nswianzimanzaalunsndanyuisaunsaualslalasidlaslziznsiuia
RHENGN
Optimization of crispy pork stick production by microwave heating using the response

surface method
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Abstract

The development of crispy pork stick products is a research topic that Songkwang Green Food Co., Ltd. wanted to
develop a new processed pork product that is rich in nutrients and can be eaten with breakfast in the hustle and bustle
of daily life. This research aimed to determine the optimization conditions of the crispy pork sticks process with the
microwave method, which analyzed the nutritional value and shelf life. The central composite design (CCD) was
designed with the variables in each factor including 70.0-75.0% pork (w/w), 4.0-8.0% soy protein extract (w/w), and
carboxymethyl cellulose 0.18-0.22% (w/w). The lack of fit test showed that the model did not differ statistically significantly
(p>0.05), and the value obtained from the prediction equation consisted of 70% pork, 7.57% soy protein extract, and

0.18% carboxymethylcellulose. The product had the energy from fatty 104 kcal, total fat 11.5 g, saturated fat 4.25 g,
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cholesterol 79.8 mg, protein 52.3 g, total carbohydrate 24.8 g, and dietary fiber 0.61 g / 100 g sample, respectively.

The crispy pork sticks packaged in nitrogen-filled aluminum foil bags (30 g) had a shelf life of 18.5 months, and the

aw was 0.28 at 35 °C. The entrepreneurs can take the newly developed and commercialized products.

Keywords: Crispy pork stick, microwave, soy protein, carboxymethyl cellulose, response surface methodology
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ANUSINIAINUE N ALY 0.0030% Az 0.0038% 9
" RMS 1910NE9nNUaaNALAA I 8INMITNINEINNT
l¥qun1361n37 20% waasAsailaannisvinwed
ANUAANALAAaINNFNTS %Y (Julian, 2004) INNHANNT
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DESIGN-EXPERT Plot

Texture
X = A: Meat
Y = B: Soy protein
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Figure 1 Relation response surface between meat (X1)
soy protein (Xz) and CMC (X3) on hardness (Y1) of
crispy pork stick product

DESIGN-EXPERT Plot
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Figure 2 Relation response surface between meat (X1)
soy protein (Xz) and CMC (X3) on moisture (Y5) of
crispy pork stick product



Nantha Pengnet and Darunee Nak

Table 1 Central composite desi gn andresponse variables of crispy pork stick product

J Sci Technol MSU

Independent variable

Response variables

Run no. Block Hunter Lab Hunter Lab Moisture
X, X X (Kgfimm?) L* value a* value a* value content(%db)
1 1 70.00 8.00 0.22 3.15+0.60 47.23+0.47 15.28+0.19 29.17+0.48 45.30+0.22
2 1 70.00 4.00 0.18 2.78+0.03 43.27+0.54 14.68+0.10 27.02+0.47 36.16+0.74
3 1 72.50 6.00 0.20 1.17+0.30 42.70+0.19 13.86+0.21 25.23+0.41 34.33+0.53
4 1 75.00 8.00 0.18 2.23+0.07 47.02+0.15 13.02+0.10 27.83+0.28 36.01+0.47
5 1 75.00 4.00 0.22 3.12+0.06 42.09+0.14 14.114£0.12 26.05+0.21 37.134+0.42
6 2 72.50 6.00 0.20 1.16+0.26 50.30+0.19 12.49+0.06 26.47+0.27 31.60+0.75
7 2 68.96 6.00 0.20 1.95+£0.43 49.03+0.34 12.51+0.29 27.24+0.45 23.2040.01
8 2 72.50 3.17 0.20 1.94£0.12 46.80+0.29 11.22+0.06 25.05+0.47 29.15+0.54
9 2 72.50 6.00 0.17 2.25%0.18 45.69+0.74 15.00+0.15 27.78+0.32 33.91+0.62
10 2 76.04 6.00 0.20 2.12+0.39 50.58+0.43 12.77+0.14 27.65+0.42 39.31+0.25
11 2 72.50 6.00 0.23 2.51+0.32 50.68+0.38 11.05+0.11 27.03+0.10 42.02+0.20
12 2 7550 8.83 0.20 3.00£0.69 55.50+0.47 12.90+0.32 30.33+0.48 41.90+0.95

Data are presented as means + standard error

Table 2 Regression model of crispy pork stick product

Physicochemical properties

Regress Coefficients Hardness Hunter Lab Moisture content
(Kgflmm?) L* value a* value b* value (%db)
B, - Constant 1.18 47.57 13.24 27.24 32.05
B, - Meat (%) 0.06 0.10 0.002 -0.22 5.70
B, - Soy protein (%) 0.37 2.65 0.60 1.42 4.51
B, - CMC (%) 0.09 0.76 -1.40 -0.08 2.87
B, 0.42 0.065
B, 0.64 2.20
B., 0.59 3.42
B, 0.22 -0.182 0.30
B, 0.50 0.720 2.50
B,, 0.21 2.59 0.800 7.78
Mode! significance 0.0020* 0.2834 0.4546 0.0261* 0.1447
Lack of fit 0.0967 0.8480 0.4710 0.5727 0.3467
R-Squared 0.9996 0.3623 0.5765 0.6663 0.9659
Adj R- Squared 0.9976 0.1231 0.0684 0.5412 0.8123

* Significant at p<0.05
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Table3 Verification of the equation response actual value and predicted value and root mean square (RMS) of hard-

ness (Y1) and moisture content (Y5)

Standard Variable Response
order Hardness (Y ) Moisture content (Y )
X1 X2 X3 Actual Predicted Residual Actual Predicted Residual
value value value value

1 75.00 8.00 0.18 2.23 224 -0.013 36.00 36.10 -0.0469
2 75.00 4.00 0.22 3.12 3.13 -0.013 37.10 37.20 -0.0469
3 70.00 8.00 0.22 3.15 3.16 -0.013 45.30 45.30 -0.0469
4 70.00 4.00 0.18 2.78 2.79 -0.013 36.20 36.20 -0.0469
5 72.50 6.00 0.20 1.95 1.94 0.013 34.30 34.10 0.1880
6 69.00 6.00 0.20 2.12 2.1 0.013 23.20 23.20 0.0469

7 76.00 6.00 0.20 1.94 1.93 0.013 39.30 39.30 0.0469
8 725 3.17 0.20 3.00 2.99 0.013 29.10 29.10 0.0469
9 725 8.83 0.20 2.25 224 0.013 41.90 41.90 0.0469
10 725 6.00 0.17 2.51 2.50 0.013 33.90 33.90 0.0469
11 725 6.00 0.23 1.16 1.18 -0.018 42.00 42.00 0.0469
12 725 6.00 0.20 1.17 1.18 -0.0083 31.60 31.80 -0.2820
RMS(%) 0.0030 RMS (%) 0.0038
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@1 Thiobarbituric acid-reactive substance
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(Figure 3)
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Figure 3 Change in TBARSs of crispy pork stick product
at 25 35 and 45 °C
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change in crispy pork stick product during storage
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Table 4 Physical and chemical propertiesof crispy pork sticksproductat 25 35 and45°Cfor 12 week

Optimization of crispy pork stick production by microwave heating

using the response surface method

Quality Tem;;erature Week
(°C) 0 4 8 12
L* 25 39.55°0.37 42.76°+0.51 42.90°+0.52 44.85%1.75
35 39.55+0.37 45.81°+0.46 40.24°0.47 45.36"+0.41
45 39.55°0.37 40.95°+0.48 39.81°+0.05 38.11£0.31
a* 25 14.65°+0.11 13.83°£0.18 14.38°+0.04 13.64°40.59
35 14.65°+0.11 12.73°:0.07 14.45°+0.08 13.32°40.04
45 14.65°+0.11 14.99°+0.05 13.84°+0.08 13.99°40.09
b* 25 25.20°:0.29 24.95"+0.06 26.98°+0.08 30.89%+0.60
35 25.20"0.29 25.81°£0.19 25.51°+0.46 32.17°£0.16
45 25.20°+0.29 23.04"£0.11 24.28°+0.28 28.12°£0.09
a, 25 0.38£0.01 0.37°+0.06 0.32°+0.05 0.28°t0.01
35 0.38£0.01 0.37°+0.07 0.32°40.02 0.28°t0.01
45 0.38£0.01 0.37°+0.04 0.32°+0.06 0.30°t0.01
TBARSs 25 0.09°+0.01 0.13°£0.01 0.21°0.01 0.25%+0.02
(mg malonaldehyde/ kg 35 0.09°+0.01 0.21°+0.01 0.19°0.01 0.317£0.01
sample) 45 0.09°+0.01 0.27°+0.01 0.28°+0.01 0.407+0.01
Hardness 25 1.54°+0.02 - 1.55°+0.01 1.63°+0.03
(Kgf) 35 1.54°+0.02 - 1.58°+0.08 1.66°£0.04
45 1.54°+0.02 - 1.88°+0.07 1.90°+0.03

Data are presented as means + standard error

Different superscript (a-d) means significantly different in the same row (p<0.05)
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