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Phenolic compounds, especially flavonoids have health-promoting benefits that play some important roles in foods as visual appearance, taste,
aroma and represent an abundant antioxidant component of the human and animal diet. High hydrostatic pressure processing (HHPP) conditions
(300-700 MPa) at moderate initial temperatures (around ambient) are generally sufficient to inactivate vegetative pathogens for pasteurization pro-
cesses, some enzymes, or spoilage organisms to extend the shelf-life. The aim of the review is to reveal the effect of high hydrostatic pressure processing
strategies on the retention of antioxidant phenolic bioactives in foods and beverages. HHPP can increase extraction capacity of phenolic constituents,
and ensure higher levels of preserved bioactive constituents. High pressure extraction (HPE) can shorten processing times, provide higher extraction
yields while having less negative effects on the structure and antioxidant activity of bioactive constituents. HPE enhances mass transfer rates, increases
cell permeability, increases diffusion of phenolics and retains higher levels of bioactive compounds. Total phenolics in HHPP-treated foods were either
unaffected or actually increased in concentration and/or extractability following treatment with high pressure.

INTRODUCTION

Phenolic compounds are naturally-derived bioactive sub-
stances that have health-promoting, and/or nutraceutical
and medicinal properties. Phenolics occur as plant secondary
metabolites that are widely distributed in the plant kingdom
and represent an abundant antioxidant component of the hu-
man diet.

Recently, there is a great demand on high quality and con-
venient products with natural flavor and taste, and fresh
appearance of minimally processed food is greatly appreci-
ated. High hydrostatic pressure processing (HHPP) is a non-
-thermal processing method and holds promise for retaining
wholesomeness and freshness of the processed food prod-
ucts. HPP is an emerging technology that can be used instead
of thermal process for pasteurization and sterilization. Recent
work provides studies to illustrate the ability of this non-ther-
mal food preservation technology regarding the preservation
of the phenolic bioactives of plant foods and health-related
compounds [Tokusoglu & Swanson, 2015].

ANTIOXIDANT PHENOLICS AS BIOACTIVE
COMPOUNDS

Antioxidant phenolic compounds occur as plant second-
ary metabolites. Their ubiquitous presence in plants and plant

foods favors animal consumption and accumulation in tis-
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sues. Polyphenols are widely distributed in the plant kingdom
and represent an abundant antioxidant component of the hu-
man diet. Interest in the possible health benefits of polyphe-
nols has increased due to the corresponding antioxidant ca-
pacities.

Recent evidences show that there is a great interest in an-
ticarcinogenic effects of polyphenolic compounds, as well
as the potential to prevent cardiovascular and cerebrovas-
cular diseases. As the name suggests, phytochemicals work-
ing together with chemical nutrients found in fruits, cereals,
and nuts may help slow the aging process and reduce the risk
of many diseases, including cancer, heart disease, stroke, high
blood pressure, cataracts, osteoporosis, and urinary tract in-
fections [Meskin et al., 2003; Cheynier, 2005; Tokusoglu &
Hall, 2011].

Polyphenols are divided into several subgroups includ-
ing flavonoids, hydroxybenzoic and hydroxycinnamic acids,
lignans, stilbens, tannins, and coumarins that have specific
physiological and biological effects [Andersen & Markham,
2006; Meskin et al., 2003; Tokusoglu, 2001].

Flavonoids are the major group of polyphenols that in-
clude flavan-3-ols, flavonols, flavones, flavanones, isofla-
vones, anthocyanidins, anthocyanins, flavononols, and chal-
cons as subgroups, that are distributed in plants and food
of plant origin [Crozier et al., 2006; Tokusoglu & Hall, 2011].

Phenolic compounds including flavonoids play some im-
portant roles in fruits such as in their visual appearance, taste
and aroma. In addition to these, phenolic compounds have
health-promoting benefits [Tomas-Barberan & Espin, 2001].
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These bioactive compounds have been found to be important
in the quality of plant-derived foods [Tomas-Barberan & Es-
pin, 2001]. Anthocyanins are type of phenolic compounds
classified under flavonoids group of phenolic compounds,
which are water-soluble glycosides of anthocyanidins [Kong
et al., 2003; Tokusoglu & Yildirim, 2012].

Phenolic contents of the fruits obviously vary from fruits
to fruits. This difference may depend on the methods used
both for the extraction of the phenolic compounds and meth-
ods of analysis. Also, the phenolic compound composition
in fruits is affected by some intrinsic factors, such as using dif-
ferent genus, species or cultivars, and extrinsic factors, such
as the time of the collection of fruits, location, environmental
factors and storage. In addition to these intrinsic and extrin-
sic factors, some food-processing technologies can also affect
the composition of plant phenolics [Tokusoglu, 2001].

The aim of this review is to reveal the effect of high hydro-
static pressure processing (HHPP) strategies on the retention
of antioxidant phenolic bioactives in foods and beverages.

HIGH PRESSURE PROCESSING (HHP) AND ITS
PREFERENCES AND ADVANTAGES

Phenolic compounds in fruits and vegetables decrease
by conventional and traditional heat treatment processes.
These thermal treatments are the most used methods to ex-
tend the shelf-life of foods by the microorganism and enzyme
inactivation while heat causes irreversible losses of nutrition-
al compounds, undesirable alterations in physicochemical
properties, and changes of their antioxidant properties [Wang
& Xu, 2007; Plaza et al., 2006].

Many factors including temperature, pH, oxygen, en-
zymes in the presence of co-pigments, metallic ions, ascorbic
acid, sulfur dioxide as well as sugars may affect the stability
of the anthocyanins. During pasteurization and storage, sev-
eral red fruit derivatives lose their bright red colors and be-
come dull red colors. Similarly, the polyphenol content de-
creases in several liquid, semi-solid or solid foodstuffs by heat
treatments [Ferrari et al., 2011]. Many food manufacturers
have investigated alternative techniques to thermal pasteuri-
zation in order to facilitate the preservation of unstable nutri-
ents and bioactives in foods and beverages.

Non-thermal technologies have been reported to be a good
option for obtaining food and beverages with a fresh-like ap-
pearance while preserving their nutritional quality [Odrio-
zola-Serrano et al., 2009; Zabetakis et al., 2000]. In that
point, the potential use of these emerging technologies, such
as ‘High Hydrostatic Pressure (HHP)’ or ‘Pulsed Electrical
Fields (PEF)’, are important as they inactivate microorgan-
isms and undesirable enzymes to a certain extent and can
avoid the negative effects of heat pasteurization [Toepfl e al.,
2006].

Recently, there has been an increasing interest for non-
-thermal technologies as high pressure processing (HPP) to
preserve fruits, vegetables, daily foods and beverages. Great
technological and research efforts have been made to obtain
foods and beverages by HPP without the quality and nutri-
tional damage caused by heat treatments. High hydrostatic
pressure or ultrahigh-pressure processing or HPP is one tech-

nology that has begun to fulfill its potential to satisfy both
consumer and scientific requirements, and it is a leading al-
ternative in replacing thermal processing in some food ap-
plications in the drive to meet increasing consumer demand
for foods featuring improved organoleptic qualities and high-
er acceptance [Patterson et al., 2008; Tokusoglu & Doona,
2011al.

High pressure processing (HPP) can be used to ob-
tain a high quality food/beverage and increase its shelf-life
while maintaining its physicochemical, nutritional charac-
teristics and bioactive profiles [Tokusoglu &Swanson, 2015;
Tokusoglu, 2011, 2012a,b; Tokusoglu & Doona, 2011a,b;
Tokusoglu et al., 2010a].

This technology is especially beneficial for heat sensitive
products [Barbosa-Cénovas et al., 2005; Tokusoglu & Doo-
na, 2011 a,b].

HPP can be conducted at ambient or moderate temper-
atures, thereby eliminating thermally-induced cooked off-
flavors. Compared to thermal processing, the HPP of foods
results in products with a fresher taste, better appearance,
and texture. Foods are processed in batch (for solid products)
or continuous and semi-continuous systems (for liquid prod-
ucts) in a pressure range of 50-1000 MPa; process tempera-
ture during pressure treatment can be from below 0 to above
100°C, while exposure time usually ranges from seconds to
20 min [Corbo et al., 2009; Bevilacqua et al., 2010; Patterson
etal., 2008].

High pressure processing (HPP) technology has been
successfully applied in several industrial sectors such as meat,
seafood, dairy food, fruit juices, fruit and vegetable products.
High pressure processing has been found to inactivate several
microorganisms and enzymes. However, it has less effect on
low molecular weight food components such as vitamins, pig-
ments, flavouring agents and other nutritional compounds.
HPP conditions in the range of 300 to 700 MPa at moder-
ate initial temperatures (around ambient) are generally suf-
ficient to inactivate vegetative pathogens for pasteurization
processes, some enzymes, or spoilage organisms to extend
shelf-life. HPP can also be increased the extraction capacity
of phenolic constituents, and higher levels of bioactive com-
pounds are preserved in HPP-treated samples [Tokusoglu &
Doona, 2011a,b].

Consumer perception of food quality depends not only
on microbial quality, but also on other food factors such as
biochemical and enzymatic reactions and structural changes.
In this context, HPP can have an effect on food yield and on
sensory qualities such as food color and texture. High pres-
sures can also be used to enhance extraction of compounds
from foods. Recent studies have shown that high pressure
extraction (HPE) can shorten processing times, and provide
higher extraction yields while having less negative effects on
the structure and antioxidant activity of bioactive constitu-
ents. The use of HPE enhances mass transfer rates, increases
cell permeability, and increases diffusion of secondary metab-
olites [Dornenburg & Knorr, 1993; Cheftel, 1995; Tokusoglu
& Doona, 2011 a,b].

HHP increases the dissolution rate of the bioactives.
A rapid permeation is observed under HPE owing to the large
differential pressure between the cell interior and the exte-
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rior of cell membranes [Zhang et al., 2005]. This situation
increases the solvent penetration through the broken mem-
branes into cells or increases the mass transfer rate due to
increased permeability [Shouqin ef al., 2004].

This means the higher the hydrostatic pressure is,
the more solvent can enter into the cell. The more compounds
can permeate the cell membrane which could cause the higher
yield of extraction [Zhang et al., 2005; Shougin et al., 2004].
In other words, the extraction capacity of phenolic constitu-
ents has been increased by HHP and HPP-treated samples
retain higher levels of bioactive compounds Studies on high-
-pressure preservation effects on total phenolics determined
that these compounds were either unaffected or actually in-
creased in concentration and/or extractability following treat-
ment with high pressure [Zhang et al., 2005; Corrales et al.,
2008; Prasad et al., 2009ab; Tokusoglu et al., 2010b].

HHPP APPLICATIONS ON PHENOLIC AND
ANTIOXIDANT BIOACTIVES OF VEGETABLES

In one study reported by Vazquez-Gutierrez et al. [2013],
HHPP (100-600 MPa/1-3 min/25°C) affected the micro-
structure and antioxidant properties of onions (cv. Doux).
Owing to the fact that onions have antioxidant properties
and are an important source of bioactive compounds such
as phenols, HHP also affected the extractability of potential
health-related compounds of the studied onions [Vazquez-
-Gutierrez et al., 2013].

In this study, it is shown that vitamin C (ascorbic acid)
did not show significant alterations, while the extracted phe-
nolic content and antioxidant activity increased at pressures
of 300 or 600 MPa of HHP. Vazquez-Gutierrez et al. [2013]
concluded that HHP produced changes in membrane perme-
ability and disruption of cell walls favoring the phenolic com-
pounds releasing from tissue and, in consequence, improving
their extractability [Vazquez-Gutierrez et al., 2013].

Jung er al. [2013] stated the potential effectiveness
of HHPP on the alterations in quality-related properties
of carrot and spinach. In the study described by Jung et al.
[2013], better retention of ascorbic acid and carotenoids
was observed in carrots and spinaches treated at 100, 300,
and 500 MPa for 20 min compared to the thermal processing
[Jung et al., 2013]. It was shown that the flavonoid amounts
were increased with increasing pressure levels, leading to
the enhanced antioxidant activity and also it was determined
that the residual polyphenoloxidase (PPO) activities were de-
creased in carrot and spinach as 6.9-15.1% and 21.3-31.1%,
respectively. Jung er al. [2013], reported that HHP could
be used as an alternative technology for improving the quality
of vegetables [Jung et al., 2013].

HHPP (400 MPa/10 min, 500 MPa/5 min,
600 MPa/2.5 min) and high temperature short time (HTST)
(110°C/8.6 s) processing of purple sweet potato nectar was
reported by Wang e al. [2012]. The quality-related aspects
including the microorganism level, total phenolics, antho-
cyanins, antioxidant capacity, color and shelf-life prediction
during 12 weeks of storage at 4°C and 25°C were determined.
It was reported that the purple sweet potato nectar samples
stored at 4°C showed better quality and longer shelf-life when

compared with those stored at 25°C, and longer shelf-life was
observed in HHP-treated samples compared to HTST-treated
ones [Wang et al., 2012].

The shelf-life, estimated in accordance with the zero-
order reaction, was 29.256, 35.862, 32.821 and 32.499 weeks
for HTST, 400 MPa/10 min, 500 MPa/5 min,
and 600 MPa/2.5 min treated purple sweet potato nectar
stored at 4°C, respectively. By comparison, it was 6.343,
7.256, 8.466 and 7.951 weeks for HTST, 400 MPa/10 min,
500 MPa/5 min, and 600 MPa/2.5 min treated purple sweet
potato nectar stored at 25°C, respectively [Wang et al., 2012].

A study by Wang ef al. [2012] shows the changes of an-
tioxidant capacity (DPPH) in purple sweet potato nectar
during 12-week of storage at 4°C (A) and 25°C (B). It was
determined that the DPPH antioxidant capacity decreased
by 23.76-26.97% and 28.27-41.62% in purple sweet potato
nectar at 4 and 25°C after the 12-week storage. The DPPH
antioxidant capacity in HTST-treated samples was high-
er than that in 400 MPa/10 min treated ones, lower than
600 MPa/2.5 min and 500 MPa/5 min treated ones at 25°C
[Wang et al., 2012]. It was also shown that sweet potato nec-
tar samples stored at 4°C had higher DPPH antioxidant ca-
pacity than those stored at 25°C [Wang et al., 2012].

Low-pressure treatments (100-200 MPa for 10-20 min)
on green peppers caused a decrease of 10-15% of the initial
vitamin C, while in red peppers these treatments resulted
in a 10-15% increase in vitamin C [Barrett & Lloyd, 2012].

Van Eylen ef al. [2007] studied the high pressure (600
-800 MPa) and temperature (30-60°C) stabilities of sul-
foraphane and phenylethyl isothiocyanate in broccoli juice.
It was concluded that isothiocyanates are relatively thermo-
labile and pressure stable. Van Eylen ez al. [2007] also stated
that myrosinase activity was stabilized by using mild pressure
treatments that led to products with increased isothiocyanate
content.

HHPP APPLICATIONS ON PHENOLIC AND
ANTIOXIDANT BIOACTIVES OF FRUITS

It has been reported that the anthocyanins of different
liquid foods (red-fruit juices) are stable to HHP treatment
at moderate temperatures. The nutraceutical and sensorial
properties are strictly related to the anthocyanin and polyphe-
nol content in pomegranate juice at room temperature. It was
reported that the stability or preservation of bioactive com-
pounds of red-fruit juices are contradictory. The concentra-
tion of red-fruit based bioactives decreases with the intensity
of the treatment in terms of pressure level and processing time
[Ferrari et al., 2010].

Ferrari et al. [2010] reported on the effects of HHP on
the polyphenol contents and anthocyanin levels of several
red fruit-based products (strawberry and wild strawberry
mousses, pomegranate juice). HHP conditions of 500 MPa,
50°C, 10 min and 400 MPa, 25°C and 5 min were applied for
mousse samples (strawberry and wild strawberry mousses)
and pomegranate juice samples, respectively. It was found
that the HPP treatment at moderate temperatures promoted
the extractability of colored pigments and increased the poly-
phenol levels of fruits [Ferrari et al., 2010].
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Ferrari et al. [2011] evaluated the polyphenol level of HP-
treated strawberry mousse and wild strawberry mousse at
fixed storage times under refrigerated conditions (4°C),
as well as the polyphenol content of high pressure-treated
samples of pomegranate juice at fixed storage times under
refrigerated conditions (4°C). The results obtained by Ferrari
et al. [2010] showed the potentiality of the HPP process for
the treatment of products rich in thermolable and nutraceuti-
cal compounds.

Barba et al. [2012] reported quality changes of blue-
berry juice during 56 days of refrigerated storage at 4°C
after HPP and pulsed electrical field processing. In their
study, blueberry juice was processed by high pressure (HP,
600 MPa/42°C/5 min). A lower than 5% content of ascorbic
acid was found compared with the untreated blueberry juices.
At the end of refrigerated storage, unprocessed blueberry juic-
es and similarly PEF-treated juices showed 50% of ascorbic
acid losses whereas 31% losses of ascorbic acid were found
for HPP-treated blueberry juices [Barba et al., 2012].

The same authors reported that the ascorbic acid of HPP-
-treated blueberry juices remained more stable during storage
time and HPP preserved the antioxidant activity (21% losses)
more than unprocessed (30%) juices and PEF-treated (48%)
juices after 56 days of storage at 4°C [Barba et al., 2012].
It was concluded that the second conservation treatment such
as refrigerated storage has to be coupled with non-thermal
technologies and HPP can be a potentially useful unit opera-
tion for preserving bioactive compounds in blueberry juices
during refrigerated storage [Barba ez al., 2012].

Varela-Santos er al. [2012] stated the HHPP (350-
-550 MPa for 30, 90 and 150 s) effects on microbial, physi-
cochemical quality and biaoctives of pomegranate juices dur-
ing 35 days of storage at 4°C. The applied HHP treatments
at over 350 MPa for 150 s resulted in about 4.0 log cycles
reduction of microbial load and these treatments were able
to extend the microbiological shelf-life of pomegranate juice
stored in the above-mentioned conditions. In the study re-
ported by Varela-Santos et al. [2012], the phenolic levels
of pomegranate juices showed an increase in the first 3 days
and started to decrease after 5 days. It was shown that
the phenolics of pomegranate juices reached a steady-state
level after 10 days, remaining constant for those treated sam-
ples stored at 4°C, until the end of the study [Varela-Santos
et al., 2012]. It was revealed that high hydrostatic pressure
had a remarkable effect on the antioxidant activities, 1C50,
with much lower values when pressure increases therefore
a smaller IC50 value was obtained at 500 MPa which cor-
responds to a higher antioxidant activity. The DPPH scav-
enging activities of the pomegranate juice expressed as an
IC50 value were 11-20 mg/mL at the starting point. The juice
treated at 450 MPa and 550MPa exhibited the strongest an-
tioxidant capacity (11-13 mg/mL), followed by the control
sample (14 mg/mL). Pérez-Vicente e al. [2004] concluded
that the increase of the antioxidant activity in pomegranate
juices could be due to the extraction of some of the hydrolys-
able tannins, present in the fruit rind, and/or was related to
the increase in ellagic acid, ellagic structures polymerized into
ellagitannins, and/or anthocyanin polymers formed during
the storage period of fruit [Pérez-Vicente et al., 2004].

Vazquez-Gutiérrez et al. [2011] showed the effect
of HHPP (for 200 MPa and 400MPa treatment during 1, 3,
and 6 min) on the microstructure of persimmon fruit cv. ‘Rojo
Brillante’ during two different ripening stages, with and with-
out deastringency treatment (95-98% CO,), and the relation-
ship of this treatment with changes in the location of some
bioactive compounds. They reported that HHP treatment pro-
duced a significant effect on the persimmon structure by af-
fecting the integrity of cell walls and membranes, and stated
that much of the soluble tannins spread outside vacuoles, ca-
rotenoid substances were released from the chromoplasts, cell
walls were degraded and extractability was affected. It was
concluded that the high hydrostatic pressure application in-
duced the precipitation of soluble tannins in “Rojo Brillante”
persimmons, that could be related to the loss of astringency
[Vazquez-Gutiérrez et al., 2011].

Food matrix and processing parameters are effective on
retaining phenolic compounds. The combination with other
emerging methods (ultrasound, gamma-irradiation, carbon
dioxide, antimicrobial agents) can also help to retain nutri-
tional and health-related characteristics of these compounds.
HHP process condition parameters (pressure, temperature
and time) are important for phenolic quality and quantity
[Tokusoglu & Doona, 2011a,b; Tokusoglu et al., 2010b].

Qiu ef al. [2006] revealed that the highest stability of ly-
copene (Figure 1) was found in tomato purée when pressur-
ized at 500 MPa and stored at 4+ 1°C, which retained most
of the total lycopene content (6.25+0.23 mg/100 g). When
analyzing total lycopene losses in a lycopene standard (as
percentage) and total lycopene content in tomato puree (as
mg/100g), respectively, as a function of storage time at 4= 1°C,
at six different HHP conditions Qiu ef al. [2006] was found
that 500 and 600 MPa of pressure led to the highest reduction
of lycopene, while 400 MPa could retain the maximal stabil-
ity of lycopene. It was established that HHP is an alternative
preservation method for producing ambient-stable tomato
products in terms of lycopene conservation [Qiu et al., 2006].

The caffeic acid increase in tomato juices after 28 days
of storage could be directly associated with residual hydroxy-
lase activities, which convert coumaric acid in caffeic acid.
It was stated that total phenolics in tomato-based beverag-
es and tomato purées appeared to be relatively resistant to
the effect of HP [Patras et al., 2009; Barba et al., 2010].

After HPP treatment of tomato puree at 400 MPa/25°C/
/15 min, the ascorbic acid (AA) and total AA contents de-
creased by 40% and 30%, respectively [Sanchez-Moreno
et al., 2006]. Individual carotenoids including B-carotene,
B-cryptoxanthin, zeaxanthin and lutein with the antioxidant

FIGURE 1. Lycopene (adapted from Sigma-Aldrich).
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FIGURE 2. Key antioxidants of strawberry and blackberry purées (cyanidin-3-glucoside, pelargonidin-3-glucoside and ascorbic acid).

activity in tomato-based soup appeared to be resistant to
a HPP treatment of 400 MPa at 40°C for 1 min, thus resulting
into a better preservation of the antioxidant activity in com-
parison with the thermally pasteurized one [Sanchez-Moreno
etal.,2005].

Patras et al. [2009] reported contents of key antioxidants
(cyanidin-3-glycoside, pelargonidin-3-glucoside, and ascorbic
acid) in strawberry and blackberry purées (Figure 2) and quan-
tified their antioxidant activity after various HPP treatments
(400, 500, 600 MPa/15 min/10-30°C) and thermal treatment
(70°C/2 min). They found that the three different pressure treat-
ments did not cause any significant changes in ascorbic acid
levels. Following thermal processing (P> 2 min), the ascorbic
acid content degraded by 21% compared to the unprocessed
purée. Similarly, no significant alterations in anthocyanin com-
pounds were observed in HPP-treated and unprocessed purées,
while conventional thermal treatments significantly reduced
the anthocyanin levels. The antioxidant activity of HPP-treated
strawberry and blackberry purées was significantly higher than
in the thermally-processed purées [Patras ef al., 2009].

It was stated that dry weight content of vitamin C in straw-
berry and blackberry purées was significantly higher in HPP-
-treated samples [Barrett & Lloyd, 2012]. It was reported that
the level of retention of ascorbic acid in guava purée proceed-
ed according to the following decreasing order: (400 MPa for
15 min) > (88-90 °C for 24 s) > (600 MPa for 15 min) [Yen
& Lin, 1999].

After HPP processing (400 MPa, 40°C, 1 min), orange
juice presented a significant increase in the extractability
of each individual flavanone compared to the untreated juice
and hence showed the total flavanone content at 15.46% [Pla-
zaetal., 2011].

Regarding the main flavanones identified in orange juice,
HP treatments (400 MPa/40°C/1 min) increased the content
of naringenin by 20% and by 40% the content of hesperetin
in comparison with an untreated orange juice [Oms-Oliu
etal.,2012a,b]. This data is in accordance with those obtained
by other authors showing higher extraction of phenolic com-
pounds and significantly increased levels of phenols due to
high pressure processing (600 MPa, 20°C, 15 min) of straw-
berry and blackberry purees (9.8 and 5.0%, respectively).

The Litchi is the sole member of the genus Litchi
in the soapberry family Sapindaceae and it is a tropical fruit
tree. The Litchi [Litchi chinensis Sonn.) is a fragranced fruit with
a sweet taste. After 30 min of high pressure extraction (HPE)
of Litchi fruit pericarp (LFP), the extract yield, total phenolic
level, 1,1-diphenyl-2-picrylhydrazyl radical scavenging activity
(DPPH), and superoxide anion scavenging ability were deter-
mined [Prasad ef al., 2009a]. The extraction yield by treatments
of 400 MPa HPE for 30 min was 30%, while that by conven-
tional extraction (CE, control) was 1.83%. There was no sig-
nificant difference in the total phenolic content (as mg/g DW)
among the two extraction methods (HPE and CE). It was found
that the DPPH radical scavenging activity obtained by HPE
(400 MPa) was the highest (74%) [Prasad et al., 2009al].

Epicatechin (EC) and epicatechingallate (ECG) were
identified and quantified as the major flavonoids of Litchi,
while catechin (C) and procyanidin B, (Pro B,) (Figure 3)
were identified as the minor Litchi phenolic compounds
[Prasad et al., 2009a]. The total flavonoid content of Litchi
was 0.65, 0.75, 0.29 and 0.07 mg/g dry weight by high pres-
sure extraction (HPE) at 200 and 400 MPs, ultraextraction
(UE), and conventional extraction (CE), respectively. It was
reported that the yield of flavonoid extraction increased
2.6 times in comparison with UE, and up to 10 times com-
pared with CE [Prasad ef al., 2009a] (Table 3).

The longan fruit (“dragon eyes”) (Dimpcarpus longan
Lour.) is edible, extremely sweet, juicy and succulent in su-
perior agricultural varieties, and apart from ingested fresh,
is also often used in East Asian soups, snacks, desserts,
and sweet-and-sour foods, either fresh or dried, sometimes
canned with syrup in supermarkets. Prasad et al. [2009b]
extracted longan fruit pericarp by various pressures of HPP
(200—500 MPa/ 2.5—30 min at 30°C—70°C) and by differ-
ent solvent concentrations (25—100%, v/v) and solid-to-
liquid ratios (1:25 — 1:100, w/v). The extraction yield, total
phenolics, and scavenging activities of superoxide anion
radical and 1,1-diphenyl I-2-picrylhydrazyl (DPPH) radi-
cal by high pressure extraction were determined and com-
pared with those from a conventional extraction for longan
fruit pericarp. The HPE provided a higher extraction yield
and required a shorter extraction time compared to CE.
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In addition, the total phenolics and the antioxidant activities
of HPE were higher than those produced by conventional
extraction [Prasad et al., 2009b].

Corrales et al. [2008] examined the extraction capac-
ity of anthocyanins which could be used as natural antioxi-
dants or colorants from grape by-products by HPP and other
emerging techniques. The HPP at 600 MPa showed feasi-
bility and selectivity for extraction purposes. The heat treat-
ment effect at 70°C combined with the effect of different
emerging novel technologies such as ultrasonics (35 KHz),
HHPP (600 MPa) and pulsed electric fields (PEF) (3 kV
cm) showed a great feasibility and selectivity for extraction
purposes. By one hour of extraction, the total phenolic lev-
els of grape by-products subjected to HHP technology were
50% higher than in the control samples. With using novel
technology applications, the antioxidant activity of the pom-
ace extracts increased with PEF as four-fold, with HHP as
three-fold and with ultrasonics as two-fold than in the control
extraction [Corrales et al., 2008].

Anthocyanins have been reported to be stable to HP treat-
ments in different fruit juices such as strawberry juice , black-
currant juice, and raspberry juice [Oms-Oliu ef al., 2012 a,b].

Combined pressure and temperature application of blue-
berry pasteurized juice led to a slightly faster degradation

Epicatechin Gallate (ECG)

OH

OH

Procyanidin B,

OH

OH

HO

OH

Hydroxytyrosol (HYD)

of total anthocyanins during storage compared to conven-
tional heat treatments [Buckow et al., 2010].

Pressure seems to accelerate anthocyanin degradation at
elevated temperatures. This can be related to condensation
reactions involving covalent association of anthocyanins with
other flavanols present in fruit juices.

Tokusoglu et al. [2010a] reported that the total phenolics
of table olives increased (2.1-2.5)-fold after HPP (as mg gal-
lic acid equivalent/100 g). Phenolic hydroxytyrosol in olives
increased on average (0.8-2.0)-fold, whereas phenolic oleu-
ropein decreased on average (1-1.2)-fold after HPP (as mg/
kg d.w.) (Figure 4). The antioxidant activity values varied
from 17.238—29.344 mmol Fe**/100 g for control samples
to 18.579-32.998 mmol Fe?*/100 g for HPP-treated samples
[Tokusoglu et al., 2010].

High pressure causes a significant reduction in the activity
of the enzymes although apparent enzymatic activation of PPO
in some HP-treated strawberry samples (300 MPa/60°C/30 s)
may be caused by the release of membrane bound enzymes
due to pressurization [Terefe ef al., 2009].

Vitamin A content of persimmon purée increased as 45%
by high-pressure processing. It was found that the total carot-
enoid content was significantly higher in all carrot purees treat-
ed with high pressure. Following the 600 MPa/20°C/15 min
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treatment, total carotenoids increased by 58% as compared
to raw carrots. Butz ef al. [2002] studied the effects of both
high pressure (600 MPa/25°C) or thermal processing
(118°C/20 min) and found that neither preservation method
resulted in a significant change in total carotenoids in fruit
and vegetable juices, or pieces of apple, peach and tomato.

POTENTIAL OF HHPP

High hydrostatic pressure processing (HHPP), ultra-
-high pressure (UHP), ultra-high pressure processing (HPP)
are different names and acronyms for equivalent non-ther-
mal processes employing pressures in the range of 200 to
1000 MPa with only small increases in processing tem-
perature. The ultra-high pressures inactivate microbial cells
by disrupting membrane systems, retaining the biological ac-
tivity of quality, sensory and nutrient cell constituents, thus
extending the shelf-lives of foods. High pressures inactivate
enzymes by altering the secondary and tertiary structures
of proteins, changing the functional integrity, biological activ-
ity, and susceptibility to proteolysis.

High hydrostatic pressure processing (HHPP) of foods
continues with a focus on heat labile acid fruits, vegetables
and dairy foods that meet consumer expectations for mini-
mally processing, safety, fresh-like quality and convenience.
Non-thermal preservation extends the shelf-life without
the addition of preservatives while retains the expected fresh-
-like appearance, sensory and nutrient quality. It will be nec-
essary to combine non-thermal and thermal preservation
technologies to inactivate heat-resistant spores potentially
contaminating low-acid foods.

Commercial non-thermal processing success stories such
as pasteurized guacamole, oysters, salsa, yogurt and refriger-
ated meats and improved yields of fruit juices and bioactive
compounds from herbs and other plant materials will demon-
strate the efficacy and economic success of the technologies
in commercial markets. Successful research and identification
of economic benefits including energy and water conserva-
tion as well as demonstrated safety and fresh-like quality at-
tributes will improve consumer perception of non-thermal
technologies and result in further development by the food
industry around the world.

CONCLUSION

High hydrostatic pressure processing is an excellent food
processing technology that has the potential to retain the bio-
active constituents with health properties in plant foods.
The treated foods retain more of their fresh-like features
and can be marketed at a premium over their thermally-pro-
cessed counterparts.
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