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Abstract

Background: -3 fatty acids perform several therapeutic functions in the body, however, their applications are
limited due to the inferior oxidative stability. To improve the oxidative stability and release properties of Q-3 fatty
acids, microencapsulation is performed. Butter is a good source of fat-soluble vitamins and antioxidant systems
however, it is not a good source of Q-3 fatty acids. Supplementation of butter with microcapsules of vegetable oils
rich in -3 fatty acids is not reported in literature.

Methods: Microcapsules of chia oil (MCO) were prepared using chitosan as encapsulating material by spray drying
at lower temperature. Unsalted butter prepared from cultured cream using Lactococcus lactis ssp. Lactis at 21 °C for
16 Hrs. Cream was churned at 12 °C and microcapsules of chia oil were added to the butter during the working
stage at four different concentrations ie. 2,4, 6 and 8% (T;, T, T3 and Ty, respectively). Butter without supplementation
of MCO were kept as control. Butter samples were stored for 90 days at -10 °C. Butter composition, antioxidant capacity,
fatty acid profile, induction period, free fatty acids, peroxide value and sensory evaluation were performed at 0, 45 and
90 days of storage.

Results: Addition of MCO in butter did not have any effect on standards of identity of butter. Microencapsulation had
no effect on fatty acid profile of microcapsules of chia oil. Concentration of alpha-linolenic acid (ALA) in control, T, T,
T5 and T, were 049, 429,841, 13.21 and 17.44%, respectively. Concentration of ALA in fresh and 90 days stored butter
samples were 1744 and 17.11%, respectively. After 90 days of storage, loss of eicosapentaenoic acid (EPA), docosapentaenoic
acid (DPA) and docosahexaenoic acid (DHA) were 0.07%, 0.05 and 0.03%, respectively. At 0, 45 and 90 days of storage, 2, 2-
Diphenyl-1-picrylhydrazyle (DPPH) free radical scavenging activity of free chia oil was 39.81, 71.22 and 62.18%, respectively.
However, microcapsules of chia oil had superior antioxidant activity. DPPH free radical scavenging activity of microcapsules at
0, 45 and 90 days of storage was 36.51, 3643 and 35.96%, respectively (p > 0.05). Total antioxidant capacity of microcapsules
at 0, 45 and 90 days of storage was 7053, 69.88 and 68.52%, respectively (p > 0.05). It was recorded that induction period of
free chia oil and microcapsules was only 2.86 h and 855 h. Among the butter samples, control revealed the lowest induction
period. While, induction period of experimental samples was not different from each other. Peroxide value and free fatty
acids of the butter samples at the end of storage period (90 days) was less than the European Union standards limit
(10MeqO,/kg and 0.2%). Sensory characteristics of experimental samples were similar to the control. MCO can be added in
butter to improve its functional value.

Conclusion: Concentration of ()-3 fatty acids in butter up to 8% can be increased through microcapsules of chia oil with
reasonable oxidative stability and no effect on sensory characteristics.
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Background

The increased knowledge of metabolic disorders caused
by the foods has led to use functional foods. In the last
decade, great deal of research work has been done on the
development and commercialization of functional foods
and ingredients [1]. A noteworthy increase in the con-
sumption of functional foods containing polyunsaturated
fatty acids [2]. Cardiovascular diseases and cancer are one
of the largest killers of mankind. About 200,000 people
die every year due to cardiovascular diseases [3, 4]. Meta-
bolic diseases can be prevented by the regular intake of
functional foods. Dairy Products are the integral part of
human nutrition, it contain some Q-3 fatty acids, but the
concentration is usually lower than the biologically re-
quired values. Alpha-linolenic acid (ALA), eicosapenta-
enoic acid (EPA) and docosahexaenoic acid (DHA) are the
most important (-3 fatty acids from therapeutic point of
view [5]. These fatty acids have several health promising
effects such as cardio-protective, anti-stressing, anti-
ageing, anti-inflammatory and antidiabetic properties [6].
In growing babies, Q-3 fatty acids help in the development
of brain and cardiovascular system and cardio-protective
effects [7]. Due to the better absorption of omega-3 fatty
acids of fish origin, it is regarded as a great source of Q-3,
however, fish alone cannot fulfill the dietary requirement
of Q-3 fatty acids [8]. Due to the persistence of fishy flavor
in fish oil, it has limited applications for the fortification
strategies [9]. FDA recommends to consume 2 g 2-3 fatty
acids on daily basis, to minimize the incidences of cardio-
vascular diseases. To fulfill the dietary requirements of Q-
3 fatty acids, foods containing Q-3 fatty acids are being
developed all over the world. Demand of functional foods
supplemented with Q-3 fatty acids is increasing across the
globe. According to the report of Northwestern Regional
Project, cultivated area of chia seed in 13 countries was
370,000 ha. Presently, chocolates, biscuits, bread, yoghurt
and ice cream are being supplemented with Q-3 fatty
acids [10]. New sources of Q-3 fatty acids should be dis-
covered for increased industrial utilization. Chia (Salvia
hispanica L.) produces about 35-40% superior quality ed-
ible oil and it contains about 60-65% ALA oil which can
be used for the supplementation of foods without pre-
processing, such as refining, bleaching and deodorization
[11]. Chia has obtained the status of Novel Food from the
EU parliament with no anti-nutritional factors [12]. For
example, fish contains about 14% Q-3 fatty acids, while,
chia oil contains about 60-65% ALA. Direct addition of
Q-3 rich oils in foods is technically challenging due to
their susceptibility towards auto-oxidation, objectionable
odors and incompatibility with food matrixes [13] and
even more, oxidation of Cig., Cis5 and C;g5 has been
found greater than Cyg4 [5, 14]. Oxidative deterioration in
fat rich foods reduces the nutritional value and sensory
characteristics of foods [15]. Nadeem et al. [16] increased
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the concentration of ALA in trans free margarine through
direct addition of chia oil and the resulted margarine had
higher magnitude of Q-3 fatty acids but the oxidative sta-
bility of chia oil supplemented margarine was lower than
the market margarine. Ice cream supplemented with olein
fraction of chia oil had higher amount of ALA with lower
oxidative stability than the standard ice cream [17]. Oils
rich in polyunsaturated fatty acids (PUFAs) are commer-
cially preserved by synthetic antioxidants, which may be
carcinogenic [18]. Microencapsulation is a process in
which bioactive compounds are enclosed, shielded and
sheltered with a polymeric film such as modified starch,
cylodextrins, cellulose, chitosan, gum Arabic, caseinates,
whey proteins and lecithin [19]. Microcapsules may be
prepared by spray drying, centrifugal extrusion etc. how-
ever, spray drying is the most commonly used method for
the preparation of microcapsules of bioactive compounds
for the fortification in foods [20]. Another important rea-
son for the microencapsulation is to regulate the release
characteristics of oils rich in Q-3 fatty acids at the suitable
time and place with increased effectiveness at the lower
concentrations [21]. For the preparation of microcapsules
in food products, spray drying is the most commonly used
technique as the anticipated protection, release profile and
ease of large-scale production [22]. Studies of Ullah et al.
[17] showed that chia oil can be used in dairy products,
however, no study is available regarding the addition of
microcapsules of chia oil to the butter. Therefore, this
study was planned to raise the content of Q-3 fatty acids
in butter by microencapsulated chia oil and study the oxi-
dative stability, antioxidant characteristics and sensory
characteristics of fortified butter by some conventional
and advanced analytical techniques.

Methods

Materials

Chitosan 78 was purchased from Sigma Aldrich; chia oil
from unheated seeds was obtained by a laboratory scale
expeller. Butter without any addition of salt was ob-
tained from a local dairy industry.

Preparation of microcapsules of chia oil

For the preparation of microcapsules of chia oil, chitosan
was used as encapsulating material. Chitosan was dis-
solved at 5% concentration in 1% aqueous acetic acid, oil
was added at the rate of 50% by weight of chitosan, ho-
mogenized at 200 Bar. Emulsion were spray dried in a
mini spray dryer, size of the nozzle was 0.4 mm with
0.55 MPa air pressure. Temperature of the air was set at
160 °C and outlet temperature was 90 °C. Microcapsules
were packaged in transparent plastic bottles and store at
-10°C till further usage in current investigation.
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Experimental plan

This research work was planned in a completely random-
ized design, every treatment was replicated three times.
Unsalted butter prepared from cultured cream using Lacto-
coccus lactis ssp. Lactis as starter culture at 21°C for 16
Hrs. Cream was churned at 12 °C and microcapsules of chia
oil were added to the butter during the working stage at
four different concentrations i.e. 2% (T;), 4% (T5), 6% (T5)
and 8% (T,), respectively. Butter samples without supple-
mentation of MCO were regarded as control. Butter sam-
ples were stored for 90 days at -10 °C and analyzed at 0, 45
and 90 days of storage.

Chemical composition of butter

Fat, moisture and non-fat dry matter contents of freshly
prepared control and experimental butter samples were
analyzed as per reference methods [23]. Free fatty acids,
peroxide value, melting point, saponification value, unsa-
ponifiable matter and iodine value (Wijs) in cold pressed
chia oil were determined according to the standard
methods [24].

Antioxidant activity of free oil, microcapsules and butter
DPPH free radical scavenging activity

Total antioxidant activity of free oil, microcapsules and
butter were determined according to the method [24].
Samples were added with 4 mL DPPH solution (0.1 M)
followed by vigorous shaking and incubation for 30 min
at room temperature. The absorbance was measured at
517 nm in visible regions of spectrum. Same concentra-
tion of tertiary butylated hydroxy Quinone was used as
reference and samples were analyzed on 0, 45 and 90
days of storage.

Total antioxidant activity

Total antioxidant activity of free chia oil, microcapsules
and butter samples was determined using phosphomolyb-
denum method [25]. Sample solution 0.3 ml (100 pg/mL)
was mixed with 3 ml sulfuric acid, (0.6 M) and sodium
phosphate (28 mM) and ammonium molybdate (4 mM).
The tubes were capped and incubated in water bath main-
tained at 95°C for a time duration of 90 min. Samples
were cooled down to room temperature and absorbance
were recorded at 695 nm on a spectrophotometer. Total
antioxidant capacity was expressed in terms of mg Ascor-
bic Acid Equivalent/g and samples were analyzed on 0, 45
and 90 days of storage.

Fatty acid profile

Fat from microcapsules of chia oil and butter was ex-
tracted by following the standard method [23]. One drop
of extract fat/ oil (50 mg) was taken in 15 mL Pyrex test
tube, 2ml methanolic hydrogen chloride (15%) was
added, test tubes were tightly capped and put in the
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heating block in a fume hood. After 100 min, tubes were
let to cool to room temperature, then 2 mL each n-hexane
and deionized water were added, followed by vertexing at
1500 rpm for 3 min, after 30 min, upper layer was used for
GC analysis (7890-B, Agilent Technologies) fitted with
FID, using ZB-5 fused silica capillary column (Zebron
Phenomenex, 100 m x 0.250 mm) using helium, hydrogen
and oxygen at the rate of 1.2 mL/min, 4 mL/min and 40
mL/min, with a total run time was 43 min and samples
were analyzed on 0, 45 and 90 days of storage. FAME-37
(Supleco) standard was run for the identification and
quantification of fatty acids [26].

Induction period

Induction period was determined using Rancimat tech-
nique (Professional Rancimat, 892), for this analysis, 2.5
g sample was exposed to dry oxygen (20 1/hr) at 120 °C.
Break point in the curve was used to denote the induc-
tion period on 0, 45 and 90days of storage period
(Metrohm Corporation, Switzerland).

Storage effect on oxidative stability of butter

MCO supplemented butter samples and control were
analyzed for free fatty acids, peroxide value and anisidine
value on 45 and 90 days of storage [24].

Sensory evaluation

MCO supplemented butter samples were tested for
color, oxidized flavor and texture in individual sensory
evaluation booths on 0, 45 and 90 days of storage. Ten
trained judges performed the sensory evaluation using 9-
point scale [27].

Statistical analysis

This experiment was planned in a completely randomized
design, treatment was replicated three times and every
sample was analysed three times, data were reported as
Mean + SD. Data were analysed by two way analysis of
variance technique to determine the effect of treatments,
storage and their interaction. To determine the significant
difference among the treatments, Duncan Multiple Range
Test was used on a SAS 9.1 software [28].

Results

Free fatty acids, peroxide value, saponification value, unsa-
ponifiable matter, slip melting point and iodine value
(wijs) of chia oil used in this investigation were 0.11%,
0.23 (MeqOy/kg), 191 mg KOH/g, 1.28%, —17.6°C and
192¢g/100 g, respectively. Outcomes of composition of
butter supplemented with (-3 powder of chia oil are pre-
sented in Table 1. Fat, moisture content (MC) and non-fat
dry matter content (NFDMC) of butter were influenced
by the supplementation of Q-powder (p<0.05). Fat,
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Table 1 Effect of microencapsulated chia oil on composition of

butter

Treatments Fat (%) Moisture (%) NFDMC (%)
Control 834 + 0.75° 15.19 + 0.05° 141 +011¢
T 839 + 1.12° 1458 + 0.03° 152 + 0.08°
T 85.1 + 0.94° 13.13 + 0.29° 177 £012°
Ts 858 + 0.65° 1239 + 0.15¢ 181 +0.19°
Ts 87.5 + 043° 1058 +0.17¢ 192 +0.13°

In a column, means notified by a non-uniform letter are statistically
significant (p < 0.05)

NFDMC: Not Fat Dry Matter Content

Control: Butter without any addition of Q-3 powder

T;: Butter with 2% addition of microcapsules chia oil

T,: Butter with 4% addition of microcapsules chia oil

Ts: Butter with 6% addition of microcapsules chia oil

T,: Butter with 8% addition of microcapsules chia oil

NEDMC of the butter increased while MC decreased as a
function of supplementation of microcapsules.

It was recorded that antioxidant properties of spray
dried microcapsules of chia oil was not different from
free chia oil (Table 2). The effect of storage duration of
90 days on antioxidant characteristics of free oil and

Table 2 Antioxidant activity of free oil, microcapsules and

butter
Treatments Storage DPPH Free Radical Total Antioxidant
Days Scavenging Activity Capacity
Free Oil 0 3981 + 027° 7361 + 040°
45 3323 £ 022° 7122 + 036°
%0 2462 + 0.16° 62.18 + 0.12¢
MCO 0 3851 +0.18° 7353 + 0.55°
45 3843 + 023° 7344 £ 072°
% 3596 + 0.15° 6852 + 0.16°
sControl 0 1469 + 0.08" 30.75 + 0.26'
45 11.19 £ 005' 30.18 + 062
% 643 + 002 19,66 + 049
T 0 17.53 + 0.159 35.16 + 005"
45 17.33 + 0.05° 3511 +0.12"
% 16.25 + 0.06° 3495 + 007"
T 0 2043 +0.19 4377 + 030°
45 20.18 + 025 4349 + 0279
% 19.77 + 031 4333 + 0229
T, 0 25.16 + 044° 4683 + 0.82°
45 2489 + 037° 4622 + 073
90 2491 + 0,05° 4610 + 043
Ty 0 2779 +0.13¢ 5593 + 0.38°
45 2762 +003° 5561 + 0.28°
% 2733 +022° 5512 + 0.10°

In a column, means notified by a non-uniform letter are statistically
significant (p < 0.05)

MCO Microcapsules of chia oil stored at room temperature (25-27 °C)
for 90 days
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microcapsules were also investigated. It was recorded
that DPPH free radical scavenging activity and total
antioxidant capacity of free chia oil was remarkably af-
fected by the storage interval of 90 days. Microcapsules
of chia oil had superior antioxidant activity. DPPH free
radical scavenging activity of microcapsules at 0, 45 and
90 days of storage was 36.51, 36.43 and 35.96%, respect-
ively (p > 0.05). Total antioxidant capacity of microcap-
sules at 0, 45 and 90 days of storage was 70.53, 69.88
and 68.52%, respectively (p > 0.05). It was recorded that
microcapsules of chia oil raised the antioxidant capacity
of butter in a dose dependent manner. Butter samples
supplemented with 8% concentration of microcapsules
of chia oil exhibited the highest antioxidant capacity.
DPPH free radical scavenging activity and total antioxi-
dant capacity of T, was 27.79 and 55.93%. DPPH free
radical scavenging activity and total antioxidant cap-
acity of all the treatments of butter were not affected by
the storage period of 90 days.

Fatty acid profile of the free and encapsulated forms of
chia oil are shown in Table 3. Results of this investiga-
tion revealed that fatty acid profile of microcapsules of
chia oil was not affected by the spray drying (p < 0.05).
Supplementation of butter with MCO raised the amount
of ALA, EPA and DHA (Table 2). Results in Table 4
showed that concentration of ALA in fresh and 90 days
stored butter samples were 17.44 and 17.11%, respect-
ively. After 90 days of storage, loss of EPA and DPA and
DHA were 0.07%, 0.05 and 0.03%, respectively. Peroxide
value of MCO supplemented butter samples and control
amplified during the whole storage period. With respect
to peroxide value, storage period up to 45 days was non-
significant (Table 5). Peroxide value of T, was within the
standard limit (10 meqO,/kg). Maximum peroxide value
was recorded in T4 (1.41 MeqO,/kg) after 90 days of
storage. Free fatty acids of mechanically extracted chia
oil were 0.08%. No difference was recorded in free fatty
acids content of all the samples and control. Anisidine
value of MCO supplemented butter samples and control
were not changed up to 45 days of storage (p < 0.05). For
the determination of induction period of free chia oil,
microcapsules of chia and supplemented butter samples,
Professional Rancimat 832 was used. All the samples
were run without fat extraction and the obtained results
can be seen in Fig. 1. In this investigation, effect of mi-
croencapsulation and storage duration on butter samples
supplemented with four different concentrations of mi-
crocapsules was determined on induction period. It was
recorded that induction period of free chia oil and mi-
crocapsules was only 2.86 h and 8.55h. Among the but-
ter samples, control revealed the lowest induction
period. While, induction period of experimental samples
was not different from each other. Results regarding sen-
sory properties of MCO supplemented butter are shown
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Table 3 Effect of microencapsulated chia oil on fatty acid profile of butter

Fatty Acid Free Chia Oil MCO* Control T T, Ts Ta

Cao - - 184+001° 167 + 003° 151 + 0.02° 142 + 0.06° 137 + 0.09°
Ceo - - 221+006° 211 +002° 197 +0.13¢ 181 + 0.05¢ 162 + 0.03°
Cao - - 235+003° 224 + 009° 212 +01° 1.99 + 0.04° 191 + 0.06°
Cioo - - 245 +0,09° 229 + 008° 2.15 + 0.05° 197 + 004¢ 195 +0.13¢
Cizo - - 269+0.10° 248 +0.15° 225 + 003° 212 + 006" 189 + 0.15°
Ciao 0.11+001° 0.12+003° 1033+0.19° 981 +051° 866 + 025 824 + 0.18° 730 + 0.26°
Ciso 933+005 936+027 3129+041° 2936 + 049° 2826 + 0.71° 27.15 + 039° 2659 + 044°
Ciso 157+003" 159 + 0,04 977 +0.15° 941 + 0.16° 866 + 0.22° 836+ 0.17° 727 + 036°
Cian 6.85+0.09 6.88+0.19" 2451+031° 2329 + 088° 2219 + 0.28° 2177 +035° 19.95 + 0.54°
Cigo 194940137 19.55+0.38° 427+ 008" 511 +0.10° 622 £0.17° 7.58 +0.19° 895 + 037°
ALA 6645 +0.19° 66.72+0.81° 049 +0,02° 429 +0.14° 841 +071¢ 1321 £ 031¢ 1744 + 042°
EPA 281+0,06° 2.82+0.06° Not Detected 0.11 +002¢ 0.19 + 0.04¢ 035 + 0.06° 056 + 0.05°
DPA 191 +008° 1934009 Not Detected 009 = 001° 0.17 + 006" 029 + 001° 041 +001°
DHA 236 +002° 238+ 005 Not Detected 005 + 003° 021 +002° 031 + 004 045 + 007°

In a row, means bearing a non-common letter are statistically different (p < 0.05)
ND: Not Detected

MCO: *Microcapsules of chia oil

ALA = Alpha Linolenic acid

EPA = Eicosapentaenoic acid

DPA = Docosapentaenoic acid

DHA = Docosahexaenoic acid

in Table 6. Non-significant findings were observed in
color, flavor and texture of all the sample and control.

Discussion

Results regarding chemical characteristics of chia oil ob-
tained in this investigation are not different from the
findings [29]. Fat, moisture and NFDMC of the Q-3 sup-
plemented butter was within the standards of identity of
International Dairy Federation. Several studies have been
performed to raise the functional value of butter.
Addition of microcapsules of fish oil to yoghurt had no
effect on compositional attributes of yoghurt till four
weeks of storage [30]. Chemical composition of yoghurt
added with flaxseed oil emulsion remained unchanged
up to 8 days of storage [31]. In addition to higher magni-
tude of ALA, chia oil is also known to have superb anti-
oxidant properties. Results of earlier investigation have
shown that supplementation of chia oil in cheddar
cheese raised the antioxidant properties; oxidative stabil-
ity of chia oil supplemented cheddar cheese was not less
than the sample available in the market [11, 32]. The
effect of spray drying on antioxidant characteristics of
microencapsulated chia oil was not reported in litera-
ture, in this investigation, it was planned to determine
the effect of spray drying temperature on antioxidant
characteristics of microencapsulated chia oil. The super-
ior antioxidant activity microcapsules of chia oil during
the storage duration of 90 days may be connected to the
presence of strong antioxidant systems and phenolic

compounds present in chia oil and protection provided
by the microencapsulating material chitosan. Effect of
supplementing microcapsules of chia oil on antioxidant
characteristics of butter was also determined. Antioxi-
dant characteristics of butter supplemented with micro-
capsules of chia oil were due to two factors i.e.
indigenous antioxidant system of butter which was com-
prised of vitamin A, E, D, beta-carotene and lecithin etc.
exogenous antioxidant system which was introduced in
butter by chia oil. Chia oil is a good source of phenolic
compounds, chlorogenic acid, caffeic acid, phenolic
glycoside-k and phenolic glycoside-Q are the major
phenolic compounds present in chia oil [33]. Milk and
dairy products are good source of natural antioxidants
[34]. Boiling and pasteurization modes of heat treat-
ments had no effect on antioxidant characteristics of
milk for the duration of three days [35]. The superior
oxidative stability of chia oil in complex food systems is
documented in literature. Antioxidant characteristics of
ice cream supplemented with olein fraction of chia oil
were not influenced by the storage duration [17].
Hussein et al. [36] studied the effect of microencapsula-
tion on antioxidant characteristics of fennel and cumin
oil, microencapsulation significantly decreased the anti-
oxidant capacity of these oils.

It was projected that high temperature of spray drying
may lead to cause oxidation of PUFAs and modification
of fatty acid profile. During the dehydration process, the
condensed wall structures keep the temperature of oil
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Table 4 Effect of microencapsulated chia oil on fatty acid profile of butter.
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Fatty Control T T, Ts Ta
Acid Fresh 90-Days Fresh 90-Days Old ~ Fresh 90-Days Old  Fresh 90-Days Old ~ Fresh 90-Days Old
Old

Cao  184+001% 1.81+002% 167 +003° 165+002° 151+002° 148+ 0065 142+006° 1340+ 0019 133 +009% 131+ 003

Coo 2214006 221+003° 2.11+002° 208 +005° 197+0.13° 195+008 181 +005% 175+004% 162 +003° 157+001°

Cgo  235+003% 231+004° 224+009° 221 +002° 212+0.11° 209 +001° 199 +004% 195+ 003¢ 188 +006° 1.86+ 007°

Cioo  245+009% 240+009% 229+ 008° 227 +005° 2.15+005 211+003 197 +004% 191 +002° 195+0.13% 1.92+ 008"

Ciop  269+0.10° 262+005° 248 +0.15° 246 +001° 225+003° 220+001° 212+006° 205+007¢ 189 +015° 181+ 009°

Ciao 1033 1014+ 981 +051® 955+ 021° 866+025 855+ 056° 851 +018 811+028% 730+026° 7.19+057°
0.19° 0.36°

Cieo 3129+ 30.85 + 2936 + 049° 29.11 + 1.05° 2876+ 27.54 + 0645 27.15 + 039 2665 + 0729 2659 + 044% 2640 + 047
0412 119 071°

Cigo 9774015 962+0.17° 941 +0.16° 927 + 046> 866+022° 844 +023° 836+0.17° 822+009° 727 +036° 7.16 + 0.08°

Clg, 2451+ 2419+ 2329 +0.88° 2304 + 076 2219+ 2207 +062° 21.77 £035% 2151 + 0269 19.95 + 0.54° 1946 + 0.73°
031° 0.88° 0.28°

Cigo 427+ 419+ 511+010% 497 +013% 622+017° 610+ 008 758 +019° 744 +016° 895+ 0377 882+ 031°
0.08° 0.09°

ALA 049+ 045 + 429+014% 415+003% 841+071° 833 +£022° 1321 +031° 1307 £005° 1744 + 042* 1741 + 053°
0.02¢ 0.03°

EPA  ND ND 011+002¢ 008+001% 019+ 016 +002° 035+ 006° 030+003° 056+005 049 + 001°

0.04c
DPA  ND ND 009 +001° 007 +003° 017+006° 0.13+002° 029+001° 025+003° 041+001° 036+ 004
DHA ND ND 005 +003% 007 +002¢ 021+004° 0.19+001° 031+004° 028+006° 045+ 007° 042+ 009°

In a row, if the means are bearing different alphabet, that are statistically significant (p < 0.05)

ND: Not

Detected

ALA = Alpha Linolenic acid
EPA = Eicosapentaenoic acid
DPA = Docosapentaenoic acid
DHA = Docosahexaenoic acid

Table 5 Oxidative stability of butter supplemented with microencapsulated chia oil

Treatments Storage Days FFA (% Oleic Acid) PV (MeqO,/Kg) Anisidine Value
Control 0 008 + 001° 022 = 003 451+ 016"
45 0.11 + 002° 038 + 0.04° 489 + 007°
o) 0.14 + 003 059 + 007° 7.95 + 023¢
T 0 008 + 0.02° 022 = 003" 451+ 016"
45 0.11 + 003" 041 + 0.06° 495 + 0.15°
%0 0.13 +002° 069 + 0.05° 855 + 0.09°
T 0 008 + 003 022 + 003" 451 +0.16"
45 0.10 + 001° 045 + 0.02° 511 +029°
90 0.14 + 0.02° 082 + 0.10° 9.13 + 041°
T 0 008 + 001° 022 + 003" 451 +0.16"
45 0.12 + 002° 044 +0.13¢ 521 +0.15°
%0 0.13 + 004° 092 + 0.16° 937 +017°
Ty 0 0.10 + 001° 022 + 003 451 +0.16"
45 0.11 +001° 048 + 0.09° 536 + 027°
o) 0.13 + 003° 114 +011° 966 + 0.19°

In rows and columns, if the means have same letter that are statistically significant (p < 0.05)

FFA: Free Fatty Acids

PV: Peroxide Value
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Hours

8.22
FCO MCO

CONTROL

Fig. 1 Induction of microencapsulated chia oil supplemented butter

FCO: Free chia oil
MCO: Microcapsules of chia ail
Control; Butter without any addition of Q-3 powder
T: Butter with 2% addition of microcapsules chia oil
Ta: Butter with 4% addition of microcapsules chia oil
Ts: Butter with 6% addition of microcapsules chia oil
T4: Butter with 8% addition of microcapsules chia oil

Tl T2 i3 T4

Table 6 Sensory characteristics of butter supplemented with
microencapsulated chia oil

Treatments  Storage Days  Color Oxidized Flavor  Texture
Control 0 81015 81+£036 80 £ 020
45 80+012 80+029 79+ 031
90 78 +008 79+025 78 £ 0.07
T 0 82+019 81+£023 8.1 £ 003
45 80017 80+ 009 80£0.12
90 81+£013 79+004 80+ 027
T, 0 81+022 79+042 80+ 021
45 80+006 78+0.17 80+ 0.16
90 79+011 77 %010 7.8 £ 0.08
Ts 0 79+£019 80%015 82+ 019
45 78 £0.14 81+0.16 81 £0.15
90 77 +012 78+ 009 80+ 0.26
Ts 0 80005 81+£007 81 £028
45 79+016 80+ 006 8.1 £ 035
90 78+ 025 80+002 8.0+ 033

All the means mentioned in Table 6 are statistically non-significant (p > 0.05)

less than 100°C by preventing the heat transfer [37].
The microcapsules designed using chitosan as a coating
material and spray drying for the dehydration had a
thermo-protective effect. Due to rapid encapsulation in
coating material, alteration in the fatty acid profile could
not take place [37]. Goyal et al. [38] found that fatty acid
profile of free and microencapsulated flaxseed oil was
not different form each other. Quispe-Condori et al. [39]
reported that microencapsulation and spray drying had
no effect on significant effect on fatty acid profile. Dur-
ing the storage phase, polyunsaturated fatty acids with a
greater number of double bonds and longer chain
moved towards the surface of microcapsules that in-
creases the rate of oxidation. The alteration in fatty acid
profile of microencapsulated fish oil, flaxseed oil was
due to the movement of polyunsaturated fatty acids to-
wards the surface of microcapsules [40]. Flaxseed is
regarded as the richest sources of ALA; however, the
magnitude of ALA in chia oil was more than flaxseed
oil. As compared to Cyg.1, ALA (Cig3) is about times
more vulnerable to oxidation [41]. DHA was not de-
tected in control sample. Fish oil contains about 14—15%
EPA and DHA, in current investigation, MCO had more
than 73% ALA. The effect supplementation of Q-3 cap-
sules in bread, fatty acid profile of microcapsules was
not different from the free oil. According to the
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recommendations of ICMR [42] 1.6g ALA should be
consumed on daily basis. Chia oil can is susceptible to
oxidation, to overcome the problems of low oxidative
stability and development of oxidized flavor, in current
investigation chia oil was transformed to microcapsules
so that PUFAs can be safeguarded from oxidation.
Changes in fatty acid profile provides useful information
regarding the oxidative stability of fats and oils [43].
Changes in the fatty acid profile of butter were strongly
connected to the oxidation products [44]. Minimum
changes were recorded in fatty acid profile of MCO sup-
plemented butter at different stages of storage. Q-3 fatty
acids have less resistance to auto-oxidation, microencap-
sulation significantly enhanced the oxidative stability of
Q-3 fatty acids. Gonzalez et al. [45] observed that pres-
ence of PUFAs in butter decreased its oxidative stability.
Dairy products with modified fatty acid profile were
more prone to auto-oxidation [46]. Foods added with Q-
3 fatty acids are usually safeguarded from auto-oxidation
by antioxidants, in current investigation, microcapsules
from chia oil were developed for the supplementation of
butter, this may open a new array of functional foods
supplemented with Q-3 fatty acid of chia oil. However,
detailed research is required for the exploration of new
avenues for the fortification of foods with microcapsules
of chia oil. Goyal et al. [38] studied the effect of storage
on ALA content of microencapsulated flaxseed oil; it
was observed that storage significantly decreased the
concentration of ALA. The oxidative stability of ice
cream supplemented with microcapsules of flaxseed oil
was studied, 21.38% ALA was oxidized after 60 days of
storage. A study was conducted to determine the effect
of storage time on -3 fatty acids in yoghurt, after 4
weeks of storage, concentration of Q-3 fatty acids de-
creased by 14.52%.

Peroxide value quantifies the extent of peroxides in
fats and oils; it is an empirical method to anticipate the
storage stability of fats and oils. At industrial level, per-
oxide value is used to estimate the shelf life of fats and
oils and other derived foods, foods which have lower
peroxide value can be efficiently stored for longer pe-
riods of time [47]. Primary oxidation products such as,
hydroperoxides have no color and odor but these are
highly toxic and hinder in the bioavailability of fatty
acids. It is reported in literature that rate of oxidation of
ALA is 20 times faster than oleic acid [41]. Chen et al.
[48] prepared dairy products from the milk having a
greater number of PUFAs, dairy products revealed lower
shelf stability as compared to the normal dairy products.
Ajmal et al. [49] described that dairy products contain-
ing a greater number of PUFAs had a shorter shelf life.
Maximum peroxide value recorded in present study was
well below than the allowable limit (5 MeqO,/kg) given
in the CAC [50]. Microcapsules of fish oil in vacuum
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packaging had superior oxidative stability [51]. Magni-
tude of conjugated dienes increased when microencap-
sulated fish oil was stored for the longer time [52]. Free
fatty acids are the products of hydrolytic rancidity having
no connection with degree of unsaturation. Free fatty
acids content of whey butter was analyzed at different
stages of storage and free fatty acids in whey butter in-
creased with the advancement of storage [53]. Free fatty
acids are highly important from the keeping quality per-
spectives; they can not only induce bad odors in foods
but also can accelerate the auto-oxidation [54]. This
research work provided evidence that free fatty acids in
microencapsulated chia oil were not increased during
the storage and supplemented butter had lower concen-
trations of free fatty acids. Anisidine value is extensively
used for the determination of secondary oxidation prod-
ucts such as non-volatile carbonyl compounds produced
during the oxidative degradation of lipids. Under acidic
conditions, 2-alkenals and 2,4-dienals react with p-anisi-
dine. The rise in anisidine value will mean greater
amounts of aldehydes which reflect lower oxidative sta-
bility [55]. Anisidine value of good quality edible oils
and fats should be less than two [56]. Anisidine value of
microencapsulated avocado oil was more resistant to
oxidation than free oil [40]. Microencapsulated olive oil
had lower anisidine value than crude olive oil [57]. Ani-
sidine value below 10 is usually regarded ideal for the
better storage stability of fat rich foods [43]. Rancimat
method is based on the measurement of electrical con-
ductivity of distilled water triggered by the production of
lipid oxidation compounds, when fats and oils are oxi-
dized in accelerated conditions i.e. higher temperature
and aeration [58]. Induction period is directly connected
with antioxidant activity and oxidative stability. The
non-significant effect on induction period of all the ex-
perimental samples can be attributed to microencapsula-
tion. For the estimation of expected shelf life of dairy
products, induction period is usually not used, however,
in our previous investigation regarding the oxidative sta-
bility of olein based butter, we used induction period
[54]. Strong correlations were established between per-
oxide value and induction period, testing intervals show-
ing higher peroxide revealed lower peroxide value. For
the estimation of oxidation resistance of whey butter,
Boselli et al. [54] used Rancimat method. Barroso et al.
[59] compared the induction period of bulk and micro-
encapsulated flaxseed oil, the latter had significantly
higher induction period than the former. Induction
period of microencapsulated fish oil and sunflower oil
was significantly higher than free oils [60]. Similar re-
sults were reported about the oxidative stability of
olive oil [61].

Sensory characteristics of fat rich dairy products usu-
ally decline due to the oxidation of PUFAs. Non-
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significant difference in color and flavor score may be at-
tributed to the better oxidative stability of microcap-
sules. Sensory characteristics of cookies added with
microencapsulated fish oil were comparable to the cook-
ies without addition of microencapsulated fish oil [62].
de-Conto et al. [63] studied the effect of encapsulated
Q-3 powder on sensory properties of pan bread and
addition of Q-3 powder did not induce undesirable sen-
sory attributes in fortified bread.

Conclusion

Microcapsules of chia oil were developed for the first time
and microencapsulation considerably improved the oxida-
tive stability of Q-3 fatty acids of chia oil. Supplementa-
tion of butter with microencapsulated chia oil at 2, 4, 6
and 8% concentrations significantly enhanced Q-3 fatty
acids in butter. Fatty acid profile of MCO supplemented
butter before and after the storage period of 90 days was
almost similar. MCO at 8% concentration can be used for
raising the amount of Q-3 fatty acids in butter.
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