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Abstract

The possible effect of the proteolytic activity on emulsifying properties of squid (/llex argentinus) mantle actomyosin stored at
2-4°C and the effects of cocktail of protease inhibitors [phenylmethylsulfonyl fluoride (PMSF), iodo acetic acid (IAA) and ethylene
diamine-tetra acetic acid (EDTA)] were investigated. Oil/water emulsion and their stability were studied by optical characterization
using a vertical scan analyzer. The particle size distribution of emulsions was obtained with a particle analyzer. O/W emulsions
formulated with actomyosin of squid mantle with inhibitors showed certain stability during the first 15-20 min, and then destabilize
during the analyzed remaining time, reaching BS (Backscattering) of approximately 20% with no significant changes thereafter.
However, in emulsions formulated with actomyosin without inhibitors, the decrease in BS was recorded at 30-40 min, indicating a
greater stability, as a function of the storage time, in comparison with those in presence of inhibitors actomyosin. The particle size
distribution of both emulsions presented, for actomyosin with and without inhibitors, three droplet populations at zero time. Greater
droplet size, De Brouker mean diameter D [4.3], was observed for either emulsions formulated with actomyosin without and with
inhibitors, at 24 and 48h of storage. The addition of SDS solution led to a reduction of the population of large particles suggesting
the presence of stable flocs under the analyzed conditions. In addition, the P (polidispersity) values corresponding to actomyosin
without inhibitors were significantly (p < 0.05) higher than those of actomyosin with inhibitors. Both emulsions exhibited a significant
destabilization by creaming and flocculation. The stability of emulsions was enhanced when aggregates appeared in emulsions,
mainly for emulsions stored without inhibitors.

These results suggest that the proteolytic activity can favour the emulsifying properties of actomyosin obtained from squid mantle

stored at 2-4°C. The structure of flocs would affect positively the stability of O/W emulsions.

Keywords: O/W emulsions; Actomyosin; Squid; Protease inhibitors
Introduction

Illex argentinus is an Ommastrephid squid occurring on the
continental shelf and slopes of the Southwester Atlantic Ocean. It is
the most important species of cephalopods in South American waters,
according to its potential yield and exportation volume shown in the
last years, i.e. about 200.000 -255,000 tons [1]. For this reason, it
constitutes a very interesting economic resource for exploitation and
industrialization. In addition, squid represents an important source
of proteins, from the nutritional point of view, and it offers many
advantages over other sea foods, such as a high post-processing yield,
very low fat content, soft flavour, and very white flesh [2].

In fish species, the technological properties of the meat such as
water holding capacity, emulsifying and gelation, properties, are
affected by freezing and frozen storage, these changes are mainly
related to modifications in myofibrillar proteins [3,4]. In this way, the
effects of freezing and frozen storage on the functional properties of
muscle proteins of squid (I. argentinus) were reported [5,6].

Finely comminuted or homogenized meat products are emulsion
system in which proteins act as emulsifiers to lower surface tension at
the water-oil-interface. The salt soluble proteins (myofibrillar proteins
are main contributors to emulsion characteristic and stability of finely
chopped meat [7].

More recently the influence of catching method on the functional
properties of myofibrillar proteins from I. argentinus was reported [6].
In that work a positive effect on the rate of autolysis on the emulsion
properties were reported. The presence of proteolytic activity in cold
stored isolated actomyosin of mantle from I argentinus was also
reported [8].

In adittion, proteolytic activity can affect positively the stability of
emulsions of actomyosin obtained from squid mantle and fins at short
time of frozen-storage [9].

The objective of the present investigation was to study the
emulsifying properties of actomyosin (AM) obtained from mantle
stored at 2-4°C in presence or absence of coktail inhibitors of proteases

Material and Methods

Squids, Illex argentinus (de Castellanos), were harvested by
commercial vessels on the Patagonian shelf. Captures were done at 45-
52° in the South western Atlantic Ocean. The specimens were caught
by jigging machine. Ten samples of 10 specimens each were packed in
polyethylene bags, frozen on board in blocks at -30°C, and stored at this
temperature until the reception in the laboratory. Frozen samples were
thawed for 12 h at 10°C and six samples of female squid were taken
at zero time (20 days after freezing). The specimens were immediately
gutted, and after separation of tentacles peeled off mantles were used
for analysis. Only specimens at stage 4-5 (mature) were analyzed. The
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sexual maturation stage of the specimens was determined according to
Brunnetti [10].

Actomyosin preparation

Actomyosin was obtained from mantles according to the method
described by Paredi et al. [11] with some modifications [12]. The final
pellet of actomyosin was solubilized in 0.05M phosphate buffer (p 7)
containing 0.6M NaCl. All the procedures were performed at 0-4°C.

Effects of inhibitors on myofibrillar proteins

The actomyosin was stored at 2-4°C for 24h and 48h with ImM
sodium azide in presence or absence of a cocktail of protease inhibitors.
This cocktail was formulated with 0.05M phosphate buffer (p" 7),
0.6M NaCl containing 1mM phenyl methyl sulfonyl fluoride (PMSF)
+1mM iodo acetic acid (IAA) +1mM ethylene diamine-tetra acetic acid
(EDTA)].

Protein determination

Protein concentration of actomyosin solutions was determined by
the Lowry method, with bovine serum albumin (Sigma Chemical Co,
USA) as standard [13].

Preparation of O/W emulsions

Samples of actomyosin dispersion (2 mg/L) obtained from mantle
squid stored at 2-4°C, and commercially refined sunflower oil were used
to formulate the emulsions. Then, O/W emulsions (25:75 w/v) were
prepared by homogenization at 20,000 rpm for 1 min (Ultra-Turrax
T25, S25N10G device). The analyses were performed in triplicate.

Optical characterization

Emulsion stability was analyzed using a Quick Scan Vertical Scan
Analyzer (Coulter Corp., Miami, FL). Samples were put in a cylindrical
glass measurement tube and the Backscattering profiles (BS %) were
studied as a function of the sample height (in mm). All dispersions were
analyzed during 1 h with an observation interval of 1 min. Creaming
kinetics was observed by plotting the mean values of Backscattering of
peaks as a function of time in the bottom zone of the measurement cell
(Zone 15-20 mm).

Particle size

The droplet size distribution of emulsions was determined
immediately after emulsion preparation by laser light scattering
using a Coulter LS-230 (Coulter Electronics, USA). De Brouker mean
diameter D [3,4] which gives information about the volume formed
during the homogenization process [14] was obtained from droplet
size distribution expressed as differential volume (%). After emulsion
preparation, aliquots of 1 mL were immediately diluted 2fold in
buffer 1% SDS, and the particle size distribution was also determined.
Measurements were performed at least in duplicate.

Polydispersity (P) of emulsions was calculated from the information
provided by the droplet size distribution as follows eq. 1:

b= (dO.l_ do.9)/do.5 M

where 10, 50, and 90 percent of the oil volume in the emulsion is
contained in droplets with diameters lower than or equal to d, d .
and d, ,, respectively.

0.1

Emulsion microstructure

A 10 pL aliquot of a given emulsion was placed on a glass slide and

covered with a 22 x 22 mm? cover slip. Samples were observed with
a light microscope (DC 100; Leica, Wetzlar, Germany) fitted with an
adapted digital camera operating at 100x magnification.

Statistical analysis

Analysis of variance and the Duncan "s new multiple range test were
performed using the Statistica/MAC [15] statistical analysis package.

Result and Discussion
Optical measurements and destabilization kinetics

The emulsifying properties of actomyosin stored at 2-4°C with
and without inhibitors were investigated. Back Scattering profiles (BS
%) were analyzed as a function of the length of the measuring tube
(mm). Figure 1 shows the destabilization kinetics of O/W emulsions
for AM stored at 2-4°C, for the Zone (15-20 mm) of the measurement
cell. It can be observed that the destabilization mechanism that governs
these systems is creaming, due to the diminution recorded in the Back
Scattering as a function of time, i.e. a low dispersion of the registered
light by the equipment. In this way, a low concentration of droplets
is measured in the reading zone because of the migration of these
droplets towards the top of the cell [16].

The O/W emulsions formulated with AM of squid mantle stored
in presence of inhibitors showed certain stability during the first 20
min; then destabilization was observed during the remaining time
of analysis, achieving BS values of 20% approximately. Besides, no
significant changes (p > 0.05) were recorded with respect to the time
of storage. However, for the emulsions formulated with AM stored in
absence of inhibitors, the BS diminution was recorded between 30 min
and 40 min, indicating a higher stability in comparison to the emulsion
of AM stored in presence of inhibitors during storage. Afterwards,
destabilization was observed during the remaining time of analysis,
achieving BS values of 30-35% approximately. These results suggest
that for both AMs, a diminution of the stability of emulsions occurs
with the analysis time, though this effect was more pronounced in the
emulsions formulated with AM stored with inhibitors. Therefore, the
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Figure 1: Destabilization kinetics of O/W emulsions (25:75 w/v) prepared
with AM of squid mantle stored at 2-4°C.

a) with and b) without inhibitors. Tube length: 65 mm. Zone: 15-20 mm. Time
(h): 0, 24, 48
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presence of proteolytic activity could act to increase the stability of
emulsions [6].

Several factors have influenced on protein-stabilized emulsions:
rate of diffusion, solubility, viscosity, protein flexibility, net charge, and
protein hydrophobicity. In addition, in order to stabilize an emulsion,
a protein must diffuse to the interface, unfold, expose hydrophobic
groups, and interact with lipids [17]. In this way, the higher BS values
achieved for emulsions of AM stored in absence of inhibitors with
respect to AM with inhibitors may be due either to a higher unfold
and exposition of hydrophobic groups or to a higher content of flexible
peptides or fragments as product of degradation, which can migrate to
the interface avoiding the interaction between neighbouring droplets
[9]. Other researchers have reported a higher stability of emulsions

due to the presence of aggregates in the extract of actomyosin obtained
from frozen stored hake and sardine, and their combination [18].

Particle size

Figure 2 shows the droplet size distribution of emulsions
formulated with AM, with and without inhibitors, from mantle of
squid as a function of the storage time. The particle size distribution
offers an important information regarding the characterization of
an emulsion. The droplet size distribution was related to the time of
storage and the effect of the addition of inhibitors. The size distributions
for both emulsions presented three droplet populations: two main
populations of about 30-100 um (peaks 2 and 3 respectively), and one
small population of about 2 pm (peak 1) (Figure 2a). At time zero, the
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Figure 2: Particle size distributions of O/W emulsions (25:75 w/v) prepared with actomyosin of mantle from squid stored at 2-4°C. Representatives peaks of curves
1,2,3.(a)t=0h, (b) t=24 h, (c) t = 48 h. INH: actomyosin stored with inhibitors. SDS: emulsion with SDS 0.1%.
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Mantle®
Time(h) D[4.3] P
0 34.4+55° 2.27 +0.2°
24 54.7 +8.8° 3.19 0.5
24 INH 47.7 + 8.6° 1.94 + 0.5¢
48 52.2 +0.01¢ 3.20 £ 0.6
48 INH 59.3 +8.5° 2.33£0.1%

2 Mean of n=4-6 determination + SD

bed Means with different superscripts were significantly different (p< 0.05) within
sample same experiment storage at 2-4°C

INH: sample storage with mixture of inhibitors

Table 1: De Brouker mean diameter D [4.3] and Polidipersity (P) of (25:75, wiv)
O/W emulsions prepared with dispersions of actomyosin of mantle from squid
stored at 2-4°C, in presence and absence of inhibitors.

emulsions prepared with AM control and stored with the mixture of
inhibitors exhibited a reduction in the population of large droplets
(about 100pm) in the presence of SDS, suggesting the formation of
stable flocs between particles under the analyzed conditions [19-21].
At 24h and 48h of storage (Figure 2b-c, respectively), the addition
of SDS solution also produced a reduction in the population of large
particles for emulsion prepared with AM control; a marked increase
in droplet diameter (peak 3) reflects the association of the emulsion
droplets into large flocs. This behaviour described for AM stored in
absence of inhibitors could be related to the degradation of protein;
the appearance or the increase of small fragments was explained by the
presence of proteolytic activity [8]. On the other hand, the association
of the flocs was also attributed to conformational changes of the protein.
In this sense, in previous works, it has been reported that different
physicochemical and functional properties (reduced viscosity; surface
hydrophobicity) of AM from mantle of Illex argentinus stored at 2-4°C
in absence of inhibitors were related at least in part by conformational
changes of the protein [8]. This phenomenon was related to the behavior
observed at 48h. However, for AM stored with a mixture of inhibitors,
with or without the addition of 0.1% SDS, no important changes were
registered at 24h in the droplet size distribution (Figure 2b), suggesting
that these emulsions were slightly flocculated. Changes occurred after
48h, so this behavior was related to the phenomenon of conformational
change rather than to a degradation product of proteolytic activity.

Microstructure emulsion

Table 1 shows the changes in De Brouker D [3,4] mean diameter
and polidispersity (P) values of emulsions prepared with AM dispersion
of squid mantle stored at 2-4°C, with and without protease inhibitors.

A significant increase (p < 0.05) in D [3,4] in the values was
observed for emulsions of AM control at 24h of storage but thereafter
they remained unchanged. In the case of emulsions prepared with AM
stored with inhibitors, D [3,4] values significantly increased (p < 0.05)
at 48h. These results indicate a major presence of small droplets in the
O/W emulsions prepared with AM without inhibitors.

On the other hand, a significant increase (p < 0.05) was observed in
the Polidispersity values at 24 h of storage for emulsions prepared with
AM without inhibitors; however, the O/W emulsions of AM stored
with inhibitors did not show a significant change (p > 0.05) in this
parameter. In addition, P values corresponding to AM control were
significantly (p < 0.05) higher than those corresponding to AM with
inhibitors as function of storage time. These results indicate that the
most polydispersed emulsions were those obtained from AM stored
without inhibitors. Particle size of fat globules (oil phase) and their
size distribution play a predominant role in deciding the stability of
emulsion and emulsion-based products with precisely controlled
particle size exhibit better emulsion stability [17]. In this sense, the
stability of an emulsion to gravitational separation can be enhanced by
reducing the droplet size [17]. But also the flocculation can influence
directly the emulsion structure as well as the other stabilization
mechanisms, especially creaming [22] and coalescence [23].

These results are in agreement with those obtained for particle
size distributions, where an increased area of the peak 3 was observed
(Figure 2). On the other hand, the increase for D [3,4] and P would be
related to the aggregate formation of drop flocs, shown in Figure 2 with
the addition of SDS and the strong character interactions between the
droplets.

The destabilization process of emulsions by creaming and
flocculation, which was previously discussed, was confirmed by optical
microscopy of the emulsions prepared with AM stored with and without

inhibitors. Scale bar represents 10 pm.

Figure 3: Micrographs of undiluted O/W emulsions (25:75 w/v) at 100x magnification prepared with actomyosin of mantle from squid stored at 2-4°C, with and without
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inhibitors (Figure 3). According to McClements [17] flocs formation
and their structure are important in terms of their influence on
emulsion stability against creaming. The results showed the same trend
than that obtained by Coulter Count for the particle size distribution
of droplets, with or without SDS (see Figure 2), where the emulsions
formulated with AM control exhibited a reduction in the population
of large droplets in the presence of SDS, suggesting the formation of
floccules between particles [21]. The mean diameter of droplets for
AM control was larger than the corresponding to emulsions prepared
with AM stored with inhibitors. These results indicate a high degree
of flocculation for emulsions of AM control stored at 2-4°C. Besides,
optical microscopy showed different structure of flocs. These flocs
presented an open structure, enclosing a high volume of continuous
phase, with a density close to that of the continuous phase [24,25].
These open network-structured flocs tend to retard creaming due to
the formation of a network of aggregated droplets that prevents them
from moving [17]. These results also agree with those obtained by the
QuickScan, where emulsions formulated with AM stored without
inhibitors were more stable.

Conclusion

In this work, the best emulsions were obtained using actomyosin of
squid mantle stored without inhibitors.

Besides, the high tendency towards flocculation and formation of
a network of open structure in O/W emulsions prepared with AM in
absence of inhibitors may stabilize these emulsions against coalescence.
Such information could be used to control or modify physical properties
of emulsions stabilized by myofibrillar protein from mantle squid.

This study provides valuable information about the potential
application of squid proteins as emulsifier agent in food products.

Acknowledgments

Authors wish to thank Universidad Nacional de Mar del Plata (UNMDP),
Argentina, Comisién de Investigaciones Cientificas de la Provincia de Buenos Aires
(CIC) and Agencia Nacional de Promocién Cientifica y Tecnolégica (ANPCYT),
Argentina, (PICT 1264).

References

1. Redes (2010) Revista redes de la industria Pesquera Argentina. Redes Letter.
Nov/Dic N°175.

2. Gémez-Guillén MC, Martinez-Alvarez O, Montero P (2003) Functional and
thermal gelation properties of squid mantle proteins. Affect by chilled and
frozen storage. J Food Sci 68: 1962-1967.

3. Shenouda SYK (1980) Theories of protein denaturation during frozen storage
of fish flesh. Adv Food Res 26: 275- 311.

4. Mackie IM (1993) The effect of freezing of flesh protein. Food Reviews
International 9: 575-610.

5. Paredi ME, Roldan H, Crupkin M (2006) Changes in myofibrillar proteins and
lipids of squid (/llex argentinus) during frozen storage. J Food Biochem 30: 604-
621.

6. Mignino LA, Crupkin M, Paredi ME (2008) Surface hydrophobicity and
functional properties of myofibrillar proteins of mantle from from frozen-stored
squid (/llex argentinus) caught either jigging machine or trawling. LWT - Food
Sci Technol 41: 678-685.

7. Xiong Y (1997) Protein denaturation and functionality losses. (edn), “Quality
in frozen food”. Marilyn C. Erickson, Yen-Con Hung (Ed.), Champan and Hall,
USA, 111-140.

8. Mignino LA, Paredi ME, Crupkin M (2009) Modificaciones de las propiedades
fisicoquimicas y funcionales de la actomiosina de manto de calamar (/llex
argentinus) almacenada a 2-4°C, en presencia y ausencia de inhibidores de

15
16

20.

21.

22.

23.

24.

25.

proteasas. Xl CONGRESO CYTAL, Concordia. Argentina. ISBN 978-987-
22165-3-5 .

Mignino LA, Tomas MC, Paredi ME (2011) Effect of frozen storage on
emulsifying properties of actomyosin from mantle and fins of squid (/llex
argentinus). Eur Food Res Technol 233: 437- 445.

. Brunetti N (1990) Escala para identificacion de la madurez sexual del calamar

(lllex argentinus). Frente Maritimo, 7: 45-51.

. Paredi ME, De Vido De Mattio N, Crupkin M (1990) Biochemical properties

of actomyosin of cold stored striated adductor muscle of Aulacomya ater ater
(Molina). J Food Sci 55: 1567-1570.

. Paredi ME, Crupkin M (1997) Biochemical properties of actomyosin from frozen

stored mantles of squid (/llex argentinus) at different sexual maturation stages.
J Agr Food Chem 45: 1629-1632.

. Lowry OH, Rosebrought NJ, Farr AL, Randall RJ (1951) Protein measurement

with the Folin phenol reagent. J Biol Chem 193: 265-275.

.Walstra P (1993) In: Dickinson E, Walstra P, (Eds), Food colloids and

polymers: stability and mechanical properties. Cambridge, U.K, Royal Society
of Chemistry, 3-15.

. Statistics M (1994) Statistica for Macintosh. Sttatsoft Inc, Tulsa, Oklahoma.
.Pan LG, Tomas MC, Afon MC (2002) Effect of sunflower lecithins on the

stability of water-in-oil and oil-in-water emulsions. J Surfactants and Detergents
5: 135-143.

.McClements DJ (1999) Food emulsion. Principles, practice and techniques,

CRC Press, New York.

. Tejada M, Mohamed GF, Huidobro A, Garcia ML (2003) Effect of frozen storage

of hake, sardine and mixed on natural actomyosin extracted in salt solutions. J
Sci Food Agric 83: 1380-1388.

.Anton M, Beaumal V, Brossard C, Llamas G, LeDenmat M (2002) Droplet

flocculation and physical stability of oil-in-water emulsions prepared with hen
egg yolk in Food emulsions and dispersions. Anton M (ed) Kerala, India,
Research Singpost: 15-28

Palazolo GG, Sorgentini DA, Wagner JR (2005) Coalescence and flocculation
in O/W emulsions of native and denatured whey soy proteins in comparison
with soy protein isolates. Food Hydrocolloids 19: 595-604.

Dickinson E (2010) Flocculation of protein-stabilized oil-in-water emulsions.
Colloids and Surfaces B: Biointerfaces 81: 130-140.

McClements DJ (2007) Understanding and Controlling the Microstructure of
Complex Foods, CRC Press, Boca Raton, FL.

Robins MM (2000) Emulsions-creaming phenomena. Current Opinion in
Colloid Interface Science 5: 265-272

Tcholakova S, Denkov ND, Ivanov IV, Campbell B (2006) Coalescence stability
of emulsions containing globular milk proteins. Adv Colloid Interface Sci 123—
126: 259-293.

Pinfield VJ, Dickinson E, Povey MJW (1997) Modelling of combined creaming
and flocculation in Emulsions. J Colloid Interface Sci 186: 80-89.

J Food Process Technol
ISSN:2157-7110 JFPT, an open access journal

Volume 2 - Issue 6 » 1000127


http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2003.tb07002.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2003.tb07002.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.2003.tb07002.x/abstract
http://books.google.co.in/books?hl=en&lr=&id=b8mlcNQpYmUC&oi=fnd&pg=PA275&dq=Theories+of+protein+denaturation+during+frozen+storage+of+fish+flesh&ots=wNZFoXBUqT&sig=4zfjP9eCWuztD2ufLWFulkmOlCg#v=onepage&q=Theories of protein denaturation during f
http://books.google.co.in/books?hl=en&lr=&id=b8mlcNQpYmUC&oi=fnd&pg=PA275&dq=Theories+of+protein+denaturation+during+frozen+storage+of+fish+flesh&ots=wNZFoXBUqT&sig=4zfjP9eCWuztD2ufLWFulkmOlCg#v=onepage&q=Theories of protein denaturation during f
http://www.tandfonline.com/doi/abs/10.1080/87559129309540979
http://www.tandfonline.com/doi/abs/10.1080/87559129309540979
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4514.2006.00088.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4514.2006.00088.x/full
http://onlinelibrary.wiley.com/doi/10.1111/j.1745-4514.2006.00088.x/full
http://books.google.co.in/books?hl=en&lr=&id=eGlqXpSRyt0C&oi=fnd&pg=PR15&dq=Quality+in+frozen+food&ots=QvBoraajXp&sig=CJWIiFtyERFieeusjcTgfEA9NnA#v=onepage&q&f=false
http://books.google.co.in/books?hl=en&lr=&id=eGlqXpSRyt0C&oi=fnd&pg=PR15&dq=Quality+in+frozen+food&ots=QvBoraajXp&sig=CJWIiFtyERFieeusjcTgfEA9NnA#v=onepage&q&f=false
http://books.google.co.in/books?hl=en&lr=&id=eGlqXpSRyt0C&oi=fnd&pg=PR15&dq=Quality+in+frozen+food&ots=QvBoraajXp&sig=CJWIiFtyERFieeusjcTgfEA9NnA#v=onepage&q&f=false
http://www.springerlink.com/content/00350721u27764j5/
http://www.springerlink.com/content/00350721u27764j5/
http://www.springerlink.com/content/00350721u27764j5/
http://orton.catie.ac.cr/cgi-bin/wxis.exe/?IsisScript=DOCAU.xis&method=post&formato=2&cantidad=1&expresion=mfn=000727
http://orton.catie.ac.cr/cgi-bin/wxis.exe/?IsisScript=DOCAU.xis&method=post&formato=2&cantidad=1&expresion=mfn=000727
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1990.tb03570.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1990.tb03570.x/abstract
http://onlinelibrary.wiley.com/doi/10.1111/j.1365-2621.1990.tb03570.x/abstract
http://pubs.acs.org/doi/abs/10.1021/jf960776c
http://pubs.acs.org/doi/abs/10.1021/jf960776c
http://pubs.acs.org/doi/abs/10.1021/jf960776c
http://www.garfield.library.upenn.edu/classics1977/A1977DM02300001.pdf
http://www.garfield.library.upenn.edu/classics1977/A1977DM02300001.pdf
http://www.springerlink.com/content/dk5k0852x41x1q40/
http://www.springerlink.com/content/dk5k0852x41x1q40/
http://www.springerlink.com/content/dk5k0852x41x1q40/
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.1555/full
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.1555/full
http://onlinelibrary.wiley.com/doi/10.1002/jsfa.1555/full
http://www.sciencedirect.com/science/article/pii/S0268005X04001766
http://www.sciencedirect.com/science/article/pii/S0268005X04001766
http://www.sciencedirect.com/science/article/pii/S0268005X04001766
http://www.sciencedirect.com/science/article/pii/S0927776510003644
http://www.sciencedirect.com/science/article/pii/S0927776510003644
http://library.wur.nl/WebQuery/clc/1865031
http://library.wur.nl/WebQuery/clc/1865031
http://www.sciencedirect.com/science/article/pii/S1359029400000650
http://www.sciencedirect.com/science/article/pii/S1359029400000650
http://www.sciencedirect.com/science/article/pii/S000186860600073X
http://www.sciencedirect.com/science/article/pii/S000186860600073X
http://www.sciencedirect.com/science/article/pii/S000186860600073X
http://www.ncbi.nlm.nih.gov/pubmed/9056306
http://www.ncbi.nlm.nih.gov/pubmed/9056306

	Title
	Corresponding author
	Abstract
	Keywords
	Introduction
	Material and Methods
	Actomyosin preparation
	Effects of inhibitors on myofibrillar proteins 
	Protein determination
	Preparation of O/W emulsions
	Optical characterization
	Particle size 
	Emulsion microstructure
	Statistical analysis

	Result and Discussion
	Optical measurements and destabilization kinetics
	Particle size
	Microstructure emulsion

	Conclusion
	Acknowledgments
	References
	Figure 1
	Figure 2
	Table 1
	Figure 3



