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Crystallization of water

= Crystallization is a term which is used to describe several different phenomena related to
the formation of a crystalline lattice structure.

Jand: Aspen Publishers.)

* (Hartel R. (2001). “Cry foods”.
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Electrofreezing aspects
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Freezing of water

Phase transition
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Electrofreezing of water

Electric field free liquid water is
organized around clusters of water
dipole molecules (pentamers)

Application of Static Electric Field (SEF)
v Water molecule dipoles are polarized by the application of external D
o

¥ Alignment of water molecules with the direction of the electric field vector

VWith high e SEF liquid water becomes more ordered and similar to ice

like structur

VThe SEF application causes modification of water crystallization
nodynamics

Sishchev & Kusak 1904 g, Yarg & o 198 Sk & oo, 2002 Vegk, 2004, 20045
Zangi & Mark, 2004; Sun, Chen & Huang 2006; Xiaobin, Hong & Chuaniang, 2 R
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Electrofreezing of water samples

Experimentally determined _ aver
values of the nucleation temper
(T) together with their _stand
deviations under different electrost
field conditons.
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s related t0 the decrease of the free energy.

ecrinaton of water mokculcs an
formation of more ordered cluster structure.

(Orlowska, M. Havet, M., & Le-Bail, A (2008). Controlled ice nucleation under igh vorage DC electrostaic feld
condiions. Food Research nterational, 42, 879-864) R
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Freezing of food & Electrofreezing
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Experimental Set up

Srreezewave
Histological analysis of frozen meat
Micrograph images of frozen pork tenderloin transversal cuts under
different magnitude static electric fields. \(&)H reshmagatifitstookV, Aoyhkviet)
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1st study of food electrofreezing

.

pork meat

GEORGE ORWELL Tenderloin muscle
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Size of ice crystals
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3 years after a second study of food electrofreezing

Objective:
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Microstructure of lamb
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3rd study on SEF freezing of food
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Similar experimental set up

Applied voltage, incensity of the intemal elestrstatic feld and froszing rate (C/imin] of
weal saraph

Vahage difference (KV) _internal electric held (Vm)__Freezing rate ("Clmin)

o a0e + 10 1314031
4 1964 4 1614011
bl 396 4 4 164 5 015
2 S8E+ 4 154 5 020
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Other quality attributes

Colour:

No significant changes in colour between SEF and the

conventional freezing

Drip Loss (%)

Eleciric Field Intansity (Vim)

Experimental set up

Amuttiple point-to-plate electrode

The upper electrode contained 81
needles (70 mm long, 1 mm in
diameter; 20mm between any two
needles)

Hareiness (M)

.
i i ek o T
ety
St
*.» Freezewave

(€ &

TITTTITTTT 3

Fig 1. Scheme of the experimental DUAC HVEF refrigerator system used in the

studics. 1. Treatment chamber. 2. Botiom plate. 3. Prick elcctrode. 4, Rerigerator bady.

5. Cover. 6. Power supply. Sample (deionized water and pork tenderlain) were placed

on the stainless steel plate, The voltage was applied between the upper needle-shaped

electrode and the lower metallic surface. BRI
. ota £ Jouml o Food Engrawrng 208 2017 "DIE
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Protein denaturation after SEF freezing and thawing

Myosin  denaturation of meat
frozen without being subjected to a
10 kv HVEF was more severe
than that of HVEF-assisted frozen
meat.
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Fig 4. Tupical DSC thermagrams from snalysis of pork tenderloin, 1) froren pork with
10KV HVEF treatment. b)freshy pork. ¢} frozen park. The arrow represents endothermic
pasks.
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Conclusions

* Limited applications of static electric fields
during food freezing

« Inall cases SEF freezing showed positive
impact on frozen food matrix quality

= Studies for the design of commercial SEF
freezers would be relevant

= Potential limitations of the static electric
fields and safety issues have to be taken into
account
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Microstructure of SEF frozen meat
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area of ice crystal for the cross
of pork tenderloin by ordinary

Jland freezing with 10 kV HVEF
7 £0.93% and 1.37 £ 0.61%
ely
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