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AN ALTERNATIVE--REDUCED NITRITE PLUS SORBIC ACID IN CURED POULTRY PRODUCTS? 

C. E. Allen, J. N. Sofos, K. Bhothipaksa and F. F. Busta 
Departments of Animal Science and Food Science and Nutrition 

University of Minnesota 

HISTORICAL ASPECTS OF NITRITE USE 

The use of nitrite in the preservation of cured poultry and red meat products 
has been the subject of much debate and controversy for more than a decade. 
This has resulted in nitrite being highly visible in the news media especially 
as nitrite use in curing meats relates to: 1) the potential hazard 
resulting from nitrite reacting with secondary amines in the meat to form 
compounds known as nitrosamines, which are potentially carcinogenic; 
2) the recent study conducted at HIT where nitrite was reported to have 
acted directly in producing lymphatic cancer in rats; or 3) the positive 
aspects of nitrite in cured meats resulting in cured meat flavor and color, 
inhibition of "warmed-over flavor" and most important, the degree of 
safety that is provided against the development of botulinum toxin. 
This report will be concerned with the role of nitrite either singly or 
in combination with sorbic acid in reducing the risk from botulinum toxin 
production in poultry products. 

The origin of the use of nitrate in meat products is lost in history. 
Nitrate is converted by bacteria to nitrite during curing. The original 
use of nitrate and its effect was apparently unintentional because of 
its presence in salt from some sources. The specific addition of nitrate 
or "saltpeter" has been documented as early as the late Roman times. 

In the U.S., addition of saltpeter to red meat products was approved in 
1908 and the direct use of nitrite in such products was approved in 1925. 
Now with the controversy over nitrite as a possible carcinogen in laboratory 
animals, certain groups are debating the possibility of a ban on nitrite 
via the Delaney Amendment. In red meat products the long use of nitrite 
resulted in it being given "prior sanction" and in the strictest sense it is 
not within the statutes of the Delaney Amendment. Apparently, for nitrite 
to be prohibited in red meat products it would have to be classified as 
an "adulterant." However, in poultry products where the use of nitrite 
is apparently more recent, there is presently no "prior sanction" for nitrite. 
In this stituation, the Delaney Amendment would apply for nitrite in 
poultry products if nitrite is determined to be carcinogenic. However, 
the lack of "prior sanction" for nitrite in poultry products is currently 
being contested. 
BOTULISM 

The most important nitrite effect in cured meat products is its inhibitory 
action against ~- botulinum growth and toxin production. Botulinum toxin 
is a heat-labile protein neurotoxin. Its consumption with food will 
result in the food-borne disease known as "botulism." This disease was 
first recognized in Europe as a disease caused by consumption of sausage, 
and thus the term "botulism" which is derived from the Latin word botulus 
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meaning sausage. The causative organism for botulism belongs to the genus 
C~9s~l?iu~.and is strictly an anaerobic organism which produces heat
resistant spores. Cured meat products traditionally have been very safe 
and have had a large margin of safety against mishandling. Today they 
are most frequently marketed in a vacuum package 'to extend the chemical 
and microbiological (aerobic spoilage) shelf life. Thus, there is a 
need to be concerned about the potential risk from botulism because of the 
anaerobic packaging and potential temperature abuse of refrigerated 
products. In canned or refrigerated cured meat products, nitrite is the 
substance that provides the margin of safety from botulism in temperature 
or otherwise abused products. The effectiveness of nitrite in preventing 
botulism cases that could be associated with cured meats is evidenced by 
the fact that no botulism deaths have resulted from commercially cured 
meat products in the U.S. during the last 30 years. 

SORBIC ACID 

Use of sorbic acid singly or in combination with lower levels of nitrite 
to control botulinum toxin production is a research development of the 
last few years. However, certain antimicrobial properties of sorbic acid 
were discovered in 1939 and its primary use in many food products as a 
mold inhibitor has developed since the early 1950's. Sorbic acid is a 
6-carbon, di-unsaturated straight chain fatty acid. In the animal or human 
body, it is oxidized like other fatty acids to carbon dioxide and water. 
Thus, among food additives it is one of the least likely to cause or 
be suspected of causing medically related health concerns. 

At the present time sorbic acid is not approved for direct addition to 
any poultry products, but it is very likely that in the near future such 
approval will be requested. 

UNIVERSITY OF MINNESOTA STUDIES 

Work on botulism, nitrite and sorbic acid at the University of Hinnesota 
during the last 2-3 years has involved the cooperative efforts of 
individuals interested in microbiology and meat science. All of the studies 
have been conducted in a special biohazard laboratory of the Andrew Boss 
Laboratory-Meat Science, which was designed for studies on pathogenic 
organisms such as Clostridium botulinum. Without these special facilities 
none of this work could have been done. 

This research has dealt with the development of botulism in an emulsified 
wiener-type product containing either mechanically deboned chicken meat 
(MDCH), pork or beef, as well as some formulations of meat extended with 
different soy proteins. The effect of original and residual levels of 
nitrite in the product in the presence and absence of sorbic acid have 
been studied. Other aspects such as product pH or acidity, mechanism of 
action and effect on aerobic spoilage organisms have also been studied 
in relation to nitrite and sorbic acid levels. 

METHODS 

Very briefly the standardized procedures for testing different treatments 
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on botulinum toxin production are as follows: 

1. 

2. 

3. 

4. 

5. 

6. 

7. 

Mixing of product meat source, spices, heat-shocked ~· botuli~~~ spore 
inoculum*, salt (2.5%) and depending upon the treatment, sodium 
nitrite and/or sorbic acid. 

Emulsification, formation and cooking of wiener-type product. 

Cooking of product and placement in anaerobic conditions to simulate 
anaerobic packaging of such a product. 

0 0 
Incubation under temperature-abuse conditions of 27 C (80.6 F). 

Evaluation of 5 samples of product at each specified interval for 
presence of botulinum toxi~ residual nitrite, pH, etc. 

Injection of product extract (0.5 ml) into mice and observation 
during the subsequent 4-96 hr period for signs of botulism. These 
include labored breathing and eventual death. 

Confirmation of botulism toxin by: a) injecting additional mice with 
a portion of the boiled sample extract, and b) injecting additional 
mice with a mixture of sample extract and botulinum antitoxin. 
Survival of these mice is taken as confirmation of botulism toxicity 
in a sample which gave signs of botulism in step 6. 

RESULTS 

Figure 1 illustrates the comparative aspects of botulinum toxin production 
as related to the presence or absence of nitrite and/or sorbic acid in 
chicken, beef and pork wieners. These results demonstrate that in the 
absence of nitrite and sorbic acid 5/5 of the chicken and pork samples 
and 4/5 of the beef samples \vere positive for botulism at the first 
sampling period of 4 days. Addition of 80 ~g/g (ppm) of nitrite or 0.2% 
sorbic acid delayed toxin production in all three kinds of wieners. 
However, it is important to note that this delay was greatest in pork and 
the least in chicken wieners. This fact was especially noticeable when 
80 ~g/ g of nitrite and 0. 2% sorbic acid \vere used in combination. In 
this treatment, all 5 chicken samples were positive for botulism after 
the lOth day of sampling, whereas the first botulism-positive samples for 
beef and pork did not occur until after the 38th day of sampling. This 
species-related difference is very important because in all of our studies 
chicken-based wieners have had most rapid rate of botulinum toxin production. 
Differences in the rate of botulinal toxin production due to meat source 
are in agreement with results obtained by Thompkin (1978) for various sources 
of canned meat products. For example, he reported that the first botulism
positive samples for turkey thigh and turkey breast meat each formulated 
with 156 ~g/g of nitrite occurred at about 18 and 47 days, respectively. 
This was in contrast to pork, veal and heart products where toxin was first 

* Samples to be used for nitrite analysis and pH determination did not have 
spore inoculum added because of potential hazard. 
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detected at about 55, 52 and 5 days, respectively. Apparently, there is 
a relationship bet1:veen the available iron in the meat product and the 
effect of nitrite on Clostridium botulinum. Higher levels of available 
iron reduce the margi~~~f-saf~ty~g~i~~-~botulism that is provided by 
nitrite. Thus, extreme caution must be exercised before the results 
obtained for one species are translated to another. However, as shown in 
Figure 1, the combination of nitrite and sorbic acid produced a significant 
extension in time before toxin was produced, as compared to treatments 
containing no nitrite, or nitrite and sorbic acid used singly. 

Results presented in Figure 2 illustrate the effects on botulinum toxin 
production of three levels (0, 40, 156 ~g/g) of nitrite used singly or in 
combination with 0.2% sorbic acid in chicken (MDCM) wieners. In addition, 
some of the variation among different lots of meat can be observed by 
comparing the results of trials B and C. Interestingly, the use of 0. 2% 
sorbic acid alone provided a greater delay in toxin production than either 
40 (Fig. 2) or 80 ~g/g (Fig. 1) of nitrite alone. The effect of 0.2% 
sorbic acid was essentially equal to 156 ~g/g (Fig. 2) of nitrite. How
ever, a delay in toxin production of 4 days may not be adequate protection. 
This is certainly much less protection than the 10 and 24 days provided 
by combinations of 0.2% sorbic acid and either 40 or 156 ~g/g of nitrite, 
respectively (Fig. 2). 

The much greater delay in botulinum toxin development achieved by combina
tions (Fig. 1 and 2) of nitrite and 0.2% sorbic acid appears to result 
from two independent effects. The first of these is depicted in Figure 3 
and pertains to the rate of nitrite depletion in the presence or absence 
of sorbic acid. At the higher level (156 ~g/g) of nitrite and in one 
of the trials with the lower level (40 ~g/g) of nitrite, sorbic acid 
delayed the normal depletion of nitrite from the product. This delay in 
nitrite depletion appears to be important in maintaining some minimal level 
of nitrite in the product which is effective in delaying botulinum toxin 
production. Dr. R. B. Thompkin and colleagues of Swift and Company have 
also recently studied this aspect and concluded that when residual nitrite 
decreases to a level where it is not inhibitor~ then any viable botulinal 
spores or cells that exist, can grow and produce toxin. The critical level 
of residual nitrite is dependent upon the number of botulinal spores or 
cells present. Our work and that of Thompkin (1978) suggest that this 
critical level of nitrite appears to be in the range of 10-25 ~g/g. From 
the nitrite depletion curves in Figure 3, this would also explain why 40 ~g/g 
of nitrite alone is quite ineffective in delaying toxin production. 

The second effect of sorbic acid in delaying toxin production is related 
to~· ~-~~ulinum spore germination. In these studies, we measured spore 
germination and total microbial growth in chicken wieners at specified times 
until toxic samples were detected. The spores germinated within 3 days 
in both control and nitrite (20, 40 and 156 ~g/g) treatments. Sorbic acid 
(0.2%) alone or in combinations with nitrite (20, 40 and 156 ~g/g) 
significantly (P<0.05) inhibited spore germination. No significant 
germination was recorded until botulinum toxin was detected. As in 
Figures 1 and 2, there was a substantial delay in toxin production for 
treatments where sorbic acid and nitrite were used in combination, rather 
than singly. Total microbial growth was not affected by the presence of 
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nitrite, whereas sorbic acid tended to depress it. 

Finally, it is important to discuss the effect of pH on the effectiveness 
of sorbic acid in producing some of the previously discussed results. The 
ability of sorbic acid (0.2%) alone or in combination with nitrite (40, 
156 ~g/g) to significantly inhibit spore germination, growth and toxin 
production in chicken wieners is pH dependent. In our studies, these 
effects of sorbic acid were not observed at pH values greater than 6.20 
and the magnitude of the effect increased as product pH decreased from 
6.20 to 5.69. The presence of nitrite in the formulation increased the 
pH at which sorbic acid was effective and increased the extent of the 
effectiveness. The ability of sorbic acid (0.2%) to decrease the rate of 
nitrite depletion during storage was also pH dependent and ~:vas not 
observed in a product with a high pH (7.15). Thus, the possible use of 
sorbic acid (0.2%) either singly or in combination with nitrite to delay 
botulinum toxin production must be considered in relation to product pH. 
Furthermore, a change in product formulation could alter the pH 
sufficiently to greatly increase the risk from botulism. One example of 
such a change in pH could potentially result from the use of an acid 
polyphosphate to use of an alkaline polyphosphate. Such a change would 
require that the degree of safety from botulism be determined in the new 
formulation. 

SUMMARY - " 

1. Under abuse conditions using elevated temperatures, emulsified, mechani
cally deboned chicken meat products inoculated with~· botulinu~ spores 
develop botulinum toxin more rapidly than similar beef and pork 
products containing nitrite and/or sorbic acid. 

2. The combination of sorbic acid (0.2%) and nitrite (40, 80 or 156 
~g/g) substantially delays the development of botulinum toxin compared 
to sorbic acid or nitrite used singly in a chicken wiener; thereby 
dramatically extending the margin of safety. 

3. Sorbic acid (0.2%) appears to function in delaying toxin production 
by decreasing the rate of nitrite disappearance from the product and 
delaying the germination of the botulinal spores. These effects of 
sorbic acid are pH dependent and most effective at lower product pH 
values. 
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Dependent Changes in Light 
of Hale 

M. Eo El Hala1,;ranL, \IL H o Burke, L. A. Ogren and J. R. Hill am 
Department of Animal Science 

Univers:L of Hinnestca 

The environment is a factor regulating ty of Light is 
an important component of the environmental control of reproduetive tivity. 
It not only exerts its effects the egg • but in the pre-
breeding period as vJell Halavu:mi ~-!::_ al., Studies with grovJ-
ing toms el unpublished observations) sho•1Jed lcnv intensity light to 
depress of 12 week old turkeys, but not younger ones. Berg's data (19 
also showed that toms housed under bright lights gre"'7 better than those on 
dim lighL 

While it is clear that light affects both and reproductive performance 
of turkeys, much remains to be learned abm..tt these processes. The present 
study to determine the age at 1Nhich achieve the ability to 
respond to environmental lighto In age at which the photoperiod 
is able to influence the glands output of its testis stimulat 
hormones '1vas determined o 

experiments were conducted 
determined this in the first experiment, further 

to determine birds below a certain age are 
unable to to the 

Broad \tJhite male ts of the Nicholas strain were raised from hatching under 
light regimens of 16 hours of light and 8 of darkness or 6 hours of light and 
18 hours of darkness per 

In experiment 1, poults from both toperiods were castrated at 1, 3, 
5, 7 and 9 'i;Teeks of age. 
collected for luteinizing 

Seven follov:ing castration, blood samples I;Jere 
determination. 

In experiment 2, castrated and intact turkeys from both 
injected with synthetic luteinizing hormone-releasing hormone 
they were 6 and 10 IJJeeks old. Blood samples were obtained prior to 
and at 10, 20, 30 and !W minutes after injection. 

were 
T,vhen 

ection 

In experiment 3, long-day turkeys age 5, 7 and 9 weeks were castrated and 
bled one T~Jeek later. Immedia after blood sarnpling, the birds 'Mere killed 

decapitation and the thalami excised for LHRH determination. 

RESULTS AND DISCUSSION 

The results of the first experiment , l) demonstrate an age dependent 
in the post-castration rise of serum LH in male turkeys. Since the 

castration~induced LH rise \,[as present in 7 and 8 v•7eek old turkeys, but not 
in younger ones (i.e. 2, 4 and 6 I>Jeek old turkeys). 

Photostimulation is necessary for the post-castration rise in serum Ll-L 
This is shown the findings that long-day castrated turkeys had significantly 
increased serum LH compared to their respective intact controls" No such 
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increase occured when castrated turkeys were held under a short (non-stimulatory) 
photoperiod. 

The inability of 6 week old, or younger, turkeys to respond to castration 
with increased LH output could be due to the absence of LH in the pituitary 
or the inability of the pituitary to release this hormone. This was found 
not to be the case (Fig. 2). A single injection of LHRH into 6 and 10 week 
old turkeys induced a rapid increase (P < 0.05) in serum LH. The pattern of LH 
release was identical for both ages. 

The hypothalamic neurohormone, LHRH is a neuropeptide required for the release 
of LH. The results of the third experiment (Table 1) indicate that LHRH is 
not limiting LH release in 6 week old turkeys. There ~-Jas no significant 
difference in hypoth2lamic LHRH levels in intact turkeys of different ages. 
Six week old castrates had LHRH and LH levels indistinguishable from intact 
birds, but by 8 weeks uf age castrates had significantly greater serum LH 
levels and by 10 weeks of age, both LH and LHRH levels were significantly greater 
than respective control levels. 

Thus, it is conceivable that the absence of an LH castration response in 2, 4 
and 6 week old turkeys is either due to the inability of the brain to transmit 
photic information and/or the lack of a sufficiently mature central nervous 
system for the LH release. 

It is the goal of these studies to assist in defining optimum programs for 
photoperiodic management of birds being raised for different purposes. It is 
believed that studies such as these will assist in establishing times at which 
attention should be paid to photoperiod and times during which photoperiod is 
relatively unimportant for birds being grown for a specific purpose. 
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Table 1. Effect of castration on hypothalamic LHRH content (ng/hypothalamus) and 
serum LH level (ng/ml) of male turkey at different ages 

Age Sham Castrate 
(wks) LHRH LH LHRH LH 

6 3.97 + 0.39 1.99 + 1.04 3.33 + 0.40a 2.44 + 0.72 a 

8 4.07 + 0.13 2.33 + 0.41 5.13 + o. 38 4.97 + 0.49bc 

10 4.42 + 0.39 3.13 + 0.52 6.76 + 0.55 b 8.05 + 0.45 b 

Results are expressed as means + S.E. from 5 to 8 birds 

a p<0.05 (6 vs 8 and 10 weeks) 
b p<0.05 (sham vs castrate) 

c p 0.05 (8 vs 10 weeks) 

_.,. 
I 
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BRAIN NEUROTRANSMITTERS OF }1ALE TURKEYS -
CHANGES WITH AGE AND CASTRATION 

M. E. El Halawani, W. H. Burke and L. A. Ogren 
Department of Animal Science 

University of Minnesota 

In a previous study with growing male turkeys, we found that the effect of 
castration on LH releaseto be age dependent. That is, an increase in 
castration-induced LH release was observed by 8 weeks of age but not turkeys 
6 weeks old or less. The lack of a post-castration rise in serum LH in the 
6 week old turkey could not be explained by the absence of the hypothalamic 
neurohormone, LHRH or the inability of the pituitary to release LH. It 
was hypothesized that the lack of a post-castration rise in serum LH was 
either due to immaturity of the central nervous system and/or the inability 
of the young turkey to transduce the lighting information necessary for LH 
release. 

The present study was designed to investigate the functional activity of 
the central nervous system by measuring neurotransmitter metabolism in 6 
and 10 week old turkeys. 

Broad white male turkeys of the Nicholas strain were used. The turkeys were 
housed from hatching under 16 hours of light and 8 hours of darkness per 
day. Castration was performed at 5 and 9 weeks of age, seven days prior 
to the initiation of the experiments. The activity of 3 brain neurotrans
mitters: dopamine (DA), norepinephrine (NE), and epinephrine (E) were 
studied. 

RESULTS AND DISCUSSION 

Castration did not significantly alter hypothalamic DA concentration and 
metabolism of 6 week old birds (Table 1). In contrast, castration of 10 
week old turkeys produced a rather marked decrease in hypothalamic DA 
metabolism. 

Castration had no significant effect on hypothalamic NE metabolism in 6 week 
old toms (Table 2), but the hypothalamic NE metabolism increased significantly 
following castration in 10 week old turkeys. Similar changes were observed 
in hypothalamic E metabolism (Table 3). These results demonstrate an age 
dependent effect of castration on hypothalamic neurotransmitters of turkeys. 

The increase in NE and E metabolism and the associated decrease in DA 
metabolism in 10 week old castrates is accompanied by an enhanced LH 
release (Table 4). Thus, the findings suggest that LH release is related 
to central neurotransmitter metabolism. 

The results of the present study show that central neurotransmitter 
metabolism of 6 and 10 week intact turkeys is essentially the same. 
findings indicated that the pituitary of both age groups was capable 
releasing LH and their hypothalamic LHRH concentration was similar. 

Previous 
of 
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Therefore, it is proposed that a key neural mechanism is lacking in turkeys 
younger than 8 weeks of age resulting in a failure to transduce or transmit 
the lighting information necessary to release LH. 
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Table 1. Hypothalamic dopamine turnover in 6 and 10 week old castrated turkeys 

Age 

Treatment 

Initial level 
(ug/g) 

Rate constant, k 
.(h-1) 

Turnover rate 
(ug/g/h) 

6 Weeks 

sham castrate 

1. 17 5 + 0 • 104 1.249 + 0.076 

0.423 + 0.023 0.354 + 0.021 

0.497 0.422 

10 Weeks 

sham castrate 

1.527 + 0.108 1.359 + 0.081 

0.263 + 0.012 0.191 + 0.013a 

0.402 0.259 

Results are expressed as means + S.E. from 7 birds. Turnover rate was 
determined in a group of 21 birds injected with a-methyl-tyrosine-methylester 
(250 mg/kg i.p.). A subgroup of seven birds were decapitated at 0, 1 and 3 h 
after injection of a-methyl-tryosine. 

a p < 0.001 (sham vs castrate) 

Table 2. Hypothalamic norepinephrine turnover in 6 and 10 week old castrated 
turkeys 

Age 6 Weeks 10 Weeks 

Treatment sham castrate sham castrate 

Initial level 3.679 + 0.095 3.633 + 0.068 3.359 + 0.109 3.801 + 0.092a 
(ng/g) 

Rate constant 
(h-1) 

0.038 + 0.004 0.045 + 0.003 0.055 + 0.006 0.121 + 0.006b 

Turnover rate 0.139 0.164 0.185 0.459 
(ug/g/h) 

Results are expressed as means + S.E. from 7 birds. Turnover rate was 
determined in a group of 21 birds injected with a-methyl-tyrosine-methylester 
(250 mg/kg i.p.). A subgroup of seven birds were decapitated at 0, 1, and 
3 h after injection of a-methyl-tyrosine 

a p < 0. 05 (sham vs castrate) 

b p < 0, 01 (sham vs castrate) 
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Table 3. Hypothalamic epinephrine turnover in 6 and 10 week old castrated 
turkeys 

Age 6 Weeks 10 Weeks 

Treatment sham castrate sham castrate 

Initial level 0.543 + 0.025 0.549 + 0.024 0.636 + 0.021 0.839 + 0.036a 
(ug/g) 

Rate constant 
(h-1) 

0.065 + 0.012 0.100 + 0.013 0.074 + 0.006 0.159 + 0.007 

Turnover rate 0.035 0.055 0.047 0.133 
(ug/g/h) 

Results are expressed as means + S.E. from 7 birds turnover rate was determined 
in a group of 21 birds injected-with a-methyl-tyrosine-methylester (250 mg/kg 
i.p.). A subgroup of seven birds were decapitated at 0, 1 and 3 h after 
injection of a-methyl-tyrosine 

a p < 0. 05 (sham vs castrate) 

Table 4. Effect of a-methyl-tyrosine (MT) on serum LH levels of 6 and 10 
week old turkeys 

Time after 
MT (h) sham castrate sham castrate 

0 4.24 + 0.27 4.51 + 0.32 3.10 + 0.25 8.53 + 0.49ab 

1 2.95 + 0.29 2.96 + 0.39 2.32 + 0.39 5.24 + 0.75a 

3 3.11 + 0. 34 2.39 + 0.36 2.18 + 0.29 5.25 + 0.6oa 

Results are expressed as means + S.E. from 7 birds. Group of 21 birds was 
injected with a-methyl-tyrosine-methylester (250 mg/kg i.p.). A subgroup of 
seven birds were bled at 0, 1 and 3 h after injection of a-methyl-tyrosine 

a p <0.05 (sham vs castrate) 

b p < 0.05 (0 hr vs 1 and 3 hrs) 



-19-

INFLUENCE OF LIGHT INTENSITY, RANGE REARING, AND NUTRITION 
ON REPRODUCTIVE PERFO~MANCE OF TURKEY BREEDER HENS 

DURING THE PRE-BREEDING PERIOD 

M. E. El Halawani, P. E. Waibel, and S. L. Kramer 
Department of Animal Science 

University of Minnesota 

In previous studies with turkey breeder hens, it became clear that light 
intensity and nutrition variables during the growing and holding periods 
affected the level of egg production (El Halawani et al., 1974; El Halawani 
et al., 1975). Low intensity light (0.1- 0.5 F.C.) was detrimental to 
egg production of breeder hens. The decline in egg production for turkeys 
reared at 0.01 rather than 3.0 F.C. amounted to 12%. Higher intensity 
light during the rearing period appeared to have some beneficial effects 
on egg production. Rearing potential breeder hens at 18 F.C. increased egg 
production by 4% above that of those reared at 3 F.C. 

Prebreeder nutrition studies showed that egg production of hens reared on 
a skip-a-day program was comparable to that of full fed turkeys whether 
the skip-a-day program started at 2 or 12 weeks of age. The average body 
weight of birds receiving these two treatments was about two pounds less 
at time of light stimulation. Similar reduction in body weight at 30 weeks 
of age was achieved by feeding a low protein diet series from day old to 
30 weeks of age with no detrimental effect on egg production. 

The present study was designed to determine further the influence of 
nutritional (energy and protein restriction) and environment (light intensity 
and range vs. confinement) variables during the growing period on reproduc
tive performance in female turkeys. 

Broad White male and female turkey lines of Nicholas strain were used. The 
birds were grown in a windowless brooder building under 3 F.C. light 
(incandescent) intensity and fed a corn-soybean type diet during the first 
8 weeks of age. At this time, 320 birds were moved to range, and 864 birds 
were assigned to 48 pens with 18 birds per pen in three rooms of an environ
mental building and subjected to the following light treatments: A) 14 
hours of light (3 F.C.) daily to 21 weeks of age; day length reduced to 6 
hours during 21-30 weeks of age; B) same as A, except that light intensity 
was 18 F.C.; C) same as A, except that light intensity was 68 F.C. Incan
descent lamps were used in treatments A and B and fluorescent lamps in 
treatment C. 

The 16 pens per room were divided into four nutritional treatments (four 
replicates per treatment) including: 1) control diet of corn-soybean series 
with 22% protein from 8-12 weeks of age, decreasing to 18.9% and 16.3% at 
12 and 16 weeks of age, and finishing at 13.8% protein during 21-30 weeks of 
age, 2) low energy diet series in mash form with 15.8% protein from 8-12 
weeks of age, reduced to 13.8% at 12 weeks of age, and finishing at 12.1% 
protein during 16-30 weeks of age; 3) same as 2, except that the diet was 
fed in pelleted (3/16" diameter) form; 4) low protein corn-soybean series 
with 15.2% protein from 8-12 weeks of age, decreasing to 12.9% and 11.3% 
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at 12 and 16 weeks of age, and finishing at 10.3% protein between 21-30 weeks 
of age. A portion of the diet series is given in Table 1. Range birds 
were fed the same control diet as in the first treatment. 

At 30 weeks of age, birds of the various treatments were moved to a breeder 
building, placed on the same breeder diet (16% protein; Waibel, 1974) and 
subjected to 15 hours of light (5 F.C.) and 9 hours of darkness per day. 
Each breeder pen (20 birds) included 2 pens (10 birds each) of the four 
replicate prebreeder female pens. Range birds were distributed in 6 pens 
with 20 birds per pen. 

RESULTS 

Light Treatment Effects (Table 2) 

Confinement rearing light treatments resulted in no effect on either body 
weight at light stimulation (30 weeks of age) or feed efficiency (8-30 weeks). 

Increasing prebreeder light intensity to 68 F.C using fluorescent lamps 
showed no advantage in egg production over the 3 and 18 F.C. (incandescent 
lamps) light treatments. Egg production of the 3, 18 and 68 F.C. light 
treatments were 53.5%, 56.3% and 54.7%, respectively. There was no effect 
of light treatment on either fertility or hatchability of fertile eggs. 

The beneficial effect of the 18 F.C. light treatment over the 3 F.C. treat
ment was not as great in this study as in our previous study (El Halawani 
et al., 1975). This may be due to the season at which egg production 
commenced and/or the rate of lay. In the present study egg production 
commenced in December with an average egg production of 56.~ (20 week 
season); whereas, in the other study the season started in July and egg 
production was 46.4% (16 weeks). The egg production comparison of the two 
studies was only for hens fed the control diets. 

Effect of Range Rearing (Table 3) 

Production characteristics of hens fed the control diet and reared in 
confinement under different light treatments were similar. Therefore, the 
results of these six breeder pens (two from each prebreeder light treatment) 
were combined for comparison to the six range pens. Body weight at light 
stimulation was greater in range turkeys (9.07 kg) than in confinement 
reared turkeys (8.64 kg). The range birds showed a 26% decrease in efficiency 
of feed conversion. 

Egg production and hatchability of fertile eggs of range birds were 4.5% and 
3% respectively, higher than that of confined birds. Over the 20 week 
production season, there were 68.6 and 61.2 poults per hen for range-reared 
and confinement-reared hens, respectively. 
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Nutrition Treatment Effects (Table 4) 

Feeding either the low energy (mash) diet series or the low protein diet 
series reduced body weight significantly at 30 weeks of age, when compared 
to birds fed the control diet. Body weight was less affected when the low 
energy diet was in the pelleted form. Feeding the low energy diet caused 
a significant increase in feed/gain, whether the diet was fed in mash or 
pelleted form. However, pelleting the low energy diet reduced feed/gain 
ration from 7.38 to 6.63 (P<O.Ol). 

The best egg production was obtained from hens fed the control corn-soybean 
diet series during the rearing period. Hens fed the low protein diet 
during the prebreeder period laid significantly fewer eggs (P<0.05). Egg 
production of birds fed the low energy diets were slightly less than those 
fed the control diet during rearing; however, these differences were not 
significant. There was no adverse effect of dietary regimen on either 
fertility and hatchability of fertile eggs. 

That egg production was less with hens fed the low protein diet during 
rearing is contrary to previous findings (El Halawani et al., 1974) which 
showed no significant decline in egg production as a result of feeding the 
low protein diet. The different effects of low dietary protein on egg 
production may be related to actual protein level (lower for this study) 
and/or to the rate of lay. Regarding the latter, egg production of control 
birds was 42.7% in the earlier study and 57.7% in the present study. 
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Table 1. Composition of Diets 

8-12 weeks 21-30 weeks 

Low Low Low Low 
Control Energy Protein Control Energy Protein 

Ground yellow corn 59.7 - 78.1 83.7 - 93.2 

Ground oats - 36.9 - - 49.2 

Ground oat hulls - 20.0 - - 20.0 

Wheat middlings - 20.0 - - 20.0 

Soybean meal, solvent-44% protein 35.7 10.7 16.9 14.1 - 4.4 

Alfalfa meal, 17% dehy. - 10.0 - - 10.0 

Fish solubles, 100% equiv. dried on SBM 1.1 0.67 1.2 

Fermenation residue product 0.11 0.07 0.11 
I 

DL-Methionine (98%) 0.06 0.02 - - - - N 
N 

Defluorinated phosphate 1.9 0.92 2.3 1.1 0.28 1.2 
I 

Calcium carbonate 0.59 0.06 0.65 0.49 - 0.52 

Salt (plain) 0.40 0.40 0.40 0.40 0.40 0.40 

Trace mineral mixture (MN-74) 0.11 0.08 0.13 0.08 0.06 0.09 

Vitamin mixture (MTG-74) 0.24 0.15 0.26 0.15 0.09 0.15 

Composition: 

Protein, % 22.04 15.8 15.2 13.8 12.1 10.3 

Metabolizable energy, Kca1/kg 2887 1786 3097 3194 1841 3304 

Calcium, % 0.98 0.61 1.05 0.61 0.36 0.63 

Phosphorus, total, % 0. 79 0.61 0.78 0.55 0.46 0.53 

Methionine, % 0.36 0.22 0.24 0.22 0.16 0.18 

Methionine + Cystine, % 0.68 0.45 0.47 0.43 0.34 0.34 

Lysine, % 1. 24 0. 77 0.74 0.64 0.49 0.38 
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Table 2. Effects of Prebreeder Light Treatments on Production Characteristics of 
Female Turkeys. 

Light Treatment (foot candles) Least Significant Difference 

3 18 68 (fluorescent) P<0.05 P<O .01 

Body Weight at 30 weeks (kg.) 8.27 8.13 8.25 0.19 0. 25 

Feed/Gain, 8-30 weeks 5.95 5.94 6.03 0.19 0.23 

Egg Production, % 53.5 56.2 54.7 4.7 6.6 

Fertility, % 69.7 69.0 68.4 6.3 8.8 

Hatchability of fertile eggs, % 92.1 93.4 94.9 4.3 6.1 

Egg Weight (g) 88.9 89.6 89.5 1.0 1.4 

Body Weight at 53 weeks (kg) 8.89 8.89 8.89 0.14 0.19 

Feed/hen/day (g) 30-53 weeks 256.2 265.4 260.3 12.9 18.1 

I 
N 
\.Pi 
I 



Table Effects of Range Rearing on Production Characteristics of Female 
Turkeys Fed the Control Diet. 

Lease Signific~nt Difference 
Confinement P<O.OS P<O.Ol 

1i~eight at 30 1-reeks 8.64 9.07 

8~30 weeks 4.82 6.10 1 

Egg Production, % 57.7 62.2 2.8 3.9 

Fertility, % 80.5 8L4 6.2 8.8 

Hatchability of fertile eggs 9 % 9Li .1 97.1 3.0 4.3 

Egg I.'~! eight, (g) 88.9 89. Ll1, 1.9 

Height at 53 ~~eeks 9.02 9.29 .213 .299 

Feed/hen/ day ( 30~53 vJeeks 262.9 256.3 13.6 19.4 

Not statis 

I 
N 
-10> 
I 



Table 4. Effects of Prebreeder Nutrition Treatments on Production Characteristics of Female Turkeys. 

Nutrition Treatment Least Significant 

Control Low Energy Low Energy Low Protein 
Difference 

(mash) (pelleted) P<O.OS P<O.Ol 

Body Weight at 30 weeks (kg) 8.64 8.04 8.43 7.74 0.26 0.35 

Feed/Gain 8-30 weeks 4.82 7.38 6.63 5.07 0.27 0.36 

Egg Production, % 57.7 54.8 56.4 50.4 5.5 7.7 

Fertility, % 68.5 68.6 70.6 68.1 7.3 10.2 I 
N 
\.Jl 

Hatchability of fertile egg, % 94.1 92.4 93.1 94.3 4.9 7.0 I 

Egg Weight (g) 88.9 89.1 89.9 89.3 1.2 1.7 

Body Weight at 53 weeks (kg) 9.02 8.16 8.98 8.89 0.16 0.22 

Feed/hen/day (g) 30-53 weeks 262.9 261.7 259.5 258.7 14.9 20.9 
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EFFECT OF PEN ENVIRONMENT ON 
REPRODUCTIVE PERFORMANCE OF TURKEYS 

A. T. Leighton, Jr., D. M. Thomason and J. P. Mason,Jr. 
Department of Poultry Science 

and Department of Agricultural Engineering 
Virginia Polytechnic Institute 

and State University 

There has been an increased demand in recent years for fresh killed young tom 
and hen turkeys throughout the year. This demand has been further reinforced 
by the need to meet the continuing requirements of further processing plants. 
These facts have made it necessary for the breeder to produce fertile turkey 
eggs on a year-round basis to insure an adequate supply of turkey poults at 
all times. It is obvious that thts can be accomplished only through the use 
of controlled environment housinq or throuqh a combination of controlled en
vironment and conventional housing. There-is however, very little informa
tion available on proper manag.ement of turkey breeders that will assure max
imum reproductive performance under housed conditions. 

It is for the above reasons that research programs at VPI & SU have been 
geared to solving many of the management problems related to reproductive 
performance of turkeys in confinement. 

The experiments reported at this conference were concerned with the effect 
of light environment, pen temperature environment, pen floor-type and diet
ary calcium on the reproductive performance of turkeys. 

The first study was designed to determine the effects of light intensities 
of 5.4 and 86.1 lux (0.5 and 8.0 foot candles), of laying cages vs. conven
tional litter floors and of constant environmental temperatures of 13, 21 
and 29°C (55°, 70° and 85°F) on the reproductive performance of Large 
White turkeys. 

Results obtained on egg production, percentage settable eggs and fertility 
over a 24 week production period are presented in Table 1. Females ex
posed to 86.1 lux of light intensity laid an average of 6.8 eggs more than 
those on 5.4 lux of light intensity. On the other hand, light intensity 
had no significant effect on either fertility or percentage of settable 
eggs. 

Females in laying cages laid 10.7 more eggs, were 8.5% lower in fertility 
and laid 21.6 percent fewer settable eggs than those in floor pens. It 
was also shown that the percentage of cracked and broken, soft and thin
shelled eggs from birds in cages increased over the production period. 
No significant differences were observed between the two pen floor types for 
hatchability of fertile eggs or egg weight. 

Temperature effects on 24 week production were dramatic. Females in the 
29°C pens laid an average of 43.5 eggs while those in the l3°C and 2l°C 
pens laid an average of 75.2 and 72.0 eggs respectively. Table 1 also 
shows that neither fertility nor percentage settable eggs were affected by 
the imposed temperature treatments. The high pen temperature also reduced 
the feed consumption, body weights, egg weights, the effectiveness of brood
iness control and increased the incidence of birds molting. On the other 
hand, it had no significant effect on egg shell quality or hatchability. 
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Table 1. Average 24 week- egg production, percentage settable eggs and 
percentage fertility by light intensity, pen floor-type and 
environmental temperature treatment (Large White turkeys) 

Egg % Settable % 
Treatment production Eggs Fertility 

Light 5.4 60.1 84.4 78.2 
Intensity 86.1 66.9 82.7 74.1 
(1 ux) 
Floor- conventional 58.2 94.3 80.4 
type cage 68.9 72.7 71.9 

Temperature 13 75.2 81.1 74.8 
(oc) 21 72.0 84.3 74.3 

29 43.5 85.1 79.4 

Experimental mean 63.5 83.5 76.1 

Table 2. Average 24 week egg production, percentage settable eggs and per
centage fertility by environmental temperature, pen floor-type 
and calcium source treatment. (Medium White turkeys) 

Egg % Settable % 
Treatment production Eggs Fertility 

Calcium Limestone 75.2 90.6 78.8 
source Oyster shell 77.0 94.1 81.6 

Floor- conventional 78.2 96.3 83.3 
type cage 74.1 88.5 77.0 

Tem)erature 13 74.4 93.5 82.2 
(oc 21 79.5 91.6 77.5 

29 74.4 92.0 80.9 

Experimental mean 76.1 92.4 80.2 
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ATTEMPT TO REPRODUCE TURKEY 'BIG BIRD - LITTLE BIRD SYNDROME' 
IN BATTERY BROODERS AT THE UNIVERSITY 

P. E. Waibel, T. K. Bruin, J. A. Newman, B. S. Pomeroy, and M. H. Hansen 
Departments of Animal Science and Veterinary Pathobiology, 

University of Minnesota and 
Mill Farms Company, Paynesville, Minnesota 

There has been a consistent incidence of small turkeys among normal sized 
turkeys at BV Farm for the past several flocks. It has been speculated that 
this big bird - little bird syndrome is caused by a respiratory condition 
called turkey coryza, which manifests itself as a mild upper respiratory 
condition characterized by acute conjunctivitis, tearing, rhinitis, and 
excessive nasal discharge. This results in a mild respiratory snick or 
cough, excessive head shaking, and rubbing of the eyes on the wings. This 
condition has been observed in several flocks grown on BV Farm. The initial 
signs of the condition are observed at 10 or 11 days of age. The mortality 
on this farm from this condition is low but morbidity appears to be high. 
Flocks going through this condition seem to vary considerably in size: 
hence the term "big bird- little bird syndrome". 

The cause of turkey coryza remains undetermined although adenoviruses have 
been frequently associated with the disease. When turkeys are exposed to 
these viruses in the laboratory they do not develop coryza. It has been 
suggested that turkey poults develop signs of respiratory infection because 
their resistance is lowered (immunosuppression). A paper in this Proceedings 
by Newman will report research on this aspect of the problem. 

The inability to form positive conclusions on the effects of coryza or 
to identify another disease problem on this farm causing the weight variation 
led us to question other components of the turkey production enterprise of 
BV Farm. This farm obtains its feed from F Mill; farms obtaining feed of 
the same formulation from K Mill have not been similarly affected. The 
source of poults, farm water, and feed or water medication have also been 
considered as possible responsible factors. Perhaps an interaction of 
these might be involved. 

In order to examine these latter factors away from the farm's milieu (both 
management and microbiological), turkeys, feed, and drinking water were 
brought from BV Farm to the University for a comparison study with other 
sources of these components. These variables were studied in combinations 
and their influence on growth, bird weight variation, and mortality were 
measured during 0-14 days of age. In one treatment, birds were injected at 
day of age with serum from a coryza syndrome-recovered flock. 

EXPERIMENTAL METHODS 

The poults, feed and drinking water were brought to the battery room labora
tory in Peters Hall, St. Paul Campus, on June 9, 1978. There were ten 
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treatments in the Each treatment included four replicate lots 
of 15 Large ltJhite newly~ hatched hen turkeys. The poults were \;7eighed 
indi on arrival and assigned to pens so that each pen had the same 
initial distribution of weights. The were started on treatment 
immediately and and scored for any abnormal conditions 
at 7 and 14 of age. The experiment was terminated at 14 days of age 
at vvhich time feed consumption for the 0-14 day period vlBS measured. The 

were housed in ba brooders in a room held at 2 

vJhile the data of all 10 treatments of the experiment are comparable, for the 
purpose of this presentation the treatments will be arranged in tables 
according to the experimental comparison intended" Shmm in Table 1 is 

of regular hatchery source and comparison source 
fed three different feeds in a 2 X 3 factorial arrangement. In 

Table 2 is shovm a portion of the s lvhich involved the of 
water from BV Farm and the University ,,,ithoat and '>Jith vitamin-

antibiotic medication in the water (on 2 3, 4, 7, and 8 
this vms a 2 X 2 factorial In Table 3 is shovm a direct 
comparison of two treatments, the 
injec ion of 0.5 ml of serum (per 
flock at day of age. 

one which 
from coryza 

The K and F diets ',-Jere medicated commercial feeds and the U diet was non
medicated University feed. The F feed was fed on BV Farm; the K feed was 
of the same formulation but produced at a different milL The R source 

were injected at the hatchery with an antibiotic-vitamin solution; 
the C source were not ected with such a solution. 

Analyses of variance 1:vere conducted such that F value data and least 
significant differences .05) are presented in the Tables. Coefficients 
of variation were calculated dividing the standard deviation of the 
body of the pen the average pen weight. 

RESULTS AND DISCUSSION 

Study f poults and feed (Table 1) 

T11e gain data for 0-7 and 7-llr days of age for the two sources of poults and 
three sources of feed are presented in Table 1. At of age the R poults 
averaged 5Lf. 3 grams 'iJhile the C poults averaged 62. 3 grams. The C paul ts 
gained much more slowly than did the R poults during the first 7 
During 7-14 the gains of the two poult sources were similar. During 
0-7 and 7-14 poults given the K feed gained considerably more than 
turkeys receiving the F or U feecL The significant interaction for 0-7 day 
gains may be interpreted that the R poults performed similarly on all three 
feeds while the C poults fed the University feed especially 
poorlyo 

It is believed that the C poults rJi!ere afflicted ~vith a problem vJhich the 
medicated K and F feeds could counteract better than the nonmedieated 



-31-

University feed. As mentioned, the C poults were not injected at hatching 
while the R poults were injected. 

The coefficient of variation data were variable but, overall, the average 
poult data and the average feed data showed similar coefficients of 
variation. Within the six groups, there was a significant interaction 
probably due to the fact that R poults fed K feed and C poults fed U feed 
showed considerably greater variation than R poults fed U feed. 

The mortality data were also of interest. The main effects were not signi
ficantly different in the analysis of variance; however, the C poults 
suffered about twice the level of mortality during 0-7 days as did the R 
poults. The C poults fed the University feed suffered a particularly high 
mortality. 

This entire section of experiment was done with University drinking water. 
It was apparent that the normal BV Farm program of R poults with F feed 
resulted in a coefficient of variation level which was similar to the 
average of all groups. 

Drinking water and medication study (Table 2) 

During 0-7 and 7-14 days of age, poults given water from BV Farm gained 
significantly more than poults given water from St. Paul Campus, University 
of Minnesota. The presence of medication (antibiotic-vitamin supplement) 
in the drinking water did not influence body weight gain. There were no 
differences in body weight variation. Poults having vitamin-antibiotic 
supplementation in their drinking water suffered a higher mortality level 
during 0-7 days. 

That poults given drinking water from BV Farms gained at a more rapid rate 
than did poults given University water is of interest. Partial analyses 
were conducted on the two drinking waters and these are presented in Table 4. 
Many of the elements (P, K, AL, NA, MN, CU, B, PB, NI, CR, CD and CO) were 
similar regardless of the source of water or the presence of medication. 
Water from BV Farm contained about three times as much calcium and six 
times as much magnesium as the University water, but the values were not 
excessive. It is unfortunate that the water analysis did not measure sulfate, 
chloride, or total solids. In the future more complete analyses should be 
obtained. 

That poults given the vitamin-antibiotic solution showed a higher mortality 
rate is of interest. The feed (F) given to the groups in the water
medication portion of the experiment already contained medication and the 
R poults used were injected at day of age. The medication in the drinking 
water was not a commercially available proprietary formulation; it is not 
believed that use of vitamins and medication in the drinking water under 
usual conditions would result in greater mortality. 
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Comparison of poults injected with serum with controls (Table 3) 

Table 3 shows data which indicate that young turkeys injected with one-half 
ml of serum (obtained from the flock which had recovered from the syndrome) 
at day of age did not influence the performance of the turkeys in this study. 
The turkeys used herein were regular (R) turkeys given the feed from the 
F Mill. 

CONCLUSION 

The treatment which resembled BV Farm conditions most closely, i.e., using 
regular poults, F feed, BV water and water medication, showed excellent 
gains and one of the lowest coefficients of weight variation. This would 
suggest that the feed, poults, or drinking water (with medication) were not 
primarily responsible for the big bird-little bird syndrome observed on the 
BV Farm. 

R (regular) poults performed similarly in growth when fed either of the 
three sources of feed. The C (comparison) poults showed quite a range of 
variation when fed the different feeds. C poults performed better when fed 
the medicated K and F feeds than when fed the nonmedicated U feed. This 
difference in performance might be related to the R poults having an 
antibiotic-vitamin injection at day of age, while the C poults did not have 
the injection. 

Poults fed water from the BV Farms gained at a significantly more rapid 
rate during both the 0-7 and 7-14 day periods than poults fed water from 
the St. Paul Campus. It is not possible from the results of the water 
analysis to suggest what factor(s) might be responsible for this interesting 
difference in performance. 

There was some indication that water medication resulted in greater 
mortality during the 0-7 day of age period. 

Injection of blood serum from a coryza 'syndrome' recovered flock did not 
alter the performance of turkeys in this study. 

As the Little Bird Syndrome problem was again prevalent on the BV Farms, it 
is concluded from this study that the feed, source of poults, drinking 
water, and/or vitamin-medication in the drinking water did not result in 
the higher incidence of small birds as described. This would suggest that 
there was a management or disease condition which contributed to the mani
festation of the problem on the farm. 
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Table 1. Selected performance results of factorial study with two sources 
of turkey poults and three sources of feed. 

(all treatments given nonmedicated U water) 

Average daily gain, gm Coef. variation Mortality, % 
0-7 days 7-14 days at 14 days 0-7 days 

Feed Poults: R c X R c X R c X R c x 
K 8.9 7.1 8.0 21.1 2l.S 21.3 14.9 12.2 13.S 10.0 13.3 11.7 

F 8.0 6.4 7.2 17.1 18.2 17.6 11.9 13.2 12.S s.o 8.3 6.7 

u 8.S S.2 6.8 18.7 18.2 18.4 9.8 14.8 12.3 8.3 21.7 lS.O 

x Feed 8.S 6.2 19.0 19.2 12.2 13.4 7.7 14.S 

Statistical* 

Req • 
F . OS df F LSD F LSD F LSD F LSD 

4.S4 1 Poults 66. 6*~d< 1.33 2.43 

3.68 2 Feed 6. 0~< 0.7 14. 4*i<* l.S 2.7 1. 28 11.1 

3.68 2 P x F 4.1* 4.7* 

LSD .OS 
All values 1.0 2.2 3.9 1S.8 

Table 2. Selected performance results of factorial study with two sources of 
drinking water and presence or absence of water medication. 

(all treatments received R poults and F feed) 

Water Average daily gain, gm Coef. variation Mortality, % 
Medi- 0-7 days 7-14 days at 14 days 0-7 days 
cation Source: BV u X BV u X BV u X BV u X 

9.4 8.0 8.7 19.9 17.1 18.S 14.1 11.9 13.2 0 s.o 2.S 

+ 9.0 8.1 8.S 19.6 17.0 18.3 11.9 13.S 12.7 8.3 11.7 10.0 

x Medication 9.2 8.0 19.8 17.1 13.3 12.7 4.1 8.3 

Statistical~' 

Req . 
F . OS df F LSD F LSD F LSD F LSD 

S.l2 1 Water s. 60~< 12. 72'/o'< 1.12 

S.l2 1 Med. 4.ll+ 

S.l2 1 WxM 1.28 

LSD .OS 
All values l.S 2.S 6.2 12.6 

* F significance symbols are +, p < .10; '/c P ( . OS; ·l;* p < .01; ;',·k"J~ p < .001 
' ' LSD is least significant difference. 
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#'t:. 

Table 3. Influence of blood serum injection of turkeys at day of age on 
performance. 

Average daily gain, gm Coef. of variation Mortality, % Treatment 0-7 days 7-14 days at 14 days 0-7 days 

Control 8.0 17.1 11.9 5.0 

Serum by injection 8.1 17.9 14.1 6.7 

Statistical 

LSD .05 1.1 2.0 4.1 7.3 

* from syndrome recovered flock. 

Table 4. Analysis of Water 

BV Farm Water St. Paul Campus Water 
Plus Vitamins Plus Vitamins 

Mineral As Is + Antibiotic As Is + Antibiotic 

ppm ppm ppm ppm 

p < 0.25 0.32 < 0.25 < 0.25 

K 3.46 3.11 3.44 3.35 

CA 81.60 61.09 20.83 22.44 

MG 32.66 31.96 5.86 5.59 

AL 0.15 0.10 0.20 0.12 

FE 0.05 7.32 < 0.01 < 0.01 

NA 9.02 9.10 9.55 9.30 

MN 0.01 0.02 0.01 < 0.01 

ZN 0.03 0.22 0.02 0.01 

cu 0.01 0.02 0.04 0.02 

B 0.04 0.03 0.04 0.04 

PB 0.09 0.06 0.14 0.11 

NI < 0.02 < 0.02 < 0.02 < 0.02 

CR < 0.02 < 0.02 0.02 < 0.02 

CD 0.01 < 0.01 0.01 0.02 

co < 0.13 < 0.13 < 0.13 < 0.13 
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LYSINE AVAILABILITY OF BLOOD MEALS AS INFLUENCED BY PROCESSING 
AND THE EFFECT OF FEEDING RING OR 

INTRODUCTION 

SPRAY BLOOD MEAL TO TURKEY POULTS 

S. L. Kramer and P. E. Haibel 
Animal Science Department 
University of Minnesota 

The feeding of blood meal in animal diets represents an important use of an 
animal slaughter by-product. Although blood meal is high in protein, and 
more importantly, contains much lysine, its nutritive value has been 
questionable. Poor digestibility of blood meal when fed to rats and swine 
was noted by Hinter (1929). Lockhart and co-workers (1960) found blood meal 
to be growth depressing when fed to turkey poults. 

Since blood meal is dried by the use of heat, there is the possibility of amino 
acid destruction or loss of availability depending upon the severity of the 
processing conditions. Hamm and Searcy (1976) found that the available lysine 
content of poultry blood decreased as temperature and drying time increased. 
Kratzer and Greene (1957) reported that vat dried blood contained 7-8% 
biologically available lysine by poult assay while spray dried blood contained 
10-12% available lysine. Kramer et al. (1978) recently published the amino 
acid compositions of a variety of blood meal sources. The vat blood meal 
was found to contain lower levels of amino acids except proline and glycine 
than other processed blood meals. 

This study was conducted to compare available lysine contents (determined 
chemically and biologically) of commercial blood meals. Another purpose 
of the study was to determine the maximum dietary levels of two types of 
blood meals which may be used without retarding the growth of young turkeys. 

MATERIALS AND l1ETHODS 

Lysine Availability Study 

Sixty-eight samples of blood meal were obtained from 25 manufacturers. The 
samples received represented nine different drying processes: vat, fast 
conventional, spray, ring, flash, DeLaval-Anderson, DeLaval-Conventional, 
continuous and Pfaudler. 

These systems can be divided into four groups based on temperature and time 
of drying. The vat and fast conventional methods involve long drying times 
(4 to 12 hours) with temperatures of less than 200°C. Systems employing 
the same range of temperature but having shorter drying times (30 min to 
2 hours) include the DeLaval-Anderson, DeLaval-conventional and continuous 
processes. 

Flash, ring and spray drying processes all have high drying temperatures (200° 
to 500°C) and drying times of less than 5 minutes. The Pfaudler system 
utilizes a temperature of 100°C with short drying time (5 min or less). For 
a more complete description of processing conditions the reader is referred 
to a paper by Kramer et al. (1978). 
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The blood meal samples were analyzed for total lysine and available lysine 
by Carpenter's fluorodinitrobenzene (FDNB) method (Booth, 1971). Estimates 
of biologically available lysine were obtained by the turkey poult growth 
assay (See Kramer, 1978, for methods). 

Growth Performance Studies 

For the feeding trials, large white Nicholas male poults were used in battery 
experiments which began either at day of age or at one ~veek of age and ended 
at 3 weeks of age. 

In the feeding study, ring or spray blood meal was incorporated into a corn-soy 
diet at levels up to 6% or 8% with 1% increments. Diets were formulated to 
keep lysine and methionine levels per therm of metabolizable energy constant 
at 0.66% and 0.21%, respectively. The control diet was the "A" level diet used 
in other experiments by Waibel et al. (1974). 

The first experiment (T-240) was designed to obtain one pen observation (eight) 
poults per pen) at each level of blood meal, while the second experiment (T-
245) used three replicate pens (seven poults per pen) for each diet. 

RESULTS AND DISUCSSION 

Lysine Availability Study 

The averages for total, FDNB- and biologically available lysine for the 
varying processes are given in Table 1. It should be kept in mind that the 
samples were analyzed in different assays and at different times. In general, 
the vat and fast conventional blood meals had some•vhat lower total and FDNB
available lysine and much lower biologically available lysine content when 
compared to samples of other processes. Considering the number of samples 
analyzed for the other processes, it is difficult to attempt to differentiate 
among them in terms of feeding value. They all seemed to have good amounts of 
biologically available lysine. This is not to say that there were not 
differences among the samples; it is just that with the variation involved 
it is not possible to characterize as poor any processes except vat or fast 
conventional. 

To differentiate between or among processes one must take into account and 
define the conditions of processing. Lysine is destroyed or tied up by 
conditions, not by names. For example, during the course of these studies, 
ring processed meals were obtained from a temperature-time 'in plant' 
processing condition study. The ring meal that was processed at a higher 
temperature (same equipment and blood source) had distinctly lower total and 
available lysine contents. Thus it was indicated that the quality of 
blood meal from the ring process depended upon the operational conditions 
of the equipment. 

The study also found that FDNB-lysine overestimated the amount of biologically 
available lysine in the more severely heat damaged blood meals - the vat and 
fast conventional samples, 

Growth Performance Studies 

The relationship between the level of blood meal in the diet and average daily 
gain (ADG) for poults fed experimental diets is shown in Figure 1. In 
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experiment T-240, ADG of poults was not affected when blood meal was included 
in the diet up to 6% of the diet. When blood meal was fed above this level, 
growth was depressed. 

Poults fed the ring blood meal diets (1-6%) appeared to gain better than the 
poults fed the spray blood meal diets (1-6%). The ADG of poults fed the 
control, ring (1-6%), and spray (1-6%) diets was 20.1, 20.3 and 19.4 g/day, 
respectively. 

The second study (T-245), however, showed no difference in gains when poults 
were fed spray or ring dried blood meal. This study also confirmed that 
ring or spray blood meals included in the diet at levels of 1 to 6% did 
not adversely affect performance of poults. 

Together, the two experiments suggest that levels of 1-6% of ring or spray 
blood meal may be used in a turkey starter diet. However, care should be 
taken that the lysine and methionine levels of the diet are similar to those 
used in this study. 

SUMMARY 

Vat and fast conventional blood meals were found to contain less total and 
FDNB-available lysine and much less biologically available lysine than other 
manufactured blood meals. Blood meals produced by the spray, ring, flash, 
DeLaval-Anderson, DeLaval-Conventional, continuous, and Pfaudler processes 
were generally similar in total lysine and available lysine contents. 

Inclusion of spray or ring blood meal into turkey starter diets at levels 
up to 6% of the diet did not depress growth of poults to 3 weeks of age. 
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Table 1. Average Lysine, FDNB-Lysine, and Biologically Available Lysine 
Contents of Blood Meal for Each Drying Process 

Total FDNB 
Number of Lysine Lysine Biologically Available 

Samples (g/16gN) (g/16gN) Lysine (g/16gN) 

Vat 9 8.74 7. 19 5.17 

Fast Conventional 2 8.26 6.61 4.28 

Spray 8 10.44 8.96 8.90 

Ring 10 10.14 8.75 7.76 

Flash 5 9. 7Lf 9.23 8. 72 

DeLaval-Anderson 7 9.27 8.50 7.59 

DeLaval-Conventional 2 9.48 8.60 9.14 

Continuous 3 8.94 8.45 8.45 

Pfaudler 3 10.60 9.13 8. 72 
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0 1 2 3 4 5 6 7 8 

% Blood Meal in Diet 

Figure 1. Effect of Percentage Blood Meal (Ring or Spray) in a Turkey 
Starter Diet on Average Daily Gain of Turkeys to Three ~>leeks 
of Age. 
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STUDY OF TURKEY PROCESSORS BYPRODUCT IN TURKEY DIETS 

G. Devegowda and P. E. Haibel 
Department of Animal Science 

University of Minnesota 

Poultry byproduct, feather, and blood meals are important sources of 
nutrients in animal feeds. They are usually processed separately as the 
feathers require hydrolysis to make the protein digestible and the blood is 
collected in liquid form. One or all of these products may be included into 
dietary formulations usually on the basis of nutritional composition. 

A typical turkey processing plant has all of these components available as 
byproducts. If the blood, meat, and feathers are to be processed separately, 
this must be done either away from the plant or by the plant. If moved away 
from the plant, handling and transportation costs must be considered. If 
handled by the plant as separate byproducts, then three processes must be 
accommodated. An interesting alternative is to process all of the components 
together and produce one product. 

The production of a single byproduct is being accomplished by West Central 
Turkeys, a processing plant in Pelican Rapids, Minnesota. In our research 
program the product has been called turkey processors byproduct (TPB), 
although the name accepted recently by the American Feed Control Officials 
Inc. is "hydrolyzed poultry by-products aggregate". 

This product may also be produced in the liquid form by ending the processing 
procedure prior to the neutralization and drying steps. As such it is called 
liquid turkey processors byproduct (LTPB). 

These experiments were conducted to study the effects of inclusion of both 
TPB and LTPB in diets on performance of turkeys. Due to the high ration 
moisture content when LTPB is used and the consequent danger of ration 
heating, the antifungal compound sorbic acid* was included as a study variable. 

MATERIALS AND METHODS 

The TPB contains feathers, offal, feet, heads and blood obtained from the 
turkey processing plant. Depending on the economic conditions at the time 
of processing the offal may or may not be included in the final product. 
The feathers are hydrolyzed with the addition of phosphoric acid and steam 
for about 12 hours, followed by the addition of ground feet, heads, offal, 
and blood; an additional 4 hours of digestion is then provided to complete the 
digestion, after which it is ready to use as a liquid product. The product 
to be dried is partially neutralized vlith limestone and then dried in a drum 
drier. 

The determined nutrient composition of the types of TPB and LTPB is presented 
in Table 1. There is a fairly high amount of inorganic phosphorus, protein 

* Trade name of sorbic acid is Aflaban-a product of Monsanto Industrial 
Chemicals Company, St. Louis, Missouri 



and cystine, The metabolizabl·e energy content was calculated the formula 
of Carpenter and Clegg (1956), Am:Lno acids vJere analyzed ion exchange 

Standard acid is was used for all amino ac1ds 
and cystine, which were anal as methionine sulfone 

cysteic acid" 

Tv1o experiments (T~2L;5 and T~255 vJere conducted ~;lith Nicholas Large Hhite 
male s to 3 vJeeks of age in bat brooders, Two more experiments 
(TG-·761 and TG·-781) Here conducted with Nicholas Large \ifuite hens from 0-·17 
weeks of age in floor pens with wood shavings for litter, 

The experimental diets vvere formulated to 1 B1 diet fications 
TG-781 'J~Jhere el Feedstuffs 48(2):33-35, 1976), except in 

the nutrient specifications were modified slightly. 
in the diets the critical nucrients ( 
cystine, and lysine) constant per therm of metabolizable energy, 

completion, all ts were ected to statistical 

TvJas included 
met·hionine + 

is of variance was used to detect the presence of differences due to 
treatments and least ~ differences were calculated for individual 
comparisons. 

RESULTS AND DISCUSSION 

T~245 included examination of three dried samp1es V<J-127 
and v,l-128 (I,Jith offal), and ~~J~l26 , each included in the diet 
at L,, and 12% levels.. The growth data are lis ted in Table 2" Observing 
the <;Jeights at 22 days of age, vvas not affected vvith all levels 
of W-126, there was a significant positive growth response with the 8% level 
of \,17-127, and there were t but positive responses at L:. and 8% 
levels of ~J-128.. gro1Hth simi with the 12% level 
of \V-128~ 

Partial results of experiment T-255 indicate that LTPB at 15% 
of the starter diet, 1.vithout supplementation of the anti-· 
biotic bambermycins 
in 3 rJileek weights. 
responses. 

, resulted in a significant improvement 
The antibiotic also resulted in positive growth 

The third study (TG-76 720 Nicholas hens was conducted in floor 
pens The initial levels of dried TPB (sample \tJ~l33) used in the 
diets were 4, 8 and 12%; these 
signific<?,nt) improvements in 
efficiency was similar for all 

levels were reduced ~>Ji th age, There vJere (non
weight of treatments containing TPB. Feed 

groups. 

The final experiment (TG-781) 5 a full term study involving 900 Nicholas hens, 
was conducted in floor pens (Table 5). The level of LTPB in the diets IA7aS 

decreased from 20 to 10% at 2 . .5% intervals from start until f:Lnish" In 
2arlier experiments, 
in the diet. Hence, 
in the diet. 

TJJe found heating and caking of feed "\vhen LTPB '\•Jas present 
in this experiment sorbic acid was included (1 lb/ 

of sorbic acid minimized heating of feed and kept 
the feed free-flowing. 

* Hoechst AG; also referred to as 
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There were no significant differences in body weight of birds at 17 weeks. 
However, the 8 week bodv weights of birds receiving the animal fat treatments 
were heavier than those fed the diets without added fat. Significant 
differences in feed/gain ratio were observed: the treatment groups fed diets 
containing anima] fat were more efficient than those \vithout fat. The lowest 
feed/gain ratio was obtained for the sorbic acid plus animal fat group. 

It is apparent from the results of these experiments that TPB and LTPB have 
been used successfully in turkey rations when incorporated on the basis of 
nutrient composition. It is believed that the ingredients were included into 
diets which were formulated conservatively, using B diet specifications for 
amino acids and modest calcium and phosphorus levels. As nutritionists recognize, 
whenever an ingredient is substituted into a diet there is always the danger 
of the usual margins of safety being utilized with the interpretation that 
the nutrients of the test product are fully available. Therefore, it 
is important that nutrient availability studies be conducted; such studies 
are in planning. Another objective for these studies is to relate processing 
conditions (e.g. time, temperatures, concentrations) to the quality of product 
produced. 

CONCLUSION 

Dried and liquid turkey processors byproducts have been shown to be an 
effective feeding ingredient in diets for turkeys when included on the basis 
of nutrient content. Levels for vJhich satisfactory growth would be expected 
using TPB are 8% or less in the prestarter diet, with reduction to 4% or less 
in the finishing diet. LTPB can be incorporated up to 20% in the starter 
diet with reductions from 20% to 10% from start to finish. \iThen using LTPB 
in the diet, incorporation of an antifungal agent, e.g. sorbic acid, should 
be considered to minimize heating and caking of the feed and possible 
production of mycotoxins. 
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Table l. Average Proximate 
Processors Byproducts 

ition and Amino Acid Content of 

Dried Product Liquid Product 
li\Tith Offal 

No~ of samples analyzed 5 

9L97 Dry rna t t e r , ~~ 

Crude protein, % 

t'I. E. Kcal 

Fat ;9 ~~ 

Crude fiber, % 

Ash, % 

Calcium, % 

Phosphorus, % 

Hethionine, %-fd, 

Meth + cys, % 

Lysine, % 

A.rgini11e, % 

Valine, % 

Glycine, % 

Histidine, % 

Phenylalanine, ~;. 

ine, % 

Phe -l- % 

Threonine, % 

Leucine, % 

Isoleucine, % 

Glutamic acid, % 

Aspartic acid, % 

Alanine, % 

Proline, % 

Serine:~ % 

2886 

11.08 

0.54 

27.00 

6. 7!f 

0.415 

1. 727 

2. 142 

L 717 

3.362 

3. 393 

L; .• 158 

0. 736 

2.224 

L 316 

3.540 

1. 808 

3. 718 

2.106 

5~246 

3, Lr09 

2,633 

4-' 623 

·k Netabolizable energy calculated 
Food 7:45-51, 1956 

hlithout Offal 

2 

86.90 

44.80 

4.45 

0.20 

30.96 

7. 17 

7.53 

0.%2 

2.506 

1.620 

3.331 

3.578 

Lf. 311 

0.720 

L242 

3.590 

1. 8L, 1 

3.339 

2.677 

4.814 

3.587 

with Offal without Offal 

2 

31.97 

17.53 

ll08 

0.22 

0 .. 21 

.24 

0.143 

0.607 

0. 7L,g 

0.523 

0.992 

0.910 

L 1 3 

0.242 

0.740 

0.512 

1.252 

0.573 

L 128 

0.587 

1.662 

0.973 

0.787 

1.289 

1.183 

1 

16.30 

801 

1. 50 

3.20 

0.22 

L 18 

0.663 

0.781 

0.641 

0.519 

L372 

0.343 

0.767 

0. L,16 

L 183 

0.613 

1.412 

0. 737 

L 741 

1. 270 

0.967 

1.4-66 

formula of Carpenter and Clegg, .J. Sci 

'id< J'v1ethionine and cystine determincor1 as methionine sulfone and cysteic acid 
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Table 2. Effect of Dried Turkey Processors Byproduct on Growth of Large 
White Turkey Males During 0-22 Days of Age (Experiment T-245)* 

Level of 
Inclusion 

% 

0 

4 

8 

12 

Dried Turkey Processors Byproduct Samples 

None liJ-126 ~\f-127 W,.-128 

------------ Body weight (g) ----------------

508 

509 519 526 

511 562 534 

512 547 414 

* Experiment begun at one day of age. Required least significant differ
ence between treatment means was 49g (P . 05). 

Table 3. Effect of Liquid Turkey Processors Byproduct and Bambermycins on 
Growth of Large White Hale Turkeys During 0-21 Days of Age 
(Experiment T-255) 

Diet 

Basal 

15% LTPB 

* 4 gm/ton of ration 

Antibiotic - Bambermycins* 
+ 

(g) (g) 

437 466 

476 502 



Table 4. Effect of Dried Processors uct W-133 on Growth and 

Treatment 

1 

2 

3 

L1 

Feed Efficiency of Lc:_rge Hhite Turkey Hens. ·k 

Lf 

8 

12 

Level of Inclusion 
Age Period 

':\ ~ 
._) .. ~' 

7 

10.5 

8- ll 11-·l L: 

3 

c· 
0 

I' ;I 

a; 
/o 

2. 5 

5 

7 <: . _; 

at 
17 

6 ., L~ 1 

2 6.54 

q, 6~56 

6 6.55 

TG-·761 

... I?~st..£R!ls.!JJ1l~sl. 
t Gained 

3o28 

3 .26 

3~23 

3 '! .!" 
,LO 
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Table 5. Effect of LTPB and Sorbic Acid on Growth and Feed Efficiency of 
Large White Turkey Females (Experiment TG-781). 

Treatments Average Body Ht. 
in Kg (weeks) 

Animal Feed/Gain 
Fat Sorbic Dry Mc.tter Basis 

No. % LTPB Acid 8 17 0-17 Weeks 

1 0 2.15 6.21 2.759 

2 0 + 2.13 6.18 2.762 

3 0 + + 2.15 6.25 2.761 

4 4 2.26 6.41 2.604 

5 4 + 2.25 6.26 2.629 

6 4 + + 2.32 6.33 2.585 

LSD 0.10 0.092 0.052 

LSD 0.05 0.118 0.067 

LSD 0.01 0.185 0.105 



SELENIUM IN THE NUTRITION OF TUPJZEYS 

A. H, Cantor, P. D. JV!oorhead and K. L Brmvn 
Department of Poultry Science 

Ohio Agricultural Research and Development Center 
Wooster, Ohio 44691 

Selenium (Se) deficiency has been an ant problem for the poultry 
industry for many years. This deficiency has been mainly restricted to 
certain geographical areas where the availability of Se in the soil is 
very lo'-'J. Feed ingredients grown on these soils have a low Se content, 
and therefore their use can lead to a Se deficiency in animals. 

The geographical pattern of Se content of plants in the United States 
was reported Kubota and cmwrk.ers (196 Their data showed regions 
,,Jhere the Se concentration in forages was extremely low. These are the 
areas ,,Jhere most field cases of Se deficiency have been reported. Some 
of the lo'-'J Se areas included western Hashington, Oregon and northern 
California, Florida, and the Northeast United States (in an area extending 
from the Ne1P7 England states to JVIichigan and Illinois), In the Ohio area 
65% of the forage samples had Se concentrations less than , 05 ppm. In 
eastern Hinnesota 20% of samples had concentrations less than .05 
ppm and only 3% had concentrations less than this level in western 
JV!innesota. Median concentrations for areas including western and eastern 
Minnesota were .26 and .09 ppm, respectively. 

The data revie,,Jed above indicate that a Se deficiency is much more 
like to occur in Ohio than in Minnesota. In fact, one of the first 
field cases of Se defi involved a flock of grm,;ring turkeys in Ohio. 
The Se requirement for turkeys is influenced a number of factors. 
These include (1) level of vitamin E in the diet, (2) the presence of 
antioxidants in the diet, and the carryover of both Se and vitamin E 
from the hen. There are also several factors that can increase the need 
for Se in the feecL Vitamin E, 1-Vhich has a sparing effect on Se, can be 
destroyed due to oxidative damage either during long term storage or 
during processing. Selenium can be rendered unavailable by several 
environmental contaminants, e.g., polychlorinated biphenyls or heavy 
metals such as mercury, cadmium, etc. 

The major symptom of Se deficiency in the grm,;ring turkey is gizzard 
or nutritional muscular dystrophy of the gizzard. This appears 

as small 1:1hite streaks running through the red muscle of the gizzard. In 
severe cases, broad bands of tissue can be affected. Gizzard myopathy 
occurs in almost 100% of the cases of Se deficiency in turkeys. Other 
symptoms include muscular dystrophy of the heart muscle and of the breast 
muscle as well as exudative diathesis. Heart myop is difficult to 
observe without performing a histological examination. The incidence of 
cardiac and skeletal myopathies is much lower than gizzard myopathy. 
Exudative diathesis, \Vhich is observed as a fluid accumulating under the 
skin, is not often seen. The requirement for Se in the diet of the turkey 
poult has been reported to be .18 ppm in the presence of 11 units of 
vitamin E per and .28 ppm in the absence of added vitamin E 
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(Scott et al., 1967). Until 1974 it was illegal to add Se to poultry 
rations. However, in that year the Food and Drug Administration issued 
a new regulation allowing the supplementation of turkey rations with 0.2 
ppm Se as either sodium selenite or selenate. 

Research at the OARDC has been concerned with the role of Se in the 
nutrition of turkeys for both growth as well as reproduction. In an 
early trial with growing turkeys (Cantor and Moorhead, 1977) day-old 
poults from hens partially depleted of Se were fed a diet low in both 
Se and vitamin E along, or with supplements of either .15 ppm Se as 
sodium selenite, 50 I.U. vitamin E per kg diet as DL-alpha-tocopheryl 
acetate, or both. Both Se and vitamin E completely prevented gizzard 
myopathy. The incidence of this symptom was 100% in the poults fed the 
unsupplemented basal diet. Selenium but not vitamin E led to significant 
improvements in body weight. Adding Se to the diet increased both 
plasma Se as well as the specific activity of glutathione peroxidase, a 
selenium-containing enzyme. Poults with gizzard myopathy showed an 
elevated level of plasma glutamic-oxaloacetic acid. Hematocrit and 
plasma protein were unaffected by dietary treatments. 

The biological availability of Se in different feedstuffs for prevention 
of exudative diathesis in chicks varies considerably (Cantor ~tal., 
1975a). Selenium in feedstuffs of plant origin is approximately 60 to 
90% as effective as sodium selenite, whereas the Se in feedstuffs of 
animal origin, e.g., fishmeal, has very low availability values for 
prevention of exudative diathesis. Selenomethionine, one of the main Se 
compounds in plants, is not very available for preventing exudative 
diathesis, but is highly available for preventing pancreatic fibrosis in 
chicks (Cantor et al., 1975b). It was of interest to compare the effects 
of sodium selenite and selenomethionine for preventing gizzard myopathy 
in turkeys. A low Se corn-soybean meal-torula yeast basal diet was fed 
alone or with 0.04, 0.08, or 0.12 ppm Se as either sodium selenite or 
selenomethionine to day-old poults (Cantor et al., 1976). Addition of 
Se increased body weight, decreased the incidence of gizzard myopathy, 
and decreased plasma glutamic oxaloacetic transaminase activity. 
However, no improvements in these three parameters were made after the 
addition of only .04 ppm. It is possible that at that point vitamin E 
became more limiting than Se. Adding Se to the diet increased the Se 
concentration and the activity of glutathione peroxidase in the plasma. 
No differences were noted between the two Se compounds. Thus it appears 
that both sodium selenite and selenomethionine have equal biological 
activities in growing turkeys. 

The effect of dietary Se on reproductive performance was studied in both 
male and female breeder turkeys under cage confinement (Cantor et al., 
1978). Both toms and hens were raised from one day of age until sexual 
maturity on low Se diets. At sexual maturity the hens were fed a diet 
consisting of corn, cornstarch, soybean meal and torula yeast. Toms were 
fed a corn-soybean meal-torula yeast diet alone or with .2 ppm Se. 
Selenium in the hen diet did not influence the number of eggs laid or the 
percent of settable eggs. The addition of .2 ppm Se to the hen diet 
increased the Se concentration of egg contents from .04 ppm to .16 ppm, 
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and elevated whole blood Se from .03 to .11 ~g per ml. Fertility was 
unaffected by either hen or tom dietary treatments. However, hatchability 
of fertile eggs was significantly improved due to supplementing Se to the 
hen diet. Severe gizzard myopathy was observed in 50 to 96% of newly 
hatched poults from hens fed the basal diet, whereas no cases of gizzard 
myopathy were observed in those from supplemented hens. Poults from hens 
fed the unsupplemented diet were fed a basal diet deficient in both Se 
and vitamin E alone, or supplemented with Se, vitamin E, or both, to see 
if symptoms of gizzard myopathy could be reversed. Supplementation of 
Se significantly reduced mortality from 81% to 48% during the two-week 
trial. However, there was no significant reduction in the incidence of 
gizzard myopathy due to either Se or vitamin E. This report, therefore, 
indicated that Se was important for both hatchability as well as 
livability of poults. 

Another study was conducted to determine the effect of Se and vitamin E 
upon turkey reproduction and livability of offspring. Hens and toms of 
the ~icholas small white strain were raised on low Se diets from one day 
of age until sexual maturity. At the time of lighting hens were fed a low 
Se basal diet (Table 1) alone, or with 100 I.U. vitamin E per kg diet, or 
with 0.2 ppm Se as sodium selenite. Thirty-six hens were assigned to each 
dietary treatment. Another variable in the experiment was cage density. 
For each treatment there were 12 cages with 1 bird per cage and 12 cages 
with 2 birds per cage. Toms were individually caged and fed a low Se 
diet (Table 1). 

Previous work failed to demonstrate any effect of dietary Se on male or 
female fertility. Due to a report that Se present in semen extender 
increased sperm motility in bull semen, it was of interest to study 
inclusion of Se in the turkey semen extender upon fertility. To study 
this four experimental treatments with pooled semen were used. Treatment 
1 consisted of diluting 1 part semen with 2 parts Ohio extender and 
incubating for 2 hours at 20°C. Treatment 2 was similar to treatment 1 
but the semen extender contained .75 ppm Seas sodium selenite. Treatment 
3 consisted of using neat semen with insemination occurring within 30 
minutes after obtaining the semen. Treatment 4 consisted of using neat 
semen after a 2-hour incubation period at 20°C. Hens were given a double 
insemination using a volume of .025 ml with a 3-day interval between 
inseminations at the beginning of the production period and then were 
given a single insemination every 28 days thereafter. 

Table 2 shows the effect of both the diets and cage density upon egg 
production and feed consumption during the 24-week period. Addition of 
vitamin E or Se did not significantly increase the number of eggs laid 
nor the number of settable eggs. A significant decrease in egg production 
was obtained by using 2 hens per cage. The higher cage density also led 
to a nonsignificant reduction in the number of settable eggs. Dietary 
treatments had no significant effect on feed consumption. Feed intake 
was significantly lower among hens housed 2 per cage than those with only 
1 hen per cage. 
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The addition of .2 ppm Se to the basal diet increased the concentration 
of Se in egg contents from approximately .04 to .13 ppm. Studies with 
chickens have shown that a supplement of only .1 ppm produces an increase 
of approximately .1 ppm in the Se concentration of the egg (Cantor and 
Scott, 1974; Latshaw and Osman, 1974). Arnold et al. (1973) found an 
increase of .16 to .26 ppm in the Se concentration of chicken egg 
contents upon feeding a supplement of .2 ppm Se. Despite a greater 
potential body reserve in relation to egg size and a lower rate of egg 
production in comparison to the chicken, a turkey may be less efficient 
in transferring Se to the egg. This may account for the turkey's higher 
requirement for Se compared to the chicken. Selenium supplementation of 
the breeder diet also increased the Se level in the hens blood plasma 
(Table 3). 

Newly hatched poults from all three treatments were examined for symptoms 
of Se deficiency. Severe cases of gizzard myopathy often with at least 
50% of the gizzard being necrotic, were observed in poults hatched from 
hens fed the basal diet. The incidence of gizzard myopathy in this group 
averaged 74% over the production season. Addition of either vitamin E 
or Se to the breeder hen diet completely prevented the appearance of this 
symptom. Signs of cardiac muscle degeneration in the deficient newly 
hatched poults had been observed in previous studies. In this study 
samples of cardiac muscle from all three treatments were examined using 
the electron microscope. Degeneration of isolated fibers with evidence 
of mitochondrial degeneration was noted. 

The effect of semen treatments on fertility during the first 14 weeks of 
production is presented in Table 4. The addition of Se to the semen 
extender failed to improve fertility. Best fertility was obtained using 
neat semen with no pre-insemination incubation. 

The results of 
turkey breeder 
hatched poult. 
egg production. 
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Table 1. Composition of low-selenium breeder diets. 

Ingredient 

Corn 
Soybean meal, 44% 
Torula yeast 
Calcium carbonate, U.S.P. 
Calcium phosphate, dibasic, dihydrate, 

U.S.P. 
Animal-vegetable fat 
Vitamin mix (without vit. E) 1 
Trace mineral mix2 
Salt 
Trace mineral salt3 
Choline chloride, 50% 
DL-methionine 

Selenium concentration, ppm4 

Hen Diet 
% 

71.30 
5.50 

15.00 
4.40 
1. 60 

1.00 
0.50 
0.10 
0.40 

0.15 
'0.05 

0.036 
+0.010 

Tom Diet 
% 

77.75 
3.00 

15.00 
0. 80 
2.35 

0.50 

0.40 
0.15 
0.05 

0.035 
+0.003 

lsupplied the following (per kg diet): retinyl palmitate, 9990 I. U.; 
vitamin D3 , 4000 I. U.; menadione sodium bisulfite, 3 mg.; thiamine 
hydrochloride, 4 mg.; riboflavin, 6 mg.; D-calcium pantothenate, 20 
mg.; niacin, 80 mg.; pyridoxine hydrochloride, 4 mg.; biotin, 0.3 mg.; 
folacin, 1 mg.; vitamin B12 , 15 ug.; and ethoxyquin, 125 mg. 

2supplied the following (mg/kg die~: zinc, oxide (72% Zn), 147; 
manganous oxide (55% Mn), 152; copper sulfate, 35; iron carbonate 
(42% Fe), 72; and potassium iodide, 1.5. 

3supplied the following (per kg diet): iodized sodium chloride, 3.75 
g.; manganous oxide, 73 mg.; and zinc oxide, 100 mg. 
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Table 2. Effect of dietary treatments and cage density on egg 
production and feed consumption. 

Diet 

Basal 
+ 100 I.U. vit E/kg 
+ 0.2 ppm selenium 

Cage density 
1/ cage 
2/cage 

1Mean + standard error. 

Eggs/hen/24 weeks 
Total Settable 

86.3+2.01 72.5+3.3 
84.5+4.3 72.4+3.9 
91.6+3.9 74.1+6.1 

92.1+3.0 
82. 9+1. 9 

74.5+4.62 
71. 4+2. 2 

2Significant effect due to cage density (p<.05). 

Feed consumption 
g/hen/day 

171+5 
159+6 
172+3 

173+42 
162+4 
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Table 3. Effect of dietary treatments upon egg and blood plasma 
selenium concentrations and gizzard myopathy in newly 
hatched poults. 

Diet Egg seleniuml Plasma se~enium2 
ppm ]11/ml 

Incidence of 
gizzard myopathy 

% 

Basal 

+ 100 I. u. 
vit. E/kg 

+ 0.2 ppm Se 

.036+.002 

.043+.003 

.131+.003 

.014+.001 

.016+.001 0/72 

. 071+. 003 0/81 

1Mean + standard error for 6 replicates of 4 pooled samples of egg 
contents, wet basis. 

2Mean + standard error for 6 hens per treatment. 
3Numbe~ poults with gizzard myopathy/number poults examined. 

74 

0 

0 
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PROTEIN AND ENERGY LEVELS FOR GRmHNG TURKEYS 
IN RELATION TO ECONOMIC RETURNS 

P. E. Waibel, G. Devegowda, and J. D. Palarski 
Department of Animal Science 

University of Minnesota 

It is usually assumed that the protein (amino acid) requirement for a turkey 
is satisfied when (in a response curve) the turkey grows at the maximum rate 
for the period under study. Studies at the University of Minnesota (Waibel 
~ al., 1973) showed that maximum profitability could sometimes be obtained 
by feeding an amount of protein less than that needed for maximum growth. 
This effect was particularily noted when the price of protein ingredients was 
high in relation to the price of energy-containing ingredients. 

Studies by Auckland and Morris (1971) and Johnson (1974) showed that compensatory 
growth could take place such that turkeys fed a lower protein diet during the 
earlier periods would have a catch-up period and close the gap when compared 
to turkeys fed a higher (control) level of protein during the early stages. 
There has not been universal agreement on the desirability of such a compensa
tory growth system in the field partly because most growers do not believe it 
wise to inhibit the growth of young turkeys. Further, there is danger in re
ducing protein levels markedly as all flocks may not be affected to the antici
pated degree. 

Knowing the effect of low protein on growth at different ages would be helpful 
if one wished to feed lower protein levels in times of high protein prices 
with the aim of obtaining maximum profitability. The first study reported 
herein (Experiment TG-771) regarding compensatory growth examined growth de
pressions in response to deficient protein levels during varying periods in 
the life of the turkey. There were varying combinations of low protein for 
differing periods of time. 

Since the studies of Touchburn and Naber (1966) and Jensen and co-workers (1970) 
on the effect of added fat for turkeys in the growing and finishing period 
suggested that the available energy of such fat exceeded its metabolizable 
energy, questions have been raised as to how one should formulate diets for 
turkeys according to amino acid-energy relationships. Should one use the book 
metabolizable energy value or an apparently elevated energy value for fat? 
On the other hand, if the available energy of fat is higher because the fat 
has undergone less metabolic conversion and has been available directly for 
deposition into fat depot areas, it is conceivable that not all of the fat 
should be included in the dietary calculation lvhen considering protein-energy 
relationship; this is based on the supposition that fat which is hydrolyzed, 
absorbed, and deposited has bypassed the balance considerations with energy 
and protein and therefore may be subtracted from the dietary fat provided. 
Some nutritionists have suggested that when high levels of fat are used in 
the late growing and finishing periods for turkeys one can feed a lesser amount 
of protein (amino acid) in the diet in relation to calculated metabolizable 
energy. 
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The second and third experiments reported in this paper deal with the inter
relationship of protein and fat levels in diets of male and female turkeys 
in the late growing and finishing periods. The male experiment (TG-773) was 
conducted during 16-24 weeks of age. The female experiment (TG-775) was con
ducted during 11-17 weeks of age. In both experiments all of the turkeys 
were equivalent and on common diets until the experimental period was begun. 

A method for calculating profitability of turkey production, using experimental 
data and assumed practical variable and fixed costs, was described by Waibel 
et al. (1973). It was shown that the protein requirement for maximum profit
ability depended upon the relative costs of protein and energy bearing ingredients. 
A further paper (Waibel et al., 1977), utilizing the same method of calculating 
net returns, indicated that the price \vhich one could pay for added dietary 
fat was extremely variable among experiments, but in all cases depended on the 
costs of energy and protein containing ingredients. 

EXPERIMENTAL METHODS 

The turkeys were all large white Nicholas commercial strain-cross birds. They 
were reared in confinement in pens of varying size; wood shavings served as 
litter. 

In Experiment TG-771 (compensatory growth protein study) there were 12 nutri
tional treatments, each treatment containing 4 replicate pens (6' x 8') of 11 
males each. The rations (presented in Table 1) were of the corn-soybean meal 
type and were changed at 4 week intervals. They are of the same formulation 
series as those in Experiments TG-742 and TG-753 presented earlier. Here 
the B diet was the same as recommended in the 1974 turkey feeding program 
(Waibel et al., 1974). The AA, A, B, C, D, E, and F protein levels are in the 
approximate ratios (on a lysine/therm basis) of 1.2, 1.1, 1.0 (B), 0.9, 0.8, 
0.7 and 0.6, respectively. Only the A, B, D, and F diets were used in this 
experiment. Average ambient temperatures during 4-8, 8-12, 12-16, 16-20 and 

0 
20-24 weeks of age were 75, 80, 80, 75 and 68 F, respectively. 

Experiments TG-773 and TG-775 contained male and female large white turkeys 
respectively. They were raised in pens (12' x 18') until 15 weeks of age 
for the males and 10 weeks for the females, at which time they were sorted 
and distributed evenly into 24 treatments, each treatment containing 4 re
plicate pens (6' x 8') of 10 and 11 birds, respectively. Only 18 of the 
treatments will be shown in this paper; those 18 comprised a 6 protein level 
times 3 fat level factorial experimental design. Ambient temperature was 
maintained at 58-63°F in both experiments. 

The diets for TG-773 and TG-775 are shown in Table 2. The lysine-energy ratios 
for these diets represent the beginning of a new calculation approach and 
are slightly different than previously. The A and F diets are shown; the B, 
C, D, and E diets can be obtained by interpolating between the A and F diets. 
The feeding schedules for the males (TG~773) and females (TG-775) are shown 
in the table heading. 

The turkeys were weighed at 3 or 4 week intervals and feed consumption was 
measured at these times. The data were subjected to analyses of variance 
and appropriate least significance differences were calculated. These 
differences are shown in the tables. 
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The method of calculating net returns was altered somewhat for these 
experiments due to their nature. Since the treatments were related to the 
age of the turkeys it was important to keep the experimental periods constant. 
This eliminated the need for regression analysis for calculating age at a 
certain body weight and feed efficiency at that time. In the present analysis 
we simply used final body weights and obtained feed use by summing period 
gains times efficiencies. In experiment TG-771 the following costs were 
used: poult, $0.75; litter and supplies, 0.18; medication, 0.08; fixed costs, 
0.05 per week; feed cost, variable; and mixing cost, $10.00 per ton. For 
experiments TG-773 and 775 the following were used: turkey at 16 or 11 weeks 
of age, $0.35 per pound; fixed costs, 0.05 per week; feed cost, variable; 
mixing cost, $10.00 per ton. As previously, net returns were calculated for 
selling prices of $0.20, 0.30, 0.40, and 0.50 per pound of live turkey. 
Results were expressed on the basis of net return per bird per flock. 

RESULTS AND DISCUSSION 

Experiment TG-771 (Growth Data, Table 3) 

Experiment TG-771 was conducted during 0-24 weeks of age. Charts shown in the 
presentation will illustrate how the protein levels affected growth during 
each age period. Here, only the 20 and 24 week body weights are presented as 
these are two common marketing times for large male turkeys, The treatments 
are arranged in order of descending body weight at 24 weeks of age. At 24 
weeks differences of 0.50 kg in body weight and 0.085 in feed/gain were required 
for significance at the 5% level of probability. The data (24 weeks of age) 
show that the 6A diet performed significantly better than the 6B diet, while 
the AAAFAA diet produced intermediate results. The 6B treatment tended to cluster 
with the AADDAA, the AAFAAA, the AFAAAA, and the AAAAFA treatments in final 
body weights. The FAAAAA, AAFFAA, AAAAAF, and AFFFAA diets produced turkeys 
weighing 0.96, 1.18, 1.37 and 1.47 kg less, respectively, than the 6A control. 
Turkeys fed the 6F diet were extremely small throughout the study. 

On the right hand side of Table 3 is given the extent of decreased gain of a 
given treatment during thatperiod of time when the treatment deviated from the 
AAAAAA treatment. Also given is the final (24 week of age) difference from 
the AAAAAA control treatment. In general, there was some growth compensation 
when the F or D treatments were returned to the A diet; however, excepting for 
the AAAFAA treatment the final body weight was always significantly lower at 
P .05 than that of the 6A treatment. The one exception to the consistency 
of growth compensation was the treatment which was given the F treatment during 
the first 4 weeks - here the turkeys gained 0.32 kg less during 0-4 weeks and 
weighed 0.96 kg less at 24 weeks of age. As shown in Table 1, the protein 
level of the F treatment during 0-4 weeks of age was 21.37% ~:vhich does not 
seem unduly low. It is concluded from these data that protein restriction in 
the middle periods may be compensated for more readily than in either early or 
late periods. 

The effects of these nutritional treatments involving protein level on 
profitability are shown in Table 4. This presentation includes 4 selling 
prices and all combinations of corn ($2.50, 3.75, 5.00) and soybean meal ($5.00, 
10.00, 15.00, 20.00) prices. To show the importance of protein level on net 
returns, the following self-explanatory comparison is pulled from the data for 
0.40 selling price, $3.75 corn and $16,00 fat. 
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Net Return ($/bird) and Rank for the Treatments in TG-771 

Treatment Soybean meal:$5.00 $10.00 $15.00 $20.00/100 lb 

AAAAAA 6.03 1 4.58 4 3.13 9 1.69 10 

AAAFAA 5.94 2 4.68 1 3.42 3-4 2.16 5 

BBBBBB 5.85 3-4 4.63 2-3 3.42 3-4 2.20 3 

AADDAA 5.85 3-4 4.63 2-3 3.41 5 2. 19 4 

AAFAAA 5.83 5 4.56 5 3.30 6 2.03 7 

AFAAAA 5.79 6 4.51 6 3.23 8 1. 95 8 

AAAAFA 5.67 7 4.48 8 3.28 7 2.08 6 

FAAAAA 5.61 8 4.31 10 3.02 10 1.72 9 

AAFFAA 5.55 9 4.49 7 3.43 2 2.37 2 

AAAAAF 5.08 11 3.80 11 2.51 11 1. 23 11 

AFFFAA 5.36 10 4.42 9 3.47 1 2.53 1 

FFFFFF 2.30 12 1. 91 12 1.52 12 1.12 12 

Under the conditions of this experiment, and with the protein combinations 
employed, the 6A treatment fared best in producing maximum profitability when 
soybean meal cost was very low, but did poorly with higher soybean meal prices. 
The AAFFFA and AAFFAA treatments were best when soybean meal prices were 
high, and the 6B treatment scored consistently high at all soybean meal costs 
examined. 

That the 6A diet resulted in significantly better growth than the 6B diet was 
expected as ambient temperatures were quite high. The results suggest that 
(under the conditions of this experiment) if one must reduce the level of 
protein due to protein cost considerations, it would be best to do so at the 
intermediate growth stages of the turkey rather than early or late. It is 
realized that the extent of growth depression with the F diet is a relevant 
factor: in this study it seemed quite constant through the periods. 

Experiment TG-773 (Growth data, Table 5) 

The body weight and feed/gain data of the males during 16-24 weeks of age in 
Experiment TG-773 indicate that there were strong protein and fat level effects. 
The significance of these main effects was substantial. A protein x fat 
interaction with body weight gain was absent. When the data were plotted it 
also appeared that no interaction resulted. The increasing fat levels produced 
greater body weights at all protein levels. The effect of protein level 
(across all fat levels) showed that body weight gains continued to increase 
steeply to the C level and then somewhat less to the B and A protein levels. 
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The feed/gain responses in TG-773 indicated marked improvements in efficiency 
with 4 and 10% fat. Efficiency also improved as protein level increased. 

The influence of feeding varying levels of protein and fat in Experiment 
TG-773 on net return per turkey with one ingredient price combination (corn 
$3.75, soybean meal $10.00, and animal fat $16.00/100 lbs.) is presented in 
Table 6. Observing the 40¢ selling price, there is a maximum profit per 
bird plateau which includes the 0, 4, and 10% fat levels of A protein, and the 
4 and 10% fat levels for B and C protein. There is a second plateau which 
includes the zero fat level of the B, C, and D protein levels and both 4 and 
10% fat levels at D protein. Thereafter profitability falls off, particularly 
with protein level. Certainly growth rate and feed efficiency are important 
regulators of the extent of profitability. 

The calculated value of fat for the treatments in Experiment TG-773 under vary
ing feed ingredient costs and turkey selling prices is presented in Table 7. 
At this price of fat the control getting no fat and the group getting the 
level of fat shown would break even regarding net returns. In proceeding from 
A to F protein (in each case 0.40 selling price, 3.75 corn, and 10.00 soybean 
meal), with 4% fat the respective fat values were 10.8, 26.8, 26.7, 20.1, 
24.9 and 17.7¢ per pound, and with 10% fat the anaJagous values were 15.9, 22.0, 
20.0, 17.6, 18.8 and 16.8¢ per pound. Surely at B dna C protein the fat 
values were relatively high. To be sure the growth responses to dietary 
fat in this study were quite favorable and this is an important moderator of 
fat value. From Table 7 the reader will also observe three very strong inde
pendent relationships causing the value of fat to increase; namely, increasing 
selling price of turkey, decreasing soybean meal cost, and increasing corn 
cost. 

Experiment TG-775 (Growth Data, Table 8) 

The similar experiment (as TG-773) conducted with females (at earlier age 
intervals) yielded approximately similar results. The body weight responses 
to fat and protein were consistently in the same direction although smaller. 
The same was true with feed efficiency responses. With both body weights and 
feed/gains, the main protein and fat effects were highly significant while 
the interaction was far from significant. 

Regarding the economic evaluation (Table 9), with corn at $3.75, soybean meal 
at 10.00, and fat at 16.00 per 100 pounds and with a selling price of 40¢ per 
pound live weight for turkey, the results were somewhat different than those 
for Experiment TG-773. With no dietary fat, greater profit was calculated with 
the D, E, and F protein levels. This is due to the relatively small growth 
response to increasing protein in the growth data plus the lower ration cost 
with the lower protein levels. Looking across the protein levels, the presence 
of added fat sometimes brought greater profits, sometimes less: more often the 
presence of fat at $16.00/100 lbs, resulted in less profitability. The data 
showing break-even prices for fat (Table 10) indicate that in proceeding from 
A to F protein with 4% fat the calculated fat values were 23.0, 25.1, 11.7, 
13.7, 14.9 and 3.4¢, and with 10% fat the values were 12.1, 17.3, 12.7, 11.3, 
9.9 and 7.0¢ per pound. These values are extremely variable and are quite 
a bit lower than the comparable data with males. As mentioned before, the 
value of fat is dependent very much on the growth and efficiency responses 
obtained in performance. Strictly on the basis of calories, fat would be worth 
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about 2~ times that of corn; with corn at 3.75 fat would go to $8.44 per 
lOO pounds. In a general way we ean say that values of fat above this level 
are due to its special effects over and above strictly dietary available 
energy. 

Interpretation of TG-773 and TG-775 Growth and Efficiency Results 

The overall feed efficiency responses to 4 and 10% fat (across all protein 
levels) in experiment TG-773 were 8.4 and 18.0% or 2.1 and 1.8% per 1% added 
fat, each respectively. The comparable responses for females were 7.5 and 
13.7% for 4 and 10% fat or 1.86 and 1.37% per 1% added fat, each respectively. 
These are in agreement for findings of Potter (1977). It is probable that the 
responses to added fat with the males were somewhat greater on a percentage 
basis due to the greater growth responses of the males to added fat as compared 
to the females. 

The results suggest that when varying levels of fat are added to diets of male 
and female turkeys in the late groHing and finishing periods, the diets may 
be formulated in accordance with amino acid-available energy considerations. 
Under the conditions of these studies there was no visible sparing effect of 
added fat on the protein requirements. However, when added fat was provided 
the body weight gains were usually greater. It might be reasoned that when 
the turkeys were growing better with added fat, more amino acids were being 
made available to support the faster growth rate. If the added fat could 
result in a body weight gain response without an increase in dietary amino 
acids per unit energy, this might represent a 'true' sparing effect. This is 
a complicated area due to carcass composition and daily nutrient intake con
siderations which have not been addressed. 

CONCLUSION 

Data were shown which indicated that the protein requirements of turkeys are 
best met in terms of most rapid body weight gain by maintaining adequate 
protein levels throughout the growing period. Protein decreases at all 
stages of growth resulted in lower final weights. These protein level decreases 
were more severe in terms of depressing body weight gain when performed early 
or late in the growing period and not as severe when performed during the 
intermediate growing period. 

When 0, 4 and 10% fat levels were employed in corn-soybean meal diets during 
the late growing and finishing periods, diets may be formulated on an amino 
acid-metabolizable energy basis. When formulated in this way there was no 
interaction of levels of added fat and dietary protein. 

The presence of calculated profitability data adds a new dimension to the 
decision-making process about what protein and energy levels to use in dietary 
formulation. To the extent that ingredient costs and product selling prices can 
be monitored or predicted, it is certainly true that diets can be modified with 
the expectation of achieving greater profitability. These refinements will 
become more useful as more of the other production parameters can be taken into 
consideration. It is realized that much of what is done in formulating rations 
represents an overall decision covering many unknowns, It may seem somewhat re
dundant to some to correct for one part of the entire production system when 
other variables are left uncontrolled. That is why it is essential that research 
measure all potential modifiers (e.g. stock used, housing conditions, temperature, 
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etc.) or as many as possible, not just a one or two. On the other hand, until 
we know more of the larger situation, it is the recommendation of the authors 
that as much information be taken into account as is available. This would 
give immediate relevance to findings such as those reported in this paper. 
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Table 1. Composition of diets in Experiment TG-771. 

Ingredient (%) 
and Composition 

Diet A: 

Corn, ground yellow 
Soybean meal, dehulled 
DL-methionine 
Constant ingredients (below) 

Diet B: 

Protein, % 
Metabolizable energy, Kcal/Kg 
Methionine + cystine, % 
Methionine + cystine, %/Meal 
Lysine, % 
Lysine, %/Meal 

Corn, ground yellow 
Soybean meal, dehulled 
DL-methionine 
Constant ingredients (below) 

Protein, % 
Metabolizable energy, Kcal/Kg 
Methionine, cystine, % 
Methionine, cystine, %/Heal 
Lysine, % 
Lysine, %/Meal 

0-4 

37.38 
51.35 

0.1858 
11.05 

30.12 
2944 

1.048 
0.356 
1.886 
0.641 

40.85 
47.77 
0.158 

11.05 

28.67 
2979 

0.982 
0.330 
1. 778 
0.597 

4-8 

44.24 
45.64 
0.149 
9.97 

27.52 
3018 

0.941 
0.312 
1.690 
0.560 

48.52 
41.38 
0.129 
9.97 

25.79 
3060 

0.876 
0.286 
1. 561 
0.510 

Feeding Period, Weeks 
8-12 12-16 

52.35 
38.69 
0.0745 
8.89 

24.37 
3106 

0.787 
0.253 
1.460 
0.470 

55.95 
35.10 
0.058 
8.89 

22.91 
31Lf1 

0.732 
0.233 
1.351 
0.430 

61.36 
30.52 
0.0334 
8.08 

20.90 
3203 

0.656 
0.205 
1.201 
0.375 

64.68 
27.20 

0.0245 
8.08 

17.56 
3236 

0.612 
0.189 
1.100 
0.340 

16-20 

66.50 
26.23 
0.008 
7.26 

19.01 
3263 

0.582 
0.178 
1.060 
0.325 

72.39 
20.31 
0.0036 
7.26 

16.62 
3322 

0.514 
0.155 
0.880 
0.265 

20-24 

77.51 
16.16 

6.36 

14.81 
3382 

0.463 
0.137 
0.744 
0.220 

79.58 
14.06 

6.36 

13.97 
3401 

0.441 
0.200 
0.680 
0.251 

• 

I 
0\ 
N 
I 



Table 1. Continued. 

Ingredient Feeding Period, Heek_~ 
and Composition 0~6, 4~8 8-12 12~16 16-20 20-24. 
----

Diet D: ----

Corn, ground yellow 57.43 63.31 71.57 78.60 83.78 
Soybean meal, dehulled 32.50 27.67 20.34 14.15 9.80 
DL-·methionine 0.087 0.024 0.0062 
Constant ingredients (below) 9.97 8.89 8.08 7.26 6.36 

Protein, % 22. 19 19.90 16.79 14. 15 12.26 
Metabolizable energy, Kcal/Kg 3148 3214 3303 3381 JJL;l 
Methionine + cystine, % 0.740 0.620 0.520 0.445 0.295 
Methionine + cystine, %/Meal 0.235 0.193 0.158 0.132 0.115 I 

Lysine, % 1.291 1.125 0.892 0.693 0.551 
(]\ 
\..tJ 

Lysine, %/Meal 0.401 0.350 0.270 0.205 0.160 ! 

Diet F: 
---~-

Corn, ground yellow 58.99 66.80 7L 19 78.71 84.98 88.08 
Soybean meal, dehulled 29.89 23.12 19.90 13.20 7.77 5.94 
DL-methionine 0.022 0.043 
Constant ingredients, (belovJ) 11.05 9.97 8.89 8.08 7.26 6.36 

Protein, % 21.37 18.39 16.76 13.92 11.59 10.50 
Hetabolizable energy, Kcal/Kg 3157 23L;3 3291 3372 3~42 %81 
Methionine + cystine, % 0.658 0.596 0.513 0. lr38 0.376 o. 3~-8 
Hethionine + cystine, %/Meal 0.208 0. 18!1 0' 156 0.130 0.109 0.100 
Lysine, % 1.234 1.005 0.889 0.674 0.499 O.ld8 
Lysine, %/Meal 0.391 0.310 0.270 0.200 0.145 0.120 



Table 1. Continued. 

Ingredient (%) Feeding Period, Weeks 
and Composition 0-4 4-8 8-12 12-16 16-20 20-24 

Constant ingredients 

Animal fat 4.0 4.0 4.0 4.0 4.0 4.0 
Fish solubles, 100% dried on SBM 2.6 1.9 1.2 0.8 0.4 
Fermentation residue product 0.26 0.19 0.12 0.08 0.04 
Defluorinated phosphate 2.7 2.5 2.2 1.9 1.6 1.23 
Calcium carbonate 0.70 0.65 0.6 0.6 0.55 .50 
Salt 11 0.40 0.40 0.40 0.40 0.40 0 .40 
Trace mineral mix MN-717 0.124 0.115 0.105 0.095 0.085 0.075 I 

m 
Vitamin mixture MTS-74- 0.265 0.21 - - - - -!:>-

I 

Vitamin mixture MTG-741/ - - 0.265 0.21 0.185 0.160 

ll Vitamin and trace mineral mixtures given in Waibel et al. (1974) 



Table 2. CQmposition of diets in Experiments TG-773 and TG-775, 

Age, weeks (TG-775): 11-14 14-17 
Ingredient (%) Age, weeks (TG-773): 16-20 20-24 

and Com12osition Animal fat (%): 0 4 10 0 4 10 0 4 10 
Diet A: 

Corn, ground yellow 65.99 59.48 49.72 74.32 68.23 59.09 83.16 77.51 69.03 
Soybean meal, dehulled 30.22 32.53 35.99 22.65 24.58 27.48 14.62 16.15 18.45 
Fish solubles, dried on SBM l/ 0.759 0.797 0.854 0.391 0.410 0.440 
Fermentation residue product- 0.076 0.080 0.085 0.039 0.041 0.044 

Defluorinated phosphate 1. 724 1.850 2.039 1.428 1.539 1.706 1.114 1.209 1.352 
Calcium carbonate 0.571 0.566 0.558 0.537 0.530 0.520 0.500 0.492 0.479 
Salt 1 0.361 0.382 0.413 0.365 0.386 0.418 0.369 0.390 0.422 
Trace mineral mixture -i 0.102 0.108 0.118 0.091 0.097 0.106 0.083 0.088 0.097 
Vitamin mixture, MTG-74-/ 0.197 0.206 0.221 0.174 0.183 0.196 0.151 0.159 0.170 

Protein, % 21.09 21.67 22.53 17.93 18.34 18.96 14.57 14.81 15.81 
Metabolizable energy, Kcal/Kg 3036 3188 3415 3126 3282 3516 3221 3382 3623 
Methionine + cystine, % 0.633 0.645 0.663 0.549 0.557 0.569 0.460 0.463 0.469 
Methionine + cystine, %/Meal 0.208 0.202 0.194 0.176 0.170 0.162 0.143 0.137 0.129 
Lysine, % 1.202 1.262 1.352 0.963 1.011 1.083 0.709 0. 744 0.797 I 
Lysine, %/Meal 0.396 0.396 0.396 0.308 o. 308 0.308 0.220 0.220 o. 220 ~ 

I 
Diet F: 

Corn, ground yellow 82.50 76.82 68.29 87.74 82.32 74.19 93.19 88.04 80.13 
Soybean meal, dehulled 13.31 14.78 16.98 8.95 10.20 12.07 4.41 5.43 6.96 
Fish solubles, dried on SBM l/ 0.797 0.837 0.897 0.406 0.426 0.457 
Fermentation residue product- 0.080 0.084 0.090 0.041 0.043 0.046 

Defluorinated phosphate 1.959 2.097 2.303 1.602 1. 722 1.902 1.232 1. 333 1.484 
Calcium carbonate 0.612 0.609 0.605 0.568 0.563 0.555 0.522 0.515 0.503 
Salt l/ 0.420 0.444 0.479 0.411 0.435 0.470 0.403 0.426 0.461 
Trace mineral mixture- l/ 0.111 0.118 0.128 0.098 0.104 0.114 0.087 0.093 0.102 
Vitamin mixture, MTG-74- 0.206 0.217 o. 232 0.181 0.190 0.204 0.156 0.164 0.175 

Protein, % 14.30 14.53 14.88 12.42 12.55 12.76 10.46 10.49 10.56 
Metabolizable energy, Kcal/Kg 3188 3347 3586 3250 3412 3655 3314 3474 3728 
Methionine + cystine, % 0.451 0.454 0.459 0.402 0.402 0.403 0.350 0.348 0.345 
Methionine + cystine, %/Meal 0.142 0.136 0.128 0.124 0.118 0.110 0.106 0.100 0.093 
Lysine, % 0.688 0. 723 o. 774 0.546 0.573 0.614 0.398 0.418 0.447 
Lysine, %/Meal 0.216 0.216 0.216 0.168 0.168 0.168 0.120 0.120 0.120 

lf Vitamin and trace mineral mixtures are given in Waibel et al., 1974. Fermentation residue product was 
Fermacto-500 
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Table 3. Effect of feeding varying protein level combinations to Large 
White male turkeys during 0-24 weeks of age. (Experiment TG-771) 

TREATMENT 20 Weeks 24 Weeks ComEared to AAAAAA 
(Protein by Weight Feed Weight Feed Period Decreased gain 

4 Week of change During At 24 wks 
Periods) (Kg) Gain (Kg) Gain (Weeks) period of age 

AA.AAAA 12.65 2.620 15.57 2.905 

AAAFAA 12.24 2.632 15.28 2.898 12-16 -0.68 -0.29 

BBBBBB 12.44 2.594 15.08 2.903 0-24 -0.49 -0.49 

AADDAA 12.31 2.604 15.07 2.905 8-16 -0.55 -0.50 

AAFAAA 12.15 2.630 15.07 2.904 8-12 -1.01 -0.50 

AFAAAA 11.93 2.624 14.99 2.897 4-8 -0.70 -0.58 

AAAAFA 11.41 2.739 14.86 2.918 16-20 -1.20 -o.71 

FAAAAA 11.64 2. 611 14.61 2.871 0-4 -0.32 -0.96 

AAFFAA 11.14 2.648 14.39 2.881 8-16 -1.93 -1.18 

AAAAAF 12.59 2.583 14.20 3.050 20-24 -1.31 -1.37 

AFFFAA 10.78 2.656 14.10 2.931 4-16 -2.43 -1.47 

FFFFFF 7.33 2.858 8.89 3.221 0-24 -6.68 -6.68 

Least significant differences: 

p 0.10 0.32 0.078 0.41 0.070 

p 0.05 0.38 0.094 0.50 0.085 

p 0.01 0.51 0.126 0.6 79 0.114 



Table q. Effect of Varying Protein Levels During Growth on Profitability (Experiment TG-771) 
----- - - ------~~--

Treatment Net Return ($) Per Bird Per Flock - Constant Period 0-24 Weeks of Age 
Corn: 2.50 2.50 2.50 2.50 3.75 3.75 3 .. 75 3.75 5.00 5.00 5.00 5.00 

(Protein SBH: 5.00 10.00 15.00 20.00 5.00 10.00 15.00 20.00 5.00 10.00 15.00 20.00 
4 \veek periods) FAT: 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 

-------

Live Selling 
Price ¢/lb. 

A_AAAAA .20 -0.05 -1.50 -2.95 --!l • 39 -0.83 --2.28 -3.75 -5.18 -1.62 -3.0"7 --4. 52 -5.97 
. 30 3.38 L94 0 ,lf9 -0.96 2.60 L 15 -0.30 -L 75 L81 0.36 -1.09 --2.53 
.40 6.82 5.37 3.92 2.47 6.03 4.58 3.13 1.69 5.24 3.80 2.35 0.90 
.50 10.25 8.80 7.35 5.90 9. 46 8.02 6.57 5.12 8.68 7.23 5.78 4.33 

FAAAAA .20 -0.09 -1.39 -2.68 -3.98 ~0.83 --2.13 -3.42 -~. 72 -1.57 -2.87 -l:. 16 --5.46 
, 30 3.13 l. 83 0.54 -0.76 2.39 L09 -0.20 -1.50 1.65 0.35 -0. 9LJ. --2.24 
.40 6.35 5.05 3.76 2 .Lr6 5.61 4.31 3.02 1.72 4.87 3.57 2.28 0.98 
.so 9.57 8.28 6.98 5.68 8.83 7.53 6. 2lf 4.94 8.09 6.79 5.50 4.20 

i 
0\ 

AFAAAA .20 -0. Olt --L 32 -2.60 -3.88 -0.82 -2. 10 -3.38 -4.66 -1.61 -2.88 -l'lo 16 -5.41-f ---J 
l 

.30 3. 27 1.99 0. 71 -·0. 57 2. 1+8 L20 -0.08 -1.36 1. 70 0.42 --0.86 -2. lLr 

.40 6.57 5.29 4.01 2.73 5.79 4.51 3.23 1. 95 5.00 3.73 2. LIS L 17 

.50 9.88 8.60 7.32 6.04 9.09 7.81 6.53 5.25 8.31 7.03 5.75 4. lr7 

AAFM\A .20 -0.02 1 ., () - .LO -2.55 -3.82 -0.81 -2.08 -3.35 -Lf. 61 -L61 -2.88 --L:. 14 --5.Ld 
.30 3.30 2. OL:. o. 77 -0.50 2.51 1.24 -0.02 -1.29 1.71 0. ~l5 -0.82 -2.09 
.40 6.63 5.36 4.09 2.83 5.83 4.56 3.30 2.03 5.03 3. 77 2.50 1.23 
.50 9.95 8.68 7. 41 6. 15 9. 15 7.89 6.62 5.35 8.36 7.09 5.82 4.56 

AAAFAA .20 0.01 -1.25 -2.51 --3.77 -0.80 ~2.06 -3.32 -4.58 -1.61 -2.87 ~4.13 -·5 '39 
0 30 3.38 2. 12 0.86 -0.40 2.57 1.31 0.05 -1.21 L 76 0.50 -~0. 7 6 -2.02 
.40 6.75 5 .lr9 4.23 2.97 5.94 4-.68 3. lr2 2.16 5.13 3.87 2.61 1. 35 
.50 10.12 8.86 7.60 6.34 9.31 8.05 6. 79 5.53 8.50 7. 2Lt 5.98 4. 72 

AAAAFA .20 -0.08 -1.27 -2.47 -,.3. 6 7 -0.88 -2.08 -3.27 -4.47 -·1. 68 -2.88 -4.07 -5.27 
. 30 3.20 2.00 0.80 -0.39 2.40 1.20 0.00 -1.19 1.59 o. ~,o --0.80 -1.99 
• !~O 6.47 5.28 4.08 2.88 5.67 4 .L18 3.28 2.08 4.87 3.67 2. !J.8 L28 
.so 9.75 8.55 7.36 6.16 8.95 7.75 6.56 5.36 8.15 6.95 5.75 4.56 



Table 4. Continued 

Treatment Net Return ($) Per Bird Per Flock - Constant Period 0-24 Weeks of Age 
Corn 2.50 2.50 2.50 2.50 3.75 3.75 3.75 3.75 5.00 5.00 5.00 5.00 

(Protein by SBM: 5.00 10.00 15.00 20.00 5.00 10.00 15.00 20.00 5.00 10.00 15.00 20.00 
4 week periods) FAT: 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 16.00 

Live Selling 
Price ¢/lb. 

AAAAAF .20 -0.41 -1.69 -2.97 -4.25 -1.19 -2.47 -3.75 -5.03 -1.96 -3.25 -4.53 -5.81 
. 30 2. 72 1.44 0.16 -1.12 1. 95 0.66 -0.62 -1.90 1. 17 -0.12 -1.40 -2.68 
.40 5.86 4.57 3.29 2.01 5.08 3.80 2.51 1.23 4.30 3.02 1. 73 0.45 
.50 8.99 7.71 6.42 5.14 8.21 6.93 5.64 4.36 7.43 6.15 4.87 3.58 

FFFFFF .20 -0.99 -1.38 -1.77 -2.17 -1.62 -2.01 -2.40 -2.80 -2.24 -2.64 -3.03 -3.43 
. 30 0.97 0.58 0.19 -0.21 0.34 -0.05 -0.44 -0.84 -0.28 -0.68 -1.07 -1.47 
.40 2.93 2.54 2:.15 1. 75 2.30 1.91 1. 52 1. 12 1.68 1.28 0.89 0.49 
.50 4.89 4.50 4.11 3.71 4.26 3.87 3.48 3.08 3.64 3.24 2.85 2.45 

I 
0'1 

AAFFAA .20 -0.01 -1.07 -2.13 -3.19 -0.79 -1.85 -2.92 -3.98 -1.58 -2.64 -3.70 -4.76 CD 
I 

. 30 3.17 2.10 1.04 -0.02 2.38 1. 32 0.26 -0.81 1.59 0.53 -0.53 -1.59 

.40 6.34 5.28 4.21 3.15 5.55 4.49 3.43 2.37 4.76 3.70 2.64 1.58 

.50 9.51 8.45 7. 39 6.33 8. 72 7.66 6.60 5.54 7.94 6.87 5.81 4.75 

AFFFAA . 20 -0.04 -0.98 -1.93 -2.87 -0,86 -1.80 -2.74 -3.68 -1.67 -2.62 -3.56 -4.50 
. 30 3.07 2.12 1.18 0.24 2.25 1. 31 0.37 -0.58 1.43 0.49 -0.45 -1.39 
.40 6.17 5.23 4.29 3.35 5.36 4.42 3.47 2.53 4.54 3.60 2.66 1.72 
.50 9.28 8.34 7.40 6.46 8.47 7.52 6.58 5.64 7.65 6. 71 5. 77 4.82 

BBBBBB .20 0.01 -1.21 -2.43 -3.65 -0.80 -2.02 -3.23 -4.45 -1.60 -2.82 -4.04 -5.26 
. 30 3.33 2.12 0.90 -0.32 2.53 1. 31 0.09 -1.13 1.72 0.50 -0.72 -1.93 
.. 40 6.66 5.44 4.22 3.00 5.85 4.63 3.42 2.20 5.05 3.83 2.61 1. 39 
.50 9.98 8. 77 7.55 6.33 9.18 7.96 6.74 5.52 8.37 7.15 5.93 4. 72 

AADDAA .20 0.01 -1.21 -2.42 -3.64 -0.79 -2.01 -3.23 -4.45 -1.60 -2.82 -4.04 -5.26 
. 30 3.33 2.12 0.90 -0.32 2,53 1. 31 0.09 -1.13 1.72 0.50 -0.72 -1.93 
.40 6.66 5.44 4.22 3.00 5.85 4.63 3.41 2.19 5.04 3.82 2.61 1. 39 
.50 9.98 8.76 7.54 6.32 9.17 7.95 6. 7Lf 5.52 8.36 7.15 5.93 4. 71 
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Table 5. Effect of feeding varying protein and animal fat levels to large white 
male turkeys during 16-24 weeks of age (Experiment TG-773). 

Level of Added Fat, % 
Protein Level 0 4 10 Average 

kg kg kg kg 
Body Weights, 24 Weeks: 

F 13.03 13.31 13.71 13.35 

E 13.60 13.96 14.45 14.00 

D 14.23 14.78 14.88 14.63 

c 14.43 14.98 15.35 14.93 

B 14.69 15.00 15.54 15.08 

A 14.84 15.11 15.65 15.20 

Average 14.14 14.52 14.93 

Feed/Gain (16-24 weeks): 

F 5.539 5.026 4.534 5.033 

E 4.927 4.471 4.056 4.484 

D 4.571 4.372 3.762 4.235 

c 4.463 4.013 3.665 4.047 

B 4.481 3.931 3.526 3.979 

A 4.167 3.963 3.538 3.890 

Average 4.691 4.296 3.847 

Analysis of Variance: F Values Required 
df Body Weights: Feed/Gain: F (P .05) 

Protein 5 126.8** 111. 91~* 2.40 

Fat 2 76.2** 220.2** 3.18 

Protein x fat 10 0.70 1. 70 2.02 

Least Significant Difference: 

Body Weights Feed/Gain 
Between All All Ave. Between All All Ave. 
Treatments Protein Fat Treatments Protein Fat 

p .10 0.29 0.15 0.11 0.19 0.09 0.07 

.OS 0.35 0.18 0.13 0.23 0.11 0.08 

.01 0.46 0.24 0.17 0.30 0.15 0.11 
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Table 6. Effect of feeding varying protein and fat levels to turkeys during 16-24 
weeks of age on net returns with corn at $3.75/100 lbs., soybean meal at 
$10/100 lbs., and fat at $16/100 lbs. (Experiment TG-773, MALES) 

Selling 
price 
($/lb.): 0.20 0.30 0.40 0.50 

Diet fat%: 0 4 10 0 4 10 0 4 10 0 4 10 

Level of 
protein Net return in $ per bird 

A -3.78 -4.00 -4.14 -0.51 -0.68 -0.69 2. 77 2.66 2. 77 6.04 5.99 6.22 

B -3.96 -3.86 -4.02 -0.72 -0.56 -0.60 2.52 2.75 2.83 5.76 6.06 6.25 

c -3.84 -3.87 -4.05 -0.67 -0.57 -0.67 2.52 2.74 2. 72 5.70 6.04 6.10 

D -3.80 -3.96 -4.01 -0.67 -0.71 -0.73 2.47 2.57 2.55 5.61 5.82 5.83 

E -3.86 -3.86 -4.10 -0.86 -0.78 -0.92 2.14 2.30 2.27 5.13 5.38 5.46 

F -3.99 -4.09 -4.26 -1.12 -1.15 -1.24 1. 75 1. 79 1. 79 4.62 4. 72 4.81 

Table 9. Effect of feeding varying protein and fat levels to turkeys during 11-17 
weeks of age on net returns with corn at $3.75/100 lbs., soybean meal at 
$10/100 lbs., and fat at $16/100 lbs. (Experiment TG-775, FEMALES) 

Selling 
price 
($/lb.): 0.20 0.30 0.40 0.50 

Diet fat %: 0 4 10 0 4 10 0 4 10 0 4 10 

Level of 
protein Net return in $ per bird 

A -1.65 -1.68 -1.78 -0.21 -0.20 -0.32 1.22 1. 29 1.15 2.66 2. 77 2.60 

B -L67 -1.60 -1.77 -0.24 -0.17 -0.28 1.18 1.27 1. 21 2.61 2.69 2.70 

c -1.53 -1.62 -1.70- -0.13 -0.19 -0.24 1. 29 1.25 1.22 2.69 2.68 2.68 

D -1.51 -1.55 -1.65 -0.10 -0.13 -0.22 1.32 1.30 1.22 2.73 2. 72 2.66 

E -1. 48" -1.55 -1.65 -0.08 -0.12 -0.23 1.32 1.31 1.19 2. 72 2.73 2.60 

F -1.47 -1.56 -1.67 -0.08 -0.17 ..:.o.27 1.32 1.21 1.14 2.69 2.59 2.53 
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Table 7. Calculated break-even value of fat in treatments of experiment TG-773 
with varying ingredient prices and selling prices (MALES). 

4% Fat 10% Fat 

Corn, $/100 lbs: 2.50 3.75 3.75 3.75 5.00 2.50 3.75 3.75 3.75 
SBM, $/100 lbs: 10.00 5.00 10.00 20.00 10.00 10.00 5.00 10.00 20.00 

Turkey 
selling 

Protein price 
level $/lb. Calculated value of fat, ¢/lb. 

A 0.20 3.3 6.8 5.4 2.2 7.5 7.0 11.0 9.2 5.5 
0.30 5.9 9.6 8.0 4.9 10.4 10.5 15.1 12.6 9.0 
0.40 8.5 12.7 10.8 7.5 13.2 14.0 18.0 15.9 12.2 
0.50 11.4 15.3 13.7 10.4 16.0 17.3 21.3 19.4 15.7 

B 0.20 17.7 21.8 20.6 18.4 23.5 12.0 15.9 14.7 12.0 
0.30 20.9 24.7 24.0 21.8 26.9 15.7 20.7 18.4 15.7 
0.40 24.0 27.8 26.8 25.0 29.7 19.4 23.4 22.0 19.4 
0.50 27.4 31.5 30.6 28.6 33.7 23.0 27.1 25.8 23.2 

c 0.20 12.4 16.2 14.6 ll.5 16.7 9.4 13.4 ll.8 8.8 
0.30 18.4 21.9 20.7 17.2 23.0 13.5 17.4 15.9 12.8 
0.40 24.5 27.8 26.7 23.1 28.9 17.6 21.5 20.0 16.9 
0.50 30.3 33.7 32.5 28.9 34.7 21.6 25.6 24.0 21.0 

D 0.20 8.0 ll.O 8.7 4.2 9.4 9.4 13.1 11.9 9.1 
0.30 13.7 16.5 14.5 10.1 15.3 12.3 16.1 14.8 12.1 
0.40 19.4 22.2 20.1 15.5 20.8 15.2 19.0 17.6 15.1 
0.50 24.5 27.9 25.4 21.3 26.3 18.1 22.0 20.6 18.1 

E 0.20 13.3 17.3 16.5 14.1 19.6 9.3 12.6 11.1 8.0 
0.30 17.6 21.3 20.5 18.8 23.5 13.1 16.4 14.9 12.0 
0.40 21.3 25.9 24.9 22.7 28.4 16.8 20.4 18.8 15.8 
0.50 26.1 30.1 29.1 27.2 32.0 20.9 24.2 22.7 19.7 

F 0.20 8.0 12.3 11.0 9.4 14.1 7.8 ll.3 10.2 7.8 
0.30 ll.3 15.5 14.5 12.7 17.6 11.1 14.6 13.5 11.1 
0.40 14.6 18.8 17.7 16.1 20.8 14.4 17.9 16.8 14.4 
0.50 18.1 22.4 21.1 19.3 24.0 17.6 21.2 20.1 17.6 

5.00 
10.00 

11.3 
14.8 
18.0 
21.5 

17.4 
21.0 
24.6 
28.6 

14.1 
18.3 
22.4 
26.4 

14.4 
17.3 
20.1 
23.2 

13.0 
16.7 
20.7 
24.4 

12.6 
15.9 
19.2 
22.5 
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Table 8. Effect of feeding varying protein and animal fat levels to large white 
female turkeys during 11-17 weeks of age (Experiment TG-775). 

Level of Added Fat, % 
Protein Level 0 4 10 Average 

Body Weights, 17 Weeks: kg kg kg kg 

F 6.33 6.28 6.33 6.31 

E 6.35 6.45 6.43 6.41 

D 6.42 6.44 6.51 6.46 

c 6.38 6,49 6.61 6.49 

B 6.47 6.48 6.75 6,56 

A 6.52 6.74 6.62 6.62 

Average 6.41 6.47 6.54 

Feed/Gain (11-17 Weeks): 

F 3.873 3.694 3.445 3.670 

E 3.790 3.525 3.315 3.543 

D 3.738 3.465 3.213 3.472 

c 3.688 3.487 3.176 3.448 

B 3.842 3.378 3.195 3.472 

A 3.698 3.386 3.170 3.418 

Average 3. 770 3.489 3.252 

Analysis of Variance: 
F Values Required 

df Body Weights: Feed/Gain: F (P .05) 

Protein 5 8.2** 10. 0** 2.40 

Fat 2 5. 8~~* 161.3** 3.18 

Protein x fat 10 1. 33 1.20 2.02 

Least Significant Differences: 

Body: Weights Feed/Gain 
Between All Ave. Ave. Between All Ave. Ave. 
Treatments Protein Fat Treatments Protein Fat 

p .10 0.15 0.09 0.06 0.11 0.07 0.05 

.05 0.18 0.11 0.08 0.13 0.08 0.06 

.01 0.24 0.14 0.10 0.18 0.11 0.08 
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Table 10. Calculated break-even value of fat in treatments of experiment TG-775 
with varying ingredient prices and selling prices (FEMALES). 

4% Fat 10% Fat 

Corn, $/100 lbs: 2.50 3.75 3.75 3.75 5.00 2.50 3.75 3.75 3.75 
SBM, $/100 lbs: 10.00 5.00 10.00 20.00 10.00 10.00 5.00 10.00 20.00 

Turkey 
selling 

Protein price 
level $/lb. Calculated value of fat, ¢/lb. 

A 0.20 11.2 14.4 13.3 9.6 15.5 7.1 10.8 9.9 7.5 
0.30 15.5 19.7 17.6 17.6 19.7 7.5 11.8 10.8 8.9 
0.40 19.7 25.1 23.0 20.8 25.0 8.9 13.2 12.1 10.4 
0.50 25.1 29.3 27.0 24.6 29.0 9.9 14.1 13.2 11.3 

B 0.20 20.6 24.0 24.0 24.0 27.4 9.3 13.3 11.6 8.4 
0.30 20.6 25.1 24.0 24.0 28.6 ll.5 16.2 14.2 10.2 
0.40 21.7 24.0 25.1 25.1 28.5 14.7 18.7 17.3 14.2 
0.50 20.8 25.1 25.1 25.1 29.4 17.3 21.8 20.0 16.4 

c 0.20 3.7 8.0 6.9 3.7 9.1 5.2 9.4 8.0 5.7 
0.30 7.8 11.3 10.1 6.9 12.3 8.0 12.1 10.8 8.0 
0.40 9.1 13.7 11.7 9.1 14.4 9.9 14.1 12.7 10.4 
0.50 12.3 16.0 14.4 11.2 17.6 12.7 16.5 15.5 12.7 

D 0.20 9.1 12.6 12.6 10.3 16.1 6.6 10.8 9.9 7.5 
0.30 9.1 13.7 12.6 11.4 16.0 7.2 11.2 10.4 8.9 
0.40 10.3 14.9 13.7 12.6 17.1 8.5 12.7 11.3 9.4 
0.50 11.2 14.4 14.4 12.3 17.6 9.0 13.2 12.4 9.9 

E 0.20 6.9 9.1 8.0 6.9 9.1 4.7 8.9 8.0 5.6 
0.30 10.1 13.9 12.3 9.1 14.9 6.0 10.0 8.9 6.6 
0.40 12.3 16.0 14.9 12.3 17.5 6.5 10.4 9.9 7.5 
0.50 14.4 18.3 17.1 14.4 19.8 7.5 11.3 10.4 8.0 

F 0.20 3.7 8.0 8.0 5.7 12.3 3.6 8.5 7.0 5.1 
0.30 2.3 6.9 5.7 3.4 9.1 3.8 8.1 7.1 5.2 
0.40 0.0 4.6 3.4 2.3 6.8 3.6 8.0 7.0 5.2 
0.50 -1.1 3.4 2.3 1.1 5.7 4.2 8.5 7.0 5.1 

5.00 
10.00 

12.7 
14.1 
15.3 
16.5 

13.9 
16.9 
19.9 
22.7 

10.8 
13.7 
16.0 
18.4 

13.2 
13.6 
14.1 
15.8 

11.3 
ll.8 
13.3 
13.2 

10.4 
10.4 
10.4 

9.8 
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THE EFFECT OF ORAL VACCINATION WITH 
SALMONELLA TYPHIMURIUM ON EXPERIMENTAL 

SALMONELLOSIS IN TURKEYS 

W. Santivatr, S.C. Nivas, M.D. York and B.S. Pomeroy 
Department of Veterinary Pathobiology 

College of Veterinary Medicine 
University of Minnesota 

St. Paul, Minnesota 55108 

INTRODUCTION 

Salmonellosis is the number one zoonotic disease. It results in the hospi
talization of about 500,000 people and death of 9,000 per year. It is 
estimated that Americans pay about 1.2 billion dollars a year in medical 
costs alone (Gangarosa, 1978). Poultry and poultry products are reported 
to be the major source of food poisoning outbreaks in man (Borland, 1975; 
Morse and Duncan, 1974). 

Though the current methods of control of salmonellas in turkeys at the 
(a) breeder-hatchery, (b) environment, and (c) feed levels seem to be the 
best approach to take (Pomeroy et al., 1978), it is imperative that other 
methods should also be explored to reduce shedding of infected turkeys. 
Pritchard ~ al. (1978) noted a good response of the vaccine strain of 
~· typhimurium in reducing shed of the challenge ~- typhimurium strain in 
broiler chickens. Similar studies using turkeys were thus instituted. 

MATERIALS AND METHODS 

Four hundred and twenty eight one-day old sexed female, Large White (Nicholas 
strain) turkeys were used for this experiment. These were divided and kept 
in four pens of identical design with wood shavings serving as litter. 
Pens 1 and 4 received 105 turkey poults each, whereas in Pens 2 and 3, 109 
turkeys each were kept. These turkeys were wing-banded and weighed at one-day 
of age, and reweighed every two weeks until they were marketed. At this time 
(day-old) 1 ml. of an 18-hour veal infusion broth culture of the vaccine 
strain of ~· typhimurium (G30D) was orally given each poult in the vaccinated 
group (Pens 2 and 3) at a concentration of 3.2 X 108 organisms/ml. At day 
14 and for five days thereafter, the challenge strain of~· typhimurium 
(RW16) broth culture was added to the drinking water in Pens 1 and 2. It was 
calculated that each poult would theoretically receive 1 X 108 organisms over 
the five day period. Birds in Pen 4 served as controls. 

Cloacal swabs were taken from all the turkeys on the day of hatching and at 
weekly intervals thereafter until 16 weeks. Environmental samples (dust and 
litter) were also taken at weekly intervals. Standard procedures were used 
for isolation of the vaccine and challenge strains of ~· typhimurium. Blood 
samples were taken from all birds at four weeks of age and thereafter at two 
week intervals and serologically analyzed for ~· typhimurium using the serum 
plate, microtiter and microantiglobulin agglutination tests. 
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All birds that died were necropsied and cultured for salmonella. At eight 
weeks of age, 10 non-shedders were selected from each group, sacrificed, and 
the organs (liver, spleen, cecal junction) were cultured for salmonellas. 
At 14 and 15 weeks of age, 10 birds respectively from the control and vac
cinated groups were sacrificed and similarly analyzed. At 16 and 17 weeks, 
five shedders and five non-shedders from the challenged group, and 13 shedders 
and 5 non-shedders from the vaccinated + challenged group respectively were 
also sacrificed and similarly examined. 

At 17 weeks, the turkeys were marketed, blood samples and intestinal tracts 
collected at the processing plant, brought back to the laboratory and analyzed 
for salmonella. 

The data obtained was statistically analyzed using an unbalanced analysis of 
variance. 

RESULTS 

1. Ten-day mortality: The controls showed an average 10-day mortality 
of 2.38%, whereas the vaccinated group had a mortality of 16.06%. Isolations 
of the vaccine strain were made from the liver, cecal junction and yolk-sac 
from the groups given ~· typhimurium G30D. 

2. Live weights: Statistical analysis showed that vaccination of one-day 
old turkey poults depressed growth rate as measured by body weight and daily 
or weekly live weight gains significantly-among the two treatment groups when 
compared to the controls. This depression was noted through the first eight 
weeks of age, thereafter a compensatory weight gain reversed the situation at 
16 weeks in the vaccinated group alone. No such effect was noted in the 
vaccinated + challenged group. Turkeys challenged at two weeks showed some 
weight depression at four weeks, but the situation reversed itself at six 
and eight weeks respectively when compared with the control group. At 16 
weeks, a significant lowering of weight gains was noted for the challenged 
group in comparison to the controls (P < 0.01). 

3. Cloacal Swabs: The results showed that the vaccine strain did not 
establish itself in the intestinal tract over the experimental period, and 
thus very few turkeys were shedding this organism. The vaccinated + chal
lenged group in comparison with the challenged group alone had a higher shed 
rate of the challenge strain (RW16). 

4. Environmental sampling: Analysis of dust and litter samples showed 
the control group to be consistently negative, the vaccinated group showed 
two isolations from litter and none from dust, whereas the vaccinated + 
challenged group gave a higher recovery of the challenge organism in com
parison with the challenge group. 

5. Analysis of shedders vs. non-shedders: At eight weeks, organs and 
tissues from 10 non-shedders from each of the four groups showed that no 
salmonella recoveries were made. Analysis of shedders and a sample of non
shedders from the four groups at 14 through 17 weeks showed similar results, 
except for 1/13 shedders in the vaccinated + challenged group which gave an 
isolate of the challenge strain from its cecal junction. 
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6. Serological response: Using the serum plate, microtiter and micro
antiglobulin agglutination tests for ~· typhimurium the results showed that 
the control and vaccinated groups remained negative throughout the 16 week 
period, whereas some slight titers were noted in the challenged and vaccinated 
+ challenged groups. 

7. Processing plant data: Samples collected from the processing plant 
showed very few recoveries of the challenge strain from cecal junctions. 
These were --- controls, 0/33; vaccinated, 0/26; challenged, 1/74; and 
vaccinated+ challenged, 2/57. Serological titers from blood samples were 
non-significant for the four groups. 

CONCLUSIONS 

1. The ~· typhimurium G30D vaccine strain seemed to be pathogenic when 
the 10-day mortality data is analyzed. 

2. Initial weight loss in the vaccinated group was followed by com
pensatory weight gain in comparison to the controls. 

3. A 5.3% and 3.4% weight depression respectively of the challenged and 
vaccinated + challenged groups compared to the controls at time of processing 
indicated economic losses. 

4. The vaccine strain did not establish itself in the intestinal tract 
and did not prevent the shed of the challenge strain. 

5. Environmental sampling data closely followed the shed pattern. 

6. The vaccine and challenge strains did not produce significant humoral 
antibody response indicating that these largely remained in the intestinal 
tract or were rapidly eliminated. 

7. Experimental slaughter and processing data indicated very poor 
colonization of the vaccine and challenge strains. 

8. Overall, the data obtained would suggest a negative response of the 
vaccine strain of S. typhimurium for control of experimental salmonellosis 
in turkeys, but to be objective, this experiment needs to be repeated with 
some modifications. 
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The tendency of turkey growers to crowd birds grown in confinement is difficult 
to overcome. There is good reason behind this tendency--the need to stay in 
business in a competitive market. A 26-pound tom is worth about $8.50, and 
with a flock of 10,000 birds this is an $85,000 investment. A charge for 
feed, fuel, and other operating costs is fully realized by most producers. 
What is often minimized are the costs of the building, equipment, and other 
fixed costs. The former costs are generally related to the number of birds 
whereas the latter costs are largely independent of exact bird numbers. Thus, 
if more birds can be grown in the same facilities the capital costs per bird 
or per pound of meat can be lowered. However, any increases in mortality 
or condemnation will decrease return. The proper operating range is of con
cern to the turkey grower in order to maximize profit. 

To study such a complex problem in the laboratory (or simulate it on the 
computer) is limited because many factors are interacting which are not fully 
understood. For instance, what is the effect of crowding on mortality and 
condemnation? To study these problems in the field is beset with problems, 
also; for instance, how can the mortality of one flock be compared with another? 
The advantage of field research is primarily that large numbers are available 
for statistical analysis and, probably more important, real interactions of 
actual conditions are being studied. Thus for this study we are foregoing 
the well-controlled laboratory experiment in favor of a field experiment in 
an attempt to establish the effect of crowding on mortality and to obtain some 
information of the influence on profit. 

COOPERATIVE STUDY: AN OPPORTUNITY 

The cooperation in research between E. B. Olson Farms, Inc. and researchers 
at the University of Minnesota provides a unique opportunity: To be able 
to analyze the records of three million birds in the span of one year. In 
addition, the records were available for analysis in the computer file at 
E. B. Olson Farms, Inc. as well as profit and loss information. A stocking 
density curve has been developed by field observations and experience which 
is shown in Figure 1. The vertical lines at 8 and 23 weeks are the curves 
recommended in the engineering literature and is what is being used by many 
turkey producers. The principle problem to be overcome is how can these 



-79-

flocks be compared. By comparing the mortality of each flock just prior to 
crowding conditions as well as after a move (in 10-day periods), the individual 
flock mortality can be normalized and comparisons made. Since crowding occurs 
toward the end of the housed period, we need to separate the mortality from 
other factors from the mortality caused by this short time of crowding. Figure 2 
shows the stocking density curve with ten-day periods (Zones 1, 2, 3, 4) desig
nated by the family of curves. The actual area providedfor a specific flock 
of birds is shown by the staircase lines and indicates that the birds were 
moved from a brooder barn at about nine weeks, the hens sold, and one-half 
of the toms moved at about 17 weeks. The circles at 23 weeks will be discussed 
later. 

STATISTICAL TREATMENT 

About 150 flocks with between 5,000 and 20,000 head each were analyzed. The 
mortality occurring when a flock was in Zones 1 through 4 was corrected to 
a daily rate per 10,000 head as well as for two 10-day periods following each 
move. Because of normal differences between flock scheduling, some flocks 
never reached Zone 1 and others were in Zone 4. Since some flocks have been 
moved several times, the data are being analyzed separately for each move 
and if justified the data will be combined. Only tentative results are 
available at this time. 

SPACE AND PROFIT 

A number of factors were tested in the field to determine the influence of 
space on profit. An interactive "profit and loss" program was used to estimate 
the effects of bird area at three points shown in Figure 2 as circles. Prior 
to this it was necessary to establish the effects of crowding on the parameters 
of the profit and loss program. Field observation and study of many records 
indicated that while feed conversion remained unchanged, crowding did increase 
mortality and condemnation and decreased average weight. The magnitude which 
we feel is representative from the records of the operation at E. B. Olson 
Farms, Inc. is shown in Table 1. The results of our computer runs indicate 
the effect of crowding and the increase in profit to be made. It should be 
pointed out that the actual profit is very sensitive to many parameters of 
production as well as sale price, and the figures of net profit should be 
considered only relative to each other. In addition, while it is recognized 
that crowding appears to increase profit, it also increases the probability 
of disease problems which could cause catastrophic losses. Although these 
outbreaks happen occasionally, it has not been possible to implicate crowding 
as a sole cause for these losses. Care needs to be exercised when yielding 
to the financial pressures indicated as a result of increasing bird numbers. 
Good management decisions must be relied upon to apply the results of this 
study. 
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Figure 1. Area provided turkeys. Vertical lines represent 
published values. Curve represents economic 
limit being tested in this research project. 
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Figure 2. Curves define 10-day zones (1, 2, 3, 4) turkeys 
are being crowded. The staircase represents the 
actual area provided one of the flocks being studied. 



-81-

Table 1. Area requirement cost study (figures based on two 20,000 square 
foot buildings). 

Square Feet Per Tom @ Market 

2.5 3.0 3.5 

Head Started 17,857 14,810 12,602 

Head Sold 16,000 13,330 11,430 

Livability % 89.6 90.0 90.7 

Average Live Weight 25.7 26.0 26.3 

Condemnation % 2.8 2.5 2.0 

Grade A % 75.5 80.0 82.0 

Feed Conversion (Feed/Gain) 3.2 3.2 3.2 

Fixed Cost (¢/pound) 4.07 4.78 5.51 

Fuel Cost (¢/pound) 2.75 3.00 3.25 

Net Profit (¢/pound) 3.14 2.51 1.82 

Net Profit Total ($) 12,549.36 8' 481.04 5,361.67 
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ENERGY CONSERVATION AND HEAT EXCHANGERS 
IN TURKEY VENTILATION 

S. Sokhansanj, K. A. Jordan, T. L. Weisbecker 
Agricultural Engineering Department 

University of Minnesota 
St. Paul, Minnesota 

Growing turkeys in confined housing requires a proper environmental quality 
which is principally achieved by proper ventilation design. A quality 
environment is defined as one in which: 1) air temperature and humidity 
are at desired levels and evenly distributed throughout the barn; 2) litter 
is in proper condition; and 3) air quality is at tolerable levels considering 
ammonia, carbon monoxide, carbon dioxide and other noxious gases as well as 
microorganisms and dust suspended in the air. Due to ever-changing conditions, 
many events are unpredictable in a turkey barn. Therefore, it is extremely 
difficult to present a set procedure to maintain a quality environment. 
Research is underway to quantify tolerances and ventilation design values 
to minimize risks in a ventilation management. 

MINIMUM VENTILATION 

A minimum continuous ventilation is specified for a reasonable air quality 
during the cold season. Additional fans to control barn temperature on a 
thermostat are designed during the warmer periods. Minimum ventilation 
helps to remove pathogenic organisms and noxious gases from the building. 
Field experience indicates that a ventilation rate of four air changes per 
hour is adequate for air purity. This ventilation rate may be greater than, 
or less than, what is required for moisture control. During the cold season 
barn heat is lost by minimum ventilation rate; therefore, supplemental heat 
is required to bring the air temprature to the desired level. In a properly 
designed confined turkey housing facility, about 95 percent of heat is needed 
to replenish the ventilation losses. As fuels become scarce and higher priced, 
the minimum ventilation rate becomes critical. At the present time, research 
is underway to find economical minimum ventilation rates. · 

Alternative sources of energy, such as solar, to heat a turkey barn are being 
investigated. One research project is a water-type solar collector system. 1 
The system has been installed in a research turkey farm at Atwater, Minnesota. 
Glycol is heated in a 350-square-foot collector bank facing south at a 60-
degree angle. The heated glycol is circulated in: 1) the south and north 
floor through a piping network lying under the floor; 2) an air-type heat 
exchanger to preheat the air; and 3) a storage tank to heat water for later 
use. With the help of appropriate controls, one or several of the options 
can be exercised for any period of time. The objective is to find an econom
ical and technically feasible alternative to utilize solar heat in a turkey 
barn. Figure 1 is a circuit diagram of this system. 

Another solar en1rgy research is an air heating project which is in the con
struction phase. In this system, 32 feet of the south wall of a turkey 
barn is replaced by an air-type collector. The collector is made of three 

1 
E. B. Olson Farms, Inc., Willmar, Minnesota. 

2 
John Holden Farms, Inc., Northfield, Minnesota. 



layers of black anodized screen material covered with clear corrugated 
fiberglass sheets. Parallel to the collector there is a rock box 3 feet 
wide, 6 feet tall and 32 feet The outside air is sucked in from the 
collector through the mass of rocks before distributed into the 
barn. The purpose is to utilize thermal storage of rocks. The 
rock storage is designed such that the air will have maximum temperature 
about 12 hours after heat during the dey. In other words, this tech-

ue helps 
temperature 
Figure 2. 

to shift the maximum temperature to offset the Ininimmn outside 
a 2L~."~h_our This systern is sb_01i;iTf1 schematically in 

ENERGY CONSERV.ATION 

portions of exhausted heat and recycling it back to the building 
has been investigated over a number of years o Hmnover, high costs and 
maintenance problems have limited their Furthermore, the function 
of a heat exchanger is and is often misunderstoc,d, TJJhic.h results in 
overventilation or underventilation. A type of heat used in 
turkey operations is a single-plate counterflow unit sho1,m sc:hematically in 

3. Tvw fans drive the air in opposite directions, vvh:Lch are separated 
a flat or corrugated plate. The heat from the exhausted air is transferred 

to the supply air which results in its temperature being increased, In a 
clean heat exchanger, film coefficients on the two sides of the plate are the 
main resistance heat flo\v, The rate of heat transfer is reduced 
when the plate is covered dliSt and other barn m<:1terials 0 

SIZING HE.AT EXCHANGERS 

The following formula can be used to estimate the total surface area of the 
separating plate of a heat exchanger: 

Area . 35 CF~1 
1 

TR 
~ TR 

.Area is in square feet and CFH is cubic feet per minute" TR is called Temper~ 
ature Ratio and :.ts the expected tempeTature rise of ventilation air divided 
by the te~mperatu.re differer1ce betwee11 ir1sirJe and outside. temperatu.re" To 
estimate a temperature ratio, let us consider an e 
supplemental heat is needed '0c7h,en ventilation lS belmi 30°F' in a turkey ban• .. 
If outside temperature is 0°F and inside is to be t at 75°F, 
then the ratio becomes~ 

TR 
30 ~.· 0 
75 - 0 

Using a heat exchanger to give temperature ratio of o Lj. elim:Lnates the supple
mental heat as long as outside temperatures are at or above zero. 

3 
Using minimum ventilation of 12,000 cfm, the heat e::cchanging surface area 
becomes 

turkey building of 40 x 500 feet and average height of 9 feet ventilated 
T.vith a minimum of four air changes per hour. 
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.4 
.35 X 12000 X l _ . 4 

= 2800 square feet 

Four heat exchanger units each with a surface area of 700 square feet can be 
specified (4 x 700 = 2800). Each unit is equipped with a pair of fans pro
viding 3000 cfm of ventilation. 

As the formula indicates, different sizes of heat exchangers depend on the 
expected temperature ratio. The choice between sizes is determined by struc
tural limitations of the building and the economics of the system. Heat 
exchangers can be built into a new barn as part of the structural and ventila
tion system. However, extra precautions must be exercised when adding a heat 
exchanger to an old building. Heat exchangers may interfere with the existing 
feeding, lighting and ventilation system. The heat exchangers and fans add 
extra load on the structural members of the old building. Safety and ease of 
maintenance are important criteria when a heat exchanger is being planned. 

ECONOMICS 

The following information must be prepared before economic evaluation of a 
heat exchanger or any other energy-related project can be made: 

1. Annual outside air temperature distribution for the geographical 
location of the barn. This information includes durations at which 
a certain temperature range would hold. This will establish an 
economical design temperature for the heat exchanger. 

2. A nominal rate of return on capital expenditure and an estimate of 
future fuel escalations. Interest rates can be used as a basis to 
estimate rate of return. Due to sudden fluctuations in fuel prices, 
it is difficult to establish a constant fuel escalation rate. How
ever, future fuel price projections and annual inflation rate are 
helpful to estimate such a value. 

3. In any energy-saving measure, the cost savings in replacements must 
be considered. The purpose of using heat exchangers is primarily 
to replace burners. Therefore, whenever a heat exchanger is used, 
the burner costs must be deducted from the total initial cost. 

Table 1 lists some of the 
of a heat exchanger. The 
annual cost of capital. 
the annual fuel costs. 

information required to make an 
first equation given in Table 1 

The second equation in the table 

economic evaluation 
is used to calculate 
is used to calculate 

The heating costs of a barn with conventional supplemental heat and with three 
different sizes of heat exchangers are shown in Table 2. The first case in 
the table is when no heat exchanger is used and the source of heat is from 
supplemental heaters. The next three cases are when heat exchangers of dif
ferent sizes are used to replace the burners. The table shows that as the 
size of a heat exchanger is increased, the initial cost is also increased; 
but the fuel cost is decreased. In Table 3 two ways of comparing these alter
natives are presented. The first scheme is to calculate return on investment. 
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This is accomplished by dividing annual fuel savings by total initial cost. 
As Table 3 shows, the rates are minimal when compared with an interest rate 
of say 10 percent. Another scheme is to calculate total heating costs. This 
is performed by using equations given in Table 1. For every year the capital 
cost and the projected fuel costs are calculated and added to the heating 
costs of previous years. As Table 3 shows among different alternatives, heat 
exchanger with TR = .4 shows the least cost for a period of 15 years. Total 
heating cost scheme has the advantage of comparing different heating methods 
during their expected service life to choose one which gives the least cost. 
Figure 4 is a plot of such an analysis. Until the fifth year, the conventional 
method is less expensive than the heat exchanger with a temperature ratio of 
four-tenths. Heating costs of a heat exchanger with a temperature ratio of 
two-tenths is less than other alternatives for a period of almost 12 years. 

CONCLUSIONS 

The greatest improvement in fuel costs can be through design and management 
of ventilation air. Alternate sources of energy might be considered, but 
only after conservation measures are implemented. Heat exchangers can be 
cost effective when they are designed around a sound ventilation management. 
The size of a heat exchanger surface area depends on the temperature recovery 
factor. One must be aware of functional design and cost implications of a 
specifi~d recovery factor. In economic evaluation of energy-related measures, 
a simple return on initial investment does not show a high value. However, 
considering future inflation, fuel costs and capital costs, a total heating 
cost analysis provides insight into the cost effectiveness of a system. 
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Figure 3. Schematic diagram of heat exchanger installation. 
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Table 1. Values used to evaluate the heating cost of a turkey barn 
equipped with heat exchangers. 

2 
Heat exchanger at $2 per square foot ($21.5/m ) 

Fan rated at 3000 cfm (1.4 m3/s) 

Burner rated at 40,000 BTU/hr (11.7 kW) at $250/unit 

Propane costs at %.56/Therm (105 BTU) [$5.3/106 KJ] 

Fuel increases at 15 percent annually 

Interest rate at 10 percent annually 

Inflation rate at 8 percent annually 

No taxes (tax credits) 

No maintenance cost. It is assumed that barn attendants and farm 
maintenance crew will do the required cleaning and maintenance 
at no additional cost. 

The annual fixed cost is calculated by multiplying capital recovery 
factor by total initial costs. Capital recovery factor is given by 
the following equation: 

where 

CR 
j(l +: i)n 

(1 + i)n-1 

i is the interest rate 

n is the number of years of project life 

The future fuel costs are inflated at a rate of f: 

AF = (1 + f)k k = 1, 2, ... , n 

The annual fuel costs will be the result of multiplying the present 
fuel cost by AF. 

-----------------------------------------------------------------
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Table 2. Initial and annual cost of heating a turkey barn at present prices 
given in Table 1. 

Heat Exchanger Fan 
Heat Cost Total Surface Area Exchanger Burner 

(4 fans) Initial 
ft 2 (Rf) Cost Quantity Cost $150/fan Cost 

0 (0) No Heat $ 0 16 $4000 $ 0 $ 4000 
Exchanger 

1050 (.2) 2160 11 2750 600 5510 

2800 (.4) 5760 6 1500 600 7860 

6480 (. 6) 12960 1 250 600 13810 

Table 3. Return on investment and total heating cost of a conventional 
supplemental heating system and three different sizes of heat 
exchangers. 

Heat Exchanger Total Heating Return 
Surface Area Costs for 15 on 

ft2 TR Years Investment 

0 0 $46318 0% 

1050 . 2 32376 6 

2800 .4 28144 7 

6480 . 6 42024 4 

Annual 
Fuel 
Cost 

$604 

277 

67 

.32 
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HEAT PRODUCTION DATA OF TURKEYS 
THROUGH THEIR LIFE CYCLE 

Thomas L. Weisbecker 
Kenneth A. Jordan 
Shahab Sokhansanj 

Agricultural Engineering Department 
University of Minnesota 

St. Paul, Minnesota 

A search of specific heat production data for turkeys are compiled and compared 
to demonstrate a need for further analysis to determine practical heat pro
duction values for turkeys. 

INTRODUCTION 

In today's age of high fuel and production costs, it is imperative to have a 
reasonable value for the heat proudction in a flock of turkeys. To date, an 
average value is used to cover the entire life of a bird. From existing 
research on the heat production of turkeys, values range from 40 Watts/kg 
(60 BTU/hr-lb) for young birds to approximately 8 Watts/kg (11 BTU/hr-lb) for 
mature turkeys. The average value used most commonly falls at the low end 
of this reserach data. 

As energy conservation devices become more popular, an accurate idea of turkey 
heat production will be necessary for sizing and good management of heating 
devices. The available heat production data will need to be further refined 
to meet this need. The data in its existing form covers a variety of age 
ranges with differing sets of assumptions and conditions. Depending on the 
origin of the data, temperature, sex of the bird, day or night, could be the 
constant condition during the research. A method is needed to correlate this 
data so that given an average age and weight, the heat production of a bird 
and thus an entire flock could be calculated. This would be a great aid in 
determining the heat requirements for a turkey shelter. 

HEAT PRODUCTION RESEARCH 

Chronologically, Malhotra (1967), Buffington (1971), Magee (1973), DeShazer 
(1974), and Ota (1976)have presented and analyzed data on turkey heat pro
duction. In all cases the end result was an equation relating age and weight 
to arrive at the heat production of a turkey. The data was presented in 
graph form as total heat per unit weight (specific heat production) versus 
bird age in days. The difference between the individual experiments was 
generally the set conditions, assumptions, and time span. 

In 1967, Malhotra completed his work on mature broad breasted bronze turkeys. 
He tested both female and male birds ranging in age from 298 to 438 days. 
The turkeys were tested at 5°C intervals from l0°-35°C (50°-95°F) with a 
constant 60% relative humidity. As a further parameter, Malhotra measured 
the bird heat production 2, 4, 6, 8, 10, 12, 14, and 16 hours after feeding. 
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He used eight birds (4 male and 4 female) selected randomly from the University 
of Missouri turkey farm which had an average heat loss of 8.6 Watts/kg for 
the female and 8.0 Watts/kg for the male bird over the entire experiment. 

In 1971 Buffington completed his work on five Wrolstad White turkeys. The 
time range of his experiment was 53 to 83 days of age. The environment for 
the experiment was held at a constant 21°C (70°F) and 40% relative humidity 
with a flow rate ranging from 310 to 1275 liters/hr (.18-.75 cfm). The 
specific heat production versus age results of his work are shown in Figure 1, 
differentiating night and day heat loss. Night and day were simulated with 
lights. Buffington concluded his work with an equation fit to his data to 
give heat production, given age and weight. 

Magee's experiment, completed in 1973, used 15 turkeys selected from 32 
Wrolstad White turkeys hatched at the University of Minnesota. When tested 
the turkeys ranged in age from 26 to 105 days. The test environment was 
held at 25°C (77°F) and 45% relative humidity. From his results (Figure 2) 
combined with a growth equation developed by Buffington, Magee developed an 
equation dependent on age in day to predict total heat production. 

DeShazer et al. (1974) continued the work on Wrolstad White turkeys. While 
Buffington's birds weighed from 1.5 to 3.5 kg, DeShazer used large Wrolstad 
White turkeys from 6 to 36 days of age. His controlled conditions included 
continuous lighting, 2.78°C (5°F) temperature increment decreases every week 
from a recommended temperature of 35.0°C (95°F). The dew point temperature 
was not controlled in this experiment. DeShazer's results are depicted in 
graph form on Figure 3. 

Themost recent work by Ota et al. (1976) developed by simulation using 2.8°C 
(5°F) weekly temperature drops from set starting temperatures of 35° and 30°C 
(95° and 85°F) until l8°C or 65°F was reached (Figures 4 and 5). Like 
DeShazer, Ota used 24-hour continuous lighting; but unlike DeShazer, Ota 
differentiated between toms and hens. The experiment ran from 1 to 49 days 
with ventilation rates from 10 to 30 cfm. 

The discontinuity in the plots of the two experiments is due to the weekly 
temperature drops. A significant difference between Ota's experiment and 
the other work presented is that Ota collected data on several birds as a 
group while the others collected the heat production data on individual birds. 
The total heat production derived from his equations were 1 to 8 BTU/hr per 
poult greater than the published data for poults more than 21 days of age. 

DISCUSSION 

The problem in comparing all of the work presented (Figure 6) is the great 
variance in experimental procedure. Is it reasonable to compare heat production 
data on different varieties of birds or differing ambient temperatures? The 
comparison curve does show us a trend that suggests the use of an average 
value over the life of a turkey, but is not the best method for determining 
supplemental heat requirements. Further work is needed to correlate existing 
data into a useful form. Also, possibly, further refine existing equations 
to cover a longer time frame and a variety of environmental conditions. 
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DATA FROM BUFFINGTON 1S EXPERIMENT 
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OTA' S SIMULATION 

AGE vs. SPECIFIC HEAT PRODUCTION 
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Field Rickets in Turkey Poults --

A Report on Research in Progress 

H. E. Dziuk, W. G. Olson, P. E. Waibel, M. M. Walser 
Colleges of Veterinary Medicine and Agriculture, U. of Minnesota, St. Paul 

During the last eight years, practicing avian veterinarians have 
become increasingly aware of rickets in young turkey poults. Since the 
rations have been found to contain adequate amounts of vitamin D and 
minerals essential for growing turkeys, the condition has been called 
field rickets. In 1977 and 1978 a team of researchers investigated 
seven turkey flocks which had signs of leg problems and were thought to 
be affected with field rickets. The objectives of the research were: 
1. to determine the cause or causes of field rickets in turkeys, 
2. to determine the economic impact of this disease, and 3. to determine 
what measures could be taken to prevent or treat this disease. Based 
upon laboratory investigations, two of these flocks were later identified 
as typical of field rickets. Healthy (fast runners) and rachitic (slow 
runners) poults were selected from affected flocks for study to determine 
what differences could be found between the two groups. 

Blood samples were drawn and plasma was removed from the cells. 
Part of each sample was analyzed for calcium, phosphorus and alkaline 
phosphatase concentrations in the Clinical Pathology Laboratories of 
the Veterinary Teaching Hospital. The remaining plasma was frozen 
immediately and sent to the University of Wisconsin for biochemical 
analysis for vitamin n3 and its metabolites. Samples of serum were 
collected and used for assessment of any concurrent infectious diseases 
i.e., mycoplasma (MGP, MSP, MM), Newcastle disease virus, influenza virus, 
adenovirus and hemorrhagic enteritis. Subsequently, turkeys were killed 
and subjected to gross and microscopic examination and leg and wing 
bones were radiographed. 

The poults from both farms were less than 18 days of age when the 
first signs of difficulty in walking were seen. Evaluation of the 
rations did not reveal a deficiency of vitamin n3 or minerals. In both 
cases the farms had previously had the same problem. No signs of an 
infectious disease could be seen at necropsy and serological examination 
indicated concurrent infectious diseases (with the exception of MM) were 
absent. There were no lesions seen in any of the soft tissues (heart, 
liver, lungs, pancreas, spleen, intestine, testes, kidney). Histopath
ologic examination of the tibias from the slow runners revealed lesions 
typical of rickets, i.e., hypertrophic and degenerating cartilage extended 
into the metaphysis; metaphysis was hypercellular with increased numbers 
of osteoclasts, fibroblasts and undifferentiated mesenchymal cells. 
Radiographically the slow runners had decreased density and clarity of 
the borders of bones. The cortical bone appeared to be less dense and 
poorly defined in the rachitic groups. Plasma concentrations of phosphorus 
were lower and of alkaline phosphatase were higher in the rachitic groups. 
Calcium concentrations did not appear to be changed. 



-102-

Vitamin D3 metabolite data were not conclusive; however, there 
were indications that the slow running groups had different concentrations 
of some of the metabolites than the fast running groups. 

Study of the feeding programs on both farms revealed that feed 
contained adequate calcium and phosphorus and that neither of two rations 
from different sources prevented development of rickets. Recovery from 
the disease occurred spontaneously at about 21 days of age. 

Available funds for pilot studies have been expended and further 
research on field cases will not be possible at this time. There is a 
need to continue the investigations because it appears that field rickets 
is a very complex disease and it may have multiple causes. Field rickets 
does not seem to be associated with an infectious disease; however, the 
possibility exists that pathogenic organisms may predispose poults to the 
bone disorder. For example, veterinarians have reported that salmonellosis 
has been seen in rachitic flocks. Other possible contributing factors 
which have been suggested as possible causes are mycotoxins, intestinal 
disorders, liver diseases and drug-induced alterations of enzyme activity 
in the liver or kidneys. However, the cause or causes remain unknown 
and all attempts to determine the cause have failed. 

There is a need to better define the possible causes of the clinical 
condition in turkeys commonly referred to as "leg problems". It seems 
that field rickets is only one form of many that lead to lameness or 
inability to walk in turkeys. Field rickets may commonly occur with 
other diseases which cause confusion with regard to the etiology of field 
rickets. Since the problem of field rickets is widespread throughout the 
world, it would seem that there must be common etiologic or predisposing 
factors. Perhaps, as described in man, a genetic variability leads to a 
greater tendency toward rickets in certain turkeys. 

Reports in the literature suggest that vitamin D and its analogs offer 
great promise in the treatment of metabolic bone diseases. These chemicals 
not only seem to affect extraskeletal mineral homeostasis but also appear 
to have a direct healing effect on bone. It has been proposed, on the 
basis of experiments in rats, that human nutritional rickets is the 
result of a vitamin D deficiency that aggravates the expression of a 
pre-existing metabolic defect in phosphate transport. Classical exper
imental rickets in the rat is a dual deficiency, resulting from both 
phosphate and vitamin D deficiency. In man, inherited aberrations in 
phosphorus transport or vitamin D metabolism may result in vitamin D
resistant rickets, dwarfism, and discomfort. Variability in handling 
of phosphate transport or D metabolites may also account for the appearance 
of variable numbers of rachitic poults. 
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ENTERIC VIRUS INFECTIONS OF TURKEYS 

B.L. Patel, K.S. Smith, J.A. Newman and B.S. Pomeroy 
Department of Veterinary Pathobiology 

College of Veterinary Medicine 
University of Minnesota 

St. Paul, MN 55108 

At one time bluecomb disease (Turkey Coronaviral Enteritis, TCE) of turkeys 
was widely distributed in many turkey producing areas. Since 1977 no out
breaks of bluecomb have been identified in Minnesota. During the last 3 
years enteric vi.rus infections not related to bluecomb disease or hemorrhagic 
enteritis have been encountered in 1- to 2-week-old turkey poults from 
several turkey producing states. Low mortality has been associated with 
these outbreaks. Poults from affected flocks exhibited depression, anor
exia and transient diarrhea. Experimental poult inoculations resulted in 
growth depression or loss of weight with low mortality (Table 1). Inocu
lated poults were depressed and showed mild diarrhea for 2 to 3 days. The 
intestinal lesions were almost identical to those produced by bluecomb and 
could easily be confused with bluecomb if weight depression and poult mor
tality were not considered. 

From one of the flocks (B692T), the 300 nm Millipore filtrate was inoculated 
into chicken embryo kidney (CEK) cell cultures which then showed syncytia 
and cytopathic effect (CPE, cell destruction). Transmission electron 
microscopy of CEK showed picorna-like virus particles in degenerating 
cells and paramyxoviruses budding from cell plasma membranes. At this point it 
is not known whether the picornavirus or the paramyxovirus (Newcastle virus) 
would be solely capable of causing this disease syndrome. 

From the second flock (CO-l) negatively stained preparations from intestinal 
material showed picorna-like virus particles measuring approximately 20-25 
nm in diameter. 

Intestinal filtrate (300 nm) from some of the flocks (SD-1, SD-2) were 
inoculated onto chorioallantoic membrane (CAM) of SPF chicken and turkey 
embryos. Small to medium sized plaques were observed on CAM. 

Most of the isolates were inoculated into CEK cell cultures and some that 
did not show marked CPE are suspected of being rotavirus (reo-like virus) 
infections. 
At present our main goal is to improve diagnostic techniques. Future work 
would hopefully determine transmission and sensitivity of these viruses with 
the hope of developing control programs. Current diagnostic procedures for 
these viral diarrheas are slow (weeks to months) and unrefined and often 
frustrating. For those laboratories that have electron microscope (~1) 
facilities readily available, rapid diagnosis (within days) is possible, 
however since there may be pathogenic and non-pathogenic strains of these 
viruses, the discovery of viral particles (picorna, rota or reo) in field 
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samples may or may not be significant. For this reason poult inoculation 
studies and cell culture techniques are desirable not only to confirm the 
pathogenicity of EM identified samples but also for characterization studies 
which may be necessary for the development of effective control programs. 

This research was supported by grants from Minnesota Agricultural Experiment 
Station, Project 2615, and Minnesota Turkey Research and Market Development 
Council Project 0725-5778. 



Table 1: EXPERIMENTAL POULT INOCULATIONS WITH ENTERIC VIRUS ISOLATES OF TURKEYS. 

Poult Avg. Avg. Wt. Avg. Wt. 
Group Passage Pre-Inoc. 4-5 DPI Gain Mortality 

Wt. Gms. 4-5 DPI % 

Control - 80 129 49 0 

B692T 1 86 ll5 29 0 

Control - 68 137 69 0 

B692T cell 
culture CEK 1 64 98 34 40 

B692T AF embryo 
passage 1 62 97 35 0 -
Control 66 138 72 0 I - -

0 
0\ 

co 1 1 72 109 37 0 
I 

-
Control - 64 114 50 0 

cell culture 1 63 89 26 0 

Control - 72 133 61 0 

co 1 2 73 ll3 40 0 
--
Control - 56 90 34 0 

CO 1 cell 
culture 2 52 49 -3 30 
--
Control - 59 91 32 0 

CO 1 cell 
culture 3 58 60 2 10 
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EPIDEMIOLOGY OF AVIAN INFLUENZA 

Daniel Karunakaran; Arun K. Bahl, Benjamin S. Pomeroy and John A. Newman 
Department of Veterinary Pathobiology 

College of Veterinary Medicine 
University of Minnesota, St. Paul 55108 

From the year 1966 in which Avian Influenza (AI) was identified in turkeys 
in Minnesota by serological procedures, it has been a problem almost each 
year. The losses incurred by the turkey industry not only depends on the 
age group of poults affected but also on the strain and serotype of avian 
influenza virus infecting them. Even though AI outbreaks could occur any
time of the year, the fall and spring seasons have been the period in which 
most of the outbreaks occur. 

Applying control measures have been difficult because of the numerous 
strains involved and the relative difficulty in locating the origin or 
source of infection. Even though mechanical transmitters of the agent 
such as service personnel, feed trucks and their movements from farm to 
farm have been proven to play a role in transmission of the agent, their 
exact role in avian influenza outbreaks have not been identified or clearly 
understood. 

It has also been proven beyond a doubt that wild migratory birds such as 
water fowl, sea gulls, and wild geese etc. act as biological carriers and 
shed the virus. Isolations from wild ducks were made by Dr. Arun K. Bahl 
in 1974-75 and 1976 from Agassiz National Wildlife Refuge and Roseau 
River Wildlife Area. These isolates were typed in early 1978 by Webster. 
The results are shown in Table 1. It illustrates the wide distribution of 
different serotypes in wild waterfowl. It has not been a rare sight to see 
these migratory birds on their way south comingle and feed with the turkey 
flocks on range. Many times the outbreaks have occurred in the birds on 
range although not always. Further, the same serotypes which were involved 
in outbreaks have been isolated from wild waterfowl. These findings make 
one consider the role of wild birds in outbreaks of AI and its spread to 
other neighboring farms. Epidemiological studies show that a diverse variety 
of serotypes of AI viruses are involved in field outbreaks. The following 
antigenic varieties have been isolated from 1972-77 from Minnesota turkey 
flocks. 

1972 Hav 5 N?, Hav 6 Neq 2 
1973 Hav 6 N 2 
1974 Hav 6 N?, Hav 5 N 1 
1975 Hav 6 N 2 
1976 Hav 6 N? 
1977 Hav 6 Neq 2, Hav 6 N 2 

A viral respiratory surveillance program from October 1975 to November 1976, 
of approximately 350 market flocks on at least 60 farms were serologically 
sampled for AIV exposure. None of the flocks sampled were found positive 



iS() lo~ tior1 
made in 1975 was from a breeder flack. 

reeder IlOCKS the two 

L 197 four breeder flocks 
As the four flocks were from one ha 

o:E infec 

N 
14-.I ln. 

P·OS i ti·ve foT 
Y.rJe-re: inse1ninated 

could be postulated. 

Front 1977, market flocks en at least farirrs 
for Aio 

the first case of avian influenza was ed :Ln orgar~" 

~-zat::Lon. P.,. irl r to you.r:ger birds ra.ised under con~~ 

fir1erJ1en.t 'J Infl·uenza. 'iJJa.s also in two tions in the 
sarne area" A total 350 8 farms were 
irr\IOl..,led"' of r·he ye.ar, 

Or zation_ i-\ ·bu.t en.d.e.a~lore.d to 
elirninate trw frorn tb.e inv-olved 1977, the disease 

to younger brids in ~1as noticed ~:_~]. rJrl ·range on. 
confinement tb.at vJere v.nder 6 -.;,;eeks of age. A total of 
involved with a loss 'Vlas n1ad-e frorn 

ted, 

I·nfluen.za 
F3e."'J·e.n. farins 
tbreak was 12-16 weeks. 

B" Tl1ere r,Je.re 
group f bi 
tb.is outbreak, on tvJO othe:, farms :Ln the :on:ea 

tbreak ccurred in late f .lcJ r.:lcs b 
:No vi isolarions were made from this outbreak. 

tal of 16 flocks 
the 19 7 outbreak 

P.~.n Otltbrealc .j: iiJf luer1za T.~"as 1.r1 ~·,Jisconsiil 

birds ~~vere 

on the farm 

to zation. 
ThJ2 age 

In addition to 
t 

occ.urre-:::1 

ti1e sarr:e 

In June 19 farirrs. about ::·hree=four rniles ap.srrt 
J_I1 J.Je:.s t eer1t 1~a1 ~v1irrnes ot:a'" 

In one operation 4 f 
156, birds were involved. Tl1e Ii10Tta1i rate was ~ess than 10%. A virus 
isolation was made and it is in the process of 

youn.ge.r birds 
rate of over 18% 
with the geese were 

affected 
of the 

mortality 
in .. CCI1tac.t 

virus isolations were made. 



-II 0-

In late October 1978, AI was diagnosed serologically in a flock on range in 
the Willmar area. This flock did not show any observable clinical signs or 
mortality pattern suggestive of AI. When this flock was sent to market in 
October condemnation rate at processing plant was over 30% due to air
sacculitis. On the same farm respiratory signs including sinusitis were 
noticed in a 11 week old flock of 14,000 hens. Peak mortality of 8.65% was 
experienced on the 4th day after the onset of signs. The total mortality 
is over 40% as date. The outbreak was complicated by Pasteurella multocida 
oral vaccine and~· coli problems. Serum samples showed a positive reaction 
for AI on agar gel precipitin tests. Efforts for AI virus isolations are in 
progress. Approximately a total of 20,000 birds both on range and confine
ment were involved in this outbreak. The owner of this farm reports that he 
saw wild geese in close contact with the birds on range 6 weeks prior to 
the outbreak. 

It is suspected that first the AI virus was introduced into the birds on 
range probably by the wild geese and later passed on to the younger birds 
in confinement where the course of the disease was severe. 

During the same period AI was reported in organization B which is about 
10 miles away from the above outbreak. Six flocks out of 8 flocks tested 
from both range and confinement were positive for AI. A total of over 100,000 
birds are involved in this outbreak. In this organization AI _seems to be a 
problem each year. From 1972 in which an intensive avian influenza surveill
ance was instituted, until this year this organization experienced AI each 
year except the year 1975. The losses were moderate to extensive in these 
outbreaks. On farms belonging to this organization gulls are frequently 
seen with turkey flocks on range in the late summer and fall and there are 
small lakes and potholes in the vicinity that are frequented by wild water
fowl, blackbirds, and other wild birds which migrate through the area. 

Epidemiological investigations in cooperation with USDA Veterinary Service 
personnel are underway and efforts for virus isolation in these outbreaks 
are under active progress to arrive at the source of infection and the 
factors involved in the spread, in order to institute effective control 
measures. 

As there is no effective immunization program currently available for avian 
influenza and its occurrence is highly unpredictable, active research is in 
progress on use of low virulent strains of avian influenza virus as immunizing agent. 
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Table 1 

SEROTYPES FROM WILD DUCKS 
1974-1976 

Agassiz National Wildlife Refuge 

SerotyEes No. of Isolations 
Hav 3 Nav 2 & 3 1 
Hav 4 Nav 1 2 
Hav 6 Nav 5 2 
Hav 7 Neq 2 10 
Hav 7 Nav 2 & 3 1 

Roseau River Wildlife Area 
Seroty£eS No. of Isolations 
Hav 3 Nav 6 1 
Hav 4 Nav 1 3 
Hav 7 Nav 6 1 
Hav 7 Neq 2 1 

1975 
Agassiz 

SerotyEes No. of Isolations 
Hav 4 N ? 1 
Hav 7 N ? 1 
Hav 7 Neq 2 1 
Hav 7 Nav 5 1 

Roseau 
SerotyEes No. of Isolations 
Hav 3 Nav 6 3 
Hav 3 Nav 5 1 
Hav 4 Nav 1 3 
Hav 4 Neq 2 1 
Nav 4 N ? 1 
Hav 6 N 2 3 
Hav 6 Nav 6 4 
Hav 6 Nav 4 1 
Hav 6 N ? 1 
Hav 7 Neq 2 2 

1976 
Agassiz 

SerotyEes No. of Isolations 
Hav 3 Nav 6 1 
Hav 4 N 2 1 
Hav 4 Nav 1 2 
Hav 6 N 2 2 
Hav 6 Nav 4 1 
Hav 7 N 2 3 
Hav 7 Neq 2 1 
H ? Hav 6 1 

Roseau 

Seroty£eS No. of Isolations 
Hav 3 Nav 6 1 
Hav 5 N 2 1 
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FIELD VACCINATION STUDIES ON HEMORRHAGIC ENTERITIS 

Kathy Sorom Smith, Bhogilal L. Patel, Benjamin S. Pomeroy 
Department of Veterinary Pathobiology 

College of Veterinary Medicine 
University of Minnesota 

St. Paul, Minnesota 55108 

INTRODUCTION 

Hemorrhagic Enteritis (HE) is a viral enteric infection that has plagued 
the turkey industry for many years. Antibiotics, electrolytes, wormers, 
depopulation and decontamination and many other approaches have been tried 
in the past to control the disease, mostly without success. In some in
stances cleanup and depopulation has diminished the severity of the disease 
in subsequent flocks. 

During the 1960's Domermuth and Gross (1) studied and confirmed that serum 
from recovered birds would protect birds from HE if it was administered as 
soon as bloody droppings or death was seen. This was a breakthrough, but 
due to the labor involved and the fact that it was actually a partial treat
ment, not a prevention, it has been used only where high mortality was 
expected. 

Shortly after this, word spread that if young turkeys (3-5 weeks old) 
were given minced spleens from acutely ill turkeys, in the drinking 
water, that they would break with a mild case of hemorrhagic enteritis 
and would be resistant to further challenge. Research performed by 
Domermuth and Gross (2, 3) indicated that HE strains that produced 
no or less than 1% mortality would protect birds against further infect
ion by virulent strains of HE. Research conducted in Minnesota over 
the past 3 years confirms this. This report shall summarize the findings 
of the most recent field trials. For clarity, one representative case 
will be described in some detail and only general comments shall be made 
about the other cases. 

MATERIALS AND METHODS 

I. Vaccine preparation: This procedure varied slightly from flock to 
flock as the situation demanded. 

Specific pathogen free turkeys (tested negative for MM, MS, MG, AIV, NCD, 
Salmonella, Arizona) were inoculated intravenously with 0.2-0.5 cc of a 10% 
suspension of vaccine strain HE positive spleens. Two and one half to three 
days later most of the inoculated birds were sacrificed. Spleens were har
vested, cultured and prepared for HE virus agar gel precipitin testing. This 
culturing was regarded as being extremely important since a few recent cases 
of salmonellosis outbreaks in turkeys had been traced to owner produced HE 
vaccines that were contaminated with salmonella. Positive spleens were pooled 
and aliquoted for storage and frozen. The remaining birds were observed for 
clinical signs of disease and serologically monitored for 4 weeks to assure 
that no other pathogens had been propagated. Just prior to use the vaccine 



~"" j l 3= 

fold and stirred at 4°C for 8-12 
hours, if possible, otherwise the vaccine was&tirred for l hour. The 
vaccine was used at the rate of l per 5000 b~rds, a dosage Lhat 
had worked satisfac in trials the year before. 

II., Preparation of flock, ''later svstem a.Ed mJner: 
and rules were set up. 

Se-~leJcal 

L Vaccination should be on es ~vhere I-IE ::LS a 
lent., This requirement is necessary since U1.e vaccine is a 'le "l_v'ires 

and 1Ne do n.ot y,-rar1t to in_trod-u.ce the disease onto ne\117 To rrl.eet 
this requirement an outbreak of HE was monitored: birds "\vere posted and 
examined for ,characteristic lesions, spleens ""Tere tested on agar 
precipitin test for virus presence, and recovered flocks were 
tested for serological a':ltibodies. Once HE vJas confirmed, uent flocks 
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All birds that died <JJithin days post~vaccination ~~ere checked for HE -
usually spleen AGP. Intestinal lesions were extremely rare. Three weeks 
later serum samples ~;vere checked for the prese::1ce of HE antibodies. "1-v'hen 
possible 10 birds vve;ce placed in isolatio:1 facilities and 

RESULTS 

As indicated previously one flock shall be described. 

This flock was vaccinated at the age of 4 weeks. It was a flock of 
12,000 Nicholas toms. Pre-vaccination serology sho•.Jed that the flock ~·Jas 

negative for HG, HS 0 :NCD, .AI'~J a.nd Adenovirus antibodies and positive for 

l'ltvl and l out of lO c•Jas positive for HE antibodies. One to two reactors 
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out of 10 serum samples were frequently encountered in prevaccination 
testing. The birds were vaccinated as described above. Mortality over the 
next ten days was minimal (a total of 63 birds, 0.5% mortality). 
Spleens from these birds were tested and 2/10 were positive. Post
vaccination serum samples were taken 3 weeks, 6 days later. At that time 
11/20 were positive for HE and 3/10 were positive for adenovirus. The 
adenovirus titer was felt not to be related to the vaccination, however, 
since positive adenovirus titers had been detected in previous flocks on this 
premise. Ten birds were challenged to determine if protection existed. 
Pre and post serology results were as follows: 

MG,MS,NCD AIV MM Adena. HE 
pre (32 wks postvacc) 10/10 neg 10/10 pas 2 pas. 3 pas 

8 neg. 7 neg. 
post (4 wks postvacc) 10/10 neg. 10/10 pas. 6 pas. 9 pas. 

4 neg. 1 neg. 

Four birds were posted 3 days post challenge - no gross lesions except slightly 
large spleens were noted. Spleens from these birds were AGP negative. Three 
days later the six remaining birds were all positive for HE and adena antibodies 
No clinical disease was noted in any of the challenged birds. 

Approximately 240,000 turkeys were vaccinated this past year. In most cases 
the post vaccination serology showed that 40-60% of the birds in a given flock 
would have AGP detectable antibodies. Post vaccination mortality (for the 
8 day period) averaged about .01% to all causes. About 20% of postvaccincation 
spleens were + for HE antigen. No vaccinated flock went through a subsequent 
clinical break. The most severe vaccination reaction was in a flock that 
broke with coccidiosis about 1 day after vaccination. Some mild intestinal 
lesions were noted and total mortality was approximately 0.1%. 

Results of HE vaccination studies to date have been quite promising and may 
be a useful tool in the control of the disease if proper attention to sterility 
and purity of the vaccine is maintained. It is hoped that a USDA approved 
vaccine will become available in the future. 
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LITERATURE REVIEW 

Fanguy 1977 found that began to hatch on the 25th day of incubation 
with 64% of the poults out on the 26th He also found poults 
on litter within 72 hours of hatch had a mortality of 6.14% as to 
35.14% for those on litter between 72 to 120 hours after ha 

Ch.ilson and Patrick (l9l-f6 that withholding feed and TvJater for 
24, 48 and 72 hours after hatching resulted :Ln 4.8 11.5 and 29.3% mortality, 
respectively, up to 12 weeks of age. 

Nester and Brown (1966) demonstrated that 
hatching is an 
Holding ts for one 
This increase 1-'ITas 3,. 2% 
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in floor pens. 
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Harper (1953) found that the addition of pencillin to the feed 
reduced early mor as well as increased growth at two weeks of age. 

Moreng 197 reported that the oral force feeding of 1 cc per bird of water, 
vitamins + \Jater, neomycin +vitamins +water at l, 12 and 24 hours post
hatching showed significant differences in mortality and 10 day weight. 
The differenc:es in favor of the 1:11ater + vitamins and the 1;-vater + vitamins 
+ neomycin vJere magnified as time increased o 

Kienholz (197 observed that oral ection of an antibiotic--vitamin-· 
sugar mixture resulted in significantly lower poult mortality. The ection 
of a food slurry had little effect on growth but it possibly helped lower 
mortality. 

Hammon (19~q found that the lack of rfmter caused loose, slimy gizzard 
linings and early mortali 



MATERIALS PJ~D METHODS 
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A second flock of 2000 Nicholas large toms, hatched June 29, 1978, were 
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RESULTS 

eggs, were ected 
delivered the morning 

prestarter mash at the 
a 26% mash for 

Table l and Table 2 shows the mortali data for hens and toms, respectively. 

Table L A comparison of the mortali of old female s 
water for the fi·rst 6 hours and day old female 
feed and vvater 

---· -----~. ---------- ---· ---

Total No. 

Percent 

First !pJeek 
Hortality 
Per Pen 

Water Feed. 
Onl1:_ Water 

2 
1 

2 
•") 2 £. 

1 1 

' 1 

5 8 

& 

0.4 0.6 

t T;veek 
Hortali 
Per Pen 

\IJater Feed 
·wat.er 

2 ~. 

2 2 
3 3 
2 5 
3 2 
3 !1. 

15 20 

& 

L2 L6 
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Table 2. A comparison of the mortality of day old tom poults given only 
water for the first 6 hours and day old tom poults given both 
feed and water immediately. 

Total No. 

Percent 

First Week 
Hortality 
Per Pen 

Water Feed & 
Only Water 

1 6 
1 3 
3 2 

6 
1 

5 4 

10 22 

0.8 1.8 

Eight Week 
Hortality 
Per Pen 

Water Feed & 
Only Water 

4 13 
8 9 
7 7 
3 10 
6 3 
9 15 

38 57 

3.0 4.6 

Host turkey growers will have 4 to 6 feeders per stove but one waterer for 
2 stoves. This works very well under some situations but these trials help 
to point out the importance of water. It could be said that the weak 
poults are kept alive to die later. However, the eight week mortality 
does not substantiate this argument. In both trials the hens and toms did 
better when water only was made available to the day old poult. Since 
poults are several hours old at the time of delivery, dehydration is a 
problem. They need a drink of water to replace the moisture lost from 
waiting to be sexed, toe clipped, injected, desnooded and delivered to the 
farm the following morning. 

If one studies the tables, one finds the differences very small but they 
do bring out the importance of water. They indicate that the turkey poult 
needs a drink of water before it needs feed. This experiment must be 
repeated since the differences are small and the variation between pens is 
rather large. However, every producer must be very much aware of the poult's 
need for a drink of water, and that the older the poult is the more critical 
water becomes. 
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THE VITAMIN D REQUIREMENT OF TURKEY 
BREEDER HENS IN CAGES 

S. L. Kramer and P. E. Waibel 
Department of Animal Science 

University of Minnesota 

Advances in the biochemistry of Vitamin D metabolism, such as isolation and 
identification of metabolites, now allow for further study of practical 
problems facing the poultry industry e.g. egg shell quality and field rickets. 
Results of research involving supplementation of laying diets with the 
vitamin D metabolites 25-hydroxyvitamin D3 (25-(0H)D3) and 1,25-dihydroxyvitamin 
D3 (1,25-(0H)2D3) in relation to egg shell quality and hatchability have been 
somewhat equivocal. 

Marrett and co-workers (1975) found that chicken layers fed diets supplemented 
with 25-(0H)D3 had better egg production and increased egg shell thickness 
than hens fed vitamin D3. Charles and Ernst (1974) observed that 25-(0H)D3 
supplementation in laying hen diets resulted in increased egg shell breaking 
strength. Manley and co-workers (1977) reported that 25-(0H)D3 supplementation 
improved hatchability of fertile eggs from turkey hens when compared to control 
hens. Roland and Harms (1976) did not find 25-(0H)D3 fed to chicken hens to 
be any more potent than D3 at adequate levels when measuring egg production 
and specific gravity. 

The use of 1,25-(0H)2D3 was recently reported to severely decrease chick 
hatchability (Henry and Norman, 1978,and Sunde et al., 1978). The latter 
speculated that the decrease may have been due to poor transfer of 1,25-(0H)D3 
into the yolk. Henry and Norman (1978) presented evidence that two vitamin 
D metabolites (24, 25-(0H)2D3 and 1,25-(0H)2D3) may be required for normal 
hatchability. 

The vitamin D requirement of turkey breeder hens was first determined by 
Wilhelm et al. (1941) and, then, by Stadelman et al. (1950). There is some 
indication from their data that the requirement was less than the low levels 
(680 and 750 ICU/kg) used. Waibel (1965) suggested that the requirement is 
greater than 740 ICU/kg when dietary calcium was 1. 90%, based on elevated 
alkaline phosphatase levels in turkey breeder hens. Menge and co-workers (1977) 
reported that vitamin D3 supplementation of turkey breeder diets at levels of 
6900 and 12900 ICU/kg did not improve reproductive performance when compared 
to hens receiving the NRC (1977) level of 900 ICU/kg. 

Other than these cited references, little work has been done in examlnlng the 
vitamin D3 requirement of turkey breeder hens and the use of vitamin D 
metabolites. The present experiment was initiated to gain further information 
on the vitamin D3 requirement of turkey breeder hens for various production 
criteria using vitamin D3 or 25-(0H)D3 . 
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MATERIALS AND METHODS 

Large White Nicholas hens (41 weeks of age) housed in cages were assigned to 
10 treatments for a total of 24 hens per treatment (3 replicates of 8 each). 
They were fed a corn-soy breeder diet containing 2.25% calcium and 0.7f% 
total phosphorus and supplemented with no vitamin D3 or with vitamin D3 or 
25-(0H)D32 at various levels. The diets with vitamin D3 contained 2.5, 5.0, 
7.5, 10.0 or 60.0 ug/kg of the diet. The 25-(0H)D3 diets contained 1.67, 3.33, 
5.0 or 40.0 ug/kg of diet. The levels of vitamin D3 and 25-(0H)D3 were 
selected so as to be equivalent on an ICU basis. Research by McNaughton et al. 
(1977) and McNutt and Haussler (1973) had shown that 25-(0H)D3 was about 1.5 
times as active as vitamin D with respect to stimulating weight gain and 
maximizing tibia ash of chic~s. Thus, for this experiment 1 ug of 25-(0H)D3 
was considered equivalent to 60 ICU and 1 ug of vitamin D3 was equal to 40 ICU 
as normally accepted. 

The experimental period was 12 weeks in duration. Individual hen records were 
kept for egg production and egg condition. Eggs were collected at the end of 
each 4 week period for measurement of egg shell breaking strength, fertility 
and hatchability. 

A progeny study was conducted with eggs collected 4 weeks after the beginning 
of the experiment to determine the effect of Vitamin D3 levels in the breeder 
diet on growth of resulting poults. 

RESULTS AND DISCUSSION 

Results for egg production, egg condition, fertility, hatchability, egg shell 
breaking strength and progeny performance are given in Table 1. Egg production 
for the first 4-week period was similar for all treatments, probably indicating 
sufficient vitamin D stores in all hens. Other measured responses also showed 
no treatment effects in period 1. Thus, only results from periods 2 and 3 will 
be discussed. 

Egg production was linearly related to the level of vitamin D3 or 25-(0H)D3 in 
the diet. Production appeared to maximize when hens were fed 5.0 to 7.5 ug 
of vitamin D3 or 5.0 ug of 25-(0H)DJ/kg. However, a comparison of average 
egg production values by hens fed similar levels (ICU/kg) of vitamin D3 and 
25-(0H)D3 indicated that hens fed the 25-(0H)D3 diets had significantly 
(P<0.05) lower egg production in periods 2 and 3. 

From the levels used, the vitamin D3 requirement for egg production appears to 
be 5.0 to 7.5 ug of D3/kg. 

Fertility was not affected by the level or source of D3 used in the diet. 
Hatchability was significantly affected by the level of D3 in the diet and 
reached a maximum when vitamin D3 was included in the diet at 7.5 to 10 ug/kg 
or when 25-(0H)D3 was included in the diet at 5 ug/kg. 

The percentage of broken eggs was reduced to a minimum with the addition of 
5 ug of D3/kg of diet. It seemed that lower levels of 25-(0H)D 3 may have been 

1 
Diamond Shamrock, Cleveland, Ohio 

2 
Upjohn Company, Kalamazoo, Michigan 



more effective in this Supplementation of the diets v.Jith vitamin D 
or 25-
compa:red 

n3 did reduce the percentage of 
to the negative control in 

soft sb.e.11ed eggs v.Jb.eil 
2 but not in period 3. 

Egg shell breaking strength Has maximized by the addition of 7.5 ug 
in both periods. In period 3, supplementation of the diet 
was more effective,on the average, in increasing egg shell 
Tifihen to similar levels of vitamin D1 • _, 

The r:::sults of the progeny study are also 
from the breeder hens were fed a corn-soy 
D~ for 2 weeks after Two week 

Table L 

..) . 1 proiJ ems ,,,ere fewer for progeny from he:r:s vlhich \,vere fed 60 ug of D 
Progeny from vitamin D" treated hens had fec,Jer leg problems and les 
than progeny from the ZS~ Di treated hens. Thus, for best carry-~over 
of vitamin D" from the breeder-diet to the poult 9 10-60 ug of ma.y be 

. J . b d h d" necessary ln the . ree er .en let. 

Summarizing, the requirement for vitamin for egg production, hatchability 
and maximum shell breaking strength in the range of 7.5 to 10 
or 300-400 The requirement for maximum progeny perfm:_·mance 
vitamin D in the progeny diet) was cons 10-60 
than that for egg production. 

The vitamin D metabolite, 25-
D-:> in reducing egg breakage, 
.~) . h ' -b "1" . . J_Ilcreaslllg . atena J_ J_ ,. L\ negatl'•Ie 

to be slightly more potent than 
shell strength, and 

was seen for egg 
and progeny performance ,,yhert breeder hens were fed 25-
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Table 1. Effect of level and source of vitamin D activity on some reproductive characteristics of turkey breeder 
hens and progeny performance. 

1 Source of Vitamin Activity 
None Vitamin D3 25-Hydroxy Vitamin D3 

(ug/kg) 0 2.5 5.0 7.5 10.0 60.0 1. 67 3.33 5.00 40.00 
Level (ICU/kg) 0 100 200 300 400 2400 100 200 300 2400 

% Egg Production 

Period 1 54.5 57.4 45.6 56.5 50.9 48.5 50.4 47.9 49.8 50.1 
Period 2 22.0 37.8 42.0 44.4 34.7 41.7 29.4 36.2 37.9 32.3 
Period 3 8.0 17.3 32.2 37.5 22.8 37.8 13.4 19.0 27.2 23.0 

F ·1· %2 ertl lty, o 90.8 94.0 96.8 94.4 93.2 93.8 97.6 79.0 90.3 79.3 

Hatchability of 2 
49.0 36.3 fertile eggs, % 4.6 13.6 26.3 42.7 43.4 48.1 17.5 19.5 

Egg Condition 

% Broken Eggs 
Period 2 4.2 2.6 0.8 0.7 0.8 0.3 1.3 1.2 0.3 0.7 N 

\..N 
Period 3 3.1 7.3 0.5 0.0 2.2 0.0 0.0 0.0 1.1 1.3 I 

% Soft Shelled Eggs 
Period 2 9.8 11.4 4.8 3.5 7.7 3.2 7.3 6.8 3.8 1.2 
Period 3 6.4 4.6 2.0 0.9 3.4 2.4 8.0 3.3 2.2 0.5 

% Deformed Eggs 
Period 2 9.8 21.5 14.0 4.7 8.1 13.3 8.6 12.7 11.5 14.4 
Period 3 15.9 21.8 9.8 2.9 3.9 12.2 10.9 20.2 2.7 15.3 

Egg Shell Breaking 
strength (kg) 

Period 2 2.86 3.29 4.47 4.93 4.73 5.21 4.30 4.31 4.60 4.58 
Period 3 3.24 3.47 4.88 4.94 4.93 5.23 4.59 4.85 5.16 5.43 

Progeny Perf~rmance 

Body weight, g 167(3) 3 159(10) 147(16) 145(24) 162(20) 204(22) 128(6) 165 (13) 153(10) 178(19) 
Leg Problems, % 60 54 37 46 14 0 63 44 42 28 
Mortality, % 40 17 16 0 5 4 33 19 18 9 

1 
1 ug D3 = 40 ICU; 1 ug 25-(0H)D3 = 60 ICU 

2 
Average of two settings of eggs 

3 












