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Optimization of response surface methodology and technology
of ultrasonic assisted bittern chicken products
GU Hexin MAN Ziyi ZHAO Qingqing WU Xiangting

Abstract In order to improve the traditional static bitterntechnology and improve the quality of
chicken products the ultrasonic assisted bittern was adopted to realize the fine processing of chicken leg
meat. Through single factor experiment the effects of ultrasonic power temperature time and concen—
tration of Chinese medicine juice on cooking loss shear force and sensory score of chicken leg were stud-
ied. The four variable three level Box — Benhnken experimental design and response surface methodology
were adopted and shearing force of bittern chicken leg was used as index and the optimum conditions of
chicken leg shear force were obtained. The results showed that the order of influencing the shearing force
of bittern products was ultrasonic temperature ultrasonicpower ultrasonictimeand concentration of
Chinese medicine juice. The optimum condition of ultrasonic assisted saucing technology was determined
and it was as follows: the ultrasonic power was 254 W and the ultrasonic temperature was 56°C  andthe
ultrasonic timewas 41 min and the concentration of Chinese medicine juice was 0. 07 g/mL and the
maximum shearing force of chicken leg was 18.99 N and the actual shear force was 19.12 N which was
closed to predicted value. The processing technology of bittern chicken leg was optimized by response
surface methodology and the quality of bittern chicken products was improved by ultrasonic salting.

Key words ultrasound; bittern product; chicken products; response surface methodology; optimi—
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Table 1 Response surface experiment design 15min (m, g 2
A B C D (%) = (m, —-m,) /m;, x100%
/W /°C /min /g-mL’l 1.4
-1 220 50 35 0.05 SPSS17.0
0 260 60 40 0.07 Design Expert V8 o
1 300 70 45 0.09 2
1.3.4
2.1
(1) o
10 2.1.1 N
3
2 o
2
Table 2 Standard table for sensory quality °
evaluation of chicken leg meat 3
Table 3 The influence of ultrasonic power on sensory
score .shear force and cooking loss
/
/W / /N 1%
8 ~10 180 6.81 £0.43°¢ 23.94 £0. 11" 14.84 £0.34*
200 7.01 £0.89¢ 23.11 £0.09*  13.61 +0.2%
220 7.98 £0.67"  22.18 +0.05" 12.01 +0.48"
3~7 240 8.44 +1.01" 21.04 £0.02° 11.68 +0.21°
260 9.44 +0.82° 19.03 £0.29%  11.36 +0.56°¢
(p>0.05) .
3 -4 180W  200W.240W
260W (P>0.05) 220W
(p<0.05) .
1~2
(2) o s
Li " (2016) - 2cm X 180W  200W (P >0.05)
lem x 0. 5em : HDP/BS 200.220.240.260W (p<0.05)
10, 2. 10mm/s
10mm
6 o X 200.220.240W
(3) o 260W (p>0.05) 180W
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(p<0.05)
STADNIK " (2008)

Kang " (2016)

2.1.2 N
4
o 65.70.75C
80.85%C (p>0.05)
75C  80%C (p<0.05)
: 65C
(p<0.05) 70°C  75%C.80°C
85°C (p>0.05) 75C 80%C
(p<0.05)
65C  70%C (p<0.05) 70.75.
80°C 85%C (p>0.05) 16
(2014)
4 .

Table 4 The influence of ultrasonic temperature on

sensory score .shear force and cooking loss

/C / /N 1%
65 8.86 £1.21*" 20.43 £0.37°  11.47 £0.56°
70 8.21 £0.36" 22.14 +0.12"  12.18 £0.48"
75 7.99 £0. 18 22.91 £0.04> 13.04 +0.72%
80 7.48 +1.10° 23.96 £0.34"  13.79 +0.35"
85 7.37 £0.16" 24.33 £0.43"  14.44 +0.61°
(p>0.05) .
2.1.3 N
5
25min 30min (p<
0. 05) 30.35.40.45min (p>
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0. 05) 45min
25min  30min (p<0.05)
30min ~ 35min (p<0.05) 35min  40min
(p>0.05) 40min 45min
(p<0.05)
'7(2019)
25min  30min (p <0.05) 30. 35,
40min (p>0.05) 40min  45min
(p <0.05) > (2018) '
(2012) o
5 N

Table 5 The influence of ultrasonic time on sensory

score .shear force and cooking loss

/min / /N /%
25 7.76 £0.49"  23.84 £0.04" 13.76 =0. 18"
30 8.34+1.01"  20.78 £0.41° 11.68 £0.73"
35 9.48£0.21"  19.34£0.29" 11.04 £0.44°
40 9.79£0.19°  19.01+0.17% 10.64 £0.38°
45 8.99+0.69°  22.7120.09" 12.12 +0.15"
(p>0.05) .
2.1.4 S
6
(p>0.05)
¥ (2011)
0.07/g * mL™" (p <0.05)
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Table 6 The influence of ultrasonic concentration on

sensory score .shear force and cooking loss

/ IN 1%
/g * mL™!
0.05 8.01 £0.14*  22.41 £0.31° 12.12 £0.45°
0.06 8.23 £0.31°  23.59 +0.11b° 12.24 £0.41°
0.07 8.23+0.31° 23.67+0.17* 11.34 +0.18"
0.08 8.39+0.18* 24.81 £0.13* 12.02 +0.19°
0.09 8.43£0.24 23.92£0.14* 12.12 %0.23"
(p>0.05) o
2.2
2.2.1 (R)
7 7
(Y)

R =19.1718 +0.4174A +0.6615B +0. 3566C —
0.4393D + 0. 7529AB + 0. 1928AC - 0. 5172AD +
0.5153BC — 0. 4722BD - 1. 5222CD + 0. 0992A” +
0. 6654B° +0.4979C* + 1. 1416D°
7
Table 7 Analysis of the results of experiments

and response surface

AW B/C C/min  D/g+mL"' IN

1 (30001 (50) =1  (40)0  (0.07)0  19.44

2 (2200 -1 (60)0  (35) -1 (0.07)0  19.51

3 (260)0  (60)0 (40)0  (0.07)0  19.21
4 (260)0  (70)1 (40)0  (0.05) -1 22.56
5 (260)0  (60)0 (40)0  (0.07)0 19.16
6 (2200 -1  (60)0 (45)1  (0.07)0  19.39

7 (260)0  (50) -1 (451  (0.07)0  19.88

8 (260) 0 (60)0  (35) -1 (0.09)1 21.75

7
R

AW B/C C/min  D/g* mL™! /N

9 (260)0  (50) -1 (40)0  (0.05) -1 19.93
10 (220) -1 (50) =1  (40)0  (0.07)0  19.79
11 (300) 1 (60)0 (40)0  (0.05) -1 21.68
12 (26000 (70)1  (35) -1 (0.07)0 19.63
13 (26000  (70)1 (40)0  (0.09)1  20.81
14 (220) -1  (60)0 (40)0  (0.05) -1 19.58
15 (300)1 (70) 1 (40)0  (0.07)0  21.91
16 (300)1 (60)0 (45)1  (0.07)0  20.14
17 (260)0  (60)0  (35) -1 (0.05) -1 19.71
18 (26000 (60)0 (45)1  (0.05) -1 23.32
19 (26000 (60)0 (40)0  (0.07)0  19.20
20 (26000  (70)1 (45)1  (0.07)0 22.23
21 (26000 (60)0 (45)1  (0.09)1  19.01
2 (260)0  (50) -1 (35) -1 (0.07)0  19.08
23 (300)1 (60)0 (40)0  (0.09)1  19.82
24 (220) -1 (60)0 (40)0  (0.09)1  20.05
25 (260)0  (60)0 (40)0  (0.07)0  19.25
26 (260)0  (50) -1  (40)0  (0.09)1  20.33
27 (2200 -1 (70)1 (40)0  (0.07)0  19.33
28 (300)1 (60)0 (35 -1 (0.07)0 19.75
29 (260)0  (60)0 (40)0  (0.07)0  19.30

8.
8 (p<
0.0001) ; F  =79.92 P=0.0004 <
0.01

« A\B.C.D.AB.AD.BC.BD.CD.B*.C*.D?

R? =0.9375

0.1000
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Table 8 Variance analysis ofregression mode
F p X 1 -e
A 1 2.16 2.16 13.30  0.0026 Yok
B 1 5.36 5.36 33.01 <0.0001 sk
C 1 1.72 1.72 10.58 0.0038 Yok ! 1-f
D 1 2.09 2.09 12.88  0.0030 ok
AB 1 2.15 2.15 13.22 0.0027 Yok °
AC 1 0.065 0.07 0.40 0.5370
AD 1 .36 1.36 836  0.0118 * b T
o o
BC 1 0.81 0.81 4.99 0.0423 * # -5}
BD 1 1.16 1.16  7.12  0.0184 = as - B
R C W A B JE]/min P T ERIW
CD 1 10.08 10.08 62.09 <0.0001 Hrx
a7 T AN R R R b P DR AR R ]
A? 1 0.04 0.04 0.24 0.6333
B? 1 2.69 2.69 16.54  0.0012 ok
c? 1 1.33 1.33 8.21 0.0125 *
D? 1 7.81 7.81 48.09 <0.0001 sk
14 36.60 2.61 16.10  <0.0001 ok
Gtk e - mLT M Ih W FEGIT A (g - mL™ IR C
14 2.27 0.16
o AP T R v 2 T R oL 7 VIR R R e ]
10 2.26 0.23 79.92 0.0004 Yok
4 0.01 0003
T fo
28 38.87 & gl &
fun m
R? =0.9375
(p<0.001); (p<0.01); ‘
S [F)/min R C PR - mL B 7 B )/ min
(p<0.05) .
e B I AP 25 3 v £ )R b 25 vk B
2.2.2
1
1 °
Fig 1 Response surface graph of shear force
2.3
Design Expert V8
253.60W 55.82°C
; 0, l-a 41. 17min
0.0745¢g/mL
; 18. 99N,
1-b 254W 56°C 41min
0.07g/mL 5
: 1-c¢ 19. 13N
0.74%
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(1)
R =19.1718
0.4174A + 0. 6615B + 0. 3566C
0.7529AB + 0. 1928AC - 0. 5172AD + 0. 5153BC

0.4722BD - 1. 5222CD + 0. 0992A% + 0. 6654B* +

0.4979C* +1. 1416D*;

254W. 56%C 41min.
0.07g/mL 19. 13N.
(2)
> > > o
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