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INTRODUCTION 

Th« fluorine problem in liveatock feeding is one of Increasing Im 

portance* Untold damage has been caused b/ the detrimental effects of 

fluorine* The first problem arose through the feeding of raw rock phosphate, 

containing from 3 to U percent fluorine, as a mineral suppleiMnt. The live 

stock fed raw rock phoqphate athigh levels of intake idiowed a decrease in 

i^petite, and the animals gradually took on an emaciated look* The teeth of 

animals fed the rock phosphate beccnoe mottled and pitted* 

The same aornptoma were observed in cattle eating vegetation grown in 

the vicinity of aluminum and pho^hate industries* It was found fluorine 

was given off from the manufacture of these materials and settled on the 

vegetation* This increased the fluorine problem considerably* 

Work is being done at the Tennessee Baq^eriment Station to determine 

at what level fluorine becomes toxic and how long it takes the toxic condi 

tion to arise* This phase of the experiment was set \xp to detezmiine the ef 

fects of fluorine on the digestibility of the ration* 



CHAPTER I 

RKVIEff or LITERAXURE 

Thd poisonous effects of fluorine were recognized lay Moissan in i586» 

The first problem arose through the feeding of mineral mixtures containing 

rock phosphate which contains from 3 to U percent fluorine* Cristiania and 

Ouatier (12) in 1926 found that vegetation, in the vicinity of industrial 

plants processing aluminum, had absorbed sufficient fluorine from the air to 

cause fluorine toxicity in grazing cattle. 

Reed and Huffntan (28) of Michigan have ihown tiiat rock phosphate idien 

fed as high as 1.5 percent of the concentrate was injurious to dairy cattle 

when fed for long periods of tine. The animals were placed on experiment at 

tores months of age* Prom then until toe time of the first lactation period, 

there was apparently no marked detrimental effect caused by feeding the raw 

rock phosphate at 1.5 percent of the concentrate. When toe concentrate al* 

Icnrance was increased to meet the reqtiirements of toe for milk pro 

duction, the results were different. Their appetites were affected. The 

heifers failed to consume a normal amount of roughage and later a portion of 

toe concentrate allowance was not consumed. Their coats became roughened and 

they looked emaciated. Abnormal teeth developed which became so sensitive 

that warm water was necessary to get the animals to drink, Taylor (30) fed 

calcium fluo—silicate at the rate of 1,5 percent of the concentrate, 

results were similar to thoTO jreported by Reed and Huffman. 

Phillips, Hart and Bohstedt (26) fed raw rock pho^hate at three 

different levels, AH lots received a basal ration plus special steam bone 
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aeal at the level of 2.5 percent of the basal ratlcm. Lot IV received the 

basal ration vrith 0*625 percent of eteam bone mal being replaced by rav rock 

pho^hate. Lot V received the basal ration and 1.25 percent of the steaa bone 

neal being replaced l?y raw rock pho^hate. Lot VI received the basal ration 

and all of the steaa bone meal being replaced by raw rock phosphate. 

Phillips et. al. (26) found that lots V and VI on the 1.25 and 2.50 

percent rock phosphate re^actively had a growth rate similar to the other 

lots t^} to the first lactation. Thereafter a decrease in body weight ocurred 

froa irtiich conplete recovery did not take place. The 1.25 and 2.50 percent 

rock phoisphate during lactation had a pronounced effect on the appetite. This 

drop in feed consioptionf due to loss of appetite, caused a decreased milk 

production of 25 to 30 percent at the 2.5 percent rock phosphate level. The 

birth weight of calves the 1.25 end 2.50 percent rook phosphate decreased 

12 percent below the birth weights of calves from the control animals. 

Phillips et. al. (26) saasnarized their findings from the five year 

ea^riment by reporting fluorine intakes of 1-2 milligrams per kilogram of 

body weight did not materially retard growth, a^ould the intake level exceed 

3 milligrams per kilogras of body weight throughout the growing period, growth 

is retarded. They state that the critical nmrgin of fluorine tolerance in 

dairy cattle ippears to be 2-3 milligrams per kilogram of body weight. 

Slmslie (lU) found by feeding cows a constant level of raw rock phos 

phate instead of varying it according to the concentrate fed, as was the 

procedure in the Wieconsin experiment, that the toxlo level of fluorine for 
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daily cows lies batireen 1*5 to 3 odlligraiaa of fluorine per kilogram of 

bodjr Height* 

Chang et. al. (11) report that fluorine occurred in all normal tieeuea 

studied* The greatest quantity of fluorine was found to accompany calcitua 

and phosphorus d^osition. The bones and teeth contained large quantities 

of fluorine^ while l^e active organs such as the liver^ kidney, heart muscle, 

and other tissues studied idiowed only small quantities of fluorine* The 

quantity of fluorine present in normal dentine and normal bone of cows was 

found to lie between and 63 p«p.m. per 100 grams of dried tissue* The 

fluorine content of the liver, kidneys, heart muscles, pancreas, thyroid, 

tendons, hair and hoof was found to be less than 1 p.p*m* per 100 gremis of 

dried normal tissue* Chang et* al* found that the inclusion of 0.088 percent 

fluorine given in concentrate mixture as raw rock phosphate resulted in an 

increased storage of fluorine in the bones and teeth. This amounted from l6 

to 25 times that found in the normal osseous structure. The internal organs, 

tendons, and hair doubled in fluorine content idien the concentrate mixture 

contained 0*038 percent fluorine* 

Ifaynard (21) states that bones are the first organ effected by fluorine. 

After teeth and bonee become saturated, the organs and soft tissues ax^ 

effected* 

Lawrenz et* al* (16) fed cryolite as a source of fluorine to rats* 

At an intake equivalent of 13 p*p*m* of food consumed, 96 percent of fluorine 

was deposited in the skeleton, and remaining k percent was equally divided 

between teeth and soft tissue* 
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Piarco (25) r«poz*t8 that the fluorine content of the soft tissues 

irlU also increasa on 22 and 52 p.p.a. fluorine fed as rock phosphate to 

sheep over a three year period. These minute accumulations msy induce die-> 

generative changes in the kidneys, liver, adrenal gland, heart and central 

nervous system. He states Uiet the reproductive organs are asnng the tissues 

less sensitive to fluorine. 

Phillips et. al. (26) found that the teeth of cattle are effected by 

feeding rock phosphate. levels of O.OUU and 0.088 percent fluorine in the 

concentrate caused excessive abrasion of the 2nd and 3rd molars over a 5 

year period. 

ULtchell (2I4), in his revise of work done on the fluorine problem in 

livestock feeding, found that normal ivory color of the bones aie changed to 

a chal]Qr shite. The diameter of the cross—section of the long bones increased 

due in part to enlargement of the bone marrow cavity but mainly to an increase 

in thickness of ■ttie bone substance. Exotosis of the long bone of the jaw is 

a common feature. These tate the form of either isolated outgrowth or of a 

conplete superficial covering of porous, shite bones of high fluorine extent, 

mie bones of animals given fluorine are, as a rule, much softer than normal, 

but owing to overgrowth, the breaking strength of the vhols bone suy be in 

creased. The teeth, particularly the incisors, become pitted and eroded. 

The molars become broken and the \meven wear seriously hinders mastication. 

In some cases the pulp cavities are e:^osed. These conditions were caused 

by feeding rock phosphate to cattle by Elmslie (lU), Reed and Huffman (28), 
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and Phllllpa et* al.(26) for periods ranging from 3 to 6 years at levels 

of 0«052« 0*022 - 0*052 and 0.022 » 0*088 percent fluorine respectlve]|y as 

mentlcmed previously* 

Phillips et* al. (26) state that the effects of fluorine upon dai£7 

cattle resulted In generalized systemic disturbances at levels of 0*022, 

OtOMi and 0*088 percent fluorine fed as raw rock phosphate* They reported 

that evidence Indicated that tissue oxygen want was manifested In fluorosls 

and may account for the observed ^stemlc reactions to fluorine* The path 

ological histology of fluorosls with the chief devlatlcm £rm normal being 

the overgrowth of hyaline particularly of the blood vessels, and milder 

forms of cellular degeneration Indicate lnc(^lste cellular metabolism* 

Such a condition Is probably the result of Insufficient cellular respiration 

ahere degenerative changes have taken place. The causes of the (tevelopment 

of parenchymatous and fatty degeneration Is thought to be an accumulation of 

cellular material idtlch cannot be metaboUaed In the normal manner* Thus 

the pathological evl<tence suggests inhibition of oxygen supply in many of 

the actively MtaboUzlng organ* of the bod^jr* This pathological evidence 

Is supported by actual oxygen uptake measarements npm the suprarenal cortex 

and a damlnutlve of cellular respiration occurs* The Interference of the 

normal suprarenal metabolism may be sufficient by itself to materially re 

duce normal cellular activity throughout the boc^. 

Lawrens et al (X?) state that doses of fluorine in the food is re 

tained to a less extent in bones, teeth and soft tissue than equal doses of 

fluorine In the drinking water* Ccaislderlng the total retention of fluorijM 
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in the carcass^ the iiqpairwnt in absorption amounts to about 20 percent. 

This seems to be the result entirely of an iapairment in absorption from 

the alimentary tract. 

Studies by Phillips and Stare (27) showed that fluorine toxicosis 

influenced the distribution of vitamin C in the tissue. Actively metabolis 

ing cells were found to contain large quantities of vitamin C per unit weight. 

The vitamin C present in the kidneyj) liver^ 8i^)rarenalf and the anterior 

lobe of the hypophysis was increasred in fluorine fed cows. 

It would seem that the levels of fluorine intake cause a stimulation 

of the enaymatie system or apstems responsible for osseous mstaboliffla. It 

is believed that this is the likely cause of the generalised exostosis 

skeletal changes found in chronic fluorine toxicosis. On the other hand the 

reduction in tJw oiiygen intake of the cortex of the suprarenal gland and 

changes in ascorbic acid in the various organs of the fluorine poisoned ani 

mal indicates an inhibition of the enzymatic processes of actively amtabo-

lizing tissue (27). Thus fluorine toxicity seems to exert its deleterious 

effects through bone, respiration and inhibitation or acceleration of the 

enzymatic zyztems of the body. Ohdoxibtedly the affinity of fluorine fw 

calcium with the formation of relatively insoluble calcium fluoride enters 

into the zyndrome of chronic fluorosis, (26) 

Ko work has been reported on the effects of various levels of fluorine 

wi oonKuzptioa and digestibility of feeds. Burroughs et. al. (3, U, 5,6, 



7, 8, 9, 10) hav» shown that the addition of &eh of alfalfa extract, auto-

elaved rujoen liquid, and autoclaved water extract of manure increased cellu-

lose digestion in tlM runen* The addition of these materials are of greater 

▼aloe when poor quality roughages are fed. They state that definite amounts 

of protein in the feed are necessary for maximum rumen digestion of rough 

ages (U), 

Maynard (20) states that the quantitative relations involved in the 

microbiotic deeonposition of carbohydrates vary according to the kinds and 

nuoA>er of the microorganisms present in the riuBsn sdilch in turn are under 

the influeiKje of the character of the food. The addition of easily digest 

ible carbohydrates such as starch, cans sugar, or molasses to the ration of 

cattle reduces the digestibility of the fiber and thus, lowers the nutritive 

value of the ration. This has been ejiplained on the grounds that the bac 

teria attack the sia^jlar carbohydrates by preference. This would loser the 

nutritive value of the entire carbohydrate portion of the raticm, in toat 

less crude fiber would be digested and more of the absorbable sugars would 

be lost as gases. 

Digestibility may be limited by a lack of time for coiqplete digestive 

action on less easily digestible substances or by a lack of conplete absorp-

titm, (20), Such «n effect is heightened by a rapid passage of the food 

through the small intestine. On the other hand, food may mova ao elcfwly 

through the intestine as to bo excessively subject to wasteful fermentations, 

Xiack of time for digestion or absorptlcm may eaqjlain why, as the level of 

food intake increaees above a certain value the digestibility of all nutrients 
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tends to dsoreaae* 

Froia the previous stateaents It would seem that various nutritive 

factors have effected the consu^tlon and digestibility of feeds* This 

phase of the eaqperlaeat was run to determine the effects. If any, of 

different levels of fluorine on dlgestlblUty of a ration. 
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SXPSRItSirrAL PBOGS0URB 

th» eattli uawd in thla wqwrlaeiit purchased as yearling# in 

fexas and Oklahoaa in tha ipring of I9U8. Thay aara cheoleed for brucellosis 

«id T, B« and after brucalXosie vaccination thay aere placed in XI lota of 3 

anioals per lot. Assignaant of individuala aaiaala to tha different lota waa 

oada on the baaia of type, aeight, and aouroa. Fluorine aaa added to tha con-

oantrata in the for» of sodium fluoride to increase the fluorine content to 

tha desired levels in total ration. Tha levels of fluoriiuB are as followat 

Lot No. Fluorine Added To Coneentrate Flttoriaa 
Above Thet In Control Ration In Hiyr 

1 0 p.p.a (Control) Control(6 p.p.a.) 

2 10 p.p.a Ccmtrol 

3 20 p.p.a Control 

k 30 p.p.a Control 

5 ItO p.p.a Control 

6 50 p.p.a Ccssjtrol 

7 70 p.p.a Control 

6 100 p.p.a C<Hitrol 

9 0 p.p«a Blount 1 (15* p.p.a.) 

10 0 p.p.a Blount 2(32 p.p.a.) 

11 100 p.p.a plus Defluorc^hoa Control 

These animals mere kept in bam or dry lot at all tiaee and fad con. 

cantrata onoa daily. Tha concentrate consisted of k parts corn and 1 part 

cottonaaed meal. Oood qinality leapadesa or alfalfa hiy vas fed all lots 
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except 9 md 10 which received Blouttt 1 end Blount 2 heye re^ectively. The 

letter wee grown in the vicinltjir of en eluolnusi plent where fluorine wee 

given off «md eettled cm toe vegetation* Thie hey wee enelyzed for ita 

fluorine content^ and frwi these rewilte wee placed in toe Blount 1 or the 

Blount 2 groi^* The cattle were weighed end their teeth exeadned for eigne 

of fluorosis once per aionth* Photographa were taken of the teeth eveiy toree 

iBontha. 

the flttorJjae content of the ration waa adjusted every 28 dsya* This 

waa done to aake sure the total concentrate conauaed oontainad the amount of 

fluorina daaired for that lavel. 

Tha total amount of fluorine fed includea the fluorine added aa eodium 

fluorida plua^that in toe control feede* For exaople^ thia would mean that 
Ilot 2 would actually ha gatting ipproximately 10 p.p.m. fluorina addad aa 

sodium fluoride pins 6 p.p.a. in the control ration. 

The experiment to deterwdne the effects of fluorine on coneunption 

and digestibiUty of a ration was started January 1951, and continued 

until liaroh 20, I95i. The three trials ran during this period consisted of 
12, 11, and 10 aninuas respectively per trial. Thay were brought into the 

metabolism bam and placed in the aetabolimi crates. The next U days eon., 

slated of an adjustment period in which toe animals beeaas accustomed to 

the new environment. The concentrate fed waa istpt at a constant level of k 

pounds, but the hay was adjusted to the amount each aobaal wotild consuas* 

Ob the average there was a 3 to U pound drop in hay consiaption from idiat 

f 

I-
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th«7 hfkd b««a •Ating pr«vioa«3jr* 

ftiia drop in feed oonsunption vould in torn cause an increase in the 

aaount of fluoriiw eonsuaed inasmuch as the fluorine vaa added to the grain* 

Ae mentioned before* the fluorine in the feed is dk»teniined by the feed con-

•usption of the previous month. This* as uell as the fluorine in the normal 

feed vould cause a deviation from levels prescribed* 

The cows mere veighed Just before being brought into the metabolism 

bam md imaediatejy after the trial* Th^ vere taken by truck 7 to 8 mileSji 

after veighing, to the mstaboliSja bam and a.like distance before being 

veighed after the trial. The time between weights included the preliminary 

period 4s well as the actual trial. Attenpts were made prior to this eaperi-

aent to vei^ the animals at the beginning of the trial* but this proved m» 

satisfactory. Ths cows would go off feed when tal^ out to be weighed end 

this would make a new prelimlnaiy period necessary (31). The loss or gain 

in weight was computed as a fraction of the total period (preliminwry and 

actual trial). it would be aesuaed that eoiws having a preliminary period 

of $ days md a trial of 10 days would have two-thirds of Ihe weight lost <xt 

gained during the actual trial with one-third lost or gained during ths pre 

liminary period* 

During the preliminary period of ths first trial cow h? from lot3 was 

removed because^refused to eat. Cow $8 from lot 7 was removed due to 

a ruptured cyst <m the neck. Cow kl from lot 3 was brought in again for the 

second trial* but was removed because oiui failed to eat an adequate amount. 

The third trial had cow h? frrns lot 5 taken out during the preliadnaiy period 
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\MKtc»UNi failed to eat* 

Cows ^ and 21 frm lot 7 eere removed from the third trial on the 

fifth and ei^th daiy rei¥>ectively beeauee blood and maeua appeerwl in -Ute 

urine, fheee animals irora removed because this abnormalitgr effected the 

nitrogen content of the urine ae determizMd hy chemical analyeie. 

After the preliminary period, the animals were ta^ed tjqp in a auiner 

described br Hobbs et al« (15) • The tubes vere observed for the i»xt 12 to 

2h hours to mahe sure no leaks developod, and that the harnees ims properly-

adjusted, 

A pregnanqir diagnosis was msds on all the cows January 13^ 1951* in 

order that the ooas nearest parturition would be brought in for tbia first 

mstabolima trial, Gows in early pregnancy and open cows were run last. 

Daring tlw trial, the animals were fed their concentrate at 3 o'clock 

in the afternoon* They received their hay at 8 a.a* and k p*m. Two- thirds, 

by iMlght, of the iugr saa fed In the afternoon and ooe-third in the morning. 

The urine was seighed, the volume measured, and specific gravity takim each 

day, A ten peroent stt^pls of urine, by volume, was taken onoe daily. 

The feoee frcmi each animal were weighed In the morning and aftemo<Hi, Three 

peroent of the total weight of feoee at each collection period was taken as 

a sample. 

The tirine and faces eanples were kept under refrigeration at a tmaper-

ature of 36° F. during the trial, Qns e,o, of toluene was addsd to saeh 

8iaBq»lB of urine at the beginning of the trial to act as a preservative. 

An aliquot sample of -Uio 10 day ecHopoaito urine eaiq;>le was taksn for 
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ttuO^ffiltt, A 900 graa MuqplA vas reooved from the 10 day coi^>o«lte feoes 

Baiq>le to be aaAlyaed* The concentrate and hdy j^t eaten by tbe maa 

rrooTed and eeighed* Sa^plea aere taken from these eeighbacks at the end of 

Vcm XO day trial* 

The aaaples of hay and eoneen^ate naed^ hay eelghbactea and ecmcentrata 

veighbacka^ as eslX as the nrlne and feces samplee mere analysed for oalcion 

(1, 29)I phoi|>horue (29# 11)# fluorine (32# 22)# moisture (1), fat (1)# 

crude fiber (1)# nitrogen free extract and joitrogen (1). 
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CHAPTER III 

DISCUSSION OP RESULTS 

In ordnr to clarify the tables and figurea theae statements will 

hold true in all cases. They are as followst 

1. Sodium fluoride is added to the concentrate in sufficient 
quantity to bring the fluorine in the total feed Intake in 
lots 2f 3» k$ 5* Tf Bf and 11 to the amounts designated. 

Lots 9 and 10 have fluorine present in the hay at levels 
of 19 and 32 p.p.m. fluorine respectively. 

3. The levels of fluorine used in the figures and tables are 
the amounts added plus that found in normal hay and grain. 

Lot 3 contained only one animal. 

Lot 11, had 100 p.p,m, sodium fluoride added to the ration 
plus 21 parts defluorophos per 1 part sodium fluoride. The 
defluorophos brings the level of fluoriiM in lot 11 to 
109 P«P.n. fluorine in the ration, 

6. The digestibility data for cow 2h lot l,and cow 2 lot 7, 
was not used in their reiqpective lot averages because the 
values ran voiy low in coi2|>ari8on with other animals in 
their lot and the lots of higher and lower fluorine intake 
levels. These low values were probably due to the high 
per cent dry matter in the fecea and the correspondingly 
high per cent of nutrients present. Relatively low nutrient 
values would have been eaqjected since the total feed consumption 
in relation to the x^st of the experimental data was about the 
same* 

7» In lot 7 the consunption and digestibility of each nutrient 
was calculated on the basis of two animals. The trial period 
was 5 days for cow 58 and 8 days for cow 21. The total 
nutrients consumed per day were obtained by dividing the 
total nutrients consumed for the 13 day period by the total 
nuiriser of days the animals were <ai trial. In determining
the average digestibility of nutrients, the total grame 
of nutrients retained was divided by the total nutrients 
consumed. Explanation for the 5 and 8 day trial was 
given in the preceding chapter. 
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TAB1£ I 

C50MPARISQH OF MOftRISOM'S HSQUIEISMSHTS OF TOTAL DIOESTIBLB SUTRISHTS AND 
DIQESTIBLB PfiOTBIN TO THOSE (BTAINED IN THIS EXPERIMENT 

Lot Average Morrieon'a Requirements Aaoimt CcmsuB»d 
No. Weight Per D. P. T. D. N. D. P. T. D. N 

Lot 

1 1005 .70-.80 7.5-10.5 1.77* 9.59* 

2 926 .65—70 6.9-9.7 1.71 9.5U 

3 1036 .70*.80 7.5-10.5 1.33 6.1(6 

U 937 .65-.70 6.9-9.7 1.73 9.U0 

$ 992 .65—70 6.9-9.7 1.53 S.Ul 

6 925 *65—70 6.9-9.7 1.1(6 8.37 

7 921* •65~.70 6.9-9.7 1.52* 7.50* 

8 836 .65—70 6.9-9.7 1.29 6.51* 

9 983 .65—70 6.9-9.7 1.68 8.69 

10 1012 .70«».80 7.5-10.5 1.3U 7.96 

u 861t .65—70 6.9-9.7 1.31 7.26 

* ATeragtt derived fro« Lot 1 and 7^ ondtting aniaal 2k and 2 reqpeotively. 
See page 15. 
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7AB1B IIA 

my MATTER OF CCf^CSHTRATE AND HAT 

Lot Cow Fluorino Dry Matter Dry Matter Total Dry Matter 
No, No. Fad p.p.m. Ilsy (gms) C<»ic,(gm8) ConamBftd (gms) 

la 6 5U26 1551 6979 
2U 6 5901 1582 7U83 
23 6 ?327 l63i 6962 

Tim 

h$ 16 5109 1559 6668 
Id 16 5815 1550 7365 
U 26 l62f 7073 

7(335 

3 32 26 iiUoU lljSU 5888 
im IHSu 5585 

k m 36 5166 1552 6718 
31 36 li975 11a90 6h65 
30 36 JU31 1638 7069 

"OT K75o 

23 lid 5105 1596 6701 
9 li6 1<3U9 15U9 )96 

H7i?7 157? 

50 56 U102 1300 5U02 
1 56 li889 I53li 6U23 
6 56 Ult78 1532 6010 

T$55 5^ 
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TAB1£ IIA 

DRI MATTER OF CQRCENTRATB AND HAI (CONTINBED) 

'm= 
Ho. 

Cow 
No. 

2 

58 
21 

8 61 
28 
29 

27 
63 
26 

10 67 
20 

1^ 

11 70 
12 

25 

Fluorino 
Fod p.p.m. 

76 
76 
76 

106 
106 
106 

16 
16 
16 

26 
26 
26 

109 
109 
109 

Dxy Matter 
Hagr (gms) 

38lli 
3350 
hsn 
Wf§ 

km 
3293 
3338 
3W 

3972 
3772 
3281 
3571 

Dry Matter 
Cone.(gm8} 

1512 
1560 
1116 
TM 

1073 
815 

llltS 
151? 

iia7 
1576 
lUoo 

Total Etty Matter 
Oons\imed (gma) 

5326 
5iao 

5210 
iao8 
?4t86 
U60X 

6163 
61j75 

Ij68X 
6610 

5389 
53U8 
1^681 
TUP 
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mm m 

RBLATIONaUP OP TOTAI, COTCBOTRATE COKTSIMD TO TOTAt MX 
CONSUMPTIOK PER DAI 

Aver* Ckaio* Aver, Hey Total Amt. $ Cone, Hay 
Cfmauaed Consumed Consumed Consumed Consumec 

Lot At, Wgt. Per Dagr Per Day Per Day Per Per 
Ho. Per Lot (gme) (gms) (gms) Dagr Day 

1 1005 1777» 6218* 7995* 22,23* 77.70* 

2 928 1780 6327 8107 21.95 78,01* 

3 1036 1707 5121 6828 25.00 75.00 

h 937 176U 60it2 7807 22.60 77.1*0 

5 992 1792 5U2U 7216 2l*.83 75.17 

6 925 1671 5230 6900 2l*.21 75.79 

7 92l» 1396* J49U&* 631*1** 22,00* 77.99* 

8 836 1068 U32 5199 20.53 79.1*7 

9 983 1792 57U0 7532 32.79 76.21 

10 1012 2380 5025 61*03 21.55 78.1*7 

U 86U 1630 1*251 5881 27.72 72.28 

» Average darivBd from Lot 1 and 7 by omitting animal 2h and 2 rospectively, 
Sae page 15, ^ 
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TABI£ III 

TOTAL DIQESTIBLS NUTRIENTS 

Lot Cow Fluorine Level Average Bocjy wt/ T. D. N. T. D. N./ 
No. No. Fed p.p.m. Animal (lbs.) cwt. 

1 1*2 6 988 1*206 U25 
21* 6 1080 2710 251 
13 6 51*8 1*1*83 1*73 

loo5 1*31*1** W» 

2 1*6 16 867 1*239 1*89 
16 16 967 1*166 1*31 
11 16 950 1*565 1*80 

OT 

3 32 26 1036 2937 283 
WB WP! •585 

U 1)8 36 913 1*136 1*53 
31 36 921 1*11*6 1*50 
30 36 977 1*51*1* 1*65 

1*575 1155 

5 23 1*6 966 1*203 1*35 
9 1*6 1019 31*72 31*1 

3H38 585 

6 $0 56 867 3557 1*10 
1 56 1026 1*028 392 
6 56 882 1*32 

ini 
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22 

TABLE III 

TOTAL DXQESTIBIfi NBTRXKHTS (COITINUED) 

Lot Cow Fluoriri® Level Average Bo<^y wt/ T« D, N. T. D, M,/ 
No. No. Fed p.p.m, Aniaal (Ibe.) cwt, 

7 2 76 890 2693 302 
58 76 880 3182 362 
21 76 3^ 361U 360 

^ 3SI* 

8 61 106 73$ 31L2 li27 
28 106 867 2682 309 
29 106 907 

9 27 16 978 L026 Ll2 
63 16 9k2 3581 380 
26 26 1^ L237 ia2 

^ "m m 

10 67 26 871 2868 329 
20 26 1119 3991 357 
19 26 10L5 3997 3823997 382 

11 70 109 018 3ULL 1*21 
12 109 912 3266 358 
25 109 861 3166 3^368 

♦Averages derived from lot 1 and 7 fey canitting aiUmaT 2k and 2 respectively.
See page 15. 
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TABUB VIII 

AVERi£E DIOSSTIBILITI OF NUTRIENTS 

l.ot 
No, 

fluorlaft 
Fed p,p,m. 

^ Digest 
Protein 

^ Digest. 
Fat 

$ Digest. 
Crude Fiber 

% Dig( 
Kit. F 

1 6 66,7 59.i» 1*7.U 7lt.2 

2 IS 66,8 52.5 1*7.0 73.7 

3 26 59.2 29.U 23.5 66.1 

k 36 6?.l» 5U,8 1*8.7 75.6 

$ m 63.9 5l.li 1*6,0 72.8 

6 56 66,6 52.7 53.x 7i*.6 

7 76 71.8 55.7 1*8.5 78.5 

8 106 71.5 57.1 1*9.6 76.2 

9 16 62,9 55.7 1*5.1* 69.5 

10 26 6U.8 57.3 51.3 7l*.l 

11 109 67.7 
s. 

56.1 50.8 75.1 
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A» COMPAHia]® OP lfi3RHIS0H» S REQUIREMBin'S OP TOTAL DIOESTIBIB NUTRIMTS AND 
DIQESTIBLE PROTEIN TO THO® C8TAINSD IN THIS SIPEHIMEarr 

Tabi« I la a c<M|)ari8on batwsan the requirements of digestible pro 

tein and total digeatible nutrients as giren by Morrison (23) and the amount 

actually digested by the animal. It eill be noted that the digestible 

protein in all oases greatly exceeds the maxiana given by Morrison. Ihe 

total digestible nutrients fall irithin Morrison*s range with the excepti(wi 

of lots 3 and 11. 

B. THE BEUTlONaUP OP TOTAL FEED CONSUMPTIC^, DRI MATTER AND TOTAL 
DIOESTIBLB NUTRIENTS TO THE LEVELS OP FLUORINE FED 

The feed consumption was fairly constant from the control level to 

lots receiving around 1|6 p.p.m. fluorine as shown in Table II A, and Figure 

1. There was a drop in consumption from lot $ receiving 1|6 p.p,n. fluorine 

in the ration to lot 8 receiving 106 p.p.m. fluorine. Lot 11, receiving 

106 p.p.m. fluorine plus 21 parts defluorophos psr one part sodium fluoride 

added to the ration, showed an increase in consrmption of feed over lot 8 

receiving 106 p.p.m. fluozine. A probable reaatmi for increased consumption 

by lot 11 may be due to the addition of defluorophos. 

The effects of various levels of fluorine on total digestible nu 

trients consumed per 100 pounds body weight showed a slight variaticui frtsa 

the trend of total feed consumption. The c<msuiiption of total digestible 

nutrients oonstmasd per 100 pounds of bo^ weight was fairly constant ip 



to lot 5 receiving I46 p,p,m, fluorine fed* There ens a gradual dr<^ In 

total dlgeetible nutrients per 100 pounds body iraight from the lot re 

ceiving li6 p,p«m. fluorine to a low in lot 7 receiving the 76 p.p»m. 

fluorine level. Lot 8 receiving IO6 p.p.rn. fluorine in the ration was 

about in line with lot T# Mid there was very little increase riiown by 

lot 11. 

TImi conaxuaption of h«y and grain holds fairly constant to around 

iK) to 50 p.p.m, fluorine in the ration. From those levels there is a 

gradual decline in ccaasuaption of hsjr md grain as shown in Table IIB and 

Figure 1, with the drop being more i^parent in the grain. Lot 8 re 

ceiving 106 p.p.m, fluorine in tlw ration had the lowest consuaption. 

Lot 11 showed a marked rise in grain e<m8U!]^tion over lot 8. There was 

little effect on hay consusption by the addition of defluorophos. 

Data on censuj^tion of individual nutrients as Shown in Tables IT, 

V, VI, and VII as well as Figures 2, 3, h, and 5 seem to substantuate 

the above pattern shown by the total feed consta^tion tables and figures, 

TheM irora no ̂ preoiable difference in consunption of «y one nutrient. 

Consumption of nutrients hold fairly ecmstant trtm the control level to 

around 2*0 to 50 p«p«m. fluorine in the ration. From the 1*0 to 50 p.p.m. 

fluorine level there was a gradual drqji until a low point was reached at 

the 76 and I06 p.p.m, fluorine level as shoim by lots 7 and 8 reipectively. 

Lot 11 showed a slight increase over lot 8 in the consu^tion of imiivid-

ual nutrients. 
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0. BIGSSTBlLIff^mH&tSMtS AS mWAMD TO TM mvsiS Of FLOORINS FW 

Him «ffect of fluorine ̂ pon the digestibility of individual au* 

trients aaeaw to bo rather stsdlar «a ohown by Tablee IV, VI, VII 

mxA figure 6. the digeatibillty of one nutrient if|»pear« to be neither 

accelerated nor retarded by fluorine mm than any other nutrient* 

In this eaqperiaent it appears that the effect of increasing the 

level of fluorizu» above the control ration decreases feed consui^tian 

rather than effecting the digestibility of individual nutrients* 
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GHAi'TER IV 

N 

SOMtARr AND GOHCIUSIOS 

Th« ration fad during this aetaboliaa trial cmsisted of U parts 

com to 1 part cottonsood maal* Sach cowreceivad U pounds of tha abova 

concentrate. Good quality le^odeaa and alfalfa hay was fed aH lota > 

with the exception of the two lots receiving Blount 1 «id Blount 2 hi^y. 

Sodium fluorida was addsd to the concentrate of each lot in the 

following amountsi Lot 1,0 p.p.m.j lot 2, 10 p.p.m.j lot 3^ 20 p.p.m.} 

lot It# 30 p.p.m.j lot 5# I4O p.p.ra.j lot 6, 50 p.p.m.j lot 7# 70 p.p.m.j 

lot 8# 100 p.p.m.j lot no sodium fluoride added to the concentrate# 

but Blount 1 hay contains 1? p.p.m. fluorinej lot 10, no sodium fluoride 

in the concentrate# but Blount 2 h^ contains 32 p.p.m. fluorinej lot H# 

100 p.p.m. sodium fluoride, plus 21 parts defluorophos per 1 part of 

sodium flttorids added to the ration. It was found that control hiy and 

concentrate ration contained 6 p.p.m. fluorine. 

Feed c<m8uiq)tioa of each individual nutrient followed the soee 

general pattern. Consu^tion from the control level to lot 5 receiving 

p.p.m. fluorine in the ration was similar* There was a drop in con 

sumption from lot 5 to lot 8 rscsiving I06 p.p.m. in 'Wis ration. C<m-

suH^jtion of concentrate was increased c<msiderab3y by the addition of 

defluorophos to the rati<m# but no marked effect on hay consiaaption was 

apparent. 

The effect of fluoidne upon digestibility of individual nutrients 



 

�  

M«m8 to be rather sinilar under conditioae of this experiment* The dl-

geetlbilltx of txM nutrient ig^eare to be neither accelerated nor retarded 

by fluorine more than any other nutrient. 

In this experiment it appears that the effect of increasing the 

level of fluorine above the control level decreases feed consuaptiwj rather 

than effecting the digestibility of individual nutrients* 
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