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Abstract: Polyphenol oxidase (PPO) activity, proximate composition, and phytochemicals were
determined in four common Irish potato cultivars following a high pressure processing (HPP) at
600 MPa for 3 min. PPO activity was significantly (p < 0.05) lower in all HPP treated samples, while the
overall proximate composition was not affected. The total phenolic content was significantly higher in
the HPP treated samples. Chlorogenic acid levels significantly decreased with simultaneous increase of
caffeic acid and p-coumaric acid levels upon HPP treatment. No significant changes were observed in
rutin and ferulic acid levels, although their levels varied, depending on the potato cultivars, while the
levels of cytotoxic glycoalkaloids (a-solanine and a-chaconine) remained unaltered.
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1. Introduction

Potatoes (Solanum tuberosum L.) are considered a staple nutritional diet, owing to high quality
proteins, low in fat, and rich in carbohydrates and dietary fibre that promote human health [1]. Potatoes
are also excellent sources of dietary antioxidants, such as polyphenols, ascorbic acid, carotenoids,
tocopherols, x-lipoic acid, and selenium [2], which are involved in immunomodulatory reactions that are
related with the prevention of various diseases, such as cancer, cardiovascular, and neurodegenerative
diseases [3]. Potatoes also contain toxic glycoalkaloids, namely x-chaconine and «-solanine, and
when consumed in excess (>1 mg glycoalkaloids per kg body weight) can cause from mild to severe
symptoms [4].

Polyphenol oxidase (PPO) activity is involved in the browning reaction in minimally processed
potatoes. Phenolic compounds that are present in potatoes or other fruits and vegetables are oxidized
by PPO to quinones, which are then polymerized to melanin pigments, resulting in the development of
undesirable colours and texture as well as losses of flavour and nutrients [5]. High pressure processing
(HPP) presents a viable alternative to conventional thermal processes regarding PPO inactivation and,
at the same time enabling a more wholesome, fresh product with extended shelf-life [6].

Currently, HPP has been successfully employed to various fruit and vegetable purées and
juices [7-14], fruit juice based beverages [15,16], smoothies [17], milk [18,19] cocoyam, Peruvian carrot
and sweet potato [20] purple sweet potato nectar [21], peaches [22,23], and pumpkin [24]. In our
previous work, we have shown that HPP had no significant (p > 0.05) impact on the antioxidant activity
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of potatoes [25]. However, the effect of HPP on PPO inactivation, proximate composition, and bioactive
phytochemicals (polyphenols and glycoalkaloids) of potatoes has not been explored. Hence, the aim of
this work is to examine the effect of HPP on these attributes of the potatoes of two coloured (Rooster
and Kerr’s Pink) and two white (Gemson and Saxon) cultivars, which are commonly consumed in the
island of Ireland.

2. Materials and Methods

2.1. Samples

Freshly harvested potatoes (Solanum tuberosum L.) of Rooster cultivar were provided by Country
Crest Ltd., Lusk, Co. Dublin. Saxon, Gemson and Kerr’s Pink potatoes were purchased from a local
market in Dublin, Ireland. The potatoes were stored at 4 °C, vacuum packed in polyethylene/polyamide
pouches before and after the HPP treatment and until further analysis.

2.2. Chemicals

Hydrochloric acid (HCI), sodium phosphate monobasic, sodium phosphate dibasic, catechol,
Folin & Ciocalteu’s phenol reagent, gallic acid, methanol, acetonitrile, sodium carbonate, formic acid,
petroleum ether, ethanol, sodium azide, amylase, protease, amyloglucosidase, diatomaceous earth
(celite 545 AW), 2-(N-Morpholino)ethanesulfonic acid, tris(hydroxymethyl)aminomethane, acetone,
and the phytochemical standards (quinic acid, chlorogenic acid, caffeic acid, rutin, p-coumaric acid,
ferulic acid, x-solanine, x-chaconine) were purchased from Merck Ltd. (formerly Sigma Aldrich Ltd,
Wicklow, Ireland). Leucine-enkelphine was procured from VWR International Ltd. (Blanchardstown,
Dublin, Ireland).

2.3. High Pressure Processing

Potatoes of different cultivars were packaged in polyethylene/polyamide pouches and then
vacuum sealed. HPP treatment was performed at 600 MPa (6000 bar) for 3 min. at 10. 6 °C (max.
temperature reached) on commercial-scale high pressure press (Hiperbaric 55HT, Doral, FL, USA)
housed at HPP Tolling (St. Margarets, Co. Dublin, Ireland).

2.4. Potato PPO Extraction and Activity Assay

PPO extraction and activity assay were performed according to [26] with small modifications.
Potato (20 g) was homogenized with cold phosphate buffer (40 mL; 0.1 M; pH 6.5; 4 °C) for 3 min.
Afterwards, the homogenate was centrifuged at 10,000x g at 4 °C for 25 min. and the supernatant,
constituting the crude extract, was used to assay PPO activity.

PPO activity reaction mixture contained phosphate buffer (1.5 mL; 0.1 M, pH 5.5), catechol (1 mL;
0.2 M) and crude PPO extract (0.5 mL). The absorbance was then measured at 410 nm for 2 min. by
a spectrophotometer (UV-1700, Shimadzu, Ziangsu, China). The residual activity (RA) of PPO was
calculated, as follows:

RA (%)= (At/Ap) X100, 1)

where A; and A are, respectively, PPO activity after and before the treatment.

2.5. Proximate Analysis

Proximate analysis was performed according to of the Association of Official Analytical Chemists
(AOAC, 1990). Briefly, the potatoes were washed, cut, and oven dried at 103 °C for 4 h. The difference
between the sample weight before and after the drying was used to calculate the moisture content.
The dried samples were then milled while using a Robot Coupe and the milled samples were used
for further analysis. The protein content was defined while using LECO FP628. The fat content was
analysed by automated acid hydrolysis (ANKOM HCI Hydrolysis System, ANKOM Technology).
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The total dietary fibre was measured by ANKOM TDF Dietary Fiber Analyzer (ANKOM Technology).
The ash content was determined by incineration in a carbolite furnace at 600 °C (AOAC No. 923.03).
The available carbohydrate was calculated by difference.

2.6. Extraction of Phytochemicals

Extraction procedure of phytochemicals was adapted from [27]. Freeze-dried potato flesh powder
(~1 g) was mixed with 80% methanol (4 mL) containing 1% formic acid for overnight at4 °C. The mixture
was then sonicated at 30 °C for 30 min., and centrifuged at 10,000x g for 30 min. The residue was
re-extracted with 80% methanol (2.5 mL) containing 1% formic acid, followed by centrifugation.
The supernatants were combined and filtered through a 0.45 um syringe filter.

2.7. Total Phenolic Content

Total phenolic content (TPC) was colourimetrically assessed while using the Folin-Ciocalteu
reagent (FCR) method [28]. The method was modified in order to be performed in a plate reader. Potato
extract (100 uL) was mixed with FCR (100 pL), sodium carbonate (100 nL; 20% w/v) and methanol
(100 uL; 80% v/fv). Gallic acid was used as a standard and the absorbance was measured at 735 nm
while using a plate reader (FLUOstar Omega Microplate Reader, BMG Labtech GmbH, Offenburg,
Germany). The results were expressed as pg of gallic acid equivalent per g of dry weight of the extract
(ng GAE/g dw).

2.8. Liquid Chromatography-Mass Spectrometry Analysis

Quadrupole time-of-flight (Q-ToF) Premier mass spectrometer coupled to Alliance 2695 HPLC
system (Waters Corporation, Milford, MA, USA) was used to profile various phytochemicals in the
potato extracts following the procedure that was described by Hossain et al. (2010) [29]. Accurate mass
measurements of the compounds and their fragment ions were determined while using a reference
compound leucine-enkephalin. The separation of the analytes was performed on an Atlantis T3 C18
column (100 x 2.1 mm; 3 um) while using solvent A (water 0.1% formic acid) and solvent B (0.1% in
acetonitrile at a flow rate of 0.3 mL/min. at 40 °C. Electrospray ionisation (ESI) mass spectra were
recorded on a negative ion mode for a mass range m/z 70-1000. Collision-induced dissociation (CID)
was performed while using argon with collision energy ranging between 12-20 eV.

Ultra-high performance liquid chromatography coupled to tandem quadrupole mass spectrometer
(UPLC-TQD, Waters Corp., Milford, MA, USA) was used to quantify the phytochemicals that were
identified by the HPLC-Q-ToF analysis. Separation of the natural compounds in the potato extracts
was achieved on a Waters Acquity UPLC HSS T3 column (100 X 2.1 mm, 1.8 pm) while using solvent
A (water containing 0.1% formic acid) and solvent B (0.1% formic acid in acetonitrile at 0.5 mL/min.
The UPLC-MS/MS conditions were as described previously for polyphenols [30] and glycoalkaloids [31].
Detection and quantification of the phenolic compounds in the UPLC-TQD were conducted in multiple
reaction monitoring (MRM) mode by analysing 2-3 transitions per natural compound. The cone
voltages and collision energies were optimised for MRM transition while using IntelliStart™ software
(Masslynx 4.1, Waters Corp., Milford, MA, USA). Analyses were carried out in triplicate extracts and
target compounds were quantified using standard calibration curves of concentrations that ranged
from 10 ng/mL-25 pg/mL. The results were expressed as ug compound per g of extract in dry weight

(ng/g dw).
2.9. Statistical Analysis

Results are expressed as means triplicates replicated twice (n = 6) + standard deviation (SD).
Differences between means were analysed using independent samples t-test, while correlations between
the variables were evaluated by Pearson correlation test. All of the statistical analyses were performed
by SPSS Statistics 24 (IBM-Armonk, New York, NY, USA). The values were considered to be significantly
different when p < 0.05.
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3. Results and Discussion

3.1. PPO Inactivation

HPP resulted in a significant (p < 0.05) decrease of PPO residual activity (RA) in all of the studied
varieties. Specifically, PPO RA was found to be 41% in Saxon, 53% in Gemson, 49 in % Kerr’s Pink,
and 31% in Rooster upon HPP treatment. Wang et al. (2012) [32] observed a much lower reduction
of PPO activity of ~34.5% in a spinach-puree following HPP treatment also at 600 MPa, but for a
longer duration (15 min.). High pressure-induced alterations of PPO structure involve partial or
complete unfolding of the native structure, resulting in lower enzyme activity [33,34], which can
explain our findings.

3.2. Proximate Analysis

Table 1 shows moisture, protein, fat, total dietary fibre, ash, and total carbohydrate content of
potato samples before and after the HPP treatment. Moisture and protein contents were significantly
decreased in all of the HPP treated samples when compared to those untreated potatoes. This can
be attributed to the compression of the matrix during HPP treatment [35], leading to water and,
consequently, protein loss. On the other hand, HPP did not have a statistically significant effect on the
fat, total dietary fibre, ash, or total carbohydrate levels of the studied potato samples.

Table 1. Proximate composition in percentages (%) of untreated (control) and treated with high pressure
processing (HPP) potato cultivars.

CI:)li?\t/(;r Sample Type Moisture Tot al:libD:eetary Protein Fat Ash Carb?:yﬁrates
control 76.07 1.8 2 327+092 186 +0.052  036+0162 2180172 19.23 £292
Saxon HPP-treated ~ 74.74 +2.8° 312+092 127 +0.02°  023+0.042 1.90+0.012 21.95+372
control 81.54+0.4P 278+0.1° 218+0.07°¢  0.18+0.082  4.07 +0.009P 16.04 +0.4°
Gemson HPP-treated ~ 79.46 + 1.4 ¢ 280+21b 1.53 +0.09 4 0.1+0.032 3.79 £ 028 1532 +1.6P
control 7248 +1.84 135+23¢ 229+011¢  016+0.072  3.60+0.01P 2147 +192
Rooster HPP-treated ~ 72.18 +0.14 153 +0.7 ¢ 19140052  021+0042 343+0.18P 23.06 +3.72
Kerr's control 79.40 £ 1.3°¢ 29.6 +0.6° 207+0.12°¢  015+0.06%  3.62+0.19P 2048 +0.112

Pink HPP-treated ~ 73.77 + 024 285+ 060 148+0.099  013+0.032 353+021P 19.55 +1.52

Values are mean =+ standard deviation. Mean values in a column with different letters are significantly different (p < 0.05).

3.3. Effect of HPP on Total Phenolic Content

HPP significantly increased the total phenolic content (TPC) by approximately 21%, 24%, 23%,
and 17% in Saxon, Gemson, Rooster, and Kerr’s Pink potatoes, respectively, with respect to those
untreated (Table 2). However, changes in the antioxidant activities were non-significant between the
HPP treated and untreated potatoes [25], which was also observed by Wang et al. 2012 in purple
sweet potato nectars following HPP treatments. Significant increases in the TPC values following the
HPP treatments have been observed in several fruits (or their products) and vegetables, including
smoothies [17], pumpkins [24], pomegranate juices [10], fruit juice beverages [15], and strawberry
puree [7]. The reported increase in the TPC can be attributed to an enhanced cell permeability by the
disruption of the cell walls as well of the cell membrane hydrophobic bonds, leading to mass transfer,
and the release of matrix-bound phenolic compounds [8,21].
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Table 2. Total phenolic content (ug/g dry weight), and phytochemical content (ng/g dry weight) in the untreated (control) and HPP treated potato cultivars.
Polyphenols Glycoalkaoids
Potato . . .
j Sample Type Total Phenolic . . Chlorogenic C . p-Coumaric . . . ~ .
Cultivar Content Ferulic Acid Acid Caffeic acid Acid Rutin «-Chaconine «-Solanine
control 1098 + 36 @ 67.39 +1.40° 106.72 +7.28 @ 1.23+0.162 23.79 +£0.042 0.31+0.072 1.05+0.182 148 +£0.192
Saxon
HPP-treated 1342 £35° 97.41+126°  10568+9.292  9.86+0.05° 2394+021* 007001  260+0422 299 +024P
control 1145+ 242 69.19+1.342 131.92 + 4.00P 0.22 +£0.06 © 24.04+0.292 0.73 +£0.09 € 19.52 £ 1.15b 18.07 £ 1.77 ¢
Gemson
HPP-treated 1417 + 45° 64.67 +0.76 © 120.30 + 3.65 € 529 +0.094 24.69 +0.16 2 1.14 £ 024 2229 +142b 21.36 £ 1.65 €
control 796 + 18 € 63.11 +1.48°¢ 119.21 £ 13.822 047 £0.13¢ 23.78 £ 0.08 2 2.68 £0.18 ¢ 152 +0.25¢ 3.99 +0.684
Rooster
HPP-treated 976 + 64 6042 +0414  9595+5,084 488+0344  2478+0572  3.02+039F  249+0762°  3.86+0449
control 830+11¢ 56.20 + 0.36 © 139.53 £ 9.83 b 0.04 +£0.01¢ 23.65 + 0.06 2 1.79 £ 0.278 7.36 + 0.60 4 328+0264
Kerr’s Pink
HPP-treated 984 +114 59.87 + 1.74f 88.73 + 1.57 ¢ 266 +0.11F  2422+0252  091+0189  806+0159  3.48+0.184

Values are mean + standard deviation. Mean values in a column with different letters are significantly different (p < 0.05).
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3.4. Effect of HPP on Phytochemicals

A total of thirteen different phytochemicals have been detected in the potato extracts, with
five of those being polyphenols and two glycoalkaloids (Supplementary Figure S1, Table S1). Their
identification was achieved through accurate mass measurements of the compounds and their CID
fragments, while using either authentic standards (quinic acid, chlorogenic acid, caffeic acid, rutin,
p-coumaric acid, ferulic acid, x-solanine, x-chaconine) or information from existing literature.

3.4.1. Effect of HPP on Polyphenols

The levels of individual polyphenols in untreated and HPP potato samples were quantified by
UPLC-TQD and are shown in Table 2, Figure S2). The most common phenolic acids, namely caffeic,
p-coumaric, and ferulic acids, generally occur in foods as esters with quinic acid or sugar components of
the food matrix [36]. Chlorogenic acid, an ester of caffeic acid with quinic acid, was the most abundant
polyphenol in potatoes and it was found to range from 119 + 14 pg/g dw to 140 + 10 ug/g dw in the
untreated potato samples, which is in accordance with existing literature [37]. HPP resulted in a significant
(p < 0.05) decrease in chlorogenic acid of all potato varieties studies (89 + 2 ug/g dw-120 + 4 pg/g
dw). Chlorogenic acid in potatoes has been previously found to be affected by various processing
methods [38]. In parallel to chlorogenic acid’s decrease, a significant (p < 0.05) increase in caffeic acid was
observed in all HPP treated potato samples (2.7 £ 0.1 pug/g-9.9 + 0.1 ug/g), as opposed to the controls
(0.1 +£0.01 pg/g-1.2 + 0.2 pg/g). This suggests that the free-form chlorogenic acid in potatoes is degraded
to its constituent phenolic acid, i.e., caffeic acid. There was also a slight (~0.6-4%) but significant (p < 0.05)
increase in the p-coumaric acid levels of the HPP treated potato samples, as compared to those untreated.
Similarly, the levels of ferulic acid in Saxon and Kerr’s Pink were also slightly, but not significantly,
increased in the post-HPP treated samples, suggesting that ferulic acid in these cultivars also occurs in
bound form. On contrary, the decreased levels of ferulic acid in Gemson and Rooster in the HPP samples
suggest that it occurs in free form. HPP can induce alterations to the tissue matrix, for instance, disruption
of plant cell walls, followed by release of compounds into the extracellular environment [39], which might
explain the observed increase of these hydroxycinnamic acids in the present study. Jez et al. (2018) treated
tomato purées from different commercial varieties with HPP at 450, 550, and 650 MPa for 5, 10, and 15 min.
and observed remarkable losses in individual polyphenols, such as chlorogenic and isochlorogenic acid,
caffeic acid, p-coumaric acid, and ferulic acid [40]. In the present study, the concentration of rutin in
HPP treated potato samples did not change significantly (p > 0.05) as compared to the controls, although
the levels varied between the different cultivars following post-HPP, indicating that rutin is present in
Saxon and Kerr’s Pink in free-form, whereas it also occurs in bound form in Gemson and Rooster. Similar
observations were made by Navarre et al. (2010) in the rutin levels of young potato tubers after different
cooking methods, such as microwave, boiling, steaming, and baking [41].

3.4.2. Effect of HPP on Glycoalkaloids

Steroidal alkaloids (glycoalkaloids) are nitrogenous secondary metabolites that are found in
potatoes and other members of the Solanaceae family. The main glycoalkaloids in potatoes are
a-chaconine and a-solanine, constituting from approximately 1 + 0.2 ug/g-16.5 + 1.5 pg/g and
1.5 + 0.1 pug/g-18 + 1.7 ug/g, respectively, which is in accordance with the literature [31]. However,
HPP did not have a statistically significant effect on the glycoalkaloid content of the studied potato
samples, i.e. within the same cultivar (Table 2).

4. Conclusions

High pressure processing (600 MPa, 3 min.) significantly decreased the PPO activity of the potato
cultivars studied without significant effect on their proximate composition. Although the TPC was
higher (p < 0.05) in the HPP treated samples, but there were no statistical differences in their antioxidant
activities with respect to controls. Chlorogenic acid, the most abundant polyphenol associated with
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browning, significantly decreased with a simultaneous increase of smaller phenolic acids (caffeic acid
and p-coumaric acid) in the HPP treated samples. Other minor polyphenols, namely rutin and ferulic
acid levels, varied depending on the potato cultivars. Similarly, the levels of toxic glycoalkaloids
a-solanine and «-chaconine did not change in the HPP treated samples, as opposed to the untreated
samples. These findings portray that the HPP is a potential processing technique to reduce browning
enzyme PPO with little impact on proximate composition, polyphenols, and glycoalkaloids in potatoes.

Supplementary Materials: The following are available online at http://www.mdpi.com/2304-8158/8/10/517/s1,
Figure S1: HPLC-Q-Tof-MS profiling of the phytochemicals in the potato Saxon extract. Shown in the inset is the
LC chromatogram where the polyphenols and glycoalkaloids elute between 2-9 min, Figure S2: UPLC-TQD-MS
quantification of polyphenols in the different potato cultivars prior to (left column) and post-HPP (right column).
As evident from the total ion chromatograms (TIC) that chlorogenic acid is the most abundant polyphenol
in potatoes, which is reduced in the post-HPP samples with an increase in caffeic acid, Table S1: Tentative
identification of phytochemicals from the potato (Saxon) extract using accurate mass measurement and MS/MS
fragment ions.

Author Contributions: D.K.R. and N.O. conceptualize the research project and funding acquisition; K.T. performed
the experiments, analysed the data and drafted the manuscript; K.T. performed the experiments, analysed the
data, and wrote the paper; D.K.R. and N.O. curated the data and edited the manuscript.

Funding: This research was funded by Food Institutional Research Measure under the Irish Department of
Agriculture, Food and Marine, FIRM 17/F/299.

Acknowledgments: The authors would like to thank the Department of Agriculture, Food and Marine for funding
the ‘ProcessPotato” project (FIRM 17/F/299), and Country Crest Ltd., Lusk, Co. Dublin for kindly providing
freshly harvested potatoes. Assistance on proximate compositional analysis of potatoes by Ms. Karen Hussey
is acknowledged.

Conflicts of Interest: The authors declare no conflict of interest.

References

Camire, ML.E. Potatoes and Human Health. Adv. Potato Chem. Technol. Second Ed. 2016, 8398, 685-704.
Lachman, J.; Hamouz, K.; Orsak, M.; Pivec, V. Potato tubers as a significant source of antioxidants in human
nutrition. Rostl. Vyjroba 2000, 46, 231-236.

3. Manach, C,; Scalbert, A.; Morand, C.; Rémésy, C.; Jiménez, L. Polyphenols: Food sources and bioavailability.
Am. |. Clin. Nutr. 2018, 79, 727-747. [CrossRef] [PubMed]

4. Friedman, M.; McDonald, G.M. Potato Glycoalkaloids: Chemistry, Analysis, Safety, and Plant Physiology.
CRC Crit. Rev. Plant Sci. 1997, 16, 55-132. [CrossRef]

5. Yoruk, R.; Marshall, M.R. Physiochemical Properties and Function of Plant Polyphenol Oxidase.
J. Food Biochem. 2003, 27, 361-422. [CrossRef]

6.  San Martin, M.F,; Barbosa-Canovas, G.V.; Swanson, B.G. Food processing by high pressue. Crit. Rev. Food
Sci. Nutr. 2002, 42, 627-645. [CrossRef]

7. Marszatek, K.; Mitek, M.; Skapska, S. The effect of thermal pasteurization and high pressure processing
at cold and mild temperatures on the chemical composition, microbial and enzyme activity in strawberry
purée. Innov. Food Sci. Emerg. Technol. 2015, 27, 48-56. [CrossRef]

8.  Patras, A.; Brunton, N.; Da Pieve, S.; Butler, F.; Downey, G. Effect of thermal and high pressure processing on
antioxidant activity and instrumental colour of tomato and carrot purées. Innov. Food Sci. Emerg. Technol.
2009, 10, 16-22. [CrossRef]

9. Yuan, B,; Danao, M.-G.C,; Stratton, ].E.; Weier, S.A.; Weller, C.L.; Lu, M. High pressure processing (HPP)
of aronia berry purée: Effects on physicochemical properties, microbial counts, bioactive compounds, and
antioxidant capacities. Innov. Food Sci. Emerg. Technol. 2018, 47, 249-255. [CrossRef]

10. Landl, A; Abadias, M.; Sarraga, C.; Vifias, I.; Picouet, P.A. Effect of high pressure processing on the quality of
acidified Granny Smith apple purée product. Innov. Food Sci. Emerg. Technol. 2010, 11, 557-564. [CrossRef]

11.  Varela-Santos, E.; Ochoa-Martinez, A.; Tabilo-Munizaga, G.; Reyes, J.E.; Pérez-Won, M.; Briones-Labarca, V.;
Morales-Castro, J. Effect of high hydrostatic pressure (HHP) processing on physicochemical properties,
bioactive compounds and shelf-life of pomegranate juice. Innov. Food Sci. Emerg. Technol. 2012, 13, 13-22.
[CrossRef]


http://www.mdpi.com/2304-8158/8/10/517/s1
http://dx.doi.org/10.1093/ajcn/79.5.727
http://www.ncbi.nlm.nih.gov/pubmed/15113710
http://dx.doi.org/10.1080/07352689709701946
http://dx.doi.org/10.1111/j.1745-4514.2003.tb00289.x
http://dx.doi.org/10.1080/20024091054274
http://dx.doi.org/10.1016/j.ifset.2014.10.009
http://dx.doi.org/10.1016/j.ifset.2008.09.008
http://dx.doi.org/10.1016/j.ifset.2018.03.009
http://dx.doi.org/10.1016/j.ifset.2010.09.001
http://dx.doi.org/10.1016/j.ifset.2011.10.009

Foods 2019, 8, 517 8of9

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.
29.

Cao, X; Bi, X.; Huang, W.; Wu, J.; Hu, X; Liao, X. Changes of quality of high hydrostatic pressure processed
cloudy and clear strawberry juices during storage. Innov. Food Sci. Emerg. Technol. 2012, 16, 181-190.
[CrossRef]

Wibowo, S.; Essel, E.A.; De Man, S.; Bernaert, N.; Van Droogenbroeck, B.; Grauwet, T.; Van Loey, A.; Hendrickx, M.
Comparing the impact of high pressure, pulsed electric field and thermal pasteurization on quality attributes
of cloudy apple juice using targeted and untargeted analyses. Innov. Food Sci. Emerg. Technol. 2019, 54, 64-77.
[CrossRef]

Queiroz, C.; Moreira, C.EF,; Lavinas, EC.; Lopes, M.L.M,; Fialho, E.; Valente-Mesquita, V.L. Effect of high
hydrostatic pressure on phenolic compounds, ascorbic acid and antioxidant activity in cashew apple juice.
High Press. Res. 2010, 30, 507-513. [CrossRef]

Rodriguez-Roque, M.].; De Ancos, B.; Sanchez-Vega, R.; Sanchez-Moreno, C.; Cano, M.P.; Elez-Martinez, P.;
Martin-Belloso, O. Food matrix and processing influence on carotenoid bioaccessibility and lipophilic
antioxidant activity of fruit juice-based beverages. Food Funct. 2016, 7, 380-389. [CrossRef] [PubMed]
Barba, FJ.; Cortés, C.; Esteve, M.].; Frigola, A. Study of Antioxidant Capacity and Quality Parameters in
an Orange Juice-Milk Beverage after High-Pressure Processing Treatment. Food Bioprocess Technol. 2012, 5,
2222-2232. [CrossRef]

Andrés, V,; Villanueva, M.].; Tenorio, M.D. The effect of high-pressure processing on colour, bioactive
compounds, and antioxidant activity in smoothies during refrigerated storage. Food Chem. 2016, 192, 328-335.
[CrossRef]

Stratakos, A.C.; Inguglia, E.S.; Linton, M.; Tollerton, J.; Murphy, L.; Corcionivoschi, N.; Koidis, A.; Tiwari, B.K.
Effect of high pressure processing on the safety, shelf life and quality of raw milk. Innov. Food Sci.
Emerg. Technol. 2019, 52, 325-333. [CrossRef]

Bogahawaththa, D.; Buckow, R.; Chandrapala, J.; Vasiljevic, T. Comparison between thermal pasteurization
and high pressure processing of bovine skim milk in relation to denaturation and immunogenicity of native
milk proteins. Innov. Food Sci. Emerg. Technol. 2018, 47, 301-308. [CrossRef]

Tribst, A.A.L.; Leite Junior, B.R.; de Oliveira, M.M,; Cristianini, M. High pressure processing of cocoyam,
Peruvian carrot and sweet potato: Effect on oxidative enzymes and impact in the tuber color. Innov. Food Sci.
Emerg. Technol. 2016, 34, 302-309. [CrossRef]

Wang, Y.; Liu, E; Cao, X.; Chen, F; Hu, X.; Liao, X. Comparison of high hydrostatic pressure and high
temperature short time processing on quality of purple sweet potato nectar. Innov. Food Sci. Emerg. Technol.
2012, 16, 326-334. [CrossRef]

Denoya, G.I.; Nanni, M.S.; Apéstolo, N.M.; Vaudagna, S.R.; Polenta, G.A. Biochemical and microstructural
assessment of minimally processed peaches subjected to high-pressure processing: Implications on the
freshness condition. Innov. Food Sci. Emerg. Technol. 2016, 36, 212-220. [CrossRef]

Denoya, G.I; Polenta, G.A.; Apdstolo, N.M.; Budde, C.O.; Sancho, A.M.; Vaudagna, S.R. Optimization of
high hydrostatic pressure processing for the preservation of minimally processed peach pieces. Innov. Food
Sci. Emerg. Technol. 2016, 33, 84-93. [CrossRef]

Zhou, C.-L.; Liu, W,; Zhao, J.; Yuan, C.; Song, Y.; Chen, D.; Ni, Y.-Y.; Li, Q.-H. The effect of high hydrostatic
pressure on the microbiological quality and physical-chemical characteristics of Pumpkin (Cucurbita maxima
Duch.) during refrigerated storage. Innov. Food Sci. Emerg. Technol. 2014, 21, 24-34. [CrossRef]

Tsikrika, K.; Rai, D.K. The Effect of High Pressure Processing on Antioxidant Activity of Irish Potato Cultivars.
Proceedings 2019, 11, 9. [CrossRef]

Zhang, Z.; Wang, J.; Zhang, X.; Shi, Q.; Xin, L.; Fu, H.; Wang, Y. Effects of radio frequency assisted blanching
on polyphenol oxidase, weight loss, texture, color and microstructure of potato. Food Chem. 2018, 248,
173-182. [CrossRef]

Wang, Q.; Cao, Y.; Zhou, L Jiang, C.-Z.; Feng, Y.; Wei, S. Effects of postharvest curing treatment on flesh
colour and phenolic metabolism in fresh-cut potato products. Food Chem. 2015, 169, 246-254. [CrossRef]
Singleton, V.L.; Rossi, ].A.J. singleton and Rossi. Am. J. Enol. Vitic. 1965, 16, 144-158.

Hossain, M.B.; Rai, D.K.; Brunton, N.P.; Martin-Diana, A.B.; Barry-Ryan, A.C. Characterization of phenolic
composition in lamiaceae spices by LC-ESI-MS/MS. |. Agric. Food Chem. 2010, 58, 10576-10581. [CrossRef]


http://dx.doi.org/10.1016/j.ifset.2012.05.008
http://dx.doi.org/10.1016/j.ifset.2019.03.004
http://dx.doi.org/10.1080/08957959.2010.530598
http://dx.doi.org/10.1039/C5FO01060H
http://www.ncbi.nlm.nih.gov/pubmed/26499515
http://dx.doi.org/10.1007/s11947-011-0570-2
http://dx.doi.org/10.1016/j.foodchem.2015.07.031
http://dx.doi.org/10.1016/j.ifset.2019.01.009
http://dx.doi.org/10.1016/j.ifset.2018.03.016
http://dx.doi.org/10.1016/j.ifset.2016.02.010
http://dx.doi.org/10.1016/j.ifset.2012.07.006
http://dx.doi.org/10.1016/j.ifset.2016.06.026
http://dx.doi.org/10.1016/j.ifset.2015.11.014
http://dx.doi.org/10.1016/j.ifset.2013.11.002
http://dx.doi.org/10.3390/proceedings2019011009
http://dx.doi.org/10.1016/j.foodchem.2017.12.065
http://dx.doi.org/10.1016/j.foodchem.2014.08.011
http://dx.doi.org/10.1021/jf102042g

Foods 2019, 8,517 90f9

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

Hossain, M.B.; Camphuis, G.; Aguil, I.; Gangopadhyay, N.; Rai, D.K. Antioxidant activity guided separation
of major polyphenols of marjoram (Origanum majorana L.) using flash chromatography and their identification
by liquid chromatography coupled with electrospray ionization tandem mass spectrometry. J. Sep. Sci. 2014,
37,3205-3213. [CrossRef]

Hossain, M.B.; Rai, D.K.; Brunton, N.P. Optimisation and validation of ultra-high performance liquid
chromatographic-tandem mass spectrometry method for qualitative and quantitative analysis of potato
steroidal alkaloids. J. Chromatogr. B 2015, 997, 110-115. [CrossRef]

Wang, R.; Wang, T.; Zheng, Q.; Hu, X.; Zhang, Y.; Liao, X. Effects of high hydrostatic pressure on color of
spinach purée and related properties. J. Sci. Food Agric. 2012, 92, 1417-1423. [CrossRef]

Ludikhuyze, L.; Van Loey, A.; Indrawati, S.C.; Hendrickx, M. Effects of Combined Pressure and Temperature
on Enzymes Related to Quality of Fruits and Vegetables: From Kinetic Information to Process Engineering
Aspects. Crit. Rev. Food Sci. Nutr. 2003, 43, 527-586. [CrossRef]

Chakraborty, S.; Kaushik, N.; Rao, P.S.; Mishra, H.N. High-pressure inactivation of enzymes: A review on its
recent applications on fruit purees and juices. Compr. Rev. Food Sci. Food Saf. 2014, 13, 578-596. [CrossRef]
Van Hekken, D.L.; Tunick, M.H.; Farkye, N.Y.; Tomasula, PM. Effect of hydrostatic high-pressure processing
on the chemical, functional, and rheological properties of starter-free Queso Fresco. J. Dairy Sci. 2013, 96,
6147-6160. [CrossRef]

Akyol, H.; Riciputi, Y.; Capanoglu, E.; Caboni, M.F.; Verardo, V. Phenolic compounds in the potato and its
byproducts: An overview. Int. J. Mol. Sci. 2016, 17, 835. [CrossRef]

Friedman, M.; Levin, C.E. Analysis and Biological Activities of Potato Glycoalkaloids, Calystegine Alkaloids,
Phenolic Compounds, and Anthocyanins. Adv. Potato Chem. Technol. 2009, 127-161. [CrossRef]

Im, HW.,; Suh, B.-S;; Lee, S.-U.; Kozukue, N.; Ohnisi-Kameyama, M.; Levin, C.E.; Friedman, M. Analysis of
Phenolic Compounds by High-Performance Liquid Chromatography and Liquid Chromatography/Mass
Spectrometry in Potato Plant Flowers, Leaves, Stems, and Tubers and in Home-Processed Potatoes. |. Agric.
Food Chem. 2008, 56, 3341-3349. [CrossRef]

Briones-Labarca, V.; Venegas-Cubillos, G.; Ortiz-Portilla, S.; Chacana-Ojeda, M.; Maureira, H. Effects of high
hydrostatic pressure (HHP) on bioaccessibility, as well as antioxidant activity, mineral and starch contents in
Granny Smith apple. Food Chem. 2011, 128, 520-529. [CrossRef]

Jez, M.; Wiczkowski, W.; Zieliriska, D.; Biatobrzewski, I.; Btaszczak, W. The impact of high pressure processing
on the phenolic profile, hydrophilic antioxidant and reducing capacity of purée obtained from commercial
tomato varieties. Food Chem. 2018, 261, 201-209. [CrossRef]

Navarre, D.A.; Shakya, R.; Holden, J. The Effect of Different Cooking Methods on Phenolics and Vitamin C
in Developmentally Young Potato Tubers. Am. |. Potato Res. 2010, 87, 350-359. [CrossRef]

@ © 2019 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http://creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1002/jssc.201400597
http://dx.doi.org/10.1016/j.jchromb.2015.05.033
http://dx.doi.org/10.1002/jsfa.4719
http://dx.doi.org/10.1080/10408690390246350
http://dx.doi.org/10.1111/1541-4337.12071
http://dx.doi.org/10.3168/jds.2012-6212
http://dx.doi.org/10.3390/ijms17060835
http://dx.doi.org/10.1016/B978-0-12-374349-7.00006-4
http://dx.doi.org/10.1021/jf073476b
http://dx.doi.org/10.1016/j.foodchem.2011.03.074
http://dx.doi.org/10.1016/j.foodchem.2018.04.060
http://dx.doi.org/10.1007/s12230-010-9141-8
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	Introduction 
	Materials and Methods 
	Samples 
	Chemicals 
	High Pressure Processing 
	Potato PPO Extraction and Activity Assay 
	Proximate Analysis 
	Extraction of Phytochemicals 
	Total Phenolic Content 
	Liquid Chromatography-Mass Spectrometry Analysis 
	Statistical Analysis 

	Results and Discussion 
	PPO Inactivation
	Proximate Analysis 
	Effect of HPP on Total Phenolic Content 
	Effect of HPP on Phytochemicals 
	Effect of HPP on Polyphenols 
	Effect of HPP on Glycoalkaloids 


	Conclusions 
	References

