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Abstract The effect of chlorophyll in photo-oxidation of
virgin coconut oil (VCO) during production and storage
was studied. Photo-oxidation during VCO production was
performed under accelerated conditions using fluorescent
lights (4,000 lux) for 8 h. Peroxide values (PVs) and
chlorophyll contents of the samples were measured at 1 h
intervals. To compare the photo-oxidation during storage,
VCO samples were separately stored under ambient and
normal room light intensity (380400 lux) for up to
4 months and PVs were measured weekly. The results
indicated that relatively low light intensity during the set-
tling stage of VCO production had no significant effect on
photo-oxidation. Photo-oxidation of VCO, however, was
observed during storage when exposed to high intensity
fluorescent light. The degradation of chlorophyll content in
VCO was evident during exposure to a high fluorescent
light intensity which was accompanied by high lipid per-
oxide accumulation. A significant negative correlation
between PV and chlorophyll content was found in VCO
without light protection. The storage of VCO significantly
increased the PV after 10 weeks. This study confirmed that
chlorophyll which is naturally present in VCO even at a
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very low level (less than 0.1 ppm) could initiate a photo-
oxidation reaction leading to quality deterioration during
prolonged storage or display at retailers.

Keywords Peroxide value - Virgin coconut oil -
Chlorophyll - Photo-oxidation

Introduction

According to the Philippine National Standards, virgin
coconut oil (VCO) is defined as an oil that is obtained from
the fresh, mature kernel of the coconut by mechanical or
natural means, with or without the use of heat, without
undergoing chemical refining, bleaching or deodorizing,
and which does not lead to an alteration of the nature of the
oil [1]. The common methods to produce VCO, especially
in Indonesia, are wet-milling methods which do not involve
thermal or chemical treatment. The absence of heating and
chemical treatment of the oil allows it to have a unique
taste and has been claimed to have numerous beneficial
health effects. Thus, VCO production has shown dramatic
growth in the market.

Some of the VCO products are packed in transparent
plastic bottles only and some others with additional light
protection, i.e. sealed paper boxes. During prolonged
storage or display at retailers, VCO may undergo quality
deterioration leading to rejection by consumers especially
due to the presence of a rancid flavor and odor. In our
previous study, we found that within the period before the
expiration date, 11 out of 18 commercial brands of VCO
marketed by retailers around Yogyakarta-Indonesia fell
short of the quality standards. Objectionable odor and taste
were clearly detected by panelists on samples having a
peroxide value (PV) of 1.0 mequiv/kg or higher.
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gydrolysis and oxidation are the two main reactions
which could result in the deterioration of oils. According to
Scrimgeour [2], hydrolysis can be catalyzed by an acid,
base, or lipase, but it also occurs as an uncatalyzed reaction
between fats and water dissolved in the fat phase at suitable
temperatures (~ 250 °C) and pressures (2-6 MPa). How-
ever, oxidation is mostly responsible for much more of the
deterioration of fats and oils than hydrolysis [3]. Oxidation
reactions influence the chemical, sensory and nutritional
properties of edible oils and thus play an important role in
determining their use and shelf-life [4]. Ultimately, this
oxidative deterioration could lead to significant losses for
producers, retailers, and consumers.

Oxidation reactions can be initiated by either diradical
triplet oxygen or non-radical singlet oxygen. The singlet
oxygen can be formed in foods from triplet oxygen by
photosensitized reactions [5]. The triplet oxygen oxidation
also known as auto-oxidation through the free radical chain
reaction via the attack on the alpha methylene of the carbon
double bonds of unsaturated fatty acids is a slow process.
On the other hand, the singlet oxygen oxidation also known
as photo-oxidation involves the direct attack of the extre-
mely electrophilic singlet oxygen on the unsaturated fatty
acids, resulting in the generation of peroxy radicals and,
ultimately, hydro-peroxides is a very fast reaction. The
reaction rate of the photo-oxidation is at least 1,000-1,500
times faster than auto-oxidation [4].

Photo-oxidation occurs when there is light, triplet oxy-
gen and photo-sensitizer [5]. Chlorophyll and its derivatives
are common sensitizers that act as promoters of photo-
oxidation in vegetable oils [6]. After absorption of energy
from light, chlorophyll can transfer it to triplet oxygen to
form the more reactive singlet oxygen, which subsequently
reacts with not only unsaturated fatty acids, but also with
other electron-rich food components including vitamins
and amino acids [5]. Lee et al. [7] reported that vegetable
oils containing natural sensitizers, such as chlorophyll at
0.065-1.33 ppm, can produce singlet oxygen and initiate
the photo-oxidation reaction. These oxidation products
catalyze the oxidation chain reaction, resulting in the oils’
quality deterioration. The objective of this study was to
determine the presence of chlorophyll and its effect on
photo-sensitized oxidation of VCO during production and
storage.

Materials and Methods
Materials
A freshly prepared VCO obtained from a local VCO pro-

ducer was used in this experiment. It was made from the
fresh, mature kernel of coconut (12-14 months), which
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was grated and made into coconut milk obtained by adding
boiled water (1:1). The coconut milk was left to settle for
1 h to separate the cream from the skim. The cream was
taken, stirred, and left for 5 h to allow the formation of a
layer of oil between the dregs and the water. The oil was
then removed and left to settle for 24 h, after which it was
filtered to separate the gum from the oil (VCO). The VCO
was used without any further refining process. A chloro-
phyll @ standard was purchased from Sigma Chemical
Company (St. Louis, MO, USA) and all chemicals used
were of analytical grade.

Photo-oxidation Test during VCO Production

To evaluate the effect of photo-oxidation during VCO
production, especially during settling which is used to
allow oil separation overnight (24 h), two different jars
were used, one transparent and the other wrapped in alu-
minum foil. After filtration to remove the gum from the oil,
a portion of the VCO product was placed in a number of
transparent serum bottles with rubber caps, while another
portion was protected from light by wrapping the serum
bottles with aluminum foil. Photo-oxidation was performed
under accelerated condition using fluorescent lights with an
intensity of approximately 4,000 lux and samples were
exposed to that light for up to 8 h at room temperature
(30 £ 1 °C). PVs and chlorophyll contents of the samples
were measured at 1 h interval. PVs were determined
according to the method IL.D.13 proposed by the IUPAC
Official Method 2.501 [8], and chlorophyll contents of the
samples were measured at 663.8 nm using a spectropho-
tometer (UV-1650 PC, Shimadzu, Japan). The chlorophyll
a standard was used to calculate the measurement [9].

Photo-oxidation Test During VCO Storage

To evaluate the effect of photo-oxidation during VCO
storage at room temperature (30 + 1 °C), two sets of VCO
samples were separately stored either in the dark in a
cupboard or in a normal room light intensity (380—400 lux)
for a period of 4 months. Each set consisted of 51 VCO
samples (15 ml) in 20 ml transparent serum bottles with
rubber caps. The head space in the bottles was just air
without introducing new air during storage. Triplicate
samples of each set were taken for PVs analysis weekly.

Statistical Analysis

Triplicate samples of VCO for each treatment were taken.
Each sample was analyzed individually in duplo. Statistical
analyses of the data were performed by one-way analysis
of variance (ANOVA) and Duncan’s multiple range tests
using Microsoft Excel 2007. A linear regression analysis
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was used to find correlation coefficients between PVs and
chlorophyll contents in VCO photo-oxidized at 4,000 lux.

Results and Discussion

Photo-oxidation during VCO Production
and Chlorophyll a Content

Photo-oxidation is a reaction that initiates quality deterio-
ration in fatty products, including VCO. Intense light
exposure in photo-oxidation induces an increased rate of
peroxide formation in the oil [10]. The PV is a measure of
the concentration of peroxides and hydro-peroxide forms in
the initial stage of lipid oxidation. The number of peroxides
present in vegetable oils reflects its oxidative level and thus
its tendency to become rancid [4, 11, 12].

Figure 1 shows that the effect of light exposure in PV
changes. Light exposed VCO showed very significantly
higher PV (P < 0.01) than the light protected samples,
both at the settling stage with (treatment B) or without
(treatment D) light protection. Light exposure, however,
had no significant effect on PV changes (P = 0.05) in light
protected VCO samples (treatment A and C).

In this experiment, the settling stage was performed at
room temperature with light intensity at about 380400 lux.
A short duration (24 h) of exposure to relatively low light
intensity (less than 400 lux) during the settling stage of VCO
production was not capable of significantly initiating the
photo-oxidation reaction. The PV of the VCO obtained from
the settling stage without light protection, i.e. transparent jar
was 0.12 & 0.022 mequiv/kg. It was not significantly dif-
ferent (P > 0.05) from the VCO obtained from the light
protected jar, i.e. the jar which was wrapped in aluminum
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Fig. 1 Pattern of PV changes in VCO exposed to fluorescent light
(4,000 lux) for up to 8 h. (Samples from a jar which was wrapped in
aluminum foil during settling and placed in serum bottles with A or
without B light protection; Samples from transparent jar during
settling were placed in serum bottles with C or without D light
protection)

foil, which was 0.11 & 0.001 mequiv/kg. It only takes
approximately 3 h of light exposure (4,000 lux) on freshly
prepared VCO without light protection to increase the PV to
1.0 mequiv/kg, while the light protected samples never
reached that value.

This result indicated that light exposure with relatively
high intensity was very effective at initiating photo-oxi-
dation. Oil oxidation is accelerated by light, especially in
the presence of sensitizers such as chlorophylls. Choe and
Min [6] reported that sensitizers in the singlet state absorb
light energy very rapidly, in picoseconds, and become
excited. Excited singlet sensitizers can return to their
ground state via emission of light, internal conversion or
intersystem crossing results in excited triplet state of sen-
sitizers. The excitation energy of triplet sensitizers can be
transferred onto adjacent triplet oxygen to form more
active singlet oxygen. Electrophilic singlet oxygen can
directly react with high-electron-density double bonds
producing both conjugated and nonconjugated hydro-per-
oxides [5, 6, 13, 14]. This was the reason for the increasing
PVs in VCO samples without light protection. The serum
bottle which was unprotected from light enables the sen-
sitizer to absorb light energy, initiate oxidation, and pro-
duce hydro-peroxides. The quantity of hydro-peroxides
formed during the photo-oxidation is directly proportional
to the total amount of light absorbed [4, 10].

Figure 1 also shows that the PVs decreased after 5 h of
fluorescent light exposure in treatment D (VCO samples in
the serum bottles without light protection from the settling
stage with transparent jar). In this condition, hydro-per-
oxides will have decomposed into secondary oxidation
products. If the rate of hydro-peroxide decomposition is
greater than that of hydro-peroxide formation in the oil, it
could have very low hydro-peroxide content. The oil at the
end of the oxidation period could have a low PV although it
is highly oxidized and has a rancid flavor [11, 12]. In this
result, the low rate of hydro-peroxide formation may be
due to the degradation of chlorophyll content that acts as
sensitizer in VCO samples.

Figure 2 shows that the degradation of chlorophyll
a content in VCO samples exposed to relatively high light
intensity (4,000 lux) at room temperature. According to
Byun et al. [15], the major chlorophyll pigments in oils,
about 90%, are a-type included pheophytin a and pyro-
pheophytin a. That chlorophyll and its derivatives act as
sensitizers to produce singlet oxygen [6] which initiates
the photo-oxidation reaction and causes hydro-peroxide
production. Consequently, light exposure in VCO samples
could increase PVs (Fig. 1) or decrease the chlorophyll
contents (Fig. 2).

The chlorophyll content in VCO although at a relatively
low level, i.e. 0.098 £ 0.001 ppm and 0.097 £ 0.001 ppm
in VCO samples from the settling stage in jars with and
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ﬂg. 2 Degradation of chlorophyll a content in VCO exposed to
fluorescent light (4,000 lux) for up to 8§ h. (Samples from the jar
which wrapped in aluminum foil during settling and placed in the
serum bottles with A or without B light protection; Samples from
transparent jar during settling and placed in the serum bottles with C
or without D light protection)

without light protection, respectively, was able to initiate
the photo-oxidation reaction. As reported by Lee et al. [7],
the chlorophyll content at 0.065-1.33 ppm in vegetable
oils can produce singlet oxygen and initiate the photo-
oxidation reaction. Kochevar and Redmond in Choe and
Min [6] norted that a sensitizer molecule may generate
10°-10° molecules of singlet oxygen before becoming
inactive. The highly reactive singlet oxygen then probably
attacks the double bond between the fifth and sixth carbon
of chlorophyll a, resulting in a subsequent shift of the
position of the double bond and the formation of hydro-
peroxides, which are then further cleaved through oxygen—
oxygen linkage to form degradation products [16]. These
degradation products were no longer detected as chloro-
phyll a, so that only a minor amount of chlorophyll a was
detected after VCO was exposed to a relatively high
intensity of fluorescent light (Fig. 2).

In the earlier stages of exposure, the degradation of
chlorophyll a takes place at a slower rate and accelerates as
the oil oxidizes due to the presence of hydro-peroxide free
radicals [17]. Figure 2 shows that the chlorophyll a content
changes during light exposure with relatively high light
intensity (4,000 lux) for up to 8 h. The amount of chloro-
phyll a decreased on increasing the duration of light
exposure in unprotected VCO samples. In these samples,
chlorophyll decreased no more than 5.65% after 1 h
exposure to light and decreased 18.82, 31.37 and 57.97%
after 2, 3 and 4 h exposure with light, respectively. Chlo-
rophyll degraded faster with longer light exposure.
According to Byun et al. [15], the degraded chlorophyll
could not catalyze the photo-oxidation of light exposed
samples.

Chen and Huang [16] reported that chlorophyll a degra-
dation fits the first-order model in a cold chamber (—5.4 °C)

@ springer AOCS o

at 2,000 lux light intensity. The degradation rate of that
model was very fast as shown by k value [0.084 h™'].
In comparison with the said study, this experiment which
was conducted with a 4,000-lux light intensity exposure of
VCO samples at room temperature resulted in a similar
trend. The chlorophyll a content of VCO samples without
light protection was no longer measurable after a 5-h
exposure to relatively high light intensity. This caused a
decrease in the PVs as shown in Fig. 1, whereas, the cor-
relation between the degradation of chlorophyll a and per-
oxide content in VCO samples exposed to fluorescent light
is shown in Fig. 3.

Figure 3 shows the negative slopes of a simple linear
correlation between PV and chlorophyll a content in the
VCO during the treatment. The slope in Fig. 3a is not
significantly different from zero at the 5% probability level
so that it could be declared equal to zero. It can be stated
that the PV changes were not accompanied by the changes
of chlorophyll a content. However, the slopes in Fig. 3¢
and b or d were significantly different from zero at 5 and
1% probability levels, respectively. The greater slopes
(Fig. 3b and d) indicated the stronger impact. There was
strong evidence that the VCO with a high PV also has a
low chlorophyll a content, and vice versa. Under this
condition, it is the decreasing chlorophyll content and its
possible degradation which has a strong sensitizing effect
on photo-oxidation that is supposed to cause the increased
PV.

Chlorophyll a content decreased after prolonged expo-
sure to light. Chen and Huang [16] reported that in the
model system containing trans-f-carotene and fatty acid
ester exposed to high light intensity (5,000 lux), chloro-
phyll @ degraded and formed chlorophyll @ isomer I and
chlorophyll a isomer II. Those isomers could act as sen-
sitizers. This fact may occur in VCO exposed to fluorescent
light (4,000 lux) so that the PVs increased in spite of
decreases in chlorophyll @ content. In this experiment, the
half-life of chlorophyll a was approximately 4 h (Fig. 2).
Before becoming inactive, chlorophyll a produced singlet
oxygen rapidly. This singlet oxygen attacked the unsatu-
rated fatty acid and formed hydro-peroxides. These hydro-
peroxides could act as pro-oxidants [11] that cause the
oxidation chain reaction.

Although the chlorophyll a content decreased, the PVs
increased with a very significant correlation (z < 0.01) as
shown in Fig. 3b and d. The rate of chlorophyll degrada-
tion was influential in increasing the PVs with correlation
coefficient (r) of (=) 0.961 (Fig.3b) and (—) 0.952
(Fig. 3d). On the whole, Fig. 3 shows that prevention from
light exposure after the settling stage, especially during
prolonged storage or display for sale at retailers, can
protect VCO products from photo-oxidation and inhibit
quality deterioration.
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Photo-oxidation during VCO Storage

Figure 4 shows the pattern of PV changes during VCO
storage under ambient (dark) storage and normal room
light intensity (380—400 lux). There were no significant
changes in PV until after 10 weeks of the storage period.
The storage of VCO in normal light intensity at room
temperature significantly (P < 0.01) increased the PV after
10 weeks of storage. At the end of the storage period
(16 weeks) the PV reached 0.49 £ 0.01 mequiv/kg and
1.19 £ 0.01 mequiv/kg in VCO samples stored in the dark
and normal room light intensity, respectively. Our previous
study (data not shown) showed that the objectionable odor
and taste were clearly detected by panelists on samples
having PV of 1.0 mequiv/kg or higher. These results show
that light exposure to VCO increases the formation rate of
oxidation products and initiates quality deterioration.

The chlorophyll in light-exposed VCO samples absor-
bed the light energy and became excited. The excited
chlorophyll changed triplet oxygen to singlet oxygen. The
singlet oxygen attacked the electron-rich fatty acid and
formed hydro-peroxides at the double bonds [5, 6]. In the
earlier storage period, low light intensity (380—400 lux)
and low chlorophyll content in VCO samples (0.098 ppm)
resulted in a slow photo-sensitized process and thus slower
PV changes. The hydro-peroxide produced in that process
could act as a pro-oxidant which resulted in the chain
reaction of free radical peroxide formation [11]. Conse-
quently, the PVs increased, especially in the light-exposed

VCO stored at room temperature with a significant PV
increase after 10 weeks of storage.

Under ambient storage, the rise of PV in VCO samples
existed after 4 weeks of storage. Maybe this is the induc-
tion period which takes place for the initiation step of auto-
oxidation. Before being stored in the dark, the VCO was
exposed to light that illuminated the processing room
during production. This enabled the formation of singlet
oxygen, which produced hydro-peroxide and initiated the
oxidation chain reaction (auto-oxidation).

During storage under light, chlorophyll is a strong pro-
oxidant which acts as a sensitizer to produce singlet oxygen
[18], but under dark conditions it acts as an antioxidant
which contributes hydrogen atoms to free radicals [6, 13,
19]. It was noted that the PV of VCO samples subjected to
normal room light intensity (380400 lux) during pro-
longed storage increased at a significantly (P < 0.01)
higher rate as compared with those with ambient (dark)
storage.

Conclusions

A short (overnight) duration of exposure to relatively low
light intensity (less than 400 lux) during the settling
stage of VCO production had no significant effect on
photo-oxidation. Photo-oxidation of VCO, however, was
observed during storage at room temperature and when it
was exposed to high intensity (4,000 lux) fluorescent light.
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ﬂg. 4 Pattern of PV changes in
VCO stored under ambient
{dark) storage and normal room
light intensity (380400 lux)

Peroxide Value (mequivikg)

171 ——ambient (dark) storage
=== room light intensity (380-400 lux) -

.

The degradation of chlorophyll content in VCO was evi-
dent during exposure to a high fluorescent light intensity
which was accompanied by high lipid peroxides accumu-
lation. A significant negative correlation between PV and
chlorophyll content was found during the storage of VCO
without light protection. The storage of VCO in the room
light (380400 lux) at room temperature (30 £ 1 °C)
significantly increased the PV after 10 weeks of storage.
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