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The viscosity, solubility, foaming, and emulsifying properties of glycosylated derivatives of pea legumin 
were compared with those of the unmodified protein. These properties reflected conformational changes 
induced by covalent attachment of glycosyl residues (galactose, lactose, galacturonic acid). The neo- 
glycoproteins were more viscous than the native protein, reflecting a greater hydrodynamic volume and 
increased protein-water interactions. The solubility of the legumin was also improved by glycosylation, 
especially with galactose. Galacturonic acid derivatives had pHi shifted toward more acidic values. 
Likewise, foaming capacity as well as the stability of foams and emulsions was improved by glycosy- 
lation, and the degree of improvement in their properties depended on the type of carbohydrate bound 
to the protein. Neutral sugars favored the foaming properties, while the charged carbohydrates improved 
the emulsifying properties. 

INTRODUCTION 

Vegetable proteins are used in food technology because 
of their interesting role as functional agents. Functionality 
of macromolecules is an expression of their physicochem- 
ical properties in the food. In the past 10 years, great 
interest has been focused on the relationships between 
the structural and physicochemical properties of proteins 
and their functional properties. 

Current hypotheses suggest that surface hydrophobicity 
is one of the characteristics of a protein most likely to 
define its surface behaviors and consequently ita foaming 
and emulsifying properties (Graham and Phillips, 1979; 
Nakai, 1983; Li Chanet al., 1984; Nakai et  al., 1986). Other 
authors concluded that to prevent flocculation and increase 
resistance to coalescence, the interfacial layer has to be as 
thick as possible, heavily hydrated, and charged (Graham 
and Phillips, 1976; Becher, 1977; Dagorn Scaviner et al., 
1987; Gueguen et  al., 1990). 

Glycosylation is expected to affect the hydrophilic/ 
hydrophobic balance and net charge of proteins and to 
favor the water-protein interactions. Previous studies on 
bovine serum albumin (Gray, 1974; Schwartz and Gray, 
1977; Lee and Lee, 1980), @-lactoglobulin (Waniska and 
Kinsella, 1984a,b; Kitabatakeet al., 1985), and casein (Lee 
et  al., 1979; Canton and Mulvihill, 1983; Courthaudon et  
al., 1989) have shown a better solubility of these neogly- 
coproteins. Few have been done on their surface behaviors. 

To our knowledge, there are no published studies on 
the influence of glycosylation on the functional properties 
of seed storage proteins. That was investigated for 11s 
globulin (legumin) from pea (Pisum satiuum L.), which is 
one of the major proteins in these seeds. Like most 11s 
proteins, which are widely distributed in leguminous 
species, pea legumin possesses an oligomeric structure 
characterized by an arrangement of six subunits CY@ (Pli- 
etz et  al., 1983) and a molecular weight of around 360 000 
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(Derbyshire et  al., 1976; Casey, 1979). Most of the papers 
dealing with the influence of chemical modification on 
the functional properties of 11s type proteins were 
concerned with the effect of acylation (Schwenke et  al., 
1983; Prahl and Schwenke, 1986; Kim and Rhee, 1990; 
Gueguen et al., 1990). A5 generally observed for the 11s 
globulins, high degrees of succinylation induce dissociation 
and drastic conformational changes for pea legumin 
(Schwenke et al., 1990). Functional properties were found 
to be dependent on the degree of dissociation and unfolding 
of the protein and on ita net negative charge which are 
related to the level of modification. The simultaneous 
occurrence of these phenomena results in difficulty in 
explaining the structure-function relationships (Gueguen 
et  al., 1990). On the other hand, Caer et  al. (1990) stated 
that the glycosylated derivatives of legumin kept their 
packed oligomeric structure. Only a slight opening of the 
quaternary structure as well as an increase of the a-helix 
content was exhibited. Therefore, because of the limited 
changes in the quaternary and tertiary structures of le- 
gumin after glycosylation, the structure-function rela- 
tionship could be better understood if the protein is in its 
oligomeric conformation. The objective of this study was 
an examination of how changes in the hydrophilic/ 
hydrophobic balance and net charge influence the solu- 
bility, viscosity, and surface behaviors of the glycosylated 
legumin. This study, on the potentialities of glycosyla- 
tion to improve the functional properties of storage 
vegetable proteins, should also concern the specific interest 
of many storage proteins naturally glycosylated in legu- 
minous seeds (Chrispeels, 1983; Wright, 1987). 

MATERIALS AND METHODS 
Materials and Chemicals. Legumin was prepared from pea 

seeds (P.  satiuum L.) and purified by successive chromatographic 
separations as described by Gueguen et al. (1984) and Larre and 
Gueguen (1986). 

Sodium cyanoborohydride and 2,4,6-trinitrobenzenesulfonic 
acid were purchased from Aldrich Chemical Co. Carbohydrates 
and galacturonic acid were obtained from Merck, and n-dode- 
cane (99%) was obtained from Sigma. 

Glycosylation of Protein. The glycosylation of legumin was 
carried out by reductive alkylation as described by Caer et al. 
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(1990), using sodium cyanoborohydride as reductive agent. In 
a typical experiment, the reaction was performed at 37 OC for 
120 h in 50 mL of 0.1 M sodium phosphate buffer (pH 8) 
containing 400 mg of legumin (22.2 pM), sodium cyanoborohy- 
dride (0.587 M), and various amounts of carbohydrate or ga- 
lacturonic acid. Lactose and galactose concentrations in the 
mixture were established in the present study from our previous 
data (Caer et al., 1990). A medium degree of modification of the 
amino groups was chosen, i.e., 40% for galactose and 20% for 
lactose. The initial carbohydrate/lysine molar ratio was 12.3 for 
galactose (36.04 mM) and 6.0 for lactose (17.6 mM). For ga- 
lacturonic acid, 58.6 mM was used to reach the maximum degree 
of modification (around 20% of the amino groups). 

After the reaction, the solutions were dialyzed at 4 “C against 
0.1 M sodium phosphate buffer (pH 8) for 24 hand then desalted 
by eluting the sample on a Trisacryl GFO5LS column with a 
diluted ammonia solution (pH 8). Then the desalted proteins 
were freeze-dried. 

The amount of carbohydrates attached to legumin by ketoam- 
ine linkage was measured according to the method of Gallop et 
al. (1981). By periodate oxidation of the carbohydrate moieties, 
formaldehyde is released and quantitated by the Hantzsch 
reaction (Nash, 1953). As it was verified that only the amino 
groups were modified under these experimental conditions (Caer 
et al., 1990), the degree of glycosylation was expressed as the 
number of alkylated amino groups in percentage of the total 
amino groups in legumin. According to the sequence published 
by Lycett et al. (1984), 144 total amino groups (132 lysyl residues + 12 N terminal) was used for the calculation, although some 
differences between amino acid sequence of the various ap 
subunits exist. 

Intrinsic Viscosity. Intrinsic viscosities ([TI) were deter- 
mined at 25 OC in 0.1 M sodium phosphate buffer (pH 8, 
containing 0.2 M NaC1) with an automatic Ostwald viscosimeter 
(capillarity of 0.36 mm; solvent flow time, 267.51 s) using protein 
concentrations in the range 2-15 mg/mL. 

Solubility. The solubility of the unmodified and glycosyl- 
ated legumin samples was determined according to the method 
of Coffmann and Garcia (1977) modified as follows: 5 mg of 
freeze-dried samples were dispersed in 4 mL of either distilled 
water or 0.2 M NaCl solution. Then the pH value was adjusted 
in the range 2-11.5 by addingO.l N HC1 or 0.1 N NaOH. Distilled 
water or NaCl solution was added to a final volume of 5 mL. 
After 60 min of stirring, using a rotating stirrer at room tem- 
perature, the pH of the protein solutions was measured and the 
samples centrifuged for 15 min at 34000g. The protein concen- 
tration in the supernantants was determined according to the 
method of Lowry et al. (1951) and expressed as a percentage of 
initial total protein concentration. 

Emulsifying Properties. The emulsifying properties were 
expressed as the emulsifying activity index (EAI) and the 
emulsion stability. The emulsions were prepared as described 
by Dagorn-Scaviner et al. (1987) by homogenizing 10 mL of n- 
dodecane with 30 mL of a protein solution (1.3 mg/mL of 0.1 M 
sodium phosphate buffer, pH 8,0.2 M NaCl), using a Polytron 
PT 10 homogenizer (30 s at 20 000 rpm). 

Emulsifying Activity Index. TheEAI wasestimatedaccording 
to the method of Pearce and Kinsella (1978). The turbidity T 
(T = 2.303 A/1; A, absorbance of the emulsion; 1, 1 cm, path 
length of the cuvette) of the emulsion, diluted 250-fold with a 
solution of 0.1% SDS-O.1 M NaC1, pH 7, was measured at 500 
nm. EA1 is defined as 

EA1 = 2T/4C 
where 4 is the volume fraction of the oil phase (here 4 = 0.25) 
and C the protein concentration in the diluted aqueous phase. 
EAI, expressed in m2/g, is related to the stabilized interfacial 
area per unit weight of protein. 

Emulsifying Stability. Emulsion stability was determined 
by following the flocculation-creaming process during aging of 
the emulsion, as described by Dagorn-Scaviner et al. (1987). 
Emulsion was poured into a 10-mL graduated vessel. Emulsion 
destabilization was followed by plotting the volume of separated 
aqueous phase V, (mL) vs time (t). According to Dagorn-Scav- 
iner et al. (1987) the flocculation-creaming process can be 
considered a succession of first-order kinetics which can be 
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Table I. Intrinsic Viscosity. 
native lactosylated galacturonic acid galactosylated 
legumin derivative derivative derivative 

[?I 4.3 7.7 6.3 6.7 
k’ 10.4 0.59 1.82 3.4 

a [?I, intrinsic viscosity in mL/g; k’, Huggins’ constant. 

visualized by plotting In ( V,/ V,-V,)) vs t, V, being the equilib- 
rium value of V,  after 24 h. Each kinetic step is characterized 
by its rate constant @ and its duration At. The equilibrium volume 
fraction, be, of the organic phase in the creamed phase is calculated 
by 

4, = 2.5/((10 - V,) + 2.5) 
Foaming Properties. Foaming properties were expressed as 

foaming capacity and foam stability (Dagorn-Scaviner, 1986; 
Gueguen et al., 1990). Foaming was induced by bubblinga stream 
of nitrogen (2.57 mL/s) during 15 s through fritted glass into 8 
mL of protein solutions (0.1 M sodium phosphate buffer, pH 8, 
0.2 M NaCl). Then, the conductivity of the resulting foam was 
recorded. Foam capacity was evaluated by the initial conductivity 
(Ci, pS/cm). Foam stability was expressed as tip, the time 
necessary to obtain a conductivity of CJ2 measured on the 
experiment curve, and the foam stability index (FSI), defined by 
Kat0 et al. (1983) as FSI = CO AtlAC (min), where CO is the 
conductivity at zero time obtained by the extrapolation of the 
linear part of the C vs t plot and AC/At  is the slope of this linear 
region. 

The tll2 is related to drainage which happens just after foam 
formation. FSI describes the stability of the foam when most of 
the drainage has occurred and is chiefly related to coalescence. 

As low amounts of glycosylated proteins were available, the 
reproducibility of emulsifying and foaming properties was 
estimated with native legumin on five repetitions and the relative 
error coefficient calculated on each parameters. These coeffi- 
cients were used for the other samples. 

RESULTS 

Degree of Glycosylation. Fifty-three, twenty-four, 
and twenty-seven moles of galactose, lactose, and galac- 
turonic acid were bound per mole of legumin, correspond- 
ing to degrees of glycosylation of 37 %, 17 %, and 19 %, 
respectively. Because the total weight in lactosyl and ga- 
lactosyl residues bound per mole of protein is very close, 
the influence on functional properties of number of 
occupied sites and of length of the linked carbohydrate 
molecule could be discussed. Besides, the degree of gly- 
cosylation reached for galacturonic acid, which is maximum 
(Caer et  al., 1990), is satisfactory to approach the influence 
of the charge. 

Viscosity. Intrinsic viscosity of the unmodified legu- 
min sample (4.3 mL/g) was very similar to those reported 
by Schwenke et  al. (1986) for the 12s globulin from rape- 
seed (4.5 mL/g) and sunflower (4.0 mL/g). In a recent 
study, we found a higher intrinsic viscosity (5.5 mL/g) 
(Schwenke et  al., 1990) because of the removal, by gel 
filtration, of aggregates from the protein preparation just 
before the viscosimetric measurements. In the present 
work the whole legumin preparation was used. 

An increase in intrinsic viscosity was exhibited by gly- 
cosylated samples, which varied with the type of carbo- 
hydrates bound (Table I). Binding of galactose or ga- 
lacturonic acid to legumin induced a lower increase than 
bound lactose. The values of Huggins’ constant (12’) were 
considerably lower for the glycosylated samples, indicating 
a weakening of molecular interactions. The very high value 
of k’ for the unmodified sample confirms the presence of 
aggregates. In contrast, the low values of k’ in galactu- 
ronic acid derivatives and further lowering of k‘ in lac- 
tosylated derivatives indicate that these aggregates tend 
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carbohydrates, is reinforced for galacturonic acid deriv- 
atives because of the addition of new carboxylic groups. 
This explained the lower solubility of these samples in the 
acidic pH range. 

Emulsifying Properties. The EAI, which denotes the 
ability of the protein to help the dispersion of the oil phase 
and to provide a sufficient coating of the interfacial area 
(Dagorn et  al., 19871, is not significantly modified by gly- 
cosylation. The EA1 of unmodified as well as glycosy- 
lated legumin samples is approximately 80 m2/g, while 
106 m2/g was found for bovine serum albumin (BSA) used 
as standard protein (Table 11). On the other hand, gly- 
cosylated legumin samples exhibited better emulsifying 
stabilities than unmodified protein (Figure 2). 

The analysis of each step of the destabilization kinetics 
is reported in Table 11. For the four protein concentrations 
studied (0.4-3 mg/mL), an increase in the duration of each 
step and a decrease in the rate constants were exhibited 
by glycosylated protein, which varied with the type of 
carbohydrates bound. From the higher to the lower values 
of &, the legumin samples were classified in the following 
order: unmodified > galactosylated > lactosylated > ga- 
lacturonic acid derivatives. 

Covalent binding of galacturonic acid to legumin was 
the most efficient modification to decrease the flocculation- 
creaming process, probably because of the repulsive effects 
induced by the added negative charges. 

Besides, a t  low concentration (0.4 mg/mL), the volume 
fractions of the n-dodecane in the creamed phase (4,) were 
lower. This effect, explained by higher hydration of the 
interfacial layers due to an increase of protein-water 
interactions by glycosylation, was masked for higher 
protein concentrations except for lactosylated legumin. 

Foaming Properties. Kinetics of foam collapse were 
compared for native and glycosylated legumin, using BSA 
as standard protein (Figure 3). Initial conductivity (Ci), 
as a measure of foam capacity, is significantly improved 
by glycosylation (Table 111) (about twice as high as the 
unmodified protein) whatever the carbohydrate type and 
the protein concentration. The higher values were ob- 
tained for the lactosylated legumin. 

tlp, as a measure of foam stability, is related to the 
ability of the protein to adsorb quickly a t  the interface 
area and to decrease the drainage just after the foam 
formation. On the other hand, FSI, which describes the 
resistance of the foam to collapse, is connected to 
mechanical and rheological properties of interfacial layers. 
Lactosylated and galactosylated derivatives exhibited 
higher t1p and FSI values compared to those of unmod- 
ified legumin and BSA (Table 111). For the high concen- 
trations, binding of galacturonic acid did not significantly 
improve foam stability compared to that of unmodified 
legumin. 

DISCUSSION 

The effect of glycosylation on the functional properties 
of pea legumin was discussed on the basis of the structural 
alterations. Spectroscopic data showed that accessibility 
of tyrosyl residues was slightly increased by glycosyla- 
tion, indicating a slight opening of the globular structure 
(Caer et  al., 1990). These changes in the quaternary and 
tertiary structures induced a decrease of the aggregation 
phenomena. For lactosylated protein and, furthermore, 
for galacturonic acid derivatives, a partial dissociation into 
8s and 3 s  components occurred. Secondary structure was 
also modified, glycosylation increasing the percentage of 
helical structure from 9% to about 20% and decreasing 
p structure from 46% to 20%. 
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Figure 1. Influence of pH on the solubility of native and gly- 
cosylated legumin: (-) unmodified; (- -) galactosylated; (- -) 
lactosylated; (-) galacturonic acid derivative. (A) Samples 
dispersed in distilled water; (B) samples dispersed in 0.2 M NaCl. 

to disappear with glycosylation. The value of k' in ga- 
lactosylated samples was intermediate between the two 
other glycosylated derivatives and unmodified legumin. 
These results agree with the electrophoretic patterns of 
glycosylated legumins under nondenaturing conditions 
published by Caer et al. (1990). We showed the presence 
of a minor band corresponding to aggregates, especially 
in unmodified and in galactosylated legumin samples, 
which tends to disappear when the amount of lactose and 
galacturonic acid bound to the protein is increased. 

Solubility. Legumin solubility in water is generally 
increased by glycosylation between pH 2 and 8, but gly- 
cosylated samples still exhibited, like unmodified legu- 
min, a very deep V profile for the solubility curve. 
However, solubility was drastically improved by galac- 
tosylation and lactosylation in the pH range 4-4.5 and by 
galacturonic acid binding in the pH range 5.5-6 (Figure 
1A). In 0.2 M NaCl, lactosylated and galactosylated 
samples exhibited a very high solubility (Figure 1B). 
Whatever the pH, the solubility was above 75% for ga- 
lactosylated derivatives. Moreover, the solubility, in the 
pHi region around pH 5, is significantly increased as 
observed by Courthaudon et  al. (1989) for glycosylated 
caseins. The shift of the isoelectric point toward acidic 
pH, due to the blockage of eamino-lysyl groups by the 
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Table 11. Emulsifying Properties. 
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first step second step 
Drotein EAI, m2/a concn, mg/mL V,, mL b e  A h ,  min 81, 104/s Atz ,  min Bz. 10% 

BSA 106 f 3.9 0.4 4.6 0.46 f 0.02 8 15.0 f 0.45 5 23.0 f-z 
1 5.2 0.52 * 0.02 21 4.7 f 0.14 15 7.2 f 0.49 
1.5 5.0 0.50 f 0.02 17 6.0 f 0.18 16 9.0 f 0.61 
3 4.5 0.45 f 0.02 21 5.5 f 0.17 13 7.2 f 0.49 

native legumin 87 f 3.2 0.4 6.8 0.78 f 0.03 2 52.0 f 1.56 1 102.0 f 6.93 
1 5.4 0.54 f 0.02 3 43.3 t 1.30 5 30.0 f 2.04 
1.5 5.2 0.52 f 0.02 5 25.0 f 0.75 5 20.0 f 1.36 
3 4.6 0.46 f 0.02 4 10.0 f 0.30 4 25.0 f 1.70 

lactosylated derivative 83 f 3.1 0.4 5.0 0.50 * 0.02 3 42.0 f 1.26 5 37.0 f 2.51 
1 4.6 0.46 f 0.02 8 15.0 f 0.45 7 20.0 f 1.36 
1.5 4.9 0.49 f 0.02 17 7.0 f 0.21 13 11.0 t 0.75 

10.0 f 0.68 3 3.6 0.39 f 0.02 15 6.7 f 0.20 9 

galacturonic acid derivative nd 0.4 4.9 0.49 f 0.02 4 23.0 f 0.69 4 25.0 f 1.70 
1 4.9 0.49 * 0.02 12 10.8 f 0.32 6 16.7 f 1.13 
1.5 5.0 0.50 f 0.02 16 6.7 f 0.20 12 10.5 f 0.71 
3 4.4 0.45 - 0.02 18 5.5 f 0.17 11 8.3 f 0.56 

galactosylated derivative 81 f 3.0 0.4 5.4 0.54 * 0.02 3 37.0 f 1.11 4 35.0 f 2.38 
1 4.1 0.42 f 0.02 7 26.7 f 0.80 8 10.0 f 0.68 
1.5 4.1 0.42 f 0.02 8 9.8 f 0.29 6 16.7 f 1.13 
3 nd nd nd nd nd nd 

EAI, emulsifying activity index, measured at 1.3 mg/mL protein concentration; concn, protein concentration; V., aqueous-phase volume 
at the equilibrium; be, volume fraction of organic phase in the creamed phase; Ati, duration of each step; f l ,  rate constant for each step. 
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Figure 2. Kinetics of emulsion destabilization (0.1 M sodium 
phosphate buffer, pH 8,0.2 M NaC1; protein concentration, 0.4 
mg/mL): (0) bovine serum albumin; (0) unmodified; (B) ga- 
lactosylated; (A) lactosylated; (A) galacturonic acid derivative. 

Higher intrinsic viscosities measured for glycosylated 
derivatives are due to the slight opening of the globular 
structure which induces greater hydrodynamic volume and 
increases hydrophilic interactions between glycosylated 
proteins and water. That was observed by Waniska and 
Kinsella (1984a) with maltosyl and glucosaminyl deriv- 
atives of j3-lactoglobulin. A similar effect on intrinsic 
viscosity of succinylated legumin, a t  low degree of suc- 
cinylation (20-60%), was observed by Schwenke et  al. 
(1990) and interpreted as due to a partial dissociation of 
the oligomeric protein into subunits. We should expect 
that neoglycoproteins possess a larger hydrodynamic 
volume than succinylated legumin because of the higher 
hydrophilic character of carbohydrates compared to suc- 
cinyl group. Since it was not the case, greater intrinsic 
viscosity seems to be more related to structure modifi- 
cations than to direct interactions between the bound 
residues and water. This was also observed by Le Meste 
et  al. (19891, who studied, by electron spin resonance and 
sorption isotherms, the influence of glycosylation on 
hydration properties of caseinates. According to these 
authors, the water bound to the protein was very similar 
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Figure 3. Kinetics of foam destabilization (0.1 M sodium 
phosphate buffer, pH 8, 0.2 M NaCl; protein concentration, 2 
mg/mL): (0) bovine serum albumin; (0) unmodified; (m) ga- 
lactosylated; (A) lactosylated; (A) galacturonic acid derivative. 

for glycosylated and control caseinates. An increase in 
the water holding capacity for modified samples was 
related to the swelling of the protein after glycosylation. 

The size of the glycosyl residue also influences intrinsic 
viscosity. The higher value was reached for lactosylated 
legumin, whereas similar ones were obtained for galac- 
turonic acid derivative and galactosylated legumin. In 
accordance with the theory, intrinsic viscosity is higher 
for the greater length of side chains. 

Glycosylation also appears to be very efficient for 
improving solubility of legumin, especially in the presence 
of salt. Similar results were obtained by Courthaudon et  
al. (1989) on glycosylated caseins. The salting-in effects 
related to changes in the charge equilibrium of the protein, 
due to alkylation of amino groups, are influenced by the 
degree of glycosylation and the type of glycosyl residues. 
For example, binding of galacturonic acid lowered the value 
of pHi and improved solubility; this effect is, however, 
limited by the rather low level of legumin modification. 
On the other hand, although binding of neutral carbo- 
hydrates did not modify so much the isoelectric point, it 
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Table 111. Foaming Prooertiess 

Baniel et el. 

concn, 
protein mg/mL Ci, &cm t l lz ,  s FSI, min 

BSA 0.5 2025 f 113.4 24.6 * 2.5 88.0 f 2.6 
1 2480 f 138.8 25.2 * 2.5 86.6 * 2.6 
2 3280 f 183.7 27.6 f 2.8 83.0 f 2.4 

native legumin 0.5 750 f 42.0 14.4 f 1.4 54.9 f 1.6 
1 1080 f 60.5 19.0 f 1.9 42.8 f 1.3 
2 1600 f 89.6 30.0 f 3.0 83.1 f 2.5 

lactosylated 0.5 2100 f 117.6 22.2 f 2.2 78.6 * 2.4 
derivative 1 2425 f 135.8 40.0 f 4.0 91.5 f 2.8 

2 2950 * 165.2 54.4 f 5.4 168.8 f 5.1 

galacturonic acid 0.5 2050 f 114.8 27.6 f 2.8 103.9 f 3.1 
derivative 1 2400 f 134.4 30.6 f 3.1 74.0 f 2.2 

2 2540 f 142.2 30.3 f 3.0 79.0 f 2.4 

galactosylated 0.5 1600 f 89.6 30.0 f 3.0 65.0 f 2.0 
derivative 1 2475 f 136.6 34.2 f 3.4 136.0 f 4.1 

2 2000 f 112.0 41.5 f 4.2 226.4 f 6.8 
0 Concn, protein concentration; Ci, initial conductivity; t l p ,  time 

corresponding to CJ2; FSI, foam stability index (Coati AC). 

markedly increased solubility in presence of salt. More- 
over, the level of hydrophilicity, which is varying with the 
type and amount of carbohydrate residues bound to the 
protein, seems not be the major parameter to explain the 
difference in neoglycoprotein solubility. For a close 
amount of bound hydroxyl groups, legumin galactosylated 
a t  37% exhibited a higher solubility than protein lacto- 
sylated a t  17 % . Consequently, a greater solubility of ga- 
lactosylated sample should be explained, first, by a higher 
level of blocked lysyl residues, which increases the net 
negative charge of the protein, and second, by a larger 
distribution of hydrophilic residues bound at  the surface 
of the protein, which may favor water-protein interactions 
and weaken, by steric effects, the electrostatic attraction 
forces between the legumin (YP subunits. 

Despite better solubility, the emulsifying activity (EAI) 
of glycosylated derivatives was not improved as expected. 
As shown by high intrinsic viscosity for modified proteins, 
glycosylation increased the hydrodynamic volume of 
proteins and should consequently slow down the diffusion 
rate of molecules to the interface. Moreover, dissociation 
of glycosylated derivatives into subunits is too limited 
(Caer et  al., 1990) to have a significant effect on protein 
flexibility for modifying its ability to anchor at  water/oil 
interface. On the other hand, anchorage a t  the water/air 
interface seems to be easier, considering the higher fo- 
aming capacities of neoglycosproteins. The influence of 
the polarity of interface on the mechanism of protein 
adsorption could be related to the increased surface hy- 
drophilicity of glycosylated legumins which should partly 
suppress the presence of loops in the oil phase. These 
results are in good agreement with those of Nakai and 
co-workers (Nakai et al., 1980; Townsend and Nakai, 1983). 
They showed that surface hydrophobicity has a positive 
effect on emulsifying activity but is not correlated with 
foaming capacity. Besides, a high viscosity was associated 
with an optimum foaming capacity. 

Stability of emulsions, improved with neoglycoproteins, 
has to be discussed taking into account modifications in 
interfacial layer characteristics. A greater helix content 
and the opening of the quaternary structure should 
improve the ability of these neoglycoproteins to form stable 
interfacial layers. The lower volume fractions of n-dode- 
cane in the creamed phase (de) obtained for the lower 
protein concentration (0.4 mg/mL) suggest that destabi- 
lization of the quarternary structure, by glycosylation, 
favors the hydration of adsorbed proteins. The efficiency 

of glycosylated legumin in retarding emulsion breaking is 
related to a greater thickness of the interfacial layer, mainly 
due to the enhanced hydration. For higher bulk protein 
concentration, this effect is partially masked; in these 
conditions the higher hydration of the creamed phase is 
more related to an increase of the interfacial protein 
concentration than to specific behaviors of neoglycopro- 
teins. As judged by the constant rate of destabilization 
( P I ) ,  the presence of negative charges in the case of ga- 
lacturonic acid derivative may inhibit flocculation by 
additional effects of repulsion between the droplets. This 
phenomenom was also observed by Gueguen et  al. (1990) 
for succinylated 12s rapeseed globulin. 

Similar behaviors could be stated to explain the im- 
proved foam stability by neoglycoproteins. However, the 
role of the charges in the stabilizing process was less 
beneficial in foams compared to in emulsions. This was 
shown from the lower stability of foams prepared with the 
higher concentrations of galacturonic acid derivatives. 
Townsend and Nakai (1983) observed that foam stability 
markedly decreased at  high charge density. They sug- 
gested that intermolecular repulsions between protein 
molecules a t  the interface could have a destabilization 
effect on foams. 

In conclusion, the glycosylation appears to be of great 
importance in improvement of the functional properties 
of 11s type seed storage proteins. Neoglycoproteins are 
largely more soluble than native protein and exhibit a 
higher viscosity and better surface behaviors. The im- 
provement of functional properties is mainly due to the 
partial opening of the quaternary structure and to an 
increase of net negative charge. I t  was found to be also 
dependent on the degree of glycosylation and on the type 
of glycosyl residues. The neutral carbohydrates are more 
adapted to improve solubility and foaming properties, 
whereas charged sugars exhibited better emulsifying 
properties. 

This study proves the great interest in developing 
methods of glycosylation adapted to the food industry. 
Further work will explore the potentialities of some 
enzymatic reactions. 
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