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ABSTRACT: Objective To optimize the method for free astaxanthin detection and develop an extraction process
for astaxanthin from Xanthophyllomyces dendrorhous powder. Methods By optimizing the detection time and

mobile phase ratio, an analytical method for free astaxanthin based on high performance liquid chromatography
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(HPLC) was established. On this basis, using Xanthophyllomyces dendrorhous powder as raw material, the extraction
process for astaxanthin from Xanthophyllomyces dendrorhous powder was developed via single-factor experiments,
Plackett-Burman design, and response surface methodology, using astaxanthin extraction yield as the evaluation
index. Results The limit of detection was 0.55 pg/g, and the limit of quantitation was 0.16 pg/g. The spike
recoveries ranged from 105.12% to 127.70%, and the relative standard deviation in the precision test was less than
0.14%. The extraction process for astaxanthin from Xanthophyllomyces dendrorhous powder was developed and
optimized as follows: The average particle size of superfine Xanthophyllomyces dendrorhous powder was 0.55 um;
the water addition ratio was 3.30:1 (mL:g); the dimethyl sulfoxide (DMSO) addition ratio was 41.25:1 (mL:g); the
acetone addition ratio was 137.50:1 (mL:g); the extraction was performed twice; after water addition, the mixture was
incubated at 45 °C for 5 min; and after DMSO addition, it was incubated at 45 °C for 15 min. The extraction yield
was 2.74 mg/g. Conclusion The established HPLC method for free astaxanthin is sensitive, accurate and
reproducible, enabling rapid quantitative analysis of free astaxanthin in Xanthophyllomyces dendrorhous. The
optimized extraction process is efficient, stable and environmentally friendly. This study provides technical support
for the application of Xanthophyllomyces dendrorhous astaxanthin in aquaculture, food and other fields.
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Table 1 Elution program of HPLC
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Table 2 Factor level of response surface test

KT \B-Dl;/ISO ‘ AG-WVS@'I"‘J H-$H
W /mL R /mL YL
-1 1.65 5.50 1
0 1.70 6.00 2
1 1.75 6.50 3
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Fig.2 Effects of different detection times on the separation efficiency of astaxanthin
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Fig.4 Effects of flow on the separation effect of astaxanthin
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Table 3 Results of precision and spiked recovery

. TATRE b
PESh A FER B REARC  RERA D RERLE

1 2.34 2.77 3.20 5.76 10.57

2 2.35 2.77 3.19 5.75 10.58

M SE A/ 3 2.34 2.78 3.20 5.75 10.58

(mg/g) 4 2.35 2.78 3.20 5.76 10.58

5 2.35 2.78 3.19 5.76 10.59

6 2.35 2.78 3.20 5.76 10.59

EYE/(mg/g)  2.35 2.78 3.20 5.76 10.58

Jinbr/ug 0 0.00 5.25 10.50  52.50
g [ET %/ % - 112.10  105.12  127.70
A Es AR IR, RINAR, ASTFENRCE,

VA, Al AN L BE S R, AT B T AN N RE i e B,
DMSO il o] fif i 4t L B 14 28 11 A4, AT 32 B i B
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Fig.5 Effects of different cell wall disruption agents on the
extraction yield of astaxanthin from
Xanthophyllomyces dendrorhous
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Fig.6 Effects of different particle sizes on the extraction yield of
astaxanthin from Xanthophyllomyces dendrorhous
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Fig.7 Effects of different factors on the extraction yield of astaxanthin from Xanthophyllomyces dendrorhous

% 4 Plackett-Burman IG5 R
Table 4 Results of the Plackett-Burman experiment

NG ESSEARF N AT

REPCRIG R

o AJKWEIIE B-DMSO - C KGR DinDMSO &  E-IKJG  F-NDMSO & G-Il H-#2HL BLECE

/uL AME/mL R pE/eC RIRECC IR /min (RIREHE/min  AIE/ML KA /(mg/g)
1 175 1.50 50 50 5.0 25 9.0 3 2.66
2 175 2.00 40 40 5.0 25 4.5 3 2.67
3 175 1.50 40 40 10.0 5 9.0 3 2.70
4 150 1.75 45 45 7.5 15 6.0 2 2.62
5 125 1.50 40 40 5.0 5 4.5 1 2.59
6 125 2.00 50 50 5.0 5 4.5 3 2.78
7 175 2.00 40 50 10.0 25 4.5 1 2.53
8 125 2.00 50 40 10.0 25 9.0 1 2.68
9 125 1.50 40 50 5.0 25 9.0 1 2.66
10 175 2.00 50 40 5.0 5 9.0 1 2.63
11 125 1.50 50 40 10.0 25 4.5 3 2.52
12 125 2.00 40 50 10.0 5 9.0 3 2.81
13 175 1.50 50 50 10.0 5 4.5 1 2.47
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Table S Analysis of variance results of Design-Expert
regression model

WRIF HP SR R AR BRI 35 XU A 4% DR 2% 5 v A
Z IR JE R B 2 M o &R, 45 IR 2 ARG B AR R AR R
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Fig.8 Response surface plots for the interactive effects of different factors on astaxanthin extraction yield
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