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Abstract: 
Fish oil is highly susceptible to lipid oxidation, which leads to safety loss during storage. Natural antioxidants can prevent lipid 
oxidation. Satureja bachtiarica Bunge, also known as savory, is an endemic species plant that contains the necessary bioactive 
compounds and possesses antioxidant activity suitable for this purpose. This study featured the effects of savory extract and its 
essential oil as stabilizing agents on kilka fish oil. 
We assessed the oxidative stability of fish oil fortified with of savory extract and essential oil in amounts of 0.5 and 1%. Then 
we compared their oxidative activity with that of samples treated with a synthetic antioxidant during 35 days at 40°C. The fish 
oil samples were tested for antioxidant activity, acid degree value, thiobarbituric acid-reactive substances, para-anisidine value, 
conjugated dienoic acids, peroxide value, total oxidation value, and free fatty acids.
Savory essential oil at the concentration of 1% was more effective than other samples in reducing the rate of lipid oxidation 
in fish oil. On storage day 35, the control sample yielded the following data: peroxide value = 14.79 mEq O2/kg, acid degree  
value = 32.49 mL/g, thiobarbituric acid-reactive substances = 5.82 mg MDA/g, para-anisidine value = 116.03, total oxidation 
index = 136.27. These results were significantly (p < 0.05) higher than those in the sample with 1% savory essential oil: 
peroxide value = 9.52 mEq O2/kg, acid degree value = 22.41 mL/g, thiobarbituric acid-reactive substances = 3.46 mg MDA/g, 
para-anisidine value = 78.3, and total oxidation index = 108.09. The fish oil samples contained more unsaturated fatty acids 
(66.76–68.83%) than saturated fatty and acids (31.13–32.6%). 
Savory essential oil demonstrated good potential as an effective natural antioxidant that extends the shelf life of fish oil. 

Keywords: Satureja bachtiarica Bunge, Bachtiarica spice, Bakhtiari savory, essential oil, extract, fish oil, lipid oxidation, 
natural antioxidant
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INTRODUCTION
Marine fish oils are a source of popular saturated di-

etary fatty acids, e.g., lauric, palmitic, myristic, and stea-
ric acids [1]. In addition, fish oil yields long-chain ω-3 
(n-3) polyunsaturated fatty acids, e.g., eicosapentaenoic 
acid (EPA, 20:5n-3) and docosahexaenoic acid (DHA, 
22:6n-3) [2]. The high content of ω-3 fatty acids pro- 
motes its beneficial effects on human health. Fish oil is 
good for heart, brain, and nervous system, which makes 
it a valuable functional product. Fish oil fatty acids are 
effective against obesity, type 2 diabetes, depression, 
non-alcoholic fatty liver disease, and inflammation. 
Also, ω-3 fatty acids improve heart rate and reduce the 
risk of cardiovascular diseases [3]. Unfortunately, ω-3 

fatty acids obtained from fish oil are sensitive to oxida-
tion, which limits its use in the food industry. The rate of 
oil oxidation depends on the oil structure, temperature, 
and micro components, e.g., pigments, hydroperoxides, 
and free fatty acids. Therefore, fish oil needs to be pro-
tected from oxidation during consumption and storage. 
Oil oxidation can be prevented or inhibited by antioxi-
dants and special conditions, e.g., thermal processing, 
exposure to light, oxygen, and storage at ≥ 20°Ϲ, etc. [3].

Antioxidants prevent oil oxidation by inhibiting the 
formation of free radicals or by stopping their release. 
According to Diniz do Nascimento et al., synthetic an-
tioxidants must be limited in animal studies [4]. There-
fore, natural antioxidants of plant origin may replace 
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synthetic substitutes in the food industry to improve the 
oxidative stability of fish oil [5, 6].

Several compounds used in sufficient concentrations 
may act as antioxidants, e.g., plant extracts obtained 
from dried plant materials by steam distillation, cold 
pressure, or solvent extraction [7]. This list also includes 
essential oils and aromatic oily liquids that are compo- 
sed of volatile compounds with low molecular weight [8]. 

Hrebień-Filisińska & Bartkowiak added 25% (w/w) 
sage extract to fish oil and managed to reduce the oxi-
dation rate, both during refrigerated storage and at room 
temperature storage [9]. 

The genus Satureja consists of 30 species. It belongs 
to aromatic plants that are distributed in the Mediterra- 
nean, Africa, Asia, and North America. Iran has 12 wild  
species of this genus. Bakhtiari savory (Satureja bachtia- 
rica Bunge) belongs to the Lamiaceae family. Its leaves 
are used as spices, nutrients, and herbal pharmaceuticals. 
This plant grows in the central part of the Zagros Moun-
tains, Iran. Bakhtiari savory is a one-year herbaceous 
semi-shrub 20–45 cm tall, with numerous stems and 
short branches covered with gray lashes. Medicinal and 
aromatic plants are members of the mint family and con-
tain a wide range of bioactive molecules that inhibit free 
radicals and possess antioxidant activity [10].

Polyphenols are valuable natural products obtained 
from plant extracts. They can protect cells from damage 
caused by free radicals. They demonstrate numerous 
pharmacological properties, e.g., they prevent atheroscle- 
rosis, cancer progression, or pathogen growth [11]. 

Most savory species contain essential oils. Savory  
varieties are rich in natural preservatives, including mo- 
noterpenes, e.g., thymol, carvacrol, and cimen [12]. 
The major phenolic acid compounds in Bakhtiari sa- 
vory are rosmarinic acid, p-coumaric acid, parmen- 
tin B, 12-hydroxyjasmonic acid, tuberonic acid, β-D-glu- 
copyranoside, methylrosmarinic acid, and caffeic acid 
ethyl ester [13]. 

Currently, there is a strong global interest in explo- 
ring new sources of natural antioxidants that are both 
safe and cheap. Natural antioxidants cause no adverse 
effects typical of their synthetic analogues [14]. As far 
as we know, no publications have featured Bakhtiari 
savory to enhance the oxidative stability of edible oils. 
Our research investigated the antioxidant compounds in 
savory extract and savory essential oil. We also evalua- 
ted their antioxidant potential against a synthetic anti-
oxidant, namely tertiary buthylhydroquinone. The rese- 
arch parameters assessed during 35 days of storage in-
cluded peroxide value, acid value, thiobarbituric acid, 
p-anisidine, total oxidation value, and conjugated die-
noic acids. In addition, we also studied the antioxidant 
activity and fatty acid profile of the fish oil samples.

STUDY OBJECTS AND METHODS
Plant and fish oil. Bakhtiari savory (Satureja bach-

tiarica Bunge) was gathered from the natural surroun- 
dings of the city of Sadra (Shiraz, Fars Province, Iran). 
This plant was identified using the botanical herbarium 

compiled by the Fars Research and Academic Center of 
Agricultural and Natural Resources. Kilka (Clupeonella  
cultriventris caspia) fish oil was obtained from Apsa 
Trading Company in Qaimshahr (Mazandaran, Iran) 
and contained no antioxidants.

Chemicals. 2,2-diphenyl-1-picrylhydrazyl (DPPH), 
sodium thiosulfate, potassium acetate, gallic acid, Folin- 
Ciocalteu’s reagent, ethanol, chloroform, acetic acid, 
and aluminum chloride were obtained from Merck 
(Darmstadt, Germany). Quercetin and methanol came 
from Applichem (Darmstadt, Germany). Other chemi-
cal materials and reagents of analytical grade were pur-
chased from Sigma Aldrich (St. Louis, United States) 
and Merck (Darmstadt, Germany).

Extracting savory essential oil and savory extract. 
The savory essential oil and the savory extract were pre-
pared based on the procedures described by Hashemi & 
Khodaei [15] and Khademvatan et al. [16]. 

Total phenol content. The total phenolic content in 
the savory essential oil and the savory extract was mea-
sured using the Folin-Ciocalteu method. It involved a 
calibration curve of gallic acid prepared in methanol. 
The results obtained using a calibration curve regres-
sion equation (Y = 15.575x – 0.0176, R2 = 0.9985) were 
expressed as gallic acid in mg/g sample [17].

Total flavonoid content. The total flavonoid content 
in the savory essential oil and the savory extract was 
measured based on the aluminum chloride colorimetric 
method [17]. A calibration curve of quercetin was made 
in methanol. The results were calculated using a regres-
sion calibration curve equation (Y = 0.0237x + 0.0867, R2 =  
0.9886). It was expressed as quercetin mg/g sample [18]. 

DPPH analysis. The 2,2-diphenyl-1-picrylhydrazyl 
(DPPH) method was employed to measure the antioxi-
dant activity concerning free radical inhibition percen- 
tage. TBHQ made it possible to construct a standard 
curve at various concentrations. The equation below 
served to represent a percentage of scavenging activity:

     % Scavenging = [(A0 – A1 )/(A0)] × 100               (1)

where A0 is the absorbance of the control and A1 is the 
absorbance of the sample. 

Finally, we calculated IC50, i.e., the absorbance value 
of 50% in the reducing power assay [19]. 

Determining total phenolic content. High-perfor-
mance liquid chromatography (HPLC) (Agilent Techno- 
logies, 1200 series, Germany) was used to determine 
the number of polyphenolic compounds in the savory 
extract. 

Gas chromatography – mass spectrometry test. We 
used gas chromatography – mass spectrometry (GC–
MS) to identify the chemical components in the savory 
essential oil (Varian, 450-GC/MS: 1200, USA). The 
length of column HP-5MS (phenylmethyl silox) was  
30 m, its diameter was 250 nm, and its thickness was 
0.25 mm. The test involved an electron ionization sys-
tem with an ionizing energy of 70 eV. The temperature 
in the oven stayed 50°C for 2 min to be adjusted to 70°C 
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at 5°C/min and heated to 100°C at 20 and 10°C/min.  
Finally, it remained 290°C for 2 min. The detector and 
injector temperatures were 300 and 200°C, respecti- 
vely. Helium served as carrier gas at a flow degree of 
0.8 mL/min, and the 0.5% samples were injected phys-
ically in the splitless style. Summits area percents were 
applied for achieving numerical information. The mass 
array was determined from 50 m/z to 550 amu. Holding 
directories were restrained for compounds by homolo-
gous types of n-alkanes (C5–C24) injected in circum-
stances equivalent to those applied to the samples. 

In the savory essential oil, chemical components 
were identified using GC–MS with a similar device. He-
lium was applied as carrier gas with a persistent flow rate  
of 1 mL/min. The temperature mode was the same as des- 
cribed above. Four microliters of oil were injected as split;  
the split relation was 1:100. The MS functional restric-
tions were as follows: 200°C interface temperature, 70 eV  
ionization potential, 50–800 mass array acquisition. The 
oil compounds were determined in line with the protocol 
described by Fathimoghaddam et al. [17]. Table 1 illustra- 
tes the gradient program used to measure the polypheno-
lic compounds in the essential oil.

Preparing fish oil and storage conditions. The fish 
oil samples and their storage conditions were in line with  
the method introduced by Lizárraga-Velázquez et al. 
with some modifications [18]. The savory essential oil 
and the savory extract were added separately to fish oil 
samples in concentrations of 0.5 and 1% (w/v). Tween 
20 (10%, w/v) served as emulsifier for the extract [20]. 
TBHQwas added (100 ppm) to the fish oil as a synthetic  
antioxidant. One group contained no antioxidants and 
served as control. The essential oil, the extract, and the 
synthetic oxidant were dispersed slowly in the oil and 
mixed until homogeneous emulsion. The oil samples 
were poured into dark glass bottles and kept in an incu-
bator at 40°C and 75% relative humidity for 35 days. The 
samples were evaluated on storage days 0, 7, 14, 21, 28, 
and 35. Each treatment was performed in triplicate [18].

Peroxide value. To determine the peroxide value in fish  
oils, we applied the method described by Sarojini et al. [21].  
The resulting peroxide value, mEq O2/kg fat, was expres- 
sed as milliequivalents of oxygen per 1 kg of fat as in the 
Eq. (2):
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where S is the sample volume, mL; B is the blank sam-
ple volume, mL; N is the normality of sodium thiosulfate 
solution, mol/L; and W is the sample weight, g [21]. 

Acid degree value. We weighed 10 g of the oil sample  
in a 250-mL Erlenmeyer flask. Then, we added 50 mL of 
ethanol and diethyl ether (1:1) into the flask, followed by 
three drops of a phenolphthalein indicator solution. For 
titration, we applied 0.1 M potassium hydroxide until the 
mix turned pink. The same conditions were replicated 
for the blank sample. The acid degree value, mg KOH/g, 
was determined as follows (ISO 660):
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where 56.1 is the molecular weight of potassium hydro- 
xide, g/mol; V is the potassium hydroxide volume in for 
the oil sample, mL; b is the potassium hydroxide volume 
in the blank sample, mL; N is normality of potassium hyd- 
roxide solution, mol/L; and W is the sample weight, g. 

The thiobarbituric acid reactive substances were 
measured as proposed by Sarojini et al. and represented 
as mg malonaldehyde (MDA)/kg [21].

The para-anisidine value in the fish oil was mea-
sured according to the method described by Yeşilsu & 
Özyurt [22]:
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where As is the fat solution absorption; Ab is the absorp-
tion of fat solution after its reaction with para-anisidine 
reagent; and m is the sample weight, g. 

Total oxidation value (TOTOX index). We used the 
TOTOX number, or total oxidation value, to determine 
the total fat and oil oxidation. It was calculated accor- 
ding to the method described by Jairoun et al. [23]:

          TOTOX index = (2 × PV) + pAV                  (5)

where pAV is the para-anisidine value and PV is the pe- 
roxide value. 

Conjugated dienoic fatty acid. We studied the conju-
gated dienoic fatty acid, %, in the fish oil samples in line 
with the equation proposed by Na et al. [24]:

Conjugated dienoic fatty acid =  
                         = 0.84 {As / (b × c) − 0.03}                    (6)

where AS is the absorbance observed; b is the cuvette 
length, cm; and c is the concentration of test sample, g/L. 

The antioxidant activity (DPPH) was assessed ba- 
sed on the method proposed by Hrebień-Filisińska & 
Bartkowiak [9].

The fatty acid profile of the fish oil was assessed  
using the method described by Soltaninejad & Sekhava- 
tizadeh [25]. The results were presented as a percentage 
of the relative peak area.

Statistical analysis. For data analysis, we used a 
one-way ANOVA and SPSS Statistics 19.0 (Chicago, 
USA) (p < 0.05). To determine the significant difference, 
we applied Duncan’s test. The graphs were constructed 
in Microsoft Excel 2016.

Table 1 Total phenolic, total flavonoid, and IC50 in savory 
extract and savory essential oil

Sample Total phenol, 
mg/g

Total flavonoid, 
mg/g

IC50,  
mg/mL

Savory extract 104.269 13.825 0.206
Savory essential oil 70.882 0.801 2.865
Gallic acid – – 0.025
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RESULTS AND DISCUSSION
Identifying chemical compounds by GC–MS.  

Table 2 summarizes the gas chromatography – mass 
spectrometry results for the savory essential oil. The 
test revealed 12 compounds that made up 100% of the 
total composition. Carvacrol (58.019%) and γ-terpinene 
(25.148%) appeared to be the main components. The 
other compounds were o-cymene (4.836%), α-terpinene 
(4.361%), β-Myrcene (1.772%), and carvacrol acetate  
(1.242%). The savory essential oil also contained α-pi- 
nene (1.219%), α-Thujene (1.133%), trans-anethole 
(1.009%), β-pinene (0.448%), phellandrene (0.44%), and 
limonene (0.374%). 

Memarzadeh et al. identified 28 chemical compo- 
unds in savory essential oil, which occupied 98.59% of 
the total essential oil [10]. They found carvacrol (31.25%) 
and γ-terpinene (10.65%) to be the most abundant chemi- 
cal compounds, which was different from our results. 
In their study, the amount of carvacrol and γ-terpinene 
was between 28.18–35.71 and 6.05–8.25%, respectively.  
In addition, o-cimen and thymol were on their list of the  
main components. The major difference between the re-
sults may be related to the number of identified chemical 
compounds, type, and concentration; however, carvacrol  
and γ-terpinene proved to be the main components in 
both studies. Other researchers also reported carvacrol  
(31.25–14.20%) as the most common chemical compo- 
nent in savory essential oil [15, 17]. The different geogra- 
phical location, soil structure, consistency, and climate 
were the most important factors that caused differences in  
the chemical composition of the savory essential oil [17].

Antioxidant activity, total flavonoid content, and 
total phenolic content. The results showed that the to-
tal flavonoid and phenolic contents in the savory extract 
were 104.269 and 13.825 mg/g of extract, respectively. 
These amounts exceeded those detected in the savory 
essential oil (70.882 and 0.801 mg/g). The IC50 level in 
the savory essential oil was higher than in the gallic acid 
sample and the savory extract, which indicates that the 
antioxidant activity of the savory essential oil was lower 
than that of the savory extract and the gallic acid sample.

The total phenolic contents were 104.269 and 
70.882 mg GAE/g for the extract and the essential oil, 
respectively. The composition and content of herbal ex-
tracts and essential oil are known to depend on various 
factors, such as temperature, time, extraction method, sol- 
vent, etc. The type of solvent is the most important fac-
tor due to its polarity and the tendency to combine with 
different substances [26]. Fathimoghaddam et al. mea-
sured the total phenolic and flavonoid contents in the 
savory essential oil as 88.33 ± 1.69 mg GAE/100 g DW 
and 20.63 ± 1.24 mg QU /100 g DW, respectively [17]. 
These values were higher than those obtained by us in 
this research. 

These differences may be related to many factors, in-
cluding extraction method, cultivation conditions, the 
type of extraction solvent, maturity of plants, geogra- 
phical location, environment, genetics, variety, part of 
the plant used, and harvesting season [27]. 

In this study, the savory extract had a lower IC50 
compared to the savory essential oil: as a result, the an-
tioxidant activity was higher. The IC50 results ranged 
between 0.025 and 2.865 mg/mL. The lower IC50 con-
tent in the savory extract was due to the higher total 
phenolic and flavonoid contents. It had the highest an-
tioxidant activity compared to the savory essential oil. 
In this regard, Fathimoghaddam et al. linked the high 
antioxidant effect in savory essential oil to the greater 
total phenolic and flavonoid contents [17]. 

In our study, the DPPH radical inhibition was 76.72%.  
In a similar study, Memarzadeh et al. explained the high 
value of the savory radical scavenging capacity of essen-
tial oil by the hydroxyl groups present in the chemical 
structure of phenolic compounds, which provided a radi-
cal scavenger [10]. 

Table 3 shows the polyphenol content in savory. The 
essential oil antioxidant activity was probably due to 
γ-terpinene terpenoids and carvacrol, which were the 
main contents in savory. Memarzadeh et al. also found 
many polyphenolic compounds in the savory family, es-
pecially flavonoids and phenolic acids, including caryo-
phyllene and borneol [10].

Table 3 shows polyphenolic compounds in the savory 
extract identified by HPLC. Carvacrol (21 250.81 mg/L) 
proved to be one of the main components in this plant ex- 
tract. It was followed by rosmarinic acid (3753.279 mg/L),  
trans-ferulic acid (82.60816 mg/L), and catechin 
(68.24201 mg/L).

In the present study, carvacrol and rosmarinic acid 
proved to be two major polyphenolic compounds. Phe-
nolic compounds and flavonoids are often reported in 
scientific publications. For instance, rosmarinic acid and 
rutin were the most abundant of their kind in Satureja 
montana: 7.85 and 17.29%, respectively. The total poly-
phenolic content varied from 100.65 to 420.68 mg/100 g 
among three species [28]. In another research on savory, 
the total phenolic content was 177.92 mg/100 g [29]. This 
polyphenolic profile was different from that obtained in 
our study, probably, due to different HPLC standards 
and extraction methods [30].

Table 2 Chemical composition of savory essential oil, GC–MS

Retention time,  
min

Chemical  
components

Amount, %

5.592 α-thujene 1.133
5.835 α-pinene 1.219
7.164 β-pinene 0.448
7.396 β-myrcene 1.772
8.067 Phellandrene 0.44
8.446 α-terpinene 4.361
8.785 o-cymene 4.836
8.874 Limonene 0.374
10.138 γ-terpinene 25.148
19.907 trans-anethole 1.009
21.166 Carvacrol 58.019
23.124 Carvacrol acetate 1.242
Total 100.00
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Peroxide value. Figure 1 illustrates the peroxide  
values in fish oil samples fortified with different con-
centrations of savory extract and savory essential oil 
during 35 days of storage. The peroxide values in all 
fish oil samples increased significantly during the sto- 
rage period (p < 0.05). The initial peroxide value was 
1.0–1.3 mEq O2/kg, but it increased from to 9.38 to 
14.79 mEq O2/kg on storage day 35. We detected no sig-
nificant difference between the fish oil samples with 1% 
savory extract and the oil sample with TBHQ (p > 0.05), 
but the control sample had the highest peroxide value on 
storage day 35 (p < 0.05).

Therefore, 0.5 and 1% savory essential oil added to 
fish oil during storage affected its oxidative parameters. 
Antioxidants usually delay the rate of oxidation due to 
their ability to chelate metals, quench singlet oxygen, 
and destroy free radicals [31]. The mint family is known 
to contain phenolic compounds. For instance, Sayyad & 
Farahmandfar reported that Teucrium polium L. essential 
oil contained mono and sesquiterpene compounds [32].  
They were applied as antioxidants in canola oil and 
showed higher protective effects than BHA against oxi- 
dation during storage.

Acid degree value. Figure 2 demonstrates the chan- 
ges in acid degree value that occurred in the fish oil sam-
ples fortified with different concentrations of savory ex-
tract and savory essential oil during 35 days of storage. 
All samples of fish oil revealed a significant increase 
(p < 0.05) in acid degree value. On storage day 35, the 
lowest acid degree value belonged to the samples with 
TBHQ (22.3 ± 0.26 mL/g) and 1% savory essential oil 
(22.41 ± 0.18 mL/g) (p < 0.05). 

Acid degree value in the control samples of fish oil 
increased during storage, except those with TBHQ, sa-
vory extract, and savory essential oil. Özkan & Özkan 
reported that the acid values of oils containing 600  
and 1200 ppm of savory (Satureja thymbra) and marj- 

oram (Origanum onites) extracts were similar to each  
other [33]. Also, they had a lower acidity compared to the  
control sample. The presence of monoterpenoid phenolic 
compounds, e.g., carvacrol, are probably related to the hi- 
gher number of hydroxyl groups in essential oil molecules. 

Thiobarbituric acid index. Figure 3 shows the 
analysis of the thiobarbituric acid index in the fish oil 
samples fortified with different concentrations of sa-
vory extract and savory essential oil during 35 days of 
storage. The values of the thiobarbituric acid index in 
all fish oil samples demonstrated a significant increase  
(p < 0.05) and rose from 1.19–1.28 to 3.46–5.82 mg 
MDA/kg during storage time. On storage day 35, the 
lowest thiobarbituric acid index belonged to the sam-
ple with 0.5 and 1% savory essential oil (4.19 ± 0.09 and 
3.46 ± 0.08 mg MDA/kg, respectively).

Table 3 Polyphenolic content of savory extract: HPLC

Retention time, 
min

Polyphenol  
content

Savory extract,  
mg/L

3.3 Gallic acid n.d.
8.3 Catechin 68.24201
11.6 Caffeic acid n.d.
13.5 Vanilin n.d.
15.6 p-coumaric acid n.d.
16.3 trans-ferulic acid 82.60816
16.5 Sinapic acid n.d.
17.4 Coumarin n.d.
18.5 Hesperedin n.d.
19.02 Ellagic acid n.d.
19.2 Rosmarinic acid 3753.279
21.6 Quercetin n.d.
22.4 Hesperetin n.d.
23.7 Eugenol n.d.
28.4 Carvacrol 21 250.81
28.9 Thymol n.d.

n.d. – not detected
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Figure 2 Acid degree values in fish oil during storage
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In our research, the thiobarbituric acid index in-
creased during the storage time. However, the thiobar-
bituric acid index in all samples treated with savory 
extract and savory essential oil was lower compared to  
the control and the samples with tertiary buthylhydro- 
quinone, which can be related to their phenolic com-
pound [17]. Kamkar et al. added methanolic and etha- 
nolic extracts of summer savory (Satureja hortensis L.) 
to soybean oil to increase its oxidation stability [34]. 
García-Pérez et al. added Bryophyllum plant extracts to 
fish oil to increase the antioxidant efficiency due to the 
incorporation of polyphenols [35].

Para-anisidine value. Figure 4 reports para-anisi-
dine values in the fish oil samples. The para-anisidine 
values  increased significantly in all fish oil samples du- 
ring the storage period. On storage day 35, the highest  

value was observed in the control oil sample (116.05 ±  
0.23). In our study, para-anisidine values increased sig- 
nificantly (p < 0.05) with storage. Santos et al. linked 
para-anisidine increase to the degradation of primary 
lipid oxidation products (hydroperoxides) that turned to 
secondary oxidation products (carbonyls) [36]. On sto- 
rage day 35, the lowest para-anisidine values belonged to  
the sample with TBHQ (76.22 ± 0.22) and 1% savory 
extract (78.00 ± 0.23). Hwang et al. reported an increase 
in para-anisidine when they raised the concentration 
of coffee acetone extract (0.1, 0.25, and 0.5%) added  
to fish oil as antioxidant during 14 days of storage [37].

Total oxidation value (TOTOX index). Figure 5 
shows the changes in the total oxidation value. The TO-
TOX index ranged from 22.64 to 22.85 on the first day 
and increased to 100.01–136.27 on storage day 35. At the 
end of the storage time, the highest total oxidation value 
belonged to the control sample (136.27 ± 0.38). The lo- 
west was observed in the samples with TBHQ (100.01 ± 
0.09) and 1% savory essential oil (108.09 ± 0.40).

In a similar study, low concentrations of sage extract 
(5, 10, 25, and 50%) in cod fish liver oil caused a sig-
nificant decrease (p < 0.05) in the TOTOX index due to 
the appropriate amount of antioxidant polyphenols [38]. 
However, in our research, this parameter increased sig-
nificantly (p < 0.05) during the storage period. 

Conjugated dienoic acid. Figure 6a illustrates the 
contents of conjugated dienoic acids in the fish oil sam-
ples fortified with different concentrations of savory ex-
tract and savory essential oil. The amount of conjugated 
dienoic acid increased significantly in all fish oil sam-
ples during storage (p < 0.05), rising from 0.64–1.01 to 
1.7–1.75%. We detected no significant difference in con-
jugated dienoic acid between the samples at the end of 
storage (p > 0.05).

In the present study, synthetic and natural anti- 
oxidants produced no significant effect on conjugated  
dienoic acid. However, other scientists reported that 

Figure 3 Thiobarbituric acid index in fish oil during storage
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Figure 4 Para-anisidine values in fish oil during storage
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Figure 5 Total oxidation index in fish oil during storage
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Figure 6 Conjugated dienoic acid (a) and antioxidant activity (b) in fish oil during storage

Table 4 Fatty acids in fish oil during storage

Fatty acid, 
type

Fatty acid, name Day 1 Day 35
Control Control Savory extract (1%) Savory essential oil (1%)

Saturated fatty acids (SFA)
C12:0 Lauric acid 0.13 0.12 0.06 0.07
C14:0 Myristic acid 3.24 3.23 3.39 3.66
C15:0 Pentadecylic acid 0.63 0.63 0.64 0.66
C16:0 Palmitic acid 19.58 19.18 19.82 20.31
C17:0 Margaric acid 1.52 1.46 1.48 1.48
C18:0 Stearic acid 4.86 4.86 4.71 4.95
C20:0 Arachidic acid 0.31 0.27 0.40 0.33
C22:0 Behenic acid 0.74 0.72 0.76 0.72
C24:0 Lignoceric acid 0.63 0.66 0.14 0.42

Monounsaturated fatty acids (MUFA)
C14:1 Myristoleic acid 0.51 0.53 0.54 0.49
C15:1 Pentadecenoic acid 0.16 0.16 0.16 0.14
C16:1 Palmitoleic acid 5.82 6.33 6.27 5.97
C17:1 heptadecenoic acid 0.77 0.77 0.78 0.75
C18:1trans Vaccenic acid 0.22 0.22 0.26 0.63
C18:1cis Oleic acid (ω-9) 36.80 37.07 35.50 36.61
C20:1 Gondoic acid 1.93 1.94 1.90 1.88
C22:1 Erucic acid 0.20 0.19 0.18 –
C24:1 Nervonic acid 0.47 0.45 0.58 0.43

Polyunsaturated fatty acids (PUFA)
C18:2cis linoleic acid (ω-6) 1.91 2.00 1.91 2.29
C18:3cis α-Linolenic acid (ω-3) 1.66 1.70 1.59 1.66
C20:2 Eicosadienoic acid – 0.10 0.19 0.18
C22:5 docosapentaenoic acid (DPA) 0.44 0.50 0.44 –
C20:5 Eicosapentaenoic acid (EPA) 6.46 6.30 6.55 6.01
C22:6 Docosahexaenoic acid (DHA) 11.00 10.57 11.19 9.72
ω-6/ω-3 1.15 1.17 1.20 1.37
ΣSFA 31.64 31.13 31.4 32.60
ΣMUFA 46.88 47.66 46.17 46.90
ΣPUFA 21.47 21.17 21.87 19.86
ΣUFA 68.35 68.83 68.04 66.76
ΣPUFA/ΣSFA 0.67 0.68 0.69 0.60
Polyene index (EPA + DHA)/palmitic acid) 0.89 0.87 0.89 0.77

http://en.wikipedia.org/wiki/Lauric_acid
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http://en.wikipedia.org/wiki/Pentadecylic_acid
http://en.wikipedia.org/wiki/Palmitic_acid
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http://en.wikipedia.org/wiki/Stearic_acid
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synthetic and natural antioxidants curbed the amount 
of conjugated dienoic acid produced. The list of substan- 
ces that reduced the amount of conjugated dienoic acid 
in fish oil included different concentrations of such plant 
extracts as rosemary, garlic, and bryophyllum, as well as 
5% roasted or unroasted pumpkin seed oil [35, 39, 40].

Antioxidant activity (DPPH). Figure 6b demonstra- 
tes antioxidant activity in the fish oil samples during 
storage. The sample with lower IC50 revealed the hi- 
ghest antioxidant activity. In our study, the samples 
with TBHQ and 1% savory essential oil had the highest 
antioxidant activity on storage days 1 and 35. In general, 
the antioxidant activity in all samples decreased during 
the storage period.

The IC50 in all oil samples increased significantly af-
ter 35 days of storage (p < 0.05), which indicated a grad-
ual decrease in antioxidant activity during storage. Thus, 
the storage time had a significant effect on the antioxi-
dant activity of kilka fish oil. The sample with 1% sa-
vory essential oil was not significantly different from the 
sample with TBHQ (p > 0.05). Other samples with natu- 
ral antioxidants, except for the 1% savory extract sam-
ple, had a significant difference with the TBHQ sample 
on storage day 35. Other reports on the high antioxidant 
activity of different savory species confirm the results 
obtained in this study [41]. Moreover, Jafari et al. linked 
the total antioxidant capacity not only to phenolic com-
pounds but also to enzyme systems, vitamins, organic 
acids, and other compounds in the plant [42]. 

Fatty acid profile. Table 4 gives data on the fatty  
acid profile. During storage, the fatty acid content was 
in the range of 31.13–32.6% (saturated fatty acids), 
46.17–47.66% (monounsaturated fatty acids), and 19.86–
21.87% (polyunsaturated fatty acids). Monounsaturated 
fatty acids proved to be the most abundant of their kind 
both in the control sample and in the samples fortified 
with savory extract and savory essential oil.

Golmakani et al. reported the fatty acid composition 
of kilka oil as mainly composed of monounsaturated 
fatty acids, followed by saturated fatty acids and poly-
unsaturated fatty acids, which was in line with our re-
search [43]. In the present research, the n-6 to n-3 ratio 
in the fish oil samples was 1.15–1.37%.

In this regard, Golmakani et al. also reported that 
the ratio of polyunsaturated to saturated fatty acids 
in kilka fish oil was 0.54%, which also confirmed our  
results [44]. 

CONCLUSION
In the present study, we obtained Bakhtiari savory 

extract and Bakhtiari savory essential oil using tradi-
tional methods and added them separately to kilka fish 
oil in concentrations of 0.5 and 1%. 

Satureja bachtiarica Bunge proved to be rich in bio-
active compounds, including active phenolic ones, e.g., 
carvacrol with its high antioxidant activity and oxygen-
ated monoterpenes.

Fish oil, which is highly susceptible to oxidative 
degradation, was mixed with the savory extract and sa-
vory essential oil with high antioxidant content. As a re-
sult, the oxidative stability of fish oil increased. Savory 
essential oil in a higher concentration (1%) inhibited 
the oxidation process more effectively than the samples 
fortified with savory extract and 0.5% savory essential 
oil. In addition, 1% savory essential oil had the same 
potential as TBHQ in delaying the formation of secon- 
dary oxidation products. As a result, savory essential oil 
could be used as an effective natural antioxidant to in-
crease the shelf-life of kilka fish oil.
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