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Processing Optimization of Seasoned Laver Pyropia yezoensis with
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This study aimed to optimize mixing conditions (adding amount of squid skin and sea tangle Saccharina japonica) for
concentrates of octopus Octopus vulgaris cooking effluent (COCE) and roasting conditions (temperature and time) of
seasoned Laver Pyropia yezoensis with concentrates of octopus cooking effluent (SL-COCE) using response surface
methodology (RSM). The results of RSM program for COCE showed that the optimum independent variables (X,
squid skin amount; X, sea tangle amount) based on the dependent variables (Y|, odor intensity; Y,, amino-N content;
.» sensory overall acceptance) for high-quality COCE were 0.53% (w/w) for X and 0.48% (w/w) for X for uncoded
values. The results of the RSM program for SL-COCE showed that the optimum independent variables (X, roasted
temp.; X, roasted time) based on the dependent variables (Y|, burnt odor intensity; Y, water activity; Y,, sensory
overall acceptance) for high-quality SL-COCE were 344°C for X| and 8 sec for X for uncoded values. The SL-COCE
prepared under optimum procedure was superior in sensory overall acceptance to commercial seasoned laver.
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Table 1. Experimental range and value of independent variables in the central composite design for concentrates of octopus Octopus vulgaris

cooking effluent with squid Todarodes pacificus skin and non-formed sea tangle Saccharina japonica, and roasting seasoned Laver Pyropia

yezoensis
Range and levels
Independent Symbol
-1.414 -1 0 +1 +1.414

Mixing condition of ~ Squid skin (w/w, %) R . AU 192830
concentrates Non-formed sea tangle (w/w, %) . 0.0 0.4 15 2.6 3.0

) . Roasting temp. (°C) § 300 312 340 368 380
RoaStlng Condltlon ; e

Roasting time (sec) 5 6 8 10 1

Table 2. Central composite design and responses of the dependent variables for concentrates of octopus Octopus vulgaris cooking effluent

with squid Todarodes pacificus skin and non-formed sea tangle Saccharina japonica

Coded value' Uncoded value Response?
Run No.
X, X, X, X, Y, Y, Y,
1 -1 -1 0.4 0.4 154 109.5 6.9
Fractional 2 +1 -1 26 04 200 1390 63
portion 3 -1 +1 0.4 2.6 196 140.7 6.5
. S Mo M 26 26 . 254 1699 38
5 -1.414 0 0.0 1.5 177 122.0 7.6
) 6 +1.414 0 3.0 1.5 234 155.6 5.6
Star portion
7 0 -1.414 1.5 0.0 167 123.0 7.8
............................................................... 8 .0 . M44 15 30 220 1658 51
9 0 0 1.5 1.5 201 135.6 7.3
Central portion 10 0 0 1.5 1.5 200 135.2 7.3
11 0 0 1.5 1.5 203 133.5 75

'X| (Squid skin, %, w/w), X, (Non- formed sea tangle, %, w/w). ?Y, (Odor intensity, level), Y, (Amino-N content, mg/100 g), Y, (Sensory

overall acceptance, score).
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Table 3. Central composite design and responses of the dependent variables for roasting seasoned Laver Pyropia yezoensis with concentrates

of octopus Octopus vulgaris cooking effluent

Coded value' Uncoded value Response?
Run No.
X, X, X, X, Y, Y, Y,
1 -1 -1 312 6 102 0.27 3.5
) ) 2 +1 -1 368 6 146 0.19 6.2
Fractional portion
3 -1 +1 312 10 125 0.21 5.8
. S o Mo 66 0 00 014 36
5 -1.414 0 300 8 122 0.29 52
) 6 +1.414 0 380 8 288 0.16 5.2
Star portion
7 0 -1.414 340 5 135 0.25 5.0
............................................................ 8 .0 . w44 340 ™ 180 018 64
9 0 0 340 8 148 0.23 7.8
Central portion 10 0 0 340 8 146 0.21 7.8
1 0 0 340 8 146 0.21 8.5

'X| (Roasting temperature, °C), X, (Roasting time, sec). >Y| (Burnt degree, level), Y, (Water activity), Y, (Sensory overall acceptance, score).



Fig. 1. Response surface plots for concentrates of octopus Octopus
vulgaris cooking effluent with squid Todarodes pacificus skin and
non-formed sea tangle Saccharina japonica based on Y, (Odor in-
tensity, level), Y, (Amino-N content, mg/100 g), Y, (Sensory over-
all acceptance, score). ' X, (Squid skin, %, w/w), X, (Non- formed
sea tangle, %, W/w).
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Table 4. Estimated coefficients and P-values on the linear (X ,and X)), quadratic (X X and X X)) and interaction terms (X X)) of the fitted
quadratic polynominal equation for different responses based on t-statistic

ve Y, Y,
Coefficient P-value Coefficient P-value Coefficient P-value
X 23.08 0.000 13.28 0.000 -0.77 0.005
XX, 1.90 0.320 2.19 0.161 -0.55 0.034
XX 3.00 0.200 -0.08 0.964 -0.53 0.066

12

'X, (Squid skin, %, w/w), X, (Non- formed sea tangle, %, w/w). >Y, (Odor intensity, level), ¥, (Amino-N content, mg/100 g), Y, (Sensory overall

acceptance, score).
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Table 5. Analysis of variance (ANOVA) for response of dependent
variables for concentrates of octopus Octopus vulgaris cooking
effluent with squid Todarodes pacificus skin and non-formed sea
tangle Saccharina japonica

Response  Sources DF SS MS  F-value P-value
Model 58569.72 1713.94 103.46 0.000
Linear 2747746 4238.73 255.88 0.000
Square 2 5625 2813 1.70 0274
v Cross-product 1 36.00 36.00 217 0.200
! Residual 5 8283 16.57 - -
Lack of fit 3 7816 2605 11.17 0.083
Pure error 2 467 233 - -
Total 108652.55 - - -
Model 52929.41 585.88 58.71 0.000
Linear 22881.43 1440.71 144.38 0.000
Square 2 4796 2398 240 0.186
v Cross-product 1 0.02 0.02 0.00 0.964
’ Residual 54989 998 - -
Lack of fit 3 4741 1580 1271 0.074
Pure error 2 249 124 - -
Total 102979.31 - - -
Model 5 1443 289 1436 0.005
Linear 2 1034 517 2572 0.002
Square 2 299 150 744 0.032
Cross-product 1 1.10 1.10 549 0.066
% Residual 5 100 0.20 - -
Lack of fit 3 098 033 2446 0.040
Pure error 2 0.027 0.01 - -
Total 10 15.44 - - -

'Y, (Odor intensity, level), Y,(Amino-N content, mg/100 g), Y,
(Sensory overall acceptance, score).

o 1 B Dol 541%‘%%4 Age)
49 Sgto] 171084 W 098015131, o] AR 2 P
AbsH= 79 7H2E0.58% (wiw) 2 0.42% (w/w)o] .01, o}
s Y9 A9 g0l 22081 % 0990l

MR gEo. 2 SHASHE A0 22 0.61% (wiw) 2 0.41%
(wwpelglon, FR7IBE(Y)e] 4% ol 247 098
9 08801911, 0} AAIZLOE SHISHE 79 217} 0.42%
(wiw) B 0.53% (whw)ol 9lch. Slel4] 21t Ael=A(H4
©7jof 47 A7k 9 thAlnk FR)el W2 Bol A4

2o WA, ofn|ie A ok W EY| S EE FAlO] &

E3t 040 7 D vhAluh HlREe] REZhe 217 -0.88
Ul 09301913, o2 AAZLOE FAFSHE 29 247} 0.53%

(w/w) 2 0.48% (w/w)°] Tt

°ol5 A x7(24o] AH 0.5% H HhAF E7HE 0.5%)= 4]
83fof AL 2ol A4 5TELN WAE, ool Ae
o B TS ASgke] e 44 1620 level, 114.5
mg/100 g 9 7470|910, AA 574 Ao 45 44
166.0+8.0 level, 117.9+4.3 mg/100 g & 7.8 +0.654°] 3T}
(Table 7). o] A¥f= n]Fof Hof A A H Hh-g-32H e
ol Asar w50 @] /HAS IS A7 220 A

Table 6. Each and multiple response optimizations for concentrates
of octopus Octopus vulgaris cooking effluent with squid Todarodes
pacificus skin and non-formed sea tangle Saccharina japonica

Response Value X/ X,
Tar et 1250 -1.414 00 1.414 1250 -1.414 00 1.414
g 200 2200
% Coded -0.84 098
Actual 0.58 1000~ 0.42 1000-
Target 114.5 414 00 1414 114 5 1414 00 1.414
g 1600 1e09
Y, Coded -0.81 _,_| 099 |
Actual 0.61 1095~ 0.41 1095/
Target Max 4414 00 1414 |Max 1414 00 1414
g vo b so-oroeer
Y, Coded -0.98 m}w\ -0.88 ,% \
Actual 0.42 so 0.53 5o
) Target -0.88 -0.93
Multiple
Coded 0.53 0.48

'X, (Squid skin, %, w/w), X, (Non-formed sea tangle, %, w/w).
Y, (Odor intensity, level), Y, (Amino-N content, mg/100 g), Y,
(Sensory overall acceptance, score).
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Fig. 2. Response surface plots for preparation of seasoned Laver
Pyropia yezoensis with concentrates of octopus Octopus vulgaris
cooking effluent based on Y| (Burnt odor intensity, level), Y, (Wa-
ter activity), Y, (Sensory overall acceptance, score). ' X, (Roasted
temp., °C), X, (Roasted time, sec).
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Table 7. Predicted and experimental values on dependent variables
of octopus Octopus vulgaris cooking effluent with squid Todarodes
pacificus skin and non-formed sea tangle Saccharina japonica con-
centrated under multiple response optimum condition

Value
Response - -
Predicted Experimental
Y, (Odor intensity, level) 162.0°  166.0+8.02
Y, (Amino-N content, mg/100 g) 11450 117.9+4.3°
Y, (Sensory overall acceptance, score) 7.4 7.8+0.62
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E(Y)E X, 2 X7 B 1414904 0744] Z713E 3 ThA|
A8l AR UEry Qi)

MINITAB §# Z=271312] RSREGE A& o]k
Ol A7 Ea] gk Fof 2l 7lo] WA E(HH L, V), T8
FAE(Y,) 9 TS (Y,)ol tiet Ak, oA ke 9 wA}
Sfap -2 ofe] 712 221 39 WA A Y] Ag=3 o] 29 74
AJ& A B A I= Table 87} 2t

MINITAB program®] RSREG=Z 43} ¢| o §| & &-8-5}¢]
Ao Fol L= W To|A7kS Hefdt Hof zu|7] o] WAl
E(EHE, V), FREHE(Y,) D FW (Y0l dig
SEEYA o] Az, o)l maFetef| st 5244
BP<0.05)F G| 45 WAL EEHE, Y)7h A3
X, X, olAl X2 2 wAgrel X X 9F 2 459
BEA (Y7 QAR X, X,0 2 2%9] §, FR| e
(Y)7Folakakel X2, X2, akahel X X oF 2-& 359 3ol ql
3, Y z] 0] 749 mE GolAJo] QI A] ekt

Bol zn|7 9 A|2E 3 712 Wm0 Eguse
o F& 7ho] AHAIE ANOVARA 02 A s Au)
+= Table 99} it} FLo] 2 9 FLo| A1 7HS ] gt Fof 21
o) H4stE 9ot R g Al WA (R 2, V)<
7 dxfaka wapglel 5o o] )1 = ¢ aL(P<0.05), =
AE(Y,)2 A5 dAfghto] f-2]4d 0] Q1A E] 9] 2 1(P<0.05),
SAVNZE(Y)Q 79 o2kt walgte] oo Q1A= 9l
CHP<0.05). o] Zu|71 2] o] & Ul o] A 7tof w2 HAY
FE(RHg e, Y)oll tiet vy 4] medlo] 25}k Ao 7
Z2 P value7} 0.0022 0.055Ct Yo}, AAASRY 7} 2
7+ 0.908=A] 19f 7}7F-1, model®] P value”} 0.05%c} &
o} A wgo] Aol 41 0 2 LFEFFTHZhou and Regenstein,
2004). Fo} zu]7lo] Fro] &1z @ Lo A|7to]| upE SRSk
(YY) 2 TA7|Z2=(Y,)oll ek A Aol F52 P valuer}
2471 0.360 2 0.244% 5.5 005520 =9k1, AR AR =
Z7¥7F0.899 2 0.8592 4] =9k 1, model?] P value 7} = Z2H2}
0.003 2 0.0072 0.05}:.t} Yo} A7 mgo] 2gkat #1021}

]

H

Table 8. Estimated coefficients and P-values on the linear (X ,and X)), quadratic (X X and X X)) and interaction terms (X X)) of the fitted
quadratic polynominal equation for different responses in processing condition optimization of seasoned Laver Pyropia yezoensis with

concentrates of octopus Octopus vulgaris cooking effluent based on t-statistic

Response — s — A — LA
Coefficient P-value Coefficient P-value Coefficient P-value
X 56.72 0.000 -0.04 0.000 0.06 0.787
XX, 25.92 0.027 0.00 0.974 -1.59 0.002
XX, 32.75 0.022 0.00 0.743 -1.23 0.011

'X| (Roasted temp., °C), X, (Roasted time, sec). > Y, (Burnt odor intensity, level), Y, (Water activity), Y, (Sensory overall acceptance, score).
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ElyttH(Zhou and Regenstein, 2004).
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Table 9. Analysis of variance (ANOVA) for response of depen-
dent variables for preparation of seasoned Laver Pyropia yezoensis
with concentrates of octopus Octopus vulgaris cooking effluent

(V)= o1 953 49 6:9%, B35 57, 015 Aoket 49 14
Moz grisigon], Mool mxgre 717t 597, ZzZho
)02 sgick. ol 2fah Lol A] ol L % ol A 7he el
3 £o] zu| 7)ol tfek WAL E(HAE, V), SRBAE(Y)
U S 5E(Y,)e] 22t o] 5 B0 BET 4 9k =
Y] ML | 5T BH 0 2Table 39 A S 0)§
ahwA] gholAl it 2718 443 ok MINITAB 54 =
RIS FEl] A B HH27 o 21 Table
100] Ui gict.

Rol zulge] WS BEGS TEfet HHge Folew
9 POl A|7ke] 9 R gro] 242H0.00 H 0.110] 4, 0] 5 4
Algko 2 FHAteke 4% 217H340.0°C W 82%0| g 00, o] 5
270014 A2E AEL] G52 1484 levelo] k.

Rol zulg AlES] SR E| BHZHS T HHZL

Table 10. Each and multiple response optimizations for prepara-
tion of seasoned Laver Pyropia yezoensis with concentrates of oc-
topus Octopus vulgaris cooking effluent

red:d'entSources DF SS MS Fwvalue Pvalue

Model 5 412429 8248.6 20.85 0.002

Linear 2 32975.6 16487.8 41.68 0.001

Quadratic 2 3977.0 1988.5 5.03 0.064
v Cross-product 1 4290.2 4290.2 10.84 0.022
! Residual 5 19780 3956

Lack of fit 3 19754  658.5 493.84 0.002

Pure error 2 2.7 1.3

Total 10 43220.9

Model 5 0.02 0.00 18.87 0.003

Linear 2 0.02 0.01 46.73 0.001

Quadratic 2 0.00 0.00 0.40 0.693

Cross-product 1 0.00 0.00 0.12 0.743
i€ Residual 5 0.00 0.00

Lack of fit 3 0.00 0.00 1.93 0.360

Pure error 2 0.00 0.00

Total 10 0.02

Model 5 2525 5.05 13.16 0.007

Linear 2 0.38 0.19 0.50 0.634

Quadratic 2 18.86 9.43 24.58 0.003
v Cross-product 1 6.00 400 15.64 0.011
s Residual 5 1.92 0.38

Lack of fit 3 1.59 0.53 3.25 0.244

Pure error 2 0.33 0.16

Total 10 2717
'Y, (Burnt odor intensity, level), Y, (Water activity), Y, (Sensory
overall acceptance, score).

Response Value X/ X,

Target 150.0 41 00 141 1500
g 220. 220.

y? Coded 0.00 "0'3J/ 0.11 170?3/)/

Actual 340.0 . 82 mo— |

T t 02 -1.414 0.0 1.414 02

arge P S — s

Y, Coded 0.00 ,, 0.57 4\’\
Actual 340.0 o0- 9.1 0.0

1414 00 1.414
N —

1414 0.0 1414
I —

414 00 1.414
I —

Target Max 90'1-‘"“"|_u“ Max o
Y, Coded 0.00 ., | / 0.00 om

Actual 340.0 so 8.0

Target 0.14 0.20

Coded 343.9 8.4
'X, (Roasted temp., °C), X, (Roasted time, sec). >Y, (Burnt odor
intensity, level), Y, (Water activity), Y, (Sensory overall accep-
tance, score).

Multiple

Table 11. Predicted and experimental values on dependent vari-
ables of seasoned Laver Pyropia yezoensis with concentrates of
octopus Octopus vulgaris cooking effluent prepared under mul-
tiple response optimum condition

Value
Response - :
Predicted Experimental
Y, (Burnt odor intensity, level) 148.4% 155.315.42
Y, (Water activity) 0.22 0.240.0°
Y, (Sensory overall acceptance, score) 8.02 8.2+0.52
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Dried Laver

Retort

|| Frozen octopus (300 kg)

- Adding concentrates
of octopus-cooking
effluent with squid
skin and non-formed
sea tangle (5% based
on the dried laver) on

- Adding water (600 L)

- Heating (100£3°C )

- Thawing (for 6 h at 4+1°C
and then for 2-3 h in 2 volume
(v/w) of cold water)

the roller

- 1st Roasting
(220+£3°C, 7 sec)

<—| Thawed octopus |

- Cooking (60 min)

- 2nd Roasting

(290+3°C , 3 sec) - Seiving with a 60 mesh seive

- Supplying oil

|Octopus—cooking effluent |
(27.0%, wiw)

- Adding squid skin (0.5%, w/w) and

- 3rd Roasting sea tangle (0.5%, wiw)]

(344°C, 8 sec)
- Concentrating up to brix 10° at 100+3°C

- Seiving with a 60 mesh seive

|Concentrates of octopus-cooking effluent |

-Adding salt (20.0%, w/v) and lemon juice

<—| Seasoned concentrates of octopus-cooking effluent |

|Seasoned Laver with seasoned concentrates of octopus-cooking efﬂuent|

Fig. 3. Optimum procedure for processing seasoned Laver Pyropia
yezoensis with seasoned octopus Octopus vulgaris cooking efflu-
ent.
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