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Abstract
The necessity of fortificated
bioactive  vitamins carotenoids, and

polyphenolic compounds (flavonoids etc.)

has been accelerated the development of
innovations in the food industry,
generating the so-called “functional foods”
and “nutraceuticals*; these are primary
importance for human nutrition. Novel
processing applications may influence the

quality and effectiveness of mentioned
fortificated

nutrients including most

vitamins (Vitamin C,A), carotenoids and

phenolic  bioactives.  In this review

content, Pulsed Electrical Field (PEF)
mentioned

processing  effects on

nutraceuticals  including vitamin C,
Vitamin A, carotenoids and phenolics has

been detailed approached.
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Introduction
Nutraceutical vitamins are micronutrients
from food by-products that play an
essential

role in nutrition, food science and
technology. It has been determined that
nutraceutical food powders as a sources of
anticarcinogenic vitamins and carotenoids
in medical genomics approach. Most
fortificated vitamin C, Vitamin A and also
precursor carotenoids as antioxidative
defence system components and that of
with gene regulation functions have been
considered.

Vitamins are micronutrients of foods
and beverages that play an essential role in
human nutrition. The occurrence of the
vitamins in the various groups of food is
related to their water or fat-solubility. They
comprise a diverse group of organic
compounds that are nutritionally essential
minor components.

Novel

non-thermal technologies

(e.g. ultrasounds, high-hydrostatic

pressure-HHP, pulsed electric field-PEF)

promise to treat foods

without decomposing  the nutritional
constituents and sensorial properties that

are normally affected during heat
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treatment. The implementation of novel
technologies together with other trends and
practices of the food industry (containing
microencapsulation, food waste recovery,
food by product based powders) have been
brought new developments and state of the
art in the industrial foods field.

Vitamins and Phenolics as Fortifiers

Vitamin function in vivo in several

ways, including (a) as coenzymes or their

precursors (niacin, thiamin, riboflavin,
vitamin Bse, vitamin Bi2,  biotin,
pantothenic acid, and folate; (b) as

components of the antioxidative defense
system (ascorbic acid, certain carotenoids
and vitamin E); (c¢) as factors involved in
genetic regulation (vitamin A and vitamin
D, vitamin Bs, folate) is precious for
human health and nutrition (Traber,2007;
Gregory,1996; de Man,1999) (Figure 1.).

Coenzyme

Antioxidative
defense system
components

vitamin C (ascorbic acid)
certain carotenoids
itamin E (tocopherol)

coenzyme precursors
niacin
thiamin
vitamin Bg
vitamin Bp

pantothenic acid
biotin /
Ol Genetic regulation
components
vitamin A (retinol)
vitamin D
Vitamin Bg

FIGURE 1. Vitamin function in vivo

Food is a very complex matrix made
up of lots of many individual components
including fat and water soluble vitamins
that a group of essential organic molecules.

Fat soluble (A,D,E,K) and water soluble
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vitamins (B group, C, biotin, pantothenic
acid) in foods have been categorized as
above-mentioned three groups from a
biochemical standpoint (Figure 1.).

With developing of functional
foods, nutraceuticals and dietary patterns,
“dietary nutriome” (nutrient profile and
and health

composition) genome

maintenance  has  been  improved.
Nutrigenomics based on genome healths is
an emerging and recent important field of
food nutritional science due to it is
increasingly  evident  that  optimal
concentration of micronutrients for the
prevention of genome damage is dependent
upon genetic polymorphisms that alter the
gene function involved directly or
indirectly in DNA repair and metabolism.
It has shown that above-average intake of
certain micronutrients (i.e. vitamin E,
retinol, folate, vitamin Be) is associated
with a reduced genome damage rate
measured using the micronucleus assay
(Fenech,2007).

Antioxidants quench free radicals
via donating the phenolic H and an
electron. They exhibit variable degrees of
efficiency for protection of human cells.
Especially vitamin C (ascorbic acid) and
certain carotenoids ( -carotene), when not
esterified, have the ability to act as
antioxidants (Gregory,1996). Recently, a

great interest has been focused on
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antioxidant vitamins in foods, particularly
owing to their likely role in the prevention
of coronary heart diseases and cancer
(Simon,1992; Gester,1991; German,1990)

that the

It is determined

physicological action of retinoids is
expressed through nuclear receptors which
can bind retinoids and regulate the
expression of various genes. All trans-
retinoic acid and 9-cis retinoic acid which
are active metabolites of vitamin A are
utilized as ligands for nuclear receptors
(RAR, RXR), that results in regulation of
the expression of various genes at the
transcription level (Takase et.al, 1998,

2000).

Novel Processing Effects on
Nutraceuticals

Consumers around the world are
better educated and more demanding in
their identification and purchase of quality
health-promoting foods. The food industry
and regulatory agencies are searching for
innovative technologies to provide safe and
stable foods for their clientele. Thermal
pasteurization and commercial sterilization
of foods provide safe and nutritious foods
that, unfortunately, are often heated
beyond a safety factor that results in
unacceptable quality and nutrient retention.
Nonthermal processing technologies offer

unprecedented opportunities and chal-
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lenges for the food industry to market safe,
high-quality health-promoting foods. The
development of nonthermal processing
technologies for food processing is pro-
viding an excellent balance between safety
and minimal processing, between accept-
able economic constraints and superior
quality, and between unique approaches
and traditional processing resources (Zhang
et al., 2011). Nonthermal food processing
is often perceived as an alternative to
thermal food processing; yet, there are
many nonthermal  preparatory  unit
operations as well as food processing and
preservation opportunities and challenges
that require further investigation by the
food industry. Nonthermal technologies are
useful not only for inactivation of
microorganisms and enzymes, but also to
improve yield and development of
ingredients and marketable foods with
novel quality and nutritional characteristics
(Bermudez-Aguirre and Barbosa-Canovas,

2011).

Effect of PEF Processing on Ascorbic
Acid (Vitamin C) and Carotenoids

A number of studies have proven
the effectiveness of PEF technologies in
achieving higher ascorbic acid (vitamin C)
content in comparison with heat treatments.
in a heat-treated

Vitamin C retention

(90°C, 60 s) tomato juice was
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79.2%, whereas in a PEF-processed juice
(35 kV/em for 1500 ps in bipolar 4-us
pulses at 100 Hz), a 86.5% retention was
attained just after processing (Odriozola-
Serrano et al.,, 2008a). Consistently,
vitamin C retention reported in a heat-
treated strawberry juice (94%) was
significantly lower than in a PEF-treated
juice (98%) (Odriozola et al., 2008b).

Most of the differences in vitamin
results between PEF and heat treatments
can be explained through the temperatures
reached during processing. The
concentration of vitamin C in thermally
and PEF-processed juices gradually
decreased with storage time. However, it
has been demonstrated that vitamin C is
better retained in PEF-treated juices than in
thermally processed juices after 56 days of
storage at 4°C (Morales-de la Pena et al.,
2010a; Odriozola-Serrano et al., 2008a,b).

Vitamin C juices in PEF juices also
depend on PEF-processing factors and,
thus, the lower the electric field strength,
the treatment time, the pulse frequency, or
the pulse width, the higher the vitamin C
retention in orange (Elez-Martinez and
Martin-Belloso, 2007), tomato (Odriozola-
Serrano et al., 2007, 2008b), and straw-
berry juices (Odriozola-Serrano et al.,

2009a).

Ascorbic acid is an unstable

compound, which under less-desirable
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conditions, decomposes easily; hence, the
milder the treatment, the better the vitamin
C retention in juices. However, differences
in vitamin C pressure stability during
storage could be explained by the initial
oxygen content and possible endogenous

prooxidative enzyme activity.
Bioavailability is defined as the proportion
of the nutrients, bioactive compounds, or

phytochemicals that are digested, absorbed,
and metabolized throughout the normal
pathway (Sénchez-Moreno et al., 2009).
Drinking two glasses of PEF-treated or HP
(high-pressure)-treated orange juice (500
ml/day) containing approximately 180 mg
of vitamin C was associated with a
significant increase in plasma vitamin C
concentration and a decrease in plasma
levels of 8-epiPGF2a (biomarkers of lipid
al.,

peroxidation) (Sanchez-Moreno et

2003, 2004).

Effect of PEF Processing
on Carotenoids

Recent studies have suggested that
carotenoids content increases significantly
after PEF processing compared to the
untreated juice. Odriozola-Serrano et al.
(2007) observed an enhancement of up to
46.2% in

the lycopene-relative

concentration of tomato juices after
applying different PEF treatments (35

kV/cm for 1000 ps). It has been
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hypothesized that thermal treatments may
lead to an increase in some individual
carotenoids, owing to greater stability,
inactivation of oxidative and hydrolytic
enzymes, and unaccounted moisture loss,
which concentrates the sample (Rodriguez-
Amaya, 1997). Nguyen and Schwartz
(1999) suggested that homogenization and
heat treatment disrupt cell membranes and
protein—carotenoids  complex, making
carotenoids more accessible for extraction
and probably more bioaccessible.

Recent studies also show a higher
stability of carotenoids throughout storage
in PEF-treated products compared to heat-
treated equivalents. PEF-processed tomato
juices at 35 kV/cm for 1500 ps maintained
higher contents of carotenoids (lycopene,
neurosporene, and y-carotene) through
refrigerated storage than heat-processed
juices at 90°C for 30 s. The major cause of
carotenoid losses in vegetable products is
the oxidation of the highly unsaturated

carotenoid structure

et.al.,2015).
Effect of PEF Processing on Phenolics

(Tokusoglu

Flavonoids are the most common
and widely distributed group of plant
phenolics. Among them, flavones,
flavanones,

flavonols, flavanols,

anthocyanins, and  isoflavones are

particularly common in fruits. Regarding

the main flavanones identified in orange
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juice, HP treatments (400 MPa/40°C/1
min) increased the content of naringenin by
20% and the content of hesperetin by 40%
in comparison with an untreated orange
juice (Sanchez-Moreno et al., 2005). These
results are in accordance with those
obtained by other authors showing higher
extraction of phenolic compounds due to
HP processing. PEF processing (35 kV/cm
for 1500 ps with 4-ps bipolar pulses at 100
Hz) and thermal treatments (90°C, 30 s and
90°C, 60 s) did not affect phenolic content
of tomato juices. Both PEF- and heat-
treated tomato juices undergo a substantial
loss of phenolic acids (chlorogenic and
ferulic) and flavonols (quercetin and
kaempferol) during 56 days of storage at
4°C. Caffeic acid content was slightly
enhanced over time, regardless of the kind
of processing, whereas PEF- and heat-
treated tomato juices underwent a
substantial depletion of p-coumaric acid
during storage.

The increase of caffeic acid in
tomato juices after 28 days of storage could
associated with residual

which

be directly

hydroxylase activities, convert
coumaric acid into caffeic acid (Odriozol-
Serrano et al., 2009). In strawberry juices,
p-hydroxybenzoic content was enhanced
slightly, but significantly after PEF
processing (35 kV/em for 1700 ps in

bipolar 4-us pulses at 100 Hz) compared to
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the untreated juice, whereas ellagic acid
was substantially reduced when the heat
treatment was conducted at 90°C for 60 s.
Anthocyanins are a widespread
group of plant phenolic compounds that
have been regarded as a natural alternative
to replace synthetic food colorants. The
content of individual anthocyanins
high-

intensity pulsed electric fields (HIPEF)

significantly depended on the
treatment time and electric field strength
applied during HIPEF processing of the
strawberry juices. Anthocyanins were not
affected by HIPEF processing when
strawberry juice was treated at 22 kV/cm.
At electric field strengths from 27 to 32
kV/cm, it was observed that the lower the
treatment time and electric field strength,
the greater the anthocyanin retention. By
the contrary, strawberry juices subjected to
the most intensive treatment (37 kV/cm)
exhibited the highest anthocyanins content
(110-151%) when the Ilongest HIPEF
treatment was conducted. It has been

that are

reported proanthocyanins

converted into  anthocyanins  after

processing in acidic water-free conditions
(Saint-Cricq de Gaulejac et al., 1999).
No

significant  differences in

flavonol (kaempferol, quercetin, and
myricetin) contents were obtained between
fresh and treated strawberry juices; thus,

these phenolic compounds were not
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affected by processing (Odriozola-Serrano
et al., 2008b). The degradation of phenolic
compounds during storage has been mainly
related to the residual activity (RA) of
polyphenol oxidase (PPO) and polyphenol
peroxidase (POD) (Odriozola-Serrano et
al., 2009).
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