recent investigations by McCarthy et al. (1968) have indicated that ketosis may 
be a problem of methionine deficiency--and serum 1 ipoprotein aberration. How
ever, further work is needed in this area. 

In a recent review, Schultz (1968) discusses feeding and management practices 
that tend to reduce the incidence of ketosis. In brief, the recommendations 
are based on attempts to prevent co.vs from becoming excessively fat prior to 
calving and to balance feed intake with milk production so that blood glucose 
levels are maintained. Also, the amounts of ketogenic materials offered the 
co.v should be minimized. 

MILK FAT DEPRESSION 

The reader is referred to an excellent report on this subject presented by 
Schultz (1967). As mentioned previously, extremely high amounts of concentrates 
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often bring about milk fat depression. When high concentrate-restricted for
age, finely ground forage or pelleted diets are fed, the rumen microbial 
population produces a greater proportion of propionic acid and smaller propor
tion of acetic acid than when diets containing liberal amounts of long hay are 
fed. These changes in ruminal volatile fatty acid production often lead to 
depression of milk fat synthesis. The precursors of milk fat are acetic acid, 
blood triglycerides andtB -hydroxybutyric acid. When a high grain ration was 
fed, higher levels of blood glucose and lower levels of blood acetic acid and 
triglycerides were detected than when an ad 1 ibitum forage ration was fed. 
Arterio-venous difference studies have shown significant decreases in uptake 
of acetic acid by the mammary gland. Schultz (1967) hypothesized that higher 
levels of blood glucose may increase insulin secretion which would stimulate 
conversion of acetic acid into body fat. Thus, less acetic acid would be 
available to the mammary gland for milk fat synthesis. Other work as pre
sented by Van Soest (1963) has shown that a deficiency of ~-hydroxybutyric 
acid may account for milk fat depression. 

Van Soest (1963) has reviewed several theories on milk fat depression and he 
concluded that intermediary metabolism and the events occurring within the rumen 
must be studied in relation to all body processes of the cow as a whole. 

Various additives such as sodium bicarbonate, potassium bicarbonate and magnesium 
oxide have been used to alleviate milk fat depression (Emery and Brown, 1961; 
Schultz et al., 1965; Schultz, 1967; Emery et al., 1965). The bicarbonates alter 
the rumeil"fermentation to one that is similar to that found when high forage is 
fed while the magnesium oxide exerts its effect at the mammary gland. 

While additives may be used to partially correct or prevent milk fat depression, 
Schultz (1967) has recommended that the ration contain one-third forage or that 
one lb. of hay equivalent be provided for each 100 lb. bodyweight. Another 
thumb rule is that there be 13-15% of fiber in the ration. 

MILK FEVER 

Incidence of this metabolic disturbance is exceedingly high in some herds. 
Stott (1966) has reported that 76% of the cows in one herd developed milk fever. 
Milk fever or parturient paresis · usually occurs shortly after parturition and 
is caused by reduction in serum calcium levels. The problem is generally 
associated with older cows rather than with first calf heifers. Calcium absorp
tion by the intestine decreases rapidly as the animal matures (Hansard et al., 
1954). Aging animals have an even more limited capacity for absorption--Within 
the intestinal tract and also excrete increased amounts of endogenous calcium. 
In addition, Kleiber and Luick (1956) have shown that labile bone calcium and 
phosphorus amounts to only 2% and 1%, respectively, in older cows. Thus, if 
homeostatic mechanisms for controlling serum calcium fail at the onset of lac
tation (which is probably the most critical period), milk fever results. 

These mechanisms that control calcium homeostasis in the COH are not canpletely 
understood. Some cows are particularly more susceptible than others. The Jer
sey breed seems to have more than their share of milk fever problems; however 
cattle of other breeds also are often victims. Ward et al. (1954) have shown 
that cows that developed milk fever were in negative calClum balance prior to 
parturition. Boda and Cole (1954) reasoned that parathroid insufficiency might 
be one of the primary predisposing factors to milk fever. Parathyroid hormone 
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is one of the important means for controlling or maintaining calcium homeostasis. 
If calcium is needed, the hormone stimulates resorption from bone. When cal
cium is in plentiful supply, activity of the glands is depressed. The dry cow's 
need for calcium is low compared to that of the lactating animal. In addition, 
many dry cow rations are based largely on alfalfa hay which may contain excess 
calcium in relation to the maintenance requirement. Moreover, such rations may 
not be adequate in phosphorus. Thus, the dry cow may rely primarily on high 
dietary calcium intake for homeostasis rather than upon the secretions of the 
parathyroid glands (Mayer, 1968). Boda and Cole (1954) fed diets low in calcium 
and relatively high in phosphorus to cows with previous histories of milk fever. 
Incidence of the problem was drastically reduced in cows receiving low calcium 
diets whereas control cows developed milk fever similar to the previous rate. 
Stott (1966, 1968) has reported similar results when herds with very high inci
dences of milk fever were fed 1% monosodium phosphate in the grain mixture in 
place of the usual calcium or calcium-phosphorus supplements. Stott and Smith 
(1957) have shown that parathyroid activity probably is not the only factor 
involved in development of milk fever. They removed the parathyroids from cows, 
but yet no milk fever developed. However, a slight drop has been noted in serum 
calcium in some studies of cows without their parathyroids. Subsequently, 
Stott (1968) observed that parathyroid hormone was low in glands from cows having 
milk fever as compared to those taken from cows during late gestation or early 
lactation. Stott (1968) speculates that excessive calcium or low levels of 
dietary phosphorus may be predisposing factors. Under such conditions, bone 
reabsorption may occur to meet phosphorus needs, while excess calcium would 
depress parathyroid acttvity. Kleiber and Luick (1956) have shown that high 
levels of phosphorus in the diet will cause bone accretion and, hence, bone 
stores may be increased. 

Kronfeld (1968) hypothesized that the targets of parathyroid hormone may be less 
responsive at parturition. Thus, even though adequate parathyroid hormone may 
be present, the targets such as protein carriers or some enzymes in bone cells 
and intestinal cells are not conditioned for the rapid response that may be 
required after calving. A slight deficiency of calcium during the dry period 
could conceivably correct the situation. 

Stott (1968) has advanced another theory that may play an important role in 
cows that develop milk fever. High circulating levels of estrogen at parturi
tion may cause or stimulate bone accretion, thus drawing more calcium from 
the blood stream and thereby put more strain on the homeostatic mechanisms. 
More research is needed in this area. 

Another important factor is the role of vitamin D in preventing milk fever. It 
is known that D is necessary for absorption of calcium and for bone mobilization. 
Recent investigations by Olson and Deluca (1969) have shown that calcium trans
port in intestinal preparations from D deficient rats was stimulated markedly 
by the addition of 25-hydroxycholecalciferol, the active D metabolite. Addition 
of o3 to similar preparations had no effect. The formation of the metabolite 
is tnought to occur in liver. The authors are unaware of any research dealing 
with the relationship of this metabolite and milk fever. However, extensive 
research has been conducted on the use of massive doses of vitamin D to prevent 
milk fever. Hibbs and Conrad (1965) report that feeding 20-30 million units of 
D for 3-7 days immediately prior to calving will give about 80"/o protection in 
cows with previous histories of milk fever. Apparently, D has a calciostatic 
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action similar to that of parathyroid hormone. Longer feeding periods at these 
high levels are not advised. Capen et.!!· (1968) demonstrated that cardiovas
cular mineralization occurred when cows were fed massive doses for 30 days • . In 
addition, parathyroid hormone secretion and synthesis was depressed. 

Hibbs and Conrad (1965) also have studied the effect of continuous feeding of 
100,000 to 5001 000 units of vitamin D daily on the prevention of milk fever. 
Protection was obtained for CONS with previous histories of milk fever, but 
CONS with no previous history of the problem were affected slightly more, 
though nonsignif icant, than controls. Thus, it appears that use of high levels 
of D may be most useful for those cows that have been previously afflicted with 
the problem. 

Concentrate feeding during the dry period has lessened the incidence according 
to some experiments (Hibbs and Conrad, 1965; Kendall et~., 1963). Emery et~., 
(1969) have reported that more cases of milk fever were observed in cows fed 
grain during the dry period. The latter experiment involved 50 cows. The use
fulness of grain feeding during the dry period to prevent parturient paresis 
needs further investigation. 

Although all of the metabolic control mechanisms for prevention and control of 
milk fever are not known, the available evidence indicates the proper calcium 
and phosphorus supplementation is necessary to minimize the occurrence of the 
disorder. Use of vitamin D according to the Ohio recommendations (Hibbs and 
Conrad, 1965) appears to give good protection provided one has some knowledge 
of expected date of-calving. A shortage of phosphorus during lactation and the 
dry period may be a prime factor in predisposing a cow to milk fever. According 
to NRC requirements (1966) a CON that weighs 700 kg. (1540 lb.) and produces 
45 kg. (99 lb.) of milk containing 3.5% fat needs 144 g. calcium and 108 g. 
phosphorus daily. If the cow is short of phosphorus during lactation as well 
as during the dry period, serious problems could develop. Thus, use of supple
ments containing adequate phosphorus are a necessity for modern day dairy CONS. 
While the significance of the calcium to phosphorus ratio is not completely 
understood for ruminants, it seems wise for dairymen to strive for a ratio that 
approaches 2:1 or 1:1. 

LACTICACIDOSIS AND OFF FEED PROBLEMS 

Obviously, any time off feed problems occur in high producing cattle, output of 
milk will decrease. Sometimes off feed problems are a result of increased lac
tic acid production within the rumen. Lactic acid is a normal constituent of 
many feeds such as corn silage, oat silage and alfalfa silage (Owens et~., 
1968; Derbyshire et.!!., 1966; Gordon et~., 1961). Lactic acid is also a 
common intermediate in many of the biochemical pathways that occur for the 
transformation of carbohydrates to volatile fatty acids. Under normal condi
tions within the rumen very little lactic acid accumulates. HONever, very large 
amounts sometimes are produced because of some abnormal feeding situation. 
Dunlop and Hal'Tlllond (1965) have found high concentrations of lactic acid within 
the rumen when animals engorge themselves with grain. The engorgement resulted 
not only in the animal going off feed, but, in some cases, death. 

Other workers have shown that high amounts of grain given to unadjusted animals 
will cause off feed problem. Uhart and Carroll (1967) demonstrated that steers 
changed abruptly from a ration of alfalfa hay to one containing 900/o barley and 
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milo went off feed within 2 or 3 days after change of ration. They also found 1 

lactic acid increased within the rumen while pH and ruminal volatile fatty acid~ 
decreased. Blood pH, pCO and urine pH declined in most of the steers on trial. 
Six days later the animals resumed eating and appeared to be adapted to the higl 
grain ration. Rumen and blood characteristics were similar to those of animals 
that had been fed high grain rations for long periods of time. 

Apparently, there is a low turnover of lactic acid when ruminants receive diets 
composed largely of hay. Furthermore, the most common isomer of lactic acid is 
the L(+) form, but under abnormal feeding situations the D(-) isomer is produce< 
in rather large quantities (Mackenzie, 1967). This isomer is not readily metab< 
lized by rumen bacteria and by body tissues, though there is some evidence for 
the conversion of the D(-) isomer to the L(+) isomer under certain dietary con
ditions (Whanger and Matrone, 1965). 

When an animal becomes engorged with grain, the normal rumen flora changes and 
is replaced by bacteria that produce large amounts of lactic acid. The pH of ti 
rumen con ten ts may d rap to such a 1 ow level that rumen ep i the l i um may slough of ' 
into the rumen fluid (Mackenzie, 1967). In addition, amino acids may be 
decarboxylated to form histamines and other amines and unidentified toxic facto1 

Tremere et al. (1968) have observed that once a day feeding of grain and increa~ 
ing the rate-of feeding too rapidly caused dairy heifers to go off feed. In 
their trial an all wheat ration or a ration consisting of 50% wheat was fed to 
heifers in a series of experiments designed to monitor metabolic changes that 
occur in off feed conditions. When wheat was fed, there were high concentratio1 
of lactic acid, low rumen pH values and large refusals of feed. While lactic 
acid concentrations in rumen fluid were not so high when the 50"/o wheat ration w• 
fed, the heifers did go off feed. In another trial, buffers were infused into 
rumens of some animals in an attempt to prevent the off feed condition. The pH 
the rumen was maintained above the levels of the previous trials; however, the 
heifers still went off feed. Tremere et al. (1968) concluded that other factor: 
addition to the effect of lactic acid are'"i"nvolved when this problem occurs. Fi 
ther work by these same investigators showed that gradually increasing the amou1 
of concentrates in the ration and/or increasing the frequency with which concen· 
trates were fed was effetive in preventing the animals from going off feed. Thi 
speculated that feeding several times daily resulted in a more uniform producti1 
and utilization of end products of the rumen fermentation. Thus, the evidence 
indicates that abrupt changes in ration composition should be avoided. In addi• 
tion, frequency of feeding and the rate at which concentrates are increased are 
important in preventing cattle from going off feed. 

LEFT DISPLACEMENT OF THE ABOMASUM 

Though displaced abomasum is not a new problem and is not necessarily a nutri
tional problem, it is briefly discussed in this paper because of its possible 
association with feeding practices. The incidence of this disorder seems to be 
increasing; however, this is undoubtedly due in part to increased examination o 
cattle that appear to be ill. According to Robertson (1968) left displacement 
of the abomasum appears to occur more frequently during the months of November 
through May than at other times. In his study, which involved 201 cases, 86% 
of the cows that suffered displaced abomasums were affected during a period of 
two weeks prior to calving and two weeks after calving. Almost 25% of the cows 

- 208 -



e 
~ 

t 

in 

affected showed some symptoms on the first day after parturition. There 
appeared to be some association between abomasal displacement and the amount 
of grain that was included in the ration. Robertson (1968) states that there 
is some re-arrangement of abdominal organs during the latter part of pregnancy 
because of the space occupied by the uterus and its contents. When large 
amounts of grain are fed, the abomasum may become hypotonic or atonic. Immedi
ately after parturition, the empty uterus allows the other organs to fall into 
normal position, but the hypotonic or atonic abomasum becomes displaced or 
does not return to its normal position. The exact causes of abomasal displace
ment and relationship of heavy grain feeding to this problem are largely 
speculative. Further research is needed to clarify the effect of heavy grain 
feeding prior to and after parturition. 

OTHER NUTRITIONAL OR NUTRITIONALLY RELATED DISORDERS 

Disorders such as ruminal parakeratosis, liver abscesses, laminitis, feedlot 
bloat and other problems have received more study in beef cattle than in dairy 
cattle. Miller and O'Dell (1969) stress that more attention should be given 
to these problems in dairy cattle. When cows are fed high levels of concen
trates for extended periods, these disorders associated with high grain feeding 
could very well increase. 

A recent study by Emery et al. (1969) has suggested that prepartum grain feeding 
may increase the incidence of udder edema in heifers but not in ccws. Though 
no direct evidence was presented, they theorized that cows may possess a more 
developed lymphatic system that allowed for better drainage from the tissues. 
The cattle in this trial were fed a good quality forage and were in good condi
tion prior to calving. 

SUMMARY AND CONCLUSIONS 

Metabolic problems in high producing dairy CO/IS may reduce production sharply. 
A good many of these di sorders seem to occur at calving or during the initial 
stages of lactation. There may be multiple problems. Proper nutrition and 
careful feeding practices will help to avoid some of the disturbances; however, 
much research is needed in this very important area. 
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