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B-lactoglobulin (B-LG) fibrils have diverse functionalities that make them good
emulsifiers and promising foaming agents. However, fabrication of B-LG fibrils under
highly acidic conditions (pH 2) has limited their application in food matrixes for food
consumption. In addition, B-LG fibrils become unstable when the pH changes and are
prone to aggregation. Hence, this study examined the effect of the thiol-modification on
B-LG fibrils to improve their functionalities and provide stability against pH changes.
Thiol-modified B-LG fibrils were further incorporated into fish oil emulsions by
complexing them with chitosan, followed by microencapsulation.

In the first stage, the effect of thiol-modification on B-LG fibrils was examined by
modifying the carboxyl side groups. The results showed that the highest esterification
was obtained at molar ratios of 4:1 (propanethiol:carboxyl groups) under pH 9. Thiol-
modification significantly (p < 0.05) enhanced the foaming capacity (550.0 + 16.7% to
727.8 + 9.6%), foam stability and emulsifying stability index of the B-LG fibrils. In the
second stage, complexation of thiol-modified B-LG fibrils with chitosan was carried out
and incorporated into a fish oil emulsion. The results showed that the emulsion droplet
size increased with smaller polydispersity indexes upon increasing the chitosan
concentrations (0.1% - 0.5%, w/w). The addition of chitosan improved the emulsion
stability and decreased the extent of creaming and turbidity loss rate, which improved
the oxidative stability of the emulsion significantly (p < 0.05). Moreover, chitosan-
coated emulsion conferred higher heat stability under thermal treatments (63 °C and
100 °C) as indicated by the consistent droplet sizes.

In the third stage, the fish oil emulsion stabilized with thiol-modified B-LG fibril-
chitosan complexes was microencapsulated via spray drying using different inlet
temperatures (160 °C, 170 °C and 180 °C). The results showed that the fish oil
emulsion  microencapsulated at 160 °C exhibited significantly  higher
microencapsulation efficiency (p < 0.05) with enhanced reconstitution properties. Fish
oil microcapsules stabilized by thiol-modified B-LG fibril/0.5% chitosan complexes



exhibited slightly higher glass transition temperature with a smooth-surfaced as
observed via scanning electron microscopy. In the fourth stage, the storage stability and
in-vitro digestibility of the microencapsulated fish oil emulsion stabilized with thiol-
modified B-LG fibril-chitosan complexes was studied, revealing minimal changes in
terms of surface colour and peroxide and p-anisidine values coupled with higher oil
retention over 4-weeks of storage period. It was also stable against different ionic
strengths. This is related to the thicker wall materials formed by thiol-modified B-LG
fibril/0.5% chitosan complexes. It was found that chitosan coating slightly hinder the
enzymatic digestion process.

The findings of this study suggest that thiol-modification improved the functionalities
of B-LG fibrils, including greater tolerance to pH and environmental changes. In
addition, the complexation of thiol-modified B-LG fibrils with chitosan contributed to
the stability and improved microencapsulation efficiency (> 89%) of a fish oil emulsion.
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Fibril B-laktoglobulin (B-LG) mempunyai pelbagai fungsi yang menjadikan mereka
sebagai pengemulsi yang baik dan agen berbuih yang berkesan. Walau bagaimanapun,
fabrikasi fibril B-LG pada pH 2 yang sangat berasid menyebabkan aplikasinya terhad
dalam matriks makanan. Selain itu, fibril -LG adalah tidak stabil terhadap perubahan
pH dan terdedah kepada pengagregatan. Oleh itu, kajian ini mengkaji kesan
pengubahsuaian fibril B-LG dengan tiol untuk memperbaiki fungsinya dan
kestabilannya terhadap perubahan pH. Fibril B-LG yang telah diubahsuai dengan thiol
dimasukkan ke dalam emulsi minyak ikan dan bercampur dengan kitosan, dan
kemudiannya melalui proses mikroenkapsulasi.

Di peringkat pertama, kesan tiol terhadap fibril B-LG dengan mengubahsuai kumpulan
sampingan karboksil B-LG telah dikaji. Keputusan kajian menunjukkan bahawa
esterifikasi tertinggi didapati pada nisbah molar 4:1 (propanethiol:kumpulan karboksil)
pada pH 9. Pengubahsuaian fibril B-LG dengan tiol berjaya mempertingatkan kapasiti
buih (550.0 + 16.7% to 727.8 + 9.6%), kestabilan buih dan indeks kestabilan emulsi
fibril B-LG dengan ketara (p < 0.05). Di peringkat kedua, fibril B-LG yang diubahsuai
dengan tiol dan ditambah dengan kitosan, kemudiannya dimasukkan ke dalam emulsi
minyak ikan. Keputusan kajian menunjukkan peningkatan kepekatan kitosan (0.1% -
0.5%, w/w) telah memyebabkan saiz titisan emulsi menjadi besar, dan indeks
polydispersity yang lebih kecil. Penambahan kitosan meningkatkan kestabilan emulsi
dengan kadar krim dan kadar kekeruhan yang lebih rendah dan meningkatkan
kestabilan oksidatif emulsi dengan ketara (p < 0.05). Emulsi bersalut kitosan
mempunyai kestabilan haba yang lebih tinggi di bawah rawatan haba (63 °C dan 100
°C) seperti yang ditunjukkan oleh saiz titisan yang konsisten.

Di peringkat ketiga, emulsi minyak ikan terbentuk dengan gabungan fibril B-LG yang
diubahsuai dengan tiol dan kitosan telah melalui pengeringan semburan dengan
menggunakan suhu salur masuk yang berbeza (160 °C, 170 °C dan 180 °C). Keputusan



kajian menunjukkan emulsi minyak ikan yang telah dimikroenkapsulasi mempamerkan
kecekapan mikroenkapsulasi yang lebih tinggi dengan ketara (p < 0.05) dan sifat
penyesuaian semula telah dipertingkatkan. Mikrokapsul minyak ikan yang dibentuk
dengan gabungan fibril p-LG yang diubahsuai dengan tiol/ 0.5% kitosan mempamerkan
suhu peralihan kaca yang lebih tinggi dan permukaan kapsul yang licin melalui
pengimbasan mikroskopi elektron. Di peringkat keempat, kestabilan penyimpanan dan
kecerahan in-vitro emulsi minyak ikan terbentuk dengan gabungan fibril B-LG yang
diubahsuai dengan tiol dan kitosan yang dimikroenkapsulasi telah dikaji, menunjukkan
perubahan warna, nilai peroksida dan nilai p-anisidin yang minimum dan pengekalan
minyak yang lebih tinggi dalam tempoh penyimpanan selama 4 minggu. Tambahan
pula, sampel tersebut adalah stabil dalam keadaan kekuatan ionik yang berlainan. Ini
disebabkan oleh permukaan dinding tebal sampel yang terbentuk dengan gabungan
fibril B-LG yang diubahsuai dengan tiol/ 0.5% kitosan. Lapisan kitosan didapati telah
menghalang proses pencernaan enzimatik serba sedikit.

Penemuan kajian ini menunjukkan bahawa pengubahsuaian fibril -LG dengan tiol
akan meningkatkan fungsinya dengan toleransi yang lebih cekap terhadap pH dan
perubahan persekitaran. Selain itu, gabungan fibril B-LG yang diubahsuai dengan tiol
dan kitosan dapat meningkatkan kestabilan dan kecekapan mikroenkapsulasi emulsi
minyak ikan.
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CHAPTER 1

INTRODUCTION

Self-assembly of dairy globular protein into amyloid fibrillar structures has been
studied extensively due to its great potential in food applications. Fibrils are often
characterized by a high ratio of length versus width. If the fibrils are composed of a
cross B-sheet conformation structured perpendicular to the fibril axis, they are
described as “amyloid”. Various food proteins, such as bovine serum albumin
(Veerman, Sagis, Heck, & van der Linden, 2003), soy glycinin (Akkermans, et al.,
2007) and ovalbumin (Veerman, de Schiffart, Sagis, & van der Linden, 2003), have
been reported to form fibrils under specific condition. Beta-lactoglobulin (B-LG) is a
major whey fraction found in bovine milk and is the only fibril-forming protein of
whey isolate (WPI). It forms fibrils when it is subjected to high thermal treatment (>
80 °C) at pH 2 for 20 hours. B-LG is suitable to be used as a model protein to
investigate the formation of fibrils due to its availability, dynamic properties and
structurally well-defined arrangement (Bolder, Vashinder, Sagis, & van der Linden,
2007).

The idea of B-LG fibrillation is initiated by previous studies which found that the
formation of gel by B-LG at pH less than 4 is characterized by a structural “thin
filament” (Langton & Hermansson, 1992). A subsequent study found that heat-induced
B-LG at pH 2 and low ionic strength produced semi-flexible, fine and long protein
aggregates (Aymard, Nicolai, Durand, & Clark, 1999). The formed protein aggregates
are typically long in the order of microns, with diameters in the nanometer range. It is
widely accepted that the fibril formation of B-LG is often induced at high temperature (>
80 °C) and under acidic condition (pH 2) (Bolder, Hendrickx, Sagis, & van der Linden,
2006). Heat-induced fibrillation of B-LG is often associated with an increment of f-
sheet content resulting from the transformation of a-helical to B-sheet conformation.
The unique dimension of B-LG fibrils with a high aspect ratio results in a high excluded
volume (Philipse, 1996), making them a promising food additive for colloidal
dispersions. Previous experimental studies also highlighted the diverse functionalities
of B-LG fibrils as foaming (Oboroceanu, Wang, Magner, & Auty, 2014), gelling
(Graveland-Bikker & de Kruif, 2006), and encapsulating agents (Serfert, et al., 2014).

There are a total of 4 working chapters as shown in Figure 1.1 in which the scope of the
study will be basically focusing on the thiol-modification of B-LG fibrils and the
application of thiol-modified B-LG fibrils-chitosan complex in fish oil emulsion and
encapsulated fish oil. In the first stage, the effects of thiol-modification on the
characteristics of B-LG fibrils were firstly evaluated by modifying the carboxyl side
groups of the B-LG fibrils. Thiol-modification was based on the molar ratios of thiol
reagents:carboxyl groups. Fabrication of B-LG fibrils is usually performed under
extremely acidic condition (pH 2), which make the resulting fibrils inappropriate for
food applications. The pH for most food products is typically in the range of pH 4 to 7
(Ardy Kroes-Nijboer, et al., 2012). Thus, it is essential to look attentively at the
stability of the fabricated fibrils against pH changes. When the pH is close to the
isoelectric point of B-LG (~ pH 5.1), the B-LG fibrils is vulnerable to aggregation, with

1



partial B-sheet disruption often observed. In an effort to enhance the fibrils stability
against pH changes, researchers have investigated the possibility of electrostatic
interaction between B-LG fibrils and sodium dodecyl sulphate (SDS) (Jung, Savin,
Pouzot, Schmitt, & Mezzenga, 2008) or soybean lecithin (Mantovani, Fattori, Michelon,
& Cunha, 2016). In fact, protein modification provides an alternative way to better
address the shortcomings of B-LG fibrils by conferring the fibrils with enhanced
functionalities and higher stability against pH changes. However, fibril modification is
often ignored, with past studies mostly focusing on the modification of relatively pure
globular protein solutions (Jones, Adamcik, Handschin, Bolisetty, & Mezzenga, 2010).
The significance study of the first stage included exploring the possibilities to enhance
functionalities of B-LG fibrils via grafting of functional groups (esterification).
Esterified milk proteins (Sitohy, Chobert, & Haertlé, 2001) and methyl esters of B-LG
(Halpin & Richardson, 1985) have shown improved functional properties as well. The
hydrophobic core of B-LG was unravelled with more exposing functional groups upon
fibrillation. After denaturation and acid hydrolysis, fibrillar protein has more exposed
functional groups. This allows modification via cross-linking to become more effective.
Hence, it was proposed that more impact can be achieved by thiol-modification using
B-LG fibrils as opposed to globular native B-LG attributable to the higher excluded
volume of fibrils (Munialo, de Jongh, Broersen, van der Linden, & Martin, 2013).
Thiol-modified B-LG fibrils were produced at this stage and the thiol-modified B-LG
fibrils with the best physical properties were chosen and used in the second stage of
this study.

In the second stage, the complexation of thiol-modified B-LG fibrils with different
concentrations of chitosan was performed. Then, the fabricated thiol-modified B-LG
fibrils-chitosan complex was utilized as a stabilizer to produce fish oil-in-water
emulsions via high pressure homogenization. The resulting emulsions were
characterized in terms of their physical properties and stability. The growing demand
for fish oil is credited to its beneficial health effects. Fish oil contains substantial
amount of omega-3 polyunsaturated fatty acids which have been reported to enhance
cardiovascular activity, strengthen the immune system and reduce cholesterol level.
This makes them a valuable ingredient in food fortification. However, omega-3 fatty
acids are prone to oxidative degradation due to its unsaturated carbon-carbon bonds,
thus limiting its application in the food industry (Kagami, et al., 2003). Further
degradation may also release unhealthy secondary oxidation products (Fetterman Jr &
Zdanowicz, 2009). Hence, it is important to apply an efficient encapsulation system
such as emulsion to protect the fish oil against oxidative degradation. Chitosan is a
commonly used stabilizer in oil-in-water emulsions. It is a natural cationic
polysaccharide. However, chitosan cannot be applied alone in emulsion system as it is
a non-surface active stabilizer. The significance study of the second stage included
more beneficial impact could be achieved by complexing polysaccharides with protein
in order to produce polysaccharides-protein complexes with enhanced functionalities.
Complexation of chitosan with an effective emulsifier such as thiol-modified B-LG
fibrils can bring out the advantageous properties of chitosan in producing a stable
emulsion. Thiol-modified B-LG fibrils could adsorb onto the oppositely-charged
chitosan prior to their incorporation into fish oil-in-water emulsions. In this case, thiol-
modified B-LG fibrils act as an emulsifier by reducing the interfacial tension between
the oil and aqueous phases. Similarly, chitosan acts as a stabilizer to provide the fish oil
emulsions with higher stability via viscosity enhancement (Dickinson, 2003). The
complexation between protein and polysaccharides would form a protective layer

2



around the fish oil droplets that protects against environmental stresses such as high
temperature, ionic strength and extreme pH conditions. The resulting fish oil emulsion
with better physical properties and highest stability was chosen prior to fish oil
microencapsulation in the third stage.

Subsequently, the third stage of this study involved the microencapsulation of fish oil-
in-water emulsion stabilized using the best thiol-modified B-LG fibrils-chitosan
complex at three different inlet temperatures (160 °C, 170 °C and 180 °C). The most
stable emulsion with enhanced physical properties from the second stage was subjected
to spray drying. The resulting spray-dried fish oil microcapsules were then
characterized in terms of their physical properties which include encapsulation
efficiency (oil retention), reconstitution and morphological properties. Fish oil has a
strong odour and vulnerable to oxidative degradation which was attributed to the
presence of polyunsaturated fatty acids. Besides, previous research has implied the
limitation of B-LG fibrils in spray-dried products due to its heat instability. The
significance of the study for the third stage included masking off the undesirable fishy
odour and inhibiting the fish oil from oxidative deterioration by encapsulation.
Moreover, chitosan which employed in the study conferred higher heat stability and its
complexation with thiol-modified B-LG fibrils combined the advantageous properties
of both oppositely-charged biopolymers for enhanced encapsulation properties. The
fish oil microcapsules produced with the best encapsulation properties were used in the
fourth stage.

Finally, in the fourth stage, the spray-dried fish oil microcapsules were evaluated in
terms of their stability against environmental stresses (ionic strength and pH) and when
subjected to a 4-week storage period. In addition, the in vitro release behaviour of fish
oil from the microcapsules under simulated gastrointestinal condition was also
examined. Omega-3 fatty acids are vulnerable to oxidative deterioration and the
gastrointestinal stability and bioavailability of orally-consumed fish oil are a matter of
concern as well. In other words, the targeted bioactive compound such as fish oil may
undergo degradation en route to the intestines. The significance of study for the fourth
stage included of providing protection and high gastrointestinal stability to the fish oil
against gastric environment. The fabrication of emulsion is an intermediate processing
step prior to microencapsulation. Microencapsulation of functional ingredient such as
fish oil is a promising approach to protect omega-3 fatty acids against oxidative
deterioration and to produce microcapsules with desirable attributes such as controlled
release and enhanced bioavailability (Drusch, Serfert, Van Den Heuvel, & Schwarz,
2006). Wall materials such as chitosan, whey proteins and plant gums are commonly
incorporated into fish oil emulsion prior to fish oil microencapsulation (Pourashouri, et
al., 2014). The combination between chitosan and thiol-modified B-LG fibrils is
expected to confer enhanced stability to fish oil microcapsules and protect the sensitive
core (fish oil) from deterioration. Besides, chitosan-coated emulsion was found to be
highly stable against oxidation and less susceptible to enzymatic digestion, making it
an ideal delivery system for lipophilic ingredients (Klinkesorn & McClements, 2009).
Previous studies highlighted the importance of the mucoadhesive property of chitosan
which allow for longer adsorption residence time in the gastrointestinal passage (Shin,
Chung, Kim, Joung, & Park, 2013).



The objectives of this study were:

1.

2.

To examine the effect of thiol-modification on the physical properties and
functionalities of B-LG fibrils.

To evaluate the stability and physical properties of fish oil-in-water emulsions
stabilized using thiol-modified B-LG fibril-chitosan complex.

To investigate the application of thiol-modified B-LG fibril-chitosan complex
as wall material on the characteristics of spray-dried fish oil microcapsules.

To determine the effect of the thiol-modified B-LG fibril-chitosan complex on
the storage stability and in vitro release of the spray-dried fish oil
microcapsules.



Phase 1

Phase 2

Phase 3

Phase 4

Production of B-LG

Thiol-modification of B-LG fibrils

B-LG fibrils at pH 8 0.5:1

(mole ratio reagent: carboxyl group) 1:1
2:1
3:1
4:1

B-LG fibrils at pH 9 0.5:1

(mole ratio reagent: carboxyl group) 1:1
2:1
3:1
4:1

Production of fish oil emulsion

Fish oil

Thiol-modified B-LG fibrils

Maltodextrin

Chitosan

10%

1%

24%

0.1%

0.2%

0.3%

0.4%

0.5%

1

Figure 1.1: Schematic flow diagram of the working chapters.

Fish oil emulsion is prepared by high shear homogenization (7500
rpm, 5 minutes), followed by high pressure homogenization (750
bar, 3 cycles)

Fish oil emulsion was then microencapsulated via spray drying
at three different inlet temperatures (160 °C, 170 °C and 180 °C)

Fish oil powders were subjected to storage stability (45 °C, one
month) and in-vitro release studies.







REFERENCES

Adamcik, J., Jung, J. M., Flakowski, J., De Los Rios, P., Dietler, G. and Mezzenga, R.
(2010). Understanding amyloid aggregation by statistical analysis of atomic
force microscopy images. Nature Nanotechnology 5: 423-428.

Adamcik, J. and Mezzenga, R. (2011). Adjustable twisting periodic pitch of amyloid
fibrils. Soft Matter 7: 5437-5443.

Akhtar, M. and Dickinson, E. (2003). Emulsifying properties of whey protein—dextran
conjugates at low pH and different salt concentrations. Colloids and Surfaces
B: Biointerfaces 31: 125-132.

Akkermans, C., van der Goot, A. J., Venema, P., van der Linden, E. and Boom, R. M.
(2008a). Formation of fibrillar whey protein aggregates: Influence of heat and
shear treatment, and resulting rheology. Food Hydrocolloid 22: 1315-1325.

Akkermans, C., Van der Goot, A. J., Venema, P., Van der Linden, E. and Boom, R. M.
(2008b). Properties of protein fibrils in whey protein isolate solutions:
Microstructure, flow behaviour and gelation. International Dairy Journal 18:
1034-1042.

Adamcik, J., Jung, J. M., Flakowski, J., De Los Rios, P., Dietler, G. and Mezzenga, R.
(2010). Understanding amyloid aggregation by statistical analysis of atomic
force microscopy images. Nature Nanotechnology 5: 423-428.

Adamcik, J. and Mezzenga, R. (2011). Adjustable twisting periodic pitch of amyloid
fibrils. Soft Matter 7: 5437-5443.

Agullé, E., Rodriguez, M. S., Ramos, V. and Albertengo, L. (2003). Present and future
role of chitin and chitosan in food. Macromolecular Bioscience 3: 521-530.

Akhtar, M. and Dickinson, E. (2003). Emulsifying properties of whey protein—dextran
conjugates at low pH and different salt concentrations. Colloids and Surfaces
B: Biointerfaces 31: 125-132.

Akkermans, C., Van der Goot, A., Venema, P., Gruppen, H., Vereijken, J., Van der
Linden, E. and Boom, R. (2007). Micrometer-sized fibrillar protein aggregates
from soy glycinin and soy protein isolate. Journal of Agricultural and Food
Chemistry 55: 9877-9882.

Akkermans, C., van der Goot, A. J., Venema, P., van der Linden, E. and Boom, R. M.
(2008a). Formation of fibrillar whey protein aggregates: Influence of heat and
shear treatment, and resulting rheology. Food Hydrocolloids 22: 1315-1325.

Akkermans, C., Van der Goot, A. J., Venema, P., Van der Linden, E. and Boom, R. M.
(2008b). Properties of protein fibrils in whey protein isolate solutions:
Microstructure, flow behaviour and gelation. International Dairy Journal 18:
1034-1042.

Aoki, T., Decker, E. A. and McClements, D. J. (2005). Influence of environmental
stresses on stability of O/W emulsions containing droplets stabilized by
multilayered membranes produced by a layer-by-layer electrostatic deposition
technique. Food Hydrocolloids 19: 209-220.

Arnaudov, L. N. and de Vries, R. (2006). Strong impact of ionic strength on the
kinetics of fibrilar aggregation of bovine B-lactoglobulin. Biomacromolecules
7: 3490-3498.

Arnaudov, L. N. and de Vries, R. (2007). Theoretical modeling of the kinetics of
fibrilar aggregation of bovine beta-lactoglobulin at pH 2. The Journal of
Chemical Physics 126: 145106-145112.

83



Arnaudov, L. N., de Vries, R., Ippel, H. and van Mierlo, C. P. M. (2003). Multiple
Steps during the Formation of B-Lactoglobulin Fibrils. Biomacromolecules 4:
1614-1622.

Aymard, P., Nicolai, T., Durand, D. and Clark, A. (1999). Static and dynamic
scattering of B-lactoglobulin aggregates formed after heat-induced
denaturation at pH 2. Macromolecules 32: 2542-2552.

Bao, S. S., Hu, X. C,, Zhang, K., Xu, X. K., Zhang, H. M. and Huang, H. (2011).
Characterization of spray-dried microalgal oil encapsulated in cross-linked
sodium caseinate matrix induced by microbial transglutaminase. Journal of
Food Science 76: 112-118.

Bateman, L., Ye, A. and Singh, H. (2010). In vitro digestion of beta-lactoglobulin
fibrils formed by heat treatment at low pH. Journal of Agricultural and Food
Chemistry 58: 9800-9808.

Berton-Carabin, C., Genot, C., Gaillard, C., Guibert, D. and Ropers, M. H. (2013).
Design of interfacial films to control lipid oxidation in oil-in-water emulsions.
Food Hydrocolloids 33: 99-105.

Blijdenstein, T. B., Veerman, C. and van der Linden, E. (2004). Depletion-flocculation
in oil-in-water emulsions using fibrillar protein assemblies. Langmuir 20:
4881-4884.

Bolder, S. G., Hendrickx, H., Sagis, L. M. and van der Linden, E. (2006). Fibril
assemblies in aqueous whey protein mixtures. Journal of Agricultural and
Food Chemistry 54: 4229-4234.

Bolder, S. G., Sagis, L. M., Venema, P. and van der Linden, E. (2007). Effect of
stirring and seeding on whey protein fibril formation. Journal of Agricultural
and Food Chemistry 55: 5661-5669.

Bolder, S. G., Vasbhinder, A. J., Sagis, L. M. C. and van der Linden, E. (2007). Heat-
induced whey protein isolate fibrils: Conversion, hydrolysis, and disulphide
bond formation. International Dairy Journal 17: 846-853.

Bouyer, E., Mekhloufi, G., Rosilio, V., Grossiord, J.-L. and Agnely, F. (2012). Proteins,
polysaccharides, and their complexes used as stabilizers for emulsions:
alternatives to synthetic surfactants in the pharmaceutical field? International
journal of pharmaceutics 436: 359-378.

Bromley, E. H., Krebs, M. R. and Donald, A. M. (2005). Aggregation across the
length-scales in B-lactoglobulin. Faraday Discussions 128: 13-27.

Carneiro, H. C. F., Tonon, R.V., Grosso, C. R. F. and Hubinger, M. D. (2013).
Encapsulation efficiency and oxidative stability of flaxseed oil
microencapsulated by spray drying using different combinations of wall
materials. Journal of Food Engineering 115: 443-451.

Chaiyasit, W., Elias, R. J., McClements, D. J. and Decker, E. A. (2007). Role of
physical structures in bulk oils on lipid oxidation. Critical Review in Food
Science and Nutrition 47: 299-317.

Chanasattru, W., Decker, E. A. and McClements, D. J. (2007). Inhibition of droplet
flocculation in globular-protein stabilized oil-in-water emulsions by polyols.
Food Research International 40: 1161-1169.

Charve, J. P. and Reineccius, G. A. (2009). Encapsulation performance of proteins and
traditional materials for spray dried flavors. Journal of Agricultural and Food
Chemistry 57: 2486-2492.

Chatterjee, S. and Judeh, Z. M. A. (2016). Impact of encapsulation on the
physicochemical properties and gastrointestinal stability of fish oil. LWT -
Food Science and Technology 65: 206-213.

84



Chen, Q., McGillivray, D., Wen, J., Zhong, F. and Quek, S. Y. (2013). Co-
encapsulation of fish oil with phytosterol esters and limonene by milk proteins.
Journal of Food Engineering 117: 505-512.

Chevalier, F., Chobert, J.-M., Genot, C. and Haertlé, T. (2001). Scavenging of free
radicals, antimicrobial, and cytotoxic activities of the Maillard reaction
products of B-lactoglobulin glycated with several sugars. Journal of
Agricultural and Food Chemistry 49: 5031-5038.

Chiti, F. and Dobson, C. M. (2006). Protein misfolding, functional amyloid, and human
disease. Annual Review of Biochemistry 75: 333-366.

Chove, B. E., Grandison, A. S. and Lewis, M. J. (2001). Emulsifying properties of soy
protein isolate fractions obtained by isoelectric precipitation. Journal of the
Science of Food and Agriculture 81: 759-763.

Chuah, A.M., Kuroiwa, T., Kobayashi, I. and Nakajima, M. (2009). Effect of chitosan
on the stability and properties of modified lecithin stabilized oil-in-water
monodisperse emulsion prepared by microchannel emulsification. Food
Hydrocolloids 23: 600-610.

Claesson, P. M. and Ninham, B. W. (1992). pH-dependent interactions between
adsorbed chitosan layers. Langmuir 8: 1406-1412.

Colussi, G., Catena, C., Baroselli, S., Nadalini, E., Lapenna, R., Chiuch, A. and Sechi,
L. A. (2007). Omega-3 fatty acids: from biochemistry to their clinical use in
the prevention of cardiovascular disease. Recent Patents on Cardiovascular
Drug Discovery 2: 13-21.

Croguennec, T., Renault, A., Beaufils, S., Dubois, J. J. and Pezennec, S. (2007).
Interfacial properties of heat-treated ovalbumin. Journal of Colloid and
Interface Science 315: 627-636.

Croguennec, T., Renault, A., Bouhallab, S. and Pezennec, S. (2006). Interfacial and
foaming properties of sulfydryl-modified bovine beta-lactoglobulin. Journal
of Colloid and Interface Science 302: 32-39.

Damodaran, S. (2005). Protein Stabilization of Emulsions and Foams. Journal of Food
Science 70: 54-66.

Del Blanco, L., Rodriguez, M., Schulz, P. and Agullo, E. (1999). Influence of the
deacetylation degree on chitosan emulsification properties. Colloid & Polymer
Science 277: 1087-1092.

del Val, G., Yee, B. C., Lozano, R.M., Buchanan, B. B., Ermel, R. W., Lee, Y.-M. and
Frick, O. L. (1999). Thioredoxin treatment increases digestibility and lowers
allergenicity of milk. Journal of Allergy and Clinical Immunology 103: 690-
697.

Denkov, N. D. (2004). Mechanisms of Foam Destruction by Oil-Based Antifoams.
Langmuir 20: 9463-9505.

Desai, K.G.H. and Jin Park, H. (2005). Recent Developments in Microencapsulation of
Food Ingredients. Drying Technology 23: 1361-1394.

Diab, M., El-Sonbati, A. and Bader, D. (2011). Thermal stability and degradation of
chitosan modified by benzophenone. Spectrochimica Acta Part A: Molecular
and Biomolecular Spectroscopy 79: 1057-1062.

Dickinson, E. (2001). Milk protein interfacial layers and the relationship to emulsion
stability and rheology. Colloids and Surfaces B: Biointerfaces 20: 197-210.

Dickinson, E. (2003). Hydrocolloids at interfaces and the influence on the properties of
dispersed systems. Food Hydrocolloids 17: 25-39.

85



Dissanayake, M. and Vasiljevic, T. (2009). Functional properties of whey proteins
affected by heat treatment and hydrodynamic high-pressure shearing. Journal
of Dairy Science 92; 1387-1397.

Dobson, C.M. (2003). Protein folding and misfolding. Nature 426: 884-890.

Drusch, S., Berg, S., Scampicchio, M., Serfert, Y., Somoza, V., Mannino, S. and
Schwarz, K. (2009). Role of glycated caseinate in stabilisation of
microencapsulated lipophilic functional ingredients. Food Hydrocolloids 23:
942-948.

Drusch, S., Rétzke, K., Shaikh, M. Q., Serfert, Y., Steckel, H., Scampicchio, M., Voigt,
I., Schwarz, K. and Mannino, S. (2009). Differences in free volume elements
of the carrier matrix affect the stability of microencapsulated lipophilic food
ingredients. Food Biophysics 4: 42-48.

Drusch, S., Serfert, Y., Scampicchio, M., Schmidt-Hansberg, B. and Schwarz, K.
(2007). Impact of physicochemical characteristics on the oxidative stability of
fish oil microencapsulated by spray-drying. Journal of Agricultural and Food
Chemistry 55: 11044-11051.

Drusch, S., Serfert, Y., Van Den Heuvel, A. and Schwarz, K. (2006). Physicochemical
characterization and oxidative stability of fish oil encapsulated in an
amorphous matrix containing trehalose. Food Research International 39: 807-
815.

Dufour, E., Genot, C. and Haertlé, T. (1994). B-Lactoglobulin binding properties during
its folding changes studied by fluorescence spectroscopy. Biochimica et
Biophysica Acta (BBA)-Protein Structure and Molecular Enzymology 1205:
105-112.

Elias, R.J., Kellerby, S.S. and Decker, E.A. (2008). Antioxidant activity of proteins and
peptides. Critical Reviews in Food Science and Nutrition 48: 430-441.
Engelhardt, K., Lexis, M., Gochev, G., Konnerth, C., Miller, R., Willenbacher, N.,
Peukert, W. and Braunschweig, B. (2013). pH effects on the molecular
structure of beta-lactoglobulin modified air-water interfaces and its impact on

foam rheology. Langmuir 29: 11646-11655.

Fazaeli, M., Emam-Djomeh, Z., Kalbasi Ashtari, A. and Omid, M. (2012). Effect of
spray drying conditions and feed composition on the physical properties of
black mulberry juice powder. Food and Bioproducts Processing 90: 667-675.

Fetterman Jr, J. W. and Zdanowicz, M. M. (2009). Therapeutic potential of n-3
polyunsaturated fatty acids in disease. America Journal of Health System
Pharmacy 66: 1169-1179.

Fortini, A., Bolhuis, P. G. and Dijkstra, M. (2008). Effect of excluded volume
interactions on the interfacial properties of colloid-polymer mixtures. The
Journal of Chemical Physics 128: 024904, 024909.

Gharsallaoui, A., Roudaut, G., Chambin, O., Voilley, A. and Saurel, R. (2007).
Applications of spray-drying in microencapsulation of food ingredients: An
overview. Food Research International 40: 1107-1121.

Gilbert, J., Campanella, O. and Jones, O. G. (2014). Electrostatic stabilization of beta-
lactoglobulin ~ fibrils at increased pH with cationic  polymers.
Biomacromolecules 15: 3119-3127.

Glenner, G., Page, D. and Eanes, E. (1972). The relation of the properties of Congo
red-stained amyloid fibrils to the B-conformation. Journal of Histochemistry &
Cytochemistry 20: 821-826.

Gosal, W. S., Clark, A. H. and Ross-Murphy, S. B. (2004). Fibrillar B-lactoglobulin
gels: Part 1. Fibril formation and structure. Biomacromolecules 5: 2408-2419.

86



Goula, A. M. and Adamopoulos, K. G. (2010). A new technique for spray drying
orange juice concentrate. Innovative Food Science & Emerging Technologies
11: 342-351.

Graveland-Bikker, J. F. and de Kruif, C. G. (2006). Unique milk protein based
nanotubes: Food and nanotechnology meet. Trends in Food Science &
Technology 17: 196-203.

Graveland-Bikker, J. F., Ipsen, R., Otte, J. and de Kruif, C. G. (2004). Influence of
calcium on the self-assembly of partially hydrolyzed a-lactalbumin. Langmuir
20: 6841-6846.

Greenwald, J. and Riek, R. (2010). Biology of amyloid: structure, function, and
regulation. Structure 18: 1244-1260.

Gu, Y. S., Decker, E. A. and McClements, D. J. (2004). Influence of pH and 1-
carrageenan concentration on physicochemical properties and stability of B-
lactoglobulin-stabilized oil-in-water emulsions. Journal of Agricultural and
Food Chemistry 52: 3626-3632.

Guo, Z., Chen, X., Liu, H., Guo, Q., Guo, X. and Lu, H. (2014). Theoretical and
experimental investigation on angle of repose of biomass—coal blends. Fuel
116: 131-139.

Guzey, D. and McClements, D. J. (2006). Characterization of B-lactoglobulin—chitosan
interactions in aqueous solutions: a calorimetry, light scattering,
electrophoretic mobility and solubility study. Food Hydrocolloids 20: 124-131.

Halpin, M. L. and Richardson, T. (1985). Selected functionality changes of P-
Lactoglobulin upon esterification of side-chain carboxyl groups. Journal of
Dairy Science 68: 3189-3198.

Hong, Y.-H. and McClements, D. J. (2007). Modulation of pH Sensitivity of Surface
Charge and Aggregation Stability of Protein-Coated Lipid Droplets by
Chitosan Addition. Food Biophysics 2: 46-55.

Jafari, S. M., Assadpoor, E., Bhandari, B. and He, Y. (2008). Nano-particle
encapsulation of fish oil by spray drying. Food Research International 41:
172-183.

Jafari, S. M., Assadpoor, E., He, Y. and Bhandari, B. (2008). Re-coalescence of
emulsion droplets during high-energy emulsification. Food Hydrocolloids 22:
1191-1202.

Jones, O. G., Adamcik, J., Handschin, S., Bolisetty, S. and Mezzenga, R. (2010).
Fibrillation of beta-lactoglobulin at low pH in the presence of a complexing
anionic polysaccharide. Langmuir 26: 17449-17458.

Jones, O. G., Handschin, S., Adamcik, J., Harnau, L., Bolisetty, S. and Mezzenga, R.
(2011). Complexation of beta-lactoglobulin  fibrils and sulfated
polysaccharides. Biomacromolecules 12: 3056-3065.

Jones, O. G. and Mezzenga, R. (2012). Inhibiting, promoting, and preserving stability
of functional proteinfibrils. Soft Matter 8: 876-895.

Jung, J. M., Savin, G., Pouzot, M., Schmitt, C. and Mezzenga, R. (2008). Structure of
heat-induced B-lactoglobulin aggregates and their complexes with sodium-
dodecyl sulfate. Biomacromolecules 9: 2477-2486.

Jung, J. M. and Mezzenga, R. (2010). Liquid crystalline phase behavior of protein
fibers in water: experiments versus theory. Langmuir 26: 504-514.

Kad, N.M., Thomson, N. E., Smith, D. P., Smith, D. A. and Radford, S. E. (2001). 3, -
microglobulin and its deamidated variant, N17D form amyloid fibrils with a
range of morphologies in vitro. Journal of Molecular Biology 313: 559-571.

87



Kagami, Y., Sugimura, S., Fujishima, N., Matsuda, K., Kometani, T. and Matsumura,
Y. (2003). Oxidative stability, structure, and physical characteristics of
microcapsules formed by spray drying of fish oil with protein and dextrin wall
materials. Journal of Food Science, 68(7), 2248-2255.

Karaca, A. C., Nickerson, M. and Low, N. H. (2013). Microcapsule production
employing chickpea or lentil protein isolates and maltodextrin:
Physicochemical properties and oxidative protection of encapsulated flaxseed
oil. Food Chemistry 139: 448-457.

Kargar, M., Fayazmanesh, K., Alavi, M., Spyropoulos, F. and Norton, I. T. (2012).
Investigation into the potential ability of Pickering emulsions (food-grade
particles) to enhance the oxidative stability of oil-in-water emulsions. Journal
of Colloid and Interface Science 366: 209-215.

Kavanagh, G.M., Clark, A. H. and Ross-Murphy, S. B. (2000). Heat-induced gelation
of globular proteins: part 3. Molecular studies on low pH B-lactoglobulin gels.
International Journal of Biological Macromolecules 28: 41-50.

Kean, T. and Thanou, M. (2010). Biodegradation, biodistribution and toxicity of
chitosan. Advanced Drug Delivery Reviews 62: 3-11.

Kido, Y., Hiramoto, S., Murao, M., Horio, Y., Miyazaki, T., Kodama, T. and Nakabou,
Y. (2003). e-Polylysine inhibits pancreatic lipase activity and suppresses
postprandial hypertriacylglyceridemia in rats. The Journal of nutrition 133:
1887-1891.

Klaypradit, W. and Huang, Y.-W. (2008). Fish oil encapsulation with chitosan using
ultrasonic atomizer. LWT - Food Science and Technology 41: 1133-1139.

Klinkesorn, U. (2013). The Role of Chitosan in Emulsion Formation and Stabilization.
Food Reviews International 29: 371-393.

Klinkesorn, U. and McClements, D. J. (2009). Influence of chitosan on stability and
lipase digestibility of lecithin-stabilized tuna oil-in-water emulsions. Food
Chemistry 114: 1308-1315.

Klinkesorn, U. and Namatsila, Y. (2009). Influence of chitosan and NaCl on
physicochemical properties of low-acid tuna oil-in-water emulsions stabilized
by non-ionic surfactant. Food Hydrocolloids 23: 1374-1380.

Klinkesorn, U., Sophanodora, P., Chinachoti, P., Decker, E. A. and McClements, D. J.
(2006). Characterization of spray-dried tuna oil emulsified in two-layered
interfacial membranes prepared using electrostatic layer-by-layer deposition.
Food Research International 39: 449-457.

Klinkesorn, U., Sophanodora, P., Chinachoti, P., McClements, D. J. and Decker, E. A.
(2005). Stability of spray-dried tuna oil emulsions encapsulated with two-
layered interfacial membranes. J Agric Food Chem, 53(21), 8365-8371.

Kontopidis, G., Holt, C. and Sawyer, L. (2004). Invited review: B-lactoglobulin:
binding properties, structure, and function. Journal of dairy science 87: 785-
796.

Krebs, M.R., Bromley, E.H. and Donald, A.M. (2005). The binding of thioflavin-T to
amyloid fibrils: localisation and implications. Journal of Structural Biology
149: 30-37.

Kroes-Nijboer, A., Sawalha, H., Venema, P., Bot, A., Floter, E., den Adel, R,
Bouwman, W. G. and van der Linden, E. (2012). Stability of aqueous food
grade fibrillar systems against pH change. Faraday Discussions 158: 125-138.

Kroes-Nijboer, A., Venema, P., Baptist, H. and van der Linden, E. (2010). Fracture of
Protein Fibrils As Induced by Elongational Flow. Langmuir 26: 13097-13101.

88



Kroes-Nijboer, A., Venema, P., Bouman, J. and van der Linden, E. (2009). The Critical
Aggregation Concentration of f3-Lactoglobulin-Based Fibril Formation. Food
Biophysics 4: 59-63.

Kroes-Nijboer, A., Venema, P., Bouman, J. and van der Linden, E. (2011). Influence of
protein hydrolysis on the growth kinetics of beta-lg fibrils. Langmuir 27:
5753-5761.

Kroes-Nijboer, A., Venema, P. and van der Linden, E. (2012). Fibrillar structures in
food. Food & Function 3: 221-227.

Laleye, L. C., Jobe, B. and Wasesa, A. A. (2008). Comparative study on heat stability
and functionality of camel and bovine milk whey proteins. Journal of Dairy
Science 91: 4527-4534.

Lam, R. S. and Nickerson, M. T. (2015). The effect of pH and temperature pre-
treatments on the physicochemical and emulsifying properties of whey protein
isolate. LWT - Food Science and Technology 60: 427-434.

Langton, M. and Hermansson, A.-M. (1992). Fine-stranded and particulate gels of B-
lactoglobulin and whey protein at varying pH. Food Hydrocolloids 5: 523-539.

Lara, C., Adamcik, J., Jordens, S. and Mezzenga, R. (2011). General self-assembly
mechanism converting hydrolyzed globular proteins into giant multistranded
amyloid ribbons. Biomacromolecules 12: 1868-1875.

Lee, A.-C. and Hong, Y.-H. (2009). Coacervate formation of a-lactalbumin—chitosan
and PB-lactoglobulin—chitosan complexes. Food Research International 42:
733-738.

Li, J., Hwang, I.-C., Chen, X. and Park, H. J. (2016). Effects of chitosan coating on
curcumin loaded nano-emulsion: Study on stability and in vitro digestibility.
Food Hydrocolloids 60: 138-147.

Liu, G. and Zhong, Q. (2013). Dispersible and thermal stable nanofibrils derived from
glycated whey protein. Biomacromolecules 14: 2146-2153.

Liu, H., Chen, W. and Mao, S. (2007). Antioxidant nature of bovine milk [-
lactoglobulin. Journal of Dairy Science 90: 547-555.

Liu, H., Wei, Z., Hu, M., Deng, Y., Tong, Z. and Wang, C. (2014). Fabrication of
degradable polymer microspheres via pH-responsive chitosan-based Pickering
emulsion photopolymerization. RSC Advances 4: 29344-29351.

Loveday, S. M., Rao, M. A., Creamer, L. K. and Singh, H. (2009). Factors affecting
rheological characteristics of fibril gels: the case of beta-lactoglobulin and
alpha-lactalbumin. Journal of Food Science 74: 47-55.

Loveday, S. M., Wang, X. L., Rao, M. A., Anema, S.G., Creamer, L.K. and Singh, H.
(2010). Tuning the properties of B-lactoglobulin nanofibrils with pH, NaCl
and CacCl,. International Dairy Journal 20: 571-579.

Loveday, S. M., Wang, X. L., Rao, M. A., Anema, S. G. and Singh, H. (2012). B-
Lactoglobulin nanofibrils: Effect of temperature on fibril formation kinetics,
fibril morphology and the rheological properties of fibril dispersions. Food
Hydrocolloids 27: 242-249.

Lumay, G., Boschini, F., Traina, K., Bontempi, S., Remy, J.-C., Cloots, R. and
Vandewalle, N. (2012). Measuring the flowing properties of powders and
grains. Powder Technology 224: 19-27.

Maeda, Y. and Kimura, Y. (2004). Antitumor effects of various low-molecular-weight
chitosans are due to increased natural Killer activity of intestinal intraepithelial
lymphocytes in sarcoma 180—bearing mice. The Journal of nutrition 134: 945-
950.

89



Mantovani, R. A., Fattori, J., Michelon, M. and Cunha, R. L. (2016). Formation and
pH-stability of whey protein fibrils in the presence of lecithin. Food
Hydrocolloids 60: 288-298.

Martin, A., Grolle, K., Bos, M., Stuart, M. andVanvliet, T. (2002). Network Forming
Properties of Various Proteins Adsorbed at the Air/Water Interface in Relation
to Foam Stability. Journal of Colloid and Interface Science 254: 175-183.

McClements, D. J. (2004). Protein-stabilized emulsions. Current Opinion in Colloid &
Interface Science 9: 305-313.

McClements, D. J. (2010). Emulsion design to improve the delivery of functional
lipophilic components. Annual Review Food Science and Technology 1: 241-
269.

McClements, D. J. (2015). Food emulsions: principles, practices, and techniques: CRC
press.

McMinn, W. and Magee, T. (2003). Thermodynamic properties of moisture sorption of
potato. Journal of Food Engineering, 60(2), 157-165.

McSwiney, M., Singh, H. and Campanella, O. H. (1994). Thermal aggregation and
gelation of bovine B-lactoglobulin. Food Hydrocolloids 8: 441-453.

Mezhericher, M., Levy, A. and Borde, I. (2010). Theoretical Models of Single Droplet
Drying Kinetics: A Review. Drying Technology 28: 278-293.

Mirhosseini, H., Tan, C. P., Aghlara, A., Hamid, N. S. A., Yusof, S. and Chern, B. H.
(2008). Influence of pectin and CMC on physical stability, turbidity loss rate,
cloudiness and flavor release of orange beverage emulsion during storage.
Carbohydrate Polymers 73: 83-91.

Moayedzadeh, S., Madadlou, A. and Khosrowshahi asl, A. (2015). Formation
mechanisms, handling and digestibility of food protein nanofibrils. Trends in
Food Science & Technology 45: 50-59.

Mohammadian, M. and Madadlou, A. (2016). Characterization of fibrillated
antioxidant whey protein hydrolysate and comparison with fibrillated protein
solution. Food Hydrocolloids 52: 221-230.

Mohammed, M. H., Williams, P. A. and Tverezovskaya, O. (2013). Extraction of chitin
from prawn shells and conversion to low molecular mass chitosan. Food
Hydrocolloids 31: 166-171.

Moro, A., Baez, G. D., Ballerini, G. A., Busti, P. A. and Delorenzi, N. J. (2013).
Emulsifying and foaming properties of B-lactoglobulin modified by heat
treatment. Food Research International 51: 1-7.

Mucha, M. (1997). Rheological characteristics of semi-dilute chitosan solutions.
Macromolecular Chemistry and Physics 198: 471-484.

Mudgal, P., Daubert, C. R., Clare, D. A. and Foegeding, E. A. (2011). Effect of
disulfide interactions and hydrolysis on the thermal aggregation of beta-
lactoglobulin. Journal of Agricultural and Food Chemistry 59: 1491-1497.

Mudgal, P., Daubert, C. R. and Foegeding, E. A. (2009). Cold-set thickening
mechanism of B-lactoglobulin at low pH: Concentration effects. Food
Hydrocolloids 23: 1762-1770.

Mudgal, P., Daubert, C. R. and Foegeding, E. A. (2011). Kinetic study of pB-
lactoglobulin thermal aggregation at low pH. Journal of Food Engineering,
106: 159-165.

Mun, S., Decker, E. A. and McClements, D. J. (2005). Influence of droplet
characteristics on the formation of oil-in-water emulsions stabilized by
surfactant— chitosan layers. Langmuir 21: 6228-6234.

90



Mun, S., Decker, E. A., Park, Y., Weiss, J. and McClements, D. J. (2006). Influence of
interfacial composition on in vitro digestibility of emulsified lipids: potential
mechanism for chitosan's ability to inhibit fat digestion. Food Biophysics 1:
21-29.

Munialo, C. D., de Jongh, H. H., Broersen, K., van der Linden, E. and Martin, A. H.
(2013). Modulation of the gelation efficiency of fibrillar and spherical
aggregates by means of thiolation. Journal of Agricultural and Food
Chemistry 61: 11628-11635.

Munialo, C. D., Martin, A. H., van der Linden, E. and de Jongh, H. H. (2014). Fibril
formation from pea protein and subsequent gel formation. Journal of
Agricultural and Food Chemistry 62: 2418-2427.

Naiki, H., Higuchi, K., Hosokawa, M. and Takeda, T. (1989). Fluorometric
determination of amyloid fibrils in vitro using the fluorescent dye, thioflavine
T. Analytical biochemistry 177: 244-249.

Nicorescu, 1., Loisel, C., Riaublanc, A., Vial, C., Djelveh, G., Cuvelier, G. and Legrand,
J. (2009). Effect of dynamic heat treatment on the physical properties of whey
protein foams. Food Hydrocolloids 23: 1209-1219.

Nijdam, J. J. and Langrish, T. A. G. (2006). The effect of surface composition on the
functional properties of milk powders. Journal of Food Engineering 77: 919-
925.

Nystrém, B., Kjgniksen, A.-L. and Iversen, C. (1999). Characterization of association
phenomena in aqueous systems of chitosan of different hydrophobicityl.
Advances in Colloid and Interface Science 79: 81-103.

O’Regan, J. and Mulvihill, D. M. (2010). Sodium caseinate—maltodextrin conjugate
stabilized double emulsions: Encapsulation and stability. Food Research
International 43: 224-231.

Oarada, M. and Miyazawa, T. (1990). The effect of rancid oils on lymphoid tissues.
Journal of Japan Qil Chemists' Society 39: 373-379.

Oboroceanu, D., Wang, L., Brodkorb, A., Magner, E. and Auty, M. A. E. (2010).
Characterization of beta-lactoglobulin fibrillar assembly using atomic force
microscopy, polyacrylamide gel electrophoresis, and in situ fourier transform
infrared spectroscopy. Journal of Agricultural and Food Chemistry 58: 3667-
3673.

Oboroceanu, D., Wang, L., Magner, E. and Auty, M. A. E. (2014). Fibrillization of
whey proteins improves foaming capacity and foam stability at low protein
concentrations. Journal of Food Engineering 121: 102-111.

Odell, J. and Keller, A. (1986). Flow-induced chain fracture of isolated linear
macromolecules in solution. Journal of Polymer Science Part B: Polymer
Physics 24: 1889-1916.

Ogawa, S., Decker, E. A. and McClements, D. J. (2003a). Influence of environmental
conditions on the stability of oil in water emulsions containing droplets
stabilized by lecithin— chitosan membranes. Journal of Agricultural and Food
Chemistry 51: 5522-5527.

Ogawa, S., Decker, E. A. and McClements, D. J. (2003b). Production and
characterization of O/W emulsions containing cationic droplets stabilized by
lecithin— chitosan membranes. Journal of Agricultural and Food Chemistry 51:
2806-2812.

Payet, L. and Terentjev, E. M. (2008). Emulsification and stabilization mechanisms of
O/W emulsions in the presence of chitosan. Langmuir 24: 12247-12252.

91



Pearce, K. N. and Kinsella, J. E. (1978). Emulsifying properties of proteins: evaluation
of a turbidimetric technique. Journal of Agricultural and Food Chemistry 26:
716-723.

Peng, J., Simon, J. R., Venema, P. and van der Linden, E. (2016). Protein Fibrils
Induce Emulsion Stabilization. Langmuir 32: 2164-2174.

Pérez, M.D. and Calvo, M. (1995). Interaction of B-lactoglobulin with retinol and fatty
acids and its role as a possible biological function for this protein: a review.
Journal of Dairy Science 78: 978-988.

Philipse, A.P. (1996). The random contact equation and its implications for (colloidal)
rods in packings, suspensions, and anisotropic powders. Langmuir 12: 1127-
1133.

Piorkowski, D.T. and McClements, D.J. (2014). Beverage emulsions: Recent
developments in formulation, production, and applications. Food
Hydrocolloids 42: 5-41.

Polavarapu, S., Oliver, C.M., Ajlouni, S. and Augustin, M A. (2011). Physicochemical
characterisation and oxidative stability of fish oil and fish oil-extra virgin
olive oil microencapsulated by sugar beet pectin. Food Chemistry 127: 1694-
1705.

Pongsawatmanit, R., Harnsilawat, T. and McClements, D. J. (2006). Influence of
alginate, pH and ultrasound treatment on palm oil-in-water emulsions
stabilized by B-lactoglobulin. Colloids and Surfaces A: Physicochemical and
Engineering Aspects 287: 59-67.

Pourashouri, P., Shabanpour, B., Razavi, S. H., Jafari, S. M., Shabani, A. and Aubourg,
S. P. (2014). Impact of wall materials on physicochemical properties of
microencapsulated fish oil by spray drying. Food and Bioprocess Technology
7: 2354-2365.

Pratt, D.A., Tallman, K.A. and Porter, N.A. (2011). Free radical oxidation of
polyunsaturated lipids: new mechanistic insights and the development of
peroxyl radical clocks. Accounts of chemical research 44: 458-467.

Qi, X. L., Carl, H., Mcnulty, D., Clarke, D. T., Brownlow, S. and Jones, G. R. (1997).
Effect of temperature on the secondary structure of B-lactoglobulin at pH 6.7,
as determined by CD and IR spectroscopy: a test of the molten globule
hypothesis. Biochemical Journal 324: 341-346.

Rade-Kukic, K., Schmitt, C. and Rawel, H.M. (2011). Formation of conjugates
between P-lactoglobulin and allyl isothiocyanate: Effect on protein heat
aggregation, foaming and emulsifying properties. Food Hydrocolloids 25:
694-706.

Ramakrishnan, S., Ferrando, M., Acefia-Mufioz, L., Mestres, M., De Lamo-Castellvi, S.
and Guell, C. (2013). Influence of emulsification technique and wall
composition on physicochemical properties and oxidative stability of fish oil
microcapsules produced by spray drying. Food and Bioprocess Technology 7:
1959-1972.

Reineccius, G. A. (2004). The spray drying of food flavors. Drying Technology 22:
1289-1324.

Renard, D., Lefebvre, J., Griffin, M. and Griffin, W. (1998). Effects of pH and salt
environment on the association of [B-lactoglobulin revealed by intrinsic
fluorescence studies. International Journal of Biological Macromolecules 22:
41-49.

Rosa, G. S., Moraes, M. A. and Pinto, L. A. (2010). Moisture sorption properties of
chitosan. LWT-Food Science and Technology 43: 415-420.

92



Rossier-Miranda, F. J., Schroen, K. and Boom, R. (2010). Mechanical characterization
and pH response of fibril-reinforced microcapsules prepared by layer-by-layer
adsorption. Langmuir 26: 19106-19113.

Rullier, B., Novales, B. and Axelos, M. A. V. (2008). Effect of protein aggregates on
foaming properties of B-lactoglobulin. Colloids and Surfaces A:
Physicochemical and Engineering Aspects 330: 96-102.

Sagis, L. M., Veerman, C., Ganzevles, R., Ramaekers, M., Bolder, S. G. and van der
Linden, E. (2002). Mesoscopic structure and viscoelastic properties of [-
lactoglobulin gels at low pH and low ionic strength. Food Hydrocolloids 16:
207-213.

Sagis, L. M., Veerman, C. and van der Linden, E. (2004). Mesoscopic properties of
semiflexible amyloid fibrils. Langmuir 20: 924-927.

Sakai, K., Sakurai, K., Sakai, M., Hoshino, M. and Goto, Y. (2000). Conformation and
stability of thiol-modified bovine B lactoglobulin. Protein Science 9: 1719-
1729.

Sasso, L., Suei, S., Domigan, L., Healy, J., Nock, V., Williams, M. A. and Gerrard, J. A.
(2014). Versatile multi-functionalization of protein nanofibrils for biosensor
applications. Nanoscale 6: 1629-1634.

Schoeler, B., Poptoshev, E. and Caruso, F. (2003). Growth of multilayer films of fixed
and variable charge density polyelectrolytes: Effect of mutual charge and
secondary interactions. Macromolecules 36: 5258-5264.

Schokker, E., Singh, H., Pinder, D. and Creamer, L. (2000). Heat-induced aggregation
of B-lactoglobulin AB at pH 2.5 as influenced by ionic strength and protein
concentration. International Dairy Journal 10: 233-240.

Serfert, Y., Lamprecht, C., Tan, C. P., Keppler, J. K., Appel, E., Rossier-Miranda, F. J.,
Schroen, K., Boom, R. M., Gorb, S., Selhuber-Unkel, C., Drusch, S. and
Schwarz, K. (2014). Characterisation and use of B-lactoglobulin fibrils for
microencapsulation of lipophilic ingredients and oxidative stability thereof.
Journal of Food Engineering 143: 53-61.

Shimizu, M., Saito, M. and Yamauchi, K. (1985). Emulsifying and Structural
Properties of B-Lactoglobulin at Different PHs. Agricultural and Biological
Chemistry 49: 189-194.

Shin, G. H., Chung, S. K., Kim, J. T., Joung, H. J. and Park, H. J. (2013). Preparation
of chitosan-coated nanoliposomes for improving the mucoadhesive property
of curcumin using the ethanol injection method. Journal of Agricultural and
Food Chemistry 61: 11119-11126.

Shu, X. Z. and Zhu, K. J. (2002). The influence of multivalent phosphate structure on
the properties of ionically cross-linked chitosan films for controlled drug
release. European Journal of Pharmaceutics and Biopharmaceutics 54: 235-
243.

Sitohy, M., Chobert, J. M. and Haertlé, T. (2001). Improvement of solubility and of
emulsifying properties of milk proteins at acid pHs by esterification.
Food/Nahrung 45: 87-93.

Sliwinski, E. L., Lavrijsen, B. W. M., Vollenbroek, J. M., van der Stege, H. J., van
Boekel, M. A. J. S. and Wouters, J. T. M. (2003). Effects of spray drying on
physicochemical properties of milk protein-stabilised emulsions. Colloids and
Surfaces B: Biointerfaces 31: 219-229.

Tonon, R. V., Baroni, A. F., Brabet, C., Gibert, O., Pallet, D. and Hubinger, M. D.
(2009). Water sorption and glass transition temperature of spray dried acai
(Euterpe oleracea Mart.) juice. Journal of Food Engineering 94: 215-221.

93



Tonon, R. V., Grosso, C. R. F. and Hubinger, M. D. (2011). Influence of emulsion
composition and inlet air temperature on the microencapsulation of flaxseed
oil by spray drying. Food Research International 44: 282-289.

Tozaki, H., Odoriba, T., Okada, N., Fujita, T., Terabe, A., Suzuki, T., Okabe, S.,
Muranishi, S. and Yamamoto, A. (2002). Chitosan capsules for colon-specific
drug delivery: enhanced localization of 5-aminosalicylic acid in the large
intestine accelerates healing of TNBS-induced colitis in rats. Journal of
controlled release 82: 51-61.

Trentin, A., De Lamo, S., Guell, C., Lopez, F. and Ferrando, M. (2011). Protein-
stabilized emulsions containing beta-carotene produced by premix membrane
emulsification. Journal of Food Engineering 106: 267-274.

Tur, J. A, Bibiloni, M. M., Sureda, A. and Pons, A. (2012). Dietary sources of omega 3
fatty acids: public health risks and benefits. British Journal of Nutrition 107:
23-52.

Veerman, C., de Schiffart, G., Sagis, L. M. C. and van der Linden, E. (2003).
Irreversible self-assembly of ovalbumin into fibrils and the resulting network
rheology. International Journal of Biological Macromolecules 33: 121-127.

Veerman, C., Ruis, H., Sagis, L. M. and van der Linden, E. (2002). Effect of
electrostatic interactions on the percolation concentration of fibrillar B-
lactoglobulin gels. Biomacromolecules 3: 869-873.

Veerman, C., Sagis, L. M., Heck, J. and van der Linden, E. (2003). Mesostructure of
fibrillar bovine serum albumin gels. International Journal of Biological
Macromolecules 31: 139-146.

Wang, J. M., Xia, N., Yang, X. Q., Yin, S. W., Qi, J. R., He, X. T., Yuan, D. B. and
Wang, L. J. (2012). Adsorption and dilatational rheology of heat-treated soy
protein at the oil-water interface: relationship to structural properties. Journal
of Agricultural and Food Chemistry 60: 3302-3310.

Wang, Q. and Ismail, B. (2012). Effect of Maillard-induced glycosylation on the
nutritional quality, solubility, thermal stability and molecular configuration of
whey proteinv. International Dairy Journal 25: 112-122.

Wang, X.-Y. and Heuzey, M.-C. (2016). Chitosan-based conventional and pickering
emulsions with long-term stability. Langmuir 32: 929-936.

Wang, Z., Zhang, S. and Vardhanabhuti, B. (2015). Foaming Properties of Whey
Protein Isolate and lambda-Carrageenan Mixed Systems. Journal of Food
Science 80: 1893-1902.

Waraho, T., McClements, D. J. and Decker, E. A. (2011). Mechanisms of lipid
oxidation in food dispersions. Trends in Food Science & Technology 22: 3-13.

Wei, Z., Wang, C., Zou, S., Liu, H. and Tong, Z. (2012). Chitosan nanoparticles as
particular emulsifier for preparation of novel pH-responsive Pickering
emulsions and PLGA microcapsules. Polymer 53: 1229-1235.

Wilde, P., Mackie, A., Husband, F., Gunning, P. and Morris, V. (2004). Proteins and
emulsifiers at liquid interfaces. Advances in Colloid and Interface Science
108-109: 63-71.

Xu, D., Aihemaiti, Z., Cao, Y., Teng, C. and Li, X. (2016). Physicochemical stability,
microrheological properties and microstructure of lutein emulsions stabilized
by multilayer membranes consisting of whey protein isolate, flaxseed gum and
chitosan. Food Chemistry 202: 156-164.

Yang, X., Tian, H., Ho, C.-T. and Huang, Q. (2011). Stability of citral in emulsions
coated with cationic biopolymer layers. Journal of Agricultural and Food
Chemistry 60: 402-409.

94



Zawadzki, J. and Kaczmarek, H. (2010). Thermal treatment of chitosan in various
conditions. Carbohydrate Polymers 80: 394-400.

Zhang, C., Xu, W., Jin, W,, Shah, B. R., Li, Y. and Li, B. (2015). Influence of anionic
alginate and cationic chitosan on physicochemical stability and carotenoids
bioaccessibility of soy protein isolate-stabilized emulsions. Food Research
International 77: 419-425.

Zhang, Y., Tan, C., Abbas, S., Eric, K., Xia, S. and Zhang, X. (2015). Modified SPI
improves the emulsion properties and oxidative stability of fish oil
microcapsules. Food Hydrocolloids 51: 108-117.

Zhou, Y .C., Wright, B. D, Yang, R. Y., Xu, B. H. and Yu, A. B. (1999). Rolling
friction in the dynamic simulation of sandpile formation. Physica A: Statistical
Mechanics and its Applications 269: 536-553.

Zidar, J. and Merzel, F. (2011). Probing amyloid-beta fibril stability by increasing ionic
strengths. The Journal of Physical Chemistry B 115: 2075-2081.

Zinoviadou, K. G., Scholten, E., Moschakis, T. and Biliaderis, C. G. (2012). Properties
of emulsions stabilised by sodium caseinate—chitosan complexes.
International Dairy Journal 26: 94-101.

95



	Blank Page
	Blank Page
	Blank Page
	Blank Page

