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1- 1,1-diphenyl-2-picrylhydrazyl

2- Potassium ferricyanide

3- Trichloroacetic acid

4- N-hippuryl-Lhistidyl-L-leucine hydrate
5- Angiotensin-converting enzyme
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Table 2. Mean size, PDI, zeta potential, and microencapsulation efficiency of nanovesicles loaded with hydrolyzed
pollen proteins

Encapsulation Efficiency Zeta-potential(mV) PDI Size (Z-average) Samples

(%) (nm)

----- -1787+127 ¢ 0.258 +0.02 °© 119 +2.14 ¢ N-PBS
79.1+1.81 ¢ -13.8+0.98 0281 +001 ° 126 +3.32 d N-HP
75.3+1.59 f -171+112 ¢ 0279 £001 ® 1875 +298 @ N-AH

----- 9.07+08 ¢ 0278 £002 " 73116 +311 °© L-PBS
84.6 +1.32 ¢ 452+1.19 © 0271 £001 ® 8071 +451 L-HP
81.16 + 1.83 d -10.11+095 ¢ 0.285 +0.03 ° 9049 +324 f L-AH
93.08 + 2.24 a 2432+159 ® 0277 +£001 ® 16034 +431 °© CH-L-HP
90.02 +1.13 b 2021+115 ° 0389 +002 * 179.79 +£512 ° CH-L-AH

The data are shown as mean + standard deviation. Different letters in each column show the significant difference at
the level of 0.05 in Duncan’s tests.
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A-Changes in particle size during storage at 4
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B-Changes in particle size during storage at 25
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Fig 2. Changes in particle size of nanoliposomes and nanoniosomes during 28 days of storage at A) 4 °C and B) 25
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< storage at 4 °C
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B) Changes in encapsulation efficiency during

100 storage at 25 °C
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Fig. 3. Changes in Encapsulation Efficiency (%) of nanoliposomes and nanoniosomes during 28 days of storage at
A)4°CandB) 25 °C

A) Changes in release rate during storage at 4
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B) Changes in release rate during storage at 25
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Fig. 4. Changes in release rate (%) of nanoliposomes and nanoniosomes during 28 days of storage at A) 4 °C and B)

25°C
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Fig. 5. DPPH radical scavenging activity of nanovesicles on the first day and the 28th
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Fig. 6. Reducing power of nanovesicles on the first day and the 28th day (similar lowercase and uppercase letters
respectively indicate the absence of significant differences between the treatments and in each treatment on the first
day and the 28™ day of storage).
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Fig. 7. ACE inhibitory activity of nanovesicles on the first day and the 28th day (similar lowercase and uppercase
letters respectively indicate the absence of significant differences between the treatments and in each treatment on
the first day and the 28" day of storage)
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ABSTRACT

ARTICLE INFO

In this study, the effect of temperature and storage time on the biological activity
and the physicochemical stability of nanovesicles (specifically, liposomes and
niosomes) containing bee pollen hydrolyzed protein obtained from alcalase and
pepsin enzymatic hydrolysis was evaluated. The nanoliposomes were coated with
0.2% chitosan. DPPH radical scavenging power, ferric ion reducing power, ACE
scavenging power, particle size, particle dispersion index, zeta potential,
encapsulation efficiency and release rate of hydrolyzed proteins from nanovesicles
during 28 days storage at both refrigerator and ambient temperature were
investigated. The results from Dynamic Light Scattering (DLS) revealed s
significant increase in the size of nanovesicles upon loading with hydrolyzed
protein and coating with chitosan (P<0.05). Chitosan coated nanoliposomes had
the highest amount of PDI. The zeta potential of nanovesicles reached the highest
value by coating with chitosan. Chitosan coated nanoliposomes had the highest
encapsulation efficiency. After a 28 day storage period, both coated and uncoated
nanovesicles exhibited a substantial increase in size, ranging from 2 to 26 times
larger than their initial sizes.Howeever, the encapsulation efficiency of

nanonisomes and uncoated nanoliposomes showed the lowest and highest
decrease, respectively. The values of the measured factors during storage at the
refrigerator were significantly lower than ambient temperature (P<0.05). The
decline in the antioxidant activities of nanovesicles was significantly prevented by
loading hydrolyzed proteins and coating the nanovesicles with chitosan. The ACE
inhibition was lower in the nanoliposomes as compared with the nanoniosomes.
After 28 days, the ACE inhibition activity of the loaded in nanoliposomes without
coating chitosan decreased slightly. These findings are of great importance for
designing and developing nutritious foods containing hydrolyzed protein.
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