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Table 1. Application of HPCD treatment on microbial forms detected on solid substrates. Type of food, microorganism.
Conventional treatment, and HPCD process conditions with the corresponding microbial inactivation and
references are reported.

Target Process Microbial '
Food . . " ) . Reference Conventional treatment
microorganism conditions inactivation

Flour Mold 6.2 MPa, 23T, 2h 99.8% Steam, microwaves, Joule
effect, thermal treatments

Bacteria 99.6%

Strawberries 6.2 MPa, —22C, 2 h 99% Chemical preservation
(acidulants, antioxidants,
chlorine or antimicrobials); gas
and controlled modified
atmosphere; refrigeration;
moisture reduction

Mozzarella Bacteria 6.2 MPa, 23C, 16 h 87% (Haas et al ,

cheese 1989)

Parmesan 1.4 MPa, 23T, 168 h 50%

cheese

Romano cheese 1,4 MPa, 23C, 168 h 99%

Onions 5.5 MPa, 23T, 2h 90% Chemica,
preservation(acidulants,
antioxidants, chlorine or
antimicrobials); gas and
controlled modified atmosphere;
refrigeration; moisture reduction

Dry peppers(30% 5.5 MPa, 23T, 2 h 90% Sterilization with ethylene

moisture added) oxide; ionizing radiation;
steam treatment

Chives 5.5 MPa, 45C, 2 h Total Chemical

Thyme inactivation preservation(acidulants,

Oregano antioxidants, chlorine or

Parsley antimicrobials); gas and

Mint controlled modified atmosphere;
refrigeration; moisture reduction

Fresh celery Natural 6.9, 31.4 and 4 Log (Kuhne & Chemical preservation

leaves microorganism ~ 62.8 MPa, (cfu/g) Knorr, 1990) (acidulants, antioxidants,

and leafstalks 40 or 60C, 30 or chlorine or antimicrobials); gas

60 min and controlled modified
atmosphere; refrigeration;
moisture reduction
Chicken meat S typhimurium 13,7 MPa, 35C, 2h  94~98% (Wei et al,,  Addition of organic acid (acetic
L, monocytogenes 79~84% 1991) and lactic acids); ionizing
ATCC15313 radiation; steam pasteurization

Shrimp L, monocytogenes 99% Quickly freezing, heat — cool
ATCC15313 pasteurization

Ground beef Escherichia coli 31,03 MPa, 42.5T, 1 Log (Sirisee et al,, Addition of organic acid (acetic

systems 180 min (cfu/g) 1998) and lactic acids); ionizing
radiation; steam pasteurization

Staphylococcus 31,03 MPa, 42.5C, 3 Log
aureus 180 min (cfu/g)

(Continued on next page)
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Table 1, Continued.

Food : Target. Proggss .M'CT"b'.‘”" Reference Conventional treatment
microorganism conditions inactivation
Kimchi Lactic acid 6.9 MPa, 10T, 24 h 4 Log (Hong & Park, Chemical preservation
vegetables bacteria (cfu/g) 1999) (acidulants, antioxidants,
chlorine or antimicrobials); gas
and controlled modified
atmosphere; refrigeration;
moisture reduction
Skinned beef B, thermosphacta 6,1 MPa, 45T, 5 Log (Erkmen, 2000) Addition of organic acid (acetic
meat 150 min 1 Log and lactic acids); ionizing
Minced beef (cfu/g) radiation; steam pasteurization
meat
Alfaalfa seeds  Kscherichia coli  27.6 MPa, 50T, 92.2%  (Mazzoni et al,, Chemical preservation (chlorine
K12 60 min 85.6% 2001) compounds; acidified sodium
Total aerobic chlorite, hydrogen peroxide,
bacteria trisodium phosphate, peracetic
acid, ethanol and commercial
cleaning solutions)
Beef trimmings Total plate count 10,3 MPa, 36T, 0.83 Log (Meurehg, Addition of organic acid (acetic
E coli O157:H7 15 min 0.93 Log 2006) and lactic acids); ionizing
E, coli 1.00 Log radiation; steam pasteurization
Salmonella spp. 1,06 Log
Ground beef Total plate count 10,3 MPa, 36C, 0.78 Log
E coli O157:H7 15 min 0.94 Log
E. coli 0.94 Log
Salmonella spp. 1,23 Log
Cocoa powder  Aerobic 30.0 MPa, 65T, Total (Calvo et al.,  Steam, microwaves, Joule
mesophilic spores 40 min inactivation 2007) effect, thermal treatments
Aerobic
thermophilic
spores
Mesophilic thermo
resistant spores
Thermophilic
thermo resistant
spores
Total plate count
Fresh Spinach £ coli K12 10 MPa, 40C, 10 min 5 Log (Zhong et al,, Chemical preservation

Leaves

Ginseng Powder Total aerobic 10 MPa, 60C, 15 h

microbial count

Alfaalfa seeds £, coli O157:H7 15MPa, 35C, 10 min
10 MPa, 45T, 5 min

L, monocytogenes

S, typhimurium

(cfu per leaf)

2.67 Log
(cfu/g)

3.51 Log
(cfu/g)
2.65 Log
(cfu/g)
2.48 Log
(cfu/g)

2008)

(Dehghani
et al., 2008)

(Jung et al.,
2009)

(acidulants, antioxidants,
chlorine or antimicrobials);
gas and controlled modified
atmosphere; refrigeration;
moisture reduction

Sterilization with ethylene
oxide; ionizing radiation;
steam treatment

Chemical preservation (chlorine
compounds; acidified sodium
chlorite, hydrogen peroxide,
trisodium phosphate, peracetic
acid, ethanol and commercial
cleaning solutions)
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Table 1. Continued.
Food . Target‘ Proggss .M'Cf°b'f”" Reference Conventional treatment
microorganism conditions inactivation
Boneless pork Escherichia coli 12 MPa, 35T, 1.5 Log (Choi et al,  Addition of organic acid (acetic
loins 30 min (cfu/cm?) 2009b) and lactic acids); ionizing
L, monocytogenes 1.4 Log radiation; steam pasteurization
(cfu/cm?)
S, typhimurium 1,56 Log
(cfu/cm?)
E. coli O157:H7 1.0 Log
(cfu/cm?)
Soy sauce paste  Escherichia coli 14 MPa, 45T, 33.01% (Choi et al,
marinated pork 7, monocytogenes 40 min 37.96% 2009a)
loins S, typhimurium 34.48%
E. coli O157:H7 36.84%
Pears S, aureus 10 MPa, 50T, 4 Log (Valverde et  Chemical preservation
10 min (cfu/g) al., 2010) (acidulants, antioxidants,
chlorine or antimicrobials);
gas and controlled modified
atmosphere; refrigeration;
moisture reduction
Oyster Aerobic Plate 17.2 MPa, 60T, 3 Log (Meujo et al., Quickly freezing, heat — cool
Count 60 min (cfu/g) 2010) pasteurization
Paprika powder Mesophilic 30.0 MPa, 90T, 5.5 Log (Calvo & Sterilization with ethylene
aerobic 45 min (cfu/g) Torres, 2010) oxide; ionizing radiation;
microorganisms steam treatment

Table 2. Desired level of microbial inactivation based on the type of food and microorganism.,

Inactivation target degree (cfu/g)

Aerobic

Food Total Yeast/ Entero—
thermo— " E. coli  Salmonella  Listeria
plate count resistant spores Moulds bacteriacee

3 Total Total Total
Cocoa powder <10 <10 <10 <10 absence  absence absence

Ginseng <10* ND <10 ND Total Total Total
powder absence  absence absence

Fruits and 4 2 Total Total
vegetables <10 ND ND <10 <20 absence absence

Meat products <10° ND ND <10 <50 Total Total
absence absence

. 5 2 2_1n3 Total Total
Daily products <10 ND ND <10 10°<10 absence absence

Fishery <10° ND ND <10° <90 Total Total
products absence absence

3 2 Total Total
Sprouted seeds <10 ND ND <10 <20 absence absence

Spices and <10 ND ND <10° <90 Total Total
herbs absence absence

ND = not defined

419



ool 7le

Table 3. Description of the effect of HPCD treatment on some quality attributes of treated foods.

Food

observations

Reference

Strawberries, honeydew
melon, cucumber

Chives, oregano

Parsley

Thyme

Mint

Chicken meat and
shrimp

Ground beef

Kimchi

Alfaalfa seeds

Ground beef

Cocoa powder

Meat of porcine
longissimus dorsi
muscle

Spinach leaves

Cabbage, lettuce,
mizuna

Soy sauce and hot
pepper marinated paste
marinated pork

Alfalfa seeds

Paprika powder

Pears

Oyster

Tissue destruction

Enhanced aroma

Similar taste of the untreated sample
Slight off aroma

Worst taste compared to the untreated sample

Better taste compared to the untreated sample

Color change to whitish
Cooked appearance
Loss of liquid

Color change to dark
Cooked appearance

Higher pH
Lower titratable
Better sensory properties

No significant color, flavor and texture changes

No detrimental effect on viability of the seeds
No detrimental effect on germination rate of the seeds

Higher tenderness

No significant changes in juiciness, flavor intensity

and off flavor intensity

Decreased water content
No effect on physical aspect

No effect on muscle pH

No effect on tenderness

No effect on water — holding capacity
Increased lightness

Sarcoplasmic protein denaturation

Discoloration
Decreased leaf firmness

Soften structure

No differences in the surface color intensity
Overall acceptability

No effect on germination rate

Slight reduction of color intensity
Decrease of water content

Consistency loss

Softer aspect

Loss of liquid

Transition to brown coloring

Retention of the overall acceptability

(Haas et al., 1989)

(Wei etal, 1991)
(Sirisee et al., 1998)

(Hong & Park, 1999)

(Mazzoni et al., 2001)

(Meurehg, 2006)

(Calvo et al., 2007)

(Choi et al., 2008)

(Zhong et al., 2008)

(Matsufuji et al., 2009)

(Choi et al., 2009a)

(Jung et al., 2009)
(Calvo & Torres, 2010)

(valverde et al., 2010)

(Meujo et al., 2010)
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Table 4. Application of HPCD treatment coupled with additives or pretreatments in microbial forms in food system.
Type of food, microorganism, process conditions, and additives or pretreatments employed are reported
with the corresponding microbial inactivation and references.

Additives/ Target

Microbial

pretreatments microorganism Food system Process conditions inactivation Reference
100% COq Anaerobic spores Fresh celery HPCD(30 min at 40C and 50% (Kuhne &
at atmospheric leaves and 62.8 MPa) Knorr,
pressure leafstalks COq flushed on the sample 1990)
for 60 min at 27C, 0.1 MPa
Hs0o Thermo ~ Cocoa powder HPCD(2 h at 40T and 30.0 No (Calvo et,
resistant spores MPa) inactivation  a/, 2007)
(COy saturated in HoOz as
Solvent)
Ethanol HPCD( h at 407C and 30,0
MPa) CO; saturated in
ethanol
Acetic acid Fscherichia coli  Boneless HPCD(30 min at 35T and 12 2.58 Log (Choi et al,,
Lactic acid L, monocytogenes Pork loins MPa) 3% solution of acetic (cfu/cm®) 2009b)
S, typhimurium acid(samples immersed for 1 2.60 Log
E coli O157:H7 min at 4C) 3% solution of (cfu/cm?)
lactic acid (samples 2.33 Log
immersed for 1 min at 47C) (cfu/cm?)
2.10 Log
(cfu/cm?)
NaOCl Natural Red paprika HPCD(10 min at 35C and 4 Log(cfu/g) (Matsufuji
microflora Green pepper 6.0 MPa) 100 ppm NaOCl 3.8 Logl(cfu/g) et al,2009)
Cucumber solution (samples immersed 4.2 Log(cfu/g)
Cabbage for 10 min at room 3 Log(cfu/g)
Lettuce temperature) 3 Log(cfu/g)
Mizuna(Brassica) 4 Log(cfu/g)
Celery 3.5 Log(cfu/g)
Onion 2.5 Log(cfu/g)
Carrot 2 Log(cfu/g)
Bean sprout 7 Log(cfu/g)
Water Total aerobic Ginseng powder HPCD(1 h at 60C and 10,0 0.1 Log(cfu/g) (Dehghani
microbial count MPa) 1mL of water in 70 etal., 2008)
mL of COq
Ethanol HPCD(1 h at 60T and 10.0 0.2 Log(cfu/g)
MPa) 1mL of ethanol in 70
mL of COq
HoOs HPCD(1 h at 60C and 10,0 0.4 Log(cfu/g)
MPa) ImL of HoO2 in 70 mL
of COy
Water + HPCD(1 h at 60T and 10.0 1.7 Log(cfu/g)
ethanol + HyOs MPa) 1mL of Water + 1 mL

of ethanol + 1 mL of HyOq
in 70 mL of COq
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Chicago, III

Air Liquid,

Houston, TX US 2008/01711 Al

Method to pasteurize pre—packaged
food at, or near room temperature,
using supercritical carbon dioxide

development of flavor degradation

(Rasanayagam &
Yuan, 2008)
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