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PREFACE

The Plant Protection Society of Serbia (PPSS) and two regional sections of the International
Organization for Biological and Integrated Control (IOBC-EPRS and IOBC-WPRS), on the occasion
of the 60" anniversary of the PPSS organized VIl Congress on Plant Protection with a motto:
“Integrated Plant Protection — a Knowledge-Based Step towards Sustainable Agriculture, Forestry and
Landscape Architecture” (November 24-28, 2014, Zlatibor, Serbia). The Congress enabled exchange
of up-to-date scientific and technical information on plant protection in Agriculture, Forestry and
Landscaping among researchers, teachers, experts in extension and public services and the business
community, and promoted international cooperation. The Congress focused on basic knowledge and
management practices established in plant protection, as well as on the development of alternative
and innovative approaches. In addition, biological control as an important tool for the control of the
harmful organisms with a minimal risk for ecosystems was discussed. A total of 209 contributions
was presented - 8 keynote presentations, 28 oral presentations and 173 poster presentations -
prepared by 467 authors from 26 countries. The Congress Proceedings comprise 65 contributions
- 5 keynote presentations and 60 oral and poster presentations in six sessions, prepared by the
authors from 18 countries (Algeria, Austria, Bosnia-Herzegovina, France, Georgia, Hungary, Italy,
Kazakhstan, Montenegro, Poland, Russia, Rwanda, Serbia, Slovenia, Switzerland, Turkey, Uganda,
USA). All contributions were reviewed by members of the Scientific Committee and other reviewers
selected and invited by the editors of this publication.

Belgrade, November 2015 Editors



MPEONCIIOBUE

O6wectBo no 3awuTe pacteHnii Cepbum (O3PC), MexxayHaponHas opraHu3aLmsa no 6ruonornyeckom
60pbbe C BpeaHbIMU XUBOTHLIMMW 1 PacTeHMAMM - BOCTOUHO NaneapKTMyeckasa permoHanbHas cekums
(MOBB-BIMPC) n MexpayHapogaHaa opraHusaumas no buonormyeckor 6opbbe n MHTErpUPOBaHHOM
cUcTeme 3alnTbl pacTeHUN - 3anagHo-naneapkTnyeckan pernoHanbHasa cekuma (MOBB-3MMPQC),
no nosogy 60-netusa O3PC opraHmnsunposanu VIl KoHrpecc no 3awmre pacTeHuin, nos AeBrU30M:
“ViIHmezpuposaHHaa 3auuma pacmeHul - Hay4Ho 060CHOBAHHbIU Waz K ycmoUtyugomy passumuio
CesbCKo20 X03Alicmaa, 1ecoso0cmea u nelizaxHou apxumekmypeol” (24-28 Hoabps 2014 roga, 3naTnoéop,
Cep6us). Llenb KoHrpecca 6bi1a obecneveHne KOHTUHYUTETa B3aMMOOOMEHa HayYHO-TEXHNYECKMMUA
vHpopMaUVAMN, OTBEYAIOLWMMIM COBPEMEHHbIM TPEOOBAHUAM 3aLMTbl PACTEHUN B CENIbCKOM
XO3ANCTBE, NeECOBOACTBE M Ne3aXHOW apXUTEKTYPE, KOTOPbIE MPeACTaBAAT UHTEPEC AN1A YUEHDIX,
nccnepoBaTtenen, npenogaBaTenel, 3KCNepTOB-COBETHMKOB B 061aCTU CENbCKOMO XO3ANCTBA,
NEeCoBOACTBA W Nel3aXXHOW apXUTEKTYPbI, CMELNASICTOB FOCYAAPCTBEHHBIX M KOMMYHANbHbIX ClY»KO,
LLeNOBbIX KPYroB 1 CpeacTB MaccoBon UHpopmauumu. Lienbio KoHrpecca ABnAeTCA 1 NpoaoKeHne
COAEeNCTBUA Pa3BUTUIO U NONYNAPU3aLnM MEXAYHapOAHOro cOTpyaHuYecTBa. KoHrpecc 6bin
KOHLEHTPUPOBAH Ha OCHOBHbIE 3HAHMA U MPaKTUYECKNA MEHAAXKMEHT B 3aLLUTE PacTEHUN, a TakxKe
Ha pa3BuTME anTepPHATUBHUX M HOBbIX NOAXO[0B. buonornyeckas 3awmrta Katopaa NnpeacTaBnaeT
3HAUMTESbHbIN Cocob Ana 6e3onacHo 60pbObI C BPegHMU OpraHU3MMMK Oblna TOXe PacCMOTPYBaHa.
Ha KoHrpecce npeacrasneHo 209 npe3eHTaumm - 8 4OKNAAOB NO NpurnaweHunto, 28 ycTHoIxX 1 173
nocTep npe3eHTaLui - KoTopble NoAroToBuo 467 aBTopos U3 26 cTpaH. COOPHUK MMeeT 65 AOKNaaoB
- 5 joknagoB No npurnaleHnio n 60 yCTHbIX 1 NOCTep Npe3eHTauni, pacrnpeieneHHbIX B LecTn
cekumaAx. ABTOpbl 4OKNAAoB npuexanu u3 18 ctpaH (Amxkunp, ABcTpus, bocHus-TepuerosuHa, ®paHuus,
lpy3usa, BeHrpus, Utanusa, KasaxctaH, YepHoropwus, Monbuwa, Poccun, Pyanga, Cepbun, Cnosenus,
Weewnuapus, Typuus, YraHaa, CLUA). PeueH3eHTbl Bcex onybnmnKoBaHHbIX JOKIafoB B COOpHMKe —
uneHbl HayyHoro coBeTa u gpyrue peLeH3eHTbl, BbI6paHHble pefakTopam 3TOro n3faHus.

benrpaa, Hoabps 2015 PepakTopbl
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ABSTRACT

Plants have the ability to synthesize secondary metabolites, biologically active substances
involved in defense mechanisms against insects, pathogenic fungy and bacteria. Biochemical
bases of their activity are related to the presence of specific molecules, among others,
phenolic compounds. The aim of this study was to develop the validated method for the
determination and quantification of phenolic acids, kaempferol and quercetin in ethanol leaf
extracts of Morus alba L. and Halascya sendtneri (Boiss.) and leaf and bark extract of Ailanthus
altissima (Mill.). The separation, quantification and validation of the individual phenols were
performed by high performance liquid chromatography with diode-array detection (HPLCG-
DAD). The HPLG-DAD separation was achieved using a ZORBAX SB-Aq (5 um particle size:
4.6 x 250 mm, Agilent). The mobile phase was acetonitrile with 2.0% acetic acid and Milli-Q
water with 2.0% acetic acid in gradient mode, with the flow rate 1.0 ml/min. The obtained
LOQs for all investigated phenolic acids were 0.03 ug/ml. The precision values, expressed
as relative standard deviation (RSD, %), were lower than 10.19%. The developed HPLG-DAD
chromatographic procedure exhibits linearity (R2>0.99) for the concentrations from 10.0 to
100.0 pg/ml with the repeatability RSD less than 12.00%. An efficient, sensitive and reliable
method is developed which can be applied in the analysis of real plant material samples to
ferulic, trans-cinnamic, 2-hydroxy cinamic, gallic, caffeic, p-coumaric and chlorogenic acid,
kaempferol and quercetin.

Key words: phenolic compounds, plant extracts, HPLGDAD

compounds called secondary metabolites (Wink 1993;
Howe and Jander 2008), such as alkaloids, polyphenols,

Current limitations in chemical pest control methods
specify the scope for identifying safe, non-polluting
rational methods in the control of economically
important agricultural pests. Plants have developed
many chemical defense mechanisms against insects in
the evolution process and the ability to synthesize a broad
range of different volatile and non-volatile chemical

terpenoids, steroids, essential oils, lignans, sugars, and
fatty acids, (Regnault-Roger et al. 2004; Isman 2006,
Erturk et al.,, 2006; Shields et al., 2006; Koul, 2008).
Naturally occurring plant compounds can affect the
physiology or modify behavior of insect herbivores in
terms of feeding and these are potentially suitable for
use in integrated pest management (Schmutter, 1992).
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The role of phenols in chemoecology especially on feeding
behavior of herbivorous insects has been recognized since
1959, when Fraencke described phenolic compounds as
“trigger” substances which induce or prevent the uptake
of nutrients by animal herbivores. Plant polyphenols are
secondary metabolites that constitute one of the most
common and widespread groups of natural products
(Cheynier et al., 2012). According to Bandaranayake
(2002) these plant compounds have toxicological,
pharmacological and ecological importance. Harborne
(2002) emphasized that they have been implicated in
diverse functional roles, including plant resistance against
microbial pathogens and animal herbivores (insects),
protection against solar radiation, besides reproduction,
nutrition and growth.

High-performance liquid chromatography with diode
array detection method (HPLC-DAD) is a widely used
method for the analyses of phenolic compounds (Irakli
etal., 2012; Andrejev and Bursi¢, 2013; Zhang et al.,
2013; Bursi¢ et al., 2013, Su¢ur et al., 2014). Although,
in a recent literature data the liquid chromatography
with tandem mass spectrometry (LC-MS/MS) systems
is use for the determination of these substances (Gomez-
Caravaca et al., 2013; Bursié¢ et al., 2014).

The aim of this research was to develop and validate
the HPLC-DAD method for the detection of phenolic
compounds, such as ferulic, trans-cinnamic, 2-hydroxy
cinamic, gallic, caffeic, p-coumaric and chlorogenic
acid, quercetin and kaempferol in plant extracts.
The method was evaluated in terms of linearity (R?),
reproducibility, limits of detection (LODs) and limits
of quantification (LOQs).

MATERIALS AND METHODS

Chemicals and apparatus

All solvents used were of chromatography grade and
were obtained from ].T. Baker (Deventer, Netherlands).
The analytical standards manufactured by Sigma-
Aldrich, which were used in the research work are ferulic
acid (99.0%), trans-cinnamic acid (99.0%), 2-hydroxy
cinamic acid (97.0%), gallic acid (99.9%), caffeic acid
(98.0%), p-coumaric acid (98.0%), chlorogenic acid
(95.0%), quercetin (98.0%), kaempferol (97.0%). The
stock standard solutions were prepared by dissolving
an analytical standard in methanol while the working
solution i.e. the mixture of the studied phenol compounds
was obtained by mixing and diluting the stock
standards with mobile phase resulting in the final mass
concentration of 100 mg/ml. The composite mixtures
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of all phenol compounds at appropriate concentrations
were used to spike samples in validation data settings.
Acetic acid was of “pure for analysis” grade by Carl Roth.

HPLC analysis

The chromatographic separation for phenolic
compounds was achieved using the Agilent 1100 (Agilent
Technologies, USA) HPLC system with a binary pump
and diode array detector - DAD. The phenolic acids were
separated on a ZORBAX SB-Aq (5 um particle size: 4.6
x 250 mm, Agilent) column. The extracts were filtered
through 0.45-pum syringe filters and directly injected
through a 30 pl fixed loop into the column.

The mobile phase was acetonitrile with 2.0% acetic
acid (solvent A) and Milli-Q water with 2.0% acetic
acid (solvent B) in gradient mode, with the flow rate
of 1.0 ml/min. This was equipped with a ZORBAX
SB-Aq column. The gradient was as follows: 92% A at
0 min, 80% A at 18 min, 60% A at 25 min, 55% A at
30 min, 35% A at 40 min and 20% A at 42 min. Stop

time was 2.5 minutes.

Validation parameters

The detector linearity response was checked by
preparing the blank plant extract sample (leaves and
root, separately) according to the Generalié¢ et al. (2012)
method and after the extraction the residue was diluted
in 1.5 ml of the phenol compounds mixture standard in
mass concentrations of 10.0, 25.0, 50.0 and 100.0 pg/ml.

The extract preparation

Plant material (10.0 g) was extracted with 70% ethanol
(100.0 ml) as a solvent. Ethanol extracts of Morus alba
L.and Halascya sendtneri (Boiss.) leaves and Ailanthus
altissima (Mill.) leaves and bark were used in the analysis.
The extracts were filtered through 0.45 um syringe
filters and directly injected into the HPLC-DAD. The
repeatability of the method was determined by analyzing
the sample of the same mass concentration level (10.0
pg/ml) in six replicates and shown through the relative
standard deviation - RSD (%). The detection limit (LOD)
was defined as the amount of phenolic compounds which
produces the signal three times the noise signal. The
quantification limit (LOQ) is the amount of phenolic
compounds produces a signal ten times the noise signal.
The LODs were determined by adding 100 ml of phenol
compounds mixture standard to the concentration of
1.0 mg/ml, in 0.5 g of the sample in six replicates and
the LOQs was calculated.



RESULTS HPLC-DAD chromatogram of standard solutions

of the phenolic compounds preparing in mobile phase
The method was evaluated in terms of linearity was shown in Figure 1.

and repeatability, LOD and LOQ for ferulic, trans- Some of the validation parameters are shown in Table 1.
cinnamic, 2-hydroxy cinamic, gallic, caffeic, p-coumaric The obtained LOD:s for all investigated phenolic
and chlorogenic acid, quercetin and kaempferol. compounds were 0.01 pg/ml with the LOQs of 0.03 pg/ml.

Table 1. R?, repeatability (RSD, %) and structural formula investigated phenolic compounds

Phenolic acid Structural formula Retention time (min) R? Repearability (RSD, %)
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Figure 1. HPLC-DAD chromatogram of phenol compounds
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Some of the calibration curves (gallic acid, caffeic
acid, 2-hidroxycinnamic acid and kaempferol) were
shown in Figure 2.

DISCUSSION

Phenolic compounds are found throughout the plant
kingdom but the type of compounds present varies
significantly depending on the taxonomic affiliation
(Lattanzio, 2006). Extensive studies have been carried
out to identify plant phenols with insecticidal properties
and in i vitro experiments of Wéjcicka (2010), phenolic
compounds exerted negative influence on the feeding,
reproduction, growth and survival of the Sitobion avene,
Schizaphis gramini and Mysus persicae. Based on the
large number of literature data, the most commonly
found phenolic acids, with proved insecticidal and/
or antifeedant activity, in plant extracts are quercetin
and kaempferol, gallic, feruic and caffeic acids (Patton
etal.,, 2005; Anonymous 1,2006; Mesbah et al., 2007;
Pavela, 2011; Zhang et al., 2013; Ladhari et al., 2013).
Quercetin is one of the most abundant flavonoids
and the defense secondary metabolite in plants. Liu-
Shou-Zhu et al. (2007) suggest that quercetin at low

concentrations can cause immune response of Tenebrio
molitor. According to Mesbah et al. (2007), quercetin
extracted from sunflower plants caused abnormal
behavior, namely feeding arrest, growth inhibition
and development retardation of Spodoptera littoralis
larvae, deformation of pupae, moths and reduction up
to 50% of laid eggs. Ismail et al. (2005) also described
the antifeeding effects of well known flavonol glycosides,
such as quercetin-3-O-glucopyranosides and kaempferol,
while Mitchell et al. (1993) presented results indicating
that among others, kaempferol and quercetin inhibit
ecdysone 20-monooxygenase activity of Aedes acgypti
adult females, wandering stage larvae of Drosophila
melanogaster and pre-wandering and wandering stage
of Manduca sexta larvae. All this implicated that
mentioned compounds may function as biopesticides
affecting insect ecdysteroidogenesis. It has become a
common practice in USA to use C8-C12 alkyl ester
of gallic acid to protect wooden material from insects
feeding (Anonymous, 2006). However, according to
Patton et al. (2005) caffeic acid expressed antifeeding
activity towards adult Japanese beetles (Popillia japonica).
Singh at al. (2014) represent that tomatoes are rich
source of secondary metabolites, and its hairy roots
efficiently produce phenolic compounds, such as rutin,
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3500 ]
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Figure 2. Calibration curves (1-gallic acid, 2-caffeic acid, 3-2-hidroxycinnamic acid, 4- kaempferol)
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quercetin, kaempferol, gallic acid, protocatechuic acid,
ferulic acid, chlorogenic acid, and caffeic acid. At 100
uL/g concentration, the phenolic compounds caused
53.34 and 40.00% mortality of Helicoverpa armigera
and Spodoptera litura, respectively, after 6 days, while
surviving larvae of both species, after 6 days showed
85.43 and 86.90% growth retardation, respectively. Also,
chlorgenic acid, detected in extracts used in this work,
has been described as an antifeedant and digestibility

reducer in aphids (Miles and Oertli, 1993).

e In order to estimate the biochemical basis of plant
extracts an efficient, sensitive and reliable HPLC-
DAD method was validated. It can be applied
to ferulic, trans-cinnamic, 2-hydroxy cinamic,
gallic, caffeic, p-coumaric and chlorogenic acid
and quercetin and kaempferol in the analysis of
real plant extract samples.

o The obtained LODs for all investigated phenolic
compounds were 0.01 pug/ml with the LOQs of
0.03 ug/ml.

e The correlation coefficient of all phenolic
compounds were R?>0.99 in the concentration
range from 10.0 to 100.0 ug/ml with the
repeatability RSD less than 11.93%.
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