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Abstract: In order to achieve sustainable extraction and enhance the properties of astaxanthin from Haematococcus
pluvialis, a green and efficient approach was developed by utilizing Tween-20 under ultrasonic conditions. This approach
allowed for the efficient release of astaxanthin while simultaneously preparing water-dispersible astaxanthin emulsions. The
factors influencing the process, the formation mechanism of the water-dispersible astaxanthin emulsion, and the

composition and performance characterization of the obtained product were investigated. Exploration of the process
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revealed that Tween-20 dosage, ultrasonic power, and solid-to-liquid ratio significantly influenced the release and

dispersion efficiency of astaxanthin, with 98.41% astaxanthin being released and dispersed when Tween-20 dosage,

ultrasonic power, and solid-to-liquid ratio were 200 pL, 600 W, and 1:20 g/mL, respectively. The mechanism exploration

results demonstrated that ultrasound had a dual effect of disrupting the cells of H. pluvialis to a limited extent and assisting

Tween-20 to disperse astaxanthin, which was superior to high-pressure homogenization. The characterization results

showed that the water-dispersible astaxanthin emulsion obtained under these conditions had an average particle size of

115.55 nm, a Zeta potential of —23.35 mV, and an encapsulated astaxanthin content of up to 43.82% in the dry product.

Astaxanthin was found to be encapsulated in an amorphous non-crystalline state, with selective encapsulation of saturated

fatty acids. The amount of saturated fatty acids was up to 17.93% (wt.%). Overall, this one-step, ultrasonic approach to

preparing water-dispersible astaxanthin emulsions from H. pluvialis using Tween-20 is easy to operate, highly efficient,

green and feasible, with some of the product properties being superior to those of pure astaxanthin encapsulated products.
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Fig.1 Flow chart for preparation of water-dispersible astaxanthin emulsion
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Fig.4 Scanning electron microscopy images of the cellular
state of Haematococcus pluvialis
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Fig.5 Relationship between high pressure homogenization,
ultrasonication, ultrasonication+Tween-20, high pressure
homogenization-assisted Tween-20 and ultrasound-assisted
Tween-20 treatments and astaxanthin dispersion rate

2.2.3 — il KO BN P A Ak iR -
20 BITERIS M 3R T LA LA, ARWFFT L HEN, 7605
Bhnt7E-20 PN AE 2Tk U — 25 1R AR IR 2R
B T 25 HR, B i Sem e X N S Y BIVE I SE B T
ot e A A FRAE IR (Z: 00 3k [10] 1A 3b. 1E] 3c;
&l 4b. [ 4c); 2R)E R -20 ZEREFS iVE TR 20 3%t
ATVTE I N FIRS I B R A M R 2= A T k). IR
7 PEAOU R J22 T HA AR 4% BT RE 17 X e B
- 3E-20 SRR 22 i fu B HoAT BB S, A AR
JE PR -20 BYERTE R as Rt — 2P 00 UE T %
EM . AH TS R R A B, AR S A EEXT RN A A
BRI 45 J5 S K AR B LR S v . H 25k

AT 53 BT R T

2.3 KOBUNE RAIRIE

2.3.1 FEFERSHT  WNER 1 PR, ARFFEIMSIK
BURE R IR RS E SIS 43.82%, L& T 5746
AU FRAG I — 2 A = s T EL, XU E AR
FAE SR 2 B AR 22 S (29 3.0%) P>,
XFESTEARN T X — T AN S B .

PE—H 0 1 G558, nT LUK ER, ZEAS SCRNZE e
BRAED ) (2P T2, SCE AR R Y R
AL T —E B IEZEYT . PAAPEE PR 2R S IR
Wy o BB Y LR, 4350k 57.91% Fl 65.24% .
S5 SCRR RN A= LT BRI 2R FIE BT & i DY,
AHMER IR, WIS T 250 B v, 3 TR i B 2= 20
PEPEER E SR T AT T & T2 9, R4%
B AT REPEIUE MRS 2, SR T A aim i /-
PERTRETE

UEAR, AT AR S b BRI 5 — 2 B Y

T H A ZHE, {2 B B 0o {IK T S B AU B .
VLA, 7EAS L 20, ihiR-20 U T SFREIALSE T2
AT 2 B EEM . Xl fEt R
AT IR B RBCR R RIE I R T . S35k,
K 2C. &l 2F FE 21 B3R W, ASHF 5T T 38K 43
BT KPR 1Y Zeta HL Ay 40X E B S 55 TSk A
At iR-20 A, et A P S g — e i
T . ZHHSE T AT O .
2.3.2 JBWHERSMHT MR 1 BdEnT LU B, ML ER
B AIAE R I AR SE A B BRI ALK
Wokrrh, 3 2 PF—2 oR T BB RR R S A 4T
BREE R EA R EAB TR L AL L AUARIR] . 26 2 it
R, KSR PRI R AL A AN FIFE TG
UilE C12:0 B8 I RIFBERS = . 45 & nkii-20 B
12 BRAGIRIEELS A, WP LHIN T, X el et vt 3t
PR FTIBIViR C12:0 K n] BB A 2544 i AR AR I 5
ni-20 A P HLHES TG T 0, IR ISR 1Y
Femggk Sy, & 2C ., & 2F FE 21 i EE o,
A FE I HROK S B F AR AR B WA T Sk
gl 7 -20 A AR 2R A0 PURDRIAE Y, nTRE S i
5K, 33X P SCRk s gt Bk 7E-20 SREEAR R T 2 m
7K 7 B AR 3560

HeAh, 2 2 S5 H R, BB AR R D 1R A
B S ARG, 33X AT RES e LS i a P PRIk E (5
i -20 GEAARRLEEAR, A FREARZR 1 K 100 o

F1 KITBOIRE RFLR FZ T
Table 1 Main compositions of water-dispersion astaxanthin emulsions
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Table 2  Fatty acid composition of water-dispersed astaxanthin
emulsions

Fi(wt, %)
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Fig.6 CLSM observation of astaxanthin dispersion without
emulsifier (a) and water-dispersible astaxanthin
emulsion (b) (600x)
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