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In recent years, the demand for good quality natural products and minimally
processed products with high nutritional value has increased. One of the most
important natural materials in demand is natural edible dye. Pulsed electric fields in
food processing focus on two main areas: microbial inactivation and preservation of
liquid foods and enhancing mass and tissue transfer in solids and liquids. The pulse
process uses pulsed electric fields with high voltage, which are used quickly for the
food between two electrodes. Due to the short duration of the pulses, a little heat is
generated in the foodstuff. Thus, the nutrients, vitamins, texture and flavour, as well
as the microstructure of the foodstuff, are better preserved than the samples that are
subjected to the thermal process. Natural dyes are very sensitive to the processes
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applied in conventional extraction techniques, such as thermal, mechanical and
chemical stresses. Pulsed electric field (PEF) technology is promising as a non-

thermal alternative.
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Pulsed electric field treatment
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Figurel: Effects of pulsed electric field on cell structure (5).
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Figure 2: The main pigments used to produce natural food pigments: anthocyanins, betalins, carotenoids and chlorophylls (5).
Food
pigment ﬂ
Heat Oxygen Light pH change
Anthocyanins High to moderate High High Low
Betalains Moderate to low High High Moderate
Carotenoids Moderate Low Low High
Chlorophylls Moderate High High Low
(B) PH 5 5 555 «03ST Dyl il 50 1 Jedo IS 5 oo IS do iy o ilins g 1555 olge s 1Y JSC
Figure 3: Pigments stability of anthocyanins, betalins, carotenoids and chlorophylls against heat, oxygen, light and pH change (5).
Gk 5l e olas (0 smasi s el Jold al> e Lgoad olesl g 0,5 pl olge Jsl al> o ;5 Jyane 5k 4
@ 5 ol pleple giluliz b ple —asl> gilulaz sla s, 039 8l Ngd oo bolse 1355, Slge glzeinl sl e P> S
lag o,58lo sloig, 3leolainl b D> cos Ll ol Jlss O oliws jslite 4 g wiloals Jaods g gadiin da g, oyl
(0) 5,5 0 O g0 3heslatl lad oo pdas alize Julse YL gzl sl ool

eesd londs (giluargy eold b Sy SIl Ll sss Sile

YYV-E7 £ (&)Y /55) slsd )3 wilallbs ele &3 uin

FIv



eSS udls S35 9 3 )Shac j3 So9 0 / GHILO b ) 9 50D Asie

Slamds s e Py o ) Slss Blas PEF (5,53
Onls sled b eeditns jsbo a4y CoBly ol .S o slm) DY game
ol )5 il a0 ¥o-Fe sgus j0 w8 Job jo oolanul 090
S 50 8 e ladiz (B 08 s 5 el Ly
slalsuoly eSeis asile il sl (5155 5 50b95 (5,918
Slge gor il 4525 g ¢ ramj Sl DS 5 il gty ol
B b oS glalis iy nl pogdle (V) (S8L5L 15T,
13 st ol 8,115 ks Sad Slalo cind o slass PEF
lgo plesl .aiS o 0yl Joame a3 1) 192 Keal mle b aul> slge
alss s 4y SOk cnl w5 oo sy ) Sl e (b ey
sdndy ol e oe &) anhal alaize )3 39Sl 50 G (S Sl
o o sl e g 08 (oo LI 12 o 1 Cogllacls (sl 25Ty
OF) 09 Sligs o il el 45> LS
@ sk (Sl 2 ol pas Sl s 4 PEF (g5l
dsb o ez JEl (lB Gl oS lgael Bg) S plere
S e JEl e Sl OF) ool oad sl il ol
0L -/0) (Soysl slaglae Jloel ) Conl 53,505 5909 5]
ol il Jobo jusle 3 1) gl (o (Blo p SgskS
Lodly 6233985 5050509580 lpl amo eSSt
Sy0 50 o plosil ladon glaods N Jgaz )0 0o oo sl

g oo oalie (S pSUl Gl S8 4y 1355 Slge St

o i b g T- V- Y- F
b 4 4 ama e S5 1, 55, Slge Sl (oo, ogplonsis]
oolaiul 850 (crmd S1555; Blge lsie 4y SlAE mlio jo 00 S
ol el (ol g i ey Lal (S5 il a5 WS e )8
oo ;5SS 5l g s LaaSgigdld (LS 3laie SLS 5
Lo L polo gl (g2 (S gyl Oliide g (S e Ly
ol ode (YR) assloas LS25 pely ogiy JuisY
Lo dm wm eSS el S sl 093 Ll ) lapilwg]
L Yoons 95 dugd dr jsSlS 18 b cnlaiis ol ]
baid G (2STy 5l ol LS 5 plo 5 w8 JsSlse vz b Sy
(ol ymodle (Vo) cewl lad, el e j0 05250 (sl 4
S il o mas i 4l laoisn I (pawlwgs]
g oo JoSis

ey ol biuibiwgtl @5l codld Jotue aly (nl
& ol 1y lagmbagil cplpln sl Ll Jlsle 585095
ks pole o je a5 plalde o (b I3, Slge (lge
L slo boniiy slanls s coads padd ol aiile gl o0 g
0,5 ool clel 5 Sy eyl PH

gleselr glul bl (b G155, Sl (Jgene b @
slacdl sl o3 eanli ol e Wi gl (SLE)
Ozl mle B @ jLaml b kale (lol 5 st s 4 ol
o 1, 1555, Slge a5 JT sla Dl b Ygome SLE gl 5eial aisS o
e nlpln gdioe ool (liSe g Jlie (ST aile S oo
Sl 5 ojlas Pl Bd> lp siledls g silalar
gl dgdige plnl glpiulil (m ead gliul bS5
Sl M ol gl 5l Uiy ol 5 el SLE 5| sliges 4l gus
b8t (6132 b aigd o il 2 oLS i 50 Atgy j5bo 4 ]
iz (J nl oSt bl Pl 09,5 6515 5 (il L,
Olye 408 bape aluSsw gliiiul (b, 4 Gl |, JIC3
4 GYob Sue lp Pl ez alaii o gl Lld i
V) S 0 SeS Bao Sl S 5 J)l > 4300
S Pl bl S 4 Ghr Dl o)l
Fore oS Pl lesliiul 5 (aw Qi al » slagt,
Sls,ld >l sloans jo il Al Ggw Canjlaze Gl
Jlasd cou gyl (gl 398 Jlw b gl senl aule glasd ag,
wgolp S5 4 gl ipggole S8 gl (b b
g welr 5B glil gues s pglhe gl (S0 SI L
gl b oesd Glagty, (Slr el B gl
sl S oy, war Jud aileass ol pads 5 allSen
SISl ol ey abais 51 5VL slales 5l eolanwl gl Sl

(B) wiloals

(PEF) oS5 S oy oSaS b 1555 Sl 2! yokias] Y F
5o ol adde an Wb SO S gla a5l eolaiul Ly
b Gl B350, Slge gl Feil 035L Gl o Jsho (6 200398
glyil Sl Glod i jsb 4y Syl et Ghiloy slags sl
o]l 485 )5 adllan o jge meb lié g3, olse
A8 o oolitil Pl (o8 piolie 5 Sl glabes 5l lags 5L
DS U555, e S5 5 ot 5ol il el 5
3 oSS eolaiwl L oyl ogdle 05 g0 gl y5uinl 005k g (55!
Lo s gl laanlp 6l adgl Jole plgie 4 Lo )S
Sy vile &l 4y e iz 5l (g cBla> )l 508
St ;3 ol (ol Gloo )5 aloz 103l oo Sas |, 1355,
(PS slp il ol B8 OS5 ol alil
LSy chile wlenil s ol 05 ool 5 (29,500 3ledled
Sl 5 (395 (alondoSa s (2l Sone 5 Sty JU
e e FELL P

! Solid Phase Extraction

EV-EY £ (VET) IV /55 slsd )3 Wilallbs ele &3 yuin



Plant matrix PEF process parameters
pigments

Anthocyanins

Anthocyanins

Anthocyanins

Anthocyanins

Betanins

Betanins

Betanins

Betanins

Carotenoids
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Tablel: Extraction of natural food coloring substances from plant matrices with the help of PEF (5).

Purple potatoes
(Solanum
tuberosum)

Blueberry
(Vaccinium sect.
Cyanococcus)

Grape (Vitis
vinifera L.)

Plum peel (Prunus
domestica var.
Casselman) and
grape peel (Vitis
vinifera L.)

Beetroot (Beta
vulgaris L.)

Beetroot (Beta
vulgaris L.)

Beetroot (Beta
vulgaris L.)

Red prickly pear
(Opuntia stricta
Haw.)

Date fruit
(Phoenix
dactylifera L.,
Sukkari)

- Electric field strength: 1 - 5
kV/cm - Specific energy input: 0.54
- 13.50 kJ/kg
- Pulse width: 45 - 105 ps
- Pulse number: 5 —35
- Frequency: 1 Hz
- Electric field strength: 10 - 35
kV/icm
- Specific energy input: - - Pulse
width: 2 ps
- Pulse number: 2 - 14 Frequency: -
- Electric field strength: 13.3 kV/cm
- Specific energy input: 0 - 564
kd/kg
- Pulse width: -

- Pulse number: - -

- Frequency: 0.5 Hz
- Electric field strength: 25 kV/cm
- Specific energy input: 3.91 and
11.5 kJ/ kg (grape peel); 1.84 and
9.05 kJ/kg (plum peel) kd/kg
- Pulse width: 6 ps
- Pulse number: 9.7 and 25.2 —

- Frequency: 10 Hz
- Electric field strength: 4.38 and
6.25 kV/ cm
- Specific energy input: 0 - 12.5
kd/kg
- Pulse width: 10 ps
- Pulse number: 10 - 30
- Frequency: -

- Electric field strength: 0, 1, 3, 5, 7,
and 9 kVv/cm
- Specific energy input: 0, 0.02,
0.09, 0.24, 0.50, and 0.70 kJ/kg
- Pulse width: -

- Pulse number: 5
- Frequency: 1 Hz
- Electric field strength: 0.2 - 0.6
kV/cm (range of milliseconds) and
2 - 6 kV/cm (range of
microseconds)

- Specific energy input: 1.6 to 57.6
kJ/kg (range of milliseconds) and
0.04 to 74.16 kJ/kg (range of
microseconds).

- Pulse width: 1 ms and 3 us
- Pulse number: 10 - 80 (range of
milliseconds) and 5 - 100 (range of
microseconds)

- Frequency: 1 Hz
-Electric field strength: 8 - 20
kV/icm
- Specific energy input: 24 - 145
kd/kg
- Pulse width: 10 ps
- Pulse number: 0 — 300
- Frequency: 0.5 Hz
- Electric field strength: 1, 2, and 3
kV/cm
- Specific energy input: - - Pulse
width: -

- Pulse number: 30
- Frequency: 10 Hz

Major findings

Regardless of extraction temperature (10 - 40-C) or solvent
(water and ethanol) used for extraction of anthocyanins, PEF-
treated samples had greater extraction yield compared to those
untreated. PEF treatment increased the anthocyanins recovery

yield and reduced the extraction temperature besides
eliminating the use of organic solvents.

PEF treatment increased anthocyanin extraction yield and
reduced the temperature and extraction time. High electric field
strength (>20 k\//cm) and pulse number (>10 pulses) reduced
anthocyanin extraction yield. PEF treatments were more
efficient compared to high-intensity ultrasound treatments.

The PEF process intensification increased anthocyanin
extraction. PEF treatment was more efficient for anthocyanin
extraction than high-intensity ultrasound (up to 22%) and high
voltage electrical discharges (up to 55%) treatments.

The 25-mm diameter PEF chamber showed best results than the
7-mm diameter. The use of a PEF chamber of a larger diameter
allowed the application of a higher residence time and a higher
number of pulses, which increased the anthocyanin extraction
yield. However, this treatment promoted a high degradation of
ascorbic acid.

The electric field strength of 4.38 kV/cm and specific energy
input of 4.10 kJ/kg allowed the extraction of 329% more
betanin than the control treatment.

The betanin extraction yield was affected by the applied electric
field strength, temperature, and pH of the liquid medium.
However, the pressure and number of pulses used in the process
did not significantly influence the betanin recovery. The pH 3.5
and temperatures in the range of 30 - 40 °C contributed to the
highest yields.

PEF treatments in the range of ms and ps were effective for the
disintegration of red beet cells enhancing betanin aqueous
extraction. However, PEF treatments in the range of ps were
more efficient for improving betanin extraction in terms of total
specific energy consumption.

PEF treatment was more profitable compared to ultrasound
treatment due to lower energy consumption. Furthermore,
scanning electron microscopy images revealed the ability of
PEF treatment to induce cell wall permeabilization without
disintegrating the cell tissue facilitating the selective recovery of
the valuable intracellular compounds

The increase in the electric field strength promoted a positive
effect on the total carotenoid content of the extracts from 2.9 +
0.1t06.1+0.1 pg/mL.

Ref.

(16)

(17

(18)

(19)

(20)

1

(22)

(23)

(24)
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Tablel: Continued.

kV/iem
- Specific energy input: 5 and 10
kd/kg
- Pulse width: 20 ps
- Pulse number: 10 - 833 -
Frequency: 10 Hz
- Electric field strength: 3 - 7

Tomato (Solanum

Carotenoids .
Lycopersicon)

Canary tomato . kV/cn]
: (Solanum - Specific energy input: 0.54 -
Carotenoids lycopersicum) 13.50 kJ/kg
cel - Pulse width: 3 ps
P - Pulse number: 5 - 100
- Frequency: 1 Hz
- Electric field strength: 0.25 - 0.75

Tomato kV/cm

Carotenoids (Lycopersicon

eculentum L.)

- Specific energy input: 1 kJ/kg -

- Frequency: 10 Hz

- Electric field strength: 2, 4, and 6

kV/icm
Custard apple - Specific energy input: 45, 94, and
Chlorophylls (Annona 142 kJ/ kg
squamosa) leaves - Pulse width: -
- Pulse number: 100, 200, and 300
- Frequency:-
-Electric field strength: 0, 3.3, 6.7,
13.3, 20.0 and 26.7 kV/cm
Chiorophylls Spinach (Spinacia - Specific energy input: -

oleracea L.) - Pulse width: 20 ps

- Pulse number: -
- Frequency: -
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Pulse width: 20 ps - Pulse number:-

Plant matrix PEF process parameters Major findings
pigments

- Electric field strength: 1, 3, and 5

PEF treatment increased the extraction yield of carotenoids,
especially lycopene, using acetone or ethyl lactate in the (25)
proportion 1:40 g/mL as solvents.

The cell membrane electroporation of tomato peels increased
the extraction of carotenoids. PEF treatment reduced the
extraction time and the proportion of hexane applied as a (26)
solvent without affecting the lycopene, lutein, and -carotene
extraction yield.

Previous application of a pulsed electric field treatment at 0.50
kV/cm and 1 kJ/kg before the process of steam bleaching at 27)
60°C significantly increased the carotenoid extraction yield.

Higher energy PEF treatments were promising non-thermal
treatments for improving the extraction yield of flavanols, such
as rutin. However, they reduced the chlorophyll content in the
extracts.

(28)

PEF treatments inhibited the degradation of pigments,
especially for the recovery of chlorophylls under different (29)
process temperatures (20, 35 and 45 °C).
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