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Tab. 1 Response surface factor level table
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Ethanol concentration 85 90 95
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232 WA ERIEA R 2 LA EE ST
iz FHl Desig-Experpt 10.0 G/ Hr k4543 2
A AT Z oA, AR Rk E R
T Xg2=19.02-0.304 + 0.68B + 0.92C—0.244B~
0.194C + 0.49BC—1.114°-1.04B°—1.29C",
®2 MEERBIEITRER

Tab. 2 Response surface test design and results

# Factors

A F51%
Experiment number A B C Yield
1 -1 -1 0 16.33
2 1 -1 0 15.94
3 -1 1 0 18.27
4 1 1 0 16.91
5 -1 0 -1 15.59
6 1 0 -1 15.65
7 -1 0 1 17.95
8 1 0 1 17.25
9 1 -1 -1 15.70
10 0 1 -1 15.99
11 0 -1 1 16.39
12 0 1 1 18.66
13 0 0 1 18.98
14 0 0 0 19.24
15 0 0 0 18.86
16 0 0 0 18.99
17 0 0 0 19.01

NP AR S ol A R FGH AT g it o, THE T
2. WEE. ZIUHXRE, 4R WEK3. £ 4
% 3. £ 4 v LUE HZBIEARE P<0.0001, KW
FERIMG @25 I P=0.1178>0.05, IR RIL
SRR 2R % < 10%, FEWARON Al {5 B i
s DI AMZAA R [ H R AL R=0.9908, TR )5 1
R%,4=0.9789, HU{E#E KT 0.9, W5k 2 41 1 1l
5L, REIRZERN; WEFEMWE 21,970, KT 4,
FTUMES AL, ULLAras RRY], i mH#R ]
FHT T B s AT PR E S A Ay

HIE 3 FIHL, —URIUROR}HE . R I IR) B2 =k
A%, B>, C X Rt B AR i A5 R HLAA W B 3 5
M ( P<0.001), —IRIILEREE . 22 HI AB. BC
XoF B R R AR R LA B E R (P<0.05), 38
HIAC X R BRI A 2 (P>0.05 ),
H 22 5350 AR X AR B8 A 9 A5 58 1) 5 e B B R
BC>AB>AC,
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Tab. 3 Analysis of variance and significance test for fitting quadratic polynomial models

P BRI B By F1E PiH
Sources Sum of squares of dispersion Degree of freedom Mean square F value P value
7 Model 31.27 9 3.47 83.61 <0.0001"
A 0.71 1 0.71 17.18 0.004 3
B 3.74 1 3.74 90.02 <0.0001"
C 6.70 1 6.70 161.20 <0.00017
AB 0.24 1 0.24 5.66 0.048 9
AC 0.14 1 0.14 3.48 0.104 6
BC 0.98 1 0.98 23.59 0.001 8"
A’ 5.23 1 523 125.82 <0.0001"
B’ 4.55 1 4.55 109.45 <0.0001™
C? 7.03 1 7.03 169.09 <0.00017
5% 7 Residuals 0.29 7 0.042
RAUI Lack of fit 0.21 3 0.071 3.73 0.117 8
4l1i% % Pure error 0.077 4 0.019
254 Synthesis 31.56 16

i TR GIREEREE (P<0.05), TEREASIEEEFEREE (P<0.01).

Notes: ~ meant model fitting degree was significant difference (P<0.05),

™ meant model fitting degree was extremely significant difference

(P<0.01).
F4 WEZXRESMAAEHAEESNR
Tab. 4 Confidence analysis of fitting quadratic polynomial equations

Tt H HfE T H HE

Items Value Ttems Value
i
Standard deviation 0.20 R 0.990 8
A TS R
Mean 17.39 Adjus?ment R 0.9789
7 R o IO AR & 45 AL (¥ L 151
Coefficient of variation L17% Prediction R* 0.8875
TR iR 22 1 J5 Fl 3.55 B SRR E S 21.970

Predicted residual error sum of square

Adeq precision

neg 17 1At 258 BAE A
R RE, LFERE . OB . A ]
AR EAE X R AR RO s DL ] 4~
P&l 6, e Ly T T P 7R 458 v 4R B T IR T AAR G-
B R Z B EAER, 8 AR AR m 2 AR
R 7 T T BE U R, 58 TP Kl (A
SRR . AR DY , i Pl
BE , TAA 2 =2 [ (4 52 A b . 2o

MIE 4 BIRERIE SRR E 1, CRRES
WORHL A EAE R s IAmm i i iy AT E A
T Y B B R FNRORL LSS BAR TR, ma iR i
AR AR, R AE S BV 89%~
90% YU I N . WBORHELAE 8~9 mL/g A, &l 5 %%

233

R, R EER SRS B AR AR
BE, WELS ;i el A S, AR 20~
40 min JEFE N, EERBEIRRS R AW K, 40 min
J&, ARSLAER A IR, SRICRAN R, CBE
WEETE 85%~90% JuE A, Rt @hARmAs 2 A
Wk, dREEH R OBk EE , IR RS, SRk
FETE 90% A7, 7 B [H] 7E 40~50 min J F A,
FAPRBRER A3 IR KB . 5] 6 A5 Er 2 ik [
T, FREIECR LA R IR 3C AR S, HOA
N T A B, AR A A R S AR
WEHE 8~9 mL/g., 5 B[] 40~50 min YL [N . DA
SRS R 4 W 2 BRI S, HERfEC R
WREE . YROR} LR 7S B ] 4 S B 0 T R N
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Fig. 4 Response surface diagram of the effect of ethanol concentration and liquid-to-material ratio on the extraction

efficiency of Antarctic krill oil
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Fig. 5 Response surface diagram of the effect of ethanol concentration and ultrasonic time on the extraction

efficiency of Antarctic krill oil
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Fig. 7 Effect of different adsorption columns on arsenic
removal in Antarctic krill oil
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Antarctic krill oil extraction process and arsenic removal effect based on
response surface method

JI Yunyun'?, YU Xiaowei’, ZHANG Haiyan'", SHEN Xiaosheng'’
(1. East China Sea Fisheries Research Institute, Chinese Academy of Fishery Sciences, Shanghai 200090, China;
2. College of Food Science & Technology, Shanghai Ocean University, Shanghai 201306, China;
3. Dongshan Customs Comprehensive Technical Service Center, Zhangzhou 363401, China)

Abstract: [Objective] The present study aims to establish the best technology of extraction and arsenic remov-
al of Antarctic krill oil, improve the safety of Antarctic krill oil products, and lay the foundation for the industrial
production of high-quality Antarctic krill oil. [Methods] In this paper, frozen Antarctic krill powder was used as
raw material. The response surface methodology was employed to optimize the extraction rate of Antarctic krill
oil, while atomic fluorescence photometry was utilized to assess the effectiveness of arsenic removal from the
oil. Building on single-factor tests, the extraction rate of Antarctic krill oil served as the response variable, with
ethanol concentration, liquid-to-material ratio, and ultrasonic extraction time selected as independent variables.
The extraction process of Antarctic krill oil was optimized, and the arsenic removal efficiency of the krill oil
was evaluated. [Results] The results indicated that a quadratic polynomial regression equation has been establi-
shed using the response surface analysis method: Xy;c15=19.02-0.304+0.685+0.92C~0.244B—-0.194C+0.49BC~
1.114°-1.04B8°-1.29C". The model showed a significance level of P<0.000 1, and the misfit term had P>0.05, in-
dicating that the model was highly significant and relatively stable. Through model analysis, the optimal condi-
tions were determined to be: ethanol concentration of 91.156 3%, liquid-to-material ratio of 8.6892 mL/g, and
ultrasonic extraction time of 47.4734 minutes. Considering practical application feasibility, these conditions
were adjusted to an ethanol concentration of 91%, a liquid-to-material ratio of 8 mL/g, and an ultrasonic extrac-
tion time of 47 minutes. Under the revised conditions, the actual yield of Antarctic krill oil was found to be
18.36%=+0.58%, which was in close agreement with the theoretical prediction of 18.62% from the model. The
Cleanert Alumina A SPE column with activated alumina as the medium could remove 82.61%+4.63% of the
total arsenic from Antarctic krill oil. [Conclusion] Based on the response surface methodology, the extraction
process for Antarctic krill oil involved using 91% ethanol, a liquid-to-material ratio of 8 mL/g, and an ultrason-
ic extraction time of 47 minutes. Cleanert Alumina A adsorption columns using activated alumina as a medium
can be used as an ideal material for arsenic removal of Antarctic krill oil in the future.

Key words: Antarctic krill oil; response surface analysis; solid-phase extraction; arsenic removal
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