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ABSTRACT

Twenty two scab-resistant apple cultivars, harvested in the 2007 and 2008 sea-
sons, were analysed for phenolic compounds content and polyphenol oxidase (PPO)
activity. Tyrosine content was determined in the raw juices of five selected cultivars.
The results showed substantial differences in the composition between the investi-
gated apple cultivars, particularly in the phenolic compounds contents. Their total
polyphenol content ranged from 161.9 to 882.4 mg/kg f.w., with hydroxycinnamic
acids as the main phenolic compounds. The level of PPO activity ranged from 5 to
240 U/g f.w. Almost half of the 22 cultivars show PPO activity below 50 U/g f.w.
‘Angold’, ‘Selena’ and ‘Gold Milenium’ showed the highest PPO activity; between
125-133 U/g f.w. ‘Rebella’, ‘Sampion’, ‘Topaz’, ‘Rewena, ‘Enterprise’ and ‘Ger-
linde' showed the lowest PPO activity. Statistical analysis showed no correlation
between PPO activity and total polyphenol content or hydroxycinnamic acids. No
correlation can be confirmed between PPO activity and tyrosine content.

Key words. PPO activity, scab-resistant apples, polyphenols, tyrosine


mailto:kkolodz@p.lodz.pl

K. Kotodzigiczyk et al.
INTRODUCTION

Cataysis by polyphenol oxidase
(PPO) is the main reason for the oc-
currence of natura and browning
reactions, with atmospheric oxygen
as the oxidant (Rocha, 2001). Poly-
phenol oxidase (PPO) catalyses o-
hydroxylation of monophenols to
give o-diphenols (cresolase activity)
and o-diphenols to o-quinones (cate-
cholase activity) (Cestaria et 4.,
2002). Enzymatic browning causes
severe quality defects during han-
dling of light-coloured fruits and
vegetables and causes serious prob-
lems in the processing technology of
low processed fruits and vegetables.

The contribution of a substrate to
enzymatic discoloration depends on
the concentration of the substrate and
on the nature of the other compounds
present in the tissue. Catechins, cin-
namic acid eders, 3,4-dihydroxy
phenylalanine (DOPA), and tyrosine
are the most important natural sub-
strates of polyphenol oxidase in
fruits and vegetables. In apples,
(+) catechin, (-) epicatechin and
chlorogenic acid have been identified
as substrates for PPO (Rocha, 2001).
The catechins were found to be oxi-
dized more rapidly than chlorogenic
acid, with (-) epicatechin contribut-
ing more than the other compounds
to the browning. However, since the
concentration of chlorogenic acid in
applesis severa times higher that of
the catechins, its role in browning
may be more important (Vamos-
Vigyazo, 1981; Rocha, 2001). PPO
has generally been recognized to be
responsible for enzymatic browning
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of fruits and vegetables. So far, how-
ever, it has not been clearly established
whether a relationship between extent
of browning, fruit polyphenol content,
and enzyme (PPO) activity exists
(Carbonaro and Mattera, 2001)

Apples are the most frequently
consumed fruits in Poland. Commer-
cia apple production in 2005-2007
amounted to 1.0523 Mtlyear
(Nosecka, 2008). Apples, like other
fruits, are an important part of the
human diet. They are a source of
sugars, minerals, dietary fibre and
various biologically active com-
pounds, such as vitamin C (ascorbic
acid) and certain phenolic com-
pounds which are known to act as
natural antioxidants (Podsedek et a.,
2000). Subclasses of polyphenals in
apple are hydroxycinnamates, dihy-
drochalcones and flavonoids (i.e.
flavanols and flavonols) (Schieber et
al., 2003).

Scab-resistant  cultivars  have
a heritable immunity to apple scab,
amajor disease of the fruit and foli-
age of apples. Apple scab requires
several applications of fungicide to
control on non- resistant cultivars.
The consumption of scab-resistant
apples and products made from scab
resistant apples, due to their lower
levels of potentially toxic residues,
may also become appealing to con-
sumers (Kotodzigczyk et d ., 2007).

PPO activity and its correlation
to polyphenol and tyrosine content in
new scab-resistant apple cultivars are
not presently known. The aim of this
study was to compare the activity of
PPO with the concentration of total
phenolic compounds and tyrosine.
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MATERIAL AND METHODS

22 scab resistant apple cultivars
were evaluated: ‘Angold’, ‘Ariwa’,
‘Enterprise’, ‘Free Redstar’, ‘Free-
dom’, ‘Gerlinde’, ‘Gold Milenium’,
‘|dared’, ‘ Melfree’, ‘ Novamac’, ‘ Ra-
jka', ‘Rebella’, ‘Regina, ‘Reglindis’,
‘Renora’, ‘Retind, ‘Rewena’, ‘Rubi-
nola, ‘Sampion’, ‘Sawa ‘Selend,
‘Topaz’'. The fruits were harvested in
2007 and 2008 at the Experimental
Orchard of the Research Institute of
Pomology and Foriculture in Dab-
rowice. Mean sample was prepared
as described by Renard (2005) and
ground in liquid nitrogen. The pre-
pared sample was extracted and used
for polyphenols and PPO activity
determinations.

Extraction was performed as fol-
lows: 2 g of fresh sample were mixed
with 4 ml of 70% methanol and soni-
cated for 15 min, then stored 12 h.
After centrifugation, the supernatant
was collected, and the sediment was
re-extracted two times with 3 ml of
extraction solvent. Pooled extracts
wererefilled up to 10 ml.

HPLC determination of polyphenols

The determinations were per-
formed using the Dionex HPLC sys-
tem equipped with a Diode Array
Detector (UVD340U Dionex Ger-
mering, Germany) and Gemini 5 p
C18 110A column (250 x 4.6 mm),
(Phenomenex, Torrance, CA, USA).
Phase A was — 0.05% phosphoric
acid in water, phase B — 0.05%
phosphoric acid in acetonitrile, col-
umn temp. 25°C, flow rate
1.25 ml/min. an elution profile 0-
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12.5 min 4% B, 12-42.4 min 15% B,
42.4-51.8 min 50% B, 51.8-53.4 50%
B 53.4-55.4 4% B. Acetonitrile gra
dient-grade, methanol gradient-grade
and phosphoric acid (HPLC) were
purchased from Baker (Deventer,
The Netherlands)

Chlorogenic acid, epicatechin,
hyperoside, phloridzin and quercetin
were used as standards, all from Ex-
trasynthese (Genay, France), to cal-
culate the concentrations of hydroxy-
cinnamic acids, procyanidins, hy-
droxychalcones and quercetin gly-
cosides and aglycones. Hydroxycin-
namic acids, procyanidins and dihy-
drochalcones were detected at
280 nm while quercetin glycosides
and quercetin were detected at
360 nm. The results were quoted as
the sum hydroxycinnamic acid, the
sum of flavonals, the sum of dihy-
drochalcones, and the sum of
guercetin glycosides. The total poly-
phenols was quoted as the sum of
hydroxycinnamic acids, the sum of
flavonol, the sum of dihydrochal-
cones and quercetin glycosides.
The results were expressed in milli-
grams per kilogram of fresh weight.

PPO activity was determined by
adopting the method described by
Gonzalez et al. (1999). Enzyme ex-
traction: 10 g of apple pulp ground in
liquid nitrogen was homogenized
with 25 ml of 005 M phosphate
buffer (pH 7) and left for 2 h at 4 °C
in the dark. The homogenates were
then centrifuged at 4800 g for 5 min
on laboratory centrifuge (MPW,
Warsaw, Poland). Supernatant was
used for the assay. PPO activity was
determined at 25 °C by measuring
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the rate of increase in absorbance at
420 nm, using the spectrophotometer
SP-880 Metertech (Taiwan, R.O.C.).
Unless otherwise stated, activity was
assayed after incubation for 2 min-
utes in 3 ml of reaction mixture, con-
sisting of 2.7 ml of 0.1 M catechol in
0.2 M sodium phosphate buffer (pH
5.5) plus 0.3 ml of prepared enzyme.
The enzyme activity unit was defined
as the change of 0.01 in the absorb-
ance value per minute under the con-
ditions of assay and expressed per
gram of fresh mass of fruit sample
take for extraction [U/g f.w.].

HPLC determination of tyrosine
Tyrosine content was determined
in the raw juice of selected scab-
resstant apple cultivars: ‘Angold’,
‘Ariva, ‘Enterprise’, ‘Gerlinde’ and
‘Topaz'. The 100 g of mean apple
sample was grounded in a Brown
Multiquick blender (Braun GmbH,
Kronberg, Germany) under protec-
tion of nitrogen. The pulp was manu-
ally pressed through a cloth. The
obtained juice was immediately 10
times diluted with the HPLC solvent,
sonicated, filtered through 0.45 um
PTFE filter (Chromacol Ltd., Herts,
UK) and kept frozen until analysed.
Anaysis: HPLC determinations
were performed using Dionex HPLC
(UVD340U, Dionex Germering,
Germany) with EC detector: pump
P580 (Dionex, Sunnyvale, CA,
USA), a 20 pl manual injector, Dec-
ade electrochemical detector with
flow-through detection cell equipped
with glassy carbon eectrode and an
AJg/AgCl reference one, set at
+0.85V (Antec-Leiden, The Nether-
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lands), Hyperdl BDS C18 column
(150x2 mm, 3 pm Themo Qued,
Hypersl, Runcorn, U.K.). The HPLC
solvent ddivered with aflow rate of
0.1 ml/min was awater solution of
KH,PO, 0.1 mol/dm® phosphoric
acid 0.00068 mol/dm®, 1-octane-

sulfonic acid sodium salt
0.00045 mol/dm®, and methanol
0.72 mol/dm?.

The effect of cultivar on the con-
tent of the polyphenolic components
and PPO activity was determined
using one-way analysis of variance
ANOVA, and significant differences
between results were determined by
Duncan’'s multiple range test. The
differences were considered signifi-
cant at p < 0.05. Calculations were
done using Statistica program ver. 7
(StatSoft, Tulsa, USA).

RESULTS

The results of PPO activity deter-
minations and the contents of main
phenolics groups in the researched
apple cultivars from two harvest sea-
sonsare compared in Table 1.

The total phenolics content
(TPH), determined by HPLC, ranged
from 161.9 to 882.4 mg/kg f.w. in
2007, and from 210.1 to 675.8 mg/kg
f.w. in 2008. The content of hy-
droxycinnamic acids (HCA) was
from 64.2 to 353.1 mg/kg f.w. in
2007, and from 45.6 to 331.6 mg/kg
f.w.in 2008.

Accordingto Lee et al. (2003) the
content of phenolicsin the 6 examined
apple cultivars: ‘Golden Dedlicious,
‘Cortland’, ‘Monro€, ‘Rhode Idand’,
‘Greening’, and ‘NY674" was
somewhat lower; from 38.22 to
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Table 1. PPO activity (U/g f.w.) and polyphenols (hydroxycinnamic acids HCA and
total polyphenols TPH) content (mg/kg f.w.) in scab-resistant apple from the 2007
and 2008 seasons

2007 2008
Cultivar
PPO HCA TPH PPO HCA TPH

Angold 849fg | 1149d | 3681cd | 1658g | 924cd | 3021c
Ariwa 156a | 1581e | 4056cde | 750d | 1585ij | 389.9f
Enterprise 131ab | 2796] | 707.2i 314b | 3316l 675.8 ]
FreeRedstar | 96.2g | 2408i | 5157fg | 2013h | 1720jk | 42829
Freedom 557e | 1568e | 51280ef | 950e | 1249gh | 42244
Gerlinde 358cd | 931bed | 1619a | 287b | 1368h | 4438¢g
Gold 2361h | 906bed | 2305b | 23170 | 977de | 2542b
Milenium

| dared s44e | 18689 | 3828cd | 467c | 15160 | 375.7¢f
Melfree 837fg | 1567e | 5303g | 24061 | 1348h | 3282cd
Novamac 816f | 925bcd | 2252b | 9L7e | 1088ef | 25L0b
Rajka 462de | 968bed | 45256 | 580cd | 691b | 3057c
Rebella 23a | e42a | 3589c 7.4a 456a | 30L7c
Regina 171ab | 2108h | 5194fg | 304b | 1603ij | 569.2i
Reglindis 229bc | 995cd | 347.5c | 942e | 725b | 3289cd
Renora 58.2e 295.2 882.4] 85.8de 180.4 k 494.2h
Retina 374d | 3531k | 5379g | 741d | 1848k | 30l2c
Rewena 137ab | 1155d | 4743efg | 337D 751b | 3120cd
Rubinola 38.3d 142.7 e 433.6 de 279b 136.8h 344.7 de
Sampion 1298 | 726a | 407.7cde | 52a | 1143fg | 5408
Sawa 60a | 894bc | 6360h | 215b | 906cd | 44069
Selena 479de | 1418e | 4332de | 1421f | 830bc | 210.la
Topaz 441de | 642a | 46066f | 308b | 796bc | 4843h

*Within the same column, means with different letters are significantly different

91.70 mg/100 g f.w., where mean chlorogenic acid 9.02, epicatechin
value was 58.61 mg/100 g f.w. The 8.65 and phloretin glycosides at
main components were quercetin 559 mg/100 g f.w., respectively.
glycosides 13.20, procyanidins 9.35, Markowski et a. (2009) showed
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values on asimilar level for mash of
‘Sampion’ and ‘ldared’ cultivars,
which for the 2005 harvest season
amounted to 519.7 mg/kg and
352.3 mg/kg, respectively. For the
2004 harvest season the vaues were
somewhat higher, and amounted to
839 mgkg fw. for ‘Jonagold,
840 mg/kg f.w. for ‘Sampion,
910 mg/kg f.w. for ‘ldared’, and
840 mg/kg f.w. for ‘Topaz', respec-
tively.

Bieganska-Marecik and Czapski
(2003) determined polyphenols by
the Folin-Ciocateau method, in 10
apple cultivars. The results varied
between 31.4 and 222.2 mg/100 g
f.w., The mean valuewas 91.9 mg/kg
f.w., while for ‘Idared” the mean
value was 91.8 9 mg/kg f.w., and for
“Sampion’ 77.0 9 mg/kg f.w.

Analysis of polyphenol contents
in scab-resistant apples from two
harvest seasons proved that ‘Enter-
prise’, ‘Regina, ‘Sawa', and ‘ Topaz'
contained the highest amount of
polyphenols, while ‘Novamac’, and
‘Gold Milenium’ were characterized
by low polyphenol contents. The
contribution of individual polyphe-
nols varied between cultivars. ‘Re-
nora, ‘Retina’, and ‘Enterprise’ cul-
tivars were rich in hydroxycinnamic
acids (HCA), while ‘Rebella, and
‘Topaz’ are poor in this group of
phenolics (Tab. 1).

Data on Figure 1 show the vari-
ability of PPO activity in researched
cultivars, the values varied between 5
and 233 U/g f.w. ‘Rebella, ‘Sam-
pion’, ‘Topaz’, ‘Rewena, ‘Enter-
prise’, and ‘Gerlinde are cultivars
characterized by low PPO activity,
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whereas ‘ Novamac’, ‘Angold’, ‘Free
Redstar’, and ‘Gold Milenium’ were
characterized by high PPO activity.
According to Podsedek et al. (2000),
PPO activity on fresh weight varied
between 27 and 312 U/g for 10 ex-
amined dessert apple cultivars.
‘Sampion’ was characterized by the
lowest value with 27 U/g f.w., and
the value for ‘Idared” amounted to
156 U/g f.w.; six times higher than
the value for * Sampion’.

The results presented in this work
are similar to previously cited work -
mean PPO activity for ‘Sampion’
cultivar from two harvest seasons
was 9 U/g f.w, and for ‘Idared’” was
nearly six times higher; amounting to
50 U/g f.w. Quite different results
were published by Bieganska-
Marecik and Czapski (2003) about
measurements using reference to
chlorogenic acid or catechin as well
as adifferently defined activity unit.
The data given by those authors
show similar PPO activity on chloro-
genic acid for ‘Sampion and Idared
cultivars, which amounted to
56.6 UA/100 g and 52.6 UA/100 g
respectively, while PPO activity on
catechin at 1.4 UA/100 g for ‘ Idared’
islower, compared to 2.82 UA/100 g
for * Sampion’ .

Statistic analysis proved the cor-
relation at the level of 0.78 of PPO
activities of apples from two harvest
seasons (Tab. 2). After the rejection
of cultivars most differing in two
harvest seasons (‘Melfree’, ‘Free
Redstar’, ‘Angold’, ‘Reglindis’, and
‘Selend), the correation coefficient
between the two seasons was 0.92.
Such results prove, repeatability of
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activity in scab-resistant apple from the 2007 and

Table 2. Correlation factors for PPO activity and polyphenol (hydroxycinnamic
acids HCA and total polyphenols TPH) contents for apples from the 2007 and 2008

harvest seasons

. Correlation coefficient after
2007/2008 Corre_l a_cnon rejection of the most differing
coefficient
results
PPO/PPO 0.78 0.92
TP/TP 0.50 0.80
HCA/HCA 0.76 0.83

measured activities for cultivars in
the two harvest seasons. Data in Ta
ble 2 show the high correlation for
hydroxycinnamic acids (HCA) as
well. The coefficient was 0.75, and
after the rejection of the two most
differing cultivars ‘Renora’ and ‘ Ret-
ina, correlation coefficient for HCA
rose to 0.83. Total polyphenols (TP)
for two seasons correlated at the
level 0.5, and after regjection of the
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most differing cultivars ‘Méelfree,
‘Gerlinde’, ‘Renorad, ‘Retina’,
‘Selend’, and ‘Sawa, the factor was
0.79. Statistic analysis showed the
correlation  between  hydroxycin-
namic acids, total polyphenols and
PPO activity. Results of Podsedek et
al. (2000) showed that no correlation
was found between specific pheno-
lics groups and PPO activity, nor
between phenolic or ascorbic acid
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contents and PPO activity. The re-
sults of researchers from China were
different (Song et a., 2007). They
described four cider apple cultivars,
namely: ‘Marie Menard’, ‘Frequin
Rouge’, ‘Kermerrien’, and ‘Douce
Coetligne’, and 6 juice apple culti-
vars, namely, ‘Juddine’, ‘Judaine’,
‘Judestar’, ‘Juliana, ‘Jurella, and
‘Granny Smith’. They found that
PPO activities in apples had positive
correlations with the total polyphe-
nols, proanthocyanidins, chlorogenic
acid, and catechin contents, the coef-
ficients were from 0.82 to 0.89.

Other results, showing the inhibi-
tory influence of flavanols on PPO
activity are known as well. Proantho-
cyanidins, with a degree of polymeri-
sation of 80, were inhibitors at
aconcentration of 0.02 g/l. Other
very active inhibitors were oxidation
products of coffeoylquinic acid, also
at very low concentrations (Mayer,
2006; Le Bourvellec et al., 2004).
Xie et a. (2003) investigated the
inhibitory effects of some flavonoids
on the activity of mushroom tyrosi-
nase and their results showed that
flavonols: quercetin, galangin,
fisetin, 3,7,40-trihydroxyflavone, and
morin are competitive inhibitors of
PPO, and their inhibition constants
were 29, 58, 75, 154, and 410 uM,
respectively. The inhibition constant
of phloridzin  dehydrate  was
64.3 uM, which is similar to those of
galangin and fisetin. Presumably,
their inhibition comes from their
ability to chelate copper in the active
centre of the enzyme. The chelation
reaction was reversible. The differ-
ence in tyrosinase inhibitory activity
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of flavonoids can be explained by the
presence of an intramolecular hydro-
gen bond between hydroxyl groups
which interferes with the chelation of
copper in the enzyme involving the
hydroxyl and carbonyl groups
(Wang, 2007).

Many literature references can be
found, nevertheless there is no direct
proof of the influence of phenolics
and PPO activity on enzymatic
browning. Some authors maintain
that the rate of enzymatic browning
depends mostly on PPO activity,
while others link enzymatic brown-
ing to polyphenol content. (Mayer,
2006; Bieganska-Marecik and Czap-
ski, 2003). Results by Bieganska-
Marecik and Czapski (2003) indicate
that polyphenol content has more of
an influence on enzymatic browning
than PPO activity. Some researchers
maintain that enzymatic browning
depends on polyphenol groups (Bie-
ganska-Marecik and Czapski, 2003;
Podsedek et al., 2000). In our re-
search, no correlation between PPO
activity and total polyphenols, nor
between PPO activity and hydroxy-
cinnamic acids was found. The corre-
lation coefficients were below 0.4
and 0.1, respectively.

Reference data indicate a signifi-
cant influence of tyrosine content on
enzymatic browning (Stark & al.,
1985; Friedman, 1997). Research by
Stark (1985) considered the influence
of polyphenols and tyrosine on en-
zymatic browning of potato. The
results showed that enzymatic dis-
coloration for combined data from
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Figure 2. The content of tyrosine in juice from selected scab-resistant apple cultivars

the 1983 and 1984 growing seasons
was highly correlated with total phe-
nol (r =0.89) and tyrosine (r = 0.85)
concentrations.

Figure 2 shows the content of ty-
rosine in juice from selected scab-
resistant apple.

The content of tyrosine in studied
apple cultivars was diversified and
varied between 1.1 and 5.7 pmol/l.
The lowest tyrosine content was in
‘Topaz' juice, while the highest in
‘Gold Milenium’. Compared to
A.1.JN. Code of Practice, the maxi-
mal tyrosine content in apple juices
is 60 pmol/l. The levels registered in
our examined juices were signifi-
cantly lower, reaching less than
6 pmol/l a highest. PPO activity for
the examined cultivars did not corre-
late with tyrosine content, correlation
coefficient ~was  below 0.2
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CONCLUSIONS

The mean PPO activity in 22 re-
searched scab-resistant apple culti-
vars varied between 5240 U/g f.w.
Almost 40% of investigated cultivars
from two harvest seasons were char-
acterized by repeatability of PPO
activity, with a standard deviation
below 30%. Almost haf of the 22
cultivars were characterized by PPO
activity below 50 U/g f.w. On the
other hand, amost 15% of the culti-
vars, i.e. ‘Angold’, ‘Sdlena and
‘Gold Milenium’ showed the high-
test PPO activity between 140-
250 U/g f.w. Polyphenol content in
researched apple cultivars varied
160-900 mg/kg f.w. Statistical analy-
sis indicated that the correlation be-
tween PPO activity and sum of poly-
phenols and polyphenol groupsin the
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researched cultivars does not prove
the interdependence between those
values. For the investigated cultivars
a satisfactory correlation between
PPO activity and tyrosine content
was not confirmed.
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AKTYWNOSC OKSYDAZY POLIFENOLOWEJ
WYBRANYCH ODMIAN JABLEK

Krzysztof Kotodziejczyk, Joanna Milala,
Michat Séjka, Monika Kosmala i Jarostaw Markowski

STRESZCZENIE

Oznaczono zawarto$¢ polifenoli i aktywnos¢ oksydazy polifenolowej (PPO)
w dwudziestu dwoch odmianach jabtek parchoodpornych z sezonéw 2007 i 2008.
W sokach surowych pigciu wybranych odmian oznaczono zawartos¢ tyrozyny. Wy-
kazano zasadnicze réznice sktadu badanych odmian, zwtaszcza dotyczace zawartosci
substancji  polifenolowych. Zawartos¢ polifenoli ogétem wynosita od 161,9 do
882,4 mg/kg $.m., gdzie gtdwnymi sktadnikami polifenolowymi byty kwasy hydrok-
sycynamonowe. Aktywnos PPO wynosita od 5 U/g $.m do 240 U/g §.m. Ponad po-
towa z 22 odmian wykazywata aktywnos¢ PPO ponizegf 50 U/g §.m. Odmiany ‘An-
gold’, ‘Selena i ‘Gold Milenium' wykazywaty nagjwyzsza aktywnos$é¢ PPO pomigdzy
125-133 U/g $.m., a‘Rebella’, ‘ Szampion’, ‘Topaz', ‘Rewena’, ‘Enterprise’ i ‘Gerlin-
de’ nginizsza aktywnos¢ PPO. Statystyczna analiza danych nie wykazata korelacji
pomiedzy aktywnoscia PPO a zawartoscia polifenoli ogétem lub zawartoscia kwasoéw
hydroksycynamonowych. Nie potwierdzono korelacji pomigdzy aktywnoscia PPO
a zawartoscia tyrozyny.

Stowa kluczowe: aktywnos¢ PPO, jabtka parchoodporne, polifenole, tyrozyna
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