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ABSTRACT

Background: Encapsulation serves as a technique for the delivery of bioactive
compounds while enhancing their sensory attributes. For instance, the encapsulation of
delicate oils within thin layers effectively inhibits oxidation resulting from moisture,
metal ions, oxygen, and heat exposure. Additionally, a range of methods is employed
in the encapsulation of fatty acids, such as conjugated linoleic acid. Two commercial
processes used in this field are the use of spray drying technique and combined
coacervation. Additional methodologies include extrusion coating and encapsulation
within nanoliposomes. A critical factor influencing each of these processes is the
selection of wall material.
Aims: The objective of this study is to develop nanocapsules utilizing various wall
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
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: 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- 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.


https://scholar.google.com/citations?user=ARboLTQAAAAJ&hl=en&oi=sra

sl glo sl yiags
Yo rA=DVOX ol LLs ¢ YEVS-05Y 1 g Sl Ll
https://foodresearch.tabrizu.ac.ir

2
=

9 bl oF S 3l oslistwl b oud (Slivgs ) (CLA) aS9595 el g ol b o y393 g3l (S8

Ol GBS 39 oy

T o0kt (ylgudy < slods o crme < gl yhza Loy aeaSs DX glalaT b ol e

Ol e sl e sl e ol KI5 (b w5 (5355LES 0dSls (gl mliss ol o5, sl

Ol e sl e sl Gl oKl o mlie 5 (53,5LAS odSCiSls (e mbio 5 pske L)) it )8 whale 4ol 2ol
Ol e Jusa ) e bl Bies ol Kls ( nubs b 5 65,5LES 0uSLiils ¢ pls pole 05 S kel ™

Olnl el shua )l Giomn oKl (b wmbin 5 (55,3158 0dSiils 1 mbioy psle 05 S olsls t
b_fathi@uma.ac.ir :45 J e DX

035 lis Slaseie

350 LOT o ol S5 5 Jlb s OS5 SHLe, 6l s e (Gl i FUls 4 llde g0

5 il 058 Ko S5 Sl el aed pl s eslizad sy (ol Aul g3 3,8 1 eslizd ok sols
03 038 pame 5 D3s S by Jold esliial 5)pe Slahss Sod ted oS5 O gels el S

il ol 23 e sl iy 5 ) 51y pa s SIS sla bl s Lap s s 51 llde aoo)s

S 5555 S g (sl s ol 5 5150 g5l sls g 5L A s SRas e a5l e ibaa RRGNASEE S

S50l sl (Shs e 5 0T L Sist 03 (le 28 o s VTR G

ot b 5 Ol fao =) s el o)l enle Ol e 4y ils oS 5 ke 51 SR cnl 00 DB By, RS w

ool 350 Olsie ar w5 IS oo =t 5 0 1S3 3 5 IS e Y ey O 5 Ol s Y o

b s Bl Coso a0 o Aon V/0 b 5 adsl (la O ped gol 05 S it 31 o s onlil
oz 5ok (la b sog lend s G Shs 5l F s S e 8 b iU oy
e N S RTS P\ Pt BYVIT RRGIN PGNPV SRy P o

5 CLA (lgme o tis 55 Aoy 00 ;,J}ﬁdmws&:}';jﬂﬁms;lmug@u:c@;@w
o b b 1SS 55 (Ao, YY) Lo Ol -0l el 56 sles 4 by e Sl oS o5V
Sl b 3 S Sy b)) @l Lsg e Sos S5l bl maw 5 658 e
=Y/AA) Cusby 5 (789) S Ol Sl 5leds (g3l 8 b o sladised a5 sls QLA CLA L ous
Azdls (gols e M| S s o Ol a5 Lol KaSS b gl pre sl (Ao s Y/YY
w0l Oas L3 eks i, CLA Jlas 4 byse sy Ol op e (P<2/00)
ple S O 0l —CLA L ol 28 o 35 5 wd o Ol cpiomen 550 (desj3) Y/AY)
21 e Laled

Sl e Wl s anils g QLIS (Gees cnl 3 et eslinad gl ol 5L plad 15 S 4w
o T =015 el 56 Lol (5 13 eslinad 3550 odins qab 3lse 5 acy s, dasmslt s oo (sladead

.sﬁjwb@uﬁﬁjé\j}4:.11:5)1@,36&;5”)@3&»1;-)3\3@4{&@4

Sy5s Sdpd Al
Sis b g (CLA)
QB fao (22l oS

S35l 5

VO b 00 Cloxio VFY ¥ o)los T 095 / olié mlio slb e}
DOI: 10.22034/fr.2024.60134.1919



https://foodresearch.tabrizu.ac.ir/

e g bl oS s 3l ool b odds ey sy 4593568 Siloid dpl by 3y (g5l

S s 0T (5055 b Ll o e
ol 3l o sl s e falS S S a3 ar o)
SCLA U35 s ol ol s 5l eslind o5
e ol U L oyl G 0a0s 3 O Gt
B e s ) e B ool Sl
(YT 0L 5 saw) 335 o O Cd>

S e Sl oz glade ol GL S5, 0o
LT3 53 s o ol Lilisee gls oy, 5l 5 &S558
St S5l esliad aiey cpl o3 esliul s 5o (g5l
S Es Res Aies (1S 5 O goels el S 5 S22L 035
03 038 Hy—ama 5 055 S| Jul b eslin il 5 40
Ol S e S sl eyl i Lo g5 50
O 5 Si58) il o)l s 3l pe Olsl laan 3
Yvo

el 035 S (Gl s e gl s e 0
St S pdsle 5 op el Sl S Ole
astls bS5l ol bl s dd ey OLS 5
Sblse sty sy ol (YY) O Cbb) Sl 0l
ot VL oS (ol Slhes 4 pn e Sl 53L5
bad Vb ol 5 Sl (S 58 031l e el
o.alf 09 b e Yy O L= 5,ls) Lol e
Ao oo bl ol Jlesc sy LS 5 s Shes Syl
o Sltm s Ko sl T OLes 5 2Ll
05 2l esle Cblam 4 Ol o il 05 5 S )
)Ll sl Loyl 3 5 O3St e S ozusby 2l
G0t Sl el LL(YVE a5 5 U550 S
e 5 Laedias V.xla ol Jx8 il il os 5 S
ol as ol JLOK Lol e Lol b C (63,00
Il CLA Sl 5 eis J 8 (s3lasll sln 1 S5
el 4 ol st 5,LE (YT 0L Kes 5 a) S e
oladdly Gulpilae e i al0s S i Ry,
OLen 5 b s8) 555 0 0dd j3eame CLA Jliy s
LY\o

dadls
Al o3 4 ¥ Bl o sladad Sl eslinad ol 415
sixa 5 00 S Slalllas 5 b 5HCLA) 855558 S5
S sy e 0l 03 S Siladss @L"J GBIV I WG
b Ais s s Sl S O K slad
re aedd 5,5 Lol e I3 bl asl O ssle
sl S 5 s 5 Gl ey (Jollads i
S sk 4 (Y10 OLSen 5 S5 S)ISl o o5 2
5 2las slajesnl b & (CLA) 8555 S5 o
5 Al ekl oS 555 o bl dul S el nb e
Slacs3 40 o CLA ;s 485 glansl .ea T ol
o) Ll 513 S ey dsb s IFSN) Y50 ) 54
s ) 5 55555 Sgd e (T eY iy
Sl sl 5 30l 6ok s Sllge &S ol e
Fr O 03 o el ol il e Sl OL
CLA ..,\JQ_.A«;.L;\;L';V{}) Gib b s b
il aze slasilen Oloys 5 (St L3 ake D
M 5 S el DL S Sl Al ol sl
N E PSS RO DYV -3 NG RGOV [
3 e lagslan 5 B e slagolan 25
S5 58 Spd dal zman (YA 0L 5 500)
OB 5 e b 5 Shes Lt Al ke ol Sl
WY O5Ken 5 5) dile Ol s Sl s
Shls 558 S il &S ol sl 518 ioman
s S e 6 S e sLas s
db 5 Oy LB Us 5 o s b sl
eed s (YW O 5 50 ,8) ail o 50 Ol e
L;J'L_w&;.é)v_ilj&ﬁj)ﬁCLA 5,508 o5, da S5y
ol 4 § 5 ool az g 5,0 CLA L lie sl
4 allze plas 3 L (YT 0L 5 (o3ll )
3 5 il Of 3 s C- S 5l ol CLA
e ol ean oS 33 VU il O sl STl s
OLen 5 KL) 555 0 ol s Sdlad sy s 3l
Ol K 55 o355 3 s CLA (4 s ssdle (YeT



HSen g Selalel b £

)‘@L@)J_}eMUu\ﬂ_&Mouw‘quﬁyb
°JL1:—‘”‘jS—“:’)>ﬁ"lﬁj};(_§lfL5—“;—‘;L’.d:j§&‘;>g;))

Z

Aes S

L2y 9ol

s ol

O3y onl o3 eslial )5 Gl I 5 pleard slse ples
plomil O3 5 L (ol = OLIT S e o8 5 Sl
b S 15 eslinad 3y5e i ile Lalls

L god (5 5lwoslel

S 5 e g.j L allar Oypm 4 odias (idig olge
9 el sl doyn 4 Glgme 4 Odewy Uy LS
5 08 LAs e - Cele ¥ Sl 4 O gllan
Slagas )l slye ad s g sl (V070 OLISs
Loy & lagSon o eaaSssle QB 5 LIS
S Sde 4 bl pl B bl qa b pone oo
b oas ol arps 0 sles L3 5 dlasy 3
5ol ags Glad e e 355 Jol lS O 5eall s
S5l 03 oS 5 45558 Sl Al L o)l 515
0 e 4y et il ol b boglsie cpl e 355 sl
bylsee U s 5 55 Sle aids 55 55 Vo s boaids
Gt pes (T 0L 5 ) Ll s w4 oSes
<58 g 035 O ol Gladisel b anslis gl Aals
L ag Gloyl s ool

CLA slisz,

=S5 Sl bl Stagn cal se bl slales
2l Gl 855 5 S e S O e fans
Sl ol poled 53 a8 Spso pl 4o Vs Gb
pS Y Cla.dﬁow”,\;éué*pJCLA Sl
S O a5 Sl 5 iy S sl S s
Loaes slge Slis s S eslica f; A claw > edias
£ oolss oobe Ol 4 il S 5 Sl aan CLA

9 ho o

slge Pl (AL 035 SES s 4 O g Y senSSl 2
5 oslhs (3laslil Coe o a alis sl e o5l
Sos =t Jbi s DS 5 VL gl iy Ol
s 3liiad 3550 00555 3lgn b 0 diS 5 somme 3lge AL s
Osed gl S5 b o bl il (il 05 5 St
ool Al (oS an Sy 5 ok S oUlS o
cr S 3l o jas dile O 55 lows Gladi IS 550
530S gy Sy il edh ol (gl
) OKen 5 2l ditn 236 03,5 Ko o
Cilises gls cile SE (Y Y)OLKen 5 Solalal o
S paisd 5U Sl 0aos okl 2 1 dmdS—
ol L@j@u,x;b)\; o s s B el
e 33555 S 55 ) o s S 03558 6 5l
by Sldg 0550 2L 55, Glg o3l so a8 52
Sl J s WU 5550 S0 Hlt b & ol (5508
AL adls g i

e L3S o SLaS 50 (Y YE) O 5 688
CLA Slisn slr s oo 5 Mons oo g
5055 e S 1) o5 @Lﬁj.)\_l_s_/s osla ol
s CLA L sl gdne LS 5 5l dablons
.J\J:)}T

35 S 5l S 36 (YY) OLSs 5 (3
o 55 b Sl sart gy 2 5 CLA (g gme 05 Ko
L@JT@L:J'),UM:)\} sl S 5 QT‘}_M;-)
sV L LCLA L s oo 5 U5 a8 ob 0L
Spe b Sl sl eslinl b cgllas e Sl s
el s OISl SB1S a5 il Sl Jee ojlss
Ssd Al bl o5 g3l 8 Ry cpl 5l s
Ol Sy msp 5 0ds Glins, CLA) S5
Sbagews (ppeSs sl la Jol 50 51 e g5y cnl 5o s
Al Sl Sy sl o S 5 0l 5 IS
Oshite e 4 45 (g A S el ul &S 555 S
L;LAC;:)_.; (S35l Jal U slge 0955 55 CLA il

o 3 KE Gl s iy ol s s 01 5 IS



sy o 5 il oS sl oolizal b ond iy, &Sa3sS Slsid dul by jgy (sl 6

Ao Y b (23 038 i ) bedd S o
Osds 485 Y e w5l S il a0 Y0 (sles 3 o35 0
o S bl aJ5nS 5 Km0 035 el 5 0 55
03,8 SKis Jhy, a4 edd S 3y 53 3ym e CLA
5438 sl o oo 0ol OIS UL oy L 5L
das g planil 03 S Ol fee (gladed i 5l eslinad L
55 A et oy ke V0 L Sl elila B 4 el
05l ol&aws 53 sbiledl CLA 5 ons s I i > e
o p b O3 B A esls ol 3 sl S sl am sl gl L
M;:.J\i:)fg;..ilasliQTQJJJaMwJJJCLAQl@;)g
sl 5 oles Sl eslizal L (EEY) 0 5V 5 1 1L

(TN 0L 5 oo Yo Y OLes 5 KL) s

o235 4l g€ 48 5 33 5S Sl sl a2y
EE =\ — — X Yoo
IS 485358 Sl st gl o >

LCLA 05V STl oL ans 6l i o2 25
TN O 5 2) Slaiss 1S 5 s 4 sl

Sl (Yoo ) 0L 5y (Y01 0) OLKes 5 s
s o sy 4 i3S IS e ()
sl 0dis gams CLA s 6l S50 5 55
Sl 33 0 1L yanad
S CLA ls ai g 5U sl L2t ls 5 Jslas ks
o318l (6, S o3Il olKas s il 3 051l LTI RNS
&S o3\l (ol Horiba «s 2 SZ-100 Jus) o3
o3Il gl DLS L Salis 5 SaS1, s, 5l & Al
Rl s s S e ealial Jglee 53 l3 o5l (S
I s S s s 3 s 5S1 el o
53 ged (IS s U5l el YE B8 Sl 3
o3l o gza A plnil 31 S Sl 53 YO s Jases (sles
O adan) L3 8 el e 8 Sle el
AL R OU
Zn; d}

D[4,3] =
andlg

D(90%)—-D(10%)

Span = D(50%)

Tablel. Used treatments for Encapsulation

Treatments Control T1 T2 T3 T4

Xanthan gum - 03 03 - -
% %

Guar gum - - - 03 03

% %

Maltodextrin - 8 - 8 -

% %

Whey protein - - 8 - 8%

%

sy ey & 035 S

b reo (o aaSaglle S5 S Al byl
il oS S olKaes by Ol s Ol 5 IS
S2as $lsr gl bl d o 05 5 S SO
s A s gl gl s ol S sl ax s VT
Iy bl Rl o8 S ansl 5 23 8 plnil sl S sl
Y O 5 L) s S aibone s

(¢,5) LdsS 56 o/ (0 ,5) o505 shs IS ¢
(o y3) a35l=

s Sl g5 ) CLA Sls gas funs

b gS 9 S0 09,3 53 CLA IS (sl s2es

(V) 0Len 5 o sy « CLA S (lsee s
o lad oS 5 S CLA S (slymmn iy cpl 53 1 ol
V0 055k plakisel 28 S plnil AlaS s b | gl 5
S g oS 3 Celu A Sl 4 015 Jslows b o S
m)e,\,;gjjg,\.:c\jsgww)&um.ﬂ.xmclﬁ.ﬂl
Glgome ol s a2 3 CLA IS 6 2 018 55
AL 5 2) L5 S end 3 dslee 3l eslizal L CLA

(Yo
JS Sl gl
(2=.7) CLA = — % 100
el s 5 S (0

Sl 09,3 2,8
LS CLA ¢ = o s Gib Sl 0¥ eSS LS
Q=“&%L§L€Jﬁﬁﬁ&ﬂ§¢ﬁj>ﬁ)fw
S I T PRSI USRS T e



e g Selale] s SV

23T o oS bl ol Sleslial b 4
bl 5l 3 S o O 53 55 4 et g cadids
JHIs ool s Jylome et oy 025 S 5 038
L5 5l oo 55 5 0l a5 ) e 00 000
A St Bl 4885 0 de 4 i3y 3 90 AV Lo
T G e 06 S5 sl sty Sl Jos plsil 5l ey
O e Y0 Isdoms cday alm o 55 s a5 53 0 s
balse o)l 4 g 5 0dd 6Ll 06 (g gme ok
e O U 2 e 00 OLas Jast 15 a0 5806 aslsl s s S
DAL e (S S50 0l 48350 ode g 3dome g0l 5
s g o5 e 00 5 s IS0 4 Ll 0ol

b)LQ.o.iJ LQ(J_L‘ L}.& .))lJ_il:.wl) L e.l.;‘)} 4}}5 C)JA w

(YY
FE-) Gl LUl ooy, (ool oSy Koo
(SEM

b Il Aul 5 G585 5 Dbl e sk
0 B3 AN sSs Soe oKans 5l el wind CLA
A el (SEM)

SLsl sy (Sl sSes S 5l G cpl o
S 5528 TESCAN cs .2 sl MIRA3 il
ol 5L g5 500 303 SO (g5l o3bel (g1 . ealix]
s 53 3355 g axiliS AT Y 65, CLA (51~
03 Spd e St CellS Dl M HLES Gl (s
0 il 5y K el ol8ais Lo 55 M 51 sl Y L 500 ol
S35l Sl pA T =0 3 sk 53 LS55 L5 A
(YY) DL 5 (g 5m) 05 ol

bl Jodow 5 4520

oAb B s Tl 2 i glaesls Jdow 5 a5
el .8 wes SAS i5sle 5 Sl sslial b 5 sl Sls
ST D30T 5 S b sl B s 5 0
B bSS Wlols BT s 0 Jleasl e 55 oSS
sl (wamen s L3l (One-way ANOVA)

o 180 0151 5SS Dlys o oS (5 a3 D (90%)
.Mg&%:\)wﬁ;ﬁyo\)sﬁ

o 100 01 51 5 Sor S Dly3 qom oS (5 k3 D (50%)
.MJ@W\)W))J}Q-)AQ\)SJS

o 10 01 51 5 S S Dly3 o oS (k3 :D (10%)
.M;w&&:\)wﬁgﬁf@)sy

ok Slig 5, CLA L s g5lu 2o

(s o Ve i o CLA L o gsle 6 ¢l
A3 S alsl o S e V0 Coi Lsdd Slisn, CLA
3 g 02 CLA s i 3y ol 50 aals Sl
bl (ol sb ey g A5

S oBaws 3l eslial b o Aoy V0l Ll
P e R3S JAS e o el S 2L
e Y0 2lale 3 e Sligs, CLA Sl g L
A eagsil e S

CLA b s giluisd rd o s Shy oz
b Loy )

Cusb,y s s

Osl g m i 3 eslinal b s 5 slass sy asby e
035 Sl Jlas (5803l e 5 <ol O35 & Ok, U
RGN P 1 O PR ' SOV RV SO P

B3R e s

o 5 SSlgl JIUS s b s gad 05 5 ke
ATNY Ol e s5kwl) a6, So3ll YTV L
7 e (e

o5 S 53 350 S Slie g ¢S e gl
o A3 LS 0T 28 ke O 1) e @ 5 edd sy
Ot Sbigel dgome 2 L VYO 03550 5 033 o 3l
35 Joo iSh s gtk 5 oedd el OIS
(YT Ol e s,llenl)

N> Ol 25

D el oS VP kil Ogesl il it
Blol sl S sloam 3 Y glos b aie OF 1) e Yoo (i



2 15— g bl oS s 3l ool b odds ey sy 4593568 Siloid dpl by 3y (g5l

S 5,8 oLl s,y pla s esised Gl pls 4 5 058
oo AR Sl Sl 08 S S e nl w2
Fe 58 s oo ol wm sladd SUsins Gl ml
53 et eslital o)l g3 slse o segs Sl 2SSl 5 e
il o b el

odkd Slig sy, CLA Cls g s

bad g 66 03,3 55 CLA S (lsom s

0505 53 2y CLA Ol L5l & by mls
(@l A a5 L el sl 03l 0L Y s )3 L g U
Sheslgs slge Ol peas Cilisie SlaS 5 45 555 0 odalioe
il Sa Lo gulbone wsls CLA lgme b
Cilises o503 3l 31 eslizal (s ool 4 J(P<t/v0)
CLA (g <5, » CLA 0Vl ol
VYY) CLA (glgme o jmin 5 SIS 506 el o 50
oS 5 0555 5 ok eSO CLA s 0 by e (Ao s
S el Slig i €ged cpimmed 3 g i ol —0OL
=l il [ CLA (lgmn 1 28 Ao, WY 2 O
Gl a5l bl glajles sled oS das o 0L
ot 2l Sl el cplls Gold e B CLA
Y &}}QCLA S das e OLiS 5 ik e O s 5 S
Sl 5 IS S e Ol il oyl sl 035
slee 0535 55 CLA Jlisp, ol ol Slignn, o
Glgos i3l 5 bis a e yilesl 5 e Cilises o)l
s CLA

ool5 esle i aw SLAY ) e wlle Jlagh o
iy Dl s S5 e e iy ol S
ol LS el CLA S Slegn, Glp opmeSs sl
oo ol s 30 CLA Lis L 5148 05 S Oly pioes
lin s Shos o Sl — iy O 0850 S5 5 0
5 OVY 5 4 Ol 0¥ STl 1S 5 il oal,
4 ey giwﬁjﬁl{w&a); 5l 40 Q;«\ Lol >4 Aoy OV/Y
Oly oyplamms cpl 2ils (6 2aS 03 S W 5SSl ULs ¢ oles
s Pl s S35 S 5 5 S Glos oS K S
=8 s CLA L i eliad bl Olgs o

oy mls

iy S S 25k

23 il oS S oK s Shes ol Eags oo
il oyl gs e s el 45 S CLA 055 i
shge 31 eslizad 48 sls oL aslols 5JUT El A by
J’LSJ‘QJM )”::U CLA Q}y«&f..:&l LS\fs_wae‘)\ﬁJ
Sy sbasles 5y il o8 S oK s Sdes
oS S o&aws LIS (P>/00) wis sdalie il
ol JL‘:’}‘J.’.) CLA gw‘)msz)ﬂu —QL\;‘) JAL} B ol
9 CLA 6}[}- jf:'".f UT‘})‘; cu.ij:...SJfJL« —)‘; B
dMAY 5w CLA sl o O 5 olily ooeen
’Jﬁ Ju.o).) O~/V‘\j0~/\\/ LO'/V’.

Gy edkd Jlsw Olyd 055 pladl anSas s JAalsel b
Cosby 5 dd daly 855 el sboul O3 eslal o JLs
S L ol i Cogby Kl e U esd 05,5 6 RE
e Al s 5058 e SKES oyl w by i
U‘JKAA 9 L:L..:Lw) J}JJ& VS L;‘:"“;'LZ US &..L;— eKZM:J
L;:LAJUS&ALP-GKLNJ Lﬁ'ibks cﬁ.:J...pb- &AJ}L{JQ (Y'\Y’
o)\ﬁboslﬁg_)\j&«Mwﬁf)ﬂb)dbb@.@@fﬂds
)‘Jﬂ@}@b‘bf}ﬁh)@ﬁthMb)Lﬂw\
(P>1/00) 545

Md\jsdd L;.:,.JL“ US&:.;- QK}L@J J\)\S).JJ;}.& JA“)P)‘
Lo g (S 5 sladas Jlasl gles (asb (ol 631
b o oais s Shes T3 gla e 1 s S o L
J\)‘}} ﬂ‘ﬁlbyw} JMJL:L;‘: ol )’L‘*J\ C)ljla:a o)\.l.:‘
DB s Al Rl Shd ol @Sy Lo
YOY oshsgalsl 5 V) 48 Iy ials o5 S
o Sy sl e ws S ol (YY) Ol Kes 5 Olile
JEENE WY éj\J.ll.%)ngl.L@_Q Segr Sl e Sli g
e O &S 258 e elitl 550 o sl
QJJS Lg.«:‘?- )‘ obu.:.w\ a“ d‘j; & ‘_;’L;ﬁﬂ) 6[.@,&:_5)

ogazes (Sl Osend ol (gslezdl 05 5 Sl (AL



e g Selalel b £O

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.
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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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