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Table 1 Algae culture medium compounds

Compounds Amount (g)
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K;HPO, 0.5

NaNO; 2.5
K,SO4 0.5
NaCl 2
MgSO, 0.2
FeSO, 0.05
Urea 0.2
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9. Tetracycline

1. Amikacin

2. Doxycycline

3. Microdilution test

4. Minimal Inhibitory Concentration or MIC

5. Minimal Bactericidal Concentration or MBC
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Table 2 Antioxidant activity of phycocyanin and its carrier nanocapsules on days 0 and 60 of storage

at -18°C

) . DPPH Ferric reducing Fe?

Time . Concentration . . L X
(day) Phycocyanin forms (ug/ml) radlcal_sgzavenglng antioxidant power Che_latlng
activity (%) (mg TAE/Q) activity (%)
Pure 200 45.75+2.16" 0.051+0.01" 40.23+1.45
0 500 57.22+1.45° 0.061+0.005¢ 51.45+1.11¢
N lated 200 46.21+1.09f 0.05+0.02 41.17+1.12f
anoencapsulate 500 58.56+1.17° 0.063+0.009° 54.48+1.22°
Pure 200 41.56+1.83° 0.04610.01" 36.5612.37¢
60 500 50.32+1.32° 0.053+0.006° 45.32+1.15¢
lated 200 45.55+1.17° 0.049+0.01¢ 40.250.5
Nanoencapsulate 500 56.14:+2.02% 0.060+0.003" 53.25:+1.30°
BHA 200 92.39+1.42° 0.093+0.02? 96.02+3.11°
BHT 200 87.38+0.96° 0.089+0.03" 94.54+1.31°

*Different letters in each column indicate a significant difference between the data (p<0.05).
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Table 3 The halo diameter of non-growth of gram-positive bacteria against pure phycocyanin and its
carrier nanocapsules on days 0 and 60 of storage at -18°C (mm)

Time
Strain (day) T Concentrations (ug/ml) Positive control
2.5 5 10 20 25 Tet Doxy
c 10110.11°%  13:041™ 17.20£1.14°®  19.5+1.41°%  22.11+1.257®
L. 0 33 +1.56™ 41 +1.14°4
monoc N  1051+0.17" 145+121%f  19.3+1.25%  20.82+0.65%" 24.2+1.31%"
vt
ogenes C 8.22+0.31%® 9+0.55°8 13.4141.29C  14.3+1.32%8C 17.61+1.45%¢ bA oA
60 N 103501  13.8+0.61% 19.2111.173’2 20.2511.21"8A 23.3510.86? 33 £1.56 41£1.14
C R R 11.45+1.11 15.44+1.3° 16.5+1.27° b8 a8
Staph. o N R R 11.6511.o§;° 16.2511.17;B 17.111.15“D 24 20,32 35451121
aureus C R R 8.5£0.26 12.5+0.7° 13.68+1.11° b8 aB
60 R R 11.5+1.15°C  16.12+0.85®  16.8+1.12°C 24£0.327 35454121
C R R R 10.55+0.47°°F  10.76+0.41¢ bC aC
Strep. o N R R R 11214121 1157+0,8% 190420447 27.23+1.56
Iniaei C R R R 8.5+0.33F 9.5+0.32F bC aC
60 R R R 11 101 150 11501 13 19.04 +0.44 27.23 +1.56
*T: Treatments, C: Control (pure phycocyanin), N: Nanoencapsulated phycocyanin, R, Resistant, Tet:

Tetracycline, Doxy: Doxycilin

**The uppercase and lowercase letters in each column and row indicate a significant difference between the
data, respectively (p<0.05).

305



b SL s 5 ST sl el aslis 5 ) o

UL 5 00 Lo,

Table 4 The halo diameter of non-growth of gram-negative bacteria against pure phycocyanin and its
carrier nanocapsules on days 0 and 60 of storage at -18°C (mm)

Strain Time(day) T Concentrations (ug/ml) Positive control
2.5 5 10 20 25 Amikacin Doxycycline
0 C R R 10.43:t0.51"F  12.34+0.24% 14.5+0.35" 160,35 32 1141 28%
Y. N R R 11.22+0.42°"  12.65+0.14°*  15.11+0.86° - S
ruckeri C R R 8.1140.15%B¢  9.66+0.21°°°  10.21+0.17°C bA .
60 N R R 10.9210.?;&/3\"3A 12.2510.2(11;’2 15.0410.442’* 16£0.35 82.11+1.28
C R R 9.26+0.3 10.44+0.5 12.22+0.2° bA "
E coli 0 N R R 9.85+0.1294%  11.17+0.34%® 12.860.14°® 17.5£0.6 36.55¢2.17
: C R R 7.5£0.22%P  9.11+0.25F 9.7+0.43°°P bA aA
60 N R R 906240158  111025®  1255s031®  1/5*08 36.55+2.17

*T: Treatments, C: Control (pure phycocyanin), N: Nanoencapsulated phycocyanin, R, Resistant
*The uppercase and lowercase letters in each column and row indicate a significant difference between the data,

respectively (p<0.05).
A e 08 Sl L 4 s e 0 8 slags SU
el ) 3 i) eSS an il s ol b Ll sy
polie (piliw S0 adsl Gl an @l 5 LBL e e
Ol 8L onl Sl 60 58 VL slac e 5 ey
RS
44 55 3G, oy -2-2-3
Fron e tiGln s SU s pal Gl S S 2l
A 53 ledy Sy s e s e pf sl st
o les oo s w11 5 Jsa s (Microdilution)
100-500 ... MBC , 50-500 ;. MIC wuls Js
Ui eSSl pad il e 2 p 5550
MBC ke i 5 sifsimesise Lot 1y MIC

e 0 dl S ] 5SS s il (S

55 & S S ssipe bt (Sotep S glags S G 0
oslital 350 S lale oled 5 ey i pl Koo (5,50
5 3y ol Ll 5 S cl S e S 5L
i e S0 Gl glackle soul, pole dls
55 5 25 chle o ow sl eSSl
055,510 55 205 chle wn w olat] o sSsS sy n
phe Wl b bl alas o sy pslie 2 s
3 A5 e oSl 5 Sl 5 a3 5 ST o
Sogan 5o B sy g0 B 5 ey (il S5 slaclals
Ly e ghinp S 580 52 0w 03 (POM05) s S s
slackle 5 ep s n G Sl Bl 65
el o5 5 205 glackhle gl 4 wslizal )5

Cola IS b 4 ing (850 55 a eSS lee

Table 5 MIC and MBC values of pure phycocyanin and its carrier nanocapsules for gram-positive and
gram-negative bacteria on days 0 and 60 of storage at -18°C

. Phycocyanin Time
Strain forms (day) MIC (ug/ml)  MBC (ug/ml)

0 50 100

Pure
L. monocytogenes 600 15%0 588
Nanoencapsulated &0 £0 100
0 100 200
Staph. aureus e 60 200 400
' 0 100 200
Nanoencapsulated 60 100 200
Pure & 200 %%
Strep. iniae 0 200 500
Nanoencapsulated 60 400 500
0 200 400

Pure
Y. ruckeri 600 %88 288
Nanoencapsulated 60 200 400
0 200 400
: Pure 60 200 500
E.coli 0 200 400
Nanoencapsulated 60 200 400
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Following the concerns created in the field of using synthetic preservatives in
various foods, it seems necessary to pay attention to natural compounds with
preservative properties. Phycocyanin extracted from spirulina microalgae is one of
these compounds. The aim of the present study was to extract (using enzymatic
method) and nanoencapsulation of this pigment with maltodextrin-sodium
caseinate combination coating and evaluate the antioxidant and antibacterial
activity (against Escherichia coli, Staphylococcus aureus, Listeria monocytogenes,
Yersinia ruckeri and Streptococcus iniae) of nanocapsules in comparison with pure
phycocyanin. The results showed that with increasing the concentration of
phycocyanin (in both pure and nanoencapsulated forms), the antioxidant and
antibacterial activity of the treatments increased significantly (p<0.05).
Comparison of the properties of the treatments on days 0 and 60 (stored at -18°C)
showed that the antioxidant and antibacterial activity of pure phycocyanin was
significantly reduced over time (p<0.05). But the nanoencapsulation technique
prevents the mentioned properties from changing and helps to preserve them.
Among gram-positive bacteria, Listeria monocytogenes was more sensitive than
the other two bacteria and all concentrations used had an inhibitory effect on this
bacteri. Staphylococcus aureus was resistant to two concentrations of 2.5 and 5
pg/ml and Streptococcus iniae to three concentrations of 2.5, 5 and 10 pg/ml.
Among the two gram-negative bacteria, Yersinia ruckeri was more sensitive and
the concentrations used, with the exception of concentrations of 2.5 and 5 pg/ml,
had an inhibitory effect on both bacteria. According to the results of the dilution
method, for the studied bacteria, the MIC range was between 50-500 and the MBC
between 100-500 pg/ml. Also, the lowest MIC was recorded for Listeria
monocytogenes and the highest MBC was recorded for Streptococcus iniae. It can
be concluded from this research that first, pure phycocyanin has antioxidant and
antibacterial activity; second, nanoencapsulation of this pigment with combined
coating of maltodextrin-sodium caseinate improves these properties and their
stability during the storage period.
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