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Change in Quality of Pork Belly and Pork Shoulder with Low Temperature
Hydrostatic Pressure and Ultrasound Treatment during Storage
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Abstract

Meat aging methods consist of dry aging, wet aging, and water aging. Ultrasonic and high-pressure processing has
been applied to enhance meat quality in the meat aging process. This study investigated the effects of pressure and
ultrasonic processing on pork belly and shoulder. The vacuum-packed pork belly and shoulder were stored in a
water chamber at 0.1 MPa or 1 MPa during aging and then ultrasonic treated with a strength of 40 kHz before
quality characterization. The water holding capacity of the pressure treatment group was 94.23+1.87% for the belly
and 93.93+£0.86% for the shoulder, which was higher than other groups. The cooking loss was the lowest ultrasonic,
pressure treatment group (26.73+1.08%) in the belly and pressure treatment group (28.06+1.85%) in the shoulder.
The hardness showed the lowest ultrasonic and pressure treatment group in the belly (7.13+1.41 N) and shoulder
(6.49+£2.17 N). The L" and a" value of the belly were increased compared to the early days of storage. When pres-
sure and ultrasound were treated on pork belly and shoulder, positive effects such as increased water holding capac-
ity, reduced hardness and cooking loss, and improved color were observed.
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Table 1. Information of hydrostatic pressure and ultrasound
treatment on pork belly and shoulder

Treatment
Sample Atmospheric Hydrostatic
name pressure pressure (lz(l)Jolt{:/s Z%HEH )
(-1°C, 0.1 MPa)  (-1°C, 1 MPa) ’ z

Control O

us O O

HP O

USHP O O

Temperature measuring

sensor
4 Pressure

gauge

Ultrasound
generator

Ultrasound I
module

Chamber

Temperature control
module

Fig. 1. Schematic diagram of pressure and ultrasound operation system.
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trigger load 0.1 N, pre-test speed 1.0 mm/s, test speed
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Table 2. Changes in color of pork belly treated with hydrostatic pressure or ultrasound during storage at -1°C

Color Storage days Control" us HP USHP
0 48.25+0.59"¢ 48.20+£0.314¢ 48.25+0.59"¢ 48.20+0.314¢
L 5 56.49+£0.20% 55.49+0.43 57.17+0.06" 55.11:£0.42°
10 58.49+0.39¢ 60.08+0.2742 57.07+0.26™ 59.55+0.50%°
20 58.87+0.23% 59.13+0.27%° 58.30+0.60 59.87+0.384%
11.89+0.35% 11.54+0.12" 11.89+0.35% 11.54+0.125°
o+ 5 13.07+1.245 12.35+0.695 16.34+0.18" 11.74+0.32°
10 16.32+0.234 15.87+0.52" 16.54+0.08" 15.32+0.10“
20 14.34+0.12"° 14.70£0.23<° 15.79+0.11%° 15.34+0.20%
0.44+0.36" 0.09+0.17%° 0.44+0.36"¢ 0.09+0.17%¢
b 5 -1.19+0.38> -0.61+0.13 1.39£0.06" 0.35+0.18"
10 -0.10+0.09"° 0.43+0.25 0.78+0.10%° 1.20+0.09%
20 0.18+0.20%® 0.510.22482 0.46+0.11%¢ 0.65+0.08"°

YControl, -1°C, 0.1 MPa; US, -1°C, 0.1 MPa, ultrasound; HP, -1°C, 1 MPa; USHP, -1°C, 1 MPa, ultrasound.
APMeans+SE within same row with different superscript letters differ significantly at p<0.05.
*dMeans+SE within same column with different superscript letters differ significantly at p<0.05.
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Table 3. Changes in color of pork shoulder treated with hydrostatic pressure or ultrasound during storage at -1°C

Color Storage days Control" us HP USHP

0 52.87+0.254 48.65+0.11°* 52.87+0.254 48.65+0.11%

L 5 51.44+0.44% 50.90+0.28> 49.20+0.59% 51.00+0.48"
10 48.74+0.61% 48.31%1.12% 50.28+0.374° 50.05+0.634°

20 50.5940.48" 49.12+0.12<° 49.70+0.27% 50.19+0.828°
12.88+0.39%° 13.31£0.26"¢ 12.88+0.39" 13.31£0.26"¢
o+ 5 19.13+0.925 19.71£0.6745° 19.92+0.484* 18.18+0.34<°
10 19.02+0.394* 19.46+1.524° 19.71£0.574% 19.59+0.64"
20 18.61+0.54% 20.64+0.14% 18.88+0.68° 19.46+0.64%

-1.38+0.12% -0.51£0.14 -1.38+0.12% -0.51+0.14%¢
b 5 0.2940.48%° 0.34+0.19%° 0.48+0.26™ 1.28+0.20*
10 0.4440.24 -0.24+0.33™ 0.83+0.11%° 1.76+0.34*
20 1.52+0.20% 2.31+0.10* 2.14+0.174 1.55+0.31%

YControl, -1°C, 0.1 MPa; US, -1°C, 0.1 MPa, ultrasound; HP, -1°C, 1 MPa; USHP, -1°C, 1 MPa, ultrasound.
ADMeans+SE within same row with different superscript letters differ significantly at p<0.05.
*dMeans=SE within same column with different superscript letters differ significantly at p<0.05.

Table 4. Changes in apprearance of pork belly treated with hydrostatic pressure or ultrasound during storage at -1°C

Storage days Control" Us HP USHP

o

oA £4 T ATk AR A% %ol 283 AU © pHY
ot 6.049014 6252 7rastgom £A7 75w 285}
2ol pH ZHawslr gttt Bake] 49 27 pH

A= 2kAe] A3 &= o] 1] 2FZH] (myoglobine)©| pH

2HA3tE A 0] @ F 2 1] (oxymyoglobine) FE| 2 FH-2Hl o] pHE 2]59] Z2o| $o3 947 2835l B8 o
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Table 5. Changes in apprearance of pork shoulder treated with hydrostatic pressure or ultrasound during storage at -1°C

Storage days Control" Us HP USHP

W

10

20

YControl, -1°C, 0.1 MPa; US, -1°C, 0.1 MPa, ultrasound; HP, -1°C, 1 MPa; USHP, -1°C, 1 MPa, ultrasound.

Table 6. Changes in pH of pork belly and pork shoulder treated with hydrostatic pressure or ultrasound during storage at -1°C

pH Storage days Control"” US HP USHP

0 6.40+0.01%2 6.25+0.01% 6.40+£0.01"¢ 6.25+0.01%

Belly 5 5.85+0.01™ 5.93+0.03° 5.96+0.01% 6.01£0.02"¢
10 5.94+0.00% 5.87+0.02 5.97+0.014% 5.93+0.02¢

20 5.93+0.01¢ 5.92+0.01™° 5.98+0.00" 6.06+0.01*°

0 6.33£0.01% 6.53+0.014° 6.33+0.01% 6.53£0.01*°

Shoulder 5 6.05+0.01> 6.19£0.01¢ 6.42+0.00"° 6.40£0.015¢
10 6.58+0.01% 6.60+£0.00" 6.52+0.01<* 6.58+0.0182

20 6.48+0.01%° 6.18+0.017¢ 6.51£0.00"° 6.36+£0.01<¢

YControl, -1°C, 0.1 MPa; US, -1°C, 0.1 MPa, ultrasound; HP, -1°C, 1 MPa; USHP, -1°C, 1 MPa, ultrasound.
APMeans+SE within same row with different superscript letters differ significantly at p<0.05.
*dMeans+SE within same column with different superscript letters differ significantly at p<0.05.
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Table 7. Changes in Water holding capacity (WHC) of pork belly and pork shoulder treated with hydrostatic pressure or ultrasound

during storage at -1°C

Water holding capacity

%) Storage days Control" Us HP USHP

0 96.34+0.154 94.22+1.0952 96.34+0.154 94.22+1.0952
5 93.45+0.67% 94.61+0.88482 95.64+1.08" 94.41+0.86"5

Belly 10 91.48+2.61"° 92.75+1.9342 91.62+1.75"° 92.65+2.3342
20 90.79+2.14% 92.69+2.63482 04.23+1.87" 93.42+1.774B

0 95.00+0.21% 94.86+1.174 95.00+0.214° 94.86+1.174

Shoulder 5 94.85+0.59" 95.27+1.0148 95.5240.47A8® 96.14+0.39

10 93.77+1.01% 95.82+0.54 95.98+0.65" 96.32+0.74"

20 91.25+1.31% 92.65+1.694° 93.93+0.86"¢ 91.03+1.92"°

YControl, -1°C, 0.1 MPa; US, -1°C, 0.1 MPa, ultrasound; HP, -1°C, 1 MPa; USHP, -1°C, 1 MPa, ultrasound.
APMeans+SE within same row with different superscript letters differ significantly at p<0.05.
*dMeans=SE within same column with different superscript letters differ significantly at p<0.05.

Table 8. Changes in Cooking loss of pork belly and pork shoulder treated with hydrostatic pressure or ultrasound during storage

at -1°C
COOIE},Z“)% loss Stggfe Control" Us HP USHP
0 - - - -
Bell 5 28.14:2.42°% 31.08+3.48" 23.9542.90% 26.03+3.73%
Y 10 32.64+2.98" 31.1542.19°% 26.19:1.665 292742298
20 29.9242.88" 29.92+2.62" 28.63+3.23% 26.73+1.08"
O - - - -
Shoulder 5 31.2044.72° 29.94+2.98" 27.86+1.96™ 27.04+1.23%
10 27.58+3.58% 27.39+0.93% 28.67+1.57% 27.85+1.78"
20 34.00+1.85" 30.42+5.09°% 28.06+1.85™ 32.43+3.30°

YControl, -1°C, 0.1 MPa; US, -1°C, 0.1 MPa, ultrasound; HP, -1°C, 1 MPa; USHP, -1°C, 1 MPa, ultrasound.
APMeans+SE within same row with different superscript letters differ significantly at p<0.05.
*dMeans+SE within same column with different superscript letters differ significantly at p<0.05.



Zaut 5L AR RS mE =50 FEE5A 153

Table 9. Changes in Hardness of pork belly and pork shoulder treated with hydrostatic pressure or ultrasound during storage at

-1°C
Hardness (N) Storage days Control" usS HP USHP

0 8.93+4.56" 13.83+£2.1342 8.93+4.56" 13.83+£2.1342
5 8.69+2.33% 9.22+2 545 13.014£2.504° 5.56x1.71¢°
Belly AB: ABb A Bb

10 9.56+5.414% 7.45+2.90 10.01£2.46" 5.27+1.58
20 8.69+2.55% 8.50+4.33% 9.36+2.55" 7.13+1.41%
0 5.68+1.77% 8.42+1.70" 5.68+1.77%° 8.4241.70™
5 22.53+8.27% 15.36+£5.941B2 12.44+4.775¢ 8.06+2.98%

Shoulder Ab ABab ABab B:
10 13.75+4.65 11.56+4.09"" 8.9546.00"™ 7.83+3.86™
20 8.30+2.234% 9.87+4.52"° 10.14+4.67"° 6.49+2.17

YControl, -1°C, 0.1 MPa; US, -1°C, 0.1 MPa, ultrasound; HP, -1°C, 1 MPa; USHP, -1°C, 1 MPa, ultrasound.
APMeans+SE within same row with different superscript letters differ significantly at p<0.05.
*dMeans+SE within same column with different superscript letters differ significantly at p<0.05.
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