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Structure of presentation

1. Mention a new project in this area (MEFPROC)

2. General introduction to MEF heating

3. Prior knowledge of MEF heating of meat wprt impact of

• Product/Environmental parameters on heating

• MEF heating on meat product quality

4. MEFPROC

a. How could MEF be applied in meat processing?

b. How will MEFPROC contribute to this?
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1. A new project in the area (MEFPROC)

What is the technical focus?

• Technologies: Moderate Electric Fields (MEF)( assisted/combined by/with Ultrasound)

• Applications: Food applications (Heat & Mass Transfer – Preservation & Mass Transfer)

• Foods: A wide range (not just meat!)

What is the ultimate aim?

• Facilitate technology transfer/innovation in the food industry & improve process control

Why these technologies?

Improve process intensification, sustainability, product quality and/or extraction/impregnation

Who is involved?

Research Performing Organisations + Equipment Manufactures + Food Manufacturers

(Strong Track Records) (Capability) (Technology Interest)

Title: Improving Sustainability in Food Processing using Moderate Electric 
Fields (MEF) for Process Intensification and Smart Processing (MEFPROC)
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Conventional temperature profile

Heating Media (Steam/Hot water)
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Heat transfer ≈ conduction (slow)

Conventional heating of meat

2. General introduction to MEF heating
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Freq (f): 50-25,000 Hz 

(Lowest)

f: 13.6-40.7 MHz 

(Intermediate)

f: 896-2450 MHz 

(Highest)

MEF/OH -AC – direct RF -EM – indirect MW -EM – indirect 
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2. MEF (volumetric) benefits (shrimp) - Example
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2. MEF systems at UCD?

e-Cooker®

6 x systems,  largest 18 kW (18,000W) – Theoretically it can heat

1  200 g white pudding 5-73C (T 68 C) in 3 seconds or

10  200 g white pudding 5-73C (T 68C) in 30 seconds or

25  200 g white pudding 5-73C (T 68C) in 75 seconds

MEF preheating (!!!) followed by conventional holding
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t

ΔTmc
Pψ 

Basic energy balance

Energy Required: Fixed by quantity (m), c & T

Conversion Efficiency: Much higher in MEF vs. Conventional 
(e.g. MEF 95% vs. conventional 50%)

Power input vs. time

(shorter t > P)

with volumetric nature of heating + Correct System design

 Continuous cooking of meat is possible

2. Where does “Green heating” and “process intensification” come in?
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0% Salt 2% Salt

3% Salt 4% Salt

Distribution is critical: Emulsions 

easier than injected/tumbled

3. Prior knowledge
Critical parameters - Product - Electrical conductivity σ (S m-1)

Ionic Ingredients (e.g. Salt): 

Salt   σ  heat rate
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y = -0.1003x + 1.4131
R2 = 0.9678

y = -0.0418x + 1.4335
R2 = 0.9682

3. Prior knowledge
Critical parameters - Product - Electrical conductivity σ (S m-1)

Endogenous vs. added fat

added fat % less impact on 

 vs. endogenous fat%

Easier for current to 

negotiate emulsified fat? 

Fat Content:  Fat (partic

– Salt)   σ  heat rate
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Electrode: Thinner & ext. heated Cell: External heating vs. 

surface cooling

3. Prior knowledge
Critical parameters – Environmental impact on heating uniformity
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Sealed Casing

+

Metal Clips

Sealed Casing

+

Plastic Clips

Direct electrode contact 

(seal product after)

Shuttle mission 

(packaging with 

conductive regions) –

Astronaut OH dinners

3. Prior knowledge
Critical parameters – Product Packaging
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3. Prior knowledge

Impact on product: Post Cooking Yield
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Instrumental colour (L, a, b, hue angle and chroma)

Centre ≈ no differences or very small

Surface a, b, hue angle and chroma ≈ as above

But: L (Lightness)  Lighter surface in MEF processed non- comminuted
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Conventionally cooked beef Semitendinosus (105 min)

MEF HTST cooked beef Semitendinosus (7 min)

3. Prior knowledge

Impact on product: Surface Colour

a    b   b

Given that product sold 

in sliced form this surface 

colour difference may or 

may not be of commercial 

significance
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3. Prior knowledge

Impact on product: Texture (surface vs centre)

Hardness 1
*

Hardness 2 *

Springiness *

Cohesive 
Energy
NS

Gumminess
*

Chewiness
*

TPA - (Conventional Turkey – Variation across diameter)
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Hardness 1

Hardness 2 

Springiness 

Cohesive 
Energy

Gumminess

Chewiness

TPA - (MEF Turkey – Variation across diameter)

3. Prior knowledge

Impact on product: Texture (surface vs centre)
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4. How could MEF be applied?
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4. What will MEFPROC do that’s new?

Smart Cooking of meat

a. Tailoring cooking – Predicting requirements for variable cuts – decision?

b. Optimising Power delivery during MEF Preheating - feedback loop to 

optimise delivery to optimise structure and maximise yield?

Sims and Bailey (1991)
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4. What will MEFPROC do that’s new?

c. Optimising conventional holding time to optimise structure/yield

Pasteurisation (micro) is rapidly achieved but when is optimal structure 

(chemical) achieved? (i.e. how long/short should your holding time be)
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Thank you for your attention!

Prof. James Lyng,

Institute of Food and Health,

University College Dublin,

Belfield,

Dublin 4,

Ireland.

Tel +353 (0)1 7167710

Fax +353 (0)1 7161147 

e-mail james.lyng@ucd.ie

http://www.ucd.ie/foodandhealth
mailto:james.lyng@ucd.ie
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Comments?

http://www.ucd.ie/foodandhealth

