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ABSTRACT KEYWORDS
Although many data can be found about the health promoting effects, and Corn salad;
nutritional values of leafy vegetables, corn salad (Valerianellalocusta) Chlorophyll;
still remained out of interest of food analytic researches. Because it is Antioxidant-activity;
become more and more popular among the consumers, we aimed to Soluble POX;
determinate chlorophyll content, antioxidant-capacity changes of intact Bound POX.

corn salad leafs during storage at 6°C, 9°C, 12°C for 3, 6, 9 days, and
determinate the activities of soluble-, and ionically bound peroxidase
enzyme forms as possibly good indicators of plant metabolism. Our results
indicate that corn salad possess high amount of chlorophyll, and high
antioxidant-capacity, which both decrease by the ongoing storage, and
this pattern became more drastic on higher temperatures. Peroxidase-
activities show similar trends. Activity of both soluble, andionically bound
form decrease, although soluble form seems to be more sensitive. POX-
isoenzyme-activity seems to be good indicator of the plant metabolism
rate, and can help to improve storage conditions. From our result the 6°C
storage temperature seems to be the best for the unprocessed corn salad
leafsto keep it’s beneficial values for the consumers.
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INTRODUCTION positive effects on human health. Among these scien-

tific papers, thereare severa onefocusing on agricul-

Leafy vegetables are basic components of the hu-
man nutrition*2, Their vitamin, dietary fibre®*4 and e -
ement content helpsto prolong health in all age>™.
Group of leafy vegetables contains many botanically
different kind of plant, eg. lettuce (Lactucasativa),
cabbage (Brassicaoleracea), rucola(Erucasativa) etc.
Many articlecan befound about their composition and

tural aspectse.g. optional condition of breeding and
storage of thedifferent species®19. Although cornsalad
(Valeriandlalocusta) dso belongstoleafy vegetables,
thereareonly limited information about it, and most of
them a so discuss production parameterd**3, and there
arevery few article about the antioxidant-activity or
chlorophyll content changesduring thestorage. Ferrante
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et d. investigated the chlorophyll, total carotenoid and
phenolic compound changes during the storageof in-
tact and fresh cut corn salad, and found that the param-
etersof intact leafsdon’t change at 4 °C during a8 day
storage, whilein cutted leafschlorophyll and carotenoid
contentsstart to decrease at the 5" day of tria™. They
asofoundthat the storage temperature hasgot crucid
role on decreasing process, because at 10°C decrease
ismuch morecharacteristic than at 4°C. They dso ob-
served that changes occurred at the 7" day indepen-
dently from the storagetemperature™.

Chlorophylls, oneof themost studied components
of vegetables, are antioxidant molecules®®, which can
befoundinevery green plant tissue, and they have got
intensve metabolism, whichisaffected by many envi-
ronmental factorg'. Beside chlorophylls, many differ-
ent mol ecul es givethe antioxidant-capacity of plant
foods, which parameter expressthe efficiency of the
sampleagainst freeradica §*8. Although therearemany
typeof antioxidant molecules, common property of them
isthesengitivity for theenvironmenta factors, thusfind
optional post harvest circumstances have crucia im-
portanceto keep the hedlth promoting property of veg-
etables. Itisacomplex task, because plant tissuescon-
tinuetheir metabolism after harvesting, hencetheana-
bolic and catabolic reactions of bioactive molecules
proceed aswell*9, thusinstead of searching for the
optional circumstancesfor thebioactivemoleculeswe
should rather find the best environmental settingsfor
thedtill living plant tissue. To determinatetheided stor-
age conditions, thereisneeded to find anindicator for
the plant metabolism rate, which can show thereaction
of the plant to the changes of environmental factors.
Therearemany articlediscussthisquestion, and most
of theseresearchesuse someof the sengitive plant en-
zyme-activity changesto monitoring the alteration of
plant biochemical pathways>3. Peroxidases (POX)
becameto thefocus because they have got many func-
tionsduring thelife processof plants, inter aliaprotect
cellsfrom stress?4. Thereare several method to mea-
sure peroxidase-activity, and these methodsdiffer from
each other quitealot. Most of them only measuretotal
POX-activity, dthoughthereare clear evidencethat the
30l ubleenzymeform, whichlocated inthe cytosol, pre-
liminary modify theredox homeostasisof thecells while
theionicaly cell wall bound form modify thecomposi-

tion of thecell wall itself, henceisoenzymeshavegot
distinct role during tissue devel opment?>, [t isinter-
esting, that bound form can dissociatefrom cell wall,
and become sol uble enzyme form?7, Generally such
POX-activity changes occurred asarespond to envi-
ronmental changese.g. chillinginjure®, infection or
other oxidative stressfactor’?3, Because of these, moni-
toring the POX-isoenzyme-activity, chlorophyll content,
and anti oxidant-capacity changesunder different stor-
agecondition, can givemoreinformation about theided
storage circumstance of intact corn salad leefs.

EXPERIMENTAL

Plant materials

Corn salad (Valerianellalocustavar.olitorial.)
sampleswerebrought from asmall producer from hy-
droponic growing system, at the day of harvest. Pro-
ng of the plantswere executedimmediady. Fresh
samplesweremeasured, and intact plant leafsfor stor-
agetria wereput into thermostats at 6-, 12-, 20°C for
3-, 6-, 9 days without any processing, covered with
perforated plasticfoil. Each time of the measurements,
welghts of sampleswere assets, and wanevalueswere
caculated.

M easur ement of antioxidant power

For the measurements of antioxidant-capacity,
DPPH-assay were used as described by Brand-Will-
iamset a.*, Homogeni zed samplewasdestructed with
96% ethanol contains20% H,S0,, a 70°C for 20 min,
than completed to 50 cm? with 96% ethanol . 100 ul of
thisextract wereadded to 3,9 ml of DPPH (2,2-diphe-
nyl-1-picrylhydrazyl) solution, than kept at dark for 30
min. Absorbance of the pure DPPH solution and the
reaction mixture after theincubation timewereread at
A=515nm, and inhibition % was calculated.

M easur ement of chlorophyll content

For the measurement of Chlorophyll content, 5g
sample was homogenised with pure acetone, and ab-
sorbanceat A=661.6 and A=644.8 nm were measured.,
and chlorophyll content were calculated by the
Lichtenthaer formuld®.

M easur ements of POX-isoenzyme-activities
Measurementsof theactivity of solubleand cdl wall
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bounded POX enzymes, were executed based on the
method described by Tijskenset al'?7. 3g samplewere
homogenized with 6ml pH8.8 50mM TrisMes buffer
contained 1% PV PP, than centrifuged at 2000xg for
15 min. Supernatantswere collected, and the activity
of solubleform were measured from the supernatant.
After awashing cycle, pellet was resuspended with
pH8.8 TrisMes buffer contains 0,4M CaCl,, than cen-
trifuged again. Supernatant obtained fromthisstepwas
used to the measurements of cell wall bound POX-
isoenzyme-activity. 50 pl of supernatants were added
to 2,7ml pH5.550mM TrisMes buffer with 50 pul o-
phenilendiamine, and 100uL 1% H,0, as hydrogen
donor. Absorbance wererecorded for 3min at A=420
nm. One unit of enzyme-activity wasdefined asthe
changein absorption per minute occurred by 1gsample.

Satistical analysis

To anadysethedifferences of themeasured param-
eters by the storage time and temperature, two-way
ANOVA with Bonferronipost test were performed. To
analysethat POX-isoenzymesasplant metabolismin-
dicatorsarecapableof predict theantioxidant quality
of corn salad or not, we used Pearson correlation
analysisasatest of normality (performed accordingto
Kolmogorov—Smirnoff) indicated normal distribution of
data. All statistical test were performed at 5% signifi-
cancelevd (p=0,05) usngGraphPadPrismverson 5.00
for Windows, GraphPad Software, San Diego Califor-
niaUSA, www.graphpad.com.

RESULTSAND DISCUSSION

POX-isoenzyme-activity changes

In the case of POX activity, highest valueswere
detected in fresh corn salad | eaf s, both in the case of
soluble (87 U/g) and bound isoenzymeforms (165.5
U/g). These high values decrease asthe storagetrial
ongoing. Althoughin fresh samplesthecell wall bound
enzyme form posses the higher activity, later on the
sol ubleform became dominant. Higher the storagetem-
perature, thehigher the decrease of the enzymeactivity
inthecaseof bothisoenzymeforms. Itiscorrdatewith
thewane changes (TABLE 1), in which case highest
wane could be observed in samples stored at 20°C,
whilelowest change at the case of 6°C storage. POX-
activity resultsarea soinlinewith othersfindings, which
studiesindicatethat POX-activity hasgot crucial role
intheaccommodation processto stressfactorg?+2, It
could be & so determinated, that solubleform shows
higher rate of change, whilethecell wall bound form
only show moderatedteration. Theseresultsparticular
matchwiththeresultsof Tijskenset a., who dsofound
that the Solubleformdter on ahigher scde, whilebound
form much more stabl€?",

Resultsof chlorophyll content measurements

Chlorophyll content changes (Figure 1) show simi-
lar patterns as POX -activity ateration. Fresh samples
contains~50pg/mg total chlorophyll content, but as the
time passes, leafsstart to losefrom their chlorophyll

TABLE 1: Resultsof different temperaturesstoragetrial of intact corn salad leafs

Stor age conditions Wane POX-activity (U/g) Chlorophyll content (ug/mg) Antioxidant
Time Temperature (g soluble Bound Cla Clb activity (1%)
(day) (°C) mean + SD mean + SD mean + SD mean £ SD mean + SD
Fresh - 100.00 87.00+520  16550+28.48 3426+0.89  13.12+0.11 103.54 +2.74
6 67.16 29.72+1.53% 2216+3.59% 24.09+0.92% 9.87+0.09%  7549+191°%
3 day 12 6147 2674+579% 1091+3.733 2441+096% 11.27+0.08%° 64.53+925°3¢
20 4079 1529+3.833%% 571+0.693 1568+ 1.003¢ 7.14+0.06%¢ 4891+ 3.78 3¢
6 5316 39.39+1.17%* 16.08+1.16% 1959+1.03% 823+0.04%° 63.45+0.752"
6 day 12 49.03 16.63+1.313¢ 2354+2223" 1594+ 1.0723%° 636+0.02*°¢ 5890+6.01°2
20 18.38 7.54+0.492P%% 1521 +0.723 642+ 1.103°%4 3,04+ 0.03 2>¢¢ 21,71 + 8.33 abed
6 3866 29.84+121% 3808+0.89% 066+1.14%° 370+0.02%° 4953+2.862%"
9 day 12 35.83 27.68+1.683° 3037+1.342°° 1421+1.183 6.93+0.04%° 50.67+2.022°
20 8.05 1450+0.173P%4 2344+ 050%¢ 7.36+1.213 4.17+0.063¢ 22.81+2.103

& p<0,05 vs. fresh sample; °: p<0,05 vs. same temper ature, pervious time point sample; ¢ p<0,05 vs. same time point 6 °C sample;
4:p<0,05 vs. same time point 12 °C sample
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Figurel: Chlorophyll content and antioxidant-capacity changesduring stor age (mean, SD, n=5)

pool, and thisdeficit ongoing continuoudly, however
higher thetemperature, thefaster thelosing process. It
isinagreement with the plant physiologica property of
chlorophyllg*, and the higher wanevaues of samples
stored at higher temperature, and dsoisinlinewiththe
resultsof Ferranteet d., with oneexception. They also
find thischange, but inthefirst part of their experiment
therewerenot any meaningful change, although their
experiments were executed on 4°C and 10°C, so dis-
tinct results can came from thisdifferent experiment
settingg4%, Inour resultssignificant differencecan be
found betweenthe storagetemperaturesaswell asthe
storagetime. The highest decrease manifested onthe9
day 20 °C storage condition, whilethelowest sope of
decrease can be described in the case of 6°C storage.

Resultsof antioxidant-capacity

Antioxidant-capacity show tendentious changes
(Figurel). Highest freeradical scavenger valuescan
befoundinfresh samples. Thisinitial 103,54 %inhibi-
tion decreaserapidly asthe storagetimeincrease, and
even in the case of the 6°C storage, to the 9" day, it
decreaselower thanthe hdf of theinitid vaue At higher
temperaturethischange becamemoredrastic, and 20°C
storagetime brings 5 fold decreasein this parameter.
Theseresultsarein agreement with others, who also
found that anti oxidant-capacity decrease during stor-
agein the case of somevegetabl €312,

POX-isoenzyme-activitiesasindicators

To determinatethe potential plant metabolism ac-
tivity rateindicator role of POX-isoenzyme-activities,
we analysed the soluble and bound form activity and
antioxidant-capacity resultswith Pearson correlation

(Figure2.). Wefound that both POX-isoenzymeforms
are corrd atesignificantly with theresultsof DPPH-as-
say, although soluble form seems to be better
(p=0.0017), than bound form (p=0.0309). It ismaybe
duetothehigher scaeof dteration of it’s activity during
sorage. Itisinagreement with theresultsof Tijskenset
a1, who also observed superior soluble activity
changeupon bound formin responseto blanching treet-
ment.
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Figure2:Correation of POX-isoenzyme-activitiesand anti-
oxidant-capacity

CONCLUSION

Our results confirm others datawhich show high
chlorophyll content and anti oxidant-capacity in corn
salad, aswell asdrastic changesof these parameters
during storage. Wed so found that higher storagetem-
perature makesthe decreasing processfaster, and 6°C
seemsto bethe best temperature for the optional cir-
cumstancefor theintact corn salad leafs. In our experi-
ment, POX-isoenzyme-activities, epecidly thesoluble
form proved to be good indicatorsof plant metabolism
rate, and hence the antioxidant-capacity.
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