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Abstract — A 17-run Box-Behnken design (BBD) was used to optimize the extraction conditions of astaxanthin from
shrimp waste. Three factors such as ratio of ethanol to raw material, extraction temperature (°C) and extraction time
(min) were investigated. The adjusted coefficient of determination (Rzudf) for the model was 0.9218, and the probability
value (p=0.0003) demonstrated a high significance for the regression model. The optimum extraction conditions were
found to be: optimized ratio of ethanol to raw material 29.7, extraction temperature 49.5 °C and extraction time 59.9 min.
Under these conditions, the mean extraction yield of astaxanthin was 17.80 png/g, which was in good agreement with the
predicted model value. Under these conditions, validation experiments were done and the mean extraction yield of astax-
anthin was 17.77 ng/g, which is in good agreement with the predicted model value.
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C0-2065 plus, AH& A EFY=]= AS-2050 plus, = 731
Chrompass chromatography data system (ver. 1.8.6.1, JASCOYS- A}
LEoH, AM-H AH O 2= Shiseido (Tokyo, Japan) A% %
Cy5 (4. 6x250 mm, 5 um) AH-E AF-‘-’—oP"ﬂD} FAE 9 AN R
FRUEE 20 pL, 752 1.2 mL/min, 3E7] 32 476 nm, 2
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Table 1. Independent variables their levels used for BBD

. Level
Variables ] 0 7
Ratio of ethanol to raw material (X) 10 20 30
Temperature (X,) (°C) 30 40 50
Extraction Time (X5) (min) 20 40 60
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Table 2. Box-Behnken experimental design with the independent
variables

Coded variable levels Yield of astaxanthin (ng/g)

Run

X, X, X3 Actual values  Predicted values
1 -1 -1 0 14.03 14.01
2 1 -1 0 15.25 15.17
3 -1 1 0 16.74 16.83
4 1 1 0 17.54 17.55
5 -1 0 -1 14.82 15.07
6 1 0 -1 16.17 16.49
7 -1 0 1 17.06 16.73
8 1 0 1 17.44 17.19
9 0 -1 -1 14.21 13.97
10 0 1 -1 17.12 16.79
11 0 -1 1 15.04 15.37
12 0 1 1 17.52 17.75
13 0 0 0 16.43 16.41
14 0 0 0 16.42 16.41
15 0 0 0 16.45 16.41
16 0 0 0 16.41 16.41
17 -1 -1 0 14.02 14.01

A= 17-run BBD 23> F=532710] H43E 9l& o|x} vkg- 39
ARSI T 7Re) S A2 Al el oAl UiAlE o
FJ 2 A HA 2 RE astaxanthm«] FE 5SS S5 93
AAEIR L, 7= G AAE W vk OS5 gl A g
S Table 201] eIt 7F 27l wh A ofg] ®(33] o))
o510 Table 20 UER thds79] % 482 oHge A9
kol Hrgks Jehdit)h vbd RSM oS kS o g3 A2 E
gllojo] o)x} welef] Hghet 7jez AU 4 (2)9] A WA
BBD 2@z 29 tlojele]] BhFo] 2 Zlojn] Mg (FE &) A}
o] A% PAE vehdct,

o mL 02, flo

FF 209 43} 547
+0.021 X432
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p value= 7} AlGe] F2Ad8 ERIsk= B = AR EGlom,
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5‘%9] F-test #t< SJn|st2® o] mjg- Foslth= 2l 9

= Qlt}. 21.972] “Model F value” = T 20| Q3= 515 4]
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K20t} AGAG(R>=0.9658), AYAFZH (RAdfo.9218)9+ r
AMAIGH(C.V=1.93%)= Table 4914 &9l & 4= Qit}, o] 42 o}
kAl wrelo] oA o) ‘VT—Q—}H a1l A3A]-S ekl Rpred’ Rzaab 3k
< B3l ddsitt

“Adeq. Precision™2 signaloﬂfﬂ noiseZFA| &) BlE&-S 43 = 3l
o BE 4 o]Ake] 71 MU} vlkAElth21]. “Adeq. Precision”
15.779014 o] - E]X]'O ks k=] AR & 4 Sl

0.11 X, X,-0.24 X, X;-0.11 X, X, )
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3-2. RSM= 0|2} astaxanthin T=°2| =[X3]

o] HhAATAL HA-SHS st ZH7te] o] HA oFS 4
getar 7t Al As 8-S FARte] 1Rtk ZF W] 24 gk
< 3AREAE Sl FolAAl B, 3979242 Design-Expert
AEEO1E ARgBte] EUTE. 3ak WhE- WY} 23 T

W Fig 2~449 s|AWda]e] a8y 8o = Avsa 22t
Y=16.41+0.47 X,+1.30 X,+0.59 X3-0.062 X12—0.46 X22 o] S AL A 7R 9] HEHHSE = 3 7K 0ol 1A 7|
Table 3. Analysis of variance of the experimental results of the BBD
Variables Sum of squares DF Mean square F value P value prob. >F
Model 19.32 9 2.15 21.97 0.0003
X, 1.76 1 1.76 17.99 0.0038
X, 13.49 1 13.49 138.13 <0.0001
X 2.81 1 2.81 28.75 0.0011
X x X, 0.016 1 0.016 0.17 0.6961
X,xX, 0.90 1 0.90 9.20 0.0190
X;5xX;5 0.0018 1 0.0018 0.018 0.8967
X xX, 0.044 1 0.044 0.45 0.5232
X xX;5 0.24 1 0.24 241 0.1647
X, x X5 0.046 1 0.046 0.47 0.5137
Residual 0.68 7 0.098 - -
Lack of fit 0.68 3 0.23 200.39 <0.0001
Pure error 0.0045 4 0.0011
Correlation total 20.00 16
Table 4. Analysis of variance for the fitted quadratic polynomial model of extraction of astaxanthin
Item Std. dev. Mean CV% Press R? R2Adj R%peu Adeq. precision
Value 0.31 16.18 1.93 10.88 0.9658 0.9218 0.4562 15.779
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Fig. 2. Effect of ratio of ethanol to raw material, temperature and
their reciprocal interaction on extraction yield (with extrac-
tion time is constant at 40 min) (a. 3D response surface; b.
2D contour plots).
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Fig. 3. Effect of ratio of ethanol to raw material, extraction time and
their reciprocal interaction on extraction yield (with tempera-
ture is constant at 40 °C) (a. 3D response surface; b. 2D contour
plots).
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F : Fisher variation ratio
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RzAdj : Adjusted coefficient of determination
X; : Process specific variables
Y : Response variable
BBD : Box-Behnken Design
CCD : Central Composite Design

RSM : Response Surface Methodology
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