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; 721G s
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Fig.1 The absorbance spectrum of collagen extract from squid
skin
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Fig.2 Effects of each factor on the decoloring of collagen extract from squid skin
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#1 Wi E 5 #7 Box-Behnken H /04 &1t 16 F H 475 1E 2 Quadratic
KPR {E
Tab.1 Experimental code and corresponding real values in the ’
Box-Behnken design of response surface method :
y =0.98-0.036x; + 0.030x,-0.063x; + 0.035x1x,— 0.026xx3—
1 0 +1 0.027x,x3 + 0.024x7 + 0.041x3  0.019x3
(%) x 3.6 4.2 4.8 R 3
pH X2 2.0 2.5 3.0 3 P 0.0001,
(°C) X3 25 30 35 (P<0.01), R* = 0.9783,
%2 TR E 44T Box-Behnken Bl 4 & it 10 % HEFI 45 Quadratic
Tab.2 Experimental design and results of Box-Behnken ,
response surface method P<0.05 ’
pH
x1 (%) © x(0) ’ 3
1 3.6 2.0 30 1.086+0.002 30 min
2 4.8 2.0 30 0.940+0.004 , 2 Quadratic
3 3.6 3.0 30 1.084+0.003
4 4.8 3.0 30 1.077£0.003 499 pH 297
5 3.6 2.5 25 1.071£0.003 ’ ’ -
6 48 25 25 1.055+0.002 35°C
7 3.6 2.5 35 0.971+0.003 (OD4onm)  0.854,
8 4.8 2.5 35 0.852+0.005 0.839,
9 4.2 2.0 25 1.002£0.004 , 45.6%
10 4.2 3.0 25 1.106+0.003
1 42 2.0 35 0.955+0.004 PH  (xix2)
12 42 3.0 35 0.952+0.006 (xix3)  pH (x2x3)
13 4.2 2.5 30 0.976£0.001 s 3
14 4.2 2.5 30 0.978£0.001 3a ,
15 4.2 2.5 30 0.984£0.004
16 4.2 2.5 30 0.986+0.003
17 42 2.5 30 0.9840.004 » ©420 nm
420 nm 1.542 pH 2.6—2.0 ,
% 3 ML 4% 4 Box-Behnken /LS IRIEH E R
Tab.3 Variance analysis for Box-Behnken design of response surface method
F P
0.070 9 7.818E-003 35.07 <0.0001
X1 0.010 1 0.010 46.50 0.0002
X2 6.962E-003 1 06.962E-003 31.23 0.0008
X3 0.032 1 0.032 142.41 <0.0001
X1X2 4.830E-003 1 4.830E-003 21.66 0.0023
X1X3 2.652E-003 1 2.652E-003 11.90 0.0107
X2X3 2.862E-003 1 2.862E-003 12.84 0.0089
x’ 2.491E-003 1 2.491E-003 11.17 0.0124
X’ 7.018E-003 1 7.018E-003 31.48 0.0008
x3° 1.468E-003 1 1.468E-003 6.59 0.0372
1.561E-003 7 2.230E-004
1.485E-003 3 2.230E-004 26.34 0.0043
7.520E-005 4 1.880E-005
0.072 16

R*=0.9783
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Fig.3 Interactions of independent variables on the decoloring
effects of collagen extract from squid skin
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Fig.4 Changes in protein content of collagen extract from squid
skin
(Sessa et al, 2008) (2013)
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20% 4
890.26pg/mL
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Tab.4 Amino acid analysis for collagen extract from squid skin

(mg/g) (mg/g) (%) (mg/g) (mg/g) (%)
67.50(8.82%) 48.40(8.20%) ~28.29 17.53(2.29%) 12.00(2.03%) -31.57
25.11(3.28%) 19.92(3.38%) -20.67 35.44(4.63%) 26.02(4.41%) —26.56
34.27(4.48%) 27.24(4.62%) -20.50 9.82(1.28%) 8.05(1.36%) ~18.01
98.70(12.89) 76.84(13.02%) -22.15 23.97(3.13%) 20.87(3.54%) -12.94
175.67(22.94)  136.02(23.05%) -22.57 18.54(2.42%) 13.83(2.34%) -25.41
58.57(7.65) 45.22(7.66%) -22.78 11.22(1.47%) 8.17(1.38%) -27.22
2.72(0.36%) 4.25(0.72%) +55.90 78.36(10.23%)  59.74(10.12%) -23.77
28.54(3.73%) 23.84(4.04%) ~16.45 75.89(9.91%) 58.29(9.88%) -23.20
3.86(0.50%) 1.46(0.25%) 6221 765.72(100%) 590.16(100%) -22.93
(175.67 mg/mL, ) » 2012.
22.94%) (136.02 mg/g, 23.05%) : »32(23): 1885—1888
, , , 2013.
’ . ,29(11): 2580—2585
’ , , 20009. —_—
! ( > 2013; : : ,25(17): 36—40
2013; , 2014) R , , . 2013,
1%, . ,25(7): 972—975, 994
( , 2013) 4 s s , 2013.
, ,29(7): 1491—1495
, , , 2014.
’ . (5): 869—
875
> s , , 2013.
> . , 34(11): 263—266
, , , 2006.
, , 14(18): 6—8
) , , 2011.
( ), 32(2): 10
3 —14
) , , 2013.
( ), 37(4): 382—385
’ 30 min Aleman A, Gomez-Guillén M C, Montero P, 2013. Identification
: 4.2%, of ACE-inhibitory peptides from squid skin collagen after in
pH 2.27, 3500 ’ ;Z:?f?;gf:;?mal digestion. Food Research International,
45.6%, Aleman A, Pérez-Santin E, Bordenave-Juchereau S et al, 2011.
20% Squid gelatin hydrolysates with antihypertensive, anticancer
1 and antioxidant activity. Food Research International, 44(4):
1044—1051
s Bradford M M, 1976. A rapid and sensitive method for the
, quantitation of microgram quantities of protein utilizing the
principle of protein binding. Analytical Biochemistry, 72:
248—254
Gomez-Guillén M C, Montero M P, 2011. Contribution of Leu
) ) , 2008. and Hyp residues to antioxidant and ACE-inhibitory activities

,27(8): 411—413 of peptide sequences isolated from squid gelatin hydrolysate.
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Food Chemistry, 125(2): 334—341 Miyagi A, Nabetani H, Nakajima M, 2013. Decolorization of
Giménez B, Gémez-Estaca J, Aleman A et al, 2009. Improvement Japanese soy sauce (shoyu) using adsorption. Journal of
of the antioxidant properties of squid skin gelatin films by Food Engineering, 116: 749—757
the addition of hydrolysates from squid gelatin. Food Sessa D J, Palmquist D E, 2008. Effect of heat on the adsorption
Hydrocolloids, 23(5): 1322—1327 capacity of an activated carbon for decolorizing/deodorizing
LIN Lin, LV Shun, LI Ba-fang, 2012. Angiotensin-I-converting yellow zein. Bioresource Technology, 99: 6360—6364
enzyme (ACE)-inhibitory and antihypertensive properties of Veeruraj A, Arumugam M, Ajithkumar T ef al, 2015. Isolation and
squid skin gelatin hydrolysates. Food Chemistry, 131(1): characterization of collagen from the outer skin of squid
225—230 (Doryteuthis singhalensis). Food Hydrocolloids, 43: 708—716

OPTIMIZATION OF DECOLORING FOR COLLAGEN EXTRACT FROM SQUID
(OMMASTREPHES BARTRAMI) SKIN WITH ACTIVATED CARBON

ZHANG Xue, LINGHU Qing-Qing, TONG Xiao-Qian, MAO Gui-Zhu, LUO Hong-Yu, SONG Ru

(Zhejiang Provincial Key Laboratory of Health Risk Factors for Seafood, College of Food Science and Pharmacy, Zhejiang Ocean
University, Zhoushan 316022, China)

Abstract The color of collagen extract from squid (Ommastrephes bartrami) skin is brown-red, which may be an
unwanted property in food industry, to which we use activated carbon to absorb the pigment of collagen extract from squid
skin. Results show that the pigment demonstrated characterized absorbance at 420 nm. The effects of independent variables
on the decoloring of collagen extract, including activated carbon addition content, decoloring time, pH value of solution,
and absorbing temperature were evaluated. Three independent variables including activated carbon addition content, pH
value, and absorbing temperature were selected in the response surface method in the Box-Behnken design under
decoloring time of 30 min. Results show that the optimal absorbance conditions for decoloring of collagen extract were:
activated carbon addition content 4.2%, pH 2.27, and temperature 35 °C. The decoloring ratio was 45.6%. Moreover, the
loss rates were 19.65% for protein and 22.93% for amino acid in the decoloring process. The glycine content was the
highest (136.020mg/g, relative content 23.05%), and the levels of glutamic acid, arginine, and proline were relatively high
as indicated in amino acid composition analysis. In addition, the total content of cysteine and methionine was below 1%.
Amino acid analysis indicated that the squid skin collagen after decolorization was in accordance with the aquatic collagen
and type I collagen characteristics.

Key words squid (Ommastrephes bartrami) skin; collagen extract; pigment; activated carbon; decoloring
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