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1. Reactive oxygen species
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3. Electroporation
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1 .Over heat
1. High Voltage Electrostatic Field
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1. Plexiglass
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Figure 1. Diagram of HVEF thawing apparatus
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1. Thiobarbituric acid- reactive substances
2. Poured plate
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1. Pour plate
2. Plate count agar
3. Surface plate
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Table 1. Proximate composition of fresh chicken breast (g/1009)

FeS S B Casby
Ash Fat Protein Moisture
0.92+0.01 4.72+0.2 21.93+0.5 72.43%£0.3
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Figure 2. Changes in TBA values during storage of frozen chicken breast thawed with different electrode gaps but at
a constant voltage of 9 kV.
Values obtained from three replication along with standard deviation. Values having different superscript letters are
significantly different (P<0.05).



O 9 (5 ) danigee

G b ol sleamil w55 & 0 Aallcss
Aol el 5l Lol L asl e il
ol O3l A5 s e Ol (25l
S 5 O spelenS| Al O e 40 S il
o 2 ol e it doall Ol (SCs
Co oy S g sl js a8 el
ot slazmil &3 (5laki yol | dadlgs Ol LSis
231 S (J,28) Sy dlesl 05 5 Loee los 53
S lallds s e o Sl Ol 055 0l
oS o5 W3l ol 53 05l S A5 edias 0L
b A2 liss Ol Ole 53 (S Sl i sy
Ol SLacs ;5 3 45 (gosb 4 3535 0 (SIS
Sl S ol e gl SIS 5 VYO
Sl olis (5158l JJ:;S G gad 4 Sl O sal S|
S8 Cood glaas el ps S ol b s
S o Sl (LI5S 1/0) (S sl Ol 5l

S rals st

9 AJJ\&:,.]G.LG&_,.;JJMC)CO clslas O—_’,\)-"\S

BL

3 ! A A

~35 A,
S ayt
v 5 3
3 E ) DEF

=25
s S
2 g —A— 3cm-
9 g 2 4.5Kv
\7% % 1.5 —=— 3cm-
+ 2 v 6.75Kv
X S 1 FGHLI —6— 3cm-9Kv
"N 205

0
0 5 10

STRRESET SRS
Storage time (day)
a

.

.

(p 5 ol p 555 a2l 55 0 9

<|j 5“".

Ol 3110 gl S|y
St Sl s 65, Y 5L L Skl xS
b o sl b f e i C3S O gl
STy A s Il sles 3 (S
M b ol slazmil 155 o dis & gl S
Y Jsdr s (7 adslas) A3l yio a3 g5
ol 03531 Sla o (gl p ol eslizul Jus ul
el S sl Dled e e bl
Cgo s odal Cowds dslas (8L Obey o
s @ scb @)y JSCo s dals s
Sladi 30 SIS 0553 b Ladliss 05l chils
slails 5 g5 =Sl alols 53 et slaasil <,
S &S0k s o 0L 1y J 28 & ged 5 il
Jeolss o Jlasl 5L (il L s s e sdalin
=63 0Pl slhe e Sl 5 8/0 X (655 S
Shedal cwsan o o b e il 53l sl
250 o dm OspldenS| SLS15 S «Vslaa
L dles D3 eSS Say cnda b sl slesl
L) Ol danST (2815 Co e £ S s 0 0L
Aas e O ogline (g3 51 ool g 5 5Ly
oWy (RIBI L cl jasie IS5 51 aS 5 sbokes
O LS5 e o35, s ials

o

4
35
N
S 3 71 ABC
Eos A CDE
8
= 2 —A—4.5cm
S5 6.75Kv
s —8—4.5cm-
2 1 10.125Kv
205

0

G30) 6,465 0bj
Storage time (day)
b



VAN ) o lowd ‘(H).\buﬁ.\c b‘gﬁd,‘.&&gd,gi)ﬁqw

B 35 35
> 3 3
S 3

Yy 25 3, 25
3 S 2
3 \§ ——6ecmkv 2 ¢
~ I3 z L
31 —=—6cm- E !
My :

205 13.5Kv 05
'15 0 0

0 5 10 0 5 10
o Gas) @S 0L o Gas) IS 0L

c d

(@) jo sl ¥ S g il slasly )5 ol slessl B b we i g, b TBA sl 5o ol i ¥ S
3,10kl OBzl of o 4y 1SS aw ool 0l &il1 alis () (J25) oSle slsn 29y 5 (€) o Sl (D) i Sla /0
(P<0.05) ! ,l5 grs SNl o diasOlis il b Sy o il g

Figure 3. Changes in TBA values during storage of frozen chicken breast thawed with different voltages and
electrode gaps, 3 cm (a), 4.5 cm (b), 6 cm (c¢), and still air method (control) (d).
Values obtained from three replication along with standard deviation. Values having different superscript letters are
significantly different (P<0.05).
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Figure 4. Oxidation reaction rates of chicken at different voltages and gaps
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Table 2. Statistical results obtained from different models

O grsl eS| S Jko ol o2 Y g

R K c (L) 3y Grasle) o5, kool
° Voltage (kV) Electrode gap (cm)
0.921 0.247 0.829 4.5 3
0.951 0.369 0.893 6.75 3
0.974 0.387 1.038 9 3
0.969 0.257 0.599 6.75 4.5
0.971 0.290 0.729 10.125 4.5
0.994 0.293 0.938 135 4.5
0.993 0.268 0.546 9 6
0.990 0.278 0.677 13.5 6
0.982 0.287 0.824 18 6
0.981 0.269 0.391 0 0

VoA Sy Co sls el (M
SV e el LS w4 ol sk
s am g Lol Ol JialS e W S V /oY
S ol oledl Q\jjda ad gal JJ"‘“ ko dtew
O e o 3Ll w5y Ayl 35S Ly
b s 22 S L s o Solial s S
Al e Al
o 53l e Sl 8L L5 S s (g5
53 V0 sles 53 0555 03 (Mg 0553 b
(P<0.05) s la>ds LG ials 5l S sl S sl
o S Sy o gl gal 3 05 Se S
U JSl) dil e 03U Cud S wigad 5 J 5S4 ge
Sl SL A, 5 s oled Jlals cle Ol s
e Slals 5 0ol 0 4 Ol o S gle
4S5, o 2L S sy B el W g gl
sl S Lilate 5 oy Sin 0L S Cor e
oA 5 Sy Rl L s el f e o S
e i s slad 58 e (S S Ol
L Oasl s dal s A5 (6 i O35l 5 Lps e
(S 5o GLadSsl, M5 5 GlasS! S
s s s i n 03 A L Cad L
(YT OLLSan 5 SL) 558 0 las S (6550
oy VU 3 L Sslianly 1 Ol 5,5 (Y1)

AR

S)s0 05 s e odaline 0 S 3 oS shilen
s e el st S Soled J 28 dsel
VIAYx\ " cfulg as Ul 5, 55 V0V x) e cfulg
Voo A S s slaaisa s s et ) o
cfulg 5 ox\+fcfulg 5 e e (o Iyl
b bV eful g s VT cfulg e TR
Soled oS ol J 3 pl ey (S 6550
cfulg 5l o35 f s aew C B S e > S
i 335 53 oV efUl g ol a5 50 VTR
S 3,8 o, Sam Ol 5 o eopl by ol il
o (S a5 ed) 3051 (sl s sl o3
el 0l 30 L S A el 5,80 L il
o sl sl 5s S ol s g5
3 sl Sas 05 SSkaly S Ol o ol slael
S ok an ol 0L 2alS 6ueK oy b
aslie S sl 5 030 b S 5l (6 xS slie
JiS Wgad 53 o9 S Ly a5 das e 0L @L:.}
s gad ) i e ST S S sl 5 00
310N YL VPP U [RC PP U 7
S Ve A S Co Gladises o oL SL
IS VY 5 V0V S S J RS 4 4 S
55 55 3 VAV SINY 5 sl e, 58 e S
090 03 S Sl J sl ical esls Glis als



Lol 0Las ol LA V) Wil s (Y1) oS bl s 3l o § 0 i Sl o 153
S als Ceb VL S (SOl Ole L Jles S SLa i, am Camd 1) Ghas (pl S50 &S 255 0
.Jﬁ&oﬁb@\é) MJ(Y'\iauﬁ)u\)KAA)JAQanA)\aJAT
3 8 e
\x
| 7|
5 :
Y ot
> H oy o
iz e
.\ :
3 2 5
g ®oe g kS A 5W
3 ii
% 4 Blee cJgghs Ve 5,
3 H

(o) iuefs ol
Storage time (day)
23 SN 0555 (b ilises glasldy 53 edd slessl w5 03U f s b S gl 298 S B sled Dl s 10 U
Bl e 3,1kl Bl ol of jor 4 1SS 4w ool s w1 alis 8°C

Figure 5. Changes in total microbial count of fresh chicken, and thawed chicken samples under different voltages
during storage at 4°C
Values obtained from three replication along with standard deviation. Values having different superscript letters are
significantly different (P<0.05).
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Figure 6. Comparison of psychrotrophic bacteria in fresh chicken and thawed chicken samples under different
voltages.
Values obtained from three replication along with standard deviation. Values having different superscript letters are
significantly different (P<0.05).
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Abstract

Background and objectives: In high voltage electrostatic field technique, by applying a high
voltage electric field (HVEF) in a needle- plate electrode system, air at the surface of food
product is ionized, and a volumetric flow known as corona wind is formed, that increases the
heat transfer coefficient in food product by volumetric heat generation. In this thechnology,
ozone generation followed by the corona discharge and air ionization, are capable to reducing
microbial contamination; on the other hand, since ozone is a strong oxidizer, there is a risk of
lipid oxidation. The aim of this paper is using high voltage electrostatic field for thawing of
chicken breast, and investigating its effects on microbial count and lipid oxidation.

Materials and methods: First, fresh chicken breast were cut into equal cubes (2x2x2 cm®) by
a designed cast and sharp razor, then, were frozen by a freezing tunnel with forced air
circulation at -30 °C and 1 m/s air velocity, after vacuum packaging in polyethylene bags. The
frozen samples were kept at -18°C until use. Thawing under HVEF at three different voltages
(from the corona start voltage to the breakdown voltage), and specific electrode gaps were
done. The control sample was subjected to no HVEF but thawed conventionally by still air
method. Fat oxidation of thawed samples were investigated at first, third, fifth, and seventh days
intervals during storage at refrigerator. The thawed samples were kept at refrigerator (4+1°C)
after packaging, and evaluated for microbiological tests (total microbial count and
psychrotrophic), and the oxidation kinetics were investigated. Total microbial count during first,
third and sixth days of storage at refrigerator, by pour plate at 30°C for 72 hours, and
psychrotrophic bacteria count during ten days storage at 6.5°C by surface plate were
investigated.

Results: The equation resulted from TBARS- time changes curve, is linear. By evaluation of
zero-order kinetic model, the kinetic rate constant was determined at different treatments. The
kinetic rate constant had no significant difference with control at low electric field strength (1.5
kV/cm); while, this factor was more intense with increasing electric field strength (2.25 and 3
kV/cm). Generally, malonaldahyde formation rate of thawed chicken was increased by
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increasing voltage and decreasing electrode gap during storage. However, at corona start
voltages, malonaldahyde formation rate constant was less than control. Results from microbial
growth showed total microbial count decreased at HVEF thawed samples compared with
control and fresh chicken during six days storage. Total microbial count in the case of control
was 1.07x10° cfu/g at first day, that was increased to 7.82 x10° cfu/g at sixth day, and in the
case of HVEF thawed samples at 8 and 10 kV, were 5x 10 cfu/g and 3.36x10* cfu/g at first
day, that were increased to 1.36x10° cfu/g and 1x10° cfu/g at sixth day, respectively. However,
total microbial count of fresh chicken was increased from 9.73x10* cfu/g at first day to 6x10°
cfulg at sixth day. On the other hand, storage at 6.5 °C during 10 days, decreased the
psychrotrophic microorganisms significantly at HVEF thawed samples (P<0.05).

Conclusion: Due to the importance of thawing for products susceptible to spoilage, such as
chicken, it is possible to benefit from HVEF thawing method to decreasing spoilage and
increasing shelf life, by applying 2.25 kV/cm electric field strength.

Keywords: High voltage electrostatic field, Thawing, Chicken breast, Oxidation Kkinetics,
Microbial characteristics.
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