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ABSTRACT
Solubility, electrophoresis, viscosity and emulsifying prop-
erties of heated solutions of yolk, plasma and granules were
determined. Plasma and yolk were not affected when heated
under 69 °C. Above 69 °C, protein solubility dropped sharply
and apparent viscosity rose sharply because of aggrega-
tion of proteins. For granules, protein solubility and appar-

ent viscosity were not modified upto 76~ °C. The constituents
of granules were not denatured. Emulsifying activity of yolk

and plasma decreased after heating at 72 °C but remained
steady for granules. Emulsion stabilization properties of yolk,
plasma and granules were not influenced up to 76  °C. Re-
sults suggested that intact granules withstood more severe

industrial scale (McBee and Cotterill, 1979). The emulsifying prop-
erties of granules and plasma have been investigated (Dyer-Hurdon
and Nnanna, 1993; Anton and Gandemer, 1997). However, there is
no report on their sensitivity to heat treatment, or the effects of heat
treatment on emulsifying properties of granules and plasma.

Our objective was to determine the effects of temperatures cov-
ering mostly those of pasteurization (552@pon protein denatur-
ation and emulsifying properties of plasma and granules compared
to yolk. We measured protein solubility and apparent viscosity of
heated solutions. We identified the denatured proteins by electro-
phoresis and evaluated emulsifying activity and emulsion stabiliza-
tion properties of yolk, plasma and granules.

MATERIALS & METHODS

heat treatments than egg yolk without lessening their emul-
sifying properties.
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Preparation of yolk, plasma and granules

One-day-old eggs were collected from one flock of Isabrown hens
which received the same standard diet and which were 39 to 46 wk
old. The eggs were manually broken and yolks were separated from
the albumen. Each yolk was carefully rolled on a filter paper (What-

INTRODUCTION man) to remove chalazes and traces of aloumen adhering to the vi-

HEN EGGYOLK ISA KEY INGREDIENTIN MANY EMULSIONSSUCH  tellin membrane. The vitellin membrane was then disrupted with a
as mayonnaise or salad dressings and it forms and stabilizesshgpel blade and yolk was collected in a beaker cooled in iced water.
emulsions. To ensure microbial safety, egg processors generally pasyolk was fractionated into plasma and granules according to the
teurize yolk at 60 to 6& for 3.5 to 4.5 min. These time-temperaturenethod described by McBee and Cotterill (1979). Yolk (~800g) was
treatments are designed to eradicate pathogenic microorganisms (géfled and diluted with an equal weight of a 0.17M NaCl solution.
as Salmonella) without damaging yolk proteins and their functionghe diluted yolk was stirred with a magnetic stirrer for 1 h before
properties (Powrie and Nakai, 1986; Kobayashi et al., 1997). Haygntrifugation at 10,00 g for 45 min at 16C. The supernatant
ever, they do not ensure complete eradication of microbial flora (Pq@tasma) was separated from the sediment (granules). It was centri-
rie and Nakai, 1986; Denis et al., 1995). Consequently, pasteuriggfbd again to avoid contamination with granules. The granules were
yolk and food emulsions containing yolk, have limited shelf-life angashed with a 0.17M NaCl solution and collected. Yolk, plasma and
must be kept at°C. granules contained 52.0%, 24.0% and 44.0% dry matter respectively.

Some egg processors and users would prefer to apply strongetolk and granules were diluted in a 0.17M NaCl solution to ad-
heat treatments to further ensure microbial safety of yolk and jost dry matter content to that of plasma (24.0%). After dilution,
crease shelf life. However, such heat treatments would alter phystgair ionic strength was close to that of yolk before dilution. The pH
and functional properties of yolk. The viscosity of yolk sharply risest yolk, plasma and granules was adjusted to 6.1 with 1M HCI or

when heated above %5 and yolk coagulates around’@0 Several 1M NaOH solutions. The standardized preparations of yolk, plasma
studies have indicated that some individual constituents of yolk @iy granules were kept &Ctbefore being heated.

less sensitive to thermal denaturation than whole yolk. Low-density
lipoproteins (LDL) solutions (4% wi/v) start denaturing atG@nd Heat treatment
form gels at 78C (Tsutsui, 1988). Phosvitins and some livetins are Sjx temperaturesSC) were tested : ambient (20-22), 55, 62, 69,
less sensitive to thermocoagulation than LDL (Dixon and Cotteriflp and 76. Yolk, plasma and granules preparations were divided into
1981; Tsutsui and Obara, 1982; Woodward and Cotterill, 1987; Yang, mL samples which were poured into 50 mL test tubes (i.d. 20
1987). Thus, some individual constituents of yolk may WithStal’ﬁﬁm). The tubes were plunged into a water bath over a multipost
stronger heat treatments than whole yolk without losing their emifagnetic stirrer for 320s. A thermal probe indicated that the temper-
sifying properties. ature in samples reached that of the bath in 170s. The samples were
Individual constituents of yolk are difficult to prepare and onlkept at the selected temperatures for 150s. Then, the tubes were im-
plasma (85 % LDL and 15 % livetin) and granules (70 % HDL, 16 fediately plunged into iced water to cool samples as fast as possi-
phosvitin and 12 % LDL) can be easily fractionated from yolk at @fe. The samples were then stored at 4°C until they were analyzed.

Apparent viscosity

The authors are affiliated with the Institut National de la Recherche Agronomique,
Laboratoire d’Etude des Interactions des Molécules Alimentaires, Lipids Grotﬁ) Samples of y0|k’ plasma and granUIeS were analyzed 48h after

BP 71627, 44316 Nantes, Cedex 3, France. Direct inquiries to Dr. M. Anton. éating. Flow curves of the samples (4 mL) were establishedGt 25
on a stress-controlled rheometer CARRIMED CSL50 (T.A. Instru-
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ments, New Castle, DE) in a cone-plate geometry (diameter : 6 ¢tQ%)/triton (1%)/aluminium nitrate (0.1M) solution. Gels were
angle : 357, truncation : 204.m). This rheometer enabled accuratelestained in acetic acid (7%)/ethanol (40%)/water (53%).
determination of the flow behavior of samples ranging from Newto-

nian fluid (low viscosity) to materials exhibiting plastic behavioStatistical analysis

Trials were required to settle the stress conditions which gave com-Three replicates were made for the following parameters: appar-
parable ranges of shear rate in the different samples. An appaesmntviscosity, protein solubility, emulsifying activity and emulsion
viscosity (v40) was calculated at a shear rate of 4Dand expressed stability. For each fraction, results were subjected to a 1-way analy-

in Pas. sis of variance according to the GLM procedure with least-square
means effects using STATGRAPHICS (Statistical Graphics Corpo-
Protein solubility ration, Rockville, MD) software. The temperature was the experi-

Heated samples of yolk, plasma and granules were diluted imantal factor with 6 levels: ambient (20<€2, 55C, 62C, 69C,
0.17M NacCl solution to an approximate protein concentration of7/2°C and 768C. Confidence intervals were set at 95%(p05).
mg/mL. The diluted samples (24 mL) were equilibrated for 1 h at
20-22C with a magnetic stirrer. A sample (4 mL) was taken for the RESULTS
determination of initial protein content. The remaining 20 mL were
centrifuged at 10,008 g for 20 min at 18C and 4 mL of the super- Apparent viscosity and protein solubility
natant were collected. Protein content was determined by the proceFor unheated yolk and plasma, the flow curves were characteris-
dure of Markwell et al. (1978). Calibration curve was establishéid of Newtonian liquids with low viscosity (8 10-3 Pa-s). In con-
with bovine serum albumin. The protein solubility was calculated &rast, unheated granules had a much higher apparent viscosity (1.8

mg protein in supernatant/mg protein in initial dilutignl100. X 10-2 Pas) and exhibited a low yield stress with flow behavior
(Fig. 1). Solubility of granules proteins was low compared to those
Emulsifying activity of yolk and plasma: 24% vs 71% ar®0%, respectively (Fig. 2).

Heated samples of yolk, plasma and granules were diluted in 12When the temperature was increased from 55 1@, ABe appar-
mL 0.5M NaCl solution to a final concentration of 0.5 % (w/w). Thent viscosity of solutions and the protein solubility curves showed
pH was adjusted to 6.5. A commercial sunflower oil (28 mL) was
added to prepare oil in water emulsions (oil volume fraeti@0).
The mixture was homogenized at 20,000 rpm for 120s with a shear '* 7 :

agitator (Polytron PT 3000, Kinematica, Littau, Switzerland)_ o ok
equipped with a 12 mm diameter head. Immediately after homo je- —a— granules
nization, 2 mL of emulsion were removed and diluted (1/25) with & . —C— plasma

0.05M Tris-HCI, 1% sodium dodecyl sulfate, pH 8.0 solution. The
size distribution of droplets was determined on the diluted em
sions by laser light diffraction using a Mastersizer 3600 (Malvefs
Instruments Ltd, Malvern, UK) in the Fourier conformation (focus:
100 mm). The median diameter of the dropletg éstpressed in pm)
was calculated from the data (the smaller the median diameter,|t
higher the emulsifying activity).
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Emulsion stability

Heated samples of yolk, plasma and granules were diluted in|25 : : _ . . ,
mL 0.5M NacCl solution to a final concentration of 0.5 % (w/w). A control 55 60 65 70 75
commercial sunflower oil (15 mL) was used to prepare oil in water Temperature (°C)

emulsions (oil volume fraction0.375). Emulsification was per-
fOI’med W|th a Sheal’ agitator (Polytl’on PT 3000 Kinematica thtMQ 1—Changes in apparent viscosity of yolk, plasma and granules
Switzerland) at 20,000 rpm for 30s af@3quipped with a 12 mm as related to temperature. 24.0:0.5 % dry matter ; viscosity mea-
diameter head. surement: shear rate = 40 s' at 25°C.

Emulsion stability was determined as described by Anton and
Gandemer (1997). The kinetics of oil volume fraction in the creaned
phase @) were determined by electrical conductivity of emulsmrjjs 100 T /S
during 4.5h® was plotted vs time and two values were calculated : ’ -
the creaming rate using the initial slope of the curve (between 300s 20 -
and 1200s after emulsification) and the fidalvalue (15800s to

16200s after emulsification). 3 T — —
3‘_:". &0
Evaluation of protein denaturation 5
Polyacrylamide gel electrophoresis was performed under no@ — 1 yolk
denaturing conditions. Two gels were prepared: one with sample gf 40 ::: glranules |
plasma

unheated yolk, plasma and granules, and the second with heated s&m-
ples of yolk. Samples were diluted 1/10 in a 0.5M NacCl solution [t N . — 1
assure complete solubilization of proteins. The diluted samples were 2
dispersed in an equal volume of dissociation buffer (0.5M Tris HCI
pH 6.8, 0.05% bromophenol blue, 10% glycerol, 5089 HThe stack- o

ing and running gels were 3.5% and 6% polyacrylamide, respectively. ool s 50 o5 70 75
The migration buffer was a Tris HCI 0.05M, glycine 0.17M, pH 8.8 Temperature (°C)

solution. About 3Qug protein sample was placed on the gel. Electro-
phoretic migration was performed at 25 mA for 1.5h. The proteigg; 2_changes in protein solubility of yolk, plasma and granules
were stained with a Coomassie blue (0.05%)/ethanol (25%)/acetic aliGelated to temperature. pH 6.1; 0.17M NaCl.
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similar patterns for yolk and plasma (Fig. 1, Fig. 2). BelowC69 Yang and Cotterill, 1989 ; Causeret et al., 1991) (Fig. 3a). Band 1
the apparent viscosity and protein solubility were not changéohmobile materials) was assumed to be LDL, 2 and 4 were identi-
(p<<0.05). The apparent viscosity increased sharply betwedh 6%ied asp- and a-HDL, 3 wasy-livetin, 5 to 8 werg-livetin, 9 was
and 72C (2.0 log units) and at a slower rate betweéilC#hd 76C  «-livetin and 10 and 11 were, respectiv@lyanda-phosvitin. Plas-
(0.3 log unit). Concurrently, the protein solubility dropped by 40%ha contained LDL and livetins, whereas granules contained HDL

and 50%, respectively, between 69 antlC76/olk and plasma heat- and phosuvitin.

ed at 72C and 78C were gellified as observed visually.

The LDL band progressively disappeared betweé@ aad 76C

The apparent viscosity and protein solubility of granules we(Eig. 3b). The intensity of-livetin band decreased after heating at
less influenced by temperature than those of yolk and plasma (Bg&C and the band was not detectable abov€ 6Bhe intensity of
1, Fig. 2). Between 58 and 69C, a slight decrease of apparenB-livetin bands was not affected by temperature. The intensity of
viscosity was observed with no change in protein solubility. Betwekwvetin band decreased when samples were heated@tafl the
69°C and 76C, heating caused a slight increase of the apparent vignd disappeared after heating &6 he intensity op-HDL band
cosity (0.7 log unit) but the solutions did not gel. Concurrently, pravas similar at all temperatures whereas thatdDL band decreased

tein solubility was not significantly affected (3% of loss).

Protein denaturation

after heating at 72°C and further decreased after heating@tda6
andp-Phosvitin bands were not affected by temperature (Fig. 3b).
Consequently, we assumed that proteins and lipoproteins of plasma

The electrophoresis of unheated yolk performed in non-denat(livetins and LDL) were more affected by heat treatment than pro-
ing conditions showed 11 bands which were identified from resut&sns and lipoproteins of granules (phosvitins and HDL).
previously published (Dixon and Cotterill, 1981 ; Abe et al., 1982 ;

Figure 3a
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Fig. 3—(a) Polyacrylamide gel electrophoresis of unheated solu-
tions of yolk, plasma and granules. Std=molecular standards, Y=yolk,
P=plasma, G=granules. (b) Polyacrylamide gel electrophoresis of
yolk solution heated at different temperatures (55, 62, 69, 72, and
76°C). Std= molecular standards; C=unheated yolk solution; stack-
ing and running gels: 3.5 % and 6 % polyacrylamide, respectively.
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Emulsifying activity

Unheated granules had a better emulsifying activity than yolk
and plasma on an equal dry matter basis. The median diameter of oil
droplets in emulsions prepared with granules was significantly low-
er than with yolk and plasma (254 vs 29.9.m and 40.4.m for
yolk and plasma respectively) (Fig. 4).

When the samples were heated, changes in the median diameter
of oil droplets in emulsions prepared with yolk and plasma were
similar (Fig. 4). Between 5& and 69C, the median diameter of the
oil droplets remained constant. BetweefiGand 76C, it rose sig-
nificantly, increasing by 15m and 21um for emulsion prepared
with yolk and plasma heated at'@(compared with unheated prep-
aration). In contrast to yolk and plasma, the median diameter of emul-
sions made with granules was similar at all temperatures (Fig. 4).

Emulsion stability

For unheated samples, creaming rates (Fig. 5) and final oil vol-
ume fraction @) (Fig. 6) were lower when emulsions were prepared
with granules compared to yolk and plasma (0.43°101 vs 2.5
10-5sland 3.3 165 s1 and 0.49 vs 0.53, 0.52, respectively).
These two measurements showed that granules provided better emul-
sion stability than yolk and plasma. When samples were heated at
55°C to 76C, no change was observed for any fraction (yolk, plas-
ma or granules) for creaming rate or final oil volume fraction, sug-
gesting that emulsion stability was not affected by temperature.

an [

! —— yalk
, —— granules i

amune BlASMA !
O

T
60

50 4

0 o

il

20 }-

cantrol 55 80 BS 70 75

Median diameter of emulsion droplets { d,, inpm }

Temperature ("G}

Fig. 4—Changes in median diameter of droplets in emulsions pre-
pared from yolk, plasma and granules as related to temperature.
Emulsions O/W 70 : 30 ; 0.5 % dry matter in the aqueous phase; pH
6.5; 0.50M NacCl.
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Fig. 5—Changes in creaming rate of emulsions prepared from yolk, Fig. 6—Changes in the final oil volume fraction (®) in the creamed
plasma and granules as related to temperature. Emulsi o/w ph of emulsions prepared from yolk, plasma and granules as
37.5:62.5; 0.5% dry matter in the aqueous phase; pH 6.5; 0.50M related to temperature. Emulsions O/W 37.5:62.5; 0.5% dry matter
NacCl. in the aqueous phase; pH 6.5; 0.50M NaCl.

plasma). Thus, the proteins could not adsorb at the interface when

DISCUSSION they were unsolubilized and aggregated.

Granules were resistant to heat treatment CONCLUSION

Results showed that granules were less sensitive to heat than Eélzﬁ'ow NACL (0.17M)CONCENTRATIONAND AT PH 6.1, GRANULES
ma_and 3;10"(' In our expe?mentall colndmons (dehe'l .afnd Nafhre less sensitive to heat treatments (5%syY6han plasma and
0.17M), the constituents of granules : HDL and phosvitins, Wef Granules could be subjected to greater heat treatment than plas-
bound together by phosphocalcic bridges between their seryl resis o yolk without lowering their emulsifying properties. Yolk

dues to form nonsoluble complexes (Causeret et al., 1991). Thgs&, e the same pattern as plasma regarding its thermal sensitivity.

complexes could protect the proteins against thermal denaturatigs efore. some technological problems caused by heat treatment of
Further studies in experimental conditions where phosphocal

ffik could be overcome in part by substituting granules for yolk in
bridges are totally disrupted (high concentration of monovalent c od emulsions P y 99 y

ions and/or strongly acidic or basic pH) are needed. This would clar-
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