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Processing Optimization of Seasoned Laver Pyropia yezoensis Using
Seasoning Sauce with Conger Eel Conger myriaster
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This study was conducted to optimize the processing conditions of seasoned laver Pyropia yezoensis with conger eel
Conger myriaster seasoning sauce (CES) using response surface methodology (RSM). The RSM program results for
bonesoftness showed that the optimum independent variables based on the dependent variables (Y, lipid removal
rate; Y, texture; and Y, sensory fish odor score) were 431.0% for X, (water amount), 115.6°C for X, (retort-operated
temperature), and 50.1 min for X, (retort-operated time). The RSM program results for the CES blend showed that
the optimum independent variables (X;, amount of bone-softened conger eel by-products; X, mixed sauce amount;
and X, starch amount) based on the dependent variables (Y, amino-N; Y, Hunter redness; and Y, drying time) were
44.8% for A (pre-treated conger eel by-product), 36.0% for B (mixed sauce), and 19.2% for C (starch). The RSM
program results for seasoned laver with CES showed that the optimum independent variables based on the dependent
variables (Y, water activity; Y,, Hunter yellowness; and Y, overall acceptance) were 5.0% for X, (CES amount),
313.8°C for X, (roasting temperature), and 6.0 s for X, (roasting time). The seasoned laver with CES prepared under
the optimum conditions was superior to commercial seasoned laver in terms of overall acceptance.
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YeRf gl o, 2 109712010-20194) 10,968-16,365 M/T
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A5kaL Qlti(Heu et al., 2008). 0] 5 FANE Z FZojl =t
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ol A~ Ho| gkf(Watanabe et al., 1985;Lee et al., 1997; Kim et
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al., 2000)=0] §lof, o] 7HA] 7hE A=A A o] 7HsS)
U, cho] A A ela o] H8 02 o} 4EX] ot A}
22 o] 857} 7 7] ¥ 11 Qlth(Kang et al., 2002).

e BoA ABe) MEE Yeh 2B, 2, vl
U, 825, A 9 ofdaf 22 f7|do] S5 fyto] ofy
o} chal, S, vEh St 28 Qap R Aoj4le,
chlorophyll, polyphenol 1= &5-3F A7}AEo 2 da| &
A ltH(Kang et al., 1987; Cornish and Garbary, 2010). ©]<}
o] 71& FPAH W AR SRS T B3I o,
guietel Ao A 9] 9 d=RE S W 3 EA4 A8
sko] ok, 71el Aol A o] - AL A8sHA] ¢kt 9l
o e 2 vyt vt & Fueh f9, St oy
e e, M= 5 Fioblotol 4 710} il 7} Z7ksha o)
l, 1 ¥ L 7 s EAAL EEO| L AV 2 B
o) W2E 507 297 9l FAo|ck(Kim etal, 2019).
o] 2lafo] S-a]ufzio] M 7lo] T ARRto] of ]z} 4
SAE Tkl lo] 2009 19 2, 20159 39 & 3
20179 5] @& 2 (Baek and Lee, 2016; Kim, 2019), %+ &
SAAE Bopel 12918 AHelo] BT 4 EROE A2
i Skar ik, shARE, el Al 2 A AlAlE A1 B,
SebA A A S 55 502 MR skA) Eotar
Qlth(Bacek, 2014; Jun and Han, 2019). o]2{3l LA A] HF
A 270 oA $4H2 BAOlS BT 2uld AAE
O] 7ol Al Tto] ofU et S Aol A = Al s

B, ol 7o) gk A An) Edlsel Ay W Apus)
= 9Jsto] =AA 7fh(Lim et al., 2017), GSFAIE 24(Seo
and Jung, 2007), 71573 7H41(Kim et al., 2005), FTHJeon et
al., 2015), "l=(Jeon et al., 2008)2 2-8-5F 3Fu| 741, $JsllQ
4 B4 (Kim and Yoon, 2013; Kang et al., 2015; Hwang et al.,
2017), A% QF4 43 7141 (Chung et al., 2003) 5} o] toFs}
Al A=E BE7E et sEA|RE Aol & &H8et 2u] o) A
of thgt A= A F-siet.

QAT 5] ZFERANES] B8 o] §3 EAlo] 4u]%)

zu| o] A=l ukE3](Pyropia yezoensis) 2018 12
A o 3o A F e B o= AT 2 (A, 245-
275 g/ H9l; et 260+ 15 g/<5)S 2019 4-9Hof| Hehd
= Aokt &7 BAIRFE AE9sle] Ws i (CA-HIIAZ, LG
Electronics Inc., Seoul, Korea)o]] H33s}o] Fi1 AR85}%
o} 209 g JAE 2uji TS flsto] ARG &
Zrol(Conger myriaster, 1% 54.6+1.7 cm 2 A5 220.2+

111 g RARZS 20199 2990 B 44 9 HFEE)
(Tongycong, Korea)ol 4| 0] B4ole] 718 % WAlet A&
Tdsto] ARESHSIT B0l 2| A28 RURE 5 o
42(Purune Food Co. Ltd., Incheon Korea), 2] % (Daesang
Co. Ltd., Seoul, Korea), A+(CJ Cheiljedang Co. Ltd., Seoul,
Korea), 4A}o] Al (Miraefood Co. Ltd., Gwangju, Korea) %
L2-1ll-7-(Daesang Co. Ltd., Seoul, Korea)+= 2019 4-9Qof| &
2kl 2 E-5 Foto] 242 FHfshelal, 2F B|oK(Biomix Co.
Ltd., Goyang, Korea)= 20194 5-8¥of] A= TG Al &4
& axH|mFE O A i 5ke] ARE-SFGITE

7ol 203 e WA T2 E v BAE 9% =
T GRS EEsto] AlxRg AR 20| (AR = 51
31,2019\ 4-9of 2}l g Zof| A FEdske] ARE-sHITH
0| BAEQ AHSE 98t HEZE X2 3T A
3t
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Aol 71l el e AE Ade 5o AAIES]
t}. &, YEZE H7tEE 758X, 131.8-468.2 (%,
wiw)|Z HEZES] %E(X'z, 106.6-123.4°C) 4 /\]Zl'()(;, 9.5-
110.58)s sgHeE AAsto] S41d A2 (central com-
posite design) (Bezerra et al., 2008)]| w2} Table 104 Al
Qh HRe} Zho] SHhA| = 5 5}s}o] Table 404 AAIRE 5701
FAHE A5t 34 A3k AR 1718 FA9H 0 &2 Al xgt
U Adle Akl o] wf oA gt 3719 SRS
H 21} center point value S U] A o] Ait= EEo]al, &
7o) w o135} I #31(Kim et al., 2006; Min et al., 2019)%=
}e] A},
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o] zulaso] wig] HHshs 27K A2](106.6-
123.4°C, 9.5-1 10.58)3}Fa 5243 Tt (60 mesh)Z] 7] 3t o
THE(o]5} LLISF A2 B) (A), Bt ABHE 913 EFano]
7FHB) 9 #A|0]7) (caking) A} RS $J5F HE H7FHC) S

Table 1. Symbol, experimental range and values of the indepen-
dent variables in the central composite design for optimization
processing for lipid reduction and softness of conger eel Conger
myriaster by-product

Range level
-1.682 -1 0 +1 +1.682

Independent Symbol

Added water X 131.8 200.0 300.0 400.0 468.2
amount (%, w/w) 1 .

106.6 110.0 115.0 120.0 123.4

Retort

-operating Time
(min) X, 9.5 30.0 60.0 90.0 110.5
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SYHeRE AAsto] AUy 9 eE7E AE Fote] Al
Algh vighu]g-9] FAl7k(center point)S HFHA[X,, A/(B+C);
X, B/Clol| 9Jste] oFaslet ok 5419d 3] 4 A2 (central
composite rotatable design, CCRD) (Cho et al., 2015)0]| w}2}
X, 9 X2 St 2 255K Table 2)519] Table 60j4 A3t
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ol 2u| (A W V1%, 4 9)°] FolBA AAEE 9
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(X,, 272.9-367.1°C) % AI7H(X;, 2.6-9.0 sy HH W42 44
sho] FA15H4 A8l of| whe} Table 3014 A A8 v} Zro] 5S¢t
Al RS 0 Table 7o et sich. 4go] 20171] 7
o] 3 HZA o= 93t A B 1775 T2 H o2 A3t ok
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P R ELCE ESE LT BT
22 859k B, o] 2l hs o] 2 BE3 207
o] Ffpakol ciek 2% 1 2] e} 2 W 3kl Kim et al. (2010)°] ¢!
3o whel MINITAB 5743 2 73 (MINITAB Ver. 18,

Table 2. Symbol, experimental range and values of the indepen-
dent variables in the central composite rotatable design for optimi-
zation of blending ratio of materials for conger eel Conger myri-
aster seasoning sauce

Range level
Symbol
-1.414 -1 0 +1 +1.414
X 024 041 082 123 140
X2 0.69 1.00 1.75 2.50 2.81

'X,, A/(B+C).2X,, B/C. *A (Amount of pre-treated conger eel by-
product), 45.0% (w/w); B (Amount of mixed sauce), 35.0% (w/w);
C (Amount of starch), 20.0% (w/w).

1%
ol
-~
2
ro,
o
ol
of
N

A - oA - Bus - gL

MINITAB, Pennsylvania, PA, USA)S- ©]-83}3t) &, $4
A3 A E(CCD) Y 54134 3] 4 A € (central composite rotat-
able design, CCRD) (Cho et al., 2015)°]] ufe} 219|402 A
2 A EAEY A A0S EUE SHHP SEHS A
5 7ke] Ao wpet A A == RS 3] Al 9 EA A
AE Efl2 Xd(model), 1218} (linear), 223} (quadratic),
A8 (cross-product) 2 23 Ao (lack of fit) Z+2+2] &
O} (P-value)ol|] H2t 2174(P<0.05) ol & IsH3laL, o=
Avfghe] iste] 2F4 0= AAAFR)E 2elsto] 24 =
A& AFESIGITh B3 o5 AR sho] S W S5
0] AA 3 o] A2 Hhg A3t =-E o] §sko] T
H o] 3t Z}2o] B3 7 (target value)S A4 5to] Eolshed
o, SAZZ T30 A AEE R E 7k (coded value) S EHitso]
1A Zk(actual value)S ET| 2 o= X](predicted value)2};
1513 531 A% | (experimental value)E H| 1, £-4]5}
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BAlo] Zu|aie T2719F A2](106.6-123.4°C, 9.5-110.5
2ot A2 w A3t FAo] FARE[H E(11.0%, wiw), #
(6.8%, wiw) 5L UIZH(8.7%, wiw)| 2k AFA| Al 27k Sk A E
7L, Az 2 Bafsto] Azslgic. 2, wl A5 2ol 2k
=Y AXE fRt AAHES 20| B0 Az F AR 5
ol Fakes d3Eol 1AIRE Bo Wad, 33] A4, Ayt
= ol-&5te] 302t HE AGA o ® AAISHRIAL, ofof A '
H BAo] HAMES B4l 7] (chopper, M-2S, Hankook Fujee
Industries Co., Ltd, Goyang, Korea)= 23| u}aj|slo] #| 2314
o} W A3} g o] FARES HAEE F9 71E0 = 131.8-
468.2% (wiw)®] 7F8-8-75 715t - Y E 2 E(FZAIA) o]
A 271 2 2](106.6-123.4°C, 9.5-110.55)30] W& 913}
AZ0, o014 A(60 meshyoll Fol Felwl g AL,
B2 4 2 gAeslel A 259,

Table 3. Symbol, experimental range and values of the indepen-
dent variables in the central composite design for optimization of
conger eel Conger myriaster seasoning sauce-added amount and
roasting conditions (roasting temperature and time) for seasoned
laver Pyropia yezoensis with conger eel seasoning sauce

Range level

Independent Symbol

-1.682 -1 0 +1  +1.682
Adding amount
of conger eel
seasoning X, 06 20 40 60 74
Roasting
tomp. (C) Yo A28 2020 S0 S0 ST
Roasting
time (s) X, 26 40 60 80 94
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Bo] ZujhAs Yol A A ek g FakE 19.4-58.3%
(wiw)yoll 57o] 2mja20] Fu|(wieut, Tl v 5)E
HoJ3}7] 98l T3k 22.4-51.3% (wiw) [73AH] 41(90.9 %,
Wiw), o] (2.7 %, wiw) LD AHE|OH6.4 %, ww)lE, &
6‘1—/\/\ HU]—A 7_”017] tﬂ %};(] al A ZEJ—]‘é‘ /g]_)\/\]7l7] T]

3] HE(11.6-28.4%, wiw) ZF2} H7vear, Az 7 (AA AR
2 AZ3 oS, YA7|(FM-700W, Hanil Electrics Co., Won-
ju, Korea)= ukaf 9 7 2] 7](20 mesh)ato] A| 23} ct.
S0 =0/del M=

Balo] zu|7]e uf27]S 12} 10](220+3°Col|A] 7%)¢}
2z} T0](290 +3°Col| 4] 3%)31L, SH1-54(33%, wiw)S EE
3 thS Babo] oAl Bak(0.6-7.4%, wiw)it A1%(2.0%,
WiwyS EE3F T 32} TL0](273-367°C, 3-9%)51e] A %514

o}, o] wf 5ol £n]3 o Al E 13t 33} Lol 2 Aol A
ARERE o] duk Zofl Blstel F27] wlZell 25 T HASHA
Alzsk7] fste] st
XE XMEE

A S 27 AE A 9 AE & go] FARES Al
22 5ko] A %% Z(MFDS, 2019)0f|4] 15 SoxhletH Oi

S7gskalct. A1 Agehe N7t A2 A Sagel #
o] 2|17 ghafol] tiste] A WA 8] M3t 5 FAlo] HAME O] Xl?:_‘
e ARe] AdiulE(%) = e At

XS]

Bayo] BARZO] 2 A7 Seo et al. (2014)0] 13 W

o et dlER s AR 13 ol Bo] FERBo
0.4 cm, 2°] 1.5cm ¥ HH] 05 cm)S A 22 5l RS
o2 AL E =459k = =, H2lo] w o] ZZA|7ke 217 38.1
mme] ¥E3 probe (TA- 4)§ Z2k3) A=A 7](TA-CT3
Brookfield, Middleboro, MA, USA)E A&-3}5], texture pro-
file analysis (TPA) test=, deformation- 80%, trigger loadS
10 g 9 test speedE 0.5 mm/s2 3}0] SA3}cE L& =4
S 7} ARE 153 HHE AA5FY o, A= TexturePro CT
(1.9) software & AR5 e T

o2

panel member 2421(20-30t}], HA} 10
*3 sto] AL271ef BAto] FAREO] ¢
3ol o} F2 A9 9B O, ofF U A 172 B,
$3p0] 201700 A9 272 /1M SHO2 o), T
7| S (A YA, ‘31’ a4 52 %@L—. o8 g7t olH
o 943k 49 6-9% 14302 sh= 9t
A as 2t

otol= EHA

Zue] i 371

ob] i Z A= KFN (2000)o1 4 o1get B el wet Formol
Hog SAsh &, o] 2u|an 25 gof| FRFE 7
ato] 25 mLE AJgatar, whlsto] FAstAIZl o ©]& 0.1
N NaOH &5 AHg-5ho] pH 8.4= 2738131th. o 7] 36%
formaldehyde -8-24(0.1 N NaOH £-28-& A-8-5}0] pH 8.4=2 =
A gol) 20 mLE 7}t thS 0.1 N NaOH 894 © & pH 8.4
7} 2 w712 HAsto], 0|5 EYE ofu|le Mk FRFS AL
aFict.

M

A= Z2o)AA0] A2 ZAE round cell (A5 4X4 cm)
| FaL, SR 2rde A a2 9 AAMAA(ZE
2000, Nippon Denshoku Industries Co., Tokyo, Japan)= =
Hotol, 1 ATE Bo] Zulanre] A AR,
ol 2u ] A9 A E(bgh) o2 HER I ofw, HAHA
o] A TRe- L4ho] 97.37+0.05, agto] -0.37+0.02, bgto]
0.33+£0.02 2 AEZF©] 0.04+£0.020] AT}

UEAZ

AR YZFAZ27|(AAAZH Y] =5 35Ca AAst
of FAFo] a0 7o) 6.5+0.2%7H] = st
A QEE 7o SIch o] ), 4B aES HelAl 42
7]1(XM 66, Precisa, Dietikon, Switzerland)2 SA 35}t

A H
L2584

T2 Eag 2u|7E §7]ol Hot AU(25£2°C)ollA
Thermoconstanter (Axair AG 8808, Novasina Co., Switzer-
land)= =74 5F3Ic
SAXE|

2 AY Aol gt dlole o mEHAF W FoARF HA(5%
Bol=2)S SPSS EA 971 %|(SPSS for window, release
10.1)0]] 2J¢F ANOVA testE ©]-§-aFo] EAHEA3E 3 Duncan
o] 5914782 AAIsko] ekl Sith

M

Y D

of 229 St flet HEEE X2 SF A

1% ofr
o oA

Bogo] AR Y E2E A U, Y EEE
T 9 AIZH A TS 9l8ke] Table 10]|A4] AAISE 541834
| whet AAIEE 1742 A 545 “X‘Hﬂ © 2 A x3t ok o]
=9 TER(Y, AF AL ¥, 243 Y, T 5E)
£ 2431 A1} Table 49} ﬁu}. ol S FEHHP
2}l A= Maple software s AME-810] 33} =4 5)s}o AF
B HQUTHLE w|AA]). 5ol ZrAAg L 7kobA] 2] 5
o] FAbE9] Aelad HAIE Yt TERA AA AE

=
3]
L

2
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(YD ¥I-Ui(Y)= 7H-83(X), AE2E A2 2E(X)
A HEEE H2ATHX )0l B -1.68200A4] +1.682% ©|F
= S7Iske e HEl e, 22(Y) B 7t
87 HX), HEEE A2E(X) 3 HEZE XA
THX o] 5 -1.6820]4 +1.682% o] 5 &= st 7
F= HER Al

Sl FakEe] FrE o Sl A ALt W AskE
A3t F&5H=0] AR (Table 4)E ©]-83Fe] RSREG (re-
sponse surface analysis by least-squares regression)S AFH &
ZA4 02 MINITAB 54| 22732 41531 Tt MINITAB
%7 32 -199] RSREGE 2413} o] e2 2-g5}0] Alnj 2
FgmsSol that 2 a5 A4t AW AUR(Y)S A4S
mdlzho] 48.47, Ukl X o] 10.35, X, 7} 8.86, X7} 9.98
01917, 35| Fo| BT P<0.050] 0, 2Vl A5
elgko] 965.7, YA}t & X7t -107.9, X7} -168.50| %14,
23:0] Fo] WE P<0,050|9 00, EF|FE(Y,)e] A w
digto] 6.44, YAkl X 0] 0.29, X 7} 0.38, X, 7} 0.44, o| 2}
el X *0] -0.19, X;?0] -0.22, X *0] -0.212 659] Fo] K
P<0.050] 3. wjebAl, o] FEEtto] o] Fakael

Table 4. Central composite design of independent variables and
response of dependent variable for processing optimization of
conger eel Conger myriaster by-product for removal of lipid and
softness

Coefficients Run Uncoded values' Dependent variables?
assessedby no. x X X Y Y. Y.

1 2 3 1 2 3

1 200.0 110.0 30.0 147 12114 438

2 400.0 110.0 30.0 324 11551 54

, 3 200.0 120.0 300 265 967.0 5.3
Fractional

factorial 4 400.0 120.0 30.0 529 9162 58

design 5 200.0 110.0 90.0 294 8760 56
(8 points)

6 400.0 110.0 90.0 515 831.0 6.0

7 200.0 120.0 90.0 559 7125 6.2

8 400.0 120.0 90.0 765 6461 7.0

9 131.8 115.0 60.0 33.8 10772 55

10 4682 115.0 60.0 66.2 8947 6.5

Starpoints 11 300.0 106.6 60.0 382 1107.0 5.1

(6points) 12 300.0 1234 60.0 603 7256 6.7

13 300.0 1150 9.5 33.8 1376.0 5.2

14 300.0 115.0 1105 632 711.7 6.7

Central 15 300.0 115.0 60.0 471 9568 6.5

points 16 300.0 115.0 60.0 485 9681 64

(Bpoints) 47 3000 1150 600 485 9590 6.4

'X, (Added water amount, %, w/w), X, (Temp., °C), X, (Time,
min). 2Y, (Lipid removal rate, %), Y, (Texture, g), Y, (Sensory
score on the fish odor).

Z] - ol AA . Ful . 717
]L ]O“I 0’] ™

A~
v T

o]

o

= A A7 o} w o] ASHS fiste] oA o= el
e ol ATh(ElolE vAA).

whebA, £-214(P<0.05)S stol W ATE 9 HEe
E 24 HHstE Ao E YEhE Y =4847+10.35X +
8.86X,+9.98X,(R*=0.873,Pvalue=0.001), Y,=965.7-107.9X,-
168.5X, (R*=0.902,Pvalue=0.001), Y,=6.44+0.29 X +0.38 X, +
0.44X,-0.19X-022X 021X (R*=0.932, P value=0.000)
o]ttt

Aol akEel erEol Sl AE S AlASaL, W st
B0 AAsts HERE 21 HA3HE 71 Ry
A 0] S e T4 71| A E ANOVARA]
O 2 4 A= Table 59 2t} 540 FARE S Y ERE
271 22 3HE iRt wh R Al A ALY 24
o7 o] Q1= 2131(P<0.05), F7F
oAk frolAdo] K I E

o o

k

ZH(Y,)0) A$ dapaiuto] &
NEE(Y)O] A QA °
2ATHP<0.05).

910] FApo] BatEo] Y EEE 2315 95 T4 vt

& Palue7} A1 A7HE(Y) R 2HH(Y)9) A$ 2210014
2 0.0072 0.051.c} Yol A A| w3 o] AR = orkot, A
AAZR)7}2H2E0.873 L 0.9022 4] 10]] 7F7->-1, model %}
o] LI 0.055 t} ol Fodo] Fakael dEof Qe AEE
AAG L, We] ASHE Qfgh A By o AFet Ao 1}
B} tH(Zhou and Regenstein, 2004). 3HH, F37] S %(Y,)2]
g Aol AZL 00792 0.05HT =on] AAAS 9A
0.9322 1] 7}7h9] A K o] A 7Het A & Lrebytt),
THH, IL27IQF ool FARE O A4S QIR HEEE A

AL e A, B HARE W 7 Mz 2 A%

T 79 B0l Ak FElo] Gl A WA AL, mel st
2 Ul A R0l RO, e B9 WA R o

EA, WS S EAE o 1E 4= ek ol 2Rk U
2 uff 22 9] 127t A 7] Fogo] FAkE ] AYke 913t
E2E A7 208 AT AES AASHHA 2A0E
AJB}aL, o] 2 eF HI-7F A7) 4] ok o] A 2710]ofof
st 2% 7S et W7t Hojof gtk whebA], Ftol
Zn]|2ng gao] FAHES AP s] 93 dEEE A7
209 S A% FEERAE AER(Y), (Y, #
TN =(Y)] W= AE AFE(Y)S A5 dnldd 2
27 A1 A4 9 A|0) 7 (caking) AAE a125te] 11.8-
79.4% W92, 2AZH(Y) 5 AARldd 9 5ol W st
el 23(Kim et al.,, 2006; Min et al., 2019) 5] 23} 21
5kof 538.0-1396.0 g 9=, TS =(Y) ] B¢ HsEH
o] e1el 1-9% o= dAsiqich

fo & K

gk ol5o] W9l % Bt AT Ssiein ok AE
1 253 (Seo et al., 2014; Min et al., 2019)2] 2115 Eff

=
2 2R AT, o i) HT BES uF o
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B8 A0 Folo] U7V H$ 9500 g AH A&
(V) 2 FU713E(Y)2] A 212 Hehglel 79.4% 3 9%
o= 3hort.

R EU PSS BTV LSRR SERERRPRLE
A ERE Ae) 2700 tha FEUEAD AZ(Y), 27
W(Y) B FWNEE(Y)]S] 22} o] 52 FAlo] HIEAD
Sl BYusY HH2AS ST BH0R oA A

F zA°2 HA351a1, MINITAB 57 T2 132 41535}

1

£ Egluigo] M2z o534 Table 63} 2} Hato] =
AAg TEARIHE Bto] HAkEo| S ST HERE

Table 5. Analysis of variance (ANOVA) for response of dependent
variables for processing optimization of conger eel Conger myri-
aster by-product for removal of lipid and softness

L;]ed:d'entSources DF SS MS  F-value P-value
Model 9 397278 44142 1320 0.001
Linear 3 389245 1297.48 38.81 0.000
Square 3 2752 917 027 0.842

, grfjjét 3 5281 1760 053 0678
Residual 7 23400 3343
Lackoffit 5 23269 46,54 71.23 0.014
Pure error 2 1.31 0.65
Total 16 4206.78
Model 9 586884.0 65209.0 17.49 0.001
Linear 3 566913.0 188971.0 50.68 0.000
Square 3 176620 5887.0 1.58 0.278

, grrgjjét 3 23090 7700 021 0.889
Residual 7 26099.0 3728.0
Lackoffit 5 26028.0 5206.0 145.04 0.007
Pure error 2 72.0 36.0
Total 16 612984.0
Model 9 8776 0753 2553 0.000
Linear 3 5790  1.930 6543 0.000
Square 3 0912 0304 10.31 0.006

y grrgjjét 3 0074 0025 083 0517

Residual 7 0.206 0.030
Lack of fit 5 0.200 0.040 11.99 0.079
Pure error 2 0.007 0.003

Total 16 6.982
'Y, (Lipid removal rate, %), Y, (Texture, g), Y, (Sensory score on
the fish odor).

A 2APFETEHX), EEE 25(X) D HEEE A]
ZHXO) ol thet S 3e gk 25k 24 A Ak (uncoded value)2
A AZE(Y,) Q] A ZH2F 468.2% (wiw), 123.4°C 2 110.5
Hol9 i, 2TH(Y,)2] 4% 2+ 300.0% (wiw), 115.0°C Z
627209l oH, F97 S E(Y,)9] 5 2+t 393.0% (w/iw),
121.1°C 2 100.2%5-0] ¢tk

QlollA] AEgt 27t A 2] Bo] FakES AAksL] flgt
HEZE Az 5YULE Sl $55k= A7,
HEZE 2% 9 A7Re] A ARG 7H) 431.0% (w/w),
115.6°C % 50.150] itk o] &5 L2719k 2] 5ol FAkeS&
Aiksl7] Qg Hl E 2 E A2 2710 Y] SE Sl 55t
A7 UERE 2 WA HA 20 A AlxH
o] BAFE0] )8 A 782 58.3% (w/w), 22729482 ¢,
THNT e 64 2R ASEHL, o5 HH2AS 485t
A27IpA )3t o] BANES] AR S92 A A
O] A2 585+ 1.6% (wiw), 227+¢] 79 9533+88 gl
TH7IT =0 A9 6.8+0.650] 312 H(Table 6), ©|= A =
IS S| 5% frol gzl Al 2ol 7t flAet.

o] AtE n|Fo] Kol AAJH grgo] FAHE AYARE-
E2E A 27, &5 2 AZH] R mE
2|2 o]} et ek

S0 20|UE SHO RO|AAQ| HIFER AX3}

Bogo] Zu|AA] vigH|E&(AL27IY 5ol FAikE
a2 9 A5 2| A 31E 915k0] Table 20014 AJAIRE 5419 2]
AAE ol wet X 9 X & STHA|R F33lsto] T2 Az
gk 119F Al&t9] S5 [oh) e A FRKY)), A E(Y)
4 A% AZKY)IE S43 Z3H= Table 737 2t} o] 5 59
=0} F4 =010l IHAl = Maple software S AHg-sto] 32}
H ZA5fete] A EQITHLE vAA)). 5ol 2m|axsg
A= 91 TERG ofve A FFEKY)S X 9] B¢
-1.41401 4 +1.414=% o] 5845 FhAsh= A e A
Tk 71 ko] wln|atelL, X, 0] 9 -1.4140] 4 +1.4147 o]
TR SV WS eIt o= ofr| e Aas 9k
(V)2 A5 A QL2719 740 FAHe) 2 B (Eg42)9] H
0| =25 SV 208, C (D)9 vHlEo] =545
Hashs Ao s FaE el AME(Y)= X 9 45 -1414
oflA] +1.4142 o] F&PE Faxshs A oFe YE AL, X 9
73%- -1.41400 4 +1.4148 ol 55 F7ote AFS YE
Witk ol= AME(Y) 9] 4 BY vHl&o] 245 5716t
= A2 AY CY HEo| HZ45 Wolx|= A 0 & Aty
Aok ARAZHY)S X, 2 X, 25 -1.41400 4 +1.4147}4]
S7Voke A HeEP ARt X 9] 79 11 gkl ujn|stel
o} o= ARAIZFE] A A9 HlEo| =55 AojAl= AL

o r

N Mo @ ofN

ool 2l wigt R A2 7IRE S0 FARE(A), &
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aAB) H AHC)] HAIE gt FEHHpS] opv|ie A
TEHY), ANE(Y,) B AXAIZKY,)2] 22| (Table 7)E ©|
93}o] RSREGE AFHE 2202 MINITAB £74 221
& Eskeleh 5ol 2ulas wigxe] FEHHaEol of
gk 7 59 Alg oblie HA FEKY)S S mEtol
77.800, A}aHel X 0] 1.729, X,7}6.361 0.2 3%2| gfo] &
T P<0.050] UL, HAE(Y,)9] 9 mdgro] 15300, UAt
3l X, 0] -2.708, X,7}2.991, o]4Fa}el X 0] -0.912, wAa}
1 X, X,7}-0.750.0.2 4%-2] Fo] BT P<0.050]%oH, A%
AIZH(Y,)e] 7 mElgho] 236.67, YAkl X 0] 56.30, X, 7}
13.320 2 25:9] §fo] 1= P<0.050]Glth. e, o] 5 5=
qho] Fgdo] Zmlas A28 uigh] A4S flste] oA e
2 o] ikl ol El u]AA).

whebAl, obn|te Ha oFEK(Y), AME(Y,) S ARARK
o] vk A 5 9 Fo4(P<0.05)s L5t
ol zu|aso) HiRkE 9% A 7tAAoR UehH
Y, =77.800+1.729X,+6.361 X, (R*=0.934, P value=0.001), Y,

gy

)

‘5, ofr

&%l - o)A - Bl -

A~
W24

=15.300-2.708X,+2.991X -0.912X *-0.750X X, (R*=0.978,
P value=0.000), Y,=236.67+56.30X +13.32X, (R*=0.982, P
value=0.000)°] it}

o] u|ano) gk 2 (A7 IeF Bl FAHE(A), &
La(B) B HE(C)] 2ASE fIvE 1HE SRR A 9
SHHPeL FEHP 71 AT E ANOVARA 0 = A
& A3}= Table 83 A}, 57do] Zmf20) vigkezd 225t
£ AT WA A2 ofnlie A FEH(Y)) HRARE
(Y,)2] 75 dapatyto] 124 o] 14 = 3 S 1H(P<0.05), 24
T(Y)9] B Ak, ol Akat B wAakgke] f-o)4o] i Q1A
] ATHP<0.05).

o] zuj ool g7 HHSE 97 SLde] vk
maug ) mu 43H of 8 Uil gt Aol A58 of
o)t A4 Sk, HAE 2 A 2A7E] P valueZt 2H2F 0.392,
0.058 T 039002 = 0058c} =31, ARAL} 747t
0.394, 0.978 & 0.982& 19| 7}7+-$-1, modelzte| 22+ 0.001,
0.000 ¥ 0.0002.2 0.05Xc} Lol AA|w rgo] B A3lst

Table 6. Optimum processing conditions predicted for preparation of conger eel Conger myriaster by-product obtained by MINITAB pro-

gram, and predicted and actual value of product prepared under the optimum processing conditions

Dependent variables ~ Value X, (Added water amount, %, w/w) X, (Retort temp., °C) X, (Retort time, min)
-1.68 0.0 1.68 -1.68 0.0 1.68 -1.68 0.0 1.68
Target Max s Max s Max
Y. (Lipid removal / 7
rate, %) Coded 188 4se / 168 s / 1.68
Uncoded 4682 11.8 1234 18-/ 110.5
Target 950.0 -1.68 0.0 168 9500 -1.68 0.0 1.68 9500
1396.0 1396.0
Y, (Texture, g) Coded 0.00 o670 | ___ 0.00 o0 ol 0.09
N
Uncoded  300.0 538.0 115.0 538.0 62.7
Target Max
Y, (Sensory score -
on the fish odor) Coded 0.93 50— 121 50 / 134 5.0 yd
//’ / /
Uncoded 393.0 1.0 1211 1.0 100.2 1.0 /
Mu|t|p|e response Coded 131 012 '033
optimization Uncoded 431.0 115.6 50.1
Y Y, Y,
Data' Predicted 8 e s, 648
Measured 58.5+1.62 953.3+8.82 6.8+0.6°

'Predicted and experimental lipid removal, texture and sensory evaluation on the fish odor of conger eel by-product under the optimal condi-

tions in a retort.
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710 2 YEGTtHZhou and Regenstein, 2004).
ghH, 5ol 2u|aio] wigtx AL st 127k 5
o FAMES 7V A9 ool Rujano] Ful 9 JYE

= O
o] A3k Ak gl Hlelu, Alo] 7 WAL 9 AZAIZF A% 5]
BRI Qo] A3te] ofel gt nlxje] o) 7|57} -2l
of, st ERAAE W71 A4S vl 7gke] 271 2
AZA B 5o wab} 7 A n Axe A 9 e
B4 e s

[e]
o] T =, e v A/ A Aol @
1=}
o

Zu :

o -7} Qlol A4 H7hkS areleh jI97F A Eofof gt
He e off 5ol 2r|aso) A gtz
< HRIE A5, AnjAtEo| TS 4= QA A== ofof gt
o}, whetA], 282 7| S5 A o] 2| asg Aol
FARE, Stas 9 M Rof it FEH[om] e AA ohEF
(Y), AA=(Y,) ® AZAZHY)] = ol d A=
T3lo] o] A4 FFeFo] 49 62.4-90.2 mg/100 g0, A
Mo] A9 52054 M=, 712A17F] A0 160-320% W2
2 AAstglon, o]59] Bxgk 7|50 Hold AlES 3
ko] ofu| e A4 heo] 7-9-80.0 mg/100 g, 241 = 0] 7 -¢-
15.0 W AZA7E] 79 240502 A3}, o]st U
oAl 5ol xmAAo] uigtr o) thet T Zb2a) o
50| FAlO ST 4 Qe SEHSY H A0S 5T 5

1o} 3L

o ol gt 2718 443t T MINITAB 57

o
«
ot
e

Table 7. Central composite rotatable design of independent vari-
ables and response of dependent variable for optimization of
material-blending operation for preparation of conger eel Conger
myriaster seasoning sauce

Coef- Uncoded Blending ratio? Dependent vari-
ficients  Run value' (%, wiw) able®
assessed no.
by X X A B C Y Y Y
) 1 0411.00 29.1 355 355 68.1 14.3 170
Fractional
factorial 2 1231.00 552 224 224 69.8 10.2 280
design 3 041250 291 50.7 20.3 814 214 190
(4 points)
4 123250 552 320 128 82.5 14.3 300
5 024175 19.4 513 29.3 72.1 19.2 160
Stgrt 6 1.401.75 583 26,5 152 799 11.8 320
oints
?4 points) 7 0.820.69 451 224 325 66.6 8.6 220
8 082281 451 405 144 84.2 17.6 260
Central 9 0.821.75 451 35.0 20.0 78.0 15.2 240

points 10 0.821.75 45.1 35.0 20.0 79.0 15.2 240

(3points) 11 082175 45.1 350 200 76.4 155 240
'X,, A/(B+C); X, B/C. >A (Amount of pre-treated conger eel by-
product), B (Amount of mixed sauce), C (Amount of starch). Y,

(Amino-N, mg/100 g), Y, (Hunter redness), Y, (Drying time, min).

njge] A 375

B2IOWE 50t D2 5 ! =R

9o} et FAfo] 2u|aio] Bxghe vefdh HHHR(X
X,)0] A obv| e A4 (Y] A9 271 0.28 9 2.7,
o| 5 EHj 2 ghilgt B5rgo] FARE(A), H4A(B) W A=(C)
2ol Z17F 21.9% (wiw), 57.0% (wiw) 2 21.1% (wiw)o] 9L,
M (Y,)S] 79 7+210.82 9 1.68, 0|5 Bt = gHilst 54
o] FARE(A), EFAA(B) L AE(C) kol 2+ 45.1% (wiw),
34.4% (wiw) 9 20.5% (w/w)olglom, AZAZKY,) < 739
717 0.82 2 1.94, o] & EH| & FAlgt 54 o] FAHE(A), &5
2A(B) E AE(C) gho] ZH2F 45.1% (wiw), 36.3% (wiw) L

i

Table 8. Analysis of variance (ANOVA) for response of dependent
variables for blending optimization for preparation of conger eel
Conger myriaster seasoning sauce

Inde-

pendent Sources DF SS MS  F-value P-value
Model 5 358.889 71.778 29.45 0.001
Linear 2 347638 173.819 71.31 0.000
Quadratic 2 11.161 5581 2.29 0.026
v grrgjjét 1 009 009 0.04 0.000
Residual 5 12.187 2437
Lack of fit 3 8.747 2916 1.70 0.392
Pure error 2 3.440 1.720
Total 10 371.076
Model 139.103 27.8206 90.07 0.000
Linear 130.241 65.1203 210.84 0.000
Quadratic 2 6.612 3.3061 10.70 0.016
. grr(‘)’jj(':t 1 2250 22500 7.8 0.043
Residual 5 0.3089 0.3089
Lackof fit 3  0.4948  0.4948 16.49 0.058
Pure error 2 0.0300  0.0300
Total 10
Model 5 26835.0 5367.0 112.89 0.000
Linear 2 26779.0 13389.5 281.64 0.000
Quadratic 2 311 15,5 0.33 0.736
Cross- 1 25.0 250 053 0.501
y product

Residual 5 237.7 475

Lack of fit 3 171.0 570 1.71 0.390
Pure error 2 66.7 33.3

Total 10 27072.7

'Y, (Amino-N, mg/100 g), Y, (Hunter redness value), Y, (Time
spent for drying up to constant moisture content, min).
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18.7% (w/w)©] Tt

(X, L X)E Aol S53h= X, % X9 AAIgE 242} 0.81
gl 1.870]%loH, o] & ET| 2 It 5o FAHE(A), 5
2AB) Y AE(C) 3H Z7F 44.8% (wiw), 36.0% (wiw) L
19.2% (w/w)e] Sit}. o] 5 Fg st 5o Ru|aAo] uigkxrd
of W& SHR(X, X X)E FAlol F55h= 2 A 210004
A Z2E BAbo] Zu| i) obulle A4 FHFS 78.7 mg/100 g
o] AL, A= 154013 o1, A XA 2402 0 & of| S5
Atk o] & A2 A[L-2714} 5o FARE 44.8% (wiw), &
T2 36.0% (W/iw) D A 19.2% (w/iw)] ShollA] Al =3t 5
Aol Zu| Ao ofn| i A4 FHEE, AME 2 7 2 A 7Ee] A

SRR FE I N RS

R4 WP AL} o] BALE, EFA2 U AR)
o] 22 mlofe} Bere|gict.
s30f x0/Zol 70| Y 2|H3

o] 2u7e] Fol2Ae] Rulhn WY, Fol 2
T 9 AIZh 2ZSE $J5ke] Table 304 AAISH SAEAA
Z(central composite design)of| whe} LA H o2 A28t 17
T A& FEHAP[FREZAAE(Y), FHE(Y), TH7I
BE(Y)|S 243 2T Table 103} 2}, oS Eguisoh
FTEHeL] IAE AT E 52 0 & Maple software s AR5
shol 32k =A]Ststo] A Hekrh B 2m ] 3A(E
Ao vl W7l ol W A7H HASHE 98 54

ZA7He 77+ 783 +0.5 mg/100 g, 15.3+1.2 4 240.0+0.0
min®| 1L, 0|5 oS3kt vl algt -9 5% ool Al Zpo]

73t

olAle] ATtz u]o] Kol A HHeFEH mElo Halo]

15 168200141 o] e HIIHX)), FOLLE(X)
% Ol AZHX)0] +1.682717] o] RS2 SR (Y,
A% % ashs FFL, PUR(Y)2) 4 BF S7hoRe
AL HERfoc e, el 2uie] 3 (3ol 2

Table 9. Optimal conditions predicted for preparation of conger eel Conger myriaster seasoning sauce obtained by MINITAB program, and

predicted and actual value of product prepared under the optimum processing conditions

Dependent variables Value X, [A/(B+C)] X, (BIC)
441 00 1.4 141 00 1.4
Target 80.0 80.0
90.2 90.2
Y, (@amino-N, mg/100 g)  Coded -1.32 76.3 T 1.23 763 ///
/
Uncoded 0.28 62.4 2.70 62.4 /
141 00 1.4 141 00 141
Target 15.0 15.0
25.4 N 25.4
Y, (Hunter redness . ) ~
vezilue) Coded 00 15.3— --—->k---- 0.10 15.3 .___/_Lé_v
\\\ //
Uncoded 0.82 5.2 1.68 52 /
Target 240.0 4100 1.4 240.0 4100 141
320.0 320.0
Y, (drying time, min) Coded 0.0 240.0 0.25 20,0 -l
Uncoded 0.82 160.0 1.94 160.0
Coded e 008 e 016
Multiple response Uncoded 0.81 1.87
optimization A (%, wiw)' B (%, wiw) C (%, wiw)
Actual
448 36.0 19.2
Y, (mg/100 g) Y, Y, (min)
Data® Predicted ... L4 L L A 280°
Measured 78.3+0.5° 15.341.22 240.0£0.02

'A (Amount of pre-treated conger eel by-product), B (Amount of mixed sauce), C (Amount of starch). *Predicted and experimental Amino-
N, Hunter redness value and drying time of conger eel seasoning sauce under the optimal conditions.
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a2 7N, ol 9 AR FABE PR E thE F
S FANTE(Y)= ool 2rjad J7FHX)2 4
9--1.6820]| 4] +0.707}17] o] 585 F718t9 o, 1 o]
37 mju]shglar, GOl (X)) 7 -0.29714], ol Al
(X)9] %% -0.25717] o535 F7Islct Hadtes Ad
UFERH QTR E T A AD.

5ol zugl 34 HH3E 93t FEEel FEEE
(Y), FHE=(Y,) 4 TA7I3%(Y) ] 2A32|(Table 10)E ©|
435}o] RSREGE 4l & 220 2 MINITAB 54 =213
< =519t MINITAB £4 =& 139 RSREGE 24
ghHlo|H & 2-85to] AHE FHaEol tiet 24 3352 A
= FERYE(Y)S 7 Zgho] 0456, ARSI X O]
-0.014, X,7}-0.034, X,7} -0.0402.& 3%2] gto] L= P<0.05
ojaL, FME(Y,)e| ¢ HElgto] 3.146, AR X ©]
0.129, X,7} 0.700, X,7} 0.453, o] %3}2] X 0] 0.264, X,*°]
0.169, A} X, X,0] 0.201 2 63| o] BT P<0.050] %]
o, FF7ZE(Y,)9] 7 ko] 7.690, YA}l X o]
0.931, X,7}-1.146, X,7}-0.913, o] 2}5}2] X 0] -1.692, X,2°]
-1.5459} 2+-2 59| o] B f-o]4do] Q1A E| I TH(P<0.05).

]_

o &L rlr

Table 10. Central composite design of independent variables and
response of dependent variable for processing optimization of sea-
soned laver Pyropia yezoensis with conger eel Conger myriaster
seasoning sauce

Coefficients Run Uncoded values' Dependent variables?
assessed by no. x X X Y Y. Y.

1 2 3 1 2 3

1 20 2920 40 056 257 35

2 60 2920 40 055 273 45

Fractionl 3 20 3480 40 051 376 26

factorial 4 60 3480 40 049 394 47

design 5 20 2920 80 050 3.08 40
(8 points)

6 6.0 2920 80 048 334 54

7 20 3480 80 041 510 1.0

,,,,,, 8 60 3480 80 038 533 15

9 06 3200 60 050 310 39

10 7.4 3200 60 043 365 85

Starpoints 11 40 2729 60 052 289 58

(6 points) 12 40 3671 6.0 042 476 1.0

13 40 3200 26 053 286 65

,,,,,, 14 40 3200 94 041 425 11

Central 15 40 3200 60 046 315 74

points 16 4.0 3200 60 046 315 75

(Bpoints) 47 40 3200 60 045 316 80
'X, (Conger eel seasoning sauce-added amount, %, w/w), X,
(Roasted temp., °C), X, (Roasted time, min). >Y, (Water activity),
Y, (Hunter yellowness value), Y, (Overall acceptance, score).

oA, SRR E(Y), FAE(Y) R ST E=(Y)9 v
SR T el 72 4(P<0.05)= e et 5ol 2]
T4 2 A3Hg A2 Y =0.456-0.014X,-0.034X,-0.040X,
(R*=0.916, P value=0.0001), Y,=3.146+0.129.X,+0.700.X,+0.
453X,+0.264.X,+0.169X +0.201X,X, (R*=0.944, P value=
0.000), Y;=7.690+0.931X,-1.146 X -0.913X-1.692X >-1.545.X 2
(R*=779, P value=0.008)°] ${tt.

ool 2RI ARE ARt S0l 2ol YRS A
AR H AZhe] 2 okg 1 v R g Ao =
Hlpoh S50 7H] A S ANOVAR A 0. & A

Table 11. Analysis of variance (ANOVA) for response of depen-
dent variables for processing optimization of seasoned laver Py-
ropia yezoensis with conger eel Conger myriaster seasoning sauce

Eedr?d-ent Sources DF SS MS F-value P-value
Model 9 0.04259 0.00473  20.45 0.000
Linear 3 0.04041 0.01346  58.20 0.000
Square 3 0.00128 0.00043  1.85 0.227

v grrgjjét 3 0.00090 0.00030  1.30 0.349
Residual 7 0.00162 0.00023
Lackoffit 5 0.00155 0.00031  9.32 0.100
Pure error 2 0.00007 0.00003
Total 16 0.04421
Model 9 10.9294 1.21438  31.15 0.000
Linear 3 97141 323805 83.07 0.000
Square 3 08885 029615  7.60 0.013

. grrgjjét 3 03268 010895 279 0.119
Residual 7 02729 0.03898
Lackoffit 5 0.2728 0.05456 1636.84 0.001
Pureerror 2 0.0001 0.00003
Total 16 11.2023
Model 9 91923 102137  6.95 0.009
Linear 3 41136 137121  9.34 0.008
Square 3 45767 152555  10.39 0.006
Cross- 5020 16734 1.4 0.397

Y, product
Residual 7 10.281 1.4688
Lackoffit 5 10075 2.0149  19.50 0.049
Pure error 2 0.207 0.1033
Total 16 102.204

'Y, (Water activity), Y, (Hunter yellowness value), Y, (Overall ac-
ceptance, score).
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ZH= Table 113 ok, g7go] 2n|3] o] Frol2 2A3k=
913 BSR4 O] o4 FEBAE(Y)S] 7B 4t
ito], FAUE(Y)} FAVNTE(Y)) A¢ AT, o3

o] 1= HrkP<0.05).
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Table 12. Optimum processing conditions predicted for seasoned laver Pyropia yezoensis with conger eel Conger myriaster seasoning sauce

obtained by MINITAB program, and predicted and actual value of seasoned laver prepared under the optimum processing conditions

X, (Conger eel seasoning-added

Dependent variables  Value amount, %, wiw) X, (Temp., °C) X, (Time, min)
-1.68 0.0 168 168 0.0 1.68 -1.68 0.0 1.68
Target 0.45 0.45 0.45
0.60 0.60— 0.60—
\\ AN
Y, (Water activity) ~ Coded 0.00 ;s L N 0.15 0.45— - N
Uncoded 4.0 0.30 3200 030 6.3 030
-1.68 0.0 1.68 168 00 1.68 -1.68 0.0 1.68
Target 3.0 3.0 3.0
5.8 5.8 - ‘l—l/ 5.8
Y, (Hunter /
yéllowness value) Coded 0.00 4.0 -1.68 4.0 / -1.68 4.0 ,
i _4 \:___‘_,_'/___ ,77,,,,71,
Uncoded 4.0 22 2729 22— 94 22-0
Target Max 168 00 168  \gx Max
9.0 ____ S
Y, (Overall Yy
aéceptance, score) Coded 0.70 50— / 029 -0.25
Uncoded 54 1.0 311.9 55
Multiple Coded 0.49 -0.22 0.00
OSPONSE
optimization Uncoded 5.0 313.8 6.0
Y, Y, Y,
Data’ Predicted 046 S 8
Measured 0.4410.06° 3.1+0.3° 8.5+0.4°

'Predicted and experimental water activity, Hunter yellow value and overall acceptance of seasoned laver with conger eel seasoning sauce

under the optimal conditions.
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Dried Laver |

- 1%'Roasting (220+3°C, 7 s)
- 2Roasting (290+3°C, 3 s)
- Supplying corn oil (33.0%, w/w)

Conger eel by-products (head, frame and intestine) |

- Bloodletting by standing in cold water for 1 h
- Washing (3 times)

- Dewatering for 30 min with a 20 mesh-sieve
- Chopping with a chopper (2 times)

- Adding water (431.0%, w/w) based on chopped
conger eel by-product

- Heating in a retort (115.6°C, 0.25 MPa) for 50.1 min
- Pouring heated eel by-products on a 60 mesh-sieve
- Washing

- Adding and mixing additives [conger eel by-product
44.8% (w/w), mixed-sauce 36.0% (w/w){capsaicin
90.9% (w/w), conger eel sauce 2.7% (w/w), stevia
6.4% (w/w)}, starch 19.2% (w/w)]

- Drying in a cold air-blast dryer (35°C, 240 min)
- Pulverizing with a blender
- Sifting with a 20 mesh-sieve

<—| Conger eel seasoning sauce (5.0%, w/w) |

- Adding salt (2.0%, w/w)
- 3“Roasting (313.8°C, 6 s)

| Seasoned laver with conger eel seasoning |

Fig. 1. Optimum procedure for processing seasoned laver Pyropia
yezoensis with conger eel Conger myriaster seasoning sauce.
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