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The objective of this work was to investigate the role played by the protein fraction of soy soluble
polysaccharide (SSPS) during its adsorption at oil/water interfaces. SSPS was separated in a high
(HMF; 310 kDa) and low (LMF; 20 kDa) molecular weight fraction by gel filtration. SSPS/HMF consisted
of 91.6% carbohydrate and 2.2% protein and showed better emulsifying properties than those of the
whole SSPS, whereas SSPS/LMF seemed to affect negatively the adsorption behavior of SSPS.
SDS-PAGE of the protein fraction obtained from SSPS/HMF showed a molecular mass of 50 kDa,
was composed predominantly of proline (23.1%) and glutamic acid (15.2%), and still contained 8.8%
of neutral sugar and 5.3% of uronic acid. Results indicated that not all of the protein material present
in SSPS contributes to SSPS functionality but that only the material associated with HMF aids in the
adsorption of SSPS onto oil/water interfaces.
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INTRODUCTION Most polysaccharides adsorbing at interfaces seem to owe

Polysaccharides play important roles as thickening, stabilizing, this function to a proteinaceous fraction present (13). This was
and gelling agents in many foods. In emulsion systems po|ysac_(:om‘|rmed by recent investigations on pectins from sugar bget
charides are often used to improve the texture and stability of (14, 15) or depolymerized citrus pectins (16) as emulsifiers in
emulsions. In beverage emulsions, gum arabic fiacacia flavor er_nuIS|ons; their ability t(_) adsorb at the oil/water mterfacg
senegals the most commonly used polysaccharide because of Was attributed to the polypeptide residues present, together with
its high water solubility, low bulk viscosity, and ability to create  the distribution of acetyl groups on the polygalacturonic acid
a strong protective film around the oil droplét{5). Gum arabic ~ Pbackbone. Although the emulsifying properties of these pectic
is described as a highly branched arabinogalactan-prdein ( emulsm(_ars have been_lnvesUgated (16), the det_alls of the
8). The structure of gum arabic consists of a coresdf,3- mechanism of adsorption have yet tq be determ_lned._ _
linked galactose with extensive branching through 3- and Soybean water-soluble ponsacch_ande_(SSPS) isan |ngred|¢nt
6-linked galactose and 3-linked arabinose. Rhamnose andéxtracted from the byproduct of the |_sola_t|on of _sp)_/bean protein
glucuronic acid are positioned at the periphery of the molecules. @d has been shown to be effective in stabilizing beverage
Gum arabic contains a small protein fraction, which is thought emulsions (18) as well as acidic milk beverage8)( SSPS is
to play a fundamental role in the adsorption of the polysaccha- an ac_|d|c polysaccharide containing gal_acturonlc acid, apd its
ride at the oiliwater interface. This protein is composed chemical structure has been characterize@€2). SSPS is
predominantly of hydroxyproline and serine and is covalently composed of a main rhamnogalacturonan backbone branched
bound to the reducing end of the polysaccharide ch&nsQ). by f-1,4-galactan and-1,3- or a-1,5-arabinan chains. SSPS
Both protein and polysaccharide are fundamental to the func- May be used in flavor emulsions because of its high water
tional properties of gum arabic: the hydrophobic polypeptide Solubility, pH stability, low bulk viscosity, emulsifying proper-
chains anchor the polysaccharide onto the surface of the oil ti€s. and ability to form strong interfacial film23).
droplet, whereas the hydrophilic polysaccharide portions prevent Recently we investigated the emulsifying properties of SSPS
aggregation by forming a thick charged lay@f ¢13). with particular focus on how different extraction conditions
would affect the behavior of the SSPS when adsorbed at oil/
* Corresponding author [telephone (519) 824-4120, ext. 52283; fax (519) water interfaces24). Emulsions prepared with SSPS were stable

82$-Sgi?lle:r ;E)r/ngy gsgﬁmur@uoguelph-ca} in the pH range from 3 to 7, and the stability was not affected
$ Food Science Research Institute, Fuji Oil Co., Ltd. by pH or ionic strength up to 25 mM NaCl or CaCAlthough
# Specialty and Functional Food Ingredients, Fuji Oil Co., Ltd. extraction conditions did not seem to affect the stability of the
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emulsions, they seemed to dictate the thickness of the layer ofinjection was performed 20 times, and the eluted peaks were collected
SSPS adsorbed onto the oil surface. The hydrophilic portions together to obtain sufficient material for further studies. Fractions of
of SSPS play an important role in the stabilization of the SSPS/HMF and SSPS/LMF were desalted by electric dialysis (Micro

emulsions, by preventing aggregation by steric repulsion. As acilyzer G1, Asahi Glass Co., Ltd) and then freeze-dried.

for the other polysaccharides with interfacial activiiyd], the

protein material present in the SSPS may play a fundamental

role in the adsorption of SSPS on oil/water interfaces; however

Molecular Weight Determination of SSPS Fractions.Analytical
GFC of SSPS was performed using HPLC (Waters 600E System,
Waters 410 RI detector, and Waters 486 UV detector; Waters Ltd.,

' Toronto, ON, Canada) with a PolySep-GFC-P linear column (7.8 mm

the details of the anchoring mechanism have not yet been, 300 mm; exclusion limit= 20000 kDa as pullulans; Phenomenex,
described. The aim of this research was to clarify the function Torrance, CA). Aliquots (2QiL) of 1% (w/w) SSPS were injected,

of the protein fraction present in SSPS in the stabilization of
oil-in-water emulsions.

MATERIALS AND METHODS

Materials. Soybean oil was obtained from Sigma-Aldrich Chemical
Co. Ltd. (St. Louis, MO). Trypsin (from bovine pancreas, 13600 units/
mg), pepsin (from porcine gastric mucosa, 253300 units/mg),
pectinase (fromAspergillus aculeatus, 2500 units/mL), and other

and separation was carried out at a flow rate of 1.0 mL/min in 50 mM
sodium acetate buffer, pH 5. The SSPS elution was determined by using
both refractive index (Waters 410 RI detector) and UV (Waters 486
UV detector;Assonn) detectors. The molecular weight was determined
against standard pullulans (Showa Denko Kogyo Co. Ltd., Tokyo,
Japan).

SSPS/HMF was treated with pectinase to partially digest the
polysaccharide chains. A 0.2 mL pectinase solution (60 units as a
a-polygalacturonase) was added to 20 g of 1% (w/w) SSPS/HMF

analytical grade reagents were also purchased from Sigma Chemicalsolution in 20 mM sodium acetate buffer, pH 5. The reaction mixture

Co. Ltd. Milli-Q water was used to prepare all solutions.
Preparation of SSPS Soybean cotyledons after removal of the hulls
and hypocotyls were powdered and defatted twice af@Qwith 5

volumes ofn-hexane. Proteins and water-soluble substances in the

defatted meal were extracted twice at®Dand pH 7 for 1 h with 11
volumes of waterZ0). SSPS (extraction type L) was extracted from
the residue (okara) with hot water by heating at 2@0at pH 3 for 2

h. After removal of insoluble materials by centrifugation, the extract
was desalted by electric dialysis (Micro acilyzer G1, Asahi Glass Co.,
Ltd., Tokyo, Japan), and then spray-dried.

Preparation of Emulsions. SSPS was slowly added at room
temperature with gentle stirring to 50 mM sodium citrate buffer, pH 4,
containing 0.02% sodium azide as antimicrobial. The values of pH
indicated in the text refer to the pH of the SSPS solutions before
emulsification.

was incubated at 4TC for 20 h. The reaction mixture (10 g) was heated
at 90°C for 20 min to inactivate the enzyme and then cooled to room
temperature, and aliquots (2Q.) were injected in the HPLC.

Pectinase-treated SSPS/HMF (10 g), not subjected to heat inactiva-
tion, was adjusted to pH 7 and treated with trypsin, to determine changes
in the molecular weight. Trypsin solution (0.1 mL, corresponding to
2.8 kunits as trypsin activity) was added, and the reaction mixture was
incubated at 30C for 24 h. The mixture was then heated at°@for
20 min to inactivate the enzyme, and after the mixture had cooled to
room temperature, aliquots (20.) were injected in the HPLC.

Trypsin Treatment of Whole SSPS.SSPS was treated with trypsin,
and the emulsifying property of the hydrolyzed sample was investigated.
Trypsin solution (0.5 mL, corresponding to 13.6 kunits as trypsin
activity) was added to 80 g of 5% (w/w) SSPS solution in 20 mM
sodium acetate buffer, pH 7, and incubated at@dor 1, 3, 6, or 24

Oil-in-water emulsions (20%) were prepared at room temperature h. The reaction mixture was then heated at®@or 20 min to inactivate

using a laboratory scale homogenizer (EmulsiFlex-C5, Avestin Inc., the enzyme. The hydrolyzed samples were then used to prepare
Ottawa, Canada) with two passes at 40 MPa. Soybean oil was addedemulsions, by adding 20 g of soybean oil and then following the method
to the SSPS solutions and then prehomogenized using a Power Gerdescribed previously. To determine if heating affected the emulsifying
125 for 5 min. Results presented are averages of at least two properties of the trypsin-treated SSPS, control emulsions were also

independent experiments.
Emulsion Characterization. The droplet-size distribution of the

prepared without the heat-inactivation step.
Further Purification of SSPS/HMF. Pectinase treatment was

emulsions was measured using a Mastersizer X (Malvern Instrumentsperformed in the SSPS/HMF to digest the polysaccharide chains of

Ltd., Malvern, U.K.) with a presentation factor of 0303, corresponding

SSPS. A 50@L pectinase solution (300 units asigpolygalacturonase)

to a relative refractive index of the particles of 1.06, a particle absorption was added to 50 mL of 1% (w/w) SSPS/HMF solution in 50 mM

of 0.001, and a refractive index of the solvent of 1.33. The emulsifying

sodium acetate buffer, pH 5. The reaction mixture was incubated at 40

ability was assessed by checking the shape of the distribution and the°C for 20 h and then heated at 9€ for 20 min to inactivate the

value of the average droplet siZe[8,2] andD[4,3]). The droplet size
distribution was always measured after 24 h of storage 20

enzyme. Samples were centrifuged at 5000g 20 min at 20°C
(Beckman model J2-21, rotor JA-20, Beckman Coulter Inc., Fullerton,

Changes in the diameter of the emulsion droplets after the addition CA), deionized with Bio-Rad AG-1X2 ion exchanger (Nippon Bio-
of protease or pectinase treatment were determined by dynamic laseRad Laboratories, Tokyo, Japan), and then freeze-dried.

light scattering (DLS) using a Malvern 4700 optical system attached
to a 7032 correlator according to the method described previo24)y (
Aliquots of protease solution (26L, 300 units as pepsin or trypsin)
or pectinase solution (406L, 60 units asa-polygalacturonase) were

Five milliliters of 2% (w/w) pectinase-digested SSPS/HMF dissolved
in 20 mM sodium acetate buffer, pH 6, was loaded on a DEAE-Sephacel
column (1.0 cmx 5.0 cm; Amersham Biosciences Co.) equilibrated
with the same buffer. The column was washed with 20 mM sodium

added in a clean cuvette containing the emulsion, previously diluted at acetate buffer, pH 6, and the bound fractions were eluted with a linear

a rate of 0.5uL emulsion per 4 mL of filtered buffer (0.22m filters,
Millex-GV, Millipore Co. Ltd., Billerica, MA). The buffer contained

gradient of NaCl from 0 to 0.5 M (in 180 mL) and 60 mL of 1.0 M
NaCl at a flow rate of 0.2 mL/min. Fractions (3 mL) were collected,

50 mM sodium citrate adjusted to pH 4 or 7. The changes in droplet and the peaks were identified as D-1 to D-7. The protein concentration
size during hydrolysis were measured with the DLS, at 4 min intervals, of each fraction was measured by UV absorbance at 280 nm (Beckman
at 30°C for 60 min. Pepsin and pectinase treatments were performed model DU640 spectrophotometer, Beckman Coulter Inc.). The sugar
at pH 4 according to the same method, whereas trypsin treatments wereoncentration was measured according to the phesdfuric acid
carried out at pH 7. method (25). After 20@L of sample had been mixed with 2. of
Fractionation of SSPS by Gel Filtration Chromatography (GFC). 5% (w/w) phenol, 1 mL of concentrated sulfuric acid was added quickly
Preparative GFC of SSPS/HMF and SSPS/LMF was performed with a and vigorously mixed. After incubation of the mixtures at room
Sepharose CL-6B column (2.5 cm 90 cm; Amersham Biosciences  temperature for 15 min, the absorbance at 490 nm was measured by
Co., Piscataway, NJ). Samples were eluted with 50 mM sodium acetatethe spectrophotometer.
buffer, pH 5. Aliquots (15 mL) of 5% (w/w) SSPS solutions were Fraction D-4 obtained by ion exchange chromatography was loaded
injected, and separation was carried out at a flow rate of 0.3 mL/min. on a YMC-Pack Protein RP column (4.6 mm250 mm; Waters Ltd.,
Four milliliter fractions were collected, and total sugar concentration Toronto, ON, Canada) equilibrated with 5% &HN solution containing
was measured according to the phersllfuric acid method25). The 0.1% TFA. The column was washed with the same solution for 5 min,
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Figure 1. Particle size of the emulsions prepared with SSPS and trypsin-
treated SSPS, measured by Mastersizer X: (O) emulsion made with 450
SSPS; (@) emulsion made with trypsin-treated SSPS. Bars indicate values _ B
of standard deviation. E 440
] o T 430
and the bound proteins were eluted at a flow rate of 1.0 mL/min with =
the following CHCN gradient: 5-30% of CHCN (5—15 min), 36- ﬂ 420
60% of CHCN (15—50 min), and 6690% of CHCN (50—60 min). & 410
The protein elution was measured using absorbance at 280 nm. The "
eluted peaks were separated in five different fractions from RP-1 to L 400
RP-5, dried by evaporation, and stored-&0 °C until further analysis. ..%
Analysis of Sugar Composition.Galacturonic acid contents were @ 390
measured according to the colorimetric method of Blumenkrantz and & 380
1 M T N 1 M 1 4 1 4 T N T

Asboe-Hansen2). To determine the neutral sugar composition, SSPS
(0.1%) was hydrolyzed at 12°C for 2 h in 2 Ntrifluoroacetic acid. 0 10 20 30 40 50 60
After removal of the acid by evaporation, the hydrolysates were filtered Reaction time (min)

through a Millipore Molcut Il GC filter (Millipore Co. Ltd., Billerica,

MA) and analyzed as the borate complexes by HPLC on a TSK-gel S e
SUGAR AXI column (4.6 mmx 150 mm; Tosoh Co. Ltd., Tokyo, at pH 4 (A) and pH 7 (B), measured by dynamic light scattering: (®) no

Japan) in the presence of ethanolamine (27). enzyme control; (_A) pectinase-tre_ated emulsion; (O) pepsin-treated
Protein and Amino Acid Analysis. Protein content of the sample ~ €mulsion; (M) trypsin-treated emulsion.

was measured according to the Lowry meth28) (Fractions collected

by reverse-phase HPLC (RP-2) and SSPS were analyzed the relative® decrease in the emulsifying property of the SSPS fractions.
molecular weight by SDS-PAGE using 15% gel. The RP-2 fraction 10 determine if the heat treatment used to inactivate the trypsin

Figure 2. Changes in average particle size of the emulsion droplets treated

(0.5ug as a protein) and SSPS (4§ as a protein) dissolved in 50 was the cause of the change in functionality, unheated trypsin-
of 20 mM Tris-HCI buffer, pH 6.8, were pipetted into small vials and  treated SSPS fractions were also employed to prepare emulsions,
combined with 3QuL of SDS, 10uL of 2-mercaptoethanol, and 20 and no differences were shown in the resulting average droplet

of 0.05% bromophenol blue. The vials containing the mixture were sjze (data not shown). These results indicated that the protein
placed in a boiling water bath and were stirred vigorously during heating plays an important role in the adsorption of SSPS and that partial
for 5 min. Electrophoresis was performed according to the method of hydrolysis by trypsin strongly affected the emulsifying behavior.
Laemmli 9), and proteins were stained with a Coomassie blue staining Although peptides were still present in the solution, they were

solution composed of 0.1% phast-gel blue-R, 30% methanol, and 10% - . o . .
acetic acid. The relative molecular weight of the proteins was calculated fnrgtctz;lgnifﬁment in stabilizing the emulsion as the intact SSPS

from the molecular weight standards of phosphorylase B, bovine serum
albumin, ovalbumin, bovine carbonic anhydrase, trypsin inhibitor, and ~ The effect of proteases on the adsorbed SSPS were also

lysozyme. studied by adding enzymes in diluted emulsions and determining
For amino acid analysis (except for cysteine) the powdered sampleschanges in the average droplet diameter using Hi§ure 2
were hydrolyzed with 6 N HCI containing 0.1% phenol at Fmfor shows the effect of pepsin treatment at pH 4 and trypsin

24 h. For cysteine analysis, the samples were treated with a performictreatment at pH 7 on the droplet diameter, compared to the
acid solution at GC for 16 h prior to the hydrolysis by 6 N HCI. The  changes caused by the addition of pectinase. There was no size
hydrolysates were analyzed using an amino acid analyzer (L_-8500A, difference between control and protease-treated emulsions,
?gg?r']é:ﬂatﬂ}h ngl:y;'o ﬂﬁg?ﬁ;ﬁ;&:@;ﬂfg}%ﬁ forthe detection was \areas pectinase decreased the droplet diameters of33.6
' 2.8 nm at pH 4 and 34.Z 3.1 nm at pH 7, as previously

reported 24). The polysaccharide chains of SSPS cover the
surface of the oil droplet with a thick layer, and the addition of

Role of Protein in the Emulsifying Property of SSPSFive pectinase caused a decrease in droplet size up to a minimum
different samples were prepared after digestion of SSPS with value before leading to droplet aggregation. The hydrolysis by
trypsin for 0, 1, 3, 6, and 24 h. To determine the role of protein pepsin (at pH 4) and trypsin (at pH 7) may be inhibited by the
in the stabilization of oil-in-water emulsions by SSPS, emulsions thick interface and by steric interactions caused by SSPS
were prepared with the partially hydrolyzed SSF&ure 1 adsorption. This would confirm the hypothesis that the protein
illustrates the effect of trypsin treatment on the average droplet adsorbs onto the surface of the oil droplet and acts as an anchor
size (D[3,2]) of the emulsions made with 4% SSPS and 20% for the SSPS chains. To confirm these results, trypsin treatment
soybean oil at pH 4. The emulsion diameter increased with (at 30°C) was also carried out in concentrated systems at pH
increasing hydrolysis of the protein fraction in SSPS, indicating 7 for 24 h, and no change in particle size distribution was

RESULTS AND DISCUSSION
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Table 1. Sugar Composition? and Protein Content of SSPS, SSPS/

HMF, and SSPS/LMF

sugar composition (mol %)

Rha

Fuc

Ara

Gal Xyl Glc

GalA

sugar
(wt %)

protein
(wt %)

yield
(wt %)

SSPS 43
SSPS/HMF  10.5
SSPSILMF 0.8

15
13
6.2

153 483 15 16
192 366 25 05
315 383 7.0 04

27.5
29.4
15.8

86.8
91.6
78.9

13.3

8.2  100.0
22 20.3
45.8

2 Rha, rhamnose; Fuc, fucose; Ara, arabinose; Gal, galactose; Xyl, xylose; Glc,
glucose; GalA, galacturonic acid.
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Figure 3. Gel filtration chromatography of (A) SSPS, (B) SSPS/HMF,
and (C) SSPS/LMF on a PolySep-GFC-P linear column. Elution was
monitored by refractive index and UV detector at 280 nm. Molecular
masses (Da) were calculated using standard pullulans (a, 1.60 x 105; b,
3.80 x 105 c, 1.86 x 105 d, 4.80 x 10% e, 1.22 x 10%).
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Figure 4. Gel filtration chromatography of SSPS/HMF on a PolySep-

- . . . GFC-P linear column after treatment with pectinase (A) or pectinase
observed. Results indicated that the protein fraction of SSPS ISfolowed by trypsin (B). Elution was monitored by refractive index and

not hydrolyzed by trypsm or pepsin aftgr homogenization UV detector at 280 nm. Molecular masses (Da) were calculated using
treatment, once SSPS is gdsorbgd at the interface. standard pullulans (a, 1.60 x 105 b, 3.80 x 105 c, 1.86 x 10% d, 4.80
The present results confirm previous reported models for other 10% e, 1.22 x 10%)
polysaccharides9( 10, 13). Gum arabic, for example, contains R
a small amount of protein, and the hydrophobic polypeptide
chains are thought to adsorb and anchor the polysaccharideof SSPS/HMF and SSPS/LMF were 20.3% (w/w) and 45.8%
moieties to the surface. The carbohydrate chains of gum arabic(w/w), respectively.
inhibit emulsion droplet flocculation and creaming by steric The sugar composition, sugar content, and protein content
repulsion. of SSPS, SSPS/HMF, and SSPS/LMF are summarizé&dlte
Separation of HMF and LMF from SSPS. Figure 3shows 1. The protein content of SSPS/HMF (2.2%) was lower than
the elution profile of SSPS and the separated HMF and LMF that of the original SSPS (8.2%), whereas SSPS/LMF (13.3%)
fractions using GFC on a PolySep-GFC-P linear column. contained a high amount of protein. The sugar composition of
Polysaccharide and protein were measured by refractive indexSSPS/HMF was similar to that of the whole SSPS, whereas
and UV (280 nm) detection, respectively. SSPS eluted in three SSPS/LMF showed lower contents of rhamnose (0.8%) and
major fractions (Figure 3A) corresponding to 310, 54, and 20 galacturonic acid (15.8%) and higher arabinose (31.5%) than
kDa molecular masses (as calculated using pullulan standards)present in whole SSPS.
Measurements carried out in parallel using a UV-280 detector Molecular Weight Changes of SSPS/HMF with Pectinase
indicated that protein was present in the high molecular massand Trypsin. To better understand the effect occurring on the
peak (310 kDa) as well as in the low molecular mass fraction SSPS/HMF with the addition of enzymes, SSPS/HMF fractions
(20 kDa). treated with pectinase and with trypsin were analyzed by GFC.
SSPS could be separated in the two fractions containing The elution chromatograms are summarizedrigure 4. The
protein using GFC using the Sepharose CL-6B column. The molecular weight of the SSPS/HMF decreased after the addition
elution patterns of the two fractions obtained, one high molecular of pectinase, and although RI detection showed only a peak at
weight (SSPS/HMF) and one low molecular weight (SSPS/ low molecular weight (compare féigure 3B), the UV elution
LMF), are depicted ifFigure 3B,C. The recoveries from SSPS chromatogram showed two fractions eluting at about 50 and
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20 7 Table 2. Particle Size of the Emulsion Made with Fractionated SSPS
] Measured by Mastersizer X
=) 15 - particle size (um)
= SSPS HMF:LMF D[3,2] D[43]
§ 107 1.0:0.0 0.38 (+0.03) 0.52 (+0.04)
c ] 1.0:05 0.40 (0.03) 0.54 (+0.04)
o ;] 1.0:1.0 0.40 (0.0.5) 0.55 (+0.07)
] 1.0:15 0.49 (+0.06) 0.68 (+0.08)
] 1.0:2.0 0.54 (+0.05) 0.78 (+0.08)
01 1.0:2.0 0.68 (0.08) 0.89 (+0.09)
1.0:3.0 0.67 (+0.09) 1.10 (+0.14)
01 0.0:1.0 1.12 (0.18) 2.41 (£0.29)
Particle size (wm) whole 0.57 (+0.06) 0.86 (+0.08)
Figure 5. Particle size distribution measured by Mastersizer X of 20%
oil-in-water emulsion prepared with 4% SSPS or of a mixture of SSPS/ ) ) )
HMF and SSPS/LMF at pH 4: (@) HMFILMF = 1.0; (A) HMFILMF = SSPS emulsions at pH 4. The average size of the droplets in
12: (a) HMF/ILMF = 1:3; (0) HMFILMF = 0:1; (O) intact SSPS. the emulsions prepared with different ratios of high molecular

weight and low molecular weight fractions increased gradually

10 kDa. The decrease in size of SSPS/HMF with pectinase according to the increase of SSPS/LMF content in the mixtures.
explains the changes in droplet size and destabilization shownThis result may indicate that the SSPS/LMF, which contains
in Figure 2. the highest amount of proteinaceus material, has a negative

The SSPS/HMF was then further treated with trypsin to impact on the emulsifying properties of SSPS.
determine if the protein fraction present in this purified SSPS  The distribution of droplet size arid[3,2] value of emulsions
was affected by this enzyme. In fact, althoufigure 1 made with the mixed SSPS in the ratio of HMF/LMF 1:2
demonstrates that a pretreatment of SSPS with the trypsinwere comparable to those of emulsions prepared with the
strongly affected the emulsifying properties of SSPS, the original SSPS. The actual content of HMF and LMF in the SSPS
addition of trypsin to emulsion droplets did not show destabi- was estimated at approximately this ratio (1:2.3), and it was in
lization (Figure 2). The elution chromatogram of SSPS/HMF agreement with the yield obtained after separation of the two
after trypsin treatment showed a substantial breakdown of the fractions by gel permeation chromatography (Table 1).
high molecular weight fraction of the proteinaceous material  These results indicated that the emulsifying property of SSPS
present in the SSPS. These results confirmed the mechanisnwas carried by the high molecular weight fraction, whereas the
of stabilization previously hypothesized that the protein portion low molecular weight fraction seemed to affect negatively the
of SSPS reacts as an anchor to adsorb SSPS molecule onto oilémulsifying properties of SSPS. The small amount of protein
water interfaces and explained the changes in emulsifying present in the SSPS/HMF [2.2% (w/w)] may play an important
properties after hydrolysis shown Figure 1. role, adsorbing at the interface and acting as an anchor for the

Emulsifying Properties of SSPS/HMF and SSPS/LMF carbohydrate regions.
Fractions. It has been previously demonstrated that molecular  This behavior would be similar to what is reported for gum
differences of SSPS lead to differences in the emulsification arabic, as its protein fraction anchored to the high molecular
behavior (24). This has also been shown for the emulsifying weight component adsorbs onto the surface of oil droplet. The
properties of pectins. For example, Akhtar et al. (16) indicated protein content and average molecular weight were estimated
that pectin with a molecular mass of 70 kDa gave the best resultsfor gum arabic as<10% and~250 kDa, respectively (30). On
in terms of particle size diameter and stability to creaming. the other hand, when compared with gum arabic, the surface-
However, the emulsifying properties of pectin are affected not active fraction of SSPS, SSPS/HMF, has a lower protein content
only by the molecular weight but also by the amount of protein and higher molecular weight.
present (17). For this reason, the two fractions obtained by Purification and Isolation of Protein in SSPS/HMF. The
preparative gel permeation chromatography were used to preparearbohydrate chains of SSPS/HMF were treated with com-
emulsions, to determine which fraction plays a major role during mercial pectinase to further characterize the proteinaceus fraction
adsorption of SSPS onto the surface of the oil droplets. present. The pectinase-digested SSPS/HMF was further purified

The emulsifying properties of SSPS/HMF and SSPS/LMF by ion exchange chromatography on a DEAE-Sephacel column,
were evaluated by preparing 20% soybean oil-in-water emul- as shown irFigure 6. Seven individual fractions were separated
sions at pH 4. The emulsions were prepared with 4% (w/w) of according to the 280 nm absorbance readings (D-1 to D-7). The
SSPS fractions and compared to emulsions containing wholeanalytical results of sugar, uronic acid, protein, and the ratio of
SSPS. The emulsifying properties of mixtures of SSPS/HMF protein to sugar content were summarized @ble 3. Fraction
and SSPS/LMF at different ratios (1:0, 1:1, 1:2, 1:3, 0:1) were D-1 was rich in sugar content, perhaps because of the monosac-
also assessed, keeping the final concentration of SSPS to 4%charides and oligosaccharides released during pectinase treat-
The droplet size distribution of the various emulsions measured ment. On the other hand, the last fraction collected (D-7), which
by integrated light scattering is shown Kigure 5, and the adsorbed strongly to the column, was high in uronic acid
average particle size®[3,2] andD[4,3]) are summarized in  (69.6%) and had a low ratio of protein to sugar conterd.().

Table 2. D-4 contained the highest ratio of protein to sugar content (8.3)
The emulsion made with SSPS/HMF showed a monomodal and was further purified by reverse-phase HPLC.
distribution of droplets with an average siZe[8,2]) of 0.38 Figure 7 shows the chromatogram for D-4 analyzed by

um. These emulsions showed a smaller size distribution thanreverse-phase HPLC on a YMC-Pack Protein RP column. This
did emulsions prepared with SSPS. On the other hand, thefraction was separated in six major peaks, and five peaks were
emulsion made with SSPS/LMF showed a wide distribution of collected (RP-1 to RP-5). The two major peaks eluting at 2.5

sizes, with larger average diameters than those reported for 4%and 53.5 min (RP-1 and RP-5) were not proteinaceous material,
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Figure 6. lon exchange chromatography of pectinase-digested SSPS/ 14.400
HMF on a DEAE-Sephacel column. Protein and carbohydrate were
measured by UV absorption (abs at 280 nm) and colorimetric measurement
according to the phenol-sulfuric acid method (abs at 490 nm), respectively.
Fractions 3-12 (D-1), 2433 (D-2), 4855 (D-3), 57—63 (D-4), 67-72

(D-5), 73-79 (D-6), and 83-92 (D-7) were pooled. Figure 8. SDS—polyacrylamide gel (15%) electrophoresis of the RP-2
fraction: (lane 1) RP-2 fraction (0.5 «g as a protein); (lane 2) SSPS (10
RP-2 100.0 g as a protein). Molecular mass standards were phosphorylase B (97400),
\ T bovine serum albumin (66200), ovalbumin (45000), bovine carbonic
‘E Ed anhydrase (31000), trypsin inhibitor (21500), and lysozyme (14400).
; 77777777777 500 z
2 % Table 4. Amino Acid Composition and Sugar Content of SSPS and
I RP-3 Separate Fractions of SSPS
e | ~ RP-1 0.0
ﬁ- \ RP-4 SSPS
g amino acid (mol %) whole HMF LMF RP-2
Asp 10.1 8.1 11.2 6.0
Thr 5.5 5.0 4.8 35
= Ser 6.0 54 6.0 32
Glu 184 17.0 18.7 15.2
Gly 7.9 5.2 7.6 35
Ala 9.2 4.8 8.5 3.0
Retention time (min) Val 5.3 4.0 5.2 2.8
_ . ) Cys 05 1.0 06 12
Figure 7. Reverse-phase HPLC of the D-4 fraction on a YMC-Pack Protein Met 1.0 21 0.9 15
RP column. Elution was monitored by UV detector at the absorbance of lle 3.2 35 3.0 3.4
280 nm Leu 5.1 5.2 5.1 4.8
' Tyr 18 2.9 2.2 25
. . . Phe 2.6 33 2.6 3.6
Table 3. Analytical Data of the Fractions of Enzyme-Digested Lys 7.0 7.4 71 8.2
SSPS/HMF Separated on a DEAE-Sephacel Column His 3.2 3.9 3.0 4.6
Arg 48 8.0 49 8.2
total sugar? uronic protein protein/total Pro 7.0 121 7.2 23.1
(wt %) acid (wt %) (Wt %) sugar Hyp 0.8 11 0.6 L7
D-1 97.2 6.2 19 0.02 total sugar (wt %) 86.8 91.6 78.9 8.8
D-2 43.1 73 483 1.12 uronic acid (wt %) 239 26.9 125 5.3
D-3 15.2 5.8 81.2 5.34
D-4 10.4 8.7 86.3 8.30
D-5 99 4 81.3 8.21 be the anchor attached to the carbohydrate moieties in SSPS.
D-6 15.6 25 81.6 5.23 . .
D-7 883 69.6 6.2 007 RP-2 contained 8.8% (w/w) of sugar and 5.3% (w/w) of uronic
acid, which constitutes the SSPS main backbone.
aTotal sugar (wt %) = neutral sugar (wt %) + uronic acid (wt %). Randall et al. 10) reported that the predominant amino acids

of the protein in gum arabic are hydroxyproline and serine. It
whereas the major protein peak, RP-2, eluted at 22.0 min was also reported that the polypeptide, mainly composed of
(concentrated of CECN = 38%). RP-2 was collected, and the hydroxyproline and serine, binds to the polysaccharide chains
molecular mass was analyzed by SB®lyacrylamide gel of gum arabic viao-galactosylhydroxyproline31). The low
(15%) electrophoresis={gure 8) and contrasted with whole  hydroxyproline content of RP-2 (1.7%) or SSPS/HMF (1.1%)
SSPS. and the fact that the reducing end of the polysaccharide chains

RP-2 showed a single band by SDS-PAGE with a molecular is galacturonic acid22) may indicate that the linkage between

mass of 50 kDa, whereas SSPS showed no distinct bands inprotein and sugar in SSPS is different from that reported for
the electrophoresis. RP-2 was also analyzed for amino acidgum arabic.
composition, andrable 4 shows the amino acid composition, Conclusions.The role of the protein fraction present in SSPS
sugar, and galacturonic acid contents of RP-2, compared withduring adsorption at oil/water interfaces was studied by partial
those in whole SSPS, SSPS/HMF, and SSPS/LMF. Proline andhydrolysis of the protein portion with proteases. In particular,
glutamic acid were predominantly present in RP-2 and SSPS/the emulsifying properties of SSPS were affected by a pretreat-
HMF, whereas the predominant amino acids for SSPS and ment of SSPS with trypsin. On the other hand, the diameter of
SSPS/LMF were glutamic acid and aspartic acid. The RP-2 the oil droplets in emulsions stabilized by SSPS did not change
fraction contains the main constituents of SSPS/HMF and could after the addition of pepsin (pH 4.0) or trypsin (pH 7.0). These
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results indicated that the protein portion of SSPS has an

important role during SSPS adsorption. SSPS covers the surface

of the oil droplets with a thick layerzd), inhibiting the access
of the proteases.

The results presented suggest that the hydrophobic protein
present in the high molecular weight fraction of SSPS adsorbs

at the interface and acts as an anchor for the SSPS chains. The
carbohydrate moieties stabilize the droplets against aggregation

by steric repulsions.

SSPS contains two different fractions of different molecular
masses: 310 kDa (SSPS/HMF; 20% of SSPS) and 20 kDa
(SSPS/LMF; 45% of SSPS). These two fractions contain
proteinaceous material and a similar carbohydrate composition.

The low molecular weight fraction (SSPS/LMF), although
containing the highest amount of protein, did not show good
emulsifying properties if used in isolation. On the other hand,
the emulsions prepared with SSPS/HMF showed a monomodal
distribution with an average particle size smaller than that of
emulsions prepared with whole SSPS. Emulsions prepared with
increasing amounts of SSPS/LMF in the mixture showed a

decrease in emulsifying properties, as the average particle size (20)

and the droplet distribution increase with the increase of SSPS/
LMF content in the mixtures. The protein fraction in SSPS/
HMF was separated by ion exchange chromatography and

reverse-phase HPLC. The highest protein fraction, RP-2, showed 1)

the relative molecular mass of 50 kDa by SDS-PAGE and a
high ratio of proline and glutamic acid. The presence of
galacturonic acid in RP-2 indicates that the protein was still
covalently bound to a portion of the polysaccharide chains of
SSPS.
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