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Abstract

Given the high susceptibility of baby spinach leavwe thermal processing, the use of high
hydrostatic pressure (HHP) is explored as a nomthkeblanching method. The effects of HHP
were compared with thermal blanching by followirggidual activity of polyphenol oxidases and
peroxidases, colour retention, chlorophyll and tamoids content, antioxidant capacity and total
polyphenols content. Spinach subjected to 700 MiP20a°C for 15 min represented the best

treatment among the conditions studied due to atarted effect on target enzymes and quality
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indices. The latter treatment reduced enzyme aesvof polyphenol oxidases and peroxidases by
86.4 and 76.7 %, respectively. Furthermore, lealidsnot present changes in colour and an
increase by 13.6 % and 15.6 % was found in chlofb@nd carotenoids content, respectively;
regarding phytochemical compounds, retentions o2 28 of antioxidant capacity and 77.1 % of
polyphenols content were found. Results demonstrttat HHP (700 MPa) at room temperature,
when compared with thermal treatments, presenttdrlyetention of polyphenols, not significantly
different chlorophyll and carotenoids content armd perceptible differences in the instrumental
colour evaluated throughE value; therefore, it can be considered a realptctical alternative to

the widely used thermal blanching.

Key words

Non-thermal technology; Leafy vegetables; Polyphenalases; Peroxidases.

Chemical compoundsstudied in thisarticle

Polyvinylpyrrolidone (PubChem CID: 6917); Serumuatbn (PubChem CID: 16132389); Catechol
(PubChem CID: 289); Guaiacol (PubChem CID: 460)drbgen peroxide (PubChem CID: 784);
Ethanol (PubChem CID: 702); 2,2-diphenyl-1-picrydngzyl (DPPH) (PubChem CID: 2735032);
Gallic acid (PubChem CID: 370); Ascorbic acid (Pule@ CID: 54670067); Acetone (PubChem

CID: 180).

1. Introduction

In recent years there has been an increasing cansgemand for nutritious products with
high sensorial quality and acceptable shelf lifeisTdemand has driven research and development
in non-thermal food processing technologies, amiowsch, the use of high hydrostatic pressure
(HHP) processing is believed to have considerabkengial with some innovative applications,

such as improving the intake of nutrient and notrient phytochemicals, and development of new
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products and ingredients with extended life and pkee quality (Rastogi, Raghavarao,
Balasubramaniam, Niranjan, & Knorr, 2007). Additdlg, HHP has been increasingly investigated
in the last decade for lowering enzyme activity.

Most vegetables that are canned, frozen and detegbliannot be stored for long periods
without blanching which typically occurs in water lagh temperatures (75-95 °C) for relatively
short times (1-10 min) (G6kmen, 2010). Althoughrthal treatments are effective in terms of
reducing enzymatic activity and microbial load, ytheffect levels of antioxidants, polyphenols,
vitamins, carotenoids and flavonoids, and detetgosznsory properties (Medina-Meza, Barnaba,
Villani, & Barbosa-Canovas, 2015). Rastogi et 20Q7) proposed HHP as a non-thermal blanching
method which, contrary to thermal treatments, hastdd influence on covalent bonds of low
molecular weight components such as some nutrieaksyr and flavour compounds (Oey, Van der
Plancken, Van Loey, & Hendrickx, 2008). Among thasteibutes, colour has a strong influence on
consumers” acceptance and purchase intention (Gik204.0; Medina-Meza et al., 2015). It is
thought that enzymatic browning induced by perosé$a(POD) and polyphenoloxidases (PPO)
contributes the most to colour deterioration (S&dbng, 1996). Enzymes selected as indicators of
the blanching adequacy may vary from one produenimher. Between these enzymes, POD and
PPO activities are usually chosen to indicate titerg of thermal blanching (Whitaker, 1991), in
addition these enzymes are amongst the most nafsistpressure.

Several studies have focused on the effects of ldRiRnzyme activity in vegetables and
vegetable-based products, but very few aresitu studies. Moreover, HHP processing as a
blanching method for leafy vegetables, has onlylstedied in the case of white cabbage (Alvarez-
Jubete, Valverde, Patras, Mullen, & Marcos, 20T4gre is virtually no information on the effects
of HHP on the quality characteristics of baby spimbkeaves $pinacia oleraced..) despite its high
commercial demand and increasing consumption. hoieworthy that spinach leaf production
doubled in Asia since 2002 and its worldwide pradurc exceeded 20 Mt in 2013 (FAOSTAT,

2015). The present study compares traditional hatewblanching of baby spinach leaves with
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HHP blanching with respect to residual enzyme &atsr as well as other physico-chemical
characteristics, with a view to establish whethetPHblanching is a realistic practical alternatige t

the widely used thermal blanching.

2. Materials and methods

2.1 Raw material

Baby spinach leave§pinacia oleraced..), cv. Monza, were directly obtained from suppdi
within the Dorset county, UK. The leaves were hat@é in June-August and were transported at
refrigerated temperatures to the University of Regdvhere they were stored at 4 °C before being
processed. Five leaves weighing 0.5-1.0 g each welected and packaged (MultiVa@300,

Germany) in PA-PE (Polyamide-Polyethylene) bagseurdcuum (-85 kPa gauge).

2.2 HHP treatments

The HHP equipment (Stansted Fluid Power Ltd., UKdhwanister dimensions: 37 mm
diameter and 246 mm length, had a maximum workiresgure of 900 MPa and used a 30
g/100mL solution of 1,2-Propanediol (Sigma-AldricklK) for transmitting pressure. The
temperature was controlled by a thermostatic deeicailating distilled water through the jacket
and registered with an external sensor device.sEngples were placed in the product canister, for
processing, following which they were immediateboled in a cold water bath (4 £ 2 °C) and
stored refrigerated (4 £ 2 °C). The come up time gaessurisation was 30-60 s depending on
pressure applied, and depressurization time wadhes 30 s.

Processing conditions based on preliminary studie® selected: 700 MPa, 70 °C, 15 min;
700 MPa, 20 °C, 15 min; and 800 MPa, 20 °C, 15 memperature and pressure conditions were

monitored during HHP processingrigure 1), and temperatures mentioned are the average



106 temperatures (x 3 °C) of the pressure transmitfingl. Untreated samples were considered as
107  controls.

108

109 2.3 Thermal blanching

110 Beakers, each containing spinach leaves dippedstillel water (ratio 1:200 g:mL), were
111 placed in a temperature controlled water bath fagiven time, after which the samples were
112 immediately cooled by immersion in cold water (@ for 3 min). Based on preliminary
113 experiments with spinach leaves, treatments aC7A®”° 15 min and 90 °C for 0.5 min were chosen
114  because these conditions represent a mild thermaaicting and regular blanching treatment,
115  respectively.

116

117 2.4 Chemical and physical analysis

118 2.4.1 Extraction method for PPO (E.C.1.10.3.1) &@D (E.C.1.11.1.7)

119 A combination of methods described by Arnnok, Ruwémgachai, Mahachai,
120 Techawongstien, & Chanthai (2010); Kim, Kim, ChudgMoon (2014); and Wang et al. (2013)
121 was used to extract PPO and POD from spinach leaAMeshe enzyme extraction steps were
122 carried out at 4 °C. Briefly, 5.00 £ 0.10 g of sgch leaves were chopped and ground with a mortar
123  and a pestle, the mass was immediately transfénted20 mL of cold (4 °C) sodium phosphate
124  buffer (0.2 mol/L; pH 6.5-7.0) containing 0.8 g ¢4.00 mL) polyvinylpyrrolidone, average mol
125  weight 40,000 Da (Sigma-Aldrich, USA). The mixtwvas stirred for 1 h, centrifuged at 10,000 x g
126  for 10 min (Sorvali¥ RC-6, Thermo Fisher Scientific, USA) and the snp&@nt separated through
127 a Whatman No. 1 filter paper. The enzyme extract we@lected in a caramel bottle and stored
128  refrigerated until assayed.

129

130 2.4.2 Protein assay
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Total soluble protein content of enzyme extracts watermined according to the method
described by Bradford (1976). For the assays, ahewing reagents were used: Bradford protein
assay dye reagent concentrate (Bio-Rad, USA) anthéserum albumin (BSA), protein assay

standard (Bio-Rad, USA).

2.4.3 PPO and POD activity assays

Polyphenol oxidase activity was assayed spectrophetrically (PerkinElmer Inc., Lambda
25, UK), by following the method described by Waet@l. (2013). The stored extract (0.5 ml) was
added to a reaction mixture consisting of 1 mLadism phosphate buffer (0.1 mol/L; pH 6.5-7.0)
containing 0.1 mol/L catechol solution (Sigma-Aairj USA) and incubated in a water bath at 25
°C for 5 min. The absorbance at 420 nm was mordtat&5 °C for 3 min.

Peroxidase activity was also determined spectraphetrically by following a combination
of methods described by Wang et al. (2013) and &iiral. (2014). The reaction mixture consisted
of 1.4 mL of 25 mmol/L guaiacol solution (Sigma-Afh, USA), 25 mmol/L hydrogen peroxide
solution 30 mL/100 mL of water (Sigma-Aldrich, USdissolved in sodium phosphate buffer (0.05
mol/L; pH 6.5-7.0), and 0.1 mL of enzyme extradieTactivity of POD was assessed at 470 nm and
25 °C for 3 min.

The blank for both PPO and POD assays, was the saaotion mixture except that the
enzyme extract was replaced with distilled watare @ontrol assay for each untreated sample was
performed without adding substrate to determinthaéfe were any endogenous substrates present
and to prevent over counting of the enzyme actiwtythe extract. One unit of PPO and POD
activity (AU) was defined as the change in absocbaof 0.001 units per min (based on the linear
part of the curve). The residual activity was expegl as the ratio between treated and untreated

samples (control).

2.4.4 Extraction and determination of antioxidaapacity and total phenolic content
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Initially an extraction was conducted following thethodology proposed by Viacava, Roura,
& Aguero (2015). Briefly, spinach leaves were chegpand samples of 1.0 £ 0.1 g were taken and
placed in 150 mL Erlenmeyer flask containing 20 extracting solvent (ethanol solution in water
80 mL/100 mL, acidified with 2 g/100 mL citric agidExtraction was carried out at 25 °C under
agitation for 1 h. Following extraction, the homogges were centrifuged (10000 x g for 15 min).
Supernatants were recovered and the pellet wastrasted with 10 mL acetone (Sigma-Aldrich,
USA) under the same conditions. Then, it was againtrifuged and the second supernatant was
retained. Both supernatants formed the sourcetahbadants.

The antioxidant capacity was evaluated through22diphenyl-1-picrylhydrazyl (DPPH)
radical scavenging assay, following the methodoldgscribed by Viacava et al. (2015). A 0.4 mL
aliquot of spinach leaves extract was placed imneette containing 1.6 mL of 100 pumol/L DPPH
solution (Sigma-Aldrich, USA). The mixture was shakand the decrease in absorbance at 517 nm
was measured after 1 h, in dark, using an UV-wsgpectrophotometer. Blank solutions, without
DPPH, were prepared to correct any influence duthéocolour of spinach extract. The radical
scavenging capacity (RSC) was calculated accorditige equation (1):

RSC (%)= (A-A1)/(100/A,) (1)

where A is the initial absorption of the mixture ang=A«Ay, where A is the absorption of
the mixture at the end of reaction angd i8 the absorption of the blank. Additionally, arsdard
curve with ascorbic acid was made.

The total phenolic content (TPC) was determinedngisthe Folin-Ciocalteu method
(Singleton, Orthofer, & Lamuela-Raventos, 1999)hwijallic acid as standard. Spinach leaves
extracts (0.2 mL) were added to 1 mL Folin-Cioaalteagent (diluted 1:10) and 0.5 mL of distilled
water. After 5 min incubation, 0.3 mL of saturatedution of sodium carbonate was added (sodium
carbonate anhydrous, Fisher Scientific, USA). Thetume was left at room temperature (20 °C) in
the dark for 2 h and the absorbance was read anibbising a UV-visible spectrophotometer.

Antioxidant capacity and TPC after thermal treattaevere corrected by a water loss factor.
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2.4.5 Determination of chlorophylls and carotenoids

Chlorophyll and carotenoid contents were determiaedording to AOAC methodology
942.04 (AOAC International, 1995). Briefly, samplgsre ground in a mortar with a pestle, 0.30 +
0.03 g of each sample was weighed and homogenizad2® mL of cold acetone. Next, solutions
were poured into a separator funnel with 20 mL iethd/l ether (Sigma-Aldrich, USA), and then
washed thrice with 10 g/100 mL sodium chloride solu(20ml). The extract was recovered in an
Erlenmeyer flask, filtered through Whatman No. lfefi paper, diluted two-fold with cold acetone
and kept refrigerated in a caramel bottle.

The absorbance of the extracts was measured a0 GGl 642.5 nm for chlorophyll
determination, and at 450 nm for the determinabbrcarotenoids. The following equations (2)
(AOAC International, 1995) and (3) (Scott, 2001 yevased to determine total chlorophyll (mg)L
and carotenoid contents (mg.108fgesh tissue):

Total chlorophyll = 7.12- 80 nm+ 16.8- A42.5nm (2)

Carotenoids = o nm [(FV-1000) / (SW-2500)] 3)

where A is the absorbance at different wavelendihsis the extract filtered volume in millilitres
and SW is the sample weight in grams. Measuremeetse done in duplicate and corrected by a

water loss factor in the case of thermal treatments

2.4.6 Measurement of instrumental colour

Instrumental colour was measured using a colouaméColorLite sph 850, Germany)
calibrated with a white standard. The illuminatingiving geometry was D65/10°, the probe head’s
measuring spot diameter was 9 mm and the colowespsed was the CIELab system. Leaf colour
was measured on the upper side and each leaf's walsi the average of 3 individual measurements

in different parts of the same leaf, colourimetgemting with 3 cycles. For evaluating colour
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changes after treatments, chroma or saturatiorxi(ld®, hue angle (H°) andE, which expresses
colour differences when comparing with a contrahpbe, were calculated with the equations (4)
(Koukounaras, Siomos, & Sfakiotakis, 2009), (5) (Kounaras et al., 2009), and (6) (Chisari,

Todaro, Barbagallo & Spagna, 2010):

Cr=[(@*) 2+(0%)4°* (4)
H°=180+(tan-1(b*/a*))- (186 (5)
AE:[(LC*_L*) 2+(8¢*-a*) 2+(bc*-b*) 2] 0.5 (6)

where L*, a* and Q* are the parameters L* (lightness), a* (rednesd greenness), and b*

(yellowness and blueness) for the control sampkpectively.

2.4.8 Determination of water loss during thermadrathing

Water loss (WL) was determined in triplicates ahdnt averaged. Samples were weighed
before and after processing p(\and w, respectively) for each thermal treatment selecWd
percentage was calculated as follows (7):

WL(%)=[1-(Wa/ Wp)]- 100 (7)

2.5 Statistical analysis

Data were analysed using SAS 9.0 software (SA2RE®r all experiments, General Linear
Model procedure was used for analysis of variarelQVA) with different variation sources
depending on the experiment. For all cases, diffe¥e between levels of factors under analysis

were assessed by multiple comparison Tukey-Kraesti(tvith a significance level of 5%).

3. Results and discussion

3.1 Effect of selected HHP and thermal treatments

3.1.1 PPO and POD activities
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Confidence intervals at 95% level (C195) charaetag enzyme extracts (n=20) were 1.07-
1.26 mg.mL* for protein content, and 376.93-508.09 activitjtsiAU).min.g* and 12.89-17.66
AU.min~.mg* for PPO and POD activities based on fresh tissespectively. The reduction in
enzyme activity achieved by selected HHP and thetreatments is presented irable 1. The
highest reduction achieved amongst HHP treatmeasswhen pressure and high temperature were
combined. The effect of high temperatures for enimgnthe denaturation of enzymes by HHP is
well reported (Krebbers et al., 2003; Sila et2007). In the case of treatments at room tempegatur
(20 °C), an increase in pressure from 700 MPa ©NPa did not cause a significant decrease in
the activities of PPO and POD. On the other hametntal treatments achieved total inactivation of
PPO and POD at the highest temperature assessé€)9theanwhile at 70 °C, PPO was fully
inactivated but POD presented a low residual agtivi

Regarding barostability of the target enzymes, lingh resistance to HHP treatments
demonstrated by POD could be associated with tlesepce of more stable isoenzymes, as
described in the case of thermal treatments by @dk(2010). Additionally, the isoenzymes can
vary in content within spinach leaves depending vamiety, age and environmental factors
(GOokmen, 2010). Wang et al. (2013) also reported the baro-resistance of POD is higher than
PPO, and as some authors have hypothesized, tbeadsastance of POD is linked to its lower
molecular weight (35 kDa) given that high presshas little effect on lower molecular weight

compounds (Rastogi, Eshtiaghi, & Knorr, 1999).

3.1.2 Chlorophyll and carotenoid contents and instental colour

The effect of selected treatments on colour wasuated through chlorophyll (Chl) and
carotenoids content, as well as instrumental co{bigure 2 andTable 2, respectively). Control
samples presented CI95 of 79.51-107.53 mg .1b6fdresh tissue (FT) and 26.81-37.92 mg .100
g' FT, respectively for Chl and carotenoids contamt4). As shown inFigure 2, Chl and

carotenoids contents decreased significantly whembined pressure and high temperature were

10



261

262

263

264

265

266

267

268

269

270

271

272

273

274

275

276

277

278

279

280

281

282

283

284

285

286

applied (treatment P1). Chlorophylls are stableeuridgh pressures, but as reported by Oey et al.
(2008) they are significantly reduced at tempeesgtugreater than 50 °C which is similar to the
results of the present study. Regarding caroteooident, similar trends were found by Kim, Park,
Cho, & Park (2001) who subjected carrot juice t® 30Pa at 70 °C for 10 min. The increases
detected in Chl and carotenoids contents of sansplleiected to 700 MPa and 800 MPa at 20 °C for
15 min (treatments P2 and P3Rigure 2), could be associated with a severe cell damaggsecsby
high pressure resulting in increased Chl and caoitis content. Higher contents of Chl were also
observed after applying HHP to oil-based spinacltsgdMedina-Meza et al., 2015). On the other
hand, Wang et al. (2013) and Kim et al. (2001) dat find increased contents in Chl and
carotenoids after subjecting spinach to HHP, prbbdiecause the leaves were previously
processed causing cell damage and consequent eebtathese components. Finally, Chl and
carotenoids content after treatment P2 (700 MP&C0L5 min) were not significantly different
compared to those after thermal blanching (T1 aadhlown inFigure 2).

Green colour in spinach is mainly determined by @ieéLab parameter (-a*): the higher its
value the greener the leaves, but C*, H° Aldalso contribute to the evaluation of instrumental
colour. Differences in colour expressed Ay value, as a general rule, need to be higher it&n
(suprathreshold) in order to be perceptible by huene and values greater than 5.0 are considered
to be remarkable differences (Melgosa, Pérez, Ydtuartas, & Hita, 2001). In this investigation,
all treated samples presented perceptible chamgeslour Table 2). Samples subjected to HHP
combined with high temperature not only gave thghéstAE but also presented a significantly
lower (-a*) value which indicates that leaves wikr®s green; in addition, hue angle was close to
90° indicating that colour turned from green tolgml green. This marked effect on colour of the
leaves by the combination of high pressure and hayhperature would make the product
unacceptable for consumers, and correlates wdll thi2 low retention of Chl exhibited (treatment
P1 inFigure 2), possibly due to the formation of pheophytingrirthe degradation of Chl. On the

other hand, even though th& values for samples treated with HHP at room teatpee and those

11
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thermally blanched were detectablE(> 1.8) they presented better green colour, withlar or
higher values of (-a*), C* and H° than in contr@ngples. Alvarez-Jubete et al. (2014), who
evaluated colour in HHP treated white cabbage (200,and 600 MPa at 20 and 40 °C for 5 min)
found similar results. In the present work, for tboHHP and thermal blanching, texture
modifications may had resulted in changes in thtareaand extent of internally scattered light and
the distribution of surface reflectance (MacDougalD02), resulting in greener leaves; with the
exception of treatment with combined pressure aghd temperature. Moreover, cell damage with
consequent pigment release could have benefittesspre treated samples. And water loss with
values of 22 + 6% and 25 £ 7%, respectively for gias subjected to thermal treatments at 70 °C
and 90 °C, enhanced their green colour due todheentration of pigments.

High retention and improved extractability of pigms Chl and carotenoids, correlated well
with colour retention of spinach leaves subjectetHHP at room temperature (20 °C) and thermal
treatments; meanwhile, the reduction in pigmenteanin samples treated with high pressure and
high temperature is in accordance with the instntadecolour evaluation. The latter negative effect
was also observed in green beans and basil by KrepMatser, Koets, & Van den Berg (2002a)
and Krebbers, Matser, Koets, Bartels, & Van DengB&002b), respectively. Green colour
retention after HHP treatments at room temperaisirén accordance with the results found by
Krebbers et al. (2002a), Wang et al. (2013), afedina-Meza et al. (2015). Chlorophyll and
carotenoids are very important phytochemicals amalr tpresence is not only related to the
characteristic colour of vegetables but also tolbaeeficial effects on consumers” health (Tang,

2010).

3.1.3 Antioxidant capacity and total phenolic cante
Spinach leaves are amongst the most nutritioustablgs in terms of antioxidant capacity
and total phenolic content (TPC) (Zhou & Yu, 200Bjtial values found in the raw material

studied, expressed as CI95 (n=4), were 46.35-50@Dbf ascorbic acid per 100 g FT and 87.28-

12
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101.90 mg of gallic acid per 100 g FT, respectifelyantioxidant capacity and TPC. Reductions of
55-73% in antioxidant capacity and 12-23% in TPQenmund after HHP processing, and no
significant differences were detected between rmeats Figure 3). Additionally, in these
components the effect of HHP combined with highgerature did not cause further reductions,
contrary to the observed effect on Chl and caratendOn the other hand, thermal treatments
reduced antioxidant capacity to values not sigarfity different to those after HHP, but TPC
reached values of roughly 16% lower than thosedauorpressure treated samples. It is noteworthy
that inevitably a certain amount of compounds presespinach leaves was lost due to leaching in
water after traditional blanching, and this mighté affected antioxidant capacity and TPC, as well
as Chl and carotenoids. The latter is not posslbleng HHP, therefore it represents an advantage
over the traditional treatment.

Regarding high pressure sensitivity, polyphenolsalestrated to be more baro-resistant than
antioxidant compounds determined by DPHH methodol&milar results were reported by Barba,
Esteve, & Frigola (2013) who evaluated antioxideompounds and TPC in blueberry juice and
Alvarez-Jubete et al. (2014) in white cabbage. Btesgxplanations for this phenomenon could be
a loss of antioxidant capacity due to vitamin Cyenatic degradation during pressurization (Barba
et al., 2013) or after HHP due to residual actiatyquality deteriorating enzymes. Supporting the
explanation of loss of antioxidant capacity dueattoss of vitamin C, a remarkable decrease in
ascorbic acid content was found in white cabbatg applying HHP (Alvarez-Jubete et al., 2014).
Meanwhile for polyphenols, multiple mechanisms ttogir degradation might have been involved.
However, the lower reductions, comparing with cohtamples, found in the present study could
be mainly attributed to thermal effects during pregation with consequent activation of PPO and

POD, and these effects might have been more sevérermal treatments.

4. Conclusion

13



339

340

341

342

343

344

345

346

347

348

349

350

351

352

353

354

355

356

357

358

359

360

361

362

363

Spinach subjected to 700 MPa at 20 °C for 15 npnesented the best treatment among the
HHP conditions studied; because a further incrémgmessure (up to 800 MPa) did not cause a
significant reduction in the activities of PPO aR@D, and its performance in terms of colour,
chlorophyll and carotenoids retention was supedomparing with the treatment where high
pressure and high temperature were combined. Taktygindices studied indicate that HHP (700
MPa) processing at room temperature (20 °C) peddrmvell compared to thermal treatments;
presenting better retention of polyphenols, nohisicantly different chlorophyll and carotenoids
content and no perceptible differences in the umséntal colour evaluated througfE value.
Therefore, high pressure at room temperature rhastonsidered as a realistic and promising
alternative either for non-thermal blanching ofnsmh leaves or for pre-treating those which will be

further processed (canned, frozen, dehydrated, etc.
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1 Table 1

2 Residual enzymatic activity (RA) of PPO and POD after HHP and thermal treatments.

Treatment P (MPa) T (°C) t (min) RA PPO (%) RA POD (%)
P1 700 70 15 n.d. 0.9+0.6°

P2 700 20 15 136+ 1.8  233+76
P3 800 20 15 171+ 0.3  274%11°
T1 0.1 70 15 n.d. 2.0+0.8°

T2 0.1 90 0.5 n.d. n.d.

3 Data are presented as the means +standard erner@). > Different letters in the same column

4  indicate significant differences (Tukey's test, j#&). n.d.: Not detected.



1 Table2
2 Instrumental colour in control and treated sample¢Control, untreated sample$)1 (700 MPa;
3 70 °C; 15 min)P2 (700 MPa; 20 °C; 15 minR3 (800 MPa; 20 °C; 15 min);1 (0.1 MPa; 70 °C;

4 15 min), andr2 (0.1 MPa; 90 °C; 0.5 min).

Treatment INSTRUMENTAL COLOUR
(-a¥) C* H° AE*

c 7.95+0.17 18.66+0.75 115.71+0.65 -

P1 1.93+0.17 17.89+1.5F 096.65+0.68 10.96 +0.99
P2 8.53+0.3° 20.64+1.23" 115.06+0.85 6.06 +0.99
P3 8.54+0.3F 18.99+1.32° 117.70+1.09 6.55+1.08
T1 10.99+0.26 23.40+0.77 118.19+0.39 6.67 +0.48
T2 11.32+0.27 22.01+0.82° 121.27+0.63 6.34+0.54

5 Data are presented as the means + standard ernor2Q and 15 for control and treated samples,
6 respectively).* ® © ¢ Different letters in the same column indicatensfigant differences (Tukey's

7  test, p<0.05).



Figurel

Pressure (P) and temperature (T) change with regpéime during HHP processing. Treatment

P1 (700 MPa; 70 °C; 15 mirB. TreatmentP2 (700 MPa; 20 °C; 15 mir}. TreatmentP3 (800
MPa; 20 °C; 15 min). Solid and dotted lines repmespressure and temperature changes,

respectively.
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Figure2

Residual content of total chlorophyll (dark-greyrdJaand carotenoids (light-grey bars) after
selected treatmentB1 (700 MPa; 70 °C; 15 minR2 (700 MPa; 20 °C; 15 minp3 (800 MPa; 20
°C; 15 min),T1 (0.1 MPa; 70 °C; 15 min), anfi? (0.1 MPa; 90 °C; 0.5 minpata are presented as
the means + standard errors expressed as vertigalents (n=2).* ™ ¢ Different letters in each

type of bar indicate significant differences (Tykeest, p<0.05).

160% -

140%
b,
120% - G &

ac ac
100% - ac ac
80% -

60%

RESIDUAL CONTENT

40% -

20% -

0% - —
P1 P2 P3 T1 T2
TREATMENTS



Figure3

Residual content of antioxidant capacity (dark-gbays) and total polyphenols (light-grey bars)
after selected treatment3l (700 MPa; 70 °C; 15 minR2 (700 MPa; 20 °C; 15 minR3 (800
MPa; 20 °C; 15 min)T1 (0.1 MPa; 70 °C; 15 min), anti2 (0.1 MPa; 90 °C; 0.5 minData are
presented as the means + standard errors exprasseettical segments (n=2f ® ¢ Different

letters in each type of bar indicate significarifestences (Tukey's test, p<0.05).
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Highlights
* This study compares traditional hot water blanchwith HHP blanching for
spinach.
* PPO and POD activity were chosen as indicatorsledjaacy of blanching.
* POD demonstrated to be more baro-resistant than PPO
e HHP performed well compared to thermal treatmemtstarms of keeping

quality.
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