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Abstract
Fish oil-in-water emulsion (5%) was prepared with essential oil and aqueous extract of ginger (Zingiber officinale) rhizome
and their oxidative stability was examined. Antioxidant activities of essential oil and aqueous extract of ginger revealed total
phenolic was high in essential oil (130.70 mg Catechol equivalents /l) than aqueous extract (24.38 mg Catechol equivalents /l) at
5% concentration. Chemical composition of Ginger (Zingiber officinale) essential oil was determined by GC-MS analyses showed
Ginger essential oil contained, zingiberene (27.45 ± 0.30%), copaene (13.82 ± 0.06%), camphane (11.10 ± 0.16%), geranial
(10.98 ± 0.10), as the major compounds. Oxidative stability test (thiobarbituric acid reactive substances) revealed that, In oil-inwater emulsion, essential oil (1%) and aqueous extract (20%) together acted more significantly (p<0.05) against lipid oxidation
(9.21 m mol O2/kg and 3.02 mg malonaldehyde/l) than control (21.33 m mol O2/kg and 4.31 mg malonaldehyde/l). Results from
the study indicate that both essential oil and aqueous extract of ginger can be utilized together as a source of natural antioxidant
to inhibitive action on fish oil-in-water emulsion.

Keywords: Fish oil-in-water emulsion; Essential oil; Antioxidant
assay; Oxidative stability; Ginger

Introduction
Fish oil is known to be a rich source of omega-3 (ω-3 or n-3)
polyunsaturated fatty acids (PUFA), especially eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA). One of the major
hurdles associated with delivery of oils high in PUFA into food is the
susceptibility of these oils to oxidative deterioration. Lipid oxidation is
a critical problem during food processing and storage as it decreases
food quality and nutritive value. In general, antioxidants have been
incorporated to prevent oxidative instability of food components and
to prevent development of off-flavor compounds in food products
[1]. The demand for novel natural antioxidants with potential
antimicrobial, antifungal and antioxidant properties has been attracting
more importance for incorporation in food products [2,3]. Nowadays,
essential oils and their components are gaining increasing interest due
to their potential multi-purpose functionality [4]. However, most of
the essential oils have very low solubility in water due to their partial
hydrophobic nature. One of the most acceptable solutions is to emulsify
the essential oils in water in the form of tiny particles to form essential
oil-in-water emulsion [5]. General intake of fish and fish products is
inadequate, and it leads to the consumption of PUFA is less than the
recommended intake [6]. To meet the recommended intake for these
n-3 fatty acids especially EPA and DHA, efforts have been made to
incorporate marine oils, rich in n-3 PUFA, into various food products
[7]. However, the successful production of food products enriched with
n-3 PUFA is impeded by their high susceptibility towards oxidative
deterioration. Emulsion systems are being utilized for delivery of
lipophilic health active compounds, such as polyunsaturated fatty
acids, particularly EPA and DHA where they provide convenient
and practical means for delivering these nutrients in human diets [8].
Essential oils and aqueous extracts of herbs and spices are gaining
increasing importance due to their antioxidant and antimicrobial
properties. Most of the emulsified foods products are in Oil-in-water
emulsion nature [9]. Oil-in-water emulsion is more susceptible to
lipid oxidation compared to bulk oil. Since, the oxidation of lipid
usually takes place at interfacial surfaces incorporated antioxidant
should reach such surfaces [10]. Although information is available on
antioxidant capacity of several natural sources, studies on the effective
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way of introducing natural antioxidants into oil-in-water emulsion
system are relatively few. In the present study, both essential oil (EO)
and aqueous extract (AE) of ginger (Zingiber Officinale) rhizome were
evaluated individually and their combination for effectiveness against
lipid oxidation in fish oil-in-water emulsion system.

Materials and Methods
Materials
Butylated hydroxyl toluene (BHT), Folin-Ciocalteu's reagent,
Catechol, Iron(III) chloride, Iron(II) chloride, 2-thiobarbituric acid
(TBA), Tween 20, Methanol, 6-hydroxy-2,5,7,8- tetramethylchroman2-carboxylic acid (Trolox), linoleic acid and 2,4,6-tripyridyl-s-triazine
(TPTZ) of analytical grade were used in the present study. Fish oil
(Seacod, Universal Medicare, Mumbai, India) was used for emulsion
preparation. The Ginger (Zingiber officinale) was purchased from local
market and used as a source of natural antioxidants.

Preparation of ginger aqueous extracts
Fresh ginger rhizome was washed in tap water. 10 g of sample was
ground by a blender with 100 ml (10%) of distilled water for 1 minute.
The ground mixture was filtered through a fine cotton cloth and the
aqueous extracts (AE) was used for further analyses.

Isolation of essential oil
Essential oil (EO) of ginger (Zingiber officinale) rhizome was
obtained by the method of AOAC [11] and stored at 4°C in inert
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atmosphere until used. The yield percentages of essential oils are
expressed in ml/100 g ginger rhizome. The oil yield was in the range
of 0.4 - 0.5% (v/w). Essential oil was dissolved in methanol and their
antioxidant activity was evaluated.

Preparation of fish oil-in-water emulsions
Five different fish oil-in-water emulsion formulations were
prepared which includes i) 5% Fish oil (5 g fish oil + 95 g water ); ii) 5%
Fish oil + 1% ginger essential oil (5 g fish oil +1 g ginger essential oil +
94 g water); iii) 5% Fish oil+ 20% aqueous extract (5 g fish oil + 95 g of
20% ginger aqueous extract); iv) 5% Fish oil +1% ginger essential oil +
20% aqueous extract (5 g fish oil+ 1 g ginger essential oil + 95 g of 20%
ginger aqueous extract); v) 5% Fish oil + 0.01% 105 BHT (5 g fish oil
+ 0.01 g BHT + 94.99 g water). Tween 20 (10% of total oil) was used
as an emulsifier. Emulsification was carried out by using homogenizer
(Poly system PT 2100, Kinematica, AG) at 25,000 rpm for 2 minutes.
Samples were placed in eppendrof tubes (2 ml), closed and kept under
refrigerated conditions (4oC). Oxidative stability of samples was
analyzed at known intervals (1, 3, 5……21 days) up to 21 days.

Determination of antioxidant property
2, 2-Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging
method: The antioxidant activity of ginger essential oil and extract
was measured by DPPH (2, 2-Diphenyl-1-picrylhydrazyl) radical
scavenging assay according to the method followed by Brand-Williams
et al. [12]. A volume of 50 µl of a methanolic stock solution of essential
oils of four different concentrations (5,10, 20 and 50 g/l) was kept in
a screw cap test tube and 2 ml of 6×10-5 M methanolic solution of
DPPH was added. The mixtures were well shaken and then placed in
a dark room. The decrease in absorbance at 517 nm was determined
using a UV- spectrophotometer (Thermo spectronic, UK, Model UV
1) after 30 min for all the samples. Methanol was used to zero the
spectrophotometer. Absorbance of the radical without antioxidant
(control) was measured daily. Inhibition (%) was plotted against the
sample concentration. The percentage inhibition of the DPPH radical
was calculated according to the formula of Yen and Duh [13].
I = [(AB-AS)/AB] × 100
Where, I= DPPH inhibition (%), AB = absorbance of control
sample (0 min) and AS=absorbance of a tested sample at the end of the
reaction (after 30 min).

Determination of Total phenol content (TPC)
The total phenol content was determined by the method of
Singleton and Rossi [14]. A known volume of methanolic solution
of essential oils/extracts was introduced into test tubes followed by
2.5 ml Folin-Ciocalteu's reagent (diluted 10 times with water) and
2 ml sodium carbonate (7.5% w/v). The tubes were vortexed, and
incubated at 50°C for 5 min. Absorption at 760 nm was measured with
a UV-spectrophotometer. A standard curve was prepared for different
concentrations of the working standard. The content of phenols in the
test samples were found out from the standard curve and the results
were expressed as mg catechol equivalents/L sample.

Ferric reducing antioxidant power (FRAP) assay
The FRAP (Ferric Reducing Antioxidant Power) assay was carried
out according to the procedure of Benzie and Strain [15] with some
modifications. The FRAP reagent was prepared fresh daily and was
warmed to 37°C in a water bath prior to use. 50 µl of sample was added
to 1.5 ml of the FRAP reagent. The absorbance of the reaction mixture
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was then recorded at 593 nm after 4 min. The standard curve was
constructed using iron (II) sulphate solution (100-2000 µM), and the
results were expressed as µ mol Fe (II)/g extract/oil.

Ferric reducing antioxidant power (FRAP) assay
The FRAP (Ferric Reducing Antioxidant Power) assay was carried
out according to the procedure of Benzie and Strain [15] with some
modifications. The FRAP reagent was prepared fresh daily and was
warmed to 37°C in a water bath prior to use. 50 µl of sample was added
to 1.5 ml of the FRAP reagent. The absorbance of the reaction mixture
was then recorded at 593 nm after 4 min. The standard curve was
constructed using iron (II) sulphate solution (100-2000 µM), and the
results were expressed as µmol Fe (II)/g extract/oil.

β-carotene bleaching assay
The antioxidant activity based on coupled oxidation of β-carotene
and linoleic acid emulsion system was evaluated by the method
described by Taga et al. [16]. 2 mg of β carotene was dissolved in 20
ml chloroform and 3 ml aliquot of this solution was taken in a 250
ml round bottom flask and 40 mg linoleic acid and 400 mg Tween
20 were added. Chloroform was removed from the solution by a
rotary evaporator. 100 ml of oxygenated distilled water was added
into the β carotene emulsion and mixed well. 3 ml of aliquot of this
emulsion was added to 50 µl of the sample in a capped culture tube
and mixed thoroughly. The tubes were immediately placed in a water
bath and incubated at 50°C. Oxidation of beta carotene was monitored
spectrophotometrically by measuring the absorbance at 470 nm. A
control was prepared using 50 µl of distilled water instead of sample.
Antioxidant activity was expressed as percentage inhibition relative
to control using the following equation. The antioxidant activity was
expressed as inhibition percentage with reference to the control after a
60 min incubation using the following equation:
AA(%) = 100(DRC- DRS)/DRC
Where, AA = antioxidant activity; DRC = degradation rate of the
control = [ln(a/b)/ 60]; DRS = degradation rate in presence of the
sample = [ln(a/b)/60]; a = absorbance at time 0 min; b = absorbance
at 60 min.

Chemical composition analysis of essential oil by gas
chromatography and mass spectrophotometer (GC-MS)
Chemical composition of essential oil was performed using Gas
Chromatography Mass Spectrometer (GC-MS) (Shimadzu, QP2010)
instrument equipped with a Carbowax (30 m×0.25 mm ID; 0.25
µm film thicknesses) capillary column (Cromlab S. A.). For GC-MS
detection, an electron ionization system with ionization energy of 70
eV was used. Helium gas was used as the carrier gas at a constant flow
rate of 1 ml/min. Injector and MS transfer line temperature were set
at 250°C. Diluted samples (1/100, v/v, in Heptane) of 1.0 µl/min were
injected manually in the split mode (1:15). The column temperature
was programmed initially at 40°C for 4 min and then to increase at a
rate of 4°C per min to a final temperature of 240°C. Total run time was
54 min.

Determination of oxidative stability
Peroxide values of emulsions were determined according to the
method described by Shantha and Decker [17]. 0.3 ml of sample was
mixed with 1.5 ml of isooctane/2-propanol (3:1,v/v)then, the organic
phase was separated by centrifugation at 10,000 rpm for 2 min. The
organic solvent phase (0.2 ml) was added to 2.8 ml of methanol/1-
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butanol (2:1, v/v). To the above mixture 30 µl of ammonium thiocynate
and ferrous solution mixture was added and mixed well. The sample
mixture was allowed to react exactly for 20 min. The absorbance was
measured at the wavelength of 510 nm using spectrophotometer.
Hyperperoxide concentration in the sample was determined using
a standard curve made from cumene hyroperoxide and expressed
in millimol of oxygen/L emulsion. Changes in secondary oxidation
products of the emulsion were determined by measuring TBARS
(Thiobarbituric acid reactive substances) value according to the method
described by McDonald and Hultin [18]. 2 ml of TBA (Thiobarbituric
acid) reagent was taken in test tube and 1 ml of sample was added.
The blank was prepared with 1 ml of distilled water instead of sample.
Test tubes were closed and mixed thoroughly by vortexing twice
and incubated in a boiling water bath (100°C) for 15 min and then
cooled by placing in a cool water bath for 10 min. Further, the sample
mixture was centrifuged at 1000 rpm for 15 min. The absorbance of the
supernatant was measured at 532 nm. TBARS was expressed in mg of
malanoldehyde/kg. TBARS were expressed in mg of malonaldehyde/L
emulsion.

Statistical analysis
The data obtained were analyzed by running one way analysis
of variance (ANOVA) using SPSS software version 16.0 (SPSS Inc,
Chicago, Illinois, USA). A one way ANOVA was used to evaluate
difference in the mean value (PV and TBARS) of samples and control.
All mean separations were carried out by Duncan multiple range test
using the significance level of 95% (p<0.05).

Results and Discussion
Antioxidant activity of essential oil and aqueous extract of
ginger
The use of simplified antioxidant assays for quantifying the
antioxidant action can be very helpful in clarifying the action of potential
antioxidants [9]. The results of a single-assay can give only a reductive
suggestion of the antioxidant properties. Therefore, an approach with
multiple assays in screening work is highly advisable [19]. In the
present study, antioxidant activity of essential oil and aqueous extract
of ginger was evaluated by four different antioxidant assays such as
DPPH, FRAP, Folin-Ciocalteu, and β -carotene bleaching methods.
Antioxidant activity of essential oil and aqueous extract of ginger was
tested at different concentration level (0.5-20% for aqueous extracts,
0.5-5% for essential oil). Results of antioxidant activity of EO and AE
of ginger rhizome are given in Table 1. The DPPH radical-scavenging
activities indicated that antioxidant activity was high (78.68%) at 5%
concentration of essential oil and also high (89.72%) at 20% of aqueous
extract. Manuel et al. [20] observed similar results of antioxidant
activity of essential oils at higher concentration. The total phenolic
content could be used as an important indicator of the antioxidant
capacity, which may be used as a preliminary screen for essential oils
for use as natural sources of antioxidants in functional foods [21].
Ginger essential oil showed high phenolic content [130.70 mg Catechol
equivalents /l] at 5% level of concentration than aqueous extract [97.69
mg Catechol equivalents /l] at 20% concentration. Baris et al. [22] also
found similar results and reported that weaker anti oxidative capacity
of the extract could be attributed to the presence of polar phenolics
as they were found in the extract at low concentration. In the present
study, a concentration dependent ferric reducing antioxidant power
(FRAP) of essential oils was observed with the highest activity of 190.52
µmol Fe (II)/g) at 5% concentration. Similarly, the FRAP of ginger
extract showed highest activity of 107.59 µmol Fe(II) /g dry wt in 20%
J Food Process Technol
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concentration. β -carotene bleaching method is based on the loss of
the yellow colour of β -carotene due to its reaction with radicals which
are formed by linoleic acid oxidation in an emulsion [23]. This fact is
used in the antioxidant activity evaluation of essential oil and extracts
of ginger. Antioxidant activity determined by β-carotene bleaching
assay revealed that ginger essential oil had an antioxidant activity of
52.94% at 5% concentration and aqueous extracts had an antioxidant
activity of 54.85% at 20% concentration. Results from the study
agreement with similar results observed for oregano essential oil [24].
In comparison, the essential oil showed relatively significant (p<0.05)
antioxidant effect than aqueous extracts at lower concentration. The
antiradical efficiency of an effective antioxidant is measured in terms
of its ability to counteract the higher levels of reactive radicals even at
lower concentration [25].

Chemical composition of ginger essential oil
Chemical composition of Ginger (Zingiber officinale) essential
oil was determined by GC-MS analyses showed Ginger essential oil
contained, zingiberene (27.45 ± 0.30%), copaene (13.82 ± 0.06%),
camphane (11.10 ± 0.16%) and geranial (10.98 ± 0.10) as major
compounds Table 2. Results from this study are agreement with similar
studies done for the chemical composition of ginger essential oil [2628]. Though copaene was not reported in the previous report, it was the
second major component found (13.81 ± 0.06%) in the present study.

Changes in lipid peroxide value of fish oil-in-water emulsion
Oxidation of lipids is one of the basic processes causing rancidity
in food products [29]. The mechanism for lipid oxidation in oil-inwater emulsions differs from bulk lipids because emulsions have an
aqueous phase which contains both pro oxidants and antioxidants
and oil-in water interface that impact interactions between oil and
water components. The selection of suitable antioxidant is of great
importance to inhibit lipid oxidation in different food systems. In
the present study, antioxidant effectiveness in the model systems of
fish oil-in-water emulsion prepared with essential oil and aqueous
extract and their oxidative stability was evaluated up to 21 days.
Highest concentrations of ginger aqueous extract (20%) was used
for evaluating their efficacy in exercising the oxidative stability in an
emulsion system and 1% concentration of ginger essential oil was
used based on emulsion stability. Hydro peroxides were measured
to determine the initial rate of oxidation because they are generally
accepted as the first product formed by oxidation [30]. Peroxides
are the primary products of lipid oxidation and play a central role in
auto oxidation of lipids and decomposed into carbonyls and other
compounds. The rate of lipid oxidation increases as the droplet size
decreases, because of the increased surface area that is exposed to the
aqueous phase. The level of per oxidation was lower (12.62 mmolO2/
kg) in the fish oil-in-water emulsion prepared with EO (1%). In case
of emulsion prepared with 20% AE, it was 13.42 mmolO2 /kg on 21st
day Figure 1. Combination of EO (1%) and AE (20%), significantly
(p<0.05) counteracted the per oxidation (3.91 mmolO2/kg on 21st day)
in the fish oil-in-water emulsion. Sajid and Benjakul [31] observed
higher PV in the control sample than the samples added with phenolic
compounds in menhaden oil-in-water emulsion. Further, It has been
reported that gingerol, shogaol, curcumin and diarylheptanoids are the
major compounds present in the ginger rhizome work as antioxidant,
anti-inflammatory, anti-lipid, anti-diabetic, analgesic, antipyretic and
anti-tumor [32,33]. The peroxide value of control was 21.33 mmolO2/
kg which was significantly (p<0.05) higher than the other samples
containing essential oil/aqueous extracts of ginger. The results indicated
the combined effect of ginger essential oil and aqueous extract which
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Sample Concentration (%)

Total phenolics mg Catechol β –carotene bleaching assay (%
equivalents/l
Anti-Oxidant Activity)

% DPPH inhibition

FRAP (miromol Fe(II) /g dry wt)

0.5

32.74 ± 0.02a

82.25 ± 0.05a

29.49 ± 0.15a

26.36 ± 0.07a

1

52.03 ± 0.04

123.42 ± 0.04

58.89 ± 0.08

33.04 ± 0.15b

2

74.81 ± 0.05

5

78.68 ± 0.04d

190.52 ± 0.12d

130.70 ± 0.04d

52.94 ± 0.22d

0.5

5.92 ± 0.02a

24.75 ± 0.04a

ND

12.57 ± 0.52a

1

9.24 ± 0.01

32.59 ± 0.02

b

ND

13.48 ± 0.45b

2

13.27 ± 0.01c

35.42 ± 0.02c

ND

24.52 ± 0.45c

5

35.31 ± 0.03d

49.65 ± 0.05d

24.38 ± 1.25a

41.52 ± 0.34d

10

76.29 ± 0.05

98.42 ± 0.06

63.95 ± 0.04

b

47.15 ± 0.17e

20

89.72 ± 0.07f

107.59 ± 0.05f

97.69 ± 0.01c

54.85 ± 0.05f

Essential oil
b

b

167.35 ± 0.07

c

c

b

106.6 ± 0.20

c

44.43 ± 0.06c

Aqueous extract
b

e

e

Where,
DPPH–2, 2- Diphenyl-1-picrylhydrazyl (DPPH) radical scavenging assay;
FRAP- Ferric Reducing Antioxidant Power assay;
Results are mean ± SD, n=3; Values within a column with different superscript letters are significantly (p<0.05) different. ND = Not detected.
Table 1: Antioxidant activity of essential oil and aqueous extracts of ginger rhizome
Sl. No.

Compound

Peak area (%)

1

α-pinene

3.20 ± 0.14

2

Camphene

11.10 ± 0.16

3

β-pinene

1.84 ± 0.02

4

Limonene

1.82 ± 0.04

5

β-Phellandrene

6.21 ± 0.05

6

Cineole

3.53 ± 0.04

7

Linalool

0.39 ± 0.01

8

α-myrcene

0.20 ± 0.01

9

(+)-β-citronellol

0.43 ± 0.02

10

Citral

5.94 ± 0.08

11

α-terpineol

0.61 ± 0.01

12

Geranial

10.98 ± 0.10

13

Geranyl acetate

0.95 ± 0.13

Total

47.72

Monoterpenoids

of ginger. The activities of essential oils such as antioxidants depend not
only on their structural features but also on many other factors, such
as concentration, temperature, light, type of substrate and physical
state of the system, as well as on micro components acting as prooxidants or synergists [30]. It is noticed that the antioxidant potential
of ginger essential oil is more effective in counteracting the lipid
oxidation process in fish oil in water emulsion as compared to ginger
aqueous extract. Further, the level of malonaldehyde was less (3.25 mg
malonaldehyde /l emulsion) in fish oil-in-water emulsion prepared
with 1.0% EO and 20% AE and it was comparable to BHT (2.43 mg
malonaldehyde /l emulsion), Isabel et al. [34] also observed similar

Sesquiterpenoids
1

Germacrene-A

0.65 ± 0.02

2

Zingiberene

27.45 ± 0.30

3

α-farnesene

6.58 ± 0.05

4

Copaene

13.82 ± 0.06

5

Nerolidol

0.32 ± 0.02

Total

48.82

Table 2: Chemical composition of ginger essential oil (Zingiber officinale)

Figure 1: Peroxide Value (PV): Effect of Essential Oil and Aqueous Extracts of
Ginger an Lipid Oxidation af Fish Oil-In-Water Emulsion

are comparable to the results of BHT (3.65 mmolO2 /kg at 21st day)
in the fish oil-in-water emulsion. Lipid oxidation is accelerated by
reactions that take place at the surface of o/w emulsion droplets. The
rate of lipid oxidation increases as the droplet size decreases, because
of the increased surface area that is exposed to the aqueous phase [10].

Changes in TBARS value of fish oil-in-water emulsion
The extent of lipid oxidation in fish oil-in-water emulsion prepared
with 1.0% ginger essential oil was 3.94 mg malonaldehyde /l emulsion
by day 21 Figure 2. Similarly, emulsion prepared with 20% aqueous
ginger extract was 4.34 mg malonaldehyde /l emulsion by day 21.
During the storage period of 21 days, TBARS value in control sample
was significantly (p<0.05) higher (5.08 mg malonaldehyde /l emulsion)
than the fish oil-in-water emulsion with essential oil/aqueous extracts
J Food Process Technol
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Figure 2: Thiobarbituric Acid Reactive Substances (TBARS): Effect of Essential
Oil and Aqueous Extracts of Ginger on Lipid Oxidation of Fish Oil-in-water emulsion
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results and reported that significant lipid oxidation reduction in fish
oil-in-water emulsions with addition of rosemary extracts. Jang-Hyuk
et al. [35] reported that mixture of natural plant extract showed better
antioxidant activity in micro encapsulated sunflower oil. Results from
the study indicate that the potential of using ginger essential oil and its
aqueous extract in combination as natural antioxidant substances in
the preparation of fish oil-in-water emulsion formulations.

Conclusion
The overall objective of the present study was to evaluate the
stability of oil-in-water emulsions containing omega-3 fatty acids with
the addition of essential oil and aqueous extract of ginger rhizome.
Anti-oxidative activities of essential oil and aqueous extract of ginger
rhizome tested by four different test systems (2, 2-Diphenyl-1picrylhydrazyl, Ferric reducing antioxidant power, Folin-Ciocalteu's
reagent and β-carotene bleaching) revealed that essential oil has more
anti oxidative activity potential than aqueous extract. In oil-in-water
emulsions, the essential oil acted more efficiently against lipid oxidation
compared to aqueous extract. Further, ginger essential oil and aqueous
extract together showed comparable results with synthetic antioxidant
like BHT as observed by PV and TBARS values. In conclusion, both
essential oil and aqueous extract of ginger can be utilized together as a
source of natural antioxidant to improve their inhibitive action on both
sides of the oil-water interface. Further, it can be used to deliver fish oils
in an emulsion form that allows incorporation of sensitive functional
ingredients into food without affecting the taste, aroma, or texture.
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