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Abstract. The successful fabrication of double emulsion is determined by the ingredients or the
process. The aim of the study was to determine the effects of sodium chloride and soy protein
isolate with addition of mono-and diglycerides/corn oil on physical and stability of emulsion.
Model emulsions with different concentration of sodium chloride (0.5% and 1.5%) and soy
protein isolate (1% and 3%) with addition of mono-and diglycerides/corn oil (ratio 1:1) were
prepared. Physical properties and stability of double emulsion were characterized by viscosity,
emulsion stability, pH, and color. The results showed that the stability of double emulsion was
significantly affected (p < 0.05) by the interaction between sodium chloride and soy protein
isolate, whereas pH and viscosity were affected only by the concentration of soy protein isolate.
However, double emulsion containing 1.5% of sodium chloride and 3% of soy protein isolate
(SPI) with addition of mono-and diglycerides/corn oil showed the highest stability in comparing
with emulsion containing 0.5% of sodium chloride and 3% of SPI.

1. Introduction

An emulsion is a mixture of two or more liquids that are immiscible, in which one liquid is dispersed in
the other [1]. Thus, two phases are present, one is continuous phase and another one is dispersed phase.
Generally speaking, the two phases are oifffthase and water phase. Emulsions can be divided into food
manufacturing conventionally into two as water-in-oil emulsions (W/O) and oil-in-water (O/W).
Multiple emulsions, mentioned as “double emiffions” or “emulsion of an emulsion” in literature [2].
arc mfEli-compartmentalized systems in which oil-in-water (O/W) and water-in-oil (W/O) at the same
time, where the globules of the dispersed phase themselves contain even smaller dispersed droplets [3].
Different ways to simplify complex double emulsions exist: the reduction of phases, increase of the size
of the droplets, thus reducing the curvature of the interfaces, and the observation of single droplets. The
measurement methods stay the same: optical measurements, the measurement of droplet siz arker
concentration, creaming rate, or rheological characteristic values (e.g., viscosity) [4]. The standard
proce@‘e to make a double emulsion involves 2 separate stages. The primary W1/O emulsion prepared
using a lipophilic emulsifier is called the 1st stage while the 2nd stage prowiles W1/0/W2 emulsion
using a diftferent hydrophilic emulsifier. It has long been recognized that the choice of methodology in
the secondary emulsification step (dispersing W1/0 into W2) is critical for the preparation of a well-
behaved formulation [5]. According to Vladisavljevic¢ et al., 2017, double emulsion can be prepared
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using various methods, such as high-pressure homogenizers, rotorstator homogenization, ultrasound
emulsification, microfluidic emulsification and membrane emulsification [6]. Multiple emulsion has
been suggested to advantages for use in food applications compared to single emulsion because its
matrices can be used for the encapsulation of bioactive compounds but also for a controlled release of
such compounds. Some authors reported that multiple emulsion is a good source of fat replacer in meat
systems [7]. In addition, other authors also reported that multiple emulsions can be produced to influence
sensory properties particularly taste perception by moditying the extent to which the aqueous phase
interacts with oral surfaces [2]. Emulsion of this kind can be used for the production of foods with novel
textures or low-fat products. The main problem during multiple emulsion fabrication were
destabilization such as separation due to gravity (creaming and sedimentation), aggregation of droplet
(flocculation and coalescence), and growth of droplets (Ostwald ripening) [8]. Stability of emulsion is
very important because it affect the shelf life of food products. Researchers reported that emulsion
destabilization is also caused by different physicochemical properties of each ingredient used in food
product [9]. In addition, another problem in multiple emulsion production is to keep the stability of two
different interfaces during processing and storage.

Development of multiple emulsion-based foods is one of strategies that exhibits potential to be
used for enhancing saltiness and fat perception since their application on food affect sensory attributes.
Jimenez-Colmenero reported the positive effect of multiple emulsion w/o/w on food such as improve
fat content, encapsulate (protect) bioactive compounds, and reduce sodium content [10]. However,
multiple emulsions are more difficult to be prepared in comparing with single emulsion due to existence
of large droplet and tendency to release entrapped compound [3].

Emulsion systems in foods does not only contain oil, water, and emulsifier but also various
additives such as hydrocolloids, proteins, especially salts in product formulations. The term “salt™ is
widely known as sodium chloride. It is used in food products since it gives taste and inhibits microbial
growth [11]. For example, mayonnaise, ketchup, and sauces include approximately 0.6-1.2,0.4-1.9, and
0.6-3.6 wt% sodium, respectively. The interaction between the emulsifier and salt could impart an
important effect on the emulsion stability and rheology.

Soy proteins are amphiphilic molecules ) usually used as emulsifiers in the food emulsigg)
systems because of their structure and properties at the oil-water interface. Soy protein could exist at
the oil-water interface and reduce the interaal tension between the phases, which might provide steric
and e]ectmstatic@pu]sion between the oil droplets to form a stable emulsion [12][13].

Mono- and diglycerides (MDGs) are emulsifiers used to modiff) physical properties and
creaming stability in protein-stabilized emulsion. Monoglycerides exhibit one hydrophobic fatty acid
esterified to the hydrophilic glycerol molecule, while diglycerides exhibit two fatty acids. Mono- and
dig]ycetnes are oil-soluble molecules and exhibit very low solubility in water [ 14].

'ne aim of the present study was to determine the effects of sodium chloride and SPI with
addition of mono-and diglycerides/corn oil on physical and stability of double emulsion. To reach this
goal, four double emulsions, corresponding to a full factorial design based on two levels of sodium
chloride concentration and two levels of SPI, were produced.

?Materials and Methods

2.1. Materials

The ingredients used for the double emulsion were sodium chloride (NaCl) (Merck, Germany). soy
protein isolate (SPI) (Crown Soya Protein, China), mono-and diglyceride (MDG) (Food Group Limited,
China), corn oil, water, and potassium chloride (Merck, Germany). All the ingredients were food-grade
and obtained from a local supermarket.

[¥]
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22, Methods

Preparation of double emulsion. Twelve double emulsions, varying in their concentration, were
produced in the present study according to a full factorial design based on two factors: the sodium
chloride level (0.5% and 1.5%) and the SPI level (1% and 3%). To produce double emulsion, A w/o
emulsion was initially prepared with KCI solution. The oil phase contained ratio MDG: corn oil (1:1).
One hundred-gram batches of this w/o emulsion were formed by adding both phases to a glass beaker
followed by mixing with ultraturrax at 6500 rpm for two minutes. Then, the double emulsion was
obtained by emulsifying 48 g w/o emulsion into aqueous phase containing SPI and NaCl. The double
emulsions were mixed with ultraturrax at 6,500 rpm for 2 minutes.

2.3. Physical and Stability Measurements

Stability of emulsion was determin@fJaccording to the emulsion formation ability after heating and
centrifugation. The emulsion sample was heated at 80°C for 30 minutes and then centrifuged (Eppendort
5810 R) at 1,300 rpm for 10 minutes. The volume of the mixture, which still forms the emulsion, was
measured, and the stability of the emulsion is calculated based on the equation [15]:

volume of the emulsi fied mixture (ml)
total volume of the mixture (ml)

Yo8= x100%

Viscosity measurements of emulsion were performed by Brookfield viscometer model RVT
(VM-BF-RV-01) with spindle number 1 and 2. Measurement of emulsion’s color was performed by
Minolta CR-300 chromameter. The scale used was scale L* (brightness), a* (chromatic color red-green),
and b* (blue-yellow chromatic color). Testing was done by putting sensors to surface of emulsion and
firing rays on two different parts [16]. Measuring was done three times for each section. Then, the
obtained data were averaged. The pH of double emulsions was tested at room temperature using a pH
meter (Oakton pH 510 series). 20

Data analyses were performed using R software. ANOVA was used to determine significant
differences among the mean of physical properties and stability of double emulsion values calculated.
Three ications were used to determine physical properties and stability. For all data analyses, the
effects were considered significant when p < 0.05.

3. Result and Discussion
3.1. Stability

Table 1 showed the summaries of mean stability of double emulsion varying in NaCl and SPI level.
Result showed that varying NaCl and SPI level concentration on emulsion significantly affected
stability. Indeed, the inggRction between NaCl and SPI also significantly affected stability of emulsion
(ANOVA; F(1;8)=168.88, P < 0.0001) (Table 2). Figure | showed that the use of NaCl and SPI at a
higher concentration helped increase the emulsion stability both in the initial day and the fifth day
period, even though on the fifth day, the emulsion stability decreased (Table 3). Compared to NaCl and
SPI at a higher concentraih, the results exhibited decreased stability as NaCl and SPI concentration
were lower. Researchers suggested that this may be attributable to the collision of SPI at high NaCl
levels. Similar trends in stability of emulsion were reported by Hong et al. (2012) [17] who reported that
stability emulsion increased with increasing NaCl concentration.
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Table 1. Physical properties and stability of double emulsion (mean + sd)

Treatment Parameters
NaCl (%) SPI (%) Stability pH L a b Viscosity (cp)
(%)
0.5 1 4.17£1.0 6.22+0.01 50.43+0.12 10.63+0.03 5.60+0.10 16.83+5.06
3 27.08+1.0  6.26+0.01  18.33£15.10 18.33+15.13 18.57+15.17 29.23+8.36
1.5 1 5.21+0.8 6.23+0.02  18.23+£14.65 18.36+14.59 18.27+£14.69 15.10+£6.10
3 37.50£0.00  6.27+0.00  17.87+14.51  17.73+14.34  17.90+14.42 31.17+3.81

Table 2. ANOVA on physical properties and stability of double emulsion.

Stability (%) pH L a b Viscosity (cp)
NaCl level ?{ 1:8) 422438 0.93 1.65 0.40 0.22 0.0003
p-value <.0001 0.36 0.23 0.54 0.65 0.98
SPI level F(1;8) 624.76 27.00 1.56 0.39 0.24 5.50
p-value <.0001 <.0001 0.24 0.54 0.63 0.04
NaCl*SP1 F(1;8) 168.88 0.04 1.52 0.46 0.27 0.09
p-value <.0001 0.85 0.25 0.51 0.61 0.77
Table 3. Comparison of % emulsion stability
Emulsion Emulsion stability (%)
Day 0 Day 5
NaCl 0.5% SPI 1% 4.1741.0 3.1240.1
NaCl 0.5% SPI 3% 27.0841.0 6.2540.00
NaCl 1.5% SPI 1% 5.21+0.8 6.254+0.02
NaCl 1.5% SPI 3% 37.50+ 0.0 15.6240.03
NaCl level

40

Stability (%)

SPI level

m0.5 m15
30
20
10
0 = N
1 3

Figure 1. Influence of soy protein isolate (SPI) and sodium chloride (NaCl) on stability of emulsion
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The most important properties which may contribute to the emulsion stability include pH. The
results of the effects of NaCl, SPI, and their interaction on pH of emulsion were presented in Table 1.
Table 2 showed that the NaCl level displayed no significant effect on pH (ANOVA; F(1;8) =093, p=
0.36), whereas the addition of SPI showed a significant effect on pH (ANOVA; F(1;8) =27.00, P <
0.0001). Emulsion made with the SPI level (3%) showed the highest pH in comparing with the SPI level
1% on both NaCl level. It is apparent that more added SPI can change the environmental condition
including pH. SPI exhibits good gelation, emulsifying, foaming, and water absorption properties [18].
The interaction between NaCl and SPI also revealed no significant effect on pH (F(1;8) = 0.04, P =
0.85).

An emulsion-based delivery system may be incorporated into food products. Therefore,
determining the color, such as lightness—darkness (L*), redness—greenness (a*), and yellowness—
blueness (b*), is important. The results of the effects of NaCl, SPI and their interaction on color of
double emulsions wER presented in Table 1. Table 2 showed the concentration of NaCl, SPI, and their
interaction revealed no significant effect on color (p = 0.05), which indicated that the color of emulsion
was not different for all treatment, suggesting that an increase NaCl and SPI concentration resulted in
no degradation of colour between the two aqueous phases and oil globule

The results of the effects of NaCl, SPI, and their interaction on viscosity of emulsion were
presented in Table 1. The level concentration of NaCl and interaction between NaCl and SPI displayed
no influence on viscosity (p = 0.05), whereas the SPI level was found to be significant on viscosity
(ANOVA; F(1; 8) = 5.50, p = 0.04), which indicated that the viscosity between 1% and 3% were
different. Figure 2 showed that a higher amount of SPI used (3%), the highest viscosity values obtained.
It may be due to the presence of protein, which can absorb the surfaces of freshly formed oil droplets
created by the homogenization of oil-water—protein mixtures [19].

40
35

30
25
20
15
10
5
0
1 3

SPI (%)

Viscosity (cP)

Figure 2. Influence of soy protein isolate on viscosity of emulsion

4. Conclusion

Based on the results of observations on emulsion, ingredients used such sodium chloride and SPI affects
the physical and stability of double emulsion. Interaction between sodium chloride and soy protein
isolate demonstrates a significant relationship with stability, and soy protein isolate alone demonstrates
a significant relationship with pH and viscosity. However, the color of double emulsions were found to
be no different. Therefore, further studies are necessary to determine the optimum level of NaCl and
SPIL.

References
[1]  Frasch-Melnik S, Norton I T and Spyropoulos F 2010 Fat-crystal stabilised w/o emulsions for
controlled salt release J. Food Eng. 98 43742




3rd International Conference on Food Science and Engineering T0P Publishing

I0OP Conf. Series: Earth and Environmental Science 828 (2021) 012047 doi:10.1088/1755-1315/828/1/012047

(2]
(3]

(4]

(5]
[6]

(7]

(8]

(9]

[10]
[11]
[12]
[13]
[14]

[15]

[16]

[17]

[18]

[19]

Dickinson E 2011 Double Emulsions Stabilized by Food Biopolymers Food Biophys. 6 1-11

Garti N 1997 Progress in stabilization and transport phenomena of double emulsions in food
applications LWT - Food Sci. Technol. 30 222-35

Leister N and Karbstein H P 2020 Evaluating the Stability of Double Emulsions—A Review of
the Measurement Techniques for the Systematic Investigation of Instability Mechanisms
Colloids and Interfaces 4 8

Muschiolik G and Dickinson E 2017 Double Emulsions Relevant to Food Systems: Preparation,
Stability, and Applications Compr. Rev. Food Sci. Food Saf. 16 532-55

Vladisavljevi¢ G T, Al Nuumani R and Nabavi S A 2017 Microfluidic production of multiple
emulsions Micromachines 8

Cofrades S, Antoniou I, Solas M T, Herrero A M and Jiménez-Colmenero F 2013 Preparation
and impact of multiple (water-in-oil-in-water) emulsions in meat systems Food Chem. 141
338-46

McClements D J 2007 Critical review of techniques and methodologies for characterization of
emulsion stability Crit. Rev. Food Sci. Nutr. 47 611-49

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

Jiménez-Colmenero F 2013 Potential applications of multiple emulsions in the development of
healthy and functional foods Food Res. Int. 52 64-74

Taormina P J 2010 Implications of salt and sodium reduction on microbial food safety Crit. Rev.
Food Sci. Nutr. 50 209-27

McClements D J 2004 Protein-stabilized emulsions Curr. Opin. Colloid Interface Sci. 9 305-13

Damodaran S 2005 Protein stabilization of emulsions and foams J. Food Sci. 70

Loi C C, Eyres G T and Birch E J 2019 Effect of mono- and diglycerides on physical properties
and stability of a protein-stabilised oil-in-water emulsion J. Food Eng. 240 56-64

Dianingsih N, Purnomo E H and Muchtadi T R 2016 Sifat reologi dan stabilitas fisik minuman
emulsi minyak sawit [Rheological Properties and Physical Stability of Palm Oil Emulsion
Drink] J. Teknol. Dan Ind. Pangan 27 165-74

Julyaningsih A H, Latief R and Dirpan A 2020 The making of smart and active packaging on tuna
fillet IOP Conf. Ser. Earth Environ. Sci. 486

Hong G P, Min S G and Chin K B 2012 Emulsion properties of pork myofibrillar protein in
combination with microbial transglutaminase and calcium alginate under various pH
conditions Mear Sci. 90 185-93

Damodaran S and Paraf A 2017 Food Proteins and their Applications Food Proteins and their
Applications (CRC Press) pp 257-291

Brewer D R, Franco ] M and Garcia-Zapateiro L A 2016 Rheological properties of oil-in-water
emulsions prepared with oil and protein isolates from sesame (Sesamum indicum) Food Sci.
Technol. 36 64-9




Nahak 2021 _IOP_Conf._Ser. Earth_Environ._Sci. 828 01204...

ORIGINALITY REPORT

12, 6. O A

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

dspace.ankara.edu.tr

Internet Source

T

Maryam Bayat, Meisam Zargar. "Evaluating
Positive and Negative Effects of Seven
Biogenic Metal-based Nanoparticles on Seed
Germination and Seedling of Nano-primed
Wheat and Flax Seeds", Research Square
Platform LLC, 2021

Publication

T

Submitted to University of New South Wales

Student Paper

T

Submitted to Universidade Estadual de

Campinas
Student Paper

T

Rezvan Shaddel, Javad Hesari, Sodeif
Azadmard-Damirchi, Hamed Hamishehkar,
Bahram Fathi-Achachlouei, Qingrong Huang.
"Double emulsion followed by complex
coacervation as a promising method for
protection of black raspberry anthocyanins",
Food Hydrocolloids, 2018

T



Publication

Zhao, Guodong, Caibiao Hu, Rui Sun, Shilei Ni,
and Qiang Xia. "Effect of Emulsification
Process on Multiple Lipid Particles
Encapsulating Both Coenzyme Q10 and Tea
Polyphenols : A Novel Drug Delivery System",
Journal of Food Process Engineering, 2014.

Publication

T

=

ro.uow.edu.au

Internet Source

T

uokerbala.edu.iq

Internet Source

T

Submitted to CSU, Pomona <1
Student Paper 0%
Like Mao, Yrjo H. Roos, Costas G. Biliaderis, <'I o
Song Miao. "Food emulsions as delivery ’
systems for flavor compounds: A review",
Critical Reviews in Food Science and Nutrition,
2015
Publication
Submitted to University of Birmingham
Student Paper y g <1 %
Yeon-Ji Jo, Yun-Joong Kwon, Sang-Gi Min, Mi- <1 o

Jung Choi. "Effect of NaCl Concentration on
the Emulsifying Properties of Myofibrilla
Protein in the Soybean QOil and Fish QOil



Emulsion", Korean Journal for Food Science of
Animal Resources, 2015

Publication

academic.oup.com
Internet Source p <1 %
Bin Feng, Di Wang, Yuhui Li, Junpeng Qian,
. e . <1y
Chenlei Yu, Mingsi Wang, Danni Luo,
Shuangying Wei. "Mechanical Properties of a
Soy Protein Isolate-Grafted-Acrylate (SGA)
Copolymer Used for Wood Coatings",
Polymers, 2020
Publication
S. Cofrades, I. Antoniou, M.T. Solas, A.M.
. . <Il%
Herrero, F. Jiménez-Colmenero. "Preparation
and impact of multiple (water-in-oil-in-water)
emulsions in meat systems", Food Chemistry,
2013
Publication
businessdocbox.com
Internet Source <1 %
Neha Chaudhary, Latha Sabikhi, Shaik Abdul <1 o

Hussain, Rajender Kumar, Urmila Choudhary.
" Emblicanin Rich Encapsulated Double
Emulsion and its Antioxidant Stability during
Storage ", European Journal of Lipid Science
and Technology, 2020

Publication




www.cambridge.or
Internet Source g g <1 %
Chuan-He Tang. "Emulsifying properties of <1 o
soy proteins: A critical review with emphasis ’
on the role of conformational flexibility",
Critical Reviews in Food Science and Nutrition,
2015
Publication
Lin Chen, Peng Wang, Zhuang-Li Kang, Ke Li, <1 o
Chong Xie, Jing-Xin Sun, Xing-Lian Xu. "Effect ’
of soybean oil emulsified and unemulsified
with chicken plasma protein on the
physicochemical properties of frankfurters",
CyTA - Journal of Food, 2015
Publication
imed.pub
InternetSc?urce <1 %
Manju Kumari Thakur, Vijay Kumar Thakur, <1 o
Raju Kumar Gupta, Asokan Pappu. "Synthesis ’
and Applications of Biodegradable Soy Based
Graft Copolymers: A Review", ACS Sustainable
Chemistry & Engineering, 2015
Publication
J. Teixé-Roig, G. Oms-Oliu, G. R. Velderrain- <1 o
0

Rodriguez, I. Odriozola-Serrano, O. Martin-
Belloso. "The Effect of Sodium
Carboxymethylcellulose on the Stability and



Bioaccessibility of Anthocyanin Water-in-Oil-
in-Water Emulsions", Food and Bioprocess
Technology, 2018

Publication

Ngouémazong, Eugénie D., Stefanie <1 o
Christiaens, Avi Shpigelman, Ann Van Loey, ’
and Marc Hendrickx. "The Emulsifying and
Emulsion-Stabilizing Properties of Pectin: A
Review : Pectin: an emulsifier...",

Comprehensive Reviews in Food Science and
Food Safety, 2015.
Publication
Stuart P. Johnston, Michael T. Nickerson, <1 o

Nicholas H. Low. "The physicochemical
properties of legume protein isolates and
their ability to stabilize oil-in-water emulsions
with and without genipin", Journal of Food
Science and Technology, 2014

Publication

Exclude quotes On Exclude matches < 5 words

Exclude bibliography On



