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Abstract: Tensoactive species obtained by papain hydrolysissay protein were characterized structurally and
physicochemically, and their foam-forming and -gtaing capacity studied. Protein structural chasg@on reaction ending
were correlated with functional and interfacial peaies and with the behaviour thereof with varyimglrolysis degree. Two
different means of halting hydrolysis -pH reductigti=2) andqui ck freezing (-18 °C), respectively- were studied.tiDit
structural changes and associated functional ptiegerere found according to reaction ending camast No improvement
of foaming properties was found for partially-hylyued isolates subject to freezing at reaction eqgdiwith respect to the
starting unhydrolyzed soy protein isolate. In casty pH treatment as a means of halting hydroligisto a significant
enhancement of the foaming properties of soybeatejor hydrolysates consistently for all studied foygkis degrees (0%,

1.8%, 2.5% and 6%).
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1. Introduction

Soy protein is a protein that is isolated from sdgan.
Soya bean Glycine mak is a species of legume family
(Fabaceag cultivated for its seeds. Soy protein is madenfro
soybean meal that has been dehulled, defatted raxégsed
into three kinds of high protein commercial productoy
flour, concentrates, and isolates. Soy proteinsfindvariety
of applications in the food industry for its furastal
properties and his popularity has increased duéstase in
health food products. In view of its high digedttgi and
balanced aminoacid composition, soy protein camstt a
major protein source capable of substituting meat dairy
proteins in the manufacture of food products. Atfelias 1%
of the soy protein production is currently usedha human
food industry for the improvement of textural prapes; the
rest being used in the manufacture of animal f¢g&HsSoy
protein is used predominantly as a functional idgmet in
view of its gelling, and foam- and emulsion-formimgd
stabilizing capacity [1]. However, poor foaming pesties
have been attributed to a highly compact struatfisoybean
protein -compared with protein from other souraest-liable
to adsorption or unfolding at the interface in aywsach that

it prevents adequate formation of interfacial f[2h

A limited extent of proteolysis has been suggesteldave
a positive effect on the surface activity and thanfing and
emulsifying properties of soy proteins [3]. Pre\gostudies
were focused on the modifications resulting frorayenatic
hydrolysis of soy proteins using papain and on the
relationship between the structural changes unadergaring
hydrolysis and the functional properties of modifigroteins
[4], [5]. Nonetheless, recent advances in anallytfoam
formation and stabilization methods may be used in
furthering research on the dependence between csurfa
functional properties and protein structure. In tipatar,
further research on the improvement of functionalpprties
of soy protein at pH above 4 has been suggestddamwiew
to the inclusion of these proteins into suitablpl@ations in
food systems [1].

Here, a structural and physicochemical charactéoiza
was made of the products of partial papain hydislg§ soy
protein using two different means of halting thaateon. The
effects of low-temperature and low-pH ending cadodi
were thus compared with a view to studying theakility of
hydrolyzed soy protein for food applications. Thehaviour
of interfacial and foaming properties was corralatéth the
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structural changes undergone by the soy proteifateo
during hydrolysis and according to means of readtalting.

2. Materials and Methods

2.1. Preparation of Soy Protein Isolates

Soy protein isolates (SPI) were obtained from defat
soybean flour by solubilization in alkaline aquegnedium
(pH 8.0), followed by isoelectric precipitation (pH.5),
precipitate dispersion in alkaline medium (pH 8.and
drying by liofilization [6].

2.2. Preparation of Soy Protein Hydrolysates

SPIs (at a concentration of c.a. 30 mg/ml) werabated
with papain solution (0.2 mg/ml) in a 4:1 (vol:volatio
under agitation in a thermostatized bath at 40%s $ad a
protein content of 90.8 £ 0.4 g/100 g, a water enhbf 3.50
+ 0.02 g/100 g and a mineral ash content of 5.702 @/100
g. Papain purchased from Sigma contained 28 urgtsnith
one enzyme unit hydrolyzing 10mol of a-N-benzoyl-L-
arginine ethyl ester (BAEE) per minute at pH 6.28tC.
Substrate solutions or dispersions were prepared.0teM
NaPO; buffer solution of pH 8.0. Different hydrolysis
degrees (0%, 1.8%, 2.5 and 6.0 %) were obtainedrdicg
to different times of reaction. Hydrolysis was kdltby
means of: 1) pH reduction in the dispersion of pogtein
isolate hydrolysates (SPIHs) to pH 2 using 6 N KiQbH);
and 2) quick freezing of the SPIH dispersion inaghbwith
ice / NaCl cryogenic mixture at —18 °C (HT). SPIthwis
obtained were subject to liofilization. SPIHs of uag
hydrolysis degree were obtained from the same pb8Pls
for either means of reaction halting.

2.3. Hydrolysis Degree Determinations

pH 6.8. The electrophoretic run buffer consisted @25 M
Tris-HCI, 0.192 M glycine, 0.1 % (w/v) SDS. The ruwas
conducted at a constant voltage of 90 V applietivo 1.5
mm-thick gels. A Hoefer Scientific Instruments SE06
electrophoresis unit was used. Protein moleculaghtevas
estimated using a GIBCO BRL10064-012 molecular
weight standard consisting of 12 genetically engiad
proteins in the range of 10 kDa to 120 kDa sepdratel0
kDa intervals in addition to another, 200 kDa spchtein.
Determinations were based on duplicate measurements

2.6. Surface Hydrophobicity Determinations

1-anilino-8-naphthalene sulphonate (ANS) was used a
fluorescent  probe  [11]. Surface hydrophobicity
determinations were based on SPIH dispersions InM.
NaPO; solution at pH 7.0. Fluorescence measurements were
made on a Perkin Elmer 2000 spectrofluorometerstidig
the relative fluorescence intensity to 80% of th# $cale
value using 15l of 8 mM ANS in 3 ml absolute methanol
and 364 nm and 484 nm excitation and emission \eagths,
respectively. Surface hydrophobicity was determiasdthe
initial slope of the relative fluorescence intepsitersus
protein concentration plot, according to [12]. Detmations
were based on duplicate measurements.

2.7. Thermal Stability and Denaturation Degree
Determinations by Differential Scanning Calorimetry

Temperature, denaturation enthalpy and denaturation
degree determinations were made on Polymer Lalrigato
PL-DSC equipment (Rheometric Scientific DSC 2, Ltd.
Epsom, England). Aqueous dispersions of 20% w/thef
above described SPIHs in distilled water were ussd
samples. 20 mg of each such sample were placeerimetic
aluminium pans for analysis. Runs were conducteda at
heating rate of 10 °C/min over the temperatureeaf@5 °C

Hydrolysis degrees (HDegs) were determined Dby, 150 0c A reference run was conducted usingsameple

determination of free amino groups by
trinitrobenzenesulphonic acid (TNBS) method as deed
by [7], following the modifications introduced by8][
Determinations were made by triplicate measuremesitsy
a standard absorbance curve for I-leucine at 420 nm

2.4. Hydrolysate Composition

the

previously subject to heating treatment as useinguthe
analysis. For all samples, the dry-matter conterds w
determined upon drying to constant weight -usindagpated
pans- in an oven at 105 °C.

The denaturation degree was calculated accordintipeto
equation: DDeg = [H-AH;)/ AH]x100, DDeg being the
denaturation degreedH the denaturation enthalpy of the

The protein content of SPIHs was determined by thenhydrolyzed starting protein, anfiH; the denaturation

method proposed by Lowry [9] using 106/ ml dispersions

enthalpy of the protein modified by hydrolysis [13]

in 0.01 M NaPGO;solution at pH 8.0. The water content was Runs were analyzed by means of Plus V5.41 Software.
determined according to AOAC 14004 [10] and the asbeterminations were based on duplicate measurements

content according to AOAC 31013 [10]. Determinasiavere
based on triplicate measurements.

2.5. Electrophoresis

SDS electrophoresis was conducted on
denaturating acrylamide gradient gel with 0.375 Ns-HCI,
1 % (w/v) SDS buffer solution of pH 8.8. Samplesrave
conditioned with 0.125 M Tris-HCI, 20 % (v/v) glyxé, 4 %
(w/v) SDS, 0.2 % (w/w) bromophenol blue buffer smn of

2.8. Interfacial Tension Determinations

Surface tensions{ measurements at the air/water interface
were carried out on a Lauda TVT 2 drop volume &msiter

7-15 %quipped with 2.5 ml injection syringe. Determinat by

the steady drop method were conducted for an limtienber
of six measuring cycles with three drops per cy@g),
using a drop formation rate in the range of 0.QLBOsl,
followed by 9/3 cycles/drops per cycle using a drop



Journal of Food and Nutrition Sciences 2015; 3(19:

formation rate in the range of 0.10-0.8Qus/The pendant
drop method, was used for 6/2 cycles/drops pereciyckhe
12 to 16.21 s/m range of drop formation rate. Dig#uns at
pH 8 with a protein concentration of 1mg/ml wereaifed
by dissolution of the protein hydrolysates in 0.1N&POs.
The parameters used for analysis of here-desctiimdssays,
ce, Kaandk,, are those used in the kinetic model developed
[14], whereceis the equilibrium surface tension, &nd k
first order rate constants of the protein adsorptand
molecular rearrangement processes, respectivelythat
air/water interface. Determinations were based oplicate
measurements of duplicate replicates.

2.9. Foaming Capacity Analysis

and the soy protein isolate (protein: 78.6 + 0.3190 g;
water: 10.09 + 0.05 g /100 g; ash: 4.53 £ 0.0209/d). The
ash content of HpHs was higher than that of thetista
material, on account of HCI additions used for ihgltthe
reaction.

b§r2' Structural Characterization of SPIHs

3.2.1. Polypeptide Composition

Polypeptides characteristic @§fconglycinin and glycinin
were found by SDS-PAGE electrophoresis analysiSBf
control samples (HDeg 0%) and SPIH samples of low
hydrolysis degree (HDeg 1.8%). For both HTs and siphh
increased HDeg (2.5% and 6.0%) led to the disappearof
the a anda’ bands off3-conglycinin and to a slight reduction

Foam formation and stabilization assays were caeduc of polypeptide A of glycinin (data not shown). 3] it was

according to the conductimetric method developedisy,
following minor modification. Foam was generatedrbgans
of air bubbling at a flow rate of 100 ml/min thrdug G2-
type sintered glass plate until collection of asptefoam
volume of 60 ml. The analysis was conducted usihgnl of
dispersions of the hydrolysates in 0.1 M;R@&;, at pH 8,
using protein concentrations of 1 mg/ml, 2 mg/mt &b
mg/ml.  Following
determinations of the initial liquid-to-foam traesfrate ;)
were based on initial slope analysis of the ligumume
incorporated in the foam (¥) vs. time plot. The maximum
value of liquid volume in the foam (\) was also
determined. The destabilization kinetics was arelylsased
on the parameters,R/q, kqgandVqresulting from application
of the kinetic model developed by [17], whegg ¥q, k; and
V4 are the rate constants and the maximum liquidraekiin
the foam associated with gravitational drainage gad
diffusion or disproportionation processes, respetyj the
latter also known as Ostwald’s ripening. Deterniora were
based on triplicate measurements of duplicatecags.

2.10. Statistical Analysis

The fixed-effects model of analysis of variance @YR)
was used for statistical treatment of data, with= 0.05;
followed by the comparison of mean values by thastle
significant differences (LSD) test, witbk = 0.05, using
Statgraphics plus 7.0 software.

3. Results and Discussion
3.1. SPIH Composition

HTs had a protein content in the range of 81.8 &% 8
0/100 g, a water content between 12.10 and 13.200g4,

the procedure described by [16

reported that the action of papain on soybean pradelates
was initiated onp-conglycinin, followed by glycinin; the
subunits of the former being hydrolyzed to a larggtent
than the AB subunits of glycinin. Such results ane
accordance with the above reported disappearantieeof

ando’ bands in SPIHs of high HDeg (2.5% and 6.0%).

]3.2.2. Analysis of Thermal Properties
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Figure 1. DSC thermograms of HT HDeg 0 (a), 1.8 (b), 2.5(a) 6.0% (d),
HpH at pH 2 (e) and previously neutralized HpH (fhe first peak
corresponds tg3-conglycinin and the second one to glycinficonglycinin
(DDc) and glycinin (DDg) are expressed as perceattfons in all cases.

Figure 1 shows the thermograms of the analyzed
hydrolysates. HTs (pH 8.0) showed two endotherms
associated with the denaturation @Fconglycinin and
glycinin, respectively [19]. HTs of HDeg 6% showeaah
increase in maximum peak temperature (from 89 °@2t6C
and from 102 °C to 104 °C) and a lesser extent of
differentiation between both endotherms. Figurédws, for

and an ash content between 3.07 and 5.98 g/100ilg WhHTS, an increase in DDeg with increasing HDeg, éffect

HpHs had a slightly lower protein content, in tlange of
79.1 to 80.4 g/100 g, a water content between 1h&Y

13.56 g/100 g and an ash content between 6.03 @& 9

g/100 g. Except for the ash content of HpHs, thevab

on B-conglycinin being greater than on glycinin, cotesis$
with the above reported results of electrophoresisays.
This suggests that a larger proportion of glycimiolecules
may either retain or not show major disarrangenenheir

contents are in agreement with the expected Valu‘fﬁotein structure as a result of proteolysis.

considering the starting soybean flour (protein:55% 0.3
0/100 g; water: 6.89 + 0.03 g/100 g; ash: 6.2068@®/100 Q)

HpH thermograms, shown in Figure 1, did not show th
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endotherms corresponding to the denaturation afiigity and
B-conglycinin as a result of acid treatment usedHalting
the hydrolysis reaction. Similar results on the tiphr

HDeg affected konly in the case of HTsiDegs of 0%,
1.8% and 2.5% leading to higher values than for ¢B6.
Likewise, no significant differences were found feg

hydrolysis of 3-conglycinin were previously reported [16], according to ending treatment or HDeg, except fdar ¢f

[20]. A partial reversal of the effect of acid thent resulted
from neutralization prior to thermal treatment ofhts,
leading to a DDeg of c.a. 75% consistent for aklgred
samples (see Figure 1).

3.2.3. Surface Hydrophobicity

HDeg 6% with a significantly highes, value than for the
other HTs (0%, 1.8% and 2.5%).

Above results showed that differences in the kasetf
surface tension modification found for HT and Hpi¢ aot
to be ascribed to different equilibrium surfacesien values
for either type of hydrolysate, but, rather, to ttae of

HpHs were found to have hydrophobicity (Ho) nearly ariation thereof (Figure 2). Such difference ifleeted in

twice as high as that of HTs (HpH HDeg 0% Ho = 262

and HT HDeg 0% Ho = 106 + 2). In the range of loDédd)

values, an increase in HDeg (to 1.8% for HpHs andl.8%

and 2.5% for HTs) led to a significant increasélm (to 268
+ 2 and to 126 + 2 and 112 + 2, respectively) wasran
even higher HDeg (6.0%) led to a reduction in Havatues
nearly as low as those of the unhydrolyzed isolé263 + 2

and 85 * 2, respectively). Protein dissociation antblding

resulting from treatment at pH 2 led to increasegbsure of
sterically hindered hydrophobic zones of the unblyded

proteins, with the resulting increase in surfacdrbphobicity.
Likewise, the unfolding of the protein structuresuling

from hydrolysis further led to an increase in HbeTincrease
in Ho as the reaction progressed may be attribtiethe

maintenance of major hydrophobic zones,
polypeptide B of glycinin. In addition, the lossofdrophilic
peptides at the protein surface may also have dednt
increase in hydrophobicity [21].

3.3. SPIHs Used for Surface Tension Modification

The parameters resulting from the model proposefd 4l
were used for analysis of surface tension modificat

Table 1 shows the values of equilibrium surfaceiten o)
and the protein adsorption and rearrangementdidgr rate
constants at the air/water interfaceghdk,, respectively) for
the assayed solutions.

Table 1.Surface tension variations in SPIHs [protein] = Infig/ml, pH =
8.0and [NaCl]=0M

SPIH kax10 ()  k x1GF(s) o (MN/m)
HT HDeg 0% 14+0.F 077+009  52+F
HT HDeg 1.8% 15+£0.F 0.85 £ 0.08 52+ F
HT HDeg 2.5% 1.4 £0.F 0.80 £ 0.08 53+ F
HT HDeg 6.0% 14+0.F 0.61£0.09 56+
HpH HDeg 0% 1.6+0.3 13+072 50 + 2
HpH HDeg 1.8%  1.6:0.3 1.8+0.72 53+ 2
HpH HDeg 2.5%  2.0+0.3 17+032 51+ 2
HpH HDeg 6.0%  1.4+0.3 12032 51+ 2

Mean values of triplicate measurements are shown
Mean values identified by the same letter do nfi¢dsignificantly @ =
0.05)

No significant differences were found ig kalues for the
treatments used to halt the reaction halting orHdreg. k
differed in significant amounts for either type ending
treatment; the values for HpH being higher thanHadr The

such as g 701

the k value, meaning that differences may lie only on a
different protein rearrangement capacity at theerfate.
Higher k values found for HpH may be attributed to a higher
Ho and a lower molecular size of constituent pobgfmes in
view of the predominance of the 3S form of glyciainacid

pH [22], leading to a greater ease of rearrangeraerthe
interface. The above is consistent with resulterig by [23]
on the ease and high rate of unfolding and reaenaegt of
3S glycinin at the interface on account of a higftexibility
resulting from electrostatic repulsion forces withihe
molecule.

75+

65

60 -

Surface tension (mN

554

50

0 200
t(s)

Figure 2. Surface tension vs. time plots showing the bebawé HT (-)
and HpH ¢€)

In [11] it was reported thaf-conglycinin is the protein
fraction with the greatest interfacial surface &thn
capacity. As shown in Table 1 HT of HDeg 6% shovlss
lowest k value, a fact which may be attributed to the
reduction in size and the loss of globular struetof -
conglycinin as a result of hydrolysis. Although uoss of
structure was found consistently for all HpHs, #edént
behaviour from that of HTs was found. The fact tigtinin
in HpHs —i.e. receiving pH 2 treatment- is dissteta less
affected by proteolysis and has greater flexibilityay
account for the invariance in the ‘alue found for HpH
HDeg 6% where the effect of the treatment used for
hydrolysis halting was greater than that of the B#ained
by reaction.

3.4. Foamability

The effects of the different variables used in $hedy on
the initial liquid-to-foam transfer rates) and the maximum
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liquid volume incorporated in the foam phase,{y are

shown in Table 2.

Table 2.v; and V. values in foams formed using dissolutions of @iffeSPIHs at different protein concentrationspét 8.0

[protein]: 1.0 mg/ml

[protein]: 2.0 mg/ml

[protein]: 5.0 mg/ml

SPIH v (ml/s) Vimax (Ml) vi (ml/s) Vinax (M) vi (ml/s) Vinax (ml)
HT HDeg 0% 0.18 £ 0.02 48+0.3 0.23+0.02 6.5+0.3 0.23+0.0 74403
HT HDeg 1.8% 0.16 £ 0.02 47+0.3 0.22 +0.02 6.6 +0.3 0.25 +0.02 74403
HT HDeg 2.5% 0.17 +0.02 47+03 0.24 +0.08 6.7+0.3 0.28 + 0.04° 75+0.3
HT HDeg 6.0% 0.16 +0.02 3.6 +0.4 0.17 +0.04 45+0.4 0.23 +0.02 6.9 +0.44
HpH HDeg 0% 0.26 +0.02 76+0.3 0.27 +0.0% 74+0.3 0.30+0.03 7.7+0.3
HpH HDeg 1.8% 0.30 +0.02 78+0.3 0.28 +0.02 7.6+0.3 0.29 +0.03 8.1+0.3
HpH HDeg 2.5% 0.30 £ 0.02 78403 0.32+0.02 8.0+0.2 0.36 +0.03 8.2+0.3
HpH HDeg 6.0% 0.26 +0.02 71403 0.28 +0.03 7.7+0.3 0.30+0.08 79403

Mean values of triplicate measurements are shown
Mean values identified by the same letter d

o not differ significantly @ = 0.05)

v; and Vs vValues found for HpH foams were significantly

higher than for HT foams. The HDeg affected,.y

significantly only for HT of HDeg 6%, leading to a

significantly lower value than for the rest of thealyzed
samples (0%, 1.8% and 2.5%) (Table 2). For HT fqdmth

the film formed by HpH proteins is expected to shaw

higher resistance to destabilizing processes.

In the case of HT of HDeg 6%, having a higher

concentration of small-molecular-sized peptides easiy
affecting foam stability [24], the above behavidalid not
favour the formation of a cohesive film resistamtrtipture
and Ostwald’'s ripening. Acid treatment -leading

v; and Vjaxincreased with increasing protein concentration i'?dissociation, denaturation and unfolding of HpH tpis-

the aqueous dissolution used for foaming assays.€Hect

offset the effect of hydrolysis, resulting in amdar

of protein concentration on ) led to a lesser extent of ;i t4cial behaviour of HpH of HDeg 6% to that fabifor

variation of the latter between HT and HpH foams.

The liquid volume drained by a foam is affected thg
bubble size according to Laplace’s Law and by aicgdn in
surface tension, in turn leading to a lower presslifference

the rest of HpHs.

The increase in protein concentration may lead higgher
lamellar viscosity and the formation of a cohesiien
composed of several layers of protein moleculesthat

between bubbles. Th&P ratio for foam preparations using interface, according to [25]. Such effects wouldutein a

different protein solutions, assuming equal valuek
curvature radii, may be expressed as follows:
APJ_/APZ = (51/(52 (1)

greater film resistance against rupture and Ostsvalgening.
Higher v; and Vo values may thus have resulted from
increase in protein concentration. The effect obtgn
concentration was less significant for HpH foamah(€ 2).

to

an

The maximum difference betweenvalues found for HT The above may be explained in terms of an improved

and HpH preparations, during the kinetics of swefEmsion

interfacial behaviour associated with the stabiilora of the

reduction, was that between 58 mN/m and 55 mN/rilm layer; while the improvement derived from amciease
respectively -i.e. the maximuP between HT and HpH in protein concentration appears to have reachedptimal

bubbles being 58/55 =

may clearly not be accounted for in termscofalues. A
higher rate of incorporation of liquid into the foaphase
may be associated with a greater resistance of fdgirhs
against incipient destabilization processes such fias
rupture, Ostwald’s ripening and gravitational ligwrainage.
The above may also account for the highgg,Values found
for HpH foams, as previously mentioned.

According to [23], whereas both 3S and 11S glycmiay
form cross-linkage at the air/water interface, tteer is less
rigid on account of a less compact structure. Fatgins
previously denatured by the effect of acid pH, glyt -
occurring predominantly in the 3S form- appearhéve a
greater ease and rate of rearrangement at thefaicgerin
addition to the capacity of forming physical andvaent
intermolecular interactions within the interfaciiéin. Hence,

1.05\P differences, and hence level at a value of 1mg/ml.
differences inv; and V.« values between HTs and HpHs,

3.5. Foam Stability

Assays of foam stability were based on the ratesteons
of liquid drainage in the foam. The effects of ttiéerent
variables studied on the values of drainage anditgtenal
rate constants gkand k respectively, are shown in Table 3.

3.5.1. Gravitational Drainage

kq values of HpH foams with a protein concentratiério
mg/ml were significantly lower than for HT foams.itW
increasing protein concentration, differences betwibams
of both types of hydrolysate were reduced to inficant
values above at protein concentrations above 5 imddih
foams of HDeg 6% showed a significantly highgrvialue
than for the rest of HTs (0%, 1.8% and 2.5%) (TabBlp
whereas the HDeg did not have a significant eftecl in



HpH foams (Table 3). In HT foams, 4 kdecreased
significantly with increasing protein concentrati@rable 3).
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Nonetheless, the effect of hydrolysis was offsetthat of a
high DDeg consistently for all HpHs -where glycinivas

Much research has been reported on an inversaorelat found under AB subunits- with the result that ngngicant

between foamability and stabilizing properties abtpins
[26], [27], [28], [29], [25], [30], [31]. The restd reported
here are in disagreement with a generalizatiorhefabove
statement as such, since both a greater foamahdityell as
stabilizing properties were found for HpH
consistently with results also reported by [32] fi8l.

As foam stabilizing mechanisms occur during th@estaf
foam formation [33], the proteins that account tlee good
foamability of a solution may also render it motabde. In [1]
there is reported on the rapid formation of a tigid protein
film —i.e. which may be considered as a gel layeltewing
the adsorption of 3S glycinin under appropriateuo@nce
conditions at the interface. HpH proteins therefappear to
form a gel-like protein layer leading to foam ofhigher
stability of a foam. Based on findings reported 23], while
both 3S and 11S glycinin have cross-linking capyaattthe
interface, the latter appears as less rigid in vié\& greater
degree of compaction, which may account for the faat
HT foams were found to retain a smaller amount afewin
the lamella, consistent with a highgralue found for foams
of this type of hydrolysate.

variation of stabilizing properties against liquichinage was
found among foams of this type of hydrolysate.

As discussed above in reference to the foam foomati
capacity, an increase in protein concentrationtded higher

foams,viscosity of the lamella and may contribute to finenation a

thicker and more cohesive film at the interface posed of

various layers of protein molecules [26], [34], 2[29], [26].

Further, a higher protein concentration may reisudt higher
extent of interaction with water molecules, thusrding the
drainage process. Protein concentration did notehav
significant effect on stability for HpH foams abowan

optimal protein concentration value found at 1mg/ia

discussed above.

The amount of drained liquid is strongly influendedthe
size of bubbles, as discussed above, the formeedsiag
with increasing bubble radius. Despite the smaltiebble
radius of HpH foams, they were found to have a Emahte
of liquid drainage, leading to an enhancement of th
stabilizing properties of these foams compared Witdse of
HT foams.

The gel forming capacity was found to decrease witfi->-2: Liquid Drainage Due to Ostwald's Ripening

decreasing molecular size. For HDeg of 6%, whem t
number of short-chain peptides was found to betgreahan
for the rest of the studied HDegs, the capacityoofing a
gel-like film at the interface appears to have bestuced.
The occurrence of low-molecular peptides may alageh
contributed to a lesser degree of resistance agdhes
drainage process in foams of highly hydrolyzed qirot

h HT foams were found to have a higher stability to

Ostwald’s ripening, consistent with the estimatgd/ddues
amounting to several orders of magnitude belowwvlees
found for HpHs (Table 3). jkvalues for HpH foams were
found to decrease significantly with increasing teio
concentration (Table 3).

Table 3.ky and lg values in foams prepared using SPIH solutions-h8 for different protein and NaCl concentrations

[protein]: 1.0 mg/ml

[protein]: 2.0 mg/ml

[protein]: 5.0 mg/ml

kex10* (mi™.s?) kgx10° (miL.s?) kex10" (miL.s?)

SPIH kx10® (ml™.s?) kgx10* (ml™t.s?) kx10® (ml™.s?)
HT HDeg 0% 10+ 1° 0.005 + 0.0041 6.2+0.9

HT HDeg 1.8% 12+3° 0.005 + 0.0041 51+0.5

HT HDeg 2.5% 14 +2° 0.005 + 0.00%1 55+0.9

HT HDeg 6.0% 37+ 71 0.005 + 0.00%1 27 + 5

HpH HDeg 0% 3.4+0.6 9+ 22 3.8+08
HpH HDeg 1.8% 3.2+03 9+ 2° 29+0.3

HpH HDeg 2.5% 25+0.F 7 +2° 3.0+0.6

HpH HDeg 6.0% 35+0.4 7+ 28 28+0.2

0.005 + 0.0041 3.0+0.2 0.005 + 0.001
0.005 + 0.0041 3.2+0.3 0.005 + 0.001
0.005 + 0.0041 33+0.9 0.005 + 0.001
0.005 + 0.0041 8.0+0.9 0.005 + 0.001
5+12 27+03 5+1°
4+1° 27+0.4 5+12
5+12 2.8+0.4 5+12
5+12 29+0.6 5+1°

Mean values of triplicate measurements are shown
Mean values identified by the same letter do nifédsignificantly @ = 0.05)

Disproportionation may be inhibited or retarded &y
sufficiently thick layer of interfacial film as toesist the
passage of gas [35], HpH foams thus being expdotstiow
a greater resistance against disproportionatioe. faht that
HT foams showed a greater resistance to dispramation,
however, results from a strong dependence of sesibtance
on the bubble size of a particular foam, the latteing

3.5.3. Volumetric Proportions of Gravitational Ligd
Drainage and Ostwald’s Ripening
In addition to the study of the above kinetic canss, the
contributions of gravitational liquid drainage ¢V and
disproportionation () to the total drained liquid volume
were analyzed according to variations in the spalameters

greater for HTs. However, as the increase in |c1n0tei(Table 4).

concentration led to the formation of increasinghgistant
film, the above reported difference between hydvaly
types was lessened.

The proportion of liquid drained by gravitationakohage
was significantly higher —at ratios no smaller ttfa80- than
that due to disproportionation for all the assaf@ams. The
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V4 value was found not to depend significantly on @rot Foams prepared with HTs at a protein concentratibrb
concentration for foams prepared with HpHs (Tableld  mg/ml showed Y values in the range of 0.98 and 1.00, the
contrast, in foams prepared with HTg,Was found to increase contribution of disproportionation to the total wole of
with increasing protein concentration (Table 4)likenk; drained liquid being negligible or nil (Table 4).

decreasing with increasing protein concentratioablg@ 3).

Table 4.Vy and V4 in foams prepared using SPIHs at pH 8.0 for déffiérprotein concentrations

S [protein]: 1.0 mg/ml [protein]: 2.0 mg/ml [protein]: 5.0 mg/ml
Vg(ml) Vg (ml) Vg(ml) Vg (ml) Vg(ml) Vg (ml)

HT HDeg 0% 0.90 + 0.02 0.10 + 0.0% 0.99 +0.02 0.01+0.01 1.00 + 0.00 0.00

HT HDeg 1.8% 0.89 + 0.02 0.11 + 0.0% 0.97+0.02 0.03+0.01 1.00 + 0.00 0.00

HT HDeg 2.5% 0.92 +0.02 0.08 +0.0% 0.94 +0.08° 0.06 + 0.0%¢ 0.98 +0.01 0.02 +0.01
HT HDeg 6.0% 0.90 + 0.02 0.10 + 0.0% 0.95 +0.02 0.05 +0.01 0.99 +0.0% 0.01 +0.01
HpH HDeg 0% 0.90 + 0.02 0.10 + 0.0% 0.87 +0.02 0.13+0.0% 0.84 +0.02 0.16 + 0.0t
HpH HDeg 1.8% 0.87 £ 0.02 0.13+0.0% 0.87 +0.02 0.13+0.0% 0.85+0.02 0.15 +0.0%
HpH HDeg 2.5% 0.85 + 0.02 0.15+0.0% 0.86 +0.02 0.14 +0.0% 0.86 +0.02 0.14 +0.0%
HpH HDeg 6.0% 0.89 + 0.02 0.11 + 0.0% 0.88+0.02 0.12 +0.01B 0.84 +0.02 0.16 + 0.0t

Mean values of triplicate measurements are shown
Mean values identified by the same letter do nifédin significant amountsa(= 0.05)

The relative amounts of liquid drained by gravidadl foams at protein concentrations of 2 mg/ml and 3nmhgin
drainage and disproportionation respectively do anoly HT foams, while an increase in protein concentratexd to
depend on the bubble size but also on the resistahthe retardation in the rates of both gravitational dagie and
protein film at the interface. In conditions as dider the disproportionation processes, the latter was fdonatcur to
above-described assays, liquid drainage was predorty @ less significant extent.
driven by gravitation rather than disproportionatio

Worth noting is the mutual dependence betwegand \; 4., Conclusions
values, unlike the case ofgland k, as the former are
expressed as proportions. According to the results reported here, a low hiydie

Unlike k,, ks values were found to depend on the proteiflegree (HDeg 1.8 and 2.5%) did not result in the
concentration in aqueous dissolution as used ferathove- €nhancement of the foaming properties of hydrogsat
described assays, resulting in a reduction qf viith  obtained by freezing. For hydrolysates of this typely a
increasing concentration, and, in turn, a lesseergxof high hydrolysis degree (HT of HDeg 6%) affected the
drainage due to disproportionation, and thus a drighfoaming properties adversely. The loss of foamiagacity
proportion of the total drained liquid volume due t Of HT of HDeg 6% was due to a greater bubble aize a
gravitational drainage (Table 3). The rate of dgwtional lOWer Vma value, and the lower stability found for foams of

drainage may be described by means of the Reynol#ys hydrolysate was reflected in a highgvéalue.
equation [36]: The adverse effect of an increasing hydrolysis elegn

the behaviour of foams prepared with HTs was atteif to a
V = -dh/dt = (2R/3uR?) AP (2) reduction in polypeptide molecular size, leading tte
formation of a film layer lacking adequate viscatigty and
cohesion. Such adverse behaviour may be ascribetieto
effect of hydrolysis ofs-conglycinin -rather than on glycinin.
Whereas improved foaming properties may be atehud
glycinin, an excess number of small-sized polymksti -
particularly those resulting from the hydrolysis @&
conglycinin- were found to compete with the largared
proteins for adsorption at the interface, thus ilegdo the
formation of less cohesive, viscoelastic and raatsfilm.

HpHs showed improved foaming properties with respec
the untreated isolates, consistently with smaliteeesbubbles
and greater;, Vma and kg values found for foams prepared
with the former. The positive effect of pH treatrhemm
interfacial properties was attributed to the dissoen and
denaturation of soybean protein leading to favolerab
viscoelastic and cohesive properties of the filiyetaat the
interface.

No adverse effect of a high hydrolysis degree (HB%&g

where h is the thickness of the lamella, t timehe dynamic
viscosity, R the bubble radius a#dP the pressure gradient
according to Laplace’s law. The rate of gravitasibdrainage
clearly decreases with decreasing thickness ofaimella. A
similar prediction may be made for drainage throBdgteau
borders [34]. The volume of liquid drained by gtatibn
will approach a constant value with time; a valugah was
found not to vary significantly with increasing pem
concentration, consistent with insignificant diaces found
in ky or Vpa values for different concentration levels.
Therefore, the decrease ig #id not lead to a reduction of
the volume of drained liquid due to disproportiooat yet, it
did result in an increase of the time required ttaia
complete drainage of liquid incorporated in thenfioa
Whereas the difference iy kalues between HT and HpH
foams lessened with increasing protein concentrathd,
values for HT foams were significantly higher thfan HpH
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was found on the foaming properties of hydrolysaigsiect [12]
to pH treatment. Whereas low-pH treatment leads to
dissociation off3-conglycinin, a great extent of hydrolysis
adversely affected the foaming properties of HplHsiDeg
6%. Therefore, the improvement of film propertieading to
enhanced functional properties found for HpHs may b
largely attributed to the dissociation of glycinimio subunits
AB and to their denaturation.

[13]

[14]
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