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The Distribution of some Amino Acids in Hen’s
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A STUDY of the distribution of 17 amino acids has been car-
ried out on the white and yolk during imcubation of the hen’s.
egg using ome-dimensional paper chromatography, A modified
paper chromatographic method was described to separafe 10
amino acids as well defined spots without overlapping in =
reasonable time. Between the Srd and 17th day of incubsation
most of the amino acids approximately accumulated in the
embryo at the same rate. For the first 10 days of incubation,
the yolk was the sole source of amino acids for the embryo.
Whilst from the 10th wntil the 17th day the white supplied the
major portion of amino acids needed by the embryo,

The bird’s egg contains most of the varied materials of life in
amounts that are sufficient to ensure the growth and development
of the embryo. For instance, Davidorich and Fermandez (1960)
mentioned that the whites and yolks of eggs contained all of the

essential amino acids. Alse, Marchetti (1852) and Evans ef al.
(1945) found the same results.

Several investigators have studied the change in the amounts
of some amino acids during incubation of the hen eggs. For in-
stance, Cedrangolo ef al. (1953) have studied the relation be-
tween proline, hydroxyproline, arginine and glutamic acids
during incubation. Also, Grau (1947) noted that the percentage
cf the amino acids in the yolk protein remains unchanged during
the development. On the other hand, Calvery (1932) found that
the tyrosine content of the embryo protein decreased with age
while that in the yolk and white remained constant during egg
incubation. The results of Abderhalden and Kempe (1967) indicat-
ed_ that the amounts of glutamic and glycine remained constant
throughout the incubation period. An interesting study was done
by Rupe and Farmer (1955) on the distribution of 14 amino acids
on the white, yolk and embryo during incubation-of the hen eggs:
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One can conclude that variation in the amounts of some amino
acids in the egg as the chick embryo develops are occurred. How-
ever, there are disagreements concerning the nature of these chan-
ges. Because of the discrepancies among the previous investigators
and the limited number of amino acids studied, the present study
by means of paper chromatographic methods has been undertaken
to review the distribution of 17 amino acids in the whites zmd
yvolks of hen’s egg during incubation.

Material and Methods
Materials

Fayoumi eggs obtained from the Poultry Farm of the Faculty
of Agriculture, Cairo University were used throughout this study,
Eggs were collected from hens kept on a diet of constant compo-
sition for 3 weeks before the beginning of collection. Only fertiliz-
¢d Fayoumi eggs were incubated at 38° with a relative humidity
of 60 to 70%. Twenty eggs were removed from the incubator daily
until the 17¢h day of incubation for assay purposes and the eges
in which the embryos ceased its development were excluded.

Preporation of egg-whites and yolks for analysis

The residual egg whites were separated from the yolks, em-
bryos, fluids, chalaza and other integuments. The separation was
accomplished by making a small hole in the shell and shell mem-
branes and the egg whites were dried under vacuum in a desiccator
containing phosphorous pentoxide. In case of residual egg volks,
the eggs were heated on a boiling water bath for 10 min and the
yolks were carefully separated from any venules and other con-
stituents. The egg yolks were dried in the same way as in egg
whites. Both egg whites and yolks were ground in a mortar and
stored in the refrigerator until analysis.

Methods
1. Hydrolysis of the egg-whites and yolks

Samples ranging from 0.4 to 0.8 g were hydrolyzed with £
N HCI as described by Atfield and Morris (1960). Tryptophan was
hydrolyzed by 14% Ba (OH). as mentioned by Baker and Khan
{1957).
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2. Separation of amino acids

Three different solvents were employed for the separation of
17 amino acids using Whatman No. 1 as follows -

a. The method of Baker and Khan (1957) was applied for
the separation of aspartic, glutamie, serine, glyeine, threo-
nine and alanine using phenol buffered at pH 12 (solvent
1) as mobile phase for 24 hr at 20°. The papers were
immersed on the buffer solution (pE 12) and allowed to
air dry before the application of the hydrolysate solution.

b. An improved method used by the authors for the separa-
tion of 10 amino acids namely : cystine, lysine, histidine,
arginine, tyrosine, methionine, valine, phenylalanine and
leucine-iscleucine asg a pair. The first 4 amino acids were
clean separated using the mobile phase of n-butanol-acetic
acid-water (solvent 2) in the ratio 4:1:5 (v/v) in 48 hr
at 20°. The remainder amino acids were well fractionated
using n-butancl-acetic acid-water (solvent 3) in the ratio
4:1:1 (v/v) in 44 hr at 15°. The filter papers were dipped
in the solvent 2 and 3 and allowed to air dry before the
application of the hydrolysate solutions.

3. Procedure

The quantitative determination of the 17 amino acids using
three different solvent systems by descending one-dimensional
paper chromatography technique was applied. Each hydrolysate
was spotted separately on the paper alongside the standard amino
acid mixtures (2, 4, 6 and 8 uM). The chromatograms were placed
in the chromatographic chamber outside the troughs overnight
te saturate the chromatograms with the chromatographic atmo-
sphere and allowed to develop. Once the chromagatograms had
run to the desired stage, they removed from the chromatographic
chamber and rapidly driving off the solvents by dipping them in
an ether solution.

4. Colour formation and estimation of amino acids

The cadmium ninhydrin reagent was used to locate the amino
acids as mentioned by Heathcote and Haworth (1969). The optical
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densities of the clear red solutions were measured at 300 hm using
1 em glass cells in the Pye Unicam spectrophotometer model Sp
600. Tryptophan was determined colourimetrically as described by
Opienska-Blauth et gl (1983).

Besulits and Discussion

One of the most direct methods for studying the aming acids
metabolism during the incubation pericd was to follow up the
changes in amino acid content of egz whites and yolks during
incubation period and compare it with the unincubated eggs at the
start of the experiment. This method was applied in the present
work.

The distribution of the 17 amino acids in the incubated hen’s
egg has been studied using one-dimensional paper chromatogra-
phic technigue. A number of attempts have been done to develop
a new and simple paper chromatographic procedure for the isola-
tion and quantitative determination of amino acids in a reasonable
time. These endeavours had led to throw a light on some factors
‘which affect to a great extent the resolution of the amino acids.
For instance, the time required to equilibrate the solvent mixture
before separating the two layers of immiscible solvents and to
equilibrate the chromatograms with the chromatographic atmo-
sphere before putting them in the mobile phase and algo the devel-
oping temperature as well were among the critical factors which
affect the amino acids separation. Exeellent resolution was achiey-
ed if the conditions described in the method section were followed.

The values for the various amino acids are expressed as per-
centage, in the egg whites and yolks. No values are given for the
embryo and fluids. The amounts of the following amino acids of
the unineubated egg whites were approximately the same as in egy
yolks, eg., aspartic (119 and 13%), glutamic (13.5% and 139,),
serine (8.5% and 9.2%), glycine (4.5% and 49.), threonine (5%
and 7%), alanine (6% and 7%), tryptophan (2.5% and 1.39%),
tyrosine (3% and 3.5%), valine (5.9% and 69,), leucines (129 and
14%), and phenylalanine (6% and 59%). On the other hand, cystine
(1.3% and 0.59%), lysine (6% and 3.5%), histidine (3% and 2%),
arginine (7% and 3.5%) and methionine (39% and 1.89) were
found in whites approximately twice as much as in yolks.
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The fact that the weight of the chick embr ¥0o increased eXpoil-
entially as mentioned by Murray (1926) suggests that the inereace
of an amino acid in the embryo would also follow as ‘exponential
curve. By plotting the values of the various amino acids against
time, one cbtains in most cases a straight line (Figs. 2 and 3) show-

Ing that the accumulation of an amino aci@ follow the same pat-
tern.
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It is common knowladge that the egg losses solids during in-
cubation. Fiske and Boyden (1926) stated that not more than 6%,
of the organic material oxidized was protein and $8% the egg
protein is converted to tissue protein. Also, Needham (1931) men-
tioned thet only 11 mg of nitrogen are excreted by the embryo
development leads one to suspect that the larger portion of
catabolized material is non-protein in nature and that only 2 small
fraction of the total weight loss is due to destruction of amino
acids.

Egypt. 7. Anim. Prod. 21, No. 2 (1981)



DISTRIBEUTION. OF SOME AMINO ACIDS 27

|

8 :'H_/\ histidine
fy argining
E 1yeine

4k
El
% ’/_'_’4————/‘*/\__7_/__‘ WEeEiae
Fr
@ s i 3
s 0 4 8 12
+
w2 ’-
L]
-
]
L]
08 3

lysine
<
- arginine
[-] ‘ e
.« =
histidime

oy i A A o i 2
& [+]
6
-} [ tryptophan

2L

1

i i3 3 A 5 3
0

4 8 i2 16 20
Incubation period (dsy)

Fige 3o Diotribution of some amizmo acids in white (wee)
end yolk (wo=) hen’s oggz during incubation o

Rupe and Farmer (1955) mentioned that during the first 17

days of incubation, 43% of the yolk substances is utilized by the
embryo. The results of the present work showed that the yolk
furnished most of the material needed for the first 12 days of
development as evidenced by the early decline in the amino acids :
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glutamic, aspartie, serine, glycine, alanine, and threonine (Fig. 1).
In this connection, it is interesting to note that the amount of
these amino acids was lower than that of the white amino acids
in the same period of incubation (Fig, 1). Since the egg white was
consumed by the embryo in a faster rate than the egg yo]k; ag evi-
denced by the disappearance of the egg white in the 15th day of
incubation. Therefore, one would expect that there was a sort of
migration of these amino acids between the egg white and yolk.
It can be seen from the Fig. 1, 2 and 3 that the utilization of the
yolk amino acids did not follow a uniform pattern, but these sub-
stances appeared to be utilized at independent rates.

There was no decline in the concentration of the amino acids
in the egg white until the 10 days at which the embryonic growth
has become rapid so that the yolk can no longer adequately sup-
ply the necessary amino acids. From the 10fh to the 1T£h days of
incubation there was an obvious decrease in the white amino acids
(Mg, 1 and 2). It is well known that the essential amino acids
are an indispensable materizls. The results of this investigation
have indicated that some of the essential amino acids were con-
tinuously consumed and at a constant rate by the embryo as shown
in Fig. 2 and 3. The possibility that the embryo can synthesize
amino acids is not excluded, since there was only an inerease in
the quantity of lysine and arginine in the egg yolk (Fig. 3) over
the above that existing at the beginning of incubation. The pos-
sibility of eatabolism of the amino acids appears more likely since
there is an evidence that arginine, lysine, leucine and tryptophan
in egg white (Fig. 8) decrease during the end peried of incube-

tion.
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