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This investigation deals with the diffusional mobility of essential fatty acids in triglyceride form (oleic
acid) from a condensed matrix comprising 3% (w/w) high-methoxy pectin and 81% (w/w) co-solute
(glucose syrup) to absolute ethanol. Work utilises rheclogical measurements in shear, differential
scanning calorimetry, ESEM, FTIR and WAX diffraction to identify the molecular properties of the
composite system. Results showed that the amorphous carbohydrate matrix underwent vitrification
at —15 °C (mechanical T;) calculated mathematically using the Williams, Landel and Ferry (WLF) and
modified Arrhenius equations. Diffusion kinetics of the fatty acid (monitored via UV-vis spectroscopy)
was combined with the newly introduced concept of spectroscopic shift factor to demonstrate that,
although the increment of oleic acid mobility appeared to respond to the predicted glass transition
temperature, this is distinct from the structural relaxation of the matrix. Experimental observations were
further treated with the conceptof diffusion coefficient to provide an estimate of the transport rate of the
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triglyceride as a function of time or temperature of observation within the glass transition region.

© 2014 Published by Elsevier Ltd.

1. Introduction

It is known that essential fatty acids are susceptible to oxidation
in the presence of oxygen, metal, light and heat (Cunstone, 1995).
Therefore, recent molecular studies are mainly interested in the
prevention of their oxidation during preparation and subsequent
storage of foods. Common approaches for the delivery of essential
ingredients like fatty acids in food and nutraceutical products
include the addition of antioxidants, modification and control of
packaging, and the technique of microencapsulation being used for
more than 60 years. These techniques in delivery of nutrition and
bioactivity remain largely empirical. However, recent innovation in
the pres?ation of bioactive compounds has been pursued by
utilising the “sophisticated synthetic polymer approach”, which
relates to the capacity of condensed systems (>70% solids) to con-
trol the behaviour of food components near the glass transition
temperature (Roos, 2013; Slade & Levine, 1991).

Vitrification or glass transition is the process occurring within
liquid-like materials characterised by a disordered molecular
arrangement during cooling at rates sufficient to avoid crystal

= Corresponding author. Tel.: 461 3 992 55244; fax: 461 3 992 55241
E-mail addresses: stefankasapis@rmiteduau, stefankasapis@hotmail.com
(5. Kasapis).

ittp:/ fdx.doiorg(10.1016/j.foodhyd. 2014.08.011
0268-005X/© 2014 Published by Elsevier Ltd.

formation. In these conditions, molecules become immobilised as
very high viscosity liquids, an outcome that limits their molecular
mobility (Jiang & Kasapis, 2011). Glass transition temperature (T;) is
then delineated as the reference temperature where amorphous
materials change in structure from a hard solid to rubbery or melt
consistency (Levine & Slade, 1992). Most biopolymers exhibit
distinct glass transition temperatures, which are governed by their
conformational characteristics, molecular weight distribution,
amount of water in the system and composition of co-solute (Abiad,
Carvajal, & Campanella, 2009).

Glass formation in condensed systems has received consider-
able attention due to ippacity to control chemical, biological and
enzymatic reactions {Karel et al., 1994; Karmas, Buera, & Karel,
1992; Le Meste, Champion, Roudaut, Blond, & Simatos, 2002). At
the glassy state, the rates of these molecular processes slow down
considerably facilitating preservation of biomaterials and food-
stuffs (Roos, 1998, 2005; Sablani, Kasapis, & Rahman, 2007). Recent
studies have demonsfAted the effect of Ty in controlling the
enzymatic hydrolysis of a-D-glucosidase in a high solid matrix
comprising deacylated gellan and polydextrose ( Chaudhary, Small,
& ICasapis, 2013). Similarly, a limitation in deteriorative reactions
including non-enzymatic browning and lipid oxidation below the
vitrification temperature has been earlier reported (Altas &
Alkkose, 2010; Karel & Saguy, 1991; Roudaut, V##l Dusschoten,
Van As, Hemminga, & Le Maste, 1998). Jiang and Kasapis (2011)
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and Kasapis an@@hrinivas (2010) reported on the importance of Ty
in controlling the diffusion kinetics of a bioactive compound
(caffeine) in high solid systems with industrial interest.

This work takes advantage of the glass transition process in
high-solid carbohydrate matrices as a reference point to curb
oxidation of essential fatty acids. Since lipid oxidation is dependent
on the rate of diffusion and regulated with changes in temperature
or time, we attempt to provide an understanding of the patterns of
molecular diffusion with further expectations of building a foun-
dation to control the delivery and preservation of lipid components.
A combination of fundamental analytical techniques is utiliségAin
combination with a mixture of high-methoxy pectin and high
dextrose-equivalent glucose syrup owing to the capacity of this
matrix to mimic confectionary, vegetarian and nutraceutical end
products.

9 Materials and methods
2.1. Materials

ﬁgh-methoxy pectin from citrus peel was purchased from
Sigma Aldr Co (Sydney, Australia) and contained 93.3% of poly-
saccharide on dry weight basis of which 86.3% a;s galacturonic
acid (Gal-A) linked by a-(1—4) glycosidic bonds with a degree of
I | esterification (DE) of about 65%.
ucose syrup, as the co-solute, was a product of Edlyn Foods Pty
Ltd (Victoria, Australia). The total level of solids was 81% with
40-45% of glucose residues present as reducing end groups
(dextrose equivalent, DE is about 42). The material converts from a
thick solution at ambient temperature to a transparent glass at
subzero temperatures.
1-Oleoyl-rac-glycerol, as a source of oleic acid (OA) in its glyc-
eride form, was obtained from Sigma Aldrich Co (Sydney, Australia).
It contained 40% monoglyceride and 60% di- and triglyceride
mixture (TLC) with an average molecular weight of 356.54 g/mol.

9 Sample preparation

The polysaccharide solution was prepared by dissolving the
powder in Milli-Q water at 90 °C with constant stirring on the hot
magnetic plate until ti@8powder was fully dissolved and a clear
solution was obtained. The temperature was then dropped gradu-
ally to 50 °C prior to addition of the required amount of glucose
syrup. A weighed af®unt of 1-oleyl-rac-glycerol (1%, w/w) was
then added to 3% (w/w) high-methoxy pectin with 81% [w/w)
glucose syrup. The solution maintained at 50 °C until in-
gredients were ly dispersed #fid the desired level of total solids,
i.e. 85% (w/w), was obtained by evaporating slowly excess water
using a rotary vacuum evaporator. The pH of tl§] mixture was
adjusted to 3.0 dropwise with 2 M HQ solution to form a three
dimensional structure. Beakers with final preparations were
wrapped in aluminium foil to reduce exposure to light. A similar
experimental protocol of sample preparation was utilised for
matrices of 85% (w/w) glucose syrup, and mixtures of 3% high-
methoxy pectin with 82% glucose syrup (w/w) to provide the
necessary baseline of behaviour in our studies.

2.3. Experimental analysis

g,f, Modulated differential scanning calorimetry (MDSC)
Measurements were carried out using Q2000 (TA instruments,
Mew Castle, DE) with eﬁ'igel‘ated cooling system (RCS590). Ther-
mal properties of the polysaccharide and co-solute matrices with
and without the addition of oleic acid were thus recorded. Cooling
or heating profiles yielded an estimation of the enthalpic relaxation

in relation to vitrification processes. Ten milligrammes of sample
were loaded to the Tierp aluminium pans, with a hermetically
sealed empty pan serving as the reference. Samples were equili-
brated at 20 °C for 1 min before cooling from 20 to —90 °C followed
by heating to 20 °C. Nitrogen purged into the cell chamber at the
rate of 50 mL/min. To calibrate the heat flow signals, traceable in-
dium standards (AH; = 28.3 ]/g) were used and the heat capacity
response was pinpointed with a s ire standard. The tempera-
ture ramp was set at 1 °C/min with a modulation rate of 0.53 °C for
every 40 s, and all measurements were performed in triplicate
yielding overlapping traces in thermograms.

2.3.2. Rheology measurem

These were performed using small deformation dynamic oscil-
lation in shear with the Advanced Rhe ter Generation 2 (AR-G2
from TA Instruments, New Castle, DE), which is a controlled strain
rheometer with magnetic thrust bearing techn . They provide
readings of storage (G') and loss (G") modulus for the elastic and
viscous components of the network, respectively, with the varia-
tion of experimental time and temperature.

Molten preparations of 3% high-methoxy pectin and 81%
glucose syrup with 1% oleic aci re loaded on the preheated
Peltier plate at 90 "C using a 10 mm parallel plate measuring ge-
ometry, and edges were covered with silicone oil (BDH, 50 cS) to
minimize moisture loss. Controlled cooling rate of 1 °C/min, oscil-
latory frequency of 1 rad/s and strain of 0.01% were applied
throughout the experiment (maintaining a normal force of 0.08 N),
which was within the linear viscoelastic region of the material.
Materials were cooled to —30 °C, and frequency sweeps were then
obtained from the low temperature end to 8 °C at intervals of 4°C
within the range of 0.1-100 rad/s. Mechanical spectra were utilised
to produce the master curve of viscoelasticity based on the Time
Temperature Superposition (TTS) principle for the estimation of the
network glass transition temperature in these systems.

2.3.3. Fourier transform infrared spectros (FTIR)

This type of work was carried out using a Perkin Elmer Spectrum
100 with MIRacle™ZnSe single reflection ATRplate (Perkin Elmer,
MNorwallk, CT). Samples ofhighethoxg..r pectin, glucose syrup, oleic
acid and their combinations were analysed to identify potential
molecular interactions amongst the polysaccharide, co-solute and
essential fatty acid to further determine the nature of any alter-
ations in molecular structure. Preparations were scanned within
the range of 600—4000 cm~' with a resolution of 4 cm~' and
averaged over eight scans. Each measurement was performed in
triplicate.

2.3.4. Wide angle X-ray diffraction (WAXD)

Diffractograms of single preparation of 3% high-methoxy pectin
and glucose syrup and their mixtures with or without oleic
acid were obtained using a Bruker D4 Endeavour (Karlsruhe, Ger-
many). All sar were freeze dried, placed in measuring com-
partments and exposed to the accelerating voltage and current of
40 kV and 40 mA, rmctively. Raw data was obtained within the
26 range of 5-90° In measuring intervals of 0.1° and converted
using DIFFRACPUS E tion (Eva), version 10.0, revision 1. Results
were used to assess the extent of amorphicity or crystallinity in the
macromolecular structure of the carbohydrate network in the
presence or absence of fatty acid. Measurements were performed in
triplicate.

2.3.5. Environmental scanning electron microscopy (ESEM)
Micrographs ofah-meth oxy pectin and glucose syrup with or

without oleic acid were obtained using the FEI Quanta 200 ESEM

(Hillsboro, Oregon, USA) in order to visualise the three dimensional
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indicate the presence of water molecules (Tipson, 1968). High
methoxy pectin produces  associated  vibrations  at
3000—2800 cm ™! and 1650—1750 cm ™' referred to as methyl esters
(C—H plus —CH3) and free (CO0—) or esterified (CO0O—R) carboxyl
groups, respectively; in general, vibrations between 1000 and
2000 cm~' show the degree of esterification in HMP systems
(Monsoor, Kalapathy, & Proctor, 2001). In glucose syrup, the typical
bands are below 3000 cm™! for the signals of the C—H group with
the most profound being at 1730—1665 cm™! and 800860 cm™!
for aldehyde or keton and substituted phenyl groups, respectively
(Tipson, 1968). Oleic acid, on the other hand, represents its standard
spectrum of —0OH, —CHz, —COO— vibrational bands at 3307, 2918
and 2851, 1730 cm ™, respectively (Tang, De Guzman, Salley, & Ng,
2008). Hence, these FTIR spectra appear to be congruent to
expectation and indicate the lack of chemical interactions amongst
high-methoxy pectin, glucose syrup and oleic acid molecules under
the conditions of this investigation.

Finally, Fig. 7(a—d) offer tangible evidence of the three dimen-
sional structure of our materials obtained from images of scanning
electron microscopy. Micrographs reveal a broad but fibrillar
arrangement in the high-methoxy pectin network (Fig. 7a and
Willats et al., 2006}, whereas single glucose syrup samples exhibita
flat sheet-like morphology in Fig. 7b. The later arrangement dom-
inates in the HMP/glucose syrup mixture showing a relatively
featureless background (Fig. 7c). The amorphous nature of the

composite gels is further demonstrated in the presence of oleic
acid, which left traceable signs as spherical imprints within the
cross-section of the sample in Fig. 7d thus asserting its plasticizing
effect on the carbohydrate molecules.

3.4. Diffusion of oleic acid in the condensed matrix of this
investigation

In the remaining part of this work, the thermomechanical and
physicochemical characterisation of binary composites of high
methoxy pectin and glucose syrup will be considered for the
elucidation of the diffusional mobility of oleic acid in the condensed
matrix. Such undertaking may allow a better understanding of
curbing oxidative processes in essential fatty acids leading to
preservation of bioactivity and organoleptic quality. Studies of
diffusion kinetics have been mainly focused on water desorption
with various drying techniques (Roberts, Kidd, & Padilla-Zakour,
2008) but, recently, they have been extended to the trans-
portation of bioactive compounds using nuclear magnetic reso-
nance or UV-vis spectroscopy (Jiang & Kasapis, 2011; Roudaut et al.,
1998).

Fig. 8a displays the absorbance of oleic acid diffused from the
high solid carbohydrate matrix to absolute ethanol over a time-
frame of 6 h. Fatty acid content is obtained with the SPV method,
which is based on the reaction of the carbonium ion from

Fig. 7. ESEM micrographs for (a) 3% high-methoxy pectin, (b) 81% glucose syrup, () 3%

glucose syrup and 1% oleic acid.

1gh-methoxy pectin with 82% glucose syrup, and (d) 3% high-methoxy pectin with 81%
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Fig. 10. (a) Absorbance In (M,/M..) with experimental time of observation (In t) to
obtain the diffusion exponent, n, and gel characteristic constant, k, for 3% high-
methoxy pectin with 81% glucose syrup carbohydrate mixture of this investigation
at -30(A), 25 (O), 20 {¢), <15 (+) ~10 (=), -5(C )0 (-).5(@), 10 (M) 15( A)
and 20 °C ( # ) within 60 min; (b) relative diffusion coefficient (D.y) of 1% oleic acid
I:ranspuﬂ from the condensed carbohydrate system to absolute ethanol withi@
min (@, left y-axis) and fractional free volume (f,) of the high solid matrix within
glassy state and glass transition region {C, right y-axis).

Wang, Wu, & Lin, 2008). Diffusion exponent values of this inves-
tigation were found to lie between 0.20 and 0.34, hence arguing for
a less Fickian regime apparently due to the relatively slow mobility
of the bulky triglyceride molecule within the high density carbo-
hydrate network and the mainly hydrophobic or hydrophilic
characteristics of the two systems.

This school of thought also allows estimation of the transport
rate in the form of a diffusion coefficient, Dgg, in relation to the
variable consistency of the polymeric matrix within the rubber-to-
glass transformation. The diffusion coefficient can be readily

Table 1 m
Variation of the kinetic diffusion exponent (n) and gel characteristic constant (k) for
oleic acid in high methoxy pectin and glucose syrup.

Temperature (*C) Kinetic diffusion Gel characteristic Diffusion
exponent n constant k = 107 mechanism
20 034 754 Less Fickian
15 030 944 Less Fickian
10 027 445 Less Fickian
5 028 473 Less Fickian
i} 028 408 Less Fickian
5 020 153 Less Fickian
10 020 194 Less Fickian
15 020 193 Less Fickian
20 022 297 Less Fickian
25 025 493 Less Fickian
30 023 389 Less Fickian

identified in Fick's second law, as follows (Busk & Labuza, 1979;
Crank, 1975):

ot b ox2 (6)
where, ¢ is the concentration of the diffusant molecule and x is the
relative distance travelled.

Assuming that our sample is a finite slab with negligible edge
effects, Fick's law can be solved in the form of an error function
series (Siepmann & Peppas, 2011):

1/2
M; Deagrt™ 1 = ns nL
g — 42 =1 rfc——— 7
=) an 2 (- Wiees 7=l

where, the term ierfc x represents the integrated complementary
error function of x.

Moisture transfer studies in breakfast cereals has shown that
only the first term in this series equation is significant, which, in the
absence of the higher terms, yields the following relationship
(Tutuncu & Labuza, 1996):

My, - M Doty 12
oo t 4( EIT) [3)

Mo —M;~ "\ mI2

2

where, M;, M;, and M_, denote the absolute amounts of the diffusant
compound released at times zero, during experimentation and in-
finity fequilibrium, respectively, and L is the thickness of the slab.

Fig. 10b illustrates the outcome of employing Eq. (8) in the
prediction of Deg for the tertiary system of this investigation. It
combines Fickian kinetics with the concept of free volume over the
operational temperature of 20 to —30 °C. There is a considerable
drop in the values of diffusion coefficient from about 3.3 = 10~
1.3 x 10~? m?s with controlled cooling and, in particular, below the
mechanical glass transition temperature of —15 °C. This is accom-
panied by a reduction in fractional free volume from about 0.06 at
20°Cto 0.04 in the glassy state of the carbohydrate matrix. Clearly,
free volume is the molecular process that governs diffusional
mobility of oleic acid in the condensed matrix of high methoxy
pectin with glucose syrup. Thus the importance of network T and
the structural relaxation of the polymeric matrix in determining
the transport rate of entrapped lipid is documented.

4. Conclusions

For some time now, work in this laboratory galt with the
interplay between free volume theory and the predictions of the
reaction rate theory in shaping up the vitrification properties of
high solid biomaterials. More recently, model food systems were
designed by incorporating bioactive compounds and hydrolytic
enzymes the high solid preparations. However, basic under-
standing of the physics of vitrification needed a description of the
time dependence for the mass transfer of diffusant molecules
within ap eric matrix. The present work addresses this gap in
lknowledge by examining the spread of oleic acid molecules, driven
by a concentration gradient, within the condensed high methoxy
pectin/glucose syrup mixtures. The mechanical transformation
from the rubbery to glassy consistency leads to a reduction in free
volume, which has a profound effect on the diffusion of oleic acid.
Operational kinetics comply with less Fickian modelling, an
outcome that makes sense considering the bulky nature of the
triglyceride and its disparate polarity to the hydrophilic matrix. The
low transport rate contrasts strongly with the rapid (non-Fickian)
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diffusion of the relatively small molecule of vitamin C within the
congruent polarity of a high-methoxy pectin and polydextrose
environment reported elsewhere (Panyoyai, Bannikova, Small, &
Kasapis, 2015).

Acknowledgements

The Australian Awards scholarship provided to Vilia Darma
Paramita is duly acknowledged.

References

Abiad, M. G., Carvajal, M. T, & Campanella, 0. H. {2009). A review on methods and
theories to describe the glass transition phenomenon: applications in food and
pharmaceutical products. Food Engineering Reviews, 1(2), 105-132,

Aktas, N, & Akkose, A, (2010). Glass transition of rainbow trout and its oxidation
stability during storage. International fournal of Food Properties, 13(4), 800—809,

Al-Rugaie, L M., Kasapis, 5., Richardson, R K., & Gordon, M. (1997). The glass
transition zone in high solids pectin and gellan preparations. Polymer, 38{22),
5685—-5694,

Almrhag, 0., George, P, Bannikova, A, Katopo, L, Chaudhary, D., & Kasapis, 5. (2012).
Analysis on the effectiveness of co-solute on the network integrity of high
methoxypectin. Food Chemistry, 135, 1455-1462,

Bajpai, A. K., Bapai, ), & Shukla, 5 (2001). Water sorption through a semi-
interpenetrating polymer network (IPN) with hydrophilic and hydrophobic
chains. Reactive & Functional Polymers, 50, 9—21,

Busk, G. C, Jr, & Labuza, T. P (1979). A dye diffusion technique to evaluate gel
properties. fournal of Food Science, 44, 1369-1372,

Chaudhary, V., Small, D., & Kasapis, S.{2013). Effect of a glassy gellan/polydextrose
matrixon the activity of 2-d-glucosid ase. Carbohydrate Polymers, 95(17, 389—396,

Crank, ). (1975). The mathematics of diffusion. Bristol: Clarendon Press.

Evageliou, V., Kasapis, 5., & Hember, M. W. N. (1998). Vitrification of k-carrageenan
in the presence of high levels of glucose syrup. Polymer, 39(17), 3909—3917,

Ferry, J. D. (1980). Dependence of viscoelastic behavior on temperature and pres-
sure, In Viscoelastic properties of polymers { pp. 264—320). New York: John Wiley,

Gunstone, F. (1996). Fatty acid and lipid chemistry. London: Blackie Academic &
Professional, An Imprint of Chapman & Hall,

Jiang, B., & Kasapis, 5. (2011). Kinetics of a bioactive compound ( caffeine) mobility at
the vicinity of the mechanical glass transition temperature induced by gelling
polysaccharide. Journal of Agricultural and Food Chemistry, 59, 11825—11832,

Karel, M., Anglea, S., Buera, P, Karmas, R, Levi, G., & Roos, Y. (1994), Stability-related
transitions of amorphous foods. Thermochimica Acta, 246(2), 249-2609,

Karel, M., & Saguy, L (1991). Effects of water on diffusion in food systems. In
H. Levine, & L. Slade (Eds.), Water relationships in foods | pp. 157—173). New York:
Plenum Press,

Karmas, R, Buera, M. P, & Karel, M. {1992). Effect of glass transition on rates of
nonenzymic browning in food systems. Joumal of Agricultural and Food Chem-
istry, 40(5), 873—879.

Kasapis, S. (2006). Definition and applications of the network glass transition
temperature, Food Hydrocolloids, 20, 218—228,

Kasapis, 5. (2008). Recent advances and future challenges in the explanation and
exploitation of the network glass transition of high sugar/biopolymer mixtures,
Critical Reviews in Food Science and Nutrition, 48, 185-203,

Kasapis, 5., Al-Marhoobi, L M, & Mitchell, . B (2003). Testing the wvalidity of
comparisons between the rheological and the calorimetric glass transition
temperatures, Carbohydrate Research, 338(8), 787—794,

Kasapis, 5., & Sablani, 5. 5 (2005). A fundamental approach for the estimation of the
mechanical glass transition temperature in gelatin. International joumal of
Biological Macromolecules, 36, 71—78.

Kasapis, 5., & Shrinivas, P. (2010). Combined use of thermomechanics and UV
spectroscopy to rationalize the kinetics of bioactive compound (caffeine)

mobility in a high solids matrix. Journal of Agricultural and Food Chemistry, 58,
3825-3832.

Le Meste, M., Champion, D., Roudaut, G., Blond, G., & Simatos, D. (2002). Glass
transition and food technology: a critical appraisal. Journal of Food Science, 67,
24442458,

Levine, H., & Slade, L. {1992). Glass transitions in foods. In H. G. Schwartzberg, &
R. W. Hartel {Eds.), Physical chemistry of foods (pp. 83—222). New York: Marcel
Dekker, Inc.

Lu, ¥, Ludsin, 5 A, Fanslow, D. L, & Pothoven, 5. A, (2008). Comparison of three
microgquantity techniques for measuring total lipids in fish. Canadian foumal of
Fisheries and Aguatic Sciences, 65(10), 2233-2241,

Monsoor, M. A, Kalapathy, U, & Proctor, A (2001). Determination of poly-
garacturonic acid content in pectin extract by diffuse reflectance Fourier
transform infrared spectroscopy. Food Chemistry, 74, 233—238,

Panyovai, M., Bannikova, A., Small, D. M., & Kasapis, 5. (2015). Diffusion kinetics of
ascorbic acid in a glassy matrix of high-methoxy pectin with polydextrose. Food
Hydrocolloids. http:|/dx.doiorg/10.1016fj.foodhyd 2014.07.016.

Roberts, |. 5., Kidd, D. K., & Padilla-Zakour, 0. {2008). Drying kinetics of grape seeds.
Journal of Food Engineering, 89(4), 460—465,

Roos, ¥. H. (1998). Phase transitions and structure of solid food matrices, Current
Opinion in Colloid & Interface Science, 3(6), 651656,

Roos, ¥, H. (2005). Phase transitions. In G. V. Barbosa-Canovas (Ed.), Food engi-
neering: Encycopedia of life support systems { pp. 177—190). Paris: Unesco Pub-
lishing, United Mations Educational, Scientific and Cultural Organisation. ISBN
UNESCO 93-3-103999-7,

Roos, ¥, H. (2006). Phase transitions and transformations in food systems. In
D. R. Heldman, & D. B. Lund (Eds.), Handbook of food engineering (2nd ed.). (pp.
287—-352). Boca Raton: CRC Press, Taylor & Francis Group,

Roos, ¥. H. (2008). The glassy state. In ). Aguilera, & P. Lillford (Eds.), Food materials
science (pp. 67—81). New York: Springer.

Roos, ¥ H.(2013). Relaxations, glass transition and engineering properties of food
solids. In 8. Yanniotis, P. Taoukis, N. G. Stoforos, & V. T. Karathanos (Eds.), Ad-
vances in food process engineering research and applications (pp. 79-90). New
York: Springer.

Roudaut, G., Van Dusschoten, D, Van As, H., Hemminga, M. A, & Le Maste, M.
(1998). Mobility of lipids in low moisture bread as studied by NMR. Journal of
Cereal Science, 28(2), 147-155.

Sablani, 5. S, Kasapis, 5., & Rahman, M. S, {2007). Evaluating water activity and glass
transition concepts for food stability. fournal of Food Engineering, 78(1),
266—-271.

Schenz, T. W. (1995). Glass transition and product stability-an overview. Food Hy-
drocolloids, 9(4), 307-315.

Siepmann, |., & Peppas, N. A. (2011). Higuchi equation: derivation, application, use
and misuse. International Journal of Pharmaceuticals, 418, 6-12.

Singh, B., & Chauhan, M. {2009). Modification of psyllium polysachharide for use in
oral insulin delivery. Food Hydrocolloids, 23, 928935,

Slade, L, & Levine, H. {1991). Beyond water activity: recent advances based on
alternative approach to the assessment of food quality and safety. Critical Re-
views in Food Science and Nutrition, 30{2—3), 115—360.

Tang, H., De Guzman, K. C, Salley, 5. 0., & Ng, K. Y. 5. {2008). Formation of insolubles
in palm oil, yellow grease, and soybean oil based biodiesel blends after cold
soaking at 4 C. Joumnal of the American Oil Chemists® Society, 85(12), 1173—-1182,

Tipson, R S (1968). Infrared spectroscopy of carbohydrate. Washington: National
Bureau of Standards. Monograph 10,

Tutuncu, M. A, & Labuza, T. P {1996). Effect of geometry on the effective moisture
transfer diffusion coefficient. fournal of Food Engineering, 30, 433—447,

‘Wang, |, Wu, W., & Lin, Z. (2008). Kinetic and thermodynamic of water sorption of
2-hydroxyethyl methacrylate/styrene copolymer hydrogels. Joumal of Applied
Polymer Science, 109, 3018-3023.

Willats, W. G. T, Knox, ). P., & Mikkelsen, ]. D. (2006). Pectin: new insights into an
old polymer are starting to gel. Trends in Food Science & Technology, 97104,

Xu, H, Chai, ¥, & Zhang, G. (2012). Synergistic effect of oleic acid and glycerol on
zein film plasticization. fournal of Agricultural and Food Chemistry, 60{40),
10075—10081




B12 paper

ORIGINALITY REPORT

1 5% 9% 14% 1%

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

scholarbank.nus.edu.sg

Internet Source

T

Naksit Panyoyai, Stefan Kasapis. "A free-
volume interpretation of the decoupling
parameter in bioactive-compound diffusion
from a glassy polymer", Food Hydrocolloids,
2016

Publication

(K

Nazim Nassar, Felicity Whitehead, Taghrid
Istivan, Robert Shanks, Stefan Kasapis.
"Manipulation of the Glass Transition
Properties of a High-Solid System Made of
Acrylic Acid-N,N'-Methylenebisacrylamide
Copolymer Grafted on Hydroxypropyl Methyl
Cellulose", International Journal of Molecular
Sciences, 2021

Publication

T

Vinita Chaudhary, Darryl M. Small, Stefan
Kasapis. "Effect of a glassy
gellan/polydextrose matrix on the activity of

T



a-d-glucosidase", Carbohydrate Polymers,
2013

Publication

Almrhag, Omar, Paul George, Anna
Bannikova, Lita Katopo, and Stefan Kasapis.
"Networks of polysaccharides with hydrophilic
and hydrophobic characteristics in the
presence of co-solute", International Journal
of Biological Macromolecules, 2012.

Publication

(K

Omar Almrhag, Paul George, Anna Bannikova,
Lita Katopo, Deeptangshu Chaudhary, Stefan
Kasapis. "Investigation on the phase
behaviour of gelatin/agarose mixture in an
environment of reduced solvent quality",
Food Chemistry, 2013

Publication

T

Paul George, Leif Lundin, Stefan Kasapis.
"Effect of thermal denaturation on the
mechanical glass transition temperature of
globular protein/co-solute systems", Food
Hydrocolloids, 2014

Publication

T

"Glass Transition and Phase Transitions in
Food and Biological Materials", Wiley, 2017

Publication

T

s3-eu-west-1.amazonaws.com

Internet Source

T




Vilia Darma Paramita, Stefan Kasapis. 1 .
"Molecular dynamics of the diffusion of %
natural bioactive compounds from high-solid
biopolymer matrices for the design of
functional foods", Food Hydrocolloids, 2019

Publication

Shahla Teimouri, Courtney Morrish, Naksit 1 o
Panyoyai, Darryl M. Small, Stefan Kasapis. ’
"Diffusion and relaxation contributions in the
release of vitamin B6 from a moving
boundary of genipin crosslinked gelatin
matrices", Food Hydrocolloids, 2019

Publication

Omar Almrhag, Paul George, Anna Bannikova, 1 o
Lita Katopo, Deeptangshu Chaudhary, Stefan ’
Kasapis. "Phase behaviour of
gelatin/polydextrose mixtures at high levels of
solids", Food Chemistry, 2012

Publication

eprints.nottingham.ac.uk
IntErnetSource g 1%
Submitted to Kennesaw State University 1
Student Paper %

www.tandfonline.com
15 %

Internet Source




