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(a) Batch (b) Transverse
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—— Ohmic 57°C —— Conventional 57 C
—— Ohmic 60°C —— Conventional 60°C
—o— Ohmic 72°C —— Conventional 72°C

Initial 0 100 15 200 .25
Holding Time (min)
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Table 4. D values for S. thermophilus at 70. 75 and 80°C.

Dm D75 D80

Treatment Description (tnin) i) (min)

Mean 3.30 0.20°
S.D. 0.37 0.42 0.03

Conventional

Mean
S.D.

3.09
0.35

0.16°
0.03

Ohmic

“significance level of 5%
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*Voltage 20-50 kV/cm
*Pulse duration 2-10 usec
*Pulse delay 10-20 psec
*Pulse frequency 200-400 pulses/sec



Anode
+
E return to 0
|

Ec is 15,000 V/cm for vegetative cells

Zhang, OSU, USA



Cell Damage after PEF treatment
Saccharomyces cerevisiae in apple juice

Control Cell
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1- Tank, 2- Pump. 3- Milk, 4.6~ Plastic pipe.
5- Delivery valve, 7- Poles. 8- Wires.

9- AC electrical source. 10- Thermocouples,
11-Valve. 12- Earth. 13- Temperature gauge.
14-Voltage regulator




Table X, Microbiological data for raw and pasteunized milk by electrical field

Total count Yeasts and Alkaline
fiekd (V/em) (CFU/ml) Emerobactor  E-coli staphylococcus — molds count phosphatase enzyme
15410 6x10° 86x10° 6110’ : +
64x10° 0 0 0 . .
80x10° 2x10' 0 1%10° . +
96x10° 9x10' 0 w10 S +

Total count (CFU/mLY

L30E=04 9 —o—s5v/iem

1.20E+04

LL1I0E+04
1LOOE+04
9.00E+03
8.00E+03
7.00E+03
6.00E+03

275 Viem

—20 V/em
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0 - 14 21
Storage time (day)
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Microorganism

Treatment
Conditions

Log reduction

Reference

Pseudomonas
fluorescens

28 kV/em, 1 pulse, 2
s, repetition rate of
200 pulses per second,
40°C

Craven et al (2008)

Pseudomonas
species

31 kV/em, 1 pulse, 2
s, repetition rate of
200 pulses per second,
55°C

Craven et al (2008)

Staphylococcus
aureus

whole milk

35 kV/em, 150 bipolar
pulses, 8 pus, 25°C

Sobrino-Lépez et
al (2006b)

Listeria
monocytogenes

30 kV/em, 400 pulses,
25°C

Reina et al (1998)

Listeria
monocytogenes

30 kV/em, 400 pulses,
25°C

Reina et al (1998)

Salmonella
dublin

25 kV/em, 100 pulses,
30°C

Sensoy et al.
(1997)
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Charging resistor

Storage capacitors
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|
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Product flow Product ﬂm; Product flow
(a) (b) (c)

Figure 4.3 Configurations of treatment chambers for continuous PEF treatment: (a) parallel plate,
(b) coaxial and (c) co-linear configuration.




y =-0.008x" + 0.051x - 0.045

Survival of E coli 8739 (log (N/NO)

y = -0.011x" - 0.045x - 0.087

number of pulses
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Process fluid

Transducer &\\\\\\ m m

housing

Ultrasonic
transducer

Transducer

Replaceable
cap

Ultrasonic probe (adapted from Mason, 1998).




A ) Multifrequency B ) Ultrasonic C ) Acoustical D) Acoustical Load,
\Ultrasonic Power Supply \Convener \Wave-Guide \Ulttasonic Reactor,

Oscillating Mechanical System

_ (Feedback Loop) Y

E ) Acoustic Activity Sensor
(Item B Ultrasonic Converter,
may replace this external sensor)

MMM Ultrasonic System




A guall (398 o gal) Jao 5 il

Different modulations

LFM

RFM

| S
fo £ Af
(5) o

PWM ON/OFF




[ o

o -1.0 ]
©

o

< 15
©

>

g -2.0
(/)]

o —2.5
—

0.0 2.5 5.0 7.5 100 125 150 175
Time (min)

Fig. 11.1 Survival curves for ultrasonic under pressure treatments (40°C, 200 kPa, 117 pm)
of B. subtilis (O), B. circulans (), E. faecium (e), S. aureus (V), L. monocytogenes (A) and
A. hydrophila (m)
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Table 1. D-values for different powers and tmes m the ultrasonic
treatments

tmme

(i) D (min.)

77%(338W) 999%(430W)

7.63 795

6.49 479
5.29 375
647 549
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. Milk heating curve by microwave and cooling
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| Microorganisms and Alkaline phosphates in the milk before and after microwave flash
pasteurization

Before flash pasteurization | After flash pasteurization

Total count of bacteria 47x10° 2 23x10t ®
B
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Table 3.1 High-pressure inactivation (log cfu/ml or g) of Escherichia coli O157:H7 inoculated

into foods
Food Treatment Inactivation Reference

UHT milk 600 MPa/30 min/20°C 1.5 Patterson et al. (1995)
Poultry 2.5

UHT milk 400 MPa/15 min/50°C 5.0 Patterson and Kilpatrick (1998)
Poultry 6.0

Orange juice 550 MPa/S min/30°C =6.0 Linton et al. (1999)

UHT skimmed milk 200 MPa/30 min/10°C 0.3 Linton et al. (2000)

Table 3.2 High-pressure inactivation (log cfu/ml or g) of Listeria monocytogenes inoculated

into foods

Food Treatment Inactivation Reference

UHT milk 375 MPa/30 min/20°C 1.5 Patterson et al. (1995)
Poultry 5.5

Pork loin 414 MPa/10 min/25°C 6.0 Ananth et al. (1998)

Beef frankfurter 300 MPa/8 min/15°C 6.0 Lucore et al. (2000)
500 MPa/3 min/15°C 6.0

UHT milk 500 MPa/35 min/20°C 8.0 Chen and Hoover (2003)
500 MPa/1 min/50°C 6.5
500 MPa/S min/50°C 8.0

Liquid whole egg 400 MPa/5 min/20°C 4.5 Yuste et al. (2003)
Minced chicken 5.0



Table 3.2. Effect of heat treatment at 85°C, pressure treatment at 200 MPa and
65°C, and CO; treatment at 35°C and 30 MPa on the resistance of different
Bacillus spp. spores

Organism Treatment D-value (min)
Geobacillus stearothermophilus Heat
Pressure 192
CO, 385.0
Bacillus subtilis Heat 19.0
Pressure 9.3
CO, 1667.0
Bacillus coagulans Heat 9.5

Pressure 6.9
CO, 164.0

Bacillus cereus Heat 8.5

Pressure 6.9
CO, 133.0

Bacillus licheniformis Heat 1.9
Pressure 8.5
CO, 182.0
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Fig. 9.2 Indirect compression equipment for high pressure processing.
(After Mertens (1993).)
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Figure 1.3 Phase diagram of water.
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Efficiency Comparison for Mercury Lamps, Flash Lamp, Surface Discharge,
and Sparker

UV Efficiency UV Intensity Dose for Virus Pressure Pulse
Lamp (%) (W/cm?) Inactivation (m)/cm?) (psi)

LPM 0.01 150 None
MPM 12 None
Flash lamp 600 .d. None
Surface discharge? 30,000 None
Sparker? 100,000 .d. 100




Electrode

Light
/ Plasma Discharge

Pressure Wave

N

Bubble




SS=5g/ml

y=-0.2473x + 0.418
R? = 0.9233

A
/ A
4

y:

—0.0606x — 1.882
R2 = 0.8693

20

UV dose, mJ/cm?




Power Supply In

Inlet\_)

Digital Flowmeter (gpm)

Inlet Tank







Quartz

Sleeve

Stainless
Steel

Fluid Gap

UV LAMP

m——

LE+05 3
| Qutlet .
1.E+03 = )
~ ¥ 2 A =0/cm _/
? . 3/cm
3 1-E+01 E
= 3 6/cm
3 -
e = — A =0/cm
1.E-01 = — A =3/cm
. —A=6/cm 12/cm
- —A=12/cm
1.E—03 I 1 1 1 ' I T 1 1 ' T 1 1 1 ' T 1 1 1 ' T 1 1 I
0 0.2 0.4 0.6 0.8 1

2

(r—RI)/(Rz—Rl)

UV flue
coeffici
identica



Quartz

Stator Outlet
Alummum
Reﬂector




S = o W E NN

\\

24 Lamps | 18 Lamps
ON ON

5 gpm

S
O
o,
L )
> >

o
)
b
2
>

24 Lamps | 14 Lamps
ON ON

7 gpm



Pulsed-Light Treatment
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Published Data for the Inactivation of Microorganisms in Liquid Substrates by Pulsed Light

Treated Substrate
Apple cider

Apple juice
Butterfield phosphate

buffer
Milk

Phosphate buffer

Potassium phosphate
buffer

Water

Water

Water

Water

Water
Water

Microorganism

Escherichia coli
Escherichia coli

Listeria innocua

Serratia
marcescens
Staphylococcus
aureus
Saccharomyces
cerevisiae
Bacteriophage
MS-2
Bacteriophage
PRD-1
Cryptosporidium
parvum
Klebsiella
terrigena
Poliovirus type 1
Rotayvirus SA11

Note: n.d. = no data available.

Dose

(fluence)

(J/cm?)
11.7
8.8
133
25.1
84
nd.
nd.
n.d.
nd.

n.d.

n.d.
n.d.

Fluence/

pulse
(J/cm?)

nd.
nd.
nd.
nd.
5.6
0.7
0.25
0.25
0.25

0.25

0.25
0.25

No. Pulses

n.d.
n.d.
12
nd.

15

Distance to

Lamp (mm)
50.8
50.8
50.8
n.d.

80
nd.
nd.
nd.
nd.

nd.

n.d.
nd.

(log CFU/

mL)
nd.
nd.
745
44
7-8
6.8
43
5.8
5.6

55

4.6
5.1

Inoculum  Reduction
(log CFU/

ml)
55

>7

6.04

>2.0

1.5

5.8

>4.3

48

4.2

>74

4.1
4.1

Source
Sauer and Moraru (2007)
Sauer and Moraru (2007)
Uesugi et al. (2007)
Smith et al. (2002)
Krishnamurthy et al. (2004)
Takeshita et al. (2003)
Huffman et al. (2000)
Huffman et al. (2000)
Huffman et al. (2000)

Huffman et al. (2000)

Huffman et al. (2000)
Huffman et al. (2000)
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TAELE 3 Magnetic Field Inactivation of Food Spoilage Microorganisms

Type of Temperature Field No.of Frequency of Initial bacterial Final bacterial

food (°C) intensity  pulses  pulses (kHz) count'ml. count'ml.
(Tesla)

Milkc 230 12.0 1 6.0 25,000 Q70

Yogurt 4.0 40.0 10 416.0 3500 25

Orange 200 40.0 1 416.0 25,000 6

juice
Brown'N

1.5 8.5 3.000
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TABLE 1 Units of Magnetism

Term CGS unit ST unit Relationship
Fhux a Line Weber (Wb) 1 Wb = 108 kines

Fhux densityb

(Wh/m2) Gauss (G)  Tesla(T) 1T=1Wb/m2=104G

Field intensitye  Oersted (Oe) Ampere/meter (A/'m) 10e=T7958 A'm
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TABLE 2 Magnetic Field Effects i the Presence and Absence of Salts
Cells (millions)/ mL
Control 0% NaCl 1.5% Na(Cl
Time of incubation (h) (nomagnet)  (+magnet)  (+magnet)

2°C 38°C  28°C 38°C 28°C  38°C
A 144 55 157 07 88 38
48 39 124 370 35 310 160

1 405 125 330 79 314 170
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FIGURE 8
Cascade of responses in a biological cell exposed
to magnetic field. (From Ref 33))
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