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This study optimized the mixing ratios of seafood sauce with blue crab for maximal sensory
attributes using a response surface methodology with central composite design. It evaluated
sensory appeal, nutritional value, and some rheological properties. The optimal formulation
appeared to be 252 g of tomato paste, 78 g of chopped garlic, and 519 g of blue crab block; this
ratio resulted in a predicted sensory score of 5.7 (on a 7-point scale) for overall acceptability.
Addition of blue crab block increased moisture, ash, and protein contents in various sauces, but
fat contents were similar in every sauce. Major free amino acids such as glutamic acid,
phosphoserine, asparagine, and arginine composed about 60% of the total amino acid content.
Standard and optimized sauces were red and light yellow, and those color values were
significantly higher than in American-style sauces. Optimal viscosity was half the value of
American-style sauces; more blue crab block added to the sauce resulted in lower viscosity.
Adding this sauce to seafood dishes will likely aid development of flavoring substances.
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Introduction

Seafood is a healthy and attractive addition to a
well-balanced life because of its high nutritional
value and sensory qualities. Koreans enjoy seafood
but Korean dishes are limited to a few foods: sashimi
(such as raw meat dishes), and hot stew. In contrast,
Westerners enjoy steamed or fried seafood with
special sauces, e.g., American-style sauce (Choi,
2002; Lee, 2004) on crustaceans such as lobster, king
crab, and tiger shrimp. Although sauces are effective
ways to improve flavor, sauces are not widely
accepted in Korea because Koreans have not enjoyed
the greasy flavor in western-style sauces (Oh, 2000;
Lee et al., 2002). Using sauces on seafood products
may be the determining factor in development of new
seafood dishes that maintain nutritional and sensory
qualities. Blue crab (Portunus trituberculatus) is
popular in Korea because of its umami (glutamate)
flavor (Kim et al., 1990; Han et al., 1996; Lee et al.,
2001), so if sauces using blue crab are optimized,
trends in seafood consumption could change. A
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response surface methodology (RSM) was applied to
achieve successful preparation of these seafood
sauces. RSM is a promising tool used during the
design of new products in the food industry (Hu,
1999; Lee et al.,, 2000). Researchers have applied
RSM to the preparation of brown sauce (Kim and Lee,
1999) and red pepper jam (Lee and Jeong, 1999) and
proved its value.

The goal of this study was to use RSM central
composite design to examine the optimal ingredient
ratio of seafood sauce with blue crab for maximal
sensory appeal. In order to compare the food quality
of blue crab sauce, the nutritional value and some
rheological properties of American-style sauce were
also examined.

Materials and Methods
Sample preparation
Frozen blue crab (Portunus trituberculatus) and all
other ingredients (garlic, onions, tomato paste, water,
carrots, flour, butter, white wine, celery, and thyme)
were obtained at a local market. The blue crab sauce
was prepared according to a modified recipe of
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American-style sauce as shown in Fig. 1.

Heating butter (30 g) for 10 sec.

1
Sauting sliced onions (60 g) for 1 min.

d
Sauting carrot (30 g) and celery (20 g) for 90 sec.

i
Adding chopped garlic.

l
Adding blue crab blocks.

Sauting blue crab for 4 min.

i
Adding 150 mL of wine and heating for 90 sec.

!
Adding each tomato paste, shown in table 1.

!

Sauting for 3 min.

i
Adding 100 mL of water and heating for 1 min.

1
Adding additional water (1400 mL.)

l
Adding thyme (0.1 g) and bay leaves (0.1 g).

i’
Boiling for 20 min.

d

Whisking Burre Marnie for 2 min.
!
Stabilizing temperature (837TC)

!
Adding salt (8 g)and black pepper (0.5 g)
i

Sieving through 20 mesh standard sieve.

Final sauce (1 L)

Fig. 1. Flowsheet for the blue crab sauce preparation.

Experimental design and sensory tests

Ten experiments were performed based on a
central composite design with three variables and
three levels for each variable. Independent variables
included tomato paste (X1), chopped garlic (X2), and
blue crab block (X3) with shell removed and cut into
four pieces. Table 1 presents the factor levels and
actual values. Variable levels were selected to include
ranges for a typical American-style sauce. Table 2
presents the experimental design. A consumer-type

sensory test involved panelists (n=53) testing samples.

Panelists were selected randomly from among de-
partmental undergraduate students, graduate students,
and faculty members. Sauces were initially subjected
to overall sensory evaluation by a panel, taking into
consideration the following response variables: taste
(Y1), color (Y2), odor (Y3), viscosity (Y4), and
overall acceptability (Y5). A rating scale of 1 to 7
points (1=extremely dislike, 4=neither dislike nor

Table 1. Levels of factors for the response surface
design in the actual and the coded values

Coded values

Coded

Factors -1 0 1
Factor
Actual values
Tomato paste(g) X4 190 250 310
Chopped garlic(g) Xa 42 68 78
Blue crab(g) Xa 281 400 519

like, 7=extremely like) was used to select the best
ratio of ingredients (Kim et al., 2000). The functional
relationship between the mixture ratio and sensory
attributes was expressed using a quadratic canonical
polynomial model (Scheffe, 1958; Prinyawiwwatkul,
1997).

Nutritional evaluation

Standard AOAC procedures (1990) were used to
determine moisture, crude fat, crude protein (NX
6.25), and ash; all analyses were done in triplicate.
Free amino acid profiles and contents were deter-
mined using 5'-sulfosalicylic acid (SSA) depro-
teinized samples of 80% ethanol extracts with an
amino acid analyzer (Biochrom Pharmacia Biotech,
Berlin, Germany) loaded with lithium buffer (pH 2.2).
The OPDA method (Church et al., 1983) was used to
estimate total free amino acid content, expressed as
D.L-lysine equivalents. The Van Laack method
(1996) was used with a colorimeter (JC 801; Color
Techno System Co., Tokyo, Japan) to measure
Hunter's color value; standard plate values of L, a,
and b were 93.73, -0.12, and 0.11, respectively. The
RVDV-II+ digital viscometer (Brookfield Engineering,
Middleboro, MA, USA) measured viscosity using
spindle CP 52 in triplicate at 4°C.

Statistical analysis

Tukey tests and analyses of variance (ANOVA)
using MINITAB (Minitab, 2000) were used to
evaluate data about proximate composition, color
value, viscosity, and free amino acid content.

Results and Discussion
Sensory tests and the response surface
methodology
To determine the most favorable acceptability,
ratios of American-style seafood sauce with blue crab
block were tested according to sensory descriptors
(taste, color, odor, viscosity, and overall acceptability;
see Table 2) as dependent variables (Y1-Y5). Re-
lationships between these dependent variables and the
independent variables such as tomato paste (X1),
chopped garlic (X2), and blue crab blocks (X3) can
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Table 2. Central composite design for the optimiza-
tion of blue crab sauce

Ingredients of sauce

Formulation :

number Tomato paste Garlic Crab
(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)

be expressed by the following regression equation
using quadratic canonical polynomial models
(Scheffe, 1958; Prinyawiwatkul, 1997):

Y=b,X;+byX5+b3X5+b n X1 Xotb 13X X51+b3 X0 X5,

Where Y=predicted dependent variables, X=inde-
pendent variables, X;X;=interaction of independent
variables, and b;, bj=regression coefficients. The
multiple regression equations are shown in Table 3.

Chopped garlic (X2) made a significant contribu-
tion to sauce taste (Y1) and produced the highest
regression constant (b2=0.9479); regression constants
for tomato paste (b1=0.3854) and blue crab block
(b3=0.2188) were comparatively very low, revealing
that these variables were secondary factors. Generally,
the initial stage of designing a new food product
requires a procedure that uses sensory testing to
determine optimal mixing ratios (Fishken, 1983;
Sidel and Stone, 1983). It is practically impossible to
optimize ingredient ratios for all maximum sensory
descriptors, but it is possible to predict results for
close-to-ideal mixing ratios (Moskowitz, 1994).
Therefore, when the desirability function (d) was

0.95, the optimization response curve produced a
desirable mixing ratio of 0.0100 (tomato paste):
0.5032 (chopped garlic):1.000 (blue crab block),
producing a 4.9 sensory value. In this -case,
“desirability function” meant that if a sample was
ranked 7 (extremely like) on the questionnaire, its
expected relative value was assumed to be 1 (Minitab,
2000).

Similar to other tomato products, tomato paste
(b1=0.510) and chopped garlic (b2=0.531) acted as a
primary factor for color (Y2); blue crab block had no
significant effect on color development (b3=0.073).
The optimal mixing ratio for color was 0.2152
(tomato paste):0.8672 (chopped garlic):0.9716 (blue
crab block), providing an expected sensory attribute
value of 6.2 (d=0.88).

Garlic (b2=0.3854) acted as a primary factor for
odor (Y3); tomato paste (b1=0.1146) and blue crab
(b3=0.0104) had less effect. These results can be
explained by how the pungent taste of garlic affected
the odor of the entire sauce. The optimal odor res-
ponse optimization ratio was -0.7623 (tomato paste):
0.8988 (chopped garlic): -0.9467 (blue crab block),
providing an expected sensory value of 6.9 (d=0.69).

Tomato paste (b1=0.4583) had a greater effect on
sauce viscosity (Y4) than garlic (b2=0.1875) or blue
crab (b3=-0.2083), probably due to the plentiful
pectic substance being dissolved into the sauce that
resulted in high viscosity during sauce preparation.
The optimal viscosity mixing ratio was 0.1844
(tomato paste):-0.6215 (chopped garlic):-1.0 (blue
crab block); this produced the lowest sensory value
(5.44) among the sensory attributes (d=0.75).

As with taste and odor, garlic (b2=0.8466) was the
most important ingredient variable affecting overall
acceptability (Y5); tomato paste (b1=0.5521) was
second, and blue crab block produced a very low
regression constant (b3=0.1771). The optimal ratio
for overall acceptability was 0.2093 (tomato paste):
0.9268 (chopped garlic):0.9218 (blue crab block),
resulting in a 5.67 sensory value (d=0.79).

Table 3. Regression for each dependent sensory attributes of the sauce from consumer acceptability test.

Response variables Predictive models p-value® R? (%)
Taste

Y1=4.370+0.3854X,+0.9479X,+0.2188X5-0.3021XX1-0.3646X:X2-0.3021X:X3-0.3229X,X3 0.000 452
Color

Y2=5.458+0.510X,+0.531X,+0.073X5-1.031X:X4-0.052X:X+0.031 X1 Xa+0.177 X, X3 0.000 33.8
Odor

Y3=4.583+0.1146X,+0.3854X,+0.0104X;+0.11458X,X;-0.0729X,Xz+0.0937X1X5-0.0521X:X5 0.031 12.6
Viscosity

Y,=5.0833+0.4583X,+0.1875X»-0.2083X3-0.5833X1X4-0.1042X1X2+0.3333XX3+0.3958X,X; 0.000 213
Overall acceptability

Y5=4.833+0.5521X1+0.8446X,+0.1771X5-0.5729X1X1-0.3854 X1 X,-0.1562X1X3-0.1354 XX 0.000 52.3
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Determination of the sensory attribute most im-
portant to consumers would be valuable to the food
industry. In general, each sensory attribute affects
overall acceptability (Love, 1994); while they do not
all affect overall acceptability in the same way,
overall acceptability can be helpful in finding optimal
ratios (Sidel et al., 1994). To optimize ingredient
levels by overall acceptability, maximum values of
tomato paste on the secondary curve (taste, color, and
viscosity) and garlic (taste and odor) were applied.
This solution involved an ingredient ratio of 0.0349
(tomato paste):1.0 (chopped garlic):1.0 (blue crab
block); actual values were 252 g, 78 g, and 519 g,
respectively. These quantities resulted in a sensory
value of 5.74, which corresponded to a desirability
equal to 1 and adequate in terms of sensory accep-
tability.

Proximate composition and physical evaluation of
seafood sauces

Viscosity and color values are important in quality
standard evaluation of sauce prepared in food service.
Therefore, it was important to consider moisture
content and proximate composition, which could
affect the viscosity of composite food products, when
assessing the benefits of different ingredients.

The proximate composition of optimized seafood
sauce was compared to the control sauce without blue
crab block and the American-stzrle sauce (Table 4).
Moisture content (p=0.000, R"=95.84%) did not
differ between the optimized and the American-style
sauce, but the control sauce had slightly higher
moisture content. These small differences in moisture
content had no relationship to viscosity; moisture
content in all sauces varied from 87 to 88% and
comparison revealed that they were thicker than
consommé (98%, Jeong et al., 2000). These results
are similar to other findings (86.4%; Lee, 2004). The
optimized and American-style sauces were higher in

protein than the control sauce based on dry content
(p=0.001, R*= 98.07%), probably a result of the
proteinous food-stuffs used in the American-style
sauce (lobster head, crab legs, etc.) and the optimized
sauce (blue crab block). Lee et al. (2002) reported
that crude protein content in brown sauce ranged from
1.9 to 2.5% (9.4-12.3% based on dry content) and Lee
(2004) reported 2.47% (17.9% based on dry content).
The control sauce, which lacked blue crab block, had
a protein content similar to that reported by Lee
(2004), and both the American-style and control
sauces had a protein content almost two times higher
than brown sauce. The control and optimized sauces
had sig-nificantly higher crude fat content than the
American-style sauce (p=0.002, R?=93.54%), pro-
bably a result of using butter during sauce preparation.
Ash content exhibited differences similar to moisture
content. Carbohydrate analysis revealed that the
optimized sauce had the lowest content based on wet
and/or dry measurements, while the control and
American-style sauces exhibited similar protein
contents. The blue crab block had an effect on
carbohydrate content, influencing sauce viscosity; it
diluted sauce density and lowered carbohydrate
content.

Table 4 presents the color value results; the
optimized and control sauces were lighter than the
American-style sauce, but the optimized sauce had
slightly higher L* values (p=0.000, R*=96.81%),
indicating that the optimized sauce was slightly bright
and the American-style sauce was darker or gray. In
contrast, the optimized and control sauces exhibited
significantly higher a* (redness) values (p=0.000, R’*=
99.61) compared to the American-style sauce. The
optimized sauce had a higher tomato paste content
than the American-style sauce, which might have
caused the difference in redness. Sauces treated with
blue crab block and tomato paste (optimized) and
those with only tomato paste (control) had higher b*

Table 4. Proximate composition, color values and viscosity of sample sauces’

Sample Mo(i;)t;Jre Crud?cys)rotein Cru(ciz)Fat Cruzi(z)Ash - Co;or - \gi;c;;ia
at4C
fmencan  §6.95a:0.03 3'(‘;?;2)'22 1(?:;%;1 1'23592?505 37.49a£0.30  3.00a:037  23.69a0.91  120.5a%3.0
S;Sé;o'b 88.58ab0.02 2'8“%&? 2('23?2%)107 o'(%%%? 30.98b:0.55 11.17c+0.10  31.44b£0.80  106.4b+10.2
PsF:meZed 87.51a20.06 3'(32?;2)'29 3'(12‘?%26 1('3523‘)1[)1 41.780+0.08 9.687c0.25 322302053  52.0c+4.3

®Means within a column with different superscripts are significantly different (p <0.05)
*Tomato paste : chopped garlic : blue crab block =267g : 63g : Og

°Tomato paste : chopped garlic : blue crab block =252g : 78g : 519g

Data in parenthesis mean % on 100g solid.
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values than the American-style sauce. Han et al.
(1996) reported a very high b* value (nitrogenous
extracts) from blue crab block, so tomato paste and
blue crab extracts significantly enhanced b* values in
the optimized sauce (p=0.000, R*=93.94).

Viscosity of the optimized sauce was half the
viscosity of the control or American-style sauces at
60 RPM (p=0.000, R*=96.11%) and 4°C. Increased
blue crab extract in sauces resulted in lower viscosity
(Table 4); the blue crab extract likely caused this
lower viscosity, and tomato paste, especially its
pectic substances, lowered carbohydrate levels.

Free amino acid contents and profiles

Table 5 shows the free amino acid contents and
profiles of optimized blue crab sauce; these were
examined because they can influence the taste of
sauces containing proteinous ingredients. Quantita-
tive analysis used an amino acid analyzer and the
OPDA method (Church et al. 1983), and revealed that
the optimized sauce had a significantly higher total
free amino acid content (p=0.015, R’=91.02%) than
the other sauces. Results of free amino acid content in
the American-style and optimized sauces indicate that
the taste of sauce is related to free amino acid sources
and treatment. Addition of blue crab block

Table 5. Free amino acid profiles and contents of

sauces (g/100g solid)
American  Control  Optimized

sauce sauce sauce
Phosphoserine 0.121 0.283 0.718
L-Aspartic acid 0.235 0.039 0.192
L-Threonine 0.063 0.047 0.097
L-Serine 0.065 0.028 0.082
Asparagine 0.437 0.087 0.529
L-Glutamic acid 0.951 0.284 0.775
L-Glycine 0.013 0.375 0.293
L-Alanine 0.236 0.262 0.381
L-a-Aminobutyric acid  0.005 0.006
L-Valine 0.039 0.075 0.116
L-Isoleucine 0.047 0.041 0.077
L-Leucine 0.029 0.065 0.096
L-Tyrosine 0.034 0.035 0.079
L-Phenylalanine 0.093 0.064 0.118
B-Alanine 0.002 0.002
y-Aminobutyric acid 0.319 0.055 0.262
NH; 0.075 0.009 0.059
L-Orinithine 0.014 0.023
L-Lysine 0.045 0.037 0.114
1-Methyl-L-Histidine 0.038
L-Hisidine 0.029 0.011 0.029
L-Arginine 0.222 0.094 0.788
Total 3.059 1.947 4.833
OPDA? 2,57810.09 2,288+0.10 3,282+0.04

°Expressed as D.L. lysine equivalents.

should increase the free amino acid content and
thereby explain how the optimized sauce provided an
umami taste more so than the other sauces. Previous
research (Kim et al., 1990; Han et al., 1996; Lee et al.
2001) reported that major free amino acids in blue
crab extract included arginine, taurine, glycine, and
proline; our results differed from these reports. The
optimized sauce contained major free amino acids
including glutamic acid, phosphoserine, asparagine,
and arginine, and the sum of those amino acids was
about 60% of the total free amino acid content. These
results generally support profiles of seafood sauce
reported by Lee (2004); the higher contents of
glutamic acid (0.775 g/100 g solid) and arginine
(0.788 g/100 g solid) in the optimized sauce than in
the control or American-style sauces likely create the
umami and sweet flavors in the optimized sauce.
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