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Effect of Joule Heating and Hydrostatic Pressure on Reduction of
Total Aerobes and Spores of Bacillus cereus in Sauces Prepared
with Traditional Korean Fermented Foods
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ABSTRACT This study was conducted to evaluate the effects of Joule heating and hydrostatic pressure on reduction
of total aerobes and spores of Bacillus cereus in four kinds of sauces prepared with traditional Korean fermented
foods. Total aerobes and inoculated spores of B. cereus in sauces were assayed after treatment or during storage
at 30°C after 4 or 8 weeks. Joule heating (85°C), hydrostatic pressure (550 Mpa, 5 min), and antimicrobial additive
(3% ethanol) were separately applied or combined as a hurdle technique. A 1.0~2.0 log reduction in total aerobes
of Doenjang and Gochujang sauce was observed upon Joule heating at 80, 85, and 95°C. Significant reductions (0.92 ~
1.21 log/0.5~1.38 log and 1.26~1.7 log/0.47~3.45 log) of total aerobes/spores of B. cereus in Doenjang and
Gochujang sauce, respectively, occurred upon JA (Joulet+additive), JP (Joulethydrostatic pressure) or JAP (Jouletaddi-
tivethydrostatic pressure). Effects of each treatments were maintained or increased during storage for 8 weeks at
30°C, suggesting that total acrobes and spores of B. cereus in Doenjang and Gochujang sauce can be controlled through
Joule heating or hydrostatic pressure treatment.
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Table 1. Comparison of pH and salinity of sauces
Sauces pH Titratable acidity (%) Salinity (%) °Brix
Marinade 5.00£0.01" 0.94+0.01 5.3840.00 37.0
Soy sauce 4.84+0.03 0.57+0.14 7.45+0.04 60.5
Doenjang sauce 4.26+0.01 1.62+0.06 5.07+0.05 35.0
Gochujang sauce 3.54+0.03 4.13+0.14 3.24+0.04 45.0

YAll values are mean+SD of three replications.
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Table 2. Regression equation of time (x) and temperature (y) in sauces with Joule heating at different temperature

Samples Regression equation between time and temp. Elapsigmtll)r.niség) setting Settlr(lggcgemp.
y=0.0201x"— 0.7377x+27.733 (R*=0.87) 7.5 80
Marinade y=0.0077x’+0.454x+12.905 (R*=0.99) 71.6 85
y=0.0155x"+0.266x+16.486 (R*=0.99) 63.1 95
y=0.0077x’+1.5279x+6.2004 (R’=0.99) 40.1 80
Soy sauce y=0.0033x"+1.2792x+4.7788 (R’=0.99) 54.9 85
y=0.0065x"+1.5676x+10.684 (R’=0.99) 452 95
y=0.0002x"+1.1859x+4.8814 (R’=0.99) 62.6 80
Doenjang sauce y=0.0005x"+1.0802x+8.9209 (R*=0.99) 68.2 85
y=0.0029x"+1.3832x+6.3527 (R’=0.99) 572 95
y=0.0102x+0.1348x+3.6292 (R’=0.99) 80.1 80
Gochujang sauce y=0.0076x’+0.2888x+2.4668 (R’=0.99) 86.9 85
y=0.0076x>+0.4669x+10.859 (R’=0.99) 78.8 95
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Table 3. Changes of total acrobes in sauces treated with Joule heating at different temperature (Unit: log CFU/g sauce)
Heating temperature (°C)
Samples Control 20 25 05
Marinade 4.55+0.19""? 4.1340.09° 4.61+0.04" 4.24+0.05™
Soy sauce 4.36+0.03" 3.96+0.32" 4.67+0.06" 4.3740.12"
Doenjang sauce 2.10+0.02° 1.11£0.10° 1.22+0.06" 0.1540.21°
Gochujang sauce 6.06+0.08" 4.55+0.00° 4.9740.03° 5.81+0.02°

YData represent means+standard deviation of three measurement.
?Mean with the same letter within a row are not significantly different (P<0.05).



Table 4. Total acrobe cells of sauces treated with hydrostatic
pressure at 550 Mpa (Unit: log CFU/g sauce)

Treatment time (min)

Samples Control

5 20
Marinade 45540207 4244040  4.60+0.01
Soy sauce 4.88+0.06"°  4.78+0.04  4.92+0.04
Doenjang sauce 24140.18"  2.03+0.11  2.33+0.04
Gochujang sauce  6.62+0.06™°  6.62+0.00  6.27+0.02

1)Data represent means+standard deviation of three measurement.
INS: not significant.
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Fig. 1. Changes of total aerobes in sauces with hurdle treatments. C: control, A: additive, P: hydrostatic pressure, J: Joule heating.

Mean with the same letter are not significantly different depending on storage time (P<0.05).
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Fig. 2. Changes of inoculated spores of B. cereus in sauces with hurdle treatments. C: control, A: additive, P: hydrostatic pressure,
J: Joule heating. Mean with the same letter are not significantly different depending on storage time (P<0.05).
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Table 5. Comparison of delta E values between hurdle treatments
(Unit: AE value)

Doenjang Gochujang

Treatments Marinade Soy sauce

sauce sauce
C 0.00£0.00*"? 0.00+£0.00" 0.00+0.00° 0.00+0.00°
A - 1.46£0.27° 0.51£0.10° 0.56+0.02"
P 1.06+0.08° - 0.55£0.09° 0.37+0.03"
AP - 1.62+0.04° 0.89+0.05° 0.77+0.04°
J 1.9940.01°  1.32+0.24° 0.54+0.03" 1.57+0.14°
JA  2.55+0.13%  2.63£0.01° 1.21£0.08° 2.62+0.55°
JP 1.9240.49°  2.53+0.40° 0.69+0.35™ 1.324+0.05"
JAP  2.59+0.22%  2.63+0.14° 0.82+0.11° 1.58+0.09°

C: control, A: additive, P: hydrostatic pressure, J: Joule heating.
"Data represent means+standard deviation of three measurement.

?Mean with the same letter within a column are not significantly
different (P<0.05).
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