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Abstract: This study was conducted to determine effects of dietary NaHCO  supplementation on egg3

production and egg quality during the late laying period. Hisex Brown layers, 54 wks of age, were blocked
according to the cage location and then assigned randomly to receive one of four diets containing 0, 0.1, 0.2,
or 0.4% NaHCO  for 75 d. Each diet was replicated in 6 groups; each consisting of 2 cages containing 103

hens. Feed intake (FI) and egg production (EP) were recorded daily and egg weight (EW) was measured bi-
weekly. A sample of 12 eggs from each group were collected randomly every 25 d for specific gravity (SG),
shape index (SI), shell stiffness (SS), shell thickness (ST), yolk color (YC), albumen index (AI), yolk index (YI)
and Haugh unit (HU). The mortality rate (MR) and feed conversion ratio (FCR) were lower, whereas FI, EP
and EW were greater for hens fed the experimental diets than those for hens fed the control diet. Moreover,
increasing NaHCO  level linearly decreased MR and FCR, linearly increased EP and EW and quadratically3

increased FI. Specific gravity and YI for hens fed the experimental diets were lower than for fed the control
diet. The diets did not affect SI, SS, ST, YC, AI and HU. However, SG and YI decreased linearly and AI
increased linearly with increasing NaHCO  level. In conclusion, increasing sodium bicarbonate level3

positively affected laying performance and altered inner egg quality, but did not improve shell quality, during
the late laying period in hens.
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Introduction
Egg production rate decreases and egg weight
increases as age advances (Al Bustany and Elwinger,
1987; Summers and Leeson, 1983). Egg quality and
composition also change in accordance with level of
production and age of layer. As age advances,
proportion of yolk increases, whereas proportions of
albumen and shell thickness decrease (Akbar et al.,
1983; Fletcher et al., 1983). Despite no difference in feed
conversion ratio, hens laying eggs with heavy shell
weight have greater egg weight, shell weight and
specific gravity than hens laying eggs with light shell
weight (Abdullah et al., 1994). The frequency of defective
eggs may increase from 7 to 11% during laying,
collecting and packaging phases of egg production.
Both shell thickness and shell stiffness decrease as
age advances (Carnarius et al., 1996; De Ketelaere et
al., 2002) because increased demand for Ca deposition
to construct eggshell may be compromised (Roland,
1979; 1980)
Elucidation of biochemical and physiological changes
occurring during a laying cycle has been focus of
numerous studies. Although Ca and P are two major
macro-minerals involving bone formation (Frost and
Roland, 1991), strength or weakness of eggshell is
more directly related to carbonic anhydrase activity than
Ca -ATPase and calcium-binding protein in shell gland+2

(Balnave et al., 1992) and serum Ca concentration
(Lennards et al., 1981). During shell formation, plasma
lactate and pyruvate concentrations and pCO  increase2

sharply; minor changes occur in HCO  concentration,3
-

blood gases and osmolality; Na and Cl concentrations
decrease; and K, Ca, Mg and glucose concentrations
increase in the uterine fluid (Arad et al., 1989).
Meanwhile, HCO  secreting cells localize towards3

-

luminal side, whereas HCl secreting cells localize
towards serosal side (Mongin and Carter, 1977). Hens
laying shell-less eggs were shown to be hypoxic and
hypocapnia and have an increased plasma HCO3

-

concentration from renal sources, not from eggshell
during shell formation (Rowlett and Simkiss, 1989). In a
radioisotope study, Cipera (1980) showed that the
highest C activity in shell, albumen and yolk occurred14

1, 2 and 4 days after injection of radiolabelled Ca.
Moreover, carbonate caused the highest Ca activity in14

shell, amino acids (glycine and leucine) in albumen and
glucose and palmitate in yolk, respectively.
In addition to supplementation of macro- and micro-
minerals, salt and vitamin D, alteration of acid-base
balance by supplementing NaHCO  (Balnave and3

Muheereza, 1997; Davison and Wideman, 1992; Grizzle
et al., 1992) are current approaches for improving laying
performance and egg quality. In case of alkalosis,
decreased concentration of serum ionized Ca
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concentration negatively affects shell formation (Odom randomized block design. One-way ANOVA was
et al., 1986). Also, lower solubility of dietary Ca and conducted using the Mixed Procedure (SAS, 1998) as
slower rate of passage limit the formation of eggshell repeated measures with time being subplot. The linear
(Gordon and Roland, 1997). Skeletal and urinary Ca model to test the effects of the experimental diets on
metabolism does not affect eggshell quality (Buss et al., laying performance and egg quality parameters was as
1980; Buss and Guyer, 1984). Although the effects of follows:
NaHCO  supplementation on acid-base status and Y  = µ + B  + TRT + T  + Error A + (TRT*t)  + Error B3

laying performance during the peak production period where Y  = response variable, µ = population mean, B
have been investigated intensively in layers, data on its = block (i = 1 cage at lower level by corridor side to 6
impact during the late laying period are limited. The cage at upper level by window side), TRT = experimental
objective of this study was to investigate the effects of diet (j = 0 to 4th level of supplemental NaHCO ), T  =
increasing level of dietary NaHCO  supplementation on time (k = d or wk relative to initiation of the experiment),3

egg production and egg quality parameters of hens Error A = whole plot error, (TRT*t)  = experimental diet j
during the late laying period. and time k interaction and Error B = subplot error.

Materials and Methods
Animal, diet and management: The Research Animal
Ethic Committee of Atatürk University approved this
experimental protocol. Two hundreds and forty Hisex
Brown layers at age of 54 weeks with uniformity of 94%
(the number of hens weighing between 0.9-1.1% of the
mean body weight) were selected from the University
Research Farm. Hens were blocked according to the
location of cages (50x46x46 cm) and then assigned
randomly to receives one of four isocaloric and
isonitrogenous experimental diets containing 0, 0.1, 0.2,
or 0.4% NaHCO . Each treatment was replicated in 63

groups; each consisting of 2 cages containing 10 hens.
The basal diet (Table 1) was formulated to meet or
exceed the NRC recommendations (NRC, 1994). In the
experimental groups, NaHCO  was included to the basal3

diet at expense of wheat bran. During the experiment (75
d), hens were fed ad libitum once daily at 07:30 hours
and water was available all the times. Hen house was
lit for 17 hours.

Sample collection and analytical procedure: Monthly
composites of feed samples were analyzed for DM, CP,
NDF, CF and ash contents (AOAC, 1990). Metabolizable
energy, Ca and P contents of the diets were calculated
from tabular values of feedstuffs for chickens reported by
Jurgens (1996). Feed intake and egg production were
recorded daily. Before determination of egg weight, a Results and Discussion
sample of eggs collected bi-weekly were stored for 24 Laying performance: The mean mortality rate was lower
hours   in  room  temperature. Feed conversion ratio was for hens supplemented with NaHCO  than for hens not
expressed as kilogram of feed intake per kilogram of supplemented with NaHCO  (0.54 vs. 1.14%, P < 0.006;
egg production. A sample of 12 eggs were randomly Table 2). A decrease in the mortality rate was a linear
collected from each experimental group every 25 days to fashion (P < 0.01) and tended to be a quadratic fashion
assess egg quality parameters (Ergün et al., 1987). Egg (P < 0.08) with increasing level of dietary NaHCO
quality parameters were specific gravity, shape index, supplementation (Table 2). Deaths began to occur 1
shell stiffness, shell thickness, albumen index, yolk month after initiation of the experiment and causes for
index, yolk color (Yolk Colour Fan, the CIE standard deaths were not related to infectious diseases. While
calorimetric system, F. Hoffman-La Roche Ltd., Basel, the mortality rate for hens not supplemented with
Switzerland) and Haugh unit. NaHCO  was increasing continuously, that for hens

Statistics: This experiment was arranged in a complete the experiment continued (treatment by time interaction

ijk    i  j  k     jk

ijk        i

j

3  k

jk

Moreover, orthogonal and polynomial contrasts were
constructed to compare the mean response variables
for hens not supplemented with NaHCO  versus hens3

supplemented with NaHCO  and determine the nature3

of response variables to increasing level of dietary
NaHCO  supplementation, respectively. Also, Pearson’s3

Correlation coefficients among response variables were
determined using the  Corr Procedure. The effects of the
experimental diets on response variables and
correlations among response variables were
considered to be significant when probability was equal
to or less than 0.05 and tendency towards significance
when probability was between 0.05 and 0.10,
respectively.
Due to a possibility of differences in airflow and light
intensity in the hen house, the linear model included the
block effect to eliminate the confounding effect of the
location of hens (cages at upper or lower level and/or by
window or corridor side) on response variables.
Although there was no effect of block factor on any
response variables measured, the block factor was not
removed from the linear model. However, treatment by
interaction term was dropped from the linear model
when probability of significance was greater than 0.25.
Therefore, unless mentioned below there was no
treatment by time interaction effect on laying
performance and egg quality variables.

3

3

3

3

supplemented with NaHCO  remained unchanged as3



Yörük et al.: Sodium Bicarbonate for Late Laying Hens

274

Table 1: Ingredient and chemical composition of the basal diet
Item Level, % Nutrient Level
Corn 45.00 Dry matter (DM), % 89.10
Soybean meal, 44% CP 21.00 ME, Kcal/kg DM 2530.005

Wheat 7.00 --% of DM--
Barley 3.05 Crude protein 15.59
Wheat bran 9.50 Neutral detergent fiber 30.31
Molasses 2.00 Nitrogen-free extract 37.006

Sunflower oil 1.00 Ether extract 3.57
Limestone 9.50 Ash 13.53
Salt 0.30 Ca 3.865

Lysine 0.10 P 0.615

Methionine 0.10
Dicalcium phosphate 1.001

Vitamin-Mineral premix 0.352

Antioxidant 0.103

NaHCO ---3
4

Per kg contains: Ca, 24% and P, 17.5%.1

Per kg contains: Vitamin A, 15.000 IU; cholecalciferol, 1500 ICU, vitamin E (dl-"-tocopheryl acetate), 30 IU;2

menadione, 5.0 mg; thiamine, 3.0 mg; riboflavin, 6.0 mg; niacin, 20.0 mg; panthotenic acid, 8.0 mg; pyridoxine, 5.0
mg; folic acid, 1.0 mg; vitamin B , 15 mcg; Mn, 80.0 mg; Zn, 60.0 mg; Fe, 30.0 mg; Cu, 5.0 mg; I, 2.0 mg; and Se, 0.1512

mg.
Ethoxyquin. 3

Obtained from Mersin Soda Sanayii, Mersin 33200, Turkey.4

Calculated from tabular values of feedstuffs for chickens (Jurgens, 1996).5

Nitrogen-free extract = 100 - (crude protein + neutral detergent fiber + ether extract + ash).6

Table 2: The effects of NaHCO  supplementation on production parameters of hens during the late laying period3

Level of NaHCO  Supplementation, % Statistical Contrast, P > F3
1

--------------------------------------------------------- ---------------------------------------
Parameter 0 0.1 0.2 0.4 SEM M L Q
Mortality, % 1.14 0.77 0.27 0.58 0.29 0.006 0.01 0.082,3

Feed intake, g 123.88 131.18 127.47 128.39 1.77 0.01 0.22 0.072

Egg production, % 63.73 66.68 68.47 69.38 1.39 0.007 0.003 0.472

Egg weight, g 66.69 69.04 67.68 68.64 0.60 0.01 0.10 0.255

FCR 2.97 2.89 2.78 2.75 0.08 0.07 0.03 0.765

Statistical contrast: M = effect of supplemental NaHCO , contrasting hens not supplemented with NaHCO  versus1
3       3

hens supplemented with NaHCO ; L = linear effect of increasing level of NaHCO  supplementation; Q = quadratic3          3

effect of increasing level of NaHCO  supplementation.3

Time effect (P < 0.0001).2

Treatment by time interaction effect (P < 0.02).3

Time effect (P < 0.004)4

FCR = feed conversion ratio (kg feed/kg egg).5

effect, P < 0.02). Average mortality rate was fluctuated as Na concentration, urine pH, urinary Na excretion and
the experiment progressed and it was 0.09, 0.11, 1.89, decreased glomerular filtration rate (Davison and
0.94 and 1.17% on d 15, 30, 45, 60 and 75 relative to Wideman, 1992). Thus, decreased egg production and
initiation of the experiment, respectively (time effect, P < increased mortality in response to a high level of
0.0001). In disagreement with this study, Hayat et al. NaHCO  supplementation are attributed to dehydration.
(1999) supplemented broiler chicks 8 and 10g NaHCO Junqueira et al. (1984) showed that high level of3

via drinking water and reported a linear increase in supplemental NaHCO  (1.6%) adversely affected egg
mortality rate, but no adverse effect noted when NaHCO production, egg quality and the mortality rate and3

was supplemented via feed. Excessive NaHCO increased blood pH, base excess, HCO  and total CO .3

supplementation in layers is associated with occurrence In this study, although change in the mortality rate was
of metabolic alkalosis, which is metabolically statistically significant, it was within range of the breeder
characterized by increased water consumption, plasma booklet.

3

3

3    2
-
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Table 3: The effects of NaHCO  supplementation on egg quality parameters of hens during the late laying period3

Level of NaHCO  Supplementation, % Statistical Contrast, P > F3
1

-------------------------------------------------------- -----------------------------------------
Parameter 0 0.1 0.2 0.4 SEM M L Q
Specific gravity, g/l 1.075 1.076 1.007 1.008 0.001 0.0001 0.0001 0.67
Shape Index, % 77.92 77.36 77.49 77.36 0.41 0.28 0.40 0.60
Shell Stiffness, kg/cm 1.17 1.15 1.29 1.21 0.12 0.76 0.64 0.792

Shell thickness, mm 0.367 0.376 0.351 0.369 0.006 0.81 0.44 0.43
Albumen index, % 7.74 6.81 9.21 7.87 0.03 0.63 0.04 0.492,3

Yolk index, % 43.21 43.26 37.21 42.33 0.54 0.03 0.0001 0.00012,3

Yolk color 9.56 9.58 9.61 9.41 0.18 0.89 0.60 0.53
Haugh unit 78.98 73.69 80.64 79.46 1.32 0.49 0.15 0.124,5

Statistical contrast: M = effect of supplemental NaHCO , contrasting hens not supplemented with NaHCO  versus1
3       3

hens supplemented with NaHCO ; L = linear effect of increasing level of NaHCO  supplementation; Q = quadratic3          3

effect of increasing level of NaHCO  supplementation.3

Time effect (P < 0.0001).2

Treatment by time interaction effect (P < 0.0001).3

Time effect (P < 0.001).4

Treatment by time interaction effect (P < 0.10).5

Hens supplemented with NaHCO  consumed greater caused higher egg production in comparing with Na3

amount of feed than hens not supplemented with provided as NaCl (1.4%). However, Makled and Charles
NaHCO  (129.0 vs. 123.9g, P < 0.01) and feed (1987) reported that 0.5% NaHCO  supplementation for3

consumption tended to increase quadratically with 16 wks did not affect egg production and feed
increasing level of dietary NaHCO  supplementation (P conversion ratio during the peak period. No change in3

< 0.07) (Table 2). There was a variation in feed intake egg production was also reported in hens
during the experimental period (P < 0.0001) and average supplemented with 1% NaHCO  during the peak period
feed intake was 119.6, 119.9, 126.9, 144.1 and 128.1g (Balnave and Muheereza, 1997; Grizzle et al., 1992).
on d 15, 30, 45, 60 and 75 relative to initiation of the Eggs produced by hens supplemented with NaHCO
experiment, respectively. Contrasting with the current were heavier than eggs produced by hens not
study, other studies (Balnave and Muheereza, 1997; supplemented with NaHCO  (67.5 vs. 66.7g, P < 0.01;
Grizzle  et  al.,  1992)  reported  that  1% NaHCO Table 2) and egg weight tended to increase linearly with3

supplementation  did  not  change  feed intake in peak increasing level of dietary NaHCO  supplementation (P
producing layers. However, Fuentes et al. (1998) < 0.10; Table 2). Average egg weight fluctuated by time
supplemented guinea fowls during the late stage of (P < 0.004) and it was 68.8, 69.6, 68.0, 66.0 and 67.6g
growing period (from 56 to 84 d of age) with increasing on d 15, 30, 45, 60 and 75 relative to initiation of the
levels of NaHCO  from 0.6 to 2.4% and reported no experiment, respectively. Egg mass was reported to not3

changes in feed intake, feed conversion ratio, mortality change in peak producing hens reared under high
rate and blood pH. ambient temperature when 1.0% NaHCO
Hens supplemented with NaHCO  produced more egg supplemented (Balnave and Muheereza, 1997).3

than hens not supplemented with NaHCO  (68.2 vs. Feed conversion ratio (kg feed consumed per kg egg3

63.7%, P < 0.007) and egg production increased linearly produced) for hens supplemented with NaHCO  tended
with increasing level of supplemental NaHCO  (P < to be lower than hens not supplemented with NaHCO3

0.003; Table 2). Average egg production also changed (2.81 vs. 2.97, P < 0.07) and feed conversion ratio
as the experiment progressed (P < 0.0001) and it was decreased linearly with increasing level of dietary
60.8, 64.0, 71.1, 69.0 and 70.4% on d 15, 30, 45, 60 and NaHCO  supplementation (P < 0.03) (Table 2). Feed
75 relative to initiation of the experiment, respectively. conversion ratio also changed as the experiment
The effect of NaHCO  supplementation on egg advanced (P < 0.0001) and it was 2.89, 2.74, 2.64, 3.253

production appears to be related to level of and 2.73 on day 15, 20, 45, 60 and 75 relative to initiation
supplementation. El-Gammal and Makled (1977) of the experiment, respectively. The effects of NaHCO
showed that replacing NaCl (0.67%) with NaHCO  (1%) supplementation on feed intake change depending3

increased egg production by 6%, whereas increasing upon the means of delivery and the sources of Na. Hayat
NaHCO  from 1 to 2% decreased egg production by 9%. et al. (1999) supplemented broiler chicks with 2, 8 and3

Also, shell calcium content tended to increase with 10g NaHCO  per liter of drinking water. Increasing level
increasing level of NaHCO  supplementation. Choi and of supplemental NaHCO  via drinking water, but not3

Han (1983) reported that Na provided as NaHCO  (1.5%) feed,   improved   feed   conversion   ratio.   This   result3

3

3

3

3

3

3

3

3

3

3

3

3



Yörük et al.: Sodium Bicarbonate for Late Laying Hens

276

Fig. 1: Effect of NaHCO  supplementation on albumen supplementation linearly decreased specific gravity (P <3

index 0.0001) (Table 3). In a multifactorial arrangement of

Fig. 2: Effect of NaHCO  supplementation on yolk and 6.9% on d 25, 50 and 75 relative to initiation of the3

index experiment (P < 0.0001). Lesson and Caston (1997) fed

Fig. 3: Effect of NaHCO  supplementation on Haugh experimental diets by time interaction on albumen index3

unit. (P < 0.0001; Fig. 1) and yolk index (P < 0.0001; Fig. 2). As

was also more pronounced when chicks were responded differently to supplemental NaHCO .
supplemented with NaHCO  than they were3

supplemented with KHCO , suggesting that sources of3

bicarbonate affect blood acid-base balance and plasma
electrolyte concentrations.

Egg quality: There were neither orthogonal nor
polynomial effects of increasing level of NaHCO3

supplementation on shape index (77.5%), shell stiffness
(1.21 kg/cm ), shell thickness (0.37 mm), yolk color2

(9.54%) and Haugh unit (78.2) (Table 3). Makled and El-
Gammal (1997) replaced NaCl with NaHCO  and3

increased level of supplemental NaHCO  and reported3

that results were inconsistently improved egg quality in
different breed of pullets. The authors concluded that 1%
supplemental NaHCO  improved eggshell and internal3

qualities in the Rhode Island Red, but not in the AR

Egypt. However, in other study by Ferguson et al. (1974),
it was shown that supplementation of NaHCO3

increased Ca retention in legs and increased bone
strength in layers. Improvements in eggshell thickness
and stiffness in hens supplemented with 0.5% (Makled
and Charles, 1987) and 1% NaHCO  (Balnave and3

Muheereza, 1997) were also reported. Specific gravity for
hens supplemented with NaHCO  was lower than for3

hens not supplemented with NaHCO  (1.030 vs. 1.0753

g/l, P < 0.0001) and increasing level of dietary NaHCO3

treatments, Grizzle et al. (1992) reported that 1%
NaHCO  supplementation did not alter specific gravity of3

eggs in hens provided three different types of lightening
program and fed four different sources of Ca. No change
in specific gravity was also reported in peak producing
hens supplemented with 0.5% NaHCO  (Makled and3

Charles, 1987). 
Although there was no main effect of NaHCO ,3

increasing level of dietary NaHCO  supplementation3

linearly increased albumen index (P < 0.04; Table 3).
Albumen index was affected by time and it was 7.6, 9.2

hens diet containing acid-base balance of 150, 200, 250
and 300 mEq/kg and reported no effect on albumen
height and thickness. Yolk index for hens supplemented
with NaHCO  was lower than for those not3

supplemented with NaHCO  (40.9 vs. 43.2%, P < 0.03)3

and it decreased both linearly (P < 0.0001) and
quadratically (P < 0.0001) with increasing level of dietary
NaHCO  supplementation (Table 3). Yolk index was also3

affected by time (P < 0.0001) and it was 42.7, 38.8 and
43.0% on d 25, 50 and 75 relative to initiation of the
experiment. Moreover, there were significant effects of

feeding trial progressed, albumen index and yolk index

3

Negative correlation between albumen index and yolk
index (r = -0.41, P < 0.0001) was in agreement with
opposite response to treatment by time interaction effect.
Haugh unit tended to respond to supplemental NaHCO3

over time in a similar fashion to albumen index (P <
0.10; Fig. 3). Haugh unit was positively correlated with
albumen index (r = 0.86, P < 0.0001). This is not
surprising because structure of albumen, one of major
determinants for internal quality, is related to Haugh unit
(Eisen et al., 1962). Haugh unit also fluctuated over time
and was it 79.0, 81.3 and 75.0 on d 25, 50 and 75
relative to initiation of the experiment (P < 0.001).
In conclusion, during the late laying period, the effects of
increasing level of NaHCO  supplementation on egg3

production and egg quality parameters were
investigated in this study. Increasing level of dietary
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NaHCO  supplementation from 0 to 0.4% linearly Davison, S. and R.F. Wideman, 1992. Excess sodium3

decreased mortality rate and feed conversion efficiency
and linearly increased feed intake and egg production.
However, its effects on egg quality parameters were
variable. Supplementation of NaHCO  may prolong3

persistency of maintaining a profitable egg production
during the late laying period.
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