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Functional Properties of Milk-Egg Mixtures
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ABSTRACT
We used an experimental design (Scheffe simplex-centroid
design) to examine ingredient interactions in food protein
mixtures and their effects on functional properties. A defined
and limited number of milk, albumen, and egg yolk blends
were made and evaluated for heat gelation properties and
for emulsifying and foaming capacity and stability. The
method accounted for nonlinear interactions between the
ingredients. Synergistic effects were revealed on heat gela-
tion and emulsifying properties but antagonistic effects for
foaming properties were noted.
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and foaming properties contained 3% (w/v) protein (similar protein
content to milk), while protein concentration was 8% (w/v) when
studying heat gelation. Each suspension was adjusted to pH 6.6 (milk
natural pH) with 1 M HCI or 1 M NaOH. Ten suspensions were
prepared. These consisted of 3 single-ingredient systems (milk, al-
bumen, and egg yolk), 3 two-ingredient mixtures, and 4 three-ingre-
dient mixtures. These formulations were prepared by mixing skim
milk suspensions, albumen, and egg yolk in a matrix (Fig. 1).

Functional properties

Heat gelation A 50 mL aliquot from an 8% (w/v) protein sus-
pension was heated in a glass beaker (height: 60 mm, dia: 40 mm) to
100 °C in an oil bath for 20 min then cooled in an ice bath. Gel

strength was measured using a texturometer (Stevens LFRA) on a
coagulum (ht: 12 mm, dia: 12 mm). The compression speed was
fixed at 0.2 mm/s, and the work to compress the gelto 5 mm (41.7%
INTRODUCTION compression) before failure was expressed in Newtons.
MILK AND EGG PROTEINSARE USED IN FOOD PRODUCTSFOR Emulsifying capacity (EC) was determined using a phase inver-
nutritive value and emulsifying, foaming, and heat-gelling propegion point principle (Crenwelge et al., 1974 ; Harisson and Cunning-
ties. Emulsifying characteristics of these proteins are exhibited{gm 1986), according to a procedure described by Sauveur et al.
salad dressings, mayonnaise, and meat emulsions. Protein foam @9¢9). water-in-oil emulsions were prepared with 4 g of 3% (w/v)
heat set protein gels are important in meringues, soufflés, whippggtein suspension and 16 g paraffin oil (chosen because it is devoid
toppings, and cakes. Many studies have been published on functigngnsijo-active agents such as mono- and diglycerides) with a ho-
al properties of milk (Kinsella, 1984; Leman and Kinsella, 1989;ogenizer (PT 3000-Kinematica) at 16,500 rpm for 30 sec, while
Cayot and Lorient, 1998) and eggs (Mineki and Kobayashi, 199f;ter was added at the rate of 4.5 mL/min. Emulsifying capacity
Vadehra and Nath, 1973; Baldwin, 1986) or individual protein fragjas recorded as the point at which a sudden drop in viscosity oc-
tions. However, milk and egg are usually mixed in food formulagyred due to emulsion inversion. These data were reported as mL of
Such blends are polyphasic systems consisting of phospholipids, tjjgter added/protein dispersion at the inversion point.
lycerides in egg yolk and lactose in milk. Protein-protein interac- gmy|sifying stability (ES), i.e., creaming and fat separation, was
tions and polysaccharide- and/or lipid-protein interactions contriatermined by centrifugation. Paraffin oil was dyed (0.2 g Sudan Il
ute to the net functional effects. Functiopabperties of milk-egg in 100 g oil) prior to emulsification (Arkad et al., 1985). After ho-
mixtures need to be characterized to predict their performancey{Bgenization a 20 mL aliquot of emulsion was dispersed into grad-
food formulations. _ _ ~uated tubes and centrifuged at 180 g for 2.5 min at 21 °C. Emulsion
Many studies have been published on properties of protein Mixapility was recorded as the volume ratio of the separated cream
tures (Knapp et al., 1978; Kwasniewska et al., 1979; Porteous @by in the initial emulsion after centrifugation (Leman et al., 1988).
Quinn, 19_79; Hargett et al., 1982; Nichols and Cheryan, 1982; Linn Foaming capacity(FC)and stability (FS) were determined ac-
and Cunningham, 1984; Burgarella et al., 1985). Few have used g¥ing to the method of McWatters and Cherry (1977) and Ki-
tematic experimental design and statistical analysis to validate {hgatake and Doi (1982) after modifications. The protein suspension
importance of ingredient interactions (Moll et al., 1982; Jackmaqsg mL) was whipped in a 100 mL graduated cylinder using a PT
and Yada, 1988, 1989; Baardseth et al., 1992; Arteaga et al., 1998h0 Kinematica homogenizer at 10,000 rpm for 1 min. Foaming

~ Our objective was to model and analyze milk-aloumen-egg yalkpacity was expressed as the volume increase (%) (Poole et al.,
interactions and their effects on functional properties and to defiiggy):

the optimum blend(s) that maximize desired functional properties or
avoid antagonistic effects. FC (%)=

Foam volume- Initial protein suspension vqumt)e( 100
Initial protein suspension volume (15 mL)

MATERIALS & METHODS

. Foaming stability (FS), i.e., drainage, was determined after mea-
Sample preparation suring the volume of liquid drained from foam by gravity (which

Spray-dried skim milk, albumen, and egg yolk (Epibretagngppeared at the bottom of the graduated cylinder after 2 h) and was
Plaintel France) were dispersed in deionized water and stirred geflculated as:

tly and continuously overnight at 4 °C. Suspensions for emulsifying ) o
Volume drained liquid

— - - x 100
Initial protein suspension volume (15 mL)

FS (%)=
Authors Matringe and Lorient are with the Laboratoire de Biochimie et Toxicologie
Alimentaires, ENSBANA, 21000 Dijon, France. Author Phan Tan Luu is with the
Laboratoire de Méthodologie de la Recherche Expérimentale, Centre St Jérﬁge - tal desi

13397 Marseille Cedex 20, France. Address inquiries to Dr. E. Matringe, IUT ,xbe"me“ al design

Lyon I, Laboratoire de Recherche en Génie Industriel Alimentaire, Département Each individual component of the blend has very specific prop-

de Geénie Biologique, rue Henri de Boissieu, 01000 Bourg-en-Bresse, France dfties. So binary or ternary blends were made in different propor-
mail: iutbiobourg@hol.fr). . . .
tions, and components were systematically replaced by others in the

© 1999 Institute of Food Technologists Volume 64, No. 5, 1999—JOURNAL OF FOOD SCIENCE 787



Functional Properties of Milk-Egg Mixtures . . .

formulations. A canonical special cubic equation for 3 componerfable 1—Mixtures composition®

(Cornell, 1990) was fitted to data collected at each experimental point Experimental
using a linear regression as described by Moll et al. (1981). This No. X, X, X3 result
mathematical model permitted determination of the value contribu- 1 1 0 0 Y1
tion by each component in any place of the experimental domain 2 0 1 0 Y2
from results of carefully chosen experimental points. Z f/) 8 é Qz
. . . 2 2
The reduced cubic model (canonical equation) was postulated: 5 1, 0 1 v13
6 0 % Y Y23
M = BaXy + BoXp + PaXs + B1oX1X; : e ys e viey
8 4/6 1/6 1/6 Y111123
+ B1aX1 X3 + BasXoX3 + B12aX1XoX3 9 1/6 4/6 1/6 Y122223
10 1/6 1/6 4/6 Y123333
Biv Bij! Bijk: coefficients of the model. aX1, X2 and X3 are the proportions of milk, aloumen and egg yolk, respectively.

The experimental domain consisted of different proportions of
ingredients X (milk), X, (egg white or albumen), X(egg yolk)
betwet_en_zero and _one:’é()(l S.l;zx' =1).The (_axperlmental domain reduced cubic model well represented the variation of properties in
was W.'thm an equnate_ral triangle (regular simplex). For each Pr%e domain. In the specific case of the mixtures, the components
e.rty, triangular plots (Fig. 1) were copstructed .based on these regj Sfe not independent, and the factors were the proportions of each
sion modells. the vertexes of the S"T”p'ex (Fig. 1) represented ponent in the mixture. Thus, any linear and interaction terms in
pure constituents, the edges of the triangle corresponded to the %S'model had no significance
ingredient mixtures, and points within the triangle represented the '

three-ingredient mixtures. Ten mixtures (Table 1) were tested. Heat gelation

Albumen gels were firmer than egg yolk gels, but milk did not

Tod trat isti dant istic effects betw form a heat-set gel (Table 3). However, milk-albumen or milk-egg
0 demonstrate synergistic and antagonistic etiects between COf\ iy res formed gels. Suspensions containing any egg protein
ponents, responses were plotted in 3D using the SAS/GRAP.H S F'med heat-set gels (Woodward, 1990). The three corners of the
\évare (SAS Instt|t(;1te .:EC"lég%)' Thedthree c?l:r:erslof ItEhe rt]rlanq Fangular base represented milk, albumen, and egg yolk levels (Fig.
aset represerll_ e i I’QI t'Ia utn;’etr_l, an Regg ?f{o evels. kac gx ). If there were no interaction effects, no significant difference
ment was replicated at jeast 5 Imes. Resulls Were expressed ag gy e gpserved between experimental responses and expected
arithmetic means of 3 values with a standard deviation error estu’g?e-

Data evaluation

tion. Experimental and calculated values were compared using If oretical responses (calculated by weighted average of each ingre-
“tr tést Significance of differences was defined at p 0.05 it response), that were on the plane surface linking response val-
) e ues for two pure components. There would be an antagonistic effect
RESULTS & DISCUSSION or a synergistic effect if the surface response was above or below the
line, respectively. Changes in the amounts of egg white had the great-

est synergistic effects (Fig. 2b) on gel firmness. However, replacing

albumen by milk (up to 35%) gave gels with the same firmness (1.97
N) as those containing albumen alone. The isoresponse curve (level

A reduced cubic model was postulated. THe7Isets (Table 1) . .
. Lo . rve with response equal to a constant) plots showed the evolution
enabled precise estimation of 7 coefficients of the model (Table )
of’the response depending on the amount of pure component. The

by linear regression. Three test points (8, 9, 10) within the EXpellolution of the response was not linear and indicated the impor-

mental domain were used for model validation. Considering the %l

. - nce of interaction effects between pure components. The isore-
perimental precision of the measurements, we concluded that the ) o
sponse curve 11 (Fig. 2a) showed synergistic effects between albu-

men and milk protein. This could be related to the unfolding of the
protein during heat denaturation. In heat-set gelling products, some
of the albumen may be replaced by lower valued milk protein with-
out sacrificing gel firmness.

Determination of the coefficients of the mathematical
model

Milk (X1)

1 Emulsifying properties

Egg yolk had the highest emulsifying property followed by milk
and albumen (Table 3). Phospholipids (lecithin) and the lipoproteins
m (main components of egg yolk) are excellent emulsifiers (Mitzutani
AvAvA and Nakamura, 1984; Chung and Ferrier, 1991; Bringe et al., 1996;
Aluko and Mine, 1997). The amphipathic nature of whey proteins
and casein are responsible for the emulsifying properties of milk
(Dumay and Cheftel, 1986; Haque et al., 1988; Foley and O’Connel,
. 5 1990; Closs, 1990; Courthaudon, 1990; Hung and Zayas, 1991). The
/W/\/\ \ lower emulsifying power of albumen is explained by its globular
nature and low hydrophobicity. Evidence of synergistic as well as
7 antagonistic effects on emulsifying capacities were found in several
mixtures (Fig. 3). There was a large area in the simplex, near the
point which corresponded to pure egg yolk, where all the mixtures
AWMV\A had the same emulsifying capacity and the highest vait&$p).
The maximum emulsifying capacity was exhibited by mixtures con-
/\/\AAA /\/\/\ taining 30% to 85% egg yolk, 1% to 45% albumen, and 5% to 55%
2 6 3 milk as represented by isoresponse curve 11 (Fig. 3). The mixture
Egg white (X2) Egg yolk (X3) | 3504 egg yolk, 55% milk, and 10% albumen had similar emulsifying
capacity as an 85% egg yolk, 10% milk, and 5% albumen mixture.
This could be explained by the very efficient tensioactive properties

Fig. 1 —Representation of simplex-centroid design.
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Table 2—Ingredient-functionality property regression models

Functional
properties Coefficients of independent variables Coefficients of nonlinear blending terms

B, B, B3 B1, Bis Bas Bias
HG 0.0051 2.0134 0.6337 2.8769 0.0777 0.4142 -0.444256
EC -4.150 2.613 5.399 -2.753 2.538 3.023 39.145
ES 17.80 19.38 29.22 -17.25 -8.36 -13.59 105.99
FC 44.22 197.49 56.20 -311.77 47.24 -321.81 188.68
FS 90.08 80.22 52.13 22.02 87.23 20.19 140.02

aHG-heat gelation; EC: Emulsifying capacity; FC-foaming capacity; ES-emulsifying stability; FS-foaming stability.

Table 3—Experimental responses for the 5 functional properties considered

Functional Mixtures

properties 1 2 3 4 6 7 8 9 10
HG 0.0+0 1.97+0.14 0.65+0.09 1.68+0.06 0.35+0.06 1.40+0.05 1.15+0.06 0.82+0.06 1.96+0.09 0.87+0.08
EC 4.07+0.25 2.41+0.50 5.62+0.50 2.40+0.29 5.55+0.27 4.77+0.20 5.60+0.37 5.20+0.48 4.87+0.30 5.40+0.26
ES 17.6+1.5 19.2+1 .4 29.4+3.5 13.9+2.8 21.4+2.1 20.9+4.1 21.1+0.1 19.5+1 .4 19.8+1 .4 24.4+1.1
FC 40.5+1 207.3+10 25.8+6 49.0+6 54.9+13 52.9+9 49.2+9 45.4+1 50.7+8 49.6+7
FS 92.1+1.8 79.4+3.2 49.9+0.9 91.8+1.6 92.3+1.7 67.8+2.2 89.4+£3.3 92.8+1.6 90.8+2.8 87.6x2.9

HG-heat gelation; EC-emulsifying capacity; FC-foaming capacity; ES-emulsifying stability; FS-foaming stability.

of casein micelles. Reducing egg yolk from 45% to zero made toel00% , the emulsifying capacity decreased rapidly and regularly.
response decrease rapidly (isoresponse curves very close). AsTtie lowest value response was for the pure component egg white
proportion of egg white increased in the ternary mixture from 43@%,) or for the binary mixtures egg white-milk. When the proportion

Albumen

Hardness (N) b
2.00

100%
100%
albumen egg
yolk

100% milk

Fig. 2—Isoresponse curves for (a) heat gelling property and (b) the
corresponding three-dimensional surface.

of milk in the mixture increased from 60% to 100%, the response
also decreased.

Egg yolk had the greatest effects on emulsifying stability (Fig.
3). Maximum emulsifying stability was exhibited by mixtures con-
taining the maximum proportion of egg yolk. The lipoproteins in the
plasma (egg yolk fraction) would be most responsible for this emul-
sifying stability (Mitzutani, Nakamura, 1984). Milk and albumen
had practically the same effect on this response, so they could be
used interchangeably.

Emulsifying power could be evaluated by superposition of the
plots for emulsifying capacity and stability (Fig. 3). Both responses
could be maximized simultaneously by formulating the ternary mix-
tures in the area indicated by the arrow (Fig. 3). Mixtures containing
egg yolk &65% to 85%), a small proportion of milk6% to 15%),
and albumen (maximum 20%) exhibited the best emulsifying pow-

Milk
{
= Emulsifying — = — = Emulsifying
Capacity Stability
1=240 I 1=13.90
2=272 3/ Ay 2=1545
3=3.04 1 /7 3=17.00
4=3.36 1 fr 4=1855
5=3.68 7y 5=20.10
6=4.01 A g 6=21.65
7=4.33 Iy A 7 =23.20
§=4.65 v/ S 8=2475
9=4.97 4 s 9=26.30
10 = 5.30 d s 10 =27.86
11=5862 /) ¢ 11=29.40
/ ’
/
U/ / P
i1 / , 4 \
/ to optimal mixture
.8
1 ! -
! 1 !
I v H
/ 11 { 2
- \ N N 10
234 5 6 18 9‘\13\\\‘\ 7
Egg white Egg yolk

Fig. 3—Isoresponse curves for the superposition of the capacity
) and the stability (---) emulsifying properties.
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er. Egg could be replaced by milk without loss of emulsifying prop-
erties. Foaming capacity
(% foam vol.)

Foaming properties

Albumen had the highest foaming capacity because of ovalbu-
min, the main constituent (Table 3). Milk had the lowest. The foam-
ing property of albumen is well known and could be related to the
structure of the foam. Awazuhara and Nakamura (1986) obseryed
that, in albumen foam, a rigid membrane surrounded the polyhedric
bubbles, while the bubbles in egg yolk foam were round and smaller
with no membrane. Yolk is considered as an inhibitor to albumen
foaming. The lipid constituents of egg yolk compete with the prp-
tein for the interface and sharply reduce the foaming power (C§g. 5—Three-dimensional surface of foaming capacity.
ningham, 1977; Poole et al., 1986). The responses varied slightly
(Table 3) in the experimental domain (about 45% to 55% foam vol-
ume), except when only egg white was present. The foaming capac-

100% egg yolk

Albumen Egg yolk

Albumen Egg yolk

Fig. 4—Isoresponse curves for (a) foaming capacity and (b) stabil-
ity.
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ity was maximum when the blend contained albumen only. The ef-
fect of other components was largely antagonistic (Fig. 5).

Egg yolk exhibited lower drained volume than albumen and milk
(Table 3). This important stability of egg yolk foams can be explained
by the presence of “particulate material,” such as the granules that
strengthen the interfacial film around bubbles, as in the case of Ma-
deira cake (Kamat et al., 1973). Highest values for drained liquid
volume (Fig. 4b), i.e., a low foaming stability, were exhibited by
binary mixture (milk-egg yolk and milk-albumen) or by ternary mix-
tures where the preponderant constituent was milk. All mixtures that

1=40.50 contained at least 55% milk had foaming stability values of 92.8,
2oors and albumen content had little effect on the response. Where egg
4=90.54 yolk comprised more than 50% of the mixture, the drained liquid
5=107.22 volume decreased, i.e. the foaming stability increased.

6 =123.90 . . - .
7=140.58 On the response foaming capacity and stability, no synergistic
8=157.28 effects of ingredients were observed. Superposition of foaming ca-
9=173.94

pacity and stability plots did not define an area where both proper-
ties were maximum. This was contrary to observations on emulsify-
ing properties.

CONCLUSION
NONADDITIVE EFFECTSIN MIXTURES OF MILK , ALBUMEN, AND
egg yolk were observed in the functional properties of gelation, emul-
sification, and foaming capacity. Except for foaming stability, con-
tour plots revealed the synergistic as well as antagonistic effects be-
tween ingredients. Optimum blends were obtained to maximize one
or more response using isoresponse curves. This technique could be
used as a basis for least cost formulation.

REFERENCES

Aluko, R.E., and Mine, Y. 1997. Competitive adsorption of hen’s egg yolk granule
lipoproteins and phosvitin in oil-in-water emulsions. J. Agric. Food Chem. 45: 4564-
70.

1=49.50 Arteaga, G.E., Li-Chan, E., Nakai, S., Cofrades, S., and Jimenez-Colmenero, F. 1993.
2=53.83 Ingredient interaction effects on protein functionality: mixture design approach. J.
3=58.16 Food Sci. 58: 656-662. ) o o o
4=62.49 Arkad, O., Arkad, T., and Garti, N. 1985. Quantitative of determination of creaming in
§=66.82 O/W emulsion by use of absorption measurements of oil solubles dues, Lebensm.
6=7115 Wiss. Technol. 19: 164-166. ) ) )
8-79.81 Awazuhara, H. and Nakamura, R. 1986. Comparison of the foaming properties be-
o tween egg yolk and albumen. Lebensm. Wiss. Technol. 19: 180-183.
9=84.14 Baardseth, P., Naes, T., Mielnik, J., Skrede, G., Holland, S., and Eide, O. 1992. Dairy
:2= gggz ingredients effects on sausage sensory properties studied by principal component

analysis. J. Food Sci. 57: 822-828.

Baldwin, R.E. 1986. Functional properties of egg in food. Ch 1Bgip Science and
TechnologieW.J. Stadelmann and O.J. Cotterill (Ed.). The AVI Publishing Compa-
ny Inc., Westport, CT.

Barylko-Pikielna, N. and Jakubowski, A. 1979. Technological combining of various
protein raw materials for obtaining predetermined functional and nutritive proper-
ties of protein preparations. Acta Alimentaria Polonica. 5: 157-163.

Bringe, N.A., Howard, D.B., and Clark, D.R. 1996. Emulsifying properties of low-fat,
low-cholesterol egg yolk prepared by supercritical,€Qraction. J. Food Sci. 61:
19-23, 43.

Burgarella, J.C., Lanier, T.C., and Hamann, D.D. 1985. Effects of added egg white or
whey protein concentrate on thermal transitions in rigidity of croaker surimi. J. Food
Sci. 50: 1588-1594,1606.

Cayot, P and Lorient, D. 1998. 1l Quelques propriétés fonctionnelles des protéines
laitieres inStuctures et technofonctions des protéines de Taithnique et Docu-
mentation, Lavoisier (Ed.), p.209-337. Paris, France.

Chung, S.L. and Ferrier,L.K. 1991. Conditions affecting emulsifying properties of egg



yolk phosvitin. J. Food Sci. 56: 1259-1962. Kwasniewska, |., Barylko-Pikielna, N., Jacorzynsky, B.,and Zawadzka, L. 1979. Char-
Closs,B. 1990. Influence de la structure sur les propriétés de surface des protéinesadteristic of functional properties preparation in meat model system. Acta Alimenta-
lactosérum. These de Doctorat de I'Université de Bourgogne, Dijon, France. ria Poloniiva. 5: 21-36.
Cornell, J.A. 1990Experiments with Mixtures: Designs, Models and the Analysis deman, J., Haque, Z., and Kinsella, J.E. 1988. Creaming stability of fluid emulsions
the Mixture DataSecond edition. John Wiley & Sons, Inc., New York. containing different milk protein preparations. Milchwissenshaft 43: 286-288.
Courthaudon, J.L. 1990. Etudes des propriétés techno-fonctionnelles de la cadéémean, J. and Kinsella, J.E. 1989. Surface activity, film formation and emulsifyinf
bovine. Influence de la glycosylation. These de Doctorat de I'Université de Bourproperties of milk proteins. Crit. R. Food Sci Nut. 28: 115-138.
gogne, Dijon, France. Linn, J.C.C. and Cunningham, F.E. 1984. Preparation of a yogurt-like product contain-
Crenwelge, D.D., Dill, C.W.,, Tybor, P.T., and Landmann, W.A. 1974. A comparison %:@ eggwhite. J. Food Sci. 49: 1444-1448,1552.
the emulsification omvmo es of some protein concentrates. J. Food Sci. 39: 175-M@Watters, K.H. and Cherry, J.P. 1977. Emulsifying, foaming and protein solubility
Cunningham, F.E. 1977. Properties of albumen from egg having mottled yolks. Pouproperties of defatted soybean, peanut, field pea and pecan flours. J. Agric. Food
try Sci. 56: 1819-1821. Chem. 42: 1444-1447,1450.
Dumay, E., and Cheftel, J.C. 1986. Propriétés émulsifiantes de concentrés protéitflieski, M. and Kobayashi, M. 1997. Microstructure of yolk from fresh eggs by im-
de lactosérum. Correlation entre diverses méthodes d’évaluation. Sciences des Afroved method. J. Food Sci. 62: 757-761.
ments. 6: 147-176. Mitzutani, R. and Nakamura, R. 1984. Emulsifying properties of egg yolk low density
Foley, J., and O’Connel, C. 1990. Comparative emulsifying properties of sodium caséiipoprotein (LDL): comparison with bovine serum albumin and egg yolk lecithin.
nate and whey protein isolate in 18% oil in aequeous systems. J. Dairy Res. 57: 31%&bens. Wiss. Technol. 17: 213-216.
391. Moll, M., Flayeux, R., Mathieu, D., and Phan Tan Luu, R. 1982. Optimal blending ofi
Haque, Z., Leman, J., and Kinsella, J.E. 1988. Emulsifying properties of food u_,oﬁm_:m:m_ﬁw 'J. Inst. Brew. 88: 139-144.
bovine micellar casein. J. Food Sci. 53: 1107-1110. Nichols, D.J. and Cheryan, M. 1982. Dairy and vegetable protein blends by co-extrac-
Hargett,C.A., Nelson, A.J., Weingartner, K.E., and Erdman, J.W.J.R. 1982. Developpéion co-ultrafiltration. J. Food Sci. 47: 345-350.
ation and uqoﬁm_: quality of con&o soy:eqgg flakes. J. Food Sci. 47: 46%00le, S., West, S.1., and Fry, J.C. 1986. Lipid-tolerant protein foaming systems. Food
I<Q38__oaw 1: 45-55.
Im:wwo: L.J., and Cunningham,F.E. 1986. Influence of salt on properties of ligiidole, S., West, S.1., and Walters,C. 1984. Protein-protein interactions. Their impor=

yolk and E:Q_o:m__a\ in mayonnaise. Poult. Sci. 65: 915-921. tance in the 893_:@ of heterogenous protein systems. J. Sci. Food Agric. 35: 701-
Hung, S.C. and Zayas,J.F. 1991. Emulsifying capacity and emulsion stability of milk11.
protein and corn germprotein flour. J. Food Sci. 56: 1216-1223. Porteous,J.D. and Quinn, J.R. 1979.Functional property measurement of mixtures of
Jackman, R.L. and Yada, R.Y. 1988. Functional properties of whey-potato protein conmeat and extender proteins. Can. Inst. Food Sci. Technol. J. 12: 203-206.
posite blends in a model system. J. Food Sci. 53: 1427-1432,1451. Sauveur, B., Zybkyo, A., and Colas, B. 1979. Protéines alimentaires mEcm_:m de l'oeuf.
Jackman, R.L. and Yada, R.Y. 1989. Functional properties of <<:m< pea protein conh- Effet de quelques Eoﬁm_:mm sur la qualité interne de I'oeuf et les propriétés fonc-
posite blends in a model system. J. Food Sci. 54: 1287-1292. tionnelles. Am. Zootech. 28: 271-295.
Kamat, V.B., Lawrence, G.A., Hart, C.J., and Yoell, R. 1973. Contribution of egg yoladehra, D.V. and Nath, K.R. 1973. Egg as a source of protein,CRC Crit. Rev. Food
lipoprotein to cake structure. J. Sci. Food Agric. 24: 77-88. Technol. 193-309.
Kinsella, J.E. 1984. Milk proteins : physicochemical and functional properties. CR&odward, S.A. 1990. Egg protein gels. Ch %ovod GelsP. Harris (Ed.), Elsevier
Crit. R. Food Sci. And Nut. 21: 197-262. Science Publishing Co., Inc.

Kitabatake, N., and Doi, E. 1982. Surface tension and foaming of protein solutiondV3.4688 received 10/29/98; revised 11/7/98; accepted 4/18/99.
Food Sci.53: 1091-1095,1106.
Knapp, F.W, Schmidt, R.H., Mauldin, W.J., and Ahmed, E.M. 1978. Evaluating chee¥ gratefully acknowledge the financial assistance of the EPIBRETAGNE Company and of Mrs
like emulsions from animal blood proteins and <<:m< solids. J. food Protection. £Lilhem ‘s assistance in establishing the experimental design.
257-258.

Volume 64, No. 5, 1999—JOURNAL OF FOOD SCIENCE 791



