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ABSTRACT

High hydrostatic pressure assisted extraction (HHPE) has several advantages when compared to traditional extraction
methods, which frequently cause degradation and loss of target components and might consume large volumes of envi-
ronmentally unfriendly solvents. The aim of this study was to develop an assisted extraction method using high hydro-
static pressure (HHPE) and to evaluate both HHPE and conventional extraction methods for f-carotene, antioxidant
compounds and vitamin C from cape gooseberry. f-carotene and compounds with antioxidant activity (2,2-diphenyl-
1-picrylhydrazyl radical assay (DPPH") or radical scavenging activity; ferric reducing antioxidant power assay (FRAP))
were extracted using HHPE for 5 min, 10 min and 15 min at 500 MPa, while vitamin C was extracted at 500 MPa for
30 s, 60 s and 90 s. Processing significantly affected (p < 0.05) the S-carotene content of all samples, increasing reten-
tion by 8%, 14% and 15% at 500 MPa after 5 min, 10 min and 15 min of HPPE, respectively. The highest antioxidant
content determined by DPPH" and FRAP assays was obtained in a sample treated at 500 MPa for 15 min, showing in-
creases of 26% and 51%, respectively, compared with an untreated sample. The ascorbic acid content of fresh cape
gooseberry was 26.31 mg-100 g . In fact, the ascorbic acid levels were significantly higher for all high-pressure-treated
samples compared to this of conventionally extracted sample (p < 0.05), exhibiting increases of 9%, 41% and 53% at
500 MPa after 30 s, 60 s and 90 s of HPPE, respectively. Thus, the application of HHPE produced higher f-carotene
content, antioxidant compounds and vitamin C content and required less extraction time compared to other extraction
methods. The pharmaceutical and food industries can benefit by using high pressure extraction technology.
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1. Introduction Andes region of South America [5]. Cape gooseberries
are annuals or short-lived perennials and are more or less
hairy. The flowers are bell-shaped, but the most distinc-
tive feature is the fruiting calyx, which enlarges to cover
the fruit and hangs downwards like a lantern [6]. One re-
markable aspect of the fruit is its colour. Cape goose-
berry fruit contains a large amount of secondary metabo-
lites such as provitamin A, minerals, vitamin C, vitamin
B-complex and polysaccharides. These secondary me-
tabolites exhibit antibacterial, antiviral, antioxidant, anti-
inflammatory and anti-carcinogenic properties [6]. Al-
though there are some reports on the use of traditional
methods to extract these valuable components, there are
*Corresponding author. no studies concerning the use of high hydrostatic pres-

Fruits have been associated with a protective role in
maintaining health. Studies have revealed the favourable
effects of fruit intake against risk factors for chronic dis-
ease and a significant relationship between high intake
and low total mortality, mortality from coronary heart
disease and mortality from cancer [1-4]. These beneficial
effects have been attributed to the various antioxidants
found in fruits, including polyphenols, ascorbic acid, ca-
rotenoids and others [2].

The cape gooseberry (Physalis peruviana), which be-
longs to the Solanaceae family, is a species native to the
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sure extraction (HHPE).

Carotenoids are responsible for the orange colour of
the cape gooseberry [7,8]. Carotenoids are fat-soluble pig-
ments that have significant antioxidant potential, with the
main carotenoids being lycopene and S-carotene. One of
the most important characteristics of carotenes, particu-
larly B-carotene, is their provitamin A activity, consider-
ing that vitamin A deficiency is one of the main nutri-
tional problems of populations in developing countries
[9]. Humans cannot synthesise vitamin A and rely on the
intake of provitamin A compounds from foods. Once ab-
sorbed by human bodies, provitamin A carotenoids are
metabolised to form vitamin A [10].

The main biological form of vitamin C is L-ascorbic
acid (AA), but its reversibly oxidised form is dehydro-
ascorbic acid (DHA) [9,11-14]. However, human beings
cannot synthesise AA, which needs to be supplied through
food. Fruits and vegetables are known to be the best
sources of vitamin C, and it is important to determine
their AA and DHA contents to estimate their total vita-
min C content [11,13].

High hydrostatic pressure extraction (HHPE) is a no-
vel technique used for the extraction of active ingredients
from plant materials; it operates under very high pres-
sures ranging from 100 to 1000 MPa, and it has been re-
cognised as an environment-friendly technology by the
US. Food and Drug Administration, being extensively
applied in the pharmaceutical, metallurgical and food in-
dustries. HHPE is considered an alternative extraction
method that is proven to be faster and more effective
than other extraction methods [15]. Recently, some au-
thors have reported that HHPE can reduce the processing
time and obtain higher extraction yields than other ex-
traction methods and has no adverse side effects on the
activity or structure of bioactive components [15-19].
Thus, HHPE has some advantages with respect to the ex-
traction of natural products or bioactive compounds. Fur-
thermore, this technology has been used successfully for
the extraction of flavonoids from propolis [19], flavon-
oids from lychee [20], anthocyanins from grape skin [17],
ginsenosides from the roots of Panax ginseng [21], gin-
senosides from Panax quinquefolium [22], flavones and
salidroside from Rhodiola sachalinensis [23], corilagin
from longan [20], anthocyanins from grape by-products
[17], icariin from Epimedium and polyphenols from green
tea [15].

The objective of the present study was to investigate
the effects of high hydrostatic pressure on extraction ef-
ficiency and compare the effectiveness of HHPE with
that of conventional extraction (CE) based on the caro-
tenoid and vitamin C contents and the antioxidant active-
ties determined by DPPH and FRAP for cape gooseberry.
This study could help to better utilise cape gooseberry as
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a readily accessible source of natural antioxidants in the
food or pharmaceutical industry.

2. Materials and Methods
2.1. Reagents and Other Materials

The following HPLC-grade reagents were used [the pu-
rity grade of the reagents is reported as a percentage]:
methanol (Tedia, USA) [99.9], acetonitrile (Vetec, Brazil)
[99.8], ethyl acetate (Merck, Darmstadt, Germany) [99.9],
metaphosphoric acid (Merck, Germany) [90.5 - 99.5],
ascorbic acid (Aldrich Company Ltd., St. Louis, MO,
USA) [99], potassium dihydrogen phosphate (Merck,
Darmstadt, Germany), hexadecytrimethyl-ammonium bro-
mide (Sigma-Aldrich Company Ltd., St. Louis, MO, USA)
and acetic acid (Vetec, Brazil) [99.7]. Milli-Q water was
obtained through a Millipore filter system (Millipore Co.,
USA).

2.2. Sample Preparation

Cape gooseberries (Physalis peruviana) were purchased
from a local market (La Serena, Chile). The calyx was
removed, and thefruit was washed, dried and stored at
—20°C until the moment the experiments were perform-
ed.

2.3. Physicochemical Analysis

The crude protein content was determined using the Kjel-
dahl method with a conversion factor of 6.25. The lipid
content was analysed gravimetrically following Soxhlet
extraction. The crude fibre was estimated by the acid/
alkaline hydrolysis of insoluble residues. The crude ash
content was estimated by incineration in a muffle furnace
at 550°C. All methodologies followed the recommenda-
tions of the Official Method of analysis [24]. The avail-
able carbohydrate content was estimated by difference.
The moisture level was determined by means of AOAC
method No. 93406 [24]. The pH was measured using an
EXTECH Instrument microcomputer pH-vision 246072
(Waltman, MA, USA); the level of titrimetric acidity was
expressed as citric acid. The soluble solids were meas-
ured using a refractometer (ABBE, 1T, Tokyo, Japan),
which measures the refraction indices of both solid and
liquid samples in a fast and accurate way and whose
scale ranges from 0° to 95°Brix. The water activity (ay)
was measured at 25°C using a water activity instrument
(Novasina, model TH-500, Pfaffikon, Lachen, Switzer-
land). All measurements were performed in triplicate. All
solvents and reagents were purchased from Sigma-Al-
drich Company Ltd. (St. Louis, MO, USA) and Merck
KGaA (Darmstadt, Germany) and were of analytical
grade.
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2.4. Determination of Ascorbic Acid (Vitamin C)

2.4.1. Conventional Extraction

The ascorbic acid (AA) extraction method was tested us-
ing 5% metaphosphoric acid (MPA) as the extracting so-
lution, according to the method by Campos et al. [13]
with some modifications. Thirty millilitres of the extrac-
ting solution was added to 5 g Cape gooseberry samples;
then, the sample was ground in a food-grade blender (Ul-
tra-Turrax, T25 Basic, Ika Labortechnik, Staufen, Ger-
many) for 5 min and filtered through a double-layer cheese
cloth. The filtrate was centrifuged for 15 min at 5000
rpm at 10°C. The supernatant was stored in a refrigerator
at approximately 5°C until chromatographic analysis,
which was performed on the same day.

2.4.2. Extraction Assisted by High Hydrostatic
Pressure (HHPE)

Thirty millilitres of the extracting solution was added to a
5 g sample of cape gooseberries; then, the sample was
ground in a food-grade blender (Ultra-Turrax, T25 Basic,
Ika Labortechnik, Staufen, Germany) for 5 min. The pu-
reed cape gooseberry samples were packed individually
with extraction solution (meta-phosphoric acid to 5%) and
hermetically sealed in high-density-polyethylene bags.
The packaged samples were placed in a cylindrical load-
ing container at room temperature and pressurised at 500
MPa for 30, 60 and 90 seconds. Water was employed as
a pressure-transmitting medium at a ramp rate of 17
MPa/s; the decompression time was less than 5s. A2 L
processing unit (Avure Technologies Incorporated, Kent
WA, USA) was used to pressurise the samples. The sam-
ples were filtered through a double-layer cheese cloth.
The filtrates were centrifuged for 15 min at 5000 rpm at
10°C. The supernatant was stored in a refrigerator at ap-
proximately 5°C until chromatographic analysis, which
was performed on the same day.

2.4.3. Chromatographic Conditions

Ascorbic acid (AA) analysis was performed using an
Agilent 1200 series HPLC system (Santa Clara, CA),
which featured a model G1311A quaternary pump, a mo-
del G1367B autosampler, a model G1316A column oven
and a model G13150 photodiode array detector. The co-
lumn used was an Agilent ZORBAX Eclipse XDB-C18
measuring 4.6 mm x 150 mm with a 5 pm bead size,
which was connected to an Eclipse XDB-C18 guard co-
lumn. Immediately prior to HPLC analysis, each sample
was filtered through a Millipore filter (0.22 um) before
use. A 20 ml aliquot of the supernatant was injected di-
rectly into a reverse phase C18 HPLC column. AA was
detected and quantified based on UV absorbance at 245
nm.
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The mobile phase was a 5 mM solution of hexadecy-
trimethyl ammonium bromide as the ion-pairing agent
and 50 mM potassium dihydrogen phosphate as the buf-
fer at pH 4.5. The flow rate was fixed at 0.8 ml/min at
room temperature under isocratic elution conditions. De-
tection was performed with a 486 Absorbance Detector
(Waters, Milford, MA) set at 245 nm. Under these condi-
tions, the AA peak was eluted after approximately 6.1 -
6.2 min. AA standards in the range of 15 - 120 pg of as-
corbic acid/ml in 5% meta-phosphoric acid (MPA) were
run on the HPLC with every assay for use as external
standards, and the calibration curve was used to quantify
AA in the samples. Total AA was estimated after the re-
duction of dehydroascorbic acid (DHA) with dithiotreitol
(C4H00,8S,). The results were expressed as mg vit.C/100
g sample.

2.5. Determination of Carotenoids

2.5.1. Conventional Extraction

Conventional extraction was performed in triplicate us-
ing the method described by KoKa et al. [25] with some
modifications. Cape gooseberry puree (5 g) was ex-
tracted in a 50 ml hexane:acetone:ethanol (50:25:25, v/v)
mixture using a shaker. The extract was vacuum-filtered
through a Buchner funnel. The residue was re-extracted
until it became colourless. The filtrates were combined in
a separatory funnel and washed with 50 ml distilled wa-
ter. The water phase was discarded, and Na,SO4 (2 g)
was added as a desiccant. The hexane phase was trans-
ferred into a 250 ml round-bottom flask. The solvent was
evaporated using a rotary evaporator under reduced pres-
sure at 40°C. The cape gooseberry puree concentrate was
dissolved in hexane and diluted to a final volume of 50
ml.

2.5.2. Extraction Assisted by High Hydrostatic
Pressure

Extraction assisted by high hydrostatic pressure was per-
formed in triplicate. Cape gooseberry (5 g) puree was
extracted in a 50 ml hexane:acetone:ethanol (50:25:25,
v/v) mixture using a shaker; samples were hermetically
sealed in high-density-polyethylene bags. The packaged
samples were placed in a cylindrical loading container at
room temperature and pressurised at 500 MPa for 5, 10
and 15 minutes with pulses of 1 minute each. The treated
mixture was vacuum-filtered through a Buchner funnel.
The filtrates were combined in a separatory funnel and
washed with 50 ml distilled water. The water phase was
discarded, and Na,SO, (2 g) was added as a desiccant.
The hexane phase was transferred into a 250 ml round-
bottom flask. The solvent was evaporated using a rotary
evaporator under reduced pressure at 40°C. The cape
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gooseberry puree concentrate was dissolved in hexane
and diluted to a final volume of 50 ml. The cape goose-
berry puree concentrate was used to determine the total
carotenoid content by spectrophotometry.

2.5.3. Spectrophotometric Determination of Total
Carotenoids

The concentration of carotenoids in the Cape gooseberry
puree concentrate solution was then determined at 450
nm using a UV—Vis spectrophotometer (Spectronic in-
struments, 20 GenesysTM, USA). External calibration
with authenticated pf-carotene standard solutions (103
mg/ml - 824 mg/ml) in hexane was used to quantify the
carotenoids in the solutions. The carotenoid content was
expressed as i-carotene equivalents (SCE) in mg 100 g’
of sample.

2.6. Determination of Antioxidant Capacity

2.6.1. Conventional Extraction

Conventional extraction was carried out at 0.1 MPa by
weighing 6 g of Cape gooseberry into Erlenmeyer flasks
containing 80% aqueous methanol (250 mL) using a so-
lid/liquid ratio of 1:2. Extraction was carried out in a so-
nicator bath for 30 min. The extraction was filtered
through Whatman #1 filter paper (Whatman International
Limited, Kent, England). The solid filter cake was re-
extracted by repeating the above-mentioned steps under
the same conditions. The two filtrates were combined
and transferred into a 250 ml round-bottom flask. The
solvent was evaporated using a rotary evaporator under
reduced pressure at 40°C. The cape gooseberry puree
concentrate was dissolved in 80% methanol and diluted
to a final volume of 50 ml.

2.6.2. Extraction Assisted by High Hydrostatic
Pressure

Six-gram samples of Cape gooseberry puree were packed
individually with extraction solution (80% methanol) and
hermetically sealed in high-density-polyethylene bags.
The packaged samples were placed in a cylindrical load-
ing container at room temperature and pressurised at 500
MPa for 5, 10 and 15 minutes with pulses of 1 minute
each. The treated mixture was filtered through Whatman
#1 filter paper (Whatman International Limited, Kent,
England) and transferred into a 250 ml round-bottom
flask. The solvent was evaporated using a rotary evapo-
rator under reduced pressure at 40°C. The cape goose-
berry puree concentrate was dissolved in 80% methanol
and diluted to a final volume of 50 ml.

2.6.3. Determination of DPPH Radical Scavenging

Activity
The DPPH assay was performed according to the method
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developed by Brand-Williams et al. [26], as slightly
modified by Kim ef al. [24]. A solution of 50 uM DPPH
in 80% (v/v) methanol was stirred for 40 min. The ab-
sorbance of the solution was adjusted of 0.650 to 0.020
mM at 517 nm using fresh 80% (v/v) methanol. Then,
0.1 ml of standard or sample was mixed with 2.95 ml of
DPPH solution and incubated for 30 min in the dark, co-
vered with aluminium foil. The concentration of DPPH
in the reaction medium was calculated from a calibration
curve (the reference synthetic antioxidant is Trolox at a
concentration of 0.08 to 1.28 mM in an 80% methanol
solution, tested under the same conditions) obtained by
linear regression. The total antioxidant capacity deter-
mined by the DPPH assay was expressed as pumol Trolox
equivalents per g sample (uM TE g ' sample). This assay
was performed to facilitate the comparison with the ferric
reducing antioxidant power (FRAP) assay. All measure-
ments were carried out in triplicate.

2.6.4. Ferric Reducing Antioxidant Power (FRAP)
Assay

The FRAP assay procedure described by Benzie and
Strain [28] was employed, with some modifications. This
method is based on the reduction of a ferric-tripyridyl-
triazine complex to its ferrous, coloured form in the pre-
sence of antioxidants. Briefly, the FRAP reagent con-
tained 2.5 ml of a 10 mm/L TPTZ (2,4,6-tripyridy-s-
triazine, Sigma-Aldrich Company Ltd., St. Louis, MO,
USA) solution in 40 mmol/L HCI with 2.5 ml of 20
mm/L FeCl; and 25 ml of 0.3 mol/L acetate buffer at a
pH of 3.6; the solution was prepared freshly and warmed
to 37°C. Sample aliquots of 30 uL were mixed with 90
pL distilled water and 900 uL. FRAP reagent, and the
absorbance of the reaction mixture was measured spec-
trophotometrically (Spectrophotometer, Spectronic in-
struments, 20 GenesysTM, USA) at 593 nm after incuba-
tion at 37°C for 2 hours. The concentration of FRAP was
calculated from a calibration curve obtained by linear
regression. The results are expressed in activity equiva-
lent to Trolox (uM/g sample fresh). The reference was
the synthetic antioxidant Trolox at a concentration of 100
to 1500 uM in methanol solution 80%, which was tested
under the same conditions.

2.7. Statistical Analysis

Two-way analysis of variance (ANOVA) (Statgraphics
Plus® 5.1 software, Statistical Graphics Corp., Herndon,
USA) was used to indicate significant differences among
samples. Significance testing was performed using Fi-
sher’s least significant difference (LSD) test; differences
were determined to be statistically significant when p <
0.05. The Multiple Range Test (MRT) included in the
statistical program was used to test the existence of ho-
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mogeneous groups within each of the parameters ana-
lysed. For all types of samples, three different batches (n
= 3) were considered and analysed separately in the sta-
tistical analysis. Each replication considered at least two
samples for the parameters

3. Results and Discussion
3.1. Effect on Physico-Chemical Properties

Table 1 shows the mean values and standard deviations
of the moisture content, protein, fat, crude fibre, ash,
available carbohydrates, pH, % acidity, soluble solids,
and water activity of cape gooseberry samples, both un-
treated and treated with high hydrostatic pressure (500
MPa at 5, 10 and 15 min). A significant (p < 0.05) in-
crease in the moisture content relative to that of the un-
treated sample was apparent for all samples treated with
high hydrostatic pressure (HHP). The highly significant
increase in moisture content may have been due to in-
creased water absorption by proteins because it is known
that high hydrostatic pressure can increase the hydration
of proteins [29]. The protein content was significantly (p
< 0.05) lower in cape gooseberry samples treated at 500
MPa than that in the control sample (untreated sample) at
all times, probably because the increase in moisture ex-
erts a dilution effect on the other constituents of the high-
pressure-treated cape gooseberry samples, as was re-
flected in the levels of crude protein observed after high-
pressure treatment; meanwhile, the fat, ash, available car-
bohydrates, acidity and soluble solids value of the un-
treated sample were significantly lower compared to the

treated cape gooseberry sample (p > 0.05). In the same
table, the water activity, which is an indicator of water
availability, is shown to be the same for all of the sam-
ples, and the pH and crude fibre exhibit an increasing
tendency in the treated Cape gooseberry sample with res-
pect to the untreated apple sample and are significantly
different (p < 0.05). The HHP-induced changes in the
proximal composition observed in this study are in agree-
ment with data regarding oysters treated with HHP [30].

3.2. Ascorbic Acid Content

Ascorbic acid is an important nutrient in fruits and vege-
tables and is also widely used as an antioxidant to pre-
vent enzymatic browning in processing fruits [31]. Fur-
thermore, ascorbic acid acts as an oxygen scavenger for
the removal of molecular oxygen in enzymatic reactions,
but at high temperatures it may react to form carbonylic
compounds that are responsible for non-enzymatic brown-
ing [32]. Ascorbic acid is classified as a hydro-soluble
vitamin, which is the reason for its abundance in fruits
with water content that exceeds 50% [5].

The ascorbic acid contents of cape gooseberry purées
after extraction conventional and high hydrostatic pres-
sure are presented in Figure 1. The ascorbic acid content
of fresh cape gooseberry was 26.31 mg 100 g ', which is
in the range of values previously reported by Puente ef al.
(2010) [5] for cape gooseberry pulp. The ascorbic acid
content in treated cape gooseberry purée ranged from
28.49 - 40.33 mg 100 g ' pulp. In fact, the ascorbic acid
levels were significantly higher for all high-pressure-

Table 1. Effect of high hydrostatic pressure on the proximal composition, pH, acidity (% citric acid), soluble solids (°Brix)
and water activity (Aw) in untreated and treated cape gooseberry. Values are mean + standard deviation of triplicates; values
followed by the same letter in the same row are not significantly different (p < 0.05).

Untreated cape gooseberry sample

Treated cape gooseberry samples

Parameters 0.1 MPa - : :
500 MPa/5 min 500 MPa/10 min 500 MPa/15 min
Moisture (/100 g) 77.30 + 0.32° 80.90 + 1.07° 80.75 +0.75° 80.75 £ 0.75°
Protein (g/100 g) 2.01 +0.03° 1.16 +0.05° 1.11+0.11° 1.62 +0.10°
Fat (g/100 g) 0.90 + 0.10° 0.76 + 0.05° 0.83 +0.05% 0.65 + 0.02°
Crude fiber (g/100 g) 5.67+0.01° 6.36 £ 0.02° 7.33£0.01° 7.25+0.02¢
Ash (g/100 g) 1.88+0.11° 1.54+0.07" 1.57+0.07° 1.42 £0.01°
Available carbohydrates (g/100 g) 12.24 +0.23" 9.28 +1.08° 8.42 +0.69" 8.02+0.62°
pH’ 3.80£0.01° 420+ 0.00° 420+0.01° 420+ 0.00°
Acidity™ (% citric acid) 1.24+0.18 0.85 +0.02° 0.84 +0.01° 0.84 +0.02°
Soluble solids (*Brix) 15.0 £0.06° 11.0+£0.06° 10.9 £ 0.06° 11.0 £ 0.00°
Water activity” 0.931 + 0.002° 0.931 £ 0.001° 0.931+0.001° 0.930 + 0.001°
*Adimensional and by difference.
Copyright © 2013 SciRes. FNS
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Figure 1. The vitamin C content of cape gooseberry ob-
tained using CE and HHPE. Values are mean + standard
deviation (n = 3). Identical letters above the bars indicate no
significant difference (p < 0.05).

treated samples than for samples obtained by conven-
tional extraction (p < 0.05), showing increases of 9%,
41% and 53% after HPPE at 500 MPa for 30 s, 60 s and
90 s, respectively. The ascorbic acid content of the
treated sample (46 mg-100 g ') is higher than that of
most fruits, such as pear (4 mg-100 g™"), apple (6 mg-100
g "), and peach (7 mg-100 g "), and it is somewhat com-
parable to that of orange (50 mg-100 g™') and strawberry
(60 mg-100 g") [6]. This vitamin plays an important role
in human nutrition, including the growth and mainte-
nance of tissues and the production of neurotransmitters,
hormones and immune system responses.

The concentration of vitamin C is the most important
indicator of the nutritional quality of fruit. The Recom-
mended Daily Allowance (RDA) of vitamin C in the
United States (Institute of Medicine of the National Aca-
demy of Sciences. Food and Nutrition Board) for adults
between 31 and 50 years of age is 90 mg-day ' for men
and 75 mg-day ' for women. Assuming that a standard
cape gooseberry contains at least 4 mg of vitamin C per
10 g of cape gooseberry pulp, only 20 units of cape goo-
seberry are required to obtain all of the vitamin C re-
quired, according to the RDA for a standard serving in
the USA.

3.3. Carotenoid Content

The high-pressure treatment of foods is not expected to
have an adverse effect on low-molecular-weight compo-
nents such as flavouring agents, pigments and vitamins
because covalent bonds are not disrupted by the level of
pressure that is normally used [33]. Research on the ef-
fects of high-pressure treatment on carotenoids in fruits
and vegetables has focussed on tomatoes and tomato
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products, orange juice, persimmons and vegetables [34-
38].

The provitamin A (f-carotene) contents of cape goose-
berry purées after extraction using conventional methods
and high hydrostatic pressure are presented in Figure 2.
The p-carotene content of fresh cape gooseberry was
1074.67 + 6.41 mg-100 g”' sample, which is higher than
that previously reported by Ramadan and Morsel [39]
(432 mg:100 g' pulp) and Puente ez al. [5] (1460 mg:100
g pulp). Processing affected (p < 0.05) the S-carotene
content at all times, showing 8%, 14% and 15% increases
in retention at 500 MPa after 5 min, 10 min and 15 min
of HPPE, respectively). Therefore, cape gooseberry could
be a novel source of nutraceuticals or bioactive compo-
nents of natural origin that can be utilised in food proc-
essing as natural additives and obviate the need for artifi-
cial additives. The availability of compounds can also be
affected by HHP treatment due to changes in the mole-
cular organisation of the lipid-peptide complex and dis-
ruption of the structure of the phosphatidic acid bilayer
membrane.

These effects would lead to changes in the function of
membrane-bound proteins that control ion permeability
[40]. For instance, HHP treatment is known to affect vi-
tamin stability and extraction yield, such as that of vita-
min A in orange juice, [41] lycopene in tomato puree [36,
42], carotenoids in gazpacho and tomato puree [35,43]
and tomato juices [44]. Carotenoids and vitamin A con-
tent have also been studied in persimmon puree [35].

Data published in the study “Global prevalence of vi-
tamin A deficiency in populations at risk 1995-2005” by
the World Health Organisation in 2009 indicate that 190
million preschool-age children and 19.1 million pregnant

1400

()

— — — —

o (= —_ o [

j=1 (=3 (=3 jl (=}

(=} (=] (=) (=} (=}

! h ! L h
o

-carotene (mg 100 g'! sample)
g g p

800 ; : T T
0.1 MPa 500 MPa/5 min500 MPa/10 min 500 MPa/15 min

Treated sample

Figure 2. The S-carotene content of cape gooseberry ob-
tained using CE and HHPE. Values are mean + standard
deviation (n = 3). Identical letters above the bars indicate no
significant difference (p < 0.05).
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women had serum retinol levels of less than 0.7 pmol/L,
which is the lower limit of normal and below which is
considered a state of vitamin A deficiency. The Institute
of Medicine of the National Academy of Sciences (USA)
has established recommended daily allowance levels for
the population according to age, with an additional dis-
tinction for pregnant and lactating women. For adults
between 31 and 50 years of age, for example, the Recom-
mended Daily Allowance (RDA) value is 108 mg-day '
for men and 84 mg-day ' for women.

3.4. Antioxidant Capacity of Cape Gooseberry
by DPPH and FRAP Assay

Table 2 shows the antioxidant capacity of the fruit ex-
tracts determined as Trolox equivalents (uM TE g~ sam-
ple) using the DPPH and FRAP assays. The highest an-
tioxidant content (86.80 + 0.38 uM TE g' sample) was
observed in the samples treated at 500 MPa for 15 min,
followed by those treated at 500 MPa/10 min and 500
MPa/5 min (85.77 + 2.27 uM TE g ' sample and 66.92 +
0.07 uM TE g sample) and the control (68.89 + 1.16
uM TE g sample) using the DPPH assay.

Meanwhile, the values for total antioxidant activity
determined by FRAP were 2.10%, 22.72% and 50.53%
higher in samples treated at 500 MPa for 5 min, 10 min
and 15 min, respectively, compared to the untreated sam-
ple (see Table 1). HHP significantly affected the extrac-
tion, allowing more antioxidants to be obtained from the
extracts.

Interest in the antioxidant properties of fruits has re-
cently increased [45,46], some of the medicinal proper-
ties of the fruit of P. peruviana L. are associated with the
fruit’s antioxidant capacity. Puente et al. [5] have re-
ported the following values in terms of DPPH free radi-
cal scavenger (DPPH method) activity for fresh cape
gooseberry: 210.82 £ 9.45 and 192.51 + 30.13 pmol 100

g ! sample; they have also reported antioxidant activity

Table 2. Comparison between DPPH radical scavenging ac-
tivity and FRAP, which measures the ability of a sample to
reduce metals from cape gooseberry, after the application
of CE and HHPE; values are expressed as yM TE g'1 sam-
ple. Values are mean =+ standard deviation of triplicates; va-
lues followed by the same letter in the same column are not
significantly different (p < 0.05).

DPPH (mM TE ¢!  FRAP (mM TE g cape
Samples
cape gooseberry) gooseberry)
0.1 MPa untreated 68.89 £ 1.16 82.83+0.19°
500 MPa/5 min 66.92 +0.07* 84.57 £ 0.20°
500 MPa/10 min 85.77 £2.27° 97.60 +0.14°
500 MPa/15 min 86.80 + 0.38° 124.68 +2.43°

Copyright © 2013 SciRes.

as the ability of the samples to reduce metals (FRAP), re-
porting values of 192.51 £ 30.13 and 54.98 £+ 7.14 mg
gallic acid 100 g~' sample.

HHP increased the extraction yields due to its aptitude
for deprotonating charged groups and disrupting salt bri-
dges and hydrophobic bonds in cell membranes, which
may lead to higher permeability [17,47].

According to Le Chatelier’s theory [48], the volume of
a system tends to decrease under pressure. During this
process, the extracting solvent is absorbed into cells to
integrate with bio-active components. Moreover, pres-
surised cells exhibit increased permeability. As the hy-
drostatic pressure increases, the amount of solvent that
enters cells and the amounts of compounds that perme-
ates out to the solvent increase. The equilibrium in the
solvent concentration between the inside and outside of
cells is established during the pressure-holding period.
When the high pressure is suddenly released, the cell
wall is disrupted to release the cytoplasm, which contains
a high concentration of target material; thus, a short ex-
traction period is enough to harvest a high concentration
of extract. Under high pressure, larger molecules (pro-
teins, starches, etc.) are denatured and do not enter the
solvent; thus, the concentration of impurities in HHP ex-
tracts is lower than that in extracts obtained using other
methods. Therefore, compounds are more accessible to
extraction up to the equilibrium point [47].

FRAP, ABTS, DPPH and ORAC are the most com-
mon methods used to determine antioxidant capacity in
vitro. It is recommended that at least two of these meth-
ods be used. FRAP measures the ability of a sample to
reduce metals, while ABTS, DPPH and ORAC measure
a sample’s free radical scavenging capacity. From a che-
mistry standpoint, in FRAP and ABTS, there is a SET
(Single Electron Transfer) reaction, while in ORAC there
is a HAT (Hydrogen Atom Transfer) reaction; mean-
while, DPPH combines both reaction types [49-51]. There-
fore, the FRAP assay is based on electron transfer reac-
tions, whereas the DPPH assay evaluates both electron
transfer and hydrogen atom transfer reactions [50]. Hence,
similar antioxidant compounds might react differently in
different assays.

4. Conclusion

In the present study, raw cape gooseberry extracts ob-
tained by HHPE were compared with those obtained by a
conventional extraction method. HHPE provided a higher
extraction yield and required less extraction time. The
greater vitamin C and f-carotene contents and the strong-
er antioxidant activity (FRAP and DPPH) of cape goose-
berry extracts obtained by HHPE were also observed.
Thus, HHPE could be used as an alternative to conven-
tional extraction to extract bioactive compounds from
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cape gooseberry. A further comparison of the operational
costs between HHPE and CE are needed to assess com-
mercial use.
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