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Abstract: This study was intended to determine the effectiveness of ascorbic acid microemulsion for inhibiting photooxidation of
virgin coconut oil (VCO). The ascorbic acid microemulsion was prepared by mixing ascorbic acid, detonized water, surfactant
mixture, and VCO as continuous phase. Ascorbie acid microemulsion at 50, 100, 150, 200, or 250 ppm was dispersed into VCO. The
same level of ascorbyl palmitate. TBHQ (tertiary butylhydroquinone), and BHA (butylated hidroxyanisole) were added into VCO
and nd for comparison. All of these samples were subsequently subjected to photooxidation under fluorescent light exposure (4.000
lux) for up to 8 hours at room temperature (30 £ 1 °C). Peroxide values and p-anisidine values of photooxidized samples were
measured at 1 hour interval. The result indicated that at the level of 250 ppm. ascorbic acid which was included into the
microemulsion system effectively inhibited photooxidation of VCO in comparison with the other antioxidants. This study confirmed
that a highly hydrophilic singlet oxygen quencher (SOQ) such as ascorbic acid can be successfully incorporated into the
microemulsion system and the addition of ascorbic acid microemulsion effectively inhibited photooxidation of VCO during storage
under fluorescent light
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1. Introduction addition of a singlet oxygen quencher (SOQ).
Naturally present SOQ in the VCO were not

Virgin coconut oil (VCO) is susceptible to quality D o .
i . o i effective for inhibiting photooxidation [5]. Ascorbic

deterioration due to photooxidation. Photooxidation is , o .
— : - i acid was reported as an effective SOQ in aqueous
initiated by a “hl reaction in the presence of a , _ .
. . R solutions [6-8]. However, due to its very poor
sensitizer [1]. Chlorophyll and its denvatives are . . . ]
- solubility in non-aqueous media, ascorbic acid cannot

common sensitizers that act as promoters of

photooxidation in vegetable oils [2]. a:cording to
Anwar et al. [3], photooxidation during food

be easily dispersed in hydrophobic medium such as
VCO. Water-in-oil (w/o) microemulsion system may

, ; be used to overcome this problem. On the other hand,
processing and preservation has been demonstrated to i o . i
. % . g . 4 synthetic antioxidants, especially TBHQ, have a
display highly detrimental effects on the quality of : : : -
. . strong singlet oxygen quenching ability [9].
foods due to an accelerated rate reaction. The reaction 0

S ] Because of its several advantages such as
nte of photooxidation, also known as singlet oxygen

oxidation, is at least 1,000-1,500 times faster than that
of autooxidation [4]. This reaction can be inhibited by

gysparent, thermodynamically stable, low viscosity,
easy formulation (low im'l'acial tension and almost
spontaneous formation) and high surface area (high

solubilisation capacity), the use of water-in-oil (w/o
Corresponding autn': Ambar Rukmini, lecturer. research % i pa tY) " : ( )
field: food technology. E-mail: ambar_rukmini@yahoo.co.uk. microemulsion to include ascorbic acid may be
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compatible in the VCO system. The objectives of this

study were: (1) to determine the photooxidative
stability of ascorbic acid microemulsion; and (2) to
evaluate the antiphotooxidative effect of ascorbic acid
microemulsion in VCO compared with that of

common synthetic antioxidants.
13
2. Materials and Methods

2.1 Preparation of Ascorbic Acid Microemulsion

Referring to our previous study [10], the ascorbic
acid microemulsion was prepared by dissolving
ascorbic acid (1% w/w of microemulsion formula)
mto the deionized water. This solution was
subsequently added with surfactant mixtures which
consist of 16.6% Tween 20 (polyvoxyethylene sorbitan
monolaurate), 15.0% Span 20 (sorbitan monolaurate),
and 68.4% Span 80 (sorbitan monooleat) and mixed
on a hot-plate stirrer and then the dehydrated VCO
was added dropwise while stirring. The formation of
ascorbic acid microemulsion was characterized by the
presence of clear and transparent solution without

phase separation.

2.2 Photooxidative Stability Test of Ascorbic Acid

Microemulsion

To evaluate the photooxidative stability of ascorbic
acid microemulsion, a portion of 20 mL a:nrbic acid
microemulsions were placed in 30 mL transparent
serum bottles with rubber caps. Another set of
microemulsion without ascorbic acid was also

pared and used for comparison. Photooxidation
was performed under accelerated condition using
fluorescent lights with intensity of approximately
4000 lux and samples were exposed to that light for
up to 5 hours at room temperature (30 + 1 °C).
ﬁmxide values (PV) of the samples were measured
according to the method proposed by the AOCS
Official Method [11].

2.3 Photooxidation Experiments

To evaluate the antiphotooxidative effect of
ascorbic acid microemulsion in VCO, a portion of 20

mlL  VCO samples containing Wcorbic acid
microemulsion were placed in 30 ml transparent
serum bottles with rubber caps. The levels of ascorbic
acid in VCO samples were adjusted to 50, 100, 150,
200, or 250 ppm. The same levels of ascorbyl
palmitate (AP), TBHQ, or BHA were mixed into the
VCO and used for comparison. All of these samples
were subsequently subjected to photooxidation under
accelerated nditlon using fluorescent light exposure
(4,000 Iux) for to 8 hours at room temperature (30
+ | °C). The peroxide values (PV) a[“ p-anisidine
values (p-AnV) of photooxidized VCO samples were
measured at 1 hour interval according to the AOCS
micial Method [11]. They were used to calculate the

total oxidation (TOTOX) values of the samples.
3. Results and Discussion

3.1 Photooxidative Stability of Ascorbic Acid

Microemulsion
1

Photooxidation g a reaction that initiates quality
deterioration in fatty products which is indicateﬂh_v
the formation of peroxide compounds. Intensed light
exposure in photooxidation induces an increased rate
of peroxide formation in the oil [12]. The PV is a
measure of the concentration of peroxide and
hydroperoxide formed in the initial Stam of lipid
oxidation. The accumulation of peroxides reflects its
oxidative level and thus its tendency to become rancid
ﬁ, 13]. The PV changes of microemulsion which were
exposed to fluorescent light were shown in Table 1.

Table 1 shows that the microemulsion without
ascorbic acid after being exposed to light had a
significantly (P < 0.05) higher PV than that of the
samples before light exposure. The PV became zero if
the microemulsion was loaded with ascorbic acid.
These results indicated that ascorbic acid which was
incorporated in the water-in-VCO microemulsion
SOQ and inhibit the

photooxidation reaction. As reported by Bodannes and

system could play as

Chan [6], ascorbate can scavenge singlet oxygen,

superoxide and peroxide. In comparison with the said
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Table 1

Photooxidative stability of ascorbic acid microemulsion.

Antiphotooxidative Effect of Ascorbic Acid Microemulsion in Virgin Coconut Oil

Peroxide value (meq/kg)*

Treatment

Microemulsion without ascorbic acid

Ascorbic acid microemulsion

0.098 1 0.009"
1.298 + 0.024°

Before light exposure

After light exposure

U“
0

*: a\'crag six replicates.

Different letters in the same column or row indicate significant difference (P < 0.05).

50 ppm

100 ppm

0 1 2 3 4 5 6 7

Peroxide value (meq/kg)
SO0 -
o &

AP
-+TBHQ
-~BHA

Duration of light exposure (hours)

Fig. 1 Peroxide value of light exposed VCO containing various levels of ascorbic acid microemulsion (AA, ®), ascorbyl palmitate

(AP, m), TBHQ (&), or BHA (A).

study, this experiment resulted in a similar trend
which was indicated by the zero values of PV in
ascorbic acid microemulsion, even after they were
exposed to fluorescent light. This result indicated that
the ascorbic acid microemulsion was very stable and

resistant to photooxidation reaction.

3.2 Effect of Ascorbic Acid Microemulsion on
Photooxidized 1'CO

The effect of ascorbic acid microemuylspn and the
other antioxidants on photooxidized VCO was evaluated
by measuring PV, p-AnV, and TOTOX values. The PV
of light exposed VCO samples containing various levels
of ascorbic acid microemulsion, AP, TBHQ, or BHA
was shown in Fig. 1.

Fig. 1 shows that the light exposed VCO samples

containing ascorbic acid microemulsion have a

significantly (P < 0.01) lower PV than that of VCO
containing AP, TBHQ, or BHA at all levels of
antioxidants. They indicated that the ascorbic acid
microemulsion was more effective in inhibiting
photooxidation of VCO in comparison with the other
antioxidants. Even ascorbic acid addition at the level
of 250 ppm, the PV of light exposed VCO containing
ascorbic acid microemulsion became zero, very
significantly (P < 0.01) different from the VCO
containing the other antioxidants. It was indicated that
at the level of 250 ppm, ascorbic acid microemulsion
could effectively prevent photooxidation reaction.

Fig. 1 also shows that the PV slightly decreased or
was relatively constant after 5 hours of light exposure in

of the treatments. In this condition, hydroperoxides
will have decomposed into secondary oxidation
products. If the rate of hydroperoxide decomposition
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: 1
0_18‘ 50 ppm ah 100 ppm
0.6 0.6
0.4 0.4
0.2 0.2
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1
= 250 ppm <eliil
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0.4
i -x-TEHQ
0 —BHA

0 1 2 3 4 5 6 7 8

Duration of light exposure (hours)
Fig. 2 p-Anisidine value of light exposed VCO containing various levels of ascorbic acid microemulsion (AA, e), ascorbyl palmitate

&\1’. u), TBHQ (A), or BHA (A).

is greater than that of the hydroperoxide formation in
the oil, it could have very low hydroperoxide content.
it
secondary oxidation products.

gsherefore, was considered to determine the

The p-AnV method measures the content of
aldehydes (principally 2-alkenals and 2.4-alkadienals)
generated during the decoraosition of hydroperoxides.
A higher level of p-AnV revealed a higher extent of
the secondary oxidation products formatting in light
exposed oils which might be due, in part, to the
enhanced rate of oxidative deterioration [14]. The
p-AnV in light exposed VCO samples containing
various levels of ascorbic acid microemulsion, AP,
TBHQ, or BHA was shown in Fig. 2.

Fig. 2 shows that the p-AnV of light exposed VCO
samples containing ascorbic acid microemulsion was
significantly (P < 0.01) lower than that of VCO
containing AP, TBHQ, or BHA at all levels of
antioxidants. It was indicated that ascorbic acid
microemulsion system was more capable for
mhibiting the formation of secondary oxidation
product as compared with the other antioxidants.

Ascorbic acid could act as peroxide scavenger [6, 15],

so that it could prevent the development of secondary
oxidation products.

Fig. 2 also shows that the p-AnV was relatively
constant until 5 hours of light exposure in all of the
treatments. This result clearly indicated the lag stage
needed for the formation of the secondary oxidation
product of lipid hvdroperoxides. Within this period.
the light VCO
hydroperoxides as sho in Fig. 1. According to
Osborn and Akoh [16], the hydroperoxides must first
be present before they can decompose into the
secondary oxidation products.

The p-AnV increased after 5 hours of light exposure

exposed samples  produced

in all of the treatments. It was indicated that intensed
light exposure in VCO leads to the accumulation of
secondary oxidation products which was revealed in the
increasing p-AnV. The lower p-AnV in VCO samples
containing ascorbic acid microemulsion than that of
VCO containing AP, TBHQ, or BHA indicated that
ascorbic acid microemulsion effectively inhibited the
photooxidation reaction and pm\med the accumulation
of hydroperoxides that could decompose to be the
secondary oxidation products. The antiphotooxidative
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effect of ascorlpyy acid microemulsion could also be
evaluated by its TOTOX value.

The TOTOX wvalue is a measure of the total
oxidation, including primary and secondary oxidam
products. It was expressed as 2 PV+ p-AnV. The PV
and p-AnV reflect the oxidation level at the eaa' and
later stages of oxidation reaction, respectively. During
lipid oxidation, it is often observed that PV first rises
and then falls as hydroperoxides decomposed. The
TOTOX value measures both hyvdroperoxides and
their breakdown products, and provides better
estimation of the progressive oxidative deterioration
of fats and oils [17]. The TOTOX values of light
exposed VCO samples containing various levels of
ascorbic acid microemulsion, AP, TBHQ, or BHA
was shown in Fig. 3.

Fig. 3 had a similar trend to Fig. 1. Light exposed
VCO samples containing ascorbic acid microemulsion
showed a very significantly (P < 0.01) lower TOTOX
value than that of VCO containing AP, 'I'Bll(hor
BHA at all levels of antioxidants. Intensed light
exposure with relatively high intensity (4,000 lux) was
very effective to initiate photooxidation [18]. The light

50 ppm

o = N @ &

energy from that light exposure was absorbed by
chlorophyll contained in VCO and it will become
excited chlorophyll. According to Rawls and Van
Santen ﬂ9], the excited chlorophyll transferred the
energy to triplet oxygen to form the more reactive
singlet oxvgen. This singlet oxygen subsequently
reacted with unsaturated fatty acid producing alkyl
radical (L'a The alkyl radical reacted with oxygen
molecules resulting in the formation of peroxyl radical
(LOO"), which had a higher energy than that of the
alkyl radical. Thus, the peroxyl radical could abstract
hydrogen from another unsaturated fatty acid and
produced a lipid hydroperoxide (LOOH) and a new
alkyl radical |20].
Intensed light exposure in the VCO caused the
decomposition of primary oxfation products, ie.
hydroperoxides, generating alkoxyl (LO") and
hydroxyl radical (+OH). The alkoxyl radical, which
was more energetic than either the alkyl or peroxyl
radical, could enter into a number of different reaction
hways known as [-scission reaction generating
secondary oxidation products such as aldehydes,
ketones, alcohols, and short-chain hydrocarbons [2].

4 -
100 ppm
34
2-

14

Now s

TOTOX value
0 = N @ &

Duration of light exposure (hours)

Fig. 3 TOTOX value of light exposed VCO containing various levels of ascorbic acid microemulsion (AA, @), ascorbyl palmitate
(AP, m), TBHQ (A), or BHA (A).
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The hydroperoxides which were produced during
light exposure of VCO samples had more polar
characteristics than the triacylglvcerols composed of
VCO. They were able to diffuse to the more polar
zone and interact with the compounds present in the
aqueous phase [21]. The more polar zone in this study
was the interface layer of microemulsions which
contained ascorbic acid in their microdroplets. For this
reason, the hvdroperoxides were quenched more
easily by the ascorbic acid than by the lipophilic
antioxidants (TBHQ or BHA) or the oil-soluble ester
antioxidant (AP). Moreover, ascorbic acid could also
act as SOQ and prevent the alkyl radical formation
that initiated the oxidation chain reactions. It resulted
in a lower TOTOX value of VCO containing ascorbic
acid microemulsion compared with those of synthetic

antioxidants.

4. Conclusion

Ascorbic  acid, which was incorporated into
water-in-oil  microemulsion system, was more
effective  antioxidant than other lipophyllic

antioxidants in inhibition of photooxidation reaction
of VCO. Anti-photooxidation capability of ascorbic
acid microemulsion was the highest, and followed by
TBHQ, ascorbyl palmitate, and BHA. It would be of
great interest for the future study to determine
synergistic effect of the ascorbic acid microemulsion
and lipophilic antioxidants such as a-tocopherol and
p-carotene which are naturally present in VCO.

Acknowledgment
The authors thank to the Directorate General of

Higher Education, Mmistry of National Education and
Culture Republic of Indonesia in providing research
grant for this study.

References
19

[1] D.B. Min, J.M. Boff, Chemistry and reaction of singlet
oxygen in food, Comprehensive Reviews in Food Science

and Food Safety 1 (2002) 58-72.

2]

[10]

[11]

[12]

[13]

[14]

[15]

E. Choe, D.B. Min, Mechanisms and factors for edible o1l
oxidation, Comprehensive Reviews in Food Science and
d Safety 5 (2006) 169-186.
F. Anwar, SAS. Chatha, A.l. Hussain, Assessment of
oxidative deterioration of soybean oil at ambient and
ight storage, Grasas Y. Aceites 58 (2007) 390-395.
F. Shahidi, Natural Antioxidants, Chemistry, Health
Effects and Applications, AOCS Press, Champaign IL,
United States, 1997, pp. 12-24.
A. Rukmini, 8. Raharjo, P. Hastuti, Supnyadi. Quality
deterioration in commercial virgin coconut ol due to
photooxidation and autooxidation, Agritech 31 (2011)
-288.
R.S. Bodannes, P.C. Chan, Ascorbic acid as a scavenger
PYxyeen singlet, Febs Letters 105 (1979) 195-196.
M.Y. Jung, SK. Kim, 8.Y. Kim, Riboflavin-sensitized
photodynamic UV spectrophotometry for ascorbic acid
assay in beverages. Journal of Food Science 60 (1995)
90-363, 368,
M.Y. Jung, S.K. Kim. 8.Y. Kim. Riboflavin-sensitized
photo-oxidation of ascorbic acid kinetics and amino acid
Eects‘ Food Chemistry 53 (1995) 397-403.
JL.H. Lee, M.Y. Jung. Direct spectroscopic observation of
singlet oxygen quenching and kinetic studies of physical
and chemical singlet oxygen quenching rate constants of
synthetic antioxidants (BHA, BHT, and TBHQ) in
hano], Joumal of Food Science 75 (2010) C506-C513.
A. Rukmini, 8. P. Hastuti,
Formulation and stability of water-in-virgin coconut oil
microemulsion using ternary food grade nonionic
surfactants, International Food Research Journal 19 (2012)
-264.
AOCS, Official Methods and Recommended Practices of
the AOCS, 5th ed., American Oil Chemists® Society,
o1s, United States, 2004, pp. 1-2.

“Rahmani. A.S. Csallany, Role of minor constituents in
the photooxidation of virgin olive oil, Jounal of the
anen'can 01l Chemists” Society 75 (1998) 837-843.

H.I. Kim, T.S. Hahm, D.B. Min, Hydroperoxide as a
prooxidant in the oxidative stability of soybean oil.
Journal of the American Oil Chemists’ Society 84 (2007)
—355_

M. Khan, F. Shahidi, Photooxidative stability of stripped
and non-stripped borage and evening primrose oil and
their emulsions in water, Food Chemistry 79 (2002)
3_

PKJPD. W dara, F.
Science, Technology, and Applications, in: F. Shahidi
(Ed.), Bailey's Industrial Oil and Fat Products. John
Wiley & Sons Inc., Hoboken, New Jersey, 2005, pp.
442-443.

Raharjo, Supriyadi,

Qhahidi

Antioxidants:




212

[16]

[17]

[18]

Antiphotooxidative Effect of Ascorbic Acid Microemulsion in Virgin Coconut Oil

10

H Osborn, C.C. Akoh. Effect of emulsifier type,
droplet size, and oil concentration on lipid oxidation in
structured  lipid-based  oil-in-water Food
Cl‘ll]’)" 84 (2004) 451-456.

F. Shahidi, Y. Zhong, Lipid oxidation: Measurement
methods, in: F. Shahidi (Ed.), Bailey’s Industrial Oil and
Fat Products, John Wiley & Sons Inc.., Hoboken, New
cy. 2005, p. 369.

A. Rukmini, S. Raharjo, Pattern of peroxide value
changes in  virgin coconut il (VCO) due to
photo-oxidation sensitized by chlorophyll, Journal of the
American O1l Chemists’ Society 87 (2010) 1407-1412.

emulsion,

[19]

[20]

[21]

H.R. Rawls, P.J. Van Santen. A possible role for singlet
oxygen in the mtiation of fatty acid autooxidation,
Journal of the American Oil Chemists’ Society 47 (1970)

l-125.

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

a9-3 1.

E.A. Decker, J. Alamed, Al Castro, Interaction between
polar components and the degree of unsaturation of fatty
acids on the oxidative stability of emulsions, Journal of
the American O1l Chemists™ Society 87 (2010) 771-780.




Antiphotooxidative Effect of Ascorbic Acid Microemulsion in
Virgin Coconut Oil

ORIGINALITY REPORT

40, . 40% 19,

SIMILARITY INDEX INTERNET SOURCES PUBLICATIONS STUDENT PAPERS

PRIMARY SOURCES

1

Ambar Rukmini. "Pattern of Peroxide Value
Changes in Virgin Coconut Oil (VCO) Due to
Photo-Oxidation Sensitized by Chlorophyll”,
Journal of the American Oil Chemists’ Society,
07/21/2010

Publication

B%

Fuchs-Tarlovsky, Vanessa. "Role of

antioxidants in cancer therapy", Nutrition, 2013.

Publication

2

Wilailuk Chaiyasit. "Role of Physical Structures
in Bulk Oils on Lipid Oxidation", Critical
Reviews in Food Science and Nutrition, 2007

Publication

2

Chen, Bingcan, David Julian McClements, and
Eric Andrew Decker. "Impact of diacylglycerol
and monoacylglycerol on the physical and
chemical properties of stripped soybean oil",
Food Chemistry, 2014.

Publication

2




Faroog Anwar, Shahzad Ali Shahid Chatha,
Abdullah ljaz Hussain. "Assessment of
oxidative deterioration of soybean oil at
ambient and sunlight storage", Grasas y
Aceites, 2007

Publication

2%

Lee, Ju Yeon, and Mun Yhung Jung. "Effects
and mechanisms of eugenol, isoeugenaol,
coniferylaldehyde and dihydroeugenol on the
riboflavin-sensitized photooxidation of a-

terpinene in methanol", Food Chemistry, 2017.

Publication

1o

Flaiz, Linda, Maria Freire, Susana Cofrades,
Raquel Mateos, Jochen Weiss, Francisco
Jiménez-Colmenero, and Ricard Bou.
"Comparison of simple, double and gelled
double emulsions as hydroxytyrosol and n-3
fatty acid delivery systems", Food Chemistry,
2016.

Publication

1o

Submitted to Higher Education Commission

Pakistan
Student Paper

1o

Shyla, B., and G. Nagendrappa. "Redox
spectrophotometric method involving
electrolytically generated manganese(lil)
sulphate with diphenylamine for the

1o



determination of ascorbic acid present in the
samples of various fruits, commercial juices
and sprouted food grains”, Food Chemistry,

2013.

Publication

Belhaj, N.. "Oxidative kinetics of salmon oil in
bulk and in nanoemulsion stabilized by marine
lecithin”, Process Biochemistry, 201002

Publication

1o

Fagali, Natalia, and Angel CatalAj. "The
antioxidant behaviour of melatonin and
structural analogues during lipid peroxidation
depends not only on their functional groups but
also on the assay system"”, Biochemical and
Biophysical Research Communications, 2012.

Publication

1o

Verardo, V.. "Evaluation of lipid oxidation in
spaghetti pasta enriched with long chain n-3
polyunsaturated fatty acids under different
storage conditions", Food Chemistry, 20090515

Publication

1o

Mehta, Bhavbhuti M., V.B. Darji, and K.D.
Aparnathi. "Comparison of five analytical
methods for the determination of peroxide
value in oxidized ghee", Food Chemistry, 2015.

Publication

1o

Pineli, Livia, Guilherme Oliveira, Marcio



Mendonca, Luiz Borgo, Erika Freire, Sénia
Celestino, Marileusa Chiarello, and Raquel
Botelho. "Tracing chemical and sensory
characteristics of baru oil during storage under
nitrogen”, LWT - Food Science and
Technology, 2015.

Publication

1o

Jumat Salimon. "Saponification of Jatropha
curcas Seed Oil: Optimization by D-Optimal
Design", International Journal of Chemical
Engineering, 2012

Publication

1o

Trifkovi?, Kata, Verica ?or?evi?, Bojana
Balan?, Ana Kalu®evi?, Steva Levi?, Branko
Bugarski, and Viktor Nedovi?. "Novel
approaches in nanoencapsulation of aromas
and flavors", Encapsulations, 2016.

Publication

1o

Baccouri, O.. "Chemical composition and
oxidative stability of Tunisian monovarietal
virgin olive oils with regard to fruit ripening",
Food Chemistry, 20080815

Publication

1o

Soto, C.. "Antioxidant content of oil and
defatted meal obtained from borage seeds by
an enzymatic-aided cold pressing process",
Process Biochemistry, 200806

Publication

1o



Smyk, Bogdan. "Singlet oxygen autoxidation of 1 o
vegetable oils: Evidences for lack of synergy °
between B-carotene and tocopherols”, Food
Chemistry, 2015.

Publication

Kim, Ji Young, Mi-Ja Kim, BoRa Yi, Sumi Oh, 1 o
and JaeHwan Lee. "Effects of relative humidity °
on the antioxidant properties of a-tocopherol in
stripped corn oil", Food Chemistry, 2015.

Publication

Pedrosa, Rui, Carla Tecelao, and Maria Gil. 1 o
"Lipids in Meat and Seafood", Methods in Food °
Analysis, 2014.

Publication

Submitted to Manchester Metropolitan 1
' ' %
University
Student Paper
Submitted to Kolej Mara Bantin
Student Paper J 9 1 %

o4 Budhiyanti, Siti A.; Raharjo, Sri; Marseno, 1 o
Djagal W. and Lelana, Iwan Y. B.. °

"ANTIOXIDANT ACTIVITY OF BROWN ALGAE

SARGASSUM SPECIES EXTRACT FROM THE

COASTLINE OF JAVA ISLAND", American

Journal of Agricultural & Biological Science,

2012.

Publication



25

Sato, Y.. "Hydrogen-rich pure water prevents
superoxide formation in brain slices of vitamin
C-depleted SMP30/GNL knockout mice",
Biochemical and Biophysical Research
Communications, 20081024

Publication

1o

Pakpayat, N.. "Formulation of ascorbic acid
microemulsions with alkyl polyglycosides”,
European Journal of Pharmaceutics and
Biopharmaceutics, 200906

Publication

1o

Ahmad Faizal. "Agroinfiltration of intact leaves
as a method for the transient and stable
transformation of saponin producing Maesa
lanceolata”, Plant Cell Reports, 04/26/2012

Publication

1o

Pingret, Daniella, Anne-Sylvie Fabiano-Tixier,
and Farid Chemat. "Degradation during
application of ultrasound in food processing:
A review", Food Control, 2013.

Publication

1o

Irandoust, H., A.H. Samie, H.R. Rahmani, M.A.
Edriss, and G.G. Mateos. "Influence of source
of fat and supplementation of the diet with
vitamin E and C on performance and egg
quality of laying hens from forty four to fifty six
weeks of age", Animal Feed Science and

<1%



Technology, 2012.

Publication

Alegria Carrasco-Pancorbo. "Analytical 1
v ey <19
determination of polyphenols in olive oils",
Journal of Separation Science, 06/2005
Publication
Osborn, H.T.. "Effect of emulsifier type, droplet <1
: : : . e %
size, and oil concentration on lipid oxidation in
structured lipid-based oil-in-water emulsions”,
Food Chemistry, 200402
Publication
Holse, M.. "Oxidative storage stability of <1 o
roasted marama beans (Tylosema
esculentum)”, Food Research International,
201207
Publication
Hu, Ya-Lin Hu, Yue Zeng, De-Hui Tan, Xia. <1 o
"Exponential fertilization and plant competition °
effects on the growth and N nutrition of
trembling a", Canadian Journal of Forest
Research, Jan 2015 Issue
Publication
Kim, T.S.. "Effects of chlorophyll <1 o

photosensitisation on the oxidative stability in
oil-in-water emulsions”, Food Chemistry,
20120815

Publication




35

Dubrulle, L., R. Lebeuf, L. Thomas, M.
Fressancourt-Collinet, and V. Nardello-Rataj.
"Catalytic activity of primary and secondary
driers towards the oxidation and hydroperoxide
decomposition steps for the chemical drying of
alkyd resin", Progress in Organic Coatings,
2017.

Publication

Salki¢, Mirsad. "Background Correction Method
for the Determination of L-Ascorbic Acid in
Pharmaceuticals Using Direct Ultraviolet
Spectrophotometry”, European Journal of
Scientific Research/1450216X, 20081120

Publication

<1%

Yettella, R.R.. "Effects of Trolox and ascorbic
acid on the riboflavin photosensitised oxidation
of aromatic amino acids", Food Chemistry,
20100101

Publication

<1%

Lembke, Peter, and Anett Schubert.
"Introduction to Fish Oil Oxidation, Oxidation
Prevention, and Oxidation Correction”, Omega-
3 Fatty Acids in Brain and Neurological Health,
2014.

Publication

<1%

39

Nasrabadi, Maryam Nikbakht, Sayed Amir
Hossein Goli, and Ali Nasirpour. "Evaluation of

<1%



Biopolymer-Based Emulsion for Delivering
Conjugated Linoleic Acid (CLA) as a Functional
Ingredient in Beverages", Journal of Dispersion
Science and Technology, 2014.

Publication

Gao, Feng, Shuo Yang, and John Birch. <1 o
"Physicochemical characteristics, fatty acid °
positional distribution and triglyceride
composition in oil extracted from carrot seeds
using supercritical CO2", Journal of Food
Composition and Analysis, 2016.

Publication
Womeni, Hilaire Macaire, Fabrice Tonfack <1 o

Djikeng, Naga Satya Surya Prabhakar Iruku,
Mallampalli Sri Lakshmi Karuna, Rachapudi
Badari Narayana Prasad, and Michel Linder.
"Valorization of soursop flowers (Annona
muricata L.) as potent source of natural
antioxidants for stabilization of palm olein
during accelerated storage", Food Science &
Nutrition, 2016.

Publication

Exclude quotes Off Exclude matches < 2 words

Exclude bibliography  Off



	Antiphotooxidative Effect of Ascorbic Acid Microemulsion in Virgin Coconut Oil
	by Joshua Ronal

	Antiphotooxidative Effect of Ascorbic Acid Microemulsion in Virgin Coconut Oil
	ORIGINALITY REPORT
	PRIMARY SOURCES


