A teljes kutatési id6szak soran a cél nem csak 1j, tudomanyos eredmények elérése volt,
hanem részben a tudomanyos didkkori (TDK) munkdban, részben pedig a doktorandusz
képzésben résztvevo hallgatok beavatisa a tudomanyos kutatdsba, illetve az eredmények
kozlésébe. Osszesen hat magyar és négy angol nyelvii publikacié jelent meg, illetve lett
elfogadva kozlésre, ezekben 6sszesen nyolc TDK és két doktorandusz hallgatd volt tarsszerzo.

A kutatds els¢ idoszakdban (2006) TDK hallgatokkal azt vizsgéltuk, hogy a
lipoxigenaz (LOX) izoenzim eloszlas a kiilonb6z6 zoldségekben és gylimolesokben (cékla,
feketeribiszke, a malna) mennyire jellemz6 lehet. Eredményeinket két magyar nyelvi
kozleményben (Olaj, Szappan, Kozmetika 2006) foglaltuk 6ssze. Ezen kiviil eldszor elézetes
(2006), majd részletes (2007) biokémiai vizsgélatokat végeztiink a rezisztens almafajtak
hosszan tartd tarolasa soran olyan paramétereken (gliikozban kifejezhetd redukald
cukortartalom, almasavban kifejezhetd szerves savtartalom, 6sszfenol tartalom, FRAP érték, a
novényeket érintd stresszhatasok kovetkeztében jellemzé mdédon megvaltozd enzimaktivitas:
peroxidaz, polifenol-oxidaz, LOX, pektin-metil-észteraz), amelyek az utdérésre és az
oregedési folyamatokra jellemzok. Eredményeinket egy magyar nyelvii (Olaj, Szappan,
Kozmetika 2006) és egy angol nyelvii kdzleményben jelentettik meg (Acta Alimentaria
2008).

A 2006. évben kezdtik el, és a 2007. évben fejeztik be Szedljak IIdikéd
doktorandusszal a kiilonb6z6 dohanyfajtakkal végzett termesztési és érlelési kisérleteink
biokémiai vizsgalatat, amelyet egy magyar (Olaj, Szappan, Kozmetika 2007) és angol nyelvii
kozleményben publikaltunk (Journal of International Horticultural Sciences 2007). Bar
kezdetben a kutatasunkat a dohanyiparral kapcsolatos folyoiratok tal tudomanyosnak, a
tudomanyos forumok tulsdgosan ipari jellegiinek talaltdk, egy angol nyelvii kozleményiinket
elfogadta a legrangosabb, a dohanykutatassal foglalkozo folyodirat (Beitrdge Tabakforsch.
Int./Contribut. Tobacco Res.), a varhato kozlési idépont 2010. Részben kozlési nehézségiink
is oka volt annak, hogy a 2008. évben a dohanyndvényt, mint fehérjében gazdag, potencialis
¢lelmiszeripari alapanyagot kezdtiikk tanulmanyozni. Megallapitottuk, hogy a dohanynévény
egyik zold fehérje komponense kivaloan alkalmas a tojas hianyaban nem megfeleld szinii,
tonkolybdl keésziilt tésztafélek szinezésére. A dohanyfehérjék ilyen irany felhasznalasaval
kapcsolatos angol nyelvil cikkiinket az Acta Alimentaria a 2008. év végén fogadta el, varhato
kozlési ideje 2010.

A 2008. évben végzett dohdnykutatasunk szorosan  Gsszefonodott a
reformtaplalkozasban egyre népszerlibb, a koleszterinben gazdag tojas felhasznalasat nem
igényld, fehérjében gazdag gabonafélék, elsdsorban a tonkoly biokémiai vizsgéalataval.
Megallapitottuk, hogy a kiillonb6z6 gabonafélek (buza, durum és tonkoly) kiilonbozo
finomsagl Orleményeit jol lehet a LOX izoenzim Osszetételiikkel jellemezni, esetenként
mindsiteni. Eredményeinket magyar nyelvii kézleményben foglaltuk 6ssze (Olaj, Szappan,
Kozmetika 2008).

A 2009. évben nyolcféle diofajta kiilonbozé modon (természetes és emelt
hémérsékletti, 1égbefivatasos) széritott mintainak (Erdi Gyiimélcs- és Diszndvénytermesztési
Kutato-Fejleszt6 Kht. Elvira majori  kisérleti telepe) avasodasi hajlamat vizsgaltuk.
Megallapitottuk, hogy a kiillonb6zd szaritdsmod okozott ugyan némi valtozast a kiilonb6zo
biokémiai paraméterekben, de ez a valtozds nem olyan mértékli, amely a mesterséges
koriilmények kozott szaritott didok gyorsabb avasodasahoz, azaz mindségromldsahoz vezetne.
Elézetes eredményeinket magyar nyelvii kézleményben foglaltuk 6ssze, amely az Olaj,
Szappan, Kozmetika folyoirat 2009. évi utolsé szdmban fog megjelenni. Ezek a kisérleti
eredmények esetleg gazdasagi haszonnal is kecsegtethetnek, mivel segitségiikkel a didfélék
gazdasagos szaritasdnak paraméterei biztonsdgosabban kidolgozhatok. Az egylittmikodést
folytatjuk.
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STUDY OF TOBACCO PLANT AS A POSSIBLE NUTRITIVE PROTEIN SOURCE
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The changes in the activity of enzyme polyphenol oxidase, the concentration of total soluble
phenolic compounds and soluble protein content in different tobacco cultivars (Virginia and
Burley) during cultivation, then in a combined curing model system were studied. The latter
was a special combination of air-curing and flue-curing methods followed by a long
fermentation period to optimize the treatment of tobacco plants used both as protein sources
and starting materials in tobacco industry. The results suggest that a cultivation period of 13-
14 weeks could be better for tobacco plants as protein sources, however, for starting materials
for industrial use 16-17 weeks are optimal. It was found a four-week curing period could be
the best for two tobacco cultivars (Virginia and Burley) in the case of using them both as
protein sources and starting materials in tobacco industry.

Keywords: protein source, soluble protein content, polyphenol oxidase, total phenol
content, tobacco cultivation and curing
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Tobacco plant (Nicotiana tabacum L.) is used not only in the tobacco industry but also for
other purposes. Nicotine in isolated form is a component of sprays in plant protection and this
compound is an important agent in the study of different nerve-cell receptors. During smoking
active carcinogenic agents can be produced in tobacco products, therefore smoking is
considered a dangerous health risk agent. Tobacco leaves as well as other higher plant leaves
contain soluble and insoluble proteins which are usually equal in quantity (Tso, 1990).
Tobacco leaf proteins are well balanced containing high levels of essential amino acids.
Nowadays high protein content, especially soluble protein fraction (F1 and F2 proteins) of the
tobacco plant is considered a protein source in nutrition as a supplement. F1 protein is an
enzyme called RUBISCO (ribulose 1,5-bisphosphate carboxylase-oxygenase) and F2 protein
is a mixture of soluble proteins of both cytoplasmic and chlorplast origin (KUNG et al., 1980).
The effect of the high density plant production and different genotypes of tobacco
plant on the biomass and the soluble protein was studied earlier. A significant difference was
found in the total protein content of different genotypes (93-146 mg total protein/g dry
tobacco plant). The deproteinized fibrous residue of tobacco was planned to use as
supplemental animal feed (SHEEN, 1983). For the isolation of tobacco proteins different
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methods were studied. For example an aqueous two-phase partitioning system was used for
the fractionating of therapeutic proteins from tobacco extract to separate antibodies and
enzymes. This method was a part of a research of transgenic plants that are used for the
production of desired recombinant proteins (PLATIS & LABROU, 2006). It is possible to isolate
soluble proteins before making use of leaf material for starting materials in tobacco industry
(KUNG et al., 1980).

Polyphenols and pigments are components influencing tobacco quality and usability
(Tso, 1990). Changes in chlorophyll and polyphenol concentration chlorophyll mutans of
tobacco Burley were studied but instead of GAE values the results were given in mg/g units
(SHEEN et al., 1979). Based on preliminary biochemical studies realized in our laboratory
some correlation was found between the concentration of total phenol content and the activity
of polyphenol oxidase in green upper leaves of tobacco cultivars, Viginia and Burley
(SzeDLIAK et al., 2007b). It was presumed that the study of the activity of the enzymes taking
part in the metabolism of polyphenols and pigments (e.g. polyphenol oxidase) could be
informative about the quality of tobacco plant and products.

Then we studied the changes in the activity of enzymes polyphenol oxidase and
peroxidase and the concentration of total soluble phenolic compounds of different tobacco
cultivars (Virginia and Burley) measured in tobacco plants during cultivation. A high
polyphenol oxidase activity was found in the increasing and maximum period of total phenol
content, then because of the decrease of substrate phenol content the activity of polyphenol
oxidase also decreased (SzeDLJAK et al., 2007a). The first review of tobacco polyphenol
oxidase was published in 1959 (CLAYTON, 1959). In most of the cases the activity of tobacco
polyphenol oxidases was measured in isolated form therefore the comparison of data could be
difficult.

Now we studied the changes in the activity of polyphenol oxidase, the concentration of
total soluble phenolic compounds and soluble protein content in different tobacco cultivars
(Virginia and Burley) during cultivation, then in a combined curing model system, that was a
special combination of air-curing and flue-curing methods followed by a long fermentation
period to optimize the treatment of tobacco plants used both as protein sources and starting
materials in tobacco industry.

Soluble tobacco proteins can be isolated in fractions of different colours (green, brown,
tan) (JONG & PITTARELLI, 1991). As a part of our research the chemical properties,
biochemical and colour parameters were studied in different milling products and dried pastas
made of spelt (Triticum spelta L), that had been not examined earlier (SZEDLIAK et al., 2008).
We examined the possibility of using the green protein fraction of tobacco as colouring agent
of different pastas made from spelt replacing spinach because of its high calcium oxalate
content.

1. Materials and methods

1.1. Materials

Chemicals were purchased from SIGMA-ALDRICH Co. and REANAL Finechemical Co.
(Budapest, Hungary). Both Virginia (V-TMC1) and Burley (B-TMC2) tobacco cultivars
(Nicotiana tabacum L.) (V-Tabak Hungarian Tobacco Manufacturing Company, Szolnok,
Hungary) were grown in Budapest (Hungary). These variety-names are artificial names given
by the business-management of the Company in these double blind tests. The cultivation of
these varieties is widely distributed in Hungary.

1.2. Methods



1.2.1. Method of cultivation and curing of tobacco plants. In the cultivation period
tobacco seedlings were grown in a seedbed by V-Tabak Hungarian Tobacco Manufacturing
Company, Szolnok, Hungary transplanted to individual plastic plant bags (15 I) containing a
soil mixture (Palantafold) of different kinds of peats and composts (GARRI Trade and Service
Ltd., Budapest, Hungary) on June 2" 2006, then they were growing in open-air conditions.
The conditions of cultivation were described earlier (SzZEDLIAK et al., 2007a). Samplings were
taken from upper leaves once a week from August 11" until the harvest (September 29™).

In the curing period upper tobacco leaves were dried in a special store-room for four
weeks in a controlled way (20-25 °C and 85-90% relative humidity) without passing air
through the samples. In the fermentation period bales containing upper tobacco leaves in
agglomerated form were stored for eighteen weeks in a controlled way (20-25 °C and 85-90%
relative humidity). Samplings were taken once a week.

A tobacco upper leaf was homogenized, then the extract (0.10 g cm™ in water after
centrifugation for 10 min at 4 °C at 10,000 rpm) was made from 5.0 g of the homogenized
mixture. Data measured of concentrated aqueous extractions were compared to data of other
extractive agents described in the literature and no significant differences were found
(SzebLJAK et al., 2007a).

1.2.2. Measurement of activity of polyphenol oxidase. Polyphenol oxidase (EC
1.14.18.1) activity was detected in sodium acetate (instead of sodium phosphate) buffer (pH
6.5) using pyrocatechol substrate (WATSON & FLURKEY, 1986). One unit of polyphenol
oxidase activity was defined as the amount of enzyme that caused 0.01 unit of change in
absorbance of the reaction mixture (1.0 ml) in 1 min at 420 nm.

1.2.3. Determination of total phenol content. Total phenol content was measured by
the colorimetric method with Folin & Ciocalteau's phenol reagent (SINGLETON & R0SSI, 1965)
and the results were expressed in Gallic Acid Equivalent (GAE) value (mmol gallic acid/g dry
weight of tobacco leaves).

1.2.4. Determination of protein concentration. Protein concentration was measured by
Layne method (LAYNE, 1957).

1.2.5. Determination of water content. Water content of samples were determined by
Sartorius M 50 Aquatest instrument. The water content of fresh tobacco leaves was about 90%
and their water content decreased to 10% during the fermentation period.

1.3. Statistical analysis

Data of samples were calculated on the dry weight of leaves. Three individual extracts were
made in the case of all samples and three different determinations were made from the same
extract with a standard deviation +5%.

2. Results and discussion
The changes in the activity of enzyme polyphenol oxidase, the concentration of total soluble
phenolic compounds and soluble protein content in different tobacco cultivars (Virginia and
Burley) were studied separately during the cultivation period, in the combined curing model
system and in the fermentation period.
2.1. Cultivation period
During cultivation in the concentration of total soluble phenolic compounds expressed in
GAE value (mmol gallic acid/g dry tobacco) of tobacco leaves we found an increase up to
week 12 (0.68 for Virginia and 0.93 for Burley) then a decrease to a quasi-constant level
(0.32) (Fig. 1). This was attributed to the balance of the synthesis of phenols and then via their
degradation the synthesis of colouring agents. The higher maximum total phenol levels in
Burley suggest a more intensive synthesis of colouring agents than in Virginia.



Fig. 1.

In polyphenol oxidase activity (U/g dry tobacco) of tobacco leaves we found a high
activity at the start of our studies for both Virginia (39835) and Burley (32373) followed by a
significant decrease (1880-2321) (Fig. 2). We found high polyphenol oxidase activities only in
the increasing and maximum period of the total phenol content.

Fig. 2.

In the tobacco industry protein concentration is often calculated indirectly on the
basis of total nitrogen content. Now soluble protein concentration of tobacco samples were
determined directly by the Layne method (LAYNE, 1957). We found a dynamic period of
increase of soluble protein content of tobacco leaves (mg protein/g dry tobacco) of both
Virginia (60.0) and Burley (52.0) up to week 14 followed by a decrease (23.0-20.0). Slightly
higher protein concentrations were detected in Virginia than in Burley (Fig. 3). These results
suggest that the highest soluble protein content in tobacco plants was at weeks 13-14 of the
cultivation period. The traditional cultivation period is longer (16-17 weeks) for tobacco
plants used in tobacco industry.

Fig. 3.
2.2. Curing period
In the curing period the changes suggested a combination of a biochemical hydrolysis
followed by an oxidation process (Fig. 4). In the concentration of total soluble phenolic
compounds the slight increase (0.37—0.41 for Virginia and 0.35—0.43 for Burley) was
attributed to the enzymatic hydrolysis deliberating of soluble phenol derivatives from their
fixed insoluble forms. The following decrease (0.30 for Virginia and 0.21 for Burley) was
attributed to their oxidative degradation forming coloured compounds.

Fig. 4.

In this period we found no correlation between the concentration of total soluble
phenolic compounds and the decreasing polyphenol oxidase activity data (4470—1231 for
Virginia and 10436—2475 for Burley) (Fig. 5). This fact suggests that the role of polyphenol
oxidase in the oxidation of phenolic compounds in curing is reduced compared to their direct
oxidation by oxygen.

Fig. 5.

We found a slight increase in the soluble protein concentrations (12.0—16.5 for
Virginia and 11.0—14.0 for Burley) in the curing period (Fig. 6). This increase could be
attributed to the partial hydrolysis of insoluble protein fraction. We found higher soluble
protein concentrations in Virginia than in Burley.

Fig. 6.

2.3. Fermentation period

In the long (18 weeks) fermentation period the deactivation of polyphenol oxidase (1200—55
for Virginia and 1820—76 for Burley) taking part in the elimination of the dangerous oxygen
species forming could be characteristic for the collapse of the regulation system in tobacco
leaves. The decrease in the concentration of total soluble phenolic compounds (0.51—0.29 for
Virginia and 0.26—0.04 for Burley) could be attributed to their advanced oxidative
degradation during fermentation. The decrease in the concentration of soluble protein content
(8.84—4.70 for Virginia and 5.55—3.15 for Burley) could be attributed to the hydrolysis and
other degradation processes of soluble proteins. These results suggest that the end of the short
curing period (4 weeks) could be the most favourable term for different tobacco cultivars
when they are used both as protein sources and starting materials in tobacco industry.



3. Conclusion
As the tobacco plant could be a protein source, the changes in the activity of enzyme
polyphenol oxidase, the concentration of total soluble phenolic compounds and soluble
protein content in different tobacco cultivars (Virginia and Burley) were studied during the
cultivation then a combined curing model system followed by a fermentation period to find
the optimum parameters in the treatment of tobacco plants for using both as protein sources
and starting materials in tobacco industry. The results suggest that the optimum protein
content in tobacco plants was at weeks 13-14 of the cultivation period. The traditional
cultivation period is longer (16-17 weeks) for tobacco plants used in tobacco industry. When
tobacco plants are used both as protein sources and starting materials in tobacco industry the
end of the short, four-week curing period could be the best term for Virginia and Burley
tobacco plants.
*
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Captions

Fig. 1. Changes in the concentration of total soluble phenolic compounds expressed in GAE

value (mmol gallic acid/g dry tobacco) in Virginia and Burley tobacco plants during

cultivation. #: Virginia, ®: Burley

Fig. 2. Changes in polyphenol oxidase (PPO) activity (U/g dry tobacco) in Virginia and Burley

tobacco plants during cultivation. #: Virginia; ®: Burley

Fig. 3. Changes in soluble protein content (mg protein/g dry tobacco) in Virginia and Burley

tobacco plants during cultivation. #: Virginia; ®: Burley

Fig. 4. Changes in the concentration of total soluble phenolic compounds expressed in GAE
value (mmol gallic acid/g dry tobacco) in Virginia and Burley tobacco plants during our

combined curing model system. ¢: Virginia; ®: Burley

Fig. 5. Changes in polyphenol oxidase (PPO) activity (U/g dry tobacco) in Virginia and Burley

tobacco plants during our combined curing model system. ¢: Virginia; ®: Burley



Fig. 6. Changes in soluble protein content (mg protein/g dry tobacco) in Virginia and Burley

tobacco plants during our combined curing model system. #: Virginia; ®: Burley
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SUMMARY

We studied the changes in the activity of enzymes polyphenol oxidase (PPO) and
peroxidase (POX), the concentration of total soluble phenolic compounds and soluble protein
content in different tobacco cultivars (Virginia and Burley) during curing that was a special
combination of air-curing and flue-curing methods and a long fermentation period. In the
curing period the changes in data suggested a combination of the biochemical processes and
the direct effect of oxygen. A slight increase then a decrease in the concentrations of both total
soluble phenolic compounds and the soluble protein content were detected. In this period we
found no correlation between the concentration of total soluble phenolic compounds, the
deceasing PPO and the increasing POX activity. In the fermentation period a deactivation of
the enzymes (PPO and POX) and a decrease in the concentration of both total soluble
phenolic compounds and soluble protein content were found. These results suggest that the
end of curing period is the most favourable term for protein isolation from different tobacco
cultivars.

INTRODUCTION

Tobacco plant (Nicotiana tabacum L.) is used not only in the tobacco industry but
also for other purposes. The biochemical study of different important tobacco components
could be useful. Polyphenols and pigments are components influencing tobacco quality and
usability. It was presumed that the study of the activity of the enzymes taking part in the
metabolism of polyphenols and pigments (e.g. polyphenol oxidase) could be informative
about the quality of tobacco plant and products. The concentration of phenol derivatives in
tobacco plant is determined by the balance of their synthesis and degradation (1).

Polyphenol oxidases (PPO) (EC 1.14.18.1) are copper enzymes using molecular
oxygen in the catalysis of the oxidative degradation of dihydroxybenzol (pyrocatechol and
hydroquinon) derivatives (synthesized by the oxidation of phenol content) to quinones, that
can polymerize spontaneously to different pigments (e.g. melanines). These processes can be
useful in tobacco (by enrichment in colour and quality agents). On the other hand it can cause
a deterioration in nutrient quality of fruits and vegetables (by enzymatic browning) (2). In the
case of various stress conditions in the accumulation and oxidation of different polyphenol
derivatives undesirable toxic active oxygen species could form therefore the activity of special
enzymes, above all peroxidases (POX) (EC 1.11.1.7) for the degradation of these dangerous
species was also increased (3).

Tobacco leaves as well as other higher plant leaves contain soluble and insoluble
proteins which are usually equal in quantity It was found that the water soluble protein
fraction of tobacco leaves is well balanced containing high levels of essential amino acids,
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therefore it is considered a protein source in nutrition (4). After isolation of soluble proteins
the residual leaf material can be used in the tobacco industry (5).

We found only a few publications about the biochemical studies on growing
tobacco plants and on tobacco leaves during and after curing processes. The changes of phenol
derivatives in tobacco leaves during flue-curing process were studied by Chinese researchers
and found a rapid enhance in the first 24 h of curing then a decrease until 72 h. At the end of
curing an increase again was detected. The changes in PPO and POX activity were the
opposite (6). Earlier we studied the changes in the activity of enzymes PPO and POX, the
concentration of total soluble phenolic compounds and soluble protein content of different
tobacco cultivars (Virginia and Burley) measured in tobacco plants during cultivation. We
found some correlation between the concentration of total soluble phenolic compounds and
PPO activity data (7).

Now we studied the changes in the activity of enzymes PPO and POX, the
concentration of total soluble phenolic compounds and soluble protein content of different
tobacco cultivars during a curing process, that was a special combination of air-curing and
flue-curing methods followed by a long fermentation period.

MATERIALS AND METHODS

Material

The green upper and bottom leaves of tobacco cultivars (Nicotiana tabacum L.)
Viginia and Burley were given by V-Tabak Hungarian Tobacco Manufacturing Company,
Szolnok, Hungary in the autumn of 2005 (30.09.2005) and the curing was started on the same
day. For biochemical studies the tobacco leaves were homogenized and the extracts (0.10 g
ml™ in water after centrifugation for 10 min at 4 °C at 10,000 rpm) were made. Chemicals
were purchased from SIGMA-ALDRICH Co. and REANAL Finechemical Co., (Budapest,
Hungary).

Methods

In the curing period tobacco leaves (upper and bottom leaves separately) were dried in
a special store-room for four weeks in a controlled way (20-25 °C and 85-90% relative
humidity) without passing air through the samples. In the fermentation period bales containing
a mixture of upper and bottom tobacco leaves in agglomerated form were stored for eighteen
weeks in a controlled way (20-25 °C and 85-90% relative humidity). Samplings were taken in
every weeks.

POX activity of the extracts was determined using o-dianisidine as hydrogen donor in
sodium acetate (pH 5.1) (8). One unit of POX activity was defined as the amount of enzyme
that caused decomposition of 1 umole hydrogen peroxide in the reaction mixture (1.0 ml) in 1
min.

PPO activity was detected in sodium acetate (instead of sodium phosphate) buffer (pH
6.5) using pyrocatechol substrate (9). One unit of PPO activity was defined as the amount of
enzyme that caused 0.01 unit of change in absorbance of the reaction mixture (1.0 ml) in 1
min at 420 nm.

Total phenol content was measured by the colorimetric method with Folin &
Ciocalteu's phenol reagent (10) and the results were expressed in Gallic Acid Equivalent
(GAE) value (mmol gallic acid dry weight of tobacco leaves g).

Protein concentration was measured by Layne method (11). Data of samples were
calculated on the dry weight of leaves. Water content of samples were determined by Sartorius
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M 50 Aquatest instrument. The results are given as the average values of four replications
with a standard deviation £5%.

RESULTS AND DISCUSSION

Samplings were taken every weeks during the curing and fermentation periods.
Originally for the samples complex extraction methods were generally used by Tris-acetate
buffer and surfactants followed by a partial purification before the analysis of the samples
(12). But earlier we found that because of the presence of the hydrophobic components in
food industrial raw materials of plant origin a concentrated aqueous solution (0.50 g mI™ in
water) could be used for the measurement of the activity of enzymes with acidic and neutral
pH optima and the total phenol content of the samples without previous purification (13).
Because of the relatively low water content of tobacco plant (lower than in fruits) aqueous
solutions were only 0.10 g ml™ in water. Data measured of concentrated aqueous extractions
were compared to data of other extractive agents described in the literature and no significant
differences were found.

The results of our combined curing model system

The first step of tobacco leaf processing is the curing. There are two different types
of drying of tobacco leaves as far as the applied curing technologies are concerned: air-curing
and
flue-curing. Air-curing is also referred to as ,natural” curing because environmental
conditions during curing are largely determined by the prevailing weather. Flue-curing is
primarily controlled by the air temperature and the amount of dry air that passes through the
mass of tobacco (1). Our model system was a special combination of air-curing and flue-
curing methods: tobacco leaves (upper and bottom leaves separately) were dried in a special
store-room for four weeks under controlled circumstances (20-25 °C and 85-90% relative
humidity) without passing air through the leaves.

In the concentration of total soluble phenolic compounds expressed in GAE value
(mmol gallic acid dry tobacco g™*) of tobacco leaves in curing we found a slight increase from
30.09.
(0.35-0.37 for upper and 0.12-0.22 for bottom leaves) to 07.10. (0.41-0.43 for upper and 0.38-
0.41 for bottom leaves) followed by a decrease until 21.10. (0.21-0.30 for upper and 0.22-0.24
for bottom leaves) (Figure 1). The increase was attributed to the hydrolysis deliberating of
soluble phenolic compounds from their fixed insoluble forms. The decrease of total soluble
phenolic compound content was attributed to their oxidative degradation to synthesize of
colouring agents.
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Figure 1. Changes in the concentration of total soluble phenolic compounds expressed in
GAE value (mmol gallic acid dry tobacco g™*) in upper and bottom leaves of Virginia and

Burley tobacco cultivars during our combined curing model system

In PPO activity (U dry tobacco g™*) of tobacco leaves in curing at the start of our
studies (30.09.) we found a high activity (4470 for Virginia and 10436 for Burley) in upper
leaves (the younger) and low activity in bottom leaves (the older) (94 for both Virginia and
Burley) then a radical decrease in both upper leaves (1231 for Virginia and 2475 for Burley at
21.10.) and bottom leaves (61 for Virginia and 65 for Burley at 21.10.) was detected (Figure
2). We found no correlation between the concentration of total soluble phenolic compounds
and the PPO activity data. This suggests a direct oxidation of phenolic compounds instead of
enzymatic oxidation catalysed by PPO in curing.
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Figure 2. Changes in PPO activity (U dry tobacco g) in upper and bottom leaves of
Virginia and Burley tobacco cultivars during our combined curing model system

The continuous increase (in upper leaves from 303 to 1767 for Virginia and from
394 to 985 for Burley; in bottom leaves from 38 to 205 for Virginia and from 14 to 97 for
Burley) in POX activity (umol min™ dry tobacco g*) of tobacco leaves in curing could be
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characteristic for a stress situation (Figure 3). Similar deviation was found earlier in change of
POX and PPO activity of tobacco leaves during cultivation (7).
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Figure 3. Changes in POX activity (umol min™ dry tobacco g™) in upper and bottom
leaves of Virginia and Burley tobacco cultivars during our combined curing model
system

In the tobacco industry protein concentration is calculated generally in an indirect
way on the basis of total nitrogen content or by amino acid analysis. Above protein nitrogen
the total nitrogen content contains also alkaloid and nitrate nitrogen content. Now the soluble
protein concentration of tobacco samples were determined directly by the Layne method using
biuret for calibration (11).

In the concentration of soluble protein content (mg protein dry tobacco g*) of
tobacco leaves in curing we found a continuous enhance in upper leaves (from 12 to 16.5 for
Virginia and from 11.0 to 14.0 for Burley). In bottom leaves we found a slight enhance from
30.09. (9.3) to 07.10. (10.4) for Virginia and from 30.09. (8.8) to 14.10. (11.0) for Burley
followed by a decrease until 21.10. (9.8 for Virginia and 9.9 for Burley) (Figure 4). The
increase was attributed to the partial hydrolysis of insoluble protein fraction and the decrease
in bottom leaves to the further hydrolysis of soluble proteins to amino acids.
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Figure 4. Changes in soluble protein content (mg protein dry tobacco g™) in upper and
bottom leaves of Virginia and Burley tobacco cultivars during our combined curing

model system

The results of our twenty-week long fermentation model system

The second stage of tobacco leaf processing was the fermentation. In our eighteen-
week long model system bales containing a mixture of upper and bottom tobacco leaves in
agglomerated form were stored under controlled circumstances (20-25 °C and 85-90% relative
humidity). In our laboratory fermentation model the tobacco leaves were agglomerated by
hand-press therefore the presence of air in bales was considerable. The samples were taken
from the inside part of the bales and not only the activity of enzymes PPO and POX, the
concentration of total soluble phenolic compounds and soluble protein content, but also the
pH values of the samples were measured.

We found a slight decrease (from5.5 t05.1) in pH values of Virginia samples and a
slight enhance (from 6.1 to 6.5) in Burley samples (Figure 5).
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Figure 5. Changes in pH values in the bales of Virginia and Burley tobacco leaves in the
fermentation model

In the concentration of total soluble phenolic compounds expressed in GAE value
(mmol gallic acid dry tobacco g™*) of tobacco leaves we found a continuous decrease (from
0.51 to 0.29 for Virginia and from 0.26 to 0.04 for Burley) in our fermentation model (Figure
6). We suppose that during fermentation the presence of the air was enough for the oxidative
degradation phenolic compounds.
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Figure 6. Changes in the concentration of total soluble phenolic compounds expressed in
GAE value (mmol gallic acid dry tobacco g™) in the bales of Virginia and Burley tobacco
leaves in the fermentation model

We found a further radical decrease in PPO activity (U dry tobacco g™*) of tobacco
leaves (from 1200 to 55 for Virginia and from 1820 to 76 for Burley) in our fermentation
model (Figure 7). This fact suggests a direct oxidation of phenolic compounds instead of
enzymatic oxidation catalysed by PPO not only in curing model but also in fermentation
model. We found a rapid decrease in POX activity (umol min™ dry tobacco g™*) of tobacco
leaves during fermentation. From 525 for Virginia and 209 for Burley POX activity values
diminished to zero practically in three weeks. The deactivation of the enzymes (PPO and
POX) taking part in the elimination of the dangerous oxygen species forming in stress
situations could be characteristic for the collapse of the regulation system in tobacco leaves

during fermentation.
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Figure 7. Changes in PPO activity (U dry tobacco g*) in the bales of Virginia and Burley
tobacco leaves in the fermentation model

Because of the further hydrolysis of soluble proteins to amino acids we found a
continuous decrease (from 8.84 to 4.70 for Virginia and from 5.55 to 3.15 for Burley) in the
concentration of soluble protein content (mg protein dry tobacco g™) of tobacco leaves in our
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fermentation model (Figure 8). The difference in the rate of the hydrolysis in different tobacco
cultivars could be attributed to the differences in their pH values.
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Figure 8. Changes in soluble protein content (mg protein dry tobacco g?) in bales of
Virginia and Burley tobacco leaves in the fermentation model

CONCLUSION

We studied the changes in the activity of enzymes PPO and POX, the concentration of
total soluble phenolic compounds and soluble protein content in different tobacco cultivars
(Virginia and Burley) during curing that was a special combination of air-curing and flue-
curing methods and a long fermentation period.

In the curing period the changes in data suggested a combination of the biochemical
processes and the direct effect of oxygen. In the concentration of total soluble phenolic
compounds the slight increase was attributed to the enzymatic hydrolysis deliberating of
soluble phenol derivatives from their fixed insoluble forms. The following decrease was
attributed to their oxidative degradation forming coloured compounds. In this period we found
no correlation between the concentration of total soluble phenolic compounds and the
decreasing PPO activity data. This fact suggests a direct oxidation of phenolic compounds
instead of enzymatic oxidation catalysed by PPO in curing. The continuous increase of POX
activity in tobacco leaves could be characteristic for the presence of oxygen.

The slight increase then a decrease in the soluble protein concentrations in the
curing period could be attributed to the partial hydrolysis of insoluble protein fraction
followed by the further hydrolysis of soluble proteins to amino acids. We found higher soluble
protein concentrations in Virginia than in Burley. The difference in the rate of the hydrolysis
in different tobacco cultivars could be attributed to the differences in their pH values.

In fermentation period the deactivation of the enzymes (PPO and POX) taking part in
the elimination of the dangerous oxygen species forming could be characteristic for the
collapse of the regulation system in tobacco leaves. The decrease in the concentration of both
total soluble phenolic compounds and soluble protein content could be attributed to their
advanced oxidative degradation during fermentation. These results suggest that the end of
curing period is the most favourable term for protein isolation from different tobacco
cultivars.
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Olaj, Szappan, Kozmetika 58/3 (2009), kozlésre elfogadva 2009

A lipoxigenazok izoenzim osszetételének valtozasai a novényekben. 10. A
kiilonboz6 diofajtak (Juglans regia L.) avasodasi hajlamanak vizsgalata

biokémiai modszerekkel

KOSARY JUDIT, BUIDOSO GEZA, SZENTIVANYI PETER, REHUS DORA, EMMERT
MIRJAM, FARKAS CSILLA

OSSZEFOGLALAS

A kiilonbozé diofajtak terméseit betakaritds utdn természetes és mesterséges koriilmények
kozott széritottuk, majd a kiillonbdzo didbél mintdk biokémiai paramétereit és avasodasi
hajlamat vizsgaltuk. Megallapitottuk, hogy a vizsgalt diofajtak betakaritds utan természetes
kortilmények kozott, illetve mesterséges koriilmények kozott, emelt hdmérsékleten (35 °C)
torténd szaritdsa némileg megvaltoztatja ugyan a diofajtak lipoxigendz és a peroxidaz
aktivitasat, illetve a viselkedésiiket az intenziv peroxidacios tesztben, de ez a valtozas nem
olyan mértekli, amely a mesterséges koriilmények kozott szaritott didok gyorsabb
avasodasahoz, azaz mindségromlasahoz vezetne.

SUMMARY
Changes in the composition of lipoxygenase isoenzymes in plants. 10. Studies on the
propensity for rancidification of different walnut (Juglans regia L.) cultivars by biochemical
methods

Fruits of different walnut (Juglans regia L.) cultivars were dried post harvest under natural
and artificial conditions and then the biochemical parameters and the propensity for
rancidification of different walnut kernels were studied. We found slight changes in the
activity of lipoxygenase and peroxidase of walnut cultivars dried under natural circumstances
and artificial conditions at elevated (35 °C) temperature and in their behaviour in the intensive
peroxidation test, but these changes were not enough to cause a strong rancidity or quality
deterioration in walnuts dried under artificial conditions.

Bevezetés
A héjastermésii gyliimolesok két legnépszeriibb képviseldje a dio (Juglans regia L.) és
a mandula (Prunus amygdalus). A kiilonb6z6 mandulafajtak €s a beldliik készitett marcipan

vizsgalataval kordbban mar foglalkoztunk [1]. A diéfdnak majdnem minden porcikajat
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felhasznaljak. Taplalkozasi szempontbdl a didobél a legértékesebb, amely értékes
tapanyagokat, vitaminokat és asvanyi anyagokat tartalmaz. Olajtartalma magas — mintegy
50%, konnyen avasodé olaja nem csak 73% linolsavat tartalmaz, hanem linolénsav tartalma is
emlitésre mélté. A diodolaj, amelynek enyhe fényvédd hatasa is van, a hajolajok fontos
komponense. A z6lddid olajos kivonatat hajerdsitonek hasznaljadk. A didé csersavban és
illoolajokban gazdag levelének forrazatat kiilsdleg lemosasra, borpanaszokra, a pattanasos bor
kezelésére, valamint a haj szinének sotétitésére hasznalhatjak [2].

A kiilonbozé diofajtak terméseit betakaritds utan természetes €s mesterséges
koriilmények kozott szaritottuk, majd a kiilonb6z6é didbél mintdk biokémiai paramétereit és
¢lelmiszeripari felhaszndlhatésagat tanulményoztunk. Most az avasodési tulajdonsagok
vizsgalataval kapcsolatos eredményeinket mutatjuk be.

Ismert az, hogy a novényeket érinté stresszhatasok (ilyenek a betakaritas és a tarolas
koriilményei is) sok esetben az oxigén koncentracido karos mértékli emelkedésével, ennek
kovetkeztében az avasodasi folyamatok gyorsuldséval jarnak. A ndvényi szervezetekben tobb
olyan enzimrendszer miikddik, amely képes a nem kivanatos oxigén felesleget elreagaltatni,
érthetd modon ezek aktivitasa stresszhataskor jellemz6 modon megndhet [3]. Az ilyen mddon
megnovekedett aktivitasi enzimek koziil a hadrom legfontosabb a peroxidaz, a polifenol-
oxidaz és a lipoxigenaz [4].

Azonban hamarosan nyilvanvalova valt, hogy a vizsgalt diofélek polifenol-oxidaz
aktivitasa elhanyagolhatdan alacsony, ezért munkank sordn a vizsgalt didfajtdk peroxidaz
(POX) és lipoxigendz (LOX) aktivitasi értékeit, valamint peroxid-szammal jellemezhetd
avasodasi hajlamat, illetve ezek antioxidansokkal valo befolyasolhatosagat tanulmanyoztuk.
Kutatasunkban nem csak a mas, ndvényi eredetli élelmiszer alapanyagok lipoxigenaz
Osszetételének tanulmanyozésa soran szerzett korabbi tapasztalatainkat hasznéltuk fel, hanem

azokat is, amelyeket az intenziv peroxidacids teszt kidolgozasa [5] soran nyertiink.

Vizsgalati anyagok és médszerek
A vizsgalatok sordn alkalmazott vegyszerek és olddszerek SIGMA termékek voltak. A
vizsgalt, hazai nemesitésii diofajtakat az FErdi Gyiiméles- és Disznovénytermesztési
Kutat6 - Fejleszté Kht. Erd-Elvira majori Kisérleti Telepén termesztették. A frissen sziiretelt
di6 még 30-40% vizet tartalmazott. A természetes korilmények kozott szaritott (szarado)

diokat jol szelloztetett, nem flitott helyiségben, tobbszori atforgatassal tartottuk
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stlyallandosagig (kb. két hét), ez az idealisnak tekinthetd 10-12% viztartalmat jelentette. A
mesterséges korilmények kozott a diokat didszaritoban szaritottuk (35 °C homérsékleti
levegd kb. 55-60 6ra hosszat torténd befuvatasaval) ugyancsak 10-12% viztartalomig. Az
egyes diofajtdk nevét a tovabbiakban roviditve hasznaljuk (1. Tablazat). A természetes
koriilmények kozott szaritott diok nevéhez a ,Nat”, a mesterséges koriilmények kozott

szaritott diok nevéhez az ,,Sz” jelzést illesztettiik.

1. Tablazat : A vizsgalt diofajtak roviditésjegyzéke

A diofajta neve Rovidités
Milotai 10 M 10
Milotai kései M kései
Milotai 10 37 M 1037
Milotai botermo M botermo
Alsészentivani 117 All7
Alsoszentivani kései A kései
Bonifac Bonifac
Tiszacsécsi 83 T 83

Az enzimaktivitasi mérésekhez a kiilonbozd diofajtdk diodbelét megdroltiik,
homogenizaltuk, majd — a korabbi gyakorlatnak megfeleléen [1] olyan 0,05 M TRISZ-acetat
pufferrel (pH 8,20) extrahdltuk, amely 0,38 M szacharézt és 0,02 M kalcium kloridot
tartalmazott (100 mg ml™). Valamennyi mérési eredményiinket a szaritott di6 tdmegére (g)
vonatkoztatva adtuk meg. Bemutatott eredményeinket két parallel mintavételbdl és
mintanként harom parallel mérés atlagabol szamoltuk ki, az eredmények szorasa £5% volt

A didmintédk peroxid-szdm (PO-szdm) meghatarozasahoz az irodalmi eldiratot [6] a
koréabbi tapasztalataink alapjan [1] moddositottuk. A kordbban altalunk kidolgozott intenziv
peroxidacios tesztnek [7] megfelelden a 100 mg frissen 6rolt diobél mintakat 20 ml térfogatu,
nyitott livegedényben, infralampa alatt, 40 °C hOmérsékleten, harom napig kezeltik. A
mintakbol a lipid-hidroperoxidokat ecetsav és diklor-etan 1:1 aranyt elegyével (5 ml) 1 percig
tartd dorzsoléssel, ezutan 4 percig tartd razogatassal oldottuk ki, az elegyhez elébb 0,10 ml
50% toménységli kalium-jodidot, majd 5 perc rdzogatds utan 5 ml ionmentes vizet adtunk. A
lipid-hidroperoxidok hatasara keletkezett jod mennyiségét, 1% toménységii keményité oldat
indikator jelenlétében, natrium-tioszulfat mérdoldatos (0.05 M) titralassal hataroztuk meg. A
PO-szam a 100 g szaritott didoban 1évé lipid-hidroperoxidokbol a kalium-jodid altal

felszabaditott jod mennyisége grammban kifejezve [6].
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A frissen készitett kivonatok (100 mg ml™) LOX aktivitasat és annak pH fliggését a
legelterjedtebb irodalmi modszerrel [8], a lipid-hidroperoxidok kettés kotésének 234 nm
hulldimhosszndl mért abszorbancia valtozasdnak segitségével hataroztuk meg. A
lipoxigenazok pH fliggésének vizsgalatdhoz az alabbi puffereket hasznaltuk: 0,05 M TRISZ-
acetat puffer (pH 4,5-6,1), 0,05 M kalium-foszfat puffer (pH 6,3-7,3), 0,05 M natrium-borat
puffer (pH 7,5-9,3). Az aktivitismérésekhez hasznalt vizes linolsav szubsztrat oldat linolsavat
(0,008 M), TWEEN 20 emulgeatort (0,25%) és natrium-hidroxidot (0,01 M) tartalmazott 0,05
M TRISZ-acetat pufferben (pH 9,20). A lipoxigendzok aktivitasat az alabbi Osszetételi
reakcioelegyben hataroztuk meg: linolsav szubsztrat oldat (0,025 ml), didkivonat (0,025 ml) a
megfeleld pufferben (1,25 ml). Az irodalom szerint [8] az 1 ml reakcidelegyben 1 perc alatt
bekovetkezd egységnyi abszorbancia valtozas tekinthetd az enzim aktivitas egységének (U). A
LOX aktivitast 1 g szaritott didra vonatkoztatva adtuk meg.

A kivonatok POX aktivitdsat irodalmi moédszerrel [9] mértiik, hidrogén-donorként
0-dianizidint alkalmaztunk. A POX aktivitismérésének reakcidelegye a kivonaton (0,02 ml)
kiviil o-dianizidint (0,41 mM) és hidrogén-peroxidot (1,84 mM) tartalmazott 0,1 M natrium-
acetat pufferben (pH 5,1) (1,0 ml). A reakcidelegyek abszorbancia-valtozasat 438 nm helyett,
technikai okokbodl 430 nm hullamhosszon mértiik. Az 1 ml reakcidelegyben, 1 perc alatt
elreagald hidrogén-peroxid molekuldk szdmat (umol) tekintettiik a peroxiddz aktivitas
egységének (U), erre 0-dianizidin abszorpcids koefficiensének segitségével kovetkeztettliink

(e = 7,32 ml pmol™).

Vizsgalati eredmények megyvitatasa, értékelése

A didbél és a didolaj akar élelmiszeripari, akdr kozmetikumokban valo felhasznalasat
illetéen az egyik alapkérdés a did, mint alapanyag avasodasi tulajdonsdgainak megismerése,
mert ezek alapjan torekedhetiink az avasodasi hajlam mérséklésére megfeleld feldolgozasi
technologia segitségével és/vagy antioxidans anyagok adagolasaval.

A didfajtak avasodasi hajlamat korabbi gyakorlatunknak megfeleléen [1] a didk lipid-
peroxidacidjanak részletes tanulmanyozasaval kivantuk jellemezni. A lipid-peroxidacid
vizsgalatara korabban egy olyan gyors tesztet [7] dolgoztunk ki (intenziv peroxidacios teszt,
IPT), amely infraldmpa és emelt hdmérséklet (35-55 °C) alkalmazasédval a vizsgélt anyag €s a

levegd kolcsonhatasat meggyorsitotta, lehetdvé tette kezelés és a mérés egy edényben (one-
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pot-system) torténd elvégezését, valamint amelynek segitségével a lipid-peroxidaciot gyorsito,
illetve lassitod hatasok egyarant gyorsan és reprodukalhatéan vizsgalhatéak voltak.

Koradbban, a levegd oxigénjére sokkal kevésbé érzékeny mandulabél lipid-
peroxidaciojanak vizsgalatakor [1] elsOsorban kinetikai méréseket végeztiink, mert ezek
linedris jellegébdl a mintdk avasodési hajlamara tudtunk kovetkeztetni. Ugyanis a lipid-
peroxidacio kezdeti szakaszaban keletkez6 lipid-hidroperoxidok koncentracidjanak
novekedése idével csokken — jelezve, hogy meggyorsultak azok a bomlasi folyamatok,
amelyek nagy jelent0séglieck az avasodas mindségrontd hatdsanak kialakuldsaban.

A PO-szam valtozasait a mar korabban [7] is alkalmazott AC-értékekkel is kifejeztiik,
amely a mérési eredmények konkrét értékétdl fliggetleniil jellemzd a lipid-peroxidaciod
valtozasara. Az AC-érték, azaz aktivalasi tényezO (activation coefficient) a kiilonbozo
idépontokban mért peroxid-szam és a minta eredeti, a vizsgalat kezdetekor mért peroxid-
szamanak hanyadosa. A didomintdk esetén az eldvizsgalatok alapjan megelégedtiink a kotott
idejli, haromnapos vizsgalatokkal. A természetes koriilmények kozott szaritott diofajtak
atlagolt AC-értékeinek kinetikai vizsgélata ugyanis azt mutatta, hogy a valtozas harom napig

megkozelitéen linearis (1. Abra).

A peroxid-szam AC-értéke

o

Tarolasi id6 (nap)

1. Abra: A természetes kériilmények kozott szaritott didfajtik dtlagolt AC-értékeinek
(PO-szam a kezelés utan/PO-szam a kezelés eldtt) alakuldsa az intenziv peroxiddcios teszt
koriilményei kozott (3 nap, 40 °C)

A kiilonbozd élelmiszeripari alapanyagok emelt homérsékleten torténd szaritdsa
esetében altalaban szamitani kell a lipid-peroxidéacios hajlam novekedésére. Tehat a konnyen

avasodo olajkomponenst tartalmazd did esetében alaposan meg kellett vizsgalnunk, hogy a
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mesterséges szaritasi koriilmények nem ndvelik-e meg a diobél avasodasi hajlandosagat.
Eredményeinket a 2. Tablazatban foglaljuk 6ssze, amelyben nem csak a kezelés kezdetén és

végén mért PO-szamokat, hanem az AC-¢értékeket is feltiintettiik.

2. Tabldzat - A vizsgdlt didfajtik PO-szama (g jéd szdritott dié 100 g™) és AC-értéke

(PO-szam a kezelés utan/PO-szam a kezelés eldtt)

Diofajta PO-szam a kezelés PO-szadm a kezelés utan AC-¢érték
elott (3 nap, 40 °C)
M 10 Nat 0,83 6,56 7,90
M 10 Sz 0,95 6,65 7,00
M kései Nat 1,02 3,26 3,20
M kései Sz 1,27 3,30 2,60
M 10 37 Nat 0,89 2,58 2,90
M 10 37 Sz 1,02 2,75 2,70
M bdtermd Nat 0,76 2,84 4.00
A 117 Nat 0,64 1,34 2,09
A 117 Sz 1,02 1,67 2,00
A kései Nat 1,14 7,64 6,70
A kései Sz 1,40 8,08 6,50
Bonifac Nat 0,76 1,67 2,20
Bonifac Sz 0,89 1,87 2,10
T 83 Nat 0,76 1,98 2,60
T83Sz 0,83 2,11 2,54

Az intenziv peroxidacids tesztben egyes diofajtak kozott mar a vizsgalatok eldtt is
voltak bizonyos eltérések, a PO-szdmok 0,64 és 1,40 kozott valtoztak. A haromnapos, 40 °C
homérsekleten elvégzett, infralampas intenziv kezelés utan a PO-szamok megnodvekedtek a
1,34-9,08 értékekig. Altaldban a természetes koriilmények kozott szaritott diok kezelés eldtt
mért PO-szama némileg alacsonyabb volt, viszont a mintak a kezelésre valamivel hevesebben

reagaltak, mint a mesterségesen szaritott egyedek. Ez az oka annak, hogy a természetesen
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szaritott diok AC-értéke ugyan valamivel magasabb volt, de a kezelés végén mért a
PO-szamok altalaban nem kiilonboztek jelentésen a kétféle modon széritott diok esetében. Ez
azt jelenti, hogy a mesterséges koriilmények kozott szaritott diofajtak esetében sem kell
fokozott avasodasi hajlamtol tartanunk.

Megvizsgaltuk, hogy a természetes koriilmények kozott szaritott didomintdk
AC-értékeit mennyire csokkentik egyes, az intenziv peroxidacids teszt soran alkalmazott
adalékanyagok, amelyekbdl 20 mg mennyiséget dolgoztunk 6ssze a 100 mg 6rolt diobéllel a
kezelés el6tt. A kozismerten antioxidans hatasu o-tokoferol az AC-értékeket atlagosan az
eredeti 30-45 szazalékara csokkentette. Két, eddig kevéssé vizsgalt izoflavonoid szarmazékot
is teszteltink, a szintetikus eredetli 7-hidroxi-izoflavont, valamint a természetben is
el6forduld, de szintetikusan is eldallithatd genisteint. Ez a két vegyiilet kevésbé volt hatdsos.
A 7-hidroxi-izoflavon 70-80, a genistein pedig 75-85 szazalékara tudta az AC-értékeket
csOkkenteni. Ez azt jelenti, hogy a flavonoidokhoz [10] hasonléan az izoflavonoidok is csak
korlatozottan alkalmazhatok antioxidansként.

A természetes €s mesterséges szaritas didbélre gyakorolt hatdsanak értékeléséhez a
lipid-peroxidacioban kozvetleniil résztvevé enzim, a LOX aktivitasara gyakorolt hatést is
vizsgalnunk kellett. Ez a vizsgalat szolgaltathatott ugyanis informaciokat arra nézve, hogy a
dio lipid-peroxidéaciojadban milyen szerepet jatszanak az autooxidacids és milyent a LOX
katalizalta oxidacids folyamatok. A LOX izoenzimek a tobbszorosen telitetlen zsirsavak
oxigén felvételét katalizaljak, e reakcido soran lipid-hidroperoxidok keletkeznek, amelyek
oxidativ degradacidja vezet az avasodashoz, a rovid szénlancl, kellemetlen szag
oxo-vegyiiletek keletkezéséhez [8]. Ugyanakkor oxigén jelenlétében a lipid-peroxidaciod
spontan mddon, kémiai Gton is végbemehet.

A LOX izoenzimek szamos tulajdonsagukban, igy aktivitasuk pH optimumaban és
aktivalhatésagukban jelentdsen kiilonbozhetnek egymadstdl [8]. A LOX izoenzimek a LOX
aktivitas pH fliggésének vizsgélataval kiillonboztethetok meg és a pH optimum szerint
jelolhetok. Korabban részletesen foglalkoztunk a LOX izoenzimek aktivitdsanak ¢&s
Osszetételének valtozasaival, valamint azzal, hogy a LOX izoenzim Osszetétel mennyire lehet
jellemzé az egyes novények kiillonbozd szerveire, illetve alkalmas-e az egyes fajtak
megkiilonboztetésére [1,3,4]. A vizsgalt diofajtdk LOX izoenzim Osszetételére azonban az
egységesség volt jellemzd. A vizsgalt didfajtadk LOX aktivitasanak pH fliggését atlagolt abran
mutatjuk be (2. Abra). Ennek alapjan dontottiink ugy, hogy a szaritas koriilményeinek a LOX
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aktivitasra gyakorolt hatasat csak harom olyan pH értéken (pH 4,50, 7,70 ¢és 8,50) vizsgaljuk,
amelyeknél kiemelked6 aktivitast tapasztaltunk.
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2. Abra: A természetes koriilmények kozott szaritott didfajtak dtlagolt LOX aktivitdsanak

(U szaritott dio g'l) alakulasa a pH fiiggvényeben

Valamennyi vizsgalt diofajtara egységesen jellemzd volt, hogy a LOX aktivitas
mindharom pH értéken alacsonyabb értéket mutatott a mesterséges koriilmények kézott, emelt
homérsékleten szaritott diok esetében, mint a természetes koriilmények kozott szaritott
diokban. Maguk, az egyes pH értekeknél mért LOX aktivitdss mennyiségek
(4,06-154,13 U szaritott did g'l), valamint ezek csokkenése (a természetes koriilmények
kozott szaritott dioban mért LOX aktivitdshoz, mint 100 szdzalékhoz viszonyitva, ¢és
szézalékban kifejezve a LOX aktivitds 35-87% ) a fajtak és pH értékek szerint meglehetdsen
eltérd volt.

Az eredmények tendencidja egyértelmilen azt mutatta, hogy a mesterséges
koriilmények kozott, emelt homérsékleten szaritott diokban a lipid-peroxidacios teszt
kezdetekor mért, a természetes koriilmények kozott diokban mérteknél valamivel magasabb
PO-szam adatok kémiai oxidacié erdsebb érvényesiilésének koszonhetd. Viszont az a tény,
hogy a mesterséges koriilmények kozott szaritott didkban a harom napos intenziv
peroxidacios teszt utan mért PO-szam nem sokkal kiilonbozott a természetes kortilmények
kozott szaritott diokénal, csokkent LOX aktivitadsuknak tulajdonithato. A mért POX aktivitas

értékeknél is hasonlo tendencia érvényesiilt (3. Tablazat).
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3. Téabldzat : A vizsgalt didfajtdk LOX aktivitasa (U szdritott di6 g"*) kiilonbozd pH értékeken

és POX aktivitdsa (umol perc™ szdritott dié g™

Dio6fajta LOX (pH 4,50) | LOX (pH 7,70) | LOX (pH 8,50) POX
M 10 Nat 25,69 123,03 48,67 0,56
M 10 Sz 9,46 87,88 35,15 0,36
M kései Nat 43,26 109,51 20,28 1,10
M kései Sz 35,15 105,46 10,82 0,62
M 10 37 Nat 44,62 187,93 51,38 0,88
M 10 37 Sz 40,56 56,78 10,82 0,62
M bétermd Nat 44,62 95,99 59,49 0,47
A 117 Nat 20,28 77,06 20,28 0,39
A 117 Sz 12,17 56,78 9,46 0,28
A kései Nat 63,54 154,13 12,17 1,47
A kései Sz 50,02 133,85 4,06 0,53
Bonifac Nat 48,67 100,05 10,82 1,33
Bonifac Sz 14,87 94,64 4,06 0,80
T 83 Nat 32,00 120,33 29,74 1,67
T83Sz 18,93 81,12 12,17 0,43

Megallapithato tehat, hogy a vizsgalt diofajtdk betakaritds utdn természetes
koriilmények kozott, illetve mesterséges koriilmények kozott, emelt hdmérsékleten torténd
szaritdsa némileg megvaltoztatja ugyan a diofajtak lipid-peroxidécios hajlamat, illetve LOX és
POX aktivitasat, de ez a valtozds nem olyan mértékli, amely a mesterséges koriilmények
kozott szaritott didk gyorsabb avasodasdhoz, azaz mindségromlasdhoz vezetne. A vizsgalt
diofajtak részletes bemutatasaval, illetve azok részletes biokémiai vizsgélataval kiilon

kozlemények foglalkoznak.
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Telepén termesztették. A szerzék koszonetet mondanak Nogradi Mihdlynak a 7-hidroxi-

izoflavon és a genistein atadasaért.

Irodalom

1. Kosary J., Balogh T., Kiss N., Korbasz M.: A lipoxigenazok izoenzim Osszetételének
valtozasai a novényekben. 3. A mandula (Prunus amygdalus) vizsgalata biokémiai
modszerekkel. Olaj, szappan, kozmetika 53, 11-13 2004.

2. Hajdu I. (Szerk.): Kozmetikai kézikonyv. Miiszaki Konyvkiadd, Budapest, 1994.

3. Kosary J., Radva D.: A lipoxigenazok izoenzim Osszetételének valtozasai a novényekben.
6. A lipoxigenazok izoenzim Osszetételének valtozasai a névényekben. 6. A fekete ribizli
(ribiszke) fajtak (Ribes nigrum L.) lipoxigenazainak vizsgalata. Olaj, szappan, kozmetika
55, 12-15 2006.

4. Kapolna B., Radva D., Kosary, J.: A lipoxigenazok izoenzim Osszetételének valtozasai a
novényekben. 7. A tarolt rezisztens almafajtak (Malus domestica Borkh.) mindségének
vizsgalata biokémiai modszerekkel. Olaj, szappan, kozmetika 55, 99-105 2006.

5. Kosary, J., Takdcs, M., Siré, 1.: Intensive peroxidation test for studying lipid peroxidation.
Acta Aliment. 31, 57-62 2002.

6. Lasztity R., Torley R. (szerk.): Elelmiszer-analitika II. Alkalmazott élelmiszer-analitika,
Mezb6gazdasagi Kiado, Budapest, 340-341 1987.

7. Kosary J., Takacs M., Siro I.: Az olajok lipid-peroxidacidjanak vizsgalata intenziv
peroxidacios teszttel (IPT). Olaj, szappan, kozmetika, 49, 49-53 2000.

8. Song, Y., Love, M.H., Murphy, P.: Subcellular localization of lipoxygenase-1 and -2 in
germinating soybean seeds and seedlings. J. Am. Oil Chem. Soc., 67, 961-965 1990.

9. Bjorkstein, H.: Participation of horseradish oxyperoxidase (compound IlI) in interenzymic
reaction steps. Biochim. Biophys. Acta 151, 309-311 1968.

10. Ogata, M., Hoshi, M., Shimotohno, K., Urano, S., Endo, T.: Antioxidant activity of
magnolol, honokiol, and related phenolic compounds. J. Am. Oil Chem. Soc. 74, 557-562
1997.

A szerzok neve, beosztasa, cime:



37

Dr. Kosary Judit, egyetemi tanar
Budapesti Corvinus Egyetem Elelmiszertudomanyi Kar Alkalmazott Kémia Tanszék

1518 Budapest, Villanyi ut 29-43.

Bujdoso Géza, tudomanyos munkatars
Budapesti Corvinus Egyetem Kertészettudomanyi Kar Gyiimolcstermé Novények
Tanszék

1518 Budapest, Villanyi ut 29-43.

Szentivanyi Péter, tudomanyos fémunkatars
Gyiimolcs- és Disznovénytermesztési Kutato - Fejleszté Kht.

1223 Budapest, Park u. 2.

Rehus Déra, BSc élelmiszermérnok hallgato
Budapesti Corvinus Egyetem Elelmiszertudomanyi Kar

1518 Budapest, Villanyi ut 29-43.

Emmert Mirjam, BSc élelmiszermérnok hallgato
Budapesti Corvinus Egyetem Elelmiszertudomanyi Kar

1518 Budapest, Villanyi ut 29-43.

Farkas Csilla, BSc élelmiszermérnok hallgato
Budapesti Corvinus Egyetem Elelmiszertudomanyi Kar

1518 Budapest, Villanyi ut 29-43.



