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Abstract

Sea cucumber (SC) or Stichopus japonicas is widely used in East Asia as a traditional medical component for the
treatment of asthma, arthritis, and sinus congestion. The hydrolysate of SC (HSC) after treatment with a protease
is also widely used as an ingredient for processed food application such as noodles. Tensile force and deformation
are important texture properties of noodle. The peptides prepared by hydrolyzing SC could affect the tensile prop-
erties of noodle, as well as DPPH radical scavenging. The objectives of this study were to characterize the tensile
properties, the texture properties, color, and DPPH radical scavenging of noodle with HSC and to determine an opti-
mum formulation of dough with HSC for noodle. The HSC was prepared by hydrolyzing dried SC powder with
distilled water (DW) and a protease, Protamex (Novozyme Nordisk, Bagsvaerd, Danmark). The tensile properties
and antioxidant activity were used as major constraint functions for the optimization. The optimum ratio was deter-
mined as flour:water:HSC=69.27:22.48:7.05 (w/w). Increasing the amount of HSC in the formulation increased the
tensile force but no significant difference was observed in the deformation.
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Table 1. Blended ratios (% (w/w)) of wheat flour, water, and
HSC for noodle preparation according to mixture experimental

design
Sample ~ Wheat flour Water HSC Salt
T1 0.693 0.252 0.043 0.012
T2 0.700 0.260 0.030 0.012
T3 0.648 0.260 0.080 0.012
T4 0.698 0.260 0.030 0.012
T5 0.687 0.247 0.055 0.012
T6 0.693 0.227 0.068 0.012
T7 0.692 0.253 0.043 0.012
T8 0.700 0.208 0.080 0.012
T9 0.667 0.253 0.068 0.012
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Fig. 1. (a) A ring cutter; (b) a ring sample for measuring tensile
properties of HSC noodle; (c) the tensile measurement equip-
ment.
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Fig. 2. Texture properties of raw and cooked noodle with various levels of HSC.

Table 2. Color characteristics of cooked noodle with various level of HSC measured as the lightness (L), red-green (a), and yellow-
blue (b)

Uncooked Cooked
Sample
L a b L a b
Control 80.65+0.43" -1.90+0.24° 11.24+0.15 75.66+0.77° -1.43+0.26" 7.08+0.75
HSC 4% 80.20+0.16" -1.92+0.16" 11.3240.15° 74.40+1.14° -1.44+0.26" 7.204+0.24%
HSC 25% 79.28+0.14% 22.17+0.14° 12.50+0.17° 72.0040.16 -1.92+0.16° 8.87+1.51°

*bIndicates a significant difference within columns (p<0.05)
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Fig. 3. Effect of addition of HSC on the failure tensile strength
of cooked noodle.
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Fig. 4. Effect of addition HSC on the DPPH radical scavenging
of cooked noodle.



Table 3. The result of boiled HSC noodle rheological properties, DPPH, texture, and color on the mixture design experimental points

Sample Tl T2 T3 T4 T5 T6 T7 T8 T9
Tensile Load (g) 33.75+3.54%%  30.00£6.12%  23.13+£2.59°  31.43£2.44™  3556+£3.91%  2929+4.50°  32.14£2.67°% 36.67£3.54°  22.2242.64°
Antioxidant  DrV ;;?Sg&) 32340.087°  2.67£0.102°  10.13+0.107°  2.57£0.041°  432+0.052%  8.84+0.089° 10.63£0.075° 10.84+0.042°  8.12+0.056°

Hardness (N) 37.05£1.377  35.90+1.75"  21.88+1.80°  29.73+1.64°  21.87+1.01°  26.67+1.16"  25.6240.92¢  31.10+£0.99°  24.80+0.75"
Adhesiveness (mJ) 4.30:£0.44° 0.55+0.39" 0.60+0.87" 3.70£1.21%  0.30+0.21° 0.65+0.25" 0.67+0.21° 0.80:£0.59" 2.87+1.70°
T Springiness (mm) 2.67+0.37° 2.77£0.13* 1391330 2.80+0.32° 2.95+0.25" 2.80£0.17* 2.93+0.10° 2.93+0.14° 2.62+0.43"
Chewiness (mJ) 91.12+4.31°  85.08+£7.96%  54.23+35.69" 81.18+7.61°  60.88+9.10°  65.96+3.60™ = 64.65+3.13%  76.40+4.53°  40.70+2.82°
L 74.66£0.77°  74.40+3.14°  73.73+0.17°  75.82+1.01°  73.194031°  70.59+1.63®  74.1740.56"  69.31+0.09°  75.41+0.20"
Color a 2.43£0.08 2.48+0.04" 2284008  2.0240.06°  -2.63£0.06°  -2.17£0.14*  2.11£0.05* = -2.75£0.08"  -2.49+0.05°
b 8.08+0.75 9.71£0.24" 8.24:+0.32° 8.62+0.18" 9.45+0.26™ 9.54:£0.20° 8.09+0.38"  10.62+0.49°  10.80+0.37°

Each value is means = S.D

*D Values with different small letter within a differ significantly (p<0.05)

8%l
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Table 4. Analysis of particular models and regression of polynomial equations for the 2 responses
Response Model Prob<F Equation in term of pseudo components R?
Load (g) Quadratic 0.018 69.532A-8.290B+3.283C+95.369BC 85.84%
DPPH Linear 0.001 -2.03A-15.61B+47.26C 91.39%
A: Flour, B: Water, C: HSC
45 Comp:RefBlend 1 Comp:RefBlend
Flour 06548
~. — —. Water 02495 10
20 “\k - —-— Exract 00557
R “ =z
_~§'35 . k\ !// § 3 .
= el Ny // = i__*—:'—:_}__.%_”_/_vﬁ‘__
E 30 e el £ 5 4 N
i ’// 4 e -
25 ) - 5
/".’.’:’ &
n{ 7 .
-004 -003 002 001 0.00 001 002 003 -004 -003 -0.02 -001 0.00 001 0.02 0.03
deviation from reference blend in proportion deviation from reference blend in proportion
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Fig. 5. Results of Piepel response trace plot of load (g) and DPPH radical scavenging.
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