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1 .Haematococcus pluvialis

2 .Chlorella zofingiensis

3. Xanthophyllomyces dendrorhous
4 .Phaffia rhodozyma

5. Rhodobacter sphaeroides
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1. Particle Dispersity Index

2. Phosphate-Buffered Saline or PBS
3. Dynamic Light Scattering

4. Encapsulation Efficiency
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Table 1 Qualitative analysis of Hematococcus
microalgae used in this study

Cell composition Amount (%)
Protein 23
Carbohydrate 37.5
Total fat 35.5
Astaxanthin 3
Beta-carotene 0.037
Lutein 0.018
Canthaxanthin 0.18
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1. Simulated Gastric Fluid
2. Simulated Intestinal Fluid
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Table 2 Amounts of astaxanthin in different
stages of extraction, saponification and
purification from Haematococcus pluvialis

(mg/g)
Extraction steps Level
. ) Amount 8.11£0.09”
Initial extraction
Percentage 29.42
i Amount 11.3440.1¢
Saponify
Percentage 42.85
» i Amount 16.94+0.18°
Initial purify
Percentage 60.12
) ) Amount 21.76+0.15"
Final purify
Percentage 72.53

*Different letters indicate significant
difference between the data (p<0.05).
*n=5, Initial amount of astaxanthin = 3% of
dry weight of algae
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Table 3- Physical properties of nanocapsules
carrying astaxanthin coated by maltodextrin
and sodium caseinate

Physical properties Level
Average particle size (nm) 269.14£3.95
Particle distribution index 0.423+1.28

Zeta potential (mv) +46.71+£2.88

Encapsulation efficiency (%) 85.19+4.09
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1. One way Anova
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Fig 1 Amounts of astaxanthin released from the
nanocapsules at different times in SGF
(astaxanthin release profile)
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Fig 2 The amounts of astaxanthin released from the
nanocapsules at different times in SIF
(astaxanthin release profile)
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Table 4 DPPH free radical scavenging activity of astaxanthin and its carrier nanocapsules (%)

Form of astaxanthin

Positive control

Time (day) Concentration (ug/ml) Pure Nanocapsule BHA BHT
0 100 39.47+0.67°°  54.27+0.08"
200 56.33£1.05%  70.09+£0.12°°  89.22+1.34% 81.37+0.91°
s 100 27.65+1.02%°  54.14+1.48%
200 45.91+0.18%°  69.87+1.92™
30 100 21.06£0.01%  53.95+0.035
200 39.11£0.14%°  69.97+1.06"°

*Different uppercase and lowercase letters in the column and row indicate significant differences between

Y4

the data, respectively (p<0.05).
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Table 5 Reducting power of astaxanthin and its carrier nanocapsules (Ab at 700nm)

Form of astaxanthin

Positive control

Time  Concentration

(day) (ug/ml) Pure Nanocapsule BHA BHT
0 100 0.32+0.01%°  0.56+0.05™
200 0.54+£0.05%¢  0.71£0.06™° 0.9240.02°  0.79+0.04°
s 100 0.21+0.01®  0.55+0.04%°
200 0.33+0.01%° 0.7+0.084%
30 100 0. 1210.022?’ 0.56+0.01%
200 0.2+0.04 0.71+0.034

*Different uppercase and lowercase letters in the column and row indicate significant differences between
the data, respectively (p<0.05).
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Table 6 Chelating activity of astaxanthin and its carrier nanocapsules (%)

Form of astaxanthin

Positive control

Time Concentration

(day) (ug/ml) Pure Nanocapsule BHA BHT
0 100 40.06=1.12%° 52.82+0.98%
200 51.23+1.37M 74.18+1.18"¢ 94.18+1.15*  85.66+1.49°
s 100 31.2910.822; 52.99i1.6823
200 44.11£0.19 73.84+1.29™
30 100 23.67i0.15;'; 53.0610.5423
200 36.86+0.08 74.11+1.62"°

*Different uppercase and lowercase letters in the column and row indicate significant differences between
the data, respectively (p<0.05).
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Table 7 Color indices of astaxanthin and its carrier nanocapsules during storage time

Treatments/Index L a/b AEq.30
Pure astaxanthin in 0 day 40.68+0.15° 2.64%0.08" 821+0.19"
Pure astaxanthin in 30 day 32.57+0.21° 3.15+0.39° ' '
Carrier nanocapsules in 0 day 46.05+0.34° 2.01£0.01° 0.0740.03"
Carrier nanocapsules in 30 day 45.95+0.26" 2.01£0.02° ) )

sDifferent letters in each column indicate significant difference between the data (p<0.05).
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The aim of the present research in the first stage was to extract astaxanthin from
Haematococcus pluvialis using acid-acetone combined method and evaluate the
efficiency of the process. Then, extracted pigment was nanoencapsulated using
maltodextrin-sodium caseinate combined coating and physical, antioxidant and
color properties of carrier nanocapsules (and pure form of astaxanthin) were
evaluated during storage time (30 days at refrigerator temperature). The results
showed that by saponification and primary and secondary purification, the
efficiency of astaxanthin extraction process increased and amount of the pigment
during the mentioned steps increased from 8.11 to 21.76 mg/g. According to the
findings, average size and zeta potential of the produced nanocapsules were 269.1
nm and +46.71 mV, respectively; In addition, efficiency of the nanoencapsulation
process was recorded as 85.19%. The release profile of astaxanthin from
nanocapsules in Simulated Gastric Fluid (SGF) and Simulated Intestinal Fluid
(SIF) showed that the release of the pigment varies from 3.21 to 14.28 in SGF and
from 18.49 to 41.89% in SIF. Based on the results, DPPH free radical scavenging
activity of the pure pigment and carrier nanocapsules (at concentrations of 100
and 200 pg/ml and 0, 15 and 30 days) was ranged from about 21 to 57 and 53 to
70%, respectively. This amount for the reduction power of ferric ion was reported
from 0.12 to 0.54 and 0.55 to 0.71 absorbance at 700 nm wavelength, respectively.
In the metal chelating activity test, the range of changes was recorded from 23 to
52 and 52 to 75%, respectively. By the pigment nanoencapsulation and increasing
the concentration, its antioxidant activity increased significantly (p<0.05). Also,
unlike the pure form of astaxanthin, the antioxidant activity of its carrier
nanocapsules remained constant during storage time (p>0.05). The product color
evaluation showed that the brightness index (L*) in carrier nanocapsules is
significantly higher than the pure form of pigment (p<0.05); in addition, the color
indices of nanocapsules (unlike pure astaxanthin) did not change over time
(p>0.05). According to the findings, astaxanthin nanoencapsulation using
maltodextrin-sodium caseinate combined coating has a favorable performance to
improve and stability of antioxidant and color properties of the pigment.
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