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ARTICLE INFO ABSTRACT
Article type: Background: Encapsulation serves as a technique for the delivery of bioactive
. compounds while enhancing their sensory attributes. For instance, the encapsulation of
Research Article delicate oils within thin layers effectively inhibits oxidation resulting from moisture,

metal ions, oxygen, and heat exposure. Additionally, a range of methods is employed

Avrticle history: in the encapsulat_ion qf fa_tty acids, such as conjugated Ii_noleic aci'd. Two commercial
Received: processes used m_t_hls field are the_use_ of spray drymg technlque and comblr]ed
January 17, 2024 coacervation. Additional methodologies include extrusion coating and encapsulation
’ within nanoliposomes. A critical factor influencing each of these processes is the

Accepted: _ :
December 22. 2024 selection of wall material.

Published: Aims: The objective of this study is to develop nanocapsules utilizing various wall
Jan 4 202'5 materials for conjugated linoleic acid, subsequently incorporating these nanocapsules

into milk powder, and assessing the properties of the enriched milk powder.
Methods: In this research, 4 different treatments including: 1- xanthan gum and

Keywords: maltodextrin, 2- xanthan gum and whey protein, 3- guar gum and maltodextrin, and 4-
Conjugated linoleic | guar gum and whey protein were used as wall materials. After drying the primary
acid, Milk Powder, = emulsions and milk (1/5% Fat) separately, the milk powder was enriched with
Spray Dryer, _nanocgpsules ppwder. Some physicoc_h_emical characteristics of enriched milk powder
Xanthan gum, including protein, fat, moisture, solubility and morphology were evaluated.
Whey protein and Resul'_ts: The results showed that the perf(_)rmanc_e _of the spray dryer was about 50%.

. The highest CLA content and encapsulation efficiency were related to the xanthan-
Maltodextrin whey protein (19.21%). The results of the evaluation of particle size and morphology
indicated that in all treatments, the particle size was within the nanometer range, and
the form of the nanocapsules was spherical and their surface had some cracks. The
results of evaluating the characteristics of milk powder enriched with CLA showed that
the samples of enriched milk powder were not significantly different from each other
in terms of solubility (99%) and moisture content (2.33- 2.98%). However, there was a
significant difference in the amount of fat and protein. The highest amount of protein
was related to the treatment of CLA encapsulated in whey protein-xanthan (12.83%).
Also, the treatment containing xanthan-whey protein had the highest amount of fat
among all treatments.
Conclusion: According to the tests examined in this research, it can be concluded that
all tretments had good performance and can be used for the encapsulating of fatty acids,
vitamins, oils and flavors, but the xanthan-whey protein had better characteristics than
the other treatments and was more suitable for encapsulation.
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Extended Abstract

Introduction: Encapsulation is a process to
entrap active agents within a carrier material
and it is a useful tool to improve the delivery
of bioactive molecules and living cells into
foods. Materials used for the design of the
protective shell of encapsulates must be food-
grade, biodegradable and able to form a barrier
between the internal phase and its
surroundings. Among all materials, the most
widely used for encapsulation in food
applications are polysaccharides. Proteins and
lipids are also appropriate for encapsulation
(Nedovic et al., 2011). The health benefits of
omega-3 fatty acids are substantiated through
extensive and rigorous in vivo studies. A wide
range of investigations indicate that omega-3
fatty acids are essential not only for normal
growth and development but also for their
positive effects on the heart, brain, eyes, joints,
skin, mood and behavior (Kaushik et al.,
2015). Omega-3 fatty acids are also implicated
in the prevention of coronary artery disease,
hypertension,  diabetes, arthritis,  other
inflammatory and autoimmune disorders, and
cancer. Many studies encourage the adequate
intake of omega-3 fatty acids by pregnant and
lactating women to support overall health of
fetus and the healthy development of the retina
and brain in the fetus (Kaushik et al., 2015).
Some studies argue that the claimed health
benefits of omega-3 fatty acids are
inconclusive, particularly with regard to
cardiovascular events, cancer, cognitive health
and slowing down age-related macular
degeneration (AMD). Desired levels of
omega-3 fatty acids in diets can be achieved by
including various foods enriched with omega-
3 PUFA. Although a variety of food products
enriched with omega-3 fatty acids are available
in the market, there are technical challenges in
their production, transportation, storage,
bioavailability and sensory acceptability
(Kaushik et al., 2015). The physical and
chemical characteristics of omega-3 oils limit
their application as a potential food ingredient.
Due to the highly unsaturated nature of omega-
3 fatty acids such as CLA, these are susceptible
to oxidation and readily  produce
hydroperoxides, off-flavours and odours,

which are deemed undesirable by consumers.
To overcome the above-mentioned problems,
the use of microencapsulation technology has
been explored by various researchers (Kaushik
et al., 2015). Omega-3 fatty acids have been
microencapsulated using different
encapsulation techniques. So far, spray drying,
complex coacervation and extrusion are the
most commonly used commercial techniques
for microencapsulation of omega-3 fatty acids.
Spray drying offers many advantages over
other drying methods such as freeze drying,
including low operational cost, the ability to
handle heat-sensitive materials, readily
available machinery and reliable operation,
and the ability to control the mean particle size
of the powders for spray dried emulsions.
However, only limited numbers of wall
materials are compatible with this technology
(Kaushik et al., 2015). The spray drying
technique is considered an immobilization
technology rather than an encapsulation
technology = because  some  bioactive
compounds can be exposed superficially on
microparticles. In addition to the simplicity of
spray drying, this technique is also convenient
for encapsulating heat-sensitive materials
because the exposure time to elevated
temperatures is short (5-30 s) (Rigolon et al.
2024). For the microcapsules to be formed,
there is a need to use encapsulating materials,
with polysaccharides being the most used for
this purpose. The polysaccharides used have
desirable properties such as low viscosity, high
solid content, good solubility, and are readily
available, biocompatible, and can form bonds
with flavor compounds, exist in great diversity,
have low cost and low toxicity (Rigolon et al.
2024). In a recent study, the potential of a
maltodextrin combination with different wall
materials (starch, whey protein concentrate,
and gum arabic) for the microencapsulation of
flaxseed oil through spray drying was
evaluated. Results indicated that maltodextrin
(MD) in combination with modified starches
gave the best encapsulation efficiency in
comparison to a gum arabic and whey protein
concentrate (WPC) combination, whereas the
best emulsion stability and oxidation
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protection was observed in the MD-WPC
combination (Kaushik et al., 2015). The results
of Gobhari et al, (2024) indicated that
nanocomplexes (NCs) were synthesized based
on the principles of electrostatic complexation,
utilizing sodium caseinate (NaCa), gum Arabic
(GA), and gum exudates from Prunus
armeniaca L. (PAGE) to encapsulate
conjugated linoleic acid (CLA). The
encapsulation process was optimized by
varying the concentrations of NaCa (0.1%—
0.5%), GA/PAGE (0.1%-0.9%), and CLA
(1%-5%), with a central composite design
(CCD) applied for numerical optimization.
The optimal formulation for the nanocomplex
containing gum Arabic (NCGA) was
determined to be 0.336%, 0.437%, and 3.10%
for NaCa, GA/PAGE, and CLA, respectively.
In contrast, the optimal formulation for the
nanocomplex containing PAGE (NCPAGE)
was found to be 0.403%, 0.730%, and 4.177%
for NaCa, GA/PAGE, and CLA, respectively.
The encapsulation efficiency (EE) and particle
size were measured at 92.46% and 52.89 nm
for NCGA, while NCPAGE exhibited an EE of
88.23% and a particle size of 54.76 nm. The
conjugated linoleic acid (CLA) present in
NCGA-CLA and NCPAGE-CLA
demonstrated superior oxidative stability
compared to free CLA over a 30-day storage
period, with no significant differences
observed in the oxidative stability test results
for the nanocarriers. The Azari et al.,(2024) in
a recent research were focused on the
development  of  enriched  buttermilk
characterized by stable physicochemical
properties through the process of complex
coacervation. To mitigate the natural
instability of oils within liquid matrices,
microcapsules were formulated utilizing
sodium alginate and xanthan gum, with
optimization conducted via the response
surface methodology (RSM). The buttermilk
was enriched at optimal concentrations of 0%,
0.04%, 0.07%, and 0.1%, followed by
incubation at 48 °C for a duration of 42 days.
The optimized conditions revealed that the
selection and amount of gums employed for
enrichment had a significant impact on the
properties of the enriched buttermilk. Notably,

a reduction in pH accompanied by an increase
in acidity resulted in improved viscosity of the
buttermilk. The flow characteristics of the
buttermilk displayed pseudoplastic behavior.
Enrichment led to an increase in particle size,
while only slight alterations were observed in
odor, taste, and color, with the buttermilk
remaining free from protein aggregates.
Chromatographic analysis indicated a rise in
unsaturated fatty acids post-enrichment. In
conclusion, this study illustrates the potential
for  producing nutritionally  enhanced
buttermilk that possesses high stability and
favorable sensory attributes. Spray drying is
the most extensively applied encapsulation
technique in the food industry because it is
flexible, continuous, but more important an
economical operation. The purpose of this
research is to investigate the production of
nanocapsules  containing  different  wall
materials for conjugated linoleic acid, and then
enrich milk powder with them and evaluation
of its properties.

Material and methods: In this research, 4
different treatments including: 1- xanthan gum
and maltodextrin, 2- xanthan gum and whey
protein, 3- guar gum and maltodextrin, and 4-
guar gum and whey protein were used as wall
materials. After drying the primary emulsions
and milk (1/5% Fat) separately, the milk
powder was enriched with nanocapsules
powder. Some physicochemical characteristics
of enriched milk powder including protein, fat,
moisture, solubility and morphology were
evaluated.

Results and discussion: The results showed
that the performance of the spray dryer was
about 50%. The highest CLA content and
encapsulation efficiency were related to the
xanthan- whey protein (19.21%). The results
of the evaluation of particle size and
morphology indicated that in all treatments,
the particle size was within the nanometer
range, and the form of the nanocapsules was
spherical and their surface had some cracks.
The results of evaluating the characteristics of
milk powder enriched with CLA showed that
the samples of enriched milk powder were not
significantly different from each other in terms
of solubility (99%) and moisture content (2.33-
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2.98%). However, there was a significant
difference in the amount of fat and protein. The
highest amount of protein was related to the
treatment of CLA encapsulated in whey
protein-xanthan (12.83%). Also, the treatment
containing xanthan-whey protein had the
highest amount of fat among all treatments.
The results of fatty acid profile indicated that
the fattiest acids detected in enriched milk
powder were saturated, monounsaturated and
polyunsaturated fatty acids, respectively.
Linoleic acid and o-linolenic acid are
recognized as the sole essential fatty acids
(EFASs) required by the human body. The
omega-6 and omega-3 fatty acids are derived
from linoleic acid and o-linolenic acid,
respectively, through biological processes
such as elongation and desaturation. In dietary
patterns characterized by low fish intake or
vegetarianism, these fatty acids are vital for
supplying two important fatty acids—
docosahexaenoic acid and arachidonic acid—
necessary for the maintenance of essential
bodily functions. However, these
polyunsaturated fatty acids are particularly
prone to oxidation, which negatively impacts
the storage stability of oils that contain them.
The recent study explores encapsulation as a
promising strategy to enhance the stability of
EFAs. It is identified five primary
encapsulation techniques: (i) spray drying, (ii)
freeze drying, (iii) emulsification, (iv)
liposomal entrapment, and (v) various other
methods, including electrospinning/spraying
and complex coacervation. Among these
techniques, spray drying emerged as the most
commonly utilized method for EFA
encapsulation, closely followed by freeze
drying. Furthermore, maltodextrin and gum
Arabic were identified as the predominant wall
materials used in carriers. Future research
should focus on the industrial scalability and
cost-effectiveness of these encapsulation
methods (Nejatian et al., 2024). The
advantages of omega-3 fatty acids, including
conjugated linoleic acid (CLA), are supported
by comprehensive and methodologically
sound in vivo research. Numerous studies
demonstrate that omega-3 fatty acids play a
crucial role not only in promoting normal

growth and development but also in
contributing positively to the health of the
heart, brain, eyes, joints, skin, as well as
influencing mood and behavior (Kaushik et al.,
2015).

Conclusion: According to the tests examined
in this research, it can be concluded that all
treatments had good performance and can be
used for the encapsulating of fatty acids,
vitamins, oils and flavors, but the xanthan-
whey protein had better characteristics than the
other treatments and was more suitable for
encapsulation.
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Table3. Effect of different wall materials in
CLA Microcapsulation on Encapsulation
Efficeincy

Treatments Encapsulation
Efficeincy (%)
Xanthan—Maltodextrin- 86.33+ 2.08?
CLA
Xanthan-whey protein-  88.66+ 2.51°
CLA
Guar  —Maltodextrin-  85.66+ 1.152
CLA

Guar-whey  protein-  78.66+ 2.51°
CLA
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Table2. CLA content of  prepared
Microcapsulations with different wall materials

Treatments CLA content (%0)
Xanthan—Maltodextrin-CLA 12.14+0.21°
Xanthan —whey protein-CLA 19.21+0.03?
Guar—Maltodextrin-CLA 13.32+ 0.01°
Guar—wheyprotein-CLA 11.63+ 0.05¢
Milk Powder 4.36+ 0.02°
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Table4. Particle size(nm) and particle size distribution in the different used treatments as wall

materials
Treatments Mean of Particle size(nm) Span index (particle size distribution)
X-MD-CLA 248.1 + 33.5° 0.34+0.12°
X-WP-CLA 576.8 + 38.8% 2.02+0.722
G-MD-CLA 228.8 £ 4.53¢ 0.31+ 0.05°
G-WP-CLA 410.6 + 11.69% 1.07+ 0.34%
MP 315.6 £ 12.20¢ 0.46+ 0.07¢
MP-X-MD- 1233.4 + 32.87¢ 1.21+ 0.09%°
CLA
MP-X-WP- 751.1 £53.9¢ 0.59+ 0.03°
CLA
MP-G-MD- 534.5 + 83.19 0.68+ 0.07¢
CLA
MP-G-WP- 1181.3 +50.29%° 1.21+ 0.04%
CLA

Mean + Standard deviation

MP(Milk Powder), X (Xanthan gum), MD(Maltodextrin), WP(Whey protein), G(Guar gum)
Different lowercases within a column indicate significant differences (p<0.05) among treatments.

Table5. Mean contents some of milk powder properties enriched with

encapsulated CLA in different wall materials

Treatment” Moisture Protein (%0) Fat (%) Solubility (%)
(%)

MP 2.33+0.28° 6.12+ 1.02¢ 1+0.4b 99 +0.12
MP+X+MD+CLA 2.98 +0.042 8.16 + 0.98% 1.50 + 0.52° 99.12 +0.22
MP+X+WP+CLA 2.4 +£0.19° 12.83 +1.032 1.80 + 0.52 99.09 + 0.072
MP+G+MD+CLA 2.48 +0.37P 0.18 +1.04b 1.60+ 0.372b 99.10+ 0.22
MP+G+WP+CLA 2.91+0.032 11.81 +1.022 1.20 £ 0.21° 99 + 0.42

Mean + Standard deviation

MP(Milk Powder), X (Xanthan gum), MD(Maltodextrin), WP(Whey protein), G(Guar gum)
Different lowercases within a column indicate significant differences (p<0.05) among treatments.



\A)

- . oy -
P W e WU e - e

wonme we b ARUNS DA

Figurel. Electron microscope images of CLA microcapsules, A) encapsulated CLA with Xanthan —
Maltodextrin, B) encapsulated CLA with Guar —Maltodextrin, C) encapsulated CLA with Guar—-whey
protein D), encapsulated CLA with Xanthan —-whey protein
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