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University of Burgos, 09001 Burgos. Spain

Abstract

The extraction of polyphenoloxidase (PPO) frbitopenaeus vannameias studied at different
temperatures, pH and ionic strength conditionsir@pn extracts at pH = 7.2 were treated by
hiph pressure carbon dioxide (HPCD) technologya®Pa and in a temperature range from 35
to 50 °C. Inactivation kinetics for PPO extractgevéetermined and fitted to the Weibull model.
The effect of HPCD on PPO activity was also evadan shrimps in vivo, finding that PPO
could be easier inactivated than in the crude PR@a. Colour ofLitopenaeus vannameias
visually followed right after HPCD treatment anetmal treatment at the same temperature and
during storage at 4 °C during a week, showing gasdilts when shrimps were treated with
HPCD in the absence of water.

Keywords Litopenaeus vannameiPCD, solid samples, PPO inactivation.
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1. Introduction

Pacific white shrimp W{itopenaeus vannanjeaccounts for 90 % of the Western hemisphere
aquaculture shrimp production. The most common Iprobin shrimps during post-harvest
storage is melanosis. It is a natural post-morteotgss, where the polymerization of phenols
into insoluble high molecular mass black pigmentsg melanins, takes place. This is a
multistage process: polyphenol oxidases (PPO) eegymxidize phenols into quinones, which
spontaneously polymerize to form melanin (Goncal&kege Oliveira, 2016). Despite not being
harmful, melanosis can affect the sensory propedi¢he product, reducing its quality.

During harvest and storage of shrimps, sulphitesniy sodium metabisulphite (SMS), are used
for preventing melanosis. SMS reduces d¢kguinones, which are coloured, to diphenols, which
do not have any colouDespite being widely used to inactivate PPO, stdishexhibit several
disadvantages, such an incomplete prevention ofimosls. This fact involves a continued
reapplication of SMS on the seafood (Goncgalves &digeira, 2016), which can lead to the
formation of unpleasant smelldVloreover, sulphites have potential pathologicaleef
associated to allergies and asthmatic attackstifadmreason, many alternatives to sulphites can
be found in the literature with the aim of avoidingpwning in shrimps. Pacific white shrimps
have been treated with a wide range of naturalepvasives to inhibit PPO activity, such as
ferulic acid and lead seed (Nirmal & Benjakul, 2)08nd extracts from different leaves (Sae-
leaw & Benjakul, 2019). However, usually large cemications of extract or combinations with
other technologies are needed.

Traditionally, thermal treatments have been appfied inhibiting PPO activity. Verhaeghe,
Vlaemynck, Block, Weyenberg, & Hendrickx (2016) lped that after treating brown shrimp
PPO extract during 2 min at 65 °C, the enzyme wagptetely inactivated. Manheem, Benjakul,

Kijroongrojana, & Visessanguan (2012) found out tiféer treating shrimps at 80 °C, melanosis
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formation decreased after 7 d in refrigerated gg@rélowever, thermal treatment produces a big
change in food properties (Ferrentino & Spilimberg@011). For that reason, different non-
thermal technologies are being investigated adtarmative.

One of them is the use of HPCD (High Pressure Gafhioxide) technology. HPCD is a cold
pasteurization method that affects microorganismd anzymes by using pressures below
50 MPa and temperatures usually lower than 50 P tEchnology is gaining interest since £LO
is nontoxic, inexpensive, nonflammable, recycladhel after depressurization it doesn’t leave
residues in the product (Briongos et al., 2016jeciveness of HPCD on PPO inactivation has
been extensively reported for different fruits awelgetables juices, such as orange juice
(Briongos et al., 2016), apple and tomato juicéerd, Sanz, Solaesa, Ruiz, & Beltran, 2018;
lllera, Sanz, Trigueros, Beltran, & Melgosa, 201&)rot juice (Zhou, Wang, Hu, Wu, & Liao,
2009), celery (Marszatek, Krzy, Wo, & Sk, 2016) loeetroot (Marszatek, Krzgnowska,
Wozniak, & Skypska, 2017) among others. However, compared tadsguHPCD application to
solid foods has been less studied. According toeRéno & Spilimbergo (2011), the complexity
of the matrix, which can make the g@ction more difficult, and the few information #ahle
about the inactivation mechanism make the usei®téichnology on solid foods less attractive.
The objective of this work was to study the effecHPCD at 20 MPa and different temperatures
(35-50 °C) on PPO crude extracts fraitopenaeus vannamen a kinetic basis, by previously
studying the optimal conditions for PPO extractidhe fresh product (whole piece), with no
addition of any additive, was also treated anderaftfPCD treatment of the shrimps, PPO was
extracted under the previously selected conditiondetermine the effect of the treatment on
PPO activity. Color was visually analyzed in trelghrimps right after treatment and during a

shelf life study of 7 d at refrigerated storage dibans (4 °C). A temperature control was
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prepared by treating the shrimps at the same teatyerconditions under atmospheric pressure
to distinguish the effect of pressurized £O

2. Materials and methods

2.1 Raw material

Pacific white shrimpsL{topenaeus vannamewith an average size of 40-60 shrimps/kg were
kindly donated by “Gamba Natural” (Medina del Camfpain), where shrimps were harvested
right before being sent to our laboratory withony addition of sulphites or other additives.
Shrimps were kept at refrigeration temperaturerdutransport and after arrival until used (not
more than 1 h from arrival).

2.2 Crudeextract preparation

The tails of the shrimps were separated and thésh@are grounded into a fine powder by using
liquid nitrogen in a blender. The obtained powdaswept at -20 °C until used for the different
PPO extraction trials. The extraction procedur®BO was carried out from the head of Pacific
white shrimp Litopenaeus vannameaccording to the method described by Chen, Balaba
Wei, Marshall, & Hsu (1992) with slight modificatis. The powder was mixed with the
extraction buffer in a 1:3 proportion. The extrantibuffer consisted of 0.5 mol/L sodium
phosphate containing 0.2 g/100 mL of Brij 35 (MeK&aA, Darmstad, Germany). Different
extraction buffer pH was tested in the extractidrr, 6.5, 7.2 and 8. NaCl concentration effect
was also studied, being 0, 0.25, 0.5, 1 and 1.3Lmolthe different experiments carried out at
each different pH conditions. The mixture was stircontinuously during 30 min at 4 °C, and
then centrifuged at 5009 at 4 °C during 30 min using a refrigerated cemgef (Thermofisher
Waltham-MA, USA, model Sorvall ST 16R). The effe¢ttemperature during the mixing phase
on the extraction yield was also studied, varyirgy 4 to 30 °C. The supernatant was collected

and considered as PPO crude extract. Extracts kegrteat -20 °C until use. The addition of an
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anion exchange resin AG2-X8 (Biorad Laboratoriegrddles-CA, USA) in the preparation of
the crude extract was also analyzed at pH = 7@pllL NaCl and 0.2 g/100 mL of Brij 35 at
4 °C. Resin AG2-X8 was added in a 1:2 (w/w) prapartto the mix of shrimp powder and
extraction buffer before mixing. This anion excharmgsin has been shown to improve PPO
activity in crude extracts frorkuji apples skin due to the adsorption of phenolic coumgs

during the extraction (Imm & Kim, 2009).

2.3 HPCD equipment and processing

2.3.1 Treatment of PPO extracts by HPCD

HPCD treatment was carried out in a stainless $&81316) cell with an internal volume of
100 mL and a maximum operating pressure and teriyseraf 30 MPa and 80 °C, respectively
(Melgosa et al., 2017). 25 mL of PPO extract wessléd into the cell, which was tightly closed
and immersed in a water bath set at the operatimpérature. Magnetic stirring was connected
and the system was pressurized to the desiredypeelyg using a syringe pump with a pressure
controller (ISCO 260 D, Lincoln-NE, USA). G@vas bubbled directly into the extract through a
sintered stainless steel micro-filter of @t (Briongos et al., 2016). PPO extracts were trkate
20 MPa in the temperature range from 35 to 50 YzyBe inactivation kinetics of PPO crude
extracts were followed by collecting samples pedaltly for 60 min. Samples were kept at 4 °C
until being analyzed.

2.3.2 Treatment of shrimpsby HPCD

Whole shrimps were also exposed to HPCD in viva.tRese treatments, a bigger cell was used
(Vcen = 500 mL), with a maximum operating pressure ofMBa. Operation conditions were
12 MPa and 40 °C during 30 min in a dry treatment Water added) or shrimps submerged in

water (300 mL). After treatment, the cell was slpwepressurized and the shrimps were kept in
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an ice batch (Zhang et al., 2011). Right aftertinemt, PPO was extracted at 4 °C under the
previously selected conditions, to determine thieceéfof HPCD on enzyme activity when
applying it directly on the solid pieces. The cobdrthe pieces was also visually analyzed right
after treatment and along storage during 7 d &t gtéred in properly closed food grade bags.

2.4 Thermal treatment

Thermal treatment was applied both to PPO extracid to whole shrimps in the same
temperature conditions as their respective HPCBtrirents but at atmospheric pressure. These
samples were used as a control to know the rea&ctefdf supercritical C® despite of
temperature effect. PPO activity and color evoluticere also studied in these samples.

25  Physico-chemical analysis

2.5.1. Determination of PPO activity.

PPO activity was determined spectrophotometricatly using a 0.005 mol/L L-3,4-
dihidroxifenilalanine (L-DOPA, Sigma Aldrich, Sanuis-MO, USA) solution prepared in
0.02 mol/L phosphate buffer (pH 6.5) as substfaRO activity was analyzed by adding 800 pL
of PPO extract into 2.2 mL substrate solution. @#mh of L-DOPA was determined
immediately by the increase in absorbance at 475amd 25°C by using a V-750
spectrophotometer (JASCO, Tokyo, Japan) equippéd aviPeltier thermostatted cell holder.
The PPO activity was determined as the very firsdr part of the reaction curve. One unit of
PPO activity was defined as the amount of enzymeired for 0.001/min absorbance increase
under the reaction conditions, U.

Relative residual activity of PPO after HPCD trearnwas evaluated as:

Enzyme specific activity after HPCD treatment

Residual activity, RA = +100% = =~ 100 [1]

Enzyme specific activity in the crude extract
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2.5.2. Protein content in the PPO extract

Total protein content in the crude extract was mieiteed by using the KIRC DCM (Biorad
Laboratories, Hércules-CA, USA), that allows protdetermination in the presence of reducing
agents and detergents. Bovine serum albumin wakassstandard. For each extraction process,

the specific PPO activity and total protein ratiasievaluated as:

PPO specific activity U/g shrimp head

U/mg protem - Total protein content - mg protein/g shrimp head [2]
2.6 Kinetic dataanalysis

The Weibull model has been used to describe PP&iva#ion in the crude extracts. According

to Van Boekel (2002), it can be written in the povaav form:

A 1 e\
log - =735 (2) 3]
wherea is the scale parameter (a characteristic time) (amg the shape parameter. The time

required to achieve a number of decimal reductidnsan be calculated by using the shape and

scale parameters:
1
tg=«a (—ln(lO_d)E>
[4]
The scale parametat, was modelled in a similar way to the classicaldlue of the first order
kinetic model, suggesting a linear dependence eidga on temperature, considering that the
shape parameteB, did not depend on temperature:
loga = ay — b, T (5]
A z7' value was defined as suggested by van BoekeDRRGimilar to the zevaluated for first

order kinetic models (lllera, Sanz, Solaesa, ¢2al18):
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Zr = L (6]

2.7 Statistical analysis

Statistical analyses were conducted using soft@tatgraphics X64. The results are presented as
the mean + standard deviation of at least threkcegps. The significance of the differences was
determined based on an analysis of the variandeMgher’s least significant method at p-value
<0.05.

To estimate the kinetic parameters, non-linearaggon was performed by using the Marquardt

algorithm (Statgraphics X64).

3. Results and discussion

3.1 Preparation of crude PPO extract

3.1.1 Effect of the presence of an anion exchangeresin.

First, the effect of the anion exchange resin AG &\ PPO activity in the crude extract was
evaluated by using a ratio of 1:2 (g resine:g shritead). Sodium phosphate 0.05 mol/L at pH =
7.2 in the presence of 0.2 g/100 mL of Brij 35 dnehol/L NaCl at 4 °C was used as extracting
medium (Table 1). It can be observed that thereewwr significant differences £p0.05)
between using or not resin in PPO activity andl fotatein content in both extracts.

In the study carried out by Imm and Kim ( 2009) endPPO was extracted from the skir-aji
apples, a significant difference was observed wigng resin AG2-X8, improving the enzyme
recovery value. In this case, resin did not affe€O extraction, for that reason, further

extractions were carried out without addition ¢ #nion exchange resin.
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3.1.2. Effect of pH.

Fig. 1a and 1b show the effect of pH of the extoactmedium on the PPO extract activity and
protein content when using 0.2 g/100 mL of Brij&8% 1 mol/L NaCl at 4 °C. Four different pH
values were tested (5.6, 6.5, 7.2 and 8), showiagly increasing the pH of the medium, PPO
activity per g of shrimp head and total proteinrgased. For example, at pH = 5.6, U/ g shrimp
head and U/ mg protein were 91 + 3 and 1.7 + @dpectively; while at pH value of 8, those
values increased more than double to 212 + 4 afdt40.4, respectively. There is scarce
literature regarding the isoelectric point of PR@yne. Ali et al. (1994) found out that it was
4.76 = 0.03 for Florida Spiny LobstePdnulirus argu}, and it was around 5.2 in PPO from
Penaeus japonicuprawns according to (Montero, Avalos, & Pérez-Mate2001). pH of the
extraction buffer used in this work and in therbteire are higher than this isoelectric points;
therefore, PPO will present a negative charge. l@nather hand, when pH is increased, the
concentration of dissolved sodium ions increasedatwmay produce higher electrostatic
interactions, and in consequence, a higher prebairaction.

Other studies in crustaceans tried to determinebs pH conditions for PPO extraction.
Montero et al. (2001) chose pH = 8 as the optimtirfgr extracting the enzyme from prawns
(Penaeus japonicysand Lv et al. (2018) determined pH = 6.2 asdpgmum for extracting it
from Penaeus vannameNirmal & Benjakul (2012) also worked with Pacifihite shrimp and
chose pH = 6 as the optimum for PPO extraction.

3.1.3. Effect of extraction temperature

The effect of temperature was studied in an extradiuffer at pH = 8 containing 0.2 g/100 mL
of Brij 35 and 1 mol/L NaCl. Three different tempgrres were studied, 4, 21 and 30 °C, and
results are compiled in Table 2. As can be obsertrezte is no significant difference among

temperatures in PPO activity or protein contenter€fore, no denaturalization of the enzyme
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has occurred at the highest temperature assaye®Cj3Rlthough there was no difference
between extraction temperatures, 4 °C was chosemoddgng temperature for further work,
since it is the usual temperature employed in itleeature (Chen et al., 1992; Manheem et al.,
2012; Montero et al., 2001; Pal & Rao, 2017; Vegheeet al., 2016; Wanyou et al., 2014).
Although, from an economic point of view, room teemgture could simplify the process and
reduce the processing cost.

3.1.4. Effect of salt concentration (ionic strength)

Fig. 2a and 2b show the effect of salt concentnatin PPO extraction in the range from 0 to
1.5 mol/L NaCl at different pH values of the extran buffer (6.5, 7.2 and 8). It can be observed
that PPO extraction depends on the ionic strenfjtheomedium, whatever it is the pH. When
NaCl concentration increased in the extraction omadits extraction capacity decreased. Best
results were obtained when no NaCl was added textraction buffers, so further experiments
were carried without using NaCl. Verhaeghe et 2016) extracted PPO from brown shrimp
(Crangon crangopwith no NaCl added into the extraction mediumykwer, in the literature
most of the extraction protocols for crustaceans B&CI for enzymatic extraction. For
extracting PPO fronlitopenaeus vannameNirmal & Benjakul (2012) used 1 mol/L NacCl,
meanwhile Wanyou et al. (2014) and Zhang et all12@sed 0.5 mol/L. For extraction in other
crustaceans, 1 mol/L NaCl was also used (Monteral.e2001; Pal & Rao, 2017; Zamorano,
Martinez-Alvarez, Montero, & Gomez-Guillén, 2009l the mentioned studies used an

existing protocol and they did not test the effefcsalt concentration.

3.2 HPCD inactivation of PPO crude extract
PPO inactivation kinetics in the crude extract waséermined at 20 MPa and 35 °C. Crude PPO

extracts were obtained at two different values df .5 and 7.2 with no NaCl added to the



228

229

230

231

232

233

234

235

236

237

238

239

240

241

242

243

244

245

246

247

248

249

250

251

extraction medium. Although higher PPO activity veddained in the extracts at the highest pH
studied in this work (pH = 8), inactivation kinetigvere determined at pH =6.5 and 7.2 since,
according to the literature, fresh prawns have a patying between 6.5 and 6.9
(Shaikhmahamud & Magar, 1965) and the pH of thegace of the cephalothorax Bénaeus
japonicusprawns was 7.2.

Fig. 3 shows similar PPO inactivation kinetics athbvalues of pH, with a minimum residual
activity of 35.0 + 0.7 % after 60 min of treatmemherefore, the effect of HPCD temperature
has been only studied at pH = 7.2, in order to armpvith other previously published results,
where the extract was also obtained at pH = 7.214CG#t al., 1992; Zhang et al., 2011). The
similar results between the two pH values can lzsea@ to the similar values of G@olubility in

the extracts. Solubility of pressurized €@ a phosphate buffer containing 0.2 g/100 mL of B
35 was determined by using the method and equipprevously reported by lllera, Sanz, &
Beltran (2019). At 20 MPa and 45 °C, the solubiigyues were 0.059 + 0.001 g €fer mL of
buffer at pH = 6.5, and 0.056 £+ 0.002 at pH = WRat indicated that C£solubility was very
similar at both pH values. Although inactivatiométics of PPO extracts were determined at
35°C and not at 45°C, based on the results prdyiogsorted by lllera et al. (2019) similar trend
in CO;, solubility at 35°C is expected and no significaimanges are expected at both pH values.
Inactivation kinetics at 20 MPa in the temperatunege from 35 to 50 °C are plotted in Fig. 4.
Enzyme inactivation rate increased significantlyibgreasing temperature (from 35 to 50 °C).
At 50 °C, PPO activity was 9 + 3 % after 60 mintr@fatment. In this regard, in addition to the
intrinsic effect of temperature on enzyme inactivatan increasing temperature could lead to an
improvement of mass transport properties obfhancing C@diffusivity and the number of
collisions between the GGand the enzyme (lllera, Sanz, Solaesa, et al8)2@imilar values

for the PPO residual activity have been reportathénliterature when treating PPO extracts from
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Pacific white shrimps by HPCD at 37 °C and 20 MEa% of residual activity after 30 min of
treatment and total inactivation was reported wih@reasing pressure to 25 MPa at same
temperature and time conditions (Zhang et al., 20Then et al. (1992) achieved total
inactivation in shorter treatment time (4 min) wtibay treated PPO extract from brown shrimp
and in only one min when the extract was from Earspiny lobster, in experiments done at
0.59 MPa and 43 °C. The higher inactivation degfd@PO reported by Chen et al. (1992) could
be attributed to the enzyme source that it is Wediwn to play an important role on the enzyme
inactivation degree, since the operation mode wagas to this work, charging 80 mL of the
extract in a 100 mL high pressure vessel.

To assess the effect of pressurized carbon dioxdenzyme inactivation, PPO crude extracts
were also treated in the same temperature rangat lattinospheric pressure. Fig. 5 clearly shows
that higher inactivation degree was obtained whe:m PPO crude extract was treated by
pressurized C® At 50 °C, PPO inactivation after 60 min at atnifesgc pressure was only
around 30 % (residual activity, 70 %) comparedhe 90 % after HPCD treatment (residual
activity, 10 %). Wanyou et al. (2014) also treate®PO extract from Pacific white shrimp by
thermal treatment, and they determined that a mimntemperature of 60 °C was necessary for
enzymatic inactivation, since they observed no timaton when treating it at 50 °C (95.2 %
residual activity). This indicates that PPO is matinly inactivated by the temperature effect, but
pressurized C®has an important role in enzymatic inactivatiomrthrermore, Zhang et al.
(2011), explained that PPO activity is not onlyeated by pressure, but also by O@olecular
effects under pressure.

PPO inactivation kinetics were fitted to the Welbmbdel, since the first order kinetic model
was found not to be able to properly describe PR&tivation kinetics by HPCD. Fitting

parameters of the Weibull model are listed in Tedhl&he scale parameter, decreased with
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temperature, however, the shape facgordid not show any dependence on temperature, with
values lower than the unity. Scate, and shapef3, parameters were used to calculate the time
required to inactivate 1 logqft) of PPO. According to the values af t4-; decreased with
temperature from 392 to 98 min at 35 and 50 °(eetdvely.

The value of thez (Eq.[6]) has been also included in Table 3, wilib quality of the fitting of
equation 5. Theyz value obtained in this work by HPCD, 25 + 6 °Csw#ghtly higher than the
values reported in the literature for thermal tmeztt. Wanyou et al. (2014), obtainedravalue

of 18.83 °C after treating Pacific white shrimprir@&0 to 100 °C. An Arrhenius type equation
was considered to relate the inverse of the scalanpeter, X/, with temperature (lllera, Sanz,
Benito-Roméan, et al., 2018). Althoughaléannot be considered a kinetic constant, the value
obtained from the slope was calculated as 77 £J2Qi&.

3.3 HPCD inactivation of PPO in whole shrimps

Shrimps were treated in vivo by HPCD at 12 MPa 48@C during 30 min in the presence or
absence of water. Although faster inactivation koseof PPO in the extracts were observed at
50 °C (Fig. 4), 40°C was chosen to treat shrimpiwoe since similar inactivation degree was
reached after 30 min treatment, and, this way, HP&hon-thermal technology, could preserve
organoleptic and nutritive properties in a greatdent. Operating pressure was fixed taking into
account the maximum operating pressure of the /€s5eMPa). Shrimps were also treated at
atmospheric pressure and 40 °C as control, in dodassess the effect of temperature on PPO
inactivation and on visual changes of colour. Afrelatment, PPO was extracted and activity
was determined and compared to a PPO crude erfraon-treated shrimps (Table 4). The PPO
inactivation degree obtained when heating the gisiat 40 °C for 30 min both in presence and
in the absence of water was similar to the inatitwaobtained when treating the PPO crude

extract by mild heating at 40 °C for 60 min (Fig. Bowever, no PPO activity was detected,
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according to the experimental procedure previodskcribed, when treating the shrimps in vivo
by HPCD, both in absence and in the presence oérw@iable 4). As previously reported,
residual activity in crude PPO extracts treatedHRCD at higher operating pressure, 20 MPa,
but at the same temperature, 40 °C for 30 min, mash higher (38.7 = 3.2) than the values
obtained in the sample in vivo. These results agigethe residual activity of PPO reported by
Zhang et al. (2011) after treatment of Pacific wlshrimps in vivo at 20-25 MPa at 37 °C for 10
min, with residual activity values lower than 6 &md total inactivation for treatment time of 30
min. Therefore, we can conclude that PPO in vive wasier to be inactivated than in crude
extracts. This was corroborated by Zhang et all120that attributed this finding to a bigger
contact area between PPO and HPCD. Additionally, G@ubility in aqueous media is
relatively low (lllera et al., 2019). Dissolved ¢@ould decrease pH of the media; however, the
presence of salts of the buffer media could exdruiféer effect. Direct contact of GQuith the
shrimp could induce a more efficient enzyme inatton due to better contact between the
enzyme and the GOWater could act as a barrier for the direct actid CQ, on the shrimps.
This indicates that enzyme inactivation mechanismld be different when CQOis in contact
directly with the shrimps that when G@3 added to an agueous solution.

Visual control of color was carried out, with shpsistored in plastic bags at 4 °C during 7 d.
Untreated shrimps were used as controls for cBliatures from the shrimps during the shelf life
study can be seen in Fig. 6. Untreated shrimpstlh@dnes that were only thermally treated
showed up browning in the cephalothorax soon, énXAd of storage. HPCD treated shrimps in
absence of water presented a similar aspect toedoskrimps, slightly orange and white
appearance, and light browning in cephalothoraxeapmd in the fifth day of storage. On the
other hand, the shrimps that were HPCD treatedrbwater showed a similar behaviour to the

mild thermally treated ones, starting to show brimgron the second day of storage, although
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browning intensity was lower than the control ahd thermally treated ones. By th8 @ of
storage, melanosis is present in all the sampkisghba bit lower in the HPCD treated one in
absence of water (Fig. 6d). Zhang et al. (20119téek whole Pacific white shrimps by HPCD
observing their appearance during 3 d of storage®&t In that time, no melanosis appeared in
HPCD treated shrimps in absence of water, whilesateéd samples showed advanced browning,
as in the present work.

Furthermore, color of shrimps after dry HPCD treatinwas light orange. Wei, Balaban,
Fernando, Peplow, & Florida (1991) also noticecbaked appearance after HPCD treatment of
shrimps. Li, Tian, & Li (2012) observed the saméef in color after treatind.itopenaeus
vannameiby HPP. They explained that the change in colariated to protein coagulation,
which changes the sample surface properties, isicrgalight reflection and, therefore, a
whitened color. In addition, COn the supercritical states has drying propertidter studying
melanosis in different parts of shrimps, Zamoranal.e(2009) explained that the presence of the
cephalothorax was required for melanosis to béateil, where they observed melanosis in just

one day in an untreated shrimp.

4. Conclusions

The study of PPO extraction from cephalothorax afifc white shrimps concluded that higher
pH values improved the extraction, while the preseof NaCl or anionic exchange resin (AG2-
X8) did not show any benefit. Extraction yield was dependent on temperature, in the range
from 4 to 30 °C.

HPCD treatment resulted to be effective in PPOtimatton of these extracts. An increase of
treatment temperature, in the range from 35 to 50A€reased enzymatic inactivation and

inactivation rate. HPCD treatment showed bettenltesn PPO inactivation of shrimps in vivo,
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where the enzyme was totally inactivated accordimgour analytical procedure, although
melanosis quickly appeared in all samples excepthienHPCD treated one in absence of water,
which showed good visual aspect during 5 d of gi@rat 4 °C. Based on the high inactivation
degree reached in shrimps in vivo at 40°C and 12,M#Rilder conditions could be tried. In
conclusion, HPCD technology has been found to pemising non-thermal technology for the
processing of shrimps, and it can be considereghaalternative to the use of sulphites in this

product.
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Table 1. PPO activity expressed as U per g of shrimp leatimg of protein after extraction
with and without resin AG2-X8 (1 g resin: 2 g shpifmead) using a sodium phosphate extraction

buffer pH 7.2, 1 mol/L NaCl and 0.2 g/100 mL Brj at 4 °C.

With resin Without resin
U/g shrimp head 190 #1 182 + 12
U/mg protein 3.9+02 3.6+0.4

Values with different letters in each row are siigaintly different when applying the Fisher’s
(LSD) test at p-valug0.05.



Table 2. PPO activity expressed as U per g of shrimp healdnag of protein after extraction at
different temperatures using a sodium phosphataaidan buffer at pH 8, 1 mol/L NaCl and

0.2 g/100 mL Brij 35.

Temperature 4°C 21°C 30°C
U/g shrimp head 212 #4 209 + 7° 211+ 3
U/mg protein 4.0+0% 4.2+0.2 4.3+0.2

Values with different letters in each row are siigaintly different when applying the Fisher’s
(LSD) test at p-valug0.05.



Table 3. Kinetic parameters of the Weibull model (Eq. 3) tlee inactivation of PPO extracts by
HPCD treatment at 20 MPa. PPO extract was obtaiisety a sodium phosphate buffer at pH

=7.2 with 0.2 g/100 mIBrij 35 and 4 °C)

T,°C o, min B R t4=1, MiN
35 69 + 10 0.48 £0.06 0.984 392
40 303 0.53 £0.07 0.982 145
50 16+2 0.46 £ 0.07 0.984 98

Z't1=25+6°C (R=0.932)

In (1/a) vs (1/T): 77 + 20 kd/mol & 0.940)

a =scale parametef;= shape parameter
ty = time needed to achieve one decimal reductigrhwas evaluated through Eq. 5



Table 4. PPO residual activity after HPCD and mild heatireptment (MH) at 40 °C both in
presence and in the absence of water. PPO wastednasing a sodium phosphate buffer at pH

=7.2 with 0.2 g/100 mL Brij 35 at 4 °C.

Treatment MH (water) MH HPCD (water) HPCD

PPO residual activity  72.5 % 83.3% n.d. n.d.

n.d (Non detected).
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Fig. 1. Effect of pH of the extraction sodium phosphateférudn (a) PPO activity and (b) extract

protein content when using 1 mol/L NaCl and 0.20§/inL of Brij 35 35 at 4 °C.
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Fig. 3. Inactivation kinetic of PPO by HPCD treatment &NPa and 35 °C in PPO extract
obtained at pH = 6.5 and pH = 7.24). PPO was extracted with a sodium phosphate buffer

with 0.2 g/100 mL Brij 35 at 4° C.
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Fig. 4. Inactivation kinetics of PPO extracts by HPCD tneait at 20 MPa and different
temperaturesd(35 °C,0 40 °C andA 50 °C). PPO was extracted using phosphate buifieid &=
7.2 with 0.2 g/100 mL Brij 35 at 4 °C. Symbols regent the experimental results, and lines

represent the calculated values for the Weibull @h¢ég. 3).
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Fig. 5. PPO residual activity of PPO extracts after 6@ ofiHPCD treatment at 20 MPa)(or
mild heating treatmenta] at different temperatureBPO was extracted using phosphate buffer

pH = 7.2 with 0.2g/100 mL Brij 35 at 4 °C.



Fig. 6. Appearance of untreated shrin{p and treated ones at atmospheric pressure, 40&6senc¢b) and in presence of wat@m)

and by HPCD treatment at 12 MPa, 40 °C in abs@ijcand in presence of wat@) during 7 d of storage at 4 °C.



Extraction conditions have been optimized for higher PPO activity in crude extracts.
The Weibull modéd fit well HPCD inactivation of PPO extracts from shrimps.
Higher PPO inactivation degree was obtained in vivo than in crude extracts.

Visual aspect was good when treated whole pieces by HPCD in dry medium.



