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1. Octenyl-succinate starch
2. Steric repulsion
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1. 2,2- Diphenyl-1-picrylhydrazyl (DPPH)
2. National Starch

3. Box-Behnken

4. Heilscher, Germany — UP400S
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Table 1. Different wall materials treatments based on mixture design to encapsulate shrimp shell extract contains astaxanthin
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1. Scanning electron microscope (SEM)
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Table 2. The effect of type and concentration of wall compounds on physicochemical properties of microcapsules

a8 Hlade SLog )y glowdl, Cugb, (23) 0,928 S i

SN 359 y5w0) (yucid 35 L O 55 L (w0 y3) ol °°m'?°““d

Jso! (55 (S 33) Moisture Vepppunsogdle awlid Vip pussgdl

20 £y 2 50 (%) MD20 ol MD7
DPPH Astaxanthin content Astaxanthin c
(ua/9) microencapsulatio .

(2o,3) n efficiency (%) 0&_

DPPH radical Modifie
scavenging d Starch
power
(%)

42.34+0.64° 37.30+1.06° 73.56+0.37° 0.86+0.42% 50 50 0
37.42+0.42° 26.39+1.07% 56.38+1.61° 11.50+0.72% 50 0 50
38.88+1.12° 25.38+0.58% 48.85+0.66' 11.38+0.32% 100 0 0
35.59:+0.29° 31.71+0.84¢" 61.28+1.29" 9.25+0.82¢ 0 50 50
28.44+0.54' 23.94+1.02¢ 50.56+0.68" 11.75+0.71% 0 0 100
34.08+0.64" 36.52+1.13° 71.50+0.36° 10.74+0.76™ 16.67 66.67 16.67
30.85+0.14" 32.35+0.49f 63.75+0.81° 11.47+0.28° 0 0 100
24.50+0.63¢ 28.58+0.71' 50.45+1.08" 13.17+0.67% 0 100 0
32.76+0.19° 31.14+0.16" 60.860.77" 11.82+0.56% 100 0 0
38.47+0.83° 35.31+0.89% 71.57+1.86° 12.27+0.89% 66.67 16.67 16.67
33.14+0.741 33.98+0.35° 68.45+0.23° 10.37+0.28% 16.67 16.67 66.67
49.98+0.36° 41.73+0.98° 83.65+0.68° 11.98+0.58° 33.33 33.33 33.33
35.85+0.54° 34.68+0.14% 69.250.78° 9.25+0.49¢ 0 50 50
27.360.87 29.79+0.89 48.73+1.119 13.17+0.98% 0 100 0

*Means = SD (standard deviation) within a column with the same lowercase letters are not significantly different at P < 0.05.
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Fig 1. The effect of wall composition on the moisture content of the microcapsules (Moisture: %). a: Response surface plot, b) Cox plot. A,
Maltodextrin with a hydrolysis degree of 7; B, Modified starch; C, Maltodextrin with a hydrolysis degree of 20.
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Fig 2. The effect of wall composition on the astaxanthin content of the microcapsule (AST: pg/g). a: Response surface plot, b) Cox plot. A,
Maltodextrin with a hydrolysis degree of 7; B,Modified starch; C, Maltodextrin with a hydrolysis degree of 20.
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Fig 3. The effect of wall composition on the DPPH radical scavenging power of the microcapsule (DPPHsc: %). a: Response surface plot,
b) Cox plot. A, Maltodextrin with a hydrolysis degree of 7; B, Modified starch; C, Maltodextrin with a hydrolysis degree of 20.
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Fig 4. The effect of storage time, temperature and relative humidity of the storage condition on the astaxanthin content of microcapsules
containing modified starch (50%) and maltodextrin with a hydrolysis degree of 20 (50%) at different temperatures and relative humidity
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Table 3. The effect of wall type and concentration, temperature and relative humidity of the storage condition on the reaction rate constant,
correlation coefficient and half-life of microcapsules

Cups  pecdon e g <l micugh SIS glod (00;9)0 1515 S i
e Ge) (5K GiasTy  (woyd)  (ugmdwdz;d)  primeSesdle amelis Vo peSoglle
R? half-life reaction rate Relative Storage Y. oudiz Mol MD7
(day) constant (kx10?) humidity temperature (€C) MD20 Modified
(day™) (%) starch
0.92 72.10 0.92 52 4
0.98 59.24 1.17 52 25 50 50 0
0.98 61.89 1.12 75 4
0.99 55.01 1.26 75 25
0.95 44.43 1.56 52 4
0.99 37.67 1.84 52 25 50 0 50
0.98 40.77 1.70 75 4
0.95 35.36 1.16 75 25
0.95 48.47 1.43 52 4
0.98 36.67 1.89 52 25 100 0 0
0.97 37.88 1.83 75 4
0.95 33.16 2.09 75 25
0.96 63.01 1.10 52 4
0.99 49.87 1.39 52 25 0 50 50
0.97 54.15 1.28 75 4
0.96 49.51 1.40 75 25
0.95 50.97 1.36 52 4
0.98 35.36 1.96 52 25 0 0 100
0.97 41.51 1.67 75 4
0.96 32.70 2.12 75 25
0.96 78.77 0.880 52 4
0.99 60.80 1.14 52 25 16.67 66.67 16.67
0.99 69.31 1.00 75 4
0.98 51.34 1.35 75 25
0.99 47.48 1.46 52 4
0.97 41.01 1.69 52 25 0 100 0
0.99 41.26 1.68 75 4
0.98 39.61 1.75 75 25
0.93 71.46 0.97 52 4
0.98 56.82 1.22 52 25 66.67 16.67 16.67
0.95 60.80 1.14 75 4
0.98 46.52 1.49 75 25
0.98 62.45 1.11 52 4
0.98 54.15 1.28 52 25 16.67 16.67 66.67
0.99 57.28 121 75 4
0.98 45.90 151 75 25
0.97 92.42 0.75 52 4
0.99 70.73 0.98 52 25 33.33 33.33 33.33
0.99 74.53 0.93 75 4
0.98 45.60 1.80 75 25
0.97 94.93 0.73 52 4
0.99 77.02 0.90 52 25 39.81 41.78 18.40
0.97 71.46 0.97 75 4
0.99 55.45 1.25 75 25
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Fig 5. Scanning electron micrographs of encapsulated powders containing different wall material a) Maltodextrin with a hydrolysis degree
of 7 (33.33%), modified starch (33.33%) and, maltodextrin with a hydrolysis degree of 20 (33.33%) b) Maltodextrin with a hydrolysis
degree of 7 (18.40%), modified starch (41.78%) and, maltodextrin with a hydrolysis degree of 20 (39.81%")
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Abstract

The goal of this research was to find the best way to use shrimp shell as a source of astaxanthin and as
an agricultural waste in shrimp processing site. For this purpose, first shrimp shell extract was
extracted with the assisting ultrasonic (25% amplitude for 13.90 min at 27°C) and with petroleum
ether / acetone / water solvent with a ratio of 15:75:10. Then it was encapsulated using different walls
(modified starch and maltodextrin with hydrolysis degree of 7 and 20) and spray drying method. Wall
composition design was performed using response surface method and simplex lattice design with
augmented axial points in mixture design (14 wall compositions). Evaluation of physicochemical
properties of microcapsules (moisture content, microencapsulating efficiency, astaxanthin content and
antioxidant power) showed that the use of a mixture of maltodextrin and modified starch walls up to
the center point of the triangular design (33.33%) improved the physicochemical properties compared
to using of walls alone. Optimization of different wall concentrations for microencapsulation of
shrimp shell extract containing astaxanthin using numerical and graphical optimization showed that
the optimal wall composition containing 18.40% of maltodextrin with a hydrolysis degree7, 41.78%
of modified starch and 39.81% of maltodextrin with a hydrolysis degree 20. Also, the stability of
astaxanthin in microcapsules during 42 days of storage in different conditions of temperature (4 and
25°C) and humidity (52 and 75%) showed that the amount of astaxanthin decreased linear in all
samples (linear coefficient more than 98%), but the amount of final astaxanthin in different samples
was significantly different from each other (p <0.5). Reducing the temperature and relative humidity
of the storage environment resulted in better preservation of astaxanthin in microcapsules and
microcapsules containing optimal wall composition and equal composition of each walls at 4°C and
relative humidity of 52% had the highest stability of astaxanthin with half-life 94.93 and 92.42 days,
respectively compared to other microcapsules.
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