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ABSTRACT

The present experiment was conducted to study the effects of organic acids
(Ascorbic and Citric) on egg weight loss, hatching performance and embryonic
mortality in fertile eggs from Sinai hens.

Results showed that :

- Ascorbic acid (10gm/L) dipping treatment for 1 minute (AA1) significantly increased
hatchability percentage and significantly decreased all rates of embryonic mortality.

- Ascorbic acid (10 gm/L) dipping treatment for 2 minutes decreased significantly the
percentage of culled chicks.

- Citric acid (20 gm/L) dipping treatment for 2 minutes (CA4) had significantly the
highest averages of egg weight loss, albumen and amniotic fluid pH, culled chicks
also early and late embryonic mortality. while it decreased albumine height embryo
weight at the 14th day of incubation period and hatchability percentage.

- Citric acid (10gm/L) dipping treatment for 1 minute increased significantly embryo
weight at 14" day of incubation period.

- Distilled water dipping treatments increased significantly the rate of piped dead
embryos however, it decreased egg weight loss and albumin pH.

- Non-dipped eggs had significantly tha highest rates of albumin height, chick’s
weight at hatch and unhatched eggs with piped live embryos but recorded the
lowest value of aminiotic pH.

It is concluded that, dipping eggs in ascorbic acid solution at a concentration
of 10 gm /L for 1 minute increased significantly hatchability percentage and decreased
embryonic mortality.

EINTRODUCTION

The structure of hen's eggshell was studied during the incubation. The
main biological function of the eggshell in the domestic fowl is to provide an
environment in which a new chick can develop by allowing for adequate
movement of water vapour and respiratory gases (Tullett, 1978). On the
external surface of the shell there is a homogenous thin layer (the cuticle). It
remains changeless during the whole period of incubation (Doskocil et al.,
1985). The cuticle is placed on the shell by the hen, moments before the egg
is laid. It is a liquid protein coat that dries within minutes after lay. Cuticle is
usually deposited on hen’s egg to a depth of 0.005 to 0.010 mm. (Romanoff
and Romanoff, 1949).

The main part of shell is formed by long prisms with their long axis
oriented perpendicularly to the external surface of the shell. These prisms are
partially twisted round each other, similarly as in the case of the teeth
(Doskocil et al., 1985).

The eggshell is consists of an overlaying cuticle, a crystalline calcium
carbonate layer with tow underlying proteinaceous membranes (Taylor, 1970)
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and is penetrated by thousands of microscopic pores, which are essential for
the exchange of respiratory gases during incubation (Rhan and Paggnelli,
1979). The cuticle may bridge the pore openings or extend down into them to
form a plug (Board, 1982). This may cause a restriction on the exchange of
gases between the embryo and the air surrounding the eggs. The resistance
to this exchange of gases has been attributed to the shell proportion of
calcium carbonate, shell membranes and cuticle (Tullett.1978 and Rhan and
Paggnelli, 1979). Treatment of the shell with weak acids release carbon
dioxide (Romankewitsch, 1934), inhance the movement of water vapour,
change the buffering capacity of albumin and influence hatchability
percentage of eggs (Meuer and Baumann, 1988;Burely and Vadehra, 1989).
Moreover, albumin pH, embryonic mortality, culling chicks and chick’s weight
at hatch were also affected (Shafey, 2002). Ascorbic acid is a organic acid
and the ability of diluted acids to interact with the eggshell cuticle was
reported by (Burley and Vadehra, 1989). The aim of this study was to
determine the effect of dipping eggs in different dilution of organic acids
ascorbic and citric acids for different time on egg weight loss, albumin pH,
hatchability, hatching weight and embryonic mortality.

MATERIALS AND METHODS

The present study was carried out at Gemmizah Poultry Research
Station, Animal Production Research Institute, Agriculture Research center,
Ministry of Agriculture, Egypt. A total number of 1100 fertile, eggs were
obtained from Sinai local strain hens which were fed on a layer ration
containing (16 % crude protein, and 2730 kcal ME/ kg of diet). Birds were
reared under similar hygienic and environmental conditions. Ascorbic and
citric acid solutions were freshly prepared, dissolved in distilled water and
kept in sealed bottles and protected from light. Large glass beakers were
used for dipping eggs in dark room at room temperature.

A total number of 1100 fertile eggs (with approximately similar
weights 42.3 + 0.1 gm) were used in this study. Eggs were randomly divided
into eleven groups, 100 eggs each as follows: non-dipped control (CND);
water dipped (CWD) for 1 minute and 2 minutes (CWD1 and CWD2); 10gm
ascorbic acid /L for 1 minute and 2 minutes (AA1 and AA2); 20 gm ascorbic
acid/ L for 1 minute and 2 minutes (AA3 and AA4); 10 gm citric acid/ L for 1
minute and 2 minutes (CA1 and CA2); 20 gm citric acid /L for 1 minute and 2
minutes (CA3 and CA4), respectively.

Eggs were weighed individually, then immediately dipped into the
experimental solutions and allowed to dry at room temperature. After dipping
five eggs were randomly taken from each treatment to determine albumin pH
and height.

Eggs were set in a Reform, force-draft incubator and incubated at
37.6¢c° and 55% humidity until they were transferred to the hatchery 37.2c°
and 65% humidity) at the 19t day of incubation.

During the incubation period, eggs were examined by candling at the
6" and 12" days of incubation, where, infertile eggs and eggs containing
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dead embryos were removed. Early dead embryos were counted from 1 to 12
day of incubation. At the 14t day of incubation 5 eggs were randomly chosen
from each treatment for the determination of amniotic fluid pH and embryo
weight (the embryo separated from the yolk sac, blotted dry with tissue paper
and weighed to the nearest 0.01 gm), thereafter, at the morning of the 19t
day of incubation, eggs were weighed individually before transferring to the
hatchery, then egg weight loss was calculated as a percentage of the initial
egg weight.

At the morning of the 22" day of incubation, cull chicks, pipes
(unhatched eggs with live or dead chicks) and late dead embryos (unhatched
eggs with unbroken shell from the 12t to 22" day of incubation) were counte
and expressed as percentages from the fertile eggs. Hatchability was
calculated as the percentage of hatched chicks from the fertile eggs per
treatment. Culling of chicks was based on the general appearance of them,
where, the small, weak and chicks with rough feathers were culled.

Data collected were subjected to analysis of variance as one way
ANOVA, using the statistical analysis of (SPSS, ver 10,1997) and differences
between treatment means were tested using Duncan’s multiple range test
(Duncan, 1955).

RESULTS AND DISCUSSION

1- Egg weight loss , albumin pH and height:

Data presented in Table (1) showed that, dipping treatment in 20
gm/L CA for 2 minutes increased significantly egg weight loss (16.26%),
albumin pH (9.22) and decreased significantly albumin height (4.32 mm),
followed by those dipped in 20 gm/L of AA for 2 minutes (16.08%, 9.20 and
4.78 mm, respectively), while, the lowest egg weight loss value and albumin
pH were recorded by those of CWD2 and CWD1 (12.61 and 8.10, 12.60 and
8.10 ,respectively). CND treatment had the highest value of albumin height
(6.04 mm), followed by those of CWD1 ( 6.00 mm). In general, dipping eggs
with CA had the highest values of egg weight loss and albumin pH (15.51%
and 8.88, respectively), on the other hand, it decreased albumin height (5.32
mm) when compared to those dipped in AA or those of CWD.

The concentration of 20 gm/liter from both AA and CA acids increased
the rate of egg weight loss (15.93 %) and albumin pH (9.08), however it
decreased albumin height (4.97 mm) compared with those dipped in 10 gm /L
(14.98, 8.84 and 3.72 respectively).

Dipping period showed highly effect on egg weight loss, albumin pH
and height. Dipping period for 2 minutes increased egg weight loss and
albumin pH, while it decreased albumin height compared with those dipped
for 1 minute.

These results agreed with those of Shafey, (2002) who reported that
eggs dipped into 20 or 30 gm /L of ascorbic acid produced a greater increase
in egg shell conductance, higher albumin pH and decreased albumin height .
This may be attributed to the change in the cuticle properties obtained from
the action of citric and ascorbic acids, which affect the morphology of cuticle
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and produce a thinner cuticle, then, egg shell conductance will increased.
Increasing eggshell conductance will enhance the movement of water vapour
and carbon dioxide across the shell (Burley and vadehra, 1989). Increasing
gas exchange across the shell will reduce carbon dioxide and alter albumin
pH.

Table(1) : Means and standard error of egg weight loss, albumin hight
and pH for different experimental groups as affected by Ds,

C and DT
Trait .

Egg weight loss Albumin height Albumin pH
Treatment (%) (mm)
CND 1390' + 0.01 6.042 +0.02 8.38¢ +0.05
CwD1 12.60i £ 0.01 6.002 + 0.10 8.10® £0.05
CWD 12.61i £ 0.01 5.942b + 0.12 8.10°¢ £0.05
AAl 14.809 + 0.01 5.942b + 0,12 8.10°¢ £0.03
AA2 15.10f+ 0.01 5.64¢ + 0.05 8.509 +0.03
AA3 15.609+ 0.01 5.49% + 0.03 8.90°¢ +0.03
AA4 16.08 + 0.02 4.78% +0.06 9.202 +0.03
CAl 14.50" + 0.07 5.81° +0.03 8.50¢ +0.06
CA2 15.51® + 0.03 5.49% + 0.06 8.80° +0.03
CA3 15.78°+0.03 5.30¢ +0.03 9.00° +0.03
CA4 16.262 + 0.02 4,327+ 0.10 9.222 £0.10

a,b,c,... Means within columns with different superscripts are significantly different
(P<0.05)

2- Developing embryo:
2-1-Embryo weight % at 14 days of incubation (as a percent from egg
weight):

Data presented in Table (2) showed that, eggs that dipped in 10 gm /L
citric acid for 1 minute had the highest embryo weight % at the 14" day of
incubation period (23.42 %) when compared with other treatments or non —
dipped, control (22.45%). On the other hand, eggs that were dipped for 2
minutes in a solution of 20 gm /L citric acid or ascorbic acid recorded
significantly the lowest values for embryo weight (20.11 and 20.20%),
respectively. This may be attributed to the higher increases in egg shell
conductance of eggs dipped in 20 gm /L of citric or ascorbic acid which
caused great water loss during the incubation period. These results agreed
with those of Rhan and Paggnelli, (1980) who noted that, the rate of
embryonic growth is related to the rate of water loss during the incubation
period which.

Generally, eggs which were dipped in distilled water had the highest
relative value of embryo weight (22.67%)compared with those of eggs dipped
in either ascorbic or citric acids(21.37and21.13%respectively ).Embryo weight
percentage of eggs dipped in either ascorbic or citric acid at a concentration
of 10 gm /I were higher than for those dipped at 20 mg / L (22.19 vs 20.32% )
.Dipping eggs in either ascrobic or citric acid for 1 minute increased relative
weight of embryo (21.94 %) more than those dipped for 2 minutes (21.3 %).
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2-2- Amniotic fluid pH:

Data listed in Table (2) showed that, amniotic fluid pH recorded
significantly its lowest value in non- dipped, control eggs (6.7) when
compared with eggs of different treatments applied. On the other hand, the
highest value was recorded in eggs dipped in citric acid solution at a
concentration of 20 gm/L for 2 minutes (7.32) followed by those dipped in
ascorbic acid solution at a concentration of 20 gm/L for 1 or 2 minutes,
respectively ( 7.31 and 7.30 ).These results agreed with those of Hoyt (1979)
who found that embryos tolerated different rates of water loss from their eggs
during incubation by varying the amount of water absorbed from the allantoic
fluid. Eggs dipped in distilled water had the lowest value (6.82)of amniotic
fluid pH compared with those dipped in ascorbic acid (7.11) or citric (17.06)
solutions.

Table (2): Means and standard error for developing embryo and
hatching performance of different experimental groups as
affected by studied factors

Trait Developing embryo Hatching performance
Embryo weight| Amniotic | Hatchability | Hatching Culled
Treatment (%) fluid pH (%) weight (gm) | chicks (%)
CND 22.45°+0.06 [6.70° +0.03|83.54% + 0.16(33.722 + 0.06 | 2.40% + 0.03
CwD1 22.45°+0.04 [6.80° +0.10|85.90° + 0.49(31.22°+0.13| 3.32¢+ 0.03
CWD2 22.88°+ 0.05 |6.85°+0.02|85.89°+ 0.09|31.50° + 0.16| 2.40 + 0.03
AAL 22.88"+0.05 [6.85"°+0.02|91.20% + 0.09|31.50° + 0.16 | 1.00°¢ + 0.09
IAA2 21.929+0.07 |7.312+0.06|88.31° + 0.09(31.65°+ 0.13| 0.12' + 0.01
IAA3 20.50° + 0.07 [6.97" + 0.04|82.20° + 0.09 |30.46% + 0.29| 1.34"+ 0.01
AA4 20.20°+0.03 |7.30% +0.10|78.00" + 0.01|29.42° + 0.16| 3.18" + 0.01
CAl 23.422+0.02 |6.88 + 0.04|88.48" + 0.09|32.21° + 0.02 | 1.50° + 0.01
CA2 20.54°+0.04 [6.92° +0.10|84.06% + 0.01|32.12° + 0.12| 0.52" + 0.03
CA3 20.46° + 0.04 [7.10% + 0.04|79.529 + 0.09|30.14% + 0.05| 2.80° + 0.06
CA4 20.117+0.07 |7.32% +0.20| 71.64' + 0.09 [ 29.23° + 0.07| 4.322 + 0.01
a,b,c,... Means within columns with different superscripts are significantly different

(P<0.05)

3- Hatching performance:
3-1- Hatchability percentage:

Hatchability percentage reached significantly its highest value in eggs
dipped in 10 gm /L ascorbic acid solution for 1 minute (91.20 %) followed by
those dipped in citric acid at the same previous concentration and time (88.48
%), while the lowest value was recorded in eggs dipped in 20 gm /L citric acid
for 2 minutes (71.64 %) as shown in Table (2). These results agreement with
those reported by Shafey (2002) who noted that, eggs dipped in 10 gm/L
ascorbic acid for a period of 2 minutes improved hatchability percentage. He
added that, this might be created the best internal environment for the
embryo to hatch successfully. In average dipping substance had great effect
on hatchability percentage, where, eggs dipped in distilled water had the
highest percentage of hatchability (85.90%) followed by those dipped in
ascorbic acid (84.93%) then those dipped in citric acid ( 80.93 ).Also
hatchability percentage decreased when concentration of dipping solution or
dipping period decreased for 88.01 to 77.84 and 85.35 to 80.50 respectively .
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3-1- Hatching weight:

Data presented in Table (2) showed simply that, Non- dipped control
eggs had significantly the highest chick’s weight at hatch (33.72 gm) followed
by those hatched of eggs dipped in citric acid solution at a concentration of
10 gm/L for 1 or 2 minutes (32.21 and 32.12 gm, respectively) compared with
other treatments applied.

These results agreed with the fact that, the rate of embryonic growth is
related to the rate ( 31.87 vs 29.31 and 31.11 vs 30.79 ) of water loss from
the incubated egg (Rahn and Paggnelli, 1980). Shafey (2002) reported also
that, the larger increases in eggshell conductance of eggs dipped in 20 or 30-
gm/L ascorbic acid caused greater water loss during incubation.

3-2- Culled chicks:

Eggs dipped in 10 gm /L ascorbic or citric acid for 2 minutes had
significantly the lowest culled chicks percentages (0.12 and 0.52 9%,
respectively) compared with other dipping treatments. However, dipping eggs
in 20 gm /L citric acid for 2 minutes had significantly the highest value of
culled chicks percentage (4.32%). It was obviously clear from these results
that, culled chicks rate was increased by the increasing of solution
concentration . In average ascorbic acid dipping treatment recorded the
lowest value of culled chick’s percentage when compared with those dipping
in eiter citric acid ( 2.14 ) or distilled water ( 2.36 ). Also the concentration of
10 gm /L decreased the percentage of culled chicks ( 1.14 ) when compared
with 20 gm / L ( 2.19 ). On the other hand, culled chicks percentage
decreased from 2.36 to 1.80 when dipping period decreased from 2 to 1
minute .

4- Embryonic mortality (%):
4-1- Early dead embryos:

Data presented in Table (3) showed that, eggs dipped in 10 gm/L
ascorbic acid for 1 minute significantly decreased early dead embryos (2.97
%) when compared with other dipping treatments or non-dipped control. This
may be due to an increase in albumin pH and a reduction in albumin height.
These changes in albumin might be due to the increase eggshell
conductance of eggs and consequently the carbon dioxide from the egg, as
the increase in liquefaction of albumin reduces the barrier to gaseous
diffusion imposed by albumin. The absence of albumin liquefaction may
increase the possibility of early embryonic mortality (Meuer and Baumann,
1988) Generaly citric acid dipping treatment had the highest percentage of
early dead embryo (4.97 %) compared with ascorbic acid treatment ( 4.87% )
or distilled water-dipping treatment (4.73 %).Also the percentage of early
dead embryo was increased by the increasing either concentration or dipping
period ( from 3.51 to 6.33 and 4.60 to 5.24 respectivly ) .

4-2- Late dead embryos:

Eggs dipped in 20 gm /L citric acid for 2 minutes recorded significantly the
highest percentage of late dead embryos (16.38 %),Table ( 3) . Dipping eggs
in 10 gm /L ascorbic or citric acid for 1 minute and distilled water for 2 or 1
minute decreased significantly late dead embryos (3.46,3.48, 3.50 sand 3.70
%, respectively). These results agreement with those reported by Davis and
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Ackerman (1987) and Shafey (2002) who stated that, the rate of water loss
from eggs treated with 20 or 30 gm ascorbic acid/L may have been increased
above the optimum range of water loss required for the growth and survival of
the embryo at the late stage of incubation. In general distilled water dipping
treatment had the lowest late dead embryo percentage ( 3.60 ) concentraed
with other dipping treatments ( 6.91 ) for AA and 9.21 for CH . It is obviously
clear that, late dead embryos percentage was affected positively with solution
concentration or dipping period. It increased from 4.15 to 4.61 and from 6.10
to 10.02 by increasing solution concentration and dipping period respectively.

4-3- Pipes with dead or live embryos:

Data listed in Table (3) showed that, eggs dipped in 10 gm /L ascorbic

acid for 1 minute decreased the percentages of pipes with dead and live
embryos (1.69 and 0.68 %, respectively) when compared with other dipping
treatments or non-dipped, control .
Generally, ascorbic acid dipping treatment had the lowest percentages of
pipes with dead and live embryos ( 2.84 and 0.80 respectively ) when
compared with other dipping treatments. Concentration of 10 gm /Limproved
percentage of pipes with dead and live embryos from 3.22 to 2.65% and from
1.34 to 0.99 % respectively . Also dipping period for 1 minute improved the
two studied traits from 3.23 to 2.64 % and from 1.35 to 0.98 % respectively .

Table (3): Means and standard error for embryonic mortality (%) of
different experimental groups as affected by studied

factors
Trait Embryonic mortality (%)
Early dead | Late dead Pipes with |Pipes with live
Treatment embryos embryos |dead embryos| embryos
CND 5.52¢+0.03|5.077+0.20 | 2.45°+0.11 | 3.422+0.10
CwD1 4.957+0.01 | 3.70'+0.10 | 3.532+0.30 | 1.92°+0.10
CwWD2 4519+0.06(3.50/+0.01| 3.37°+0.01 | 2.73*+0.01
AAL 2.971+0.06|3.461+0.01| 1.69°+0.01 0.687+0.01
AA2 3.82"+0.06(3.92"+0.01| 3.232+0.01 0.72f+0.01
AA3 6.15°+0.01 | 7.659+0.01| 3.222+0.03 0.78"+0.01
AA4 6.53°+0.01[2.60°+0.01 | 3.232+0.03 | 1.00°+0.01
CAl 3.45 +0.06 | 3.481+0.01 | 2.45°+0.03 0.78"+ 0.07
CA2 3.78"+0.03|7.185+0.01| 3.222+0.03 | 1.769+0.01
CA3 5.839+0.069.80°+0.02 | 3.192+0.03 | 1.66%+0.01
CA4 6.812+ 0.06 |6.382+0.02 | 3.258+0.01 | 1.92°+0.01
a,b,c,... Means within columns with different superscripts are significantly different
(P<0.05)
REFERENCES
Board, R. G. (1982) Properties of avian eggshell and their adaptive

value.Biological Reviews,57:1-28.
Burley,R.W, and D.V.Vadehra (1989) The eggshell and shell membranes :

properties and synthesis , in: Burley,R.W, and Vadehra,D.V.(Eds) The

avian Egg . Chemistry and Biology,PP.25-64 (New York,John Wiley) .

8117




Samak, H.R. and R.M. Mahmoud

Davis, T.A. and R.A. Ackerman (1987) Effects of increased water loss on
growth and water content of the chick embryo. Journal f Experimntal
Zoology (Supplement),1:357-364.

Doskocil M, J. Blazek; P. Nemcova and B. Starkova (1985) Structure of
the hen's egg shell and its changes during incubation. A scanning
electron microscope study. Anat Anz. ;159 (1 -5): 117-126.

Duncan ,D.B.(1955) Multiple rang and multiple F test. Biometrics,33:1-42.

Hoyt,P.F. (1979) Osmoregulation by avian embryos :the allantois function like
a toad's bladder. Physiology Zool.,25: 354-362.

Meuer, H. J. and R. Baumann, ( 1988) Oxygen pressure in intra and extra-
embryonic blood vessels of early chick embryos. Respiration
Physiology, 71:331-342.

Rhan, H. and C.V. Paganelli ( 1979) How bird eggs breathe. Scientific
American,240 (2): 46-55.

Rhan, H. and C.V. Paganelli (1980) Gas exchange of avian egg: time,
structure and function. American Zoologist,20:477-484.

Romanoff, A. L. and A. J. Romanoff ( 1949) Structure, in: Romanoff,A.L. and
Romanoff,A.J.(Eds)The Avian Egg, PP.113-174(New York,John Wiley).

Romankewitsch, N. A. (1934) Z. Zellforsch. U. mikroscop. Anat., 21: 110-118
(171, 172).

Shafey, T. M. ( 2002) Eggshell conductance, embryonic growth, hatchability
and embryonic mortality of broiler breeder eggs dipped into ascorbic
acid solution. British Poultry Science,43:135-140. SPSS for windows,
Release 8.00 (22 Dec.1997).SPSS inc.,1989.

Taylor, T. G.(1970) How an eggshell is made. Scientific American,222:88-95.

o Al a8 4S8N 405 Ao ol i) o) dlay oSl e Jgdaa il
sl AD (a4

S Agana s sl Cllay g daw (pal G alda

wraa =5l e 50 Ggall 38 pa - gaadl LYY &y agaa

O b 2l Jane Ao (il 5 el )5Sl (aea) Gy sandl (mlaal) i Al Canl) 13 (5 5ol

-1 S ) i€ i) (3l 5 il A 5 Al

L e ssine il ST ARR B SAN /ol pn )0 3 i ol ) KLY (mes Jslae (8 i) Aldlas s -
Lt il 35l Jane (nidd) LS i)

A B (g sme A Ay Baal AN /ol e Ve 5SS ol ) Sl Jslae (B elly CBlladll il -
. Bazsiuall CauSUSH)

O O 28l Jaxe 335 (8 5 sima il OB saa) i/ ploa Yo 5850 ol sl (asa Jslas b peall IS -
gLl (3 s sina alini) 5 sial) Bl 5 (e sl (e DS Cim s pasedl G5l oS3 An 0 5 i)
ol a5 gl G e wl V) die Gl 555 e sl

ol AV ()58 (B s sie A ARE SRl 5 [l Ve S S el il (aes slae (8 peall S -
) oGl ge e @l N

005 e 28 e o JS Ly sine iai] Lain Al 5 80 L) 53 anll Jae eb jhiadl clall (8 perdl das -
ol G gl 38 s A

G Gl 5l (andl aae 5 Al S ()55 e sl E a1 8 ) e U sine Jelae i) ) Jas -
weiaia¥) DIl (8 Con s phal) Gl S i A o i) Laiy dom 580 Qi) (g 5

Losina ool A saal yilll /ol pa) o 58 i el sl (e Jslae (& panll jae o) ) Al cuals 6
a3 g8l Jama (bl il Ao 30y I

8118



J. Agric. Sci. Mansoura Univ., 32 (10), October, 2007

8119



