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ABENERWANMEL, RETFROEEREME, UXFHE, BHE-B-FTHH

(HP-B-CD) W BE A, % J vt % T & 3 %t 5 4% 8% & (Euphausia superba) i & & #AT i L@ 32, FFxt
MR EMAERNEAETHATHAR., ERET, ZFYHBSHP-B-CDEMMEL 13, FFX
BT E S H4.76% . KL E B -807 i il & 03 H0.87% . B RE #0.20 g/mlit, #FFH FH%
IR B FE R 98.77%. # & B I F Z MR B A E N (3.11£0.11)%, AME H(94.32+0.08)%, 1k
LA A (34.164024)°, REMEHRXYN, GAMKRENWTFREEMAL, TFEEMREEAT RS
. BREEA UGS HELHET, HFZNREE 25 1128.72%. 45.27%520.76%%2 & 2| 7 78.32%.
84.88%1174.97%., | WK ENTHE R ENFREMUEMRER, AXFEMREMLT B4 4
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O I A5 9 B A7 e 3 45 22 i A W s PR X R 4, 20115
Al-Amin et al, 2015; E# %, 2012; Zhang et al,
2014; Abdelzaher et al, 2016; Ko et al, 2016; % &
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AT LAY 5% 200 Mo B 3= 1T AT N SR Y B bl 3, X ER T R b
HABZEE A DR W B F A 09 4 9 1% 1 (Kishimoto
et al, 2016; Yamashita, 2013; Guerin et al, 2003), {H[q]
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OB S A& — i F R AR e L k), JE XTI
A A 2= R = A S TR R . Wik, P2
X HLAT R K A 5 RS M %) MR 2 U 4 7
PEAT THFEE , W45 45 90 45 (2015) 3R FH It 25 T 1
o, [ JR S MR 58 R 7 28 1O 2 Ak T 203647 T el i T %
fl, HFE Z IR LF] 92.89%, Chen %5(2016)
SR FH & A8 S I 1) = A S BE b 3t v e 3 o Ak
T A 2T BR 9 1) 4 0 R AT I 25 T A L Ak, &
PR F5 10 7 i ZE AT 7 R A5 1R T A7 30 d
J5i , W R RAE 95%LL b, s TR AT U
B i

MR AR RS TREY R ET
PETTASERE B AR . AR SR I B A7, Tk )
P/ . EENEN B, EE . K25 %480
LT IZ AR AN o T SRRV ) 25 i B 1
Tk EEA . W TR GEITAE, 2009) . BRI
FLAS R R TR (JE DS 4, 2017)% . Hih G ek
A RO, 7 S BURYELT , B5) 32 5k B R A
BERFNBIFEM, 7= SRR K . B R R Tk mT LA
AT AR S A JEE AR IR RS (R E 2SR
FERBER K . A= IARE o AR 5 SR FH B4 s 25 1 48
BAERAERE, UL SR NS, HARR
A s . I e RO, R R B A v I
RTZ B B REE, 2016; 1 F1515, 2016).

AR 5 R F W 55 T 105 43 5 R 400 1 P e
R (Euphausia superba)iF 4 Z EFT iU etk , LA 2
WK 5 52 T - B- P (HP-B-CD) N &2 S BT . B
BUHE-80 M FLALA, DAL FGH I 9 fb = Fe ol %5 4%
FEbR , 38 A B PR 2R RIT ] 7 T S 56 X e B A M 7 2 M
ET T A3 Tk, 3-95 T m e B R R 75 2w
TR R AT T 2055, IR o TR T2 4%
FF i 45 B R 3R OB 3 ™ i AR E P L DA A
T8 A 1 v ORI FH R R 5 3R 7 o i 0F 58 T 4 ft i
WA

1 #REFE
1.1 ##

111 RALAA R BRI IR AR R, LR E A
W WREEbRUES, 4EF 97%, 5 Sigma AF];
ZEMIKS . HP-B-CD. BFIFAANE, Wil THEMRHE A
BRAT]; FIm LR e M lE, WL =W B
AR F] 5w AR D BREE (SE-9), |7 74 & il 2 s B
HIRAT; BINALEE-80, KEA AN ; IF
CUGE . Ak . PIER S35 R el ) Mk 2=t
A

112 BELHEE EYELA-SD-1000% 5 55 T}
MlL(RikakikaZA ], HZA); UV255088£84ha] W46
B 11 (Shimadzu 2y /], H A); GB204 A i 1 K
(Mettlery &), Ft); 79- 18484 S it 28 O T
FEAF AT S5 43 A A A 35 T ) 5 TS0 iy il 431l o
PLAKA T & A w], fEE); SHZ-82ARIK A H I
PR35t (U0 4 3 ORGSR A AR i 8 AT BR A 7l ) 5 3K30%
HREHEAHE.OPL(SigmaA F], fEE); Quanta 400
FEGH A S BB (R RNHFELA A, 17 22),

1.2 FHik

121 #ikEwT L 2 % W 01 A (2014) 1Y T
IEMEAE B o He FLBIRRIBURE AT TR pReh, i stk
FEOT IR, REFI PR TR FE 30 ming FREGEH 0
N — 2t 18 LA 0 ) BT A VAT o R BE A T i A
FEN GG, BEPE S E B FLAb s o 1%
B TR AR KR 170°C %S4 E 77 0.17 Mpa,
P AR AR L FOR R HIZE 90°C, TEULARMF TR i
FPmess g, 25 pa A Bl IR 7 R AR 2 7 i
1.2.2 3T F E AR v K09 ) H BT IR
£, il 5 A-AT WA THEE 400~600 nm %+
JE N, WS R TE 478 nm AN B iR
PR W SO0 o) AN ) o o VG B R R b S VA Y, 40l
0. 0.5, 1.0, 2.0, 2.5, 5.0 fl 10.0 pg/ml, 753|[1]
IH77 % y=0.0358x+0.0116(y HWOGHEE, x HUFE R
HRIT), R=0.9961,

1.2.3 MR EAHRIFE S 1B 4E(2014)
M7, DA AR e A = R e hn . 1R A
mF.

LR (%)=
MRBEIFE RS E -HMRBERIITE RS E
R RIS & & &

. oo po, . IR BENF T 2 B i

A = TN

TR MR 2 A DUSE - HERRFREL 0.50 g T4
J5 B R R RS, I 10 ml KPR — 1A &
T VR — 0 o Bt R (R AR LG R 1 DR $2
S5, BMEBEANM 5 ml 8K TEERTLES,
TE 478 nm FINMEOCRE, AR bR o il 2 H S i ke g v
LN s o

T 2 R R S A IE . MERRFKER 0.50 g
T8 5 R Z U R, I 10 ml 1E CVedie 37 $2 e,
B E RIS ml AR TR EET B, 7F 478 nm
SR AR A v TS A A 2 v R

Epie
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124 A B &5k B R 6 Hoh 43 5 LA B
PR . HP-B-CD Fl-FIf FEBEFAFR VE M R M BER , 2%
ZEMIR MR, WEBEMERAA TH R m(EF
W) : m(BTRiA =1 : 3. M4HA m(E K.
m(HP-B-CD)=1 : 3, M4k m(GEZEMIK) @ mBTHi{A
JiZ) : m(HP-B-CD)=1 : 1 : 3. V41 h m(ZE W)
m(V LIS FARRIERBS) © m(HP-p-CD)=1 : 1 : 3, fl
A—3E L BIE R I BLER-80 ME ML, HFF & A
W o 5 BT Z U N 5 5380 5% FILALHR-80 WS N
R 0.5%E LIRER BT . B CEERE .
M SFALFNDHEE 0.20 g/ml, LUK 3030 R A0 7=
RFRFRVEAY, P SRR A R SR AR (R 5 )
AR 2R 90 28 o A B A TE BL R BE R TR, S R
R RPN E (3% . 5%, 7%. 9%F1 11%) . F
HIBLHE-80 TR T 73 40(0.5% . 1% . 1.5% . 2%l
2.5%) . [P E(0.10,0.15.0.20.,0.25 F1 0.30 g/ml)
YERSEE I Z , ZRA AT 451 IR 2 X I 3 7 e i
HE A5
125 muE@EErRATFFERKRE L L S o}
e N R RAE T A5, Le A BB R
aE R MG Box-Behnken 0 ST REE, EHE
XTI U A ORAT W A 3 AN IR
RN E0(A) . R ILALER-80 B N & 43 41(B) |
B YA BE(C)h A e 2, ARSI (Y) Jy i (e, Al
JH Design-Expert 8.0.6 #fFiE47 3 IZ 3 KP4 1R i
HSCEPEAL, SC56 R FKE R WL 1.

x1 WMMEREERKT

Tab.1 Factors and levels of response surface methodology
SLE R 2K Test factors
B R 1LALH-80

5% ;
5 AR C L

KT mRA EMREAE e o
Test e & Solid
Added mass Added mass ncentration
levels fraction of fraction co z:e/mia) ©
astaxanthin(%) of Tween-80(%) &

-1 3 0.5 0.15

0 5 1.0 0.20

1 7 1.5 0.25

1.2.6 ¥FHF ML & B ACHE AT 69w Koy i

FIME : 2B L 2 EZFirE GB 5009.3-2016 ( &
i ROK BN E ), BT

T BE I A2« 2 BEOSCHR i 75 25 (Montero et al,
2016)MEAEE R, FRIBUE i IR 75 R Ol 2848 0 F 28108
IKFEAY ARG, 8000 r/min B5.0> 20 min £ FIEW, W
LvE T 5 PR

A (%)= 1-—— 100
(%) (=MW

K, W PRSI (g); M MU SEARE
mn K i (%) 5 WA TR S R il 1 T H ()

Wik maie. SBEMh%eEZbrfE GB
11986-1989 { 1 1% ML - A3 oA FURL AR 1 £ 16 0
FED) L R BRI

FMTEASEL « N I K5 T S 34
IR BRI S LS . FERES & B0 — )2 XU
JZ, K S R R AR AR AR LT, IR R 2 AR R,
Ry EERE L SRRt T & N UL SN £ 1 : 8
127 WHEEMBEEBIBRFR T 5 X T i
FE R RE I« B d 0 T 2 IR 2 7 i B AR A T IR
FEALMIRE R MR, 20 E T 4C. 25°C. 40C, 60°C
8O CEMT, 24 h [T E IR BRI R, %
FE U B X TS B AL 5 MR 287 SRR MR R

RGN AR 8 7= I A R T« BB R R T R O
PE7E T B AR AT O B AL B R R AR, iR 25°C
BE, HAROEEKM FRAE 30 d, & WBORED 2 IR &
PR, 2558 H AR U AL AT J5 IR S 2 = e e
PE B

23 S P AR SRR S P S I RE ) - BGE IR R
TS B 7= i B AR A T SR AL P R 7 38 A, 4300
FREM A, =R 25 CEIECEKHE TR 30 d, E8
HRRE I 52 MR 75 2R AR B 8, Bk R rp A AU 2 4k
HIJE IR 7= SR e PE RSS2

LN SRV E S 173 [ /N W =

HEMREER (%)=

ANFEFAER GRS PRI E RS &

ER TR RIS R & &

2 RS9

21 EBMMEMNITFTRRBELIREZME

AN [5] BE 64 b 2 36F Dok e 208 A 00O 1) B2 i 45 2R L
Bl1e il LA, FE)LRPEEM A, DL TR
PAROCR G, VAR Z, | AWM EASCR 2%
H5IAML, VARURELBIEARMERK, B
PAC R UL ARAR , X AT RER T TAEMA T —E &/
VBRI IE MR, FUALRA R sh I 2, B3k
W55 T Al P T BN RE A LG, S BB AL 7 R R
ik, SIVAALL, MARER G b LLBTRA A T
T EITIAM IR, SRR T, ERE
FLA IHEAE (2010) X0 2 4 HE B FATR UE B3 T 1 0y BE R T 43
B R R IE — B L, HAEFET A
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m(Z ZERIKS) @ m(HP-B-CD)=1 : 3 WUFH Kk 48 i
FERERC L UEAT S 25008

O f ¥ Microencapsulation efficiency
B 31k~ % Microencapsulation yield
a a

H 4 E Percentage/%

I I | v
BERF2H A Wall material proportion
B BERF RPN RS 3R U AL BCR Y52
Fig.1 Effects of different wall materials on the
microencapsulation efficiency and yield of astaxanthin

e T mGEZPWIR) - m(BTHAAB)=1 + 3; 11 : m(AZFH)
K§) : m(HP-B -CD)=1 : 3; M. m(GE WK : m(BTHr{A
JiZ) : m(HP- B -CD)=1: 1 : 3; IV:m(Z ZEWIHE) © m(FH 5
BREAMRTE KA) ¢ m(HP- B -CD)=1: 1 : 3; EARAR/NG S
BFRREMEER B EP<0.05), AFRKREFERRHE
Rl xR B EP<0.05). TH
Note: | : m(maltodextrin) : m(acacia)=1 : 3;

II : m(maltodextrin) : m(HP-B-CD)=1 : 3;

IM: m(maltodextrin) : m(acacia) : m(HP-B-CD)=1 : 1 : 3;
IV: m m(maltodextrin): m(octenyl succinic anhydride
modified starch): m(HP-B-CD)=1 : 1 : 3; Data with different
lowercases are significantly (P<0.05) different of
microencapsulation efficiency, and with different capital

letters are significantly (P<0.05) different of
microencapsulation yield. The same as below

22 MEBRFMRESENE MR BELIRD

A

AN TR) SR 2 0 X A 2 A IR 14 5 i 45
VL 2. fIE 2 AT, R RO BE AL ROR BB AT
Z VRN BN R R S ETHE TR, JF
TSR Z NN H BN 5% I AL A5CR fe i
AT RESE F T SR S0 R A A I, FERE AL
FHEARIAEOLT , 2 2 A (115 4 BE AR
ELEWE L, T BT A HE AN F A B A (Tonon
etal, 2011), PSR o R 2% 08 0 5 f 40 BRI ) T
LBHR 5%

23 BILHEAEE-80 AMRESBMNEEZMKEL
MREI M

TE PS4 3 i v B LA S FLAR R, FL Ak

MR, WAHS KA BEARGF RO RS 78—, TSR il
ALME-80 HA BRI FLALRICR , TR #2310 ALER-80
VEFUALH o AR R LA EE-80 AN X0 T e 2 Ak sk
RAF M ZE R UL 3. & 3 A, BEE R ILALER-80
BT B 39 AR TS R U A OR, Bl
THE TR, IFERINAE-80 BB 78k
1O%M UK e A RO R Bl IR, B R L AL -80
BRI E 1.0%1F 9 HdE 1 T 2240

G Microencapsulation efficiency
BBk % Microencapsulation yield

E 43>k Percentage/%
A o ®w o
(=) (=] S (=)
)

N
S
T

(=)

' 6.03 0.05 '0.07 '0.09 ' d.l 1
RE R INRE K
Added mass fraction of astaxanthin/%

P2 R B A INTT it 43 B0 R 7 2R R AR 5 il
Fig.2 Effects of added mass fraction of astaxanthin on the
microencapsulation efficiency and yield of astaxanthin

O #2% Microencapsulation efficiency
B 1L =3 Microencapsulation yield

100
L sof
&
2 60t
3
5
& 40}
]
&
> 20}
o : i :
0.5 1.0 1.5 2.0 25
BILFYER-S0F I R 20 8k

Added mass fraction of Tween-80/%

K3 BIIALER-80 XF T 2 UK 2 AL RICR 152 R
Fig.3 Effects of added mass fraction of Tween-80 on the
microencapsulation efficiency and yield of astaxanthin

2.4 BEIRHREXINE RRAE N RAI T

A T 85T FE 0 e 8 0 A T 8 A1 88 4 52 0 45 2 DL
Kl 4ot 4 mn, B IS Y B2 A8 i 2= 6k
JRBEACOR B B LT T B S, IR A [ 4k
JE 0.20 g/ml WU BEAL R ey o I Fh T 24 [
FE e KL Y3, FUARERSBE AR NI, Al DA
D FLRAE 55 R R R AR AL B, AR TR
TR GREM A, T 25 AR R v BE A B )
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R, DT 42 e e B A R, o L 244 [ 2 40 ik 3 g
FLBBE R, Wi 55 Tt B hok op 28 k ¥ 2 3%
Wi, A I BB BE R, T B 2 AL ROR B AR
(I EEAE, 2014), PULHH 2 BIEYHREE 0.20 g/ml fE
NURE R REGE T. 225

D13 Microencapsulation efficiency

B FE L= % Microencapsulation yield
100 b 2

80

60

B4 H Percentage/%

. 0. 0. 0. 0.
[EFEYrH EE Solid concentration/(g-ml™)
Pl 4 T Wk B X 0T 2R AU S A AR B R
Fig.4 Effects of solid concentration on the
microencapsulation efficiency and yield of astaxanthin

25 MMM EELEHER

25.1 HBERE IR G E 5 F EL PR 3R S50 AT AT
ANTR] PR 28 % MR 28 e 2 AR ) s e R AN T, AR
P P R LI 2 S, BB ALK 3 AN AR
HRBIMBTE A . RIIFLER-80 ¥ i & 4341
(B). B EE(C) H AR B, DA e b 3%y

MR R, HAERKNZEAKFRELE 1, BRI Box-
Behnken SCH T T RHEATSCE:, 45 ULk 2,

L ZILRAILA, IR ZHEPCR ) k210
mF 7 FE R . Y=98.67—1.12A-3.06B-0.70C—1.04AB+
0.45AC-1.15BC-3.64A’-5.61B*-3.09C*, %f%& 2 Hif
PRSI A R AT I 2200, AR WK 3.

7 25 BTl L, AR 3 (P < 0.0001), K481
A 22 (P=0.7425>0.05), 150 iZ 8 5 52 bRabl &
JELf . R*=0.9936, R°Aq=0.982, Uil iZM R AFL
RAf, SCsyR2s/0N, RENE I W N (Y AR fk o [R] s AT
A, A DR IR R U AL s e R AR IR R
B>A>C, HP R 1L ZLTE-80 ¥ 15t 1t 73 B> 7 22 7S i o
HOTECEIE YW ; A HI AB, BC Wi & (P<
0.05), AC iAW, FWIRE K30 BOmE
LLIALTE-80 s Jin BT it 7345 2R 1L B4 -80 ¥4 M o £ 434X
T e B X R R AU AL A 58 Bog i VR AT
T BR 75 28 8 B o 4 50T [ T2 40 ok o) 0 7 R AU
FEAL A H A AV AN B &2
252 v p&E X EAER S G HRALE R AT %M
KA HAE RIS R R WK 5, K S5 aT
A, RILALER-80 B 0ot i 4r B0 IR R AU R0 52
M e A, RO B 28 WS 0T £ 53 K5OR8 vk 2
WO 28 94 o 5 £ 4 05 TR W ik B A8 BAE R X IR
R AR B E(P>0.05), BILALEE-80 WA
HOECS EIE Y B | IR RN TR A R AL

R2 MENERTARSIRER

Tab. 2 Experimental design and results for response surface analysis

gy AR B RS0 T S C T4 i Y i
No Added mass fraction Added mass fraction of Solid Microencapsulation
’ of astaxanthin(%) Tween-80(%) concentration(g/ml) efficiency(%)
1 3.0 0.5 0.20 92.47
2 7.0 0.5 0.20 92.00
3 3.0 1.5 0.20 88.94
4 7.0 1.5 0.20 84.29
5 3.0 1.0 0.15 94.02
6 7.0 1.0 0.15 91.20
7 3.0 1.0 0.25 91.77
8 7.0 1.0 0.25 90.76
9 5.0 0.5 0.15 92.85
10 5.0 1.5 0.15 88.53
11 5.0 0.5 0.25 93.71
12 5.0 1.5 0.25 84.79
13 5.0 1.0 0.20 97.83
14 5.0 1.0 0.20 99.06
15 1.5 1.0 0.20 99.12
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x3 MEEREEFTESNR
Tab.3 ANOVA for response surface quadratic model

AR Source 5SS A df Y175 MS F P 3 PE Significance

FE Model 275.77 9 30.64 85.97 <0.0001 ok
A 10.03 1 10.03 28.15 0.0032 ok
B 74.95 1 74.95 210.29 <0.0001 ok
C 3.88 1 3.88 10.89 0.0215 *
AB 435 1 435 12.21 0.0174 *
AC 0.82 1 0.82 2.29 0.1909
BC 5.29 1 5.29 14.85 0.0120 *
A 48.90 1 48.90 137.21 <0.0001 *ox
B? 116.19 1 116.19 325.99 <0.0001 ok
c? 35.27 1 35.27 98.96 0.0002 ok

5% 2= Residual 1.78 5 0.36

AT Lack of fit 0.72 3 0.24 0.45 0.7425

4lij% % Pure error 1.06 2 0.53

MZESE Cor total 277.56 14

N 2 TN (P<0.01); * 25 57 .35 (P<0.05)

** means highly significant difference (P<0.01), * means significant difference (P<0.05)

Y: s
Microencapsulation efficieney/%

Y: s
Microencapsulation efficieney/%

Y: AR
Microencapsulation efficieney/%

(IR E SRR (PO TR R S A DI vATl
Fig.5 Response surface showing the effects of preparation conditions on the microencapsulation
efficiency of quercetin microcapsules
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Fi-80 S N 5t et 43 45058 EATE X R 75 38 $2 R 52 1) dn)
#(P<0.05), HZ11ALHE-80 48 N B 543405 IR Yk
2 AR FHRZ M KU Z 3o 40505 R 1L BLER-80
WIS B HAEH, 520 iras R —80

T 3 W O TR A AT, A R RO A A
T2 4R A=4.76, B=0.87, C=0.20, EILL m(F
ZEWIRS) © m(HP-B-CD)=1 : 3 JyBEft . HR Z U5
WA 4.76% . F1LFLEL-80 WS i 4 KK
0.87%. [EITEHIHEEEJ 0.20 g/ml, 435 H W% T4 0L
W52 KR 170°C . H RE 90°C i, WF5 R
FAHR P HIS N 99.15%,

Ry S E AR TR () R 1, LA 7 T R AR A3 AT A
BT EHITEE L, LR ER, BBIFEFER
TR B LA R STIE N 98.77%, 5 PEIS{E AH X} %

220 0.38%, i B EL R MER A R .
26 MEERRESMBELSHE

F7 K A3 S B RAR A R T B Lk 7 A s
A5, ARIE AR RO R B T, Rk R R
JIHN, A B (B AR, 2016), TEIZIIE 5k
PF T AR A R 2R B 38 ™ oK o i AR B S AR
1E£A 23 51 (3.1120.11)% . (94.32+0.08)% 5 (34.16+
0.24)°, K1EA/NT 40°, UL EA BT shbE, 45
M FRIEOEH BB, AL, AR TR, I
F R B B R T A N RS WA 6 Fian . M
Bl 6 i i e R as e BT, LA, WA A
Ji, BEBERE, T GORE 7 i S K A T A,
PR AR A B4R

un Yat-sen U

Pl 6 RT3 IR 4140 P B 2 T RN B 2

Fig.6  Surface and internal structure of astaxanthin microencapsulation under SEM

27 NERMKRESRHTEEME

271 BEMNITHEEREGEGYA AN Ta] L RE %o
IR AR B R A WL 7, m & 7 AT, AR FE
FEZMET, R AL IS U T AR B R Y i T R Ui
FALRIIR T R AR, Hop R gt U AL B IR 7 R AE
B 40°C, HARERME TG RIGE TR, ik
WAL IS U7 R R B 3 2 18 A R R FA %,
IR D e A A A AT B S A R A R E M
76 80°C N, TR HEAL )T BN 257 bl B . TR rY
JER AT REJE TR S 80T R R A B 2, (R
HREZER, WHFECT HAA R T,

272 ARESHHFEIRGEG A H SR JEXT
W Z AR R R S L 8, FIE 8 W, 285d 30d
FIPRAT G , ST 20O 2 R A IR 75 R AR B R TR B
WAL IR 25 iR . ERT 20 d AOPRAEIIIR N, 3k
JEHEAY S5 B R 2R R B RAKIRTE 90% LA I, T A iR

PALRYERTE R IATE 5 d /5 RTE ] B A T REE S,
X PR O U 2 A B AT — 5 DG OR R AT, Wl LAB
TSNP NE PSS TR € ] o s

—_
=) [e] [
(=] (=]
T T

HFERREE
S

Preservative rate of astaxanthin/%

[N
(=]

[ —&— HFEF E K% Astaxanthin microcapsule
—a— FH#E Astaxanthin

(=)

4 25 40 60 80
{5 Temperature/C
7 R B HR TS 3R IR B R
Fig.7 Influence of temperature on preservative
rate of astaxanthin
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10 98.77%, SIS IR2EL940.38%, U IR
5 WERE 20 o 2 PR P G 2, o 0 5 26 fo e
g 8or 7= ik BT BT SO R A A IR . AR
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Optimization of the Preparation Process and the Physicochemical
Properties of Antarctic Krill Astaxanthin Microcapsules

ZHAO Yonggqiang', TAN Junxiao'?, LI Laihao'”, YANG Xianging',
WEI Ya', CEN Jianwei', LI Chunsheng'

(1. Key Laboratory of Aquatic Product Processing, Ministry of Agriculture and Rural Affairs; South China Sea Fisheries
Research Ingtitute, Chinese Academy of Fishery Sciences, Guangzhou  510300;
2. College of Food Science and Technology, Shanghai Ocean University, Shanghai  201306)

Abstract Antarctic krill (Euphausia superba) is a species of krill found in the Southern Ocean, and
an important strategic resource of China, whose growth and reproduction are susceptible to the Antarctic
water environment. Due to their huge biomass (estimated to be 125 to 725 million tons), nutrient contents,
and active ingredients, Antarctic krill can be widely used in functional food, aquaculture, medicine, and
other fields. As an important extractive, astaxanthin has high antioxidant activity and could play an
important role in anti-oxidation, anti-inflammatory, anti-tumor, and immunity enhancement treatments, as
well as in the prevention of cardiovascular diseases. However, astaxanthin has poor stability and poor
water solubility, as the molecules are easily damaged by oxygen, light, and heat. In order to reduce the
oxidation rate of astaxanthin and improve the storage stability of astaxanthin, the use of maltodextrin and
hydroxypropyl-p-cyclodextrin (HP-3-CD) as the wall material for the microencapsulation of the Antarctic
krill astaxanthin by spray drying and the physical and chemical properties of the product after
microencapsulation were studied. The results showed that when the mass ratio of maltodextrin to
HP-B-CD wall material was 1:3, the mass fraction of astaxanthin was 4.76%, the mass fraction of
polysorbate-80 was 0.87%, and the solids concentration was 0.20 g/ml; the microencapsulation efficiency
of astaxanthin microcapsules was 98.77%. The water content of the prepared astaxanthin microcapsule was
(3.11£0.11)%, the solubility was (94.32+0.08)%, and the angle of rest was (34.16+£0.24)°. Stability
experiments showed that compared to the non-microencapsulated astaxanthin crystals, astaxanthin
microcapsules at high temperatures, the retention rate of astaxanthin increased from 28.72% to 78.32%;
under natural light conditions. The astaxanthin retention rate increased from 45.27% to 84.88%; under
aerobic conditions and the retention rate of prime increased from 20.76% to 74.97%. The above-mentioned
results indicated that microencapsulation can significantly improve the solubility and stability of
astaxanthin, which can provide technical support for the preparation of astaxanthin microencapsulated
products.
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