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1. Spirulina platensis
2.FDA
3. European Food Safety Authority or EFSA
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Table 1 Physical characteristics of
nanoencapsulated phycocyanin

Physical characteristics

Encapsulation efficiency (%) 73.41+2.11
Average particle size (nm) 397.1+1.96
Size (d.nm): % Intensity: St Dev (d.nm):
2 Average (d.nm): Peak1: 3817 73 1446
Pdl: 04 Peak 2 8665 214
Intercept: 0514 Peak 3. 54
Result quality : Refer to quality report
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sty

Irten

Fig 1 Results of nanoencapsulated phycocyanin
size using particle sizer device
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Table 2 Release rate of nano-coated phycocyanin in simulated solutions with gastrointestinal

conditions

pH Time (hour) Release of phycocyanin (%)
12 1 7.4120.55¢
) 2 13.52+1.11°¢
3 35.20+1.45°
74 4 71.194£2.07°
’ 5 70.35+2.13°
6 68.25+1.32°

*Different letters indicate a significant difference between the data (p<0.05).
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Table 3 Results of stiffness factors and melting rate in control ice cream (without phycocyanin
pigment) and with pure phycocyanin and nanocoated at different times

Phycocyanin forms Time (day) Stiffness (N) Melting amount (%)
15 17.24+0.43° 75.18+0.21°
Control 30 18.45+0.32° 75.33+0.36°
45 18.78+0.21° 76.45+0.17°
15 17.2140.45° 74.66+0.21¢
Pure 30 17.35+0.33° 75.21+0.21°
45 17.55+0.19° 75.11£0.21°
15 15.2340.42° 72.28+0.21¢
Nanoencapsulated 30 15.45+0.30° 73.30+0.21¢
45 15.63+0.44¢ 73.25+0.21¢

*Different letters indicate a significant difference between the data (p<0.05).

Al gl bajles bl bog esls olanstl s |,
Oemmad (055 Jes S 0ud (P2 0) Gl od g Iy sme
ol slsled 0 s G0 5 Cures DU
e 2 5 (P/00) ey ald slad 5l geS sl S8
$U b S sl ol Gl eld st Sl
P2 Lhical oy dals b 5l iy (el g edd Jlig s,
3l et sz 2558 e Sl SL el (8 5
S o s Oy 5o eds Glisn s SU il S
53 Sy 5586 oS W a ten s Sla, 5 Jsd LB S sk
Al ks ple 5l e sl il SO s sles

Sl 0

Koy 558 S sl Ol (8 Jpde) e o e ls =l
s Lokl e Al il SO ol Jled o
SU ol S sl OF 51 e 5 oesls olazsl
S eslanal ((P<t/00) Lyls L1 aals 5o edd Slig
Ol s 03 S Sl SU e ol la iy
boamlie 5> 5 o ol s30T ) tals el
el o35 Slass5 s SreS Il sde Sl Al il SO
G 5 o) ol s sl lasles s s r—*"
Odd o s Bld 4 (P</00) sl on gy ald Slas Sl g
Ul ol sloles

Sl o mie (i el B 5l sled el el Sl

ESIECEY

Table 4 Results of sensory parameters in control ice cream (without phycocyanin pigment) and with
pure phycocyanin and nanocoated at different times

Phycocyan Time Color taste Hardness C.rystaume Gumminess . COO! General
in forms (day) intensity intensity acceptance
15  4.23+0.17° 4.21£021®  4.1240.1° 3.22+0.2%  4.34+0.18"  3.65+0.15°  4.11x0.13°
Control 30 4.2240.13°  4.11+0.19®  3.89+0.13¢  3.13+0.16°  3.67+0.11¢ 3.34+0.317  3.65+0.15°
45 4240.15°  3.95+0.11%  3.65+0.22° 2.87+0.11¢ 3.33£0.31° 2.73+0.24%  3.23+0.11°
15 4.95+021*  4.33+0.33"  4.45+0.16°  4.32+0.14™  4.67+0.17°  4.12£0.21°  4.65+0.16°
Pure 30 4.91+0.18*  4.36+0.17°  4.43+0.22°  421+0.11%°  4.5440.14®  3.91+0.19°  4.4240.17°
45  4.93+0.13°  4.31x0.15*  4.45+025°  4.13+£0.14° 4334022  3.75£0.12°  4.11+0.25¢
Nanoencap 15 475£0.1°  4.55+0.11° 4.8+0.13° 4.5740.11°  4.84+0.13*°  4.73+0.11% 4.85i0.15ba
suleted 30 4.7+022°  4.35+035*  4.7620.11*  4.51+0.15°  4.7240.14°  4.66+0.12°  4.65+0.1
su 45  4.64+0.32% 4324042  4.71+£0.26°  4.46+0.32*  4.55+0.33®  4.58+0.21"  4.53+0.13°

*Different letters indicate a significant difference between the data (p<0.05).
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Due to the concerns about the use of artificial colors in various foods, it is
necessary to pay attention to sources with natural colors. One of these
sources is the algae Spirulina, which contains the blue pigment
phycocyanin. The aim of the present study in the first stage was to extract
this pigment from the algae by enzymatic method (lysozyme) and its
nanoencapsulation. In the second stage, the physicochemical properties of
nanoparticles were investigated. Finally, phycocyanin in both free and nano
forms was added to the ice cream formulation and the qualitative and
sensory properties of the product were evaluated in comparison with the
control. The results showed that the produced nanoparticles have an
average size of 397.1 nm. The encapsulation efficiency of the process was
recorded 73.41+2.11%. According to the images recorded using scanning
electron microscopy, the nanoparticle with different dimensions are
scattered in the microscopic spread so that the particles are visible in
different sizes (diameter 51.4 to 221/2 nm). The release results of
nanoparticles in vitro showed that at pH=1.2, the release percentage of
phycocyanin is low (the first 2 hours). So that it fluctuates in the range of 7
to 13%. But after this stage (pH=7.4), the release rate increased
significantly (second 4 hours) and from 35 to 71% at 3 and 4 hours,
respectively. The use of pure phycocyanin in ice cream formulation
improved the hardness, melting percentage, texture, hardness, crystalline
intensity and coldness. But these indices were reported at a more favorable
level in the treatment formulated with nanoencapsulated phycocyanin. The
color index in ice cream formulated with pure phycocyanin was more
desirable and more acceptable compared to the treatment with
nanoencapsulated phycocyanin. Due to the properties of phycocyanin,
especially the nanoencapsulated form, it can be used as a biological dye
and improver the quality and sensory properties in various ice creams.

Vo4



