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ABSTRACT 

..Laying hens were fed vanadium from either ammonium 

vanadate or defluorinated rock phosphate (DRP) to evaluate 

effects on performance and interior egg quality. 

Performance parameters were more severely affected 

in older birds. Egg mass output and egg numbers were 

significantly reduced in older hens by 15-20 ppm dietary 

vanadium while 30 ppm V did not influence these criteria in 

younger hens. 

Relative potency of vanadium from DRP was only 41.0 

to 47.5% that of ammonium vanadate using Haugh unit 

measurements as the response criterion. Adverse effects on 

interior egg quality were exacerbated by feeding ascorbic 

acid with either source and unaffected by feeding cottonseed 

me a 1. 

Dietary vanadium level and source had no significant 

effect on dietary ME, starch digestibility, hemoglobin or 

serum cholesterol; while ammonium vanadate significantly 

lowered serum protein in comparison with DRP. 

Removal of dietary vanadium allowed complete and 

almost immediate recovery in Haugh units. 

v i i i 



CHAPTER I 

INTRODUCTION 

Vanadium (V), a transition element located between 

chromium and titanium on the periodic table, was discovered 

in 1801 by Andres Manuel del Rio who called it erythronium. 

In 1831, Nils Gabriel Sefstrom changed the name of .the 

element to vanadium (Lewis, 1959). Of the biologically 

important metals, vanadium ranks tenth in abundance with an 

average soil concentration of 110 ppm. Vanadium occurs 

naturally in igneous rocks, shales, some uranium ores and in 

petroleum products (Go 1dschmidt, 1958). 

Vanadium has been used as a contact catalyst in 

sulfuric acid production and as a hardening and oxidizing 

agent in the steel industry. During the age of 

metallotherapy, vanadium was also used therapeutically as an 

antiseptic, spirochetocide, anti-tubercu lar agent, 

anti-anemic agent, and as a tonic to improve nutrition and 

general health (Busch, 1961). 

Among the reported effects of vanadium are lowering 

of serum cholesterol, inhibition of some (Na,K)ATPase 

systems, uncoupling of oxidative phosphorylation and a cause 

of green tongue in humans (Schroeder, Balassa and Tipton, 

1963). 

1 
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The presence of vanadium in certain phosphorus 

supplements has led to reports indicating that this element 

decreases chick growth, lowers interior egg quality (Haugh 

units), and in higher amounts causes mortality. The amounts 

of vanadium which may be tolerated without causing adverse 

effects in laying hens has not been clearly established. 

There is also little evidence on the availability of 

vanadium from phosphate sources or on the mechanism of the 

adverse effect on interior egg quality. 



CHAPTER I I 

LITERATURE REVIEW 

Essent i ali ty 

Hopkins and Mohr (1974) have listed a number of 

criteria in favor of the essentiality of vanadium. It has a 

low molecular weight, is an excellent catalyst, is a 

transition metal and forms chelates. It is thus chemically 

suitable for biological functions. It is ubiquitous on the 

geosphere and has thus been generally available to plants 

and animals during their evolution. It was present in all 

plants and animals studied. It has a low order of toxicity 

to most living organisms and especially to mammals when 

administered orally. Mammalian homeostatic mechanisms are 

implied by controlled serum levels, lack of excessive 

accumulation, and rapid excretion rates. Most importantly, 

animals consuming a vanadium low diet demonstrate an 

impairment of physiological functions. 

Hopkins and Mohr (1974) reported reproductive 

failure, and 32% pup mortality in the fourth generation of 

female rats fed a vanadium deficient diet. In an earlier 

study with vanadium deficient chicks these workers found 

reduced tail and wing feathering (Hopkins and Mohr, 1971). 

Nielsen and Ollerich (1973) reported that vanadium deficient 

3 
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chicks exhibited tibiae abnormalities with increased 

epiphyseal plate area, decreased primary spongiosa, 

alterations in bone cell organization and in amounts of 

matrix in zones of proliferation and maturation. 

Geyer (1953) found a beneficial effect of vanadium 

on dental caries in syrian hamsters fed caries producing 

diets. A level of .08 mg vanadium pentoxide prevented or 

inhibited dental caries which he explained as a possible 

substitution of vanadium for part of the phosphate ions in 

the hydroxyl apatite of teeth. Schwarz and Milne (1971) 

reported that 10 pg sodium orthovanadate (.1 ppm V) was the 

most effective for optimum growth of rats. Ten pg V, from 

sodium metavanadate and 5 or 10 pg V (.05 or .1 ppm V), 

from sodium pyrovanadate, 1 or 5 pg V, from vanadyl 

sulfate, and 5, 10 and 25 pg V (.05, .1 and .25 ppm V, 

respectively) from vanadyl acetate were less effective in 

stimulating growth than sodium orthovanadate. From these 

data they suggest that rats might require 1-20 pg vanadium 

per day. They also suggest that most humans, based on 

dietary surveys, consume about 2 mg vanadium per day. 

Tox i ci t y 

Vanadium toxicity has been studied by Kubena and 

Phillips (1982) who fed 0, 12.5, 25, 50 and 100 ppm 

vanadium, as Ca-orthovanadate, to laying hens for five 

28-day periods. No significant changes were observed in 
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hen-day production or body weight in the groups receiving up 

to 25 ppm V. The 50 and 100 ppm V levels caused a 

non-significant decrease hen-day production, feed efficiency 

and body weight gain. The 100 ppm level produced 5 6 %  

mortality by the fifth period (140 days). This was the only 

mortality observed in the study. There were slight declines 

in egg weight as the amount of vanadium increased, but these 

differences were not statistically significant. 

Certain commercial phosphorus supplements may 

contain • enough vanadium to depress albumen quality (Haugh 

units). In a preliminary study Berg, Bearse and Merrill 

(1963) found lowered Haugh unit values when a tricalcium 

phosphate supplement, containing .25% vanadium pentoxide, 

was fed to laying hens as 1.22% of the diet to provide 28 

ppm V. In a second experiment, the effects of vanadium, 

from ammonium vanadate, at levels of 0, 10, 20, 30, 40, 50, 

60 and 100 ppm V were studied. The 20 ppm V level and above 

caused significant decreases in Haugh units with no 

significant changes in egg weight, after 13 and 29 days of 

vanadium feeding. Hens fed 60 ppm V and higher showed 

significant decreases in egg production and hatchabi1ity. 

Body weight tended to be depressed in a linear fashion as 

the level of vanadium in the diet increased. 

Sell, Arthur and Williams (1982) reported that as 

little as 9.9 ppm V from a dicalcium phosphate, containing 

662 ppm V, caused significant reductions in Haugh units and 
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egg weight, when compared to the basal diet, after 28 days 

of feeding. The addition of 28.5 ppm V from ammonium 

vanadate to a 1.4 ppm V basal diet also reduced Haugh unit 

values from 76.9 for the basal diet to 61.6. The birds 

recovered in Haugh unit scores after 1 week on a low V diet, 

and after 4 weeks there were no differences among the 

treatment groups. In a second study, levels of 6.0 and 7.9 

ppm V produced significant reductions in Haugh units, but 

2.0 or 4.0 ppm did not. The reductions in Haugh units were 

evident 4 weeks after the initiation of feeding and no 

further reductions occurred through an additional 2 weej<s of 

f eed i ng . 

Six phosphorus supplements, consisting of three 

tricalcium phosphates, two dicalcium phosphates and a bone 

meal were tested with broiler chicks at the Washington 

Experiment Station (Berg, 1963). Two of the tricalcium 

phosphates caused significant growth depressions when fed in 

diets containing 0, 2.5 and 5% fish meal. Suspecting 

vanadium as the toxic agent, Berg measured the vanadium 

content of one of the tricalcium phosphate sources at .25% 

V2O5. The three diets with this supplement contained 

20, 17 and 14 ppm V, respectively. He concluded that the 

toxic V level was approximately 13 ppm for chick growth. 

When day-old chicks were fed a basal diet plus 25 

ppm V, as ammonium metavanadate, Hathcock, Hill and Matrone 

(1964) found significant growth depression and mortality at 
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two weeks of age. In a second study Hathcock ejt al. 

(1964) found that vanadyl sulfate (V+^), and ammonium 

metavanadate (V+^) were equally toxic when fed at a level 

of 2 5 ppm V. 

Hathcock e_t a_[. (1964) reported that 200 ppm of 

scandium, titanium or niobium alone had no effect on chick 

growth or mortality, but when fed with 50 ppm V 100% 

mortality occurred. This suggested that these elements, 

although similar to vanadium, were not toxic and did not 

affect vanadium toxicity. 

3ensen and Maurice (1980) found a significant 

reduction of Haugh units, when laying hens were fed 10 ppm V 

as ammonium metavanadate (NH^VO^). When 10 ppm chromium 

(Cr +), as chromium chloride (CrCl61^0), was 

included in the 10 ppm V diet the effect of vanadium on 

Haugh units scores was completely reversed. The feeding of 

20 ppm V and 10 ppm Cr + in a third experiment failed to 

produce a significant effect on Haugh units, egg production 

or egg weight. Jensen and Maurice (1980) suggested that 

chromium may be involved in the transfer of cations into the 

egg albumen and in maintaining albumen quality even in the 

presence of V. 

Romoser £t^ a_K (1961) fed broiler chicks, from 

7 to 28 days age, levels of 0, 10, 15, 20, 30 and 40 ppm V, 

as calcium orthovanadate (Ca3(VO^)2)> in a commercial 

broiler starter. Significant growth depressions occurred in 
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the 30 and 40 ppm V groups, and 40 ppm V significantly 

depressed feed conversion. Based on these results they 

suggest that 30 ppm V or less is safe for broilers. 

Hathcock (1964) and Hafez and Kratzer 

(1976a) reported earlier that a 9 5 %  growth depression 

occurred when chicks were fed a 60% skim milk basal diet 

containing 25 ppm V, and suggested that the high 

concentration of lactose, or other factors in the skim milk 

diet, may have been responsible for the high vanadium 

toxicity at this low level of feeding. 

Dietary composition has a marked effect on vanadium 

toxicity. When chicks were fed a corn-soybean meal diet 

plus 20 ppm y as ammonium metavanadate for three weeks, Berg 

(1966) found that the growth depression was more severe than 

when the chicks were fed the V in a corn-fish meal diet 

(29.8 and 7%, respectively). When he compared corn with 

sucrose, the growth depression was more severe in the 

absence of corn at 37 and 52.8%, respectively. Since the 

absence of corn in the diet caused increased growth 

depression, he suggested that some factor in corn may be 

responsible for preventing V toxicity. To investigate this 

he fed corn fractions such as ash, oil, starch, zein and 

gluten, and found that these did not protect against the 

growth depression due to vanadium toxicity. 

Berg and Lawrence (1971) investigated the effects 

of dietary protein source on vanadium toxicity and found 
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that the inclusion of 5 or 7.5% cottonseed meal eliminated 

the growth depression and mortality in chicks fed 20 ppm V, 

as ammonium metavanadate. None of the other protein 

supplements (crude casein, soybean meal, zein or wheat 

gluten), fed at 5% of the diet, were effective in preventing 

V toxicity. Glandless cottonseed meal and glandless 

cottonseed meal with .002 to .006% added gossypol acetic 

acid were not effective in preventing the V growth 

depression. Berg and Lawrence (1971) suggest that gossypol 

was not the effective agent in cottonseed meal responsible 

for preventing vanadium toxicity. Ascorbic acid at levels 

of .5 or .75% also prevented the growth depression and 

mortality due to the feeding of 20 ppm vanadium to chicks. 

Hafez and Kratzer (1976a) found significantly more 

growth depression and mortality with the feeding of 50, 100 

and 200 ppm V in a semi-purified diet containing corn starch 

and isolated soybean protein than in a diet containing 

ground milo, ground corn and soybean meal. Addition of EDTA 

(disodium ethy1enediami netetraacetate) at 6 times the molar 

concentration of vanadium reduced growth depressions from 

22.1 to 8.4% with 50 ppm V and from 75.9 to 36.7% with 100 

ppm V. Mortality with 200 ppm V was reduced from 80 to 20% 

by the addition of EDTA to the diet. Addition of 10% 

lactose to the diet containing 100 ppm V significantly 

increased the growth depression from 41 to 76.2% and 
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resulted in 80% mortality. No effect was seen with the 

addition of lactose to the basal diet in the absence of V. 

In a study designed to determine excretion of 

vanadium, Talvitie and Wagner (1954) administered 

intraperitoneal injections of sodium metavanadate compounds 

to rats. During the first 24 hours after injection, 61 and 

17% of the injected vanadium was excreted in urine and 

feces, respectively, and 11% of the vanadium was retained in 

bone. Using multiple injections in rats and rabbits, the 

rate of V excretion was found to increase with each 

superimposed injection, so that 86% of the last dose was 

excreted within 24 hrs. The mode of excretion did not 

differ between the two species. Two weeks after cessation 

of the multiple injections in rats 12.5% of the dose was 

still retained. In agreement with the single dose 

experiment, 83% of the excreted vanadium had been eliminated 

in the rat urine. 

According to Talvitie and Wagner (1954) the high 

skeletal retention of vanadium was probably due to a rapid 

exchange of vanadium with phosphate in the surface crystals 

of bone with which certain forms of vanadium are isomorphic. 

Dimond, Caravaca and Benchimol (1963) conducted a 

study involving six ambulatory patients and measured the 

effects of orally ingested vanadium, varying from 25 to 100 

mg ammonium vanadyl tartrate per day, on blood parameters 

such as serum g1utamic-oxa1oacetic transaminase, blood urea 



nitrogen, white blood cell count, reticulocyte count and 

platelet count. They also measured total lipids, 

triglycerides, phospholipids and total and free cholesterol. 

None of the above factors were significantly affected by 

vanadium administration. The only toxic symptoms observed 

were some intestinal distress and the appearance of green 

tongues, although a couple of the patients experienced 

fatigue and lethargy while taking the vanadium. 

Cholesterol 

Vanadium has been implicated as a possible agent in 

lowering serum cholesterol levels. Mountain, Stockell and 

Stokinger (1956) measured liver lipid, total cholesterol, 

free cholesterol and phospholipids in rabbits fed 100 ppm V 

as vanadium pentoxide for 68 days. When compared with a 

standard diet containing 1% cholesterol, significant 

reductions in total plasma cholesterol, plasma 

free-cholesterol and phospholipids occurred when rabbits 

were fed 100 ppm V in the diet. There were no significant 

changes in liver lipids. Plasma free-cholesterol was 

significantly reduced when cholesterol was omitted from the 

100 ppm V diet. Vanadium-fed rabbits also exhibited lower 

liver cholesterol and phospholipids, no kidney tubule lipid 

accumulation and less extensive aortal plaque formation. 

Similar findings were reported by Eades and Gallo 

(1957) in Leghorn cockerels. They found that a starch diet 



with 2% choiesterol and .05% vanadyl sulfate, fed for eight 

weeks, significantly inhibited the rise in plasma 

cholesterol while the plasma lipid phosphorus remained at or 

near control values. The above diet also lessened the 

severity of atherosclerotic plaques. 

Curran (1954) found that 5 x 10"^ M vanadium as 

V0S0^*2H20 and 5 x 10"5 M iron added as FeCl2*4 

H20 reduced cholesterol synthesis from radioacetate by 

more then 50% in rat liver cells. V02+ from 

V0S0^'2H20 and VO^" from NaVO^ were equally 

effective in reducing cholesterol synthesis. Azarnoff and 

Curran (1957), based on radioisotope studies, suggest that 

vanadium inhibits cholesterol synthesis between B-hydroxy 

13-methyl glutarate (HMG) and B-methyl crotonate (BMC) and 

the conversion of mevalonic acid to cholesterol. 

Curran, Azarnoff and Bolinger (1959) found a 

significant reduction in cholesterol and a lowering of the 

cho1esterol/phospho1ipid ratio (C/P ratio) in five 

normocho1esteremic young men receiving 125 mg diammonium 

oxy-tartratovanadate for six weeks. A significant rise in 

triglycerides occurred during the vanadium feeding and all 

values returned to near normal after cessation of vanadium 

intake. After cessation of vanadium feeding, urinary 

vanadium was measured and residual vanadium plotted against 

percent reduction in serum free-cholesterol. There was a 

non-significant relationship between the retained vanadium 



and the lowering of serum free-cholesterol. Based on this 

Curran e_t a_[. ( 1959) calculated that lp vanadium per 

pound body weight produced the maximum effect. 

In disagreement with Curran ejt a_U ( 1959), 

Somerville and Davies (1962) found no significant lowering 

of serum cholesterol and no changes in lipoprotein pattern, 

blood urea or hemoglobin when 12 hypercho1esteremic and 

ischemic heart patients were fed 75 mg diammonium 

vanado-tartrate per day for six months. Some of the 

patients, however, developed upper abdominal stress and 

green tongues. Since these patients were 

hypercho1 esteremic, it was suggested that reduction in serum 

cholesterol may require removal of large tissue stores of 

cho 1 es t e ro1. 

Vanadium may inhibit cholesterol synthesis by 

lowering cell reserves of ATP necessary for phosphorylation 

of mevalonic acid. Wright, Li and Trager (1960) found that 

.005 to .010 M vanadyl sulfate completely inhibited 

cholesterol synthesis in rat liver homogenates. They 

suggest that vanadium may inhibit oxidative phosphorylation 

thus lowering cell ATP reserves. 

In chicks fed a corn-milo basal diet with 100 ppm V 

as ammonium vanadate, Hafez and Kratzer (1976b) found 

significantly increased liver cholesterol and a 

non-significant increase in liver lipid content in 

comparison with chicks fed the basal diet. They also found 



increased incorporation of [l-'^C] acetate into plasma 

cholesterol and fatty acids. These results suggest that 

dietary vanadium enhanced hepatic lipogenesis and hepatic 

cholesterol synthesis, resulting in increased plasma 

cholesterol and fatty acids. 

Biochemistry 

Vanadium has been implicated in uncoupling 

oxidative phosphorylation. Hathcock, Hill and Tove (1966) 

found that 25 ppm V, fed to chicks as ammonium metavanadate, 

increased oxygen consumption and decreased ATP synthesis in 

chick liver mitochondria. Incubation of chick liver 

mitochondria in a medium containing from .0001 to .1 M 

vanadate resulted in a gradual decrease in ATP synthesis 

when either succinate or B-hydroxybutyrate was used as 

substrate, suggesting total uncoupling at all three 

phosphorylation sites. They also studied the effect of 

different levels of vanadate on ATP destruction, both in the 

presence and absence of mitochondria. Vanadate was not 

found to be effective in spontaneous hydrolysis of ATP, but 

in the presence of mitochondria, the lowest vanadate 

concentration (.0001 M) stimulated ATP destruction. In 

another study, a vanadate concentration of .0001 M inhibited 

ATP-Pj exchange maximally, but more was required to obtain 

maximal inhibition of the ATP-ADP exchange reaction. 



Although Hathcock ejt a_[. ( 1966) did not 

determine the mechanism of uncoupling by vanadium, they 

suggested that vanadate replaces the phosphate ion in 

reactions leading to the synthesis of ATP resulting in the 

formation of an ADP-V intermediate instead of ATP. 

I ntraperitoneally injected ammonium vanadate (.6 

mg/week) has been shown to lower coenzyme A, coenzyme Q and 

succinoxidase stores in rat liver. Aiyar and Sreenivasan 

(1961) also found that simultaneous administration of 

calcium pantothenate, 1-cysteine hydrochloride and ATP 

reversed these effects of vanadium. Since Coenzyme A is 

needed to metabolize the other two compounds, they suggest 

that vanadium may affect the synthesis of coenzyme A, 

possibly by inhibiting the production of tissue sulfhydryl 

groups or ATP. This may explain why all three administered 

compounds were required to restore normal levels. 

Shechter and Karlish (1980) found that vanadate, 

when added to incubating rat adipocytes, inhibited the 

(Na,K)ATPase system and stimulated glucose transport. The 

addition of glutathione to the incubation medium reduced 

vanadate (V+ ^) to vanadyl (V+Zf) with the simultaneous 

stimulation of glucose transport. Since vanadyl strongly 

inhibits alkaline phosphatase, they suggest that inhibition 

of phosphatases may conserve cellular ATP thus allowing more 

for phosphorylation reactions of glucose carrier proteins. 
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This would explain increased glucose transport when vanadium 

is added to the medium. 

Singh, Nordlie and Jorgenson (1981), using isolated 

rat hepatocytes, found that vanadate inhibited the synthetic 

and hydrolytic activities of multifunctional 

glucose-6-phosphatase at pH 7 .4 and suggested that the 

inhibition may occur because vanadium competes with 

phosphorus for the active site on the enzyme. These workers 

also indicated that since many tissues contain micromolar 

concentrations of vanadium, enough to inhibit the above 

enzyme, vanadium may be a regulator of the direction and 

flux between glucose and glucose 6-phosphate, thereby 

playing a role in the maintenance of glucose homeostasis. 



CHAPTER I I I 

EXPERIMENTAL PROCEDURE 

Two experiments were conducted to determine the 

effects of various leveis of vanadium, from def1uorinated 

rock phosphate (DRP) and ammonium vanadate, on interior egg 

quality and laying hen performance. 

Haugh unit (HU) measurements were the criteria used 

to evaluate the effect of vanadium on interior egg quality. 

This (HU) is a specific measure of interior egg quality 

employing the following formula: 

HU = 100 1og(H + 7.57 - 1.7W*37) 

HU = Haugh units 
H = albumen height (mm) 
W = egg weight (g) 

Haugh unit scores range from 100 (highest quality) 

to a practical minimum of 20 (poorest quality) (Card, Austic 

and Nesheim, 1979). Average scores of grade AA, A and B 

quality eggs range from 72 to 100, 60 to 71 and 31 to 59, 

respect i vely. 

Performance criteria included percent hen-day egg 

production, egg mass output, egg weight and feed conversion. 

In each experiment laying hens were housed in 

colony cages and were supplied feed and water ad 

1i b i turn. Experimental diets were formulated using linear 

1 7  
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programming techniques to meet or exceed National Research 

Council (NRC, 1977) recommendations for laying hens and were 

mixed fresh every 28 days. Nutrient utilization was 

evaluated using the chromic oxide (Cr^O^) marker 

technique (Edwards and Gillis, 1959). 

All data were subjected to analysis of variance and 

means were separated using least significant difference 

(LSD) at P<.05 (Steel and Torrie, 1960). Regression 

analyses were employed to estimate the relative biopotency 

of vanadium from DRP and ammonium vanadate using the slope 

ratio technique. The independent variable (X) represented 

vanadium intake and the dependent variable (Y) represented 

Haugh units. 

Experiment 1 

Eighty-eight, 15 month-old Shaver 288 hens were 

placed, four per cage, in an open house. Two replicate 

groups of four birds were fed each of the dietary treatments 

containing 5, 10, 15, 20 and 30 ppm V from ammonium vanadate 

or 3.3, 6.7, 10, 13.4 and 20 ppm V from DRP for 10 weeks, 

including a 2-week adjustment period (Table 1). The DRP 

employed in this study contained 21% calcium and 18% 

phosphorus and was analyzed by the manufacturer to contain 

549 ppm vanadium. Lower levels of V from DRP were used in 

order to maintain the dietary phosphorus equal to or below 

1.0%. Vanadium additions from DRP were made at the expense 



Table 1. Dietary vanadium levels and sources 
(Experiment 1) 

Dietary Treatments 

Vanadium Source 
// ppm V 

1 Basal Diet 

2 3.3 Def1uorinated Rock Phosphate* 
3 6.7 " " " 
4  1 0 . 0 -  "  "  "  
5 13.4 " " 
6  2 0 . 0  "  "  "  

7 5.0 Ammonium Vanadate 
8 10.0 " " 
9 15.0 

1 0  2 0 . 0  "  "  
11 30.0 " " 

*549 p pm V 
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of phosphorus and calcium levels were adjusted accordingly. 

Ingredient and nutrient compositions of the experimental 

diets are shown in Table 2. 

Feed consumption and egg mass output (g egg/day) 

were calculated every 28 days. During the last 8 weeks of 

the study, eggs were collected weekly, individually weighed, 

and broken for albumen height measurements and calculation 

of Haugh units. 

Experiment 2 

Two hundred and forty, 8 month-old Shaver 288 hens 

were housed four per cage in open housing. Two replicate 

groups of four hens were fed experimental diets containing 

5, 10, 20 and 30 ppm V from ammonium vanadate or 4.2, 8.4, 

16.8 and 25.2 ppm V from DRP for 12 weeks, including a 

2-week adjustment period (Table 3). The DRP used in this 

study contained 690 ppm V and was obtained from the same 

manufacturer. As in the first experiment, vanadium 

additions from DRP were made at the expense of phosphorus 

with calcium levels being adjusted accordingly, and the 

lower V levels from DRP reflect the attempt to maintain 

dietary phosphorus at or below 1.0%. Ingredient and 

nutrient compositions of the experimental diets are shown in 

Tab 1 e 4. 

Five percent cottonseed meal (CSM), vitamin C (220 

mg/kg) and 5% CSM + vitamin C (220 mg/kg) were added to 



Table 2. Composition of experimental diets (Experiment I) 

ppm V 
Ingredient Basal 

5 10 15 20 30 

Mi lo 63.08 60.50 60. 14 59.63 58.79 57.07 
Soybean meal 20.98 21. 46 21.52 21.62 21.77 22.09 
Ground 1imestone 6.53 7.7 3 7.97 8.06 7.83 7.35 
Dehydrated alfalfa meal 5.00 5.00 5.00 5.00 5.00 5.00 
Dicalcium phosphate 1.86 1. 18 .48 - - -

Tal1ow . 
Vitamin mix 

1.00 1.98 2.12 2.31 2.63 3.28 Tal1ow . 
Vitamin mix 1.00 1.00 1.00 1.00 1.00 1.00 
Sal t .40 .40 .40 .40 .40 .40 

DL-Methionine ^ .05 .05 .05 .05 .05 .05 
Trace mineral mix . 10 . 10 . 10 . 10 . 10 . 10 
Defluorinated rock phos. - .61 1.22 1.83 2.43 3.66 

Calculated Nutrient Composition 

Protein, % 17.00 17.00 17.00 17.00 17.00 17.00 
Fat, % 3.08 4.00 4.12 4.30 4.60 5.21 
ME, kcal/kg 2800.00 2800.00 2800.00 2800.00 2800.00 2800.00 
Calcium, % 3.13 3.50 3.50 3.50 3.50 3.50 
Avail, phosphorus, %  . i f - 5  .45 .45 .49 .61 .87 
Lysine, % .86 .87 .87 .88 .88 .89 
Met + Cys, % .55 .55 .55 .55 .55 .55 

^Supplied the following per kg of diet: 3,690 IU vitamin A, 615 ICU vitamin , 

1.76 mg riboflavin, 11 mg niacin, 4.4 mg calcium pantothenate, 5.3 [ig vitamin 
2.2 IU d-alpha tocopheryl acetate, .9 mg menadione sodium bisulfite, 175 mg 

choline chloride, and 50 mg ethoxyquin. 
2  
Supplied the following (ppm): 20 Fe, 60 Zn, 60 Mn, 4 Cu, and I Mo. 



Table 3. Dietary treatments (Experiment 2) 

Dietary Treatments 
Vanadium Source 

ppm V Description 

0 Basa 1 d i et 

5.0 
10.0 
20.0 
30.0 

II 
It 
tl 
It 

it 
ti 
ii 
it 

Ammonium Vanadate 
II II 
tl II 
tl II 

5.0 
10.0 
20.0 
30.0 

+ Vit 
it 
it 
it 

c1 It tl 
II II 
It II 
It II 

5.0 
10.0 
20.0 
30.0 

+ 5% 
it 
it 
ti 

CSM2 It tl 
It II 
II II 
tl It 

4.2 
8.4 
16.8 
25.2 

O 
Defluorinated Rock Phosphate 

II 11 11 
It II tl 
It It tl 

4.2 
8.4 

16.8 
25.2 

+ Vit 
it 
ti 
ti 

c It It It 
II tl It 
II It tl 
11 11 11 

4.2 
8.4 

16.8 
25.2 

+ 5% 
ti 
n 
it 

CSM tl II II 
It It It 
It tt It 
tl It II 

4.2 
8.4 

16.8 
25.2 

+ Vit 
n 
it 
ti 

C + 5% CSM 
II 
It 
tl 

11 It 11 
It 11 It 

It 11 II 

^Ascorbic acid (220 mg/kg feed) 
2 
Cottonseed meal 

"^690 ppm V 



Table 4. Composition of basal diets (Experiment 2) 

Ingredient (%) Basal Basal + 5% CSM 

Mi lo 63, .08 62, .35 
Soybean meal 20, .98 16, .71 
Ground 1imestone 6. .53 6, .53 
Cottonseed meal (CSM) 5, .00 
Dehydrated alfalfa meal 7, .00 5, .00 
Dicalcium phosphate 1. .86 1. .86 
Ta1 Iow . 
Vitamin mix 

1. ,00 1. ,00 Ta1 Iow . 
Vitamin mix 1. ,00 1, ,00 
Sa 11 , 40 ,40 
Trace mineral mix . 10 , 10 
DL-Met h i on i ne .05 .05 

Calculated Nutrient Composition 

Protein, % 17.00 16.93 
Fat, % 
ME, kcal/kg 

3.08 3.04 Fat, % 
ME, kcal/kg 2799.78 2790.99 
Calcium, % 3.13 3.13 
Avail, phosphorus, % .45 .46 
Ly s i ne, % .86 .81 
Me t + Cy s , % .55 .55 

^Supplied the following per kg of diet: 3,690 IU 

vitamin A, 615 ICU vitamin D^, 1.76 mg riboflavin, 

11 mg niacin, 4.4 mg calcium pantothenate, 5.3 (ig 

vitamin B^, 2.2 IU d-alpha tocopheryl acetate, 

.9 mg menadione sodium bisulfite, 175 mg choline 
chloride, and 50 mg ethoxyquin. 

2  
Supplied the following (ppm): 20 Fe, 60 Zn, 60 Mn, 
4 Cu , and 1 Mo. 
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certain treatments (Table 3) to determine their effects on 

vanadium toxicity. Chromic oxide was included as an inert 

marker for digestibility measurements. 

Feed consumption and egg output were calculated 

every 28 days. At two-week intervals, four eggs from each 

replicate group (8 eggs/dietary treatment) were weighed 

individually and broken for albumen height measurement and 

Haugh unit calculations. 

Twice during the study, one hen from each replicate 

was randomly chosen for blood extraction by anterior cardiac 

puncture. Blood was collected in heparinized tubes for 

analyses. Hemoglobin was determined using a Hycel 

Cyanmethemoglobin kit. Serum separation was carried out in 

a Damon/IEC PR-J centrifuge and a Ca1biochem-Behring 

enzymatic cho1estero1 -SVR kit was employed for serum 

cholesterol analyses. Serum albumin was determined using a 

Sigma Albumin kit (No. 630), and total protein by the biuret 

method (Wolfson ̂ _t a_K , 1948). 

Diets and feces were analyzed for chromic oxide by 

the procedure of Edwards and Gillis (1959) for determining 

ME and starch digestibility. Dietary and fecal gross energy 

values were determined using a Parr adiabatic oxygen bomb 

calorimeter, and starch contents by the enzymatic method of 

Keppler and Decker (1974). 

At the end of the 10-week experimental period all 

birds were fed the vanadium-free basal diet for an 



additional four weeks in order to evaluate recovery from 

vanadium feeding. 



CHAPTER IV 

RESULTS AND DISCUSSION 

Experiment 1 

A significant (P<.05) reduction in Haugh units 

occurred with the feeding of 20 ppm V from DRP. Although 

lower levels of V from this source appeared to produce a 

linear decrease in Haugh unit measurements these differences 

were not statistically significant (Table 5). The basal 

diet supported average Haugh unit values of 63.2 during the 

experiment while the 20 ppm V level from DRP reduced this to 

an average of 55.3. The feeding of V in the form of 

ammonium vanadate also produced a generally linear decrease 

in Haugh units. In comparison with the basal diet, 20 ppm V 

caused a significant decrease in interior egg quality (Table 

5 ) .  A  s i g n i f i c a n t  i n c r e a s e  i n  H a u g h  u n i t s  o c c u r r e d  w h e n  5  

ppm V from ammonium vanadate was fed to laying hens and 3.3 

ppm V from DRP produced a numerical but non-significant 

increase in Haugh units. From these data it might be 

suggested that the effects of V on interior egg quality 

follow a biphasic response with low levels being beneficial 

and higher levels of V causing an adverse effect. 

These data are in partial agreement with the work 

of Sell ejt a_K ( 1982) who reported that the feeding of 

2 6  



Table 5. Dietary vanadium effects on egg quality and laying hen performance 
(Exper iment 1) 

V V Haugh Egg Feed Egg Egg Feed 
ppm Sou rce Units Prod. Con v. Ou t pu t Wt. I ntake ppm 

( * >  (kg/doz) (g/day) (g) (g/day) 

0 63.2bc 76.2 1.97 52.0abc 68. 3abc 124ab 

3.3 DRP1 65.3b 76. 3 1.99 53.3ab 69.8a 12 6 ab 

6.7 60.3cd 60.9 2.28 39.5g 64.6f 115cd 

10.0 59.7cd 70.3 2.13 48.1cde 68.4abc 124ab 

13.4 58.8de 79. 1 1.89 50.6abc 64.0f 12 4 ab 

20.0 55.3e 57.5 2.32 37.5g 65.2ef 110d 

5.0 NH^VO3
2 70.8a 73.5 2.08 49.7bcd 67. 6bcd 125ab 

10.0 65.8b 79.9 1.90 54.9a 68.7ab 12 6 a 

15.0 60.2cd 60.8 2.38 40.7fg 66.9cd 119bc 

20.0 49.5f 66.4 2.17 44.L E F  66. 5de 120abc 

30.0 56.7de 70.4 2.22 45.4de 64.7f 120abc 

^Def1uorinated rock phosphate (549 ppm V) 

Ammonium vanadate 

6Means within a column not having common letter superscripts are 
significantly different (P<.05). 



9.9, 29.9 or 38.4 ppm V from a mixture of dicalcium 

phosphate arid ammonium vanadate significantly reduced Haugh 

units. Berg jjt^ a_[. (1963) have also reported 

significant reductions in Haugh units with diets containing 

20 to 100 ppm V from ammonium vanadate after 13 and 29 days 

of feeding. 

Statistical analyses failed to show that the 

vanadium treatments had an adverse effect on egg production 

rate (Table 5). The basal diet supported egg production at 

a rate of 76.2% throughout the study, while 30 ppm V from 

ammonium vanadate supported a rate of 70.4%. The vandium 

treatments produced variable results on egg numbers; the 

lowest egg production occurred with 20 ppm V from DRP 

(57.5%). Feed conversion (kg feed/dozen eggs) data tended 

to follow the same trends as egg production, and the 

differences were not statistically significant. 

Egg weight was significantly reduced with 6.7, 13.4 

and 20 ppm V from DRP and with the feeding of 20 or 30 ppm V 

from ammonium vanadate (Table 5). 

In order to provide a more consistent evaluation of 

the V effects on performance, egg production and egg weight 

data were combined into egg output calculations (g 

egg/bird/day). A significant reduction in egg output 

occurred when the laying hens were fed 20 ppm V from DRP or 

15 ppm V from ammonium vanadate (Table 5). 
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Feed intake was not significantly affected by the V 

treatments except in the case of the 20 ppm level from DRP. 

This level of V reduced feed consumption from 124 g/bird/day 

for the basal diet to 110 g. 

In order to determine the relative availability of 

V in the DRP sample, two linear regression analyses were run 

using V intake as the independent variable and Haugh unit 

scores as the dependent variable (Table 6). The calculated 

regression equation for V intake from the DRP source was: 

Y = -2.58 * X + 64.56 (r = -.91) 

The regression coefficient was significant and indicates 

that each mg of V intake from DRP caused a 2.58 decrease in 

Haugh units. The regression equation obtained for the 

ammonium vanadate source was: 

Y = - 5 . U 3 * X + 68.97 (r = -.75) 

This prediction equation suggests that each mg increase in V 

intake produced a 5.43 decrease in Haugh units. The 

slope-ratio technique was used to estimate the relative 

biopotency of V in the DRP source, assuming that vanadium in 

ammonium vanadate was 100% available. The bioavailability 

of V in DRP was calculated to be 47.5% (Table 6). 

Experiment 2 

V intakes, calculated from feed intake data, varied 

from about .5 mg/bird/day at the lowest V levels to around 

3.26 mg at the highest supplemental level (Table 7). 



Table 6. Regressions of Haugh units on V intake and 
relative biopotency of vanadium sources 

(Exper iment 1) 

Vanadium Correlation Slope Intercept R^oootencv 
Source (r) y 

Nh
4V03

! -.75 -5.43a 68.97 100.0 

DRP2 -.91 -2.58b 64.56 47.5 

Ammonium vanadate 

2 
Defluorinated rock phosphate (549 ppm V) 

3 ~ b 
Means not having common 1 etter superscripts are 
significantly different (P<.05). 



Table 7. Calculated vanadium intakes (Experiment 2) 

3 1  

Diet 

ppm V 
Basa 1 + Vit C1 + 5% CSM2 + Vi t C 

+ 5% CSM 
Mean 

NH^VO3
3 

0 0.0 

(mg/hen/day) 

0.0 

5.0 . 59 .56 .57 .57 

10.0 1.02 1. 18 1.11 1 . 10 

20.0 2.23 2.08 2.36 2.22 

30.0 3.27 3.23 3.29 3.26 

Mean 1.8 1.8 1.9 1.8 

DRP^ 

0 0.0 - - - 0.0 

4.2 .45 .47 .49 .47 .47 

8.4 1.00 1.00 .99 . 99 . 99 

16.8 1.76 1.89 1.92 1.89 1.86 

25.2 2.90 2.96 2.85 3.01 2.94 

Mean 1. 5 1.6 1.6 1.6 1.6 

^Ascorbic acid (220 mg/kg feed) 

2 
Cottonseed meal 

3 
Ammonium vanadate 

^Defluorinated rock phosphate (690 ppm V) 
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The basal diet, in this experiment, supported an 

average Haugh unit value of 71.0 in comparison with 63.2 

obtained with a similar diet in Experiment 1. The birds in 

Experiment 2 were started on the study soon after the onset 

of egg production, while those in the first experiment were 

at the end of their laying cycle. 

Feeding V in the form of ammonium vanadate, in the 

absence of other dietary supplements, did not produce a 

great reduction in interior egg quality (Table 8). The 

addition of ascorbic acid to the diet (220 mg/kg) appeared 

to increase the adverse effects of V on Haugh units; while 

the inclusion of 5% CSM in the diet did not affect the 

decline in Haugh unit values resulting from V feeding. The 

average values for the ammonium vanadate treatments indicate 

a statistically significant reduction in interior egg 

quality with the 30 ppm V level (Table 8). 

Diets containing DRP as the source of V did not 

cause a significant reduction in Haugh units. The highest 

level of V (20 ppm) produced Haugh unit values of 70.0, 

65.7, 69.6 and 73.5, respectively, for the DRP basal, 

ascorbic acid, CSM and ascorbic acid + CSM supplements 

(Table 8). The average of these treatments show a Haugh 

unit value of 69.7 for the 20 ppm V level which, in 

comparison with the unsupp1emented basal diet with a value 

of 71.0, was not statistically significant. 
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Table 8. Effects of vanadium on interior egg quality as 
measured by Haugh units (Experiment 2) 

Diet 

ppm V 
Basa 1 + Vit ( „1 + 5% CSM2 + 

+ 
Vit C 
5% CSM 

Mean 

Haugh Units (HU) 

NH^VO3
3 

0 71.0 71 .0a 

5.0 68.6 67.3 72.5 69.5a 

10.0 67.9 72.0 71.4 70.4a 

20.0 68.9 64.7 68.3 67.3a 

30.0 73.9 63.2 66.3 64.5b 

Mean 67.3 66.8 69.6 67. 9A 

DRP^ 

0 71.0 71 .0a 

4.2 70.3 76.4 72.5 74.0 73.3a 

8.4 71.5 65. 1 71.8 79.0 71. 9a 

16.8 72.2 72.5 73.7 70.3 72. la 

25.2 70.0 65.7 69.6 73.5 69.7a 

Mean 71.0 69.9 71.9 74.2 71.8B 

^Ascorbic acid (220 mg/kg feed) 

2 
Cottonseed meal 

3 
Ammonium vanadate 

^Def1uorinated rock phosphate (690 ppm V) 

a-b, A-Bj^ean s nQt having common letter superscripts are 
significantly different (PC.05). 
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Regression analyses were conducted using V intake 

as the independent variable and Haugh unit values as the 

dependent variable (Table 9). The correlation coefficients 

indicate significant linear decreases in Haugh units with 

the feeding of V from ammonium vanadate with correlations 

ranging from -.80 to -.92 for these diets. The DRP source 

did not adversely affect Haugh units. The correlations 

ranged from -.05 to -.47 and were not statistically 

different from zero. 

Relative biopotency calculations, using 

s1 ope-ratios, indicate that feeding ascorbic acid in 

addition to V resulted in a 43.1% increase in the potency of 

V; while the slope-ratios for the CSM series shows that this 

material had no effect on V utilization. This finding is in 

disagreement with Berg and Lawrence (1971) who found that 

chick diets containing 5% CSM or .25, .50 and .75% ascorbic 

acid (2500, 5000 and 7500 mg/kg, respectively) prevented the 

growth depression due to 20 ppm V from ammonium vanadate 

(valance +5). The 220 mg vitamin C/kg employed in our study 

is considerably lower than the levels used by Berg and 

Lawrence (1971) and this may explain the differences between 

the two studies. 

Estimations of relative biopotency for the DRP 

source show that with the DRP source alone V was only about 

6% as effective as ammonium vanadate in reducing Haugh units 

(Table 9). Ascorbic acid was again effective in increasing 
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the response to V with the DRP source, and increased the 

biopotency from 6.0% for the basal to 94.6%. CSM did not 

significantly influence the response to V. 

In order to evaluate the two V sources across all 

dietary treatments, regressions were calculated and the 

results are shown in Table 9. The estimated regression 

equation for the ammonium vanadate treatments was: 

Y = -1.95 * X + 71.34 (r = -.95) 

This indicates that each mg of V intake resulted in a 1.95 

reduction in Haugh units. The estimated regression equation 

for the DRP treatments was: 

Y = -.85 * X + 72.32 (r = -.57) 

indicating that each mg increase in V intake from DRP caused 

a .85 Haugh unit decrease. Using the above slopes and 

assuming that vanadium from ammonium vanadate was 100% 

available, the relative bioavailability of V in DRP was 

calculated to be 41.0% (Table 9). 

Egg mass output levels failed to show a significant 

effect of ammonium vanadate at levels of up to 30 ppm V 

(Table 10). The basal diet without added V supported an egg 

output of 53.0 g egg/hen/day during the study, while the 

highest level of added V resulted in an average egg output 

of 51.8 g. The 20 ppm V level from DRP resulted in an egg 

output of 48.3 g/bird/day. These data suggest that the 

feeding of V up to 30 ppm was not detrimental to egg 



Table 9. Regressions of Haugh units on V intake and 
relative biopotency (Experiment 2) 

Dietary Correlation 
Treatment (r) 

Slope Int ercept 
Re 1 at i ve 

Bi opotency 
% 

Basal . 

+ NH^VOj -.85 -1.67 70.46 100.0 

Basa 1 
+ NH^VOo 

+ Vit & -.80 -2.39 71.01 143. 1 

Basa 1 
+ nh4vo3 

+ 5% CSM3 -.92 -1.73 72.45 103.6 

Basal 
+ DRP -.16 -.12 71. 16 6.0 

Basa 1 
+ DRP 

+ Vit C -.47 -1 .58 72.47 94.6 

Basa 1 
+ DRP 

+ 5% CSM -.28 .34 72.17 18.6 

Basa 1 
+ DRP 

+ Vit C 
+ 5% CSM -.05 -.13 73.74 7.8 

Vanadium Source 

NH^VO3 -.96 -1.95a 71.34 100.0 

DRP -.57 -. 85b 72.32 41.0 

*Ammonium vanadate 
2 
Ascorbic acid (220 mg/kg feed) 
3 
Cottonseed meal 

D e f 1 u o r i n a t e d  r o c k  p h o s p h a t e  ( 6 9 0  p p m  V )  
a  _ K  

Means not having common letter superscripts are 
significantly different (PC.05). 
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Table 10. Effects of dietary vanadium on egg mass output 
by laying hens (Experiment 2) 

Di et 

ppm V 
Basa 1 + Vit C1 + 5% CSM2 + 

+ 
Vit C 
5% CSM 

Mean 

Output (g/d ay) 

NH^VO3
3 

0 53.0 53.0 

5.0 55.5 50.0 53.8 53. 1 

10.0 38.8 53.7 46.4 46.3 

20.0 51.2 50.6 41.8 47.9 

30.0 51.8 46.7 42.8 47. 1 

Mean 49.3 50.2 46.2 48.6 

DRP^ 

0 45.0 45.0 

4.2 49.3 48.3 55.4 54.0 51.7 

8.4 57.5 51.9 55. 1 56.3 55.2 

16.8 44.5 53.5 57.6 50.7 51.6 

25.2 48.3 49.9 47.2 47.0 48. 1 

Mean 49.9 50.9 53.8 52.0 51.7 

^Ascorbic acid (220 mg/kg feed) 

2 
Cottonseed meal 

3Ammonium vanadate 

^ D e f 1 u o r i n a t e d  r o c k  p h o s p h a t e  ( 6 9 0  p p m  V )  
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production. The egg production data (Tabie 11) also showed 

no significant effects of V feeding on egg numbers. 

The determined ME levels of the experimental diets 

are shown in Table 12. The unsupplemented basal diet had an 

ME of 3.00 kcal/g, while the highest level of supplemental V 

(30 ppm) produced only a non-significant lowering of ME to 

2.94 kcal/g. None of the ME values determined for these 

diets showed a significant effect of V on the digestibility 

and absorption of energy-contributing nutrients. 

Starch digestibilities were also evaluated (Table 

13). The starch in the basal diet was found to be 77.5% 

digestible, and supplementation of 30 ppm V from ammonium 

vanadate reduced this value to 75.9%. Although there 

appeared to be slight numerical lowerings of starch 

utilization with V supplementation, these differences were 

not statistically significant (P>.05). 

Blood Parameters 

In view of the reports of V affecting serum 

cholesterol and the observed effects on interior egg 

quality, several blood constituents were studied. 

Hemoglobin (Hb) levels were estimated two times during the 

study and failed to indicate a significant adverse effect of 

V (Table 14). The average Hb level of the birds fed the 

basal diet was 12.5%, while 30 ppm V from ammonium vanadate, 

supported an Hb level of 12.7%. 
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Table 11. Effects of dietary vanadium on hen-day egg 
production rate (Experiment 2) 

Diet 

ppm V 
Basa 1 + Vit C1 + 5% CSM2 + 

+ 
Vit C 
5% CSM 

Mean 

Product i on ( % )  

nVO3
3 

0 83.5 ... 83.5 

5.0 84.9 83.0 85.0 84.3 

10.0 61.3 84.4 75.8 73.8 

20.0 79. 1 85.2 66.5 76.9 

30.0 83. 1 78.2 68.6 76.9 

Mean 77. 1 82.7 74.0 77.9 

DRP^ 

0 83. 5 83.5 

4.2 76.0 81.2 87.3 88.2 83.2 

8.4 85.8 84.9 87.6 86.2 86. 1 

16.8 75.9 89.7 87.1 83.0 83.9 

25.2 76.9 77.9 76.5 73.8 76.3 

Mean 78.7 83.4 84.6 82.8 82.4 

^Ascorbic acid (220 mg/kg feed) 

2 
Cottonseed meal 

3 
A m m o n i u m  v a n a d a t e  

^ D e f 1 u o r i n a t e d  r o c k  p h o s p h a t e  ( 6 9 0  p p m  V )  



Table 12. Effect of vanadium on dietary apparent 
metabo1izab1e energy (Experiment 2) 

4 0  

Di et 

ppm V 
Basa 1 + Vit C1 + 5% CSM2 + Vit C 

+ 5% CSM 
Mean 

Dietary AME (kcal/g) 

NH4VO3
3 

0 3. 00 3.00 

5.0 2.88 2.90 2.91 2.90 

10.0 3.05 2.84 2.70 2.86 

20.0 2.91 3.00 3.04 2.98 

30.0 2. 94 2. 93 2.86 2.91 

Mean 2.95 2.92 2.88 2.92 

DRP^ 

0 2. 90 2.90 

4.2 3.01 2.78 2.70< 2.70 2.86 

8.4 2.92 2.87 2.91 2.91 2.87 

16.8 2.89 2.87 2.95 2.95 2.91 

25.2 2.88 2.85 2.84 2.84 2.85 

Mean 2.93 2.84 2.85 2.85 2.87 

^Ascorbic acid (220 mg/kg feed) 

2 
Cottonseed meal 

3 
A m m o n i u m  v a n a d a t e  

^ D e f 1 u o r i n a t e d  r o c k  p h o s p h a t e  ( 6 9 0  p p m  V )  
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Table 13. Effects of dietary vanadium on apparent starch 
digestibilities by laying hens (Experiment 2) 

Di et 

ppm V 
Basal + Vit C1 + 5% CSM2 + Vit C 

5% CSM 
Mean 

Starch Digest ibi1i ty ( % )  

NH^VO3
3 

0 77.5 ... 77.5 

5.0 74. 1 72.2 75.0 73.8 

10.0 78.2 74.6 70.8 74.5 

20.0 79.0 73. 1 80.3 77.4 

30.0 75.9 74.0 74.5 74.8 

Mean 76.8 73.5 75.2 75. 1 

DRP4 

0 73.5 73.5 

4.2 73.4 77.2 72 .8 76.4 74.9 

8.4 77.6 78.8 77.3 74.3 77.0 

16.8 76.0 76.4 77.2 76.9 76.6 

25.2 7.38 77.4 74.7 71.9 74.5 

Mean 75.2 77.4 75.5 74.9 75.8 

^Ascorbic acid (220 mg/kg feed) 

2 
Cottonseed meal 

3 
A m m o n i u m  v a n a d a t e  

^ D e f 1 u o r i n a t e d  r o c k  p h o s p h a t e  ( 6 9 0  p p m  V )  
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Table 14. Effects of dietary vanadium on hemoglobin levels 
in laying hens (Experiment 2) 

Di et 

ppm V 
Basa 1 + Vit C1 + 5% CSM2 + Vit C 

+ 5% CSM 
Mean 

Hemoglobin (%) 

NH^V03
3 

0 12.5 12.5 

5.0 11.0 10.5 12.8 11.4 

10.0 13.1 13.2 10.8 12.4 

20.0 13.1 13.5 10.8 12.5 

30.0 12.7 12.6 12.2 12.5 

Mean 12.5 12.5 11.7 12.2 

DRP4 

0 13.0 13.0 

4.2 12.9 13.3 12.3 12.0 12.6 

8.4 11.6 11.8 12.6 12.5 12. 1 

16.8 11.8 13.0 10.7 12.4 12.0 

25.2 12.4 13.7 11.6 14.0 12.9 

Mean 12.2 13.0 11.8 12.7 12.4 

^Ascorbic acid (220 mg/kg feed) 

2 
C o t t o n s e e d  m e a l  

A m m o n i u m  v a n a d a t e  

^ D e f l u o r i n a t e d  r o c k  p h o s p h a t e  ( 6 9 0  p p m  V )  
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Serum cholesterol has been reported to be lowered 

as a result of V administration (Curran e_t a_K 1959; 

Eades and Gallo, 1957). The cholesterol level of the birds 

fed the basal diet was found to be 112.5 mg/dl, while those 

fed 30 ppm V had 144.8 mg cho1estero1/d1. This difference 

was not statistically significant. Although the combination 

of ascorbic acid and V appeared to reduce serum cholesterol 

levels almost linearly from 112.5 mg/dl for hens fed the 

basal diet to 83.7 mg when 30 ppm V was fed with 220 mg 

ascorbic acid (Table 15), these differences failed to prove 

statistically significant. 

Total serum protein levels did not appear to be 

affected by V feeding (Table 16). However, when all data 

were combined in an evaluation of V source, ammonium 

vanadate resulted in a significant (P<.05) lowering of serum 

protein in comparison with the DRP source. 

Recovery Period 

Haugh unit values measured for four weeks following 

the end of V feeding continued to decline for all treatment 

groups (Table 17). This is most likely associated with the 

normal observed decline in this measurement with age. 

However, the previously noted significant decreases in Haugh 

units with V feeding were no longer apparent in the recovery 

period. These data indicate that there was a rapid recovery 
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Table 15. Effects of dietary vanadium on total serum 
cholesterol in laying hens (Experiment 2) 

Diet 

ppm V 
Basa 1 + Vit C1 + 5% CSM2 + Vit C 

+ 5% CSM 
Mean 

Serum Cholesterol (mg/d1) 

NH4VO33 

0 112.5 112.5 

5.0 104.9 102.5 102.2 103.2 

10.0 103. 1 78.6 103.4 95.0 

20.0 110.5 90.0 139.8 113.4 

30.0 144.8 83.7 10 4.5 110.1 

Mean 115.8 88.7 112.5 105.7 

DRP^ 

0 87.0 87.0 

4.2 109.0 109.1 163.4 153.4 133.7 

8.4 70.8 122.3 137.6 98.6 107.3 

16.8 101.6 103.4 137. 1 90.4 108.1 

25.2 129.6 140.2 99.6 143.9 128.3 

Mean 102.8 1 18.8 134.4 121.6 119.4 

^Ascorbic acid (220 mg/kg feed) 

2 
Cottonseed meal 

3 
A m m o n i u m  v a n a d a t e  

^ D e f 1 u o r i n a t e d  r o c k  p h o s p h a t e  ( 6 9 0  p p m  V )  
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Table 16. Ef f ect s 
protein 

of dietary 
(Exper iment 

vanad i um 
2) 

on total serum 

Di et 

ppm V 
Basa 1 + Vit C1 * >* CSM2 J Mean 

Serum Protein (mg/d1) 

NH4VO33 

0 4.29 4.29 

5.0 4.01 4.64 4.97 4.54 

10.0 4. 28 3. 92 4.34 4. 18 

20.0 4.37 4.26 3.83 4.15 

30.0 4.30 4.65 3.82 4.26 

Mean 4.24 4.37 4.24 4.28A 

DRP^ 

0 4.05 4.05 

4.2 4.80 3.81 5.01 4.90 4.63 

8.4 4.68 5.08 4.41 4.25 4.61 

16.8 4.54 4.36 4.37 4.34 4.40 

25.2 4.80 4.40 4.61 5.09 4.73 

Mean 4.71 4.41 4.60 4.65 4. 59B 

^Ascorbic acid (220 mg/kg feed) 

2 
Cot ton seed mea J 

3 
Ammonium vanadate 

i i  
Def1uorinated rock phosphate (690 ppm V) 

A  B  
Means not having common letter superscripts are 
significantly different (P<.05). 



Table 17. Interior 
f eed i ng 

egg quality during recovery 
(Experiment 2 - Recovery) 

f rom V 

Di et 

ppm V 
Basal + Vit C1 + 5% CSM2 + 

+ 
Vit 
5% 

C 
CSM 

Mean 

Haugh Un i t s (HU) 

NH4VO33 

0 59.4 59.4 

5.0 64.9 72.7 67.7 68.4 

10.0 67.7 68.9 66.6 67.7 

20.0 63.8 61.4 68.9 64.7 

30.0 60.6 60.5 60.4 60.5 

Mean 64.3 65.9 65.9 65.3 

DRP^ 

0 59.4 59.4 

4.2 67.6 73.0 69.8 66. 7 69.3 

8.4 68.8 60.9 67.5 71. 7 67.2 

16.8 71.8 66.5 72.4 65. 8 69. 1 

25.2 70.5 63.9 67.8 67. 0 67.3 

Mean 69.7 66. 1 69.4 67. 8 68.2 

^Ascorbic acid (220 mg/kg feed) 

2 
Cottonseed meal 

3 
A m m o n i u m  v a n a d a t e  

^ D e f 1 u o r i n a t e d  r o c k  p h o s p h a t e  ( 6 9 0  p p m  V )  
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in interior egg quality following the removal of V from the 

diet. 

There were no significant differences in egg 

production during the recovery period. Since there was no 

significant lowering in egg numbers when the two sources of 

V were compared during the treatment period, the removal of 

V from the diet appeared to allow complete recovery (Table 

18). Egg mass output data had failed to show a significant 

effect of V during the treatment period, and there were also 

no differences observed during the subsequent four weeks of 

recovery (Table 19). 
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Table 18. Hen-day egg production rates after V treatment 
(Experiment 2 - Recovery) 

Diet 

ppm V 
Basal + Vit C1 + 5% CSM2 + 

+ 

Vit C 
5% CSM 

Mean 

Product i on (*) 

nVO33 

0 72.5 72.5 

5.0 83.2 91 . 1 87.2 87.2 

10.0 70.0 76.3 71.7 72.6 

20.0 77 .k  82.9 65.4 75.2 

30.0 71.7 76.7 69.9 72.8 

Mean 75.6 81.7 73.6 77.0 

DRP^ 

0 72.5 72.5 

4.2 65.8 71.7 88.7 73.3 74. 9 

8 .4 74.4 82.2 77.0 76.8 77.6 

16.8 55.3 86.4 82.1 87.9 77.9 

25.2 61.1 74.6 73.3 58.9 67.0 

Mean 64.2 78.7 80.3 74.2 74.4 

^Ascorbic acid (220 mg/kg feed) 

2 
Cottonseed meal 

3Ammonium vanadate 

^ D e f l u o r i n a t e d  r o c k  p h o s p h a t e  ( 6 9 0  p p m  V )  



Table 19. Egg mass ouput by laying hens during recovery 
from V feeding (Experiment 2 - Recovery) 

Di et 

ppm V 
Basa 1 + Vit C1 + 5% CSM2 + 

+ 

Vit C 
5% CSM 

Mean 

Egg Output (g/day) 

NHifV03
3 

0 48.2 48.2 

5.0 56.9 58.6 57.1 57.5 

10.0 47.6 52.0 47.3 49.0 

20 .0 53.5 50. 5 44. 1 49.4 

30.0 47.4 49.6 45.2 47.4 

Mean 51.4 52.7 48.4 50.9 

DRP^ 

0 48.2 48.2 

4.2 44. 1 44.3 58. 1 46. 3 48. 2 

8.4 52.7 51.8 50.3 51.5 51.6 

16.8 35.0 54.2 51.0 55.5 48.9 

25.2 40. 5 49.6 46.9 40.7 44.4 

Mean 43. 1 49.9 51.6 48.5 43.3 

^Ascorbic acid (220 mg/kg feed) 

2 
Cottonseed meal 

3Ammonium vanadate 

^ D e f 1 u o r i n a t e d  r o c k  p h o s p h a t e  ( 6 9 0  p p m  V )  



CHAPTER V 

CONCLUSIONS 

Ammonium vanadate caused a significant reduction in 

interior egg quality (Haugh unit) measurements at the 30 ppm 

V level, and produced significant linear reductions in Haugh 

units with correlations ranging from -.80 to -.92. DRP, 

with correlations ranging from -.05 to -.47, did not 

significantly affect Haugh units. Vanadium from DRP was 

only 41.0 to 47.5% as available as that from ammonium 

vanadate in affecting interior egg quality. Vanadium from 

both sources showed biphasic effects on Haugh units with low 

levels being beneficial and higher levels having an adverse 

effect. Haugh unit values measured during the four-week 

recovery period showed an almost immediate and complete 

recovery upon removal of vanadium from the diet (Figure 1). 

Performance, measured as egg production, egg weight 

or egg mass output, was not affected by vanadium feeding. 

Older hens (Experiment 1) appeared to have a lower tolerance 

for vanadium since feeding a 30 ppm V diet produced a 

significant depression in egg production and egg mass output 

while this level did not affect performance in younger birds 

(Experiment 2). Based on these criteria alone, 30 ppm 

vanadium would appear to be safe for young laying hens. 

5 0  
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Figure 1. Plot of Haugh unit values 
for basal diet and 30 ppm 
V treatments by weeks 



Table 20. Summarized effects of dietary vanadium 
source on laying hens (Experiment 2) 

NH^VO3
i DRP2 

Egg production, % 77. 9a 82. 4b 

Egg output, g/day k 8. 6 51. 7 NS 

Haugh units 67. 9a 71. 

_Q 0
0
 

ME, kcal/g 2. 92 2. 87 

Starch digestibility, % 75. 1 75. 8 NS 

Serum protein, mg/dl 4. 28a k. 59b 

Serum cholesterol, mg/dl 105. 7 119. 4 NS 

Hemoglobin, % 12. 2 12. 4 NS 

Ammonium vanadate 

2 
Defluorinated rock phosphate (690 ppm V) 

a"'3Means within a row not having common letter 
superscripts are significantly different (P<.05) 
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However, 30 ppm V from an available source, such as ammonium 

vanadate, would be expected to cause a significant decrease 

in interior egg quality (Table 20). It appears that young 

laying hens can tolerate up to 20 ppm V without any 

significant effects on Haugh units or production 

performance. 

Vanadium, from either source, fed at levels up to 

30 ppm, did not produce a significant effect on energy 

utilization as measured by determined AME levels and starch 

digestibilities (Table 20). 

Ammonium vanadate appeared to lower total serum 

cholesterol in the presence of 220 mg ascorbic acid/kg diet; 

however, this effect was not statistically significant. 

When all data were combined for each vanadium source a 

significant lowering of total serum protein was found in the 

ammonium vanadate fed birds. No adverse effects were 

observed on hemoglobin levels with either source (Table 20). 

Ascorbic acid supplementation to vanadium 

containing diets, contrary to reports in the literature, 

appeared to enhance vanadium toxicity. Addition of ascorbic 

acid (220 mg/kg) to diets containing either vanadium source 

significantly increased the biopotency of vanadium. The 

relative potency of ammonium vanadate was increased by 43.1% 

and with DRP the relative potency increased from 6.0% for 

the supplement alone to 94.6% of the value of ammonium 

vanadate when ascorbic acid was present. The addition of 5% 



CSM to the diet in the presence of either vanadium source 

did not affect the decline in Haugh units. 
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