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Abstract

This study was conducted to determine the effectiveness of red onion (Allium cepa) and lemongrass
(Cymbopogon citratus) extracts on lipid oxidation and on its effect on acceptability of frozen deboned milkfish
(Chanos chanos). The deboned milkfish fillets were immersed in 5% (v/v) aqueous solutios of onion and lemongrass
extracts including the Vitamin C and stored up to 30 days in frozen storage (18°C). Chemical indices of lipid
oxidation were analyzed by Peroxide Value Determination, pH and Free Fatty Acid Determination. Changes in the
organoleptic properties particularly flavor, color and odor were also determined using a Sensory Descriptive Score
sheet and General Acceptability was likewise assessed using a 5-point hedonic scale.

Results of the study showed that among the treatments, onion extract-treated samples exhibited a significant
decrease in Peroxide Value at R=0.941 with a final Peroxide Value of 0.75 meq/kg sample which did not exceed the
USFDA standard at 7-8 meq/kg, not exceeding to 20 meq/kg and not more than ≤ 5.0 meq/kg sample.

No significant difference, however, were observed in Free Fatty Acid Value between treatments throughout the
30-day study period which denotes that the extracts have no effect on lipid hydrolysis brought about by lipolytic
activity enzyme.

Sensory evaluation revealed that among the treatments the lemongrass extract treated samples yielded the
highest general acceptability scores within the 30-day storage period. Statistical analysis however reveals that there
is no significant difference between treatments at 5% level of significance.

Keywords: Peroxide value; Free fatty acid; Lipid oxidation;
Acceptability; Sensory

Introduction
Due to its abundance in the Philippine waters and its tasty flesh,

Milkfish (Chanos chanos) is considered as the National Fish. Milkfish
is widely cultivated in brackishwater, freshwater and marine waters.
Due to its negative attribute of having so many bones in the flesh,
deboning is one of the processes to increase its acceptability in the
market. Deboned milkfish can be further processed into smoked,
canned, and fermented products to prolong its shelf-life.

Fresh fish is a highly perishable product due to its biochemical
properties [1]. Fish spoils faster because spoilage begins soon after
death. These processes result in autolysis [2]. Fish flesh contains depot
of fats that comprises of many fatty acids with five to six double bonds
[3]. Fish fat is rich in polyunsaturated fatty-acid, the so-called
omega-3.

Lipid oxidation is a major cause of quality deterioration in food
muscles [4] as it produces sour flavor that occurs during
manufacturing, storage, distribution and final preparation of foods.
Lipid oxidation products are abundant in foods, much variation exists

in their kind and levels present. Although levels of these compounds
are generally low, the problem of lipid oxidation severely compromises
the quality of some food products and limits the shelf-life of others [5].

One of the strategies to reduce oxidation and prevention of the
quality loss and sensory attributes is the incorporation of antioxidants
[6]. Consequently, there has been a growing interest of using natural
antioxidant substances to replace the synthetic additives such as,
butylated hydroxytoluene (BHT), butylated hydroxyanisole (BHA) and
tert-butylhydroquinone (TBHQ), are highly carcinogenic [7] and
thereafter rejected by the consumers. Natural antioxidants have a
considerable role as functional and biochemical inhibitors of oxidative
damage induced by free radicals. Many plant tissues are good source of
phytochemicals, particularly phenolic compounds and flavonoids [8]
that can act as the best alternative to these carcinogenic additives.

This study aims to look for natural antioxidants from locally
available plants. The effect of red onion (Allium cepa) and lemongrass
(Cymbopogon citratus) on lipid oxidation and acceptability of
deboned Milkfish (chanos chanos) were assessed. Chemical parameters
namely peroxide value; free fatty acid value and pH were monitored
during the 30-day period of frozen storage. Changes in the
organoleptic characteristics were likewise determined.
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Materials and Methods

Raw materials
One hundred sixty (160) pieces of fresh milkfish (Chanos chanos)

with an approximate weight of 200-250 grams were purchased from
Malalag Bay Aquaculture and Processing Corporation. Samples were
chilled and backbone temperature (BBT) maintained at 0°C to 3°C in
styropore boxes during transportation to the Fish Processing
Laboratory of College of Fisheries, Mindanao State University-General
Santos City. Samples were then eviscerated, filleted, deboned and
placed in zip lock bags and frozen.

Plant sample collection and extract preparation
Fresh red onions (Allium cepa) were purchased from the General

Santos City Public Market. Bulbs were skinned prior to the extraction.
The flesh part was used in the extraction. Fresh lemongrass was
obtained from Brgy. Glamang, General Santos City.

Two (2) kilograms of red onions (Allium cepa) was finely chopped
and homogenized with 60 ml of distilled water in a blender for 2
minutes. The homogenate was filter-pressed using cheesecloth to
obtain the crude extract [9].

Lemongrass leaves and stalks were chopped finely and homogenized
with 30 ml of distilled water in a blender for 5 minutes. The
homogenate was filter-pressed using cheesecloth to obtain the crude
extract.

Milkfish (Chanos chanos) was deboned following the standard
methods [10]. The fins were trimmed. Removal of fins and other
nuisance bones were done by making a small cut around the base of
the large fins, and then it will be pulled forward. The fish was divided
down from the dorsal side and it will be laid open like a butterfly fillet;
removing of the gills and internal organs. Removal of the backbone
was done by holding the knife horizontally and cut the backbone. With
the aid of forceps, the rib bones, the bones of the dorsal, the ventral
side and the lateral line which includes the filamentous y-shaped
spines are removed. During deboning, the fish were sufficiently iced to
cool it down.

Incorporation of antioxidant extracts
An aqueous solution of each plant extract and the positive control

of Vitamin C diluted in distilled water at the concentration of 5% (v/v)
were used. Deboned milkfish (Chanos chanos) were immersed in the
three treatment solution (T2, T3, T4) in 1:1 ratio (w/v) with three
replicates [11]. After immersing, the fish samples were drained for 5
minutes and packed in the zip lock bag and stored in a freezer for 30
days.

Treatments were placed in frozen storage for 30 days. Samples were
collected at Day 0 for analysis and succeeding samplings for the
analysis of lipid oxidation indices and sensory characteristics were
done every six days.

Peroxide value determination
The peroxide value determination was done following the standard

methods [12]. Briefly, 5.00 ± 0.05 g of sample was weighed in 250 ml
stoppered Erlenmeyer flask and the weight was recorded to the nearest
0.1 g. 30 ml of acetic acid-chloroform solution was added then the flask
was swirled until the sample was completely dissolved. Using 1 ml

Mohr pipette, 0.5 ml of saturated potassium iodide solution was added.
The flask was stoppered and the contents were swirled for one minute.
Immediately 30 ml of distilled water was added to the solution. The
flask was again stoppered then shook vigorously to liberate the iodine
from chloroform layer.

Fill the burette with 0.1 N sodium thiosulfate. If the starting color
of the solution was deep red orange, titrate slowly with mixing until the
color lightens. If the solution was initially a light amber color, go to the
next step. Using a dispensing device, 1 ml of starch solution was added
as indicator. Titrate until the blue-gray color disappears in the aqueous
(upper) layer. Accurately record the volume of titrant.�������� ����� = � − � × � �ℎ���������  × 1000����ℎ� �� �ℎ� ������

Or�������� ����� = � − � × � �ℎ���������  × 200
Where:

S= Titration of the Sample (volume used with the incorporation of
the sample)

B= Titration of Blank (volume of the blank titration; indicator)

Free-fatty acid determination
The Free-Fatty Acid Determination was done following the standard

methods [13]. Sample was weighed to 0.1 gram accuracy into a 250 ml
Erlenmeyer flask. 50 ml neutralized isopropanol was added to the
weighed sample. 5 drops of phenolphthalein solution was added as an
indicator and titrated with standardized 0.5 N potassium hydroxide to
a pink endpoint.���� ����� =   �� ���  × �  × 56.1����ℎ� �� ������ �� ��������� − ����� ���� % =  �� ���  × �  ×��  ����� ����10  × ����ℎ� �� ������ �� �����

Where:

56.1=millivalue of KOH

MW=molecular weight

pH Determination
The pH was measured using a PH-80 digital pH meter at room

temperature on homogenates in distilled water at a ratio of 1:10 (v/v)
[14].

Sensory evaluation
Fillets of fish samples were wrapped in aluminum foil and steamed

for 20 minutes. Fish samples were coded for randomization and to
avoid bias. A panel of 10 assessors evaluated the taste, color and odor
of the samples on a 7-point hedonic scale using a sensory score sheet
(Appendix 1) patterned after Gatchalian (1971).

Statistical analysis
Results of chemical analysis (peroxide value, free-fatty and pH)

were subjected to Linear Regression and sensory data were subjected
to one way ANOVA at α=0.05 and Duncan’s Multiple Range Test
(DMRT) with 5% level of significance were performed as a post-hoc
test to compare means of significantly different treatments. Statistical
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analyses were done using SPSS for windows version 20. Data were
presented as means ± standard deviation.

Results and Discussion

Changes in peroxide value (PV)
The effects of onion extract (OE) and lemongrass extract (LGE) on

the changes in the Peroxide Value (PV) of the deboned milkfish
(Chanos chanos) during the 30 days of frozen storage are shown in
Figure 1.

Figure 1: Effect of onion (OE), lemongrass Extract (LGE) on
Peroxide Value of deboned milkfish from 0 to 30 days of frozen
storage.

The final peroxide value of the untreated samples (Control) is 2.04 ±
1.47 meq/kg which is generally high compared to the three treatments.
The positive control (Vitamin C) yielded for the lowest peroxide value.
Onion extract (OE) had a peroxide value of (PV) 0.75 ± 0.877 meq/kg
sample, Lemongrass Extract (LGE) with 0.74 ± 0.684 meq/kg sample
and Vitamin C with 0.28 ± 0.677 meq/kg sample, respectively.

Peroxide value (PV) measures the concentration of peroxides and
hydroperoxides formed in the initial stages of lipid oxidation and it is
widely used for the estimation of oxidative rancidity in fats and oils
[15].

Based on the results, the untreated sample (Control) is more prone
to oxidative rancidity development than the treated samples.

Linear regression analysis revealed that the onion extract-treated
samples exhibited a significant decrease in Peroxide Value at R=0.941
and a slope of -0.07352 with a final Peroxide Value of 0.75 meq/kg
sample which did not exceed the USFDA standard. Peroxide value’s
acceptability limit in fish oil is 7-8 meq/kg, not exceeding to 20 meq/kg
and not more than ≤ 5.0 meq/kg as maximum level for fish products
(US-FDA, CFR).

Analysis of Variance (ANOVA) also revealed that there is a
significant difference among treatments (p<0.05) at day 30. This result
was in agreement with the study conducted by Hadiseh [11] when the
antioxidative property of onion was evaluated in sturgeon fish. A
slower increase in PV values was obtained in samples treated with
onion extract (OE), in contrast to a faster increase in PV of the control
sample after 2 days of refrigerated storage time, demonstrating the
oxidative stability of fish lipids by onion extract.

The fish oil extracted from all deboned milkfish samples stored in
frozen storage (-18°C) did not exceed limit for the peroxide value
throughout the 30-day frozen storage.

Changes in free fatty acid
Progressive oxidation and enzymatic hydrolysis of unsaturated

fatty acids is the main cause of lipid deterioration in fatty fish which is
accompanied by the formation of free fatty acids [16]. The Free Fatty
Acid (FFA) values of the lipid extracted from the four treatments is
shown on Figure 2.

Figure 2: Effect of onion extract (OE), lemongrass extract (LGE)
levels on the Free Fatty Acid in deboned milkfish from 0 to 30 days
of frozen storage (-18°C).

In day 0, the FFA values for the four treatments were recorded to
range between 0.98% and 2.95%. Statistical analysis revealed that there
is no significant differences (p>0.05) among treatments on the Free
Fatty Acid values in fish oil extracted in deboned milkfish (Chanos
chanos) Day 0 to Day 24.

Linear regression analysis revealed that there is no significant
increase or decrease in all the treatments in Free Fatty Acid Value
which denotes that the inhibitory effects of the phenolic compounds in
the lipid hydrolysis may due to lipid hydrolyzing enzymes (mainly
lipase and phospholipase) in decomposing the fats of fish tissue
(phospholipids and triglycerides) during the first stages of refrigerated
storage [6].

For the 30th day of frozen storage Analysis of Variance (ANOVA)
revealed that the four treatments have significant differences among
each other. Therefore, Onions contain quercetin, a flavonoid (one
category of antioxidant compounds), different inhibitory effects of
phenolic compounds on lipid hydrolysis on frozen deboned milkfish
(Chanos chanos) could be implied [11].

Changes in pH
Changes in pH value of deboned milkfish dipped in antioxidant

solutions and the control are shown during 30-day frozen storage in
Figure 4. Assessed as a crucial factor for determination of meat quality
is the pH [17]. As the pH drops, the net surface charge on the muscle
proteins is reduced, causing them to partially denature and lose some
of their water-holding capacity (FAO).

In this study, the pH value of four treatments ranged between 4.97
and 6.23. Initially, the pH was between 5 and 5.9 then increased at day
6. At Day 12, Day 24 and Day 30, the pH value of the deboned milkfish
decreased at the same level. The increase in pH was said to be due to
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an increase in volatile bases compounds produced by either
endogenous or microbial enzymes (Figure 3).

Figure 3: Effect of onion extract (OE), lemongrass extract (LGE)
levels on the pH in deboned milkfish from 0 to 30 days of frozen
storage (-18°C).

Linear regression analysis and analysis of variance revealed that
there is no significant difference at 5% level of significance (p>0.05)
among the treatments throughout the 30-day frozen storage period.

Sensory analysis
The deboned milkfish was evaluated in color, odor, taste and the

overall general acceptability for 30 days. Analysis of variance
(ANOVA) was used to determine the significant differences between
means. Sensory acceptability test were based on a 7-point hedonic
scale with the limit score of 4.0, higher than 4.0 means that the product
is not acceptable to the panelists.

The following are graphical representations of each sensory
attributes namely taste, color, odor and the general acceptability.

To sum up, in taste liking, the lemongrass extract (LGE) obtained
the least mean score at day 30 and developed a taste similar to the
milkfish that is cooked as sinigang. In color liking, the three treatments
(onion-treated, lemongrass treated extract and control) are acceptable
according to the acceptable limit while the Vitamin C-treated extract,
not acceptable due to discoloration. In odor liking, the scores reached
the acceptable limit.

Taste
Figure 4 shows the changes in taste mean scores of the deboned

milkfish (Chanos chanos) during the 30-day frozen storage.

Figure 4: Taste Scores of Deboned Milkfish (Chanos chanos) stored
in freezing temperature.

A mean score of 1.7 ± 0.48 (Control), 2.4 ± 0.84 (OE), 1.6 ± 0.97
(LGE) and 1.6 ± 0.84 (Vitamin C) respectively in the initial stage of

sensory evaluation (Day 0). During the 12th day and the 18th day of
storage, the Vitamin C, tended to increase reached the acceptability
limit and decreases in the 24th day. This is due its sour flavor and its
pH at day 12 and day 18. A slight decrease or increase in pH affects the
chemical components of the fish. In this study, the sour flavor that
occurs at the Days 12 and 18 is due to its pH and the formation of
Lactic Acid Bacteria and protein denaturation.

There is no significant difference in taste during Day 0, day 6, and
day 24 between treatments. There is a significant difference (p<0.05)
during day 12, day 18 and day 30. At day 30, the onion extract (OE)
has the highest mean score among treatments developed off-taste. The
lemongrass extract (LGE) obtained the least mean score at day 30 and
developed a taste similar to the milkfish that is cooked as sinigang.
This taste develops due to the property of lemongrass as aromatic
flavor and odor enhancer.

Color
Figure 5 shows the color mean scores of deboned milkfish immersed

in Onion Extract (OE), Lemongrass Extract (LGE) and Vitamin C. At
the initial stage of sensory evaluation, the deboned milkfish obtained
1.4 (Control), 2.1 (OE), 1.6 (LGE) and 2 (Vitamin C) respectively.
Mean scores of the treatments tend to increase on day 6 with ratings of
2.5 (Control), 2.2 (OE), 1.9 (LGE) and 2.3 (Vitamin C).

Figure 5: Color scores of Deboned Milkfish Chanos chanos) stored
in freezing temperature.

At day 12, the mean score of Vitamin C increases to 4.7, which
means the product, is not acceptable because it is higher than the
acceptable limit which is 4.5. It was due to yellow discoloration of the
fish flesh.

There was a significant difference between the scores in day 18 and
day 24 at 0.05% level (p <0.05) among the treatments which means
that the Vitamin C on the 18th and 24th day having yellow
discoloration color. The discoloration develops due to the color of the
Vitamin C which is yellow.

Odor
Figure 6 shows the odor means scores of deboned milkfish during

30-day frozen storage. At the initial stage of the sensory evaluation, the
deboned milkfish obtained the mean of score 1.7 (Control), 2.4 (OE),
1.6 (LGE) and 1.6 (Vitamin C), respectively.

At the initial stage of the sensory evaluation, the deboned milkfish
obtained the mean scores of 1.4 (Control), 2.2 (OE), 1.5 (LGE) and 1.9
(Vitamin C). On the day 6, there is a slight decrease. An increase of the
odor mean scores was obtained on the 12th day and the scores are
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above the acceptable limit. A decrease on the 18th and 24th day. An
increase on the 30th day.

Figure 6: Odor mean scores of deboned milkfish.

Untreated sample and Vitamin C have significant difference
between and among treatments on day 12, day 18 and day 30.

General acceptability
General acceptability mean scores of deboned milkfish during 30-

day frozen storage are presented in Figure 7. An average score of 2.5
was the acceptable limit. Lower than 2.5 are not acceptable.

Figure 7: General Acceptability scores of the deboned milkfish.

Using significance level of 0.05%, results showed that there was a
significant difference in the general acceptability among the
treatments.

Conclusion and Recommendation
Results of this study revealed that frozen deboned milkfish treated

with onion (OE) extract generally had lower peroxide value and free
fatty acid values than the control. There is a uniform pH throughout
the study. On the other hand, lemongrass (LGE) extract treated
samples exhibit the highest general acceptability score.

Statistical analysis revealed that there’s no significant difference
between onion and lemongrass extract. Even though the onion-extract
treated samples has lower peroxide value but it is not acceptable than
the lemongrass extract treated sample, based on the results, the
lemongrass extract-treated samples is the best to inhibit lipid oxidation
and it is acceptable.

It is likewise recommended that methanol-chloroform method of
lipid extraction developed by Bligh and Dyer and Soxhlet method of
lipid extraction method must be used to obtain the lipids. The study
must undergo thiobarbituric reactive substance (TBARS) test to
further determine the advanced rancidity during a longer storage
study.
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