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Characterization of Polyphenol Oxidase and Peroxidase and
Influence on Browning of Cold Stored Strawberry Fruit
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Polyphenol oxidase and peroxidase were extracted from two different varieties of strawberry fruit
(Fragaria x ananassa D, cv. ‘Elsanta’ and Fragaria vesca L, cv. ‘Madame Moutot’) and characterized
using reliable spectrophotometric methods. In all cases, the enzymes followed Michaelis—Menten
kinetics, showing different values of peroxidase kinetics parameters between the two cultivars: Ky,
= 50.68 £+ 2.42 mM (‘Elsanta’) and 18.18 + 8.79 mM (‘Madame Moutot’) mM and Vjax = 0.14 +
0.03 U/g (‘Elsanta’) and 0.05 + 0.01 U/g (‘Madame Moutot’). The physiological pH of fruit at the red
ripe stage negatively affected the expression of both oxidases, except polyphenol oxidase from
‘Madame Moutot’ that showed the highest residual activity (68% of the maximum). Peroxidase from
both cultivars was much more thermolable as compared with PPO, losing over 60% of relative activity
already after 60 min of incubation at 40 °C. The POD activation energy was much lower than the
PPO activation energy (AE* = 97.5 and 57.8 kJ mol~ for ‘Elsanta’ and ‘Madame Moutot’, respectively).
Results obtained from p-glucose and p-fructose inhibition tests evidenced a decreasing course of
PPO and POD activities from both cultivars as the sugar concentration in the assay medium increased.
Changes in CIE L*, a*, b*, chroma, and hue angle values were taken as a browning index of the
samples during storage at 4 °C. A decrease in L* was evident in both cultivars but more marked in
‘Elsanta’. PPO and POD activities from cv. ‘Elsanta’ were very well-correlated with the parameter L*
(r2 = 0.86 and 0.89, respectively) and hue angle (2 = 0.85 and 0.93, respectively). According to
these results, the browning of the fruit seemed to be in relation to both oxidase activities.
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INTRODUCTION nantly located in the chloroplast thylakoid membranes, and its
ephenolic substrates are mainly located in the vacuoles, but upon

best commercial development in recent yedysWnfortunately, any cgll-damaglng treatment, the_ enzyme and substrates may

this fruit has a very short post-harvest life, due to its relative come mFo contact, leading to rapid QX|dat|on of phen@l); (

high metabolic activity and high sensitivity to fungal attack. Peroxidase (POD; EC 1.11.1.7) is another oxidoreductase

Furthermore, during handling, storage, and marketing, it is €1Zyme involved in enzymatic browning since diphenols may

highly susceptible to physical damage leading to disruption of function as reducing substrates in its reactign he involve-

its cellular structure and consequently a speed up of softeningment of POD in browning is reported by many researchiérs (

and browning phenomena. 10), although it is limited by the ava|!ab|I|ty of electron acceptor
Browning of damaged tissues of fresh fruits and vegetables C0Mpounds such as superoxide radicals, hydrogen peroxide, and

mainly occurs from the oxidation of phenolic compounds and iPid peroxides. Furthermore, it has been proposed that POD

contributes significantly to quality los). In particular, the cata!yzes the cross-linking between ferulic acid substituents (_)f

primary enzyme responsible for the browning reaction is pectins (11), and a clear_ corrglat!on has been. found between its

polyphenol oxidase (PPO; EC 1.14.18.1) (3). In the presence activity and the synthesis of lignin and suberin polymer2)(

of oxygen, this copper enzyme catalyzes the hydroxylation of ~Much of the literature reports the characterization of oxidative

monophenols te-diphenols (cresolase activity) and the oxida- enzymes from various fruits and vegetables, such as apidgs (

tion of o-diphenols to their correspondimgquinones (catecho-  grapes (14), peard$), eggplants (16), and strawberria¥y,

lase activity) 4). These, in turn, are polymerized to undesirable but no clear correlations were found between degradative

brown, red, or black pigment&). In plants, PPO is predomi-  activities and browning of samples. The aim of this work was

to extract and characterize polyphenol oxidase and peroxidase

* Corresponding author. Phone+39 095 7580213; fax:+39 095  [TOM strawberry to determine kinetic parameters, optimum
7141960; e-mail: mchisari@unict.it. conditions of pH and temperature, thermal stability, and inhibitor

The strawberry, among the berry species, has obtained th
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effects byp-glucose ana-fructose. Furthermore, storage tests was explained by the MichaetidMenten equation, while kinetic
at 4 °C were performed with whole fruit to evaluate the parameters (i and Viay) were calculated by hyperbolic regression
variations of physicochemical properties and to establish pos- analysis (22).

sible relationships between oxidase activities and browning of ~ Optimum pH and Temperature. PPO and POD activities were
fruit. determined in a pH range of 3-@.0 in 50 mM citrate phospate buffer,

using DOPAC (40 mM) and hydrogen peroxide (32 mM) as substrates.
Then, tests were carried out at the pH producing maximum activity to
MATERIALS AND METHODS find the optimal temperature; PPO and POD activities were assayed at

Plant Materials. Strawberries belonging to groug&ragaria x various reaction temperatures as controlled by a circulation water bath.
ananass®, cv. ‘Elsanta’ andrragaria vescal, cv. ‘Madame Moutot’ The temperature was varied over the range-67@=+ 0.1°C. DOPAC
were all obtained on the same day, on the day of harvest from local (40 mM) and hydrogen peroxide (32 mM) were used as substrates.
producers in Catania and Maletto (Sicily, Italy). The cultivar ‘Elsanta’ Thermal Stability. The enzyme solutions in Eppendorf tubes were
is widely present in Italian national markets because of its form, high incubated in a water bath at four different temperatures (50, 60, 70,
productivity, sturdiness, and long shelf life. The cultivar ‘Madame and 80°C) for different times, up to 120 min. PPO activity was
Moutot', originally imported from France, represents instead a typical determined at 28C and pH 7.0, using DOPAC (40 mM) as a phenolic
product of Sicilian strawberry cultivation, restricted to the slopes of substrate. POD activity was determined at°®5and pH 7.0, using
Mount Etna. Fruits were harvested at commercial maturity-@bdays hydrogen peroxide (32 mM) as a substrate. The percentage of residual
after anthesis), when they were at full size and at about 90% full red enzymatic activity was calculated by comparison with unheated
color. They were sorted on the basis of size and absence of physicalenzyme (23).
damage and divided randomly into lots of 10 (replicates) ca. 200 g of  Inhibition Tests. b-Glucose and-fructose at different concentra-
fruit (average weight of single fruit: 194 0.8 and 18.5+ 1.1 g for tions (0.02, 0.06, 0.1, 0.5, 1, 2, 3, 4, and 5 M) were dissolved in the
‘Elsanta’ and ‘Madame Moutot’, respectively). Fruits were placed in assay medium, and PPO and POD activities were measured°& 25
cold storage (4C) immediately after harvest and kept for 18 h before and pH 7.0, to determine inhibitor effects of sugars on enzymatic
beginning enzyme extraction and analyses. The storage kept the freshlyactivities.
harvested fruit at 4°C and 95% RH, in transparent perforated Physicochemical Properties of Strawberry SamplesEach pulp
polystyrene baskets with a capacity of 500 g of strawberries, wrapped sample was blended with a standard blender (Solac 850, Vitoria, Spain),
with perforated PVC plastic film (25 holes of 5 mm diameter per and the obtained juice was used for chemical analysis. Titratable acidity
package, 0.02 mm film thickness), in the same way that they are usually (TA) was quantified by titrating 10 mL of strawberry juice with 0.1 N
exposed in supermarket displays. Ten fruits of each species wereNaOH to an endpoint of pH 8.1 (Metrohm 716 DMS titrator, Herisau,
sampled for physicochemical analyses and enzymatic assays at daySwitzerland) and expressed as g of citric acid 100 #(24). The total
0, 3, 7, and 10. Five hundred grams of freshly harvested fruits from soluble solid (TSS) content was measured with a digital refractometer
each species was utilized for enzyme characterization. (Abbe 1S, Milan, Italy) and expressed #Bx at 20°C. The pH was

Sample Preparation.A 200 g strawberry sample was passed through measured with the same equipment used for measuring TA. Antho-
a juice centrifuge, sieved (0.5 mm diameter) to remove seeds, andcyanins were estimated by a pH differential meth28)( Absorbance
homogenized using a Ultra-Turrax T25 (Janke and Kunkel, Staufen, was measured in a Varian Cary 1E (Milan, Italy) spectrophotometer at
Germany) homogenizer set for 60 s. 510 and at 700 nm in buffers at pH 1.0 and 4.5, ushg [(Asi0 —

PPO and POD Extraction and Assay.Twenty grams of homoge- Azoo)prro — (As10 — Arog)phag With @ molar extinction coefficient of
nate was added to 40 mL of cold acetore20 °C) and continuously cyanidin-3-glucoside of 29 600. Results were expressed as micrograms
stirred for 10 min. The homogenate was filtered through Whatman No. of cyanidin-3-glucoside equiv per gram of fresh weight. The juice color
42 paper under vacuum on a Buchner funnel; the acetone powder, aftefvas determined with a compact tristimulus chromameter (Minolta CR-
elimination of the acetone under vacuum, was collected and suspended300, Ramsey, NJ) with an 8 mm @ viewing aperture, white plate
in 30 mL of 0.1 M citrate phosphate buffer pH 7.5 and kept overnight reference (¥= 94.3;x = 0.3142;y = 0.3211), and C illuminant (CIE,
at 4 °C, before again being filtered through Whatman No. 42 paper 2° observer). Readings were expressed.’asa*, andb* parameters.
under vacuum on a Buchner funnel. The clear solution was ultrafiltered Chroma [(a® + b*2)Y4 and hue angle [tari(b*/a*)] were calculated.
in a Millipore stirred cell with a 10 kDa membrane (Millipore 8050, Statistical Analysis. All determinations were conducted 3 times at
Milan, Italy) and utilized as the crude enzymatic extract. least. Analysis of variance (ANOVA) of the data was evaluated by the

The enzymatic assay was performed according to a reliable spec-statistical Analysis System (SAS version 9.0). Duncan’s multiple range

trophotometric method, using MBTH to trap the enzyme generated test was employed to determine the statistical significance of the
ortoquinone 18, 19). PPO activity was assayed spectrophotometrically differences between the means<p0.05).

at 505 nm using 3,4-dihydroxyphenyl acetic acid as a phenolic substrate
with MBTH. The standard reaction mixture contained 0.9 mL of 40
mM phenolic substrate, 0.1 mL of 2% (w/v) MBTH in methanol, 0.05 RESULTS AND DISCUSSION

mL of DMF, 1.5 mL of 50 mM sodium acetate buffer pH 7.0, and 0.5 Kinetics Properties. PPO and POD kinetics parameter
mL of enzymatic extract. The reaction was stopped at different times determination was carried out on extracts from ‘Elsanta’ and
with 0.5 mL of 5% HSO.. The blank was prepared by inverting the ‘Madame Moutot' cultivarsigure 1ab). Relative to polyphe-

order between enzymatic extract angS:. One unit of PPO activity . . . . .
was defined as the amount of enzyme that produgesdl of adduct nol oxidase, in both cultivars, the enzyme followed Michaelis

per min at 25°C under the conditions previously described. Menten kinetics, showing very simild, andVimax values for
POD activity was determined spectrophotometrically as the change the DOPAC substrateKy = 4.78+ 1.87 mM (‘Elsanta’) and

in absorbance at 470 nm. The reaction mixture contained 2 mL of 0.01 5.67 4 2.20 mM (‘Madame Moutot’) mM an®/max = 0.02 +

M citrate phosphate buffer (pH 7.0) containing 1.0% (v/v) guaiacol, 0.005 U/g (‘Elsanta’) and 0.0& 0.007 U/g (‘Madame Moutot’).

0.25 mL of 32 mM HO,, and 0.1 mL of enzyme extract (20). One  Also, peroxidase extracted from strawberry samples showed

guaiacol unit (U) is defined as the amount of enzyme that oxidizes 1 Michaelis-Menten kinetics but with different values of kinetics

umol of guaiacol per minute at 28 and pH 7.0 under the conditions parameters between the two cultivaié;, = 50.68+ 2.42 mM

de_sl_%ribed tpr_eviou?y.t determined ding to the Bradford Bi (‘Elsanta’) and 18.18 8.79 mM (‘Madame Moutot’) mM and
e protein content was determined according to the Bradford Bio- Vimax = 0.14 + 0.03 U/g (‘Elsanta’) and 0.05 0.01 Ulg
Rad protein assay using bovine serum albumin as a stangayd ( (‘Madame Moutot))

Kinetic Properties. PPO and POD activities were measured with i . .
their specific substrates (DOPAC and hydrogen peroxide, respectively) PH Optimum. The strawberry PPO had a maximum activity
in order of increasing molarity (up to 80 mM for DOPAC and 512 at pH 4.0 in cultivar ‘Elsanta’ and at pH 4.5 in cultivar ‘Madame
mM for hydrogen peroxide). Enzyme behavior (at pH 7.0 and@p Moutot’ (Figure 2) but retained its residual activity over 60%
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Figure 1. (a) Hyperbolic regression results for strawberry PPO (£95%

confidence intervals). (®) ‘Elsanta’ (Vinax = 0.02 + 0.005 U/g; Ky, = 4.78
+ 1.87 mM) and (O) ‘Madame Moutot’ (Vimax = 0.03 + 0.007 U/g; Kn
5.67 + 2.20 mM). (b) Hyperbolic regression results for strawberry POD
(£95% confidence intervals). (®) ‘Elsanta’ (Vimax = 0.14 + 0.03 U/g; Kin
= 50.68 + 2.42 mM) and (O) ‘Madame Moutot' (Vmax = 0.05 + 0.01
Ulg; Kn = 18.18 + 8.79 mM).
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Figure 2. Effect of pH on strawberry PPO and POD activity.

in the pH range of 3.866.0 in ‘Madame Moutot’ while rapidly
decreasing in ‘Elsanta’ until there was a 20% residual activity
at pH 6.0. The physiological pH in red ripe fruits was 3.5 in
both cultivars, in which condition the PPO relative activity was
50% in ‘Elsanta’ and 68% in ‘Madame Moutot’. With regard
to peroxidase, the maximum activity was found at pH 6.5 in
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Figure 3. Effect of temperature on strawberry PPO and POD activity.

‘Elsanta’ and 6.0 in ‘Madame MoutotHgure 2). More acidic

pH values caused a decrease of activity, probably due to enzyme
instability at these pH values. At a strawberry physiological pH
value of 3.5, the residual activity was similar between the
cultivars (44% in ‘Elsanta’ and 47% in ‘Madame Moutot’).
Results indicated that the red ripe fruit condition negatively
affected the expression of both oxidases, except polyphenol
oxidase from ‘Madame Moutot’ that showed the highest residual
activity (68% of the maximum).

Optimum Temperature. The optimum temperature of activ-
ity for strawberry PPO was 50C in ‘Elsanta’ and 65°C in
‘Madame Moutot’ Figure 3). Results agree with those reported
in the literature relative to PPO extracted from different sources
(26—28). PPO retained most of its activity (more than 80% of
the maximum) over the temperature range of-86 °C. On
the other hand, at the cold storage temperaturéQy PPO
resulted in a very low residual activity (32 and 16% of the
maximum in ‘Elsanta’ and ‘Madame Moutot’, respectively).
Relative to POD, the maximum activity was found atZ5in
both cultivars Figure 3). Temperatures higher than 3G in
the assay medium caused a progressive decrease of activity until
90% inactivation at 70C. The cold storage temperature°@)
produced a slighter inactivation, leading to 47 and 34% POD
residual activity in ‘Elsanta’ and ‘Madame Moutot’, respectively.

Thermal Stability. The thermostability profiles of PPO
extracts from'Elsanta’ and ‘Madame Moutot’ are shown in
Figure 4a,b. PPO from ‘Elsanta’ showed a good stability during
60 min of incubation at 50C, while at 60°C, almost a complete
inactivation (95% loss of activity) after 20 min of incubation
was noticed. ‘Madame Moutot’ PPO resulted in being much
more thermostable than ‘Elsanta’ above all at high temperatures,
showing over 40% of residual activity after 2 h of incubation
at 60°C. The time required to halve the activity was 77 min at
50 °C, 4.5 min at 60°C, 2.6 min at 70°C, and 1.7 min at 80
°C for ‘Elsanta’ and 153 min at 50C, 93 min at 60°C, 38
min at 70°C, and 9.8 min at 80C for ‘Madame Moutot’. PPO
is not a very heat-stable enzyme as compared to other enzymes
responsible for quality degradation of fruit and vegetali®; (
however, strawberry PPO showed good resistance at tempera-
tures (50°C) much higher than those utilized for the storage of
fresh produce (from 4 to 2%C).

Thermostability profiles of POD from ‘Elsanta’ and ‘Madame
Moutot’ are shown inFigure 5a,b. Peroxidase from both
cultivars resulted in being much more thermolable as compared
with PPO, losing 66-80% of relative activity after 60 min of
incubation at 50C. However, the commercial cultivar ‘Elsanta’
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Figure 4. (a) Thermal stability of ‘Elsanta’ PPO and (b) thermal stability
of ‘Madame Moutot' PPO.

resulted in being more stable than the local cultivar ‘Madame
Moutot’ in the temperature range of 580 °C. The time
required to halve the activity was 18 min at 80, 2.9 min at
60°C, 1.8 min at 70C, and 1.4 min at 80C for ‘Elsanta’ and
29 min at 50°C, 4 min at 60°C, 1.3 min at 70C, and 0.7 min
at 80°C for ‘Madame Moutot’.

The temperature dependence of the kinetic inactivation
constant (k) was evaluated using the Arrhenius equation

)

as shown inFigure 6. The activation energyAE") for crude
‘Elsanta’ and ‘Madame Moutot’ PPO and POD heat inactivation
was determined from results iRigure 6. Other activation
parameters, namelyAG* (Gibbs free energy for enzyme
inactivation), AH* (enthalpy change, a measure of the number
of noncovalent bonds broken), an&lS" (entropy change, a

Ink=Ink, — AE'/RT

Chisari et al.

100J7 ® 50°C
o o 60°C
9 v 70°C
~ ] v 80°C
;-? 80
2 °
=
|21
= 60
©
3 o e
2 v
40 -
& o ° )
8 Yo .
a 204V
v © L ]
0 v v . . ; . .(a)
0 10 20 30 40 50 60
Time (min)
100J7 ® 50°C
o 60°C
S v 70°C
; 80 1% v 80°C
.; ®
2
&
h 60 19 .
.g .
]
& 40 4 o °
a v o
(o] vy °
8 20 - ©
M @]
v v 0 (b)
0 2 v A4 ; ; 2
0 10 20 30 40 50 60
Time (min)

Figure 5. (a) Thermal stability of ‘Elsanta’ POD and (b) thermal stability
of ‘Madame Moutot' POD.
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Figure 6. Arrhenius plot for heat inactivation of strawberry PPO and POD.

measure of net enzyme and solvent disorder), were determined

from the following equations as described previously (30):

AG" = RTIn(kT/Kgh) (1a)
AH* = AE' = RT (1b)
AS = (AH" — AGHIT (1c)

whereR (8.3145 J mot! K1) is the universal gas constaits
(1.3806x 10722 J KY) is the Boltzman constani, (6.6261 x
107347 s) is Planck’s constant, afids the absolute temperature.
Results for these analyses are reportedable 1.

To summarize AE* was 145.6 kJ mot for ‘Elsanta’ PPO
heat inactivation as compared to 107.5 kJ mhdor ‘Madame
Moutot’ PPO heat inactivation. POD activation energy resulted
in being much lower than PPO (96.2 and 74.6 kJ Thdbr
‘Elsanta’ and ‘Madame Moutot’, respectively). At temperatures
of 50—80°C, the average values ofH* were 142.7 and 104.7
kJ moi~! for ‘Elsanta’ and ‘Madame Moutot’ PPO, respectively,
and 93.4 and 71.8 kJ mdifor ‘Elsanta’ and ‘Madame Moutot’
POD, respectively. Considering the higher values\& and
AH* at all temperatures and the greater half-life values for
polyphenol oxidase than those for peroxidase, it is possible to
conclude that strawberry PPO is more thermostable than POD



Characterization of Polyphenol Oxidase and Peroxidase

Table 1. Transition State Parameters for Heat Inactivation of Crude

‘Elsanta’ and ‘Madame Moutot' PPO and POD?
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enzymaticextract  AEF(kImol™Y)  AHF(Imol)  AGH(kImolh)  AS*(ImoltK-) 100 "."
‘Elsanta’ i
PPO 145.6 142709 3734+118 -681.2+29.1 3 80
POD 96.2 93.4+09 3745+104 -830.7+19.2 g 1 3
‘Madame Moutot s | Tm——e I
PPO 107.5 104709 367.4+104 -766.0+215 2 60 -
POD 74.6 71.8+09 371.8+94  -886.9+149 %
2

— - — —e&— FEjsanta PPO
aMeans +SD for triplicate experiments. ® AE¥: Activation energy for crude PPO 40 4 —o— Madame Moutot PPO

and POD heat inactivation; AG*: Gibbs free energy for enzyme inactivation; AH*: —-¥— FElsanta POD
enthalpy change; and AS¥: entropy change. —-v— Madame Moutot POD
20 T T T
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[D-Fructose] M

Figure 8. D-Fructose inhibition of crude strawberry PPO and POD.

Moutot’. These results could be of importance in setting up the
production processes of strawberry marmalades and jams,
considering the high sugar content of such products.
Physicochemical Characteristics of Strawberry Cultivars.
Samples from ‘Elsanta’ and ‘Madame Moutot’ strawberry

Relative activity %

—e— Elsanta PPO e cultivars were analyzed during 10 days of storage aC4o
40 1 —o— Madame Moutot PPO B 4 find possible differences related to storage suitability of the two
T meantaP A%’utot oD cultivars. Results are reported Trable 2. The percentages of
20 titratable acidity (TA) in both cultivars were between 0.7 and
0 ] ) 3 4 1.2% during the storage period. These values agree with those

reported in the literature, between 0.6 and 2.3%, 32). No
significant changes in the citric acid content were observed
during fruit storage at cool temperature, except for the ‘Elsanta’
cultivar, which showed a decrease of around 30% between days
over the range of temperatures studied. Furthermore, some0 and 3. Citric acid is the main compound accountable for
differences between the cultivars were noticed. In particular, titratable acidity, and it is predominant (over 90%) in strawber-
PPO and POD extracts from ‘Elsanta’ showed a much higher ries. This acid regulates the cellular pH and may influence the
thermostability than those from ‘Madame Moutot’, in terms of anthocyanin stability and, as a consequence, the color of the
thermal inactivation parameters and time required to halve the fruit, although there is little published information about such
activity. a relationship$3). The initial value of total soluble solids (TSS)

Sugar Inhibition. The effects ob-glucose as an enzymatic ~ Was 6.0°Bx in both cultivars, significantly increasing throughout
inhibitor are shown irFigure 7. The percentage of inhibition ~ the storage period until reaching 8:Bx in ‘Elsanta’ and 9.2
was compared with that of the control (100% activity). PPO B in ‘Madame Moutot'. Considering that an acceptable
and POD activities from both cultivars showed a decreasing Strawberry flavor is achieved with a minimum TSS of 7Bk

course as the sugar concentration in the assay medium increase@d & maximum TA of 0.8% (34), fruits from both cultivars
The effect ofp-glucose on crude ‘Elsanta’ PPO activity was reached the best quality for consumption after 3 days of cool

similar in pattern to that of crude ‘Madame Moutot” PPO storage. _Dry matter percentage did not show significant varia-
activity. The concentration af-glucose required in the assay _tlons during the storage o(f’ Madame Moutot, although a slight
medium to halve the activity was 3.05 and 1.84 M for ‘Elsanta’ increase (from 7.6 to 8.5%) was seen probably due to evapo-

and ‘Madame Moutot' PPO, respectively. Peroxidase Seemedtransplratlon from the fruit surface. Such a phenomenon was

to be less affected hy-glucose presence in the assay medium more evident in ‘Elsanta’, leading to a significant increase of
o i . . . dry matter throughout the cool storage period. During the storage
especially in extracts from cultivar ‘Madame Moutot’, in which Y 9 gep g g

) . ) . of strawberries at 4C, an anthocyanin content of cv. ‘Madame
a slight activation up to 1 M sugar concentration was noticed. \, o+ rose by about 43% from an initial 84.6 to 148.8/g,

The inhibition effects ob-fructose on strawberry PPO and  whereas the anthocyanin content of cv. ‘Elsanta’ did not vary
POD are shown irrigure 8. Also, in this case, the increasing  significantly throughout the storage period, although it did show
concentrations of sugar caused a progressive inactivation of bothan initial value (256.7g/g) 3 times higher than in ‘Madame
enzymes, which was a much more evident inhibition in Moutot’ and slightly increased up to the seventh day of storage.
strawberry polyphenol oxidase than in peroxidase. In fact, the The increased pigmentation of fruits can be attributable to the
concentration ob-fructose required to halve the activity was activation of enzymes involved in phenylpropanoid metabolism
4.05 and 3.15 M for ‘Elsanta’ and ‘Madame Moutot’ PPO, induced by the low temperature according to other reports that
respectively, while it was 10.49 and 3.61 M for ‘Elsanta’ and found that cold storage stimulates anthocyanin biosynthesis in
‘Madame Moutot’ POD, respectively. By the results obtained, apples (34), pomegranates (35), lowbush bluebergiéy and
it is possible to notice the better resistance to sugar inhibition red orange (37) fruits.
of both oxidases extracted from the commercial cultivar  Strawberry Browning. Changes inL*, a*, b*, chroma, and
‘Elsanta’ in comparison with the local cultivar ‘Madame hue angle values were taken as a browning index of the samples

[D-Glucose] M
Figure 7. D-Glucose inhibition of crude strawberry PPO and POD.
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Table 2. Physicochemical Properties of ‘Elsanta’ and ‘Madame Moutot' Strawberries during Storage at 4 °C?
cultivars days at 4 °C pH TA (g of citric acid/100g) ~ TSS (°BX) dry matter (%) L* a* b* chroma hue angle  anthocyanins («g/g)
‘Elsanta’ day0  3.07+006b  123+0.02a 60+03b 81+06b 699+4la 411+32a 259+14bc 486 137  256.7+67.1a
day3  346+006a  084+0.02b  78+04a 92+04a 650+30a 367+27a 238+20c 438 132 3HL3+628a
day7 347+004a  082+004b 84+04a 95+06a 57.2+41b 388+35a 282+x17b 480 112 3653%5l4a
day10 343+005a  0.86+0.04b  78+05a 9.0+05ab 447+27c 395+36a 340+2la 521 086  2845+60.4a
‘Madame Moutot'  day0  342+005b  077+007a 60%04c 76+08a 742+34a 303x29a 302x17a 428 0.65 84.6+18.3b
day 3 350+0.04a 0.75+0.05a 79+03b 79+04a 701+38ab 284+35a 293+19a 40.8 0.60 855+16.9Db
day7 355+003a  084+0.07a 92+04a 80x05a 640+26bc 291+24a 295+24a 414 062  1256+2L4ab
day10 355+003a  084+0.03a 92+03a 85+06a 610+£38c 263+18a 261x24a 370 065  1483+303a

@Means in the same column followed by the same letter are not significantly different at the p < 0.05 level according to Duncan's multiple range test.
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Figure 9. Activity of crude strawberry PPO during storage at 4 °C.

during storage at 4C (Table 2). A decrease ih* was evident
in both cultivars but more marked in ‘Elsanta’. In fact, the

Figure 10. Activity of crude strawberry POD during storage at 4 °C.

Table 3. Regression Coefficients (%) for Linear Regression Fitting of
Browning Parameters

o . browning parameters PPO POD [* & b* chroma hueangle
variation of lightnessAL*) between days 0 and 10 was 25.2 - ,
and 13.2 for ‘Elsanta’ and ‘Madame Moutot', respectively. Apart =2 E’gg 054 064 ggg 882 gg; g?g ggg
from a slight loss of brightness, ‘Madame Moutot’ strawberries adame Moutot  PPO 076 034 008 025 047 071
did not show any other significant variation of color parameters, POD 0.76 080 048 065 0.8 0.39

while a decrease of hue angle values (from an initial 1.37 to
0.86 at day 10) was also noticed in ‘Elsanta’. Moreover, by
calculatingAE* (AE* = (AL*2 4 Aa*2 + Ab*?)12) a widely

To establish the PPO and POD influence on strawberry

used parameter for determining color differences perceptible by browning, relationships between color measurements and en-
the human eye, it was possible to notice a sharp color variation zymatic activities were researched, and regression coefficients

during the storage period in both cultivars, but it was more
marked in ‘Elsanta’ (AE*= 26.5 and 14.4 for ‘Elsanta’ and
‘Madame Moutot’, respectively). Degradation of color evidenced
by AE* was mostly due to dramatic depletion in lightnek¥)(
values, whereas the greered (a*) and blue-yellow (b*)
chromatisms did not influence significantly such parameters.
Furthermore, the changes in total anthocyanin amount of

r2 for the linear regression fitting of these relations were
calculated Table 3). Results indicated that PPO and POD from
cv. ‘Elsanta’ were very well-correlated with the paramditér

(r2 = 0.86 and 0.89, respectively) and hue angke=£ 0.85

and 0.93, respectively). According to these results, the browning
of the fruit seemed to be in relation to both PPO and POD
activities. On the other hand, PPO was correlated only with the

strawberries during cold storage did not seem to reflect such parametet* (r? = 0.80) in cv. ‘Madame Moutot’, whereas no

visible changes in juice color since increases of pH during
storage probably influenced the color and stability of antho-
cyanins, as previously reported (30).

clear correlation was found between POD activity and browning.
The involvement of polyphenol oxidase in the browning of fruit
and vegetables is well-known and reported in several studies

Polyphenol oxidase and peroxidase courses during cold about different products, such as banar®),(peaches4d),

storage are shown figures 9and10. PPO from cv. ‘Madame

and lettuce 42). In a previous study2@), we found a clear

Moutot’ had a greater initial activity than ‘Elsanta’ (0.034 and correlation between polyphenol oxidase and both browning and
0.018 U/g fw, respectively) and manifested a maximum of 0.043 degradation of lycopene in cherry tomatoes. Besides, the role
U/g fw on the third day of storage, while ‘Elsanta’ PPO of peroxidase in enzymatic browning has been traditionally
increased throughout the storage period and showed maximumguestioned mainly because of the low hydrogen peroxide content
activity on the 10th day (0.036 U/g fw). On the other hand, in fruit and vegetable tissues and the relatively high catalytic
POD was noticeably higher in ‘Elsanta’ during all storage period power of PPO for the phenolics. However, some authbs (
(0.135 and 0.063 U/g fw initial activity for ‘Elsanta’ and 43) reported on the possible implication of peroxidase in
‘Madame Moutot’, respectively); in both cases, the POD activity enzymatic browning through a synergistic effect PHEDD,
remained with little variations until the 10th day. through the generation ofJ@, in PPO-catalyzed reactions and
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also the use by POD of semiquinonic intermediates of PPO- (18) Pifferi, P. G.; Baldassari, L. A spectrophotometric method for
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