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Abstract

The possible economic impacts of proposed restrictions on the
subtherapeutic level use of penicillin and tetracyclines and a proposed
ban on use of nitrofurans in poultry rations were estimated for layers,
broilers and turkeys. The 1976 production year was used as the base
period. Changes in output levels and pfoduction costs associated with
changes in production performance accompanying the restrictions were
estimated. Two scenarios were evaluated: one in which it was assumed
that the breeder flock size was held constant and final output was
reduced and one in which there was a buildup in the breeder flock size
and the level of final output remained the same.

The results indicate that each of the proposed restrictions wouid
result in higher costs per unit of poultry produced and probably less
total output. If previous base period output levels were continued after
the restrictions were imposed, average production costs could increase as
much as 1.5 cents per dozen for eggs, 2.0 cents per pound RTC for broiler
meat and 1.5 cents per pound ﬁTC for turkey meat. Total costs of U.S.
poultry production could increase as much as $281.5 million. If previous
base period breeding flock sizes were maintained, poultry industry output
could decreasé as much as 350 million dozens of eggs, 1.1 billion pounds
RTC broiler meat and 174 million pounds RTC turkey meat. Total production

costs, however, could also decrease as much as $269.1 million.



Economic impact of Restrictions on Use
of Feed Additives in the
Poultry Industry
William L. Henson*
Introduction

Animal and poultryfrétiQns haVe been supplemeﬁted with feed
additives for about 25 yearé. These additives'have been credited
with redu;tions in morbidity and mortality and improVements in growth
rates and feed efficiency. The’exact nature of the process from which
these benefits are derived has not been completely determined. It
varies among species, strains, types and dosages 6f additives, environ-
mental conditions, animal health conditions, management techniques 'and
other conditions of productiog.

Peniqillin, tetracyclines and nitrofurans are three types of
agents often added to poultry rations. In the tetracycline group,
chlortetracycline and oxytetracycline are the most commonly used.
NF4180, furazolidone, is. the most commonly used agent among the nitro-
furans. . This study includes estimates of fhe impacts of propésed
restrictions on subtherepeutic level additions of penicillin,
chlortetracyéliﬁe and oxytetracycline to poultry rations. Estimates
of the possible impact of a proposed complete ban on the addition of
nitrofurans arevalso presented. The major effects of these restrictions

would be increased feed conversion rates and changes in the 1evél_of

* ' - :
: Agricultural Economist, N.E.D., E.S.C.S., U.S.D.A. stationed
at University Park, Pennsylvania 16802. - ‘



inputs used in the production process which will affect costs per
unit of output. Since some feed additives have a diséase suppression
function, changés in mortality and morbidity rates would also be
expected.

Subtherapeutic uses of some animal drugs, including penicillan
andvtetracycliﬁes, are being questioned by legislativevauthorities. (56)
There is evidence that their use in animal feed may be 1inked‘to
development of drug resistant strains of certain organisms which could
make use of these drugs. for treatment of human health probleﬁs less
effective. Proposals to restrict the use of nitrofurans result from
findings that these’agents produce tumors in laboratory animals. The
possibility of fesidue in human foods raises questions whether their
use:hianimal feeds poses a human health threat. The U.S. Senate
Committee omn Agriéulture,‘Nutrition and questry requested‘analysis
of the‘economicjconsequences of certain proposed and potential
restrictions on animal drug use. The U.S. Depértment~of Agficulture
conducted an analysis inciuding‘estimates of impacts of the‘restrictions
on all major meat and poultry subsectors. (56) This is a report on
the development of the estimates of initial impacts of the restrictions

on the poultry subsectors.

Procedure

Supplementation of poultry rations with one or more feed additives
at various stages of production is a routine practice for many producers.
There are others who feed supplemented rations periodically in response

to temporary conditions such as health or performance of an individual



' flock or diagnosis of a disease prevalent in the area. The exact

~ frequencies or levels of use associated with specific,additives, species
and stages of production are not generally available. The availability
of data on the effectiveness of some of.these drugs in field use is

also limited.

In this study, tetracyclines refet to chlortetracycline and
oxytetracycline only. In all instances restrictions on feed sopplementa—.
tion with peniCiilin or tetracyclines were assumed to be associated
with use at subtherapeutic levels. Restrictions on supplementation
with nitrofurans were essumed to be associated with all levels of
use. Possible.modifications of impacts because of interactions of
effects among additives or substitutability among additives or between
additives and changes in management practices could not be accounted for
due to data limitations. |

Economic impacts of the proposed restrictions were estimated for
three poultry sobsectors: eggs, Broilers and turkeys. The 1976
production period was used as the base production period. The methodology

used in the study included:

1. Estimation of the proportions of birds which in the base
period received rations supplemented with additives included
“in the proposed restrictions. :

2. Estimation of changes in production performance associated with
- use of additives included in the proposed restrictions among
birds which received rations supplemented with these additives
in the base production period.

3. Description of output levels, production costs and production
performances of all poultry flocks during the base production
period. :



4.  Estimation of output levels, production costs and production:
performances of all poultry flocks which would have been
expected if the proposed restrictions had been in force in
the base production period. Estimates were made for two
possible industry reactions to the restrictions: a) no change
in breeder flock sizes and a decrease in final output and
b) an increase in breeder flock sizes and flock replacement
rates so that the level of final output was constant.

5. Comparisens of output levels, production ‘costs and production
performance described in step 3 with those estimated in step 4.

Proportions of Poultry‘Receiving Feed Additives

Data on proportions of Ehe poultry flock receiving specific feed
additives were Qbﬁained from a:privete research.fifm (19) and a survey
df pqultry seientists. Data from the private research firm are not
available for publication in raw form. The survey of poeltry scientists
included personal_inter#iews of reseafchefs in the Agricultural Research
Service, U.S. Department qf Agriculture, and pereonal and telephone
interviews Qith other researchers and exteesion specialisté>at

several state Agricultural Expefiment Statione.: Resﬁlts of the survey
of poultry ecientists are sﬁmmarizedvin Appendix Tables A-1 through
A-7. A

Based on data from these sources, representative estimates of
percentages of birds receiving rations‘supplemented with additives
included in the proposed‘restrictiens were.seleeted-fer use in the
study. In theeselection process, the heaviest weight was given to
data supplied‘by the private research firm since therekwere resuits
of field SQrveys sﬁecifically designed to‘cellect the desired informa-

tion. Substantial weight was also given where there was a consensus

among poultry scientists. Where these criteria did not provide a



basis for selection of an estimate, most weight was given to data
supplied by scientists who were associated with major production

areas for the relevant species or subsector.

Performance Response to Feed Additives

Flock performance rates which were assumed to be affected by the
proposed restrictions were:

Mortality rates

Egg production per breeder or layer
Reproductivity (hatchability/fertility)
Chick or poult grow-out rates

Feed conversion rates

Condemnation rates

O~ N

The responsiveness of poultry production performance to use of
additives in feed rations varies among farms and among flocks on a
given farm. In this study, average response rates were estimated for
(all farms on which each additive group was fed.

The initial source of data was a review of literature from the

Poultry Science Journal. Rates of response to use of various feed
additives in poultry rations have been subjects of many research
studies. However, a large proportion of these studies was completed
over twenty years ago. The validity of using results of these earlier
studies to estimate current performance response is subject to ques—
tion since many poultry production conditions have changed. 1In the
review of literature, emphasis was placed on reports published since
1960. Caution is also warranted if a group of results of scientific
research is used as a bas;s for estimating response rates under field:
conditions. Most research is conducted in controlled environments

with regulated disease exposure and relatively small numbers of birds.



Sources of stress on the birds are also generally contfolled snder
experimenfalyconditions.e Commercial poultry production, however, is

‘ usually conducted ﬁnder high density, large flock cenditions. Limiting
disease exposure is sometimes difficult if not impossible. ‘Certain
sources of stress, such as ehanges in weather, are often beyond the
vpoultry producer'sﬂcpntrol; The results‘of the review of literature,‘
summarized‘in the Appendix; were used only as guidelines and as
supplements to data collected in the survey of poultry scientists
mentioned above.

Results of tﬁe‘survey of poultry scientists provided the primary
source of dsta on performance responses used in this study. In the
survey, the respondents Qere appraised of the ptopesed restrietions.
Estimates, by'species, of percentages of improvement in certain
production perfbrmances‘associated with each additive group among
those birds which received supplemented rations during the base

production period were requeSted. The respondents were instructed

|
1

to assume:
1. The effects of each additive group were independent.

2. Noysubstitutes for the additives were available.

The results of the survey are summarized in Appendix Tables A-1 through
A-7. ‘7

A1l survey-respoﬁdents provided ranges of estimates of responses
of pfodﬁction performances to use of feed additives; Tt was concluded,
based on follow-up COntaets,with the survey participanfs, that

evaluation of two possible impact levels would be more appropriate

than evaluation of impacts based on the averages or mid-points of the



ranges. In this study, a moderate response scenario was evaluted
based on estimates in the lbwer'pafts of the ranges and a high resp§nse
sceqarid was evéluated based on estimateé in the upper parts of the
ranges. The response rates uégd in the study fepresent those most
frequéntly estimated‘by the‘poﬁltry scientists. Déta from the review
of literature were used as a baéis of evaluation of‘survéy results.
Where differenceé in data from the two sources couldbnot be accounted
for by experimental procedﬁrés, follow-up contagts,with survey
‘respondents'and other poultry scientists were_used to increase the
level of confidence in the accuracy of the estimétes.

It should‘be noted that nitrofurans when fed to layers presented
a special éaée.” It is illeg;i to feed nitrofurans to hens prqdﬁcing
eggs for shell egg cpnsumption. Also, some resﬁondénts reported that
| the use of nitrofurans in rations fed to laying flockskcould be
accompanied by decreases in egg production ﬁer bird. Supplementation
of breeder rations with nitrofurans, however, may yet be justified
on the basis of other performance improvéments such as reduced
mortality. This "insurance" function may be of particular impoftance
to managers of breeding flocks whose individual birds may'have higher
values than those of manégers of table egg or méét turkey flocks.
*This special case was accounted for by allowing the ban on use of
nitrofurans to be accémpanied by possible increases in rate of lay

of breeding flocks in one scenario.

Sub-Sector Output and Performance: Base Year ,

Certain descriptive data for the base period were available in

published statistical reports. (54, 56, 57) ‘Hatching and bird placement
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data were lagged to account for time intervals,between'setting eggs

and chick or poult placement and between bird placement and availability

of output for marketing. Data from statistical reports included:

1. Egg Subsector -

A.

B.

G.
H.

Number of eggs used for hatching, July, 1975 through
June, 1976.

Number of egg type chicks hatched, August, 1975 through
July, 1976. v

Number of eggs produced per layer, 1976.

Number of layers on hand first of each month and ‘annual
average, 1976,

Total number of eggs produced, 1976.

Mature chickens slaughtered, 1976, total number and
average liveweight. ‘

Condemantion rates for mature chlckens slaughtered, 1976.
Ready-to-cook weight of mature chickens certified, 1976.

2. Broiler Subsector

A.
B.
C.

D.
E.

Number of broiler type chicks hatched, November, 1975,
through October, 1976. )

Number and average live weight of broiler chickens
slaughtered under Federal Inspection, 1976.

Condemnation rates for broiler chickens slaughtered, 1976.
Ready-to-cook weight of broiler meat certified, 1976.
Broiler breeders slaughtered,’'1976, total number.

3. Turkey Subsector

A.
B.

C.
D.

Number of poults hatched, August, 1975 through June, 1976.
Number and average liveweight of turkeys slaughtered under

* Federal inspection, 1976.

Condemnation rates for turkeys slaughtered 1976.
Ready-to-cook weight of turkey meat certified, 1976.

Initial estimates of base flock performancé rates were calculated

by using data from a poultry management manual (15), several other

recent publications on industry performance (4,'24, 33, 55) and

‘unpublished results of recent industry surveys. Published standards

of performance for poultry production, however, are often target rates

rather than those obServed in the field. Differences also often occur

between published statistical series and expected performance rates.

In broiler production, for example, based on data in published

statistical series for November, 1975 through December 1976, estimated



growout mortality was 5.29 percent of the number of chicks housed,
Expected mortalitj based on ' a recent,pnblication in‘which industryj

‘ perfornance was described waS'S to 5 percent. (4). Broiler mortality
on a‘grOup of farms included in a recent survey was about 2 percent.
Several reasons for the differences are possible. The proportion of
broilers slaughtered outside of Federal inspection, though it is‘
relatively small, is gnot accounted for in aggregate statistics.
.Basic target standards for andvperformance of individual operations
niffer from industry performance since oyerall industry losses include
catastrophic losses such as entire flocks. Also, statistics on birds
slaughtered may be more accurate than those on chicks housed.

In this‘study, where feasible, base performance.rates were
calculated from data in statistical reports. An adjustment was made
if, in the author's opinion, the difference between pﬁhlished
standards and avcalculated performance was‘toohlarge to be explained.

‘1; Egg production subsector

It was assumed that productlon per egg type breedlng hen was
235 eggs, mortality for the production period was 22 0 percent of the
average number of breeders on hand and the nnmber~of chicks hatched was
_‘82.8 percent of the‘nnmber of eggs used for'hatching. It was also
assumed that 70.0 percent of the eggs~produced‘hy‘breeding hens were
used for hatching while 30.0vpercent were sold for other uses. These
assumptions)provided the;basis for calculation of the nunber'of eggs
used for hatching and the number of breeders needed to produce those
eggs. The number’of egg—type hens slaughtered was calculated by

subtracting the number of broiler breeders slaughtered from the total
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number of mature chiékens slaughtered. The egg type breéding flock

ﬁas 1.5 percent of‘the’total egg type laying flock thus the number of
egg type breeders slaughtered was assumed to be 1.5 pércent of the

" total number of‘egg typé mature chickens slaughtered. éiVen the rates
of breeder‘mortality andvslaughter, a breeder replacement réte was
calculated to maiﬁtain the’required breeder flock size. The number of
egg type pﬁllet chicks h;tched was assumed fb,be 50 percent of the‘

' egg type éhicks hatched. ‘It was also assumed that pullet growout
mortality was 6.0 percent of chicks housed aﬁd 90.0 percént of the
pullets raised to five months old were housed as breeder or layer
replacementé. The culls were salvaged as meat, however no value for
salvage was entered in the calculations. The number of pullets housed
for layer replacements was‘calculated by subtracting. the number of
pullets housed for breeder replacements from the total number of pullets
housed. Layer’house mortality for the production period was assumed

to be 16.1 percent of the éverage‘number ofjlayers on hand. Calculation
of the number 6f layeré élaughtered was explained above. Total floék
depletion wasvnot‘accounted for by slaughter and théAestimated rate

of mortality. The difference was accounted for as "Othér Losses" to
avoid exagefation of the mortality rate. ‘The number of eggs produced
for shell egg use was calcglated by subtracting the number’of éggs‘

used for hatching4from the total number’of eggs produced. Egg‘production
per layer was calculated by dividing the number of eggs produqed by»l
the average number of layers on hand producing eggs for shell egg use.
Average live weight of spent layers and breeders slaughtered was

assumed to be 4.37 pounds per bird, the average live weight of mature
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chickens inspected duringvl976. The yield of réady;to—cook chicken was
caiculated by dividing the number of ready—to—céOk pounds of mature
chicken certified‘wholesome-in 1976 by the>nuﬁber‘of net pounds
liveweight inspected. Net pounds li&eweight inspected was calcﬁlatéd
- by subtracting sléughtéring piant condemantidns from tofal pounds
iiveweight inspected. rThe’readi—to;cook yield for Both breeders and
spent layers was 65.9 percentvéf net‘pdun&s'livewéight inspected.
| 2. Broiler production subsec;of

‘It was assumed ﬁhat annual production‘per meaﬁ type breeding hen
was 150 eggs, annual mortality Waé 17.5 percent of the average number of
breeders on hand and the numbe; of chicks hatched was 81.8 percent of
the number of eggs used for hafching. it was also assumed that 90;0
percent‘of the number of eggs prqduéed by breeding hens were used for:
hatching while 10.0 percentbwere.soid in the sheil egg market. These
' assumptions provided tﬁe basiSvfdr‘calculation of the number of breeding
hens needed. A broiler'breeder hen replacement rate was .calculated
to maintain the required breeder hen flock size. Mortality among
breeder replacements waé assﬁmed to be 6.0 percent of the number of
chicks houééd‘and 90.0 percent of‘feplacements grown éut weré assumed
v 'to‘be housed aé replacement hens. The nﬁmber of breeder replacement
‘chicks was subtracted from the total numBer‘df meat type chicks hatched
and the remainder'was the éstimate of‘the number of broiler chicks

housed.* The mortality rate was calculated by dividing the number of

*The number of chicks hatched for broiler breeder replacements is
actually included in the égg type chick hatch total. This was not noted
in the data report used.
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young chickens iﬁspééted by the number of broiléf chicks housed. The
percentages yield of liveweight inspected for broilers and broiler
breeders were calculated by use éf the procedure describéd for |
calculation of yield from spent egg layers slaughtéred. Readyfto;copk
yieldswere 65.9 and 73.8 percent for broiler breeders and young chickens
respectively. |

3. Turkey‘ptoduction subsector

There were fewér statistical series available for the turkey
subsector than for the‘egg and broiler sﬁbsecfors. It was necessary to
rely mofe heavily on‘information obtained from the poultry scientists
and data from descriptive pﬁblications to provide a foundation for
description of base périodléufﬁut in thé turkey subsector. To
accomodate use of those statistical series évailable, turkey production
data were caléﬁlated separately for light and heavy breeds. ;Also,
slaughtef data were calculated‘separately for fryer/roasters and
young/old turkeys. Fryef/roaster‘slaughtér data were combined in
statistical reports. Youﬁg‘and‘bld turkeyé weré combined in this
study since old turkeys qsuall&»fepresent less than l.d‘ﬁercent of
total turkey production. It was assumed that énnual turkey breeder
mortality was 15.0 percént éf the average number of breedérs on hand,
annual production was 160.0 eggs per breeding hen and 90.0 percent of
the eggs produced werébused‘for hatching. It was also assumed that

the numbers of poults hatched were 67.3 and 71.9 percent of the

‘

numbers of eggs set for 1igﬁt and heavy breeds respectively.  Given

these assumptions and reported numbers of‘pbults hatched, the size

of breeder stock and breeder flock replacement and depletion rates were
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estimated. The growout ﬁortality rate among_breeder réplacements was
assumed to be 6.0 percent of the nuﬁbe; of poults housed. ‘It was also
assumed poults housed for breeder replacement céuldfreadily:be sold as
meat birds'after-gfowout thus no allowance was made for housing less
than 100.0 percent of replacements grown out. Among turkeys placed

for meat, the growoﬁt period was separated into two intervals, the first
8 weeks‘and 8 weeks—to—mérket age. This wﬁs.td account for differenées'
in resp&nse to feed additives between young poults and oldér turkeys.

It was also to account for differenceé in agé and weight at marketing
between light and heévy breeds. During the first 8 weeks of turkey
growout, the:mortality rate was assumed to be 4.0 percénﬁ of the number
‘of poults housed. Liveweights at 8 weeks 61& were assuﬁéd to be 4.0
‘and 5.0 pounds per bird for 1igh; Breeds aﬁd heavy breeds respectively.
Mértality :ateé among birds 8 weeks éld to market age were assumed

to be 3.5 and 6.6 percent of the numbers of S week old light Ereed

and heavy breed tque&s respecﬁively;, Weight gains from 8vweeks old

to markef agé were 5.2 and 14.3 pounds per Birdifor‘lighﬁrand heavy
breeds respectively. Livéweiéht of breeders slaughterédfwas assumed

to Eé 19.3,pogﬂds per bird for all breeders slaughtered. The calculated
readyéto—cbbk yield was 81.3 ﬁercent of net live wéight‘pounds
' insbectedvfor all turkeys siaughtered. Netfpoundsiinspected was
defined under discussibn‘of the‘egg subsector.

Subsector Output and Performance Under the Proposed Restrictions

"It was assumed that supplementation of poultry rations with feed
additives resulted in changes in production performance among only

~ those birds which received supplmented rations. The changes were .
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assumed to fesult in average production‘performance rates amoeg affected
_birds equal to those among all other birds. |

By subsecfor and edditive group, data on performance response to
feed additives and base period performance rates were used to calculate
performance rates expected among affected birds if the proposed
restrictions‘had beenin force during the base production period. For
example, among‘pqults up to 8 weeks old, it was estimated that the
use of nitrofurans in feed rations, high response, was associated with
60.0 percent decrease in percentage mortality among those poults fed
supplemented raﬁions. The: base production period mortality rate for
all poults was 4.0 percent of the number of day old poults housed.
If the proposed restrictions on use of nitrofurans had been in force,
based on the high fesponse estimate of the efficacy of nitrofurans,
expected mortality among affected poults would be 10.0 percent of day

old poults housed. This was calculated as follows:

M. =M, +bM

1 2 2
where Ml' = average mortality rate. for poults up to 8 weeks old during
the base production period (4.0%) expressed as a fraction
(.04). '
',Mz = expeeted average mortality rate for affected poults up to 8

weeks o0ld if the ban on use of nitrofurans had been in force
“expressed as a fraction.

b = percentage change in M, associated With use of nitrofurans
in poult rations, high response (-60.0%) expressed as a
fraction (-.60).

therefore .04

M, + (-.60 M,)
.04 = .40 M,
M, = .10

2
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Ind;stfy avérage'expected»performance rates, assuming the proposed
restriétions had been'iﬁ force were caléulated as weightedmavefages of.
rates for‘ﬁhgffected birds and those expected for affected birds.
Continﬁing wifh ﬁhg'examﬁlg above, it was estimated that 90.0 percent
of allnpoﬁlts np t6,8_weeks old received rations supplemented with
ﬁitrofurans, Thus 90.0 percept'of all poults would be affecfed biras
ran& 10f0 peréeﬁt:WOuld be unaffécted. If the proposed restrictions
on use of,nitfofurans‘in poqltry rations had beenvin force the expected
industry average mqftality rate amoﬁgvpouits up to 8 weeks old would

have been:

'M3 = PlM1 + P2M2

industry average expected mortality rate among poults up
to 8 weeks old if the ban on use of nitrofurans had been
in force expressed as a fraction.

where M3

‘ P, = percentége of all poults up to 8 weeks o0ld which did not

1 receive rations supplemented with nitrofurans during the
base production period (10.0%) expressed as a fraction (.10).
’Pz = percéntage of all poults up to 8 weeks old which did receive

rations supplemented with nitrofurans during the base produc-
tion period (90.0%) expressed as a fraction (.90).

Ml andlM2 = defined above,

therefore M

3 = (.10 x .04) + (.90 x .10) = .0940

It was assuﬁéd that the proposed restrictions were in force during
the‘base pfbduction period. For each subsector and additive group,
industry average ekpected performance rates with the pfdposed restrictions
iﬁ force wére suBstitute& fdr those used to describe éutput and perfor- |

mance in the base production period.
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Asseiing the rate df‘breeder flock replacement in each subsector
didtnot change from that in the base prodﬁctidn period, expeeted
changes in levels of final‘output associated with the proposed
restrictions were ealculated. "In anoeher seenario considered, it
was assumed'the impositioﬁ of the propeéed restrictions was accompanied
by‘changes in sizes 6f breeder flocks and replacement rates to maintain
base period final output levelé; Estimates of‘ehanges in flock sizes
required because of the differenceSfin‘performaﬁce”rates were. calculated.
In both instances,”changes were calculated based on both the moderate
and highefesponse eetimates of effects of each feed additive gfoup

on production performance.

Feed Use and Cdsts of Production

'\EetimAtes of feed conversidn‘rates for the base production period
‘were included in the‘data collected in the survey of pdultry.scientists.
These data, supplemented with data from a poulﬁry management manual (15)
and other publications on'industry performance (4, 24, 33, 54).were
used wifh’base productiqn period output levels to estimate quantities
of feed used in each subsector of the poultry industry. Changes in
feed conversiqn rates'associated with theeproposed,restrigfions were
calculeted for each.addifive group and production subsector. ' Industry
average expected feed cehversioh retes, assuming the proposed
restrictions had been in force, were celculated-usiﬁg the same
methodology used for;other prodﬁction performancekrates. These
expected feed conversion rates were used with expected output levels
associated'with the proposed restrictions and»changes'in total feed
use and feed use ﬁer ﬁnit‘of output were estimated for each additive

~‘group and production,subsector.
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Productioh coéfs were also calculated for each production subsector
for the base production period based on data from the same sources
supplemented with unpublished data collected in recent industry
surveys. It was assumed that imposition of the proposed restrictions
would effect feed costs only. There would be little, if any change
in total industry costs of inputs othér than feed, for example housing,
equipment and labor costs. This is particularly true in production
periods closely following impositioﬁ of the proposed restrictions.

It was also assumed that feed prices would not Change because of
imposition of the propésed}restrictions. Additive cost is usually
a minor ingredient cost. Furthermore, those birds fed rations
supplemented withiadditives usually did not receive additives in all
of their feed. Changes in total costs and cost per unit of output
associated with each proposed restriction and production subsector

were calculated and compared with costs estimated for the base

production period.
Subsector Changes Associated with the Proposed Restrictions

Egg Production Subsector

Percentages of birds in the egg production subsector which were
estimated in this study to have received rations in the base period
suﬁplemented with additive groups included in the proposed restrictions
are reported in Tables 1, 2 and 3. Data are reported for breeders in
Table 1, replacement pullets’in Table 2 and table egg laying hens in
Table 3. Table egg laying hens include all laying hens except breeders,

The tables also include estimated percentages of improvement in base



Table 1.

4
A
e

Frequency of Use and Rates of Response to Use of Selected Feed Additives and Production

. Performanqe, 1976: Chickens, Breeders, 5 Month 0l1d and Older, Egg and Meat Type..

Additives
‘ 7 Penicillin - Tetracyclines '~ Nitrofurans
Percentage of birds using =~ 10 40 ‘ 20

Response Level

Moderate High Moderate High Moderate High

" Percentage Improvement'

Effect on birds using:

Reproductive performance - 3 “10 | 5 10 -3 10
Feed efficiency | » 4 8 4 -8 -1 3
Mdrtality : 2 5 2 7 1 2
Condemnations 1 2 | 1 ‘ 2 ' 1 7 2

Base performance rates

-

2)
3)

- 4)

Reproductive performance = 7 eggs produced per hen used for hatching times egg produced
per hen times fertility, hatchability percentage.

Egg type breeders = (.70 x 235.0 x .828) = 136.2

Meat type breeders = (.90 x 150.0 x .818) = 110.4

Feed efficiency: Broiler breeders: 42.4 tons per mo. per 9,100 breeders on hand.

Egg type breeders: 32.2 tons per mo. per 10,000 average layers on hand.

Mortality = % average breeders on hand.

Egg type breeders = 22.00%Z; Meat type breeders = 17.52%

Condemnations: Ante mortem = .94% of 1bs. inspected live weight,
Post mortem = 4.22% of 1lbs. inspected live weight.

8T



Table 2. Frequency of Use and Rates of Response to Use of Selected Feed Additives and Production
Performance, 1976: Replacement Chicken Growout, Egg Type, 0-5 Months 01d.

Additives
Penicillin Tetracyclines - Nitrofurans
Percentage of birdS‘usiﬁg o 20 30 20

Response Level

Moderate- High Moderate  High Moderate  High

Percentage Improvement

Effect on birds using:
Feed efficiency : ' 3 6 4 - 8 2 5

Mortality ‘ 8 12 10 15 2- 30

Base performance rates S
1) TFeed efficiency: Broiler breeders: 156.5 tons feed per 9,100 replacement pullets.
Egg type breeders: 94.0 tons feed per 10,000 replacement pullets.
Egg layer: 83.0 tons feed per 10,000 replacement pullets.
2) Mortality: 6.0% of chicks started.

6T



Table 3. TFrequency of Use and Rates of Response to Use of Selected Feed Additives and Production
Performance, 1976: Table Egg Laying Hens, 5 Months 0ld and Olider.

Additives
Penicillin Tetracyclines Nitrofurans
Percentage of birds using - - 10 ' - 20 ‘ illegal

Response Level

Moderate High Moderate 'High Moderéte High

Percentage Improvement

Effect on birds using:

Egg production : 5 1d 5 10 - -
Feed efficiency | 4 8 4 8 - -
Mortality » 2 5 ‘ 2 7 ._ -
Cohdemnations | : . 1 2 1 2 - ‘ -

Base performance rates
1) Egg production: 246.6 eggs per layer on hand per year. o
2) Feed efficiency: 4.3 1bs. feed per dozen eggs produced = 88.4 lbs. feed per year per average
- layer on hand.
3) Mortality = 16.08% of average layers on hand.
4) Condemnations: Ante mortem = .94% of 1bs. liveweight inspected.
Post mortem = 4.22% of liveweight pounds inspected.

. 0¢
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performence rates essociated with use nf each additive group.

The tetracycline additive group was the one most frequently used
in the egg production'subsector at each stage of produetion. Among
meture,birds; this additive group's largest impact was on reproductive
performance which inclndes rate of lay, hatchapility and fertility.
Its impact on feed efficiency ie'a reflection of the impact on rate
‘of lay. Among replacement pullets, nitrofurans were used less
frequently than tetrecyclines however, when used they were more
effective in reducing‘mortality rates. ﬁitrofurans were not fed to
table egg layers, however, in the moderate‘response scenario, when
they were fed to breeding hens their nse was associated with decreases
invprdductive performance and feed efficiency. ‘Effects of all
additive gronps on condemnation rates were minimal for both spent
layers and breeders. ‘

Base production period output data for the egg subsector are
summarized in'Teble 4. Row labels of production performance rates
are indented for identificatien.i Table 4 also includes estimates of
expected output -and performance of.the subsector if the proposed
restrictiens:en usefof tetracyclines in poultry rations had been in
force. Expected'output‘end performance were calculated based on
high‘effieiency eetimatestof response to use of tetracyclines. This
detailed table is presented es an aid in interpretation of data
included in‘other tebles;’vBase period data in Table 4 would Bé the
same in Tables 5 and 6 and will not be repeated. Nor will most data
assumed tn,have remained the same when the restrictions were imposed

be repeated in Table 5 and 6. These data include initial breeding



Table 4.
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Effect‘of Banning Sub-therapeutic Level Feeding of Tetracyclines
in Poultry Rations on U.S. Annual Egg Output,

High Response.

Tetracyclines Restricted

certified (mill.)

- 1976 Base Breeder-
" Base -Maintained Base Output
Data ~ Replacement Maintained
Egg type breeder hens 1st of month " :
(mill.) - 3.44 3.44 : 3.44
Breeder hen replacements (mlll ) 2.92 2.92 3,43
Breeder hen slaughter (mill.) = 2.16 . 2.16 : 2.16
Mortality (% ave..breeders) 22.06 22.67 22.67
Breeder Mortality (mill.) .76 .78 ' .87
Average breeder hens On hand
(mill.) 3.44 3.42 3.84
Eggs per breeder: (no ) 235.0 226.5 226.5
Eggs set (mill.) 565.9 542.2 - 608.8
Hatchability, fertlllty . o
(% eggs set) 82.80 79.80 79.80
Pullets hatched 234.3 "216.7 242.9
Grow-out mortality .
(% pullets hatched) 6.00 6.32 6.32
Egg layers on hand lst of month o
(mill.)" 239.2 239.2° 239.2
Replacement hens housed (mlll ) 195.3 179.8 201.1
Spent layers slaughtered ' .
(mill.) 148.8 148.8 148.8
Mortality (% ave. layers) 16.08 16.32 ‘ 16.32
‘Layer Mortality (mill.) 38.46 36.79 39,77
Other losses (mill.) 8.04 8.04 8.04
Average layers on hand (mill.) 239.2 225.4 243.7
Eggs per layerc (no.) 246.6 242.1 242,1
Eggs produced (mill. excl. ‘ ;
" breeders) . o 58,998.6 54,569.3 58,998,6
Percentage change from base ~7.51 '
Egg -type hatching eggs sold .
(mill.) 242.5 232.4 261.0
Broiler type hatchlng eggs sold ]
- (mill.) 471.8 452.9 514,8
Total eggs avallable (mill.) 59,712.9 ©55,254.6 59,774.4
" Percentage change from base - o -7.47
' Lbs. breeders inspected - :
(mill. liveweight) 9.44 9.44 9.44
Ante mortem condemn. (%) . - .94 .95 .95
_ Post mortem condemn [¢4 4.22 4,25 4 25
Lbs. spent 1ayers 1nspected ' ‘
(mill. liveweight) 650.3 '650.3 650,.3
Ante mortem condemn. (%) .94 .94 . .94
Post mortem condemn, (%) 4,22 4,23 4.23
R.T.C. 1bs. 412.3 412.3

412.3
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stocks, numbers of spent layers and breeders slaﬁghtered and layer
flock depletion other than slaughter and‘mortaiity.

Tableé 5 and 6 include summaries of expected output and industry
average performénéebrates associated with the proposed restrictions for
the egg production'éubsector. The data in Table 5 were calculated
assuming breeder replacementé fates under the proposed restrictions
were the same as those in\the base prodﬁction period.  The effects
of changes in production performance rates are reflected ih changes
in final output levels. Thé data in Table 6 were calculated assuming
impositidn of the‘restrictions was accompanied by changes in breeder
and layer flock replacement rates and the number of léyers on farms
so that the level of final output in the‘base production period was
maintained. |

Based on the data in Tables 5 and 6 also, the proposed restrictions
on use of tetracyclines in poultry rations would have the greateét
impact on. the egg production subsector. Under this restriction, with
no increase in the numbéf of layers on farms, egg production excluding
hatching eggs, decreased aé much as 7.51 percent. To maintain base
period output, the size of the‘breeding flock was required to increase
as much as 11.63 percent though the size of the laying flock was only
required to increase by 1:88 percent. Théugh the restriction on use
of tetracyclines was‘accompanied by negative impacts on all production
performancé.rates; the‘félatively large increase in breeding flock
size was required mostly to offset the increase in mortality rates

during replacement pullet growout. The ban on nitrofurans had the least



Table 5. Performance Coefficients and U.S. Egg Production Levels Associated with Proposed Restrictions
on Use of Feed Additives in Poultry Rations, 1976 Breeder Replacement Rates.

certified (mill.)

3

Ban at Sub-therapeutic Levels Ban on
Penicillin Tetracyclines Nitrofurans
Moderate High Moderate  High Moderate High
Response- Response Response Response Response Response
Breeder replacements (mill.) 2,92 2.92 2.92 2.92 2.92 2.92
Mortality (% ave. breeders) 22,04 22,12 22.18 22.67 22,04 22.09
Ave. no. breeders on hand (mill.) 3.44 3.44 3.44 3.42 3.44 3.44
Eggs per breeder (no.) 233.9 232.9 230.5 226.5 236.5 230.7
Hatchability, fertility (%) 82.40 82.00 81,20 79.80 83.30 81.30 -
Pullets hatched (mill.) 232.0 229.9 225.3 216.7 237.2 225.8
Growout mortality (%) 6.10 6.16 6.20 6.32 6.30 © 6.51
Ave. Layers lst of Month (mill.) 239.2 239.2 239.2 239.2 -239.2 239.2
Pullets added (mill.) : 193.1 191.2 187.3 179.8 197.1 187.1
Mortality (% ave. layers) 16.08 116.20 . 16.20 16.32 16.08 16.08
Ave. no. layers on hand (mill.) 237.3 235.4 232.1 225.4 240.7 232.1
Eggs per layer (no.) 245.4 2444 244.3 242.1 . 246.6 1246.6
Eggs produced (mill. excl. hatching) 58,233 57,532 56,702 54,569 59,357 57,236
Percentage change ‘ -1.30 -2.49 ~-3.89 ~7.51 L 4.61° -2.58
Eggs available (mill.) . : : '
Incl. egg type. hatching sales 58,475 57,772 56,940 54,802 59,601 57,474
Incl. egg and broiler hatching sales .. . 58,944 58,239 57,403 55,255 . 60,075 57,937
Percentage change -1.29 -2.47 ~3.87 -7.47 +.61 -2.97
‘R.T.C. 1lbs. spent layers and breeders : .
412.3 412, 412.3 412.3 412.3 412.3

7



Table 6.

Performance Coefficients and Flock Replacement Rates for the U.S5. Egg Production Subsector

Associated with Proposed Restrictions on Use of Feed Additives in Poultry Rations, 1976

Egg Production Rates.

Ban at Sub~therapeutic Levels Ban on
Penicillin Tetracyclines Nitrofurans _
Moderate High Moderate High Moderate High
Response Response "Response Response Response Response
Breeder replacements (mill.) 2.99 3.07 3.17 3.43 2.88 3.11
Percentage change ' +2.40 +5.14 +8.56 +17.47 ~1.37 +6.51
Mortality (% ave. breeders) 22.04 22,12 22.18 22.67 22.04 22.09
Ave. nc. breeders on hand (mill.) 3.50 3.56 3.64 3.84 3.41 3.60
Percentage change +1.74 +3.49 +5.81 +11.63 -.87 +4.65
Eggs per breeder (no.) 233.9 232.9 230.5 226.5 236.5 230.7
Hatchability, fertility (%) 82.40 82.00 81,20 79.80 83.30 81.30
Pullets hatched (mill.) 236.0 238.1 238.6 242.9 . 235.0 236.0
Growout mortality (%) 6.10 6.16 6.20 6.32 6.30 6.51
Ave. Layers lst of Month (mill.) 239.2 239.2 239.2 239.2 239.2 239.2
Pullets added (mill.) 196.7 197.8 198.2 201.1 195.3 195.3
Percentage change +.72 +1.28 +1.48 +2.97 .00 .00
Mortality (% ave. layers) 16,08 16.20 16.20° 16.32 16.08 16.08
Ave. no. layers on hand (mill.) 240.4 241.1 241.5 243.7 239.2 239.2
Percentage change +.50 +.79 +.96 +1.88 .00 .00
Eggs per layer (no.) 245.4 2444 244.3 242.1 246.6 246.6
Eggs produced (mill. excl. hatching) 58,999 58,999 58,999 58,999 58,999 58,999
Eggs available (mill})) , v

Incl. egg type hatching sales 59,244 59,247 59,250 59,260 59,241 59,248
Incl. egg and broiler type hatching sales 59,724 59,732 59,743 59,774 59,714 59,739

G¢
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vimpacf on the egg productiéﬁ subsector though it had the greatest
effeét on mortaiity rates duriﬁg pullet growout. This waé becauSe
nitrofurans were nét,fed to the laying‘floék and‘the impact of their
use on breeder flock pérfdrmance‘was relatively_low. In fact,'sihce
the ban onvﬁse of nitrofurans based on moderate response estimates
was accompanied by incréased industry average reproductive performance,
in that scenario the final output level actually increased at base
production period replacement rates. Conversely, the base period
output level could be maintained with a slightly iower rate of
breeder flock replacements aﬁd number of iayérs'oﬁ farms in this
scenario.

Estimates of féed‘convefsion rates and total feed ﬁse/in tﬁe egg
production subsector for the base préduction period and rateé and use
expected if the restrictions had been imposed aré reported in Table 7.
in most instances, at base period breédgr replacement rates, the
restrictions were accompaniedvby decreases in totallfeed used but
increases in.feed used per dozen eggs produced. Total feed used
decreased 4.3 percent when usé of tetracyclines was restricted and
high efficiency estimates of prbductionvperformande responses were
used in the calculations.“In the samé 5cenario,'howevér, feed used
per dozen eggs increased 3.5 pefcent; Even in the scenario which
included a ban on use of nitrqfﬁrans and'moderaté respénse.estimates
rof production performance changes associated with use of feed additives,
the increase in total feed used was greater thaﬁ the increase in’

eggs produced. TFeed used per dozen eggs increased about .2 percent.



Table 7. Annual Feed Use in the U,S. Egg Production Subsector Associated with Proposed Restrictions
on Use of Feed Additives in Poultry Rations, 1976,

Ban at Sub-therapeutic Levels ~ Ban on

1976 Penicillin Tetracyclines Nitrofurans

Base Moderate High Moderate High Moderate High

Data Response Response Response Response Response Response

Pounds of feed per: . ,

Breeder replacement ' 18.8- 18.9° 19.0 19.0 - 19.3 18.9 19.0
Ave. breeder on hand : 77.3 1 77.6 78.0 . 78.6 80.0 77.1 77.8
Layer flock replacement - 16.6 16.7 16.8 16.8 17.0 16.7 16.8

Ave. layer on hand ' - ' 1 88.4 88.8 89.2 89.1 89.9 88.4 88.4

1976 Breeder Replacement Rate

Mill. toms of feed for:

Breeder replacement ‘ .027 . .029 .028 .028 .028 .028 .028
Breeders .133 .133 134 .135 .136 .133 .134
Layer replacement 1.621 1.612 1.606 1.573 1.528 1.646 1.572
Layers . : : 10.572 10.535 10.499 10.340 10.132 10.639 10.259
Total o 12.353 12.308 12.267 12.076 '11.824 12.446 11.993
Percentage change -.364 -.696 -2.242 -4,282 +.753 -2.914
Lbs. per doz. eggs* ‘ 5.004 5.052 - 5.055 5.090 5.178 5.012 5.008
Percentage change ’ +.959 +1.019 +1.719 +3.477 +.160 +.080

1976 Egg Output Level

Mill. tons of feed for: .

Breeder replacement - .027 .028 029 .030 ©.033 .027 .030
Breeders .133 .136 .139 .143 .154 131 .140
Layer replacement , 1.621 1.642 1.662 1.665 1.709 1.631 1.641
Layers 10.572 10.674 10.753 10.759 10.954 10,573 10.573
Total ' 12.353 12.480 12.583 12.597 12.850 12.362 12.384
Percentage change - +1.028 +1.862 +1.975 +4.023 +.073 +.251
Lbs. per doz. eggs¥ . 5.004 5.056 5.097 5.103 5.204 5,008 ~ 5,016
Percentage change +1..039 = +1.859 +1.978 +3.997 +.080 +.240

* Includes egg type hatching eggs sold, excludes broiler type hatching eggs.

LT
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- At base production period output levels, each of the restrictions was

accompanied_by‘increases in both total feed used and feed used per
dozen eggs.

Table 8 inclﬁdes estimates of egg production costs during the base
production period and costs associated with the'proposed restrictions.
Again, the restfiction on use of tetracyclines and use of the high
response estimates of efficacy of feed additives were éssociated with
the largest percentage incréases in costs per dozen eggs produced.

The least impact on costs pér dozen eggs produced was associated with
the ban on use of nitrofurans. Increases in costs per dozen eggs
associated with the restrictions were less when base production period
output levels were maintainea than when base period breeder repléce-
ment rates were maintained. This was because when baée period output
levels were maintained, fixed costs were associated with a higher

output level.

Broiler Production Subsector

Proportions of broilers fed rations supplemented with additives
included in the proposed restrictions estimated in this study are
summarized in Table‘9. 'The table also includes estimates of responses
of production pefformance rates to use of the additive groups among
birds réceiving éﬁpplemented rations and production performance‘rates
for the base productioﬁ period. Similar data for broiler breeders
and breeder replacement pullet growout were included in Tables 1 and 2.

The tetracycline group was the one estimated to be most frequently
used in broiler rations. Estimates of its effects on broiler growth

rates and feed efficiency were also generally higher than those



Table 8. Annual U.S. Egg Production Subsector Costs Associated with Proposed Restrictions on Use 6f
Feed Additives in Poultry Rations, 1976. '

: Ban at Sub-therapeutic Levels Ban on
1976 Penicillin Tetracyclines Nitrofurans
Base Moderate High Moderate High Moderate High
Data - Response Response Response Response Response Response
Cost (mill. dollars)* : : 1976 Breeder Replacement Rates -
Breeders: Feed . ‘ 20.1 20.1 20.2 20.4 20.5 20.1 20.2
Replacements 6.4 6.4 6.4 6.4 6.4 6.4 6.4
Other 3.8 3.8 3.8 - 3.8 3.8 3.8 3.8
Pullets: Feed 259.4 257.9 © 257.0 251.7  244.5 263.4 251.5
Chicks 30.3 30.3 30.4 30.6 . 30.7 30.3 30.4
Other 121.3 121.3 121.3 121.3 121.3 121.3 121.3
Layersy Feed 1596.4 1590.8 1585.3 -1561.3 1529.0 1606.5 1549.1
Replacements 411.0 409.5 408.,7 403,6 - 396.5 - 415.0 403.2
- Other 162.7 162.7 162.7 - '162.7 162.7 162.7 162.7
Cost (cents per doz. eggs)** 44,0 44 .4 44.8 44,8 45,7 44,0 44,2
Percentage change +.91 +1,82 +1.82 +3.86 .00 +.45
' 1976 Egg Output Level
Breeders: TFeed 20.1 © 20.5 21.0 ¢ 21.6 23.3 19.8 21.1
Replacements 6.4 6.6 6.8 7.0 7.5 6.3 6.8
Other 3.8 3.8 3.8 3.8 3.8 3.8 3.8
Pullets: Feed 259.4 262.7 265.9 266.4 273.4 261.0 262,
Chicks 30.3 30.9 31.6 32.4 34.6 29.9 31.7
Other 121.3 121.3 121.3 121.3 121.3 121,3 121.3
Layers: Feed . 1596.4 1611.8 1623.7 1624,6  1654.1 1596.5 1596.5
Replacements 411.0 414,9 418.8 420.1 429.3 412.2 415,6
, Other 162.7 162.7 162.7 162.7 162.7 162.7 162.7
Costs (cents per doz. eggs)** 44.0 44,3 44,7 44.7 45.5 44.0 44.0
"~ Percentage change ‘ +.68 +1.59 +1.59 +3.41 .00 .00

* Feed prices: Breeders and layers =

$151.00 per ton (35), Pullet gro&out

Breeder replacements @ $2.20 each (estimated).

**Includes egg type hatching eggs sold for non-hatching uses.

divided by dozens of eggs produced.

$160.00 per ton (estimated).

Cost per dozen is total of layer costs

6¢



Table 9.

.«

Frequency of Use and Rates of Response to Use of Selected Feed Additives and Base Production
Performance Rates: Broiler Chickens, 0-8 Weeks 0ld.

Percentage of birds using

Effect on birds using:

Growth rate

Feed efficiency

Mortality

Condemnations

Additives
Penicillin Tetracyclines Nitrofurans
20 40 30

Response Level.

Moderate High  Moderate High Moderate High

Percentage Improvement

5 7 10 6 12 2 5

4 7 6 12 2 5
8 12 8 12 20 30

8 12 10 - 15 10 15

Base performance rates

1)
2)
3)
4)

Growth rate: 3.8l 1lbs. liveweight per bird at 8 weeks.

Feed efficiency: 2.10 lbs.
Mortality: 5.29 percent of
Condemnations: Ante mortem

Post mortem

~

of feed per pound of liveweight inspectéd.
chicks housed.

.337 of pounds inspected.
1.567 of pounds liveweight inspected.

o€
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associated with the other additives. The use of nitrofurans was
estimated to be associated with the largest improvements in mortality
rates. This was probabl? because the proposed restriction on use of
nitrofurans included therapeﬁtic as well as sub-therapeutic dosages.
The efficacy of use df tetracyclines and nitrofurans in improving
condemnation rates was estimated at similar levels though use of
penicillin was slightly less effective.

Table 10 includes base production period production performance
and output data for broilers. Performance and output data expected
if the proposed restrictions on use of tetracycliﬂes had been in
force are also included in the table. These data were calculated
using high response estimates of the efficacy of tetracyclines. Changes
associated with restrictions on use of tetracyclines are included in the
detailed table because use of this additive group was estimated to
exerﬁ the largest impact on the broiler subsector. It was assumed
that imposition of the restrictions would not effect the initial
breeder flock size or the rate of breeder slaughter thus estimates of
these data reported in Table 10 will not be repeated in Tables 11 and 12.
The number of broiler hatching eggs sold in each scenario can be
determined from data in Tables 5 and 6. Percentage changes in output
reported in Table 11 and in replacement rates reported in Table 12
are changes from base levels reported in Table 10.

The results reported in Table 11 were calculated based on the
assumption that no change in base production period breeder replacement
rates accompanied imposition of the restrictions. Under this assumption,

A

it was estimated the proposed restrictions on use of tetracyclines



32

Table 10. Effect of Banning Sub—therapeutic,Levequeeding of Tetracyclines
in Poultry Rations on U.S. Annual Broiler Meat Output, High
Response. :

Tetracyclines Restricted

1976 Base Breeder
Base Replacement Base Output
Output Maintained Maintained

Broiler type breeding hens '
1st of month (mill.) : 31.6 31,

6 31.6
Breeder hen replacements (mill.) 32.4 32.4 37.3
Breeder hen slaughter (mill.) 27.0 27.0 27.0
Mortality (% ave. breeders) 17.5 18.0 18.0
Average breeder hens on hand (mill,) 31.5 31.3 35.5
Eggs per breeder (mo.) 150.0 144.6 144.6
Eggs set (mill.) 4,245.8 4,076.0 4,620.0
Hatchability, fertility ‘
‘ (% eggs set) ‘ v 81.8 78.8 79.8
Chicks hatched 3,743.0 3,211.9 3,640.8
Breeder chicks placed (mill.) 38.2 38.4 39.9
Growout mortality (%) : 6.00 6.32 . 6.32
Broiler chick placements (mill.) 3,434.7 3,173.4 3,600.9
Growout mortality (%) 5.29 5.58 5.58
'Young chickens inspected (mill.) 3,253.0 2,996.4 3,400.0
Ave. liveweight (1bs. each) ‘ 3.81 3.65 3.65
Broiler meat inspected (mill. 1bs.) 12,394.0 10,936.7 - 12,410.0
Ante mortem condemn. (% lv.wt.) .33 .35 .35
Post mortem condemn. (% lv.wt.) 1.56 1.67 1.67
R.T.C. 1lbs. certified (mill.) 8,973.6  7,908.3 8,973.6
Percentage change -11.87
- Lbs. breeders inspected (mill. lv.wt.) 118.0 118.0 118.0
Ante mortem condemn. (% lv.wt.) .94 .95 . .95
Post mortem condemn. (% lv.wt.) 4.22 4.25 4.25
R.T.C. lbs. breeders certified (mill.) 73.7 73.7 73.7

Hatching eggs sold (mill.) 471.8 452.9 514.8




Table 11. Performance Coefficients and U,S. Broiler Meat Production Levels Associated with Proposed

Restrictions on Use of Feed Additives in Poultry Rations, 1976 Breeder Replacement Rate.

Ban at Sub-therapeutic Levels Ban on
7 v Penicillin - Tetracyclines Nitrofurans

C . - Moderate High Moderate High . Moderate High
) Response Response  Response Response Response Response

Breeder replacements (mill.) 32.4 32.4 32.4 32.4 32.4 32.4

Mortality (% ave. breeders) 17.5 17.5 17.5 18.0 17.5 17.5

. Ave. no. breeders on hand (mill.) 31.5 31.4 31.4 - 31.3 31.5 31.4

Eggs per breeder (no.) 149.3 148.6 147.2 144.6 150.9 147.3

Hatchability, fertility (%) ~ 81.4 81.1 80.2 78.8 82.3 80.3

Chicks hatched (mill.) 3,439.9 3,410.1 3,340.5 3,211.9 3,515.2 - 3,346.9

Breeder chicks placed (mill.) 38.3 38.3 38.4 38.4 38.4 38.5
Growout mortality (%) 6.10 6.16 6.20 6.32 6.30 6.51

Broiler chick placements (mill.) 3,401.6 3,371.9 3,302.1 3,173.4 3,476.8 3,308.4
Growout mortality (%) 5.38 5.43 5.47 5.58 5.69  5.97
Young chickens inspected (mill.) 3,218.6 3,188.7 3,121.5 2.996.4 3,279.0 3,110.9
Ave. liveweight (lbs. each) 3.77 3.74 3.72 3.65 3.79. 3.76
Ante mortem condemn. (% lv.wt.) .34 .34 .35 .35 .34 .35
Post mortem condemn. (% lv.wt.) _ 1.59 1.61 1.64 1.67 1.62 1.64

R.T.C. 1lbs. certified (mill.) 8,782.2 8,629.5 8,399.0  7,908.3 8,991.6 8,460.5
Percentage change -2.13. -3.83 -6.40 -11.87 +.20 -5.72
Lbs. breeders inspected (mill.) 118.0 118.0 118.0 118.0 118.0 118.0
Ante mortem condemn. (% lv.wt.) .94 .94 C .94 .95 .94 .94
Post mortem condemn. (% lv.wt.) 4,22 4,22 4.23 4.25 4.22 4.23

R.T.C. 1lbs. breeders certified (mill.) 73.7 73.7 73.7 73.7 '73.7 73.7

£e



Table 12.

Performance Coefficients and Chick Placement Rates for the U.S. Broiler Subsector Associated
with Proposed Restrictions on the Use of Feed Additives in Poultry Rations, 1976 Production Rate.

Ban at Sub~therapeutic Levels Ban on
Penicillin Tetracyclines Nitrofurans
Moderate High Moderate High = Moderate High
Response Response Response. Response Response Response
Breeder replacements (mill.) 33.2 33.8 34.9 37.3 32.3 34.6
Percentage change +2.47 +4.32 +7.72 +15.12 -.31 +6.79
Mortality (% ave. breeders) 17.5 17.5 17.5 18.0 ~17.5 17.5
Ave. no. breeders on hand (mill.) 32.1 32,7 33.6 35.5 31.4 33.3
Percentage change +1.90 +3.81 +6.67 +12.70 -.32 +5.71
Eggs per breeder (no.) 149.3 148.6 147.2 144.6 ~ 150.9 147.3
Hatchability, fertility (%) 81.4 81.1 80.2° 78.8 82.3 80.3
Chicks hatched (mill.) i 3,511.1  3,542.2 3,565.2 3,640.8 3,504.3 3,546.0'
Breeder chicks placed (mill.) 35.3 36.1 37.2 39.9 34.5 37.0
Growout mortality (%) 6.10 6.16 6.20 6.32 6.30 6.51
Broiler chick placements (mill.) 3,475.8 3,506.2 3,528.0 3,600.9 3,469.8 3,509.0
Percentage change +1.20 +2.08 +2.72 +4.84 +1.02 +2.16
'~ Growout mortality (%) 5.38 5.43 5.47 5.58 5.69 5.97
Young chickens inspected (mill.) 3,288.8 3,315.8 3,335.0 3,400.0 3,272.4 3,299.5
Ave. liveweight (lbs. each) 3.77 3.74 3.72 3.65 3.79 3.76 _
Ante mortem condemn. (% lv.wt.) . .34 .34 .35 .35 .34 .35 7
R.T.C. lbs. certified (mill.) 8,973.6 8,973.6 8,973.6 8,973.6 8,973.6 8,973.6

e
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ﬁould be accompanied by a decrease in broiler meat production as large
‘as 11.87 percent. The ban on use of nitrofurans could be éccompanied
by a slight increase in qﬁantity of bfoiler meatlproduction because
of improvedvpefformanée at the breeding stage of production.i Comparing
the results feported'in Table'll with.those in Table 5, in mosﬁ
instandes the estimated'imPact of each‘restriction is larger in the
'broilér subsector‘than iﬁ the egg subsector. This is probably because
broilers are marketed at an early age and it is when»fed to young
birds that additives are usually most effective.

Based on the reSuits ﬁresented in Table 12, if the proposed
restriétions were imposed;‘substantial increases in breeder fiéck
replacement rates and average numbérs of breeders on hand could be
required to méintain base period outputs. Under the proposed
rest;ictidns‘on‘ﬁse of tetracyclines, using high efficacy estimatés
of response to‘fged édditives, increases in rate of breeder réplacément
and averége nﬁmber of breederé on hand as large as 15.1 and 12.7 percent
respectively would have been'fequired‘to maintain base production.
Under the proposed restrictions on use of nitrofurans,'bésed on
moderate efficacy‘estimatesbof fesponée to feed additiﬁes, slight
decréaées could have occufred in the breeder replacement réte and
the_éverage number of breeders on hand while maintaining the base
Production‘period output levél;' Even‘uﬁder this scenario, howevér,
there was a need to_hégsevan\increased number of chicks fo maintain
the base period outpﬁt level.

Estimates of feedbuée in broiler production during the bése

production period and expected feed use associated with the proposed
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restrictions are éummarized in Table 13. In most instances when

base production period breeder replacement rates were maintained, the
proposed restrictions‘were accompanied by decreases"in.total feed use.
The decreases, however, were not as large as‘the decreases in broiler
output. Thus, when the proposed restriétions were imposed, feed use
per pound of broiler meat increased in all instances. When the base
production period output level was maintained, each of the proposed
restrictions was accompanied by increases in both total feed use and
feed use per pound of Broiler-meat produced compared to feed use

in the base production period.

Table 14 includes estimates of broiler production costs during
the base production period and costs associated with each of the
proposed restrictions. In all instanéés, imposition of the proposed
restrictions was associated with increases in costs‘pér pound of
broiler meat. As in the egg subsector, the changes in costs per pound
of meat associated with the proposed restrictions were smaller whgn.
the base period output level was maintained thgn those estimated
when the base period breeder replacement rate was maintained. This
was explained by use of the same estimates of total fixed costs under
both assumptions. It‘waé estimated that imposition of the proposed
restrictions would be accompanied by an increase in costs per pound
of broiler meat as large as 7.8 percent at the base period bfeeder
replacement rate; At'thé base period output'lével, the comparable

estimated increase in costs was 6.0 percent.



Table 13.

Restrictions on Use of Feed Additives in Poultry Rations, 1976,

Annual Feed Use in the U.S. Broiler Production Subsector Associated with Proposed

Ban at Sub-therapeutic Levels Ban on
1976 Penicillin Tetracyclines Nitrofurans
Base Moderate High Moderate High Moderate High
Data Response Response Response Response Response Response
Pounds of feed per:
Breeder replacement 34.4 34.6 34.8 34.8 35.3 34,5 34.8
Average breeder on hand 111.8 112.3 112.8 113.7 115.7 111.6 112.5
Lb. of broiler inspected 2.1 2.12 2,13 2.15 2.21 2.11 2.13
1976 Breeder Replacement Rate
Million tons of feed for:
Breeder replacements .557 .561 .564 .564 .572 .559 .564
Breeders 1.761 1.769 1.773 1.785 1.811 1.758 1.766
Broiler growout 13.014 12.862 12.701 12.483 12.085 13,111 12.457
Total 15.332 15.192 15.038 14.832 14,468 15.428 14,787
Percentage change -.91 -1.92 -3.26 ~-5.64 +.63 -3.55
Lbs. feed per 1b. RTC meat 3.417 3.460 3.485 3.532 3.659 3.432 3.512
Percentage change +1.26 +2.00 +3.36 +7.08 +.44 +2.78
1976 Broiler Output Level
Breeder replacements .557 .574 .588 .607 .658 .557 .602
Breeders o 1.761 1.802 1.844 1.910 2.054 1.752 1.873
Broiler growout 13.014 13.142 13.207 13.337 13,713 13.084 13.213
Total 15.332 15.518 15.639 15.854 16.425 15.393 15.688
Percentage change : +1.21 +2.00 +3.40 +7.13 +.40 +2.32
Lbs. feed per 1b. RTC meat 3.417 3.459 3.486 3.533 -3.661 3.431 3.496
Percentage change +2.02 +3.39 +7.14 +.41 +2.31

+1.23

LE



Table 14.

Annual U.S. Broiler Production Subsector Costs Associated with Proposed Restrictions on Use
of Feed Additives in Poultry Rations, 1976,

replacements @ $2.90 each (estimated).

Ban at Sub-therapeutic Levels Ban on
1976 Penicillin Tetracyclines Nitrofurans
Base Moderate High Moderate High Moderate High
Data Response Response Response Response Response Response
1976 Breeder Replacement Rate
Cost-Mill. dollars for:*
Breeders: Feed - 265.9 267.1 267.7 269.5 273.5 265.5 266.7
Flock replacement 94.0 94.0 94.0 94.0 94.0 94.0 94.0
Other 20.1 20.1 20.1 20.1 20.1 20.1 20.1 |
Broilers: Feed 2,186.4 2,160.8 2,133.8 2,087.1  2,030.3 2,202.6 2,092.8
Chicks 380.0 381.2 381.8 383.6 387.6 379.6 380.8
Other 422.9 422.9 422.9 422.9 422.9 422.9 422.9
Cost per RTC 1b. (cents) 33.3 33.8 34.1 34.6 35.9 33.4 34.2
Percentage change +1.50 +2.40 +3.90 +7.81 +.30 +2.7
1976 Broiler Meat Output Level
Breeders: Feed 265.9 272.1 278.4 288.4 310.2 264.6 282.8
Flock replacement 94.0 96.3 98.0 101.2 108.2 93.7 100.3
Other 20.1 20.1 20.1 20.1 20.1 20.1 20.1
Broilers: Feed 2,186.4 2,207.9 2,218.8 2,240.6 2,303.8 2,198.1  2,219.8
Chicks 380.0 388.5 396.5 409.7 438.5 378.4 403,2
Other 422.9 422.9 422.9 422.9 422.9 422.9 422.9
Cost per RTC 1b (cents) 33.3 33.6 33.9 34,2 35.3 33.4 33.9
Percentage change +.90 +1.80 +2.70 +6.01 +.30 +1.8
*Feed prices: Breeder = $151.00 per ton (estimated), Broiler growout = $168.00 per ton (55), Breeder

- 8¢
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Turkey Production Subsector

| Frequencies of use in turkey production}pf the feed’additive
groupsvincluded in the proposed restrictions as estimated in this
study are repbrted iﬁ Tables 15, 16, and 17. Alsd repbrted in these
tables are’estimatéd rates of rééponse to use of each‘additive group
améng turkeys which received additives in the group during the base

pfoduction period and industry average production performance rates

during the base production period.

It was éstimated that relatively.low proportions of turkeys over
8 weeks o01d feceived'raﬁioﬁs‘supplemented with any one of the additive
groups included’in the proposed restrigtibns. Reported in Taple 15,
the estimated percentage of turkey breedérs receiving rations»
supplemented with.the three .additive groups was the same for all
groups. The fétracyclineé were estimated to be slightly more effective
than either of .the 6ther{aaditive groups in improviﬁgrreﬁroductive
performance among turkeys. Again, at the moderate response level, use
of nitrofurans in poultry rations was estimated to be accompanied by
a.decréase iﬁ reproductive performance. The responses df feed
efficiency, mortality and condemnation rateé‘to use of each additive
group’Were‘estimated to be small and about the same’for'all groups.

The estimates of proportions of turkeys over 8 weeks old being
grown out fér'turkéy meét which received tetracyclines or nitrofﬁrans
in their rations, reported in jable 16, were slightly higher than
those for breeding‘turkeys. Again the estimates of response of prqduc-

tion performance rates to use of additive groups included in the



Frequency of Use and Rates of Response to Use of Selected Feed Additives and Base Production

Table 15.
Performance Rates: Turkey Breeders - 24 Weeks 0ld and Older.
Additives
Penjcillin Tetracyclines Nitrofurans

Percentage of birds using 15 15 15

Response Level

Moderate High Moderate High Moderate High

Percentage Improvement

Effect on birds using:

Reproductive performance -3 6 6 10 -5 5
Feed efficiency 7 2 5 2 5 | 1 2
Mortality ' 1 2 i 2 1 2
Condemnations 2 4 2 4 2 4

Base performance rates

1

2)

3)
4)

Reproductive performance: 7% eggs produced per hen used for hatching times eggs produced per hen

times percentage hatchability, fertility.

Light breeds = (.9 x 160.0 x .673) = 96.9

Heavy breeds =(.9 x 160.0 x .719) = 103.5

Feed efficiency: Heavy breeds = 140.0 lbs. feed per replacement hen; 288.0 lbs. feed per average
breeder on hand.

Light breeds = 83.4 1lbs. feed per replacement hen; 140.0 lbs. feed per average

breeder on hand.

Mortalitys: 15.0% of average number of breeders on hand.

Condemnations: Ante mortem .23% of pounds liveweight inspected.

Post mortem 2.05% of pounds liveweight inspected.

0%



Table 16. Frequency of Use and Rates of Response to Use of Selected Feed Additives and Base Production
- Performance Rates: Turkeys, Growing Birds, 8 Weeks 0ld to Market. :

Additives
Penicillin Tetracyclines _ Nitrofurans
Percentage of birds using : 10 20 7 - 20

Response Level

Moderate  High Moderate  High Moderate High

Percentage Improvement

Effect on birds using:

Growth rate , 2 6 5 8 2 4
Feed efficiency . 3 4 5" 7 2 A
_Mortality ' 2 5 2 5 | 5 10
Condemnatiéns ] 2 | 5 3 7 4 9

Base performance rates .

1) -Growth rate: weight gained 8 weeks to market, light breeds marketed as fryer-roasters-5.19

’ 1bs. per bird, heavy breeds (including some light) sold as young/old turkeys-14.27 1lbs. per
bird. ‘ :

2) Feed efficilency: frye};roasters marketed at 16 weeks old, feed consumed 8 weeks old to
marketing = 2.41 1bs. per 1lb. of weight gained after 8 weeks old; young-old turkeys marketed
at 24 weeks old, feed consumed 8 weeks old to marketing = 3.48 lbs. per 1lb. of weight gained
after 8 weeks old. ,

3)  Mortality: Light breeds = 3.5% of 8 week old poults housed.

Heavy breeds = 6,6% of 8 week old poults housed.
4) Condemmnations: Ante mortem = ,23% of liveweight pounds inspected
Post mortem = 2,05%Z of liveweight pounds inspected.

1%y



Table 17. Frequency of Use and Rates of Response to Use of Selected Feed Additives and Base Production

Performance Rates: Turkeys, Poults, 0-8 Weeks 0ld.

Additives
Penicillin Tetracyclines Nitrofurans
Percentage of birde using 30 ' 30 90

Response Level

Moderate  High Moderate -~ High

Percentage Improvement

Moderate  High

Effects on birds using:

Growth rate : 4 8 5 10

Feed efficiency 7 3 5 7 12

2 5
2 5
40 60

Mortality : 4 10 2 10

Base performance rates:
1) Growth rate: Light breeds
Heavy breeds

4.0 1bs. each at 8 weeks old.

5.0 1lbs. each at 8 weeks old.

2) Feed efficlency: Light breeds = 8.0 1bs. of feed per 8 week old poult.
Heavy breeds = 10.0 1lbs. of feed per 8 week old poult.

3) Mortality: 4.0% of day old poults started.

rars
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propqsed restrictions were relatively lowf Among ad&itive groups and
production perfprmance criteria, it was estimated that the largest
responses in turkey growout were changes in mqrtaiity and condemnation
rates associated with use of nitrofurans. Again, this comparison must
bé'made_with caution‘sinéé-the proposed restrictions on use of nitro-
furans include therapeutic uses while those prdposed for the other
additivevgroupsbwould be-in force against sub-therapeutic level use
only.

The most frequent use of feed additives inciuded‘in the proposed
restrictions in tﬁrkey production wés estimated to be for supplementing
rations fed to pouits less than 8 weeks old. Proportions of poults fed
rations supplemented with penicillin or tetracyclines, repdrted in
Table 17, were estimated to be the same, 30.0 perdent. Among poults
use of these additive groups was estimated to be somewhat more effective
than use‘ofkthe nitrofurans:for improvement in growth rates and feed
efficienéy. Nitrofurans, however,'were estimated to be fed to 90.0
percent of ail §0ults and their use was estrmatedltorbe far more
effective in reducing mértality rates than use of either of the other
additive groups.

Base prodﬁction periqd turkey output and industry average produc-
tion performance data are summarized in Table 185v The tablg also
includes expé¢ted‘butputvand production performénce associated with
imposition of the ban on use of nitrofurans in‘turkey rations. The
high efficacy estimates df‘the response of turkey production performance

to use of nitrofurans were used in the calculations. It was assumed
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that imﬁositioﬁ of the proposed restrictiens would not cauee changes
invinitial breeder stocks aﬁd’breeder slaughter rates. These data
wiil ﬁotvbe repeated in later tables. In the turkey subsector,
however; Breeder siaughter was assumed to be part of the final‘producti
Thus, the pouﬁds of breeders slaughtered were'added tovthe podnds of
meatrturkey.slaughtered iﬁ each scenario. Comparing production
‘performance retes‘for the base period with those expected under the
ban on use of nitrbfurans, reported in Teble 18;,it is clear that the
lergest impact of the ban is its effect on poult mortality.

Table 19 includes expected subsector performance coefficieﬁts
and'outpue levels,aésociated with the proposed'restrictions on use of
feed additives. These»data were calculated assdming there were no
changes in ;he'breeder floek,replacement_rate.accompanying imposition
of the restrictions. In‘all instances, the restrictions were associated
with decreasesdin final output. The 1érgest decrease in output, 8.91
bpercent,‘&aé assoeiated’with tﬁe restrictions on use of nitrofurans.
Relatively large decreases were aséociated Withvfestrictions on the
.other additive'groups,»however,naCCGunted for by their efficacy in
'impro?ihé grpwth rates. ‘It should be noted that id each. instance
iﬁpoéition of the restrictions was accompanied by an increase in
mortality rate among breeders. ihe increases,;however, were less
»»tha‘h, .1 pefcent and do not. show in the tabulated data.

dTable 20;ineludes estimated’poult placemeﬁt-rates'required with
'each.rest;iCtion to meintain~the base period final outpuﬁ level. To

maintain the base period ocutput level, it was estimated that under the



Table 18. Effect of Banning Supplementation of Poultry Rations with Nitrofurans on U.S. Annual Turkey

Meat Output, High Response.

Nitrofurans Banned

put

Base Breeder Base QOut
1976 Base Data Replacement Maintained - .Maintained
Light - Heavy Light Heavy Light Heavy
Breeds Breeds Breeds Breeds Breeds - Breeds
Breeder hens on lst of month (thous.) . 196.0- 1,259.1 196.0 1,259.1- 196.0 1,259.1
Breeder hen replacements (thous.) 319.8 2,057.1 319.8 2,057.1 345.0 2,197.7
Breeder slaughter (thous.) 290.4 1,868.4 290.4 1,868.4 290.4 1,868.4
Mortality (% ave. breeders) 15.0 15.0 15.0 15.0 15.0 15.0
_Ave. breeders on hand (thous.) " 196.0 1,259.0 195.9 -1,258.4 217.9 1,380.6
Eggs per breeder (mo.) 160.0 160.0 158.9 158.9 158.9 158.9
Eggs set (mill.) 28.2 181.3 28.0 180.0  31.2 197.4
Hatchability, fertility (%) 67.3 71.9 65.9 71.4 65.9 71.4
Poults hatched (mill.) 19.0 130.0 18.5 128.5 20.5 141.0
Breeder replacements (thous.) 340.2 2,188.4 372.3 2,394.7 401.7 2,558.5
Mortality (%) 6.00 6.00 14.1 14.1 14.1 14.1
Meat poults placed (mill.) 18.7 128.2 18.1 126.1 20.1 138.4
Mortality to 8 weeks (%) 4,00 4,00 9.40 9.40 9.40 9.40
Ave. lv. wt. at 8 weeks (1b.) 4.00 5.00 3.83 4,79 3.83 4.79
No. 8 week old poults (mill.) 17.9 123.0 16.4 114.2 18.2 125.4
Mortality after 8 weeks (%) 3.50 6.60 3.58 6.75 3.58 6.75
Wt. gain after 8 weeks (1b.) 5.19 14.27 5.15 14.16 5.15 14.16
Meat turkeys sold (mill.) 17.3 114.9 15.8 - 106.5 17.6 116.9
Meat turkeys inspected (mill.) 12.6 119.6 11.7 110.7 12.8 121.7
Ave. 1lv. wt. (1bs.) 9.19 19.27 8.98 18.95 8.98 - 18.95
Lbs. inspected (mill.) : 116.0 2,304.0 104.9 2,096.9 115.4 2,305.8
Lbs. breeders inspected (mill.) 41.6 41.6 41.6
Ante mortem condemn. (% lv. wt.) .23 . .23 . .23 :
Post- mortem condemn. (% lv. wt.) 2.05 2.09 2.09
RTC 1lbs. turkey certified (mill.) 1,955.8 1,781.6 1,955.8
Percentage change ’ -8.91

oY



Table 19.

Performance Coefficients and U.S. Turkey Meat Production Levels Associated with Proposed
Restrictions on Use of Feed Additives in Poultry Rations, 1976 Breeder Replacement Rate.

Ban at Sub-therapeutic Levels Ban on
Penicillin Tetracyclines . Nitrofurans
Moderate High Moderate: High Moderate High

Response Response Response Response

Response Response

Breeder replacements (thous.)

Ave. no. breeders on hand (thous.)

Mo

Light
Heavy - :
rtality (% ave. breeders)

Light .
Heavy

Eggs per breeder (no.)
- Hatchability, fertility (%)

Light
Heavy

Breeder replacements (thous.)

Mo

Light
Heavy
rtality (%)

Meat poults placed (mill.)

Mo

Ave.
~ Light

No.

Mo

Wt.

Light
Heavy _
rtality to 8 weeks (%)
lv. weight at 8 weeks (1lbs.)

Heavy ,

8 week old poults (mill.)
Light

Heavy

rtality after 8 weeks (%)
Light

Heavy

gain after 8 weeks (1lbs.)
Light

Heavy

319.8
©2,057.1

15.0

195.9
1,258.7
159.3

67.0
129.2

340.5
2,190.1
6.08

18.5
127.0
4.05

319.8
2,057.1
~15.0

195.9 -
1,258.4
158.6

66.7
128.1

340.9
2,193.1

6.20

319.8

2,057.1

15.0

195.9
1,258.7
158.6

66.7
128.1

340.3
2,189.3
6.04

319.8
2,057.1
15.0

195.9
1,258.4
157.8

6.4
126.7

340.9
2,193.1
© 6.20

319.8
2,057.1

. 15.0

195.9
1,258.7
161.3

66.9
132.5

: 353.77
. 2,275.5

9.60

319.8
2,057.1
15.0

.195.9
1,258.4
158.9

65.9.

128.5

~-372.3
2,394.7
14.10

9y



Table 19.  Continued

Ban at Sub-therapeutic Levels © Ban on

Penicillin Tetracyclines Nitrofurans
Moderate High Moderate High Moderate High
Response Response Response Response Response Response

No. meat turkeys inspected (mill.) o ' .
Fryer/Roaster , : : 12.5 12.4 12.4 12.2 12.5 11.7

~ Young/0ld ' 118.4 - 117.2 117.4 116.0 118.1 110.7
Ave. lv. wt. (lbs. each) ' . :
Fryer/Roaster ’ _ 9,13 '9.07 9.08 9.00 9.10 = 8.98
" Young/0ld : 19.2 19.1 19.1 18.9 . 19:1 19.0
Lbs. breeders inspected (mill.) 41.6 41.6 41.6 41.6 41.6 41.6
Ante mortem condemn. (% lv. wt.) 7 : .23 .23 .23 .23 - .23 .23
Post mortem condemn. (% lv. wt.) 2.05 2.06 2.06 2.08 2.07 2.09
R.T.C. lbs. turkey certified (mill.) - 1,928.3 1,899.2 . 1,899.9 1,863.9 1,917.2 1,781.6

Percentage change — , -1.41 -2.89 -2.86 -4.70 -1.63 -8.91

LY



Table 20. Performance Coefficients and Poult Placement Rates for the U.S. Turkey Subsector Aséociated

with Proposed Restrictions on the Use of Feed Additives in Poultry Rations, 1976 Production Rate.

Ban at Sub-therapeutic Levels Ban on
Penicillin Tetracyclines Nitrofurans
Moderate High Moderate High Moderate High
Response . Response Response Response Response Response
Breeder replacements (thous.)
Light 326.0 326.6 326.6 330.9 327.2 345.0
Heavy 2,078.0 2,100.3 2,100.2 ~2,129.5 2,083.9 2,197.7
Percentage change +1.02 +2.10 +2.10 +3.51 +1.44 +6.98
Mortality (% ave. breeders) 15.0 15.0 15.0 15.0 15.0 15.0
Ave. no. breeders on hand (thous.)
Light 198.8 201.8 201.9 205.5 202.4 217.9
Heavy 1,276.8 1,296.0 1.296.2 1,321.4 1,282.0 1,380.6
Percentage change +1.43 +2.95 +2.97 +4.95 +2.03 +9.87
Eggs per breeder (no.) 159.3 +158.6 158.6 157.8 161.3 - 158.9
Hatchability, fertility (%)
Light 67.0 66.7 66.7 66.4 66.9 65.9
Heavy : © 71.6 71.3 71.3 70.9 72.5 71.4
Poults hatched (mill.) .
Light 19.1 19.2 19.2 19.4 . 19.7 20.5
Heavy 131.1 131.9 131.9 133.1 134.9 141.0
Breeder replacements (thous.)
' Light 344.0 348.2 348.8 352.7 . 362.0 401.7
Heavy 2,212.4 2,239.1 2,243.1 2,270.3 2,305.2  2,558.5
Mortality (%) 6.08 6.20 " 6.04 6.20 9.60 14,10
Meat poults placed (mill.) '
Light 18.8 18.9 18.9 19.0 19.3 20.1
Heavy 128.9 219.7 219.7 130.8 132.6 138.4
Percentage change +.55 +1.17 +1.18 +2.05 +3.48 +8.00
Mortality to 8 weeks (%) 4,05 4,13 4,02 4,07 6.40 9.40
Ave. 1lv. weight at 8 weeks (lbs.) ,
Light 3.95 3.91 3.94 3.89 3.93 3.83
Heavy 4.94 4.89 4,93 4.86 4.81 4,79
No. 8 week old poults (mill.) o
Light i8.0 18.1 18.1 18.3 18.1 18.2
‘Heavy 123.6 124.3 124.5 125.5 124.1 125.4

8y



Table 20. Continued

Ban at Sub-therapeutic Levels Ban on

Penicillin Tetracyclines Nitrofurans

Moderate High Moderate High Moderate High
Response Response Response Response Response  Response

Mortality after 8 weeks (%)
Light ‘
Heavy

Wt. gain after 8 weeks (lbs.)
Light ‘

Heavy

No. meat turkeys inspected (mill,)
Fryer/Roaster
Young/01ld

Percentage change

Ave. lv. weight (lbs. each)
Fryer/Roaster
Young/01d -

Lbs. breeders inspected (mill.)
Ante mortem condemn. (% lv. wt.)

Post mortem condemn. (% lv. wt.) -

" R.T.C. lbs. turkey certified (mill.)

3.51 3.52 3,52 3.54 3.54 3.58
6.61 6.63 6.64  6.67 6.67 6.75
5.18 5.16  5.14 5.11 5.17  5.15

14.2 14.2  14.1 14.1 - 14.2 14.2
12.7 12.7 12.8 12.9  12.7 12.8

120.1 - 120.8 120.9  121.8 120.5 121.7
+.48 +1.01 +1.12  +1.90 -  +.82 +1.77
9.13 9.07 . 9.08 9.00 9.10 8.98

19.2 19.1 19.1 18.9 19.1 ~  19.0
41.6 41.6 41.6 41.6 41.6 41.6

.23 .23 .23 .23 .23 .23
2.05

1,955.8 1,955.8 1.955.8 1,955.8 1,955.8 1,955.8

2.06 2.06 2.08 2.07 2.09

" 6%
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nitrofuran ban, the rate of breeder reﬁlacement would be required to
increase 7.0 percent and the number of poulﬁs placed)for meat would be
required to increase 8.0 percent. These higher replacement rates would
fequire an increase in average breeders on hand of 9.9 percent.

Table 21 includes estimates of feed use per year and per pound
of turkey produced for the base production period. Similar estimates
éssociated with each of the proposed restrictions‘are.alsokpresented.
At base period breeder replacement rates, each of the proposed restrictions
was asscciated with a decrease in total feed use.’ The decreases were
not as iarge as the related decreases in output, however, thus in
each instance feed use per pound of turkey produced increased. At
the base period output level, it was estimated that each proposed
restriction would be accompanied by increases in total feed use as
well as feed per pound of méat produced. - Changes in feed use associated
with the ban on use of nitrofurans were genérally larger than those
associated with restrictions on use of the other additive groups.

The difference was tempered however by the fact that use of nitrofurans
exerted most of its effect on mortality rates among poults. At this
production stage relatively little feed has been consumed. It waé
estimated that under the ban on use of nitrofurans, feed use per

pound ofturkéyproduced could increase as much as 3.7 percent.

Table 22 includes estimates of turkey production costs during the
base production period and cosﬁs associated with each of the proposed
restrictions. Since feed cost represents about 80 percent of total
costs, thevestimated effects of the préposed restrictions on costs were

similar to those on feed use. ‘In each instance, imposition of the



Table

21.  Annual Feed Use in the U.S. Turkey Production Subsector Associated with Proposed Restrictlons

on Use of Feed Additives in Poultry Rations, 1976.

Ban at Sub-therapeutic Levels Ban on
1976 Penicillin Tetracyclines Nitrofurans
. Base Moderate - High Moderate High Moderate - . High
Data Response Response Response Response Response Response
Lbs. of feed per: » »
' Breeder replacement:* Light 83.40 84.17 84.72 85.28 86.81 84.93 - 87.35
: o Heavy 140.00 141.30 142,21 143.16 145.73 142.57 146.63.
Breeder: Light 216.00 216.66 217.71 216.66 217.71 '216.33 216.66
IR Heavy 288.00 ©288.88  290.27 288.88 290.27 .~ - 288.44 - 288.88
Poult at 8 weeks: Light 8.00 8.07 8.13 8.18 ~-8.33 . 8.15" 8.38
: ‘Heavy 10.00 10.09 . 10.16 10.23 10.41 10.18 10.47
- Lb. gain 8 weeks to ' '
Market: Fryer/Roaster 2.41 2.42 2.42 2.44 2.45 2.42 - 2.43
: Young/01d 3.48 3.49 3.49 3.52 " 3.53 3.49 - 3.51
: : 1976 Breeder Replacement Rate
Mill. tons of feed for:
Breeding .360 .362 .364 .364 . .368 .363 .368
Poults to 8 weeks .687: .686 .685 .690 .694 .692 .667
Turkey growout 3.048 3.012 2.982 2.991 2.963 3.005 2.832
Total - 4.095 4.060 - 4.031 4.045 4,025 4,060 3.067
Percentage change -.86 -1.56 -1.22 -1.71 -.85 -5.57
Lbs. per lb. RTC meat®#* 4.188 4,211 4,245 4,258 4.319 4,235 4.341
Percenrage change +.55 +1.36 +1.67 +3.31 +1.12 +3.65
) 1976 OQutput Level ,
Breeding .360 .366 .373 .373 .384 .369 .399 .
Poults to 8 weeks . 687 .696 .705 711 .729 . .705 .733
Turkey growout 3.048 3.056 3.073 3.066- 3.112 3.065 3.113
Total 4.095 4.118 4.151 4.150 4.225 4.139 4.245 -
Percentage change +.56 +1.37 . +1.34 +3.17 +1.07 +3.66
Lbs. per 1lb. RTC meet*#* 4.188 4,211 4,245 4.244 4.320 4.233 4,341
Percentage change +.55 +1.36 +1.33 - +3.16 +1.06

+3.65

* Changes calculated at response rates

**Tncludes breeder slaughter.

associated with poults 0-8 weeks.
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Table 22. Annual U.S. Turkey Production Subsector Costs Associated with Proposed Restrictions on
Use of Feed Additives in Poultry Rations, 1976.

Ban at Sub-therapeutic Levels Ban on
1976 Penicillin Tetracyclines Nitrofurans
Base .~ Moderate High Moderate High Moderate = High
Data Response Response Response Response Response  Response

1976 Breeder Replacement Rate

Costs -~ millf dollars for:

Breeders: Feed* ' , 62.64 62.99 - 63.34 63.34 = 64.03 63.16  64.03
) Other** " 56.70 56.70 56.70 56.70 56.70 56.700  56.70
Turkeys: . Feed* ‘ 648.89 643.45 638.06 640.49 636.32 643,28 608.83
' Poults v 119.34 119.69  120.04 120.04 120.73 119.86 - 120.73
Other ’ 128.70 128.70 . 128.70 128.70 128.70 128.70 128.70

Cost per RTC 1bs.(cents)*** 45.86 46.25 = 46.69 46.80 47,52 46.52 48.17

Percentage change +.85 +1.81 +2.06 +3.62 +1,43 | +5.04

1976 Output Level

Breeders: Feed* 62.64 63,68 64.90 64.80 66.82 64,21 69.43
L Other** ‘ 56.70 57,10 57.44 57.44 57.94 57,21 - 59.15
Turkeys: Feed* ) 648.89 652.85 657,37 657.20 668.33 655.98 669.20
‘ Poults © 119,34 120.78 122,34 122,34 124,76 121,42 128,58

7 Other ' ' 128.70 128,70 128,70 128.70 128,70 128.70 128.70
Cost per RTC lbs.(cents)#**¥* 45,86 - 46,14 46.45 46,44 47,13 46,33 47 .37

Percentage change 7 . +g6l_ Co+1.29 . +1,.26 ...+2.77v . +1.02 +3.29

* TFeed price = $174.00 per ton (55) :

*% Includes replacement breeders. Other costs increased by proportlon that breeder stock plus breeder o
placement rates increased when base output level maintained,

***Includes breeders slaughtered.

s
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:‘proposed restrictibns was associated with an increase in costs per poundv
of turkey produced; At basé period breeder réplacement levels, under
the bén on’use of‘nitrofﬁfans, costs per pound of turkey produced was
estimated to increase as much as 5.04 percent while at-bése period
output it was‘estimatgd to ihqreaée as much as 3.29 percent.
Estimated Impacts;of the Proposed Restrictions
on the Poultry Sector

In this discussion, unless‘otherwisé stated, ecoﬁomic impacts
of imposing the proposed restrictions on use of tetracyclines in egg
and broiler production and nitrofurans in turkey production will be
considered. | , T |

The results of this:study indicate that imposition of the proposed
restrictions oﬁfuée of feea additives in poultry-ratidns would bé
accompanied by higher costs ﬁér ﬁnit of poultry produced. Cost increases
per uﬁit of product could bé as lafge as 1.7 cents ﬁer dozen for eggs’an&
2.6 and 2.3 cents per pound of ready-to-cook meat for broilers and turkeys
resﬁectively. These cost increases are based'on the assumption that
base period breedér replacement rates were continued. If basebperiod‘
output levelSVWéré continued, increéses in costs pef unit of output
would be slightly smaller since it was assumed -that total fixed costé
would not change in the initial.year after imposition of the reétrictions.

The above.changes iﬁ éésts per‘unit of'output may appéar to be
relatively’small.' HoweVe:, if base periOd\output_levéls ﬁere continued,
totai préducfion‘COsts would have increased as much‘as $76.0 millién,{

$175.9 million and $29.6 million for the egg, broiler and turkey
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subsectors respectively. This represents an increase of up to $281.5
million in total annual poultry production costs. If base production
period breeder replacemenf rates were continued, total production costs
could have decreased as much as $81.9 million, $148.5 million and $38.7
million for the egg, broiler and turkey subsectors respectively. These
cost reductions, however, would have been accompanied by as many as
349.7 million dozen fewer eggs and 1,065.3 and 174.2 million 1ees
ready-to-cook pounds of broiler and turkey meat respectively.

It is beyond the scope of this paper to present a detailed analysis
of impacts of the proposed restrictions on poultry priees and demand.
Changes in supply and prices for other products which could accompany
the restrictions were not estimated. Changes in other determinants of

T
demand such as consumer incomes and tastes and preferences also were not
estimated. Typical research results, however, indicate that farm level
demaﬁds for eggs, broilers and turkeys are all inelastic. Any given
percentage changes in supply, all thihgs equal, would be expected to
be accompanied by larger percentage changes in farm prices in the opposite
direction.

I1f base period output levels were continued when the proposed
restrictions were imposed, all things equal, poultry prices would not
immediately change since demand would not be affected. Higher costs,
however, would exert preseures on industry profits resulting in output in
future periods being decreased. As a result, farm prices foripoultry

and eggs would probably increase and consumers would probably pay

higher prices for smaller quantities of poultry and eggs.
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At base period breeder éeplacement rates, imposition of the
proposed restrictions could cause changes in output levels in the
initial production period. Imppsition of the proposed restrictions
on use of tetracyclines could result in decreases in output up>to
7.48 and 11.87 percent in U.S. annual egg and broiler production
respectiﬁely. Impositioﬁ of the proposed ban on’usg of nitrofurans
could result in a decrease up to 8.91 percent in U.S. annualkturkey
output. Estimates of farm level elasticities of demand are -.2332 for
eggs, —.7369 for Broilers and -.9240 for turkeys. (9) Given these
demand elasticities and changes in output, with no changeé in demand,
imposition of the proposed restrictions would be expected to be accém—
panied by»farm price»incfeases of 32.08, 16.10 and 9.64 percent for
eggs, broilersvand turkeys reépectively in the short run. 1In each
instance, the peréentage increase in fa;m price is greater than the
percentage decrease in qﬁantity of output.fof the suBsectér. This
suggests tﬁat imposition of the proposed restricfions could be accompanied
by increased total revénﬁe for each poﬁltry productibn subsector. Though
costs,per'unit of output increaséd‘in.each subsector, the percentage
increases were less than the percentage décreéses in output. Thus total
costs for each subsector decreased. It apﬁears the output reductions in

the short run could actually mean increased profits for the industry
( ' .

taken as a whole.
It is clear that if base year output were continued and the proposed
restrictions were enacted, the immediate response-wbuld be losses or less

profits for the poultry industry. All things equal, however, output
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decreases would be expected to mean higher farm pricesyand possible
increases in poultry industry profits. But, the distribution of possible
profits within the industry is not clear. It is reasonable to assume
that similar price increases would go té all producers. Quantity
reductions, however, based on the assﬁmpfions made in this study, would
be borne mostly by those producers who would have used the additives

if there were no restrictions. It was estimated, for example, that 40.0
percent of the broilers produced were fed rations supplemented with
tetracyclines.

Quantity reductions for producers of thesé birds, if the use of
tetracyclines were restricted, could bevoVer 2.5 times the industry
average or almost 30 percent. Since‘their price incréase would be about
the same as for other broiler producers, their total receipts, and
probably the profitability of their poultry enterprises, would decrease.
Some of them would probably be forced to leave the industry. The producers
of the other 60 percent of broilers produced would face an improved
profit environment. Increased output using other technology would be
encouraged for all producers. The new equilibrium would be at a point
where the quantity of output was somewhat lower and prices were somewhat
higher than those in the base period since cost per unit of'outpuf would
probably be higher. Again,‘consumers woﬁld probably pay higher prices

for somewhat lower quantities of poultry and eggs.
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Some Factors Which Could Modify the Estimated
Impacts of Imposition of the Proposed Restrictions

N

Though use of feed additives in poultry rations is an established
managemént practice onkmany poultry farms, little investigative attention
has been éddressed té the efficiency of their use in field conditions.
This may be because of the low cost of feed additives relative to all other
feed ingredients. It may be because of difficulties at‘the industry level
in evaluating returns for their use as preventive medication or even as
promﬁtants of increased growth and éggvproduction_ratesQ Whatever the
reésons may be for the iimited research attention devoted to results of
use of feed additives in poultry rations under field conditions, the
result is a spafse supply of data to use in an analysis of the practice.
This meant that many factors which could have been substantial influenceé
on the resulté presented here were not‘explicitlf accounted for in the
study.

Additi§ity and interaction effects of the propose& drug restrictions
were not éonsidered. A particulaf flock of birds is not likely to receive
all drugs at any giVen fime; It may receive similar»drugs‘at different
stages of produétion or the drug used may véry'depending on the age of
bird, flock health condition, disease presence in thé area or some other
consideration. If there were interactions or additive effects of drug
use in poultry rations, the impacts reporfed'in thisvstudy wquld be
expected to be under-estimated.

Substitutes for the additives discussed in this study were not

considered. Allen and Burbee (1) listed some possible substitutes for
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antibiotics in pouitry rations including other anti-microbial agents,
arsenic compounds, sulfates and changes in housing and management.

The nitrofurans ban was not considered in their study. The efficacy

of bacitracin and tylosin as growth promotants for broilers and turkeys
was compared to that of penicillin, oxytetracycline and chlortetracycline.
They concluded that tylosin and bacitracin were as effective as the

other antibiotics for broilers. Bacitracin also appeared to be an
effective substitute for the other antibiotics in growth promotion

in turkeys up to 8 weeks of age. Results of comparisons of feed efficiency
were not conclusive for turkeys and the efficacy of use of these anti-
biotics in egg production was not evaluated. Also mortality, morbidity,
breeder performance and turkey growout after 8 weeks of age were not
considered. The antibiotics considered for restrictions both in their
study and in the present one wére selected because they are similar to
drugs used in human medication. One of the other antibiotics they
considered, erythromycin, is already in use for internal human medication.
Bacitracin is in use for external human medication.

The list of possible substitutes could also include improved breeding
and nutritional programs. As recently stated by Hayes, however, two
problems associated with éuggested substitutes for currently used drugs
are (a) some have not been researched as well as currently used drugs and
(b) the fact that a substitute has been approved does not mean‘it would
be as effective. (27) Substitutability of alternatives for the drugs
currently used is mostly unknown. The costs of using alternatives are
not known. It has been suggested, for example, that in new housing

facilities there is little response to antibiotic feeding. Deficiencies
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in sanitation programs because of old, improperly designed housing or .
lax management have been cited as reasons for antibiotic feeding. (1)
The conclusion appears to follow that new housing with birds raised in a
sterile, isolated environment could eliminate the need for antibiotic
feeding. If this alternative were to replace use of antibiotid feeding
certain questions arise including: (1) How often‘ﬁust housing be rebuilt
or even relocated? and (2) What degrees of sterility and isoiation
are necessary or even possible? However, if there are substitutes
available for the additives included in the propoéed restrictions,
whether they are other additives or changes in management practices,
their use could temper the impacts of the proposed restrictions.

Producer responses to increased uncertainty and risk are also
unknown factors which could not be evaluated in this study. One reason
for use of feed additives is for preventive medication. There may be
producers who would be unwilling to risk housing chicks, poults or layers
withouf this insurance. Among responses fo ﬁhe survey, it was revealed
that producers who did not routinely feéd medicated rations sometimes used
thém in response to rumored or observed diséase outbreaks in their regions;
A producer may attempt to reduce the risk of losses by improving his
production facilities and management practices.- If he feels he has no
protection against variables beyond his control, however, he may not
be willing to risk investment in a poultfy enterprise.‘ Many poultry
producers have old, fully depreciated buildings and equipment. They may
not Be tied.into the industry by capital investments. Increased risk
may encourage them to leave the industry. Producer responses tolincreased

risk could result in increased impacts of the proposed restrictions.
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Another source of uncertainty may also influence producer. response
to festrictions oh the use of feed additives; Use of these agents has been
an accepted ﬁanagement practice for many years. A substantial proportion
ofvcurrent poultfy producers probably have had no production experience
prior to the time when these agents became available. If use were restricted,
uncertainty about the continued availability of éther agents or pracfices
may‘devélop.vaor example, producers may question:the continued
availability of any other antibiotics approved as subétitutes or of
other medicatidns‘such as coccidiostats or vaccines currently in use
but not now Being considered for restrictions. For sbme producers, there
may be léss incentive to‘make the necessary investments to confinue poultry
production.

Restrictions on use‘df feed additives could lead to higher
production césts than indicated by thi§ study. In estimating the initial
or short-run effects, it was assumed that changes in coéts were associated
mostly with changes in amounts of feed used and breeder or layer replace-
ment rates. The effects of changes in mortality rates, growth rates
and egg production per bird on total production.costs were expreséed
only througﬁ changes in final output levels or flocereplacement rates.
Other costs including housing and equipment, labor, fuel and electricity,
etc. were assumed to‘be constant in total at the base period‘level. Allen
and Burbee proposed that excessive recycling ofvlitter and inadequate
sterilization of facilities were among the inadequacies in sanitation
practices of poultry produceré. (1) Many broiler producers currently
remove the crust from litter after each flock and complétely clean their

houses only once per year. A change to a cdmplete cleanout after each
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flock would mean about a five fold increase in litter cost and a
substantial increaée in cleanout labor and waste disposal costs. 1In
those houses with dirt floors, a "sterile" cleanout would probably
require investment in a concrete or similar material floor. While many
broiler producers now raise five to six flocks per year, increased .
down time between flocks would probably decrease the turnover rate to
four to five flocks. To the extent that feed additives are used to

help control the effect of stress among birds housed at high density,
fewer birds per square foot may be housed without them. This would mean
higher housing, fuel, electricity and labor costs per bird. These

and similar changés in management practices would all mean higher unit
output costs.

Produéers who do not fegularly use feed additives would not
necessarily be exempt ffom effects of restrictions on their use. The
restrictions may be accompanied by an increése in the incidence of
disease on farms where feed additives had been used. Poﬁltry diseases
are often readily transmitted among farms on the clothing of poultrymen,
servicemen, feed and supply deliverers or product pickupAmen; They can
be transmitted by wild animals and birds, flies and insects and some can
even be carried by the air. Most production units do not function in
complete isolation from all others. Restrictions orn use of feed additives
in poultry rations could result in increased disease risk and mortality
for all poultry operations.

The quality of some of the final products may be affected by

restrictions on use of feed additives. The effects of poultry diseases
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are not limited to mortality and quantities of output per unit of
ioput. Laying hens’with minor infections may produce a larger
proportion Ofveggs with poor albumen or yolk quality or with thin
or weak shells. Similarly, affected meat birds may show increased
incidence of‘poor body conformation, skin color or meat tendérness.'
These qUalityvchanges, could mean decreases in the value of the final
product.

Other Factors to be Considered in Evaloation

of Feed Additive Use in Poultry Production

Poultry production today takes place in a much different industry

structure and physical environmenttthan in the 1940's when the use of
feed additives was introduced. The industry has evolved from one of
many small units located throughout most geogréphic locations to one of
a reduced number of large units geographically concentrated in certain
specialized regions or areas of the country. With the exception of
turkeys, virtually all poultry flocks are now housed in confinement.
This is also true for an increasing percehtage‘of turkey flocks. These
and(otherbchanges in the poultry'sector haoe been accompanied By decreasing
production costs which have benefitted consumers throogh greater sopplies
and relatively low prices for poultry and eggs. The larger, more concen-
trated production units have also resulted in lower .costs for input supply
and delivery, product pickup and proceséing and distribution to the final
users. ‘The availability of preventive medication was partially responsible

for these changes. Production units with 100 thousand birds or more at
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a single location are not uncommon. These facilities often represent
large invesfments of $100,000.00 or more. Incentives to make these types
of investment could be reduced if, for example in turkey pronCtion, there
were no means to protect againstva salmonella infection which could wipe
out the éntire flock before diagnosis was completed and therapeutic
medication took effect. To the extent that the availability of preventive
medication has contributed to the evolution of the poultry industfy into
a more efficiént structure and set of management practices, restrictions
on their use could encourage a reversal of the trend resulting in decreasing
efficiency and incréasing costs.

The ability to respond quickly to disease outbreaks could modify the
effects of the proposed restrictions. Hays stated "If yOu wait until
you have a specific problem organiém to check for sensitivity patterns,
(i.e., to prescribe a particular medication) much of the economic advantage
to be gained from the use of the drug has already been lost." ’(26) He
was commenting on restrictions of feed additives in hog rations td thése
prescribed by a veterinarian in response to a séecific disease problem.
The implications are also relevant in the poultry industry.‘ This type
of limitation on use of certain feed additives in poultry fations has
been propésed as an altgrnative to routine low level feed fortificatioﬁ\
schedules. Coleman recently estimated the number of veterinarians
available to perform thisbfunction. (12) Based on 1977 data, ﬁe
estimated that thére were no more than 30,000 veterinarians in the U.S.
Of these, slightly over 6,000 were dévoted to private practice including

large animals and poultry. Over 5,000 of these designated themselves
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as in an exclpsively or predominantly large animal practice. Over 90.0
percent of thé veterinarians were associated with the American Veterinary
Medical Association. Ambng them, only 43 veterinarians were estimated
to be exclusively engaged in private practice with poultry. Defining
commercial size poultry farms as annual sales of 8,000 or more turkeys
or 30,000 or more broilers or an annual average of 10,000 or more egg
type hens on hand, 1974 U.S. Census data show there were almost 30,000
commercial poultry farms. This is a ratio of almost 700 férms per poultry
veterinarian. It is questionable if this ratio would provide adequate
diagnostic and prescription service on a timely basis to the poultry industry
in addition to services curréntly performed. Another proposal is for each
feed manufacturer which registers to sell medicated feed to retain a
veterinarian. This wquld require commitment of over 9,000 veterinarians,
almost one third of all veterinarians, to employment by a feed manufacturer.
a : v

Development of new drugs may also be considered an alternative to
use of those currently available. Chalquest estimated that in 1968 the cost
within the drug industry of each new drug discovered was $7.0 million. (11)
Development of a discovery to a saleable product was estimated to take
3 to 5 years)and an investment of several million dollars. - At current
prices, this probébly means discovery and development of a new saleable
drug would cost over $15.0 million. Coleman reported that in 1975 use
of antibiotics was 9.4 million pounds for human medication and 8.9 million
pounds for all other uses inéluding animal feed fortification. (12)

Expectation of a reasonably long period of use with some certainty of
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continued approval for use would probably be necessary to. encourage the
drug industry to continue to develop drugs for animal agriculture.
Restrictions on use of currently used drugs without a thorough evaluation
of the conéeduences would do little to maintain thé expectation of
continued approval of newly developed drugs.

Robertson states "The‘concept of preventive medication became a
practical reality with the commercial availabilify'of Sulfaquinoxaline
in 1948. . .Prior tovthis in—feed protection, it was rare for a flock
to reéch market with less than 10 percent mortality. Loss to the owner.
included not only birds. that died, but thé impaired performance of
survivors. Before preventive medication, treatment of coccidiosis
consisted of\observiﬁg symptomé, réndering an accufate diagnosis and
prompt tfeatment, often ﬁith a special feed mix; All of this required
time aﬁd fﬁrther, the appetite of the birds was impaired to the point
that treatment was rarely effective." (48)

Loﬁ level administratién of feed additives in poultry rations is
a management tool. Under certain circumstances, it permits some producers

to provide a larger quantity of highér quality product at lower costs than

they can without this tool. The poultry industry is a flexible one. If

this tdol wére taken away, it would probably'continue to operate. Changes
in structure, management pfoceddresiand\quantity and quality of output
would‘be likely. Consumers wQﬁld probably receive a reduceﬁ sﬁpply of
lower quality poultry and eggs -at higher érices. A more thorough ekam%
ination of cosﬁs and benefifsrof the\use of feéd additives is needed before

final action on the proposed restrictions is taken.
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Summary

Restrictions on-subtherapeutic level use of penicillin, chlor-
tetracycliﬁe and oxytetracycline in animal‘feed ratioﬁs have been proposed.
It has been‘assefted that their use in animal feeds may result in reduced
effectiveneés of use of similar agents in treatment of'human‘health

:problems.

A complete ban on use of nitrofurans‘in animal feeds has also been
proposed as a result of findings that use of‘agents'in this additive group
brdduce tumors in laboratory animals. The possibility of>drug residue
in human foods raises questions about whether use of nitrofurans in animal
ﬁedication may pose‘a human health threat. This study was initiated as
a part of a bréader anélysis of the economic implicatiénsvof iﬁposition of
the proposed restrictions on animal agriculture. The primary objective of
this analysis was to estimate the possible impact of these restrictions
on the poultry industry.

Limited availability of data on the extent 6f use and efficacy of
feed additives in comﬁercial poultry production was a major obstacle
encountered in this study. Déta used were collécted in a survey of
ﬁoultry scieptists supplemented With‘other data éupplied by a private
research firm, experimentai results of poultry research projects and
standérds‘of performance published in poultry management manuals.

Uéing'l976 és the base production period, breeding flock sizes,
replacement rates, and slaughter rates were described for the egg,
broiler and turkey production sub-sectors. For each sub-sector, pro-
duction flock size, replacement rate, slaughter réte_and final output

were also described. Where available, data from statistical reports
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were used in these;descriptions. Some breeding flock data were
calculated based on certain‘aseumptibns. Producfion pe;formance
coefficients such as mortality retes, egg production per layer,
hatchebility rates, growth rates, slaughtering plant condemnation
ratesvand\feed conversion rates were also calculated for each sub-sector.
Finally, feed use and’production costs were calculated for eacH sub-~"
sector. Changes in base period production performance ratesvfor the
industry thch would be expected to accompany the proposed restrictions
on use of each additive group were estimated.

Two estimatesbof the efficacy of use of feed'additives in commercial
poultry productien, a moderate‘fesponse'and a high response, were used
to descfibe separate scenarios. ’Tﬁo industry reactions to the restrictions
were analyzed; In one, industry average production performance rates
expected if the proposed restriétions were imposed were used to ealculate
changes in base period oqtﬁut which would occur if base pefiod breeder
floek replacement rates were continued. 1In the other, changes in breeder
fiock and pro&uction flock replacement fates which would have been
required if base period output levels were continued”Were calculated.
Estimates. of feed use and pfodﬁction costs were calculated for eech
scenario.

The results of this sﬁudy suggest that imposition of the proposed
restrictions on use of tetracyclines would have the largest impact on the
egg and broiler sub-sectors. Under these resfrictione, at base period
breeder replacement rates, egg output would be expected to decrease as
much as 7.5 percent while feed use and production costs per dozen eggs

would be expected to increase as much as 3.5 and 3.9 percent respectively.



Broiler meat production would be expected to decrease as much as

11.9 percent while feed use and production costs per pound of reédy—
to~cook meat would be expected to increase as much as 3.7 and 7.8
percent respectively. If base period output levels were continued
increases in feed use and production costs per dozen eggs as mcuh as
4.0 and 3.4 percent respectively would be expected. Increases in feed
use and production costs. per pound of ready-to-cook broiler meat as
much as 3.7 and 6.0 percent respectively would be expected.

The results of this study also suggest that imposition of the proposed
ban on the use of nitrofurans in poultry rations would have the largest
impact on the turkey sub—sector. At base period breeder replacement rates,
a decrease in turkey meat production as much as 8.9 percent accompanied
by increases in feed use and production costs per pound of ready-to-cook
meat as much as 3.7 and 5.0 percent respectively would be expected. If
base period output were continued, increases in feed use and production
costs as much as 3.7 and 3.3 percent per pound of ready-to-cook meat

~would be expected.

If base period breeder replécement rates were continued and the
restrictions were imposed, it was estimated that poultry and egg production
costs could decrease as much as $269.1 million. However, output would
also decrease as much as 349.7 million dozens of eggs and 1,065.3 and
174.2 million pounds of ready-to-cook broilerband turkey meat respectively..
If base périod output were continued it was estimated that poultry
production costs could increase as much aé $281.5 million.

It was concluded that imposition of thé proposed restrictions would

probably result in consumers paying higher prices for smaller quantities
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of poultry and eggs. The exactvestimates of the impact of these changes,
however, may be somewhat low due to the nature of some assumptioné used

in this study made necessary by data 1imitations. The assumptions that
there would be no substitutes for the additives considered and no sub-
sﬁitutability among additive groups could have reéulted in ovef—estimation
of the possible impéctsiof restrictions on use of individual additive
groups. On the other hand, the assumptionsvthat there were no interéctions
or additivity in effects of additive groupsvand that only those birds which
would have received supplemented rations woﬁld be affected by imposition
of the restrictions may have fesuited.in under—estimation of the potential
impacts of the restrictions. Furthermore, though much has been written
about feed additives, patterns of use, efficacy of use and alternatives to
their use, much of it haé been.experimental or promotional. There is a
need to collect additional information on performancebof feed additives

under commercial poultry production conditions.

Recommendations for Further Research

The advisability of use of certain feed additives in animal agriculﬁure
has been a recurring question for many years. Asvearly as 1960, the
Netherthorp Committee in the United Kingdom investigated the posgible
human health consequences of feeding antibiotics to férm‘animals. Eval-
uations of the possible economic costs of restrictions on the use of

feed additives in animal agriculture, however, have beén limited by a
lack of appropriate technical data. The study reported here was performed
under the same limitations. The results should thus be evaluated with

extreme caution.
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Past reports have included recommendations for research to pfqvide
more adequate technical data. Allen and Burbee, fqr example, recommended
a publicly funded research program to evaluate all feed additives
currently approved as growth promotants to determine: (1)

1. Differences between control and additive treated animals

during production to deterﬁine feed efficiency and growth
rates and differences in quality of final product.

2. Ihe residue accumulations in waste discharge and in the

carcasses of treated animals to ascertain any potential human,
animal and environmental hazards.

3. Animal responses to vafious levels of additive feeding under

controlled and other egvironmental conditions.

4. Animal responses using a variety of additives siﬁgly or in

combination.

5. Consumer attitudes to situations where pigmentation or tissue

compositién is affected by the additive.
Jordon suggests there is a need.to increase grants fdr research on production
of quality poultry and eggs without use of medication.‘ (30) He proposes
that better environment, genetics, nutrition and management may be among
the answers. He suggests, for example, that a subsidy program to encourage
the use of wood chips as poﬁltry litter may be one way to make use of
new litter with each flock a more practical management alternative.

To the above suggesﬁions, emphasié should be added on the need for
field studies. Surveys are needed to determine which drugs ére being used,

the concentrations at which they are fed, the reasons for their use, the
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frequencies of their use among farms and the feeding schedules followed.
Are there geographic differences in patterns of use? Are there particuiar
house types, environmental conditions, sizes of houses or farms, seasons
of the year, management pfactices, strains or health conditions of the
birds or other variables associated with modification of response rates?
What do the producers who use feed additives Believe about them? Why do
some producers use them while’others do not? If feed additive use were'
restricted by government edict, would there be a need for a public funded
indemnity program to maintain producer confidence and protect producers
from disease losses which‘stem from causes outside of their control?

Would there be a need forladditional educational programs to keep producers
aware of substitufe management methods, nutritional programs and other
changes as they became availeble to offset any losses of efficiency which
may be associated with restrictions on use of feed additives?

There are also questions about what changes in total use of medi-
cation in animal agriculture may accompany restrictions on preventive
medication. Decreases in low level medication for disease prevehtion
could be completely offset by increases in use of heavier dosages for
therapeutic purposes if the incidence and severity of disease increase.
The problem could be‘magnified if a veterinarian's prescriptionewere
required before medication was administered because of the limited
number available. The more advanced the disease is by the time of
diagnosis, the heavier the dosage is likely to be for its treatment.
Impfo&ed knowledge of the moet>likely diseases to threaten the poultry
industry as it currently operates and the probabilities of their outbreak

may provide a basis to evaluate this possibility.

v
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Under the assumptions used in this study, it was eétimated thét
restrictions 6ﬁ preventive medi§a£ion in animal agriculture couid cost
the poultf& industry almost $300 million in the initial ﬁroduction périod
if base period output levels were maintained. The cost.increase could
eventually be passed on to consumers in some combination of increaséd
prices and reduced quantitie; of poultry and egg products. A compre-
hensive study of patterns of medication through feed in animal agriculture,
includiﬁg programs for development of alterhatives to maintain or improve ’
industry performance, may provide a basis to offset all or part of .this
cost increase. Data‘from these studies could also provide a‘more reliable
basis on which to estimate the impacts of restrictions on use of feed

additives on the poultry industry and on consumers of its products.
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Appendix

Data on frequencies of use and efficacy in poultry production of
the additives included in the proposed restrictions were obtained in a
survey of poultry scientists. Data were also obtaihed in a review of
experimental results. Summaries of data from these sources are presented
to demonstrate variations in estimated efficacy of use of these agents.
These summaries also provide some information on sources of variation

in efficacy of feed additives among flocks of poultry.

Results of Survey of Poultry Scientists

The results of the survey of'poultry scientists dare summarized
in Appendix Tables 1 through 7. The respondents were appraised of
the proposed restrictions and requested to provide estimates of:

1. Percentages of all poultry housed in the U.S. in 1976 which
were fed rations supplemented with additives included in the
groups which would be subject to the proposed restrictions.
Separate estimates were requested for the egg production,
broiler production and turkey production subsectors. Within
subsectors, separate estimates were requested for the breeding,
replacement growout and final product stages of production.

2. Percentages of improvement in specified production performance
criteria among birds which received rations in 1976 supplemented
with feed additives included in the proposed restrictions.
Separate estimates were requested for each subsector by stage
cf production and additive group. '

s

Review of'Experimental Results

1. Egg production

Heywang (29)wreported that addition of penicillin to the laying
ration fed to a/high producing, low mortality strain of layers produced
no sigﬁificant difference in rate of lay. When fed to a low produciné,

high mortality strain of layers, however, production response was
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Table A-1l. Percentages of Chicken Breeders Fed Rations Supplemented with
Penicillin, Tetracyclines or Nitrofurans and Changes in
Production Performance Associated with Use of these Additives,
Field Conditions, Survey Results.

Penicillin Tetracyclines Nitrofurans
Percentage of all birds , ‘ '
receiving any (range) 10 to 20 20 to 40 .10 to 20
Performance criterion (range of estimates of percentages impfovement)
’Reproduction ' 0 to 12 0 to 10 -4 to 18
Feed efficiency ,O to 10 0 to 10 . -1 to 3
Mortality ' 2to10 2 to10 2 to 10

Condemnations at slaughter 0to 5 ~ 0to 5 0 to 5




Table A-2. Percentages of Layer Replacement Pullets, 0 to 20 Weeks 01d,
Fed Rations Supplemented with Penicillin, Tetracyclines or
Nitrofurans ‘and Changes in Production Performance Associated
with Use of these Additives, Field Conditions, Survey Results.

Penicillin »Teﬁracyclines Nitrofurans
Percentage of all birds
receiving any (range) 10 to 20 15 to 30 10 to 20
Performance criterion (range of estimates of percéntagés improvement)
Growth rate 0 to 10 - 0 to 12 0to 5
Feed efficiency ,> | 0 to 8 0 to 8 0 to 5

Mortality - 2 to 15 5 to 20 15 to 40




Table A-3. Percentages of Table Egg Layers, 5 Months 01d and Older,
Fed Rations Supplemented with Penicillin, Tetracyclines
and Nitrofurans and Changes in Production Performance
Associated with Use of these Additives, Field Conditions,
Survey Results.

Penicillin Tetracyclines Nitrofurans
Percentage of all birds
receiving any (range) 10 to 20 10 to 30 illegal
Performance criterion (range of estimates of percentages improvement)
Egg production 0 to 12 0 to 10 -~
Feed efficiency 0 to 10 0 to 10 T
Mortality 0 to 10 0 to 12 -

Condemnations 0 to 2 0 to 2 k -




Table A-4. Percentages of Broiler Chickens fed Rations Supplemented with
Penicillin, Tetracyclines or Nitrofurans and Changes in Production
Performance Associated with the Use of these Additives, Field

Conditions, Survey Results.

Penicillin Tetracyclines Nitrofurans
Percentage of all birds _
receiving any (range)’ : 15 to 20 30 to 90 20 to 30
Performanée criterion ‘ (range of estimates of percentages improvement)
Growth rate 0 to 12 .0 to 20 0 to 5
Feed efficiency | 0 to 8 0 to 15 0 to 5
Mortality | 0 to 15 0 to 15 20 to 40
Condemnations | ) ’ 0 to 15 5 to 15 10 to 20
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Table A-5. Percentages of Turkey Breeders Fed Rations Supplemented with
Penicillin, Tetracyclines or Nitrofurans and Changes in
Production Performance Associated with Use of these Additives,
Field Conditions, Survey Results. ‘

Penicillin Tetracyclines Nitrofurans
Percentage of all birds
receiving any (range) 10 to 20 10 to 20 10 to 20
Performance criterion (range of estimates of percentages improvement)
Reproduction 0to 6 0 to 10 10 to 10
Feed efficiency 0to 5 0 to 5 0 to 2
Mortality 0 to 2 0 to 2 0 to 2

Condemnations 2 to 5 2 to 5 2 to 5
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Table A-6. Percentages of Turkey Poults, Up to 8 Weeks 0ld, Fed Rations
Supplemented with Penicillin, Tetracyclines or Nitrofurans
and Changes in Production Performance Associated with Use of
These Additives, Field Conditions, Survey Results.

Penicillin Tetracyclines Nitrofurans

Percentage of all birds
receiving any (range)

Performance criterion
Growth rate
Feed efficiency

Mortality

25 to 40 25 to 40 50 to 95

(range of estimates of percentages improvement)

4 to 8 0 to 10 0 to 8
0 to 5 0 to 15 0 to 5
3 to 10 2 to 10 30 to 90




Table A-7. Percentages of Meat Turkeys, 8 to 24 Weeks 0ld, Fed Rations
Supplemented with Penicillin, Tetracyclines or Nitrofurans and
Changes in Production Performance Associated with Use of
these Additives, Field Conditions, Survey Results.

Penicillin

Tetracyclines Nitrofurans

Percentage of all birds
receiving any (range)

Performance criterion
Growth rate
Feed efficiency
Mortality

Condemnations

10 to 20

6

5

10 to 25 10 to 25

(range of estimates of percentages improvement)

0 to 10 0 to 5
0 to 9 0 to 5
2 to 5 4 to 10
2 to 10 3to 9
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dependent on the season of the year. During the cool months of the year,
compared with similar birds fed no additives, the pércentage production
for layers fed a ratioﬁ including penicillin was 1.6 percent less in one
replicate and 12.2 percent higher in another. During the warm months,
addition of penicillin to the ration was accompanied by 13.6 and 17}0
percent increases in percentage of production during two replicates. There
was no significant difference in mortality rates. Zavala, et al. (60)

fed rations including penicillin during pullet growout only and also
during‘growout plus the laying period. An increase inlthe percentages
of egg production relative to an unmedicated control group was observed
for both groups. Slinger, et al. (51) reported there was no performance
response to addition of penicillin to growout feed for replacement layers.
The lack of response was aﬁtributed to the previous feeding of penicillin
‘to practically all birds reared in the experimental pens err the prior
10 years. Mortality was low for all groups and also did not appear to

be influenced by the use of penicillin{

In three other studies (16, 20, 32) no significant differences in
rates of egg production or feed conversion, egg weight or quality,
mdrtality rates or egg fértility or hatchability were associated with
addition of chlortetracycline or oxytetracycline to layer feed rations.
The lack of response was attributed to use of healthy, high production
strains of birds in tué experiments. Guenthner and Carlson (25) reported
8.1 and -7.2 percent changes in the percentages of egg production for
floor and cage housed layers respectively compared to’'unmedicated controls

when oxytetraCyéline was added to the laying ration. They reported no
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significant differences in egg quality, hatchability or fertilityf

Essary and Holmes (21) reported a 16.0 percent increase in the percentage
of egg production associated wiﬁh adding chlortetracycline to thepléyer
ration. Reid, et al. (47) reported an 8.5 percent increase in the
percent§gé of egg production and a 1.4 percent decrease in feed per

dozen eggs produced associated with adding oxytetracycline to the laying
ration.

In 1958, Dean and Stephenson (18) reported addition of furazolidone
(NF-180) to layer rations was accompanied by increases in egg production
of 1 to 18‘percent. They reported no change in feed conversion or
hatchability and results concerning‘egg fertility were inconclusive.
Damron, et al. (16) and Willingham and Farle (55) reported no changes
in rate of lay or feed conversion associated with addition of NF-180
to layer rations. Damron, et al. attributed the lack of respbnse to use
of healthy birds in their experiments. Heywang (29) reported that
addition of NF-180 to layer rations of a high production, low mértality
strain of birds did not effect their rates of producfion or mortality.
However, when fed to a low production, high mortality strain, percentage.
egg production increased 3.9.percent in the cool months and 14.9,pércent
in the warm months. . Mortality was not affected. Kondra and Guenter (31)
reported results of research studies in which White Leghqrns and White
Rocks were fed rations with nitrofurizone or NF-180. Neither additive
affected egg weight, feed conversion, fertility or hatchability.
Percentage production was lower for medicated birds than for unmedicated
control birds‘beforergnd after administering the additives. However,

after adding NF-180, percentages of production for treated layers improved
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relative to the unmédicated control birds. This was also observed when White
Rocks received a rafion supplemented with nitrofurizone. Howéver, addition
of nitrofurizone to the White Leghorn rétion was accompanied by a
"decrease in rate‘of‘lay relative to unmedicated c¢controls. Obibuaku,

et al. (39) reported that feed suppleméntation-with furadro#yl or. .

'NF-180 was accompaﬁied by’iﬁcreased’rates of lay. Greatest improvement
was observed in the golder mdﬁths.’ Furadrbxyl waé also associated with

an increase in éggs laid per pound of feed consuméd. Neither additive
affected hatchability, fertility or egg weight. ?roduction rates, when

a 14 percent pfotein diet was supplemented with furadroxyl, compared
favorably with those obtainedlwith a 16 ﬁercent protein diet with no
supplement. This suggested there was a proteiﬁ saving effect associated
with furadroxyl supplementation of the diet. Sauer, et al. (49) reported
a negative relationship between egg weight gain'pervweek‘ana NF-180
supplementation of the ration fed caged White Leghorns in environmentally
controlled housing.‘vStiles‘(SZ) reporting on 3 experiments said that feed
supplementation with:NF—l8O was accompanied by decreases off5.4,‘21.9.and
6.6 percent in percentage of egg production.' He reported that the
decreases were not significant, however, according to the results of
statistical tests used in his analysis. He aléo reported that diet
supplementation with NF-180 did not effect egg quality, shell thickness,
frequencies of blood or meat spots or egg fertility. However, there

was a statistically significant 2.6 percent incréase‘in fhe percentage
hatchability associated with folSO ration supplemenfation. Boone and
Barnett (8) reported that supplementation of layer diets with furadroxyl

was accompanied by an 8.2 percent increase in eggs produced per layer
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and a significant increase in percentage hatchability of eggs set.
They observed no changes in egg size, shell thickness or percentage of
layer mortality. Some of the results of these studies are summarized

in Table A-8.

2. Broiler Production

Combs and Bossard (13) reported that in two experiments, additions
of penicillin to broilef mash were not associated with any changes in
chick growth or feed‘conversion rates measured at 28 or 49 days old.’ In
a thi}d experiment in which broilers were raised on used litter, addition
of penicillin to the ration was accompanied by an increase in growth rates.
Eyssen, et al. (22) reported ﬁhat addition of‘penicillin to broiler feed
was accompanied by a 5.6 percent increase in weight'gain over a 4 week
perioa. Their experiménts were conducted in clean quarters in which no
birds had been housed in the prior 6 months. Heth and Bird (28) analyzed the
results of experiments conducted at a single location over a 10 year
period. Feed supplementation with penicillin’was associated with about
a 9.0 percent increase in body weight. There was no evidence of a change
in response associated with feeding successive flocks the same type additive.
Marusich, et al. (34) reportéd that penicillin supplementation of broiler
feed was accompénied by no significant changes in 8 week weight gains
or feed conversion rétes. Nelson, et al. (36) demonstrated a decreasing
growth response when successive flocks of broilérs were raised in the
same environment and fed penicillin supplemented rations over a 3 year

period. They hypothesized that there was a buildup of iesistant organisms.

The same authors (37) reported an increase of 11.5 percent in average weight
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Table A-8. Production Performance Response of Laying Hens to Supplementation

of Feed Rations with Penicillin, Tetracyclines or Nitrofurans,
Experimental Results.2

b y Pereentage
Reference Experiment Additive Production Feed per Egg
(- - percentage change - -)
29 1 Penicillin  -1.6, 12.2
-2 Penicillin 13.6, 17.0
25d 1 :Oxytetracycline 8.1
2 Oxytetracycline -7.2
47 1 Ok§tetracycline 8.5 -1.4
21 1 " Chlora- 16.0
tetracycline
29¢ 1 NF-180 3.9
2 - NF-180 14.9
18 1 Furazolidone 1 to 18
8 1 Furazolidone . 8.2

®Based mostly on data published in Poultrx_ScienCe.

bSee References Cited.

€A low production-high mortality strain of layers. Experiment 1 - conducted
during cool months; Experiment 2 - conducted during warm months.

dExperiment 1 - floor birds; Experiment 2 - caged birds.
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gain through four weeks when broilers were fed a ration including penicillin.
" Feed per péund of meat decreased 7.3 percent. Potter, et al. (41) reported
increases up to 4.6 percent in 8‘week weight gain’ for broilers fed
rations,éupplemented with penicillin. Weight gain per unit of feed also
increased up to 3.3 percent. |

Combs and Bossard (13) in‘two experiments found no response in
growth or feed conversion rates among broilers fed rations suﬁplemented
with chlortetracycline or oxytetracycline. In a third eﬁperimént in .
which broilers weré raised on used 1itter, there wete pbsitive growth
‘responées,associated with each édditive. Heth and Bird (28) reported
increased ré£ES of growth for broilers of about 11.0 percent measured
at 3 weeks old associated with adding tetracyclines to their rations. They
also reported that there was no loss in efficiency associated with
feeding the same additiQe to successive flocks at the same iécation over
a lQ year period. Quarles; éf al.,(44) demonstrated that. low level
feeding of chior%etracycline prior td>disease exposure did not compromise
its therepeuﬁié efficiency against E. ty§hiﬁurium induced salmonella
infections. In fact, a decreased post infection dosage could be used
when birds wefe fed a supplemented pfé—infection ration. Eyséen, et al.
(22) réported increases of‘4.9bénd 5.9 percent in weight gain through
4 weeks of‘agévfor broiiers fed rations with bxytetracycliné. The
response depended on the dosage administered. TFeed efficienéy also
improved 2.6 and 5.0 percent in the two experiments.‘ Fraﬁti, et al.
(23)'feported that éhe‘addition of oxytetracycline4to broiler rations

was accompanied by increases in 8 week Body weight of 2.1 and 7.1 percent
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depending on the dosage used. Feed conversion rates were not affected.
Prasad, et al. (43) fed broiler breeders rations supplemenfed with
neomycin sulfate and oxytetracycline. They reported that improvements
in progeny performance accounted for by improveé hatchiﬁg egg quality
were greeter than improvements in hen performance. Progeny of hens
fed the suppiemented diets were better feed converters than those of
control hens. Additive supplemented feed for the breeders also
accounted for improved growth and liveability and decreased condemnation
rates among their progeny.

Bierer (5) demonstrated»that low level feeding:of nihydrazone
enabled broilers to maintain weight gains almost as high as uninfected
birds when air-sac infection was artifically induced by exposure to E.
Coli organisms. Bierer and Barnett (7) reported results of four
experiments in which broiler hatching eggs were sprayed with S. typhimurium
broth to induce salmonella infection among chicks hatched. Chick feed
was supplemented with a low level dosage of nihydrazone. Average percentages
of mortality through 10 days old for chicks which did not receive medication
were 34.0,‘29.0, 21.5, and 34.0 for experiments 1 through 4 respectively.
Comparable rates fof those receiving medicated feed were 21.0, 14.0, 13.0
and 7.0 percene respectivelyL In/a fifth experiment, infection was by
natural exposure to seeder birds and the disease organism was S. gallinarium.
The average perceﬁtages of mortality measured at 8 weeks of age were 84.5
for non-medicated birds and 1.5 for those receiving medicated rations.
Growth rate’for exposed birds which received medicated feed were about

the same as those for birds which were not disease exposed and
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received~ndn—mediéated'feed. Raines and Porter (45) reported on
experiments in geveral states where air sac disease was recognized.
Additién of Nidfafur'(nihydraéone) premix to broiler diets aided in
maintainiﬁgWéight gains and feed efficiency'and "dramatically reduced"
condemnations due to air‘sac\diseaseblesions. Rainesvaﬁd Porter (46)
reported on'paired experiments including control flocks which received
no medication and treated flocks'receiving rations supplemenfed with
low 1évels of hihydrazone fed continuously from 1 day of age to
| marketing. Use of thé additive was associated with an increase in the
percentage liveability by as much as 11.6 percent in one experiment.
‘The average percentage increases associated with the addifive for six
| experiments were 2.5‘for percentage liveability and 5.9 for average
live weight. Use of'thé additive wasvalso associated with a 3.3 éercent
decrease in.feed‘use pér pound of meat. The percentaée of piant
~ condemnations due to air saC’digéase was. 1.9 for control flocks compared
to 0.3 for the treatéd‘birds. Bfiggs (10) reported that low level
'feeding of HC4067, a nitrofuran; to broilers was associated,with a 2.6
percent increase in weight gain through 8 weeks of age.‘ He alsq;stated
that preliminary results showed aﬁ édditive effect of HC-067 with

penicillin. Some results of these studies are summarized in Table A-9.

3. Turkey Pfodugtioﬁ

‘Balloun;‘et al. (3) feported that addition of a penicillin—étreptomycin
combination to rations- fed tbkpoultS‘ﬁas'éssociated‘with a 3.8 percent
increase in body weight meaSured at 5 weeks old. When fed in combination

with dimetridazole, a blackhead disease control agent which also demonstrated



Table A-9. Production Performance Response of Broiler Chickens to
Supplementation of Feed Rations with Penicillin, Tetracyclines
or Nitrofurans, Experimental Results.2

‘Growth Feed Per

Referenceb Additive ‘ Rate 1b. Meat Liveability
(- - - - percentage change - - - - - - )
22 Penicillin 5.6
28 Penicillin 9.0
37 Penicillin 11.5 —7.3
41 Penicillin 4.6 . -3.3
28 Tetracyclines' 11{0
22 Oxytetracyclines 4.9; 5.9 -2.6,-5.0.
23 - "Oxytetracyclines 2.1, 7.1
46 Nihydrazone 5.9 -3.3 2.5
10 | HC-067 , 2.6
7 ) Nihydrazone : ' 52.2°¢
7 Nihydrazone | ‘ v 98.2°¢

%Based mainly on data published in Poultry Science.

kSee References Ciﬁed.

 ®Included exposure to salmonella organisms.



growth promotant capabilities, the effects of the two agents were
additive. Potter (42) reported that penicillin supplementation of

poult rations in one experiment was associated with increases in body
weight and feed efficiency measured at 8 weeks o0ld of 7.4 and 2.7
percent respectively. In another expériﬁent, similar increases were 8.3
andv3.3 percent respectively. Scott and Peter (50) summarized results
of experiments to determine the growth promotant capabilities of various
feed additives when fed with a nutritionally complete starter diet.

Low level feeding of penicillin was accompanied by an increase of 9.3
percent in turkéy growth through four weeks. Sullivan, et al. (53)
reported that, in one experiment, addition of penicillin to turkey
rations was associated ﬁith a 13.0 percent increase in 8 week old

poult weights. 1In a second experiment, addition of penicillin to
rations accounted for a 9.0 percent increase in body weight measured

at 8 weeks of age while addition of a penicillin-streptomycin combination
accounted for a 16.6 percent increase.

Baldwin, et al. (2) reported no significant changes in weight gain
or feed efficiency for turkeys fed rétions including low levels of
oxytetracyclines. They did conclude from analysis of micro-organisms
in the feces that there was an increase in multiple antibiotic
resistance when increased amounts of antibiotics were fed. Deacon and
Patterson (17) reported a 4.2 percent increase in the percentage of
egg production for turkey breeders fed rations including oxytetracycline.
They observed no effect on feed used per egg or fertility or hatchability.

They attributed the lack of response to the "excellent health" of the
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, birds throughout the test. Nivas, et al. (38) fed clortetracycline

supplemented pre-starter rafiqns to turkey poults beginning at 1 day of

age. The poulte were artifically exposed/to salmonella infection by

oral application of S. typhimurium at 5 days of age.“Tests from 3 days

through 12 days after exposure‘revealed'that as the dosage of additive

in the diet increased the quantity and duration of shed of salmonella

decreased. Minimal levels of drug resistance and resistance transfer

to other organisms were also ebserved. Olson (40)‘reported that addition of

chlortetracycline to the ration reduced mortality for turkeys artificially

exposed to fowl cholera disease. The survivel rate among non-medicated

exposed turkeys was 44.4 percent compared to 70.8 percent among exposed

birds fed rations with low levels of the additive. Feed conversion

for exposed turkeys fed low levels of the additive was about the same as

that for nonmedicated, nonexposed turkeys. Potter (42) reperte& a

4.9 percent increase in bpdy»weights measured at 8 weeks of age for

turkeys fed rations supplemeﬁted with chlortetracycline. In two experiments,

he reported increases of 0.7 and 1.8 percent in 8 week feed efficiency

associated with the additive. Scott and Peter (50) reported average

Qeight of poelts measured at’4 weeks of age was increased 4.1 percent

when rations were supplemeﬁted with chlortetracycline. Sullivan, et al. (53)

reported a slight decrease, 2.0‘percent; in growth of turkey poults

through 8 weeke of age wﬁen‘their diet was supplemented with chlortetracycline.
Condren, et al. (14) cited an earlier study in which it was shown

that low 1evel feeding of NF-180 before infection was almost totally

effective in prevention of artifically induced blackhead in turkeys.
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McGregor, et al. (35) fed poults rations supplemented with‘NFQISO from day
old through 25 days ola. The poults were exposed to histomoniasis

at 15 days of age. Mortality for the disease exposed birds not fed
medication was 87.5 percéﬁt compared to only 6.2 percent for thbse exposed
but fed rations supplemented with NF-180. Potter (42) reported results
of two experiments in which poults were fed rations supplemented with
NF-180. Administration of the additive was associated with increases

in body’weight and'feed efficiency measured at 8 weeks of age of 4.1

and 2.3 percent respectively in one experiment. Comparéble results in
the second experiment were increases of 6.0 and 8.0 percent. The dosage
of NF-180 was doubled in the second experiment. Scott and Peter (50)
reported that addition of ﬁff180 to a nutritionally complete turkey
starter diet was associated with a 7.7 percent increase in poult growth
through four wegks of age. Bierer (6) reported that suppleméntation

éf turkey starter ration with nihydrazone was effective in reducing
mortality from salmonella infection. In two experiments, day old

poults were exposed to S. typhimurium. Mortality after 10 days was

76.0 and 86.0 percent for poults which did not receive medicated feed.
For those fed rations supplemented with niﬁydrazone beginning at one day
of age, comparable mortality was 30.0 and 18.0 percent respectively.

‘In a similar experiment in which poults were exposed to S. gallinarium,

vere 90.0 and 36.0 percent for non-medicated and

rt
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medicated poults respectively. The degree of protection was associated
with the level of medication. Bierer and Barnett (7) used seeder birds

for natural exposure of poults to S. gallinafium. Exposure was from 1

through 7 days of age. The average mortality of poults 14 days of age
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for those receiving no medication was 75.0 percent. For those which were
fed rations supplemented with nihydrazone, it was 14.0 percent, actually
lower than the 18.0 percent mortality for a group 6f control birds which
was not disease exposed and received no medication. For the disease
exposed groups, the average body weight. of poults which received medication
was as much as 7.6 percent greater than that of those which received no
medication. Average body weight of disease exposed, medicated birds was
only 2.4 percent iess thén that of those not exposed nor medicated. Some

results of these studies are summarized in Table A-10.
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Production Performance Response of Turkeys to Supplementation’

Table A-10.
" of Feed Rations with Penicillin, Tetracyclines or Nitrofurans,
 Experimental Results.? '
b Age When  Growth  Feed Per
Reference Additive Measured Rate 1b. Meat  Liveability
(weeks) (- - - - percentage change - - -)
3 Penicillin® 5 3.8
53 Penicillin® 8 16.6
42 Penicillin - 8 ' 7.4,8.3 -2.7,-3.3
50 Penicillin 4 9.3
53 Penicillin 8 13.0,9.0
42 Chlortetracycline 8 4.9 ?.7,—1.8
50 Chlortetracycline 4 4.1
53 Chlortetracycline 8 -2.0
42 NF-180 8 4,1,6.0 -2.3,-8.0
50 NF-180 4 7.7
. ~d,h ' .
40 Chlortetracycline 23 -17.0 59.5
3521 yp-180 5 60. 4 594.8
65°F  Nihydrazone 1.5 191.7,485.7
‘6g’h Nihydrazone 1.5 640.0
78" Nihydrazone 2 7.6 2440
a

b

See References Cited.

Co s 1 .
Penicillin~streptomycin.

Based mainly on data published in Poultry

Science,

dPoults exposed to P. multocida to induce fowl cholera,

®Poults exposed to Histomoniasis.
fPoults exposed to S. typhimurium to induce salmonella infection.

Epoults exposed to S. gallinarium to induce salmonella infection.

h . : . . . .
All comparisons are with control birds exposed to similar disease organisms

but receiving no preventive medication.
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