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The relation between sodium chloride concentration in drinking
water and egg-shell damage
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1. A significant linear increase in egg-shell defects from 60-week-old laying hens, and corresponding significant
linear decreases in various egg-shell-quality measurements, were observed in response to increasing concentrations
of sodium chloride in the drinking water, to the maximum concentration of 600 mg/l used in the present

study.
2. The incidence of damaged egg shells was increased 3-fold by including NaCl in the drinking water at a

concentration of 600 mg/1.

3. Shell defects declined when birds were placed on normal water for 5 weeks but were stili 1-4- to 2:1-fold
greater than control values.

4. After an induced rest from lay on normal water, shell defects were still 1-3- to 3-2-fold greater in birds
which had previously received the NaCl in the drinking water.

5. The increased incidence of sheli damage was not related to decreased food intake or increased egg weight
or production.

Recent studies (Balnave & Scott, 1986) have shown that adding any one of a range of
mineral salts to the drinking water of laying hens increases the incidence of broken and
cracked eggs. The concentrations of the salts used were similar to those observed in some
underground water supplies in New South Wales and the intakes of the mineral ions from
the water were low compared with intakes from the diet. The chioride salts of sodium and
potassium were particularly effective when given for 6 weeks and the numbers of defective
shells laid by commercial pullets approximately doubled during this short time. What was
particularly disturbing was that the birds continued to produce large numbers of damaged
shells over a subsequent 4-week period when the mineral supplements were excluded from
the drinking water. This response suggests that calcium metabolism, and the bird’s ability
to produce normal egg shells, was permanently affected by the presence of these mineral
salts in the drinking water.

Egg producers in many countries use underground water supplies as sources of drinking
water for table-egg- and fertile-egg-producing poultry flocks. These water sources are
usually high in dissolved salts of which NaCl is a major constituent. The present study was
carried out to examine the dose-response relation between the NaCl concentration in the
drinking water and egg-shell quality and the incidence of shell damage in a commercial
table-egg flock.

MATERIALS AND METHODS

Four replicates, each of ninety-five 60-week-old laying hens at the end of their laying year,
were allocated to each experimental treatment in September 1986. Before and during the
experiment all birds were maintained on a proprietary laying mash, the calculated
composition of which was given previously (Balnave & Scott, 1986). Municipal town water
containing on average 24 mg Na and <1 mg Cl/]1 was used as the source of drinking
water.

Birds were given free access to food and to water containing either 0, 200, 400 or 600
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mg added NaCl/l. The housing of the birds and the management of the experiment were
carried out as described previously (Balnave & Scott, 1986) except that the experimental
treatments were applied for a 5-week period. After this time the NaCl supplements were
stopped and the birds were maintained on municipal town water for a further 5 weeks. The
birds were then rested from lay by feeding whole barley for 2 weeks followed by whole
wheat for 2 weeks. This effectively reduced the flock egg production to zero for 10 d. The
birds were then re-fed the proprietary laying mash and 5 weeks after returning to lay (week
20, 80 weeks of age) the incidence of shell damage was again determined over a 7 d period.
Each treatment replicate was treated as an experimental unit with food intake, egg
production, numbers of damaged shells and shell-quality measurements being recorded for
the complete group. Before the rest from lay, maximum daily ambient temperatures in
the layer shed were normally less than 26°, but after returning to lay maximum daily
temperatures were consistently above 32° for the final 5 weeks of the experiment.

The eggs were collected and inspected manually. The numbers of cracked, broken and
soft-shelled eggs were determined on the 2 d before the commencement of the experiment
and on each day of weeks 1 and 20. Otherwise, shell damage was measured every 7 d after
allowing the eggs from three consecutive days to accumulate on the cage fronts. Records
of food and water intakes and egg production were made for weeks 1-5 and weeks 6-10.
All the eggs collected during the final 2 d of weeks 5 and 10, and on the last day of week
20, were used for shell-quality measurements. Egg-shell breaking strength was measured as
the shell resistance to increasing pressure applied at the broad end of the shell and egg-shell
thickness was measured, using an Ames thickness micrometer gauge, on three pieces of shell
from the equator of each egg. The absolute shell weight, percentage shell weight and the
shell weight per unit surface area were measured as described by Curtis ez al. (1985).

Statistical analyses were carried out as described by Steel & Torrie (1980) using a split-
plot analysis of variance with time as the split-plot factor. Linear regression equations
relating the incidence of egg-shell damage and the various measures of egg-shell quality to
the NaCl concentration in the drinking water and the egg-shell-quality measurements to the
incidence of shell damage during the final 2d of NaCl supplementation were also
developed.

RESULTS
As in previous studies the incidence of soft-shelled eggs was low (< 0-25 %) and shell defects
reflected the incidence of broken and cracked eggs. The results shown in Fig. | indicate the
pattern of production of damaged shells during weeks 1-10 of the experiment. The overall
mean incidence of damaged egg shells and other production characteristics during weeks
1-5 and 6-10, and egg-shell-quality measurements made during weeks 5, 10 and 20 are
shown in Tables 1 and 2 respectively.

During weeks 1-5, when the NaCl supplements were added to the drinking water, the
numbers of damaged egg shells increased significantly (P < 0-001) in direct proportion to
the concentration of NaCl (Fig. 1, Table 1). This response was rapid, being evident within
2 d of the introduction of the NaCl supplements. The mean (with range, n 4) percentage of
eggs showing shell damage during weeks 1-5 on treatments containing 0, 200, 400 and
600 mg NaCl/l respectively were 65 (6:1-69), 104 (8:9-11-2), 142 (13-4-15-0) and 189
(16:3-21'9). The relation between mean egg-shell damage (ESD) and NaCl concentration
in the drinking water (X) during weeks 1-5 was described by

ESD = 0-021 (s 0-0014) X +6:32, r 0:97 (P < 0-001).
The similarity of this equation to that obtained using the values for the final 2 d of NaCl
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Fig. I. Production of eggs with damaged shells from hens receiving 0 (Q), 200 (@), 400 (A), and 600
(M) mg sodium chloride/I drinking water during weeks 1-5. |, NaCl supplements end.

Table 1. Mean egg-shell damage and production variables during the periods when sodium
chloride was added to (weeks 1-5) and removed from (weeks 6-10) the drinking water

Supplement Period of Damaged Egg Food Water
of NaCl measurement shells production intake intake
(mg/D (weeks) (/100 eggs) (/bird day) (g/d) (ml/d)
0 1-§ 65 0-694 122-5 277
200 1-5 104 0-663 1233 286
400 1-5 142 0-656 121-3 268
600 1-5 18-9 0-681 123-5 266
0 6-10 63 0624 127-3 240
200 6-10 91 0-628 1272 251
400 6-10 10-5 0-623 121-5 243
600 6-10 131 0-625 124-0 250
seD and level of significance
NaCl 0-36*** 139 195 1-7*
Time 0-60*** 0-95%*+ 1-07* 204

NaCl x time 0-92* 1-93 2-46 33

SED, standard error of difference. * P < 0-05. *** P < 0-001.

supplementation (Table 3) reflects the rapid increase in shell damage observed on the
introduction of the NaCl to the drinking water (Fig. 1).

The incidence of damaged shells was reduced once the supplements of salt were excluded
from the drinking water during weeks 6-10. Nevertheless, the incidence was still
significantly (P < 0-001) higher than that of controls in all treatments. The mean (with
range, n 4) percentage of eggs showing shell damage during weeks 6-10 from birds
previously receiving 0, 200, 400 and 600 mg NaCl/l respectively were 6-3 (5:5-7-1), 91
(7-8-10-0), 10-5 (8-3-12-3) and 13-1 (11:5-14-6). Therefore improvements were much greater,

ssa.ld Assanun sbpuquied Ag suluo paysiiqnd 81.10/86 LNIG/6£01°01/b10"10p//:sdny


https://doi.org/10.1079/BJN19870118

https://doi.org/10.1079/BJN19870118 Published online by Cambridge University Press

1000 > d wax 100> d wx S0-0>d 5 "SOUSISYIP JO JO1ID PIBPUR]S ‘AdS

wxtPP-C L0 *x£ST1-0 £6-11 434 «L91 LL-O aum X [eN
**2 1671 *%xx561-0 =#2780-0 *%x9C9 861 *»£59-0 *xx8€-0 ELUAN
N T 4! #2610 *%£L90-0 *xxV 19 *x%(0-6C w08 90 [DEN
e SourOIUSIS JO [9A9] puUB aS
m I-9L ££-6 1189 Sie 0p61 1-S1 LYS 009
m 618 86:6 £ £ee §00¢ 16 £-6S 00v
~ L-98 $S-01 88-G tve 8L0C €9 9-6¢ 002
ﬁ 688 £8-01 £0-9 £ve 91T Ly L-SS 174 0
Vn.u. 6:LS 8L-9 (744 [¥43 Te0T I-€1 €19 009
. 19 8C-L 8y 1323 111¢C 0-01 9-19 00y
— 819 Or-L 3% 4 86¢ Ly0T €6 819 002
) SEL 8¢-8 8¢-¢ 88¢ 981C 19 0-29 01 0
“ANn £-6¥ 08-S 09-¢ (143 L6l §-0C 819 009
@ L-SS £6-9 80-% Sve 090T 051 S-19 00%
> £-S9 89-L SLvy 08¢ ¥ZIT e11 S-19 002
<« SpL LL-8 1349 Sov 80¢T 89 L-19 S 0
Z
> (gwo/Fu) (001 %) @ (wr) ® (s332 001/) @ (1eom) (1/3w)
nm BAaJR 0BJINS m 382 M [[2YS SSaUNOIY 8uans s|joys paSewe( m 889  juswaInseowW [D®eN Jo
. Hun/im [13ys M Jeys [1eYs Sunyea1q [PYS Jo suiy uouwrd(ddng
A
(07 y2om)

Avy wioaf 1534 paompur uv 421fp pup (O] Yaam) sjuawalddns [N Jo [paowdL 421fp s¥2am ¢ (¢ ¥2aM) 421D Supyurip fo uonpiuswajddns
apropyo> wnpos fo Yoam ouyf 3yp Jurnp siudwiinsvaw  Ajyonb-jjays-83a puv aSvwp-jjays-88a ‘yStom 88 uvapy "7 9qel

506


https://doi.org/10.1079/BJN19870118

Egg-shell quality and drinking water 507

Table 3. Linear regression equations relating shell damage and egg-shell-quality measure-
ments (Y) during the final 2 d of sodium chloride supplementation to the concentration
(mg/1) of NaCl in the drinking water (X)

Y = B(X)+4
Egg-shell B
measurement Statistical
) Mean SE A r significance
Shell damage (/100 0-022 0-0020 667 095 i
eggs)
Shell breaking strength —0-58 0-100 2283 —0-84 g
(g)
Shell thickness (xm) —587 0-850 442-4 —0-88 A
Shell wt (g) —0-003 0-0003 539 —093 ek
Shell wt (g): egg wt (g) —0-005 0-0008 875 —0-84 ¥
Shell wt/unit surface —0043 0-0051 7395 —091 s
area (mg/cm?)
a2 P < 0-001.

although the incidence of shell damage was still higher, in birds previously receiving the
higher concentrations of NaCl.

Even after an induced rest from lay on normal water the incidence of damaged egg shells
{week 20) was still 1-3- to 3-2-fold greater in birds which had received the NaCl supplements
in the drinking water during weeks 1-5 (Table 2). The rates of egg production (per bird day)
during week 20 were 0-713, 0-765, 0-769 and 0-753 at 600, 400, 200 and 0 g NaCl/!
respectively.

The significant (P < 0-001) increases in egg-shell damage during weeks 1-5 observed with
increasing NaCl supplementation of the drinking water were reflected in corresponding
significant (P < 0-001) reductions in various measures of egg-shell quality (Table 2). The
very highly significant (P < 0-001) relations between the various measures of egg-shell
quality and the NaCl concentration in the drinking water during the final 2 d of NaCl
supplementation are shown in Table 3.

In addition, all egg-shell-quality measurements were very highly significantly related to
the degree of shell damage, the respective correlation coefficients being for shell breaking
strength (—0-75), shell thickness (—0-88), shell weight (—0-90), shell weight:egg weight
(—0-84) and shell weight per unit surface area (—0-85). There was no significant relation
between egg weight and shell damage (r 0-11) or between egg weight and NaCl
concentration in the drinking water (r 0-03). During weeks 6-10, when birds received
normal water, the egg-quality measures were still significantly poorer that those of controls
on all treatments (Table 2). Similar trends were observed even after an induced rest from
lay (Table 2) by which time birds had been on normal water for 15 weeks. The increase in
shell weight which occurred after the rest from lay, combined with the reduced egg weight
which occurred at this time in response to the high ambient temperatures, influenced the
absolute shell weight:egg weight ratio and the shell weight per unit surface area values.

Food intake and egg production were not significantly affected by NaCl treatment
(Table 1). The consumption of drinking water was significantly (P < 0-05) influenced by
NaCl treatment but quantitative differences between treatments were small.
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DISCUSSION

It is generally recognized that about 6-8 % of all eggs produced by laying hens are
downgraded primarily because of shell damage (The Eggs Authority, 1978 ; Hamilton et al.
1979). Therefore, in the present study, the level of shell damage in eggs from the control
birds receiving no additional NaCl in the drinking water was within expected limits.

NaCl concentrations ranging from 0 to 600 mg/l were examined in the present work,
although underground sources of water used by poultry producers in Australia often con-
tain much higher concentrations of NaCl (E. E. Best, personal communication). Neverthe-
less, a significant linear relation was observed between the incidence of shell damage and
the NaCl concentration in the drinking water. Previous studies found that the incidence of
shell defects was approximately doubled by including NaCl in the drinking water for 6 weeks
at a concentration of 250 mg/l (Balnave & Scott, 1986). In the present 5 week study
a 3-fold increase in shell-damaged eggs was observed at a NaCl concentration of 600 mg/1.

The report of Austic (1984) suggests that Cl~ is the most likely factor responsible for the
effects noted in the present study but previous comparisons of NaCl, KCl and calcium
chloride supplements in drinking water question this supposition (Balnave & Scott, 1986).
Since Cl~ was added as the Na salt no change in the overall electrolyte balance, as defined
by Mongin & Sauveur (1977) and Mongin (1981), occurred which would have influenced
acid-base balance through an imbalanced intake of Cl~.

The increased shell damage resulting from NaCl supplementation of the drinking water
was associated with reductions in various measurements of shell quality. This contrasts
with previous observations (Balnave & Scott, 1986) where egg-quality measurements were
limited to normal eggs within a specific weight range. In the present study significant linear
relations were observed between various measurements of egg-shell quality and the NaCl
concentration in the drinking water.

Although the incidence of shell damage declined when birds were given normal drinking
water for 5 weeks it remained higher than control values and was proportional to the
concentration of NaCl originally added to the drinking water. As in earlier work (Balnave
& Scott, 1986) the improvement in shell quality which normally occurs after a rest from lay
was not evident in the NaCl-treated birds in the present study, although at the time of the
final egg-quality measurements the birds had been drinking normal water for 15 weeks.
This suggests that the NaCl intake from the drinking water was influencing Ca metabolism
in such a way as to affect permanently the ability of some birds to produce normal egg
shells. If so, the supply of NaCl-contaminated drinking water to young laying pullets, even
for short periods of time, could have long-term economic consequences for poultry
producers.

As with previous studies the increased incidence of shell damage was not related to
decreased food (i.e. Ca) intake or increased egg weight or production. As with the earlier
studies the intakes of Na™ and Cl~ from the drinking water were low compared with intakes
from the diet, ranging from 10 to 30% of the total intake with the 200 and 600 mg/1
supplements.

The present study was supported by the Poultry Research Council and the Poultry
Husbandry Research Foundation. Statistical advice was provided by Ms. A. C. Kirby,
Department of Agricultural Genetics and Biometry, University of Sydney
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