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induction of stress response
0.5-1.5kV/cm 0.5 - 5 kd/kg

electropermeabilisation of
biological cells
/ 0.7 kV/ecm 1 - 10 kJ/kg

A/ e \ improvement of mass transfer

in plant or animal cells
0.7 - 3.0 kV/cm 1.0 - 20 kJ/kg

microbial inactivation
15 - 40 kV/cm 40 - 1000 kJ/kg

Fig. 1. Electropermeabilisation of cells after exposure to electric field and applications in food and waste water
processing with typical electric field strength and energy input requirements. (Toepfl S ef al, Food Reviews

International, 22(4), 405-423, 2006)
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Table 1. Energy used in the food processing industry
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End—-Use Consumption

Percent of Total Energy Inputs Used

Process Heating 29%
Process Cooling & Refrigeration 16%
Steam Production 33%
End—Use Consumption Percent of Electricity Used
Processing 78%
Processing by Machine—driven equipment 48%
Process Cooling & Refrigeration 25%
Non—Process 16%

(Xu T et al, Lawrence Berkeley National Laboratory, USA, 2010, Lung RB ef al, Lawrence Berkeley National
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Table 2. Assessment assumptions and results for PEF pasteurization

Assessment Parameter

Value

Target industry sector
Current annual production

Base technologies

Production growth through 2020
Specific energy consumption of

base technologies (electricity)
Regional weighted average fossil

fuel intensity of electricity generation

Regional weighted average CO2
emissions from electricity generation

Projected annual energy consumption of base
technologies in 2020 (delivered)

Projected annual energy consumption of base
technologies in 2020 (primary)

Projected annual CO2 emissions of base
technologies in 2020

Replacement or retrofit technology?
Base equipment useful life
Available market portion

Energy savings of emerging technology
(natural gas)

Energy savings of emerging technology
(electricity)

NFC orange juice manufacturing
5,250,000,000 1b. /year

Continuous heat exchangers (plate or shell in
tube)

5%/year

0.03—0.04 kWh/1b. (electricity)
166 Btu/lb. (natural gas)
7,380 Btu/kWh

0.6 kg CO2/kWh

327-436 GWh/year (electricity)
1.8 TBtu/year (natural gas)
4.2—5.0 TBtu/year (fossil fuel equivalents)

290-355 kt COq/year

Replacement
25 years
60%

100%

—10% to 18%

Technical Potential Results

Value

Energy savings potential in 2020 (delivered)

Energy savings potential in 2020 (primary)
COs2 emissions reduction potential in 2020
Equivalent automobiles

0.86 TBtu/year (natural gas)

—15-36 GWh/year (electricity)

0.75—1.04 TBtu/year (fossil fuel equivalents)
35—66 kt COy/year

7,800—14,500 automobiles/year

(Xu T et al, Lawrence Berkeley National Laboratory, USA, 2010, Lung RB ef al, Lawrence Berkeley National

Laboratory, USA, 2006)
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Table 3. Effect of high—intensity pulsed electric field treatments on metabolite recovery from different sources

Compound Product  Treatment conditions Effects
Amaranthin Cultured plant 0-1.6 kV/cm, Metabolite recovery. Increased pigment release with higher loss of
tissue: C 0-30 pulses cell viability, More effective pigment release at increasing field
rubrum strength, than with increasing number of pulses,
Antraquinones  Cultured plant 0-1.6 kV/cm, Metabolite recovery, No substantial pigment release at 0.5 kV/cm
tissue: M, 0-30 pulses and 3 pulses where cell viability was already lost,
citrifolia
Oil and Maize germ 0.6 kV/cm; 0.62 kJ/kg Higher oil yield(up to 88,4%) and increased amount of phytosterols
Phytosterol 7.3kV/em; 91.4 kJ/kg (up to 32.4%) was reached simultaneously, Oil yield increased
marginal by 2.9% in comparison to untreated sample, and phytosterol
increase reached 14.7%.
Oil Olives 0.7 kV/em, 30 pulses  Higher oil yield of 6,5% and 7.4% respectively.
1.3 kV/em, 100 pulses
Isoflavonoids Soybeans 1.3 kV/cm, 50 pulses, Amount of isoflavonoid diadzein increased by 20% in comparison to
1.857 kJ/kg 1.3 kV/cm, the referent sample, A rise of 21% of isoflavonoid genistein in
20 pulses, 0,743 kJ/kg comparison to the reference was reached,
Polyphenolics ~ Grapes 0.5 kV/cm, 50 pulses, Increase of total polyphenolic(TP) content in fresh pressed grape juice
0.1kJ/kg 2.4 kV/cm,  of 13% was reached in comparison to referent sample simultaneously
50 pulses 2.3 kdJ/kg with 24% increase of TP content in grape residue, 28% increase of TP
content in fresh pressed grape juice was reached simultaneously with
14% higher TP content in grape residue, in comparison to referent sample,
Juice and Grapes 3 kV/em, 50 pulses Higher juice yield(75%) of PEF—treated vine grapes in comparison to
Anthocyanins referent sample(70%). Total anthocyanin content was almost 3 times
higher than of untreated grapes.
Betalain Beetroot 1 kV/em, 270 pulses, Solid—liquid extraction of beetroot pigment, 90% of total red coloring
tubers 7 kJ/kg was released(release of betalain and ionic species), in comparison to
(B, vulgaris) mechanical pressing, Increase in tissue electric conductivity after PEF
treatment correlated approximately linearly with the extraction yield of
red pigment and ionic species(only up to extraction level of 60-80%).
Sucrose Sugar beet 1.2-2.5 kV/cm, Sucrose extraction at ambient temperature after PEF application for
1-200 pulses tissue disintegration, Higher degree of sucrose extraction has been
obtained, higher dry matter(~30%) in pressed pulp, shorter time of
extraction,
Juice and Carrots 0.6-2.6 kV/cm, Juice yield increased from 30,1% of untreated material to 76,1% of
Carotenoids (La rosa di 5-100 pulses 50 ps; PEF—treated(2.6 kV/cm, 50 pulses), No differences were detected in pH
Chioggia) 1Hz value, total acids and dry substances after PEF treatment in comparison
to reference. Carotenoid content(B—carotene) has been maintained.
Vitamin C Bell peppers 0.5-2.5 kV/cm, Osmotic dehydratation(OD) was enhanced after application of PEF
Carotenoids 20 pulses 400 ps, pre—treatment, The percentage of vitamin C reduction after PEF
2 Hz treatment prior to OD was lower than pre—treated at different
temperatures(from 25 to 55°C), Carotenoid reduction as a result of
temperature increase was ~80% to 55%, and ~74% to 62% of initial
fresh content as a result of PEF pre—treatment,
Vitamin C Red bell 2 kV/em, Vitamin C retention after osmotic dehydration — untreated >
peppers 1-50 pulses frozen > PEF—pretreated samples with 1 > 5> 50 > 10 > 20 pulses, The
data provided clearly indicate improved mass transfer during drying
as a consequence of PEF pre—treatment and also suggested minimal
loss of vitamin C as quality indicator due to electric field treatment,
Qil Tocopherols Rapeseed 5 kV/cm, 60 pulses Increased content of polyphenols and tocopherols, which are important
Polyphenols 7 kV/em, 120 pulses antioxidants in rapeseed, most likely caused increased antioxidant
capacity, measured in PEF—treated samples,
Apple(Roter 1, 35 kV/cm, Polyphenolic content of PEF—treated samples with 1 and 3 kV/cm
Boskoop) 30 pulses untreated were insignificant, and slightly lower contents were partially observed

control juice and juice
after pectolytic mash
treatment

after treatment of 5kV/cm, Antioxidant capacities (TEAC, FRAP,
DPPH) remained unchanged Considering pH, TSS, TA and the sugar—
acid ratio, the juices obtained after PEF treatment of apple mash did
not differ from the respective controls,

(Robert SF et al, Trends Food Sci Technol, 20, 544—-556, 2009)
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Table 4. Inactivation of enzymes in foods by high—intensity pulsed electric field treatments
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Enzyme Media Treatment intensity Inactivation (%)
Polyphenoloxidase Apple juice 31 kV/em, 1000 ps <10
Peroxidase Milk 21.5 kV/cm, 20 pulses 25

19 kV/cem, 500 ps 0
Orange juice 35 kV/em, 1500 ps, 35C 100
‘Horchata’ 25 kV/cm, 300 ps, 35T 72.4
Lipoxygenase Green pea juice 20 kV/cm, 400 ps 0
Tomato juice 35 kV/cm, 50 us, 30C 80
Pectin methyl esterase Orange juice 35 kV/cm, 59 us, 60.1C 88
35 kV/em, 1500 ps, 35C 90
35 kV/cm, 1500 ps, 35T 80
Orange—carrot 35 kV/em, 1500 ps, 35C 81.4
juice blend
Protease Skim milk 14-15 kV/cm, 196 ps 60
35.5 kV/cm, 866 ps, 46C 81.1
Whole milk 35.5 kV/cm, 866 ps, 46C 57.1
Lipase Milk 21.5 kV/cm, 20 pulses 60
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Table 5. Effect of high—intensity pulsed electric field treatments on some health—related compounds in food systems

Compound Media Treatment intensity Effect
Flavonoids Orange juice 35 kV/cm, No changes in either individual
750 ps flavanones nor in total content
Carotenoids  Orange juice 25-40 kV/cm, No significant changes in overall
30-340 us content, Better stability of individual
compounds compared to thermal
pasteurization
Orange—carrot 25-40 kV/cm, Rise in carotenoids content with
juice blend 30-340 us increasing treatment time Increase of
compounds with provitamin A effect
at 25 and 30 kV/ecm compared to heat
treatments
Tomato juice 40 kV/em, 57 pus No changes in lycopene with respect
to thermal treatment
Vitamin B; Milk 18-3-27.1 kV/cm, Very low or negligible reductions
up to 400 ps
Vitamin By  Milk 18-3-27.1 kV/cm, Very low or negligible reductions
up to 400 ps
Vitamin C Protein fortified 28 kV/cm, Loss increasing from 4 to 13% as
orange juice—based 100-300 ps increased treatment time
beverage
Orange juice 87 kV/cm, 50 °C Very low or negligible reductions
15-35 kV/cm, Loss ranging from 1,8 to 12,5%
100-1,000 ps
Grape juice 50 °C Very low or negligible reductions
Apple juice and cider 22-35 kV/cm, Very low or negligible reductions
94-166 us
‘Gazpacho’ soup 15-35 kV/cm, Loss ranging from 2.9 to 15.7%
100—1,000 ps
Milk 22.6 kV/cm, 400 ps  6.6% depletion
Vitamin D Milk 18-3-27.1 kV/cm, Very low or negligible reductions
up to 400 ps
Vitamin E Milk 18-3-27.1 kV/cm, Very low or negligible reductions

up to 400 ps

(Robert SF et al, Trends Food Sci Technol, 20, 544-556, 2009)

203



Emerging Technology

22 3(chlorophyll)ol] 7]X]i= PEF2] o]
el M e 584 Zn” o} PEFE W-8-81o] A2j3k 2
I AlFR]] Frut FAo] YIS WA A] koA
FEEY9 FelE BAT 5 Atk Pot 60
kv/em ode] 718 Aroxe S22 F
A FEEE v = Qv A237) et PEF
Aol o2 3 SghEe] s dvko s
) slekEe] Yol whet gepAler oA T
9] ethyl butyrates= PEF *]2](1,000 Hz, 30 kV/cm,
480 ps)E ¥ 9.7%7} 7HAsF ATk & A 2] (90°C,
1 min)oll M 22.4% 72, Uubzoz dAz] A
Ao B2 22000 $EHA BgHEo] 7HAE)
+ WM PEF A 2|25 3~9% H=7} AdE), o
gt A= QA 2 Y T2 X T

M= FARE 3 eI

olrt

7o 2ot

AE2F A PEF 71| A g oluA] d3t
a3t} tEo] 7oA BAshs A

B TP B0 FaE Aasd £ 9

2
o o

SA & At

2} PEFS] 23S 9= a3 2 7}
A S s dalfoprt st ARl AFARE Aol
oA] ARgeE A|2ElF X2 S0l dolate] 1

204

Ade ARdow 45 vashs Aol ol
2ol Bl Asdle) A, 88 27, PrEel
ol the F28 AREs} s 4
olck, w3 7o) 1§ B ol 244
(@l o BT Seke 144 Ae) w3}
(A7152) Al et ERh7} Ehbe Ge
A PSS Jolilr] 917 F4 2o
vhat ARk Bl o] o gichs olth, PEFY]
o] EAHR BEL JANE oleia o] o
3 A7 FHHo ofFolAo} s A2l &
A& ek 30 VA PERe] I, §
2, 72 5ol o e Basi,

;‘i—_!

2

olrt

ral

e ZuFEs @

1. El-Hag A, Dadarwal R, Rodriguez-Gonzalez O,
Jayaram SH, Griffiths MW, Survivability of
inoculated versus naturally grown bacteria in
apple juice under pulsed electric fields, TEEE
Transactions on Industry Applications, 46(1),
9-15, 2010

2. GoOngora-Nieto MM, Sepulveda DR, Pedrow P,
Barbosa-Canovas GV, Swanson BG, Food
processing by pulsed electric fields: Treatment
delivery, inactivation level, and regulatory
aspects, Lebensm-Wiss, u.-Technol, 35, 375-388,
2002

3. Gomez N, Garcia D, Alvarez I, Condon S, Raso
J, Modelling inactivation of Listeria mono-
cytogenes by pulsed electric fields in media of

different pH, Int J Food Microbiol, 103(2),



AZAtA Ao TXet A M7|AH(Pulsed Electric Field)2| &L

199-2006, 2005

. Lung RB, Masanet E, McKane A, The role of
emerging technologies in improving energy
efficiency: Examples from the food processing
industry, Lawrence Berkeley National Laboratory,
USA, 2006

. Olga MB, Angel SL, Combination of pulsed
electric fields with other preservation tech-
niques, Food Bioprocess Technol, 4(in press),
2011

. Robert SF, Ana B, Dietrich K, Olga MB, Effects
of pulsed electric fields on bioactive com-
pounds in foods: a review, Trends Food Sci
Technol, 20, 544-556, 2009

. Sobrino-Lopez A, Martin-Belloso O, Review:
potential of high-intensity pulsed electric field
technology for milk processing, Food Eng Rev,
2,17-27, 2010

. Toepfl S, Mathys A, Heinz V, Knorr D,
Potential of high hydrostatic pressure and pulsed

electric fields for energy efficient and environ-

mentally friendly pood processing, Food Re-

views International, 22(4), 405-423, 2006

. Wan J, Coventry J, Swiergon P, Sanguansri P,

Versteeg C, Advances in innovative processing
technologies for microbial inactivation and
enhancement of food safety e pulsed electric
field and low-temperature plasma, Trends

Food Sci Technol, 20, 414-424, 2009

10. Xu T, Slaa JW, Sathaye J, Characterizing costs,

savings and benefits of a selection of energy
efficient emerging technologies in the United
States, Lawrence Berkeley National Laboratory,

USA, 2010

b 7| xH SHerAL

A & HINEHTY BFATH

HELOF | AZ0|IMBSH(AZ0|ME oHY oin
AERZEHT)

. jake@kfri.re. kr
TEL : 031-780-9157

205



