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ABSTRACT

Experiments were conducted on the growing chick with the use of
semipurified diets and a relatilvey zinc free environment to determine
(1) if the chick requires zinc, (2) the quantitative requirement of zinc
for growth (3) the relative availability for the chick of zinc from the
chloride, sulfate, carbonate and oxide compounds, and (4) the effect of
excessive amounts of calcium and phosphorus on the amount of zinc re-
quired. In experiments with feeds composed of natural feedstuffs, studies
were made on (5) the effect of high levels of zinec on growth and feed
efficiency in young chicks, (6) the effect of supplemental zinc and
calcium, alont or in combination, on egg production, hatchability,
laying_house mortality, egeg weizht, Haugh score, and eggshell thickness
in the laying hen.

Zinc was found to be an essential mutrient for the young chick for
gzrowth, feather development, efficient feed utilization, bone growth,
and maintenance of healthy skin., A deficiency of zinc caused retarded
growth rate, poor feather development, retention of body down, poor
feed utilization, enlarged hocks, and dermatitis of tops of feet and
foot pads.

The zinc requirement was twenty ppm of available zinc or less. Zinc
in the form of the clhloride, sulfate, oxide, and carbonate was equally
utilized by the chick. Excessive amounts of calcium in the diet aggravated
the zinc-deficiency symptoms and increased the zinc requirement.

With the use of practical diets, zinc levels of 1,000 ppm or less,
as the sulfate, oxide,and carbonate, were well tolerated. Above

this level the compounds depressed growth and feed efficiency in the



followingz increasing order: oxide, sulfate, and carbonat.e.v

The addition of zinc and caleium, alone or in combination, to a
laying ration, did not affect egg production, hatchability, laying-
house mortality, egg weight, and Haugh score. Eggshell thickness
was increased in cool. but not warm weather by the combination of zine

and caleium, but not by calcium or zinc alone.
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Introduction

For many yeers poultrymen have been concerned with the proper
feeding of farm poultry. As the science of poultry nutrition has
advanced, the demand for more gualitative knowledge for 2ll the
nutrients has developed and assumed great importancs.

Probably in no area of animel nutrition has the gualitative and
quantitative determination of essential nutrients received greater
impetus than in the growing chick. In recent years, the nutrient
requirements of the laying hen have also been intensively investigated.

In view of the report of Tucker and Salmon (1955) that swine fed
practical rations required addgitionz2l zinc, it seemed desirable to
determine if supplemental zinec is needed in the ration of chickens.

The research described in this thesis is concernsd with the study
of zinc in the nutrition of poultry. Qualitative snd quentitative
studies were made to determine if the growing chick requires zine.
Toxicity studies were underteéken to determine the tolerance level of
zine for the growing chick and the interreletionshins of zinc with
calecium and phosphorus were 2lso studied. With the laying hen, the
effect of zinc on egg production, egg weignt, egg shell thickness,

and embryonic development was studied.



REVIEW OF LITERATURE
Zinc, an essential nutrient

The presence of zinc in plant and animal tissues (Lechartier,
1877) and in the muscle and liver of man (Raoult, 1877) was first
established in 1877. This followed by several years the work of
Raulin (1869), a pupil of Pasteur, who determined that zinc was needed
for growth of the mold Aspergilus niger.

Much-later Tsui (1948) provided a possible explanation for the
role of zinc in plants. 2inc is an essential mutrient for growth
because the tryptophane content is lowered in zinc-deficient plants.
Since indoleacetic acid, a plant growth hormone, is produced from
tryptophane, a deficiency of this amino acid causes a deficiency of
this hormone and results in a lowered growth rate.

During the 1920's, several investigators (McHargue, 1926; Hubbell
and Mendel, 1927) made attempts to determmine whether 2zinc performed an
essential function in animal nutrition but met with limited success.
The diets employed were so deficient in essential nutrients, especially
vitamins, that even with added zinc the experimental rats and mice
survived only a short time.

Todd, Elvehjem and Hart (1934) were more successful - by using
purified diets they demonstrated that zinc is essential for the growth
of rats. Diets adequate in the other nutrients but low in zinc were
subsequently used by the Wisconsin workers and others. These studies
disclosed unquestionably the importance of zinc in the nutrition of mice

as well as rats (Day and Skidmore, 1947; Edwards et al., 1958).



Nishimura (1952) found that newborn mice, which were removed from
their mother before réceiving colostrum and pleced with foster mothers
in later stages of lactation, developed disorders similer to those report-
ed for zinc deficiency. The administration of colostrum or zinc salts at
birth prevented the development of the condition.

In early attempts to investigzate the essentiality of zinc for rats,
exhaustive purifications of the casein in the diet was necessary to produce
2. deficiency. Recently Bdwerds et @l. (1958) easily produced & zinc de-
ficiency in rats by the use of isolated soybean protein.

Tucker and Salmon (1955) and Luecke et 2l. (1956) found that zinc
prevented parakeratosis and thus was &n essenti2l mineral for the pig.

Titus &nd Ginn (1931) noted that rice bran was very effective in
the prevention of perosis in chicks. In the following year, the zine
content of rice bran was found to be higher than in most feedstuffs and
an experiment was initiated to determine if this mineral had 2ny effect
on perosis. The perosis preventative effect of rice bran wés not found
to be due to its zinc content. This constituted the first investigation
to determine if the chick benefits from zine. 1Insko et 2l. (1938) also
reported that zinc was ineffective in preventing percsis. However,

Wilgus et 21. (1937) concluded that zinc decre@sed the incidence of
perosis but was less effective than ma@nganese.

O'Dell and Savege (1957) reported that the addition of 6.6 ppm and
56 ppm of’zinc, or five percent of distillers solubles promoted the growth
of chicks. The chicks were m2int@ined in galvanized (zinc-co2ted)
batteries, and fed 2 Drackett Assay C-1 P rotein - Cerelose type diet

which contained 1l.72 percent calcium, 0.6 percent phosphorus and 52 ppm



of zine. Roberson and Schaible (1958) used vlastic-coeted or glass
equipment, purified rations thet contained exceedingly low contents of
zine and distilled drinking water and thus proved that the chick requires
zinc for growth, feather development 2nd maintenance of normal skin
condition. Bdwards et al. (1958) produced 2 zinc deficiency in the
chick using plastic equipment or epoxy resin-coated batteries; they did
not »nroduce the condition in regular galvsnized batteries. Norris et &al.
(1958) a2nd Morrison and Sarett (1958) also reported that the growing
chick requires zine.

Supplee et 2l. (1958) reported that the growing turkey requires zinc
for rapid normal growth, feather development and orevention of & non-
rachitic hock disorder which denoted &bnorm2l bone development.

Zinc deficiency symptoms

Follis et 8l.(1941) described zine deficiency symptoms in the rat.
They were extreme parakeratosis of the esophagus with & thick layer of
partially keratianized cells, lesions of the buccal cavity and in some
cases, corne2l changes of the eyes. The skin showed hyperkeratinization
with loss of nair follicles and hair.

Kernkamp and Ferrin (1953) described & condition in swine, which
they termed parakeratosis, characterized by retarded growth, diarriea,
vomiting, 2norexia, severe dermatitis and finslly death in acute cases.

Tucker and Salmon (1955) obtzined parakeratosis in practical swine
rations containing 34 - 44 opom zine and found that high levels of calcium
suvplements aggravated the condition. Symptoms similar to those reported
by Kernkemp and Ferrin (1953) were observed.

O0'Dell 2nd Savage (1957) described symptoms caused by & slight

deficiency of zinec in the chick as deoressed growth and impaired bone



development. According to Roberson =nd Scheible (19582, 1958b)

conditions causing an acute zinc deficiency in the growing chick

produced depressed growth, poor utilization of feed, failure to feather
normally with retention of body down and & ragged condition of feathers
and dermatitis of the tons of feet &nd on footpads wvhich caused a high-
stepping walk, Norris et al. (1958) observed similar deficiency

symptoms and, in addition, found 2 decrease in bone zsh. Symptoms

were produced when plastic-cozted equipment was used but were not produced
when chicks were maintained in galvanized batteries,

In turkey poults, Supplee et 2l., (1958) noted that & zinc defic-
ieney caused depressed growth, poor feathering, &nd impaired bone dev-
elopment which resulted in & high incidence of hock disorders.,

Symptoms attributeble to & zinc deficiency aave not been reported
for cattle, sheep, dogs, cats, ducks, geese, phecsants or other poultry.
However, in view of the essentiality of zinc for the rat, pig, chick, and
turkey, it seems likely that zinc is an essential nutrient for other
farm animals and pets.

Environmental effects on the development of a
zinc deficiency in the chick

Since +the zinc coating has been noted to erode cuite rzpidly
on starting batteries, esvecizlly the waterers cnd feeders, only
meterials oreventing the exposure of chicks to extraneous zinc were
employed when the research revorted in this thesis wés initiated.
Mehring (1956) observed thet enough zine is dissolved from the gal-
vanized water nans to add 3oom to the drinking water. If it is
assumed tnat the bird consumes two to three times as much water as

feed, an additional & to 19 vum would be 2dded to the level vrovided



in the feed.

In the preliminary experiments, plastic cages, glass feeders and
waterers, and reagent grade minerals were used. Subsequent experiments
were conducted in Jameswey Batteries with 21l ex-osed g&lvenized parts
coated with evoxy resin. The ge&lvanized waterers were reolaced with one-
g2llon glass baby chick founts with vplastic bases.

Previous reseadrch on unidentified minerals, reported by Morrison
et 21.(1955, 1956) wes conducted in gelvenized Petersime Batteries. 1In
the early experiments, the gzlvanized vaterers were not coated; in later
work, they were snrayed with plestic varnish. In proving the adequecy of
their diet, graded levels of zinc ( 5 to 100 mg/kg) were added to the
basal diet which contained 4.8 vom added zinc without vroducing a sig-
nificant growth resconse in chicks reared in ginc-co2ted batteries with
zinc—-coeted waterers.

0!'Dell 2nd Savage (1957) obteined a chick growth response when &
semi-purified diet wss supplemented with graded levels of zine, but &s
staéted previously the work was conducted in galvanized batteries. The
basal diet contained 1.75 percent calcium &nd 0.6 percent phosphorus.

In view of the experimental work reviewed on the czlcium—-gzinc inter-
relationshi>, the zinc deficiency they obtained could have resulted
from the high level of calcium. Deficiency symptoms were not nearly
2s gsevVere 28 those on extremely low levels of zinc 2nd normal levels of
calcium reported by Roberson and Schaible (1958). In other laboratories
in which plestic-cozted equiopment was .sed, researchers (Norris et 2l.,
1958; Pensack and Klussendorf, 1958) substantiated this interpretation.
Edwards et 2l. (1958) also studied the effect of enviroment on

szinc deficiency in the chick. Chicks housed in galvenizea batteries



with galvenized waterers did not respond to suvplementesl zinc added to
diets 2zpparently deficient in zinc. Chicks, however, developed severe
zinc deficiency symptoms when housed in plastic end stzinless steel
cages and were given distilled water in glass weterers. 4 less severe,
butvquite varisble, zinc deficiency wes obtained with chicks housed in
galvanized batteries &nd given distilled drinking water. When chicks
were fed & zinc-deficient diet, in oven wooden troughs, growth wes
increased, but when the troughs were covered to srevent feca2l contam-
ination, no growth increazse occurrcd. When the gzlvenized batteries
were coated with epoxy resin, & very severe zinc deficiency, similar
to that in plastic cages occurred.

Morrison 2nd Sarett (1958) obtained & growth response in chicks
from graded levels of zinc (0,5,25, 100 pom) a2dded to & semi-purified
diet (Morrison et 23.1956). The birds were m2int&ined in galvanized
batteries and given distilled water in glass jers. A zinc deficieancy
in this study consisted of & growth depression, &nd 2n enlargement and
elongaticn of the tibiotersal-tarsometatesrsal (hock) Jjoint. Bone ash
was not affected. The deficiency symptoms were much less severe than
those in which & similar diet was used but the birds were reared in
plastic-coated batteries.

Water contaminated with gzinc hés been @Znother source of experimental
error in nutritional resesrch. Edwerds et al., (1958) found tha® the
tap water he used conteined 1.0 ppm zinc a2nd thet this gave a chick
growth response over aistilled water when 2 semi-purified diet was used.

Romenoff and Romenoft (LG49) state that eslmost &ll the zinc in the
egg is in the yolk. In work reported in this tnesis, 1t is concluded

that *he quantity of zinc in the yolk sac of day-old chicks is too



sm2ll to cause significant experiment2l error in growth eXperiments.
In agreement with this conclusion, deutectomized chicks grow 2t the
seme rate as normel chicks when fed & zinc-deficient, semi-purified
diet (Edwards et al. 1958).

The source of protein in experimental rations has also affected
the results obt&ined in zinc studies. O0'Dell and Savage (1957) obtained
& growth response in chicks when mupnlement2l zinc was added to & semi-
purified diet containing Drackett Assay C-1 Protein but failed when
casein or alpha-protein replsaced the soybean protein. The soybean
rrotein, caésein and alphz-protein contain similar cuantities of zinc.
Norris et zl. (1958) found that 2 total zinc content of 20 mg/kg wes
recuired by the chick when & casein-type diet containing 5.2 mg/kg
was fed. On the other hend, when & Drezckett Assay C~-1 Protein diet
containing nine ppm zinc was used 2 total of thirty ppm zinc was
recuired. They concluded that the zinc in the soybean protein was
not utiligeble by the chick.

In studies with poults, Supplee et 2l. (1958) rarely observed sbnor-
mal hocks end poor feathering when sn autoclaved soybean protein-starch
type diet was fed; whereas, & high incidence of nhock disorder and poor
feszthering was observed on & soybean protein-sucrose-type diet.
Possibly the improvement wé&s due to the relezse of the zinc from the
soybeén protein during sutoclaving so that it becZme more aveilsble to
the poults. However, it must not be overlooked that corn starch
contains 73 pom zinc; whereas, sucrose contains very little zine.
Consequently, sterch, when used as & priméry energy source in 2 diet
could contribute & considerable quantity of zine.

Eavards et al. (1958) produced without great difficulty & zinc



deficiency in rate when soybezn protein was used. This is in contrast
with early attempts to produce & zinc deficiency in rats with a casein-
tyve diet. Exhaustive purification of the caésein was necessary to
produce & zinc deficiency in the rats.

Although Morrison and Sarett (1958) obtained 2 substzntizl growth
responge from zinc when soybean protein was used, they obtzined only a
slight resoonse when casein or gelatin was used as the protein source.
Both type diets contained approximetely 30 ppm zinc. The addition of
excess calcium to the soybesn protein diet depressed weight gains and
feed efficiency. Supplemental zinc counteracted these effects, The
addition of excess celcium to the cusein-and geletin-type diet failed
to depress growth or produce other symptoms indicative of a =zinec
deficiency.

Nishimura (1952) pointed out that the level of zinc in mouse
colostrum wes grest enough to protect newborn mice from 2 zinc deficiency;
whereas, the zinc content of mouse milk was inadequate for normal
performance of baby mice.

Thé physiological role of zine

Zinc_and Hormones

The cryst&llization of insulin as & zinc salt by Fisher and Scott
(1935) led to the misconception that zinc was an integral part of the
insulin molecule. This thought persisted in spite of the fact that
other met&ls, namely nickel, cobalt, and cedmium, cen be used in the
crystallization. Amorohous insulin is &s @ctive physiologically as
erystellin ineulin, and there is little convincing evidence thet zinc

and insulin muet combine in vivo to form zn active compound (Vallee, 1957).



There is far more zinc in the pencrea2s than would be necessary for
insulin activation and some of it is now accounted for by its presence
in carboxypeptidase ( Vallee and Neuroth, 1955).

Zine and Porphyrins

It appears cert=in that a zinc uroporphyrin existe in higher
animals as well as in mollusk ( sn2ils, etc. ). The zinc complex of the
Waldenstrom uroporphyrin (1937) has been shown %o be & constant consti-
tuent of the urine and feces in cases of intermittent, acute porphyria.
In congenital cases of this condition, the porphyrin is excreted in the
free state and zinc uroporphyrin is found in the liver. A zinc cop-
rooporphyrin ha&s been found in caéses of lead poisoning and in the urine of
victims of scute rheums-ic fever ( Vallee, 1957).

Zinc—Containing Enzymes

In contrast to the highly-colored iron and copper proteins and
enzymes, the zine proteins and enzymes are colorless. This fact aas
probably been responsible for the slow recognition of the importance
of zinc in enzymes.

Keilin 2nd Mann (1940) first observed that the carbonic anhydrase
( an enzyme which catalyzes the reaction H29'+00é€!H2003 ) of the blood
cells of oxen conteained 0.33 percent zinc which does not exchange
freely with ionic zirc. 2Zinc is an integral part of the molecule of
cérbonic snhydrese and the removal of the metal results in irreversible
inzctivetion. Carbonie anhydrzse is found in almost 211 tissue but
erythrocytes contain the greatest quantity. Practically all the zinc
of erythrocytes is oresent in their carbonic znhydrase (Vallee, 1957).
Waehtel et 2l. (1941) studied the carbonic enhydrase activity in rats
deficient in zinec. Although 2 slight =znemia was observed, there was

no lowering of the carbonic anhydrcse activity of the erytarocytes.



Carboxypeptidase of bovine pancreatic juice was shown by Vallee
and Neurath (1955) to be & zinc-containing enzyme. This exopeptidase
splits terminal emino acids from peptides having & free alpha carboxyl
group adjacent to the peptide bond. The enzyme contains one atom of
zinc ver molecule and the zinc is indispensible for its enzymatic
activity.

A number of zinc-containing dehydrogenases ( enzymes which remove
hydrogen from a substrste in biological oxidation) have been revorted
and zinec is necessary for their activity. A1l of the engzymes are
dependent upon diphoschopyridine nucleotide (DPN) for their activity.
For example, Vallee and Hoch (1955) stated that yeast a2lcohol
dehydrogenase contained, as an integral part, four atoms of zine per
molecule of enzyme. Theorell et 2l. (1956) found that horse liver
alcohol dehydrogenase contained two atoms of zinc per molecule of enzyme
and that zinc is essential for engymatic activity. Glutamic
dehydrogenase of beef liver and lactic dehydrogenase of rabbit skeletal
muscle were found to contain zinc a&s an integral part of the enzyme
system (Vallee et 2l. (1955, 1956). The zinc in these enzymes explains
the high content of this mineral in the liver and retina of the eye.

The mets8bolic role of zinc in the development of bone, skin 2nd
feathers is unknown at the present time. 0'Dell and Savage (1957)
obtained impaired bone development in zinc-deficient chicks while
Norris et al. (1958) found & decrexse in bone ash. Roberson snd
Schaible (1958) described dermetitis of the feet and poor feather
development in zinc-deficient chicks. As yet, no specific role of
zine in metabolism of these tissues has been reported.

Mawson 2nd Fisher (1951) found high concentrations of zinc in

the orostate of the rat, and Mawson (1952) noted & similar condition



in the rabbit ond men. Cunn et 2l. (1956) reported that zn®5 was
selectively taken up by the dorsolaterzl prostate of the rat-
specifically by the cells of the lateral acini ( Guan and Gould,
1956, 1957) end elaborated in the glanduler secretion ( Gunn &nd
Gould, 1956). The 2znb5 was found throughout the uterine tract after
ejaculation. However, the removal of large amounts of the zinc from
the ejaculate did not alter fertility or fecundity ( Guonn and Gould,
1958). Thus, the zinc in the prostste gland does not appear to play
any particuler role in reproduction. Zinc is, however, found in the
sperm (Mawson, 1953) and drubtlessly plays an indispensable part in
its production or metabolism.

Serum inorganic phosphorus levels were depressed in vigs with
parakeratosis but serum calecium, megnesium and a&lkaline phosphatase
were not apnreciably affected ( Stevenson end Eaerle, 1956). Significant
incres ses in the zinc concentrstion of Plood plasme, liver and kidney
followed supplementetion of & ration with 50 ppm zinec (Hoekstra et al.
1956). The zinc concentration of muscle, spleen, lungs 2nd skin were
not affected by zinc suopplementetion. The addition of two percent
bone meal to & non-suvplemented diet did not affect the zinc
concentration of orgens. However, the &ddition of the two wercent bone
meal to & diet supolemented with fifty pom zine resulted in decreased
zine concentration of the liver and kidneys but did not affect that
in the other organs.

Morrison and Sarett (1958) revorted that zine deficiency in the
chick has no effect on blood-sugar, serum p.osphatase, lectic zecid
and slxaline phosphatase levels, but results in deoressed intestinal

alksline owhosphatase, Zine deficiency did not zffect the percentage
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of ash in the tibiotarsal bones or on the composition of the liver
or carcass.
The interrelationship of zinec with other minerals

Calecium and phosphorus

Tucker and Salmon (1955) reported that the level of czlecium
and/or phosphorus affected the incidence and severity of parakeratosis.
Increasing the calcium level of the ration decreased weight geins and
hastened the onset of perakeraztosis (Lewis et al. , 1956). Increesing
the phosphorus level of the diet by the =ddition of monosodium phosphate
had no effect on weight gains but decreased the skin lesions when
compared with the results obtained with a basal diet containing 0.47
percent phosphorus and 0.82 percent calcium. One hundred ppm supplement-
al zinc were necessary to completely prevent parakeratosis.

Iuecke et 2l. (1956) produced a 100 percent incidence of par-
akeratosis in swine by feeding 1.50 percent calcium &nd 0.80 percent
phosphorus in a ration containing 31 opm zine. Twenty ppm supplemental
zine prevented paraskeratosis in nine of ten pigs. When the calecium level
was reduced to 0.98 percent of the diet and phosphorus to 0.70 percent,
the incidence of parakeratosis was lowered to three of ten pigs.
Supplementation of this ration with twenty pom zinc completely pre-
vented paraskeratosis.

The experience of many workers suggests that the interaction
between calcium and zine may be within the intestiral trzet. However,
the results obtained at the hends of different investigotors suggest
that other factors may be involved in this interaction. DPor example,

recently Hoefer et al. (1958) reported that copper would prevent

paraiceratosis.
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Copper

Smith and Larson (1946) depressed growth =2nd produced znemia
in rats by feeding 2 diet excessively high in zinc. The addition of
copper to the diet corrected the 2nemia but did not restore normal
growth. Similarly, Gray and Ellis (1950) produced anemia in rats by
feeding a high level of zinc but growth was not depressed. Supplemental
copper likewise corrected the anemia.

The possible relationship between zinc and
unidentified factors

Accoring to Dannenburg et 8l. (1955) the ash of distillers
dried solubles produced & growth stimulation which was equivalent to
approximately one-half that obtasined from the unashed material, The
addition of 0.5 vpercent calcium to the bas@l diet, which slresdy con-
tained 1.08 percent calcium, depressed growth. Addition of three
percent distillers dried solubles restored normal growth. O0'Dell and
Savage (1957) ascertained that zinc would replace part, if not all, of
the unidentified minerals supwnlied by distillers dried solubles.

Morrison and Sarett (1958) found that the addition of 2.5 percent
of dried fish solubles to &n isolated soybean-protein-cerelose type
diet (vprotein level kept constant) produced & ten percent growth
response; where@s, no growth response was obtained in the presence of
ten ppm of added zinc. Furthermore, fish solubles corrected the
depression in growth brought about by the addition of 0.5 percent
excess calcium.

Kratzer et 2l. (1958) produced a hock disorder and depressed
growth in turkeys by feeding an isolated soybean vrotein baszl diet

containing 1.88 percent calcium, 0.75 nercent vhosphorus and 25 p m
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zinc., The addition of 38 ppm of supplemental zinc to the diet or
replacement of the isolated soybesn meal with regular soybean meal
containing 66 ppm of zinc was required to give optimum growth amd have
2 maxium effect in reducing the incidence of enlarged hock. He concluded
thet the zinc in the soybezn meal corrected the depressed growth and

enlarged hock. Soybean meal is & source of an unidentified factor.



GENERAL EXPERIMENTAL PROCEDURE

Similar procedures for the different experiments are outlined in
this section; departures therefrom, are described under the individual
experiments.

The rzndomization of chicks to pens or replicates was made in the
following manner: one-day-old chicks received from & commercial hatchery
or hatched at Michigan State University were weighed and distributed into
consecutive weight groups, such as 36-38, 39-41, etc. each having a
weight range of three grams. The groups with the lowest and highest
weights were discarded. An equal number of chicks from each weight
group was rendomized to each pen. Thus, this method minimized the effect
of differences in initial weights of the chicks on the final results.

Lots were randomly assigned to replicates. In experiments with
oractical diets, each lot appezred in each battery, therefore, each
battery held one replicate of all treatments. This method wes used
to orevent differences due to position of the batteries in the room.

Birds were m2intzined in eleetrically-heated, starting batteries
with raised wire floors. Where purified diets were used, all battery
parts were coated with epoxy-resin, except the wire floors and dropping
vans which were coated with shellac or clear metal primer. The gal-
vanized (zine plated) water troughs were replaced with one~gellon,
glass, baby chick founts with plestic bases. The batteries were
kept in 2 special room which was relatively free of dust. Thus,
precautions were taken not only %o reduce the amount of =zine in the test
ration but also to prevent accidental zine contamineztion from equip -

ment znd environment. Where practical diets were used, galvenized

patteries (uncoated) were utilized.
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Group weights of the birds were recorded 2t the end of two weeks
8nd individual weights &t the end of the experiment. JFeed consumption
was obtained by lot in exveriments with purified diets =nd by replicate
with nracticel diets.

In preparation for zn experiment, the heaters on the batteries
were turned on and regulated a*t leest one day prior to the arrival of
chicks. TFeed was olaced in the troughs and, at the start, on paper
which wes l2id on the wire floors.

Experimentel diets and water were supplied ad libitum. In
experiments with purified diets, distilled water was used; with »nrsc—
tical diets, top water wae employed. Hardware cloth (vncozted) was
nlaced on the feed in the troughs to minimigze feed wastege when practicel
diets were utilized. With oHurified diets, this was not oractical because
of the type of battery used.

Purified diets were mixed in a plastic, twin-shell blender or in a
small, steel concrete mixer. Other diets were mixed in & one-hzlf ton
upright mixer or in & sméll concrete mixer., Feeds prior to feeding
were hendled as follows: Purified diets were placed in plastic or paper
bags and stored in & refrigerator at 35° F. Precticsl diets were stored
in gelvenized cans in the starting battery room at room tempereture

( epproximately 60° F).



Experiment I

In an exploratory experiment, two groups of five White Leghorn
cockerels, hatched at Michigen State University, were a&llocated to
two pens having plastic mesh sides and rubber mesh floors.

One group of chicks was fed & basal diet which wes & slight
modificetion of that used by Morrison et 2l. (1955) Table 1, but
not including the supplementzl zinc. The basal diet contained 16 ppm
of zine. The second group was supplied the besal diet supplemented with
100 ppm of zinec as the sulfete. Analytical reagent grade minersls
were added to the diets. Distilled water was supplied for drinking
and both feed 2nd water were provided 2d libitum in glass feeders
and waterers. The experiment wzs terminated when the birds were
four weeks of age.

Results =nd Discussion:

The results are shown in Table 2. The group receiving the basal
diet grew poorly, developed dermatitis of the feet, failed to fezther
properly and developed & high-stepping welk. Symptoms began to sppear
about the l4th =2nd were severe by the 2lst day. The group fed the
zine-supplemented diet grew s.tisfactorily during the four-week test
period end did not exhibit any of the symptoms noted in the zinc-

deficient group.



TABIE 1

CCMPOSITION OF BASAL DIET USED IN EXPERIMENT I

Ingredients Amt./100 gms
Glucosel 6l.55 gm
Isolated soybean proteinZ2 25.57 "
Corn oil 3,00 ¢
Ground celluil_ose3 3,00
DL-Methionine 0.70 "
Glycine 0,30 "
CaHPO,_]_ 2.151L n
CaCo. 1.402 0
KH 0,867 "
Naéi “ 0.600 "
MgSOy, 0.25 "
Fe804'7H20 0.0333 *
MnSOy .Hs0 0.0333
K1 0.26 nig
COC12 -6H20 Q.17 wg
NazMoO «2H50 0.83 mg
Choline chloride 150.00 mg
Inositol 25.00 mg
Niaecin 5.00 mg
Ca Pantothenate 2,00 mg
a-Tocopherol acetate 2.00 mg
Thiamin HCL 1.00 mg
Riboflavin 1,00 mg
Pyridoxine HCl O.45 mg
Folic acid 0.40 mg
Menadione 0.05 mg
Biotin 0.02 mg
Vitamin A 500 IU
Vitamin D 37.5 ICU
Vitamin B12 2.00 meg

1- Cerelose, Corn Products Sales Co., 440 New Center Bldg.,
Detroit, Michigan

2- Drackett Assay Protein C-1l, The Drackett Products Co.,
Cincinnati 32, ©Ohio

3- Solka Floe, The Brown Co., Berlin, New Hampshire



TABLE 2

THE EFFECT OF SUPFLEMENTs&L ZINC ON CHICK GROWTH
TC FOUR WEEKS OF AGE

Zine Chick weights
Lot Additions to the basal at 4 weeks
(ppm) (gm)
1 None 100

2 100 226

20
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Experiment II

In view of the surprising results obtained in the preliminary
experiment, a2 more comprehensive experiment was designed to
substentiate the preliminary excerimental findings.

In this experiment the isolated soybean protein was washed with
én HCl solution at pH 4.6 in a2n attempt to remove its residual zine.
The protein was dried for 36 hours at a temperature of approximetely
100° C. Two basal diets were used, one contained unvashed isolated
soybean protein and the other weshed isolated soybean protein. They
conteined 19 and 7 opm zinec, respectively, and were derived from the
formula show in Table 1. To each bas2l ration was added 100 ppm of
zine.

White Meateor X White Rock, one-day-old, sexed chicks were
allotted as previously described into 12 pens of five males and
five females each. Ee&ch treztment was a2polied to three replicates of
birds. The chicks were maintained in ¢ special laboratory which was
kept relatively free from dust :nd 2t a temverature of 75° ¥.

Feed consumption wés recorded for each treatment.

Results &nd Discussion:

The results s=re presented in Table 3. &n analysis of variance
of the dztaz (Table 4) revealed a significant difference (p .01)
emong lo*s z2nd & significant difference (P .05) betwsen the
responses of the two sexes. Comp:risons between treatments were
made by Duncan's me*hod (1955).

With both basal ra‘ions, the adcition of zinc to the diets
increased growth significantly (P .01). ZExtracting the protein in

the diet devressed growth significantly (P .01) in the sbsence of
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supplemental zinc snd (P<.05) in the presence of supplemental zinc.
Extracted protein in the presence of supplemental zinc did not depress
growth significantly at the one vpercent level of probability.

As in Experiment I, the unsupplemented basal diet produced
boor growth, retention of body down with poor feather growth, ragged
feathers, enlarged hocks, & severe foot dermatitis and & high~stepping
walk, The birds huddled near the source of heat, were inactive, but
never eméciated. Retardation of growth was apparent at the end of the
first week. Dermatitis begen to appear 2t the second week and was
extremely severe by the end of the third week.

The a2ddition of zinc to the diet produced normal growth and
prevented 2ll the deficiency symptoms. The livability of chicks
receiving supplemental zinc was better than that of chicks receiving
no supplemental zinc. Ususally, chicks with the more severe symptoms
died first.

Feed utilization wrs improved by supplemental zinc both in the
presence of washed and unwashed protein. Washing the protein decre2sed
the efficiency of feed utilization.

It is obvious that extracting the isolated soybean protein is
unnecessery to produce 2 zinc deficiency if other possible zinc con-
taminants are avoided. The zinc content of the natursl protein is
low enough, or perhaps not eveilatle so that an acute zine deficiency

can be produced in the chick.



THE EFFECT OF SUPPLEMENTAL ZINC ON CHICK GROWTH, LIVABILITY
AND FEED EFFICIENCY TO FOUR WERKS OF AGE

TABLE 3

23

Average Surviving
chick chicks of
Lot Treatment at 4 wks. 30 started Gain/feed
(zm)
1 Basal I (unwashed protein) 183 27 0.45
2 Basal I + 100 ppm zinc 363 29 0.69
3 Basal II (washed protein) 101 28 035
L Basal II + 100 ppm zinc 333 29 0.62
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TABLE &4

ANALYSTS OF VARIANCE OF CHICK WEIGHTS AT FOUR WEEKS
(Experiment II)

Source Degrees
of of Mean F values
variation freedom square Calculated P = 05 P = .01
Total 112
Subclass 23 56,609 30 . 09** 2.11
Lot 3 400,752 213 .39%* L,04
Replicate 2 3,334 1,77 3.10
Sex 1 Ly, 758 23 . 80** 6.93
TXR 6 615 0.32 2.21
TXS 3 L,h12 2.34 2,71
RXS 2 5,634 3.00 3.10
TXRXS 6 3,354 1.78 2.20
Error 89 1,878

=% Significant (P<C.01)
Comparisons among lots

at 5 percent level of probability

Lot No. 3 1 4 2

4 wk. wt. 101 183 333 363

At 1 percent level of probability

Lot No. 3 1 L 2

4 wk. wte 10l 183 333 363



Zinc deficient chicks are compared with normal chicks in the
follovwing figures. Figurel shows the stooped oosture ty icezl of zinc
deficiency. Wing fezthers grew to 2 limited extent but became rough
due to the absence of barbules. The weight of the normel chick was
363 grems as compared to 183 grams for the zinc-deficient chick,
thus growth is severely impaired in a zinc deficiency. Figure 11
shows the dermatitis which is concentrated mainly between the toes
end on the skin covering the junction of the Tersometztarsus with
the phalanges. The footpads of = normel and & zinc-deficient chick
are shown in Figure III. The dermatitis of the footpads becomes
extremely severe, necrotic, and often bleeds. These conditions
cause the high-stepping walk characteristic of & deficiency. In
Figure IV the hocks of normsl and zinc-deficient chicks are shown.
The enlsrged hocks resemble those of & mengsnese deficiency but there
is no slipping of the tendon. As mentioned before, these symptoms
can be overcome by supplementation of the ration with zinc.

Other resesrchers have 2lso described zinc deficiency synptoms.
O'Dell and Savage (1957) and Morrison and Sarett (1958) reported that
symptoms of 2 zinc deficiency in chicks included depreésed growth,
shorter =nd thicker long bones and decre2sed ash content of the leg
bones. Since their exveriments were conducted in galvanized batteries
with substantial amounts of zinc in the baseal diet, it is considered
that the symptoms given represent 2 mild, rather then a severe, zinc
deficiency.

Pensack and Klussendorf (1957) end Norris et zl. (1958) found
zinc deficiency symptoms exactly as described by this =zuthor, Norris

et al (1958) also mede histological examinations of the enlarged bone,
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which revezled & derangement of the certilege cells in the zone of cal-
cification similar to thet found in mengenese and choline deficiencies.
These symotoms were also reported by Bdawards et al. (1958).

Zinc deficiency symptoms of the growing chick =s noted by this
author, and other workers zre depressed growth, impeired bone devel-
opment causing enlsrged hocks and shortened long bones, failure to
feather properly, severe dermatitis of tops of feet and between toes
and on the footpads, and poor utilization of feed. Zinc additions

to the diet prevents all the deficiency symptoms.
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FIGURE TI.

(BOTTOM)

THE NORMAL CHICKEN

(TO?) VS THE ZINC-DEFICIENT CHICKEN
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FIGUEE 2.

THE FOOT OF A NOKM&L CHICKEN

DEFICIENT CHICKEN (BOTTOM)

(TOP) VS THE FOOT Off A ZINC
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FIGURE 3. THE FOOTPAD OF A EGBMAL CHICICEH (TOP) VS THE E3XROTIC

FOOTPAD OF A ZIHC-EEFICIENT CHICKEE (BOTTOM)
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PIGOES A. THE HOCK OP A NORMAL CHICKEN (TOP) VS THE ENLARGED HOCK OP

A ZINO-DEPICIENT CHICKEN (BOTTOM)
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EXPERIMENT III

This work wes conducted to determine if the yolk s@c of
day-old chicks contained enough zinc to induce & sizable error into
experimental growth data,

The yolk-sacs from one-day-old, White Leghorn, méle chicks
~were carefully removed, weighed, &nd placed in separate 200 ml
Erlenmeyer flasks. To each flask was a&dded 25 ml of concentreted
HNO3.~ The contents were digested overnight on 2 steam bath. To e&ch
flask containing the cleer digested liguid wes 2dded eight ml of
perchloric a&cid. The contents in the flasks were heated on & hot plate
until dry then taken up in fifty ml of 0.1 N HCL. Aliguots in duplicate
from each flask were 2h2lyzed for zinc (Benne, 1955). The results were

combined into four lots (Teble 5) according to the yolk s@c weights.

Results and Discussion

The zinc content of the yolk sa&c seems to be quite small, Only
two grams of feed conta2ining twenty ppm of zinc would equal the zinc
content of the entire yolk sac. Conseguently, differences in zinc
content of retained yolk sacs would not introduce experiment&l error
into the results previously obtained. This conclusion wes substant-
jated by Edwards et 21. (1958) who found that chicks with the yolk
sacs removed did not respond differently than normel chicks to zinc

deficient diets.
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EXPFRIMENT IV

Since the srevious experiments nroved that zinc is an essential
mineral for chick growth, an experiment was designed to determine its
requirement.

One-dey-old White Meateor X White Rock,ciicks, obtained from a
commercial hatchery, were allotted as previously described into five
lots, each containing three replicates of ten chicks each. The birds
were reared in & plastic-coated battery in 2 room relatively free of
dust at a temperature spproximately 75° F.

The basal diet was that shown in Teble 1, except that Amicoy,
another isolated soybean ovrotein, wes used in place of Drackett protein.
Added minerals were anelyticzl reagent grade, except the calcium
carbonate and dicalcium phosphate which were USP grade. The basal diet
analyzed ten ppm zinec (Benne, 1955). To the basal diet 0, 10, 20, 40
and 80 ppm of zine, respectively, were added as the sulfate.

Expérimental diets were fed ad libitum and distilled water was
furnished in glass, baby chick founts with plastic bases, growth rate,
feed consumption, mortality, and deficiency symptoms were observed
and. recorded.

Results and Discussion

The experimental design and results sre shown in Table &. 4n
analysis of veriance of the data is given in Table 7.

The addition of zinc a2t all levels improved growth over that of
the control,Lot 1. The addition of ten ppm gave significant (p .01)
increased growth over the basal diet as did twenty ppm over the basal
diet snd the basal plus ten ppm zine. The growth of chicks receiving

susplemental levels of 20, LO end 80 pom were not significantly
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differeant but 211 were better (P .0l) than the 0 2nd 10 Hpm levels.
Feed utilization by the chick was imoroved at all levels of su.plemental
zinc. However, levels zZbove ten ppin made no further improvement.

Other research concerning the cuantitative regquirement of zinec
by the chick has been revorted since the comoletion of that conducted
by the author. Norris et zl. (1958) stzted that the chick required no
more than a total of twenty ppm of zinc when & diet containing casein was
used; whereas, a total of 27 ppm (20 vpm of added zinc) was needed when
isolated~soybean protein was used. Since the zine in the isolated
soybean protéin was found osreviously to be unavailable to the chick,
they c oncluded that the chick's requirement for this mineral was no
more than twenty opm. Young et al. (1958) added graded levels of
0, 10, 20, 40, 60 and 80 pom to & diet containing isolated soybean
protein snd found that the chick required no more than a 4O ppm
supplement. When the dota were plotted on semi-log paper, the intersec-
tion of the sub-maximal and maximal growth lines indicated & zinc re-
quirement of 25 to 30 opm. HKoeller and Scott (1958) reported that the
chick required 20 ppm supplemental zinc when isolated soybean protein
wes used in a2 diet contzining 13 opm zine.

These recent reports confirm the findings of the suthor that the
growing chick requires no more then twenty opm of available zine. I
isoleated soybeen protein is used in the diet, the total zinc needed
is about thirty »om because the zinc in this vroduct is bound so that

it is not utilizable by the chick.



TABLE 6

CHICK GROWIH RESPONSE TO GRADED LEVELS OF ZINGC, AS THE
SULFATE IN THE DIET TC FOUR WEEKS OF AGE
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Average Surviving
Zine chick chicks
additions Zinc by weights of 30
Lot to the basal analysis at 4 weeks started  Gain/feed
(ppm) (ppm) (gm)
1 None 10.0 126 29 0.41
2 10 17.6 327 29 0.63
3 20 30.4 390 28 0.64
b Lo 5245 407 27 0.67
5 80 107.6 396 28 0.65




TABLE 7

ANATYSTS OF VARIANCE OF BCDY WEIGHTS OF FOUR-WEEK OLD CHICKS

(Experiment IV)

Source Degrees
of of Mean F Values
variation freedom square Caleulated P = .05 P = ,01
Total 140
Subclass 14 14,776 57 6Lk * 2.23
Lot L 397,463 119 .62%% 3.47
Replicate 2 1,029 0.51 3.07
LXR 8 1,869 0.83 2,01
Error 126 1,991
** Significant at P< .01
Comparisons among lots
at 1 percent level of probability
Lot 1 2 3 5 L
4 wk. wt. 126 327 390 396 ho?

at 5 percent level of probability

Lot

b wk. wt.

1 2 3 5 by
126 327 390 396 Lo7
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THE TOLERANCE OF THE GROWING CHICK FOR ZINC.

As information was being acquired concerning the chickts specific
need for zinc, it was felt desirable to determine if higher levels were
well tolerated or toxic. This knowledge is important because practical
suoplementation of rations requires & reasonable margin of safety.
Furthermore, if 2 mistake were made in the =mount of zinc added to
practical rations, then the toxic symptoms 2nd the level at which
they occur would be important. Hence, experinents were conducted to
determine the zinc tolerance level of growing chicks.

EXPERIMENT V

Male chicks, hatched at Michigan State University from White
Leghorn males X strain-cross White Leghorn fem2les were reared on a
basal diet (Table 7) until one week of age. At this time they were
randomized on the basis of weight into fifty pens of ten chicks each.
Five replicates were run on each of nine high levels of zinc oxide
‘in addition to the control lot ( Table 9). Ten vens in each of
five batteries were used for the exveriment in such & wey that a
poertion of each lot appeared once in each battery; thus, a battery
constituted a reolicate. F¥eed and tap water were supplied to the
chicks a2d libitum throughout the experimental period and feed
consumption was recorded.

When the birds were five weeks of age, group weights were taken.

Results and Discussion

The results and aﬁ analysis of variance of the data are shown
in Table 9. Zinc was tolerated by the chicke over ‘he entire range
of levels tested without significantly depressing growtn. However,
significant differeaces (P .05) occurred among reclicates due to battery

vosition. Since a1l lots were allotted to each battery, tihis did not
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invalidate the effect of the different levels of zine. Feed conversion

was also not affected by the addition of the high levels of zinc to

the ration.



TABLE 8

COMPOSITICN OF BASAL DIET USED IN EXPERIMENT V
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Ingredients Percent
Corn, grd. yellow 45,0
Oats, ground 5.0
Wheat middlings, flour 5.0
Wheat bran ) 5.0
Alfalfa meal, dehyd. 17% prot,. 540
Meat and bone meal, 50% prot. 5.0
Soybean meal, 444 prot. solvent extracted 20.0
Fish meal, red 25
Whey, dried cheese 25
Yeast, dried brewers 2.5
Limestone, grd. 1.5
Bone meal, steamed 1.0
Salt, iodized 0.30
Vitamin & and D feeding oil (2250A, 300 D3) 0425
Manganese sulfate, 70% feeding grade 0.02
Choline chloride, 25% dry form 0.15
Pro-pen with B12* 0.05

* Contains: 2 gm procaine penicillin and 3 mg vitamin B1z
per pourd .



TABLE 9

THE EFFECT OF VERY HIGH LEVELS OF ZINC ON THE GROWTH RATE AND
FEED CONVERSION OF CROSSBRED WHITE LEGHORN COCKERELS TO FIVE
WEEKS OF AGE

Zinc
additions to the Average
basal chick wts.
Lot as the oxide at 5 wks Gain/feed
(ppm) (gm)
1 None L85 0.35
2 200 Lo2 0435
L 400 L76 034
5 500 Lol 036
6 600 488 035
7 700 L71 0.35
8 800 L7l 0.34
9 300 478 0«35

10 1,000 L73 0.34

Analysis of variance of 5.week weights: Experiment V

i

Source Degrees
of of Mean F values
variation freedom square Calculated P = ,05 P = .01
Total 48
Lot 9 354 1455 2.16
Error 35 229

* Significant (P .05)
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EXPERIMENT VI

The preceding experiment proved that Leghorn chickens tolerate
zinc oxide at very high levels in the ration., It was thought desirable
to extend this study to broiler-type chickens and zinc in the form of
the sulfate, carbonate, as well as the oxide. The latter two compounds
are inexpensive forms of zinc and are used in the supplementaticn of
pPractical swine rations.

One-day-old Cobb's strain of White Rock, male chicks obtained from
a commercial hatchery were randomized into thirty pens of ten chicks
each in the manner previously described so as to minimize differences
in initial weights. The varicus lots were assigned to three batteries in
such a manner that each one appeared once in each battery; thus, each
battery had a complete series of lots.

The basal diet of practical ingredients is given in Table 8 and
the experimental cutline is in Table 9. Three high levels of zinc
(1,000, 2,000, and 3,000 ppm) in the forms of the oxide, sulfate and
carbonate were added to the basal diet at the expense of corn. The
birds were reared as previously described. Group weights were taken
at the end of two weeks, individual weights at the end of four weeks
of age.

Experimental diets and tap water were supplied ad libitum throughout

the experimental period. Feed consumption and mortality were recorced.

Results and Discussion

The results are given in Table 9.and the data are evaluated statistically
in Table 9.
Zinc at 1,000 ppm in the forms of oxide sulfate, or carbonate were

equally well tolerated and did not depress growth as compared to
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the baszl diet. There was no significant difference among the
average weights of lots of birds fed 2,000 som of the three compounds,
however, when compared with the basal lot growth wes depressed at this
level of the sulfate and carbonate but not the oxide. Three thousand
pom of the three compounds denressed growth &s comcared to both

the lower levels and the basal,

The efficiency of feed utilization was lowered with e&ch increase
in the zinc level. This was true with sll three »f the compouhds.
Only 3,000 vpm of zinc, as the cesrbonate, caused rather severe
mortality. The other forms of zinc at %this level or below did not
adversely affect livability.

At higher levels the ginc comoounds were tolerated in the following

decreasing order: zinc oxide, zinc sulfate, and zinc carbonate.
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TABLE 10

COMFPCSITION OF BASAL DIET USED IN EXPERIMENT VI

Amount in 100

Ingredients lbs. of feed

Corn, Grd. yellow 50.8 1b
Soybean o0il meal, 50% prot. 32.7 "
Menhaden fish meal, 60% prot. 2.0

Meat and bone scraps, 50% prot. 2.0 "
Alfalfa leaf meal, 20% prot. 2.0 "

whey product, delactosed 0.5 ™

Yeast, dried brewers 0.5 "
Yelloy grease, stabilized 6.5 "
Dicaleium phosphate 1.0
Ilimestone, grd. l.0 v

Salt, iodized 0.5 "
Dl-methionine s . b4 gm
Trace mineral mix! o Loy u
Vitamin Suppl. 249C 34,0 "
Vitamin A (10,000 IU/gm) 9.0
Vitamin Dy (1,500 ICU/zm) 10,0 ®
Choline chloride, 25% dry form 30.0 "
Vitamin Byo suppl. (6 mg/1b) bs,0

1- Delamix: at 0.l percent of diet it supplies in mg per 1b. of feed:
mang anese 27, iodine 0.54, iron 9, copper 0.9 and cobalt 0.09.

2 Contains per 1b: 2 grams riboflavin, 4 grams pantothenic acid, 9 grams
niacin and 10 grams choline



TABLE 11

EFFECT OF THREE LEVELS OF DIFFERENT SALTS OF ZINC UPON GRCOWTH,
LIVABILITY AND FEED EFFICIENCY OF THE CHICK TO 4 WESKS OF AGE

Zinc additions Av. chick Surviving
to the Source of wts. at chicks Gain/feed
Lot basal zine L4 wks. of 30
(ppm) (gm) started
1 None Lo3 29 054
2 1,000 Zn0 L72 29 0458
3 2,000 " nha 30 0.53
b 3,000 " 337 29 Oolikt
5 1,000 ZnS0,, L6l 30 0459
6 2,000 n AR, 28 0.52
7 3,000 " 282 29 041
8 1,000 ZnCo5 483 30 0.58
9 2,000 " Lo7 29 0.48

1c 3,000 " 214 23 0.29




TABLE 12

AWALYSIS OF VARIANCE OF CHICK WEIGHTS (Experiment VI)

Source Degrees
of of Mean F values
variation freedom square Calculated P = .05 P = .01
Total 285
Subclass 29 77,246 17 L0** 1.79
Lot 9 233,499 5U4,90%* 2.50
Replicate 2 9,557 2.24 3.02
LXR 18 6,807 1.59 1.65
Error 266 b, 256

** Significant (P<.01)
Camparisons among lots

at 5 percent level of probability

lot 10 7 4 9 6 3 5 1 8 2
4 owk. wbt, 214 282 337 407 41O 441 464 476 483 488

at 1 percent level of probability

Lot 10 7 L 9 6 3 5 1 8 2
4 wk. wt. 214 282 337 ho7 419 441 LEL 476 483 488




EXPERIMENT VII

This experiment was designed to study further the tolerance of
the growing chick for high levels of zinc,

Cobb's strain, White Rock, male chicks obtained from a commercial
hatchery were randomized into 32 pens of ten chicks each, as described
in the previous experiment. Four lots, each consisting of four
replicates, were used as shown in Table 11. The basal diet was the

same as that used in Experiment VI.

Results and Discussion

The results are reported in Table 12 and the data are evaluated
in Table 1l2. The addition of fifty ppm of zinc as the sulfate and 1,000
ppm in the form of sulfate, oxide, or carbonate did not affect growth
but 1,500 ppm depressed growth significantly (P€ 0.01). At this
higher level zinc oxide was less toxie than zinc sulfate or carbonate.

The efficiency of feed utilization was not affected by the lower
levels of zinc but the 1,500 ppm level of all forms affected it
adversely.

The livability of chicks was good in all lots.

Certain research reports appearing recently have also dealt with
this problems with chicks. Mehring et al. (1956) found that zinc
levels up to 814 ppm did not adversely affect growth and feed efficiency.
Klussendorf and Pensack (1957 observed that a level of 1,367 ppm of zinec,
as the proteinate, did not depress growth; whereas, 1,823 ppm did derress
growth, the chloride being more drastic. They found gzinc proteinate,
carbonate or acetate at the 2,000 ppm level equal in this regard, but
compared to the non-supplemented basal diet these levels depressed
growth. The difference between them was not significant but a trend

was apparent. They concluded that zinc in excess of 1,000 ppm may be
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detrimental,

Norris et al. (1958) observed that 1,000 ppm zinc caused poorer
growth when a semi-purified, isolated soybean-protein-type diet was
used but a level of 500 ppm did not. The form in which the zinc was
added was not disclosed.

These recent reports confirm the results of the present study
that the growing chick can tolerate 1,000 ppm or less of zinc in the
ration and that the oxide form is tolerated to a greater degree than
the sulfate and chloride. Since the requirement of the growing chick
is not greater than twenty ppm of available zinc, reasonable levels of
supplementation of practical rations can be made with assurance that

they will be well tolerated.
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TABLE 13

THE EFFECT OF AN EXCESS OF ZINC ON CHICK PERFORMANCE TO
L WEEKS OF AGE

Zinc additions Av. chick Surviving
to the Source of wts., at chicks
Lot basal zine L wks, of 30 Gain/feed

(ppm) (gm) started
1 None Lol 38 0.62
2 50 Znsch 500 Lo 0.57
3 1,000 Zn0 iTeld 38 0.60
L 1,000 Zns0,, L60o 39 0459
5 1,000 cho3 Lo Lo 0.56
6 1,500 Zn0 L55 38 O.54
7 1,500 Znsou Lo2 39 0.51
8 1,500 ZnCO3 390 40 0.50




TABLE 1k

ANALYSIS OF VARIANCE CF FOUR-WEEK WEIGHTS

(Experiment VII)

Source Degrees
of of Mean F values
variation freedom square Calculated P = .05 P = .01
Total 311
Subclass 31 19,992 6.08%* 1.79
Lot 7 73,778 21 .53%%* 273
Replicate 3 7 5990 2.43 2.62
LXR 21 3,777 1.14 1.60
Error 280 3,287

*#% Significant (P<.01)
Comparisons among lots

at 1 percent level of probability

Lot 8

4 wk, wt 390

6

bs55 470

5 1 3 2
hoo H91 497 500

at 5 percent of probability

Lot 8

4 wk. wt. 390

6

Lss5 470

490 491 497 500




THE AVAITABILITY TO TH# CHICK OF ZINC FROM
DIFFRRENT COMPOUNDS

A group of experiments was conducted to study the aveilability

of zinc in different zine compounds.
EXPERIMENT VIII

This experiment compared the availability of zinc os the sulfate
and chloride with respect to rate of chick growth and feed efficiency.

White Meateor X White Rock, male chicks from a commercisal
hatchery were ~llotted to six pens of nine chicks each. Duplicate
lots were fed the basal ration, the basal containing zinc sulfate and
the basal with zinc chloride (Table 15).

The birds were me&intained in & manner previously described for
purified diet studies.

Results and Discussion

Zine in the form of both the sulfate and the chloride 2t the
100 ppm level produced increased growth as compared to the basal lot.
There wess no difference in performance of chicks between the two
compounds.

Thus, the zinc in the compounds was availeble and 2dequate for
normal growth &t the level used.

Feed utilization was improved at & compareble rate by both the

zine compounds. Livebility of the chicks was good in 211 lots.

50



TABLE 15
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THE AVATLABIIITY OF ZINC FRCM T%W0 COMPOUNDS TC THE CEICK
TO FOUR WEEKS OF AGE

Zinc
additions Average Surviving
to the Zinc chick wts. chicks
Lot basal compound at 4 weeks of 30 started Gain/feed
(ppm) (gm)
1 None None 112 18 0433
2 100 Zl’lCl2 398 18 0.65
3 100 ZHSOL" 400 17 0.62
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TABLE 16

ANALYSIS OF VARIANCE OF THE WEIGHT OF FOUR-WEEK-OLD CHICKS
(Experiment VIII)

e — ——

Source Degrees
of of Mean F values
variation freedom square Calculated P=,05 P=.,01
Total 51
Subclass 5 189,512 145, 10%* 3.bhl
Lot 2 468,795 358.95%* 5.10
Replicate 1 2,646 2.03 L,05
LXR 2 3,663 2.80 3420
Error L6 1,306

** Significant (P<.01l)
Comparisons among lots

at 1 percent level of probability

Lot 1 2 3

b wk. wt. 112 398 Lo0o

at 5 percent level of probability

Lot 1 2 3

4 wk. wte 112 398 400

——
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EXPERIMENT IX

In this experiment, zinc in the form of the oxide end carbonate
was compared with the sulfate. The three compounds were included
2t levels of ten and twenty ppm of zinc. Since the zinc recquirement
had been established 2t twenty ppm of available zinc, the lower
level provided a more critical evalustion of the availability of
the zinec.

White Rock, male chicks from & commercial hatchery were randomized
to three revlicates of ten birds for each lot znd recred as previously
described for purified diet studies. The experimental design is
Ziven in Table 17.

Results and Discussion

The results are given in Table 17 and the data statistically
evaluated in Table 18. The a2ddition of both levels of supplemental
zine increased growth in every case, but deficiency symptoms were
prevented only &t the higher level. At each level of =zinc, the
sulfate, oxide, and the carbonate proved to be 2bout equal, but
growth was greater 2t the higher level.

Comparison of twenty ppm of the sulfate end ten vppm of the
oxide a2t the five percent level of probablility revecled & significant
weight decrease with this level of oxide, but no difference &t the
one percent level.

The efficienecy of feed utilization was increased in each inst-
ance in which supplemental zinc was added to the diet. The higher
level of zinc improved feed efficiency to & greater extent then did

the lower,

Thus, the zinc in the three compounds is equally aveilable to



the chick and c2n be used interchangeably in supnlementation of
practical poultry rations.

This supports the conclusion of Pensack et 2l. (1958) who showed
that zine from the carbonste, oxide, chloride and proteinate was
equally available when 6, 20 and 40 ppm of each compound were added

to & glucose-casein, geletin-type diet.



TABLE 17

THE AVAILABILITY OF ZINC FRCM THREE COMPOUNDS TO THE CHICK
TO FOUR WEREKS COF AGE

Average
Zinc chieck
addition Zinc weights
Lot to basal compound at 4 weeks Gain/feed
(ppm) (gm)
1 None None 163 0.36
2 10 insQ), 293 0.50
3 20 ZnS0y, 343 0.53
L 10 Zn0 310 0.51
5 20 Zn0 352 0.54
6 10 ZnCO3 299 O.51
7 20 ZnCQB 359 0.55
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TABLE 18

ANALYSIS OF VARIANCE OF FOUR-WEEK-OLD CHICK WzIGHTS
(BExperiment IX)

Source Degrees
of of Mean F values
variation freedom square Calcuvlated P = .05 P = .01l
Total 192
Subclass 20 39,329 15,10%* 2.00
Lot 6 125,443 48 30** 2.92
Replicate 2 4,844 1.80 3,06
LXR 12 2,020 0.78 1.82
Error 172 2,598

** Significant (P< .01)
Camparisons among lots

at 1 percent level of probability

Lot 1 2 6 Ly 3 5 7
4 wk. wt. 163 293 299 310 343 352 359

at 5 nercent level of probability

Lot 1 2 6 L 3 5 7
L wik. wt. 163 293 299 310 343 352 359
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THE INTERRELATICNSKIP OF ZINC WITH CALCIUM AND

PHOSPHORUS

Since high levels of calcium in the ration aggreveted
parakeratosis, or zine deficieney in swine, a2 series of experiments
was conducted to study interrelationships between zinc and calcium
or phosphorus,

EXPERIMENT X

Cobb'!'s strain, White Rock, mele chicks received from & commercial
hatchery were randomized to 15 pens of ten chicks each. Each lot was
replicated three ftimes.

The chicks were mointained in & plastic-ccated battery under
conditions previously described for purified diet studies.

The basal diet contained 1.23 percent calcium., A supplemental
zinc level of eighty pvum was sdded to this diet in the absence and
presence of one percent supplemental calcium (Table 19). Also,
two levels of calecium (0.5 =nd 1.0 percent) were =added to the basal
diet in the sbsence of additional =zine,

Results and Discussion

The chicks recelving the unsupplemented baszal diet exhibited
zinc deficiency symptoms and grew poorly. The addition of 0.5
percent calcium depressed growth only sligntly but caused the
incidence 2nd severity of the symptoms to incre=se. The additions
of one percent celcium definitely retarded growth, increesed the
incidence of symptoms, and made them mcre acute. Suoplementation
of the basal diet with zinc &lone, or one percent extra calcium

plus eighty ppm of zinc, produced normsl growth snd prevented all

deficiency symptoms.
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At least, & part of the zinc in the basal diet was aveilable
because the elevated calcium levels zggravated the deficiency condition.
Since isolated soybean protein wes the major source of zinec in the
basel ration, pert of its zinc must heve been available to the chick.
Thus it is quite evident that the adverse effect of cealcium on growth

and deficiency symptoms wes produced through its entagonism with

zinc.
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TABLE 19

THE EFFECT OF ELEVATED LEVELS OF DIETARY CALCIUM CN THE
PERFORMANCE OF CEICKS TO FOUR WEEKS OF AGE

Average chick Surviving
Additions to the basal weights chicks of
Lot Calcium Zinc at 4 weeks 30 started Gain/feed
(%) (ppm) (gm)

1 - - 145 29 0.37
2 - 80 356 29 055
3 0«5 - 140 29 0.38
4 1.0 - 116 27 0.31
5 1.0 80 343 28 0.54




TABLE 20

ANALYSIS OF VARIANCE OF CHICK WEIGHTS AT FOUR WEEKS
(Experiment X)

60

sSource Degrees
of of Mean F values
variation freedom square Calculated P = .05 = ,01
Total 141
Subclass 14 115,441 62.,37%* 5456
Lot L 400,267 216 . 25%% 6463
Replicate 2 152 0.08 19.37
LXR 8 1,851%
Error 127 865

*¥ Significant (P< .05) interaction with which subclass, lot and
replicate mean squares were compared.

*% Significant (P<.01)

Comparisons among lots

at 1 percent level of probability

Lot L 3

L wk. wte 116

140

1 5 2
145

at 5 percent level of probability

Lot L 3

L wk. wt. 116

140

1 5 2

b5 243 353
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EXPERIMENT XI

In the previous experiment the retarded growth produced by
elevated calcium levels was overcome by zinc levelS in excess of the
actual reouirement. This experiment was conducted to find out if the
zinc requirement, as determined with a diet contzining 2 normal level
of calcium (1.23 percent), was increased if higher levels of calcium
were nsed.

Wnite Rock, male chicks from 2 commercial hatchery were 2llotted as
previously described to 21 pens of ten birds each. The lots were
replicated three times. The birds were maintained in & plastic-coated
battery in the special laboratory under conditions as previously
described for purified diet studies,

Two levels of celcium (0.5 &nd 1.0 percent) were a2dded to the
basal diet conteining both twenty and eighty -pm of zine (Table 21).
The unsupplemented bagal diet contained 1.23 percent celcium.

Besults and Tiscussion

The chicks receiving the besal diet grew poorly and exhibited zine
deficiency symptoms similar to those previously described. The addition
of 0.5 vercent calcium to the basal diet either in the presence of
twenty or eighty ppm zine produced norm2l growth &nd no deficiency
symptoms. Similarly, normal ocerforménce was obtained following the
addition of 1.0 wercent cslcium in the wresence of eighty ppm of
zine. However, one percent of cclcium in the vresence of twenty opm
retarded growth but did not produce deficiency symptoms typical of
scute cases.

The efficiency of feed utilizetion wee reduced in the lots

receiving the basal diet end basal diet supplemented with 1.0 cercent
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calecium 20 pym zinc but wes normal in the remaining lots. Livability
Wés good in 211 lots.

These results indicate that the requirement of the chick for twenty
prm of zinc is not incressed if a slight (0.5 percent) excess of cal-
cium is 2dded to the diet (1.73 percent totsl). However, twenfy opm
of supplemental zinc is not sufficient if one percent calcium is added
(2.23 percent total). Eighty opm of zinc neutralizes the effect of
one percent additional calcium. Therefore, 60 vpm of zinc will over-
come the adverse effects of one percent of cclcium. Thus, the zinc
requirement is elevated with ratner high levels of dietary calcium
but not teo the extent 2s in swine.

Severzl other research workers héve mentioned & zinc-c2lcium
interrelationship, Morrison and Serett (1958) found that the addition
of 0.5 end 1.0 wnercent calcium to 2a isolazted-soybezn-protein diet
reduced lh-day gaine and incressed the incidence and severity of the
hock disorder; bone &sh percentage was not affected. Supplementation
of the diets with five ppm 2zinc only partially prevented the growth
inhibition brought about by the extrs calecium; whereas 25 opm com-
pletely overcame the depression. Feed efficiency parslleled growth
in each case. Norris et 2l. (1958) reported that the addition of
one percent cslcium to & diet containing 1.23 percent calcium
caused deficiency symptoms to become more severe. Fifty opm of
zinc restored normal growth and elleviated all symotoms. Conversely,
Pensack et 2l. (1958) observed that growth wés not depressed with
calcium-phosphorus ratios of 1.0/0.6, 2.0/0.5 a2nd 1.0/1.2 in the

presence of &, 20, 2nd 40 ppm of sugplemental zinc. C&sein and

gelatin, however, Were employed in “heir diets.
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TABLE 21

IHE EFFECT OF ELEVATED CALCIUM LEVELS ON THE 2INC RZQUIREMENT
OF THE GROWING CHICK TO FOUR WEEKS OF AGE

Average chick Surviving

Additions to the basal weizghts chicks
Lot Calcium Zine at 4 weeks 30 startedGain/feed
(%) (ppm) (gm)
1 None None 153 30 0.39
2 05 20 377 30 0.58
3 0.5 80 368 28 0.56
L 1.0 20 310 29 0450
5 1.0 80 382 28 0.57




TABLE 22

ANALYSIS OF VARIANCE OF FCUR WEEK WEIGHTS
(Experiment XI)

Source Degrees
of of Mean F values
variation freedom square Calculated P = .05 P = .01
Total 144
Subclass 14 80,757 L3 ,Q0%* 2.23
Lot b 280,618 150 .00%* 347
Replicate 2 701 0.30 3.07
LXR 8 8hl 0,40 2,01
Error 130 1,871
** Sienificant (P< .0L1)
Comparisons among lots
at 1 cercent of probability
Lot 1 L 3 2 5
b wk. wt. 153 310 368 377 382
at 5 percent of probability
Lot 1 b 3 2 5
L wi. wt. 153 310 368 377 382
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EXPERIMENT XTI

The purpose of this experiment was to find out if & phosphorus
level in excess of the requirement would affect the chicks gquantitative
need for zinec.

White Rock, m2le chicks from & commercial hatchery were randomized
to nine pens of nine chicks each., Hach lot was replicated three times.
The chicks were mazintained under special conditicns as previously
described for ourified diet studies. Sodium phosphate, at a level
of 0.5 wsercent nnosphorus was added to the basal diet, in the absence
and presence of one hundred vpm of zinc (Table 23). The basal diet
contained twenty ppm supplemental zinc and 0.69 percent phosphorus.

Results and Discussion

The 2ddition of 0.5 vercent phospnorus to the basal diet did not
increase the chick's zinc recuirement. Feed efficiency, growth and
feather condition were comparzble regardless of the level of phos-

phorus or zinc.
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TABLE 23

THE EFFECT OF A HIGH LEVEL OF DIETARY PHOSPHORUS ON THE
CHICK REQUIREMENT FCR ZINC TO FOUR WEEKS OF AGE

Av. chick Chicks
Additions to wt. at surviving Gain/feed
Lot the basal 4 weeks 27 started
(gm)
1 None 389 27 0.57
2 0.5% Phosphorus 371 26 0.58
3 0.5% Phosphorus + 100 ppm zinc 384 26 0456

TABLE 24

ANALYSIS OF VARIANCE OF CHICK WEIGHTS AT
FOUR WEEKS OF AGE
(Experiment XII)

Source Degrees
of of Mean F values
variation freedom square Calculated P = .05
Total 78
Subclass 8 6,753 0.78 3.84
Lot 2 4,953 0.57 19.25
Replicate 2 4,695 0.54 16.25
LXR b 8 ,681%*
Error 70 2,155

** Significant interaction (P<<.0l) used as basis for comparisons with
subclass, lot and replicate mean square.



67
EXPERIMENT XIII

This experiment was conducted in vitro to find out if calcium
8nd phosphorus supplementswould remove zine from solution.

One gram samoles of ground oyster shells, feed grade dicalcium
phosphate, and bone meal were weighed separately into duplicate flasks,
To one flask of each minerzl and a blenk were added forty ml of a
solution conteaining fifty ppm of zine, as the sulfate. To the other
flasks were 2dded forty ml of & solution cont2ining one hundred ppm
zinec, as the sulfate. The flasks were mechanically sheken at a temp-
erature of 37° C for 1.5 hours. In each flask & quantity of the
mineral supplement rem&ined in the solid phase. The contents of each
flask were filtered and analyzed for zinc (Benne, 1955).

Results and Discussion

'The results are given in Ta&ble 25. Ground oyster shells, dicalcium
phosphate and bone meal removed practically all of the zinc from
solution at both levels of zine. Ground oyster shells and bone me2l
were more effective in this respect than dicalcium phosphate. These
results indicate the manner by which high,or excess levels of mineral

act in making zinc unutilizable to the ciaick.



TABLE 25

THE IN VITRO REMOVAL OF ZINC FRCM SOLUTICN BY MINERAL SUPPLEMENTS
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Amount of ppm Zinc in Zinc solution
mineral 40 ml of after
Lot Mineral added zinc sulfate equilibrium
(gm) solution (ppm)
1l None - 50 L5
2 Ground oyster shells 1 50 <1l
3 Dicalcium phosphate 1 50 5
L Bone meal 1 50 <1
5 None - 100 109
6 Ground oyster shells 1 100 <1
7 Dicalcium phosphate 1 100 4
8 Bone meal 1 100 <1l




EXPYRIMENT XIV

This experiment was conducted with laying hens to determine
if supplemental gzine, in the vresence or 2bsence of one percent of
additional calcium (as CaC03), affected egg production, hatchability
and egg shell thickness.

Soring-hatched, hybrid pullets from a commercial hatchery were
reared in confinement on wood shavings for litter. 4 starting ration
(Teble 26) containing apvroximately 35 ppm of zinc was fed for the
first eight weeks and 2 growing ration (Table 26) containing 2pprox—
imately 36 ppm of zinc was fed from eight to twenty wecks of age.

The menagement practices emvloyed were comparable to those used under
orectical conditions. Tep water and feed were given 2d libitum .

The pullets were housed at twenty weeks of age in floor pens
with wood shavings for litter. BEach pen contained 85 square feet
of floor space, five trapnests, one henging feeder, one automatic
waterer, and & 4' X 4' dropping pit. Ventilation was natural or
forced draft depending on weather conditions but no supplemental
heat was used.

At 24 weeks of age the pullets were randomized on the basis
of body weight, sexual maturity, and one-month's production into
12 pens of 21 pullets each. Eaéh lot was replicated three times

The bazsal laying ration in Table 27 contained two percent
calcium. One hundred ppm of supplemental zinc as the sulfate was
added to the basal diet, in the absence and presence of one wvercent

caleium (Table 28).

The hens were trapnested five days per week for 32 weeks

beginning the first of November and continuing into June. 1In
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February and June, three eggs per hen were collected to determine egzg
weight, Haugh score and shell thickness. Eggs for February were
collected during week days, stored in a refrigerator at 48° F, and
measurements were made during the morning following the day the eggs
were laid.

Egg weizhts were taken in grams, albumen heights in millimeters,
and eggshell thickness in thousandth's of an inch. From the egz weight
and albumen height, the 'Haugh score was derived (Haugh, 1937).

For hatchability data, one week's eggs of each hen were set for
the months of February through June. The hatch during May was not

included with final results because of incubator failure.

Results and Discussion

The results are given in Tgble 28 and the analyses of the data
in Tables through 32. Fgg production and hatchability were not affected
by the addition of zinc to the basal ration, or the basal to which
extra calcium was added. Also, extra calcium alone did not affect egg
production and hatchability. There was no difference in egg weight or
Haugh score among the treatments during either February or June.

In February, eggshell thickness was increased (P< .05) by the
addition of calcium and zinc to the ration compared to zinc alone.
However, there was no increase in eggshell thickness when zinc or
calcium alone were compared to zinc plus calcium. At the five percent
level of probability, the addition of neither calcium nor zinc altered
egzshell thickness as compared to the basal but the addition of
calcium improved egzshell thickness compared to zinc alone. The

addition of calcium plus zinc increased shell thickness when compared
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to all other trestments.

These results indicated that neither calcium nor zine alone
had any significant effect on eggshell thickness, but when both
were 2dded, the egg shell thickness was increased in cool weather,
This combination of caleium znd =zine did not increase eggshell
thickness during warm weather. Apparently the eggshell thickness

decreased with age of hen and environmental temperature, regardless

of level of cslcium or zinc used.
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TABLE 26

DIETS FOR REARTNG PULLETS USED IN EXPERIMENT XII

.

Amt. ner 100 pounds

Ingredients Starter Grower
(los) (1bs)
Corn, ground yellow 45,00 45,00
Oats, ground heavy 5400 15.00
Wheat, ground —-— 10.00
Wheat bran 5.00 5.00
Wheat, standard middlings 5.00 5400
Alfalfa leaf meal, dehyd. 17% prot. 5.00 5400
Soybean oilmeal, solv. ext. 445 prot. 20.00 15,00
Meat and bone scraps 5400 2.50
Fish meal, red 2.50 1.25
Whey, dried cheese 2.50 1.25
Yeast, dried brewers 2.50 ——
Limestone, ground 1.50 1.25
Bone meal, steamed 1.00 1.50
Salt, iodized 0.30 0.50
Mang anese sulfate, 70% feed grade 0.02 0.013
Vitamin A and D feeding oil (2250A, 300D) 0.25 0.150
Choline chloride, 25% dry mix 0.15 -
Pro-penl 0.005 0.10
Calcium pantothenate - 200 mg

1 An antibiotic supplement containing two grams of procaine
penicillin and three grams of vitamin 512 per pound.



TABLE 27

BASAL DIET FCR EXPERIMENT XIV

Ingredients

Amt. per 100 lbs.

Corn, yellow ground

Soybean meal., 50% solv. extracted
Wheat, flour middlings

Meat and bone scraps, 50% prot.
Fish meal

Whey product, delactosed

Alfalfa meal, 20% prot.

Fat, No. 2 yellow grease
Limestone, ground

Dicalcium phosphate

Salt

Trace mineral mix*

Choline chloride, 25% dry mixture
Vitamin By (6 mg/1b)

Vitamin D, (3,000 ICU/gm)
Vitamin A~ (10,000 IU/gm)

Calcium pantothenate (32 mg/1b)
Niacin, 100%

59.53

17.00
5.00
3.00
2400
1.5
1.5
5.0
2.0
2.6
045
0.1
0.2

lbs

1t
u

23 grams
1 5 "
1 O "
2 L]
0.5 "

* Delamix - added at 0.l percent level it provides in mg per pound of
feed: manganese 25, iodine 0.54, iron 9, copper 0.9 ard

covalt 0,09.

Calculated analysis:

Ca 2,0 percent, P 1.0 percent,
Zn 34 ppm
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TABLE 29

ANALYSIS OF VARIANCE OF HGG PRCBUCTION
(Experiment XIV)

Source Degrees
of of Mean F wvalues
variation freedom square Calculated P=.05 P=.01
Total 223
Subclass 11 751 0.81 1.83 2.34
Lot 3 161 0.17 2465 3.88
Replicate 2 1,006 1.08 3,04 L.71
LXR 6 960 1.04 2.14 2.90

Error 212 923




TABLE 30

ANALYSTS OF VARIANCE OF HGG WEIGHT (February)

(Experiment XIV)

76

Source Degrees
of of Mean F Values
variation freedom square Calculated P = .05 = 01
Total 219
Subclass 11 19.9 1.04 1.85 2.34
Lot 3 21.0 1.10 2.65 3.88
Replicate 2 0.5 0.03 3.04 4.71
LXR 6 25.8 1.65 2.14 2.90
Error 208 19.0
ANALYSIS OF VARIANCE OF HGG WEIGHT (June)
Source Degrees
of of Mean F values
variation freedom square Calculated P = .05 = ,01
Total 201
Subclass 11 34,6 1.38 1.85 2.34
Lot 3 72.30 2.90 2465 3.88
Replicate 2 34.00 1.36 3.04 h,71
LXR 6 14,1 0.+56 2.14 2.90
Error 190 24.9




TABLE 31

ANALYSIS CF VARIANCE OF BGGSHELL THICKNESS (February)
(Experiment XIV)

Source Dezrees
o? of Mean F values
variance freedom square Calculated P = .05 P = .01
Total 219
Subclass 11 2.88 2.82%* 2.3k
Lot 3 6.25 6. 12%% 3.88
Replicate 2 1.59 1.55 3.04
LXR 6 1.64 1.60 2.14
Error 208 1.02

% Significant (P<.01)
Comparison among lots

at 1 percent level of probability

Lot 2 1 3 L

Egg shell thickness 13.10 13.33 13.53 13.21

at 5 percent level of probability

Lot 2 1 3 by

Eggz shell thickness 13.10 13.33 13.53 13,91
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TABLE 31 (cont'd.)

ANALYSIS OF VARIANCE OF HGGSHELL THICENESS

(June)
Source Degrees
of of Mean F values
variation freedom square Calculated P=.05 P =.0L
Total 201
Subeclass 11 1.21 0.90 1.83 -
Lot 3 .27 0.16 2.65 -
Replicate 2 .87 0.65 3.04 -
LXR 6 1.85 1.35 2.14 —

Error 190 1.34




TABLE 32

ANALYSIS OF VARIANCE OF HAUGH SCORE (February)
(Bxperiment XIV)

Source Degrees
of of Mean F values
variation freedom square Calculated P = .05 P = .01
Total 219
Subclass 11 57 1.24 1.83 2.34
Lot 3 114 249 2.65
Replicate 2 2.5 0.93 3.04 L.71
LXR 6 33.3 0.73 2.14 2.90
Error 208 Ls .7

ANAIYSIS OF VARIANCE OF HAUGH SCORE (June)

Source Degrees
of of Mean F values
variation freedom square Calculated P = .05 P =.01
Total 201
Subclass 11 170.4 1.77 1.85 234
Lot 3 132.6 1.38 2.65 3.88
Replicate 2 26.5 0.28 3.04 h.71
LXR 6 237.3 2.47* 2.14 2.90
Error 190 96.1

* Significant (P€.05)
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GBI RAL DISCUSSION

The zine of the body is widely distributed though concentrated
to & greater extent in the red blood cells, skin, hair, liver, spleen,
bone, pigments of the eye, and the uterus in the case of the laying
hen., Zinc is 2 trace mineral, 2nd its principal sction in the tissue
is probably of a catalytic nature rather than & structural one, os
are the major minerals calcium and phosphorus. Zinc has been imp-
licated as an essential part of certain enzyme systems. For exeample,
carbonic anhydrase is a zinec-containing enzyme, distributed throughout
the body but concentrated in the same areas as those mentioned for
zinec (Keilin and Mann, 1940). This enzyme catalyzes the reaction
of cerbon dioxide with water to produce carbonic azcid (H20+-002:=H2003).
This reaction is necessary for the removal of CO2 from metabolizing
tissue, and its transportation to the lungs for disposal., A number of
dehydrogenases (alcohol dehydrogenase of yeast, alcohol dehydrogenase
of horse liver, glutamic dehydrogenase of beef liver, zand lectic acid
dehydrogenase of rabbit skelet=zl muscle) contain zinc as an indespensible
part, and efch requires diphosphopyridine nucleotide, = niacin
containing compound, as the cofactor (Vallee, 1957). These enzymes
remove hydrogen from & substrate in biological oxidation; therefore,
they are concerned with energy metabolism. Removal of the zine
from these enzymes leads to irreversible inhibition. Likewise
zine-binding compounds inhibit the enzymes. Carboxypeptidase of the
pencreatic juice has been shown to be & zinc-containing enzyme (Vallee,
1955). This enzyme is necessary for hydrolysis of amino &cids heaving

a free carboxy group from peptides. Thus, it functions in proteolysis

in the small intestine.



a1

Zinc hes also been implicaéted in the enzymatic action of uricase,
intestinal phosphatase, and catalase but here its function is not of
an indespensible nature because it ce&n be removed or repleced without
irreversible inhibition. Here it apvesrs to zct as a loosely bound
ion.

Growth is drastically depressed in & zinc deficiency, but the
zinc content end the enzymatic activity appear to remain normel. It
would appear, then that the chick grows only to the extent allowed
by the zinc present in the tissue enzymes. The growth is not normal-
the long bones are shortened, the hock joint enlarged, the feathers do
not develop normally and the healthy condition of the skin e8nnot be
maint=ined.

Impaired bone growth has been a2 problem ever since men first
began to raise poultry in confinement. A number of nutrients ( vitamin
D, calecium, vhosphorus, niacin, folic acid, choline, biotin, tryptophane,
and menganese) have been shown to be reguired for nnrmal bone
develooment. As can be seen, some of these are necessary for the
growth of cartilsge while others are necesszry in the ossification
process. Now, the trace element zinc has been added to this list of
minerals necessary for bone growth in chickens.

It would appear that zinc is necessary for the deposition of
cartilage since derangement of cartilage cells appeérs in 2 zinc def-
jciency in the chick (Worris, 1958). The enzymes previously discussed
are involved in energy metabolism, which in turn is necessary for
protein metabolism and thus cartilage synthesis.

7ine 2lso has been shown to be necessary for calcification. 1In

the growing bone c~rbonic anhycrase orobably functions in meking
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carbonate zvailable from carbonic acid, to reszct with calcium, from
the blood, to form calecium eczrbonate in the bone or eggshell, Common,
(1941) found thet the uterus of the leying hen contained more carbonic
anhydrase enzyme then other oviducal tissue and Gutowske end Mitchell
(1945) noted more of this enzyme in the oviduect of hens laying sound
shell eggs than in poor layers or non-laying hens. Sulfonilamide,
which inhibits cerbonic anhydrase 2lso ceuses soft shell eggs.

It would then appear that the eggshell (largely CaCOB) is formed
by the action of carbonic anhydresse on carbonic =cid to produce
carbonate which, in turn, reacts with cslcium ions from the blood.

In this study zinc plus calecium azctuelly increésed shell thickness

in cool weather but not in warm weather. A parently both were
deficient since neither mineresl alone affected the shell thickness.

It should be pointed out also that eggshells become thin in warm
weather and with advanced age of the hen even in the presence of calcium
and zine supplementation., Thus, it would appear that factors other

than this enzyme and théminerals are functioning in eggshell formation.
This thinning of eggshells cruse grest loss in warm months at the

close of the laying yeer 2nd chould demand more attention.

T™he skin of the feet of chickens 2ppears to be the most susceptible
area to dermatitis. A deficiency of several nutrients, including
biotin, and pantothenic acid causes this condition. Now & =zinc
deficiency has also been shown to cause 2 derm&titis of the feet. A1l
these nubtrients function in metebolic enzymes; therefore, it would seem
that the skin bre&kdown is the result of generslly impeired metabolism.

Zinc epparently pleys en imoortant role in the synthetic processes

within the feather follicle.. In extreme zinc deficiencies in ciiickens



only those fe&thers showing in the wings &t natening time make any
appreciable growth., In other areas the chick retains the body down.
high concentration of the enzyme carbonic anhydrzse normally occurs
in the hair follicle,and we might also expect this to be true in the
feather follicle. Therefore, & deficiency of this enzyme and the
dehydrogenases would certainly prevent feather growth.

In the growing chick, zinc in the form of the chloride, sulfate
carbonate and oxide is equally and completely &vailable to the chick,
when very low levels are used. The chloride and sulfate are highly
water~soluble, &nd the carbonate is water soluble to & lesser extent.
The oxide is only slightly water-soluble but more so in dilute acids.
Therefore, &t the pH of the intestine (pH 6), the solubility of the
oxide is increased. This, in z2ddition to the fact that only traces of
zine are needed, may explein the fact that all of the compounds are
equally available. The carbona2tes and oxides of zinc, which are
readily available on the market, at least can be used as zine
supplements for chicken rations.

The zinc must of necessity be absorbed from the intestinal tract
by the chicken before it can be utilized within the body. An excess
of calcium in the diet appeesrs to remove from solution trace elements,
such &s mengenese &nd zinc and prevents their absorption from the
intestine. The excess of insoluble minerzls containing the trace
elements are then excreted in the feces.

In vitro, calcium 2nd phosphorus suvplements remove méngenese
from solution. This removal vrocess is increzsed &s the pH increases,
but the mengznese is ebsorbed on the solid mineral meterial rather

than precipitated as insoluble menganese phosphate or hydroxide



(Schaible and Bandemer, 1942). Likewise, zinc is removed from
solution in vitro by sdsorption on vrecipitated celcium phosphate. No
zinc 1s removed from solution &nd no precipitation of czlcium phos-
phate is evident until & pH of three or higher is rezched. As the pH
is increased, the amount of zinc removed is also increesed {(Lewis et al,
1957).

Soluble zinc leaving the gizzard (pH 2.6) of the chicken would
be removed from solution by insoluble calcium phosphate &s the chyme
enters and passes down the intestine which ranges from pH 5.7 in the
duodenum to pH 6.2 in the rectum. The intestinal pH is satisfactory
for the removel of soluble zinc from solution provided the insoluble
mineral material is present. This condition is mede possible by en
excess of calcium in the diet. Excess calcium then incre&ises the
dietary zine reguirement but not necessarily the tissue reguirement.

It may at first appear that high levels of calcium carbonate
would raise the pH of the gut and further increase the removal of =zinc;
however, the chicken is physioclogically able to meintain an optimum
pH in the intestine while receiving large cuantities of basic materials
in the feed.

At very high levels of zinc, the oxide was better toler=zted by
the chicken than the sulfate and carbonate. Zinc oxide is the most
insoluble form, even &t the pH of the gut. At the high levels of
zine used, this difference in solubility could zeccount, in oart, for
poorer absorption and, thus, increased growth end feed efficiency.

Since zinc snd copper are interrelated, an excess of elther would
cause sn apperent deficiency of *the other. Tais avpears to be the

mechsnism by which an excess of zinc espres:es itself. Chickens on high
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levels of zinc are snemic (Norris, 1958). Since copper and iron sre
necessary for hematopoiesis and no interrelationshin between iron and
zine is know, this entagonism between copper 2nd zine would be
exopected.

Practical broiler and laying rations contsin approximately
thirty to forty ppm of zine. This level is not too much in excess of
the required amount of available zinc (20 ppm). Should a portion of
the mineral in practicel rations be in = bound form and unavailable to
the chicken, & border line deficiency could very well develop. This
tyope, unlike the 2cute type oroduced in the leboratory by use of special
zinc-low envircnment, would be expected in the field. Slower growth
end slightly rough feathers would be exocected. As yet, no reports of a
zinc deficiency have been reported under field conditiocns; nowever, witna
the changing patterns of ingredients in the diet, the zinc content of
rations should be watched. Zinc supolementation of practicel rations
mey be warranted as a sefety factor; however, the entire mineral
picture should be kept in mind in order to prevent & minersl

imbalance.
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CONCLUSIONS
By formulating semi-synthetic diets very low in zinc content,
coating equipment with plastic, using distilled water in glass
woterers, and meintsining chicks in relatively dust-free environment,
it has been shown that zine is en essential nutrient for the young
chick for growth, feather development, mainten-nce of & healthy
skin and efficient utilization of feed.
A deficiency of zinc in the ration ccused reduced body growth,
shortened long bones, enlarged hocks, poor and ragged feathering,
dermatitis of toovs of feet and footpads, & high stepping walk,
and poor feed utilization.
The zinc requirement of the growing chick is not more tnsn twenty
pom of the ratiocn if it is in 2n available form.
The zinc of the oxide, sulfate,chloride, and carbonate forms
are equally available to the chick, at or below the level which
meets the chicks actual dietery zinc recuirement.
Dietary calcium levels in excess of 1.73 percent aggravated
zinc deficiency symptoms in the chick 2nd levels of 2.23
vercent incressed the zinc requirement -f the caick, as determined
at normal calcium levels (1.23 percent).
Supplementation of a practical, laying-hen ration with calcium
and zinc increased eggshell thickness of chicken eggs during cold,
but not during warm, weather. Additional zinc or calcium 2lone
did not affect eggshell thickness. XIgg production, hatchability,
ege weight, interior egg quality and laying house mortality
were not affected by additional zinc or calcium, &lone or in

combinations.
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7.

A zinc level of 1,000 ppm or less was well tolerated by the
chick. Higher levels were not tolerated *too well &nd reduced
growth rate and feed efficiency in the following increesing

order: oxide, sulfate and cerbonzte.
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APPENDIX EXPERTMENT T

In a preliminary experiment a semi-purified diet was used to
determine the effect of supplemental zinec on egg production, egg
welght, Haugh score and eggshell thickness of eggs from laying hens.

Twenty-eight White Leghorn hens (strain cross), which had been
in production for seven months, were divided into two pens of 14 hens
each. The hens had previously received a corn-soy type diet containing
approximately 34 ppﬁ of zinc.

The birds were housed in pens containing 74 sq. ft. of floor space,
a wooden slat floor, one wooden feeder, and two one-gallon baby chick
founts for water. The galvanized metal walls of the pens were covered
with tarpaper. All these precautions were taken to prevent the birds
from obtaining extraneous zinc.

The hens were placed on experimental diets on May 2, 1958, and
trapnested for 43 days beginning May'S. Eggs were collected the last
nine days of the period to determine eggshell thickness, Haugh score
and egg weight.

The composition of the basal diet is in Appendix Table IT. Feed
and distilled water were supplied ad libitum.

Results and Discussion

The results of the experiment are presented in Appendix Table T.
There was no difference in egg production and egg welght between the
two lots. The Haugh score of Lot 1 was significantly higher than Lot 2.
The eggshell thickness of Lot 2 receiving the supplemental zinc was
significantly thicker than Lot 1; however, the eggshell thickness was

extremely poor in both lots. In this experiment the effects of warm
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weather, age of hens and treatments are confounded and the differences

noted are not necessarily due to the addition of zinc.

APPENDIX TABLE I

THE EFFECT OF ZINC SUPPLEMENTATION OF A SEMI-PURIFLED DIET ON EGG
PRODUCTION, EGG WEIGHT, HAUGH SCORE AND EGGSHELL
THICKNESS OF EGGS FROM LAYING HENS

Lot Egg Av. egg Haugh Eggshell
Lot additions production weight score thickness
(ppm) (%) (gm) (.001")
1 None 67 64 83 %% 11.1
2 50 61 64 79 11, 5%*

#%  Significant (P < .01)
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APPENDIX TABLE IT

BASAL DIET USED IN APPENDIX EXPERTHMENT I

Ingredients Percent
1 ,

Glucose 59.72
Isolated soybean protein2 18.00
Corn oil 10,00
Cellulose 500
Butylated hydroxy toluene .02
DL-lethionine o 24
CaHPQy, 1.77
CaCO3 3.88
KoHPOL <50
NaCl <60
MgS0y, 25
Trace mineral mix3 . 0695
Vitamin mix? <1934

1. Cerelose, Corn Products Sales Co., 440 New Center Bldg.,
Detroit, Michigan

2. Amisoy, The Glidden Company, Chicago, Illinoils

3. iorrison et al. (1955)

Calculated analyses: Protein 16.00 percent
Calcium 2.26 percent
Phosphorus 0.66 percent

Zinc 10 ppm
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