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In this paper, we studied the adsorption at emulsion droplets of potato starch, which was
hydrophobically modified with octenyl succinate anhydride (OSA), a surface active macromolecule
containing ultrahigh molar mass components. The results show that the substance works as an efficient
emulsifier and that it can in some cases generate high surface loads (10 mg/m?2). The results can be
explained as an interplay between kinetic factors during the formation of the emulsion and the physical-
chemical properties of the hydrophobically modified starch, such as the degree of substitution, molar
mass, and radius. In turbulent flow fields, such as in a high-pressure homogenizer, the mass transport
to the interface favors the adsorption of larger molecules as they are transported more rapidly to the
interface. The larger molecules are also likely to have a higher substituent density and adsorption
energy than smaller ones. This in turn is likely to give high surface loads and strengthen the effect
of kinetic adsorption factors, as the large molecules will be overrepresented at the surface.

KEYWORDS: Hydrophobically modified starch; adsorption; emulsion; degree of substitution; oil—water
interface

INTRODUCTION interfaces, and due to its branched polymer structure and high

] N ) molar mass it gives rise to steric stabilization in emulsions
Hydrophobically modified polysaccharides are macromol- (5_7)

ecules that are of great interest in the formulation of dispersions.

Through their amphiphilic character, the hydrophobically modi-

fied polysaccharides are surface active and can adsorb aldlsr?eraggbone olf Fhe .p?ases n thr? thelr, which t|s fr? mmotnly
interfaces and stabilize dispersions. The stabilization mechanismaCc1€Ved Dy applying intense mechanical energy 1o the system

can either be of an electrostatic nature or of a steric nature with (8). For an amphiphilic macromolecule to work as an effective

mainly entropic contributions. In the case of electrostatics, the emulsifier, it is vital that it is able to adsorb at the interface and

ability to stabilize is of course dependent on the charge density cover it rapidly t_o_prevent recoalescerlce of the r_lewly form'ed
of the macromolecule, and, in the case of steric stabilization, droPlets. The driving force for adsorption at the oil droplets is,

the size and solubility of the macromolecule in the continuous i

Emulsions are formed from two immiscible liquids by

in the case of hydrophobically modified polysaccharides, mainly
phase are important. In food applications, the number of surface hydrophobic mteracu_on. Thus, the extent of modification, the
active polysaccharides that are available is quite limited. NUmber of hydrophobic groups grafted onto the macromolecule,
Examples of natural surface active polysaccharides are gumiS mtwnvelymfluenqng the adsorption behavior at the mterfape.
arabic and demethoxylated pectin in which the surface activity However, the relationship between the number of groups in a
is related to protein components closely associated with the Macromolecule with a high affinity for a surface and the
polysaccharide (12). Another amphiphilic macromolecule is ~ a@dsorption behavior is often not trivial.
starch that has been chemically modified with OSA (octenyl  In a previous paper, we studied the adsorption of OSA-starch
succinic anhydride) (3). The substitution with OSA can occur from barley at emulsion droplet3). The results of that study
at carbons 2, 3, and 6 in the glucose molecule, and the typicalshowed that the adsorbed amount or surface load of OSA-starch
degree of substitutionDS) for commercial samples is 0.81 could in some cases become quite high reaching, almost 16 mg
0.03. It has been suggested by Shogren et al. that the substitutiomn=2. The high surface loads were attributed to the relationship
occurs preferentially in and around the amorphous branch pointshetween the size of the surface created during emulsification
of the amylopectin, which is one of the two polymers present and amount of OSA-starch available for adsorption. A small
in starch (4). OSA-starch is able to adsorb at hydrophobic surface, that is, large droplets, and a high OSA-starch concentra-
tion in the bulk solution lead to high surface loads, and this
* Author to whom correspondence should be addressed [telephéBie was believed to be caused by close-packing and _Orie_ntation of
46-222 9670; faxt46-46-222 4622; e-mail lars.nilsson@food.Ith.se]. the macromolecules at the surface due to the kinetic factors
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Table 1. OSA-Starch Samples? until a clear subnatant was obtained. The first separation step was carried
out at 3400 RCF for 10 min and the second step at 7000 RCF for
Mw, Mg Trms 15 min.
sample DS DB (206 g/mol) (106 g/mol) (nm) The total OSA-starch content was determined by enzymatic degrada-
P23-14 0014 0.035 18 88 32 tion according to the method of Aman et al3). The determination
P08-15 0.015 0.035 0.77 0.63 34b was carried out in the subnatant of the separated emulsion sample and
P34-076 0.0076 0.035 34 11 42 in a reference sample containing the same initial OSA-starch concentra-

tion. The reference sample was treated in the same way as the emulsion
sample and thus went through the same steps of homogenization and
centrifugation.

As the method of Aman et al. was developed for nonmodified
starches, the recovery was slightly lower for the OSA-starch, which
was probably due to incomplete hydrolysis. The recovery varied
. . . . between 85% and 89%. However, by assuming that the recovery is
during the adsorption. We also showed by applying a collision equal in the emulsion sample and in the reference sample, this error
model that the adsorption of larger molecules in a polydisperse can be minimized.

sample is favored over that of smaller ones due to the convective Calculation of the Surface Load of OSA-Starch.The adsorbed
mass transport. Furthermore, the adsorption times of the amount of OSA-starch is obtained from the difference between the
macromolecules were of the same order of magnitude as theamount in the reference sample containing no disperse phase and the
droplet half-life, that is, the time it takes for all droplets to collide amount in the subnatant after separation of the emulsion.

once. One important implication of this result is that the molar
mass of an adsorbing macromolecule is as critical as the degree
of substitution. However, we cannot expect the molar mass to  The surface load) is obtained by relating the adsorbed amount to
remain constant during such a harsh treatment as high-pressurene specific surface area of the emulsion

homogenization. In two previous studies by Modig et al. and

aDS is the degree of substitution, and DB is the degree of branching. The
subscripts i and f denote initial and final average molar mass and refer to non-
homogenized and homogenized samples, respectively. s is the root-mean-square
radius after homogenization. ? From ref 22,

Cads™ Creference™ Csub 1)

Nilsson et al., we showed that the molar mass of OSA-starch is = Cadsorbedta2 @
drastically reduced during a normal homogenization event @6
(9, 10).

whereds; is the Sauter mean droplet diameter ands the dispersed

In the present study, we investigated the influence of the .
phase volume fraction.

degree of SL.JbStItUtlorq.S) of the OSA-_starCh on the adsorption Surface Tension MeasurementsThe surface pressure of OSA-

and theDS interplay with other physical parameters such as giarch solutions was determined at the air/water interface and the oill

molar mass and molecular size in the adsorption behavior.  \ater interface according to axis symmetrical drop shape analysis
(ADSA) (14) using the Tracker instrument (Teclis, Longessaigne,

MATERIALS AND METHODS France).

The water solutions contained 100 ppm of OSA-starch, and all

The three OSA-starch samples were provided by Lyckeby Starkelsen measurements were performed at°Z5 The interfacial pressurdl)

(Kristianstad, Sweden) and were of native potato origin containing 20% is obtained from eq 3, wherg, is the interfacial tension of the pure

0 ; :
amylose and 80% amylop_ect_m. The molar degr_ee of _branchlng and interface and is the interfacial tension of the interface with adsorbed
the molar degree of substitutioD$) were determined vitH NMR OSA-starch

spectroscopy. The samples for NMR were prepared by dispersing 100
mg of OSA-starch in 10 mL of BD and placing it in a boiling water M=y,—y (3)
bath for 10 min.

The samples were freeze-dried, and approximately 80 mg of the  gtatistical Analysis. The adsorption experiments were evaluated with
freeze-dried sample was redissolved in 5 mL of DM&OFhe samples linear regression and ANOVA.
were placed in a boiling water bath for 10 min after which the NMR
measurements were performed. The NMR spectrometer (ARX 500, RESULTS
Bruker Féllanden, Switzerland) operated at 500 MHz, and the experi-
mental method has been described in greater detail elsevtigrE2). The emulsions were formed with different levels of the three
The molar mass distribution, average molar mass, and the root-mean-QOSA-starch samples, and the particle size of the emulsions was
square radius (k) of the OSA-starch samples was determined before determined with light diffraction. The emulsions were separated,
and after homogenization by asymmetrical flow field-flow fractionation 51, the amount of non-adsorbed OSA-starch was determined.
(AsFIFFF-MALS-RI) and are described by Modig et &) &nd Nilsson g g its of the emulsification experiments are shovifaisle
et al. (L0). The properties of the various OSA-starch samples are given 2. The emulsification performance is shown Figure 1 as

in Table 1. OSA-starch solutions of 1% (w/v) were prepared by Isi f d initial OSA h
dispersing 1.0 g of OSA-starch in a phosphate buffer (10 mM=pH  €Mulsion surface area created versus initial -starch con-

6.0) containing 20 ppm NadNwhich was then diluted to 100 mL. The pentration (6)- The resu_lts show that the emulsion syrface area
samples were placed in a boiling water bath under stirring for 10 min, increases with increasing OSA-starch concentration and thus
after which they were left overnight at room temperature. that OSA-starch is functional as an emulsifier. The Sauter mean
Emulsions were prepared with 5% (w/w) of medium chain triglyc- diameter of the oil droplets was between 0.4 andidil which

eride oil Miglyol 812 F (Sasol, Witten, Germany) in a buffer solution  corresponds to an emulsion surface of approximately-0.03

as above. Emulsions with different OSA-starch concentrations were 0,72 n? mL~1. For samples P08-15 and P34-076, the amount
then prepared by mixing for 3 min using a high shear mixer, Ystral of syrface area created during emulsification increases almost
X10/25 (Ystral, Ballrechten-Dottingen, Germany), followed by high-  ine 4y with increasing initial OSA-starch concentration, but
pressure .homogenization in a lab-scale valve homogenizer at 15 MPa.for sample P23-14 the surface area seems to be indeper;dent of
All experiments were performed at room temperature. The average the initial OSA-starch concentration. Replicates of sample P23-

droplet size (gb) in the emulsions was determined by light diffraction el o
using a Coulter LS130 (Beckman Coulter, High Wycombe, U.K.), and 14 @lso exhibit a rather large variation in the surface area created.

from this the emulsion surface area could be calculated. The adsorbedT§b|e 3 shows the S'Ope obtained from the linear regression
amount was determined through serum depletion, and the emulsionswith the corresponding-value for the dependence. Samples
were separated in two steps by mild centrifugation to avoid coalescenceP08-15 and P34-076 show a significant linearity for= f(co)
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Table 2. Results from the Adsorption Experiments with the Different OSA-Starch Samples?

Co d A apparent Ceq r
sample (mg/mL) (uem) (m2mL) (mg/mL) (mg/my) Cadsorbed! Co
p23-14 0.42 5.4 0.056 0.24 2.0 0.27
0.42 6.8 0.044 0.27 19 0.20
0.84 45 0.067 0.54 31 0.25
0.84 32 0.094 0.46 2.6 0.30
1.26 8.3 0.036 0.84 10.3 0.30
1.26 5.2 0.058 0.78 48 0.22
1.68 53 0.056 1.15 7.0 0.23
1.68 3.0 0.102 0.97 37 0.22
P08-15 0.42 8.3 0.036 0.23 31 0.27
0.84 17 0.18 0.46 15 0.32
1.26 13 0.22 0.76 14 0.25
1.68 1.0 0.29 1.03 1.2 0.21
P34-76 0.42 5.3 0.06 0.26 14 0.20
0.84 25 0.12 0.56 12 0.18
1.26 1.9 0.16 0.83 16 0.20
1.68 14 0.21 113 1.2 0.16

a ¢y is the initial OSA-starch concentration, d is the Sauter mean diameter of the emulsion droplets, A is the emulsion surface area, ceq is the apparent OSA-starch
equilibrium concentration, T is the surface load of OSA-starch, and Cagsormed/Co iS the adsorption yield.

o3l = P23-14 T i ] the adsorption during homogenization is a nonequilibrium
’ v P08-15 v process (hence the use of “apparent equilibrium concentration”
o P34-076 in the adsorption isotherm). In our previous paper with barley
OSA-starch, we observed that the adsorption process was
0,2 © 1 controlled by the relation between surface area and initial OSA-
v starch in the bulk solution rather than the equilibrium concentra-
tion of the latter 7). The relationship between the emulsion
o surface area and initial OSA-starch concentration is hereafter
referred to as the dynamic surface lo&d,{ = co/A). In Figure
. . - 3, the surface loadl, is plotted versus the dynamic surface
. load, and the results show a clear relationship between the two
0.0 . . parameters for sample P23-14 whErmcreases with increasing
0,0 0.5 1,0 15 2,0 Layn. The other two samples show a more ideal emulsifying
¢, (mg/mi) behavior; that is, the added amount of OSA-starch gives a larger
surface area in the emulsion instead of adsorbing in higher
amounts. The adsorption yield in the experiments (i.e., the
concentration of adsorbed OSA-starchys divided by the
initially added concentratioty) ranged between 16% and 32%.
and cags = f(A) as expected when the interfacial area is  Table 3 shows the slope of the linear regression and the
determined by the available emulsifier. However, for sample correspondingp-value forA = f(co), Cadgs = f(A), andCags =
P23-14, this relationship is absent. f(co/A). It is clearly seen that for sample P23-24= f(co) is
The adsorption isotherms for the three OSA-starches, asnot a satisfactory model whileass = f(co/A) (i.€., dynamic
obtained from the emulsification experiments, are shown in surface load) gives a much increased satisfaction in the
Figure 2. The surface loadl|) varies between 1 and 10 mg/  description. This improvement is, however, not true for the other
m?. The surface load of sample P34-076 shows no concentrationtwo samples for which the transition taqs = f(co/A) does not
dependence and remains at a level ef2Img/n?, which is a yield any improvement.

surface load that can normally be expected from an adsorbing  The surface activity of the OSA-starch was also characterized
macromolecule. Sample P08-15 has a behavior similar to thatin terms of the surface pressure genera[ed during adsorption’
of sample P34-076 except at the lowest equilibrium concentra- and the results of the interfacial tension measurements at the
tion where the surface load becomes slightly higher. The ajrwater interface and the oil/water interface can be seen in
adsorption isotherm for sample P23-14 generally shows higherTaple 4. The results show that the surface pressure in all cases
surface loads at most concentrations. The surface load isjs quite low but still significant. It is interesting to note that the

increasing with increasing apparent equilibrium concentration, surface pressures of the three OSA-starches are higher at the
although at higher concentrations the variation becomes largegi|/water interface than at the air/water interface.

between replicates. At these higher equilibrium concentrations,

the surface loads obtained can become quite high, reaching 10DISCUSSION

mg/m?. On the other hand, it is interesting to note the difference

between the potato OSA-starch in this study and the barley The results in this study strengthen the evidence that starch
OSA-starch previously studied)( With potato OSA-starch, we  that has been hydrophobically modified with OSA can act as

observe constant surface loads or surface loads increasing witran emulsifier and generate colloidal stability in emulsions. The

increasing apparent equilibrium concentration, while with the results of the interfacial tension measurements show that the
barley OSA-starch, we observed a surface load that wasinterfacial pressure is higher at the oil/water interface than at
declining with increasing apparent equilibrium concentration. the air/water interface, which indicates that the adsorption at
A way of rationalizing these observations is to assume that the oil/water interface is driven by stronger interactions than

A (m%ml)

<m D

Figure 1. Emulsion surface area created by emulsification with different
OSA-starches. The emulsions contained 5% (w/w) of MCT-ail.
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Table 3. Statistical Analysis of the Experimental Results

linear regression slope + standard error slope p-value?
sample A= f(co) Cads = f(A) Cads = H(ColA) A= f(co) Cads = f(A) Cads = f(ColA)
p23-14 0.013+0.018 12+21 0.0092 + 0.0029 0.50 0.60 0.019
P08-15 4.9+0.92 0.96 +0.092 -0.029 £ 0.010 0.033 0.0092 0.11
P34-076 0.12 + 0.0063 1.2+0.34 0.15+0.034 0.0029 0.067 0.049

@ \Versus regression coefficient equal to zero.

T T 12 T T T
of o T ey
o P34-076 10{ v PO8&15 R
8 i o P34-076
— " 8- 4
NE 6 b o =
E=) £ 54 4
E 4] ’ ] >
= . . . £ =
= —~ 44 ] 7
2 uy B va
o v o5 v © ¢ o 5 . l- |
0 . . V%8
0,0 0.5 1,0 0
Apparent Cy {mg/ml) 0 10 20 30
. . . 2
Figure 2. Adsorption isotherms for the OSA-starches at the oil/water T, (mg/m?)
interface. Figure 3. The emulsion surface load (') vs. the dynamic surface load
(I"pot), that is, amount of OSA-starch available per specific emulsion surface

poor aqueous solubility. This interaction is likely to be a &

]E:ontnlbmlon fo fvan dsr :jNaaIs actjt;actlon 6}; it would”be strlonger Table 4. Interfacial Pressure (IT) for the Different OSA-Starch
or oil than for air. Under conditions with a small emulsion Solutions (100 mg L™1) at the Air/Water and Qil/Water Interfaces
surface area and high concentrations of OSA-starch, the surface

loads obtained can indeed become very high, reaching 10 mg/ sample Tairwater (MN/M) Tgiuater (MN/m)
m2. Other studies of amphiphilic polysaccharides adsorbing to P23-14 066 274
emulsion droplets have also shown that the surface loads can  Po8-15 0.45 2,07
become highZ, 7). From the results in the present study, it P34-076 131 2.26

seems thal is related to the starch derivatives ability to generate
small oil droplets, and thus a high surface area, during surface load can increase with increasing apparent equilibrium
homogenization. The specific emulsion surface area was notconcentration for sample P23-14. Multilayer adsorption could
constant in the experiments, and the emulsification performancebe caused by the formation of inclusion complexes between
(Figure 1) shows large variations in the amount of surface area adsorbed and non-adsorbed OSA-starch. The inclusion complex
that is created by P23-14. This variation can become large whenoccurs when a hydrocarbon chain enters the hydrophobic cavity
using emulsifiers that give a low decrease in interfacial tension of amylose (15). This would also be more likely to occur for
such as OSA-starch (Table 4). potato OSA-starch, as it contains approximately 20% amylose.
When the surface area becomes small, kinetic factors are Another parameter, except the size of the macromolecule,
likely to become important as macromolecules compete for which is likely to influence the adsorption, is tiS, which
available adsorption sites at the interface. This in turn can causeshould influence the adsorption energy of the macromolecule.
jamming (random close packing) at the interface, as the Other authors have shown that tH2S can influence the
macromolecules are unable to optimize their conformation to adsorption of polysaccharide$§—18). Demé and Lee studied
the most thermodynamically favorable; that is, spreading and the adsorption of cholesterylpullulan at the air/water interface
reorientation is inhibited. In a previous pap@y, (ve have shown and found thaf” decreases with an increasiig (17). This
with a collision model that in the turbulent flow conditions that was attributed to a higher amount of loops and tails in the
occur during high-pressure homogenization the flux to the adsorbed macromolecule, which in turn was due to the lower
interface from the bulk solution is likely to be dominated by amount of anchoring points in the samples with a low&.
convection rather than diffusion. This will favor the adsorption Paris and Cohen Stuart studied the adsorption of hydrophobically
of large macromolecules over small ones. Furthermore, we modified 6-carboxypullulan from water to polystyrene particles
showed that the adsorption times of large macromolecules at(16). The authors found a strong effect®$ of hydrophobic
the interface are of the same order of magnitude as the emulsiongroups on both th& and the adsorption rate, where a higher
droplets half-life, that is, the time it takes for all droplets to DSgave a highel" and a higher adsorption rate. Simon et al.
have collided once. To prevent recoalescence after the disruptionstudied the adsorption of hydrophobically modified carboxym-
of the oil droplets, it is vital that the emulsifier is able to cover ethylpullulans and found that the plateau valud'dhcreased
a large extent of the interface rapidly, and as the adsorption with increasing hydrophobidSup to aDSvalue of about 0.25,
times and the droplet half-life are similar, it further shows how after which the plateau value became somewhat lot®r The
kinetics and jamming at the interface can become important. behavior was attributed to an initial regime with an increase in
In the present study, the possibility that multilayer adsorption affinity for the surface when th®S increases, which is then
contributes to the high surface loads cannot be ruled out, as thefollowed by a second regime where the decreadeimdue to
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Table 5. Surface Substituent Density for the Various Samples As Table 6. Barley OSA-Starch Samples?
Estimated from Eq 4
Mw; Mwi Irms
sample B(hm~?) sample B (hm~2) sample DS DB (106 g/mol)® (106 g/mol)> (nm)b
B39-222 0.086 P23-14 0.053 B39-22 0.022 0.055 39 12 38
B27-212 0.042 P08-15 0.004 B27-21 0.021 0.050 27 8.6 44
B86-102 0.018 P34-076 0.019 B86-10 0.010 0.053 86 6.7 41
aFrom ref 7. aDS is the degree of substitution, and DB is the degree of branching. The

subscripts i and f denote initial and final average molar mass and refer to non-

i T T T T homogenized and homogenized samples, respectively. fms is the root-mean-square
16 1 o g radius after homogenization. © From ref 10.
124 | | o Present study 20 mg/m? |
o 67 4 Fromref.7 2 ¢
£ ° J /
D o
E 89 . 12 Soa .
3 o — o
B E S
41 o B S /S
o > 8- g 1
E o s :
o = o K A 10 mg/m
0 T T T T T 4 A o4 JUUUEE |
0,00 0,02 0,04 0,06 0,08 0,10 ° R R
| R R 5 mg/m’
B(1nm?) R I B ome
Figure 4. The maximum surface load (I'max) Obtained in the experiments %.00 0.04 0.08 0.12

increases with the surface substituent density (/3) of the OSA-starch. .
B (nm™)

a change in conformation of the adsorbed polysaccharidesFigure 5. The relationship between the surface substituent density (3)
causing a decrease in the number of loop and tails at theand the surface load (I). The lines indicate the approximate corresponding
interface. Similar evidence, which is more pronounced, was dynamic surface loads.

found experimentally by Poncet et al. for hydrophobically

modified polyacrylates (19) adsorbing at hydrophobic surfaces is again an indication of the influence of kinetics during the

and theoretically in a mean-field study by Lins20j. adsorption, which will ultimately influence the surface load
Considering these different results described in the literature, obtained.
it is clear that no general relationship betwézsandI exists For a macromolecule to adsorb and remain adsorbed at an

but that their relationship is rather system dependent. In the interface, it is necessary that the adsorption energy is substan-
present study, the results do not show a simple correlation tially larger than kT(21), for instance, 30kT. Even though the
betweenl” andDS (seeTable 1 andFigures 1—3). Rather, the  adsorption energy per monomer unit is quite low, the total
results suggest that the surface load is determined by aadsorption energy for a macromolecule can become high. The
combination ofDS and molecular size (i.e., molar mass and adsorption energy is thus related to the number of monomer
rms radius). An explanation taking these parameters into accountunits with a high affinity for the interface, which in our case
is that the affinity to the interface may be controlled by the corresponds to thBS. As the Df the OSA samples must be
surface density of substituents, if we imagine the OSA-starch considered low (on average every 50th to 100th glucose unit is
molecules as particles in the aqueous phase. It would thus besubstituted), it is likely that the lower molar mass components
interesting to estimate the density of substituents on the surfacein the samples will have a lower probability of adsorbing at the
of the macromolecule assuming spherical geometry and that allinterface. It is possible to estimate the limiting number of
substituents are situated close to the surface. This can bymonomer units in a macromolecule for adsorption to occur with

described by the following expression:
DS U
B=N (4) Npin= 21— e (%)
4.7'[I’p2 mn Asubsfyolw{)s

where § is the surface substituent density,is the average whereNmi, is the minimum number of monomer unitd,is the
number of glucose units in the OSA-starch sample, gnid adsorption energy per macromolecudg,pstis the surface area
the polymer radius. The values@fre given inTable 5. Figure of the hydrophobic substituents, apghy is the surface tension
4 shows that the maximum surface load obtained in the of the corresponding hydrocarbon of the substituents. By
experiments (hay depends o and that a higher value ¢f estimatingAsupstto 3.7 x 1071° m?, yopy to 50 mN n1t, and

allows for higher surface loads. Figure 4 andTable 5, three assuming an adsorption energy ofk30and that one-half of
samples from a previous study are includéyl (vhich are also the substituents are in contact with the interface upon impact,
shown to follow a similar relationship. The characteristics of we obtain a limit of about 1680 monomer units for an OSA-
these samples are given Trable 6. starch with aDS of 0.8%. This corresponds to a limiting molar
Figure 5 shows thal’ can increase substantially whe¢h mass for adsorption of about:3 10° g/mol, and this estimation
increases. The three lines are the corresponding dynamic surfacsuggests that the adsorption of larger molecules in the sample
loads that demonstrate that at higher valueg tife dynamical is favored due to their higher adsorption energy. It also gives a
surface load can, but does not necessarily, become higher. Thigossible explanation to the poor adsorption yield of the OSA-
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starch samples with a comparably low molar masgd€o = (6) Tesch, S.; Gerhards, C.; Schubert, H. Stabilization of emulsions

16—32%), that is, samples with a high fraction of low molar by OSA starches]. Food Eng.2002,54, 167—174.

mass material, as these molecules are unable to achieve a (7) Nilsson, L.; Bergenstdhl, B. Adsorption of hydrophobically

sufficient adsorption energy. This effect is obviously also related modified starch at the oil/water interface during emulsification.

to the amylose content (about 20% in potato starch) as amylose ~_ Langmuir2006,22, 8770—8776. _ _

has a comparatively low molar mass. (8) Walstra, P. Formation of emglsmns.Enmcyclopedla of Emulsion
Thus, we conclude that the results in this study showed that Technology Volume I: Basic Theorgecher, P., Ed.; Marcel

two of the three OSA-starch samples were efficient emulsifiers, Del:jker InC_" NIeW York,. 1983; pp 5117127_' hiund

as the surface area increased with initial bulk concentration and (%) Modig, G.; Nilsson, L.; Bergenstahl, B.; Wahlund, K. G.

. . Homogenization induced disruption of hydrophobically modified
m ma nr2
gave surface loads of approximately 2 mg - The third starch as measured by FFF-MALBSood Hydrocolloids2006,

sample (P23-14) was a less efficient emulsifier, and the surface 20. 1087—1095.

area did not depend on the initial concentration. The surface (10) NiI’sson, L. Leeman, M.; Wahlund, K. G.; Bergenstahl, B.
loads for this sample could become high and reached 10 mg Mechanical degradation and changes in conformation of hydro-
m~2. We believe that this behavior is due to kinetic factors phobically modified starctBiomacromolecule2006,7, 2671—
during the adsorption and the interplay between the degree of 2679.

substitution and other physical parameters such as the molar (11) Nilsson, G. S.; Bergquist, K.-E.; Nilsson, U.; Gorton, L.
mass and molecular size of the OSA-starch. The surface Determination of the degree of branching in normal and

substituent density (5) describes the relationship between these amylopectin type potato starch wittH-NMR spectroscopy.
parameters, and the results show that the surface loads that can Starch/Starkel 996,48, 352—357.
be obtained become higher whgincreases. When the surface  (12) Richardson, S.; Nilsson, G. S.; Bergquist, K.-E.; Gorton, L.;

of the emulsion is small in relation to the concentration of the Minschnik, P. Characterisation of the substituent distribution in
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This can make kinetic factors important and cause jamming and using a thermostable alfa-amylase Methods in Carbohydrate
close-packing of the macromolecules at the surface. In turbulent Chemistry _VO'L‘me ?tICBeM'"er' J-N., Ma”ners’kD' J., Sturgeon,
flow fields, such as in a high-pressure homogenizer, the mass Tlg Eds.; John Wiley & Sons Inc.: New York, 1994; pp 11
transport to the interface favors the adsorption of larger .

| | th il be t ted idlv to th (14) Rotenberg, Y.; Boruvka, L.; Neumann, A. W. Determination of
molecules, as they will be transported more rapidly 1o the surface tension and contact angle from the shapes of axisym-

ln.terface. Thg larger moleculgs will also have a higher sub- metric fluid interfacesJ. Colloid Interface Sci1983,93, 169—
stituent density and adsorption energy than smaller ones, 83.
assuming that the hydrophobic substituents are homogeneously (15) Thompson, J. C.; Hamori, E. A kinetic investigation of the
distributed in the samples. This is likely to increase the surface amylose-iodine reactiod. Phys. Chem1971,75, 272—280.
loads and strengthen the effect of kinetic adsorption factors as (16) Paris, E.; Cohen Stuart, M. A. Adsorption of hydrophobically
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ecules1999,32, 462—470.
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