the least of which is their contribution to
animal production, some of which was
discussed above.
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Recommended levels of Amprolium, zoalene, Arzene, and arsanilic acid were fed

to broiler chickens for several weeks.
birds were analyzed for specific residues at regular time intervals.

Liver, kidney, fat, and muscle tissue of individual

Contrary to the

steadily increasing drug intake during the experiments, residues in the tissue re-
mained on a constant low level—a safe indication that the drugs did not accumulate.
There was no linear increase but only a slight response in the residue levels when multiple
{1 to 10) drug levels were used in the feed.

-\ /I vcH of the confusion and uneasi-

ness about the need for and the
value of feed additives in animal nutri-
tion today is caused by lack of under-
standing by the layman. Moreover,
some of the information has been dis-
torted. Efficiency in animal production
has been raised to an almost unbelieva-
ble level as compared with that of 20 or
30 years ago. This leaves the layman
suspicious, at least in Europe where
people have not experienced as many
other technical advances as have people
in the United States. The layman be-
lieves that food produced with less than
half the amounrt of feed that was needed
20 years ago will probably have only

half of the nutrient value. He believes
that the increasing profit in animal pro-
duction is brought about by obscure and
even dangerous feed additives and that
the consumer pays for this by jeopardiz-
ing his health. The first approach to the
supposed hazard to man of feed additives
must therefore be a consideration of
what actually happens in animal produc-
tion today.

Economizing on Maintenance Feed

The steadily increasing feed efficiency
in animal production has little to do with
the use of feed additives. Most of it can
be explained by our changing attitude
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toward animal production. Twenty
years ago we were content with hens that
produced an egg only every third day
or 120 eggs per year. Because of better
breeding and, to a certain extent, bet-
ter feeding and management techniques,
most hens now lay an egg every 36 hours
or 250 eggs per year. This better, or
much faster, performance influences feed
conversion since energy cannot be lost.
Just as heat energy can be transformed
into mechanical energy or into electrical
power, feed energy must show up in one
form or another unless it is wasted in
feces or urine. On the average, only 30
to 409, of the feed’s net energy will show
up in eggs, milk, meat, butter, or body
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fat. The remaining 60 to 709 is ex-
pended for the animal’s maintenance or
routine living requirements.

One can calculate the 24-hour main-
tenance requirement for energy in calo-
ries from Kleiber’s formula for metabolic
size (7). The smaller the animal, the
higher its maintenance requirement on a
liveweight base. For example, a 2-kg.
laying hen will need approximately 80
grams of feed daily to sustain life. This
figure depends somewhat on the composi-
tion and therefore the energy content of
the ration being fed. The hen’s total
feed capacity, however, is limited to no
more than 120 to 130 grams daily
during high production periods. There-
fore, only a minor fraction, roughly one
third, of the feed intake is available for
egg production.

One cannot arbitrarily eradicate the
maintenance requirement or even de-
crease it. Therefore, the only way to
change this unfavorable maintenance-to-
production feed ratio is to keep only those
animals that voluntarily work twice as
hard as those of 20 years ago. This,
however, is more a genetic than a feeding
problem. One can see that there is a
very simple explanation available for the
gap in feed intake per egg, which, in
1962, was approximately 175 grams as
compared with 300 grams in 1945.

Demand for Nutrients Rather Than for
Traditional Feeds

In animal nutrition there is seldom a
demand for specific feedstuffs. The
nutritionist has learned that feed de-
mands must be converted into nutrient
demands. All animals have a nutri-
tional need for proteins, energy sources
(mainly derived from carbohydrates and
fats), mineral substances, and vitamins
which are present in varying quantities
as “‘building units” in all feeds. Since
there is a demand for building units
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Amprolium intake (left) in chickens and residue

)

(A = 1000 p.p.m. Amprolium; B = |25 p.p.m. Amprolium)

rather than for individual feeds, efforts
have been directed to combining nutri-
ents in a feed ration in the most profitable
way, and adapting them to the animal’s
nutritional requirements, As a result,
feed rations today are more concentrated
in nutrients than those of 15 vears
ago, which accounts partly for the better
feed conversion. Part of the vitamins,
trace elements, amino acids, or xantho-
phylls for egg yolk pigmentation missing
in common economical feedstuffs are
added to the ration to make it more ef-
fective. Feed additives of this type,
added in proper amounts, cannot be
hazardous to human health since they
have been natural ingredients of plants
and other feed sources for thousands of
years.

Growth-Promoting and Disease-
Preventing Agents

These agents may well be compared in
significance with the discovery of vita-
mins in the early part of this century.
Only healthy livestock will show the best
performance and highest efficiency in
producing meat, milk, and eggs. How-
ever, there may exist livestock “‘healthier
than healthy,” depending only on how
““good health’ is defined. Adding small
amounts of antibiotics to the feed—
begun in 1948 — proved to be of apparent
nutritive value. Animal performance
improved the same as it would have with
an additional supply of nutrients. Anti-
biotics, however, cannot be called nutri-
ents perse. They put healthy-appearing
livestock into an even more healthy state
by cutting down detrimental effects orig-
inating from the animal’s environment—
mainly from bacteria most commonly
spread in the intestine—thussaving energy
for meat production that otherwise
would be used in the animal’s ‘“‘defense
budget.” The nutritive effect of anti-
biotics, therefore, may be defined as the
better performance and better feed con-
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version achieved by making an animal
“healthier than healthy.”

Other pharmaceuticals in feeds such
as coccidiostats, anthelmintics, and also
some arsenicals act principally the same
way. The ‘“‘growth-promoting” or, even
more pertinent, ‘‘growth-permitting”
properties of antibiotics and arsenicals
are actually the consequence of their
disease-preventing qualities, although
their mode of action is still under discus-
sion. Other feed additives—tranquil-
izers and estrogens—cut down the high
metabolic rate and so shift some of the
energy needed for body maintenance to
the production of meat and eggs. They,
too, cannot be considered hazardous for
human health, provided excretion or
metabolic destruction of these com-
pounds by the animal is sufficiently
complete.

Possible Side Effects of Feed
Additives

There are several possibilities that
have to be considered. Allergic reac-
tions from handling may be one. In
Germany, for instance, penicillin has
been charged with this side eflfect, but
the only allergies so far have resulted
from the use of this antibiotic in human
or animal therapy.

Development of bacterial resistance to
a feed additive may be another side
eflect. This may diminish the therapeu-
tic effectiveness of the compound if it is
used simultaneously in the medical field.
Bacterial resistance, however, has been
observed only if antibiotics exceed the
“nutritive’” level in the feed. Even then
resistance returns to normal when the
compound is removed from the ration.

A feed additive may have a detrimen-
tal effect on the quality of meat, eggs,
and butter by changing the normal com-
position. Thyrostatics are said to cause
a high moisture content in meat, but
this has not been conclusively confirmed.
There are numerous questions that re-



quire careful examination before a new
feed additive may be used safely. In
this paper, only possible carry-over effects
—the residue problem in human food—
are considered.

Do Feed Additives Accumulate in
Animal Tissue?

This possibility will have to be studied
carefully for every new compound before
its release, since reliable predictions
cannot be made without experimental
data. So far, however, the only feed
additives known to accumulate are the
common nutrients such as vitamins and
minerals.  Vitamins A and D are stored
in the animal’s liver or kidney. Vitamin
E is stored in the fat tissue rather ubi-
quitously. Carotenoids like lutein and
other related compounds as well as vari-
ous vitamins will be deposited in egg
yolk, Trace elements such as copper
and iron may be stored in the liver. A
systemic or selective storage could not be
established, however, for other currently
used feed additives, mostly pharmaceuti-
cal agents or hormonelike compounds.

It is interesting therefore to speculate
as to why feed additives other than
naturally occurring feed ingredients show
little tendency to be stored in animal
tissue. One is inclined to say that ani-
mals are designed for the utilization of
nutrients. Vitamins and minerals may
be saved and stored for the animal’s
own welfare. But many other chemical
compounds are either useless, or even
poisonous. There would be no reason to
store such compounds. It therefore
seems logical to assume that the animal in
protecting itself will try to excrete or

Table }. In Vitro Destruction of Amprolium in Chick Tissue (Broiler, 2 Kg.)
(20 pg. of Amprolium added per gram of tissue)
% Amprolium Regained® after Incubation (37° C.)
Protreatment: 1250 P.P.M. Amprolium in Feed
0 Weeks 2 Weeks 3 Weeks
Hours Blank Muscle Liver Muscle Liver Muscle Liver
0 100.0 100.0 100.0 100.0 100.0 100.0 100.0
2 99.5 98.5 94.5 100.0 80.0 88.0 94 .3
4 97.7 98.5 88.8 98.3 73.2 89.8 82.7
6 95.6 98.5 91.5 97.5 71.0 88.2 55.7

e Fluorometric determination.

example, zinc bacitracin—is not even
absorbed to a great extent. It acts in
the intestine only, and the main portion
of the additive leaves the body without
having entered the blood stream.
Although accumulation has not been
observed with feed additives commonly
used today, exceptions may exist. Fluo-
rine and lead accumulate in bone tissue.
They are sparingly absorbed, but may be
even more slowly excreted. Lead
mobilization under conditions of stress
may follow years of such storage, thus
leading to lead poisoning (77). Another
exception became known with the use of
chlorinated hydrocarbons as insecticides
such as dichloro-diphenyl-trichloroethane
(DDT), which has now been replaced by
a safer methoxychlor compound. How-
ever, these insecticides have never been
voluntarily added to feed rations. They
have not been presented for approval by
health authorities nor are they part of
the animal nutrition program. They

are considered undesirable feed contam-
inants; nevertheless, they formed the
psychological background for public
uneasiness and fear about feed additives.

Whether or not one considers storage
of a feed additive as an exception, the
possible accumulation of feed additives
in different tissues, their absorption and
excretion rates, and, if possible, their
metabolic pathways must be investigated
carefully. Normally, excreta will carry
most of a feed additive or its metabolites
out of the body; but eggs and milk may
also carry traces of feed additives. Both
must receive special attention.

Residue Levels in Tissue

Many experiments on residue levels in
tissue have been run in different countries
in recent vears (7, 4, 5, 8-70). Some-
times it is difficult to explain why residues
are found in the tissue during the time a
compound is fed and absorbed. This is

metabolize such material as quickly as 573 mg.
possible.  Otherwise, it would suffer on 2000
feed additives in a comparatively short
time. Very often a feed additive—for 0.30mg. ¢
/) p:
o
e
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1500 | ,;{
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v
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Table Il.

(400 ug. of zoalene added per 20 grams of tissue)
1g. Zoalene and ANOT per 20 Grams Tissue Regained after Incubation {37° C.)

In Vitro Destruction of Zoalene in Chick Tissue (Broiler, 1 Kg.)

Pretreatment: 312 P,P.M. Zoalene in Feed
0 Weeks 1 Week 8 Weeks
Zoal. Muscle Liver Muscle Liver Muscle Liver
Hours Blank Zoal, ANOT Zoal. ANOT Zodl. ANOT Zoal, ANOT Zoal. ANOT Zoal. ANOT
0 360 414 16 410 46 483 11 320 50 378 22 388 44
2 .. 19 276 460 61 284 115
4 .. 137 123 108 154
5 307 136 <0.1 284 293 87 284 114
8 380 35 294 <0.1 287 17 218 18 312 37 310 18 314
.
472 mg.
1500 [~ A é ke— slaughter
-~ E 2F and marketing
Pie 0.58 mg. i
= B 10 X RL
219 mg. HINS 1P
- é 1 XRL
. -
g 1000 548 mg
<
G /k 1 1 1 1 1 — Il
.‘::: Q 2 4 6 8 10 50 52 54 56
‘5 Days (continuous feading) {._ r:::i:;:i::
>
3 Figure 5. Typical residue curve of feed additives in soft tis-
500 . :
27 m. sue of broiler chickens
; (RL = recommended level of additive in feed, p.p.m.}
0.26 mg. +
casualities (50%) o . .
coccidiostat used in the poultry industry.
] 1 ] Five times the recommended level of
i 2 4 zoalene in the feed depressed the growth
Weeks (continuous feeding), of the birds significantly, indicating that
Figure 4. Relationship of total intake {large cubes) to total this compound is Som.CWhat ICSSZ tf)lerated
residue (small cubes) of Progen and Arzene in chickens b,y the animal. Birds receiving 2.5
times (312 p.p.m.) the usual level of
(A = control; B = 500 p.p.m.; C = 200 p.p.m.) zoalene in the feed grew as rapidly as the
control, however. But again, in none
of the groups could an accumulation
normal, however, and the tissue will chloride] residues found in different of zoalene in the tissue be observed. The

“dry off” these residues when the feed
additive is removed from the ration
(Table II1).

Another point of controversy is the
fact that the residue level in the tissue
may increase somewhat if the level of
feed additive is raised. Sometimes even
this is considered a form of residue ac-
cumulation since a certain confusion
exists about the maximum residue level
that can be tolerated safely. Some
authorities advocate the zero-level even
though a zero-value will depend entirely
on the sensitivity of the analytical method
used.

Experimental Data

The following figures deal with the
residue problem after certain coccidio-
stats were fed to chickens. They may be
considered as typical for any feed addi-
tive used today.

Figure 1 shows Amprolium [1-(4-
amino - 2 - n - propyl - 5 - pyrimidinyl-
methyl) - 2 - picoliniumchloride hydro-
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tissues of birds continuously fed one
(125 p.p.m.) and 8 (1000 p.p.m.) times
the recommended level. A certain
accumulation of Amprolium in the
microgram range could be observed
during the first 3 weeks of feeding, but
then the residue level decreased. This
may be explained by more intensified
degradation or excretion of the Ampro-
lium molecule due to better adaptation,
mainly of the liver, during a long feeding
period (Table I).

Figure 2 shows that there is no
accumulation of residues in the tissue
after Amprolium feeding at even eight
times the recommended dose. The ex-
perimental data are the same as in
Figure 1, but this type of plotting illus-
trates better the capability of an animal to
eliminate Amprolium from its tissues,
No growth depression or other abnor-
malities could be observed in these
experiments.

Figure 3 represents similar data for
zoalene, another effective and modern
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tiny amounts of zoalene and Amprolium
in these figures represent an equilibrium
between drug intake and drug excretion.
Within the limits used here, the animal is
able to adjustitself to higher levels of drug
intake without storing any of the surplus.
There was no linear increase of residues
in the tissue, but only a slight response
when multiple levels of the drug were
fed. The data seem to indicate that this
response follows a logarithmic function
(70). The slightly increased drug con-
tent of the tissue with higher level of drug
intake, therefore, should not be inter-
preted as storage of the drug in the tissue.
It indicates only the somewhat higher
amount of drug ““passing” the tissue at
the time of slaughter because of the
higher level of drug in the feed.

Zoalene (3,5-dinitro-o-toluamide) can
easily be transformed into ANOT (3-
amino-5-nitro-o-toluamide). Again, the
tissue seems to become accustomed to the
degradation process during a longer feed-
ing period (Table II). However, these
data are not so striking as those for



Table lll. Residues (ug. per Gram)
of Zoalene and ANOT after

Withdrawal
Days
after
With- Muscle Liver

drawal Zoal. ANOT Zoal. ANOT
PRETREATMENT: ZOALENE, 125

P.P.M. 1N FEED FOR 8 WEEKS

0 1.6 0.9 0.3 2.5
1 <0.1 0.2 <0.1 1.0
2 <01 <0.1 <01 <01

PRETREATMENT: ZOALENE, 312
P.P.M. 1x FEED FOrR 8 WEEKS

0 1.3 1.1 03 3.1
1 <01 02 <01 <0.1
2 <01 <01 <01 <01

Amprolium in liver tissue. How quickly
the last trace of residue will disappear
from the tssue after the removal of
zoalene from the feed can be seen in
Table ITI. Similar data are at hand for
Amprolium.

Organic arsenicals showed identical
behavior (Figure 4). The more toxic
Arzene (arsenosobenzene) which con-
tains trivalent Asin an organic molecule
killed 509, of the animals at 10 times the
recommended level in 2 weeks. All
growth was inhibited, but there was no
marked accumulation of As in the tissue.
The less toxic arsanilic acid (Progen)
which contains pentavalent As was toler-
ated well even at the high level used in
the feed. Although the total drug in-
take increased daily, the residue level in
the tissue remained low. Once the com-
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pound was removed from the feed the
tissue ‘“dried oftf”’ quickly.

Figure 5 represents typical residue
curves of feed additives in animal tissues.
There is not a single feed additive known
to the authors and used today in animal
nutrition that would not follow this pat-
tern. Experimental studies are at hand
in the authors’ laboratories for nitro-
furazone, nitrophenid, and nicarbazin,
as well as other coccidiostats. This is
true also for antibiotics in feeds, as
checked by the authors for aureomycin,
terramycin, penicillin, and bacitracin, so
long as the recommended and maximum
level of 100 p.p.m. in the animal’s tota
ration is not exceeded. In higher con-
centrations, tetracyclines show a tend-
ency for deposition in bone material
but not in the soft tissue of the animal’s
carcass (2, 3,6).

Figure 5 also demonstrates that tiny
amounts of residues are unavoidable at
the time of feeding as long as the feed
additive will be absorbed from the intes-
tine. The residue level will increase
only slightly when the drug level in the
feed is raised within certain limits. Con-
trary, however, to the steadily increasing
total drug intake during longer feeding
periods, residues in the tissues remain on
a constant low level. Sometimes they
even decrease, as in the case of Ampro-
lium. Metabolites as degradation prod-
ucts of the drug should always be con-
sidered during analysis. Best informa-
tion will often be obtained with labeled
compounds.

Since livestock withstand several thou-
sand times the drug level ever expected
in human food derived from those ani-
mals, there is little or no chance for resi-

The Additives Amendment in Practice

I HE FAMOUS ‘“‘poison squad” experi-
ments of the Wiley era in which

young men served as test subjects created
the misconception that all chemicals
are harmful and the related idea that
any amount of a chemical is poisonous
(6). Thus, a struggle has been going on
for over half a century between research
and reason on one side and. on the other
side, the eniotional concept that all
additives are harmful. The proponents
of research and reason have included the
land grant institutions, the TU. S.
Deparument of Agriculture, and the
reputable food industry. It is comfort-
ing to realize that these proponents have
generally prevailed over their adver-

saries who reiterated the misconceptions
of the Wiley era. As a result, we are
today enjoying a safe, wholesome food
supply.

The 1938 revision of the original Pure
Food Law probably constituted one of
the finest pieces of legislation governing
foods ever enacted into law anywhere in
the world. The 1938 law gave broad
authority to regulate the labeling of
foods claiming special nutritive benefits.

In practice, the 1938 law had one
flaw which Congress felt needed to be
remedied—namely, it prohibited the
addition in any quantity of any poisonous
or deleterious substance to foods except
where it was required or could not be
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due traces to jeopardize human health.
There is no valid reason to assume that
those traces will not be excreted by man
as they are by millions of farm animals.
This practical experiment, therefore, is of
much greater significance in studying the
safety of a feed additive than toxicity
studies on rats, mice, cats, and dogs, per-
formed only once or twice in a laboratory.,
could ever be.
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avoided in food production. This par-
ticular flaw, it was widely fely, could
not afford complete protection to the
consumer, because prior establishment
of the safety of an additive was not re-
quired. Furthermore, the fiaw in the
1938 law also tended to retard technolog-
ical advances in the food-processing
field, since, any reputable manufacturer
of chemicals, or any producer or proc-
essor of foods could not consider the
use of a substance at any level if it was
demonstrated to be poisonous at high
levels, even though at low levels it might
be safe and serve a useful purpose (2).
Prior to the enactment of the 1958
amendment to the Food, Drug, and
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