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Abstract: Fucoxanthin solid lipid-core microcapsules (FX-MC) were prepared and subsequently characterized in this study. The
conditions for the preparation of the microcapsules were optimized through a single factor experiment using the response surface methodology
(RSM). Physiochemical properties of the microcapsules were then characterized using a scanning electron microscope (SEM), particle-size zeta
potential analyzer, Fourier-transform infrared spectrometer (FT-IR), and a differential scanning calorimeter (DSC). The results revealed that the
best microencapsulation process conditions were: Palm stearin: cholesterol 60:40 (m/m), FX:lipid 0.2:1 (m/m), wall-to-core ratio 25:1 (m/m), pH
4.5, and ultrasonic condition 240 W/3 min. The resultant encapsulation rate of the microcapsules was 96.24%, with a drug loading rate of 0.85%
After freeze-drying the samples, the average particle size of the FX-MCs was 1 154 nm, with a PDI value of 0.27, and potential of -20.71 mV. A
uniform particle size distribution and relatively stable solution was obtained. FT-IR analysis showed that fucoxanthin was successfully
encapsulated within the microcapsule wall shell. DSC analysis confirmed that the highest enthalpy was required for FX-MC during phase
change, and thermal stability showed a remarkable improvement. The results of this study can provide a reference for the further development
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and application of fucoxanthin in the food and healthcare industries.
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221 FEIUERB TG E5HT AMEAE FX: JgR. BN R &k = A
AHIF T I S AR FX-MC il % S50k E v a S EVSpy e

flefk, %5 FX: B, BEC LR S & R Y=92.75-3.99A-1.2B+4.22C-0.058AB-0.059AC-
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Table 2 The response surface designs with experimental results

KI5 FXA8 L (A) BEGI(B) # E &M (C) YRR

1 0 0 0 92.36
2 -1 -1 1 93.91
3 0 -1 0 89.00
4 1 1 1 82.73
5 -1 1 1 91.43
6 -1 0 0 96.53
7 1 1 -1 75.33
8 1 -1 -1 77.12
9 0 1 0 86.44
10 1 0 0 88.80
11 0 0 -1 85.64
12 -1 -1 -1 85.23
13 0 0 1 94.15
14 1 -1 1 86.27
15 -1 1 -1 82.97
16 0 0 0 92.88
17 0 0 0 92.57

& 3 A EIREHENER
Table 3 Response surface analysis of variance analysis
FrAe  BHE HF F1& p 1A 2EM
JRAZA 572.88 9 6365  669.06  <0.001 Hxx

FX-BE(A) 15952 1 15952 1676.72  <0.001 *k
EE I (B) 15.66 1 1566  164.63  <0.001 *k
R EEMC) 177.83 1 177.83  1869.18  <0.001 sk
AB 0.043 1 0.043 0.47 0.513 -
AC 0.042 1 0.048 0.48 0.516 -
BC 0.54 1 0.54 5.72 0.048 *
A 0.12 1 0.12 1.34 0.2855 -
B? 71.35 1 7135 78512  <0.001 e
c? 23.84 1 2384 26233  <0.001 e
HKE 0.64 7 0.091
K IAR 0.50 5 0.099 143 0.459 8 -
Hig 2 0.14 2 0.069
BEF 572.83 16
R? 0.998 8
R%(adj) 0.9973

Er e R RSB R (p<0.001), R TFMEF (p<0.01), “*’ERTEF (p<0.05).
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Fig.7 Response surface plot and contour map plot for Y=f(A, B)

7~9 S 125 BRI R A AE ELAE R AR i AR P
SO, BT, SZEAE ISR N2
BC>AC>AB. i, B (BESH) 5 C (HFE&ME
WA BAER B, R B s, a2
B, BEESH—ER, LR TErhER s NI
MR . i PRI AT e 4 R 75 DA B T 2L 43

SIOrEL (eI

BSa 250

A g 15 3
. 3250
,7/‘:‘):/’. 0.12

A: FX:JER

8 Y=f (A, C) NuRZHHE S A EI R F sk

Fig.8 Response surface plot and contour map plot for Y=f(A, C)

B: AL

&9 Y=f (B, C) IR HHE S (A E K F =k
Fig.9 Response surface plot and contour map plot for Y=f(B, C)

2.3 FX-MC & L% W # 2 %I

JBid Design Expert 8.0.5 B4 HT i 1A 5 2, 15
3| FX-MC ST 2248 A=0.21, B=25, C=240,
MBI A NS S LR AT N 97.38 7. N
TR TSR, RGN T 25
FOHE N FX IR 0.2:1 (mim). BERH 25:1 (m/m).
R &4 240 WI3 min (mim). 7R AR5 S5 H
B L] 60:40 (mim), HE5E pH ME N 4.5, TEIR%
JERIZE AT =R ES R, TRRRERS
FX-MC JEAMEEWTT .

3R 4 HSHETIOZRETEMEN 97.07 47, S53ik
TR 97.38 JrEzilr, A N EEIAGAR 2 1)
FX-MC et L2 T4, nTHT4a S it

& 4 ZHOR FX-NMC BIEHRAOELER
Table 4 Comparison of the indexes of three batches of fucoxanthin microcapsules

ik QIR KBHEYN ##2lum PDI RO
— 96.97 0.89 15.69 0.55 97.60
= 96.96 0.86 14.82 0.53 97.57
= 94.80 0.80 14.70 0.48 96.02
FHE 96.24#1.03 0852004 15074044 0524003  97.0740.74

24 FEAKAE

241 WIREIEFE (SEM). *it2Afe Zeta
5

TS T RS AR S FX RS ZE
FA[LLEIWT FX-MC 21 TER. fEE] 10aA 1, BT
FX IZKIETEAR, X S RTE K R R R A T R

88

Ko RSFAN, (HEATHKERKT 50 pm. A
WREE (& 10aB) AEHKAT GA H &S LRI
FURL, RiAR/NT 500 nm. KA PR IR T /K G BT
SR, R BIREM KA, BRI 18125 54
B, TERAINI SRS . 7EK] 10aC 1, FX-MC
BEIRIE . 78 10 K HORARRECT, w] DAV A= o0l 5% 21 2R 1
bhBDEi (B 10aCH, BARY, KAZS —Eai



MR BRI

Modern Food Science and Technology

2023, Vol.39 No.1

Jo, TR ST e RER T, (SEROR R 1 R LA aE
BRI N R N EEM e AN, R
WOR T URBE RS ENE, BT

BT SEM BN EL AT, FX SRR, 2 A
JRFER FX-MC 2ILHEAFRIER, R FX i
WAV, IER R PX I 3 TR

ME FX-MC “F¥JRifEN 1 154 nm, HAN
-20.71 mV (& 10b. 10c), PDI{E N 0.27 (HukEAk &
Do RARIERIOK Y, FFEMIREERATER, HARE
RN o 3B H UL, VTR Zeta HAAL(E (IR
K, RS FIRSHN BT, FX-MC HAL
-20.71 mV, FRuE AR EE, H PDIEHIESE T iX—
M (PDI<0.3).

10 pm

80 000
70 000 -
60 000 1
50000 -
40000
30000 -
20000 -
10 000 -
0000 -
-10 000

Counts

-150  -100 -50 0 50 100 150

Zeta Potential / mV

20+

Counts

0 500 1000 1500 2000 2500 3000 3500
Size / nm
10 FX @ik (A, =EHERE (B). FX-MC (C. C ) HYSH
FHAS (a), FX-MCHY Zeta BN, KifZH% (by )
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