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Abstract

SEVERA, E., NEDOMOVA, S., KRIVANEK, 1., BUCHAR, I.: Rheological properities of ageing egg
yolk. Acta univ. agric. et silvic. Mendel. Brun., 2005, LIII, No. 4, pp. 127-138

The rheological behaviour of egg yolk after different storage periods and temperatures was investigated
using rotational viscometer. The eggs were stored for 1, 2, 3, 4 and 8 weeks at constant temperatures:
4 °C, 8 °C, 12 °C and 16 °C. The apparent viscosity was measured as a function of shear rate. For given
shearing rate, the viscosity was measured in dependence on shearing time. The decrease of viscosity
with storage time is attributed to the balance of different osmotic pressure from yolk and albumen of
fresh egg. The yolk (with higher dry matter then albumen) absorbs water from albumen through vitel-
line membrane. It was found that yolk samples exhibited shear-thinning and thixotropic behaviour. The
shear-thinning behaviour was fitted well into simple models. The resting of sample at room temperature
caused increase of viscosity. This effect is explained by drying off of testing yolk, the regeneration of
yolk structures and changing chemical composition during resting. The time-dependant viscosity de-
creased rapidly with time and at lower share rates reached an equilibrium stage. The time-dependant
viscosity was also found to decrease with storage time. The value of pH was changed (increased) during

storing. No clear dependence between pH value and viscosity was confirmed.

egg yolk, rheological behaviour, viscosity, share rate, time-dependant flow, pH, modelling

The word “rheology” was first use by Eugene C.
Bingham (circa 1928) who also described the motto
of the subject as mavta pet (“panta rhei”, from works
of Heracleitos about 500 B.C.) meaning “everything
flows” (Reiner, 1964). Rheology is now well esta-
blished as the science of the deformation and flow
of matter.

Indispensable part of this science is food and food
materials rheology which could be also described as
a material science of food. There are numerous areas
where rheological data are needed in the food indu-
stry or in agriculture.

And one of common agricultural products widely
used in food (but not only) industry is egg yolk. The
use of egg yolk in different applications is extremely
wide and knowledge of his physical and mechanical
properties (including rheological) seems to be criti-
cal. Egg yolk is for example used as a functional and
nutritional ingredient in food products. Main compo-

nents of egg yolk are triacylglycerols, phospholipids,
proteins, and carbohydrates.

LITERATURE REVIEW

Many unique rheological properties of various foods
and related materials have been summarized in books
(Rao and Steffe, 1992 and Weipert et al., 1993). Ge-
neral overview of rheological (and other) are summa-
rized in (Welti et al., 2002). Reliable and accurate rhe-
ological characterization of foodstuffs, particularly ti-
me-dependant effects, is required for the control of
quality, texture, and shelf-life, and for the design of
processing equipment. This problematic is described
in (Dimonte et al., 1998). Fluids such as air and wa-
ter have a simple flow behaviour which is indepen-
dent of the previous process history of the material.
Foodstuffs are more complex, and their flow beha-
viour may depend on the way they have been previ-
ously processed (Rielly, 1997). Modelling of time-de-

127



128

L. Severa, S. Nedomovd, I. Kiivanek, J. Buchar

pendant rheological behaviour of biological materials
and food is quite necessary for complete knowledge
of material characterization. This problematic is dis-
cussed e.g. in (Abu-Jdayil, 2002 and 2003; Donnel,
2002; Jusczak et al., 2004 and others). Important in-
fluence changing rheological properties of foods is
their previous processing (Valencia et al., 2002).

Several studies have investigated the physical and
chemical properties of yolk, but most studies have
concentrated on microbiological analysis (Denys,
2004; Sancho, 1999 or Martucci, 1997).

MATERIAL AND METHODS

Observing of rheological properties was only a part
of a complex research focused on evaluating of pro-
perties and quality of maturing eggs.

The eggs of two brown egg-laying breeds have been
monitored. In particular: Bar Plymouth Rock, deno-
ted as BPR and Rhode Island Red, denoted as RIR.
Laying hens have been kept in identical conditions of
housing namely in laying halls with cage technology.
The hens were kept in selection breeding farm.

The eggs have been sampled in 19th and 30th week
of laying period in sum of 180 pieces from each
breed. The eggs were subsequently stored under dif-
ferent temperatures (4 °C, 8 °C, 12 °C and 16 °C) in
unchangeable conditions for the period of 0, 1, 2, 3,
4 and 8 weeks.

Selected samples of yolk were left in room tempe-
rature conditions in uncovered container for 1, 2, 3
and 4 days. Viscosity changes were monitored. No
samples were analysed after 4 days because of biolo-
gical degradation of tested material.

The procedure of sample preparation for viscosity
measurements was following.

Yolk: The yolk was immediately after separa-
tion from albumen bladder cleared with the aid of
tweezers from and additionally cleared from all other
albumen residues by use of filter paper. This process
was followed by removing of yolk membrane and
mixing material for two minutes at 2000 rpm. The pH
(by use of pH meter) was measured consequently.

Egg white: The composite sample of egg white was
after removing of yolk and chalazas mixed by use of
small-sized mixer stired for five minutes at 2000 rpm.
The pH was measured by pH-meter.

Although the samples are supposed to be prepared
by exactly same procedure in order to achieve iden-
tical experiment conditions and comparable results,
such goal is extremely difficult to reach. It is neces-
sary to note that authors can not guarantee 100% re-
peatability and getting completely same measured ex-
periment values. The reason of this impossibility con-
sists in highly changeable biological composition of
tested material. Although the samples preparation was

conducted with the highest possible care, there is still
individual alternative and chance of slightly different
perfection when removing the yolk from albumen
sack or removing different residues. Even the smal-
lest differences during sample preparation can conse-
quently cause the relevant variances in viscosity data.
Also following part of preparation (mixing the sam-
ples for two minutes at 2000 rpm) could create certain
changes in viscosity values. Authors accept the mat-
ter of fact that rheological data of egg yolk are influ-
enced by such preparation procedure, but on the other
hand present the results in connection with introdu-
ced method as a way of evaluating the rheological
properties of given (mixed yolk) material. As mentio-
ned before, determination of viscosity was just a part
of a complex investigation and evaluation of several
other characteristics and selected sample preparation
is standard method in such cases. The objective deter-
mination of yolk viscosity is due to described challen-
ging problems with sample preparation rather ques-
tionable. In case of egg white is such determination
almost impossible without very clear definition of
measured sample (again hardly repeatable) including
description of changing presence of different natural
constitutives, different phases and other biological in-
fluences. The data related to egg yolk or albumen vis-
cosity are very rare in the literature. Some results can
be found in (Rao, 1986).

Measuring device

There are several methods to measure dynamic vis-
cosity of fluid or semi fluid materials and different ge-
ometries may be utilized: concentric cylinders, cone
and plate, and parallel plates.

Our laboratory uses Anton Paar DV-3 P Digital Vis-
cometer which is designed to measure dynamic vis-
cosity, shear stress (z), and shear rate (y). The DV-3
P is a rotational viscometer, based on measuring the
torque of a spindle rotating in the sample at a given
speed.

Shear stress is expressed in [g/(cm.s?)], shear rate in
[s7'] and viscosity in [mPa.s] speed of spindle in revo-
lutions per minute [rpm].

RESULTS AND DISCUSSION

Viscosity measurement as a function of share rate:

Samples were measured at room temperature
(~20 °C). The apparent viscosity of egg yolks of two
breeds (BPR and RIR) were measured as a function of
strain rate. The measurements were carried out with
increasing shear rate. The shear rate varied from 0.17
to 68 s. The duration of experiment was generally
set to 10 min but other durations were carried out with
similar results.
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1: Apparent viscosity — share rate dependence for BPR and RIR yolk

Fig. 1 shows the dependence of viscosity on share
rate for BPR and RIR yolk. It is obvious that visco-
sity values are very similar and there is no possibility
to identify laying hen breed by determining yolk vis-
cosity. The dependence shows that yolks exhibit she-
ar-thinning behaviour, i.e., the apparent viscosity de-
creases with shear rate. The shear-thinning behaviour
was expected in yolk since its texture is affected by
weak physical bonds and hydrophobic interactions
(Velez-Ruiz, 2002). Therefore, the fall in viscosity of
yolk with shear rate seems to be as a result of destruc-
tion of the interactions.

The measurement of increasing shear rate shows a
hysteresis loop, which indicates that yolk exhibited
a thixotropic behaviour. The thixotropic behaviour
is a characteristic of yolk regardless of the storage
time. It should be stated here that the hysteresis be-
haviour cannot be used quantitatively to determine

the effect of storage time on the thixotropic behavi-
our of yolk.

The effect of storage time on the flow behaviour of
yolk is illustrated in Fig. 2. The eggs were kept in a
different conditions but presented diagram applies to
4 °C storing temperature. At constant shear rate the
viscosity decreases with increasing storage time. The
decrease in viscosity of yolk with storage time indica-
tes decreasing number of interactions in yolk structure
occurring during storage. Sakanaka et al. (2003) have
observed that the complex modulus of yolk (under si-
milar conditions as in the present study) decreased
with time. They found the decrease of gel presence
with storing time. Their explanation was that, throu-
ghout the storage period, component rearrangement
was in progress and less contacts were present. It se-
ems that rearrangement of the structure network is re-
sponsible for the decrease in the apparent viscosity.

YOLKRIR - EGGS STORED AT 4 °C

6000
5000 —O—fresh
—6—1 week of storing

"’T .
o 4000 - —6—2 weeks of storing
% 3 weeks of storing
E 3000 | —— 4 weeks of storing
7
S
@ 2000 |
>

1000 |

0 . e ,
o1 1 10 100

SHARE RATE (s™)

2: Effect of storage time on the viscosity of yolk as a function of share rate
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Table I lists the values of pH measured during diff- and 16 °C) for all kinds of yolk monitored within the
erent stages of maturing (fresh, 1, 2, 3, 4 and 8 weeks) experiment.
and different storing temperatures (4 °C, 8 °C, 12 °C

I: The values of egg yolk pH

Yolk type 2 weeks of 3 weeks of 4 weeks of 8 weeks of
. Fresh 1 week of . . . .
and storing [pH] storing [pH] storing storing storing storing
temperature | P =P [pH] [pH] [pH] [pH]
BPRostored 6.06 593 5.94 6.06 6.08 6.21
at4 °C
RIRostored 503 6.01 595 6.04 6.04 6.20
at4 °C
BPR stored 590 508 6.00 6.05 6.07 6.21
at 8 °C
RIROstored 587 5.96 6.02 5.99 6.04 6.16
at 8 °C
BPR itored 6.06 5.97 6.03 6.10 6.03 6.24
at 12 °C
RIR siored 503 591 6.03 6.06 6.00 6.20
at 12 °C
BPR itored 590 6.05 6.04 6.13 6.04 6.37
at 16 °C
RIR stored
at 16 °C 5.87 6.07 5.97 6.04 6.14 6.26
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3: Viscosity and pH values varying with storing time

As it is visible on Fig. 3, the value of pH is chan- tions of yolk type and storing temperatures. The main
ging with storing time. Shown diagram displays the characteristics and attributes of the diagram would be
values valid for RIR yolk stored at 12°C. Similar dia-  similar (rather irregular development of pH). The va-
gram could be composed for all the possible combina- lue of pH is not stable and varies during maturing.
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Because of relevant differencies between single de-
pendencies, there is not possible to clearly describe
the the general relation between pH value and storing
time, viscosity alternatively. It could be stated that
yolk viscosity value is partly reflecting the pH value,

but an exact definition is not possible. The decrease of
viscosity with current increase pH is notable but ge-
nerally statisticaly not definable. The decrease of vis-
cosity value wit storing time will be discussed later.
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The non-Newtonian viscosity of fresh yolk was mo-
delled using three simple models

n=aj'+c, (1)

where: a=2436b =-0.3987 ¢ = 654.9 R> = 0.9582.
b

n=a + . (2)
Y

where: a=1651b=906.7 R>=0.7572.

n = aexp(by) + ¢ exp(dy), (3)

where: a=3453b=-0.7372 ¢ = 1747 d =-0.006981
R*=0.9774

To model the flow behaviour and to fit measured
data with computed curves, curve fitting application
(MATLAB) was used. Measured dependencies and
fitted curves are shown on Fig. 4 and 5.

The results of fitting were satisfying in case of mo-
del (1) where R? = 0.9582 and exponential fitting (3)
where R?=0.9774. These two models are also displa-
yed as blue and red line in Fig. 3. Model (2) did not
show a good applicability since R*=0.7572 is not as
tolerable outcome as the ones showed by models (1)
and (3).

Similar procedure was applied to yolk extracted
from eggs stored one week at 4°C.

b
n=ay+c,

4)

where: a=618.2b=-0.9167 ¢ = 1525 R?=0.9837.

b

n=a + . (5)
Y

where: a= 1574 b=517.4 R>=0.9825.

n = aexp(by) + c exp(dy), (6)

where: a = 9857 b =-7.628 ¢ = 2047 d = -0.009247
R?=10.9598.

Correlations of all three models confirmed very
good suitability of selected constants and chosen
forms of models. The highest level of matching (R* =
0.9837) was reached through model (4). The depen-
dences show the tendency of egg yolks for shear-thin-
ning behaviour when the viscosity decreases with
shear rate. Such response is than well predictable with
proposed models.

Another effect of storing was evaluated when mo-
nitoring the influence of different storing temperature
on viscosity of yolk. The eggs were kept in constant
temperature conditions for 1, 2, 3, 4 and 8 weeks. The
yolks were then examined under two share rates, na-
mely 3.4 s and 68 s7'. The first dependence is shown
in Fig. 6. To compare received data with the value of
fresh yolk could be also a helpful tool. In the case of
yolk sheared at 3.4 s, this quantity had a value of
2023 mPa.s. As it is evident from the diagram, the
clear definition of dependence of yolk viscosity on
storing time is not statistically provable. Especially
when comparing the values determined after initial
periods of storing at 4 °C and 8 °C or final periods of
storing at 8 °C and 12 °C. But generally, without spe-
cifying particular values, following statement is possi-
ble. Egg storing time and temperature influence visco-
sity of yolk. The viscosity of yolk is decreasing with
storing time. Definite decrease of viscosity between
the samples stored 1 week (fresh alternatively) and 8
weeks is clearly detectable. Similar statement is possi-
ble when evaluating influence of storing temperature.
All the samples exhibited viscosity decrease with in-
creasing storing temperature. When combining both
impacts (extending storing period and raising storing
temperature) the decrease of viscosity is rather im-
portant. Exemplifying is possible through comparing
viscosity of fresh yolk (2023 mPa.s) and viscosity of
yolk separated from egg stored for 8 weeks in 16 °C
(425 mPa.s). The viscosity of second mentioned sam-
ple shows only 21% of value of fresh sample.
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6: Viscosity changing during different periods of storing and different storing temperature. Measured at 3.4 s
Viscosity of fresh yolk = 2023 mPa.s.

Next experiment was focused on evaluating of si-
milar dependence at higher value of shear rate, na-

mely 68 s7'. The results of this experiment are plotted
in Fig. 7.
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7: Viscosity changing during different periods of storing and different storing temperature. Measured at 68 s~
Viscosity of fresh yolk = 1322 mPa.s.

As well as in the last example, also here is the
clear definition of relation between individual ef-
fects and influences very complicated. The values
measured during first four weeks and after storing
at different temperatures are largely irregularly va-
rying. The only temperature where the results are ap-
parently showing decrease of viscosity is the highest

storing temperature (16 °C) and also the longest sto-
ring time (8 weeks) evidently influences the viscosity
value. The difference between viscosity of fresh yolk
(1322 mPa.s) measured at 68 s! and viscosity after 8
weeks of storing at 16 °C (256 mPa.s) is also obvi-
ous. The value of second result reaches approx. 20%
of first value.



134

L. Severa, S. Nedomova,

1. Krivanek, J. Buchar

Time-dependent flow properties

The time-dependent viscosity of yolk was measu-
red at constant shear rates of 0.34 and 51 s™'. Typi-
cal experimental results are shown in Fig. 8. and 9.
Fig. 9. also compares flow properties of yolks left to
rest at room temperature in uncovered container for
1, 2 and 3 days. At a constant shear rate, the apparent
viscosity decreases rapidly with time within the first 5
min of shearing and approaches a constant value co-
rresponding to an equilibrium state after approxima-
tely 40 min. These results were deduced from compa-
ring several diagrams and measuring conditions. Ini-
tial rapid decrease can be result of shear-induced bre-
akdown of the internal structure of the material. The
rate and extent of viscosity reduction depend on both
the applied shear rate and the resting time. The effect
of resting time on the time-dependent flow properties
of yolk is presented in Fig. 9. At constant shear rate,

the apparent viscosity of yolk increases with incre-
asing resting time. There is no significant difference
between viscosity values of fresh (0 days in rest) and
1 day in rest yolk, but additional resting changes (in-
creases) viscosity considerably. This effect could be
explained as a mutual reaction between air oxygen
and yolk matter. Approximate difference in viscosity
value between fresh yolk and 3 days resting one ran-
ges about 25%.

Continuing reduction of viscosity value visible in
Fig. 8 and absence of equilibrium state (common at
lower share rates) can be explained as an influence
of sample heating in experimental device as a conse-
quence of rather high share rate. Authors suppose that
in case of completion of measuring device with ther-
moregulator, equilibrium state effect would appear
even at this share rate. This problem is also solved in
literature (Abu-Jdayil, 2001).
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YOLK BPR at 51 s™ — 1 week stored at 4 °C
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9: Time-dependant behaviour of BPR yolk and differences between fresh and rested material

Also time-dependant behaviour was modelled
using similar procedure as in previous case. Two sim-
ple models of following form were applied:

n = a exp(bt) + ¢ exp(dt), (7
where: a = 247.6 b = -0.00115 ¢ = 1164 d =
0.000002569 R? = 0.9893.

n=at+c, (8)

where: a = 3790 b = —-0.01684 ¢ = -2130 R? =
0.8991.

Again, the exponential fitting (7) with R* = 0.9893
showed the best match with experimental data. Pro-
posed simple model could be used for predicting yolk
behaviour loaded at similar conditions.

CONCLUSIONS

Experiments were performed on egg yolk to in-
vestigate the effect of hen breed, storage conditions
and resting time on its flow behaviour. The eggs were
stored at different temperatures (from 4 °C to 16 °C)
for different time periods up to 8 weeks. The samples
were shared at different rates (0.34 — 68 s!) and sha-

red for rather long times — up to 7000 s. Some sam-
ples were left to rest at room temperature for 1, 2, 3
and 4 days and the changes in viscosity were monito-
red. No difference between rheological behaviour of
two examined hen breeds were statistically provable.
Yolk exhibited shear-thinning and thixotropic behavi-
our regardless of the storage time or temperature. At
constant shear rate, the apparent viscosity of yolk de-
creased with storage time. The pH of yolk was chan-
ged (with a little variation) from 5.90 (fresh egg) to
6.25 (8 weeks of storing). This increase is caused by
concentrate of ammonia created from protein during
ageing. Increasing storage temperature also decreases
the viscosity value. The value of viscosity measured
after 8 weeks of storing at 16 °C reached only 21%
of viscosity of fresh sample. On the contrary, resting
the sample at room temperature in open container in-
creased viscosity value. The value after three-day rest
increased for 25%. The time-dependant viscosity de-
creased rapidly with time and at lower share rates rea-
ched an equilibrium stage. The time-dependant visco-
sity was also found to decrease with storage time.

The non-Newtonian behaviour of yolk as well as ti-
me-dependant behaviour was modelled using simple
models. The exponential fitting exhibited generally
the best results.
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SOUHRN

Reologické vlastnosti vajecného zloutku

Prace je soucasti rozsahlejsiho projektu sledovani reologickych vlastnosti riiznych biologickych mate-
riall a potravin. Zde jsou prezentovany vysledky sledovani reologického chovani vaje¢nych zloutkt v
zavislosti na délce a teploté skladovani, rychlosti a trvani deformace a délce odlezeni vzorku pfi poko-
jovych podminkach.

Sledovana byla vejce dvou hnédovajeénych snaskovych plemen (plymutky zihané a rodajlendky éerve-
né). Vejce byla skladovana pfi rozdilnych teplotach: 4 °C, 8 °C, 12 °C a 16 °C za konstantnich podmi-
nek po dobu 0, 1, 2, 3, 4 a 8 tydnd. Po uplynuti doby skladovani byly z vajec pfipraveny vyse popsanou
metodou vzorky zloutkd. Nékteré vzorky byly dale ponechany v oteviené nadobé pii pokojové teploté
po dobu 1, 2 a 3 dnti.

Nebyla zjisténa zadna statisticky prokazatelna korelace mezi reologickymi vlastnostmi zloutkt a ple-
menem nosnic. Uréitym zplisobem problematickym bodem ziistava piiprava vzorku a namétené hodno-
ty jsou prezentovatelné jako vysledky méteni zloutkové rozmichané hmoty.

Zloutek vykazoval znamky ,,shear-thinning“ a tixotropie bez ohledu na délku nebo teplotu skladova-
ni. Hodnota pH se s dobou skladovani zvySovala. S malymi odchylkami se hodnota pH pohybovala od
5,90 (Cerstvy material) po 6,25 (8 tydnt skladovani). Pfi shodné rychlosti deformace dochazelo k po-
klesu hodnot viskozity Zloutku s délkou skladovani. Zvysujici se teplota skladovani taktéz tuto hodnotu
snizovala. Hodnota viskozity po 8 tydnech skladovani pti 16 °C dosahla pouze 21 % hodnoty viskozi-
ty Cerstvého vzorku. Naopak odlezeni vzorku v oteviené nadobé pii pokojové teploté viskozitu vzorku
zvySovalo. Po tfidennim odlezeni byla viskozita vyssi o 25 %.

Dale byla sledovano casoveé zavislé chovani vzorku. Viskozita rychle klesala s ¢asem zatézovani a u
nizsich rychlosti deformace dosahla vyrovnaného stavu. Také u ¢asové zavislé viskozity byl zjistén po-
kles s délkou skladovani. Ne-newtonovské chovani zloutku a ¢asové zavislosti viskozity byly mode-
lovany pomoci jednoduchych modeli. Bylo dosazeno uspokojivych vysledki s vysokymi korela¢nimi

koeficienty.

vajeény Zloutek, reologické vlastnosti, viskozita, rychlost deformace, pH, modelovani
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