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Abstract Fish (Engraulis encrasicolus) oil was success-
fully microencapsulated using sage essential oils prepared
in three different concentrations as 1% (S1), 2% (S2) and 3%
(S3). The microencapsulated fish oil powders fabricated with
spray drying were stored at room temperature (24 + 1 °C) in
order to determine the oxidative deterioration for 12 weeks.
The highest microencapsulation efficiency was observed in
the S3 (60.17%) as compared with other groups. Although
the changes in free fatty acid (FFA) values were defined
between 6.04 and 9.29% at the end of the storage period,
the lowest FFA value was found in S2 samples (p <0.05).
Among the microencapsulated samples, the highest peroxide
value (PV) was measured as 20.24 meq O,/kg for S1 at the
11th week of the experimental period. Moreover, statistical
differences between the control (25.93 meq O,/kg) and S1
samples were observed (p <0.05). The rapid increase in the
thiobarbituric acid (TBA) value of fish powders was delayed
by microencapsulation technique fabricated with spray dry-
ing. The use of sage essential oils within this combination
effectively retarded the oxidation in fish oil powders at ambi-
ent storage, indicating cost-effective for the food industry.
Therefore, encapsulation of fish oils with sage oil using the
spray drying technique has improved oxidation stability of
fish oil and can be used for food applications.
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Abbreviations

S1 1% Sage oil with fish oil
S2 2% Sage oil with fish oil
S3 3% Sage oil with fish oil
FFA  Free fatty acids

PV Peroxide value

TBA Thiobarbituric acid

Introduction

Food is a vital source for humans because of the fact that it
contains essential nutritional materials for obtaining a sus-
tainable and healthy life. In this respect, food safety and
maintenance of nutritional values in foods play an important
role for the consumers. In order to provide food safety, con-
ventional (food additives, chilling technology) and recently
novel technologies (microencapsulation and nanoencapsu-
lation) are being used in the food industry. The mentioned
technologies can limit the rapid microbiological spoilage
but also rapid deterioration in sensory, chemical, and physi-
cal quality of foods (Durmus et al. 2020). Incorporation of
bioactive compounds (such as essential oils, polyphenols,
vitamins, minerals, omega-3-fatty acids, bioactive proteins
or peptides, probiotics etc.) into micro or nanocapsules have
been paid attention since bioactive compounds have poor
stability and low bioavailability during storage/processing,
which limits their applications in food industry (Ozogul
2019). Thus, encapsulation has been regarded as an smart
method to entrap bioactive compounds within a polymer
material for protecting and delivering bioactive compounds
at the right time and site by using several techniques such
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as nano-precipitation, spray drying, freeze drying, emulsi-
fication, and liposome preparation (Wen et al. 2017). For
example, thyme, carvacrol, curcumin, rosemary, and wheat
germ oil could be effectively used for fatty acid stability of
fish oils, which have a key role in the protection of human
health (Ceylan et al. 2020a, b).

Intake of omega-3 (»-3) fatty acids, EPA (eicosapentae-
noic acid), DPA (docosapentaenoic acid) and DHA (doco-
sahexaenoic acid), classified in long-chain polyunsaturated
can limit the occurring of cardiovascular matters and serious
diseases like cancer. Moreover, for infants, DHA and EPA
synthesized C18:3 -3 possess a role in the improvement
of brain function (Durmus 2019). However, even in west-
ern countries, intake of EPA and DHA is low (Innes and
Calder 2020). Therefore, the incorporation of PUFAs like
EPA and DHA into the mass-public diet by obtaining forti-
fied foods has been recently considered by the food/fish oil
industry (§imat et al. 2020). On the other hand, food indus-
try can face some challenges for the effective incorporation
of PUFAs into food matrix. EPA and DHA contain of bis-
allylic hydrogens that significantly improve the susceptibil-
ity to oxidation. As a results of the oxidation of EPA, and
DHA, development of some off-odor and flavour compounds
are produced (Ceylan et al. 2017). Strategies, in order to
decline lipid oxidation in foods enriched with PUFAs, are
needed in the food industry. Thus, encapsulation of different
oil droplets in a cover material is mostly utilized (Cetinkaya
et al. 2021). The shell material can effectively provide a
barrier system around the oil droplets, limiting the contact
of oxygen, being a kind of prooxidant, and also increasing
the oxidative stability in the oil samples (Garcia-Moreno
et al. 2018).

For encapsulation of materials, electrospray, electrospin-
ning, freeze-drying, melt injection (extrusion), spray-dry,
and spray-chilling are widely preferred (Drosou et al. 2017).
Among them, spray drying used for microencapsulation of
bioactive materials and defined as cost-effective is the most
experienced encapsulation method in the food industry
(Ozyurt et al. 2020). The solvent and liquid materials like
water are removed during encapsulation process by spray
drying (Drosou et al. 2017). Moreover, spray-drying has
been effectively utilized technique in order to microencap-
sulate fish oil (Li et al. 2015). In order to microencapsulate
fish oil by spray drying, hydrophilic carbohydrates for exam-
ple dextran could be used. In addition, sage oil as bacte-
rial agents on some food-borne pathogens could be used in
nanoemulsion systems (Moghimi et al. 2016). The sage herb
is rich in secondary metabolites (flavonoids, polyphenols,
and terpenes) that indicate significant antioxidant capacity.
However, despite abundant literature data on the antioxidant
activity and bioactive components of sage tea oils, there are
not enough studies on their viable uses to contribute to food
safety in potential industrial uses such as microencapsulation

of functional oils with a spray dryer. Novel hydrophilic car-
bohydrates together with essential oils can be employed for
the improvement of the stability of fish oil.

The use of essential oils in the food industry is restricted
due to their low water solubility, high volatility and intensive
flavour. Therefore, to prevent essential oils from degrada-
tion, micro/nanoencapsulation is considered as an alternative
technique. Therefore, the aim of the study was to determine
to potential effect of the integration of sage essential oil into
fish oil in different concentrations as an alternative micro-
sized material to delay the rapid oxidation of fish oils.

Materials and methods
QOils and wall materials

The raw material of the current study, anchovy oil, was
obtained from a fish oil company operating in the province
of Trabzon (Kobyalar Group Co., Trabzon, Tiirkiye) and it
was suitable for human consumption. Maltodextrin (DE: 18-
20) and sodium caseinate (Alfasol, Turkey) as wall materials
for microencapsulation of anchovy oil (Hamasol, Turkey)
were used. Sage tea (Salvia officinalis) essential oil was
obtained from BIOMESI Bioagrotechnology R&D located
in Adana, Turkey.

Preparation of emulsions

The ingredients of the emulsions are demonstrated in
Table 1. The emulsion was prepared by dissolving 1:1
sodium caseinate and maltodextrin (DE:18-20) in 55 °C
water for 1 h and then left them outside to cool down.
Fish oil was added to this mixture and homogenized in
ultra-turrax (IKA T25, Baden-Wiirttemberg, Germany) at
14.000 rpm for 10 min in a cold environment (in iced box)
and thus the control group was formed. Different concentra-
tions of sage oil were added to fish oil at 1% (S1), 2% (S2),
and 3% (S3) ratios to form treatment groups. The ratio of fish
oil and coating materials (sodium caseinate + maltodextrin,
1:1) was 1:2. Then, this mixture was homogenized in differ-
ent tubes to form an emulsion, and treatment groups were
formed. In the control group, sage oil was not used and other
procedures were applied exactly.

Spray drying process and storage conditions

The emulsions were dried and pulverized in a 0.7 mm diam-
eter spray nozzle laboratory spray dryer (Buchi Mini Spray
Dryer B-290, Switzerland). 0.5 L/h as flow rate was used by
continuous homogeneous mixing under the magnetic stirrer
before and during drying. Spray dryer (SD) inlet temperature
is 160 °C and outlet temperature is 90+ 5 °C. The aspirator
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Table 1 Experimental

Concentration of Concentration of
sodium caseinate (%)

Concentration  Concentra-
of sage tea EOs tion of water

(%) (%)

Concentration of
maltodextrin (%)

. . Groups
design of preparation of fish oil (%)
microencapsulated fish oil
C 10 10
S1 10 10
S2 10 10
S3 10 10

10 - - - 170
10 1 - - 69
10 - 2 - 68
10 - - 3 67

C Control group microencapsules (without added essential oil), SI microencapsules with 1% sage essential
oil, S2 microencapsules with 2% sage essential oil, S3 microencapsules with 3% sage essential oil

flow rate is 35 m*h and pump speed are set to 20%. At the
end of the process, powdered products were placed in dark
glass bottles and stored at room temperature (24 + 1 °C) for
12 weeks. For triplicated chemical analyses, three bottles of
microencapsulated fish oil for each group were randomly
selected on the 0, 2,4, 5, 6, 7, 8,9, 10, 11, and 12" weeks
of storage.

Determination of volatile constituents and total
phenolic content (TPC) of sage tea oil

A GC-MS (Clarus 500, Perkin Elmer, Waltham, MA, USA)
equipped with a silica capillary SGE column (BPXS5, 60 m A
to 0.25 mm, ID 0.25 um, Perkin Elmer, Shelton, CT, USA)
was used to define the volatile compounds of sage tea oil.
During the GC operating, the oven temperature was adjusted
from 60 °C for 10 min and increased continuously to 250 °C
at 4 °C/min and kept for 10 min in the last temperature. The
carrier gas (helium at 1.5 mL min~! and 220 °C) was used.
1 pL of diluted oil in hexane with splitless was adjusted for
injection. At the same time, the energy of ionization, the
temperature of the ion source, the range of the scanned mass,
and the temperature of the interface line were defined as
70 eV, 200 °C, m/z 35-425, and 250 °C, respectively. Iden-
tification of volatile compounds was provided by comparing
their retention index, mass spectra with those of commer-
cial spectra databases (NIST-MS, Wiley-MS, and the flavor
library of essential oil constituents). A method as described
by Singleton and Rossi (1965) was performed to determine
the TPC of sage tea oil. 0.4 mL of the gallic acid (GA as
standard) solution and 1.6 mL of sodium carbonate (7.5 g/L)
were added into 2 mL of 0.2 N Folin-Ciocalteu’s phenol
reagent. For homogenization with the same reagents, sage
tea oil (0.4 mL) was used. Following the incubation carried
out at room temperature for an hour, the absorbance value
of the mentioned samples was defined at 760 nm. Obtained
results were calculated according to GA equivalent (GAE)/g.

Measurement of microencapsulation efficiency (ME)

Each group of microencapsulated fish oil powders (2 g) was
added into a 250 mL volumetric flask, and 15 mL hexane
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was put to each sample. Whatman no. 1 filter paper was
used to obtain suspension following the rinsing of the papers
twice using 20 mL hexane (Bae and Lee 2008). The solvent
was evaporated using a rotary evaporator (Buchi R210, Rota-
vapor, Flawil, Switzerland) at 60 °C until the volumetric
flask reaches a constant weight. The surface oil was designed
from the weight differences. The given equation below was
used to reveal the ME.

ME = |(Total oil — Surface oil) [ Total oil| X 100

Microcapsule morphology by using scanning electron
microscopy

The characterization of surface morphology of microencap-
sulated fish oils was done using scanning electron micro-
scope (SEM). Microencapsulated fish oil samples were
coated with gold for 30 s to a thickness of 2 nm using a
QI150R ES Coater (Quorum Technologies, UK). The coated
samples were observed using the SEM (Quanta FEG650,
USA) at voltage of 20 kV with a magnification of 1000 and
5000 and working distance of 10.8—10.9 mm. Carbon tape
is used for the adhesion of the material and for conductiv-
ity. Morphological structure of microcapsules was charac-
terized by a scanning electron microscope (SEM) in Central
Research Laboratory of Cukurova University (CUMERLAB,
Adana, Turkey). The particle sizes of the microencapsulates
were also measured using SEM. The number of images ana-
lyzed for size determination was seven.

Oxidation parameters

A method as described by Bligh and Dyer (1959) was used
to measure the lipid content. 2 g of sample was homog-
enized with the mixture of chloroform and methanol (1:2),
and then the samples were left in a dark place after CaCl,
was added. Chloroform was vaporized from the samples by
using an evaporator. The differences among the flask weights
revealed the lipid content of the samples (n=3). AOCS PV
method Cd 8-53 (1994) was performed in order to reveal the
peroxide value (PV). Thiobarbituric acid reactive substances
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(TBARSs) were determined a method as described by AOCS
method Cd 19-90 (1998). TBARs value of the samples was
given as mg MA/g of oil in the present study.

Statistical analyses

All analysis was done in triplicate. All collected data were
analyzed by one-way ANOVA (p <0.05) confidence level
using the Duncan multiple range test.

Results and discussion
Microencapsulation efficiency (ME)

Microencapsulation efficiency values of fish oil samples con-
taining sage essential oils with different ratios are presented
in Table 2. While the sage essential oil ratio was increased
from 1 to 3%, ME values were in the range of 50.65 and
60.17. It was observed that using 1% (S1) and 2% (S2) sage
oil were significantly decreased the ME (p <0.05). Ahn et al.
(2008) were reported similar differences in their study on the
antioxidant effect of natural plant extracts on the microen-
capsulated high oleic sunflower oil (MEHS). They reported
that while the ME value of 1% (w/w) citrus extract (MEHS-
C) was 45.02%, ME value of a mixture of 1% citrus mixture
extract and 0.05% rosemary extract (MEHS-CR) was found
as 51.25%. On the other hand, the use of 3%-sage essential
oil in fish oil provided similar encapsulation efficiency as
compared to control group (p > 0.05). As stated by Prieto
and Lagaron (2020), the selected encapsulation process and
composition of the wall play an important role in the defini-
tion of encapsulation efficiency. The encapsulation of fish
oil into carbohydrate particles sized between 0.1 and 1.5 pm,
was also determined ~70% as described by Garcia-Moreno
et al. (2017). According to Kamdem and Boulet Ntsama
(2014), the microencapsulation efficiency of microencap-
sulated fish oil using Gelatin/SDS/NaCMC and secondary
coating application with sodium polyphosphate after spray
drying was found to be 53.2% and 56.63%, respectively. The
encapsulation efficiency of the microparticle or microsphere
or microcapsule depends upon different factors like concen-
tration of the polymer, solubility of polymer in solvent, rate

Table 2 Microencapsulation efficiency (ME) and surface oil (SO) of
microencapsulated fish oil

C S1 S2 S3

52.34+0.74°
8.56+0.13"

50.65 +1.24°
8.41+£0.21°

ME  63.91+3.50
SO  7.70+0.75°

60.17.25+1.12°
7.24+0.20°

Values represent mean =+ SD of 3 replicates in duplicate. Means shar-
ing the same letter in the same line (a—b) are not significantly differ-
ent (p “0.05) using Duncan’s multiple range test

of solvent removal, solubility of organic solvent in water, etc.
(Jyothi et al. 2010). In this study, especially the integration
of (3%) sage essential oil with fish oil had a key role in the
determination of microencapsulation efficiency.

Microcapsule morphology

Figure 1 shows SEM images of microcapsules of prepared
at different concentrations of sage tea essential oil groups.
Although a weak aggregation was present in all groups,
it was generally homogeneous. The particle size of the
microencapsulated for control, S1, S2, and S3 groups were
5.77-20.84, 8.79-37.49, 5.94-28.82, and 5.83-24.44 pm,
respectively. Microencapsules had generally irregular cylin-
drical shapes, and there was not any cracking in the particles.
It is important for the microcapsules to be round without any
cracks or pores, to protect the core material from oxygen and
to undesired release of oil droplets to the surface of particles.
Microcapsule morphology exerts variable depending on the
coating material, drying conditions, and the level and viscos-
ity of the encapsulated substance (Wyspiariska et al. 2019).

Determination of volatile compounds and TPC of sage
tea essential oil

Identification of essential oil is given in Fig. 2. In total, 20
compounds contained about (90.38 +0.340%) of total GC
peak areas in the oil. The major compounds were a-pinene,
camphene, f-pinene, eucalyptol, camphor, bornyl acetate,
borneol, caryophyllene, and caryophyllene oxide. This
essential oil was full of hydrocarbonated monoterpenes and
oxygenated monoterpenes.The highest concentrations of
compounds were a-pinene (14.11%), camphor (14.38%), and
eucalyptol (14.56%), a terpene group that gives the odor of
the plants. Borneol (8.14%), camphene (7.59%), p-pinene
(6.31%), bornyl acetate (4.43%), caryophyllene (3.42%), and
caryophyllene oxide (3.84) were determined as secondery
components. Other components represented less than 3%
(Fig. 2). Alizadeh and Shaabani (2012) reported that the
essential oil composition of Salvia officinalis L. cultivated in
Iran included borneol (8.33%), camphene (3.46%), a-pinene
(3.24%), a-humulene (2.64%), and B-pinene (2.25%).
Bouaziz et al. (2009) reported that the most abundant com-
ponents (>4%) of the sage tea essential oil cultivated in
Tunisia were B -thujone (17.76%), 1,8-cineole (16.29%),
camphor (14.19%), a-thujone (7.41%), transcaryophyllene
(5.45%), viridiflorol (4.63%), p-pinene (4.41%), a-humulene
(4.37%) and camphene (4.07%). Also, Delamare et al. (2007)
reported that the main constituents (>2%) of the essential
oil of sage tea cultivated in South Brazil were a-thujone
(24.8%), 1,8-cineole (14.8%), camphor (10.9%), B-pinene
(9.87%), d-gurjunene (8.20%), camphen (4.40%), -thujone
(3.97%), a-pinene (3.07%) and B-caryophyllene (2.89%).

@ Springer



478 J Food Sci Technol (February 2023) 60(2):474—483

(2 Magnlﬁcatlon of 1000 for S3 group. (h)Magnlﬁcatlon o 00 fo group

Fig.1 Scanning electron microscopy (SEM) images of the microencapsulated fish oils
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Fig. 2 Major volatile component of sage essential oil identified by GC/MS

These differences can be explained by the fact that the
extraction methods used are different as well as the geogra-
phies where the samples are taken. In addition, parameters
such as soil, air, water conditions, sampling times where
plants grow can cause differences in essential oil composi-
tions (Russo et al. 2013).

Phenolics are the most important secondary metabolites
acting as natural antioxidants in plants, and there is a close
relationship between the total amount of antioxidant activity
and phenolic content. The sage tea oil used in this study has
a high phenolic content (26.86 mg GAE/g) and can be used
as a natural source of phenolics and antioxidants. Alizadeh
and Shaabani (2012) reported that the phenolic content of
the same species was 25.13 mg GAE/g DW. Sage tea oil
from the Lamiaceae family posses high level of phenolic
compounds like phenolic acids, flavonoids and phenolic dit-
erpenes, having antioxidant activity. These compounds can
limit or inhibit the oxidative damage caused by free radicals
and can protect people against critical diseases like coronary
and heart problems and cancer diseases (Kris-Etherton et al.
2002).

Changes in oxidative stability

FFA is produced as a result of enzymatic hydrolysis of
esterified lipids (Pacheco-Aguilar et al. 2000). It is known
that there is a relationship between the amount of FFA and
fish freshness depending on the storage period (Ozogul et al.
2005). Moreover, as the amount of FFA increases, it can
adversely affect the taste of the oil and increase rancidity.
Therefore, monitoring changes in the FFA content is an
important parameter for lipid hydrolysis of fish oils. The

FFA value of the crude fish oil before processing was deter-
mined as 2.81 +0.15%. After the microencapsulation pro-
cess, it changed in the range of 3.98-14.01% for the C group.
While the FFA values at the beginning of the storage period
were in the range of 3.98-5.23%, it increased to 6.04-9.29%
at the end of storage (Table 3). There were no statistically
significant differences among the groups at the beginning
of the storage. However, fluctuations were observed in FFA
values of all groups during storage. The highest FFA values
were determined for the control, S1 and S3 groups at 2-week
storage (14.93, 14.09 and 11.08%, respectively) and for S2
group at 10-week storage (12.43%). In general, during stor-
age period, while the highest FFA values were observed in
the control and S1 groups, the lowest values were found in
the S2 and S3 groups. This suggests that increasing sage tea
oil concentration minimizes FFA changes in fish oil during
storage. Lipid hydrolysis developed at a slower rate in the
treated groups, especially in the high concentration. This
might be associated with the inhibition effect of phenolic
compounds in sage tea. Bimbo (1998) reported that the FFA
content is normally between 1 and 7% in raw fish. Skelbaek
and Andersen (1994) found that the FFA content of microen-
capsulated oils or fats is below 5%. FFA values at the begin-
ning of storage were close to this reported value (Table 3)
whereas they exceeded this reported value (between 1 and
7% in raw fish) towards to end of the storage period.

The formation of peroxides is considered to be the indica-
tor of the first step of lipid oxidation. They provide informa-
tion about the degree of oxidation of the oil. The changes in
PV of the samples stored at room temperature (24 +1 °C)
are given in Table 4. Statistical differences were observed in
PV among the groups (p <0.05) during the storage period.
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Table 3 The changes in FFA

. > Storage weeks C S1 S2 S3

(% FFA as oleic acid) contents

of microencapsulated fish oil 0 3.98+0.42° 5.23+0.92° 4.02+£0.81° 4.50+£0.10°

during storage 2 14.93+1.11° 14.09+0.09° 8.11+0.71¢ 11.08 +0.94°
4 8.04 +0.02° 8.64+0.82° 7.69+0.12 8.54+0.72
5 8.06+0.01¢ 9.79+0.07° 10.88+0.02° 10.68 +0.01°
6 9.34+0.02° 9.78 +0.08* 7.67+0.04° 6.06+0.01¢
7 9.99+0.93 9.79 +0.09? 4.64+0.01° 7.59+0.17°
8 11.99+1.88* 13.02+0.10° 6.14+0.03° 10.06+0.83°
9 10.87+1.02° 12.36+0.84* 6.07+0.11° 10.43+0.22°
10 10.05+0.98° 12.53+0.92% 12.43+0.01° 10.64 +0.04°
11 14.01+0.76* 8.47+0.81° 12.31+0.06° 9.05+0.05°
12 9.29+0.11° 8.12+0.07° 7.64+0.03¢ 6.04 +0.06°

Table 4 The changes in

Values represent mean+SD of 3 replicates in duplicate. Means sharing the same letter in the same line
(a—d) are not significantly different (p < 0.05) using Duncan’s multiple range test

Storage weeks C S1 S2 S3

PV (meq Oy/kg) contents of

microencapsulated fish oil 0 11.77 £0.98¢ 15.81£0.51° 13.61 £0.55" 13.86+0.96°

during storage 2 1521+ 1.08 13.68 +0.95° 10.08 +0.42° 13.91+1.43*
4 16.81+0.65" 13.30+1.23° 14.18 +0.82° 13.68 +0.63°
5 21.54+1.26 12.36+1.31° 12.08+1.03° 12.32+0.64°
6 22.46+0.41* 13.60+1.42° 12.89+1.29° 10.15+0.69¢
7 21.45+0.67* 15.14+1.23° 12.89+0.61¢ 11.68 +0.64¢
8 15.93+1.05* 14.29+0.70° 11.37+£0.62¢ 9.04 +0.65¢
9 15.13+1.32° 8.61+0.65° 7.46+0.16° 8.01+0.56
10 21.59+1.62° 1047 +1.11° 12.50+1.27° 10.48 +0.62°
11 25.93+0.60* 20.24+0.83° 14.54+0.76° 14.48 +0.77¢
12 24.35+0.47" 18.05+1.22° 17.92+0.45° 17.27+0.33°

Values represent mean +SD of 3 replicates in duplicate. Means sharing the same letter in the same line
(a—d) are not significantly different (p * 0.05) using Duncan’s multiple range test

PV changed between 11.77 and 15.81 meq O,/kg oil imme-
diately after the microencapsulation process. There were no
statistical differences between treatment groups in terms of
PV values at the 4th, 5th, 9th, 10th, and 12th weeks of stor-
age (p <0.05). PV levels in the samples tended to increase
at the end of the storage. The PV value of the crude fish oil
before processing was determined as 2.71 +0.26 meq O,/kg.
After the microencapsulation process, it changed in the range
of 11.77-25.93 meq O,/kg for the C group. Previous studies
also showed a similar pattern of hydroperoxide content in
fish oil (Ozogul et al. 2017; Rezaei et al. 2007). Although
the control gave the highest PV during storage, among the
treatment groups, S1 at 11 weeks (20.24 meq O,/kg), S3 at
2 weeks (13.91 meq O,/kg), and S2 at 10 weeks (12.50 meq
0O,/kg) also gave high PV. At the end of storage period the
highest PV was observed in S1 group (18.05 meq O,/kg)
while the lowest value was found in S3 group (17.27 meq
0O,/kg). The lowest PV were observed in S2, S3 and S1
groups (7.46, 8.01, and 8.61 meq O,/kg, respectively) at the
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9th week of storage. Yesilsu and Ozyurt (2019) reported that
the PV of microencapsulated fish oil with rosemary, thyme,
and laurel extracts were lower than those of the control
group containing commercial antioxidants. They found that
the addition of rosemary extract delays the formation of per-
oxide in microencapsulated anchovy oils, and the addition
of 1500 ppm rosemary provides better protection in terms
of preventing the formation of peroxide from 250 ppm of
synthetic antioxidant BHT. Bakry et al. (2016) investigated
the PV of the microencapsulated tuna oil stored at 45 °C
for 28 days and they reported that the PV of the group with
peppermint oil was two times less than that of the non-added
group. Kolanowski et al. (2004) reported that fish oil that
was microencapsulated using antioxidant-free and modified
cellulose for 36 days at room temperature increased peroxide
value above 60 meq. Hogan et al. (2003) reported that PV of
microencapsulated fish oil samples stored at room tempera-
ture for 28 days increased to 85.6 meq O,/kg oil. However,
in the current study, PV were considerably low. It can be
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Table 5 The changes in TBARs (mg malonaldehyde (MA)/g oil)
contents of microencapsulated fish oil during storage

Stor- C S1 S2 S3
age

weeks

0 2.14+0.22" 1.84+0.12° 1.51+0.13° 1.53+0.07°
2 1.94+0.02° 1.71+0.12° 1.89+0.02* 1.90+0.10*
4 1.76+0.04* 1.02+0.04° 1.22+0.04> 0.89+0.03¢
5 1.90+£0.13* 0.83+0.06° 0.83+0.06" 0.65+0.05¢
6 1.73+0.11* 0.86+0.05° 1.63+0.10°® 1.50+0.12°
7 1.05+0.09° 0.57+0.02¢ 1.62+0.09° 0.92+0.07°
8 0.80+0.01° 0.57+0.04° 1.56+0.13* 0.51+0.05°
9 0.54+0.02° 040+0.04° 1.34+0.14* 0.40+0.04°
10 1.50+0.12* 0.42+0.03% 0.97+0.03* 0.86+0.06°
11 0.93+0.04* 0.91+0.06* 0.60+0.02> 1.00+0.11*
12 0.95+0.04* 0.78+0.03° 0.54+0.01° 0.93+0.03°

Values represent mean +SD of 3 replicates in duplicate. Means shar-
ing the same letter in the same line (a—d) are not significantly differ-
ent (p <0.05) using Duncan’s multiple range test

concluded that the addition of sage tea EOs in the wall mate-
rial positively affected the lipid stability of microcapsules.
The usage of PV as the only indicator of lipid oxidation
can be misleading because of high inconstancy of lipid
hydroperoxides. Break down of these products produces
secondary products such as hydrocarbons, alcohols, carbon-
yls, and aldehydes, which cause the flavor deterioration of
foodstuffs (Frankel 1987). The TBARs test, regarded as the
index of secondary phase of lipid oxidation, determines the
content of aldehydes. In this test, not only malondialdehyde
reacts with TBA to produce red pigment but also other alde-
hydes might be participated in the reaction. Besides, TBARs
represent malondialdehydes, which are secondary degrada-
tion products of lipid oxidation, and are one of the criteria
showing the rancidity of oils. TBARs values of microen-
capsulated fish oils with sage tea EOs are given in Table 5.
Statistical differences were observed among groups during
the storage period (p <0.05). The FFA value of the crude
fish oil before processing was determined as 0.78 +0.06 mg
MA/kg. After the microencapsulation process, it changed in
the range of 0.54-2.14 mg MA/kg for the C group. TBARs
values varied from 1.51 to 2.14 mg MA/kg after microen-
capsulation. At the beginning of the study, the TBARs value
of the control group was determined as 2.14 mg MA/kg. The
lowest value was determined for S2 group (1.51 mg MA/kg)
while the highest TBARs value was determined in S1 group
(1.84 mg MA/kg). Fluctuation was observed in all groups
during the storage period. The highest TBARs values were
also observed at the 2nd week of storage for S3 (1.90 mg
MA/kg), S2 (1.89 mg MA/kg) and S1 (1.71 mg MA/kg).
The lowest TBARs values were observed for both S1 and S3
groups at the 9th week (0.40 mg MA/kg) and for S2 group

(0.54 mg MA/kg) at the 12th week. At the end of storage, the
highest TBARs value was obtained for S3 group (0.93 mg
MA/kg) among the treatment groups, while the lowest value
was found for S2 group (0.54 mg MA/kg). TBARs values
were observed to be lower than the control group from the
beginning of the storage to the 7th week. However, higher
TBARSs values were observed in the S2 group compared to
the control at the 8th and 9th weeks of storage, while TBARs
values closer to the control were observed in the S3 groups
at the 11th and 12th weeks of storage. Li et al. (2015) deter-
mined the TBARs value of microcapsules with blueberry
extract as 0.487 mg MA/kg. Solval (2011) reported that the
TBARs value that they could not detect in the crude oil var-
ied between 0.11 and 0.12 mg MA/kg fat after microencap-
sulation. Binsi et al. (2017) reported that the TBARs values
of microencapsulated fish oil samples with sage polyphenol
exceeded the limit after 24 h when the samples were kept
at 60 °C. It was reported that the product was unaccepta-
ble when the amount of 19 mmol MA exceeded in 1000 g
fish oil (Kaitaranta 1992). In the current study, the TBARs
value did not exceed 2.14 mg MA/kg, thus sage tea EOs
for microencapsulation of fish oils were found to be a good
oxidation retardant.

Conclusion

Anchovy oil enhanced with sage essential oil was microen-
capsulated and the oxidative stability of microencapsulated
oil in different concentrations was investigated. Consider-
ing the oxidation parameters, it was determined that micro-
encapsulated fish oil containing sage tea essential oil gave
better results than the control group, especially group S2.
Inclusion of sage essential oils into fish oil prior to spray
drying process can protect highly sensitive omega-3 fatty
acids from lipid oxidation.
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