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Processing of collagen from yellowfin tuna (Thunnus albacares) abdominal skins was optimized by response
surface methodology and central composite design. The values of independent variables at optimal conditions
were NaOH concentration: 0.5 N, NaOH treatment time: 36.2 hr, pepsin concentration: 1:4.9 ratio (0.245%,
w/v), and digestion time: 48.1 hr, respectively. The collagen content estimated under optimal conditions
was 33.1%, and the actual experimental collagen content was 32.3%. Physicochemical properties of collagen
from yellowfin tuna abdominal skin were investigated by amino acids analysis, SDS-PAGE, FT-IR, viscosity
and denaturation temperature. Amino acids content of the collagen was 21.0%. SDS-PAGE pattern of the
collagen showed two different a@-chain (@;- and @,- chain), S-component and - component. The spectrum
of FT-IR of the collagen showed wavenumber at 3,434, 1,650, 1,542 and 1,235 cm™ representing the regions
of amide A, I, II and III, respectively. Relative v1sc051ty of the collagen decreased continuously on heating
up to 32°C, and the rate of decrease was retarded in the temperature range of 35-50 C. Denaturation temperature
(Td) of the collagen solution (0.06%, w/v) was 31°C and was lower than calf skin collagen (357).
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Table 1. Experimental range and values of the independent variables in the central composite design for collagen processing

from yellowfin tuna abdominal skin

Range and levels

Independent variables Symbol

-2 -1 0 1 2
Concentration of NaOH (N) ‘ Xi 0.1 0.3 05 07 0.9
Treatment time (hr) Xz 24 30 36 42 48
Additional ratio of pepsin (ratio) X 13 1:4 1:5 1.6 1.7
Hydrolysis time (hr) Xs 24 36 48 50 62
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Table 2.- Central composite design and responses of the
dependent variables for collagen processing from yellowfin
tuna abdominal skin to the independent variables

A% P45 T AF - A5 A S PA%

Table 3. Estimated coefficients of the fitted quadratic
polynomial equation for the response of Y (content, %) based
on t-statistic

Run Coded levels of variable Response
No. Xi Xz Xs X Y
1 -1 -1 -1 -1 21.6
2 -1 -1 -1 +1 21.3
3 -1 -1 +1 -1 20.7
4 -1 -1 +1 +1 20.0
5 -1 +1 -1 -1 221
6 -1 +1 -1 +1 22.4
7 -1 +1 +1 -1 21.5
8 -1 +1 +1 +1 20.1
9 +1 -1 -1 -1 23.3
10 +1 -1 -1 +1 23.6
11 +1 -1 +1 -1 239
12 +1 -1 +1 +1 21.7
13 +1 +1 -1 -1 221
14 +1 +1 -1 +1 23.2
15 +1 +1 +1 -1 21.2
16 +1 +1 +1 +1 21.7
17 -2 0 0 0 21.4
18 +2 0 0 0 21.2
19 0 -2 0 0 21.8
20 0 +2 0 0 20.3
21 0 0 -2 0 21.7
22 0 0 +2 0 21.8
23 0 0 0 -2 22.8
24 0 0 0 +2 22.8
25 0 0 0 0 33.1
26 0 0 0 0 329
27 0 0 0 0 33.2

Xi, concentration of NaOH, %; X, treatment time, hr;
Xi,additional ratio of pepsin, ratio; Xi, hydrolysis time, hr.

=l M=ol = H s

WEEUES A9 228 8 Al Y 23S 15
(coded)#t 3} A A (uncoded)ZEO-E o] Table 69 LFEFNS]

Parameter Pargmeter Standard T-value P-value
estimate error

Intercept 33.066667 0.438009 75.49 0.0001
Xi 0.441667 0.154860 2.85 0.0146
Xz -0.200000 0.154860 -1.29 0.2209
X3 -0.358333 0.154860 -2.31 0.0392
Xa -0.100000 0.154860 -0.65 0.5306
XiXi -2.912500 0.164253 -17.73 0.0001
X1Xz -0.425000 0.189663 224 0.0447
XiXa 0.087500 0.189663 0.46 0.6528
X1Xa 0.112500 0.189663 0.59 0.5641
XoXo -2.975000 0.164253 -18.11 0.0001
XoX3 -0.112500 0.189663 -0.59  0.56641
XoX4 0.212500 0.189663 1.12 0.2845
XX -2.800000 0.164253 -17.05 0.0001
X3X4 -0.325000 0.189663 -1.71 0.1123
XaXa -2.537500 0.164253 -15.45 0.0001

X1, concentration of NaOH, %; X3, treatment time, hr; X3,
concentration of hydrolysis, ratio; X4, hydrolysis time, hr.

Table 4. Response surface model for processing conditions
of collagen from yellowfin tuna abdominal skin

Quadratic polynomial model R P-value

Y=33.067+0.442X;-0.358X3-2.913X,>-

0.425X:X,-2.975X,2-2.800X2-2.538X2 02809

0.0001

t}. RSREG procedure®] Z3o] 2819, eigen-value gkE 0|
BT SR ARHE HAE ERTH drhEo]
g o] &3 Fepal A= HAH UL FIHE X=0.07,
Xp=-0.03, X3=-0.06 Z1¥]) 1 X,=0.012 YE}T} = NaOH
HYA FE (X)E 0.5 N, A (X)E 362 hr, 49 7]
A7 H] (X3)= 1:4.9 ratios (83%, wiv), 7Fr=E8] A7 (X))
48.1hr € W HFH FE8 Bolv Ao E e SAFS

Table 5. Analysis of variance (ANOVA) for response of the dependent variable (Y, Contents (%))

Sources DF SS MS F-value P-value
Regression
Linear 4 8.963333 0.0248 3.89 0.0298
Quadratic 4 339.586667 0.9399 147.50 0.0001
Cross-product 6 5.830000 0.0161 1.69 0.2071
Total model 14 708.760000 0.9808 197.06 0.0001
Residual
Lack of fit 10 6.860000 0.6860 29.40 0.0333
Pure error 2 0.046667 0.0233 - -
Total error 12 6.906667 0.5755 - -
Total 26 27.506668 1.2848 -
Factors
Xi 5 188.86000 37.77200 65.63 <0.0001
X2 5 193.58833 38.71767 67.27 <0.0001
X3 5 172.35000 34.47000 59.89 <0.0001
X4 5 140.21833 28.04367 48.72 <0.0001

DF, Degrees of Freedom; SS, Sum of Square; MS, Mean Square; Xi, concentration of NaOH, %; X, treatment time, hr;

X, concentration of enzyme, ratio; Xi, extraction time, hr.
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Table 6. Optimal conditions of collagen processing from
yellowfin tuna (Thunnus albacares) abdominal skin

Critical value

Independent Predicted Stationary
variable coded  uncoded value point
X 0.07 0.5
X2 -0.03 36.2 :
Xs -0.06 14.9 33.09 Maximum
Xa -0.01 48.1
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Fig. 1. Response surface plots for optimization of collagen
extraction from yellowfin tuna (Thunnus albacares) abdo-
minal skin.
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Table 7. Amino acid composition of collagens from yellowfin
tuna (Thunnus albacares) abdominal skin and calf skin

Collagen Type

Amino acids Yellowfin tuna (%) _ Calf skin (%)
Hydroxyproline 8.8 9.9
Aspartic acid 6.0 6.8
Threonine 3.2 2.0
Serine 38 35
Glutamic acid 9.8 10.9
Proline 122 1.7
Glycine 253 241
Alanine 8.7 7.8
Valine 2.6 2.8
Isoleucine 1.0 1.7
Leucine 25 3.3
Tyrosine 0.3 0.6
Phenylalanine 2.1 2.4
Histidine 36 11
Lysine 1.5 4.0
Arginine 8.4 7.3
Cysteine 0.2 01
Imino acids® 21.0 21.8
Total 100.0 100.0

*Imino acids mean proline and hydroxyproline.
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Fig. 2. SDS-PAGE patterns of collagen from yellowfin tuna
(Thunnus albacares) abdominal skin and calf skin.

The 5.0 mg/mL of sample solution, 4% stacking gel and 5%
resolving gel were used for electrophoretic analysis. Calf skin
type I collagen was used as mobility makers of a-chains,
B and 7-components. A, type 1 collagen from calf skin;
B, collagen from abdominal skin of yellowfin tuna (Thunnus
albacares).
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Fig. 3. Fourier transform infrared spectra of collagen from
yellowfin tuna (Thunnus albacares) abdominal skin and calf
skin.
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Fig. 4. Relative viscosity at different temperatures of the

collagen solution from yellowfin tuna (Thunnus albacares)
abdominal skin.
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Fig. 5. Thermal denaturation curves deterrined by measuring
the viscosities of yellowfin tuna abdominal skin and calf skin
collagen solutions in 0.1 M acetic acid. The incubation time
at each temperature was 4 hr collagen concentration was
0.06% (w/v).

Aot g Aol Ted5t= imino acid (proline and hydroxyproline)

Mo Bawol gt o1 B AT7Y o F 2
Ao MAPALE S Yol YA chum salmon (194 C), saury (23.0
C), common mackerel (26.97), bullhead shark (25C), Japanese
seabass (30°C) 28] 3L skipjack (29.7C)E EVITF (Nagai
& Suzuki, 2000, Kimura et al.,, 1988).
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