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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
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Figure 1- Effect of chitosan concentration on
encapsulation efficiency of nanoliposomes
containing phycocyanin
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Figure 3- Effect of chitosan concentration on
zeta potential 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
)

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 85.70+0.77° 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)

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™

Y4
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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 4 212.702.70% 229.4042.00 261.002.00' 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+0.1%" -17.67+0.1%" -17.000.79" -16.33+0.3™ -16.00+0.3™
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%
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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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