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F L U O R I N E  TOLERANCE OF L A M B S  

Effect of Various Levels and Sources 
of Fluorine in the Fattening Ration 
of Columbia, Rambouillet, and 
Targhee Lambs 

LORlN E. HARRIS, MILTON A. 

WOOD, J. LEGRANDE SHUPE, and 
ROBERT J. RALEIGH 
Utah Agricultural Experiment Sta- 
tion, Utah State University, 
Logan, Utah 

MADSEN, DELBERT A. GREEN- 

Fluorine is  generally present in almost all feeds consumed by livestock. Low levels can be 
ingested for indefinite periods without economic loss, but it is  toxic when ingested in 
amounts; above the critical level-the degree of toxicity depending on amount and length 
of time over which it is  consumed. Forages with high concentration of fluorine are often 
found in areas where certain industrial processes expel fluorides into the air. Hay con- 
taining (JP to 160 p.p.m. of fluorine on a dry basis, when mixed with 5070 grain, to make a 
ration containing 1 12 p.p.m. of fluorine on a dry basis, can be fed to fattening lambs for 
14 weeks without causing measurable bad effects upon feed lot performance. 

OMPREHENSIVE REVIEWS of the tox- C icity of fluorine by De Eds (7) .  
SfcClure (5)? Roholm (73): Peirce (77), 
Greenwood (3) ,  Mitchell and Edman 
(7). and Phillips d al.  (72) state that 
fluorides are \videly distributed in soil, 
rocks: water, and plants, and, under cer- 
tain conditions, the concentrations are 
high enough to affect animal and hu- 
man nutrition adversely. 

hfost of the inveritigation on the toxic- 
ity of fluorine has bseen with man, cattle, 
rats. and swine-relatively little has been 
reported on fattening lambs. Studies 
reported by Slagsvold ( 7 3 ,  Velu (77): 
and Roholm ( 7 J )  established that 
fluorosis occurred in sheep \Then the)- 
consumed water or feed containing high 
levels of fluorine. Hobbs et  al .  (4 )  re- 
ported that fattening lambs, receiving 
200 p.p.m. of fluorine in the diet, con- 
sumed slightly leas feed and gained 
sliShtly less weight than animals receiv- 
ing 100 p.p.m. or lws of fluorine in their 
diet. 

Peirce ( 7 0 )  reported a 3-year study in 
which feed Consumption, growth, and 
health ivere not affected \Then 120 mg. 
or less of fluorine per day were consumed. 
Shrewsbury et  al. (74) reported that 
sheep receiving 6.0 mg. of fluorine per 
kg. of body \\.eight per day showed de- 
creased grain consumption and de- 
pressed growth. 

Experimental 

Ninety weanling wether lambs of 
equal numbers of Columbia, Rambouil- 
let, and Targhee breeds were used in the 
trial. After being weighed, the lambs 
were separated, according to breed and 
weight, into groups of 10. The nine 
groups of 10 lambs each were allotted 
a t  random to the treatments in Table I. 
The  three lambs on each treatment were 
fed in a pen together. The average 
initial weight was 31.7, 32.5, and 32.7 
kg.. for Columbia, Rambouillet, and 
Targhee, respectively. 

A pre-experimental ration consisting 
of alfalfa hay, water, salt, and a mineral 
mixture of salt and dicalcium phosphate 
(containing 80 p.p.m. of fluorine) was 
fed for a week prior to the trial. During 
this period, the lambs were treated with 
phenothiazine for internal parasites and 
vaccinated for entero-toxemia and con- 
tagious exanthema. 

,4t the beginning of the trial, the ~ ’ 0 0 1  
on each lamb was sheared from about a 
5-inch square area posterior to the 
shoulder. In the center of this area, the 
M‘OOI was clipped close ~v i th  size 00 elec- 
tric clippers. T\TO 3 X 3 cm. squares 
\\‘ere tattooed in this area. At the end 
of the trial, the wool was clipped from 
the tattooed areas on each sheep and 
used to determine wool production dur- 
ing the trial. 

The trial was conducted for 14 weeks. 
Throughout the trial the lambs were fed 

to maintain the designated fluorine 
levels based on hay consumption (Table 
I) ,  Five levels ranging from that in 
normal hay to 160 p.p.m. of fluorine were 
fed, Two sources of fluorine were used : 
one from sodium fluoride added to nor- 
mal hay and the other from hay con- 
taining a fluoride residue from the stacks 
of an industrial plant. Only hay with 
a 55-p.p.m. fluorine residue was ob- 
tainable; therefore, for the 80- and 160- 
p.p.m. levels it was necessary to add 
some sodium fluoride to the diet. Dur- 
ing the first 4 Lveeks of the experiment 
the grain was gradually increased and the 
hay decreased. The different fluorine 
levels ivere maintained by using varying 
proportions of two-grain mixtures, one 
containing sodium fluoride and the other 
free of sodium fluoride; and by varying 
the amounts of hay with a normal fluo- 
rine content and hay containing a high 
fluorine residue. 

At the start of the fifth \veek the lambs 
were fed a diet consisting of alfalfa hay, 
SOYc; barley, 26.5%; wheat, 10%; 
dried beet pulp, 10%; omalass (dried 
cane molasses product manufactured 
by I7yLactos Laboratories, Inc., Des 
Moines, Iowa), 2.5%; sodium chloride, 
0,5y6; and dicalcium phosphate 0.570; 
and remained on it throughout the bal- 
ance of the trial. Sufficient sodium 
fluoride replaced barley to give the fluo- 
rine levels outlined in Table I. Ninety- 
five per cent of the ration was fed in 
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Table 1. Experimental Design and Amount of Fluorine Consumed Per Unit of Dry Matter and Per Kilogram of 
Body Weight 
Fluorine levels Based on P.P.M. o f  Moisture-Free Hay" 

Basal (12) 20 40 80 160 

Source of Dry Kg. Dry Kg. Dry Kg. Dry Kg. Dry Kg. 
Breed of Sheep Fluorine matter, wt. ,  matter, wt., matter, wt. ,  matter, wt., matter, wt., 

p.p.m. mg. p.p.m. mg. p,p,m. mg. p,p.m. mg. p.p.m, mg. 

Columbia NaF 145 0 . 5 1  16 0 . 6 0  28 1 . 0 9  53 2 . 0 9  108 3 . 6 5  
Fluoride 

residue 1 4  0 . 4 8  21 0 . 7 2  36 1 . 1 1  62 2 . 2 0  117 4 . 0 1  
Average 1 4  0 . 5 0  18  0 . 6 6  32 1 . 1 0  58 2 . 1 5  112 3 . 8 3  

Rambouillet XaF 1 4  0 . 4 6  1 6  0 . 5 6  28 0 . 9 4  54 1 . 6 3  109 4 . 2 1  
Fluoride 

residuec 1 4  0 . 4 2  20 0 . 6 7  37 1 . 2 1  62 2 . 2 8  114 3 . 5 4  
Average 1 4  0 . 4 4  18  0 . 6 2  32 1 . 0 8  58 1 . 9 6  112 3 . 8 8  

Targhee NaF 1 4  0 . 4 6  16 0 . 5 8  28 0 . 8 4  53 2 . 0 8  109 3 . 5 6  
Fluoride 

residue< 1 4  0 . 5 3  21 0 . 6 2  36 1 . 3 9  64 2 . 0 4  114 4 . 4 1  
Average 1 4  0 . 5 0  18 0 . 6 0  32 1 . 1 2  58 2 . 0 6  112 3 . 9 8  

Av. NaF 1 4  0 . 4 8  16 0 . 5 8  28 0 . 9 6  53 1 . 9 3  109 3 . 8 0  
Fluoride 

residuec 1 4  0 . 4 8  21 0 . 6 7  36 1 . 2 4  63 2 . 1 7  115 3 . 9 9  
Grand av. 14 0 . 4 8  18  0 . 6 2  32 1 . 1 0  58 2 . 0 5  112 3 . 9 0  
a Variations due to sampling, mixing, and analysis caused some variation from the levels of fluorine planned ; therefore parts per million 

c Hay with only 55-p.p.m. of fluorine of each diet as actually fed are given. 
fluorine residue was obtainable, therefore for the 80- and 160-p.p.m. levels some sodium fluoride had to be added to the diet. 

b Three lambs were fed together as a group in each pen. 

Table II. The Average for Various Treatments and Breed Are Shown For Several Test Variables 

Treatment 

Breed 
Columbia 
Rambouillet 
Targhee 

Source of fluorine 
NaF 
Fluoride residue 

Daily Grease Clean 
Number Feed Daily W o o l  W o o l  Fiber Market Carcass 

of Intake, Gain, Weigh t ,  Weigh t ,  Diameter, Grade Grade Dressing, 
Animals Lb. l b .  G. G.  Y Scorea Scorea % 

30 
30 
30 

2 . 8 3  0 . 3 3  1 . 6 6  1 . 0 7  2 7 . 4  2 . 7  2 . 2  4 9 . 6  
2 . 7 6  0 . 3 5  1 . 2 8  0 . 8 2  2 1 . 1  2 . 9  2 . 4  4 9 . 8  
2 . 9 6  0 . 3 4  1 . 4 1  0 .88  2 6 . 1  2 . 6  2 . 1  5 0 . 9  

45 2 . 8 5  0 . 3 1  1 . 4 8  0 . 9 4  2 4 . 6  2 . 8  2 . 3  4 9 , 9  
45 2 . 8 5  0 . 3 4  1 . 4 9  0 .90  2 5 . 2  2 . 6  2 . 2  5 0 . 2  

Level of fluorine (p.p.m.) in dry diet 
Basal (14)  18  2 . 9 8  0 . 3 4  1 . 2 6  1 . 7 8  2 4 . 2  2 . 7  2 . 3  5 1 . 1  

18 18 2 . 7 4  0 . 3 2  1 . 5 3  0 . 9 1  2 4 . 1  2 . 7  2 . 1  4 9 . 4  
32 18 2 . 9 0  0 . 3 3  1 . 5 8  1 . 0 7  2 5 . 6  2 . 7  2 . 3  4 9 . 8  
58 18  2 . 9 0  0 . 3 3  1 . 5 2  0 , 9 4  2 4 . 9  2 . 6  2 . 2  5 0 . 3  

112 18 2 . 7 3  0 . 3 1  1 . 5 1  0 . 9 0  2 5 . 5  2 . 7  2 . 1  4 9 . 7  
Av. 90 2 . 8 5  0 . 3 3  1 .48  0 . 9 2  2 4 . 9  2 . 7  2 . 2  5 0 . 0  

Q Prime was graded. 1 ; choice, 2 ;  good, 3 ;  utility. 4 ;  and cull, 5. 

0.5-inch round pellets and the other 5Tc 
as chopped alfalfa hay to ensure normal 

Table 111. Method of Analysis Showing Mean Squares for Several Test 
Variables 

rumination. Mean Squares 

The results were analyzed statistically Degrees Daily Grease Clean 
weighf wool wool Fiber Carcass by an analysis of variance (76). Differ- of 

Source of Var iat ion Freedom gain weight weight diameter grade ences between means were subjected to 
Duncan's (2) multiple range test. Dif- Replication (R)  2 25 .47  0 . 0 3 3  0 . 0 4 2  2 . 0 8  0 . 0 4 5  

4 31 .06  0.282. 0.188. 9 . 0 9  0 178 
ferences were considered significant a t  Breed Of of fluorine sheep (B) (F )  2 6 8 . 3 8  0 088. 0 . 5 1 0 ~  333.02. 0 . 5 8 O b  
P < 0.05 and highly significant a t  <0.01. source offluorine (s) 1 1 5 0 . 8 0  0 . 0 0 2  0 . 0 2 3  7 . 6 6  0 .280  

Results and Discussion 

Feed Consumption. Individual daily 
feed consumption could not be obtained, 
as the lambs were fed in groups of three. 
Feed consumption per lamb, therefore, is 
based on the average consumed per lot. 
The average daily feed intake for the 
main effects is shown in Table 11. As 
there were no significant interactions: 
the averages for these interrelationships 
are not reported. There were no sig- 
nificant differences among any of the 

a p<O.Ol. b p<0.05.  c One lamb died and average value of pen was used in the anal- 
ysis with degrees of freedom for error reduced accordingly. 

treatments in feed intake (Table 111). Gain in Weight. The average gain 
Hobbs et al. (4 ) ,  showed similar effects, of all lambs was 0.33 pound per day 
but did observe a decreased feed con- (Table 11). The source and level of 
sumption when lambs received 200 fluorine and the breed of lambs did not 
p.p.m. of fluorine in the diet. significantly affect the gain (Table 111). 
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In a previous tri.al conducted at  this 
station, Nelson (i7) also showed that 
there were no significant differences 
among Columbias, Targhees, and Ram- 
bouillets. 

Market Grade. Live market grades 
were assigned a numerical score, corre- 
sponding to the following values: 
prime, 1; choice, ;I; good, 3;  utility, 4; 
and cull, 5. There were no significant 
differences among scores owing to treat- 
ment and breed (T,ables I1 and 111). 

Dressing Percentage and Pelt 
Weights. The average dresing per- 
centage for all lambs was SO%, with the 
pelts averaging 15.9 pounds per lamb. 
Treatment and breed effects were not 
significant for either of these factors 
(Tables I1 and 111). 

Carcass Weight and Grade. The 
average warm carcass weight for all 
lambs was 50.9 pounds (Table 11). 
Differences among treatments and breeds 
\\-ere not significant (Table 111). S u -  
merical scores sim..lar to those used for 
market grades were assigned to each 
carcass grade. The  average carcass 
grade score \\-as 2.2, which corresponds 
to a grade of low choice. Carcass 
grades were 2.2, 2.4, and 2.1 for the 
Columbia, Rambouillet, and Targhee 
breeds, respectively. These differences 
among breeds were significant at the 
57, level of probability. 

Clinical and Histological Observa- 
tion. There were no clinical symptoms 
or gross abnormalities which could be 
attributed to the various levels or sources 
of fluorine intake. Histological evalu- 
ation of bone, liver, thyroid, kidney, and 
adrenal glands revealed no significant 
pathology. 

The average of the 
wool sampled froin the two tattooed 
areas was used to compare woo1 produc- 
tion of the lambs in the various treat- 
ments and breeds. 

The average grease wool bt-eights for 
the fluorine treatments were 1.26, 1.53, 
1.58, 1.52, and 1.51 grams, respectively, 
for the basal: 20, 40, 80, and 160 p.p.m. 
levels. Duncan’s multiple range test 
(2) showed that the lambs receiving addi- 
tional fluorine in the diet produced more 
wool than the control lambs (Table IV).  
No satisfactory explanation for the dif- 
ference is apparent. A subsequent 
trial conducted at  this station did not 
show that added fluorine in the diet in- 
creased wool growth. 

There have been no reports showing a 
stimulating effect from the feeding of 
fluorine. Moulton (8) reported that 
small amounts of fluorine in the drink- 
ing water exerted a favorable effect on 
dental health by reducing the incidence 
of dental decay. Excess quantities of 
fluorine in the diet have been shown to 
cause the development of exostosis and 
skeletal enlargement. These enlarge- 
ments have not been reported as being 
associated with other increases in growth 

Wool Weight. 

Table IV. least Significant Ranges and Results of Multiple Range Test 
for Comparing Wool Production with levels of Fluorine in Diet 

LEAST SIGNIFICANT RANGES 
Number of means 2 3 4 5 
Probability levels 0 . 0 5  0 . 0 1  0 .05  0 . 0 1  0 . 0 5  0 .01  0 . 0 5  0 . 0 1  

0.181 0 .241  0.191 0 . 2 5 1  0 .197  0 .258  0 . 2 0 1  0 . 2 6 4  

TREATMENT M E A N S  RANKED IN O R D E R  FROM LOWEST TO HIGHEST~ 
Treatment 
hiean 

Basal 
1 . 2 6  

180 p,p.m, 
1 . 5 1  

60 p.p.m. 
1 . 5 2  

20 p.p,m. 
1 . 5 3  

40 p.p.m. 
1 . 5 8  

u There was no significant difference between the means underlined but there was a 
significance at the 0.01 level of probability betbseen each of the underlined means and the 
mean not underlined. 

or production. This phase of work 
needs to be further investigated before a 
conclusion can be drawn. Clean wool 
\\-eights followed the same pattern as 
grease weights. 

The \\-eights of the ~vool samples 
from the Columbia, Rambouillet, and 
Targhee lambs averaged 1.66, 1.28, 
and 1.41 grams, respectively (Table 11). 

Duncan’s multiple range test 12) 
shoLved that the Columbia lambs pro- 
duced more wool than the other two 
breeds and that Targhee lambs pro- 
duced more \roo1 than Rambouillet 
lambs. Selson (9) reported the Colum- 
bias and Targhees produced more wool 
than the Rambouillet, but there was 
no difference between Columbia and 
Targhee. 

The aver- 
age fiber lengths for Columbias, Ram- 
bouillets, and Targhees were 1.9, 1.3, 
and 1.6 inches, respectively. These dif- 
ferences were highly significant. Dun- 
can’s multiple range test (2) showed that 
Columbia lambs had longer \.vool than 
the Rambouillet lambs, but there was 
no difference between the Rambouillet 
and Targhee lambs. Staple length 
values followed the same pattern as fiber 
length. There were no differences in 
fiber or staple length with respect to 
level or source of fluorine. 

Fiber Diameter. Fluorine levels or 
source had no effect on fiber diameter. 
The average fiber diameter was 27.4, 
21.1, and 26.1 microns for the Columbia, 
Rambouillet, and Targhee breeds, re- 
spectively. Duncan’s multiple range test 
(2) showed that Columbias and Targhees 
had a highly significant greater fiber 
diameter than Rambouillets. 

Fluorine Consumption. The average 
fluorine consumption is shown in Table I .  
Based on hay consumption (dry basis) 
the amounts of fluorine were : basal 
(12), 2’). 40. 80, and 160 p.p.m.; for 
the tots1 ration (dry basis): 14, 18, 32, 
58, anli 112 p.p.m.;  and per kilogram 
bod\, \\-eight the amounts were 0.48, 
0.62. 1.10> 2.05, and 3.90 mg., respec- 
tively, The average weight of the lambs 
a t  the start of the trial was 32.3 kg. and 
at the end of the trial, 46.8 kg. These 
levels of fluorine did not adversely af- 
fect t ‘i performance of the lambs over a 

Fiber and Staple Length. 

12-week feeding period. Hence, lambs 
can be fattened on hay containing at 
least 160 p.p.m. of fluorine when i t  is 
fed Lvith 507, grain. provided the total 
dry matter consumed does not contain 
more than 112 p.p.m. of fluorine. These 
results agree u i th  those of Hobbs e! ~ l .  ( J ) .  

\Vith the adoption of proper feeding 
programs! many feeds containing fluo- 
rine concentrations toxic to groiving and 
breeding classcs of sheep may be uti- 
lized in short-term lamb fattening rations. 
The lambs used in this trial were raised 
in an area which: in so far as is knoivn, 
does not contain above normal amounts 
of fluorine in the water and vegetation. 
Lambs which have been raised in areas 
where the fluorine residue is high may 
not respond in the same manner. 

The Committee on Animal Nutrition 
of the National Research Council (6) 
felt that permissible levels of fluorine in 
commercial, general-purpose feed should 
assure more than borderline safety and 
recommended that the permissible levels 
of fluorine be 0.0037, (30 p.p.m.) of the 
total dry ration for sheep. A more re- 
cent revision by a similar committee 
[Phillips et al. (72) ] suggests a level of 70 
to 100 p,p,m. for sheep. The higher 
levels in this trial exceeded the concen- 
tration recommended by the Xational 
Research Council. However, the higher 
levels would probably produce fluorosis if 
fed for extended periods of time. The 
results, however, show a need for estab- 
lishing levels for breeding animals fed 
over a long period and for fattening 
animals fed for a short period for . 
slaughter. 
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I AMINO ACID SUPPLEMENTS 

Lysine Supplementation of a Breakfast 
Cereal and Milk Combination 

REINHARDT THIESSEN, Jr., and 
G. H. REUSSNER, Jr. 

General Foods Research Center, 
Tarrytown, N. Y. 

Cereal proteins in such sources as wheat flour and bread have been improved considerably 
in protein quality with supplements of synthetic lysine. This investigation was made to 
determine whether a positive growth response would be obtained from the addition of 
0.5% DL-lysine hydrochloride to a wheat flakes breakfast cereal, with and without the 
milk used in a customary serving. A 4-week rat feeding test indicated that the lysine 
supplement gave a growth response when wheat flakes were fed without milk-no signifi- 
cant increases in growth or protein efficiency were noted with milk. 

HEAT PROTEIN is deficient in lysine, W which would be the limiting amino 
acid if wheat were the only source of 
protein in the diet. Rosenberg, Rohden- 
burg, and Baldini (5) found that the ad- 
dition of 0.2y0 L-lysine to a diet contain- 
ing 9@y0 dried bread supplemented with 
salts, vitamins, and fat gave a significant 
increase in growth to weanling rats. 
Albanese et  al. ( 7 )  showed that body 
weights and nitrogen balances of in- 
fants consuming milk were improved by 
a lysine supplement. 

Many prepared breakfast cereals are 
composed of wheat, and whether sup- 
plementation of these foods with lysine 
would improve their nutritive value when 
fed with milk and sugar, as normally 
eaten, is of interest. This may be of 
special importance, as Baldwin, Lowry, 
and Thiessen (3) showed that much of 
the lysine content of proteins may be 
rendered unavailable to the body as a 
result of heat treatment of food. such as 
occurs in the manufacture of toasted 
cereals. 

Materials and Methods 

A mixture was made to give the ratio 
of 4 ounces of fresh whole milk and 8 
grams of sugar (1 teaspoon) to 1 ounce 
of wheat flakes. Whole dry milk solids 
(Parlac) was used in place of fresh whole 
milk. 

similar mixture was made to which DL- 

lysine hydrochloride was added to give 
a concentration of 0.5% based on the 
cereal. These two mixtures, as well as 
the wheat flakes and the lysine-supple- 
mented wheat flakes, were incorporated 
into diets for a 28-day rat  feeding test. 

A fifth diet was made with casein as 
the reference protein. Each kilogram of 
diet was supplemented with the follow- 
ing vitamins expressed as milligrams per 
kilogram of diet: choline chloride, 1000; 
dl-a-tocopherol diacetate, 100; pyridox- 
ine hydrochloride, 20; calcium panto- 
thenate, 50; riboflavin, 50; thiamine 
hydrochloride, 12; nicotinic acid, 90; 
biotin, 0.3; folic acid, 0.9; inositol, 200; 
$-aminobenzoic acid, 200; and 2- 
methyl-l,4-naphthoquinone diacetate, 2. 
This mix was diluted to 2 grams with 
cornstarch before blending into each 
diet. Corn oil was used to adjust the fat 
content of the wheat flakes diets to 67, 

and to give the casein diet a fat content 
equal to that of the cereal-milk diets 
(8%). Three drops of cod liver oil were 
given twice weekly to each rat to supply 
vitamins A and D. Salt mix, USPXIV, 
was added at  a 4% level to all diets. 

Each diet was fed to six weanling 
Wistar strain male albino rats obtained 
from Carworth Farms. The average 
weight of each group of animals was 59 
to 60 grams at the beginning of the test. 
Food intakes were adjusted each day to 
equalize the protein intakes of the ani- 
mals eating the two wheat flakes diets 
and those consuming the other three 
rations. Distilled water was given ad 
libitum. Each animal was housed in an 
individual raised-bottom cage in an  air- 
conditioned room kept a t  75" zt 2" F. 

The protein content of the wheat flakes 
diet was 10% and that of the wheat flakes, 
milk, and sugar diet 12.5%. The casein 
diet contained 14y0 protein. 

Table 1. Four Weeks' Rat Growth from lysine Supplementation of Wheat 
Flakes, with and without Milk and Sugar 

Av. Body 

Diei 
Weight 

Change, G 

W h e a t  f lnkps - 9 f 0 9  . . - - - -. . _ _  
Wheat flakes + 0.5% DL-lysine - 1 f 0 . 9  
Wheat flakes, milk, and sugar +87 f 5 . 1  
Wheat flakes + 0.5yo oL-lysine HCl, milk, and sugar +83 i 3 . 4  
Casein +93 f 3 . 5  

Food" 
Efficiency 

Negative 
Negative 

0 29 
0 27 
0 . 3 3  

Proiein 
Efficiency 

Negative] 
Negative 

2.30 iz 0 . 0 7  
2 . 1 5  f 0.06  
2 . 3 7  f0.05 

The wheat flakes cereal was Pulverized 
in a Fitzpatrick mill before it was blended 
with the other dietary constituents. A 

a Food efficiency = gram gain in body weight per gram food consumed. 
b Protein efficiency = gram gain in body weight per gram protein consumed. 

368 A G R I C U L T U R A L  A N D  F O O D  C H E M I S T R Y  


