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Production of Extrudates Formulated from Pacific Sand
Lance Sauce By-Product and Dried Biji

Gyu-Hong Han, Byung-Yong Kim* and Jae-Kwon Lee'
Department of Food Science and Technology, KyungHee University
'Department of Foods and Biotechnology, Kyonggi University

This study was conducted to enhance the protein quality of wheat flour extrudates with the addition of fish sauce
by-products and dried biji. The experimental design was used to determine the optimum ratio of each ingredient.
The compositional and functional properties of test extrudate were measured, and these values were applied to
the mathematical models. A canonical form and trace plot showed that the influence of each ingredient on the
mixture final product. Protein content of extrudate was increased by the addition of the dried biji, and bending
failure stress of extrudate became hardened due to interaction effects between dried biji and pacific sand lance
sauce by-product. Also, the addition of dried biji decreased ash and salt contents. An optimum formulation was
obtained as 15.83:44.17 : 40% with numerical and 15.74 : 44.26 : 26.40% with graphical method (pacific sand
lance sauce by-product : dried biji : wheat flour). Based on the growth performance, feed conversion efficiency
was slightly lower than control group, but the protein content in feed extrudate increased to a large extent

compared to that mixed with wet biji.
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A : Fish sauce by-product
30.00

(23.33, 33.33, 43.33)

[ J
(18.87, 38.87, 48.67)

(13.33, 83,33, 53.33)

(13.33, 43.33, 43.33)

@ s
50.00 10.00 ’ 60.00
B : Dried biji C : Wheat

Fig. 1. Plot of a modified distance design in the mixture region.
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Table 1. Level and composition of modified distance design for the formulation of extrudate

Pseudo component” Fish sauce o Mixture
Run A B C by-product (%) Dried biji (%) Wheat (%) moisture (%)
1 0.000 1.000 0.000 10.00 50.00 40.00 10.23
2 0.500 0.500 0.000 20.00 40.00 40.00 13.83
3 0.167 0.167 0.667 13.33 3333 53.33 12.25
4 0.333 0.333 0.333 16.67 36.67 46.67 13.04
5 0.000 0.500 0.500 10.00 40.00 50.00 10.84
6 0.000 0.000 1.000 10.00 30.00 60.00 11.46
7 0.667 0.167 0.167 23.33 33.33 43.33 15.23
8 1.000 0.000 0.000 30.00 30.00 40.00 1743
9 0.500 0.000 0.500 20.00 30.00 50.00 14.44
10 0.167 0.667 0.167 13.33 43.33 43.33 11.63
11 0.500 0.000 0.500 20.00 30.00 50.00 14.44
12 0.000 0.000 1.000 10.00 30.00 60.00 11.46
13 0.000 1.000 0.000 10.00 50.00 40.00 10.23
14 1.000 0.000 0.000 30.00 30.00 40.00 1743
Low and high limitation of each component
Fish sauce by-product Dried biji Wheat
Low limit 0.1 03 04
High limit 0.3 0.5 0.6

(xi—li)

YPseudo components: X; = s XX+ +x =1

A, fish sauce by-product; B, dried biji; C, wheat.
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Fig. 2. Photograph of extruded fish sauce by-product, dried biji

and wheat obtained by modified distance design. G EoRN EFES] Aol Lol PiAE ¥ A
These numbers refer to the same number on Table 1. HEBWAFg 5) 7he] A3 FAHEA-AN)0] FTHESS o
Table 2. Proximate compositions, hardness, and color of extrudate
Color
Run Bending failure stress (kPa) Protein (%)  Lipid (%) Ash (%) Salt (%) . "

1 1851.75 + 13.31" 27.56 7.02 382 0.07 65.25 3.05 27.50

2 1361.16 + 26.62 2371 8.55 5.98 0.51 60.76 4.80 25.56

3 760.04 + 16.23 22.56 8.18 4.37 0.28 62.86 473 25.02

4 1710.89 + 19.09 22.94 4.80 517 045 61.88 470 25.40

5 1125.89 = 1645 24.34 428 3.89 0.14 65.00 4.99 26.96

6 412,74 £ 14.16 21.15 3.54 328 0.03 65.49 4.56 25.37

7 682.55 +15.34 21.38 8.63 7.05 0.80 56.56 4.96 25.75

8 1798.89 + 17.47 18.49 8.69 873 1.12 59.16 4.70 24,61

9 2018.43 £ 21.55 21.03 5.68 6.06 0.56 61.31 474 25.13

10 862.37+11.89 25.15 5.63 458 022 64.66 451 25.83

11 2018.43 £21.55 21.03 5.68 6.06 0.56 61.31 4.74 25.13

12 41274 £ 14.16 21.15 3.54 328 0.03 65.49 4.56 25.37

13 1851.75 £ 13.31 27.56 7.02 3.82 0.07 65.25 5.05 27.50

14 1798.89 = 17.47 18.49 8.69 8.73 1.12 59.16 470 24.61

L, lightness; a, redness; b, yellowness
DValues are mean = S.D of 20 samples per each run number.
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Table 3. Analysis of selected models and regression at polynomial equations for the eight responses

Response Model Prob>F L;?;l;féi t Equation in terms of pseundo component
e . . 1719.08A + 1845.47B +421.21C
Bending failure stress Quadratic 0.0397 <0.0001 3122.27AB + 3133.23AC - 761.37BC
. . 18.52A +27.53B +21.19C
Protein Quadratic <0.0001 <0.0001 +236AB +4.78AC - 0.37BC
Lipid Linear 0.0026 <0.0001 8.82A +6.73B + 3.76C
Ash Quadratic <0.0001 <0.0001 8.75A +3.82B +3.27C - 1.22AB + 0.17AC + 1.19BC
. 1.13A - 0.067B +0.035C
Salt Quadratic  <0.0001 <0.0001 -0.26AB + 6.425E - 0.003AC + 0.43BC
L(lightness) Linear 0.0032 <0.0001 58.17A + 65.25B + 62.97C
Color a(redness) Linear 0.2585 0.3231 4.71A +4.95B +4.75C
b(yellowness) Linear <0.0001 <0.0001 24.59A +27.26B +25.48C
A, fish sauce by-product; B, dried biji; C, wheat.
Bending failure stress (Pipel) Lipid (Pipel)
2018.43 8.81937 A
B B
C
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25.2026 7.38261 —|
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Deviation from Reference Blend

Fig. 3. Trace plot describing the effects of fish sauce by-
product, dried biji and wheat on bending failure stress and
protein.

A, fish sauce by-product; B, dried biji; C, wheat.
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Deviation from Reference Blend

Fig. 4. Trace plot describing the effects of fish sauce by-
product, dried biji and wheat on lipid and ash.
A, fish sauce by-product; B, dried biji; C, wheat.

2 linear modele] A= o] z} JEEC] FEHAHOZE MEd
243 & & ARV a*3kS probability 0.25858 R
24 digt Aol AAHJAT. HEHFE Jo] FED
I 2= Az JIE Fe Iy 9o g



¥ a1
7] AR e Az
Salt (Pipel)
113279 | A
0858279 —|
£ osaver| B
]
0.309255 |
0.034743 -
] T T i
0.333 -0.083 0.167 0417 0.667
Lightness (Pipel)
65.49 —| B
A
63.25 | C
@ C
3
o
£ 6102
2
-l
58.79 |
56.56

T T T
-0.333 -0.083 0.167 0.417 0.667
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Fig. 5. Trace plot describing the effects of fish sauce by-
product, dried biji and wheat on salt and L(lightness).
A, fish sauce by-product; B, dried biji; C, wheat.
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Fig. 6. Trace plot describing the effects of fish sauce by-
product, dried biji and wheat on a(redness) and b(yellowness).
A, pacific sand lance sauce by-product; B, dried biji; C, wheat.
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gain and feed efficiency ratio)
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Table 4. Optimum constraint values using two analytical
methods

Constraints Nl.lm.e riqal GFaPhinll
Goal optimization optimization
name . .
solution solution
Fish sauce -
by-product maximize 15.83 15.74
Dried biji is in range 44.17 44.26
Wheat is in range 40 40
Protein maximize 25.43 2542
Salt minimize 0.32 0.32
L(lightness) maxirize 62.88 62.88

Table 5. Feed intake, weight gain and feed efficiency ratio of rat

Control Extrudate feed
Initial body weight (g) 129.23 £ 467 129.44 + 4.08
Final body weight (g) 296.92 + 22.84* 237.33 £ 14.59°
Feed intake(g/day)? 17.34 +1.76* 14.96 + 1.67°
Weight gain(g/week)® 4192 +4.62* 26.97 +5.81°
Feed efficiency ratio 0.35 £ 0.05° 0.26 + 0.04°

YValues ate mean = S.D of 10 rats per each group.

PFeed intakes based on measurement, restricted intakes based on feed
dispensed.

*Difference between weights at the start and at the end of experiment.

A : Fish sauce by-product
30.00

40.00

Prediction 0.582
A 15.74
B 44.26
c 40.00

——— »

50.00 10.00 60.00

B : Dried biji C : Wheat
Desirability

Fig. 7. Contour plot of desirability of the optimum result.
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