[ Downloaded from fsct.modares.ac.ir on 2025-07-18 ]

[ DOR: 20.1001.1.20088787.1402.20.136.16.4 ]

[ DOI: 10.22034/FSCT.20.136.201 ]

\FoY Jlﬁji- ARISTF AR Y] PN ;;}1;1\ é_)l.,\,c ML«.& 3 \P)l;‘ s
& \

ol 2! S0 @ilo g pals dloe

www.fsct.modares.ac.ir :aewe Culw

r 5 oohe s

O35S b ok 03ls i gy il 550 (55l (sLop s U Ik 2 IS Ll o S )

¥ - (s ¥ . Y - \ Nt N
phie SU o Ay (g par Gl o B e e (553 JdSIs

Ol v@...i;lﬂ ‘J,@J«;UT ALy ¢ oDl ST o &l (e @\;.p 3 e, s

G555 (S sreanila=\

Ol Gealyl edshsl asly ol sl3T ol&isls ( lie b 5 psle 05 S SLskul-Y

dl}i‘ ndg; ‘QK; &:..ja CIL.A 9 é))}L&S rj.LG aK...’ZJ\: ‘u‘lu’; GL«@ a.lg.:..v'l) A@»!.Lc C_L.J ‘flj.]a E) :\}A L;..,q..l.\.@.a c}; a:l.:‘...n\ —Y‘

Rl OB S OkdS (i o she o8l ( (Si 5y (65518 o3 05,5 Sbaliwl-¥

o~\:§.> Al Sl
53 0T (ol G150 5 5 s e slpe 5o G Sl eslinad wiey 3 Loty 5 Bilee o Soge 31 S
M5 Siass ol 5 Sa gset Sl Aile Cpan 0ley G 0uS 5T 585 pgmean 5 oslp Jol Pllae gla b

sskeas Spol =S50 Y Oaliden B, L OGS bedd esls fdgy il S8 (ol slag 55 51U
SIS Ll s b s 0T O g eSSl 0Ly 5 (Soied SlaSius sz 5 el s SOl SRl
(sken o S ke 218 5 2 /F /Y /Y ) O3S s glachale b ol s506 andllas ol 53 3

e Sl e s v‘i’)f 6)‘-'\-6-<3 500 YA Glp (Gesedew 453 YO 5 F) Los 93 55 9 Ad osls 2y

AAEEVAVAR] :&;—é‘i;é é‘)u
VO s b

5 L3 o3 O g 5SSl Oloily $la0ge3T (55 Slap s U by slp DS Bl o e
55 S ke 0 31 e 4 3 Bl RIS S s DS ol 2y o e ] 0 15 iy
S O35S MBB ghsas 5 (P>0/00) Los 50 sdalive O sV 5 STl Oloily 55 (Gols pre oS 1) s
L P>0/00) Sl (gl gnn olel O] O35S /¥ 5 /Y Gl (5lakisad b 45 ol |y S 631t
5345 (514305 Sl 53 2dl il g 5 ol Ole o555 e 53 O3S Olee il
3 8 Ol Wsad op i Olsea o OGRS A ke p e S ke Y (ool w0 sl Ay
G153 U 4 3505 pasiie Lapsssed U (S Jsb 53 od bl sladpes 5 Jol slaasily

S 5 Cdls O gt 5Tl QLakily Olsn o i 35 M55 555 53 OGS iy 4655 8 8L oS pilees 505

1S Slds
5550
e 5
ol 8

W3l g

gl S50 Y Sl ydr Sy,

S 5l 0N s ST Oleily Ol (6,106 Oloj 5 (e glos (a5l L oS s § aseie b
5 45 5yt o 55 80 35 5 55 4505 43 oy Lnpud U5 ey 205 3l 158 S o3l
PR VI OPI W VG- R VPP FYEPOSUE RNUN WP St Il JRT- PSSO B VL e ARARSTS

2 s Sl Sl ol el b ge 5 gl Sl )

10.22034/FSCT.20.136.201
DOR:20.1001.1.200088787.1402.20.136.16.4

(LSS J st *
hosseinighaboos@yahoo.com



http://www.fsct.modares.ac.ir/
http://dx.doi.org/10.22034/FSCT.20.136.201
https://dorl.net/dor/20.1001.1.20088787.1402.20.136.16.4
https://fsct.modares.ac.ir/article-7-57576-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-18 ]

[ DOR: 20.1001.1.20088787.1402.20.136.16.4 ]

[ DOI: 10.22034/FSCT.20.136.201 ]

83l e 5L SOk 2 OIS Jayl 3 b e

Qb&aﬁj wﬁl.%w

Sl oS5 S bodasbue S [] st
A gosle Glapslw S 55 &S Lo Sl s
GG, G5 dams o plondl e gL 08 =FYO s |, Ll
[0 5 ¥] el lie sl L3 eslizal gl anb
OT 3 pas sa 2l aln o 5l 550 51 ealic
(ol slsles 5 PH dax Sl o Ll 5 ol 5o
DBl (Y00) OLen 5 o Sl 0l 3 5
Gladsle 3 55 5 LS 4 o (8l S5 48 Lles S
PR NMPESI (o I P P N R P KV M egp]
[F] S o ois 0 K s, 05 0,50 bla
S S Cais 3 edd J xS by s e Sl
Sobe oS 3l ol Sl s b 0se Y SO SU L
Jils o3le 55 (aten) Jlad o5 S osbsl f\; 5l
L Sl3 LSS S 4 e oS (an Lol )
boeds Glag iy ele 258 0 sl i U ey S
2 oS A 5 V] aebe Sss L Jl cates B
o e S3L L s Sy DS S B
sl g 5 Sk g s LB s ey L
sladle 55 oIS osle K Ol seas 0l 2S5 eslixad
JUo 515 sk 0pl3 50,5 53 Qv aas Lulsl U A aas
Slse g3l Olgea Loyl asbl S Ly VAAY
PRCN NP RGP ARRIPILY ERE LR
gl 03 Ul 5 0o S5 Gk S DRS 3n
s b 035 Lls g edle i L S 5 ek
(2L SL A ol der Sl (S5 gl
000 S 2V Jemsly (SlS) BT 5 26 1o
PRSI RCHVVES VG [PL O O N g R & 3
5 o 2Me slas g (Gles 1S sba 5 atils L;)J_Jf;.j
- bl sl 5 S DY sy D] wls 5,8 sl
s e s Caas sl S Gl S s sl

.ﬁ..ujs L}.’uﬁﬁ) .\MAL& Lérj)):..\) ‘J‘}ni"jﬁ vl j)\)

3. Phycoerythrobilin

dodie —)
a5 e 03 L e sl BB e LSS,
bl oo Ll (e slse ol 5 Dl ot O 2
L YADF Il L3 o guas Oy sl Sl 1 3
OLLS 5l o ol snl S, 5l s 1o (S 5 el
oslinad oIl sLalaSs, Ol pea Jdas slse 5 Ul
Sy Sn ool @ s Lol ) A S e
ol Cad s el SL S e Slewy o san
oslitl (b ST, 4 G o sms S, W5
a5 b wlinlie (ol anw s e e35dws 3 LT
05 oo 3lse 39y Ol 5 el sl Gla s
shee 3y LOT 51 eslizal o a5, 51 & 5
Dl Blie 3 el 0350 axlge Codsdoe L olie
Sl ABT sl ol enay Sy sl gnssl o Lol
S 4 |y plle b OBast 5 adl baim
IS ] il esls Gae b G ) eslizd
53 LS, Sl eslial aa) 3 aHlr 5 fles A
Jolre 0o Ol @l Gl 5 s (M2 sl
Gaae Oy BoOAs N J5S esmen LSJJTJ'é
5 2 e s eslanad 51 LS ol e ol b AL e
53 Logsl Sl L w035 spdoe ke da St
[T w5 Slasns sl onl OIS 5 sl Jsb
o g el LIS Sl S Ol il 5SS
35 Jles GLaIUSG ) 51 5 axdls sz s AT 3 3 ege
SIS, Olssa 5 3l Lol s oS o
o G 5 a3 e pualal ol 08 slse gl o nb
Ir] 5,8 0 013 eslinad 5550 inlyl SV uams 50 s
0 agmse Ol 5 gl Sbantis g bl S
ol S 0Ly gy e Az L Sl
oz b sS @ ks S50 5 kS

1. Phycocyanobilin
2. phycobilin


http://dx.doi.org/10.22034/FSCT.20.136.201
https://dorl.net/dor/20.1001.1.20088787.1402.20.136.16.4
https://fsct.modares.ac.ir/article-7-57576-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-18 ]

[ DOR: 20.1001.1.20088787.1402.20.136.16.4 ]

[ DOI: 10.22034/FSCT.20.136.201 ]

VY Jl>j>'- AR 09 AYP D)L&)ojl

R S5 Olgeas OS5 ealiad L1y Ly e
Pl sSE (am S (g ed SRl SBUa b ol ol
Sl Ll sl s 5y S, ol Sl il
S5 0LE anllls ol gl 4 W ged Loy s edas
gl N Gl s 4 e OGRS ) eslial &S
b b LS, Sepl sms b [T] W S S5
5 Respalp e sl W s bl S ens
Coeal gl gbe 3 L Lk N oz i 1S
she lld nle s S5l Js Bl Sl
M i cpl 31 Gaa by all e sl
b= OaS Loedd el g laessad st
¥ sles 53 53 0F (s sl Shis o 5 Dol s5S3
Al o g a3 YO 5 (Dl gles)

Lad.i:}) 9 3lge =¥

slge VY
Roha s, 31 adlas ol 53 eslinal 5,50 il S8
‘@)Jﬂ L) oS (oWl dipoid) aed s
ety e ety DU ey oy 47 J U1 (IS ]
A 4 (OWIT S ) Ar o

3 PSS ol slapsiad sl 4 YN

OSAS L ol 0sls 2l g
Y Ogenlpden Bsy ) ool bpgsand mass ool 5o
3 ARGS b e i iy bl s SOU
IN] w3 Wy olhuss SKL (Y1) oKes
SOV s S s DYl el e I8 Lol
89 J501 e Vo 03 S 5 Lpw iad £ S
b slesl 53 SU ok 1S 5 s anl s s Ao
53 Ve TPM s b ' ylss s ok Sl eslizad | 5 S
Slroste b S el esadiw s £ gles
52 el A B VY Slen oIV elS Gl 1 Oliel

1.Rotary evaporator

S el s S Sl S bpassd s
2 kst b o sbdsSe Gos pe
S35 slaslsle S5 b il tites O o
Lode ols s cbl- ¢l b Olgsa oV
S esisd U s [0 sV ] wps as § da s il
S lge Glosy 0550 Gl 0 oS Sl i Sla 25,
ol A S s e el Jg oL 5 asle J
SlSp il g p s das e gl ) olS S
Y 53 o 53) SOl 5 (s ais 53) s
Sl e 35T e slse s s 4 s o 1 (ke
IS5 s Jlb s SLS 5 038 S s Gom
55 Lol (Bl 5 ol 25l L Wls e 050
LS SaS Lwd gl p o alis wmns 4 518 oKaws
Sray &S axdls Ol (YY) OLKea 5 Sl V9]
Sk S smS50 2 5o s S 055 WseS
Al 05 ey S 5 Clatle Gl Lol /005 S
S e SOl ams Sl GRIBL 5 S
sl Sns (Y0) obsl, 5 osLt V] el
0SS SU L edd eSOl A8
S sl Ol e c,l:; LS ey oleld
O3S Ao 3 VO s S 55,8 Ao s ¥ Slas s
Slis bS5 Ao Vs (el 55)
Llp e S Libp b S5 S (ol (S55)
cele Y2 b s ds)s AR LT s lS
S Ll ol St oS his (g liSalse S
= DAL Ly o s O Glapn 5 W
S eslazal a8 sls oL (YY) OLKGea 5 0L ooldlas
v Glp el S SO Olgea O3S s
LSy SeS 4 ol S8 sl glad eSS
5 B s Wi e D3RS 5 i byl s idy,
SosSle [Va] il andls 50 B il S350
Sy 5l Jeol il S8 (Y0 O


http://dx.doi.org/10.22034/FSCT.20.136.201
https://dorl.net/dor/20.1001.1.20088787.1402.20.136.16.4
https://fsct.modares.ac.ir/article-7-57576-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-18 ]

[ DOR: 20.1001.1.20088787.1402.20.136.16.4 ]

[ DOI: 10.22034/FSCT.20.136.201 ]

3 SLap s 56 Il 2 SIS Bl 6 e

Qb&aﬁj wﬁuw

S Sl Geotn slr otk slasarls )
ol o sl 3 (IS Ll d s baus i
oslizal (OledSSI Malvern) |l G5 oKws 51 cesS
Ol Jl o3 Slaob Sy plrals Ol Glaw a5 Ul
C S b O3] pl el 53 LS e S (S S
g 453 YO Les 5 VAD K sSU1 (65 <l 5 WYY
I¥¥] 55
RPN P IV PRY P &

o 1zl sl 5V 0 gV 5 SOV Olokily aplms (5
sl o il S0 5l calis glac il s gl IS
G glackle sk ol ol ol cowsw Jt1 o
135 4 Il 5o Gl S8 e 0 Sk
FeF B Sl oK b bdisad ) e
toslows 205l PV e Jsb s (OJSI Scinteck )
S Sk Y olie (0 e eSSl Ololily pens (g S
SIS Ve 0l s s el g ek el
& Yooo g (oWT Heidolph) 5,a sle U s s as
ol s Ol 5 [YV] s S 55 e dds Ve
(A7) OLer 5 (8 ras Gillas o35 s 50
Obily Ol 3 ahaly 51 alg L3 [YF] A8 4l
A e Gl 55 O s eSS

O sy 5SSl Olekily = (E-D/E)*100 () alasl

4;.5) )lSau JS g):"L:"‘“,ﬁg'.‘.ﬁ g:,.hl& LE (\ 4.]4_:\) DL S
ol S Bl Dy bap 555 50 05050 5

ML\;& P Vot Jbﬁﬂ.) L.. .)bl

é&nb Lf Lhﬂ\.;}«; wu(;ér-.g) WSS, —-0-Y
(SEM") us, b3

Lg.:..aj)J}ﬁ\u}&j&)\vt}bﬂ)ev\ﬁw&‘f
JoeEe s elized (5 xks) (SEM)

2. Scanning electron microscope
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1. Dynamic light scattering
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Figure 2- Effect of chitosan concentration on
particle size of nanoliposomes containing
phycocyanin

) Jemily » Olsas il 30 —v-Y
sl oLz (7 IS8) (SSls Ol o) 40 b puSilie s lie
LB wsed 4 Glate Lk ped U Joudly Oljee (S S
Olje Uil b oS ad Lasia b 5l sy OlgS
Lo gad U5 Jomily Ol cbap 35 56 it 5o O 555
Slogas oS un Uy fedly SSL il
03 IS DL LKLl oS ol Lag g5 56 Sl S
5 b LSl e Gatla 5 sl s S o
S ol s Lol Ole SIS asils slag s
b K olss oS [YV] el el st Lo ot
Core S 53 L UG Jeily LS e S5 L0
TRt g Sl ey D03 B Jedly Dlae 13l s S
R R LU T S P
23 g 5 Y Sl Gu b Sl e s (So oIl
Sy Cewd 5l sy & oS e (il il b
(8 DS s [V 5 V] s e 6, SO0 LS S
S Jeol laday ol paisd sl B el e
ol Jlad s gladzy 5 (/A mV) Al O3S

3 OkS K5 YT U Al csy a3l s

100 , a

& . b b b

S 80 -

Q

S 60 -

c o

S 40 |

£< 40

a 20_

o

S

Lu 0_ T T T T
0 01 02 04 06

Chitosan concentration (mg / ml)

Figure 1- Effect of chitosan concentration on
encapsulation efficiency of nanoliposomes
containing phycocyanin
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Figure 4 - Morphological characteristics of a)
empty nanoliposomes, b) nanoliposomes
containing phycocyanin and c¢) nanoliposomes
containing phycocyanin coated with chitosan
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Table 1- Effect of storage conditions on encapsulation efficiency (%)

Liposome Storage

Time Storage (days)

type temperature
o)
0 1 7 14 21 28
NLP 4 92.13+1.02% 86.17+0.64°  80.37+0.33%  75.33+0.15°9  73.53+0.13""  72.00+0.21'
25 92.13+1.02° 86.63+0.74°  77.03+0.29° 68.67+0.10’ 63.30+0.20  56.80+0.09'
NLPC 4 85.700.77° 83.16+0.43°  76.76£0.31°  74.67+0.17°9"  72.87+0.199  72.60+0.12"
25 85.70+0.77°  81.677+0.65®  75.93+0.20° 72.30+0.19" 70.93+0.177  65.13+0.40%

Numbers with the same letters have no significance at the 5% level and NLP: nanoliposomes containing
phycocyanin and NLPC: nanoliposomes containing phycocyanin coated with chitosan
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Table 2- Effect of storage conditions on particle size (hm)

[ DOI: 10.22034/FSCT.20.136.201 ]

Liposome Storage Time Storage (days)
type temperature
(o) 0 1 7 14 21 28
NL 4 84.67+1.40° 93.63+1.40° 139.00+2.10° 164.70+3.00"" 176.30+1.90™"° 183.30+0.60™
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25 84.67+1.40° 93.33x1.40° 151.00+2.10% 180.3024.40'™ 201.001.70K™ 205.003.80%
NLP 4 92.33+1.5° 105.6734.30" 262.00£3.00' 336.00£7.10" 473.60%7.00° 553.00£9.70°
25 92.33+1.70° 121.33+2.20% 376.3025.20™ 545,00+2.60° 709.70£2.90° 835.3021.40°
NLPC 4 212.70+2.70% 229.402.00 261.002.00' 344.00+0.80" 350.003.90%" 357.30+0.50%"
25 212.70£2.70% 262.305.00' 393.30+3.40 440.30%1.20° 445.30%5.70° 549.00+2.60°

Numbers with the same letters have no significance at the 5% level and NL: Empty nanoliposomes, NLP:
nanoliposomes containing phycocyanin and NLPC: nanoliposomes containing phycocyanin coated with
chitosan.
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Table 3- Effect of storage conditions on zeta potential (mV)

Liposo Storage Time Storage (days)
me temperatur
type e(°C)
0 1 7 14 21 28
NL 4 -18.330.3" -17.67+0.19" -17.67+0.1%" -17.000.7" -16.33+0.3™ -16.000.3™
25 -18.330.3" -17.67+¢0.19"  -17.000.79" -16.00%0.3™ -15.67+0.2 -15.330.3"
NLP 4 -12.330.5° -12.67+0.3¢ -12.00£0.5% -12.00£0.5% -11.67£0.4% -12.00+0.5%
25 -12.330.5° -11.67+0.4% -11.330.7% -1033+0.5™ -10.330.5“ -9.33+0.4°
NLPC 4 16.2020.20% 16.000.2® 15.330.6% 16.67+0.1 16.33+0.1% 15.830.2%
Y.


http://dx.doi.org/10.22034/FSCT.20.136.201
https://dorl.net/dor/20.1001.1.20088787.1402.20.136.16.4
https://fsct.modares.ac.ir/article-7-57576-fa.html

[ Downloaded from fsct.modares.ac.ir on 2025-07-18 ]

[ DOR: 20.1001.1.20088787.1402.20.136.16.4 ]

[ DOI: 10.22034/FSCT.20.136.201 ]

\\C'YJ“JJ' 09 ATV D)L&)'jl

25 16.20£0.20% 16.67+0.1%

15.67+0.4%

14.64+0.3° 15.67+0.2% 16.67+0.1°

Numbers with the same letters have no significance at the 5% level and NL: Empty nanoliposomes, NLP:
nanoliposomes containing phycocyanin and NLPC: nanoliposomes containing phycocyanin coated with
chitosan.
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ABSTRACT

ARTICLE INFO

Increasing and improving the stability of colors in food during processing and also
controlling the release until consumption is one of the most important issues and
challenges in the use of natural colors in food. Hence, the objective of this study
was to produce phytocyanin-containing nanoliposomes coated with chitosan by
thin-layer ultrasonic hydration method to increase the stability of phycocyanin and
to investigate its physical properties and encapsulation efficiency during storage.
In this study, phycocyanin was coated with different concentrations of chitosan (0,
0.1, 0.2, 0.4, and 0.6 mg/mL) and stored at two temperatures (4 and 25° C) for 28
days. Then, to determine the best concentration of chitosan for coating the
nanoliposomes, encapsulation efficiency, particle size, and zeta potential tests
were performed. The results revealed that by increasing the concentration of
chitosan to more than 0.2 mg/mL, no significant change in encapsulation
efficiency was observed (p> 0.05). The sample without chitosan had the lowest
particle size which was not a significant difference from samples containing 0.2
and 0.4 (p> 0.05). Increasing chitosan in the coating of nanoliposomes has led to
increased zeta potential. Finally, a sample containing 0.2 mg/mL chitosan was
selected as the best sample. Findings from analyses performed during the storage
of nanoliposomes showed that nanoliposomes containing phycocyanin, which did
not have any chitosan coating, had the highest encapsulation efficiency. On the
other hand, it was found that with increasing storage temperature and storage
time, the encapsulation efficiency decreased but the particle size increased. The
lowest zeta potential of the samples was related to the phycocyanin-free
nanoliposome sample which did not change significantly until the 21st day of
storage at 4 °C. Scanning electron microscopy (SEM) images of the samples also
confirmed the results of particle measurements.
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