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Optimization of tartar sauce containing Hizikia fusiformis powder
for Bastard halibut cutlet

Hyun Jung Lee

Major in Nutrition Education, Graduate School of Education

Pukyong National University

Abstract

The purpose of this study was to optimize the recipe of tartar sauce
containing HiziKia fusiformis powder for Bastard halibut cutlet. Those high
dietary fiber level showing sauce would be useful in increasing the intake
of seafood that is usually avoided by teenagers.

Response surface methodology was applied to the results of a sensory test
of 16 test groups with different amounts of independent variables
(mayonnaise, Hizikia fusiformis.powder, pickle juice).

Regression equationg. were statistically significant “in s8ix response
variables (color, appetizing, sweetness, fishy,” viscosity, overall
acceptability). The optimal code values that satisfied the response
variables simultaneously were -1.6918 (83.082 g) for mayonnaise, -0.6667
(1.333 g) for Hizikia fusiformis powder, and -2 (10 g) for pickle juice.

Consumer acceptability test on optimized Hizikia fusiformis powder tartar
sauce showed that the overall acceptability level was 4.92/5.13, resulting
high score for Hizikia fusiformis powder tartar sauce, and only the
variable color revealed a statistically significant difference.

Proximate composition of the optimized tartar sauce containing Hizikia

fusiformis powder (H. fusiformis tartar sauce) were moisture (49.60%),

_\/l_



proteins (4.2%), fat (33.10%), carbohydrates (11.57%), and ash (1.53%). The
protein digestibility(in wvitro) of a Bastard halibut cutlet with H.
fusiformis tartar sauce (3:1<w/w>) was 78.71%. This was lower than 81.15%,
the protein digestibility(in vitro) of a mixture of Bastard halibut cutlet
and original tartar sauce at 3:1 mixing level(w/w). Trypsin Indigestible
substrates (TIS) were 64.23 mg/100 g solid for the mixture of Bastard
halibut cutlet and H. fusiformis tartar sauce and 50.18 mg/100 g solid for
the mixture of Bastard halibut cutlet and original tartar sauce, showing a
higher amount of TIS in the case of-adding Hizikia fusiformis powder. The
in vitro protein digestibility was found to be inversely proportional to
the TIS.

In termg of the rancidity of Bastard halibut cutlet, the TBA value and
thiobarbituric acid reactive substances (TBARS) increased with the
extension of the frozen storage period (50 days).

This study propose that the optimized recipe of H. fusiformis tartar
sauce would be helpful to consume the fish meat cutlet products. While
cooked food items in the form of cutlet, which are favored by teenagers,
like as they can ‘result a-negative health. problem as high-fat intake.
Therefore, the development.of-H. fusiformis tartar sauce that can reduce
the protein intake through a low protein digestibility and to help

supplement dietary fiber and prevent obesity for teenagers.
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1. 439 A5 R N8RS Az

11. A8 % A=

em, FA 60 g filet YHE AAsiet A £ 222 =S4
A= TYsted A AREsiR e, sty =(LF7)), 2ol Z(F

12. BAAEYT £2 ¥ A7t BEgasry Az

A 2H(1999)9] EFEEIE A2 AZHS 728 49
HAES Fo d7ES vtz 100 g, & B2 2 g, Q0|9 FF2 0 g

o JERe Aokn P, A7, FEUANE, 2F 5 nAeld oF

J

HES- A EA(RSM)S o] &3t AA g 3] FoAAEHE & &%
BF2E 24~ 1629 ABE2 A 23t FolAEZS Lee et al. (2004)2)]



o] -70TC =424 i(ULTRA-LOW SW UF 200)°l

AEHE AF 4 7A%7]/(EYELA FDA-2000)2 7Ax3}

= AYPAA = AHAF S Skl rrav= F3X1D, E 2 SE(X2)
3 v 2Fs ARKDS SRS S5l 101, 29 FEoz A
JS AA st kS FHE A (RSM -+ response surface methodologry)< %

S
3l Z Assol e HAFE Teden 4 SHEse] 52 Table 1

2 dAsHom(Table 2), 67F4 ¥H-&¥ 520 A (color), WA -2 8 253
(appetizing), ©9t(sweetness), H] H9k(fishy), 7 =(viscosity) 2 WA <l
71 & % (overall acceptability)ES #5 4 EA oz ¢t}

oje} 2 WHow HAE 16709 HITLOE ASHAE AASAT

(Table 2).



Table 1. Independent variables and their levels for central

composite design.

Coded variable levels

Independent variable Symbol

-2 -1 0 1 2
Mayonnaise(g) X, &0 90 100 110 120
Hizikia fusiforme
X, 0 ] 2 3 4
powder(g)
Pickled cucumber
3 10 20 30 40 50

juice(g)




Table 2. Central composite design arrangement and variable

levels.
Bxp. No Variable levels V

X X, X3
1 -1 -1 -1
2 -1 -1 1
3 -1 1 -1
4 -1 1 1
5 1 =1 -1
6 1 | 1
7 1 1 -1
8 1 1 1
9 0 0 0
10 0 0 0
11 v 0 0
12 2 0 0
13 0 % 0
14 0 2 0
15 0 0 -2
16 0 0 2

1 . .
) X; © Mayonnaise

X,  Hizikia fusiforme powder
X3 : Pickled cucumber juice
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Zekw A O semi-micro Kjeldahl®, A
Z3F2 550C AA3EHE AbEste] AR
(AOAC, 1990), &rrstEo X m AA| FA(%)ANA F&7, =

CEANS W A e %2 EASAT RE

w2,

i
BN
o

1%

& 33 wEo

il T —

f

M

5.1. @M A 23} 8(in vitro)

<=

oA 2348 (in vitro protein digestibility)S Satterlee(1979) 59 =
S A3 AOACH(AOAC, 1982)0. & FE A& thH4-enzyme method). ©]
Wio] Alg%E 4% a-chymotrypsin(4l units/mg  solid, SIGMA),
trypsin (17,600 BAEE units/mg solid, SIGMA) % peptidase(102
units/mg solid, SIGMA), Streptomyces griceus protease(4.5 units/mg
solid, SIGMA)°]Y thzx Wil a 2= ANRC sodium caseinateS A}-&3}%1
o, Astge v o] At

_10_



% digestibility = 234.84 - 22.56X

3 20 <] pH

M
A

X : &84k 7

B Ao A= A 4-enzyme methodol] A& ¥ peptidase’} AAFE A ¢k
7o) o0& ALE A 1A EAE AF T (3-enzyme method) 2
d-enzyme A= 323 th(Freida et al. 2012).

3-enzyme method Z 3¢ 4-enzyme ZA¥olo] A% AAA S &} 7
t}.

% digestibility (three enzymes) = 234.84 — 22.56X.
Where X is the pH of sample at 20 minutes.

% digestibility (four enzymes) = 1.03 x (three enzymes digestibility)
- 0.34.

5.2. Trpysin ¥l A 3tA & A (Trypsin Indigestible Substrate,
TIS)S A=

A TI 3% Rhinchart® (1975)2 7§ %3 Ryu(1983)¢] o=z =

Aatgdtt. &, AEZ 02 g FHAdlel AFFHFF 10 mLE 7hs) A 20lA 24

oERt FIAIRl F, o] &S 2 mL F S

ANRC casein®l trypsin inhibitor &<} 0.25, 0.5, 0.75, 1.00 mE Z+Z+ 7}

st & pH 8002 %3 ¥ trypsin £ (SigmaAl, 14,600 BAEE units/mg
mL

solid, 146 m/10 mL) 1 mLE 7F&to] 1023 7Feiall A& el pHet

_11_



A Alsoybean trypsin inhibitor® o] TAIZA FF4S 2 A T
olu, A Alsoybean trypsin inhibitor(Sigma#l, 10,000 BAEE units/mg
solid) &4 156 mg/5 mL AEFF= HE3)

pHS} inhibitor kel AT E 0987101903, FF=3449 3] 7WA

Ao gest 2,

Y = 1.5047X - 10.337
X : 10% H9 pH
Y : A A soybean trypsin inhibitor®] <

6. FAASHY A=

6.1. TBA value(Thiobarbituric Acid vaule)

FoAER Y A AEZS FHrlslr] Yste]  TBA vaule?t TBARS

o

=

S =439t TBA vaulex Turner® (Turner et al. 1954)°] w2} Al5 5
goll 20% TCA solution (2M H3PO,4 soln,) 5mL¢} 0.0IN TBA solution 10
mLE 7}ake] 100C 4204 3087 Adste] 2er7 29

15 mL(isoamylalcohol : pyridine = 2 : 1, v/v)& ¥o] 287 EE9]

_12_



1.200

y=1.5047x-10.337

1.000 Re = 0.9871 /

0.800
*

O 0.600

0.400

0.200

0.000 * . ‘ . . . ; |
6.800 6.900 7.000 7.100 7.200 - 7.300 7.400 7.500 7.600

T

Figure 1. Relationship of pH at 10 minutes to purified soybean

trypsin inhibitor concentration.
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2,400 rpmell A AAZ2 T § FSAS FHskol 538nmolA FF =

il
A\

g

6.2. TBARS(Thiobarbituric Acid Reactive Substances)

TBARS(Thiobarbituric Acids Reactive Substances)3 %S Witte et al.
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Table 3. Sensory scores of tartar sauce containing Hizikia

fusiformis powder

(MeantSD)
Response 2
No. Overall
Color Appetizing Sweetness Fishy Viscosity acceptabilit
y

1 3.09+037 4.39£044  4.33£047 247118 397089  4.85%1.03
2 288056  3.64+0.66  4.03+0.80  2.73£1.25  242+0.56  4.12£0.92
3 470085  3.21+052  3.03+0.64  3.88+1.17  4.76+1.24 = 2.82+0.56
512067  3.70£0.96- 3481092 « 427151 3.12+091  2.94+0.55
2.88£0.50  3.79+0.73 = 4.24£0.76 - 2.94+146 = 4301123  4.85+1.29
6 215050 - 3.58+0.62  4.30+0.88  248+1.30 - 2.39+0:68  4.70+0.96
7 548+0.58 355054 .« 2.70+0.74 = 430+143  4.82t1.46% 2.76+0.60
8 485x0.62  3.55+0.56  3.55+1.28 ' 4.09+1.59 3.03t1.04 | 3.46+0.96
9 458+045 355054 @ 3.21+0.85_  4.09+1.55  3.67x1.12 | 3.36+0.84
10 452+0.50  3.76£0.63 ~ 3.67£0.97 424161  3.36£0.85 | 3.48£1.15
11 264+041°  397+0.80"  397£1.07  2.73t1.40 3.82£1.03 /' 4.94+£1.13
12 297+0.53% 3.79+0.78  3.82+091  3.12£1.18 - 3.18%£0.79  4.45%0.93
13 1.06+0.20 3641069 -3.97+£1.15  2.09+1.30 .¢3.1240.82  4.36+1.01
14 591+0.37  3.27+070_ ".242+1.06 = 5.00£1.39. - 4.15£1.18  2.0910.88
15 5.09+0.62  3.85+0.64 3.64+1.17 436156  458+£1.32  3.21+£0.99
16 4.36+0.53  3.79+0.58  3.88+1.26  3.52+1.25  2.52£0.89  3.55%0.37

DScale score : 1(weak extremely ) ~ 7( strong extremely), 11 panels, n=3
2)Xl =Mayonnaise, Xgo: Hizikia fusiforme powder, Xs: Pickled cucumber juice
10 Xy 90g X21g, X3 0g 20X, g Xo1g, X340g 31X, 0g X23g, X320¢
4: X] 90 g, Xz 3 g, X;; 40 g 5: X1 110 g, Xg 1 g, X;; 20 g 6: X1 110 g, Xg 1 g, X;; 40 g
70 X3 110 g, X203 g, X520g 8 X;110g, X23g, X340 g 9:X;100g, X22g, X330 g
10 X; 100 g, X22g,X330g 11: X; 80 g, Xo2g, X330g 12: X; 120 g, X2 2 g, X530 g
13: X;100 g, X20g, X330 g 14: X; 100 g, X204 g, X530 g 15: X; 100 g, X2 2 g, X210 g
16: X; 100 g, X2 2 g, X350 g
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7F = R Ao ALY

1.1.6. A¥tA < 7] 3 = (Overall acceptability)

WS w el o WS EW FAe] 23 858 A4S Table 40 e
Atk BT HAFE S AL A (p<0.001), &A= (p<0.01), BBH(p<0.001),
] =12 (p<0.001), 4 %= (p<0.001), HEAS] 7] 5= (p<0.00D) A 2] 714 ]

Fel4Ql A8 vpehyt
¥ Pw getesse A, 44232, o aest, 4R Auel 7]

Y, = 455057+0.01420X;+1.17443X5-0.16761X3-0.43636X1*0.26 705X 2"
+0.04205X3°+0.18068X 1X2-0.20341X1 X 3+0.08750X 2X 3

(YA ¢] #5 A4, Xy 'mayonnaise, Xo:Hizikia fusiforme powder,

_18_



Table 4. Regression for each dependent sensory attitudes of tartar

sauce containing Hizikia fusiformis powder

Dependent R? ?
p, Predictive models P
variables
Y] =
4.55057+0.01420X1+1.17443X2*0.16761X3*0.43636X12 s
Color ) ) 86.75 0.000
-0.26705X2°+0.04205X3°+0.18068X1X2-0.20341X1X3
+0.08750X2X3
Yg =

3.63011-0.05170X1-0.13239X2-0.03466X3+0.05682X1”

Appetizing 5 i 12.48 0.007™
-0.04773X2°+0.04545X 3°+0.10795X1X2-0.00795X 1 X 3
+0.18750X2X 3
Yy =
3.50795-0.02614X1-0.45227X5+0.09659%s+0.11477X 1> s
Sweetness 4 g 24,63 0.000"
-0.06136X2°+0.08068X3"~0.05455X1X2+0.09545X 1 X3
+0.19545X2X 3
Y4 =
. 4.04091+0.07614X1+0.73636X>-0.10795Xs- 0.30795X 1 s
Fishy ) f 2758 0.0007
-0.15682X2°-0.05795X3"+0.00455X 1 X2-0.15455X1 X 3
+0.05000X2X3
Ys =
. . 3.54602-0.05852X 1+0.29489X2-0.68920X 3-0:00341X1* s
Viscosity ) ; 36.18 0.000
+0.02955X2°+0.00341X3°-0.04205X1X2-0.06705X1X 3
+0.00114X2X3
Overall Yo = )
. 3.47841-0.0159X1-0.67500X2+0.02045X3+0.31250X1" s
acceptabili ) ) 44,05 0.000
-005227X2°-0.01250X3°+0.01591X1X2+0.11364X1X3
ty +0.24773X X3

¢ =Mayonnaise, X2 Hizikia fusiforme powder, X3 Pickled cucumber juice

YR%= Coeffcient of determination
Pp<0.01, “p<0.001.

_19_



Contour plot of color
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Figure 2. Surface plot and contour plot for color of tartar sauce

containing Hizikia fusiformis powder
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X3. pickled cucumber juice)
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Contour plot of appefizing
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Figure 3. Surface plot and contour plot for appetizing of tartar

sauce containing Hizikia fusiformis powder
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Coniour plot of sweelness

LEE]

2.0

2.5

4.0

4.5

5.0

=n
=ma &
sforma powdar O
ucuwmbar uica o,

Surkace plot of sweeiness

May onnaisg o,
Hzikia fusdferma cowdar O
Pickiad cheumiear uica o,

s RO

s m
H 2 40 e
H o = o -
; Hizhda fathsrs ¥ IPiced o
E gz T = Tainn

Figure 4. Surface plot and contour plot for sweetness of tartar

sauce containing Hizikia fusiformis powder
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Figure 5. Surface plot and contour plot for fishy of tartar sauce

containing Hizikia fusiformis powder
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Figure 6. Surface plot and contour plot for viscosity of tartar

sauce containing Hizikia fusiformis powder
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Figure 7. Surface plot and contour plot for overall acceptability of

tartar sauce containing Hizikia fusiformis powder
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1.3. ¥t& WFE FA Hdssie ¥z
670e] EE ®H3 W(color, appetizing, sweetness, fishy, viscosity,

overall acceptability) & EAldl TEA| 7= RESHFES sAldd BESA] 7]

= HA ZE 32 vyl = -1.6918(83.082 g), & ¢ -0.6667(1.3333

g), &7 2010 g)olfaL o w oS5y += dsHTFe M2 251%, 4

S22 4674, 952 4817, Hlduk2 203, A=E 4574, dA¥rAQl

713 =& 54774 o] Yl th(Figure 8).
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Figure 8. Response optimization curve for color, appetizing,
sweetness, fishy, viscosity and overall acceptability of tartar

sauce containing Hizikia fusiformis powder
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Table 5. Consumer acceptability scores of tartar sauce containing

Hizikia fusiformis powder

(Mean+SD)

Variables TS? TSH” t-value

Color 4.20+0.98 5.10+1.01 6.536™""
Appetizing 4.58+0.91 4.72+0.99 1.081
Taste 5.00+1.17 5.01+1:16 0.059
Fishy 4.60+1.34 4.43+1.21 0.964
Viscosity 4.90+1.06 5.15+1.00 1727
Overall acceptability 4.92+0.97 5.13+0.99 1.535

YScale score : 1(dislike extremely ) ~ 7( like extremely)

7 Original tartar sauce

YTSH : Tartar sauce containing Hizikia fusiformis-powder

P Pp<0.001
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Fold(BM), ZAASHBO), 4 7R AxdH 5 &% BHEEH
22~(TSH)S| Y HHA -2 Table 67 2t}
AFE3E Fol(BM)+= w2 73.75%, Gl &L 2514%, AW 0.46%, 2
& 1.39%2 YES=H darAtEAR i (EHT
+ @A 204%), ARAT%)=E Fo(BM)E T oA e =3 At

e shokrh ol ARAZYY Folol ALt WAL FHEAY Fol
AEHABO)E T 54.83%, T E 20.36%, AW 1597%, ©F3E
7.35% 12l 3|3 149% o=l A &frol HAA xgste] Fol(BM)

oy A ko] =7 e e T-testz oA+ A

HAAN LR A B B BEEEAAE F8 4960%, S E 4.29%,

A 33.10%, ©rshE 11.57%¢9F 33 1.53% %2 LERSE
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Table 6. Proximate composition of Bastard halibut meat for cutlet,
Bastard halibut cutlet and tartar sauce containing Hizikia
fusiformis powder

(Mean=SD)
) Carbo
Moisture Crude Crude Fat Ash
Sample Aw . hydrate
(%) Protein (%) (%) (%)
(%)
0.95+0.00 73.75+0.21 25.14+1.32  0.46+0.11 B 1.39+0.00
(95.7) 1.7) (5.2)

0.94£0.00 54.83+0.32  20.36£0.37 = 15.97+0:11 7.35 1.49+0.00

BC
(45.1) (35.4) (16.2) (3.3)
rSH 0.94+0.01 - 49.60+0.19" 4.20+0.00 "33.10+6.94 *  11.57 1.53+0.11
(83) (65.7) (23) (3.0)
t-vaule 30407 84.24% 6.02 . 1 f 21.92°
D*p<0.01, **P<0.001

Y9/100g sample (% dry basis)
BM : Bastard halibut meat-for-cutlet
BC : Bastard halibut cutlet

TSH : Tartar sauce containing Hizikia fusiformis powder
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2 43}4(in vitro protein digestibility) = =83k F7pH o
HRyu and Lee: 1985, Ryu et al. 1998).
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Table 7. TIS(trypsin indigestible substrate), TI(trypsin inhibitor)
and in vitro protein digestibility of Bastard halibut cutlet and
Hizikia fusiformis sauce

(MeantSD)
Sample TIS & TI ‘ I‘n ui‘trlo‘
(mg/g solid) protein digestibility (%6)

BM(TI) 30.60+0.86 90.79+0.11

BC(TIS) 46.67=0.0 86.14+0.11

BC+TS(TIS+TI) 50.18+0.87 81.15+0.11

BC+TSH(TIS+ TI) 64.23+0.36 78.71+0.22
t-value 19.79™ 19.287

BM : Bastard halibut meat for cutlet

BC : Bastard halibut cutlet

T'S: Original tartar sauce tartar-sauce

TSH : Tartar sauce containing Hizikia fusiformis powder
BC+TH = 3:1(w/w)

BC+TT = 3:1(w/w)

P P<0.001
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5. BolASHY AP E=

5.1 TBA value$ TBARS

TBA valuex A9 Absie, 23], 2bste] oigh A 3A
Eb ™ o] - FA)E 2] 4buflo] w2 TBARSS A2 A3 e Az 2
He #AZE o]l TBARSO & of - A% MRS Hrtsts A
£7F ¥ H(Kim and Choi,-2007).

FoAEEH Y At A =S HIbet7] 918k TBA. value$t TBARS9
A7E Table 87 Figure 9o e ST

—20ColA 5043 W& watste] @Rl 23 TBA “values 502 3
50% =713t 3y TBARSE 358% A X 7k A=\ UERN
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Table 8. Change in TBA value and TBARS of Bastard halibut
cutlet during storage at -20C

(Mean*SD)

Storage Storage

TBA value

TBARS

temp. days (mg/g solid) (mg/g solid)
0 73.22+0.00 2.424+0.19
10 90.25£0.00 2.91£0.19
20 123.62%0.05 3.43%1.20

-20C
30 113.6+0.07 4.82%0.18
40 136.88+0.06 6.52%+0.16
50 145.20+0.01 6.75+0.18
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Figure 9. Change in TBA value and TBARS of Bastard halibut
cutlet during storage at -20C
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