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A STUDY OF ZHu ErrsCT OF COOKIJG
O TE& DICELSTISILITY OF WwHOLE EGG PrOTIIN.

1. ZTURPOSE

The purpose of this study was to
determine the effeot of different methods
of preparation upon the rate and
completeness of digesti bility and upon
the assimilation and use of the protein
of whole egg.

1.



Q.

2., PEVIEH OF LITERATURD.

lany articles oa the digestibility
of egg as influenced by cooking are
included in the literature on the subject.
Lowever, for tre most part, the work has
been directed toward the determination of
the digestibility of egg white due, no
doubt, to the wide spread use of raw egg
white in diets for invalids., Most of
the work reported, unless limited to yolk
or white of egg, is confined either to
gastric or to tryptic digestion.

Dr. He C. Sherman in his "Ifood Eroduots"”
(1) says, "The digestibility of eggs has been
studied experimentally, but not in such
detalil as with some other articles of
food, FEEEEEEERREEX It is probable that
eggs 'soft cooked' at a temperature below
that of boiling water are the most readily
and rapidly digested, but the ultimate



thoroughness of digestion does not
seem to be greatly influenced by
the method of cooking."

Some of the earliest work on
digestivility of egg is reported with
Dr. Beaumont's classic experiments
on Alexis St. lMartin (2). Through
the permanent opening in the stomach
of his subject, Ur. Beaumont observed

the following:

Method of Coaking 2ime of Leaving
Stomach
Hard boiled eggs 3% hours
Fried eggs 3% hours
Soft boiled eggs 3 hours
Raw eggs . 2 hours
Raw (whipped) eggs 1# hours

He also used methods of artificial
" digestion and found the relation between

typres of preparation the same, tut the



aotual time longer. He omitted
entirely digestion in the inteatine.

Kubner (2) tested hard boiled
egge with a healthy man as a subjeot.
He found 97% of the egg protein to be
digested.

Langworthy in a Farmer's Bulletin

on "Eggs" (2) reviews the results of
some artificial peptic digestion
experiments and nitrogen balance
experiments carried on by the
Minnesota Experiment Station. By
artificial digestion with a pepsin
g8olution, they found that an egg
boiled 3 minutes and digested for

5 hours left 8.3% undigested protein,
a 20 minute boiled egg left 4.1%
undigested protein. However, eggs
s8oft cooked for either 6 or 10
minutes were entirely digested in the

same period. In a nitrogen balance

4.



experiment on one man, they found
90% of the total nitrogen of a
diet of oream, milk, potato and
egg to be digested.

Jorissenne (2) oconcluded from
his work that mastication was of
prime importance in the digestibility
of eggs.,

Tikhivinski (2) at St. Petersburg

conducted some more extensive
experiments on a man, feeding first a
diet of "hard-bolled" eggs, bread and
meat, and then one of "soft-boiled"
eges, bread amd meat. Ee concluded
that eggs prepared by both methods
were equally digestible. However

he raised the question whether, when
two foods are eaten together, if the
digestibility of each may not be

changed.

5.
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Linossier (3) found that
ggstric digestion lessened with
the coocking of albumin, and
Talarico (4) reported that tryptic
digestion of egg albumin inoreased
with the temperature and duration
of heating.

Bateman (5) concluded during
his series of experiments on dbgs and
rats that raw egg white was only
50 - 70% utilized, while cooked egg
white was 90%. In every case he
found that the raw whites caused
intestinal disturbances, which were
not observed while cooked whites were
being fed. The egg whites, making
up 20, 40, and 60% of the diets,
were mixed with cracker meal and
lard. The yolk of tre egg, Bateman
considers to be well utilized. Lata

was also collected from a number of

people who consumed large quuntities

of raw and cooked eggs, the results



of which tcre out the couaclusions
reached oa the arcimal experimeants.
However, no information was given in
the paper councerniag tke anouat of ezz
eaten, the exuct numbdber of people on
the experiment, or the per cent of the
egz utilized.

Hawk and hLis co-workers (6) at
Jefferson lledical College dia a very
comprehensive piece of work on medical

students., They tested eggs prepared in

many ways, anulyziag the stomach coantents

at definite intervals after the egg had
been eaten. In brief, the followinug
results were obttained:
l. Raw egg white left stomach
most rapidly.
&e Raw egg yolk required iuch
longer than white.
3. Hard-cooked eggs toox longer

then soft.

7.



4. Scrawbled eggs toox longer
than boiled.
5. Poacred, shirred, uand soft-
cooked eggs were most rapid.

Rose & liac Leod (7 & 8) ocarried on
goume experiments with raw white of egg
on six ruman subjects and found raw
wkites to be 80% digestible and cooked
whites 86%  They found absorption to
be better when ihe eggs were beaten light.

Some very recent reports from German
investigators (9) ocontribute interesting
additions to this problem. Sheunert and
wagner after experimenting oa rats, conclude
that the difference in nutritive value
between.raw and hard-boiled egg yolks is
insignifiocant. Friedberger and Abraham
found that animals on an egg diet suffered
toxie results, which were nullified if the
eggs were boiled 20 to 30 minutes.

Mitchell & Carman (10 snd 11) report



whole eggs to be 100% digestible and
to have a bioclogical value, according
to Mitchell's formula, of 94, In
their experiments, the eggs were dried
whole and the fat extracted with ether,
they were then fed to rats and complete
metabolism data was obtained.

An analysis of these articles,
shows that more work Las been dbne cn
the rate of digestibility tkan upon its
completeness. The experimeats of
Drs. Beaumont and Lawk are definite results
upon the speed with which egga leave the
stomach, but they give no indiocation of the
rercentage of egg ultimately digested since
peptic digestion is only one step in the
whole process. The artificial digeation
experiments give only peroentéges of
protein digested in a given period of time,
and, while they are excellent measurements

of the relative ease of digestion, they






10,

again do not show the actual
biological value of the food tested.
neports on percentuces of digestibility
obtained oy feeding cooked eggs to
human subjects vary from 90% to 975
with no very definite control of the
method of cooking mentioned.

This work was planned to study
fur ther the influence of different
methods of preparation upon the ease
and completeness of digestibility and
to, if possible, see if cooking methods

would alter the actual bilological value.



d. PRCCEIDURE.

The eggs used in these experiments
were of a constant variety, being
supplied, strictly fresh, by the Collegs
Poultry Department. They were selected,
large, white eggs. Pour methods of
preparation were chosen for investigation,-
two, supposedly "easy of digestion,"
the raw and soft cooked, and two "difficult
of digestion," the sorambled am hard
boiled. The raw eggs were whipped with a
Dover egg beater, care being taken to
incorporate a minimum amount of air. The
hard-boiled eggs were placed in boiling
water for 10 minutes. The scorambled eggs
were first beaten and then cooked in butter
in the proportion of 6 gm. butter to each
egg. They were stirred continuously and
heated until the protein was coagulated.
The soft-cooked eggs were kept in water
Just below the boiling point for 10 minutes.

11,






In order to secure uniform samples,
the cooked eggs were run through a
fine-meshed sieve several times.
The exverimental work was |
divided into two parts:
determination of the percentage of
amino nitrogen formed in artificial
digestion experiments, and nitrogen
metabolism experiments on white
rats, The former were time ocon-
trolled and designed to determine
the relative rate of digestion,
while the latter would, of course,

show ecompleteness of digestion.
THE AMINO NITHOGEL LETEQOD

The amino nitrogen method was

essentially that of Waterman and Jones

(12).  About 1.5 grams of egg was
guspended in 26 ec. of 0.1 N.HCL,

2600 of 0.2% solution of pepsin in
O.1 N.HCL was added and the mixture

12,



digested at 37° C. for 1% hours.
Peptic digestion was brought to an
end by the addition of & oc.N. NaCh
and tryptioc digestion started
immedi ately with 6 6c. of a 6.0%%
solution of trypsin in O.1 N.NaOH.
 The mixture was digested at 37°
for 2% hours and then the enzymes were
destroyed by heating to 80° for
5 minutes. The solution was cooled,
made up to 100 ooc., filtered 1f
necessary, and 10 cc. aliquots taken
for the determination of amino
nitrogen by Van Slyke's (13) method.
A blank determination was run
with each set of triplicate experiments.
The volume of nitrogen obtained from
this blank was subtracted from that
obtained with the egg. Undoubtedly
self-digestion is greater in a blank
where no substrate is present, than

it 18 in digests containing a protein

13



sample, however, since identical

technique was used in each case,

the relative results would be the
same.

Total nitrogen was determined
by the Kjeldahl method and the
percent age of amino nitrogen
calculated., The results of these
experiments are in Table 1. Each
figure 18 an average of three
Kjeldahl determinations or three
amino nitrogen determinations.
Considerable trouble waes encountered
in obtaining close chodks because of
difficulty in sampling, since it was
necessary to use very small amounts
in order that all the egg be in
contact with the digestive enzymes.

There was quite a wide variation
in the nitrogen content of the eggs
as shown in Table 1. The nitrogen
varied from 2.06% to 2.72%,- &

14.



percentage variation of 27.

These variations, while they are
within the range given in the
bulletin on the chemical
ocomposition of focd materials (14),
are all the more surprising in view
of the faot that the eggs were from
the same flock of hens which were

receiving a constant ration.

15.



B. Metabolism Method.

Four healthy, full-grown, male
rats from the laboratory stock ocolony
were chosen for the metabolism studies.
Animals which had attained their full
growth were used so that the problem
would not be complicated by varying
needs of protein for growth, but would
be based upon the maintenance reguirement.

The basal diet consisted of 96%
cornstarch and 4% McCollum's salt mixture
#1856, to which was added daily weighed,
400 nge. portions of dried yeast. The
nitrogen contained in the yeast did not
enter into the calculatious since the
amount was exactly the same for each
period, and any slight change it might
cause would make no difference in the
relative results for the five periods.

The eggs were fed in such amounts
as to give an approximate 10% protein
level, lMitchell (16) having shown that

16.
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the biologiecal value of a protein
deoreases as the percentage of protein
fed increases. The raw, hard boiled
and soft cooked eggs were supplied in
8 gm. portions daily, while tke
sorambled egg was given in 8.6 gm.
amounts to make up the protein replaced
by the sadded fat. The eggs were cooked
and placed in a tightly ocovered jar and
xept in the ice blox. In this way two
samples were sufficient for the six-day
period. Lach sample was analyzed for
total nitrogen and the three-day quota
of nitrogen calculated. The two results
were then added together and an average
taken for the daily nitrogen supplied.
No basal ration was given in any
case until all the egg had been eaten
and after that, plenty of food was kept
in the oages. It was necessary to keep
the rats in their individual cages on an

egg dlet for some time before the

experimeatal periocd to accustcom them to
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the flavor of eggs aud to tre
somewhat unralatable basal diet.
Distilled water was given ia
inverted tubes ad libitum.

The ocollection method was
the one of H. H. Mitchell (16)
modified to suit conditioas in our
laboratory. The rats were placed
in inverted circular wire cages,
the top of the cage thus forming
a raised screen bottom. The pans
in which the cages were placed were
covered with filter paper to absord
the urine. The food was placed in
a oup and suspended in a metal ring
fastened in an opening at the side
of the cage. It was not possible to
keep an accurate record of the amount
of the basal diet coansumed, because
rats kave a habit of eating foad with
their fore feet and scatter much of it.
The portion that fell through the

raised screen became contaminated with



urine and therefore had to be
included in the washings later.
Since the ration contained no
nitrogea, this had no effeot
upon the determination of the
nitrogen content of the excreta,

The experimental period
consisted of a three-day
preliminary period, since it has
been shown that the endogenous
level of urinary excretion in
rats 18 reached in from one to
four days on a nitrogen-free
diet (16), and a six-day
collection period. During the
latter, the urine and feoces ﬁexe
collected on alternate days.
The rats were weighed at the
beginning and at the end of each
period.

The dish, paper, aud raised
screen bottom were washed with

300 - 400 cc. of boiling water

19.



acldified with sulphuric sacid
using 10-1% washings. They
were kept in the ice box over
night am mgde up to 500 cc.
volume the next day at ice box
temperature. Six-day conmposite
samples of the washings were kept
and analyses for total nitrogen
made ty the Kjeldahl method.

The feces were preserved in
10% sulphuric acid, digestea
until a homogeneous suspension
was obtained and made uf to

00 oc. volume.  Aliquots were

taken for nitrogea analysis, which

was also done by the Kjeldahl
method.

20,







4. DISCUSSION.
A, artificial Digestion Experiments.

Tre data on these experiments is
given in Table 1. ‘hese figures
represent the checks obtained from some
seventy triplicate determinations of
amino and Kjeldahl nitrogen. It was
especially difficult to obtain checks
on the amino nitrogen determinations
since there were so many variables
outside of the possible variation
in the way the eggs themselves might
react. mnzyme preparations are not
of constant strength and are known to
deteriorate upon aging. Three
separate bottles of powdered trypsin
and two of pepsin were used during these
experiments, which might account for
some of the day-to-day variations.

A oclumping of the egg during the
digestion pericd was often noted in the

cooked samples. Trhis would obviously

cl.




Zie

leasen the degree of daigestiocn by
reducing the surface of the eggz in
contact with the digestive solutioans.
It is quite possible that heating for
6 minutes at 80° C. might not, ia
every case, destroy all tkLe enzyme 80
that slight digestion might go on
after the time record had been taken.
This explanation is somewhat sub-
stantiated by the fagt that several
times the last sample of a group to
be used for analysis in Van Slyke's
apparatus gave the hightest percentsage
of amino nitrogen.

The peroentagea given in the table,
with one exception, are averages of
threp determinations of 5% difference or
less. In many cases the percentage
difference 18 only 1 or 0.8. It would
seem, consequently, that the data given
is indicative of the actual behavior of

egg protein during artificial time-
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controlled digestion.

From these figures one woqld
conclude that "soft cooked" eggs,
cocked for 10 mimutes in water just
below the bolling point, are more
rapidly (and perhaps more easily)
digested than trLe others, an average
of 37.7% of the total nitrogen haviag
been changed to amino nitrogen during
the four-hour aigestion period.

Hard boiled eggs seem to be the next
most rapldly digested, 30.5% amino
nitrogen having been obtained in the
same period of time.

The result with raw eggs is the
surprising factor, since they are
popularly thought to be most easily
and rapidly digested. There was
only 3.3% more amino nitrogen after
four hour's digestion than was pro-
duced by socrambled eggs, which were

well coated with fat, & substance
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whioch has long been known to slow up
processes of digestion.

The greatest ai fference between
the various samples tested is shown
by the 7.2% inorease in the amoants
of amino nitrogen produced by soft
cooked over hard boiled eggs.

There was a difference of 2.4%
between the hard boiled and raw eggs,
with one of 3.3%, already referred to,
between the raw and sorambled ones,

It 1s quite probable that in normal
rersons these small variations in the
rapidity of digestion would be
insignificant when the eggs were taken

as a part of s mixed diet.




Table 1.
Perocentage of Protein Digested by
Arti ficial Digestion.

I T

Me thod %Total : Amino Nitrogea
of | Nitrogen I Nitrcgen Digested
Cooking :per cent i per ocent per cent
Rew | 251 .Tle 28.6
2.30 «647 28.1
2436 «665 27.6
Av. 28.1
Hard
boiled | 2.26 <647 30.0
2,19 .m6 32.6
2.72 7563 27.6
2,13  .678 31.8
Av, 30.6
Sorambled | 2.31  .586 2543
2.62  .636 24.2
Av. | 24.8
Soft f
Cooked | 2.24 4817 36.4
2,06 é +805 39.0
“Aw. | i M7

25,




B. MNetabolism Experiments,

An analysis of Table & skows
a remarxable agreement in the
vercentage of the different samples
of egg aotually digested. Except
for the raw egz perlod, the rercentage
digestibility was calculated after
subtracting the amrount of nitrogen
excreted in the feces during a protein-
fres period. This procedure does away
with the complicating factor of
endogeacus nitrogen. It was impossibple
to use tlLis method of calculation for
the raw egg period because there was
less fecal nitrogen excreted during this
period than trere was during the non-
protein period.

This ococurrence is difficult to
explain sl though Sherman (17) in
reviewing the work of Prausnitz on
human beings a8tates that on a liberal
diet consisting entirely of anon-

26.
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nitrogenous food, the amount of
nitrogen in the feces was 0.5 to
0.9 gram per day, which is more
than is sometimes found in feces
from food furnishing enough protein
to meet all the needs of the body.
Mitchell (16) reports unaccountabdle
variations in the metabolie
nitrogen in the feces. It may be
that the fluid nature of the raw
eggs was the ocause, since there was
an inorease in the fecal nitrogen
during the oooked egg periods.
4ssuming the small amount of
nitrogen in the feces during the raw
egg period to be all metabolie
nitrogen, there would be no nitrogen
from nmdigested food ard the
coefficient of digestibility would be
100. This latter figure more likely
represents what really happeaned during
Period 2. than the average of 92.2%

&7



which appears in the table.
The hard ooiled, scrambled,

and soft coolted egg ratioas
resulted in practically the
same coefficient of digestibility,
the latter being more nearly 100%.
The biologicul values given in
the last column, table 2, were
calculated after the method of
Mitchell (18). The amount of feocal
nitrogen actually derived from the
food is obtained by subtracting the
fecal nitrogen excreted during a
non~-protein period from that of the
protein reriod. This figure,
subtraoted from the total nitrogen
ingested gives the amount of
absorbed nitrogen. To find how
much of the absorbed nitrogen 1is
wasted in metabolism, the amount of
urinary nitrogen (corrected in the

same manner for the nitrogen of the

&E
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catabolism of the body's own
tissues) i8 subtracted from the
nitrogen actually absorbed.

This figure divided by the
absorbed nitrogen times 100 1is

the biologicul value of the
protein. The caloulation
resolves 1téelf into the following:
formula:

N (P ~-P)-(U-1)
D 2 1 2 1

X 100 2 Biological Value
N -(F -F)
D 2 1

where, -

Pl = Fecal J. during non-protein period
F_ - Fecal N. during protein period

1 = Urinary . during non-protein period

Uy = Urinary I. during protein period

=
n

Nitrogen in diet

9



The biological values show a
wide range among rats even upon the
same diet. The differences in
biologiecal value of the eggs among
the animals were as follows: for the
raw eggs 33.8, the hard boiled 18.9,
the sorambled 15.7, and the soft
cooked b.8. The metabolism data
for one rat (427 C) on the last
period was omitted because of marked
intestinal disturbance. with the
exception of the raw egg period, the
variations in biologiocal values
between several animals i8 no greater
than that obtained by Mitchell (15)
for foods at a 10% protein level of
intake. With milk protein he found
a d1 fference of 18, with corn protein
a differemce of 43, with oats one of
19, and with potato one of 10. In
the experiments reported here, there

is as great a variation in biological

30,



value of eggs between animals on
the same diet as there is between
the values obtained for the same
animals on different egg diets.
This would seem bo indicate that
the biological value of eggs is
not greatly influenced by the

me thod of cooking.

31,



T4BLE 2. i

KETABOLISM DATA.
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Period 1. Protein-free Ration

427C| 249] 251 0 [ .024] .067 ) [
4200] 314 i .098 =Y
05| 272 086/ . (&
427M o7 | o
Ve % oo ) ;_b *L
Raw Egg Ration = . T § =
2270 ~013] .186] 0 |.1686 | .069 [.0896[°92.4 [59.7
4200 .014| .109] O |.1676 |.011 |.1466 |°91. ]
2 018 .123 [0] +1536 | «037 |.1116 [°89.5 | 78.4 |
27M .008| .123 0 .1636 | «048 |.1156 [°96.3 .0
Ve g A T E °92.2 6
'3, Hard Boiled Lgg Ration. K g
4z7¢ .027 | <1810 | .075 |.1060 ] 98.5 | 66.2
4280 031 21790 | 054 [.1260 | 97.2 | 69.E
2 030 | +1820 | 4045 9 75.2 |
27TM .028 +1790 | .054 9
iv. 9 5

rerxouLdi ~ 'Scrambled Egg Ration

427C| 276] 276 | .1789 | .030 | +149 | 006 |.1729 |.082

430C| 18| 321 |.1789 | .029 | .152| .003 |.1769 |.054
“B%FW || 292 | .1789 | .027 | .163| .000 |.1789 |.077
27M| 2 299 | .1789 | .029 | .148| .006 |.1729 |.073

" Period 6. Soft-cooked Lgg Ration

[427c| 266 276 | .1766 | * |
56 | .029 | .168| 003 | .1726 | .070 [«1026| 98.2 [ 59.4
g% .029 | 4167 | .001 |.1746 | .08l [.0936 | 99.4 | 63.6

[.027 | .163| .004 | .1716 | .078 [.0936| 97.7 | 64.5
av. ~ | 98.4 [ 66.8

* — - —
Intestinal Disturbance © Uncorrected f£or
Metabolic fecal nitrogen
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2.

3.

SUMMARY

Artificiel digestion experiments
on eggs prepared in different
ways seem to show a slight
variation in the rate of
digestion. In deseending order
of speed of aigestibility, they
are as follows, - sott eooked,

hard boiled, raw, and sorambled.

Metabolism experiments on rats
show no difference in the
coefficient of digestibility
for the methods of preparation

tegted.

Calculation of the biological
values indicates no very marked
differenee in the ultimate
assimilation and use of the
different egg diets.
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