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Development of Seafood Sauce Using Blue Crab

Kyong Tae Park

Department of Food and Life Science, Graduate School

Pukyong National University

Abstract

[t 1s known that seafood 1s healthy and attractive in
well-being life due to its high nutritional value and sensory
qualities. However, western people enjoy the various seafood
dishes with special sauce like as American sauce, but Korean
seafood dishes are limited to a couple of foods, sashimi like
raw meat dishes and hot stew. Though a sauce is an
effective way to improve the dish's taste, it is not widely
accepted to Korean because they didn't get used to western
styles' greasy flavor from sauce. Therefore, making sauce
using seafood products is a determinative factor to railse
development of a new seafood dishes while maintaining
nutritional and sensory qualities. Blue crab is popular to Korea
because of its umami flavor, so, if optimization of sauce using
blue crab is made, it will be expecting to change trends to

seafood consumption.



The objectives of this study were to optimized the
seafood sauce using blue c¢rab for maximizing sensory
attributes by response surface methodology with central
composite design, Nutritional value and some rheological
properities were also evaluated on various sauces.

Questionnaire were answered by 7-hedonic
scale(l=dislike extremely, 4=neither dislike nor like, and
7=like  extremely) for taste(Y1l), color(Y2), odor(Y3),
viscosity(Y4), and overall acceptability(Y5) of sauce in
sensory test. A simples mixture deslign was used in ten
mixture formulations. The mixture ingredients consisted of
tomato paste(X1), garlic(X2) and blue crab(X3). Nutritional
qualities  were evaluated In proximate composition, color's
value, texture's viscosity, free amino acid contents and trypsin
indigestible substrate(TIS).

A  multiple regression equation were developed in
quadratic canonical polynomial models and three dimensional
surface plots, contour plots and optimization response curves
were generated by response surface methodology.

[t was adequate to conclude that indicative optimal
formulation was 31% tomato paste, 9% garlic, 60% blue crab
and predicted sensory score was 5.7 for overall acceptability.

Moisture, ash and protein contents in various sauces
were increased by adding of blue crab, but lipid contents
were similar with every sauce.

Major free amino acids were revealed as glutamic acid,



phosphoserine, asparagine, arginine, and the sum of those
amino aclds was about 60% of total amino acid contents. Most
of essential amino acid contents were enhanced by added
tevel of blue crab.

The trend of color, expressed as L, a and b value, is
redness and lLight yellowness in standard and optimized
sauces, and those values were significantly higher than those
of American sauce,

Viscosity of optimized sauce was revealed as half value
below of American sauce. The more amounts of blue crab
extracts added In sauce preparing, the lower viscosity was
noted.

TIS(trypsin inhibitor substrate) contents was not affected
by major ingredients(tomato paste, garlic and blue crab) used

in sauce.

In conclusion, RSM(response surface methodolgy) using

central composite design was an effective way to decide

optimized ratio of the sauce using blue crab. It is expected

that application of this sauce for seafood dish attribute to

development of healthy seafoods.
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]l W2 AHgdE 9E E2AEDE BAE ARz A Fel A
T4t o, vhE(ATAHY tomato paste(3H1 = A AlF)= B
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SAh, HEEA, A&+H), BEEF(Bianco Balestra, 944rA:0]
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Figure 1.o14 & 4 Q%o d¥o AHE# &4+ American
Sauce AZ recipeE 71202 3lo] wigs o s} g
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NE 2EPEHFE, 19979 Fo= a
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A 0.1gs 718 AHEHoE At
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Heating butter(30g) for 10 sec.
)

Sauteing sliced onions(60g) for 1 min.
i)
Sauteing carrot(30g) and celery(20g) for 90 sec.
l
Adding chopped garlic.
i
Adding blue crab blocks.
i)
Sauteing blue crab for 4 min.
l
Adding 150mt of wine and heating for 90 sec.

l

Adding tomato paste.
!

sauteing for 3 min.
1

Adding 100wt of water and heating for 1 min.
1
Adding additional water(1400mé)
1
Adding thyme(0.1g) and bay leaves(0.1g).

1

Boiling for 20 min,
i

Whisking Burre Marnie for 2 min.
1
Stabilizing temperature(837T)
1)
Adding salt{8g)and black pepper{(.5g)
1
Sieving through 20 mesh standard sieve.

)

Final sauce(1£)

Figure 1. Schematic diagram of sauce preparation
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stol 90x3F 7 BollM F#daHA Betl 24 BEL 4585w
tele gelE2 dusidied ooy oz 7bzte] o8 #Hsld
A4 7 BellA] Bt 1 F 949e 150mE Hele A2 9l

of R o] 18 3027 Btk 1 F E & W4 EepE
Aol=Eg 2zt ol wet Yu 2y oM 3BT Holn, 2
100neE TSkl 123 2otk o) 23 HuE £ 4
23 shdsha, Be 2qske] B0TAA 208 Bt B

Burre Marnie(wheat flour @ butter=1:1)& "8}
ki, 7 BoA 283ZF Aojx ZFol@Et, A
¥ Ed 257 83CE AN AnE B H, 239 33 g

7t 8g, 0.5g& #7}sto] 20meshe] EEalolA Zewich

2. Ag AUz wg ¥H  EA(Response Surface
Methodology)

Table 1ol FEA|® ZH o] ¥bg Hd EAo o8 AAD
LUFH(ERE Fo]l2E ; X1, ks ; X2, £
EAM(sensory attributes)2.2 JEFR wreWolel 3y A=
quadratic canonical polynomial model(Scheffe, 1958,
Prinyawiwwatkul, 1997)2 E@3%F 22 39 HAAN o= FsA )
wE5d Sd(sensory attributes)& 57FA]  whgHE UH(Y1:
Taste), WZ(Y2: color), WA(Y3: odor), FE(Y4: viscosity), A

WA Ql =3 E(Y5: overall acceptability)2 J A3t}
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Table 1.

Ratio of ten formulations

. N
composite design

iIn a three central

Ingredients of sauce

Formulation

number Tomato paste Garlic Crah
(X1 (X2} (X3)

1 1 -1 1

2 0 0 0

3 1 1 -1

4 -1 1 1

5 0 0 0

6 1 1 1

7 -1 -1 1

8 -1 1 -1

9 1 -1 -1

10 -1 -1 -1

'Experimental runs were performed in random order by MINITAB(Minitab,

2000).

- 12 -



3. ¢t A

24
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AOACH Y e} i Agrtdasd, 2dWe semi
-micro Kjeldahl¥, &3 %2 Soxhlety, #4388 Somogyid L

i 3> A4 s er A7sHATHAOAC, 1990).

4, AT (Hunter's Color Value)?d =3

ME = Van Lack 59 WHH(1996)& tha A3 A48
o A T A7 (lamx1lam)] A5E wHEolA AT AJC ’01,
Color Techno System Co, Japan)g& AM&-sted LIF(HE), agt(F4)
=) b ENE)E S48 o] W EEWES L o= 93.73, a =
~-0.12, b = 0.119 A calibration plate® A}238}9 ).

. A=

RVDV-1I+ Brookfield  Viscometer(Brookfield  digital
viscometer, LVDV-1I, US.A)E ©| &3y 47}A 4A29 AEE &
AstAt}d. Spindle2 CP 52& AM{ 3lolom 30 RPM# 60 RPM
d we] H=E A8 o 390 AAdtd 2 gkl H7-g kg

6. frloluleAte] A% @ B4

Rowlet®} Murphy(1981) % Church $(1983)9] OPDA™
el 2] otmlneAls A=FEAd £, AR 0.5g9 EH4 50ME
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7}yated 75T shaking water batholA 4087F &3 AlgadQ
95% ethanolZ AW filter paper(No.41, Whatman)® o 3}
gt Freobn el Al RE et fFEjobn| Al AlE e
OPDA(o-phthaldialdehyde)*] 2ke & ¥ AlA 340molA] FFE=
=43¢ F DL-lysine? D.L-leucine? FHFo = AAIrHA L
T 5 2001).

eElopmAike] 2HE AIRE 80% ethanol® F&
5'—sulfosalicylic acid(SSA)E A7t A48 A=A L  lithum
loading  buffer(pHZ2.2)2 A &(10m)3td  ofual  212)7)
(Biochrom 20, Pharmacia Biothech.)® ¥-4]3&}¢it}.

2

A] 8.9))

o

7. Trypsin Hl 434 &3 (Trypsin Indigestible Substrate, TIS)]

M5 TISEFS Rhineharty (19758 /M3 Ryu(1983)2]
=

e s ZA3UtJeung etal 2003). 0.4g9 of 10m = &
T SHTE 718 trypsin MASAAEA S FEF F, gEund
%1 ANRC caseing o 43 trypsin €802 752 A|FL
€] pHe} purified soybean trypsin inhibitor&23#2] #AZAH ®
=5del TIS & olagle] wWyloz Axaldr. TISY 3= ®
A& Als g9 purified soybean trypsin inhibitore] mgo] s%sis
FoE Bt

Y = 4.0307X - 27.63
X: 10823 trypsin®s) &9 pH
Y: purified soybean trypsin inhibitor9] H(mg)
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8. &5 % 7HSensory Test)

ZAPEHE Figure 29 YERH A EX|(Sensory questionnaire
test)E o] &3 7H 7|E FHEZWH(7-point hedonic scale; Peryam
and Pilgrim, 1957)22 &t 7HL dds] £4, 6L RE Z
o, 5H2 oF3F Fo} 432 BE 3HS oz A 2¥e BE
o, 132 ties] Aoz yvehde] B53 540) ‘ﬂ%f—a%?%

2 HAoE TEE YRS, 2001 2000). HAAAEE A
Zeloddl 1358 HAld 10ge "ot £3 A AF P%« , AE

O

o] Folds e ste]

>R

= K Wi PAEF she] it e
A9 43S @ BEE 3% SHtaste)S B & Z*E(Viscosity)
R WA (odor)E  Hebsta MZA(Color) —1eja, #
(overall acceptability)® A5 A9 AA =43A &
F 9l QA8 Zo]7] f1Fte] MINITABe A A)A§ F-2He) =)
= A8E dASHA st AP R g ) EF A Y 3 st

ot diebd Al 139(21-274)8 Adste] A} s

<3l
q

4 i

9. A A

2o ANk R, ME, AR, fEolrlwedt % R TISE
Microsoft Excelol]l 28} 24 2459 © A5 HJdH BT
HAE vk B w3 A A?ﬂ 2z FAAA, aex
¢} 9] o¥ i+ MINITAB (Minitab, 2000)% o]&&te] 2413519
o},
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AED: A 22

D 94 AFL FH7kslr] A 22

et

2) 7 BN Akt 2A =AAY

@ o] 730] ohue AW BeA Holx

o
=
al

22
=)
A

(o]

=

tpol:

A7 A7) v,
He. dE zo) Az
| 738 AL,

3 AT Wz £AUE FARFAY Ut

8-

g

IS D
# 1|2 |3 4,5 |6 |7
o £h3) BE Elds i 4 e Rt 3]
g e au | au | as | 2% | ¥ | 20 | #9
DuHTaste)o) 13 )77
@A A (Color)o] #Gguin?
11 |@9Hordont H8S EFU A2
@ % (Viscosity: £ 4 )4 F 717
QY 7] = (Overall liking)
A
G 1|2 | 3| 4|5 ,6/|7
W3 | 2E 7k a3t HE 3]
LH _g_ Fant nyal 3= Fr} £} Fut

Dyt Taste)o) A FGgine

@4 (Color)e] A3 7?

6 |[@uM0rdon7t Aas =FU

@A = (Viscosity: 3 ehyd g g 7?2

BAWrH 2 7] % ©(Overall liking)

Figure 2. Questionnaire of sensory test.
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m A= ¢ 13z

A5 4 AHSensory Test)

M reEIt B2 A 74 Age HY =@hEs T3
7] Y93+ central composite designol o8] A" 1072 AEF
o7 #EPAE AAEAY. A28 A AR VHA adEs
(X1 : EvtE Hol2E, X2 @ vhg, X3 @ EADZE Zhzt dEgtel o
2 Azf A SAKNL o9 Y2 0 A, ¥3 0 3 Y4 s HE,
Y5 ¢ AukHEQl 3 )Ql 57FR] whgHae] Wsto) i 22 3
HAgAg Feklar, o] dAAe HgA odFE = normal probability
plot of residuals®A Y5s+Y tHFigure 3). 23 3A HAHA L 7]

F

o

22 HA s (optimization curve), 3P o2 T3 v g H
"H(surface plot)¥ S A X% (contour plot)E ZHA&teict 2+ 23}

3] ®AAS quadratic canonical polynomial model®2 EE3IH
b2 ZcHScheffe, 1958 ; Prinyawiwatkul, 1997).

{( =b1X1 +b2X2 +b3X3 +b12X1X2 +b13X1X3 +b23X2 X3

Y;predicted depenent variables
X/ independent variables, X/X/interaction of independent variables

b/, by regression coefficients

Ao oE AN AE oz AHA IR FALE HAlE
A, 57k 384 FHYD), AAH(Y2), 3H(Y3), AEZ(Y4), ANt

- {7 =



Normal Probability Plot of the Residuals

(response is overalli)

3 -
2
®
»
g 1 -
5 H
L )
= 0 '0'
= . o
=) L ]
=z 14 "
. F
L}
L J
2 — s *
L
|
23
[ [ T I [
3 2 -4 0 1
Residual

Figure 3. Normal probability plots of the residuals for
overall acceptability of sauce
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H¢ 7|2 =(Y5)e] i 23 AHATAHE F3HglaTable 2), ©]
sAALE 7t 74 A8 ErE Fo]2EX]D), ohE(X2), ZAX3)
o] 98l p-value 0.005 °|&te} F9 A} FEoz HdEE + AU
o}, 3 Aol S #4% 4 ¢l normal probability plot of
residuals(Figure 3)7F 719 A& ey AlAlgE 24 g7 4o] &
Gtk & 4 Al AFEAY1-YH)el wE HA A
(optimization curve)E WHEI, ¥R HIH(surface plot)3} F 37

A Z(contour plot)i= Figure 494 1874 3® A #t}.

9H(Y1l, Taste)d] vjizl= zZF 74 A5 dsS vlE(regression
coefficient, b2 = 0.9479)0] ZJA 4L F=H I Table 20| ZAIG
A3} ko] EoE #lo]2E(b]l = 0.3854)¢F ZA(b3 = 0.2188)¢]
A2 3 wnclny. A dAledA v VEs d5E o
2 8L T AT AFE Y] A4 A5 Equg HAFgAHE
AEF AY Z7|¢ANA db=x) Beg B399 (Sidel and Stone,
1983 ; Fishken, 1983), 74 A8u &9 HYAs =5 TFs=
230& e AL EVbestARE, A4 49 ddste A& JHest
O AZrE e (Moskowitz, 1994). welbA o] & Figure 199 Z&&
Azt FHow Teld, EvtEdC]AE vk ¢ 29 wgol
0.0100 : 0.5032 : 1.000M Hdigk 4.98 Hellls Ao d%
& 4 QdoiAawsks d 0.95). o714 Autslar(desirability
functiom)® 71EXE 5 HAak 7 AT 1Z HAEAS |, 9
FHE H4E AR 343 AddHQ gholtHMinitab, 2000).
ol & & ZAR HH3F Axo E¥ES 443N,

olf
olr
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Table 2. Regression for each dependent sensory attributes of

the sauce from consumer acceptability test.

Dependent variables Predictive models p-value® R%(%)

Taste

Y 1=4.370+0.3854X +0.9479X2+0.2188X53-0.3021 X0 X -0.3646 X K- 0.3021 3G X5-0.3220X0X; 0,000 45.2
Color

Y3=5.458+0.510X,+0.531 X2 +0.073 X3~ 103X, X, -0.052X Xa+ 0.031 X, Xy t 0.1 77X X 0.000 338
Odor

Y3=4.583+0.1146 %, +0.3854X +0.0104%+0.11 458X X -0.0720X, X +0.0037X X5 0.0521 X X5 0.031 126
Viscosity

Y5=5.0833+0.4583X; +0.1875X-0.2083X3-0.5833X, X~ 0.1042X, X5 +0.3333X, X5 +0.39658X: X5 0.000 21.0
Overall acceptability

Y5=4.833+0.5621%,+0.8446 X, +0. 1771 X3-05729X, X1 -0.3854X1 X 0.1562X1 X3 -0.1354%:%3 - L0000 52.3
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Surface Plot of Taste

Garlic \

Hold values: T.paste: 0.0

Contour Plot of Taste

T . : — 35
N, |
. E ——- 40
N i 45
N [ ——- 50
\\‘ !
Q N\ |
8 ¢ |
&) \ |
\ \
y \‘
y
Y |
\ \
1 \ ‘
T T T
-1 0 1
Garlic

Hold values: T.paste: 0.0

Figure 4. Surface and contour plot of taste when tomato paste
holds
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Surface Plot of Taste

551

45

Taste ;5]

1

Garlic

251

Hold values: Crab: 0.0

Contour Plot of Taste

1 — 3.0
-~ 3.5
. 40
\-\\ Iy
— 5.0
(¢} \-\_x
'L—g 0 - e T
U] -
.
- \ .
T T T
-1 0 1
T.paste

Hold values. Crab: 0.0

Figure 5. Surface and contour plot of taste when crab holds
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Surface Plot of Taste

"’...
T
P
2% oL
45 2

401

340

Hold values: Garlic: 0.0

Contour Plot of Taste

T : — 345
N L : ~-- 370
, ; T —-- 420
N N \\, \_\ 1Y —..- 4.45
K N ~ 5
ﬁ 0 —f - N, ~
- N
Q N \ .
N \\ N
\\ \‘
\ \
14 \\. \
T I T
1 0 1
T paste

Hold vales: Garlic: 0.0

Figure 6. Surface and contour plot of taste when garlic holds
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Surface Plot of Color

601

55
Color

, Crab
Garlic ’

Hold values: T.paste: 0.0

Contour Plot of Color
1 ' g . . —_— 52
l \ .‘.\‘ 56
: \ —— 58
! B \ N 6.0
L § X A 6.2
e \ :
O i \
\ A \\
\
Y N
i
AY
4 — \
T T T
-1 Q 1
Garlic
Hold vaiues: T paste: 0.0

Figure 7. Surface and contour plot of color when tomato paste
holds
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Surface Plot of Color

Color
4

Garlic

Hold values: Crab: 0.0

Contour Plot of Color

L N . N © | [— 40
Voo N A
Voo N ! 50
! / -
LN S| e
'y \, S/ e B0
o i i N v .
E 0 — 5 T g
\
O \
.\.
\ )
S P
1 —d “\ i
T T f
-1 0 1
T.paste

Hold values: Crab; 0.0

Figure 8. Surface and contour piot of color when crab holds
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Surface Plot of Color

551

5.0

Color

40

Hold values: Garlic: 0.0

Contour Piot of Color

1 - 1 . : — 45
i ‘:: i — ]
| / | 55
f
i {
Q : i
S 0~ i i
O |
i /
| !
|
i !
! i
1 :
T T T
-1 0 1
T.paste

Hold values: Garlic: 0.0

Figure 9. Surface and contour plot of color when garlic holds
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Surface Plot of Ordor

Ordor 431
4

1
Garlic  ° ;

1
/?Crab
-1

Hoid values: T.paste: 0.0

Contour Plot of Ordor

1 -

! ; — 4.4

1 0 1
Garlic

Hold values: T.paste: 0.0

Figure 10. Surface and contour plot of odor when tomato
paste holds
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Surface Plot of Ordor

.'. v
7 T 7 I T IF
"'III,"’,:”

50

Ordor +5

Garlic

401

T.paste 1
Hold values: Crab: 0.0
Contour Plot of Ordor
T — — 44
T~ e 46
_ \‘\ - 4.8
—-- 50
L e
50 S .
(D \‘\;
i —
T T T
-1 0 ]
T.paste

Hokt values; Crab: 0.0

Figure 11. Surface and contour plot of odor when crab holds
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Surface Plot of Ordor

Ordor

Hoid values: Garlic: 0.0

Contour Plot of Ordor
1T ; : li— 48
\'.\ VL. 47
‘-\. -\ e 4B
i —— 49
1 \,
\\ \
A B
2 i
o 0 Y
O Y
Y
\
‘\
\.
\\
A
-1 — \
| 1
- 0 1
T.paste

Hold values: Garlic: 0.0

Figure 12. Surface and contour plot of odor when garlic holds
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Surface Plot of Viscosit

Viscosity

Hold values: T paste: 0.0

Contour Plot of Viscosit

1 K j : — 45
e / ;| 47
// / | e 4.9
/ e
- e / - 5.3
o L / ~ 55
S 0 i
(&) T
RSPpNEE ey
. V . e
T T T
-1 0 1
Garlic

Hold values: T.paste: 0.0

Figure 13. Surface and contour plot of viscosity when tomato
paste holds
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Surface Piot of Viscosit

Viscosity

Hold values: Crab: 0.0

Contour Plot of Viscosit

— 43

- 53

Garlic

'
-

Hold values: Crab: 0.0

Figure 14, Surface and contour plot of viscosity when crab

holds
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Surface Plot of Viscosit
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45
Viscosity

351

Hold values: Garlic: 0.0

Contour Plot of Viscosit
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Hold vaiues; Garlic: 0.0

Figure 15. Surface and contour plot of viscosity when garlic
holds
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Surface Plot of overalli

&1

54

overalliking

Garlic

Hold values: T.paste: 0.0

Contour Plot of overalli
T N ) —— 45
‘»_ ':\ --- 50
“-\ : - 55
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® 0 — |
QO L
4
A = ﬂ\
T T
1 0
Garlic
Hold values. T paste: 0.0

Figure 16. Surface and contour plot of overall acceptability
when tomato paste holds
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Surface Plot of overalli
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45

overalliking a5
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254 .
Garlic

Hold values: Crab: 0.0

Contour Plot of overalli
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- 55
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~
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T.paste

Hold values: Crab: 0.0

Figure 17. Surface and contour plot of overall acceptability

when crab holds
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Surface Plot of overalli

overalliking 4

3154

Hold values: Garlic: 0.0

Contour Plot of overalli

; - 45
L :" - 5.0

Crab
f=)
}

Hold values: Garlic: 0.0

Figure 18. Surface and contour plot of overall acceptability
when garlic holds
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New T paste Garlic Crah

i 0 5131[]001 & ;DU 2] [ lm%nl
Cur . A3 000
0332 |, 10 10 1.0
Taste ————
Maximum
y = 49072
d=1095362

Figure 19. Response optimization curve for taste of sauce
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A2, Color). 2t FEAS7 M43 BdE B Al A o
G2 EntE Ho]xE(hl = 0.5100¢ vlE(b2 = 0.531)0] A, =&
A3 = 0.073)8 FF2 vmasict H AR E&L ErfEHOIAE !
vhs 0 ZAI7F 0.2152 ¢ 0.8672 : 0.97160] HA B &0, oA
B 6.2(d = 0.88) vsith, AA FHoAM AAT ZFE &
A HAgE ER vk (Figure 20).

(Y3, Odor)e]l A$+E= EvtEdol2E(bl = 0.1146)9 ZA(b3
= 0.0104)¢] F3Fe] vlxstsia, vha(b2 = 0.3854)9] JgL o
b A verdTE vk W7ol Wolde] wiel JA] s B
ol S BT, EnfEdHAE  uly . ZAY -0.7623 :
(0.8988 : -0.9467%) Bl &AM A7 6.9(d = 0698 BY RAeo=

adl g 7 UdAeHFigure 21).

HE(Y4, Viscosity)dl A+ EnfEH O] AE(h]l = 0.4583)9] <l dko]

b A3, eheb2 = 0.1875), A3 = -0.2083)8] ol
ZutEFO]AE @ b ¢ £ H]Eo] 0.1844 : -0.6215 : -1.09 A
H gk 544 (d = 0.75)% ¥& Aoz JAEAHFigure 22).

AWAQ  £8Z(Y5, Overall acceptability)dl % vlx®2 =
0.8446), BEvlEH o]=E(bl = 0.5521), ZA b3 = 0.1771)2 9
Aoz Vel AW &L EnfEFHo|AE : nly : Zi9 b
o] 0.2093 : 0.9268 : 0.9218¢] 1 <A #FHHAL 56(d =
0.79)°] A K Figure 23).
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T paste Gatlic Crab

NSW Hi 10 10 1.0
Cur 3.2157] [0 8672] [0.9716}

D 1.0 10

088101 |,

Color
Maximum
y =6.1980
d=0.88101

Figure 20. Response optimization curve for color of sauce
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New T.paste Garlic Crab

p h 17'5Dﬁ3; 0 é‘qusag 1 Eliz?ﬁ |
Cur L.762 (1395 094671
068832 |, 1. 10 40
=Y
Ordor I
Targ: .90
¥ =5.0611
d = 0.56832

Figure 21. Response optimization curve for odor of sauce
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Optimal T.paste Gatlic Crab

" [0 11'3%4; 1023‘9 5] {11'%1
Cur -rgd pileny g
075191 |, 40 40 -1.0
Viscosit
Targ: 5.90
y =5.4363
d =0.75191

Figure 22. Response optimization curve for viscosity of sauce
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acceptability of sauce
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Optimal T.paste Garlic Crab
b [J]t% I [aila'?ua Jj'zua;
Cur 02093 REpa) 0.927
07314 |, 10 1.0 1.0
overalli s Xﬂ T

Maximum

y = 55677

d=079114
Figure 23. Response optimization curve for overall




Aol Fgze) 2 B4 Ao g wAE AL Ao
©

(Love, 1994) 2% % L HFE A= AL
et al, 1994), o|H We2 EAMo] HiFAHQ 43T
AR E ol gt

ot A, A ANAY FEEd dAME viEEo] ol
mel BEAE A SEvke AL & F Ak 2ol vlE) A9
el wE gL I8 dgon], M Hze oM EntE
Aol o] Hrlgko] FolHol| we} BgA EAlo] Folxle AL ¢
T ARk ook @2 AL nEste 5] FEFe HHF jMe
sAlOl Fate]l dRbEel FERE V€0 R 23 FHow YW B
vtE o] B} 13k FMe] niEe] HujH
Tk HHHES EfE MolAE  ooly 1 EA9 H]&o]
0.0349 © 1.0 ¢ 1.0914 AA ¢l 7139 o4 BEA7F 5.74(d =
LOOE €& Aoz =it o714 J& AF nge 2g=
#H A5t 2 2~(Optimized sauce)E TE U Figure 24).
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)
AN
o
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Y
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Optimal T paste Garlic Cr
Pl 1.0 1.0

1
D
Cur | [0.0349] [1.0] [t
089310 |, 1.0 1.0 R

Taste
Maxirum
y = 52086
d=1.0000

Color
Maximum
y = 6.2554
d=1.0000

Crdor
Maximum
y=49319
d=096587

Viscosit

Maximum
y=54816
d=1.0000

- > S — e ST
overalli /-\
Maximum

y=5.7392
d=1.0000

Figure 24. Response optimization curve of sauce
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2. A4 ZeH| &9 229 JFEEH] Fd B
2.1. A E

F5AHE BY

F HAAMAESY dA3E AR FHHF
(Optimized sauce)?] H|&-S AAsI oY, ZZA|7} 717
~2(Control sauce), 7] A 2(Standard sauce) ¢ Alsh=
ot 2] 7k A2 (American sauce)E9 d¥t AFES A A=
Table 33 3tth

e a2y FF FFES 8695004 88.58%F AR Atold L A}
o] 7} gtttk dnk ok AA(American sauce)d] FEFHES

w5 AATH o2 s R £y Aol vhE Aaet ARASA @
ol W& Aozl Als"EtHp = 0.000, R® = 95.84%), Tukey test
2 Alug A opdlejd axe HHI 4k g Vg 223
Hl el o, Z2AI7F SR &2 asv olET #o|7) Ut
o] R AFE ol(2004)¢) EAE ol&F Lo FE G
86.40%% Hlx@ AAE Rela oy 1-2% aelE Rele A&

oF 5 b Qosl, A BEODY Bade) FREd 98.1%%s 2

& br
by

e
(L rlo

{

&=

Zg e st A A(Optimized sauce) 3.315(26.54)%9F Ak
2(American sauce) 3.465(26.55)%9 @%ol 7|E4L
(Standard sauce) 2.378(18.56)%<t ZA|7} Eojzlz] &
(Control sauce) 2.045(17.90)%°] ®lste] 1 o] B AL &
AtHp = 0.001, R* = 98.07%). Tukey testel 9Ja] o] R 4]
AZE EA7EA @ A29 ozt vrE s BE] IA WE

o
B
o
f_\llrd
b~

>

a
1

o )
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Table 3.

Proximate composition of American sauce and

designed seafood sauces using blue crab.

(%)
Sample Moisture Crude protein Carbohydrate Crude Fat Crude Ash
American 3.465+0.22 6.45+0.31 1.96+0.01 1.165+0.05
86.95+0.026
sauce (26.55) (49.43) (15.02) (8.93)
Control® 2.045x0.02 5.76x0.22 267=0.17 0.95+0.01
£88.58+0.015
sauce (17.90) (50.44) (23.38) (8.32)
Standard® 2.378+0.00 5.88+0.43 3.12+0.06 1.315+0.05
87.19+0.31 R
sauce (18.56) {45.80) (24.35) (10.265)
Optimized® 3.315+0.09 472065 3.1420.36 1.32+0.11
87.51+0.06
sauce (26.54) (37.79) (25.1) (10.57)

Data in parenthesis mean % on 100g solid

“tomato paste @ garlic :

"tomato paste :

‘tomato paste

blue crab
garlic ! blue crab

. garlic : blue crab

81 :19 : 0
35 1 8 56
34 1957
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o}, o] AL HAHsgE &2 (Optimized sauce)E WHEA] &
Fel Aolztn B 4 don, HHs st oW
(American sauce)® wr#3 3ghgko] nl&dk AL ANk O}Uﬂﬂ
*(American sauce)= ThUgt AR ES AR Alggoz
4 ol & Holut HAHE £ (Optimized sauce)d A&7
A= @ S5 2 AL 18 & wf, HHE 227 Ak As
o] duld e ¥ ok 2oz wFofxich o]z ©](2004)
ZAE o1& s thld R 2.44(17.94)%2 B wtH
oo

2
i
)
bl
=
o

>

E
A
ot wE = R

©

A
A7F E0]7}] A28t H|52gk o gkeks Hoji gk &=
gk A 5200009 &9 vlaE W 1.09(54.5)%<9 ZHe 8t
FE Heolm X, o](2002)Fe BEEA el wwlE  gler

1.89-2.499,9} &gk 3}o]E HolT)

ZAHE ZAI7Y E0)7F] & A2(Control sauce)dt A7 &
A7t 7)1 A(standard sauce)9t A|F gEko] vlstn HAHE 4
~(Optimized sauce)oll H|3} 1-29% HL& 7L 4 £ Aoip =
0.002, R® = 93.54%), Tukey testol & 7|Fx29 HAE Ax
b Al AS o b AT o]AE EAIG mE AFe W
37} AL Ao g Boln 1o njg] dwk A A(American sauce)$f
FF A7t FRTE AL A AR G2 2ol F ALE JAH
= oBlE7E Az B0l Bge] Basx] 280w ol thE
asxgel]l wiE A" o] AJW RAeFE A" oA 9
(20007} EA &2 0.92%9 %] Zolg Holm glovt $9
o] Az Al FH4E WE Y o] FU3IA HEgk A 7 Aol A}
sHh

Z23 ¥
o1 7

AL o714 &L A22(Control sauce)s}t ZAV &
22 (Standard sauce) 2 #4324 A(Optimized sauce)

rTN flo
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Abolofi= 1-2% <& abol7t FRATHp = 0.015, R® = 91.02%).
ol A& 24 BAA EFE vjuZe] kel o Ao] A RO
APRE T, o[(2004)7F Bargh EA Ao s EFE 0.85(6.25)%%
ZAZ Eoi7FA @S Ao 3B 0.95(8.32)% % H|x=d}5] o,
NEAh, HAGAG] atol7t F AL A5 AAHTY WE 3
9] Aol wjFejepar A E T

Fde HAF AA~(Optimized sauce)’} & 4225 vl&] 9
Hoz i Jgorn, &7 SolAd @& 4 ~(Control sauce)

7} @Ae] gekol W& AL & 5 ok ojAo T WA EiA o
b Ao gHE AL Fu AL L 5 Arh
2.2. &%

amol MEE L, oa, b ¢S FASEY F 4713 429 AolE
W LA THTable 4). LS 1002 71£02 @& 1009) 747Hs
Hogkelgk wadoln] Qo] Jizbew A& FptEs & ¢ 7 o
p = 0.000, R® = 96.81%). Ut opwlg]zt ~2(American sauce)
o & Aok Lgkel & Aol7l AgE o 71 U ER
Tukey testollA] A} otmig]zt A~ zbo]7} v A2 wls] 7}
T EAE & 7 JAT ARt obdlE T A AR 37HA] A
AT HH3 A2(Optimized sauce)®l @hol ¥, & 271A &
2 A vz & 7 U A
agt-S Awtk olrglzt A A(American sauce)?t 0] ZH791A A&
23 3| vsd As & 7 den], ZA7 SoihA @2

4 2:(Control sauce)?] gko] H93 zolrt & A&

Fd Af9 EvtEH ]2 Rednessoll 7MY & S & A=

—_

.._r_,
———l r
]

s
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Table 4. Color value of various seafood sauces

Sample” L a b
American 37.4820.30 3.00£0.37 23.69x0.91

Control 39.98+0.55 11.17+0.10 31.44+0.80
Standard 39.62+0.25 9.11+0.15 30.00+1.61
Optimized 41.78+0.08 9.687+0.25 32.23£0.53

L: Measured lightness and varles from 100 for perfect white to O for black
a: Measured redness when plus, gray when zero, and greenness when
minus

b: Measured yellowness when plus, and blueness when minus

"Mixing ratio of seafood sauces were as same as shown in Table 3.
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AzE fckp  =0.000, R® = 99.61). olA JA| Tukey testell ]3]
opelg] gk Axe] atolr} FHg 2 AE & 4 A

3 5(1996)0 9atd Ao gAsdARe  SAE(ph)gho] H P
=4 vehdcn 2o gioh 420 byke dub oldlelzr A
(American sauce)® #91g 3717 gko] H]Est] @A L = o
w duk obdlglgF AT i1 Fro] A whold Ealg zbo]lE Hg
tHp = 0.000, R® = 93.94%). & 5200009 249 29 Lgtol
BAEE 7MA WEkrh W1, a e -1.19%50% AHwzog )44
o] o™, b &S 0.26-1.382, it A HEr W1 3

Ak ekzhe] FEAMZ g Zlog didEo] A &axe Ao)E &

+

2.3. 3x

47 YA A 29] HEE Brookfieldd 22 spindle 522 RPM 30
7 60014 FAe Al Table 50 viehd nieb g2
30 RPMY ] A3} A A(Optimized sauce)?} thE AXAEd v
sl 7HE 2 Aolrk dRen, EAZ o] 1X @& A A(Control
sauce)2}t dHF oldE]Zt A (American sauce)® HE7} vt
(p = 0.000, R* = 93.39%),
60 RPMellME B2t 543t 4 ~0optimized sauce)?] HE7}
TolFdor Fylo] WA uewgen, 1 ggozE J)E 42
(Standard sauce), 2417} 0714 %2 &2 (Control sauce) L&
A URE o Bl A 2(American sauce)® ) AL & 47} UHp

= 0.000, R *= 96.11%). 4ut o}ej2]7F £~E A 9stn 29 37}

> L

>
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Table 5. Viscosity of various seafood sauces

(CP)

Sample” 30 RPM 60 RPM
American 163.4+5.7 120530

Control 165.7+17.9 106.4+10.2
Standard 124.9+10.1 33.95.6
Optimized 79.6+8.0 52.0+4.3

"Mixing ratio of seafood sauces were as same

-—50_
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Al a2E an HE ) Hleghe Fo3Ql AlolE B EAY 4
T EA FFIF JEe & AFIS T Ao AR 30rpmel
A spindle SC4-31°14 ©] (200009 BehfA 2ol HE} Hlw
s Eolzk Havleh A7 ek 20-409) HEES sME e,
= AR FARSHA did 240 met JE7E g JEid de®
Hofzle},
2.4 Felotu| Aty AF ¥ 4
o] @2 A7t ol HEFe] vl g HAE foh
Akl 244 Table 69 ®Alst #A3  A2(Optimized
sauce)?] f@lolv]=ikS 4.833¢/100g0] & Fo] 2ojA] thE A&
~E Boh B 2 {93 Abolg melal g duk opvglgt A
(American sauce) 9A| Heloju]iAl Fa2 TWokAwk 24 QA&
2(Control sauce)®|= F39 30%713F fFgjoluinilo] Ho} 22
Al Sl whe frejobr| At AolE =l & 4 A ol
AaF2 Table 7o) FAlgh nie} ko] OPDAWel 2)3 H-@olu]ib
T AFoer AT ¢ AUk HElotuleite] dEFS T84
ARY FEo] A& A AMart 88U AREY v 23 % F
(19908 A7 AFAE AgHRnd #UL 58 Fefolrieity &4
Aol oAHTY  FHAI A2(Optimized sauce)®) 71F A
(Standard sauce)?] D.L-leucine® D.L- lysine® 32 7z}
1.641, 1.422g/100g 3} 1.634, 1.394g/100go.® H]s=& A &
3 227 22 9 28 AL o4 4 s dop = 0.015, R® =
91.02%). webA ZAY F& ZHT F 229 FEotmeit
e s B oo 249 o] 229 fFElotuinsle] 93-S v
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Table 6. Free amino acid contents of American sauce and seafood
sauces using blue crab.
{g/100g solid)

American  Control  Standard Optimized

Phosphoserine 0.121 0.283 0.388 0.718
L-Aspartic acid 0.235 0.039 0.115 0.192
L-Threonine 0.063 0.047 0.058 0.097
L-Serine 0.065 0.028 0.051 0.082
Asparagine (0.437 0.087 0.253 0.529
L-Glutamic acid 0.951 0.284 0.469 0.775
L -Glycine 0.013 0.375 0.150 0.293
L-Alanine 0.236 0.262 0.263 0.381
L-a-Aminobutyric acid 0.005 0.006
L~-Valine 0.039 0.075 0.074 0.116
I -Isoleucine 0.047 0.041 0.063 Q.077
L-Leucine 0.029 0.065 0.071 0.096
L-Tyrosine 0.034 0.035 0.055 0.079
L-Phenylalanine 0.093 0.064 0.081 0.118
B-Alanine 0.002 0.002
¥-Aminobutyric acid 0.319 0.055 0.191 0.262
NH;3; 0.075 (.009 0.042 0.059
L-Orinithine 0.014 0.013 0.023
L-Lysine 0.045 0.037 0.070 0.114
1-Methyl-1-Histidine 0.038 0.006
L-Hisidine 0.029 0.011 0.025 0.020
L-Arginine 0.222 0.094 0.419 0.788
Total 3.059 1.947 2.858 4.833

Mixing ratio of seafood sauces were as same as shown in Table 3.
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Table 7. Free amino acid ‘contents of various sauces

(g/100g solid)

Sample™ D.L-leucine D.L-lysine
American 1.254+0.11 1.078+0.09
Control 1.144+0.29 1.089+0.10
Standard 1.634+0.27 1.394+0.04
Optimized 1.641+0.06 1.422+0.04

Determined by OPDA method as equivalent of D.L-leucine and D.L-lysine.

"Mixing ratio of seafood sauces were as same as shown in Table 3.

-53_



Ada & 5 JAg. & 5(1996)o] wE=w  arginine, taurine,
glycine 2 prolines ol E9 o B udn glow 4F9 o}n
wAte] & el obmlwAtel 70%014E ARt Ba QT &
ARt 2229 7] olnlieAlo] M= proline® glycineo] W= @&
o, glutamic acid (0.951-0.284g), phoshposerine(0.718-
(0.238), asparagine(0.529-0.087), alanine(0.381-0.262), arginine
(0.788-0.094)°] 60%°]dE #AFA & AATE 2 5(1990) A9
&84 glycined} arginine®sfe] ¢ 50%aA) 8t A7 R
&A1 glutamic acid®} aspartic acid’} Z7bghcbn B uakn glo)
Ao FEloln s Akel = arginined} glutamic acid9re] @2 ok
22} 3 B glycined} aspartic acid® WFAE R ¢EgrTh o] (2004)9)
ZAE  ol43%k A2o= urea, taurine, a-aminoadipic acid,
alanine, citrullineF o2 A& A& w freElopulnite] Aol E
Holgo] & Lx9) Zpol7)h A, 4 aAwe J= L-glutamic acid
= 0.951-0.284g/100go 2 EE ofuj At Fo] 73 22 ofke 1}
otk @53 Ui alanine™ lysine©] HA 3 A X~(Optimized)7}
0.381g/100g3 0.114g/100go.2 ThE Ao H|3] 1 zfol7t 2
AOF Kol 7 gho} r] B& Aoz A,

tlo

2.5 Trypsin ¥]A34 EA(TIS, trypsin indigestible
substrate)?] 33

Trypsin inhibitor®] %2 #HA3} 4 2(Optimized sauce)?} 7}
¥ A JeEFstHTable 8). Polyphenoldl &g &Eo] FA Rl oy
4 At g4 AHAL FHFL A2o 0|7t o= AFI} 4
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Table 8. Major ingredients mixing ratios and trypsin

indigestible substrate(TIS) “contents of various seafood sauces.

American Control Standard Optimized
(100g) (100g) (100g} (100g)
Tomato paste unknown 8lg 35g 3dg
Crarlic unknown 19¢ 3g 9g
Blue crab unknown 0 o6g Sig

TIS

] 255011452 21.66+£6.00 20.44+5.56 29.67+9.83
(mg/g solid)

‘Contents of trypsin inhibitor was expressed as equivalent of purified

soybean trypsin inhibitor(mg)
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9 4ol Mg 2 A%e FULA qAshed Fad 4Ro
o, Web A28 TASE anfd Eviedel2E dE, 2
A} A s EMilEF— FalAl mmate Aol AsjAe) F4F vt
7] A% Aolth JlEaxel Agaxsel wla A AsAe] o
delsh AL Hom 2 H Al Ggol me A dolx 4
the A @ 5 b gon, JEass AYHaas w@Ry,
Eobesol s et shial dholal e ARAS ol Brahe A
3 @+ Ak

H” rtr
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V. 8¢ 2 4

i

ZAS o] &3t seafood 22E REsEr] Y BHom 4
A 715 % HAVE dAstn, 1 A3E, §W ukg Eoz By
sto] ZAE o] &g A9 HA vES FIF o, FYEty 54

7o EAE Y BYT A¥e v 2k

L 74 A8 37k 2R XLERE o] 2B X2ivls, X3:
AN 4 Wsgel] mE vk 73S #5A 54 (Yitaste,
Y2:color, Y3:odor, Y4:viscosity, Y5:overall acceptability)$! HF-&-
ol Watol s thE3 22 22 3H WAA L 7okt

‘} =biXy +b2X2 +b3X3 +b12X1X2 +b13X1X3 +b23X2X3
\A’: predicted depenent variables

Xi:independent variables, X/X/:interaction of independent variables
b:, bi;regression coefficients

o]& 7|2 E optimization curve, surface plot 18]35l contour plot
]

2. AF9 T3t Hl&d wE AH3} HEL EnlE Ho|rE ! nls
DA &, 0.0349 0 1.0 0 1.0 o2 AL EntE Ho|=E 31%,
ks 9% a3 27 60% o2 vebdth HF zdoAY #st

2 "(taste) 5.2, MA(color) 6.3, SFodor) 4.9, FHE(viscosity)

5.5 28]a AwrA<Q 7] & E(overall acceptability)7} 5.7 o]t}
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3. &2 JdY¥ Wik ddM ZAAFd HA wER wEed
Optimized sauce, ?]¥ 2 & A3 Standard sauce, ZA|7} 97}
2l & Control sauce 28l dyb oldg]zk A2 American
sauce 2 F 471 £AE HliE BA I 8L 86.97-87.51%
2 AwrFg oz vz on], oMol AL American sauce$}
Optimized sauce?} Z}7Z} 26.559F 26.54(g/100g solid)% RH)<s=gHE-
oo zAHe A2 9] Zolzt glsl eyt American sauces=
e Az Buh o 8%7F Adv £ &S ZAI7E 2o e
Standard sauce®} Optimized sauce?} V&3t U8 A2HT} 2%
A @Be Ae ¢4 5 U dEs dAFoeR a4 kg F3)
rednessol 7Mgo= S ¢ F 9299, American saucee b at
o] 0l Zi7AHAM sME i gow, EAe JFeE s ok
LA wdvh. HEE 30 RPM o wWiE 1oghe & &Ae
American, Control, Standard, Optimized & ©]%129, 60 RPMe]
e 1 zkel7p v SR FH T fedobe] A2 Optimized sauce®l
b el Eol Adew, AwAH] Aol fFEjopnmibe
glutamic acid(0.951-0.284), phoshposerine(0.718-0.238),
asparagine(0.529-0.0087), arginine(0.788-0.094), alanine(0.381
-0.262) wolden, ZAd Eo Aotz ¥ " glycine, aspartic
acid 22|31 prolined WA¥ A @sith. OPDARl oz =4 €
D.L-leucine®} D.L-lysine2 &3 Optimized sauce?} 1.641,
1422/100g |l ZAle] FUJdod R} trypsin inhibitord 3HEkol
e TA Fdo



Fll‘

ghaiele] 7lg el st
g, §Ao=g HE
olgt MzZtHAT, wepA
ol &g agl e FL
gh whdol 7o) 3 AL 7]
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