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Abstract

The study examined the effect of dietary fluoride (NaF) and
aluminum Aly(SO4); on laying hens performance. A total of 108
White Hy-line hens was housed in individually cages (4 hens/cage)
and divided into three equal groups. They were fed a diet
supplemented with 0 (as control ), 1300-ppm F and 1300-ppm F
plus 1040-ppm Al, respectively. The body weight, egg mass, feed
consumption, feed conversion, egg quality measurements and
blood parameters were taken.

It could be noticed that high F intake significantly

depressed body weight, egg number,egg weight, egg mass, feed
consumption and feed conversion ratio.” However, these
depressions were not as severe when Al was present in the diet.
Also, the depression in performance due to F feeding was not
simply due to the depressed feed intake but was a result of
metabolic function of F.
With respect to blood parameters, it could be noticed that the high
F intake significantly decreased hematocrit level, plasma calcium
and phosphorus. However, dietary Al minimized the effect of high
fluoride toxicity

It could be concluded that the fluoride levels in plasma ,
liver , kidney and tissues were significantly increased when the
1300 ppm F diet was fed. Also, the kidney contained more fluoride
than the liver or muscle . The addition of Al to 1300 ppm F diet
reduced the fluoride level in plasma , muscles and kidney.

INTRODUCTION

Poultry are known to be the most fluoride (F) tolerant of domestic animals.
Interest in the role of F in poultry nutrition arose, not from deficiency symptoms, but
rather from toxicosis problems induced by feeding raw rock phosphate as a calcium-



830 ALLEVIATION OF FLUORINE TOXICITY IN LAYING
HENS WITH ALUMINIUM

phosphate source (Jacob and Reylnods, 1928). Guenter (1979) demonstrated a
progressive reduction in feed intake when hens were fed 400 ppm or more of F,
resulting in a concurrent reduction in egg production and feed efficiency. The author
also noted that continuausly feeding 1000 and 1300 ppm F reduced egg size and shell
quality. Concern has been expressed about the rise of high F concentrations occurring
in poultry products destined for human consumption ( Klose, 1980). Significant
amount of fluoride could be added to chemically deboned meat products from bone
fragments, because bone is the major F accumulator (Michel et al, 1984).

Initial studies on the use of aluminum sulphate as a fluorine toxicity alleviator
in poultry were confined to turkey poults and broilers. Aluminium sulphate over a
short time period proved to be an effective alleviator of F toxicity , a ratio of 1.0
F/0.8 Al was found effective eliminating the toxic effect of F in turkey poult rations
(Cakir et al,, 1978). The use of aluminum sulphate as an F toxicity alleviator in laying
hen rations has received little attention.
) This work was designed to study the effects of high dietary fluoride level on
laying hen performance, and evaluate the use of Al2(S04)4 as an alleviator of F
toxicity in laying hens.

MATERIALS AND METHODS

This experiment was carried out at Poultry Breeding Farm, Poultry Production
Department, Faculty of Agriculture, Ain Shams University. A total of 108 White Hy-line
pullets, aged 16 weeks, was used. These pullets were housed in individually cages (4
pullets/cage). They were divided into three equal groups fed a diet supplemented
with 0 (as control) , 1300 ppm fluorine (as sodium fluoride) and 1300 ppm F plus
1040 ppm aluminium (as aluminium sulphate Al ;(SOs); , [Al] ) , respectively.
Experimental groups were reared under similar managerial, environmental and
hygienic conditions. They were exposed to 16 hours photoperiod. The feed and water
were providing ad libitum. The composition and calculated chemical analysis of the
basal diet are shown in Table 1.
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Measurements and observation

Individually body weights of laying hens were recorded at 4 weeks intervals.
Likewise, egg mass and feed consumption were recorded at 4 weeks intervals. Also,
feed conversion ratio was calculated. Eggs laid were individually weighed and
recorded. Cumulative mortality rate was recorded for each treatment from 18 to 34
weeks of age.

At 34 weeks of age, an egg quality study was done for treated groups. A
total of 150 eggs was collected from each treatment (50 / each). Each egg first
weighed to the nearest 0.1g. The force required to fracture was determined using the
new apparatus. The liquid contents of egg were put aside and shell plus membranes
washed to remove adhering albumen. After drying, shells were weighed upon cooling
to the nearest 0.01g. The thickness (mm) was measured using a dial gauge
micrometer. The shell percent was calculated as the ratio of shell weight to egg
weight multiplied by 100.

At 34 weeks of age, a total of 30 blood samples (10 samples / treatment)
was assigned for hematological assessment. A 3.0 ml blood sample was withdrawn
from the brachial vein. A portion of the blood was used for hematocrit determination
using capillary tubes and a microhematocrite centrifuge. The hematocrit figures were
measured after spinning microhematocrite for 12 min. The resulting plasma was
stored at —20°C for later analysis. The frozen plasma was allowed to thaw prior to
analysis. Calcium , phosphorus, GOT and GPT were determined by enzymatic
methods using available commercial kits SCLAVO INC., 5 Mansard Count., Wayne
NJ07470, USA.

Fluoride anion in plasma, liver, kidney and tissue were determined using Ion-
Selective Electrode Ani ORTON 960 (ION meter).
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Tablel.The composition and calculated chemical analysis of the basal diet.

Ingredients %
Yellow corn 61.8
Soybean meal 48% 193
Limestone 6.92
Glutfeed 16% 4
Corn gluten meal 2.9
Bone meal 2.45
Decortecated cotton seed meal 2
Salt 0.32
Vit —mineral mix* . 0.25
DI-Methionine 0.04
Lysine 0.02
Total 100.00
Calculated chemical analysis:**
Crude protein, % 17.91
Crude fat % ' 3.0
Crude fibre % 2.7
ME (kcal/kg) 2787
Calcium % ‘ 331
Available Phosphorus, % 0.42
Lysin % - : 0.87
Methionine % 0.38
Methionine + cystine % 0.68

*Each 2.5 Kg of Vit-mineral mix contain: VitA 12 m.LU., Vit. D4 m.LU., Vit E15g , Vit K329 ,Vit By
1g, By 8 g ,Vit Bg 2 g ,Vit By5 10 mg ,Pantothenic acid 10 g, Nicotinic acid 30 g ,Folic add 1g ,Biotin
150 mg , Choline chloride 600 g , Copper 5 g ,Iedine 0.5 g ,Iron 35 g ,Manganese 70 g, Zinc 60 g and
Selenium 0.15 g.
**By calculation according to (NRC ,1994) .
Statistical analysis

Data were subjected to a one-way analysis of variance with treatment effect
using the General Linear Model (GLM) procedure of SAS User's Guide, 1994.Duncan’s
Multiple Ranges Test was used to test the differences between means (Duncan

,1955).
RESULTS AND DISCUSSION

Body weights of laying hens as affected by dietary fluoride and aluminium
supplementation are summarized in Table 2.
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Table 2. Effect of dietary fluoride and aluminium supplementation on
body weight of laying hens.

Treatment
1300 ppm F+1040
Age (wk) Control 1300 ppm F ppm Al
18 1303.9+19.58 1303.8420.24 1301.8+18.81
22 1475.89+22.25 1326.00+29.27 1430.69+35.91
26 1550.08+23.22 1278.95P+35.72 1479.43+26.10
30 1591.02+27.10 1406.10+38.80 1519.49+38.24
34 1572.58425.78 1356.10+26.47 1523.52432.83

Means within rows with the same letters are not significantly differ (P < 0.01).

Results obtained showed that the body weight was significantly reduced
when hens were fed a diet added 1300 ppm F. The reduced body weight may be due
to the reduced feed intake. Suttie (1968) showed that increased F levels in blood
altered the action of certain metabolites that resulted in appetite depression. Also,
fluoride toxicosis, by feeding 1300 F , ppm, by minimal body weight gain, lower feed
intake resulted in a significant decrease in nutrients available for maintained egg
production and body weight gain (Hahn and Guenter, 1986). The lower weight gain
of the high F can explain the growth depression of body gain resulted due to high F
level diet ( Holland, 1979).

In addition, results in Table 2 showed that there was no significant
difference between the control group and the third group (1300 ppmF + 1040 ppmAl)
in body weight at all ages . This result was supported by finding of Hahn and Guenter
(1986).

Egg number of laying hens as affected by dietary fluoride and aluminium
supplementation are listed in Table 3. Results obtained indicated that when 1300
ppm F added to the ration of laying hens resulted in significantly decreased the egg
number as compared to control - fed group. However, the aluminum
supplementations modified the action of fluoride in the diet.
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Table 3. Effect of dietary fluoride and aluminium supplementation on egg number of

laying hens.
Treatment
Age (wk) Control 1300 ppm F 1300 ppm F+1040
ppm Al

18-20 827a *1.19 6.44b *1.03 9.53°+0.80
20-22 12059 0.77 9.35b 1,05 13.713+0.19
22-24 13.59 +0.22 10.55P+0.72 13.76240.11
24-26 13.552+ 0.21 9.45b +0.94 13.299+0.34
26-28 13.652+ 0.15 8.890 +1.04 12.882+0.48
28-30 12.302+ 0.38 8.650 +1.04 11.652+0.86
30-32 13.202+ 0.24 961D +0.87 12.41240.54
32-34 13.2734 0.33 9.27b +1,37 11.712+0.81

‘Means within rows with the same letters are not significantly differ(P< 0.01).

Egg weight of laying hens as affected by dietary fiuoride and aluminum are
presented in Table 4. Results showed that the dietary fluotide at 1300 ppim had a
negative effect on egg weight when compared to control-fed group. However, the
egg weight produced from hens fed a diet containing 1300 ppm F plus 1040 ppm Al
did not significanitly differ when compared with control - fed group.

Table 4. Effect of dietary fluoride and aluminium supplementatlon on egg weight of

laying hens. —
Treatment
Age (wk) Control 1300 ppm F 1300 ppr F+1040
B e e o SR
18-20 41.9740.48 42.49:0.59 41.75+0:67
20-22 47.2133:0.39 45.479+0.39 48.499+0.46
22-24 51.042+0.49 47355b+0.27 51.083:+0.42
24-26 54,19840.50 50.12b+0.59 54.593:0.47
26-28 §5.619+0.51 51.93P40.81 56.809:0.47
28-30 55.982:+0.43 52.58D+054 57.0824:0.51
30-32 56.523+0.45 53.47b+0.46 58.199+0.45
32-34 56.852:+0.68 54.49b+0.74 57.7320.74

Meais within Fovss with the same lefters are not significantly differ (P<0.01). )
‘Egg mass, feed consumption and feed conversion ratio of laying hens as
affected by dietary fluoride and alurinium supplementation are summarized in
Tables.
Egg mass of laying hens was significantly affected by dietary fluoride
supplementation , whereas, the control group had significant higher egg mass by
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about 32.1% as compared with 1300 ppm F fed group at 30-34 weeks of age.
However, aluminium sulphate when added to 1300 ppm F the egg mass of laying
hens was reduced by about 7.0% only at the same mentioned age stage.

Feed consumption for the control hens was significantly greater than for
those fed diet containing 1300 ppm F. It is possible that some of the depression in
feed intake was due to gastric or intestinal irritation by NaF. Decka et al. (1978), in
human studies, demonstrated that elevated F doses caused gastric irritation which
could be reduced by administering supplemental aluminium. These results are in
agreement with previous findings of Van Toledo and Combs (1984) and Guenter and
Hahn (1986). It was suspected that F ion- plasma slowly built up to level high enough
to result in sudden appetite depression and bird gradually recovered as F cleared
from plasma. Simon and Suttie (1968), found that dietary F depressed feed
consumption in rats when plasma F increased to 3 ppm, but, after a period of
reduced feed intake, feed consumption returned to normal. The fluoride
supplementation at 1300-ppm level had a negative effect on egg mass of laying hens,
but, the aluminium supplementation at 1040-ppm level modified the negative effect
of fluoride.

Table 5. Effect of dietary fluoride and aluminium supplementation on egg mass, feed
consumption and feed conversion ratio of laying hens.

Treatment
Period (wk) Control 1300- ppm F 1300-ppm F
+1040-ppm Al
Egg mass (g)
18-22 914.9°£18.22 695.7°£17.40 1066.2£16.22
22-26 1423.4® £20.31 977.7% £22.18 1429.42 £20.17
26-30 1447.6° £23.70 916.7° £27.15 1397.02 £22.30
30-34 1502.1% +35.22 1020.1° +33.32 1396.92 +31.15
Feed consumption (g)
18-22 2517.5 +31.18 2014.5° £29.72 2690.7 2+£20.92
22-26 3157.0%£36.12 2420.8° +33.72 2488.1%+31.12
26-30 3428.3°+£40.22 2798.7° +37.18 3237.82+38.15
30-34 3200.5%+41.72 2800.8° +42.17 3139.02£40.17
Feed conversion ratio
18-22 2.8%£0.17 2.9°10.13 25°£0.11
2226 2.2°£0.30 252 +0.20 1.7°+0.22
26-30 2.4°£0.31 3124031 23°%+0.28
30-34 2.1°+0.36 2.8240.22 2.3°+0.18

Means within rows with the same letters are not significantly differ (P < 0.01).
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Feed conversion ratio was significantly increased when hens fed a diet added
1300 ppm F except from 18-22 weeks. Opposite trend was noticed when aluminium
sulphate was added to the 1300 ppm F. The lower feed conversion was probably due
to the lower intake and a -greater proportion of the feed being required for body
maintenance . Also, a reduction in laying performance was associated with increasing
the dietary fluoride level which depressed the feed conversion parameter. The higher
F diets also tended to yield lower metabolizable energies in spite of increased fat
retention (Guenter and Hahn, 1986). ' s

Mortality rate of laying hens as. affected by dietary fluoride and aluminium
supplementation are shown in Fig.1. It could be noticed that the mortality rate of
control and fluoride plus aluminium equal zero. However, the mortality rate of
fluoride-fed group was equal to 15 %. The results obtained by Van Toledo and
Combs (1984) agreed with our results. They reported that there was a positive
relationship between mortality rate and dietary fluorine.

N
h

Mortality rate

T reatment

Fig.1. Effect of dietary fluoride and aluminium supplementation on mortality
rate of laying hens.
1 = Control 2 = 1300 ppm F3 = 1300 ppm F+1040 ppm Al
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Effects of dietary fluoride and aluminium supplementation on egg quality of
laying hens aged 34 weeks are summarized in Table 6 .

Egg weight of laying hens fed on diet added 1300 ppm F was significantly
lighter than that of control-fed group. Also, there was a significant difference
between' control and fluoride plus aluminium-fed groups for egg weight.

There was no significant difference among treated groups either for albumen
or yolk percentages.

Table. 6. Effect of dietary fluoride and aluminium supplementation on egg quality

measurements.
Treatment
Control 1300-ppm F 1300-ppm F+
1040-ppm Al

Egg weight (q) 55.603+0.62  50.40 +0.55 54.82° £0.45
Albumen (%) 60.520.41 60.82+0.32 60.56+0.34
Yolk (%) 29.51+0.18 30.5240.22 29.26+0.17
Albumen height (mm) 14.882£0.19 120804018 14.6720.15
Yolk height (mm) 20.458£0.17  18.38'%0.21 19.82 3+0.19
Yolk diameter (mm) 3.9240.10 3.7240.10 3.8440.12
Shell weight (g) 5.5430.10 4.37b+0.09 5.50 @+0.10
Shell weight (%) 9.973+0.22 8.6700.32 10.03 2+0.21
Shell thickness (mm) 0.393+0.01 0.27 £0.03 0.32 2+0.02

Means within rows with the same letters are not significantly differ (P < 0.01).

There was a significant difference among F treated groups for albumen
height, whereas, the albumen height of fluoride-fed group was significantly lower
than that of control and fluoride plus aluminium-fed groups. Similar trend was
observed for yolk height. However, the yolk diameter had not significantly affected by
dietary fluoride and aluminium. These results are in agreement with Hahn and
Guenter (1986).

Absolute shell weight was significantly affected by dietary fluoride
supplementation. However the egg shell weight produced by hens fed dietary fluoride
plus aluminium was equal to that belonging to control group. Similar trend was
observed for shell percentage, whereas ,the shell percentage was significantly
decreased when birds were fed a diet containing 1300-ppm F as compared to control-
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fed group. However, there was no significant difference between control and fluoride
plus aluminium-fed groups for shell percentage. With respect to shell thickness, it
could be noticed that the shell thickness of laying hens was significantly affected by
dietary fluoride at 1300-ppm level, whereas, the shell thickness of fluoride-fed
group was significantly thinner than that of control-fed group. Similar trend was
noticed for fluoride plus aluminium-fed group, but the difference was not significant.
Guenter (1979) reported that the continuously feeding 1300-ppm F reduced egg size
and shell quality. Also, shell quality (deformation and thickness) declined as dietary F
increased, resulting in a greater incidence of uncollectible (cracked and thin shelled)
eggs. The previous result suggests that the Ca intake of hens fed the high F diets was
inadequate to maintain good shell quality or F inhibited Ca metabolism in the hen
(Guenter and Hahn, 1986).

Effect of dietary fluoride and aluminium supplementation on breaking
strength at 34 weeks of age are listed in Fig. 2. It could be observed that the
breaking strength was significantly affected by dietary fluoride supplementation at
1300 ppm level. However, the aluminium supplementation at 1040 ppm level
modified the negative effect of fluoride on breaking strength.

~ 4.5
g 4 /
g 3.5
o 31
$ 35 ?
z 2 4
<4
8 1.5
o 14

0.5 1

0 Oppm  1300ppmF 1300 ppm F+1040 ppm
Al
Treatment

Fig. 2. Effect of dietary fluoride supplementation only or with aluminium on breaking
strength at 34 weeks of age.
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Blood parameters of laying hens as affected by dietary fluoride and
aluminium supplementation are presented in Table 7.

Hematocrit level of laying hens was affected by dietary fluoride
supplementation at 1300 ppm level, whereas, the fluoride-fed graup had significantly
lower hematocrit level as compared with control-fed group. Similar trend was noticed
for fluoride plus aluminium supplementation, the difference was significant. This may
have resulted from decreased blood supply to the organs, especially the ovary.

It could be noticed that the fluoride-fed group significantly decreased plasma
calcium as compared to control-fed group. However, the difference between control
and fluoride plus aluminium-fed group for plasma calcium was not significant. The
decreased plasma calcium of laying hens when fed a diet added 1300 ppm F could be
attributed to decreased egg production, shell weight and shell strength of eggs
produced from these hens. Chang et al. (1977) reported that urinary Ca excretion
increased in rats fed 200-ppm F, r&sultjng in less Ca available for bone formation.

Table. 7. Effect of dietary fluoride and aluminium supplementation onsome blood

parameters.
Treatment
Control 1300 ppm F 1300 ppm F+
1040 ppm Al
Hematocrit, % 2923 2,51 25.5b4+2.17 26.7b +2.22
Calcium (mg/dl) 21.73 #1.85 148b+192  2233+1.70
Phosphorus (mg/dl) 7.6 @ £0.57 43b 1049 7.42 £0.54
GOT (U/L) 54.4b+3.16 61.83+4.00 56.301+3.65
GPT (U/L) 17.2C+1.30 19.39+1.22 18.2P+1.70

Means within rows with the same letters are not significantly differ (P < 0.01).

Results obtained showed that the laying hens fed a diet added 1300 ppm F
had significantly decreased plasma phosphorus as compared to control-fed group.
The adverse effect of dietary fluoride level can be demandable by supplying the
dietary fluoride with aluminium sulphate supplementation.

With respect to GOT activity, the results obtained showed that the fluoride-
fed group was significantly higher in GOT activity as compared with control-fed
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group. However, there was no significant difference between control and fluoride plus
aluminium-fed groups. Concerning the GPT activity, it could be noticed that the
fluoride-fed group was significantly higher in GPT activity as compared with control-
fed group. Similar trend was noticed for fluoride plus aluminium-fed groups.

Effects of dietary fluoride plus aluminium supplementation on concentration
of fluoride in plasma, liver, kidney and tissue are shown in Table 8. Results showed
that the fluoride levels in plasma, liver, kidney and muscles were significantly
increased when the 1300 ppm F diet was fed. It could be noticed that the kidney
contained more fluoride than the liver or muscles. However, dietary Al tended to
reduce the ionic F concentration in plasma. The addition of Al to 1300 ppm diet
reduced the fluoride level in muscles , liver and kidney. These results are in
agreement with Cakir et af, (1978).

Table 8. plasma, liver, kidney and muscles fluoride content of hens fed
dietary fluoride plus aluminium.

Treatment
Trait Control 1300 ppm F 1300 ppm F+
1040 ppm Al
Plasma 0.67 €+0.15 2.183 0.16
Liver 4.26€+0.21 18.672+0.19 9.85b+0.23
Kidneys 3.52C+0.18 32.153+0.17 11.83b+0.20
Muscles 4.3€+0.25 6.182+0.28 5.30P+0.21

Means within rows with the same letters are not significantly differ(P< 0.01).

In conclusion, high F intake significantly depressed feéd intake, egg
production, feed conversion and egg shell quality. However, these depressions were
not as severe when Al was supplemented to the diet. The last observation attributed
to the dietary Al tended to reduce the ionic F concentration in plasma (Hahn and
Guenter, 1986). Also, Aluminium compounds have been the most frequently used
alleviators of fluorosis (Cakir et af, 1978). The Mode of action of alleviation has been
related to reduction of fluorine absorption. Peters (1971) found increased fecal F
excretion with the aluminium supplementation. ’
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