[ Downloaded from fsct.modares.ac.ir on 2024-12-21 ]

\YA/\J‘JJA‘\-\ A)j.}g%'u)w @‘J&@\mﬂjf})—c‘

Pl 089y b oud (S8 W gwl 9 Juiwly (SSWilSo g%y 3d o193 (ow y 3
g 9ol (o g 5 49 ! S0 yLat— ol jou J 5990 49 oo Sligayg 40

®y .
CM&‘)‘L“U’SM}

35l s o2 (63,5LES 0aSEis Sl 5 Sl oy S SLskul -

(WO 55y sl QA THE/V0 25l )5 dur,b)

s A S

SLS 5 bl 5 O graldenST @ 0T (VU ol bl ol sl atld il o ¥ el o sladead S5l 2 &S ale 25, duie 3 e S
4 donl Soolaul- 0358 J550 L bl o) oasids anlles cpl 5l Bas sl Ll 63 S 3 gde e glaaibels 551, Of 5 esliza o slasls
Sl 013528 I3 50 sl 53 s J e SO 5K 58 ol o 5 (il olde abile 53 01 055 5505 5 Ky S O 3ol o5
S e 3,8 ol 1) sl Sl 5 15558 o el Sl ge il (a3 Opsle i ik gl 5 A Sl meaS 355 b 42 e
b osline leale 5o ale 8 Ky Sy L0 seed ol oy ale o 3 3ls 0L 1 S0 65,5 L 3 56 LS ey S0 o sSs Seo
o ls (S0l pamen 5 3L Blsn O3l aalsl 53 5 A aslinal Jnaly O gV pe 3 53 5 4 Al Solal-015558 550 51 eslind
5N St 5 QYL MWOT. 1) (5 ey SBllasil 5158 Sl S350 s oS 3l 0L Sl Bl Ose3T gl b plonil Loy 535 (K05
Sl asls plod 2al8 Esl 5, 555 s Gk 3l el sbases il OYO/AN GIVAAN ) s 2alS 5 (/NS 40 /YNs
S 313 0L il en A3 CE/E & =130 5 (OVEN 4 OANY DL laaili el sl J356 (S5 sla S s 2550 53 b L

B Gl 1 K gla e ls (J3sb LS 5 s abe o8,

S S 0 gl ol S laa=013528 I3 50 ¢y o oale (5, (SIS 5058 ol y 108515 S

hosseinsg@yahoo.com o Jss

oy


https://fsct.modares.ac.ir/article-7-34530-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-21 ]

el (8 Lad gl 3l (SO ol o

5 e VW Sl cags s & il o K
aS Sl a3l Ol 3 Sladllas Y] ol w513 sl
ol b bl syl b (S O ped gl ol 01528
sIs ssmp Ol 1y O LSS O ged gol ool 0T kel
Sl esls Ol S Sk ml ol el [E]
51 a8 Jseme Lol g ol b alio 55 S Sy gla0 50 54l
SalS s e S e eslinad (gl gl il s
s Y 4 by 1 oS Wl e, O gl
S S s gl 53 e sy Skl Gl s el sl
YO Jle s 0L 5 obsles [V 50] Al e by
G o S ik 013528 Sl o Wsls Ol s
Ols Kl 85,5 Oged gl 3 6 e SAS Il S Ol aS
SOl 8 L3S ES dtme nl e il O
556 L oedd L Ol ST 25, Ogmadpel glis)
O b ek DIl O el 51 i (el S0l 528
Sl sd sal 1 eslanad a1 @ a= 5 b V] Cosl en g Ar
o 3tz g slagtss a0l o 0 Sy S
el 0l eslital 1S i glawlole 53 s ale iy,
oslizad U pale oy oas Ry s ol 5l Gl cpl by
S S ool o 4 Aol Sl 013 128 glad 3530 )
dlen Jlsss by Jgame SO s OF Sl eslimad aslsl s g

Al e O SGesS5d ol s s el

\Aufb‘g‘) K] .:‘y -y

adgl 510 —\-Y

) ekl Ll al LSS )y o8 -5 5l o s oo )25,
5 Sl Al (J 5615 (F Kl O el Aoy YT (g5l
O3S As oM 2 LT oS o &S5 51 S s s
63 285 (s sel Lo 1)V = Lok 5 bl dd
i iy 0L K 5,5 51 (EDC) WIS 5 50s e
I N5 S8 51 Y5 and udbl 0S5 51 d ke
S SS 5wl S48 o o 2S5 S mle S8 s
,,um%@sjpcla.“ti.;,;

08

e —\

N O Sl s ae lasilen gt 5 ABT 1l L
Sl Grae Gl 5 B Glalen (Sapdl Ol
S a2l oy ol SV pame 5 S Gla S
YOS ol s @3l s il e el a5
s bl St el (PUFA) slil o2 O slaad
Sl 523055 55 0 o sl 53 4 X515 s (e sl
Shediss el cand (BPA) il SO 5kl 5 (DHA)
i 0T 55 53 (3-0) oz ool & ooy dhor
(Sliwyp g e Ol Sy em B Glaglen Jols L)b
clglen ol bl dansam gl 5 0%
mlensy WM by sl ol Wl (1S
sl s 4 (3-0) oz sladel LT s (Slodne
g 3,0 ) Gdle s dls oS (ool gladss 5 Sl
51 oslizal O sS4 WOT VU Cpulem Lol L Slas 51 3
TN SO R - P K VR PV B P
=055 Sl eslanal daz 51 LS 5l 5 Cladls (gl jalike
Olpe o T 3 ey Glatsmdssl V] 5z sy Glis
Slag o dhox 5l b Ols 5 Sl Gl n slakes
530S b w Jd ey DS L 5 g Sles
Pl S r S5 eslizal 355m sls 5 wdE ¢ 1A saues
Oseedsel Setew Sa Gl WS e b plid el il
S Jsene SISl e Ll iyt eslizal 11 sla
oslatal 4 aBdle | sladle 5o s e sl Ly o sllaals
U P T O P 5 | W -] PR VR S |
SO sd ol ool wBl 1 e slpe SlaD ped sl
S S Sl gl Ol & Vsans 48 ol slo Lo s
oo oslitad Jacgze (65 ST L el ol 3 Sl e g o i
ol BB e w53 Ole > s 4 S S
53 VT K55 e gl Do 005 o il 53 &l b L5
Sl Bl b S eb 3l s gamls w@sdS aas
53 el 4B 8 13 G 355 e WS 5 Sl p0s)s
155 el Lo g3 a5 S5aS csiBle L slaslrle Ol
3 55 Wl Ol gy oo Aol S5 5008 0 M5 S


https://fsct.modares.ac.ir/article-7-34530-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-21 ]

\Y“\/\ J‘JJA g\-\ 092 A'u)w

2l by K S G0 samd gl (5l 03l —£-Y-¥

ol s

32l s i o walie (S S sl sl 4 Ly
(aids 35 e ) Vb [0 Opem by 4 5 48 J550 sl
TAT 4 oslinad OIS 5 (Slge gold Mol 25 5
Ol ad 0311 pSle (5 8 o3Il —0-Y-Y

g Sl ad@da Y Sl e by Ol kel oIl g Seslusl gl
Al e Ly O g ol 4 g S0 3 G 0 g el
o3l Ly e 5 A ai s (slaid oY (555 o ol
534S el (GX MICroscopesJae) (s 5 s s Sie
2 a8 S S LS Yk css 5 (Wl
Sl s 030l S0l e gl Image o1l e 5 5l sl

[Q]M oalaiul
I 5518 555 oSl s s Ko 09051 —N-Y-F
(CLSM)

0358 Sl (S dua) JESEE o5 oSl S S
Ogedgol Sl ad las ltle ze Shlo gl (OWT
556 Osmdgal ol oabel 51 L3 s eslinal Sy S
5 Obsles 2y Glas FITCL al Sslmal-0l5 528
SE s s sal wlsl 53 [V] A esls STy (Y014) oL Kes
©odd Jeate Aol S k=003 528 350 ) esliad b ale
s ol 85, & Ogd ol 4 51 13 .0 o FITC
Sl Sy O e 5l 516 a3 G aslsl s . wslsl Nile red
s S Sl sl b5 A esls 3 QY (g, el
03 Syl Ko a6l A g Ko OF 1S5S
sl geslb ¢AA 5 Nile red sl eyl o¥Y L oS
A& eslizal FITC

Jel g Sy V-V

wb bl 0pVse b lirl adsl Lol el I day
0S5 W ke O SYT (3¥5 0 S YT Lels s fxul
s Ve gles) 08 Ol plem 3 mle SIS 0 SYY (S
So A g Sl e S g Cole S Do 4 (L geds
bylss 5l e S8 0 (1) Jsdr Gib sz 2050 slasles

ol 4 Osedsal 51 oo slie oyl b es > S5l

00

SobesT sla by, —Y-Y

Syl w05 928 J5 950 55k eslal-V—Y-Y

Jlail 5 sl p oy Sl Ll Ol S 556 a8
S b sl slakisy JSCE5 L 0S4 Sl dd
62> 35 (Uosp swel e 3-¥)-)— oY) stias 2815
O3S ¢ 51 danl 53l plnil (EDC) i JS 550m e
Al e e ) T Sl el 2 e 100 5
a3l 3 i sl 13 Dol b gl o ol sl
s 4 Soolied Al 0 s Yor LEDC o 8 Lo+
sl 4 0)kd o lad s 5 A3 bylie U1 ) e 0
5 bl cell YE Sl a4 Jsloes e S 8L Ol 528
e 31 eslizl b Jske PHOOT 1 dw i 635 0a
RS A= A0 (5 J5PL s sk 4 Y50 ) LS5l
Eroe Cop 5 LSS0 Gy sk 4 Jslee e
Cews @ J350 gy 0Ll 5o A Sk Sl aids 00
Loy EDC ioen 5 oslis [2S1s sl Gds (gl el
IVIAS w450 e T 5 5300

FT-IR & 4050 -Y-Y-¥

i i (a3 bl 1KE aub gl ass ol
500 cm™ wals 55 5 esede am s Yo gles 53 5e 3 Ossle
Gad3sb 5l olis shie ool & [1] A 35 olil 4000 &
5 Skl el ohan 4 odd S Skl deuk 0l 428
Lol 5l e 5 Ldd bylses KBr ol 35 b 0l 28
Lo sype sle ased cib a3 S g o308 gla o3
el Jascow 430Jue) e 3 0ol g 5K s 2l o8
S sz 5SS e (nl5 5 siS

(SEM) a5, 555 @ Ko s Koo & ga3l -F-Y-¥
SoPspe e gl Ll S oSy S
Slejkd ko lunl &S )0 ol 4yl eslinal Ol3 U L
235 S e glos 5o 5 A a; oY () IS 5L J gl
SEM o8 31 s (Ll 0313 i g Db L 874 505 Ll
S sy (Ger 5528 il KYKY- EM 3200 Jo)

Al eslamal bs & gl 31 g ls


https://fsct.modares.ac.ir/article-7-34530-en.html

[ Downloaded from fsct.modares.ac.ir on 2024-12-21 ]

el (8 Lad gl 3l (SO ol o

b s celu b Sl 4y 503,55 5 Tex)ex) s MM slal
a3l plmil Oles B ek ped OLL L3 ks o3l 13 James

AL (6 Lae slon 3 Sae oS o

4 555k IG5 aagas agds V0 1 L AS 658l

03 el )Y Cde 4 e IS sy ;) Arx 0o x Y TN 5lay|

33 b gas OF 51 e 5 BAE (UK ogends 53 £ (gl

Table 1 Different compounds of the treatments

Treatment Distilled =~ Nanogel Fish oil Blended (gr): Glucose (132gr)+Gelatin
water (gr) (gr) (gr) (132gr)+Sugar (66gr) Distilled water (330gr)

Control 10 0 0 90
2% fish oil 10 0 2 90
1% fish oil+ 0.1% nanogel 0 10 1 90
2% fish oil+ 0.1% nanogel 0 10 2 90
3% fish oil+ 0.1% nanogel 0 10 3 90
0.1% nanogel 0 0 10 90
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6. Chroma
7. Hue angle
8. Total color difference
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1. Texture profile analysis
2. Hardness

3. Chewiness

4. Springiness

5. Adhesion
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Fig 1 Fourier transform infrared spectroscopy (FTIR) analysis obtained for chitosan (a), stearic acid (b) and chitosan-
stearic acid nanogel (c).
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Fig 2 Scanning electron microscopy (SEM)
micrograph of chitosan-stearic acid nanogel.
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Average droplet size= 71.63.8

Fig 3 Average droplet size and optical microscopic images of the emulsions stabilized by CS-SA nanogels with 10%

_Average droplet size= 89.747.0
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(A), 20% (B) and 30% (C) fish oil after 30 min.
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Fig 4 CLSM images of the chitosan-stearic acid nanogel nanogels-stabilized Pickering emulsions at 20% oil fraction:
CS-SA nanogels was stained by FITC (green) excited at 488 nm (A); fish oil was stained with Nile Red (red) excited
at 488 nm (B); C was combined image of A and B.
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Fig 5 Surface microscopic images of different gummy candy samples.
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Fig 6. Hardness, springiness, chewiness and adhesiveness of gummy candy samples.
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Table 2 Color parameters of gummy candies

Treatment L a b AE Hue Angle Chroma
Control 58.13+0.11*  -6.50=0.15* 52.86+0.75" - 95.58+2.36*  53.15+0.94™
2% fish oil 56.60+0.60°  -4.53%+0.11°  54204020° 2.17404° 94.78+0.12"  54.38+0.19°
1% fish oil+ 0.1% nanogel ~ 55.934+0.80°  -3.00+0.52° 53404040 326+0.17° 93.2140.59™ 53.48+037®
2% fish oil+ 0.1% nanogel ~ 54.40+0.91° -1.73+0.50°  52.06+0.90° 525+0.56° 91.91+0.56*  52.09+0.89°
3% fish oil+ 0.1% nanogel ~ 53.60+0.91° -046+0.50° 50.46+0.30%° 7.01+0.71*° 90.53+0.57%  50.47+0.30°
0.1% nanogel 56.46+0.94°  -440+0.69° 52.46+023" 2.06+0.63% 94.794+0.76®  52.654+0.20™
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Values with different letters in same column are significantly different, p<0.05.
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However, the beneficial effects of fish oil, which is fortified in omega-3 fatty acids, is known. But its high
sensitivity to oxidation and the formation of undesirable compounds has limited its use in food systems.
Therefore, the purpose of this study was the encapsulation of fish oil in chitosan-stearic acid nanogel, by
Pickering emulsion method and import it into a food system (Gummy candy) and investigation the
physicomechanical properties of the product. Initially, chitosan-stearic acid nanogel was created by self-
assemble method and the results of FTIR confirmed the successful connection between chitosan and
stearic acid. Also, SEM image showed that the nanoparticles formation was spherical nearly. In the next
step, fish oil Pickering emulsions were prepared in different concentrations using chitosan-stearic acid
nanogel and used in formulation of gummy candy and in continue, the texture profile analysis (TPA) and
also the measurements of the color indexes of the samples were performed. The results of TPA showed
that the existence of the nanogel, increased the Springiness (from% 88.5 t0% 92.5) and adhesion (from Ns
0.33 to Ns 0.63) and reduced the hardness (from N 178.6 to N 125.8) of texture of gummy candy samples.
On the other hand, the presence of fish oil reduced all of the texture indexes. About the color indexs, the
nanogel decreased the L” (from 58.13 to 56.46) and a' (from -5.5 to -4.4) indexes. Also, the results showed
that fish oil in combination with nanogels reduced the color indexes.

Keywords: Physicomechanical Properties, Fish Oil, Gummy Candy, Chitosan-Stearic Acid Nanogel,
Pickering emulsion.
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