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Funct io na l  propert ies  of  egg  wh i t e  prote ins  can be 
a l tered t h r o u g h  se lected  chemica l  react ions .  Acy-  
la t ions  w i t h  acid anhydr ides  have  rece ived the  
greates t  amount  of  a t tent ion .  Oleic acid and so- 
dium dodecyl  sul fate  (SDS) have  also  been used to 
affect  funct ion  of  egg  w h i t e  prote ins .  The charge  
character i s t i cs  of  acy lated  prote ins  are a l tered 
t h r o u g h  modi f i ca t ion  o f  the  N- termina l  and ep- 
s i l o n - a m i n o  groups.  The acid anhydr ide  used and 
the  ex ten t  o f  modi f i ca t ion  have  a major effect  o n  
the  ionic  propert ies  o f  the  prote in .  The a l tered 
ionic  propert ies  have  been s h o w n  to affect the  
optical  propert ies  o f  prote in  sols ,  hea t  stabi l i ty ,  
foaming,  per formance  in ange l  cakes ,  in i t i a t ion  o f  
ge la t ion ,  u l t imate  s t rength  and f reeze - thaw sta- 
bi l i ty  o f  hea t - se t  gels .  A l t h o u g h  exact  exp lana-  
t ions  of  the  m e c h a n i s m s  for the  in terac t ions  o f  
o le ic  acid and SDS w i t h  egg  w h i t e  prote in  are not  
avai lable ,  increases  in charge  occur and resul t  in 
gels  w i t h  phys ica l  propert ies  very  s imilar  to gels  
made from succ inylated  egg protein.  

Chemical and enzymatic modification of food pro- 
teins, including egg proteins, continue to receive re- 
search interest. The two primary objectives of that  
research are (a) to learn more about the function of 
proteins in foods by introducing known modifica- 
tions of proteins and observing subsequent function 
or (b) to improve function by modifications. To date, 
improvement in function through modification is 
essentially the result of empirical experiments. Re- 
search related to the first objective is leading to de- 
scriptive data  that  is beginning to describe specific 
character is t ics  of proteins in solution relative to 
measurable functional attributes. A great deal more 
research will be required before structural and /or  
chemical properties of proteins can be used to predict 
function in foods. 

The state of the science and directions for research 
are outlined in the proceedings of the symposium 
"Food Proteins, Improvement Through Chemical and 
Enzymatic Modification" (1). The fundamentals  of 
chemical modification reactions are adequately de- 
scribed in several general texts (2-5). Gandhi et al. 
(6,7) reviewed the chemical modification of isolated 
egg proteins and the limited studies dealing with the 
modification of unfractionated egg white through 
1968. The objective of my paper is to review egg pro- 
tein modification research since that  date. The focus 
will be the predominant  chemical modifications that  
have been applied to egg white or egg white proteins, 
where relation to functional properties of egg proteins 
was the primary concern. 

MODIFICATION REACTIONS 

Acylations. Acylation reactions have many advan- 
tages for modifying egg proteins (1). They can be car- 
ried out under relatively mild conditions with several 
readily available acylating reagents to obtain a wide 

range of ionic characteristics of the modified pro- 
teins. The ability to alter protein charge has been an 
at tract ive advantage,  since biophysical  and func- 
tional properties of proteins are significantly influ- 
enced by their ionic condition. 

Acylating reagents can be used to obtain a shift in 
the charge of modified protein functional groups. 
Under the conditions generally used, in which ___60% 
of available amino groups are modified, the primary 
reactants  are the epsilon-amino group of lysine, N- 
terminal amino groups and lesser amounts of availa- 
ble sulfhydryl groups (6,8,9). At higher levels of modi- 
fication (>60%), other functional groups will be modi- 
fied (tyrosyl, serinyl and threonyl hydroxyls and 
sulfhydryls) (6). 

Amino groups of native egg white protein will 
generally be protonated at pH values normally ob- 
served in albumen (7.5 to 9.5) and also at the pH 
values required to successfully acylate proteins ()7) 
(1). An acylating reagent such as acetic anhydride 
will result in a one-unit change in charge by modify- 
ing an amino group that would normally be proto- 
nated,  protein-NH2 + (CH3CO)20 - protein-NH- 
COCH3 + CHsCOO- + H ~, while a cyclic dicarboxylic 
anhyride such as succinic anhydride will result in a 
two-unit change in charge by modifying an amino 
group, protein-NH2 + (CH~CO)20 - protein-NH- 
COCH2CH2COO- + H'. 

The net effect of these reactions applied to native 
egg proteins is that  the overall charge characteristics 
become more negative relative to the ionic properties 
of the native protein. Those alterations are easily 
revealed by electrophoretic and ion exchange chro- 
matography procedures (8,10,11) or by titration (12). 
Figure 1 presents a diagram of a typical electropho- 
retogram obtained from succinylated egg white pro- 
teins. The cathodic migration of lysozyme is reversed 
as level of modification increases. Conalbumin and 
other anodically migrating proteins also show effects 
of modification. As would be expected, is substantial  
alteration of charge affected lysozyme activity and 
iron binding by conalbumin, as shown in Figures 2 
and 3 (8). These results suggest that  the native struc- 
tures of these proteins necessary for their respective 
activities were being altered. 

Studies of the nutritional properties of acylated 
prote ins  high in lys ine  also indica te  s t ruc tura l  
changes that  limit the utilization of acylated proteins 
(9,13-15). The limitations may  result from poor diges- 
tibility of modified proteins or unavailabil i ty of modi- 
fied lysine. Multiple enzyme in vitro studies with ace- 
tylated and succinylated egg white suggested that  
the acylated egg proteins were about as digestible as 
native protein, but chicks fed the acylated protein as 
their only protein source did not grow as well (Table 
1) as chicks fed native protein (9). Adding lysine to 
the diets containing acylated protein restored growth. 
Studies of egg protein biophysical properties and spe- 
cific reactivity of selected egg white proteins and 
nutritional studies all indicate and confirm that  acy- 
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FIG. 1. I l lus trat ion  o f  two  e l ec trophore tograms  o f  sue- 
c i n y l a t e d  e g g  w h i t e  w i t h  e l e c t r o p h o r e s i s  conducted  
under  ident ica l  condi t ions  after r ev ers i ng  the  polar i ty  o f  
the  cel l .  D i f f erences  in  i n t e n s i t y  o f  s h a d i n g  represent  
d i f ferences  in in t ens i ty  o f  s t a i n i n g  o f  the  prote in  frac- 
t ions  on  the  or ig ina l  e l ec trophore togram (8). 
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FIG. 2. Effect  o f  ac y l a t i o n  on reduct ion  o f  i ron-b ind ing  
abi l i ty  o f  egg  w h i t e  (8). 

l a t ion  modi f i ca t ions  of egg pro te ins  s ubs t an t i a l l y  
af fec t  the  pro te ins  a n d  would be expected  to af fec t  the  
func t ion  of those  pro te ins  in foods. 

Anionic detergents and fatty acids. Anionic  deter- 
gen t s  a n d  f a t t y  acids  h a v e  also been  used to a lesser  
ex ten t  to mod i fy  egg p ro te ins  (16-18). Mos t  ea r ly  
r e s ea r ch  i nvo lved  a d d i n g  these  r e a g e n t s  a t  levels  
below the  cr i t ical  micelle concen t r a t ion  (cmc) (16,17). 
The  t h e r m a l  a g g r e g a t i o n  t e m p e r a t u r e s  of  o v a l b u m i n  
a n d  c o n a l b u m i n  were  inc reased  by  the  add i t ion  of 
sod ium dodecyl  su l fa te  (SDS), 2-decylcitric acid and  
laur ic  acid. The  inc rease  in a g g r e g a t i o n  t e m p e r a t u r e  
was  bel ieved to be the  resul t  of  i nc r ea s ing  ne t  c h a r g e  
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FIG. 3. L y s o z y m e  act iv i ty  of  acy lated  egg  w h i t e  (8). 

TABLE 1. 

Feed Consumpt ion  and Weight Gain in B i o a s s a y  

Diets ~ 

Untreated Acetylated Succinylated 
egg white egg white egg white 

Feed Feed Feed 
consump- Wt consump- Wt consump- Wt 

% Protein tion gain tion gain tion gain 

10 1259 72 a 1075 50 b 1059 47 b 
20 1328 126 a 1146 89 b 1126 80 b 
30 1250 132 a 1074 106 b 1046 95 b 

From King et al. (9). 
aValues within a horizontal row with different letters are signif- 
icantly different (p < 0.01). 

on the  pro te in  (16). I t  w a s  sugges t ed  t h a t  a t  concen- 
t r a t i ons  below the  cmc, the  h y d r o p h o b i c  por t ions  of 
the  de te rgen ts  or f a t t y  acids a ssoc ia ted  wi th  hydro-  
phob ic  pocke ts  on the  su r face  of the  pro te in  left  the  
anionic  por t ion a t  the  surface,  resu l t ing  in a n  increase  
in su r face  c h a r g e  a n d  some  c h a n g e  in s t ruc tu re  (16). 
In  con t r a s t  to the  effects  of SDS a t  low concent ra -  
t ions,  addi t ion  of a ca t ionic  detergent ,  cetylpyridi-  
n i u m  chloride (CPC), a b o v e  the  cmc s tabi l ized oval- 
b u m i n  to h e a t  wi thou t  d e n a t u r i n g  the  pro te in  (19). 
The  CPC-modif ied  o v a l b u m i n  yielded c i rcular  dichro- 
i sm  a n d  opt ica l  ro t a t ion  d a t a  i nd ica t ing  t h a t  t h e r m a l  
unfo ld ing  w a s  comple te ly  revers ib le  on cooling. 

La t e r  r e s ea r ch  h a s  found  t h a t  egg p ro te ins  are  also 
modi f ied  by  add i t ions  of  oleic acid a n d  SDS a t  levels  
above  the  cmc (18). The  n a t u r e  of the  in te rac t ion  of 
oleic acid wi th  egg  pro te ins  h a s  not  been  ful ly eluci- 
dated.  R e s e a r c h  h a s  conf i rmed  t h a t  the  ionic proper-  
t ies of  the  p ro t e in s  h a v e  been  a l tered  a n d  t h a t  ther-  
m a l  proper t ies  such  as  t e m p e r a t u r e  for in i t ia t ion  of 
ge la t ion  a n d  s t r e n g t h  of gels h a v e  been a l tered  (20). 
T h e  n a t u r e  of  the  a s soc ia t ion  of oleic acid wi th  egg  
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FIG. 4. D E A E - c e l l u l o s e  c h r o m a t o g r a m s  o f  supernatant  obta ined  from the  
20 -mol  l ev e l  o f  o le ic  acid. SDS-PAGE w a s  performed to ident i fy  prote ins  
in fract ions  A--I .  A r r o w s  indicate  the usual  e lut ion  sequence  for l y sozyme ,  
cona lbumin  and o v a l bumi n  in untreated  egg  w h i t e  (18). 

proteins may include some aspects as suggested for 
SDS at low concentrations (16). However, viscosity, 
DEAE-chromatography and electrophoretic studies 
suggest the possibility that  mixtures of two or more 
different egg proteins or two or more molecules of the 
same protein may be surrounded by oleic acid (18), 
resulting in negatively charged complexes. Figure 4 
presents a DEAE-chromatogram of oleic acid-modi- 
fied egg white. Note that  a larger fraction volume, 
relative to tha t  for native ovalbumin, was required to 
complete the separation relative to native egg white 
and tha t  lysozyme and ovalbumin were found in sev- 
eral of the fractions. Others have suggested similar 
detergent-protein complexes or micelles with protein 
cores (21,22). 

Modification of egg white proteins with long chain 
anionic reagents below or above their cmc has been 
shown to alter the ionic properties of those proteins 
without chemically altering the essential amino acid 
lysine. Apparently two very different approaches, 
such as acylations or t reatment with long chain ani- 
onic compounds, result in modifying the charge char- 
acteristics of proteins, which in turn influence other 
biophysical properties that  relate to function in foods. 
Changes in functional performance are discussed in 
later sections. 

Other procedures. A limited number of other chemi- 
cal modifications has been applied to egg proteins. 
Carboxyl groups of ovalbumin were modified with 1- 
ethyl-3(3-dimethylaminopropyl) carbodiimide to form 
amides (12). The modification increases the pI and 
was reported to increase heat  stability as the result of 
increased charge. Oxidizing agents potassium persul- 
fate (7) and hydrogen peroxide (23) have been applied 
and their effects on chemistry and function evaluat- 
ed. Persulfate oxidation resulted in a generalized de- 
gradation of egg white proteins. Lysozyme activity 
and iron-binding capacity were diminished as the lev- 
el of oxidant was increased (7). Addition of up to 6% 

hydrogen peroxide resulted in destruction of the sul- 
fur-bearing amino acids and tyrosine and substantial 
losses of phenylalanine and histidine (23). More re- 
cently, modification of disulfides with 2-mercaptoeth- 
anol to produce low temperature egg white gels has 
been reported (24). Conalbumin was identified as the 
primary source of disulfides reduced. Saturat ing the 
iron-binding sites on conalbumin to stabilize struc- 
ture protects those disulfides from reduction. N-Ethyl- 
maleimide is being used in my laboratory to block 
free sulfhydryl groups of egg white to prevent their 
participation in sulfhydryl-disulfide interchanges or 
to prevent them from oxidizing to disulfides during 
heating to form gels. While the potential value of thi- 
ol group modification is yet to be determined, oxida- 
tive procedures tha t  improve the function of gluten in 
wheat flour do not seem to have similar potential for 
improving the performance of egg proteins. 

FUNCTIONAL PROPERTIES 

Foaming and cakes. The ability to form a stable 
foam capable of leavening cakes is an important func- 
tional property of egg proteins, especially albumen 
proteins. Acylation of egg white proteins has been 
reported to enhance the ability of those proteins to 
form foams, as measured by increased foam volume 
or stability (6,8,11,25). Figure 5 illustrates the effect 
tha t  acetylating egg white and soybean l lS proteins 
has on foaming properties and digestion velocity. Ace- 
tylation opened the protein structures to attack by 
chymotrypsin and improved their ability to foam. 
The increased charge and subsequent  s t ructural  
changes favored foam formation. The effects of the 
modifications on cake volume are mixed. At low lev- 
els of gluteration with dimethylglutaric anhydride, 
cake volumes were improved, while poor performance 
was reported as the result of more extensive modifica- 
tion (6). Acetic anhydride sufficient to modify 50% of 
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the ava i lab le  amino  groups resul ted in decreased 
cake vo lume (8). There  was  no di f ference in the vol- 
ume of cakes  m a d e  with succ iny la ted  egg compared  
to un t rea ted  egg whi te  (Table  2). In  bo th  ins tances  of 
reduced pe r fo rmance  of acy la ted  eggs in cakes, the 
re la t ionsh ip  of  hea t  s tabi l i ty  of the  modif ied egg to 
subsequent  per formance  in cakes was discussed. High- 
er levels of g lu te ra t ion  resul ted in extens ive  increase  
in charge,  which  was believed to de lay  hea t  se t t ing  of 
the prote in  film responsible  for cake s t ructure  (6). In 
cont ras t ,  ace ty la t ion  was found to decrease  hea t  sta- 
bi l i ty of the proteins ,  which  was believed to resul t  in 
p r ema tu re  se t t ing  of  the  protein,  t he reby  l imi t ing vol- 
ume increase  dur ing  bak ing  (8). Mild oxidat ive  treat- 
men t s  wi th  po tass ium persu l fa te  resul ted in some im- 
p rovemen t  of  foam format ion  and  leavening  of  angel  
cakes (7). As the  sever i ty  of the t r e a t m e n t  increased,  
the foaming  and  l eaven ing  abi l i ty  of oxidized egg 
whi te  decreased .  The  loss of l e a v e n i n g  ab i l i ty  of 
persulfa te-oxidized egg white  was also l inked to de- 
creases in hea t  s tabi l i ty  (7). 

Anionic  detergents ,  f a t t y  acids and  re la ted com- 
pounds  at  levels above the  cmc genera l ly  resul t  in 
poor foaming  a n d  cake per formance .  The re  are, how- 
ever, several  commerc ia l  appl ica t ions  of low levels of 
an ionic  detergents ,  o rganic  esters, bile sal ts  and  sal ts  
of f a t t y  acids to improve  foaming  and  cake perfor- 
ma n c e  of commerc ia l ly  processed egg products  (26). 
Oleic acid (0.02-0.03%) has  been repor ted  to improve 
texture  of angel  cakes (27). 

Emulsification. Emuls i f ica t ion  propert ies  of egg 
prote ins  appea r  to paral le l  thei r  foaming  propert ies  
m response  to modif icat ion.  Oxida t ion  of egg white  
pro te ins  with po tass ium persul fa te  did not  signifi- 
can t ly  affect  the i r  emuls i f ica t ion  abi l i ty  (7). Gluter- 
a t ing  egg whi te  prote ins  increased  thei r  emulsifica- 
t ion capac i ty  a t  pH 4 with less effect at  pH 6 or 8 
(Table  3). F igure  5 emphas izes  the para l le l  response  
of emuls i f ica t ion  and  foaming  proper t ies  of egg pro- 
te ins  to acyla t ion.  As descr ibed earlier,  ace ty la t ion  
al ters  cha rge  on the protein,  which  in tu rn  al ters  
s t ruc tura l  propert ies  impor t an t  to the funct ion of egg 

TABLE 2. 

Functional Performance of  Acetylated and Succinylated Egg White a 

Foam performance Angel cake performance 

Foam Drip Beating Volume 
volume (ml) volume (ml) time b (sec) ratios c 

Control 838.2±12.8 c 18.3:]=2.8 a 12.8±1.0 a 4.52±0.13 a 
Acetic 
anhydride 

10 mole 978.8±68.8 b 16.6±5.2 a 12.3±1.7 a 4.54±0.1 la 
20 mole 1,001.6±95.2 b 15.1±10.7 a 11.1+_1.0 a 4.09±0.10 b 

Succinic 
anhydride 

10 mole 1,065.3±18.2 b 8.9±2.0 a 12.1_+0.6 a 4.50=[:0.10 a 
20 mole 1,170.1+-27.3 a 14.8---1.7 ~ 12.5±0.6 4.58±0.15 a 

From Ball and Winn (8). 
aMeans within a column with different superscripts are significantly different (p < 
O.O5). 

bBeatiag time defined as that required to form a medium peak. 
cVolume ration is the volume of the cake divided by the weight of cake. 
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T A B L E  3. 

E m u l s i f y i n g  A b i l i t y  o f  G l u t a r i n a t e d  E g g  W h i t e  

Mol DMGA/mol EWP a 

g o i l /mg  prote in  n i t rogen  

pH 4.0 pH 6.0 pH 8.0 

0 13.5 16.2 10.0 
3 14.7 14.3 10.6 
6 13.9 12.1 10.2 

15 16.1 14.1 9.5 
30 21.2 12.5 8.3 

From Gandhi et al. (6). 
aMole of 3,3-dimethylglutaric anhydride/50,000 g egg white 
protein• 

white proteins as emulsifiers (25). 
Gelation. There are several interesting subtopics re- 

lated to the gelation phenomena. They include the 
stability of proteins to thermal treatments, optical 
and rheological properties of gels and the freeze-thaw 
stability of gels. 

As discussed earlier, modification reactions that  in- 
crease surface charge on proteins tend also to improve 
their stability to heat treatments by increasing charge 
repulsion, thereby delaying thermally driven aggre- 
gation (6,8,11,16,17,19). Stabilizing the structure of 
proteins by providing for internal cross-linking has 
also been suggested as a possible mechanism for the 
action of low levels of SDS (16) and for the action of 
the cationic detergent cetylpyridium chloride (19). An 
iodine-mediated oxidation resulting in an internal 

cross-linking of lysozyme at t ryptophan 108 and glu- 
tamic acid 35 caused increased resistance to heat  de- 
naturation and attack by chymotrypsin (28). 

Some of the modification procedures discussed earli- 
er result in reduced thermal stability of egg white pro- 
teins (7,8,23,24)• Acetylation sufficient to block 50% of 
the available amino groups reduced heat stability of 
egg white relative to succinylated and native egg 
white (Fig. 6). Others working with a mixture of conal- 
bumin and ovalbumin did not find a decrease in heat  
resistance due to acetylation (11). Later studies of the 
mechanical  properties of acetylated egg white gels 
demonstrated that  they were weaker than gels made 
from succinylated egg white, suggesting that acetylat- 
ed egg white proteins respond to heat treatments dif- 
ferently (29). Using an instrumental approach that  
allowed the detection of the transition of a sol to a gel 
(Fig. 7), it was determined that  oleic acid-modified 
egg white began to gel at 68 C, while native and suc- 
cinylated egg white initiated gelation at 71 C and 76 
C, respectively (20). The higher temperature for devel- 
opment of rigidity by succinylated egg white reflects 
the effect of increased charge (8,12). The increased 
charge characteristics brought about by oleic acid 
modification did not raise the temperature for initia- 
tion of gelation. The final rigidities for the oleated 
and succinylated gels were higher than the value for 
native egg white. 

Oxidative destruction of the sulfur-bearing amino 
acids with hydrogen peroxide (23) or the reduction of 
disulfides with 2-mercaptoethanol (24) causes egg 
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whi te  to gel a t  low t empera tu res ,  25 C and  35 C, re- 
spectively,  af ter  s t and ing  for up to 24 hr. While the 
ini t ial  effects of the two described procedures  are very  
different ,  the  overal l  effect of each t r e a t m e n t  is the 
loss of na t ive  s t ruc ture  (dena tura t ion)  and  subse- 
quent  in te rac t ions  (aggregat ion)  with t ime resul t ing  
in a gel s tructure.  The  propert ies  of those types  of gels 
are  not  yet  fully understood.  

Gels m a d e  from chemica l ly  modif ied egg whi te  a t  
pH values  above  7 t end  to be t rans lucen t .  Tab le  4 
presen ts  the optical  densi t ies  of gels p repared  f rom 
var ious  egg white  prepara t ions .  I t  is genera l ly  known  
t h a t  na t ive  egg whi te  exhibi ts  g rea te r  t r a n s p a r e n c y  
as pH is increased  in the a lkal ine  range.  At a pH of 
11, egg whi te  will set to a t r a n s p a r e n t  gel at  room 
t empera tu re  (30). Inc reased  cha rge  on the prote ins  is 
believed to affect  the protein-protein  in te rac t ions  tha t  
form the  gel network,  which m a y  even tua l ly  deter- 
mine  the optical  proper t ies  of the  gel. S c a n n i n g  elec- 
t ron pho tomicrographs  of gels (Fig. 8) made  with mod- 
ified and  na t ive  egg show major  differences in the i r  

TABLE 4. 

A b s o r b a n c e  at  550 n m  After  T w o  Min 
o f  H e a t i n g  E g g  White at 60 C 

pH 

fine s t ruc ture  (20). T rans lucen t  gels, made  from suc- 
c iny la ted  or oleated egg white, exhibi ted s t ructures  
t h a t  fea tured  a more  dense prote in  ma t r i x  with la rger  
openings ,  which were believed to have  conta ined  wa- 
ter  pr ior  to f ix ing  the  samples .  The  gel s tructure,  dif- 
ferences  in gel conten ts  and  proper t ies  of the  soluble 
in t race l lu la r  componen ts  de te rmine  how l ight  inter- 
acts  wi th  the  gels. A par t i a l  digest ion of egg whi te  
wi th  peps in  at  pH 4 recent ly  has  been repor ted  to 
produce t r ans lucen t  gels af ter  hea t ing  at  pH 7 (31). 

The  mechan ica l  fai lure propert ies  repor ted in Table  
5 show tha t  succ iny la ted  and  oleic ac id-modi f ied  egg 
whi te  produced very  s t rong  (high shea r  stress) and  
h igh ly  deformable  (high s t ra in)  gels (29). As noted 
above,  the t empera tu re  for in i t ia t ion of gelat ion was 
d i f ferent  for these  two mater ia l s ,  and  there  are  ma jo r  
di f ferences  in the modi f ica t ion  react ions ,  yet  the me- 
chan ica l  fai lure propert ies  (29), optical  propert ies  and  
fine s t ructure  of the gels are very  s imilar  (20). The  
mechanica l - fa i lure  charac ter i s t ics  of na t ive  and  ace- 
ty la ted  egg were not  s igni f icant ly  different.  These  re- 
sults a long wi th  others  repor ted  above sugges t  t ha t  
the ex ten t  of dena tu ra t ion  resul t ing  f rom modifica- 
t ion pr ior  to hea t ing ,  such as resul ts  f rom t r ea tmen t  
with oleic acid, or the ex ten t  of  t he rma l  unfo ld ing  
pr ior  to aggregat ion ,  such as resul ts  f rom succinyla-  
tion, are  i m p o r t a n t  in de t e rmin ing  the  mechan ica l  
propert ies  of egg white  gels. 

Egg white sample a 7.5 9.5 TABLE 5. 

Native ~¢ 0.32 
Oleated ~ 0.11 
Succinylated b 0.05 

a20 moles reagent/50,000 g egg white protein. 
bpH 8.5. 

C o m p a r i s o n  o f  Mean V a l u e s  o f  Tors iona l  Fai lure  
P a r a m e t e r s  for Gel Materia ls  a 

Egg white 

Shear True Shear 
stress shear modulus 
(kPa) strain (kPa) 

Native 12.96 a 1.090 a 10.07 b 
Acetylated, 24 m b 11.54 a 1.048 a 12.53 c 
Oleic acid treated, 25 m 19.75 b 2.784 b 5.62 a 
Succinylated 25 m 19.36 b 2.548 b 6.01 a 

From Montejano et al. (29). 
aMeans within a column with different superscripts are signifi- 
cantly different (p < .05). 
bMoles anhydride/50,000 g egg protein. 

EGG WHITE: 

A. NATIVE 
B. OLEATED 
C. SUCCINYLATED 

FIG. 8. SEM m i c r o g r a p h s  o f  cryofractured  sur faces  o f  
h e a t - induced  ge l s  f rom n a t i v e  and m o d i f i e d  egg  w h i t e .  
Magni f i ca t ion ,  5000X (20). 

The  mechanical-fai lure  character is t ics  of ace ty la ted  
egg are in teres t ing.  A l though  ace ty la t ion  increased  
cha rge  on the protein,  it did not  improve its t he rma l  
s tabi l i ty  (8) or gel s t rength .  In subsequent  research  
wi th  a d i f ferent  rheological  device, a cap i l la ry  extru- 
sion appara tus ,  increases  in appa ren t  viscosi ty  of egg 
whi te  gels were re la ted to increases  in pH but  not  to 
succ iny la t ion  (32). Yield force and  r igidi ty  moduli  
also increased  with pH but  not  wi th  succ iny la t ion  
level. The  lack of detect ion of rheologica l  changes  ex- 
pected as the resul t  of succ iny la t ion  m a y  indicate  
t ha t  cap i l la ry  ext rus ion methods  are not  detect ing 
the same phys ica l  factors  as tors ion fai lure  test ing.  It  
was  noted t ha t  the  h igh  deformabi l i ty  of succ inyla ted  
and  oleic ac id-modif ied  egg prevented  accura te  use of 
compress ion fai lure tes t ing procedures  (29). 
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TABLE 6. 

Water R e t e n t i o n  Index  a (WRI) o f  Modif ied Egg  White 

WRI 

Moles of reagent/50,000 g Cooked, Cooked, 
Reagent egg white protein unfrozen frozen/thawed 

Control 0 ~29±0.06 0.10±0.03 
Acetic 10 0.40.+0.02 0.22+_0.01 

anhydride 20 0.46±0.02 0.32.+0.01 
Succinic 10 0.44±0.04 0.31.+0.02 

anhydride 20 0.50.+0.02 0.53±0.02 
Oleic acid 20 0.92±0.08 0.84±0.17 

25 1.00±0.01 1.00-+0.01 
50 1.00±0.01 1.00±0.01 

Methyl oleate 25 0.33.+0.06 0.14.+0.03 
Sodium dodecyl 5 0.42-+0.09 0.30-+0.08 

sulfate 15 0.69-+0.10 0.73.+0.19 

From King et al. (18). 
aEgg sample pressed between two sheets of Whatman No. 1 paper; WRI = area of 
egg film/total wetted area. WRI of I represents excellent water retention properties. 

The  f reeze- thaw s tab i l i ty  of cooked egg whi te  gels is 
i m p r o v e d  by  i n c r e a s i n g  pH,  succ iny l a t i on  or t reat-  
m e n t  wi th  oleic acid (33,18). Tab l e  6 p resen t s  a sum- 
m a r y  of w a t e r  re ten t ion  indices de te rmined  in m y  lab- 
ora tory .  I t  is in t e res t ing  to note  t h a t  modi f ica t ion  
t r e a t m e n t s  t h a t  f a v o r  the  f o r m a t i o n  of s t rong,  e las t ic  
and  t r a n s l u c e n t  gels also resul t  in the  bes t  freeze- 
t h a w  s tab i l i ty .  T h e  i m p r o v e m e n t  in f reeze- thaw sta-  
bi l i ty of egg whi te  gels is also observed  w h e n  modif ied  
egg whi te  is b lended wi th  yolk  pr ior  to cooking  (33). 

The  r e s e a r c h  p u b l i s h e d  to da te  con f i rm s  t h a t  the  
func t iona l  p roper t ies  of  egg  whi te  p ro te ins  can  be al- 
tered t h r o u g h  chemica l  and  e n z y m a t i c  methods .  Utili- 
za t ion  of th is  i n fo rma t ion  is, however ,  re la t ive ly  limit- 
ed. P e r h a p s  the  g r ea t e r  va lue  of the  cu r r en t  r e sea rch  
is in a d d i n g  to our ca t a log  of i n f o r m a t i o n  re la t ing  
specif ic condi t ions  or  p roper t ies  of  p ro te ins  to func- 
t iona l  p roper t i e s  in a food sys tem.  The  u l t ima te  goal  
will be  to re la te  specif ic  b i o p h y s i c a l  p roper t ies  of  pro- 
te ins  to well-defined func t iona l  a t t r ibutes .  Addi t iona l  
r e s ea r ch  a t  the  m o l e c u l a r  level  in con junc t ion  wi th  
r e s ea r ch  to define the  de ta i l s  of func t ion  of p ro te ins  
in food s y s t e m s  will be required.  
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