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Abstract

One thousand Silver Grey Hyline hens were given drinking water containing 6, 10, 14 and 20 mg/¢ sodium fluoride during
their laying period. The control group received municipal water (containing 0.29 mg/¢ fluoride) with no added sodium fluoride

(0 mg/o).

Fluoride addition to the water had a significant effect (P = 0.0001) on egg production, but eggshell breaking strength was not

significantly influenced.

At the termination of the study (74 weeks of age) the carcass mass and the fluoride content of the os femur showed asignificant
increase (P = 0.0001) which correlated with the increase in fluoride concentration in the water.
No important microscopic changesin the livers and kidneys were noticed, and liver mass and breaking strength of the os femur

were unaffected by the amount of fluoride consumed.

The data showed a significant drop in egg production at 6 and 20 mg/¢ sodium fluoride.

Introduction

A literatureand water-sourcesurvey in South Africaby Casey et al.
(1994), indicated that exposuretime, production system, ingestion
rates and species tolerance are important factors which need to be
taken into account when formulating water quality guidelines for
livestock. Fluoridewasfound to bethe constituent with thehighest
potential to produce toxic effectsin animalsin South Africa. The
highest fluoride concentration in the water-sources surveyed was
approximately 20 mg/¢ (Meyer et al., 1997), a concentration 10
times higher than that considered acceptable (Kempster et al.,
1985). The toxicities of different forms of fluoride have been
shown to be in the following descending order of severity:
fluorosilicates, sodium fluoride, rock phosphate and cal cium fluo-
ride (Haman et al., 1936).

It is known that various physiological aberrations occur in
poultry following the ingestion of fluorides over an extended
period of time. As reported by Halpin and Lamb (1932), egg
production was not affected by dietary concentrations of rock
phosphate containing fluoride at 10 or 20 g/kg. However, at
concentrations of 30 g/kg egg production decreased. At these
concentrationstherock phosphate supplied the dietswith approxi-
mately 0.35, 0.70 and 1.05 g/kg of fluoride respectively.

The occurrence of bone fragility in caged layers is a major
probleminthemodern poultry industry. Merkley (1981) foundthat
fluoride treatment increased the breaking strength of humeri from
6.86 to 13.35 kg and that of tibiae from 6.61 to 13.10 kg and
recommended fluoride supplementation of the water of up to 100
mg/¢. Egg quality and rate of production were not reduced by
fluoridetreatment. Huyghebaert and De Groote (1988), however,
disputed Merkley’s findings and recommended the discontinua-
tion of dietary fluoride supplementation to improve bone strength.
These contradictions together with the need for water-quality
guidelinesfor livestock in Southern Africa, were the main reasons
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for establishing the fluoride tolerance of laying hens over their
production cycle.

Previous studies on the effect of sodium fluoride on egg
productionand bonestrength of cagedlayinghens(Van Toledoand
Combs, 1984), were done by dietary means and used much higher
concentrations of dietary sodium fluoride (0; 0.3; 0.6; 0.9 and
1.2 g/kg). Inthisexperiment fluoride additions much closer to the
natural fluoride content of South Africa's groundwater sources
were used. The objective of this study was to determine the long-
term effectsof 5 different concentrations of sodium fluoride, inthe
drinking water, on the egg production of caged laying hens.

Materials and methods
Treatments

Sodium fluoride was provided in the drinking water to 1 000 day-
old Silver Grey Hyline laying hens over their production period.
Thetrial comprised 5 inclusion rates of sodium fluoride (0, 6, 10,
14 and 20 mg/¢) with 4 replicates of 50 birds per group. Thewater
was obtained from Pretoria’ s municipal source and the negative
control (0 mg/¢ added sodium fluoride) contained 0.29 mg/¢ fluo-
ride. Sodium fluoride was dissolved in the water to attain the
treatment concentrations.

Laying phase (18 - 74 weeks of age)

Theflock waskept in aconvection battery with laying cageswhere
they were caged individually. A system measuring the precise
water intakes of the birds was designed and installed. The system
comprised calibrated perspex cylinders attached to the main water
line, drainage taps at the bottom of each cylinder and removable
lids for easy administration of chemicals. Water intake (water
intake/replicate-d) and egg production (eggs/hen-d) was deter-
mined daily; production figureswerelater recal culated in terms of
eggs/group-week. From peak production, the shell breaking
strengths of a randomly selected sample of eggs (n = 20) were
determined over a 20-week period (from Week 50 to Week 70).
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The trial was terminated when the birds reached 74 weeks of
age. The birds were daughtered according to the prescribed
regulations(The Slaughter of Poultry (Humane Conditions) Regu-
lations (Amendment) 1990) and the carcass and liver mass was
determined. A representativesample(n = 5/replicate) of liversand
kidneys was examined histopathologically by the Department of
Pathol ogy, Onderstepoort. Mid-shaft samplesof theosfemur from
randomly selected carcasses were excised for fluoride analysis.
Analyses were done on oven-dried bones (24 h at 100°C) using a
method which entailsisol ating and concentrating thefluorideinthe
bone and determining it potentiometrically (Van Staden and Janse
van Renshurg, 1991).

The os femora from randomly selected birds (n = 5/replicate)
were subjected to a breaking strength test (Rowland et al., 1967),
making use of the Allo-Kreamer shear press. The attachment for
the shear presswas designed whereby pressure could be placed on
the midpoint of the os femur which was supported near the end.
Making useof amilling machine, thebottom areaof theattachment
(3 mm x 21 mm) had been machined from a steel rod (21 mmiin
diameter). An adjustable support (vice) was designed to fit the
Instron platform and permitted an unlimited selection of support
widths. Inthis study each femur was supported near
the ends approximately 20 mm from the midpoint at

TaBLE 1
MEANS FOR FLUORIDE INGESTION RATE AND WATER INTAKE
(¢bird-d) DuriNg PropbucTioN (18 - 74 WEEKS oF AGE)

Sodium Fluoride Treatment means for

fluoride ingestion water intake (¢)

addition rate P =0.0001

(mglet) mgF/bird-d

0 0.059 0.236° SD + 0.038
6 1.361 0.2642 SD +0.051
10 1.979 0.230° SD + 0.032
14 2.661 0.220¢ SD + 0.026
20 4.453 0.2602 SD £ 0.054

SD + Standard deviation

Means with different superscripts within treatments,
differed significantly according to Tukey’s Multiple
Range Test at a P< 0.05 significance level.

which theforcewas applied. The pressdescended at
arate of 120 mm/min. The maximum force required
to break each femur was read from the chart of the
shear press recorder.

Means For Ece ProbucTion (eggs/bird-week) AND BREAKING STRENGTH
oF Eces (kg) During ProbucTion (18 - 74 WEEKs oF AGE)

TABLE 2

Statistical evaluation Sodiym Treatm'ent means Treatment means
fluoride for breaking strength for egg production
dditi f P =0.0001

Statistical_ analyses were cpnducted using the PC- a(mlgll?)n Po: %979518

SASVersion 6.08 commercial software. Analyses of

varianceand Tukey’ sMultiple Range Test were used 0 0373 | SD+00034 | 6135 | SD+1056

to determine significant differences between treat- X .

ment means (P < 0.05). A split-plot ANOVA was 6 0.375 SD+00037 | 6056 SD+1.019

used to test for week x treatment interactions. 10 0.3722 SD + 0.0038 6.1352 SD + 1.069

14 0.378° SD + 0.0035 6.083% SD +1.108
Results 20 0375 | SD+00033 | 6.052 SD + 1.058

Laying phase (18 to 74 weeks of age)

Although the sodium fluoride additionswere0, 6, 10,
14 and 20 mg/¢, the ingestion rates of fluoride/hen-d,

SD + Standard deviation
Means with different superscripts within treatments, differed significantly
according to Tukey’s Multiple Range Test at a P< 0.05 significance level.

were0.059, 1.361, 1.979, 2.661 and 4.453 mg respec-
tively (Table 1). Water intakes (Table 1) differed significantly
between treatments (P < 0.0001). Although no significant differ-
ences in the breaking strengths of the eggshells were detected
between treatments. the egg production decreased significantly
(P=0.0001) in hensreceiving the 6 and 20 mg/¢ fluoride treatment
(Table 2). Thisdecrease was, however, not evident in the 10 and
14 mg/¢ fluoride treatments. Carcass mass (Table 3) differed
significantly between treatments (P = 0.0332) and the groups
receiving the 14 and 20 mg sodium fluoride/¢ were heavier than
controls. Thetreatmentsincrementally affected the fluoride con-
tents of the os femur (P < 0.0001) (Table 3). The fluoride
concentration in those from the control group was 573.69 mg/kg
in contrast to the 1 671.39 mg/kg found in those receiving 20
mg/¢. Fluoride treatment had no significant influence on liver
mass (P = 0.0902) nor on the bresking strength of the os femur
(P =0.5005) (Table 4).

Three histopathol ogical changes, which could not belinked to
fluoride, occurredintheliversand kidneys. They werefatty change
in the livers, plasma “lakes’ in the livers and kidney round-cell
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infiltration. Mortalities during the production period were not
linked to fluoride and survival rate ranged between 95.1 and 93.8
% (Table 5); the major cause of death was peritonitis.

Discussion

When water with a potentially toxic constituent like fluoride is
encountered, ingestion rates need to be calculated. Thisisimpor-
tant asitistheactual amount of thetoxic constituent consumed that
isrelevant, and not itsconcentrationinthewater alone. Theresults
of thetrials conducted on layerswith fluoride-treated water, show
that egg production can be managed successfully in an areawith a
high concentration of fluoride in the drinking water.

The probable carry-over of potentially toxic substancesto the
consumer of theanimal product wasdrawn attentionto by Raicaet
al. (1957), who foundthat at adietary fluoride content of 50 mg/kg,
bone fluoride was increased about 14-fold and soft tissue fluoride
by afactor 2.5. Phillipsetal. (1935) showed that eggyolk increased
influoride content about 3 timeswhen the dietary fluoride content
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TaBLE 3
MeaN Carcass Mass (kg) AN FLuorIDE CoNTENT oF FEMURs (mg/kQg)

Sodium Carcass mass Fluoride content of the

fluoride (P =0.0332) os femur (P = 0.0001)

addition

(mg/e)

0 2.153¢ SD + 0.569 573.69¢ SD + 154.3
6 2.233b° SD £ 0.425 947.28° SD + 216.1
10 2.383%¢ SD +0.481 1139.91° SD +154.1
14 2.469% SD + 0.667 1329.00° SD + 1745
20 2.5522 SD £ 0.920 1671.39% SD + 336.9

SD + Standard deviation
Means with different superscripts within treatments, differed significantly
according to Tukey’s Multiple Range Test at a P< 0.05 significance level.

TasLE 4
MEeaN Liver Mass (kg) AND BREAKING STRENGTHS oF FEMURS (k)

Sodium Liver mass Breaking strength of

fluoride (P =0.0902) os femur (P = 0.5005)

addition

(mgle)

0 0.056% SD +14.32 24.794° SD +5.312
6 0.0522 SD + 14.26 24.6932 SD +4.048
10 0.049* SD + 8.86 245742 SD +4.572
14 0.0522 SD +11.10 22,7762 SD + 3.299
20 0.0507 SD +11.56 23.3702 SD + 4.702

SD + Standard deviation
Means with different superscripts within treatments, differed significantly
according to Tukey’s Multiple Range Test at a P< 0.05 significance level.

TABLE 5
SurvIVAL RATE (%) oF FLuORIDE TREATED HENS

Treatment mg/(

0.29 6 10 14 20

Survival rate (18 - 74 weeks)

95.1 94.7 91.5 91.2 93.8

Because fluoride appears to stimulate new bone
formation, Merkley (1976) proposed that fluorida-
tion of the water will mitigate the development of
osteoporosisin layers. He later reported (Merkley,
1981) that the addition of fluoride to the drinking
water of coop-reared broilersand caged layersduring
their growing periodsresultedin anincreasein bone-
breaking strength. However, Huyghebaert and De
Groote (1988) recommended that dietary supple-
mentation with fluoride should be discontinued as a
means of improving bone-breaking strength. The
results of thistrial support thisview and thefindings
of Chan et a. (1973) who showed that fluoride
treatment at a high concentration had little effect on
bone integrity or strength.

There were no significant differences between
treatmentsregarding liver massor inthe histopathol-
ogy of the livers and kidneys. Fatty changesin the
livers, protein lakes in the livers and the amount of
round-cell infiltration in the kidneyswere not linked
tofluorideintake. Mortalitieswerealso not fluoride-
related. Inthistrial, sodium fluoride additions of up
to 20 mg/¢ yielded significantly increased carcass
mass. This increase may be due to the increase in
bone mass.

Halpinand Lamb (1932) and Merkley (1981) found
that egg production was not affected by fluoride
treatment. This experiment showed that hens re-
celving 6 and 20 mg/¢ of added fluoride had asignifi-
cantly lower egg production rate. Fluoride signifi-
cantly influenced the water intake of the hens, the
hensreceiving 6 and 20 mg/¢ of added fluoride drank
significantly more water.

In conclusion, the results obtained in this study
indicate that the current guidelines on the fluoride
content of drinking water may be too restrictive and
that there is aneed to take production criteria, expo-
sure time and ingestion rates into account when
formulating water quality guidelines.
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