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Table 1-Proposed treatments to optimize the production process on chitosome capsules

= Independent variables Response
[<5]

£ i Zeta

= concentration (ppm) (% wiv) (%) (mVv) nm) efficiency (%)
1 100 0.1 70

2 100 0.2 50

3 100 0.2 90

4 100 0.3 70

5 200 0.1 50

6 200 0.1 90

7 200 0.2 70

8 200 0.2 70

9 200 0.2 70

10 200 0.3 50

11 200 0.3 90

12 300 0.1 70

13 300 0.2 50

14 300 0.2 90

15 300 0.3 70

295945 JgmnsS 95 Su0 Adgi Al )3 (g 5lwdigs 43 83Ukl 390 (ZP 9 EE PS) ygmw¥omuS p3lio g Juol (s lowi -F Jgo>

Table 2- The main treatments and encapsulation values (PS, EE and ZP) used in the optimization of the chitosome
microcapsule production process

RUNS Independent variable ") Dependent variable )
X1 (ppm) X2 (%) X3 (Yow/v) Y1 (nm) Y2 (%) Y3 (mV)
1 300 90 0.2 38.83 65.78 27.12
2 200 50 0.1 37.68 73.71 30.9
3 300 70 0.1 34.37 48.23 26.42
4 200 50 0.3 28.42 78.18 22.4
5 100 70 0.3 36.08 64.63 25.82
6 200 70 0.2 28.91 82.25 36.5
7 200 70 0.2 29.41 80.35 35.34
8 200 70 0.2 27.21 79.29 34.64
9 100 50 0.2 26.63 73.94 28.92
10 100 70 0.1 21.74 74.33 31.17
11 300 50 0.2 20.43 61.38 23.47
12 100 90 0.2 22.31 76.82 25.67
13 200 90 0.3 21.83 84.96 32.9
14 200 90 0.1 21.28 83.76 33.1
15 300 70 0.3 20.18 49.62 24.22
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(1*) The parameters x;, X, and Xz are related to the independent variables of the concentration of bioactive compounds, the

amplitude of ultrasound waves and the concentration of chitosan, respectively. Also, the symbols Y1, Y2 and Y3 represent
the particle size index (PS), microencapsulation efficiency (EE) and zeta potential (ZP), respectively.
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Table 3. ANOVA results for particle size optimization (PS) of chitosome microcapsules using quadratic regression

function
Source ) Sum of Degree of Mean F- p-\éa!ue Coefficients_ of regression
squares freedom squares value 2 function (8,)
Model 11823.32 9 1313.70 11.93 0.0069™ +420.70833
X1 561.13 1 561.13 5.10 0.0736"° -0.079583
Xa 7381.13 1 7381.13 67.05 0.0004"™ -6.24792
X3 578.00 1 578.00 5.25 0.0705"¢ -24.58333
X1Xo 900.00 1 900.00 8.18 0.0354" -0.007500
X1X3 342.25 1 342.25 3.11 0.1381"° +0.925000
XoX3 156.25 1 156.25 1.42 0.2870"¢ -3.12500
X 584.64 1 584.64 5.31 0.0694"* +0.001258
X 1416.03 1 1416.03 12.86 0.0158" +0.048958
Xa* 1.64 1 1.64 0.0149  0.9076"° -66.66667
Residual 550.42 5 110.08 - - -
Lack of fit (LOF) 531.75 3 177.25 18.99  0.0504"* -
Pure error 18.67 2 9.33 - - -
Total error 12373.73 14 - - - -
R? - - - - - 0.9555
Radi - - - - - 0.8754
SD - - - - - 10.49
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(1*) The parameters x;, X, and xz are related to the independent variables of the concentration of bioactive compounds, the
amplitude of ultrasound waves and the concentration of chitosan, respectively.

(2*) Different superscript letters in each column indicate significant differences ([*] and [**] for p<0.01 and p<0.05,
respectively) between treatments. Also, the symbol [n.s.] indicates insignificant differences between treatments.
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Fig. 1. Three-dimensional effects of the concentration of bioactive compounds (X1), the amplitude of ultrasound waves (X2)
and the concentration of chitosan (X3) on the particle size (Y1) of chitosome microcapsules.
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Table 4- ANOVA results for optimizing microencapsulation efficiency (EE) of chitosome microcapsules using

quadratic regression function

359 3|7 6 errie] AFK (o3 [ e[ R g evorfa 3

Source ) Sum of Degree of Mean F- p-\éa!ue Coefficients_ of regression
squares freedom squares value 2 function (8,)
Model 1800.24 9 200.03 12,71 0.0060™ +69.24463
X 523.54 1 523.54 33.27  0.0022" +0.492328
X 72.72 1 72.72 462  0.0843"° -1.52004
X3 0.8725 1 0.8725 0.0554  0.8232"* +184.97475
XXz 0.5730 1 0.5730 0.0364  0.8562"° +0.000189
X1X3 30.77 1 30.77 1.96  0.2209"° +0.277360
XoX3 2.68 1 2.68 0.1702  0.6971"* -0.409088
X;2 950.98 1 950.98 60.43  0.0006™ -0.001605
Xp? 88.63 1 88.63 563  0.0637"¢ +0.012248
X3 106.79 1 106.79 6.79 0.0480" -537.78250
Residual 78.68 5 15.74 - - -
Lack of fit (LOF) 74.18 3 24.73 10.99  0.0845"¢ -
Pure error 4.50 2 2.25 -
Total error 1878.92 14 - - -
R? - - - - 0.9581
RPagj - - - - 0.8828
SD - - - - 3.97

A b e l3euS clale g ool s zlael dloly ( gug; Jed ClS 5 cdale Jatue (gl juiio b )i 4 X3 9 X2 XL (sl el )b (17)
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ool bjlosd cpo b glacugles saimd Lis [N.8.] cweMe

(1*) The parameters x;, X, and xz are related to the independent variables of the concentration of bioactive compounds, the
amplitude of ultrasound waves and the concentration of chitosan, respectively.
(2*) Different superscript letters in each column indicate significant differences ([*] and [**] for p<0.01 and p<0.05,
respectively) between treatments. Also, the symbol [n.s.] indicates insignificant differences between treatments.
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Fig. 2. The three-dimensional effects of the concentration of bioactive compounds (X1), the amplitude of ultrasound
waves (X2) and the concentration of chitosan (X3) on the microencapsulation efficiency (Y2) of chitosome
microcapsules.
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Table 5- ANOVA results for optimizing zeta potential (ZP) of chitosome microcapsules using quadratic regression

function
Source *) Sum of Degree of Mean F- p-\(/*a!ue Coefficients of regression
squares freedom squares value 2 function (8,)
Model 274.59 9 30.51 7.08 0.0221" -6.65135
X1 13.39 1 13.39 311 0.1381"¢ +0.153254
Xz 21.45 1 21.45 4.98 0.0760"° +0.801021
X3 33.01 1 33.01 7.66 0.0394" -7.57083
X1X2 11.90 1 11.90 2.76 0.1573"¢ +0.000863
X1X3 2.48 1 2.48 0.5760  0.4821"° +0.078750
XoX3 17.22 1 17.22 4.00 0.1020"* +1.03750
X 135.50 1 135.50 3147  0.0025™ -0.000606
o 36.41 1 36.41 8.46 0.0335" -0.007851
X3® 23.60 1 23.60 548  0.0663"* -252.79167
Residual 21.53 5 431 - - -
Lack of fit (LOF) 19.77 3 6.59 7.47 0.1204"* -
Pure error 1.77 2 0.8825 -
Total error 296.12 14 - - -
R? - - - - 0.9273
Radi - - - - 0.7964
SD - - - - 2.08
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(1*) The parameters X3, X, and X are related to the independent variables of the concentration of bioactive compounds, the
amplitude of ultrasound waves and the concentration of chitosan, respectively.

(2*) Different superscript letters in each column indicate significant differences ([*] and [**] for p<0.01 and p<0.05,
respectively) between treatments. Also, the symbol [n.s.] indicates insignificant differences between treatments.
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Fig. 3. The three-dimensional effects of the concentration of bioactive compounds (X1), the amplitude of ultrasound
waves (X2) and the concentration of chitosan (X3) on the zeta potential (Y3) of chitosome microcapsules.
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Fig. 4. XRD crystal features (A): chitosan sample/ (B): pomegranate sample/ (C): linoleic acid/ (D): pomegranate

bioactive compounds/ (E): optimized chitosome

1561 JWed Gy 5 LS 45 :(D) / Sl giud pw! 2(C) /U1 digod 2(B) /1598 diged 2(A) XRD Jliwns )57 g S50 —€ S

Ak 29395 :(E)

€ "ON / TZ ‘IO / #20Z 4owwng / uofunN 7 ABojouyds | pood

A

59 30| 6 mrie | AFK (o3 e[ S g eeorfa 3




¥ 'ON / TZ "IOA / ¥202 Iled / uoniiny % ABojouyds | pooH

A

3159 (P 6 errie] AFK (o3 [ e[ S 6 g evoyfa 3

O)Red 5 (G dpudion (&5 g0

ol ;5 (Hosseini et al., 2019) J&, cass

Tlaol wald (Jlad Cunny OS5 clale S -
092325 P ¢ Oligs clle g gl
Lo

obis a8 (R? = 0.9581) Juo ol Vb (s oy
Slr SLoe 095y SHE e YL luel onind
g Ogolyd zlgel aiely (b ) Slles sla ol
clle @ mlas (F Joo) 29 (oliens clale
O (VYY) F e 0 5VL L e Jlbcanej ©lS 5
oS 3y (EE) Slagy copy S » 1y b
Wl bbb ol ol cpsen sl pgjens
Ol ool glsel oS4 Sliey G905,
Sl 5l Ve B Ye b sl uilS )8 o Slw
Sol&a )b (S oad oolatwl WilS 3 4 (ool
dwg Slp de 5P be Gl (W
.(Carmagnani et al., 2020) 544 oo o5l ygmud gol
wlyd Sl &S cwl (6,50 pae Jole Sgolyd )i
Lobol Ssuldsl Glg A8 o s 1) gV g
9 dl9e b Jolui 2Uly g ol Wgulidsl y95l55 (295
Gkl e |y o lesd 5 (Sjd Lol e
5 Silogmdsel (gl A5 oo Ly Ggmlingls An]8
Wl Sl 028 5 Gloj b elyar Sigul iyl )a8
3 ojlul Bls b ol & olowd jelate 408
Sagpe Dol g gilwding (Sas loj o5 olisS
ol LS 4 e Gae 18 lg Gl cwl
Ll s asine ol p1 &S Sloy U dgd o Cigwolyd
L alalojl (slaplis) Sos8 slalio ly olg
925 yeaze lp &S s S (655 o &5 ol
Sl Jouily ) g5 B BalS (g () sl Jld
ol (Mamvura et al., 2018) cul (g)9pd !

& )

Tlael aaly (Jlad Cunny Sy clale S -
13 031051 1 o398 Clalé 5 Coguol b

Gl 5 Fyslis o Jsin) ANOVA gls & ang L
g 18 glyel diely cglalar wiz 2, (Bxn) (e,
1556 oy yiege (Bx1 = -6.24792 4 Fx1 = 67.05)
g poigS JousS 3y g )3 )0 b ojlul g
ol (R? = 0.9555) Y4 Jao ool (sl o cupd
dl""):-"')l'?, LS‘)J. C,»‘)S o)'L\JI )b.ii.o d\/l{ )L.&l X3
ooy zlael dioly ¢ Jled Comsj wloS 5 cdale) Slles
J Osls‘ cble daasl u»L.,l 2 Oy (Oi)'j,::f clale 9
plod ui.g.l}él L oslessl b ooss Sis Ul ) o,las
100 ) X W uu):u EAPRC TN ol )5) u;u.o& L;U:)...o‘)l.’
< x1(ppm) <300, 0.1 < x2(%) < 0.3 & 50 <
(1 A-C [S5) Cowl @iy (g35m0s, ( x3(%) < 90

Sl 5 B 9 4 e Vb @ b Bigul
Kumar et ) cuwl gl zlscwl (glp a5 59 0 (568
SIS 4 ol el el (al, 2021
o3l g S50 T lad b e gloyiss slals
AVl Sgolp Gl 3 b awlie 3 o 3550
(Leong et al., 2011) &S o ool (55,5 sl
ol Slaig) S Sy ol b gelugls slacls
ooy Gl & &S i Sgwlysl zlsuwl Job o
ol STl (S (38 38 5 silwedpid &
g S 8 L glacls asl ob s &
Pedise Gund glwl o3l 4 e & Mgl
b ogSan daly ad 2 Ode g Sigulydyl (uilS)3
YL Ll S e e i &S W SuSS
Sl et il (65108 Sl loj lojis ool
d950 ol sl Sl g ol (S 5 1 5l gle e
prr JUB! plyp ) jide Coglie 4 poxie Coles )3 &S
o) alie Glllee (Mason et al., 2011) >4 0
We g ¥r Fe woglain uilS)d odgaome duyd a0
Cravotto et ) ,oSl dla 5l b zlocwl glp 35,26l
Moorthy et ) ,bl cug 3l oSS gl el (al., 2008
s (Guandalini et al., 2019) 4Jl cuss 4al., 2015



S g5 Syl sl 3,01 JUab o a3 did (S5l 03393 g 31, 59 (ol s

Sigai &) byvyo ol 5 il 555 4B S5 53
o 0 Sy dw (JSG Billae Ll ois 00y ol Ul
a5 wlad )5 1,8 FO% GYAINC SYV/D° cllg; ) diges
S sty > U Gl (relie 3l slagS
Hashem et al., ) cul oads sdalivo odlo oyl (gly 30
.(2023; Hemalatha and Brinda Lakshmi, 2021
oS Jan S sl iy closSl alite Jlsbo oyl
Cip & Sy ool 5 o3 FMBM olas 095 |
90390 (NT) 5 (+VV) (++V) Jwn S Sloxiso & by po
Cands pgyimSSl FIF0F 3930, oyl gl aSus <ol
(¥ alasly) 5 el 51 Syl o5l (28 (sl ol ol

.(Hajipour et al., 2021) cuol o odliiu!
D = KM(FWHM)x*cos(0) (V) alal,

hoJSis 551 K oS ol 055l D alay o] 5 oS

oSl VD) odlitsl 3)90 W3l $in @oe Job
S 585 oo 0 g elis) Cuai > 8L slgy FWHM
Ouen 9 FWHM 5 cos(0) lade cpih L el
o3l Hlade (+/2) K g (po Sl VOF) A ol polhe
ol 4 oy b oS Wl oo Conty jyd dlasly B Sk
po Sl s 1 55 o cpl 391 29 Sl s 2 A
JURE SIS K] [ R VN IO VR KV SO 2 PR s PN
390 36 Glp bl cpl 298 o0 dnslne jogil o
94C JSW) P Cawwl 00 Cowdy YA/A nm lg).j‘).j =5
4 bope Sl n Gy sl cwiy 4 4D
ol 00 03l LS Ul Jled Comsj 9 CLA ladiges
bls; 3 CLA digei » olacsy 4D IS5 illas
VENC 5 54 D+/V7 SYIAC V¥ SYIA° AY/¥°
sl il clagSl alie [l oyl Wlan s s
ol 9 o3 RS (olad 098 b (g b (Jlw S
(+F) JhunS Olrio 4 by ciy 4 Sy
5 039 (YVY) 4 (YYY) ((+VA) {(NY) (V+F) (-)Y)
VOIFAY o YV/AY dgas jlidlw cpl (glp 4 slacols
ol 3 &S conl astie Cal kel Candy pg il
e )3 Loy o Ul b G Wiged 4 bogipe 3l
ow cald cpl wlad S 15 VYRS 5.0 0 /A°

M iyl (Y4V8) o o Pulicharla lewg aoes
Oy 5l J bS5 (2 dgunS (b Gliie ool 2
0925 SO e pliges I eslaal b Iy (558
L0, S s YYIYO — OAYA 1y Slag
SHE e (YoN) hes 4 Medina-Torres
Sl Sged Jlb s Ol 5 sl SlapgisnS ol
ol 2oy MV |y Sgolyd zlgel Cod o gl Sl
Sy a5 cpl 4 (VoY) o) 5 ZUANON 558
Mo 4 e Y cud L ol gleel oS
3 0 ) eSS S g (ala]guS s S
JoSo (lgis 4 g 3 Sdes pllg g A8 (o0 jgarme

Ggeolyd mlgel diald (Jrdlans ; Glus 5 cdale -
U deaniliy 52 oljgs Bl

S ob L olidy il wp gee)S) o
B9y Sy calpd) B olade 0 VL b e ljgns” cdale
Cpydas = VIOV-AY) VIEE (Bx3L X3 (glakes x>
il pojsiS (sl JguusS o) (ZP) 65 Juiliy 2 ) 550
oad o3l L5 (A-C) ¥ USs s oS pshailen (B Jgis)
QO Wl o &S b Cute Hb bpjsiS el oled Cowl
2L gligS > onSan 098 Wb
siblS s 4w e oyl (Y4N0) o,Kea gZhang
0353 3 o (2o L) gt slagg S JSe
e D98 S (e L) (8 GlaS 5 ojlas
o5 oS 9300 Sl 05U (S s )3 (ol
SialS 1y uSlaS 58l g Wil e Bl &y 1y @l

N

cllw‘) dl )D

Wt 095945 XRD (Il 5 s S5 - -
slapins clp angy dbi odel canty @l ol y
bR 5 Jgte pelel 93 Sdgdawl b
@ bgye oSl n ln o 3 AA S8 Bllas
Sblos 3 perSlo b (g sl S S (jgiS dges
6Nl e &S cuwl sdalie LB as > Vel S
ol sdaline 0 (6,500 Glalls > lisuS (sly Lbly

Ciolacu et al., 2011) wib 0 odlo o) (Il S

€ "'ON / TZ 10 / 20 Jawwing / uontinN e ABojouydat poo-

59 30| 6 mrie | AFK (o3 e[ S g eeorfa 3




¥ 'ON / TZ "IOA / ¥202 Iled / uoniiny % ABojouyds | pooH

)

3159 (P 6 errie] AFK (o3 [ e[ S 6 g evoyfa 3

O)Red 5 (G dpudion (&5 g0

Ain, H. B. U,, Tufail, T., Bashir, S., ljaz,
N., Hussain, M., lkram, A. & Saewan, S. A.
(2023). Nutritional importance and industrial
uses of pomegranate peel: A critical review.
Food Science & Nutrition, 11(6), 2589-2598.
https://doi.org/10.1002/fsn3.3320

Badawy, S., Liu, Y., Guo, M., Liu, Z., Xie,
C., Marawan, M. A. & Martinez, M. A. (2023).
Conjugated linoleic acid (CLA) as a functional
food: Is it beneficial or not?. Food Research
International, 113158.
https://doi.org/10.1016/j.foodres.2023.113158

Carmagnani, H.J.,, Mansano, G.B. &
Sobreira, F., (2020). Optimization of the
extraction process of Phyllanthus niruri L.
Ultrasound, 21, p.X22.

Carvalho Filho, J. M. (2014). Pomegranate
seed oil (Punica granatum L.): a source of
punicic acid (conjugated o-linolenic acid). J
Human Nutri Food Sci, 2(1), 1-11.

Ciolacu, D., Ciolacu, F. & Popa, V. I.
(2011). Amorphous cellulose—structure and
characterization. Cellulose chemistry and
technology, 45(1), 13.

Du, M., Jin, J., Wu, G., Jin, Q. & Wang, X.
(2023). Metabolic, structure-activity
characteristics of conjugated linolenic acids
and their mediated health benefits. Critical
Reviews in Food Science and Nutrition, 1-15.
https://doi.org/10.1080/10408398.2023.219800
6

Dutta, S, Moses, J. A &
Anandharamakrishnan, C. (2023). Vesicular
delivery systems: applications and future
trends in food technology. In Liposomal
Encapsulation in  Food Science and
Technology (pp. 15-38). Academic Press.
https://doi.org/10.1016/B978-0-12-823935-
3.00006-0

Gholipour, A., Sadegheih, A,
Mostafaeipour, A. & Fakhrzad, M. B. (2024).
Designing an optimal multi-objective model
for a sustainable closed-loop supply chain: a
case study of pomegranate in Iran.
Environment, Development and Sustainability,
26(2), 3993-4027.
https://doi.org/10.1007/s10668-022-02868-5

Guandalini, B. B. V., Rodrigues, N. P. &
Marczak, L. D. F. (2019). Sequential
extraction of phenolics and pectin from mango
peel assisted by ultrasound. Food Research
International, 119, 455-461.
https://doi.org/10.1016/j.foodres.2018.12.011

Hajipour, F., Asad, S., Amoozegar, M. A.,
Javidparvar, A. A., Tang, J.,, Zhong, H. &

S 5l3 Lo )by aiges 93 ol Gl Hln slogS
Cdbge lypiel p (510l 500 Ole 4 5 gl Gl
ladiges ey ojlul yyalis cusl LUl I CLA el
YV g ¥V L e ey 3o )0 b coj 5 CLA
ol 508 4 S5 Hlwn 45 Cunl ool Cawds yiogil
il oledl LB GBI oyl

PoigS dged 4 bogrpe WSl gy il Sl
Gges 4 by SOl 95 By oSl o (de )
S eligeS 4 bae Gl ool 4 and pgigS
odnlino JB asyd VW oogas o claB b ppn Hlus Sy
15 g Wb a5 w5eSlen ily ol i & Cal
Ailige ale ol (JunsS ) Gopsel Jislo & bgyyo
ol ol @les e (Ciolacu et al., 2011)
odnlio BB 50 ds ) YV dgds aygly 10 als S eyl
7 CLA @ bae iy 55l > Sy ol & el
Al oole cpl @ baye Llg o g g ol odaline
sl Cudibge JSt5  XRD gls & 429 b onlply
U151 gl BB b gl 5 oljseS o S
ol SL3 BB (CLA aslen)

8 75 o

UL oad IS)L lapgions » s cnl
s My b @l sy deme | gl b
= o) J Camj sladiun gl pojgnS JomnS
(RSM) Gowly aw (b5 bawgs (4553 Sy sl
+ a8, 518 Soid ) dtud Cons digy dbads ol L
Oligus cdale A KHZ Sguwl ol diols o )bl dtwds -4l
AYEIYOF nm o @) ojlul pgjeS sl wusyy /Y
U5 Jasly 5 duopd AF/AAAY eV ouS o)
ol Cudbge XRD ol 4 dsgs b .aisly YV/V-FY
U5 sl BB Jb sl 9 ligS o S
g b3l LB (b solen)

&be

AOAC. (1998). Official Methods of

Analysis of the Association of Official

Analytical Chemists (17th ed.). Association of

Official Analytical Chemists. Washington, DC,
USA.


https://doi.org/10.1002/fsn3.3320
https://doi.org/10.1016/j.foodres.2023.113158
https://doi.org/10.1080/10408398.2023.2198006
https://doi.org/10.1080/10408398.2023.2198006
https://doi.org/10.1016/B978-0-12-823935-3.00006-0
https://doi.org/10.1016/B978-0-12-823935-3.00006-0
https://doi.org/10.1016/j.foodres.2018.12.011

93 Sghd apmol 95Ul Jld Conny j ©luS 55 dluad (g9l 295505 JgmsS 325 Mg (bt

Khajeh, K. (2021). Developing a fluorescent
hybrid nanobiosensor based on quantum dots
and azoreductase enzyme for methyl red
monitoring. Iranian Biomedical Journal,
25(1), 8. https://doi.org/10.29252/ibj.25.1.8
Hashem, A., Aniagor, C. O., Fikry, M.,
Taha, G. M. & Badawy, S. M. (2023).
Characterization and adsorption of raw
pomegranate peel powder for lead (II) ions
removal. Journal of Material Cycles and
Waste Management, 25(4), 2087-2100.
https://doi.org/10.1007/s10163-023-01655-2
Hemalatha, M. & Brinda Lakshmi, A.
(2021). Catalytic hydrolysis of fruit waste
using magnetic carbon acid catalyst for
bioethanol production. Waste and Biomass
Valorization, 12, 971-983.
https://doi.org/10.1007/s12649-020-01019-z
Hoque, M. B., Tanjila, M. J., Hosen, M. 1.,
Hannan, M. A., Haque, P., Rahman, M. M. &
Hasan, T. (2024). A comprehensive review of
the health effects, origins, uses, and safety of
tannins. Plant and Soail, 1-20.
https://doi.org/10.1007/s11104-024-06768-7
Hosseini, S. S., Khodaiyan, F., Kazemi, M.
& Najari, Z. (2019). Optimization and
characterization of pectin extracted from sour
orange peel by ultrasound assisted method.
International journal of biological
macromolecules, 125, 621-629.
https://doi.org/10.1016/j.ijbiomac.2018.12.096
Joy, J. M., Amruth, P., Dara, P. K., Renuka,
V. & Anandan, R. (2023). Liposome mediated
encapsulation and role of chitosan on
modulating liposomal stability to deliver
potential bioactives-A review. Food
Hydrocolloids for Health, 100142.
https://doi.org/10.1016/j.fhfh.2023.100142
Kumar, K., Srivastav, S. & Sharanagat,
V.S. (2021). Ultrasound assisted extraction
(UAE) of bioactive compounds from fruit and
vegetable processing by-products: A review.
Ultrasonics sonochemistry, 70, p.105325.
https://doi.org/10.1016/j.ultsonch.2020.105325
Leong, T., Ashokkumar, M. & Kentish, S.
(2011). The fundamentals of  power
ultrasound—A review. Acoustics Australia,
39(2), 54-63.
Mamvura, T. A., Paterson, A. E. & lyuke,
S. E. (2018). Energy changes during use of
high-power ultrasound on food grade surfaces.
South  African  Journal of Chemical
Engineering, 25(1), 62-73.
https://hdl.handle.net/10520/EJC-103495dbda

Mason, T. J., Cobley, A. J., Graves, J. E. &
Morgan, D. (2011). New evidence for the
inverse  dependence of mechanical and
chemical effects on the frequency of
ultrasound. Ultrasonics sonochemistry, 18(1),
226-230.
https://doi.org/10.1016/j.ultsonch.2010.05.008

Medina-Torres, N., Espinosa-Andrews, H.,
Trombotto, S., Ayora-Talavera, T., Patron-
Vézquez, J., Gonzalez-Flores, T. & Pacheco,
N. (2019). Ultrasound-assisted extraction
optimization of phenolic compounds from
Citrus latifolia waste for chitosan bioactive
nanoparticles development. Molecules, 24(19),
3541.
https://doi.org/10.3390/molecules24193541

Meng, R., Wu, Z., Xie, Q. T., Cheng, J. S.
& Zhang, B. (2021). Preparation and
characterization of zein/carboxymethyl dextrin
nanoparticles to  encapsulate  curcumin:
Physicochemical stability, antioxidant activity
and controlled release properties. Food
Chemistry, 340, 127893.
https://doi.org/10.1016/j.foodchem.2020.12789
3

Mokhtarian, M. O. H. S. E. N,
Tavakolipour, H., Jafari Savareh, S. & Amiri,
M. (2014). Determination of optimal
parameters to extraction and formulation of
functional drink from green tea and
determining its physicochemical and
rheological ~ properties. Research  and
Innovation in Food Science and Technology,
3(1), 51-66. [in Persian].
https://doi.org/10.22101/JRIFST.2014.06.15.3
15

Moorthy, I. G., Maran, J. P., Muneeswari,
S., Naganyashree, S. & Shivamathi, C. S.
(2015). Response surface optimization of
ultrasound assisted extraction of pectin from
pomegranate peel. International journal of
biological macromolecules, 72, 1323-1328.
https://doi.org/10.1016/j.ijbiomac.2014.10.037

Tan, T. B., Yussof, N. S., Abas, F.,
Mirhosseini, H., Nehdi, 1. A. & Tan, C. P.
(2016).  Stability evaluation of lutein
nanodispersions  prepared  via  solvent
displacement method: The effect of emulsifiers
with different stabilizing mechanisms. Food
chemistry, 205, 155-162.
https://doi.org/10.1016/j.foodchem.2016.03.00
8

Nejatian, M., Yazdi, A. P. G., Fattahi, R.,
Saberian, H., Bazsefidpar, N., Assadpour, E. &
Jafari, S. M. (2024). Improving the storage and

€ "'ON / TZ 10 / 20 Jawwing / uontinN e ABojouydat poo-

ay

59 30| 6 mrie | AFK (o3 e[ S g eeorfa 3



https://doi.org/10.1016/j.foodres.2018.12.011
https://doi.org/10.1016/j.foodres.2018.12.011
https://doi.org/10.1016/j.ijbiomac.2018.12.096
https://doi.org/10.1016/j.fhfh.2023.100142
https://doi.org/10.1016/j.ultsonch.2020.105325
https://hdl.handle.net/10520/EJC-103495dbda
https://doi.org/10.1016/j.ultsonch.2010.05.008
https://doi.org/10.3390/molecules24193541
https://doi.org/10.1016/j.foodchem.2020.127893
https://doi.org/10.1016/j.foodchem.2020.127893
https://doi.org/10.1016/j.foodchem.2020.127893
https://doi.org/10.1016/j.foodchem.2020.127893
https://doi.org/10.1016/j.foodchem.2020.127893
https://doi.org/10.1016/j.ijbiomac.2014.10.037
https://doi.org/10.1016/j.foodchem.2016.03.008
https://doi.org/10.1016/j.foodchem.2016.03.008

¥ 'ON / TZ "IOA / ¥202 Iled / uoniiny % ABojouyds | pooH

ay

3159 (P 6 errie] AFK (o3 [ e[ S 6 g evoyfa 3

O)Red 5 (G dpudion (&5 g0

oxidative stability of essential fatty acids by
different encapsulation methods; a review.
International Journal of Biological
Macromolecules, 129548.
https://doi.org/10.1016/j.ijbiomac.2024.129548

Pulicharla, R., Marques, C., Das, R. K,

Rouissi, T. & Brar, S. K. (2016).
Encapsulation and release studies of
strawberry  polyphenols in  biodegradable

chitosan nanoformulation. International
journal of biological macromolecules, 88, 171-
178.
https://doi.org/10.1016/j.ijbiomac.2016.03.036
Putera, H. D., Doewes, R. I., Shalaby, M.
N., Ramirez-Coronel, A. A., Clayton, Z. S.,
Abdelbasset, W. K. & Pahlavani, N. (2023).
The effect of conjugated linoleic acids on
inflammation, oxidative  stress, body
composition and physical performance: a
comprehensive review of putative molecular
mechanisms. Nutrition & Metabolism, 20(1),
35. https://doi.org/10.1186/512986-023-00758-
9
Rajha, H. N., Koubaa, M., Boussetta, N.,
Maroun, R. G., Louka, N., Lebovka, N. &
Vorobiev, E. (2020). Selective ultrasound-
assisted aqueous extraction of polyphenols
from pomegranate peels and seeds. Journal of
Food Processing and Preservation, 44(7),
e14545. https://doi.org/10.1111/jfpp.14545
Rudzinska, M., Grygier, A., Knight, G. &
Kmiecik, D. (2024). Liposomes as Carriers of
Bioactive Compounds in Human Nutrition.
Foods, 13(12), 1814,
https://doi.org/10.3390/foods13121814
Seyedabadi, M. M., Rostami, H., Jafari, S.
M. & Fathi, M. (2021). Development and
characterization of chitosan-coated
nanoliposomes for encapsulation of caffeine.

Food bioscience, 40, 100857.
https://doi.org/10.1016/j.fbi0.2020.100857
Siddiqui, S. A., Singh, S. & Nayik, G. A.

(2024). Bioactive compounds from
pomegranate  peels-Biological ~ properties,
structure—function relationships, health

benefits and food applications—A
comprehensive review. Journal of Functional
Foods, 116, 106132.
https://doi.org/10.1016/j.jff.2024.106132

Tavakolipour, H., Mokhtarian, M. &
Kalbasi-Ashtari, A. (2017). Lipid oxidation
kinetics of pistachio powder during different
storage conditions. Journal of food process
engineering, 40(3), e12423.
https://doi.org/10.1111/jfpe.12423

Xu, X., Lu, W., Zhu, J., Pan, X. & Zhu, X.
(2021). An on-demand dissoluble chitosan
hydrogel containing dynamic diselenide bond.
Gels, 7(1), 21.
https://doi.org/10.3390/gels7010021

Yang, F., Feng, D., Oyeyinka, S. A., Zhang,
H., Chen, K. & Yu, D. (2024). Preparation and
Release Control of Starch-Cla Complex.
Available at SSRN 4814580.
http://dx.doi.org/10.2139/ssrn.4814580

Zhang, H. & Zhao, Y. (2015). Preparation,
characterization and evaluation of tea
polyphenol-Zn complex loaded p-chitosan
nanoparticles. Food Hydrocolloids, 48, 260-
273.
https://doi.org/10.1016/j.foodhyd.2015.02.015

Zhuang, J., Ping, Q., Song, Y., Qi, J. & Cui,
Z. (2010). Effects of chitosan coating on
physical properties and pharmacokinetic
behavior ~ of  mitoxantrone  liposomes.
International journal of nanomedicine, 407-
416.


https://doi.org/10.1016/j.ijbiomac.2024.129548
https://doi.org/10.1016/j.ijbiomac.2016.03.036
https://doi.org/10.1111/jfpp.14545
https://doi.org/10.3390/foods13121814
https://doi.org/10.1016/j.fbio.2020.100857
https://doi.org/10.1016/j.jff.2024.106132
https://doi.org/10.1111/jfpe.12423
https://doi.org/10.3390/gels7010021
https://doi.org/10.1016/j.foodhyd.2015.02.015

¥ "'ON / T2 "IOA / ¥202 I1ed / uonanN 7 ABojouyda ] pood

10

[efes

| AR Le3( [ e[ B 6 gd

33004

e vy 6

Abstract of Persian Articles

Optimizing the Production of Chitosan Microcapsules
Containing Pomegranate Bioactive Compounds-
Conjugated Linoleic Acid using the Response Surface
Method (RSM)

M. Jamshid Eini?, H. Tavakolipour®”, R. Mosavi Nadoshan ¢, M. Mokhtarian*

4 Ph D Student of the Department of Food Science and Technology, North Tehran Branch, Islamic Azad
University, Tehran, Iran.

® Professor of the Department of Food Science and Technology, North Tehran Branch, Islamic Azad University,
Tehran, Iran.

¢ Associate Professor of the Department of Food Science and Technology, Faculty of Biological Science, North
Tehran Branch, Islamic Azad University, Tehran, Iran.

¢ Associate Professor of the Department of Food Science and Technology, Roudehen Branch, Islamic Azad
University, Roudehen, Iran.

Received: 29 July 2024 Accepted: 4 January 2025

Abstract

Introduction: Due to the sensitivity of many bioactive compounds, their incorporation into the food
matrix is difficult. Also, these compounds are decomposed in the digestive system and do not reach
the intestine to be absorbed. Therefore, this study was conducted with the aim of optimizing the
production of chitosome microcapsules containing bioactive cores (tannin-conjugated linoleic acid)
using the response surface methodology.

Materials and Methods: After extracting of tannin by ultrasonic, chitosomes containing a bioactive
core (tannin-conjugated linoleic acid) were produced by thermal method. The optimal extraction
conditions were optimized by the RSM with the Box-Benken model. The variables of bioactive
compounds concentration (100 to 300 ppm), chitosan gelate (0.1 to 0.3%w/v), and the range of
ultrasound waves (50 to 90%) were considered as independent variables. The optimal chitosomes were
selected based on minimum particle size, maximum microencapsulation efficiency and maximum zeta
potential.

Results: During the optimization of chitosome microcapsules production containing bioactive cores
(tannin- conjugated linoleic acid) including chitosan concentration (0.1-0.3%), ultrasound frequency
(50-90kHz) and tannin concentration (100-300 ppm), the nanochitosomes particle size was 126.256
nm, encapsulation efficiency was 84.9982% and zeta potential was 37.70. The successful interaction
between chitosan and bioactive pomegranate extract can be proven by XRD analysis. The almost
spherical chitosan particles with sizee of 77.66 and 79.90 nm with the observed uniformity in particle
size confirmed the normal particle size distribution.

Conclusion: The present results indicated that biopolymers play a key role in the stability of the
liposome membrane structure and the stable release of molecules trapped by a spatial barrier on the
surface. This will provide a potential platform for the proper design of carriers for nutrients or
preservatives to increase the shelf life and safety of food matrices.
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