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Abstract: The improvement in stability of astaxanthin microcapsules was assessed by optimizing wall materials and adding
antioxidants to address the bottleneck of poor astaxanthin stability that limits its application. Microcapsules with three different
wall materials were prepared by spray drying and characterized in terms of their physicochemical properties, micromorphology,
differential scanning calorimetry, and infrared spectroscopy. Their stability was evaluated under heating, light exposure, and storage

conditions, and further enhanced by the addition of antioxidants. The results showed that, compared with gelatin and calcium
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lignosulfonate, astaxanthin encapsulated with sodium starch octenyl succinate (SSOS), maltodextrin, and sucrose as wall materials

had the smallest emulsion particle size (221.10 nm) and the highest centrifugal stability. The microcapsule particle size was 12.40

um, with a solubility of 96.58%, an angle of repose of 27.25°, and an encapsulation efficiency as high as 92.85%. Scanning electron

microscopy showed that the surface had few folds and no cracks. Differential scanning calorimetry and infrared spectroscopy analyses

also showed effective encapsulation. After heating and light exposure, the retention of astaxanthin in the microcapsules increased by 1.62-

fold and 1.11-fold compared with those of free astaxanthin. The retention remained as high as 98.45% and 97.27% during storage at 4 “C

and room temperature, respectively, for 160 days. When combined with tea polyphenol palmitate (TP) and tert-butylhydroquinone (TBHQ),

the predicted shelf life of the microcapsules was extended to 2.84 years. In conclusion, SSOS, as the primary wall material, in

combination with TP and TBHQ, resulted in astaxanthin microcapsules with excellent performance and high stability. The results

provide theoretical guidance for the application of astaxanthin microcapsules in the fields of food and aquaculture.
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Fig.1 Process flow chart of astaxanthin microcapsules
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1 HREILKES (%)

Table 1 Microcapsule emulsion formula (%)

ft 7K SSOS GEL CL MD SUC AST k& BHT AP

F1 70 17 — — 354 2 001 7 0.225 0.225
F2 70 — 725 — 63 899 0.01 7 0.225 0.225
F3 50 — — 1 28 13.54 0.01 7 0.225 0.225

Er AL AR E 2 (mim); F A3 B 4
( Sodium Starch Octenyl Succinate, SSOS ). BAX ( Gelatin, GEL ).
A R % #% B 45 (Calcium Lignosulphonate, CL ). % 3 #
# (Maltodextrin, MD ). & #% ( Saccharose, SUC). ¥F
% (Astaxanthin, AST ). 2,6- = #& T % st ¥ & (Butylated
Hydroxytoluene, BHT ). 43 AR 4748 B2 B ( Ascorbyl Palmitate,
AP); F1 B % (SSOS-MD-SUC ). F2 & 7 ( GEL-MD-SUC ).
F3 Bt7 (CL-MD-SUC ),
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Table 2 Formulations of different antioxidant combinations

AL FRAF 2R 4 147
FI1.1 BHT AP 1:1
F1.2 TBHQ AP 1:1
F1.3 TP AP 1:1
Fl.4 TBHQ  ROE 1:1
FL5 TBHQ TP 1:1
FL.6 TP ROE 1:1
F1.7 TBHQ NA 1:1
F1.8 NA TP 1:1

JE: 45 T A A R = 8 (Tert-Butylhydroquinone, TBHQ ).
HU IR oo BR A5 A8 BR B5 ( Ascorbyl Palmitate, AP ). X % By 4% 48 B
B ( Tea Polyphenol Palmitate, TP ). i % & 42 X 4 (Rosemary
Extract, ROE ). 2,6- =4 T s ¥ & (Butylated Hydroxytoluene,
BHT). #4844 (Sodium Phytate, NA).

1.3.7.2 & B BUE IR E R s BE A e 1
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J 2346 R U B AN BORE R 1) 80 °C (3 ). 85 °C (2.5 h).
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FrP. MM FESTE 80 CIEIE 3 h B, FHEZE
85 CHUNZE —{n#FEh 2.5 h, BUHEE M FEdh, THE
90 CIANEE = {nFEShIETE 2 h, BUHEZE = ke fh, T
M2 95 CITRNEE YA FE B 1.5 h, B S DA
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Fig.2 Particle size distribution of microcapsule emulsion

prepared with different wall materials
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e AT, SRR IR S K R RR, Hp
Fl MREAG REKST SR (3.04%), TN
BEf s I T K EEH (3%~4%) WP, 15
W, BT TR A

[ LT 11 5 gk 55 R0 I8 50 A A6 i P S 1) i 0 1 FH
L. WEFREE, BT 40° ROAK 1A b K eSS H
W BIET . AR 4 AT, SRR B AR 3
/NT 400, A BLFL SR FE AR OB MR (27.25°),
Ui B Z A FE S P B U o A, =R AR B )V
FERI>90%, VEMRRERLF, b F1AMUR BEIA AR FE Mk
96.58%, i WA 3 I L BT H R Ve K B fis 3 B 7E /K
IR IFRETBR T 2, AT A L AR .

AR R ERE O B R TR ER
T, BT A ) 0 B b e T B0 1 40 5 A 3 R OR A
W &. F1 AT F2 B 2 1 AL 3 R0 20 5l D 92.85% Fil
97.06%, T F3 UK H#E (71.51%). WKW ZE
S5 REM B AL M R DDA R . KR R R ER S A T
SERER Z AL G T VR AR B — 4R SR Kk - K
A5, RIS BRI A T Ak A1 F NS, fEBLA T
AR XTER T 2R B R E AR AR, BRAE )T
AL EER, BB AR SR R RE T, 3
H TN T A B 2 R S X ARt 7 A, (R
IR, BRI R T KN Skt R i T
BEMY, AMUEA RIFIFPERE AR RE /1, 5 MD

A SUC Bk FH W 47, BEWE TR S0 i BE A Ah 5,
AR T8 55 T AR IR T 2 0 T B R A AR e PR R
Th, RAENEEM A EIRE R R IER.
222 AR BB EMIKE T it

BEM VRN R ARG B ERm, MR
TV 35 1 A AU T 5z B 4 A Je B 40 A A 0T FR) AN [
FFH 4 R BT o BT L R A 20 3 k< (3000 £5) .
10 kx (10 000 f5) A1 15 kx (15 000 f5) N W %2 % 4
IRHEMITEAS, b5 J WS [R] B A o A B 1) e s 1k
AR R EE SR BB 3, SMRTERE
BRE, A& S 55 TR R, IR R TR AT
AN FIOU) U5 R T O i R R ZE R, T SO
TP 3t A v Ak TR A AT T PN S/ s AR R BT WA
a0, F1 B S TR 2 TG Y T BA A 2 4k A LR,
HA RT3 sh R 3 AR, X2 TR A SOSS B
AU IR RE T, Re I B e B I R e T, x
AST 3 B 8505 F2 FI F3 U M e 2 R MR %2,
Tishki %, {H GEL B A HIX B 4T i s g /1Y,
R, F2 i B8 i o ie B 4 R FLIR, BB dr.
F3 (R BeR A 4/NLBR =4, S8 L CL Ny FBEM
M ZEmT At T AL R 2= 5, B e R
B HiES AR R 58, MR EE. 451K,
MAFEMRBETE S TR EES RAMR A A
PERRGE AV, 5 U0 DL R I B IR R U B 4
(SOSS) NyEBEM £ 1 F1 e 98 B H 0t A3 44
RGN .

& 3 TEIEM G &RAERLRH LR

Table 3 Physicochemical properties of microcapsule emulsion prepared with different wall materials

Bt ¥i4%2/nm PDI WAL/ mV s E/(mPass) BSFEEME/%
F1  221.10%£251° 0.17+0.02° -19.30+1.42° 46.77 = 0.45" 100
F2  569.30+16.23" 028+0.02° 9.28+2.06" 23.37+0.51° 98.45+1.54°
F3  37930%6.04° 0.17*0.04° -22.60*2.69" 37.83+0.76° 92.06 +1.59

7E: % 5¥ A % (Polydispersity Index, PDI), RE FEHREKLRA ZH£F (P<0.05).
xR 4 REEHHEHREENER ST

Table 4 Physical and chemical properties of microcapsules prepared from different wall materials

At 442 /um K 4F 1% TERRIE % fRaEfA ° 3R Y%
F1  1240+030°  3.04+0208  96.58+0.01' 2725+1.11" 92.85+0.69"
F2  1323+0.87° 226%0.03" 9128%036" 39.72£3.59°  97.06 +0.23"
F3  1593+0.65"  2.06%0.03° 9026+0.75" 39.79+256° 71.51+3.01°

E: A LBARESH, % (m/m), TR FERKALRAALEEZF (P<0.05).
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Fig.3 SEM images of microcapsules prepared with

different wall materials
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Fig.5 Fourier transform infrared spectra of various wall

materials and microcapsules
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Fig.6 Accelerated stability of the three microcapsules
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Fig.7 Long-term stability of the three microcapsules
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Fig.8 Linear diagram of the storage period of microcapsules

tested by step-type constant temperature method (IgK versus 1/T)
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x5 AMBERENRBREIFLE
Table 5 The storage equation of microcapsules tested by

step-type constant temperature method

. 25°C
20 5 4 2
28 3\ Vi K R foy (25)
TBHQ+AP y=-5889.5x+14.467 5889.5 09807 2.39

TP+ROE  y=-6292.8x+15.775 6292.8 0914 2.66
TBHQ+ROE y=-6 687.6x+17.132 6 687.6 0.8855  2.47
BHT+AP  y=-6216.1x+15.58 6216.1 0.9253  2.30

TBHQ+NA »=-5189.4x+12.173 5189.4 09466 2.11

TBHQ+TP  y=-5858x+14.287 5858 09248 2.84
TP+AP  y=-5707.1x+13.807 5707.1 0.976 8  2.67
NA+TP  y=-6366.3x+16.088 6366.3 0.8849  2.28
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