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Abstract

The O/W emulsions were prepared using perilla seed oil (PSO) dispersed in soy sauce (PSE) and in distilled water (PWE),
respectively. Octenyl succinic anhydride-modified starch (OSA starch, 3 wt%) showed the most efficient emulsifying ability
and its stabilities of emulsion and oxidation in PSE and PWE were studied at different storage periods (0, 4, and 8 weeks)
and temperatures (4, 25, and 40 °C). Negligible change in droplet diameter of PSE was observed without coalescence or
flocculation during storing for 8 weeks at 4 °C. The stabilizing ability of OSA-starch despite the high ionic strength of soy
sauce is attributed to the starch backbone, which promotes steric repulsions between droplets. A lower oxidation degree was
observed for PSE prepared than PWE and PSO under all storage conditions. Thus, the O/W emulsion prepared from PSO
and soy sauce can be applied to the production of -3 fatty acid-enriched Asian-style emulsified products.

Keywords Perilla seed oil - Octenyl succinic anhydride-modified starch - Oil-in-water emulsion - Oxidation stability - Soy
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Introduction

Perilla is an Asiatic crop widely cultivated in India, China,
Korea, Japan, and Southeast Asia (Nitta et al., 2003). Var.
crispa and var. frutescens are two distinct varieties of perilla
that are cross-fertile (Nitta et al., 2003; Honda et al., 1990).
The var. crispa variety is recognized as a Chinese medic-
inal herb and is mainly cultivated in southern China and
Japan, whereas the var. frutescens variety, an oilseed crop,
is widely cultivated in other East Asian regions (Duke and
Ayensu, 1985). In Korea, var. frutescens is the major vari-
ety of Perilla. In addition, its seeds are used for producing
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dietary oil that adds flavors to traditional foods in Korean
cuisine. Perilla seed oil (PSO) contains a significant amount
of a-linolenic acid (ALA), a well-known healthy omega-3
unsaturated fatty acid (Shin et al., 2016; Wang et al., 2014).
In the metabolic pathway of omega-3 fatty acids, ALA might
be converted into eicosapentaenoic acid and docosahexae-
noic acid (Anderson and Ma, 2009; Visentainer et al., 2005),
which reduce the risk of coronary heart diseases (Visen-
tainer, 2005), mental disorders (Lucas et al., 2011), and
cancer (Bougnoux, 1999). However, the ALA is susceptible
to oxidation and produces low molecular weight off-flavor
compounds that impair the nutritional quality and nutritional
aspects (Wang et al., 2014; Shim and Lee, 2011; McCle-
ments and Decker, 2000). Thus, the short shelf-life of PSO
limits its use in the food processing industry.

Soy sauce originated in China and became popular across
East and Southeast Asia. Soy sauce has a rich umami flavor
and is widely used as a liquid condiment for cooking and
dipping in Asian cuisine. It is traditionally prepared from
soybean paste, wheat, and brine and fermented by Asper-
gillus oryzae or Aspergillus sojae molds (Gao et al., 2011;
Chou and Ling, 1998; Lee et al., 2015).

The core sensory effects of all soy sauce varieties are due
to free amino acids, water soluble peptides, sodium, sugar, and
Maillard reaction products. However, nowadays, soy sauce has
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a large variety of tastes, consistencies, flavors, and saltiness
depending on the region and culture. In Korea, soy sauce has
a salt content of 16-35% (Lee et al., 2015). The saltiness of
sodium chloride (NaCl) dominates the taste of soy sauce, fol-
lowed by the umami taste due to free amino acids and water
soluble peptides and the sweetness of hydrolyzed sugar from
starch. Previous studies have reported that the colored fraction
of soy sauce contains pigments such as melanoidins, which are
Maillard reaction products and show high antioxidant activity
(Lee etal., 2015; Wang et al., 2007). However, the influence of
the antioxidant activity of soy sauce in the oil-in-water (O/W)
emulsions has not been studied previously.

An emulsion is a dispersion of two or more immiscible
liquids stabilized by suitable emulsifiers (i.e., surfactants).
Emulsification is commonly employed in the food industry
to prepare emulsified products such as sauces and bever-
ages, which involve blending two immiscible substances.
Recently, the food industry has shown an interest in the
different variations of ALA-enriched emulsions (Liu et al.,
2018a; Sharif et al., 2017; Manshadi et al., 2019). PSO
and soy sauce have great potential in producing traditional
emulsified sauces in East Asia because of their sensorial and
ALA-enriched nutritional properties. However, the suscep-
tibility of fatty acid composition to oxidation, particularly
ALA in PSO (Shin et al., 2016), and the high ionic strength
due to the high concentration of NaCl in soy sauce destabi-
lizes the emulsion (Liu et al., 2018a). Reducing the emulsion
droplet size increases the stability of the emulsion; however,
this also increases the droplet surface area and rate of oxida-
tion, due to increased interaction between the oil phase and
the continuous phase (Gallego et al., 2013). Thus, the nutri-
tional properties of PSO are significantly impaired.

In this study, the stabilities of emulsions prepared from
soy sauce and PSO were investigated based on emulsifier
type and concentration ratio. The emulsifying abilities
of glyceryl monolaurate (MAG), sucrose fatty acid ester
(F160), polyoxyethylene sorbitan monolaurate (Tween-
20), and octenyl succinic anhydride-modified starch (OSA-
starch) were compared with respect to the high salinity of the
continuous phase. Subsequently, stability towards oxidation
was compared using peroxide value (POV), headspace-gas
chromatography/mass spectrometry analysis (HS-GC/MS),
and proton nuclear magnetic resonance (‘H-NMR) spec-
troscopy. Oxidation stability was monitored for 8 weeks of
storage at different temperatures (4 °C, 25 °C, and 40 °C).

Materials and methods
Materials

Soy sauce (Sampyo Food Co., Seoul, Korea) and PSO (Sajo
Haepyo Corp., Seoul, Korea) were purchased from a local
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market. The emulsifiers were obtained as follows: octenyl
succinic anhydride-modified starch (OSA-starch) from Dae-
sang Corp. (Seoul, Korea), polyoxyethylene sorbitan mon-
olaurate (Tween-20) from Sigma-Aldrich Korea Co. (Seoul,
Korea), sucrose fatty acid ester (F160), and glyceryl mon-
olaurate (MAG) from Ilshinwells Co. (Seoul, Korea). All
other chemicals used in this study were of analytical grade.
Secondary distilled water was used in this study.

Preparation of emulsions

In this study, PSO was dispersed in soy sauce and distilled
water to form 10 wt% O/W emulsions; PSE (PSO + soy
sauce) and PWE (PSO + distilled water), respectively.
Tween-20 (0.4 wt%), OSA-starch (1, 2, and 3 wt%), and
a mixture of F160: MAG (0.1:0.3 wt% and 0.2:0.6 wt%)
were used to prepare the emulsions (Fig. 1). The OSA-starch
was entirely dispersed in the continuous phase at 60 °C for
15 min. Tween-20 and F160 were dispersed at 35 °C, while
MAG was mixed with PSO at 35 °C and held overnight. The
continuous phase containing the emulsifier was mixed in a
90:10 (w/w) ratio with PSO before being homogenized in
an ultrasonic processor (VC750, Sonic & Material Inc., US)
for 3 min to obtain the final emulsion.

Droplet size distribution analysis

Microscopic images of droplets for each emulsion were
obtained using an Olympus CX21 microscope (Olympus
Optical Co. Ltd., Japan). One sample drop was placed on
a coverslip (0.17 mm thickness). The absence of air gap
or bubbles between the sample and coverslip was ensured
before analysis using a 100 X lens. The mean droplet diam-
eter (MDD) of the emulsion was measured using a laser
diffraction particle size analyzer (Master Sizer S, Malvern
Instrument, Worcestershire, UK) and MDD was expressed
as the volume-weighted mean diameter (d,; = Xn.d;*/=n,d%),
where n; is the number of particles with diameter d;.

Determination of oxidation stability

Each 45 mL of PSE and PWE prepared using OSA-starch (3
wt%) were capped and stored in a 50 mL vial at 4 °C, 25 °C,
and 40 °C in the dark for 8 weeks. Data were collected at
the beginning of oxidation, and at 4 and 8 weeks to study
the oxidation stability of the emulsion. PSO (4.5 g) was also
prepared as described above.

Determination of peroxide value
The primary products of lipid oxidation, hydroperoxides,

were measured according to the International Fragrance
Association guideline with some modifications (IFRA,
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Fig. 1 Effect of emulsifier type
and ratio (Wt%) on stability after
48 h of storage at room tem-
perature. A Tween-20 0.4 wt%;
B MAG:F160=0.3:0.1 wt%; C
MAG:F160=0.6:0.2 wt%; D
OSA-starch 1 wt%; E OSA-
starch 2 wt%; (F) OSA-starch 3
wt%. A oil-off; B-E creaming;
F stable

‘ ¥

2019). PSO (0.2 g) or 2 g of emulsion (about 0.2 g oil)
were transferred into a 250 mL Erlenmeyer flask. A 25 mL
mixture of acetic acid: chloroform in a 3:2 ratio (v/v) was
added to break the emulsion, followed by 1 mL of saturated
KT solution. The solution was mixed in a vortex mixer for
1 min and allowed to stabilize in the dark for 10 min before
adding 30 mL of distilled water and 1 mL of 1% (w/v) starch
indicator. The solution was titrated with 0.01 N sodium thio-
sulfate (Na,S,05) until the blue color disappeared. The POV
of the sample was calculated as follows:

(a—b) x £ X 0.01 x 1000
S

POV = (meq/kg)

where a is the volume of Na,S,0; used to titrate the samples
in mL, b is the volume of Na,S,0; used for blank titration,
0.01 is the concentration of Na,S,0; solution, f is the factor
of 0.01 N Na,S,0; solution, and S is the weight in g of the
emulsion.

HS-GC/MS analysis

Samples were analyzed using 6890N HS-GC/MS with a
DB-WAX column (Agilent Co., Ltd., USA). Five millilit-
ers of each PSE and PWE were transferred into a 20 mL
headspace vial sealed with an aluminum cap, and placed into
the autosampler chamber. The volatile organic compound
profiles from samples were extracted and injected into the

GC-MS instrument using an automated static HS sampler
(Agilent 7697A, Santa Clara, CA) at the Chungnam National
University Chemistry Core Facility. The equilibrated sample
was heated at 80 °C for 20 min before being injected by a
filling flow of 1 mL/min, and the injection time was 0.5 min.
PSO (0.5 g) was also prepared as described above. The oven
temperature was programmed as follows: initial temperature
of 35 °C for 5 min, a temperature rises of 3 °C/min until
80 °C, temperature rise by 10 °C/min, and a temperature
held at 195 °C for 5 min. Analysis was performed using
argon as the carrier gas with an electron energy of 70 eV
and a frequency of 5.1 scans/s. Propanal and hexanal peaks
were identified using NIST MS 2.3 library.

'H-NMR analysis

"H-NMR analysis was performed using a Bruker Avance
III 600 spectrometer (Bruker Corporation, Billerica, MA,
USA). After extraction of lipids using the Folch solution
from PSE, 100 pL of each extracted lipid and PSO was
mixed with 500 pL of CDCl; containing 0.1% tetramethyl-
silane (TMS) as an internal standard. The mixtures were
placed into a 5 mm diameter NMR tube (NORELL, Landis-
ville, PA, USA). The acquisition parameters used were:
spectral width of 12,018.23 Hz, 16 scans, and acquisition
time of 2.726 s. Chemical shifts (8) were measured relative
to tetramethylsilane (TMS) at 6 =0 ppm.
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Statistical analysis

Significant differences in the analytical results were evalu-
ated using the Statistical Analysis System (SAS, version 9.2,
SAS Institute Inc., Cary, USA). Duncan’s multiple range
tests were conducted to determine the statistical significance
with differences at a 95% confidence interval (p <0.05). Sta-
tistical analysis was performed on the samples after storage.

Results and discussion
Effect of different emulsifiers on emulsion stability

The chemical properties of the continuous phase signifi-
cantly affected the stability of the emulsions. In this study,
soy sauce having 18% salinity and pH 4.5 was used as the
continuous phase. The isoelectric point of protein-based
emulsifiers is near pH 3-5 (whey protein, casein, perilla
protein, etc.), at which the protein molecules become elec-
trically neutral. In addition, because of the high concentra-
tion of Nat and CI~ ions (i.e., high ionic strength), which
significantly reduces the stability of electrostatically stabiliz-
able emulsions, other ionic e mulsifiers are not applicable
to soy-sauce-based emulsions (Liu et al., 2018a). Therefore,
nonionic emulsifiers (Tween-20, F160, MAG) and modified
starch (OSA-starch) were used to investigate the stability of
PSE emulsions.

As shown in Fig. 1, after 1 h of preparation, a cream
layer was observed in the PSE prepared using a mixture
of MAG and F160 regardless of the concentration ratio. In
addition, PSE prepared using Tween-20 showed an oil-off
phenomenon after one day of storage. However, PSE with
OSA-starch seemed more stable than those with Tween-20
and the mixture of MAG and F160, but only PSE prepared
with 3 wt% OSA-starch was stable after 48 h of storage at
room temperature.

In previous studies, OSA-starch was reported to show
high emulsion stability and even anti-oxidation activity in
O/W emulsions, which are rich in omega-3 fatty acids (Sha-
rif et al., 2017). However, its ability to stabilize high-ionic-
strength emulsions has not been previously investigated.
Further, the main interaction between droplets in OSA-starch
based emulsion was reported as steric stabilization rather
than electrostatic repulsion (Yan et al., 2019; Liu et al.,
2018b). Therefore, the emulsifying capacity of OSA-starch
was not much affected by the high ionic strength of the soy
sauce compared to that of other emulsifiers. In this present
study, it is suggested that OSA-starch may have the ability
to develop a thicker layer which prevents aggregation by
covering the surface of oil droplets in PSE, promoting steric
hindrance between oil droplets while Tween-20, MAG and
F160 would not be able to show such similar mechanism.

@ Springer

Based on the results of the emulsion stability, PSE and PWE
prepared with 3 wt% OSA-starch were selected for further
investigation. The emulsions were stored for 8 weeks at 4 °C,
25 °C, and 40 °C, and the emulsion stability and oxidation
degree were monitored.

Droplet size distribution

Droplet diameter is a critical parameter for evaluating the
stability of an emulsion system. The large size of the drop-
lets readily results in flocculation and coalescence, leading
to phase separation. The mean droplet diameter (MDD) in
the present study is expressed as the volume-weighted mean
diameter (d43), and Fig. 2A shows the effect of temperature
and dispersion media on the O/W emulsion during 8 weeks
of storage.

Initially, the MDD of PWE and PSE were 440 + 3 and
440 +4 nm, respectively, which is a commonly accept-
able droplet size for O/W emulsions. No significant change
(p>0.05) in the MDD was observed for all emulsions after
storing for 8 weeks at 4 °C, regardless of the continuous
phase. However, after 4 weeks, MDD in PSE increased to
867 +40.3 nm and 891 +5.1 nm at 25 °C and 40 °C, respec-
tively, showing droplet coalescence. Thereafter, the increase
in droplet diameters up to 8 weeks at 25 °C and 40 °C were
statistically insignificant (p > 0.05). At present, it is not clear
why PSE shows a larger droplet size than PWE when the
temperature is increased to 25°C and 40°C. The difference
between these two emulsions is the continuous phase in
which PSE contains the salts such as NaCl and some organic
acids. If then, the free carboxyl group of OSA-starch is
probably one of the reasons. Although the main interaction
between emulsion droplets in OSA-starch was steric repul-
sion, free carboxyl groups in the octenyl succinate may result
in a negative charge according to the pH of the continuous
phase (Lars & Bjorn, 2007). Hence, in addition to steric
hindrance, OSA-modified starches, to some degree, also
stabilize droplets by electrostatic repulsive forces. There-
fore, the change in electrostatic force and low pH due to the
organic acids may lower the interaction between droplets,
increasing the droplet size as the temperature rises. From the
result, PSE was stable for 8 weeks only at 4 °C. This means
that the emulsifying ability of OSA-starch, which is con-
sidered to be not much affected by the ionic strength of the
aqueous phase, varies depending on the storage temperature.
In particular, when the storage temperature is above room
temperature, eventually the high ionic strength of soy sauce
negatively affects the stability of the O/W emulsion. The
result was supported by observing the microscopy image,
in which the droplet size of the PSE for 4 and 8 weeks was
similar to that initially observed only when PSE was stored
at4 °C (Fig. 2B).
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Fig.2 Mean droplet diameter (A) and microscopic images (B) of PSE
and PWE prepared with 3 wt% OSA-starch emulsions stored under
different conditions (storage time and temperature). Values with A

Influence of temperature on oxidation stability
of emulsion

Determination of peroxide value

The peroxide value (POV) is widely used for assessing oxi-
dation in fats and oils, providing a degree of rancidity. Fig-
ure 3 shows the POV of PSO, PWE, and PSE at different
storage temperatures (4 °C, 25 °C, and 40 °C) for 8 weeks.
Initially, the POV of PSO, PWE, and PSE were 3.7 +£0.3,
4.3+0.3, and 5.0+ 0.0 mEq/kg, respectively. During the

and B are significantly different (p <0.05) at the same storage time.
Values with a and b are significantly different (p <0.05) during the
8 weeks of storage time

storage, it is assumed that oxidation of oil present in the
O/W emulsion will occur more rapidly than the oil itself
because the large surface area of oil droplets in the emul-
sion leads to an increase in interaction with oxidative factors
(Sharif et al., 2017) such as oxygen.

After 4 weeks of storage, the oxidation stability
of PSO and PWE at 40°C was 64.3+0.3 mEq/kg and
120.2 + 3.3 mEq/kg, respectively (p <0.05), while that of
PSE was the lowest among the samples with the statistical
difference (Fig. 3). Furthermore, POV of PWE at 8 weeks
was 55.3+0.2,95.0+2.0, and 150.6+3.5 mEqg/kg at 4 °C,
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storage. For 8 weeks of storage, POV of PSE were 12.1+0.3
and 50.7 + 0.6 mEqg/kg at 4 °C and 40 °C, respectively. Soy

{E 140 7 sauce was reported to show noticeable anti-oxidation activ-
T 120 9 ity because of the presence of melanoidins (Lee et al., 2015;
e Wang et al., 2007; Kobayashi, 2005). Thus, PSE exhibited
% :z better oxidation stability, regardless of the surface area of the
§ w0 | droplets (Fig. 2A). Meanwhile, the lower oxidation stability
. A of PWE compared to PSO was due to the large surface area
o Lo of the droplets.
Before _ _4°_C_ L .'Z_S_C_ _ _4(_) g ) _ _4°_C_ L 2_5_C_ _ _49 E‘ .
2’5‘2’;‘3"“ 4 weeks 8 weeks Determination of propanal and hexanal content using

Fig.3 Effect of storage time and temperature on peroxide value of 3
wt% OSA-starch PSE, 3 wt% OSA-starch PWE, and PSO (n=3). Val-
ues with A, B, C are significantly different (» <0.05) within the same
temperature and storage time. Values with a, b, and c are significantly
different (p<0.05) at only the same storage time within the same
samples (PSO, PSE, and PWE), regardless of storage temperature

25 °C, and 40 °C (p <0.05), respectively while those of PSO
were 67.1 +£0.9 and 101.2 +2.5 mEq/kg at 25 °C and 40 °C,
respectively (p <0.05). However, POV of PSE was lower
than that of PSO and PWE at any storage temperature dur-
ing the 8 week-storage period, suggesting that PSE showed
the highest oxidation stability among the samples (Fig. 3).
This phenomenon was particularly evident at 25°C and
40°C rather than 4°C, and at 8 weeks rather than 4 weeks of

HS-GC/MS

PSO is reported to have a fatty acid composition rich in
ALA (»-3) and linoleic acid (w-6) (Shin et al., 2016). In
GC-MS analysis, the headspace concentration of propanal
and hexanal is accepted as an oxidation stability indicator
for fatty acids (Sharif et al., 2017). Figure 4 shows the total
ion chromatogram (TIC) of PSE and PWE before and after
oxidation (at 8 weeks, 40 °C). Propanal and hexanal peaks
were identified at 2.7 min and 11.8 min, respectively, and a
distinctive increase in their peak areas was observed in PWE
rather than in PSE.

Figure 5 shows the propanal (Fig. SA) and hexanal
(Fig. 5B) content during the 8-week storage at different tem-
peratures. Between the 4 and 8 weeks, a noticeable increase
in propanal and hexanal was observed in PWE and PSO

Al Pburdarce
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= | || S\ (? = @
=W I A= ] l
- W \\MJ ! \w \| A Jm Ve - Ml M) LJ n
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Fig.4 TIC of HS-GC/MS from (A) PSE and (B) PWE stabilized with 3 wt% OSA-starch emulsion before oxidation (row 1) and after 8 weeks of
storage at 40 °C (row 2). (1) Propanal peak; (2) Hexanal peak
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Fig.5 Effect of storage time and temperature on headspace (A) pro-
panal and (B) hexanal content of 3 wt% OSA-starch PSE, 3 wt%
OSA-starch PWE, and PSO (n=3). Values with A, B, C are signifi-
cantly different (p <0.05) within the same temperature and storage
time. Values with a, b, and c are significantly different (p <0.05) at
only the same storage time within the same samples (PSO, PSE, and
PWE), regardless of storage temperature

rather than in PSE, and such increase was distinctive when
stored at 25 °C and 40 °C rather than at 4 °C. For example,
the propanol peak area of PSE (8.8 x 10%) was much lower
than that of PWE (78.7 x 10%), showing a significant differ-
ence after 8-week storage at 40 °C (p <0.05). At 4 °C, when
PSE with high ion concentration showed a stable emulsion
state, there was little difference in propanol content between
PWE and PSE. When the storage temperature was increased
to 40 °C to accelerate the oxidation rate, the propanol con-
tent of PSE was significantly lower than that of PWE as well
as PSO after 4 and 8 weeks (p <0.05, Fig. 5A). It can be
seen that oxidation was suppressed, which can be comple-
mentarily explained with the POV result in Fig. 3.

The hexanal concentration is shown in Fig. 5B, in which
the peak area of all samples ranged from 2.6 to 3.4 x 10°
after 4 weeks of storage at 40 °C. However, an increase in
hexanal content was more pronounced in PWE, showing
16.8 x 10° after 8 weeks while only a minor change occurred
in PSE. A high oxidation degree for PWE was due to the
increased surface area, which increased the interaction rate
between the oil and oxidizing agent in the continuous phase.
However, owing to the antioxidant activity of the colored
fraction of soy sauce, the oxidation stability observed in

PSE was minimized. Overall, the headspace concentration
of both propanal and hexanal shows a clear difference in the
oxidation degree between PSE and PWE as well as PSO at
25 °C and 40 °C after 8 weeks of storage (p <0.05), imply-
ing that PSE among the samples produced the lowest amount
of major aldehydes, which can be used as an indicator of the
degree of oxidation, and this was particularly noticeable at
high temperature (40 °C) and long storage period (8 weeks).

According to the previous study, different aldehyde spe-
cies would be expected depending on the fatty acid struc-
tures during autoxidation of oil (Shahidi, 2001). Because of
the different positions of double bonds in the ALA (»-3) and
linoleic acid (w-6), ALA would generate 3-hexanal and pro-
panal as well as others (i.e., 2,4-heptadienal and 2,4,7-dec-
atrienal, etc.) from 9-, 12-. 13-, and 16-hydroperoxide while
9- and 13-hydroperoxide would be expected from linoleic
acid as major primary oxidation products, mainly generat-
ing hexanal and 2,4-decadienal. Therefore, in the process of
oxidizing PSO with the highest composition ratio of ALA,
which has a higher oxidation rate than linoleic acid, propanal
is produced faster than hexanal in both of PWE and PSE
(Fig. 5).

Analysis of primary and secondary oxidation product of PSE
using "H-NMR

"H-NMR spectrometry represents an alternative tool to con-
ventional methods for evaluating the stability of edible oils
(Wang et al., 2014; Shahidi, 2001). The "H-NMR spectrum
of PSE after 8 weeks (stored at 40 °C) was compared with
that of PSO under similar storage conditions. As shown in
Fig. 6A '"H-NMR signals for primary oxidation products,
such as conjugated forms and hydroperoxides were identi-
fied according to the previous study (Wang et al., 2014) and
observed at 5.45-6.60 ppm. These compounds were quanti-
fied as mmol/mol oil (mM oil) by normalizing the peak area
of the B-hydrogen atoms in the glycerol backbone to 1. Fur-
ther, aldehydes were identified as the secondary oxidation
products (Almoselhy et al., 2014; Jia et al., 2015) (Fig. 6B).
The concentrations of the total conjugated form, total perox-
ide, and total aldehyde of PSO observed after 8 weeks were
61.8+12.5,14.5+0.6, and 5.3 +0.1 mM oil, respectively.
However, none of the above compounds were detected in
the PSE sample. The ALA degradation product in PSE was
detected in the headspace-GC/MS chromatogram but not in
the '"H-NMR spectrum because of the limited sensitivity of
the "H-NMR spectrometer. Nevertheless, the above '"H-NMR
results demonstrate the overall oxidation stability of PSE,
which is due to the antioxidant activity of soy sauce.

To overcome the effect of high salt concentration (i.e.
high ionic strength) in soy sauce, OSA-starch was used as
an emulsifier. OSA-starch promotes steric repulsion between
oil droplets and can be used with dispersion media having
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Fig.6 'H-NMR spectrum of
primary oxidation products
(conjugated forms, A) and
secondary oxidation products
(aldehydes, B) in (1) PSO and
(2) PSE after 8 weeks at 40 °C
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a high ionic concentration. The change in droplet diameter
of PSE was negligible over 8 weeks when stored at 4 °C,
exhibiting no coalescence or flocculation. Furthermore, the
antioxidant activity of soy sauce and the role of OSA-starch
as an oxygen barrier may be beneficial in preventing the oxi-
dation of fatty acid composition in PSO. Headspace-GC/MS
and 'H-NMR analysis results show that PSE prepared with
3 wt% OSA-starch can stabilize the emulsion and improve
oxidation stability, particularly under refrigeration tempera-
ture. Thus, O/W emulsion prepared from PSO and soy sauce
in this study has great potential in producing w-3 fatty acid-
enriched Asian-style emulsified products.
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