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ABSTRACT 

In order to evaluate the effects of trace mineral 

chelates and vitamin D3, commercial type diets with varying 

levels of vitamin D2 and trace minerals with and without 

chelates were fed to hens, chicks and mice. The criteria 

used to evaluate these effects included egg production, feed 

efficiency, egg weight, and shell quality as well as trace 

mineral contents (Ca, Cu, Fe, Zn, and Mn) of whole blood, 

blood plasma and femurs from sacrificed hens as determined 

by atomic absorption spectrophotometry. The criteria used 

in the chick experiments were growth, feed efficiency and 

tissue trace mineral levels. Whole mouse carcass analyses 

were used to determine the effects of dietary trace minerals 

and chelates. 

Studies with laying hens suggested significant im

provements in egg production as a result of feeding chelated 

trace minerals in comparison with similar levels in the non-

chelated form. Shell quality was not significantly affected 

by the dietary treatments. Utilization of bone ash manga

nese levels for the evaluation of the availability of this 

element showed 99% improvement in manganese availability as 

a result of feeding the chelated form of the trace mineral. 

ix 
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A number of significant differences in trace mineral methods 

were noted with age; these included increases in bone ash 

manganese and phosphorus, while bone levels of iron and cal

cium were decreased. 

Growth studies with chicks also indicated improved 

manganese availability as a result of feeding chelates. In 

studies with broiler chicks, 76% improvement in manganese 

availability was obtained. A still higher degree of manga

nese availability was obtained at 200 IU vitamin D3/kg 

(160%) while the increased availability at 1100 IU vitamin 

D3/kg was only 27%. 

In a second experiment employing white leghorn 

chicks, manganese was 51% more available in the chelated 

form; as noted before, a greater increase in manganese 

availability was obtained at the lower level of vitamin D3 

fed (70% vs. 35%) . 

Growth rates and feed conversions were not signifi

cantly improved in either of the chick experiments as a re

sult of trace mineral supplementation in either form. 

In an additional study with mice, slope ratio analy

ses suggested substantial improvements in both manganese and 

zinc availability; however, the non-chelated mineral levels 

employed were substantially different from those fed in the 

chelated form and thus do not allow a precise evaluation of 

the mineral availability using slope ratio analyses; 



however, in each case it may be said that the feeding of 

trace minerals resulted in improvements in zinc and manga

nese utilization. 

The effects of dietary calcium and vitamin D3 during 

the growing period were evaluated in white leghorn pullets 

from 0 to 21 weeks of age, and the effects of previous die

tary treatment on subsequent reproductive performances were 

evaluated during the following 32-week period. Subsequent 

reproductive performance was significantly higher as a re

sult of feeding 1540 IU vitamin D3 during the growing period 

in comparison with 200 IU. 

Incorporation of either 1.75, 2.51 or 3.27% dietary 

calcium during the laying period suggested that signifi

cantly higher production was obtained from hens fed the 

highest dietary calcium level in the laying diet. There 

were no significant effects on shell quality as the result 

of the prelayer dietary treatments. 

During the laying period it was noted that the feed

ing of increasing levels of dietary calcium significantly 

increased whole blood phosphorus levels and plasma calcium 

levels. This effect was evident at both 11 and 13 months of 

age. 

The results of these studies suggest that substan

tial improvements in trace mineral availability may be 

obtained as a result of feeding such minerals in chelated 



form. Additional studies would be required to evaluate the 

degree of improvement in zinc availability and to evaluate 

the economic importance of such improvements. 

/ 



CHAPTER 1 

REVIEW OF LITERATURE 

The feeding of chelates to animals is a relatively 

new approach to improving trace mineral absorption. Al

though the exact mechanism of chelate function is not clear, 

it is known that it alters the availability of certain min

erals. Part of the work in this study was conducted to de

termine some of the relationships that exist between trace 

mineral tissue content as affected by the feeding of the 

trace minerals in chelated form. Previous work (Savage, 

1969) has shown that vitamin D3 affects trace mineral ab

sorption. For this reason chelated trace minerals and vita

min D3 interrelationships with tissue trace mineral content 

were studied in factorial experiments. 

Chemically defined, a chelate is a metal organic 

complex in which the metal is combined in two or more posi

tions in the molecule. Chelated complexes are formed by the 

sharing of electrons between the electron-donating elements 

of the organic compound and the cation, thus forming a rela

tively stable complex (Miller, 1971). A list of stability 

constants for common chelating agents (ligands) and metal 

ions was presented by Albert (1961). It should be mentioned 

1 
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that the stability constants of these chelates were deter

mined in 1:1 ratios of ligand-to-metal ion in water at 

20°C., which are not the conditions in the physiological 

system of an animal. Factors which alter the stability con

stants of the chelated ions are pH, valence of the ion, con

centration of the competing ions and the chelate-to-mineral 

ratio (Miller, 1971). The acidity (hydrochloric acid) of 

the proventriculus tends to convert the chelated metals to 

the free ligand plus the chloride salt of the metal. As 

the ingesta leave the proventriculus and enter the more neu

tral pH of the duodenum, metals may again form a chelate 

complex or may be absorbed through the intestine without re-

chelation. This raises a question as to the quanitity of 

chelated metal in the intestine relative to the quantity fed 

in the diet. The stability constants of the chelates as de

termined by Albert (1961) may offer better approximations of 

the ratio of each metal chelated relative to the percent of 

each in the diet. Another consideration is that chelates 

with high stability constants may bind certain metals so 

tightly that the metal may not be released to the intestine 

for absorption. With most ligands the stability of the che

late formed with trace minerals range in decreasing order 

for copper, nickel, zinc, cobalt, iron, manganese and magne

sium (Albert, 1961). With a mixture of trace metals in the 

gastrointestinal tract one metal ion with a higher stability 
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constant could theoretically replace another metal with a 

lower stability constant. 

Much of the work done with chelating agents has in

volved the use of levels from approximately 2,500 to 10,000 

parts per million (ppm) of chelating agents, mostly Ethyl-

enediaminetetraacetic acid (EDTA). The results of these 

experiments have little bearing on the experiments in this 

study, since the highest levels of chelates are used in the 

order of 35 ppm EDTA and 80 ppm total chelates composed of 

fumeric acid, sodium citrate, EDTA, glycine, lactose and 

sodium-gluconate. For this reason, only a mention will be 

made of the fact that high EDTA has a sparing effect, on in

creasing zinc absorption, in zinc-deficient diets containing 

isolated soybean protein (O'Dell and Savage, 1957; Darwish 

and Kratzer, 1963) . 

Kratzer and Starcher (1963) reported that 100 ppm of 

the disodium salt of EDTA resulted in a growth response in 

turkey poults equivalent to 8 ppm of zinc when added to a 

zinc-deficient, purified diet containing isolated soybean 

protein. 

In evaluating the effectiveness of various chelating 

agents on the availability of zinc, Vohra and Kratzer (1964) 

measured growth response of poults fed a zinc-deficient diet 

containing isolated soybean protein using various chelating 

agents with stability constants for zinc ranging between 5.3 



and 18.8. All levels of chelate were fed at 0.684 milli-

mole/kg diet (equivalent to 200 mg EDTA/kg) for 20 days 

(Ethylenediamine-N,N'-diacetic acid-N,n'-dipropionic acid 

(EDDADP), Hydroxyethylethylenediaminetetraacetic acid 

(HEDTA) and EDTA (with stability constants for zinc between 

13 and 17) were the most effective in significantly increas

ing growth. Vohra and Kratzer (196 4) postulated that min

eral availability depends upo l the chelating agent having a 

stronger stability constant for the metal than metal-binding 

substances in feed so that the metal is complexed with the 

chelating agent in the gastrointestinal tract, thereby mak

ing it available to the animal. Chelates with stability 

constants of greater than 18 were not suitable for improving 

growth because the zinc was not released for absorption and 

chelates with stability constants below 13 may not be able 

to remove zinc from phytic acid. Vohra and Kratzer (1964) 

also theorized that the metal-chelate complex can be ab

sorbed if it is a relatively small molecule. After absorp

tion the metal might be available for specific functions if 

it is removed from the chelating agent. This would require 

that enzymes with metal cofactors have higher stability than 

the chelating agent. If certain metals are absorbed actively 

as the metal and not the metal-chelate complex, it must in

volve a metal-binding protein, with a high stability con

stant, in the intestinal mucosa. 
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Nielsen, Sunde and Hoekstra (1966) determined that 

EDDA (Ethylenediamine-N ,N' -diacetic acid)(11.10), HEDTA^" 

(14.50), EDTA (16.5) and DTPA (Diethylenetriaminepentaacetic 

acid)(18.14), fed at 1.8 rranole/kg of diet in an isolated 

Soybean protein diet containing 12.4 ppm zinc (by analysis) 

improved growth of chicks equal to supplementation of 35 ppm 

zinc. They also determined that cysteine supplementation at 

0.5% improved growth and feather score on birds fed the low 

zinc diet (12.4 ppm). 

Davis, Norris and Kratzer (1962) showed that the 

addition of 700 ppm EDTA to isolated soybean protein diets 

2 ") 
with levels of 12.7 ppm zinc, 14.2 ppm copper and 6.5 

2 ppm manganese reduced the chicks* requirements for these 

minerals in each case. In a 33.6 ppm^ iron-deficient diet 

EDTA had no effect on the requirement for iron. EDTA com

petes for the respective minerals with a component of iso

lated soybean protein, thus making these minerals available 

to the chick for absorption. EDTA was shown to cause more 

efficient utilization of low levels of zinc, copper and man

ganese by chicks. Fritz, Pla and Boehne (1971) determined 

that the form and level of EDTA fed was important in trace 

mineral utilization and that 100 ppm free EDTA fed to chicks 

in diets with borderline deficiencies of calcium, iron and 

1. Chelation stability constants of zinc 

2. By analysis 
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manganese produced detrimental effects on iron and manganese 

utilization, while 800 ppm disodium EDTA or calcium EDTA 

significantly depressed hemoglobin and hematocrit values. 

The feeding of 800 ppm free EDTA, 1600 ppm disodium or cal

cium disodium forms depressed growth and increased the inci

dence and severity of perosis. 

Kratzer (1965) has determined that isolated soybean 

protein contains 3.6% phytic acid and that this fraction 

binds trace minerals in the diet, making them unavailable to 

the animal. Apparently EDTA has a stability constant suffi

ciently high to remove zinc, manganese and copper from their 

phytic acid chelates, thus allowing absorption of the re

spective ions. Vohra reported that phytate complexes were 

formed with divalent ions in the following descending order: 

copper, zinc, manganese, iron, calcium at a pH of 7.4. 

The interaction of calcium with trace minerals was 

discussed by Byrd and Matrone (1965). As the calcium level 

of the diet increased, the chelation of zinc by phytic acid 

also increased. Byrd and Matrone (1965) postulated that 

excess calcium initiates a co-precipitation reaction with 

zinc to form insoluble phytates. To carry this theory fur

ther, it may be postulated that this interaction with cal

cium may also apply to trace minerals other than zinc. 

Along with the effects of chelated trace minerals, 

the level of dietary vitamin Dj was studied to determine its 

interrelationship with chelates and dietary mineral level. 



At present it is known that 25-hydroxycholecalciferol (HCC), 

the active metabolite of vitamin D-j, acts directly on the 

DNA of the cells lining the intestinal mucosa to cause in

creased transcription of messenger RNA and the translation 

of a specific protein in the cytoplasmic fractions oi; the 

intestine (Taylor and Wasserman, 1965) which functions as a 

divalent transport system for calcium transport (DeLuca, 

1967). What is not known, but much debated, is whether this 

transport system is calcium specific or whether it is a true 

divalent transport system for cations other than calcium. 

It is not known whether trace minerals are actively trans

ported by this divalent transport system or merely passively 

absorbed. 

The earliest work on the effect of trace mineral up

take as affected by vitamin D3 was conducted by Worker and 

Migicovsky (1961). They found that vitamin supplementa

tion to rachitic chicks increased the transport of zinc-65 

to bone and attributed the increase to the effect of vitamin 

D on zinc absorption. The birds were maintained on a low 

calcium diet, so the high vitamin D could have increased the 

protein carrier for calcium, and may have caused increased 

zinc absorption because of the lack of dietary calcium. 

This would assume that the calcium carrier protein might be 

used to carry other divalent cations in the absence of 

sufficient calcium ions. In this work nothing was reported 
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concerning increased calcium absorption which should have 

resulted from increased vitamin D. 

Starcher (1969) found evidence that a copper-binding 

protein was present in the duodenum of chicks which may play 

a role in copper absorption. He has shown a copper-binding 

protein with a molecular weight of 10,000 in the ventriculus 

of chicks, but no copper was absorbed at this site. It is 

not known whether the same protein is involved in the absorp

tion of elements other than copper. Zinc and cadmium have 

been reported to inhibit copper absorption by competing for 

the same protein-binding sites. Excess calcium has been 

shown by Roberson and Schaible (1960) to depress zinc ab

sorption on low zinc diets; their results suggest either a 

competition of calcium and zinc for the active sites on the 

same carier protein or, as pointed out earlier (Byrd and Ma-

trone, 1965), the increased calcium may increase the chela

tion of zinc by phytic acid. Little is known of the effects 

of early vitamin and suboptimal calcium levels on later 

development and utilization of calcium. Some work has been 

reported on the effects of prelaying calcium levels on sub

sequent performance of pullets. Berg, Bearse and Merrill 

(1964) studied the calcium and phosphorus requirements of 

pullets from 8 to 21 weeks of age. White leghorn pullets 

raised to 8 weeks of age on 1.0% calcium and 0.6% phosphorus 

were placed on diets with various calcium and phosphorus 

levels. Berg et al. (1964) concluded that the minimum 
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dietary requirement of calcium and phosphorus for pullets 

between 8 and 21 weeks of age was not over 0.4% calcium and 

0.3% phosphorus (vitamin D3 supplementation = 440 IU/kg), in 

either caged or floor-housed pullet chicks, when the calcium 

to phosphorus ratios were within the range of 1:1 to 2:1 (as 

determined by subsequent bone ash, specific gravity of eggs, 

body weight, egg weight and number of eggs). The results 

showed further that the entire phosphorus requirement of 

0.3% could be supplied by phosphorus of plant origin. Layer 

diets containing 0.7% phosphorus and 1.67, 2.08, 2.54 or 

2.92% calcium, by analysis, were fed from the 21st to the 

69th week of age to pullets that had previously received 

0.6% phosphorus and 0.66, 1.12, or 2.01% calcium. Produc

tion, final body weight and egg weight were not signifi

cantly affected by prelayer or layer diet. Egg production 

(hen day basis) ranged from 67 to 78% over the entire 308-

day laying period with only a slight trend toward higher 

production with higher calcium. Specific gravity of the 

eggs increased significantly with increased dietary calcium 

in the layer diet. Meyer, Babcock, and Sunde (1971) found 

similar results with prelayer diets of 0.4% to 1.5% calcium 

levels having no effect on mortality, body weight, tarsus 

length or subsequent egg production. When 0.4% calcium was 

fed, no difference in bone mineral mass was noted through 

the 21st week, but in the following 2 weeks on the 0.4% 
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calcium level developer diet bone mineral mass was lower and 

remained lower throughout the laying periods. This would 

suggest that 0.4% calcium was not adequate after the 21st 

week, and for this reason Meyer et al. (1971) have suggested 

a minimum level of 0.7% calcium for maximum bone strength 

and bone mineralization during the prelaying period of 13 to 

23 weeks of age. 

Hurwitz and Bar (1971) showed that during the pre

laying period of 15 weeks to 2 weeks prior to first egg in 

pullets the calcium requirement was low and calcium uptake 

corresponded to a relatively slow growth rate. From the 

time of 2 weeks prior to first lay until first egg, body 

weight and phosphorus and calcium retention increase rapidly. 

This would agree with the findings of Meyer et al. (1971). 



CHAPTER 2 

EXPERIMENTAL PROCEDURES 

Chelated and vitamin 03 experiments were conducted 

with laying hens, chicks and mice. 

Chelated Trace Mineral Studies with Laying Hens 

Three experiments were run to evaluate the effects 

of feeding chelated trace minerals^- and vitamin D3 on laying 

hens. The Shaver Starcross 288 pullets used in all experi

ments were placed in colony cages with five birds per cage, 

and seven randomly selected cages were used for each treat

ment. Each experiment began after the spring hatched pul

lets had been in production for one to three months. The 

basal diet fed in the three experiments is listed in table 1, 

the dietary treatments are listed in table 2, and supplemen

tal trace minerals were added to the basal diet as listed in 

table 3. Feed and water were supplied ad libitum. 

Egg production (hen day basis) and feed conversion 

(kg of feed per dozen eggs) were determined for each four-

week period. The experiments were run for seven periods, 

experiment 1; ten periods, experiment 2; and eight periods, 

experiment 3. Shell quality was measured over a three-day 

1. Arizona Feeds, CTM-P 

11 



Table 1. Composition of hen basal diet 

Ingredients: % 

Ground corn 10.00 

Ground milo 50.00 

Soybean meal (48.5% protein) 14.00 

Fish meal (57% protein) 5.00 

Alfalfa meal, dehydrated (17% protein) 5.00 

Animal fat (HEF) 4.50 

Calcium carbonate 7.00 

Dicalcium phosphate 2.00 

Salt 0.50 

Vitamin mix^ 2.00 

100.00 

Basal Diet Supplied (calculated); 

Protein, % 16.4 

Metabolizable energy, kcal/kg 2,890 

Calcium, % 3.75 

Phosphorus, total, % 0.82 

1. The vitamin mix supplied the following per 
kilogram of diet: vitamin A, 7940 IU; vitamin D3, 500 
IU; vitamin E, 4.4 IU; vitamin 3^2/ 0.011 mg; vitamin K, 
1.77 mg; riboflavin, 3.57 mg; niacin, 22.4 mg; pantothenic 
acid, 9.01 mg; choline, 744 mg; ethoxyquin, 100 mg. 
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Table 2. Dietary treatments for hen trace mineral studies 

Experiment Number 
12 3 

Vitamin D3 
Trace Mineral Mix (IU/kg diet) 

None 500 1 1 

UATM 0.2%x 500 2 2 

CTM 0.02% 500 3 

CTM 0.03% 500 4 3 

CTM 0.04% 500 5 

TM equiv. to CTM 0 .  03% 500 6 4 

None 1540 7 1 

UATM 0.2% 1540 8 2 

CTM 0.02% 1540 9 

CTM 0.03% 1540 10 3 

CTM 0.04% 1540 11 

TM equiv. to CTM 0 .  03% 1540 12 4 

1. UATM = University of Arizona trace mineral mix. 
CTM = chelated trace mineral mix, as supplied 

by Arizona Feeds, Tucson, Arizona. 
TM = trace mineral mix equivalent to CTM without 

chelates. 

Calculated trace mineral supplemented levels in com
pleted feeds are given in Table 3. 



14 

Table 3. Calculated levels of supplemented trace minerals 
in completed feeds 

Trace Mineral 

Trace 
Mineral Mix Mn Fe Zn Co Cu 

PPm ppm ppm ppm ppm 

UATM 0.1%! 60 20 60 1.5 4.0 

UATM 0.2% 120 40 120 3.0 8.0 

CTM 0.125% 16.25 1.0 10. 25 0.15 0.19 

CTM 0.02% 26 1.60 16. 40 0.24 0.30 

CTM 0.025% 32.5 2.0 20. 50 0.30 0.38 

CTM 0.03% 39 2.40 24. 60 0.36 0.45 

CTM 0.0375% 48.75 3.0 30. 75 0.45 0.57 

CTM 0.04% 52 3.20 32. 80 0.48 0.60 

CTM 0.05% 65 4.0 41 0.60 0.75 

1. UATM = University of Arizona trace mineral mix. 
CTM = chelated trace mineral mix, as supplied by Arizona 
Feeds, Tucson, Arizona. 
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collection per period for four periods in experiment 1 and 

for three days during each period in experiments 2 and 3. 

In experiment 1, shell quality was measured by percent shell 

and shell thickness; in experiments 2 and 3, only shell 

thickness was determined. 

In experiment 1, blood samples were taken, via 

heart puncture, from one hen, in production, for each colony 

cage during the fourth period of lay and after the seventh 

period. Three ml of whole blood and 2 ml of plasma were wet 

ashed for determination of calcium, phosphorus, zinc, copper 

and iron. 

Each hen, after being bled, was then killed by sepa

ration of the cervical vertebrae, and the left femur removed 

for determination of bone ash percent of fat-free dry weight 

and trace mineral content. The femurs were ashed in porce

lain crucibles after the removal of all muscle tissue and 

ether extraction of lipids. Dry weights, fat-free dry 

weight and ash weight of femurs were used as bases for ex

pressing calcium, phosphorus and trace mineral levels. 

After ashing, the femur ash was taken into solution in 10 ml 

of perchloric acid and deionized water and heated on a hot 

plate. The samples were transferred to 100-ml volumetric 

flasks, the cooled samples brought to mark, and aliquots 

stored in acid-washed vials for mineral analyses. 
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Chelated Trace Mineral Studies with Chicks 

Two experiments were run to evaluate the relation

ships between supplemental trace mineral levels, chelates 

and vitamin as they affect chick growth and mineral re

tentions. The practical type basal diets used in the two 

experiments are listed in table 4. Feed and water were sup

plied ad libitum. Table 5 lists the dietary treatments of 

both experiments. In experiment 1, four replicate groups 

of six day-old Hubbard chicks (three males and three females 

each) were randomly placed on 18 dietary treatments and 

weighed at the start of the experiment. A 6-by-3 factorial 

design was used with six mineral treatments and three vita

min levels. The two experiments were conducted in elec

trically heated Petersime battery brooders with raised wire 

floors. Body weight, feed consumption, and feed conversion 

were measured on a pen basis at four weeks of age, at which 

time one male and one female from each pen were killed by 

separation of the cervical vertebrae, and the left femur was 

removed for mineral analysis. 

Chick experiment 2 was conducted with day-old Kimber 

SCWL cockerels. Three replicate groups of six chicks per 

dietary treatment, using a 9-by-2 factorial design with nine 

mineral treatments and two vitamin levels, were random

ized, wing banded, weighed and placed on experiment at one 

day of age. The basal diet used and the experimental design 
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Table 4. Composition of chick basal diet 

Ingredients: Experiment 1 Experiment 2 

% % 
Ground milo 56.50 61.05 
Soybean meal (48.5% protein) 31.40 30.00 
Meat and bone scraps (50% 

protein) 2.50 
Alfalfa meal, dehydrated 
(17% protein) 2.00 

Animal fat (HEF) 2.50 2.50 
Calcium carbonate 0.75 1.10 
Dicalcium phosphate 1.25 
Dicalcium phosphate (USP) 2.20 
Vitamin mix^ (without 

vitamin D3) 2.50 2.50 
Salt, iodized 0.50 0.50 
DL-methionine 0.10 0.15 

100.00 100.00 

Basal Diet Supplied (calculated): 

Protein, % 22.6 20.0 
Metabolizable energy, 

kcal/kg 2,940 2,950 
Calcium, % 0.99 1.08 
Phosphorus, total, % 0.76 0.82 
Phosphorus, available, % 0.47 0.51 

1. The vitamin mix supplied the following per kilo
gram of diet: vitamin A, 9930 IU; vitamin E, 5.5 IU; vita-
min B^2/ 0.014 mg; vitamin K, 2.21 mg; riboflavin, 4.46 mg; 
niacin, 28.0 mg; pantothenic acid, 11.26 mg; choline, 930 
mg; ethoxyquin, 125 mg. 
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Table 5. Dietary treatments for chick trace mineral studies 

Treatment Experiment Number 
1 2 

Vitamin D3 
Trace Mineral Mix (IU/kg diet) Treatment Number 

None None 1 
UATM 0.2% None 2 
CTM 0.02% None 3 
CTM 0.03% None 4 
CTM 0.04% None 5 
TM equiv. to CTM 0.03% None 6 

None 200 7 1 
UATM 0.2% 200 8 
CTM 0.02% 200 9 2 
CTM 0.03% 200 10 3 
CTM 0.04% 200 11 4 
CTM 0.05% 200 5 
TM equiv. to CTM 0.02% 200 6 
TM equiv. to CTM 0.03% 200 12 7 
TM equiv. to CTM 0.04% 200 8 
TM equiv. to CTM 0.05% 200 9 

None 1100 13 10 
UATM 0.2% 1100 14 
CTM 0.02% 1100 15 11 
CTM 0.03% 1100 16 12 
CTM 0.04% 1100 17 13 
CTM 0.05% 1100 14 
TM equiv. to CTM 0.02% 1100 15 
TM equiv. to CTM 0.03% 1100 18 16 
TM equiv. to CTM 0.04% 1100 17 
TM equiv. to CTM 0.05% 1100 18 

1. UATM = University of Arizona trace mineral mix. 
CTM = chelated trace mineral, as supplied by 

Arizona Feeds, Tucson, Arizona. 
TM = trace mineral mix equivalent to CTM with

out chelates 

Calculated trace mineral supplemented levels in com
pleted feeds are given in Table 3. 
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are listed in tables 4 and 5 respectively. Feed and water 

were supplied ad libitum for 3 0 days, after which time the 

chicks and remaining feed were weighed for calculation of 

weight gain, feed consumption and feed conversion. Three 

randomly selected birds per pen were killed at this time by 

separation of the cervical vertebrae; and whole livers, the 

left three kidney lobes, and the left femurs were removed 

and pooled respectively for mineral analysis. After being 

weighed, the liver and kidney samples were dried in acid-

washed 125-ml Erlenmeyer flasks, reweighed and wet ashed 

for determination of trace mineral contents. 

Chelated Trace Mineral Study with Mice 

In order to determine whole body rentention of trace 

metals as affected by chelates, one mouse experiment was 

conducted. Charles River white weanling mice were random

ized, sexed and weighed into replicate lots of two mice 

each in stainless steel wire bottom cages. Six replicates 

were used for each of the seven dietary treatments with 

three replicate cages of two males and three replicate cages 

of two females. The basal diet is listed in table 6, and 

the experimental design is listed in table 7. Feed and 

water were supplied ad libitum for the 28-day experiment. 

After the final weighing, all mice were fasted for 13 hours 

to void the intestinal tract of residual feed, then reweighed 

and killed by asphyxiation with diethyl ether. The two mice 



Table 6. Composition of mouse basal diet 

20 

Ingredients: % 

Ground milo 53.30 

Soybean meal (48.5% protein) 28.80 

Fish meal (57% protein) 3.00 

Alfalfa meal, dehydrated 
(17% protein) 2.00 

Dried whey 1.00 

Distillers dried solubles 1.00 

Animal fat (HEF) 6.00 

Vitamin rnix^" 2.50 

Salt, iodized 0.20 

DL-methionine 0.20 

Dicalcium phosphate 2.00 

100.00 

Basal Diet Supplied (calculated): 

Protein, % 22.50 

Metabolizable energy, kcal/kg 3,080 

Calcium, % 0.9 

Phosphorus, available 0.6 

1. The vitamin mix supplied the following per kilo 
gram of diet: vitamin A, 9930 IU; vitamin D3, 1540 IU; vi
tamin E, 5.5 IU; vitamin B^/ 0.014 mg; vitamin K, 2.21; 
riboflavin, 4.46 mg; niacin, 28.0 mg; pantothenic acid, 
11.26 mg; choline, 930 mg; ethoxyquin, 125 mg. 
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Table 7. Dietary treatments for mouse trace mineral study 

Treatment 

Trace Mineral Mix Treatment Number 

None 1 

UATM 0.2%1 2 

CTM 0.0125% 3 

CTM 0.0250% 4 

CTM 0.0375% 5 

CTM 0.0500% 6 

TM equiv. to CTM 0.025% 7 

1. UATM = University of Arizona trace mineral mix. 
CTM = chelated trace mineral mix, as supplied 

by Arizona Feeds, Tucson, Arizona. 
TM = trace mineral mix equivalent to CTM with

out chelates. 

Calculated trace mineral supplemented levels in com
pleted feeds are given in Table 3. 
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in each cage were pooled and dried in porcelain crucibles 

prior to ashing. The 13-hour fasted weights, dry weights, 

fat-free dry weights and ashed weights were recorded for 

percent dry weight, percent ash and as the basis for mineral 

level calculations. 

Effect of Dietary Calcium, Phosphorus, and 
Vitamin D-^ on Growing Pullet Chicks and Subsequent 

Laying Hen Performance 

One study was run to evaluate the effects of the 

dietary levels of calcium, phosphorus and vitamin 03 on the 

growth and feed conversion of pullets and the effects of 

early dietary variations on subsequent egg production per

formance. Day-old Shaver Starcross 288 pullets were wing 

banded, weighed, and allotted into eight floor pens of 80 

birds each in a 2-by-2 factorial design (table 9). The 

basal diet, fed ad libitum, is listed in table 8. Both 

chick weights and feed consumption data were taken after the 

third, sixth, ninth, and fifteenth weeks. At 15 weeks of 

age the birds were randomly housed in colony-type cages with 

two adjoining cages, of 5 to 6 birds per cage, for each 

replicate. All birds in each cage had received the same 

previous and present diet. Cellulose was used as a filler 

in the diet until the birds were 21 weeks of age. 

At 21 weeks of age each of the 12 colony cage repli

cates, of two adjoining cages per replicate, was randomly 

assigned to one of three calcium levels. Bentonite was 
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Table 8. Composition of basal diets in calcium, phosphorus, 
and vitamin chick and hen studies 

Age 

Ingredients 0-9 weeks 9-21 weeks 21 weeks 

% % % 
Ground corn 20.00 20. 00 10. 00 
Ground milo 43.64 51. 20 52. 28 
Soybean Meal 

(48.5% protein) 22.91 15. 35 13. 75 
Fish meal (57% protein) 2.00 2. 00 5. 00 
Alfalfa meal, dehydrated 

(17% protein) 4.00 4. 00 5. 00 
Animal fat (HEF) 3.00 3. 00 4. 40 
Calcium carbonate — — 2. 43 
Dicalcium phosphate 1.00 1. 00 1. 00 
Salt, iodized 0.50 0. 50 0. 50 
Vitamin mix 1.251 1. 251 1. 502 
Trace Mineral mix 

(UATM 0.1%) 0.10 0. 10 0. 15 
DL-methionine 0.10 0. 10 — 

Test ingredient3 1.50 1. 50 3. 99 

100.00 100. 00 100. 00 
Basal Diet Supplied (calculated) : 

Protein, % 19.00 16. 10 16. 40 
Metabolizable energy, 

kcal/kg 2,963 3,039 2,913 
Calcium, % 0.562 0. 545 1. 748 
Phosphorus, total, % 0.607 0. 590 0. 639 
Phosphorus, available, % 0.346 0. 338 0. 415 

1. At 1.25% of the diet, the vitamin mix supplied 
the following per kilogram: vitamin A, 4965 IU; vitamin 03, 
200 IU; vitamin E, 2.75 IU; vitamin B^f 0.007 mg; vitamin K, 
1.105 mg; riboflavin, 2.23 mg; niacin, 14.0 mg; pantothenic 
acid, 5.63 mg; choline, 465 mg; ethoxyquin, 62.5 mg. 

2. At 1.50% of the diet, the vitamin mix supplied 
the following per kilogram: vitamin A, 5958 IU; vitamin D3, 
500 IU; vitamin E, 3.30 IU; vitamin 0.0084 mg; vitamin 
K, 1.326 mg; riboflavin, 2.68 mg; niacin, 16.8 mg; panto
thenic acid, 6.76 mg; choline, 558 mg; ethoxyquin, 75 mg. 

3. Test ingredient treatments are given in Table 9. 



Table 9. Dietary treatment for pullet and hen calcium, phosphorus, and 
vitamin D3 study 

Treatment 

Group Treatment 
# Calcium Phosphorus Vitamin D3 Calcium Phosphorus Vitamin D3 Calcium # 

1 0.56% 0.61% 200 IU 0.55% 0.59% 200 IU 1.75% 1 
2.51% 2 
3.27% 3 

2 0.56% 0.61% 1540 IU 0.55% 0.59% 1540 IU 1.75% 4 
2.51% 5 
3.27% 6 

3 1.04% 0.75% 200 IU 1.02% 0.73% 200 IU 1.75% 7 
2.51% 8 
3.27% 9 

4 1.04% 0.75% 1540 IU 1.02% 0.73% 1540 IU 1.75% 10 
2.51% 11 
3.27% 12 



incorporated as dietary filler in the low calcium diet at 4. 

percent in order to maintain isocaloric and isonitrogenous 

diets without increasing fiber content of the diets. The 

composition of the layer diets is listed in table 7, and the 

experimental design is listed in table 8. The vitamin D3 

level of the layer diets was set at the National Research 

Council's recommended level of 500 IU per kilogram of diet. 

Egg records were started at the 21st week of age to 

determine if the previous diets affected the age of maturity 

and egg lay. Egg production (hen day basis) and feed con

version (kg of feed per dozen eggs) records were taken for 

eight 28-day periods starting at the 25th week of age. 

Shell thickness and egg weight data were taken over a three-

day collection during each 28-day period. 

During the 6th period of lay and at termination of 

the experiment, one hen in production from each of the repli 

cates was weighed and then bled via heart puncture for deter 

mination of whole blood and plasma calcium and phosphorus. 

Three ml of whole blood and 2 ml of plasma were wet ashed. 

Each hen after being bled was killed by separation of the 

cervical vertebrae, and the left femur was removed for de

termination of percent ash to evaluate the effects of die

tary treatment. 
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General Experimental Techniques 
Used in All Experiments 

All glassware used in divalent mineral determina

tions was washed in nitric acid prior to use. The wet-ashing 

procedure used on all samples involved the addition of 10 ml 

of concentrated nitric acid to the sample in a 125-ml Erlen-

meyer flask. The sample was allowed to digest for at least 

6 hours prior to heating. The samples were heated on a hot 

plate at medium setting to avoid splashing. When the volume 

of the flask had been reduced to 2 to 3 ml, the flask was 

removed for approximately 3 0 seconds and 10 ml of concen

trated perchloric acid added to plasma and whole blood sam

ples. Liver and kidney samples from the second chick 

experiment received 10 ml more of nitric acid several times 

until no noticeable fat remained in the liquid, at which 

time 15 ml of perchloric acid was added. The samples were 

returned to the hot plate and heated until only white fumes 

remained, leaving only the mineral matter and perchloric 

acid. After the samples had cooled for one to three minutes 

deionized water was added to the flask and the contents 

transferred to 50-ml volumetric flasks for blood and plasma 

samples and into 100-ml volumetric flasks for liver and kid

ney samples. After cooling, the volumes were brought to 

mark, the samples mixed, and aliquots saved for trace min

eral determinations. Feed samples were also wet-ashed from 

all experiments to verify the treatment variables. 
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Dry-ashed femurs and whole mouse carcasses were 

ashed in porcelain crucibles in a muffle furnace for eight 

hours at 650°C. After cooling and weighing, 5 ml of per

chloric acid and approximately 10 ml of deionized water were 

added to the crucible. The crucibles were heated on low 

heat until the ash went into solution. At that time the 

samples were transferred into 50-ml volumetric flasks, and 

the crucibles were rinsed three times with deionized water. 

Aliquots were saved for mineral determinations. 

Calcium, zinc, manganese, copper, and iron were de

termined by atomic absorption spectrophotometry using the 

Perkin-Elmer model 303. All dilutions were made in 5 percent 

HC1 to maintain an acidic pH. 0.5 percent strontium was 

added to all final calcium dilutions as a masking agent for 

phosphorus. Phosphorus determinations were made using a 

molybdate-ferrous chloride method measuring O.D. at 6600 A 

on a Coleman junior spectrophotometer. 

Data collected were analyzed by Analysis of Variance 

according to Snedecor (1967), and significant differences 

due to treatments were determined by Duncan's Multiple Range 

Analysis (1955). Regressions were run on data that lent it

self to such analysis. 



CHAPTER 3 

RESULTS AND DISCUSSION 

The results of the chelate and vitamin D3 experi

ments will be discussed in the following sections. 

Chelated Trace Mineral Studies with Laying Hens 

Three experiments were conducted to evaluate the 

effects of feeding chelated trace minerals and different 

levels of vitamin D3 to laying hens. In experiment 1, three 

chelated trace mineral and three non-chelated trace mineral 

diets were fed to each with 500 or 1540 IU of vitamin D3/kg 

of the diet. In experiments 2 and 3, one chelated trace 

mineral and three non-chelated trace mineral diets were fed 

each with 500 and 1540 IU of vitamin D3/kg of the diet for 

the respective experiments. Percent egg production (hen day 

basis) in the first experiment was increased by the feeding 

of chelated trace minerals as compared with the egg produc

tion of birds fed either the non-supplemented diet or a diet 

supplemented with similar trace mineral levels without che

lates (table 10). Percent production of the UATM-fed birds 

was significantly higher than in all other treatments, with 

the exception of the 0.02% chelated trace mineral supple

mented group, indicating the need for supplementation of 

trace minerals above those supplied by even the highest 

28 
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level of chelated trace mineral supplement. The lowest 

level of chelated trace mineral fed (0.02%) supported a rate 

of production not statistically lower than that obtained by 

the UATM supplementation, suggesting that the higher levels 

of chelated trace minerals reduced production. Percent pro

duction of the chelated trace mineral-fed birds was signifi

cantly higher than in the birds fed a diet supplemented with 

a similar trace mineral diet without chelates in experiments 

2 and 3 (table 10). Neither the chelated trace mineral diet 

nor the similar diet without chelates was significantly dif

ferent from the non-trace mineral supplemented diet or the 

UATM supplemented diet in increasing production. 

Feed conversion was significantly lowered by the 

feeding of either UATM or chelated trace minerals, with the 

exception that the 0.03% level of chelates was not signifi

cantly different from either the non-trace mineral supple

mented or a similar trace mineral diet without chelates in 

experiment 1 (table 10). Feed conversion in experiments 2 

and 3 was significantly higher on the trace mineral diet 

equivalent to the 0.03% CTM diet without chelates than in 

all other diets. The feed conversion of the unsupplemented 

birds was equal to that obtained with both the chelated 

trace minerals and the UATM-fed birds. 

Shell thickness and percent shell (table 11) were 

significantly improved with the feeding of the 0.02% and 



Table 10. Percent egg production (hen day basis) and feed conversion (kg feed per 
dozen eggs) as affected by dietary trace minerals. 

Exp. 1 Exp. 2, 3' 

Dietary Trace Mineral % Egg Feed % Egg Feed 
Supplement Production Conversion Production Conversion 

24 weeks 32 weeks 

None 

UATM, 0.2%3'4 

CTM, 0.02% 
CTM, 0.03% 
CTM, 0.04% 
TM, equivalent to 

0.03% CTM 

Vitamin effect 

500 IU, vitamin 
1540 IU, vitamin Dj 

71.la5 

78.6C 

76.4bc 

74.3b 

74.9b 

71.5a 

74. 2e 

74.7e 

1.93" 

1.79a 
1.76® 
1.82ab 

1.80a 

1.93b 

1.84e 

1.84e 

74.5ab 

74.3ab 

75.6b 

72.7a 

1.82a 

1.84a 

1.83a 

1.93b 



Table 10. Continued. 

1. The data includes periods 2-7 of seven consecutive 4-week periods, 
allowing 1 period for the birds to adjust to the new diets. 

2. The data for experiment 2 includes periods 3-10 of ten consecutive 4-
week periods, allowing 2 periods for the birds to adjust to the new diets; data for 
experiment 2 includes periods 2-9 of nine consecutive 4-week periods, allowing 1 week 
for adjustment. 

3. Abbreviations are explained in note 1, table 2. 

4. Vitamin levels were combined. 

5. Means not having a common letter superscript are significantly different 
at the 0.05 level of probability. 



Table 11. Shell thickness and percent shell as affected by dietary trace minerals 
and vitamin D^. 

Dietary Treatment Egg-shell Thickness 
Percent Shell 

(shell wt/egg wt) 

Trace Mineral 
Supplement Vitamin D- Exp. 1 Exp. 2 Exp. 3 Exp. 1 

None 
UATM, 0.2%^ 
CTM, 0.02% 
CTM, 0.03% 
CTM, 0.04% 
TM, equivalent to 

0.03% CTM 

IU/kg 

200 

None 
UATM, 
CTM/ 
CTM, 
CTM, 

1540 
0 . 0 2 %  
0.02% 
0.03% 
0.04% 

TM, equivalent to 
0.03% CTM 

lO^mm lO^mm 
2 

10 mm % 

33.8s2 

34.1ab 

34. 9C 

34.8C 

33.9a 

32.8a 

33.7b 

32.7a 

8.73b 

8.78 
8.98 
9.16a 
8.73 

33.9ab 32.7a 8.72b 

34.0ab, 
34.6b<; 
34.3abc 
34.3abc 
34. 7C 

32.4a 

32.0a 

32.0a 

8.77b 

8.82b 

8.95ab 

8.80 
9.00ab 

34.6bc 32.4a 8.86b 
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Table 11. Continued. 

Dietary Treatment Egg-shell Thickness 
Percent Shell 

(shell wt/egg wt) 

Trace Mineral 
Supplement^ Vitamin D: Exp. 1 Exp. 2 Exp. 3 Exp. 1 

None Combined 
vitamin Do levels 33.9X 8.75y 

UATM 34.3xy 8.80xy 
CTM, 0.02% 34.6y 8.97x 

CTM, 0.03% 34.6Y 8.98x 
CTM/ 0.04% 34.3xy 8.86XV 
TM, equivalent to 

0.03% CTM 34.2xy 8.79xy 

1. Abbreviations are explained in note 1, table 2. 

2. Means not having a common letter superscript are significantly different 
at the 0.05 level of probability. 

(*> 
u> 



0.03% chelated trace mineral supplemented diets compared to 

the non-trace mineral supplemented diet in experiment 1. 

All other diets were not statistically different from each 

other or from the 0.02% CTM, the 0.0 3% CTM or the unsupple-

mented diets. Shell thickness of the birds fed 0.02% and 

0.03% chelated trace mineral diets with 500 IU of vitamin 

D3/kg of diet in experiment 1. With birds fed 1540 IU of 

vitamin D3/kg the only significant difference was an in

creased shell thickness by the feeding of 0.04% chelated 

trace minerals as compared to shell thickness of birds fed 

the unsupplemented diet. Comparison of each trace mineral 

supplemented diet with 500 IU of vitamin D3/kg to its coun

terpart with 1540 IU of vitamin D3/kg shows that the addi

tional vitamin D3 increased shell thickness with the feeding 

of 0.04% CTM and the feeding of non-chelated trace mineral 

equivalent to 0.03% CTM. None of the other diets was af

fected by additional vitamin D3. In experiments 2 and 3 

(table 11), the feeding of UATM with 500 IU of vitamin D3/kg 

significantly increased shell thickness compared to the un

supplemented, the chelated, or the non-chelated trace min

eral (equivalent to the chelated) diets at both levels of 

vitamin D3 and to its counterpart with 1540 IU of vitamin 

D3/kg. All of the other diets were equal to each other in 

influencing shell thickness. The percent shell in experi

ment 1 was significantly higher with the feeding of 0.03% 
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CTM and 500 IU of vitamin D^/kg of diet than with all other 

diets, with the exceptions of 0.02% CTM with 500 IU and 1540 

IU of vitamin D3/kg, and 0.04% CTM with 1540 IU of vitamin 

Dj/kg. All of the other diets were equal in influencing 

percent shell (table 11). 

Plasma iron was significantly reduced with the feed

ing of 0.03% CTM compared to the unsupplemented trace miner

al diet. None of the other diets was successful in altering 

the plasma iron content (table 12) nor was either level of 

vitamin D3. Because of the high levels of iron in the basal 

diet and the relatively minor increase in dietary iron due 

to supplementation, no real differences would have been ex

pected in plasma iron. In experiments 2 and 3 no plasma 

iron differences were found. 

Dietary copper values (table 13) were increased so 

little by the addition of chelated trace minerals that no 

differences in plasma copper would have been expected by its 

addition. The only significant differences in plasma copper 

levels were (1) the increases due to the addition of UATM 

compared to CTM at 0.03% and its equivalent copper mineral 

diet level without chelates, and (2) the increased level of 

plasma copper resulting from feeding an unsupplemented diet 

when compared to the level resulting from feeding the trace 

mineral diet without chelates equivalent to the 0.03% CTM 

(table 13). In experiments 2 and 3 no differences were 

found in plasma copper due to any dietary variable. 
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Table 12. Blood plasma iron as affected by dietary trace 
minerals. 

Blood Plasma Iron 

Dietary 
Mineral Supplement 

Dietary 
Iron Exp. 1"^ Exp. 2 ,  3' 

PPm ppm ppm 

None 329 11.6b5 10. 8a 

UATM, 0.2%3'4 331 10.6ab 11.6a 

CTM, 0.02% 331 9.3ab 

CTM, 0.03% 331 9. 0a 10.2a 

CTM, 0.04% 332 10.2ab 

TM, equivalent to 
0.03% CTM 331 10.6ab 9. 9a 

1. Plasma samples were analyzed only on the second 
collection. 

2. Plasma samples from experiments 2 and 3 were 
combined for statistical analysis. 

3. Abbreviations are explained in note 1, table 2. 

4. Vitamin D3 levels were combined. 

5. Means not having a common letter superscript are 
significantly different at the 0.05 level of probability. 
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Table 13. Blood plasma 
minerals. 

copper as affected by dietary trace 

Blood Plasma Copper 

Dietary Trace 
Mineral Supplement 

Dietary 
Copper Exp. I-1- Exp. 2, 3 

PPm ppm PPm 

None 7.0 0.80bc5 0.56a 

UATM, 0.2%3'4 15.0 0. 85c 0.65a 

CTM, 0.02% 7.3 0.76abc 

CTM, 0.03% 7.45 0.66ab 0.58a 

CTM, 0.04% 7.6 0.71abc 

TM, equivalent to 
0.03% CTM 7.45 0.62a 0.58a 

1. Plasma samples were analyzed only on the second 
collection. 

2. Plasma samples from experiments 2 and 3 were 
combined for statistical analysis. 

3. Abbreviations are explained in note 1, table 2. 

4. Vitamin D3 levels were combined. 

5. Means not having a common letter superscript are 
significantly different at the 0.05 level of probability. 



In experiment 1, plasma zinc was significantly in

creased by the supplementation of UATM compared to the 

supplementation of 0.03% CTM (table 14). None of the other 

trace mineral supplements or the vitamin D3 levels affected 

plasma zinc. In experiments 2 and 3 neither vitamin D3 nor 

any trace mineral supplement had any effect in altering the 

plasma zinc level. In experiment 1 the regression equation 

of the non-chelated trace minerals showed that plasma zinc 

increased as dietary zinc increased, while the regression 

equation of chelates showed that plasma zinc was independent 

of dietary zinc when chelates were fed. The plasma zinc of 

birds fed the basal diet in these experiments were not dif

ferent from any of the supplemented levels, indicating 

adequate zinc in the basal diet. 

The plasma phosphorus in experiment 1 (table 15) was 

significantly lower with the supplementation of 0.03% CTM 

than with the unsupplemented or UATM-supplemented groups. 

Dietary phosphorus was constant in all diets, so changes in 

plasma phosphorus would not have been expected. This indi

cates that the feeding of 0.03% CTM may effectively reduce 

plasma phosphorus, but the reason behind or importance of 

the reduction is not known. In experiments 2 and 3 no re

duction of plasma phosphorus resulted from the supplementa

tion of additional vitamin D3 or trace minerals. 
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Table 14. Blood plasma zinc as affected by dietary trace 
minerals. 

Blood Plasma Zinc 

Dietary Trace 
Mineral Supplement 

Dietary 
Zinc Exp. 1^ 

2 
E x p . 2 , 3  

ppm ppm ppm 

None 100 4.15ab5 4.59a 

UATM, 0.2%3'4 220 5.00b 4.49a 

CTM, 0.02% 116 4.3lab 

CTM, 0.03% 125 3.84a 4.62a 

CTM, 0.04% 133 4.20ab 

TM, equivalent to 
0.03% CTM 121 4.29ab 4.20a 

1. Plasma samples were analyzed only on the second 
collection. 

2. Plasma samples from experiments 2 and 3 were 
combined for statistical analysis. 

3. Abbreviations are explained in note 1, table 2. 

4. Vitamin D3 levels were combined. 

5. Means not having a common letter superscript 
are significantly different at the 0.05 level of probability 
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Table 15. Blood plasma total phosphorus as affected by 
dietary trace minerals. 

Blood Plasma Total 
Phosphorus 

Dietary Trace Phosphorus 
Mineral Supplement (total) Exp. 1^ Exp. 2, 3 2 

% ppm ppm 

None 0.82 519b5 505a 

UATM, 0.2%3'4 0.82 498b 575a 

CTM, 0.02% 0.82 483ab 

CTM, 0.03% 0.82 379a 510a 

CTM, 0.04% 0.82 443ab 

TM, equivalent to 
0.03% CTM 0.82 467ab 462a 

1. Plasma samples were analyzed only on the second 
collection. 

2. Plasma samples from experiments 2 and 3 were 
combined for statistical analysis. 

3. Abbreviations are explained in note 1, table 2. 

4. Vitamin D3 levels were combined. 

5. Means not having a common letter superscript are 
significantly different at the 0.05 level of probability. 
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The most consistent effect noted from the analysis 

of the various trace mineral contents of whole blood and fe

murs resulted from the time of collection (table 16). Whole 

blood and femurs were taken twice during the experiment, 

when the hens were 10 and 13 1/2 months of age. Both series 

of collections were analyzed at the same time to avoid varia

tions in analysis, so the differences due to collection time 

in table 16 were either a hen-age (length of production) or 

a seasonal effect. Comparing the first collection levels of 

trace mineral content in whole blood to the second collec

tion trace mineral content, it can be seen that whole blood 

iron and zinc were significantly lower in the second collec

tion and that whole blood copper and calcium were increased 

in the second collection. Total phosphorus was unchanged 

due to collection time. The manganese content of whole 

blood was so low that accurate measurements could not be 

made. Femur mineral contents due to collection time were 

expressed on both fat-free and ashed bases (table 16). Com

paring the first collection levels of trace minerals in 

femurs to the second collection of trace mineral content, it 

can be seen that femur iron and calcium were significantly 

decreased while femur manganese and phosphorus were signifi

cantly increased during the second collection time. Neither 

the copper nor the zinc content was altered due to collec

tion time. 



Table 16. Trace mineral levels of tissues as affected by collection time, 
experiment 1 

Trace Mineral Levels 

Collection Age Date Iron Copper Zinc Calcium 
Total 

Phosphorus Manganese 

months ppm ppm ppm ppm ppm ppm 

Whole Blood 

1 10 Mar. 6 327^ 0.98a 7. 31b 159a 1455a 

2 13.5 June 19 299a 1. 07b 7. 05a 179b 1452a 

Femur Fat-free Dry Weight 
ppm ppm ppm % % ppm 

1 10 Mar. 6 145b 5. 7a 306a 22. 3b 
t 

10.3a 12.6a 

2 13.5 June 19 117a 6.ia 308a 21.0a 11.2b 13.3b 

Femur Ash Weight 
ppm ppm ppm % % ppm 

1 10 Mar. 6 249b 9. 8a 523a 38. lb 17. 8a 21. 6a 

2 13.5 June 19 201a 10. 5a 524a 35. 7a 19.0b 22.7b 

1. Means not having a common letter superscript are significantly different 
at the 0.05 level of probability. 
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The percent ash of the femurs in experiment 1 was 

reduced by the supplementation at all levels of trace min

eral both with and without chelates. If no trace mineral 

was supplemented to the diet, the percent ash of hen fat-

free femur was 60.3%, while the average percent ash of 

fat-free femurs from hens receiving supplemental trace min

erals was 5 8.3% with a range of 5 8.0% to 58.6% each. Neither 

the time of collection of the femurs nor the variation in 

dietary vitamin D3 affected the percent ash of the femurs. 

Other than the collection difference noted in table 

16, it may be stated that of the dietary variables, only 

dietary manganese had any effect on the mineral contents of 

the femurs. The basal diet must have contained adequate 

levels of all trace minerals except manganese, since no 

change in the femur mineral contents could be effected by 

the supplementation of higher levels of trace minerals. The 

manganese content of hen femurs (table 17) was increased by 

the supplementation of dietary manganese to the basal diet. 

All levels of chelates and both levels of non-chelated trace 

minerals significantly increased the femur manganese content. 

The UATM supplemented birds had a significantly higher level 

of femur manganese than any of the other trace mineral 

supplemented birds. The analysis of variance of the data 

showed that the femur manganese content of birds fed the TM-

supplemented diet equivalent to the CTM at 0.03% of the diet 
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Table 17. Femur manganese as affected by dietary trace 
minerals, experiment 1. 

Dietary Trace 
Mineral Supplement 

Dietary 
Manganese 
(total) 

Femur Manganese 

Fat-free Bone Bone Ash 

None 

UATM, 0.02%1'2 

CTM, 0.02% 

CTM, 0.03% 

CTM, 0.04% 

TM, equivalent to 
0.03% ETM 

ppm 

48 

168 

74 

87 

100 

87 

ppm 

9.86 

15.58e 

11.92b 

13.35° 

14.52d 

a3 

12.58 be 

ppm 

16.40a 

26.75e 

20.54b 

22.87° 

24.79d 

21.74bc 

Vitamin D^ Effect 

500 IU 

1540 IU 

12.2J 

12.4 

20.7 

21. 2 

1. Abbreviations are explained in note 1, table 2. 

2. Vitamin D^ levels were combined. 

3. Means not having a common letter superscript are 
significantly different at the 0.05 level of probability. 
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was not significantly different from femur manganese content 

of birds fed the CTM-supplemented diet at 0.03% of the diet. 

The slope ratio of the chelated TM/non-chelated TM is 2.17 

for fat-free femur and 1.99 for ashed femur (table 18) which 

indicates that the chelated trace mineral is approximately 

twice as effective as non-chelated trace minerals in its 

ability to increase the femur manganese content of laying 

hens. The adequate level of femur manganese in laying hens 

is not known; therefore, it is undetermined whether the 

additional levels of femur manganese are beneficial or 

merely an indication of higher dietary manganese levels. 

Chelated Trace Mineral Studies with Chicks 

Two experiments were conducted to evaluate the ef

fects of feeding chelated trace minerals and vitamin D3 on 

chicks. Day-old chicks were placed on experiment and fed 

until 4 weeks of age. In experiment 1, three chelated trace 

mineral and three non-chelated trace mineral diets were fed 

to Hubbard chicks, each with zero, 200 and 1100 IU of vita

min D3/kg of diet. In experiment 2, four chelated trace 

mineral and five non-chelated trace mineral diets were fed 

to Kimber white leghorn cockerels each with 200 and 1100 IU 

of vitamin D3/kg of diet. The basal diet was formulated 

differently in experiment 2 from the first experimental diet 

in order to lower the trace mineral content of the basal 

diet and to improve the response of birds to supplemental 



Table 18. Regression analysis of blood plasma zinc and bone manganese levels as 
affected by chelated and non-chelated trace mineral supplements. 

Dietary Trace Mineral 
Supplement and Tissue Slope 

Y-intercept 
Value 

Regression 
Coefficient 

(r2) 
Slope 
Ratio 

CTM zinc (X)—blood 
plasma zinc (Y) -0.006 4.952 0.050 

Without CTM zinc (X)— 
blood plasma zinc (Y) 0.070 3.434 0.998 

CTM manganese (X)— 
fat-free bone 
manganese (Y) 0.100 4.563 0.983 

Without CTM manganese 
(X)—fat-free bone 
manganese (Y) 0.046 8.021 0.970 

2.17 

CTM manganese (X)— 
ashed bone 
manganese (Y) 0.163 8.512 0.996 

Without CTM manganese 
(X)—ashed bone 
manganese (Y) 0.082 13.291 0.953 

1.99 

1. Slope ratio = slope of diets with CTM/slope of diets without CTM. 
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trace minerals. In experiment 2 USP dicalcium phosphate was 

incorporated into the diet in lieu of feed grade dicalcium 

phosphate, and meat and bone scraps were deleted from the 

diet. USP dicalcium phosphate contained a lower trace min

eral content than feed grade dicalcium phosphate (Appendix 

A). The non-chelated trace mineral diets of experiment 1 

were composed of an unsupplemented basal diet, a trace min

eral supplemented diet equivalent to the 0.03% CTM diet, and 

a 0.2% UATM-supplemented diet; while the non-chelated diets 

of experiment 2 were composed of a non-supplemented basal 

diet and four trace mineral-supplemented diets equivalent to 

the respective 0.02%, 0.03%, 0.04%, 0.05% CTM diets. The 

diets in experiment 2 were formulated in this manner to pro

vide more meaningful regression analysis of supplemental 

chelates. 

Neither 2 8-day weight gain nor feed conversion was 

significantly affected by dietary trace minerals or by the 

vitamin D3 level of either experiment (tables 19 and 20). 

The differences in weight gain and feed conversion between 

experiments 1 and 2 can be attributed to the type of bird 

used in each experiment. 

The manganese content of ashed femurs from experi

ment 1 was significantly higher with the supplementation of 

dietary manganese than that resulting from feeding the basal 

diet (table 21). UATM supplementation produced signifi

cantly higher femur manganese than did all other 
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Table 19. Body weight gain and feed conversion as affected 
by trace minerals and vitamin D3 in experiment 1. 

Trace mineral supplement Body weight gain 
(in grams) 

Feed 
conversion 

(feed/grain) 

None 597a2 1. 70a 

UATM Q.20%1 599a 1.67a 

CTM 0.02% 612a 1.64a 

CTM 0.03% 611a 1.67a 

CTM 0.04% 598a 1.66a 

TM equivalent to 0.03% 60 la 1.66a 

Vitamin effect 

0 IU 609c 1.67c 

200 IU 607° 1.65° 

1100 IU/kg 59 3C 1. 6 8C 

1. Vitamin D3 levels were combined. 

2. Means not having a common letter superscript are 
significantly different at the 0.05 level of probability. 



Table 20. Body weight gain and feed conversion as affected 
by trace minerals and vitamin in experiment 2. 

Body weight Feed 
gain conversation 

Trace mineral supplement (in grams) (feed/gain) 

None 313a2 1.943 

CTM 0.02%X 320a 1.95a 

CTM 0.03% 321a 1.953 

CTM 0.04% 327a 1.91a 

CTM 0.05% 33la 1.93a 

TM equivalent to 0.02% CTM 323a 1.93a 

TM equivalent to 0.03% 321a 1.92a 

TM equivalent to 0.04% 316a 1.94a 

TM equivalent to 0.05% 309a 1.96a 

Vitamin D-$ effect 

200 IU/kg 322° 1.93° 

1100 IU/kg 320° 1.94° 

1. Vitamin D-j levels were combined. 

2. Means not having a common letter superscript are 
significantly different at the 0.05 level of probability. 



supplemented diets with the exception of the 0.04% CTM sup

plemented diet. Vitamin D3 had no effect on femur manganese 

in experiment 1 (tables 21 and 22) . The combined chelate 

(table 21) was insignificant because the UATM supplemented 

diet contained 85% more manganese than the next highest die

tary level. Regression analysis of the femur manganese con

tent with combined vitamin D3 levels resulted in a slope 

ratio increase of 76% with the supplementation of chelates 

over non-chelates (table 25, p. 56). The slope ratio in

creases of femur manganese (slope of chelated/slope of non-

chelated diets) were 26%, 160%, and 27% for each of the 

respective vitamin D3 levels of zero, 200 IU, and 1100 IU 

(table 25). The slope ratio data is more meaningful than 

that of the analysis of variance because the slope values 

obtained from the regression analysis are weighted with die

tary manganese, whereas the analysis of variance data does 

not account for the absolute values of dietary manganese. 

The manganese content of ashed femurs from experi

ment 2 was significantly improved by the supplementation of 

all levels of CTM as compared to the basal diet. The trace 

mineral supplemented diets without chelates produced sig

nificantly higher femur manganese contents than did the 

non-supplemented diet, with the exception of the TM diet 

equivalent to 0.02% CTM which was not significantly differ

ent from the unsupplemented diet (table 22). The only 
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Table 21. Manganese of ashed femur as affected by trace 
minerals and vitamin in experiment 1. 

Dietary Manganese 
Trace mineral supplement manganese PPm 

None 36 13.0a2 

UATM Q.20%1 161 15. 8C 

CTM 0.02% 61 14. 3b 

CTM 0.03% 75 14.7b 

CTM 0.04% 87 15.lbc 

TM equivalent to 0.03% CTM 75 14.4b 

Vitamin D3 effect 

z 
0 IU 14.5 

200 IU/kg 14.8Z 

1100 IU/kg 14.32 

Chelate effect 

Without chelates 14.4X 

With chelates 14.7X 

1. Vitamin Dj levels were combined. 

2. Means not having a common letter superscript are 
significantly different at the 0.05 level of probability. 
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Table 22. Manganese of ashed femur as affected by trace 
minerals and vitamin D3 in experiment 2. 

Trace mineral supplement 
Dietary 

manganese 
Manganese 

ppm 

None 24 10.6a2 

CTM 0.02%1 47 12.5cd 

CTM 0.03% 59 13. lcd 

CTM 0.04% 70 13.6cd 

CTM 0.05% 82 13.9d 

TM equivalent to 0.02% CTM 47 ll.lab 

TM equivalent to 0.03% CTM 59 12.1bC 

TM equivalent to 0.04% CTM 70 12.3bC 

TM equivalent to 0.05% CTM 82 12.7cd 

Vitamin D3 effect 

200 IU/kg 
X  

12.5 

1100 IU/kg 12.9* 

Chelate effect 

Without chelates 12. le 

With chelates 13.3f 

1. Vitamin levels were combined. 

2. Means not having a common letter superscript are 
significantly different at the 0.05 level of probability. 
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Table 23. Ashed femur manganese as affected by trace 
minerals and vitamin D3 in chick trace mineral 
studies, experiment 1. 

Description of treatments Dietary Ashed femur 

Vitamin Dj/kg 
manganese manganese 

Dietary trace Vitamin Dj/kg ppm Exp. 1 
mineral supplement of diet ppm 

None None 36 13.4al 

UATM, 0.2% II 161 16.3a 

CTM, 0.02% II 61 14.0a 

CTM, 0.03% II 75 14. la 

CTM, 0.04% II 87 14.8a 

TM, equivalent 
to 0.03% CTM tl 75 14.4a 

None 200 IU 36 13. la 

UATM/ 0.2% II 161 15. la 

CTM, 0.02% ft 61 14.8a 

CTM, 0.03% II 75 16. la 

CTM, 0.04% n 87 15.8a 

TM, equivalent 
a 

to 0.03% CTM 11 75 14. la 

None 1100 IU 36 12.6a 

UATM, 0.2% 11 161 15.8a 

CTM, 0.02% 11 61 14. 0a 

CTM, 0.03% it 75 13.7a 

CTM, 0.04% i« 87 14.8a 

TM, equivalent 
to 0.03% if 75 14.5a 

1. Means not having a common letter superscript are 
significantly different at the 0.05 level of probability. 



54 

Table 24. Ashed femur manganese as affected by trace 
minerals and vitamin D3 in chick trace mineral 
studies, experiment 2. 

Description of treatments Dietary Ashed femur 
manganese manganese 

Dietary trace Vitamin D3/kg ppm Exp. 2 
mineral supplement of diet ppm 

None 
CTM, 0.02% 
CTM, 0.03% 
CTM, 0.04% 
CTM, 0.05% 
TM, equivalent 
to 0.02% CTM 

TM, equivalent 
to 0.03% CTM 

TM, equivalent 
to 0.04% CTM 

TM, equivalent 
to 0.05% CTM 

200 IU 24 
47 
59 
70 
82 

47 

59 

70 

82 

10.2^1 
l o /ibcdef 
1216cdefg 
13.5ef9 
13.5ef9 

11.6abcd 

123bcdef 

^ abode 

12.3bode£ 

None 
CTM, 0.02% 
CTM, 0.03% 
CTM, 0.04% 
CTM, 0.05% 
TM, equivalent 

to 0.02% CTM 
TM, equivalent 
to 0.03% 

TM, equivalent 
to 0.04% 

TM, equivalent 
to 0.05% 

1100 IU 
II 
It 

II 
If 

24 
47 
59 
70 
82 

47 

59 

70 

82 

l O.gabc 
12.6cdefg 

13.6|? 
13.8fg 

14.49 

ab 10.6 

12.0bcdef 

I2.9defg 

13_ldefg 

1. Means not having a common letter superscript are 
significantly different at the 0.05 level of probability. 



statistically significant difference between the CTM supple

mented diets and their counterparts was that the 0.02% CTM 

supplemented diet caused a higher femur manganese level than 

its non-chelated counterpart at the same supplemental manga

nese level. Comparing the chelate effect of the four CTM 

supplemented diets to the four non-chelated trace mineral 

diets, it can be concluded that the diets supplemented with 

chelates resulted in statistically higher femur manganese 

levels than the trace mineral supplemented diets without 

chelates (table 22). Vitamin D3 had no statistically signi

ficant effect on the femur manganese content (tables 23 and 

24). Regression analysis of the femur manganese content 

with combined vitamin D3 levels resulted in a slope ratio 

increase of 51% with the supplementation of chelates over 

non-chelates (table 25). The slope ratio increases of femur 

manganese (slope of chelated/slope of non-chelated diets) 

were 70% and 35% for each of the respective vitamin D3 

levels of 200 IU and 1100 IU (table 25). It can be con

cluded that femur manganese was dependent both on dietary 

manganese and on the presence of chelates in the diet: as 

dietary manganese increased, so did femur manganese within 

the ranges fed, while the dietary chelates further increased 

the femur manganese levels. Only the ashed femur values 

were included in this discussion because neither dry nor fat-

free dry femur percent was influenced by dietary variations 

of trace minerals or by vitamin D3. 



Table 25. Regression einalysis of ashed chick femur manganese as affected by che
lated and non-chelated trace mineral supplements and vitamin D3. 

Dietary supplement (X) 
femur level (Y) 

Dietary 
vitamin 

D3 level Slope Intercept 

Regression 
coefficient Slope, 

/ ~ , . . (r^j ratio 

Experiment 1 
CTM manganese (X)— 
femur manganese (Y) 

Non-CTM manganese (X)-
femur manganese (Y) 

CTM manganese (X)— 
femur manganese (Y) 

Non-CTM manganese (X)-
femur manganese (Y) 

CTM manganese (X)— 
femur manganese (Y) 

Non-CTM manganese (X)-
femur manganese (Y) 

CTM manganese (X)— 
femur manganese (Y) 

Non-CTM manganese (X) 
femur manganese (Y) 

combined 
D3 levels 

combined 
D3 levels 

zero Do 

zero D3 

200 IU D3 

200 IU D3 

1100 IU D3 

1100 IU D, 

0.037 

0.021 

0.029 

0.023 

0.039 

0.015 

0.028 

0.023 

10.037 

12.460 

12.120 

12.613 

12.635 

12.714 

12.057 

12.135 

0.998 

0.955 

0.799 

0.998 

0.593 

0.955 

0.440 

0.899 

1.76 

1.26 

2 . 6 0  

1.27 



Table 25, Continued. 

Dietary supplement (X)— 
femur level (Y) 

Dietary 
vitamin 

D3 level Slope Intercept 

Regression 
coefficient 

(r2) 
Slope 
ratio^ 

Experiment 2 

CTM manganese (X)— 
femur manganese (Y) 

Non-CTM manganese (X)— 
femur manganese (Y) 

combined 
D3 levels 

combined 
D3 levels 

0.080 

0.053 

9.469 

9.580 

0.674 

0.414 

1.51 

CTM manganese (X)— 
femur manganese (Y) 

Non-CTM manganese (X)— 
femur manganese (Y) 

200 IU D3 

200 IU D3 

0.079 

0.047 

9.211 

9.703 

0.714 

0.284 

1.70 

CTM manganese (X)— 
femur manganese (Y) 

Non-CTM manganese (X)— 
femur manganese (Y) 

1100 iu d3 

1100 IU D, 1 3 

0.081 

0.060 

9.727 

9.456 

0.701 

0.613 

1.35 

1. Slope ratio = Slope of CTM/Slope of non-CTM. 
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The zinc content of ashed femur was only slightly 

affected by the dietary supplementation of zinc to the basal 

diet in experiment 1. The basal diet used in experiment 1 

contained 100 ppm zinc, by analysis (table 26); therefore, 

the relatively small change due to the supplementation of 

trace minerals on all except the UATM-supplemented diet 

which contained 237 ppm zinc would not have been expected to 

cause a large increase in the femur zinc content. The only 

significant increase in the femur zinc content due to die

tary treatment (table 26) were as follows: (1) the UATM-

supplemented diet resulted in a higher femur zinc content 

than either the non-supplemented or the 0.02% CTM supple

mented diets, and (2) the TM-supplemented diet equivalent to 

the 0.03% CTM diet resulted in a higher femur zinc content 

than the 0.02% CTM-supplemented diet. Neither the vitamin 

level nor supplemental chelates had any effect on the fe

mur zinc content in experiment 1 (tables 26 and 27) , as 

determined by analysis of variance. The regression analysis 

of the femur zinc content with combined vitamin D3 levels 

resulted in a slope ratio increase of 313% with the supple

mentation of chelates over non-chelates (table 30, p. 65). 

The slope ratio increases of femur zinc (slope of chelated/ 

slope of non-chelated diets) were 4480%, unmeasurable, and 

200% for each of the respective vitamin D3 levels of zero, 

200, and 1100 IU (table 30). The slope ratio of the 200 IU 
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Table 26. Zinc of ashed femur as affected by trace minerals 
and vitamin D^, experiment 1. 

- Dietary Zinc 
Trace mineral supplement zinc ppm 

None 100 508ab2 

UATM 0.20%1 237 553c 

CTM 0.02% 115 501a 

CTM 0.03% 126 531abc 

CTM 0.04% 136 526abc 

TM equivalent to 0.03% CTM 128 532bc 

Vitamin Dj effect 

X  
0 IU 534 

200 IU/kg 521* 

1100 IU/kg 523x 

Chelate effect 

Without chelates 5312 

With chelates 520z 

1. Vitamin Dg levels were combined. 

2. Means not having a common letter superscript are 
significantly different at the 0.05 level of probability. 
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Table 27. Zinc of ashed chick femur as affected by trace 
minerals and vitamin D3# experiment 2. 

Dietary Zinc 
Trace mineral supplement zinc ppm 

None 27 161a2 

CTM 0.02%! 41 223cde 

CTM 0.03% 48 232de 

CTM 0.04% 55 231de 

CTM 0.05% 62 24 le 

TM equivalent to 0.02% CTM 38 194b 

TM equivalent to 0.03% CTM 43 204bc 

TM equivalent to 0.04% CTM 50 2i4bcd 

TM equivalent to 0.05% CTM 56 224cde 

Vitamin D3 effect 

200 IU/kg 229f 

1100 IU/kg 212g 

Chelate effect 

Without chelates 209*1 

With chelates 23 21 

1. Vitamin levels were combined. 

2. Means not having a common letter superscript are 
significantly different at the 0.05 level of probability. 

-3 
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of vitamin D3 was impossible to determine because the slope 

of the CTM-supplemented group was negative. The data ob

tained from experiment 1 did not lend itself to determining 

useful slope ratios due to the inconsistency of the slope 

responses of the chelates and non-chelates with the various 

vitamin D3 levels. 

In experiment 2, the supplementation of trace mine

rals to the basal diet significantly increased the femur 

zinc content as compared to that produced by the unsupple-

mented diet (table 27). By chemical analysis of the diets, 

it was found that the dietary zinc of the CTM diets was 

higher than in the TM diets. A new batch of trace mineral 

supplement was made up prior to the mixing of the diets for 

this experiment, and apparently the calculated zinc content 

of this new supplement was not equal to analyzed value. The 

femur zinc contents were increased by the 0.02% and the 0.03% 

CTM diets as compared to the femur zinc contents from the TM 

diets equivalent to the 0.02% and the 0.03% CTM. The 0.04% 

and the 0.05% CTM diets also increased femur zinc compared 

to femur zinc produced by the TM diets equivalent to 0.02% 

and 0.03% CTM (table 27). Significantly higher levels of 

femur zinc values resulted when the birds were fed 200 IU of 

vitamin D3 than when they were fed 1100 IU of vitamin D3. 

The femurs from birds fed chelated diets were significantly 

higher in zinc than those fed non-chelated diets (table 28) . 
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Table 28. Ashed femur zinc as affected by trace minerals 
and vitamin , experiment 1. 

Description of 

Dietary trace 
mineral supplement 

treatments 

Vitamin D^/kg 
of diet 

Dietary 
zinc 
ppm 

Ashed 
femur zinc 

Exp. 1 
ppm 

None None 100 546al 

UATM, 0.2% tl 237 550a 

CTM, 0.02% II 115 493a 
CTM, 0.03% II 126 52 6a 

CTM, 0.04% II 136 546a 

TM, equivalent 
53 7a to 0.03% CTM II 128 53 7a 

None 200 IU 100 496a 

UATM, 0.2% II 237 552a 

CTM, 0.02% N 115 498a 

CTM, 0.03% n 126 54 0a 

CTM, 0.04% H 136 490a 

TM, equivalent 
to 0.03% fl 128 547a 

None 1100 IU 100 479a 

UATM, 0.2% II 237 556a 

CTM, 0.02% II 115 513a 

CTM, 0.03% II 126 525a 

CTM, 0.04% n 136 54 6a 

TM, equivalent 
to 0.03% CTM n 128 516a 

1. Means not having a common letter superscript are 
significantly different at the 0.05 level of probability. 
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The zinc content of femurs from birds fed CTM (0.05%) with 

200 IU of vitamin D3 was increased 54% by the 0.02% CTM diet 

over the zinc content resulting from the basal diet (table 

29). None of the higher additions of chelates at this vita

min D3 level increased the femur zinc content past the level 

reached with the supplement of 0.02% CTM. Neither the trace 

mineral supplements at 200 IU or 1100 IU of vitamin D3 nor 

the other CTM supplements with 1100 IU of vitamin D3 re

sponded in a plateauing manner. No explanation of this 

result can be given except that the content of femur zinc 

did not respond in an increasing manner to increasing levels 

of dietary chelated trace minerals when 200 IU of vitamin D3 

were fed in the diet. This data suggests that an experiment 

should be run with only chelates and not with chelated trace 

minerals at the levels fed in this diet containing 200 IU of 

vitamin D3. This would determine if the increased zinc con

tent of the ashed bones was due to the chelates increasing 

the availability of zinc already in the basal diet. Al

though the CTM-supplemented diets resulted in higher levels 

of femur zinc than did non-chelate supplemented diets, the 

slope ratios (table 30) of chelated diets versus non-

chelated diets were low, indicating that chelates were more 

effective in increasing femur zinc deposition at the lower 

levels. However, the chelated minerals were less effective 

at the higher supplemented levels. The slope ratio increases 
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Table 29. Ashed femur zinc as affected by trace minerals 
and vitamin 03, experiment 2. 

Description of treatments Dietary Ashed 
zinc femur zinc 

Dietary trace Vitamin D3/kg ppm Exp. 2 
mineral supplement of diet ppm 

None 200 IU 27 158al 

CTM, 0.02% It 41 243° 
CTM, 0.03% »l 48 242° 
CTM, 0.04% II 55 244° 
CTM, 0.05% fl 62 242c 

TM, equivalent 
to 0.02% CTM tl 38 193abc 

TM, equivalent 
194abc to 0.03% CTM H 43 194abc 

TM, equivalent 
235° to 0.04% CTM II 50 235° 

TM, equivalent 
236° to 0.05% It 56 236° 

None 1100 IU 27 164ab 

CTM, 0.02% II 41 203abc 

CTM, 0.03% If 48 223° 
CTM, 0.04% II 55 218c 

CTM, 0.05% It 62 241c 

TM, equivalent 
to 0.02% It 38 194ab 

TM, equivalent 
to 0.03% It 43 214 c 

TM, equivalent 
l93abc to 0.04% II 50 l93abc 

TM, equivalent 
212bc to 0.05% II 56 212bc 

1. Means not having a common letter superscript are 
significantly different at the 0.05 level of probability. 
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Table 30. Regression analysis of ashed chick femur zinc as affected by chelated 
and non-chelated trace mineral supplements and vitamin D3. 

Dietary supplement (X) 
—femur level (Y) 

Dietary 
vitamin 

D3 level Slope Intercept 

Regression 
coefficient 

(r2) 
Slope 
ratio 

Experiment 1 

CTM zinc (X)— 
femur zinc (Y) 

Non-CTM zinc (X)— 
femur zinc (Y) 

combined 
levels 

combined 
levels 

1.198 

0.290 

368.89 

486.00 

0.643 

0.870 

4.13 

CTM zinc (X)— 
femur zinc (Y) 

Non-CTM zinc (X) — 
femur zinc (Y) 

zero IU 

zero IU 

2.475 

0.054 

211.03 

535.89 

0.988 

0.350 

45.80 

CTM zinc (X)—— 
femur zinc (Y) 200 IU -0.272 543.49 0.012 

Non-CTM zinc (X)— 
femur zinc (Y) 200 IU 0.306 484.11 0.716 

CTM zinc (X)— 
femur zinc (Y) 

Non-CTM zinc (X)— 
femur zinc (Y) 

1100 IU 

1100 IU 

1.522 

0.507 

336.90 

438.38 

0.960 

0.953 

3.00 

1 



Table 30, Continued. 

Dietary supplement (X) Dietary 
—femur level (Y) vitamin 

D3 level Slope Intercept 

Regression 
coefficient 

(r2) 
Slope, 
ratio^-

Experiment 2 

CTM zinc (X)— 
femur zinc (Y) 

Non-CTM zinc (X)' 
femur zinc (Y) 

CTM zinc (X)— 
femur zinc (Y) 

Non-CTM zinc (X)-
femur zinc (Y) 

CTM zinc (X)— 
femur zinc (Y) 

Non-CTM zinc (X) 
femur zinc (Y) 

combined 
levels 

combined 
levels 

200 IU 

200 IU 

1100 IU 

1100 IU 

3.266 

3.240 

3.443 

4.333 

2.147 

3.089 

117.18 

107.42 

119.71 

80.32 

134.51 

114.63 

0.418 

0.503 

0.484 

0.787 

0.269 

0.388 

1.01 

0.79 

0.69 

1. Slope ratio = slope of CTM/slope of non-CTM. 

cn 
a\ 
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of femur zinc were 1%, 029%, and 031% for the respective 

vitamin D3 levels of combined; 200 IU and 1100 IU, 200 IU; 

and 1100 IU (table 30). 

Liver and kidney samples were taken from the birds 

in experiment 2 for tissue analysis of trace mineral con

tent. It may be concluded from the data obtained from the 

analyses of the liver and kidney tissues that none of the 

experimental variables had any effect on the trace mineral 

content of these two tissues, and that in any future trace 

mineral or vitamin D3 research run at similar dietary levels 

to those in experiment 2, liver and kidney trace mineral 

analysis would be fruitless. 

Chelated Trace Mineral Studies with Mice 

One mouse experiment was conducted to determine the 

whole body retention of trace minerals as affected by che

lates. Weanling mice were sexed, distributed among seven 

dietary treatments, and raised for 4 weeks. The seven die

tary treatments consisted of four chelated trace mineral and 

three non-chelated trace mineral diets. After final weigh

ing and a 13-hour starvation period to void the intestinal 

tract of residual feed, the mice were killed and whole car

casses were dried and ashed for mineral analysis. None of 

the dietary treatments had any effect on body weight gains 

(Table 31). The basal diet containing 340 ppm iron, 7.7 ppm 
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copper, 31 ppm manganese, and 36 ppm zinc supplied adequate 

trace minerals to support growth equal to that of any of the 

trace mineral-supplemented diets (table 31). 

The copper content of whole mouse carcasses was sig

nificantly higher with the feeding of the UATM supplemented 

diet than with all other diets on both total carcass and dry 

carcass bases (table 32). The copper content of mouse car

casses on an ashed basis was higher on the UATM-supplemented 

diets than on all other diets with the exceptions of the un-

supplemented diet and the trace mineral-supplemented diet 

equivalent to 0.025% of the chelated trace mineral diet. 

Considering the comparatively low levels of copper supple

mentation relative to the basal diet, no differences would 

have been expected in carcass copper content on any but the 

UATM supplemented mice. Regression analysis of the copper 

data would have been superfluous because of the relatively 

low changes in dietary copper with trace mineral supplemen

tation in all but the UATM-supplemented diet, which was 86% 

higher in dietary copper than the next highest level. 

The manganese contents of mouse carcasses were sig

nificantly increased by the UATM-supplemented diet as com

pared to those of all other diets (table 34). The increased 

manganese content may be explained by the high level of 

dietary manganese in the UATM supplemented diet relative to 

the manganese contents of the other diets (table 33). None 

of the CTM-supplemented diets resulted in higher carcass 



69 

Table 31. Mice weight gain from weaning to 4 weeks past 
weaning as affected by dietary trace minerals. 

Dietary Weight gain per mouse 
trace mineral supplement (in grams) 

None 17.4al 

UATM, 0.2% 17.2a 

CTM, 0.0125% 17. 8a 

CTM, 0.0250% 17.9a 

CTM, 0.0375% 18. 6a 

CTM, 0.0500% 16. 7a 

TM, equivalent 
to 0.025% CTM 17.9a 

1. Means not having a common letter superscript are 
significantly different at the 0.05 level of probability. 



Table 32. Copper content of whole mouse carcass as affected by dietary trace 
minerals. 

Dietary 
trace minerals 
supplemented 

Dietary 
copper 

Copper/total 
carcass 

Copper/dry 
carcass 

Copper/ashed 
carcass 

ppm ppm ppm ppm 

None 7.7 4. 4al 13.4a 110 ab 

UATM, 0.20% 15.8 5.4b 17.0a 138b 

CTM, 0.0125% 7.9 3. 6 a 10. 7a 97a 

CTM, 0.0250% 8.1 3. 8a 11.5a 100a 

CTM, 0.0375% 8.3 3.5 a 10. 4a 89 a 

CTM, 0.0500% 8.5 3. 8a 11. 2a 96 a 

TM equivalent 
to 0.025% CTM 8.2 4.4 a 13.5a lllab 

1. Meems not having a common letter superscript are significantly different 
at the 0.05 level of probability. 
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Table 33. Zinc content of whole mouse carcass as affected 
by dietary trace minerals. 

Trace minerals 
supplemented 

Dietary 
Zn 

Zinc/total 
carcass 

Zinc/dry 
carcass 

Zinc/ashed 
carcass 

PPm PPm ppm ppm 

None 78 36abl 112al 990ab 

UATM, 0.20% 198 69b 217b 1760b 

CTM, 0.0125% 87 30a 00
 0>
 

780a 

CTM, 0.025% 97 38ab 117a 1010ab 

CTM, 0.0375% 106 58ab 169ab 1470^ 

CTM, 0.0500% 115 53ab 155^ 1340ab 

TM equivalent 
to 0.025% CTM 104 30a 93a 780a 

1. Means not having a common letter superscript are 
significantly different at the 0.05 level of probability. 
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Table 34. Manganese content of whole mouse carcass as 
affected by dietary trace minerals. 

Trace Manganese/ Manganese/ Manganese/ 
minerals Dietary total dry ashed 

supplemented Mn carcass carcass carcass 

HEEL EEEEL PPm PPm 

None 31 4.7abl 14.7abl 117a 

UATM, 0.20% 151 8. 2C 25. 6C 209b 

CTM, 0.0125% 46 3.2a 9. 3a 84a 

CTM, 0.0250% 61 4. 8ak 14.4ab 125a 

CTM, 0.0375% 76 4.7ab 13.8ab 118a 

CTM, 0.0500% 91 5.4b 15. 9b 136a 

TM equivalent 69 5.3b 16. 2b 135a 

to 0.025% CTM 

Means not having a common letter superscript are signi
ficantly different at the level of probability. 
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manganese than either the non-supplemented diet or the trace 

mineral diet without chelates equivalent to 0.025% CTM. The 

total carcass manganese content of mice fed the 0.0125% CTM-

supplemented diet was significantly lower than the amount 

found in mice fed the 0.0500% CTM-supplemented diet. The 

manganese content/dry carcass was significantly lower in the 

mice fed the 0.0125% CTM-supplemented diet than the manga

nese content/dry carcass of both the 0.0500% CTM and the TM 

equivalent to 0.0250% CTM-supplemented diets (table 33). 

The slope ratios for the slope of the chelate-supplemented 

diets/slope of the diets without chelates were increased 36% 

on dry carcass manganese and 26% on the ashed carcass manga

nese, indicating higher slope values with the feeding of 

chelates than without chelates (table 35). 

The zinc content of whole mouse carcasses (table 34) 

was significantly higher with mice fed UATM-supplemented 

diets than with mice fed 0.0125% CTM and TM equivalent to 

0.025% CTM without chelates and also significantly higher 

than that found in the non-supplemented or the 0.025% CTM-

supplemented mice on a dry weight basis. The zinc slope 

ratios [slope with dietary chelates/slope without dietary 

chelates (table 35)] were 2.69 on a dry weight basis and 

2.89 on an ashed weight basis. This indicated that higher 

slope values were present with dietary chelates than without 

chelates. Because the basal diet contained 78 ppm of dietary 



Table 35. Regression analysis of mouse carcass mineral levels as affected by 
chelated and non-chelated trace mineral supplements. 

Dietary supplement (X)— 
carcass level (Y) Slope Intercept 

Regression 
coefficient 

(r2) 
Slope ratio^" 

CTM manganese (X)— 
dry carcass manganese (Y) 0.128 4.58 0.760 

1.36 
Non-CTM manganese (X)— 

dry carcass manganese (Y) 0.094 10.72 0.937 

CTM manganese (X) — 
ashed carcass manga
nese (Y) 0.993 . 47.71 0.734 

t 1.26 
Non-CTM manganese (X)— 

ashed carcass manga
nese (Y) 0.789 85.80 0.962 

CTM zinc (X) — 
dry carcass zinc (Y) 2.667 -138.52 0.774 dry carcass zinc (Y) 

2.69 
Non-CTM zinc (X) — 

dry carcass zinc (Y) 0.992 14.28 0.774 

CTM zinc (X)— 
ashed carcass zinc (Y) 23.22 -1199.95 0.780 

2.89 
Non-CTM zinc (X)— 

ashed carcass zinc (Y) 8.03 123.84 0.889 

1. Slope ratio = slope of CTM/slope of non-CTM. 
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zinc, by analysis, it is doubtful that the zinc contents of 

the whole mouse carcasses would be greatly increased by any 

of the supplemental trace minerals. This study was designed 

for use with a non-purified diet, but the data suggests that 

further research should be initiated using USP dicalcium 

phosphate in place of feed grade dicalcium phosphate. This 

would reduce the zinc content of the basal diet, while the 

possible use of a purified diet could improve the response 

from the supplemental trace minerals. 

Effect of Dietary Calcium, Phosphorus, and Vitamin 
on Growing Pullets and Subsequent Laying Hen Performance 

To evaluate the effects of pre-layer calcium, phos

phorus, and two vitamin D3 levels, two diets were formulated 

containing 0.56% or 1.04% calcium. In each of these diets 

the calcium:available phosphorus ratio was kept relatively 

constant, while each of the two diets was fed with either 

200 or 1540 IU of vitamin Dj/kg of diet to day-old birds 

until they reached sexual maturity (21 weeks). At this time 

they were fed a new diet consisting of 1.75%, 2.51% and 

3.27% calcium. The original four diets of two calcium and 

vitamin D3 levels were subdivided into three different cal

cium treatments with the same vitamin D3 level. 

The feeding of the higher prelayer dietary calcium 

level resulted in a significantly greater growth of chicks 

to three weeks of age, although these differences were 
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relatively small (table 36). Subsequent evaluations of 

growth at six weeks of age indicated that the best perfor

mance resulted from feeding 1.04% calcium in combination 

with 1540 IU of vitamin D^/kg of diet; however, these dif

ferences were not observed at either the 9th or 15th week 

of age. Just prior to sexual maturity (21 weeks), maximum 

body weight for this experiment was obtained with the feed

ing of the highest calcium level with the highest level of 

vitamin D3. 

At sexual maturity, the birds were placed on one of 

three dietary calcium levels as shown in table 37. Maximum 

egg production was obtained with 3.2 7% dietary calcium in 

comparison with birds fed either 2.51 or 1.75% calcium in 
• 

the diet (tables 37 and 38). Calcium consumptions for the 

highest dietary calcium level amounted to 3.3 gm/day. 

The evaluation of the effects of dietary calcium and 

vitamin D2 levels prior to sexual maturity on subsequent egg 

production suggests that significantly higher rates of pro

duction were obtained with the highest level of vitamin D3 

fed regardless of dietary calcium levels; however, no signi

ficant difference in egg production was observed for the two 

different levels of dietary calcium employed in this experi

ment (tables 37 and 38). 

Feed conversion was significantly better at the 

highest dietary calcium level fed during the layer period 



Table 36. Weight gains of growing pullet chicks as affected by dietary calcium, 
phosphorus, and vitamin D-j. 

Dietary treatments Cumulative weight gains (grams) 

0-9 weeks 9-21 weeks 

CSt% P% Vitamin Ca% 
d3 (IU/kg) 

P% Vitamin 
d3 (IU/kg) 

3 

weeks 

6 

weeks 

9 

weeks 

15 

weeks 

21 

weeks 

.56 .61 200 .55 .59 200 152al 404bc 678a 1161a 1681ab 

.56 .61 1540 .55 .59 1540 152a 383a 66la 1139a 1635a 

1.04 .74 200 1.02 .72 200 158b 394ab 669a 1149a 1662ab 

1.04 .74 1540 1.02 .72 1540 16 lb 412° 664a 1163a 1719b 

Calcium-phosphorus effect 

.56 .61 .55 .59 152e 394x 670X 1150X 1657x 

1.04 .74 1.02 .72 160f 403x 667x 1156x 1690x 

1. Means not having a common letter superscript are significantly different 
at the 0.05 level of probability. 



Table 37. Percent egg production (hen day basis) as affected by calcium and 
vitamin D3. 

Percent production due 
Description of treatments Layer to layer diet 

calcium 
Prelayer diet test ingredients level (32 weeks) 

0-9 weeks 9-21 weeks 21 weeks on 

%Ca %P 
(total) 

Vit 
(IU/kg) 

%Ca %P 
(total) 

Vit D3 
(IU/kg) Ca 

0.56 
II 
II 

0.61 
II 
II 

200 
II 
II 

0.55 
II 
tl 

0.59 
II 
II 

200 
II 
II 

1.75 
2.51 
3.27 

62.0pbcl 
61. 9?b 

75. le 

0.56 
II 
tl 

0.61 
II 
tt 

1540 
II 
It 

0.55 
tl 
tt 

0.59 
II 
tt 

1540 
II 
tt 

1.75 
2.51 
3.27 

64j>3abcd 

68. 7d 
74.ie 

1.04 
II 
tt 

0.74 
II 
tl 

200 
tl 
II 

1.02 
tl 
II 

0.72 
II 
II 

200 
It 
II 

1.75 
2.51 
3.27 

66.9cd 

59.6a 
67.4cd 

1.04 
II 
II 

0.74 
II 
II 

1540 
II 
II 

1.02 
tl 
It 

0.72 
II 
II 

1540 
II 
It 

1.75 
2.51 
3.27 

66.1bcd 
67.5cd 
78.2e 

00 



Table 37. Continued. 

Description of treatments 

Prelayer diet test ingredients 

0-9 weeks 9-21 weeks 

Layer 
calcium 
level 

21 weeks on 

Percent production due 
to layer diet 

(32 weeks) 

%Ca %P Vit D3 %Ca %P Vit D3 
(total) (IU/kg) (total) (IU/kg) 

%Ca 

Percent production due 
to layer diet 

(32 weeks) 

Layer diet calcium effect 1.75 65. 0X Layer diet calcium effect 
2.51 64.4X 
3.27 73.7y 

Prelayer diet effect Percent production due 
to prelayer diet 

0.56 
II 

1.04 
•1 

0.61 
II 

0.74 
II 

200 
1540 
200 

1540 

0.55 
II 

1.02 
•1 

0.59 
•a 

0.72 
II 

200 
1540 
200 

1540 

66.6®b 

69. 0 
64.6® 
70. 6b 

Prelayer vitamin D3 effect 

200 IU 
1540 IU 

65. 61.1 

69. 81 

1. Means not having a common letter superscript are significantly different 
at the 0.05 level of probability. 



Table 38. Percent egg production (hen day basis) as affected by calcium and 
vitamin D3. 

Description of treatments 

Prelayer diet test ingredients 

0-9 weeks 9-12 weeks 

Layer 
calcium 
level 

21 weeks on 

Percent production due 
to layer diet 

(20 weeks) 

%Ca %P 
(total) 

vit d3 
(IU/kg) 

%Ca %P 
(total) 

Vit D3 
(IU/kg) Ca 

0.56 0.61 200 0.55 0.59 200 1.75 67.3 a1 
II II II II II II 2.51 67.7 a 
It II II II II II 3.27 79.3 cd 

0.56 0.61 1540 0.59 0.59 1540 1.75 68.9 ab 
II II II II II II 2.51 74.4 b 
II II II II II II 3.27 79.6 cd 

1.04 0.74 200 0.72 0.72 200 1.75 71.4 b 
II II II If It II 2.51 67.6 a 
II 11 It II II II 3.27 75.3 be 

1.04 0.74 1540 0.72 0.72 1540 1.75 70.7 ab 
II II II II t» It 2.51 72.8 ab 
II II II It II II 3.27 82.5 d 

00 
o 



Table 38. Continued. 

Description of treatments 

Prelayer diet test ingredients 

0-9 weeks 9-12 weeks 

%Ca %P Vit D-
(total) (IU/kg) 

%Ca %P 
(total) 

Vit D3 
(IU/kg) 

21 weeks on 
%Ca 

Percent production due 
to layer diet 

(20 weeks) 

Layer diet calcium effect 

1.75 
2.51 
3.27 

69.6 x 
70.6 x 
79.2 y 

Prelayer diet effect Percent production due 
to prelayer diet 

0.56 0.61 200 0.55 0.59 200 71.4 a 
fl II 1540 II M 1540 74.3 b 

1.04 0.74 200 1.02 0.72 200 71.4 a 
fl •1 1540 II II 1540 75.3 b 

Prelayer vitamin effect 

200 IU 71.4 h 
1540 IU 74.8 i 



Table 38. Continued. 

1. Means not having a common letter superscript are significantly different 
at the 0.05 level of probability. 
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Table 39. Feed conversion (kg of feed per dozen eggs) as 
affected by calcium and vitamin D3. 

Description of layer treatments 
(with combined prelayer diets) 

Feed conversion 
due to layer diet 

Calcium % 

1.75% 

2.51% 

3.27% 

1. 82bl 

1.861 

1.68c 

Prelayer vitamin D-^ effect 

200 IU 
1540 IU 

Feed conversion 

1.83*? 
1.741 

1. Means not having a common letter superscript are 
significantly different at the 0.05 level of probability. 
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(table 39). The feeding of either of the two lower levels 

of calcium resulted in poor feed conversions, and at the 

lowest dietary level of calcium a significant reduction in 

shell thickness occurred (table 40). The effect of prior 

dietary treatment using the high vitamin level resulted 

in improved egg production and feed conversion (table 40), 

although there was a small but statistically significant re

duction in shell thickness with the high prelayer vitamin D3 

level. No significant alteration in shell quality, as 

determined by shell thickness, was obtained as a result of 

the dietary calcium employed during the growing period. 

Although whole blood, plasma, and bone ash calcium 

and phosphorus levels were determined at 11 and 13 months of 

age, the only significant differences in these parameters 

were obtained for whole-blood total phosphorus levels and 

plasma calcium values (tables 41 and 42). Each of these was 

significantly increased with the feeding of increased 

amounts of dietary calcium. Regression analyses of the 

three dietary calcium levels (X) versus total phosphorus (Y) 

in .the whole blood showed regression coefficients (r^) of 

0.982, 0.949, and 0.964 for the birds at 11 and 13 months of 

age. The means of these two collection dates were signifi

cantly different (table 43). The whole blood total phospho

rus level was significantly increased with age from 1197 ppm 

at 11 months to 1241 ppm at 13 months of age (table 42). 



Table 40. Shell thickness as affected by calcium and Vitamin . 

Description of treatments Shell thickness due 
Layer to layer diet 

calcium 
Prelayer diet test ingredients level (10^ mm) 

0-9 weeks 9-21 weeks 21 weeks on 

%Ca %P 
(total) 

Vit D3 
IU 

%Ca %P 
(total) 

Vit D, 
IU 

0.56 0.61 200 0.55 0.59 200 1.75 32.la 
It 11 n II II II 2.51 34. 3? 
II II II II II II 3.27 34.3a 

0.56 0.61 1540 0.55 0.59 1540 1.75 32.3a 
II II II II II II 2.51 33.2a 
II II 11 11 n II 3.27 33.8a 

1.04 0.74 200 1.02 0.72 200 1.75 32.6a 
II II II II II 11 2.51 34.la 
II II II II II II 3.27 34.2a 

1.04 0.74 1540 1.02 0.72 1540 1.75 32.2a 
11 11 11 II II II 2.51 34. 0a 
II II II II II II 3.27 34.3a 



Table 40. Continued. 

Description of treatments 

Prelayer diet test ingredients 

0-9 Weeks 9-21 weeks 

%Ca %P Vit D- %Ca %P Vit D, 
(total) IU (total) IU 

Layer 
calcium 

level 

21 weeks on 

Shell thickness due 
to layer diet 

(10^ mm) 

Layer diet calcium effect 

Prelayer diet effect 

1.75 32.3d 

2.51 33.9e 

3.27 34.1e 

Shell thickness due 
to prelayer diet 

0.56 0.60 200 
1540 

1.04 0.74 200 
1540 

0.55 0.59 
II II 

1.02 0.72 
II II 

200 
1540 
200 

1540 

33.6X 

33.lx 

33.6* 
33.5 

Prelayer vitamin D^ effect 

200 IU 
1540 IU 

33.6h 

33.31 



Table 40. Continued. 

1. Means not having a common letter superscript are significantly different 
at the 0.05 level of probability. 
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Table 41. Whole blood total phosphorus as affected by 
dietary calcium level. 

Whole blood total phosphorus 

Dietary 
Layer calcium levels Collection 

1 2 average 
% 11 months 13 months 

ppm ppm ppm 

1.75 1155al 1218ab 1186e 

2.51 1201^ 1246b 1224ef 

3.27 1230ab 1258b 1244f 

Collection 
average 1197C 1241 

1. Means not having a common letter superscript are 
significantly different at the 0.05 level of probability. 
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Table 42. Plasma calcium as affected by dietary calcium. 

Plasma Calcium 

Dietary 
Layer calcium levels 

% 
1 

11 months 

Collection 
2 

13 months 
average 

ppm ppm ppm 

1.75 202.4al 236. 6bc 219.5f 

2.51 221. 4ab 243. 9bc 232.7fg 

3.27 241.0bc 259.3C 250.2g 

Collection 
average 221.6d 246.6e 

1. Means not having a common letter superscript are 
significantly different at the 0.05 level of probability. 



Table 43. Regression analysis of whole blood total phosphorus and plasma calcium 
as affected by dietary calcium. 

Dietary calcium level & (X)— 
whole blood phosphorus or 
plasma calcium (Y) 

Hen age at 
collection 
(months) Slope 

i 

Intercept 
(Y) 

Regression 
coefficient 

(r2) 

Dietary calcium level (X)— 
whole blood phosphorus 11 49.34 1071.6 0.982 

13 26.32 1174.7 0.949 

mean 37.83 1123.1 0.964 

Dietary calcium level (X)— 
plasma calcium (Y) 11 25.39 157.9 0.998 

13 15.33 208.0 0.966 

mean 20.20 183.5 0.992 



SUMMARY 

In order to evaluate the effects of trace mineral 

chelates and vitamin D^, commercial type diets with varying 

levels of vitamin D3 and trace minerals with and without 

chelates were fed to hens, chicks and mice. The criteria 

used to evaluate these effects included egg production, feed 

efficiency, egg weight, and shell quality as well as trace 

mineral contents (Ca, Cu, Fe, Zn, and Mn) of whole blood, 

blood plasma and femurs from sacrificed hens as determined 

by atomic absorption spectrophotometry. The criteria used 

in the chick experiments were growth, feed efficiency and 

tissue trace mineral levels. Whole mouse carcass analyses 

were used to determine the effects of dietary trace minerals 

and chelates. 

Studies with laying hens suggested significant im

provements in egg production as a result of feeding chelated 

trace minerals in comparison with similar levels in the non-

chelated form. Shell quality was not significantly affected 

by the dietary treatments. Utilization of bone ash manga

nese levels for the evaluation of the availability of this 

element showed 99% improvement in manganese availability as 

a result of feeding the chelated form of the trace mineral. 
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A number of significant differences in trace mineral methods 

were noted with age; these included increases in bone ash 

manganese and phosphorus, while bone levels of iron and cal

cium were decreased. 

Growth studies with chicks also indicated improved 

manganese availability as a result of feeding chelates. In 

studies with broiler chicks, 76% improvement in manganese 

availability was obtained. A still higher degree in imw 

provement of manganese availability was obtained at 200 IU 

vitamin D3/kg (160%) while the increased availability at 

1100 IU vitamin D3 was only 27%. 

In a second experiment employing white leghorn 

chicks, manganese was 51% more available in the chelated 

form; as was noted before, a greater increase in manganese 

availability was obtained at the lower level of vitamin D3 

fed (70% vs. 35%). 

Similar studies evaluating the effect of chelates on 

zinc availability were inconclusive. The results of experi

ment 1 with broiler chicks indicated substantial improvement 

in zinc availability in the chelated form; however, the die

tary range in zinc content was not comparable between the 

chelated and non-chelated forms, and thus this figure is 

highly questionable. In the second experiment, no improve

ment in zinc availability was obtained with the feeding of 
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chelates. The zinc content of the basal diet in experiment 

2 was 27 ppm in comparison with the basal level of 100 ppm 

in experiment 1. 

Growth rates and feed conversions were not signifi

cantly improved in either of the chick experiments as a 

result of trace mineral supplementation in either form. 

In an additional study with mice, slope ratio analy

ses suggested substantial improvements in both manganese and 

zinc availability; however, the non-chelated mineral levels 

employed were substantially different from those fed in the 

chelated form and thus do not allow a precise evaluation of 

the mineral availability using slope ratio analyses. How

ever, in each case it may be said that the feeding of trace 

minerals resulted in improvement in zinc and manganese uti

lization. 

The effects of dietary calcium and vitamin D3 during 

the growing period were evaluated in white leghorn pullets 

from 0 to 21 weeks of age, and the effects of previous die

tary treatment on subsequent reproductive performance were 

evaluated during the following 32-week period. At 21 weeks 

of age, birds fed 1.02% calcium, 0.72% phosphorus and 1540 

IU vitamin D3 showed the highest body weight gains; however, 

these were not significantly different from those obtained 

with the same calcium and phosphorus levels and only 200 IU 
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vitamin D3/kg or with substantially lower calcium and phos

phorus levels at the lower vitamin D3 level. 

The feeding of 0.55% calcium and 0.59% total phos

phorus at the higher vitamin D3 level appeared to be 

detrimental to growth of pullets. Subsequent reproductive 

performance was significantly higher as a result of feeding 

1540 IU vitamin D3 during the growing period in comparison 

with 200 IU. 

Incorporation of either 1.75, 2.51 or 3.27% dietary 

calcium during the laying period suggested that signifi

cantly higher production was obtained from hens fed the 

highest dietary calcium level in the laying diet. There 

were no significant effects on shell quality as a result of 

the prelayer dietary treatments. 

During the laying period it was noted that the feed

ing of increasing levels of dietary calcium significantly 

increased whole blood phosphorus levels and plasma calcium 

levels. This effect was evident at both 11 and 13 months of 

age. 

The results of these studies suggest that substan

tial improvements in trace mineral availability may be 

obtained as a result of feeding such minerals in chelated 

form. Additional studies would be required to evaluate the 

degree of improvement in zinc availabity and to evaluate the 

economic importance of such improvements. 
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Regression analyses of dietary calcium levels (X) 

versus plasma calcium (Y) showed regression coefficients 

(r^) of 0.998, 0.966, and 0.922 for the birds at 11 and 13 

months of age. The summed means of these two collections 

were significantly different (table 43). The plasma calcium 

was significantly increased with age from 221.6 ppm at 11 

months to 246.6 ppm at 13 months of age (table 42). 

It may be concluded from this study that 200 IU of 

vitamin D3 per kg of diet during the growing periods were 

not adequate to support a subsequent production rate equal 

to that obtained when 1540 IU of vitamin of diet 

were fed during the growing period. It was also shown that 

neither of the two lower layer calcium levels was able to 

support the rate of lay of the birds fed the 3.27% calcium 

level. Dietary calcium levels had a direct relationship to 

both the whole blood total phosphorus and the plasma calcium 

levels. As dietary calcium increased, both whole blood total 

phosphorus and plasma calcium increased. 



APPENDIX A 

MINERAL COMPOSITION OF SPECIFIC INGREDIENTS 
ANALYZED FOR TRACE MINERAL CONTENT 

Ingredient Manganese 
ppm 

Zinc 
ppm 

Copper 
ppm 

Iron 
ppm 

Dicalcium phosphate, USP 23 3 10 240 

Dicalcium phosphate, 
feed grade 260 59 12 7,500 

Calcium carbonate 52 1 7 25 

Ground milo 16 17 7 116 

Soybean meal, 
48.5% protein 38 58 22 225 

Salt 3 25 3 25 
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