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Abstract: Plant-growth promoting rhizobacteria (PGPR) elicit activation of the
phenylpropanoid pathway in plants, which leads to phenolics production and
enhanced antioxidant capacity. The purpose of this work was to assess the anti-
oxidant activity of soybean plants, Glycine max L., inoculated with PGPR (iso-
lates of Azotobacter chroococcum, Streptomyces sp. and mixture of these)
during plant development, as well as the yield of inoculated soybean plants.
PGPR applied in the experiment stimulated flavonoids and isoflavone syn-
thesis, which enhanced the non-enzymatic antioxidant ability of the soybean
plants. Moreover, PGPRs stimulated the accumulation of daidzein and genistin
in soybean seedlings (5-fold and 2-fold compared to the control values, res-
pectively). The mixture of PGPRs had a positive impact on the antioxidant
activity (1020 % higher activity) and yield components of soybean, which
proposed this inoculum as possibly a potent bio-fertilizer in soybean pro-
duction.

Keywords: glycine max; phenylalanine ammonia-lyase (PAL); plant-growth
promoting rhizobacteria (PGPR); phenolics.

INTRODUCTION

Plant growth-promoting bacteria (PGPB) stimulate plant growth, increase
yield, reduce pathogen infection, and reduce the impact of abiotic or biotic plant
stress.! In many cases, plant-microbe associations enhance the defense capacity
of the plant and effectively ward off a broad spectrum of pathogens.?

Plant growth-promoting rhizobacteria are capable of reducing disease inci-
dence in the aboveground plant parts through a plant-mediated defense mech-
anism, known as induced systemic resistance (ISR). Rhizobacteria-mediated ISR
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is effective against a broad spectrum of plant pathogens; including oomycetes,
fungi, bacteria, viruses, and even insect herbivores.3 This suggests that by inducing
ISR, the beneficial microorganisms confer broad-spectrum resistance in plants.*

One of the first reactions of plants to various changes in the environment is
the production of reactive oxygen species (ROS), primarily superoxide (0,°7)
and hydrogen peroxide (H,0,), in the tissue that is exposed to the stimuli.> The
two processes production and neutralization of ROS always occur in cells in a
simultaneous manner. Rapid alterations in the ROS levels or change in the bal-
ance between production and scavenging rates would result in the generation of a
signal and response of the plant to stimuli.® Plant-microbe interactions induce a
biphasic ROS production in plants, consisting of a low amplitude first phase,
followed by a much higher and sustained accumulation during the second phase.”
In the case of symbiotic interactions, ROS have also been observed, but a sup-
pression of the second wave of ROS seems to occur.8 The second response or
lack of response is thought to play an important signaling role in the activation of
plant defense. In order to avoid ROS accumulation leading to cell death, org-
anisms have evolved enzymatic and non-enzymatic antioxidant mechanisms con-
stantly generating and abolishing ROS.6

Phenylalanine ammonia-lyase (PAL) is the entry-point enzyme into the phe-
nylpropanoid pathway responsible for the synthesis of plant phenylpropanoids or
phenolics, many of which play important roles in plant defense and present the
most important non-enzymatic antioxidants.” Soybean represents an important
source of isoflavones, the antioxidant activity of which is related to the number
of hydroxyl groups present in their chemical structure. The antioxidant capacity
of isoflavones decreases with glycosylation or replacement of the hydroxyl group
by methoxy group. In vitro, isoflavones can prevent lipid peroxidation due to
their metal chelating and radical scavenging capacity.l0 They are synthesized by
isoflavone synthase via the phenylpropanoid pathway, but the genetic regulation
of isoflavone biosynthesis in plants is not well understood.

Although simultaneous induction of growth and accumulation of secondary
metabolites are rare in nature, the use of PGPR to increase the levels of some
secondary metabolites becomes very popular in organic production. For this
reason, there is great interest in finding effective biotechnological methods to
obtain consistent and reproducible induction of these secondary metabolites in
soybean plants.!!

The purpose of this study was to investigate the effect of PGPR, isolates of
Azotobacter chroococcum and Streptomyces sp., as well as mixture of these bac-
teria, on the non-enzymatic antioxidant system of soybean plants when applied in
field conditions, in order to test the potential of these PGPR to induce accumul-
ation of phenolic compounds in soybean plants. Secondary, the aim was to assess
possible effect of these PGPR on soybean yield components.
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EXPERIMENTAL

Details related to material and experimental design are given in Supplementary material
to this paper.

Inoculum characteristics and preparation

The bacterial strains in this experiment were isolates from natural populations from
different soil types from northern Serbia: humoglay (pH 7.2), pseudoglay (pH 5), chernozem
(pH 7) and wheat straw compost (pH 8.9). Due to different characteristics of these soils, the
applied bacteria have some metabolic capabilities that suggest their ability to survive in dif-
ferent environmental conditions. Characteristics of each isolate are presented in Table 1.

TABLE I. Characteristics of the PGPR isolates applied in the experiment: morphology, Gram
strain, spore formation, origin and most significant alignment

Isolate  Morphology = Gram Spores Source — soil Alignment

RC Cocci—rods + - Humoglay A. chroococcum
¢ Cocci—rods + - Chernozem A. chroococcum
PS Cocci—rods + - Pseudoglay A. chroococcum
No. 5 Filamentous + - Chernozem Streptomyces sp.
No. 7 Filamentous + - Humoglay Streptomyces sp.
9K Filamentous + — Wheat straw compost Streptomyces sp.

Isolates of 4. chroococcum were isolated by employing serial dilution plate technique
using Fjodor nitrogen-free medium (incubation for 48 h at 28 °C). The plates were checked
for A. chroococcum growth and pigmentation. The isolated colonies of A. chroococcum were
re-streaked for purification and the pure isolates were maintained on the same medium. Sub-
sequently, the isolated colonies were inoculated in a 250 mL conical flask containing 100 mL
Fjodor broth and incubated at 28 °C under shaking at 150 rpm (environmental shaker,
Incubator ES 20/60, BioSan) for two days. After the incubation period, the inoculum was
adjusted at 10° cell mL-! (optical density (OD) at 600nm, A 4p5 = 108 cell) and was ready for
application.

Streptomyces sp. strains were isolated using synthetic agar, by employing the serial
dilution plate technique. The media were solidified with 1.5 % agar and pH 7 was adjusted
with 1 M NaOH or HCI before autoclaving at 121 °C for 15 min. The plates were incubated
for 7-14 days at 28 °C and then checked for sporulation (optical microscope, Olympus, KHC,
Japan). Selected Streptomyces sp. strains were grown on the same medium. The plates were
incubated at 20+2 °C, and sporulation results were recorded after 14 days by visual assess-
ment. The plates were flooded with sterile, distilled water and the resulting spore suspension
was harvested. The spore suspension was adjusted to >1x107 spores ml'!, determined by spore
counting in Neubauer chamber. Inoculum of 4. chroococcum (AB) consisted of isolates RC, C
and PS (1:1 volume ratio), while inoculum of Streptomyces sp. (S) consisted of isolates No. 5,
7 and 9K. Inoculum MIX was prepared from AB and S inoculums (1:1 volume ratio).

Biochemical analyses

The phenylalanine ammonia-lyase (PAL; EC 4.3.1.5) activity was determined according
to Gerasimova et al.® and expressed in U g'! fresh weight.

Total content of phenolics of an acetone extract of dry leaves and roots was determined
by the Folin—Ciocalteu procedure!? and are expressed as mg catechin g! dry weight. The
amount of flavonoids in a methanolic extract of dry leaves and roots was performed by the
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method described by Markham!3 and are expressed as mg rutine g'! dry weight. The contents
of proanthocyanidins were determined by the method of Hagerman et al.'?> and are expressed
as mg leukoanthocyanidins g! dry weight. The contents of phenolic compounds are given in
mg gl

Total potential antioxidant activity of the investigated dry material extracts was assessed
based on their scavenging of 1,1-diphenyl-2-picrylhydrazyl (DPPH) free radicals. The change
in the optical density of the DPPH radicals was monitored according to Washida et al.!* and
given as percent of neutralized radicals.

Analyses of the PAL activity, total phenolics, flavonoids, proanthocyanidins, and DPPH
radical scavenging activity were spectrophotometrically performed using a UV/Vis spectro-
photometer model 6105, Jenway, Dunmon, UK.

HPLC analysis of soybean leaves (I, II, and III sampling period) and mature seeds (IV
sampling period) were performed following the protocol described in Yuan et al.!> An Agilent
model 1100 HPLC equipped with binar pump, degaser, autosampler and diode array detector
(DAD) was used to separate, identify and quantify isoflavones. Separation of these com-
pounds was achieved using a 5 pm Zorbax SB C18 reversed phase HPLC column (150
mmx4.6 mm) with a Zorbax SB C18 guard column. Mobile phase gradients were formed
between two degassed solvents. Solvent A was 1 vol. % acetic acid in water and solvent B
100 % acetonitrile. The gradient conditions were: 0—5 min 15 % B; 544 min from 15 to 35 %
B; 44-45 min from 35 to 15 % B, 45-50 min 15 % B. A post separation period of 20 min was
applied. The column temperature was 25 °C, the solvent flow rate was 0.6 mL min'! and the
injection volume was 10 uL. The spectra were collected between 240 and 400 nm by DAD
and components in the eluate were detected at 260 nm. Isoflavones were identified by reten-
tion times, by comparison of UV spectra with those of standard compounds and from litera-
ture data.

Aglycones were quantified from three five-point regression curves (R > 0.9998) obtained
using the corresponding standards (daidzein, glycitein, genistein). The standards of isofla-
vones, including daidzin and genistin, were purchased from ChromaDex (Irvine, CA, USA),
daidzein from Fluka (Buchs, Switzerland), genistein from Serva (Heidelberg, Germany) and
glycitein from Aldrich (Steinheim, Germany). Actual concentrations of isoflavones in glyco-
side forms were calculated from the regression curve of the corresponding aglycones, after
applying corrections for differences in molecular weight between aglycones and glycosides
and are expressed as mg g'! dry weight.

Yield components

Yield components were recorded in various stages of development: number of nodules
per root (II period of sampling), number of pods per plant (III period of sampling), mass of
1000 seeds and seed yield per ha (the end of experiment).

Statistical analyses

All results represent a mean of three experiments performed in three years. Assessed
values of the biochemical (performed in 6 replicas) and morphological analyses were
expressed as means + standard error of determinations made in triplicates and tested by
ANOVA followed by comparison of the means by the Duncan multiple range test (P < 0.05).
Relationships between some biochemical parameters were assessed by correlation analyses
and are expressed by the Pearson coefficient of correlation (r) and coefficient of determination
(7%). Data were analyzed using Statistica for Windows, version 12.6.
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RESULTS AND DISCUSSION

This work was performed to reveal how isolates of A. chroococcum and
Streptomyces sp. affect the antioxidant properties of soybean as a hallmark of
plant response to various environmental stimuli. In order to achieve better via-
bility of inoculums under field conditions, three isolates of 4. chroococcum and
Streptomyces sp. that are adapted to ecologically different habitats (Table 1) were
used for the preparation of the inoculums.

In response to abiotic and biotic stresses, such as pathogen attacks, UV
irradiation, mechanical wounding, and light, PAL induces phenylpropanoid bio-
synthesis.!6 PAL has been extensively studied in plants because of its decisive
function in the biosynthesis of many secondary metabolites!” and it is thought to
be responsible for many essential functions, including establishing mechanical
support, production of pigments, such as anthocyanins, and signaling with flavo-
noid nodulation factors.!8

The analyzed soybean plants had similar PAL activity in the leaves through-
out the vegetation. Only AB and S inoculums stimulated PAL activity in soybean
roots in III period of sampling (Fig. 1).
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Fig. 1. Phenylalanine ammonia-lyaseactivity in soybean leaves and roots inoculated with
PGPR and grown under field conditions. C — control, AB — 4. chroococcum inoculum,
S — Streptomyces sp. inoculum, MIX — mixture of AB and S. The results represent mean of
3 years of research, the bars represent standard error. The results marked with different letters
differ significantly at P < 0.05 (Duncan’s test).

Leaves of these plants had significantly higher amounts of total flavonoids in
period II (Fig. 2B) and proanthocyanidin contents in period III of the sampling
(Fig. 2C). Furthermore, a significant increase in the total phenolic content was
recorded in III of the sampling in leaves of soybean plants inoculated with S
inoculum period (Fig. 2A) and it was in positive correlation with the PAL activity
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Fig. 2. The contents of total phenolics (A), flavonoids (B) and proanthocyanidins (C) in
soybean leaves inoculated with PGPR and grown under field conditions. C — control, AB — 4.
chroococcum inoculum, S — Streptomyces sp. inoculum, MIX — mixture of AB and S. The
results represent the mean of 3 years of research, bars represent the standard error. Results
marked with different letters differ significantly at P<0.05 (Duncan’s test).
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(r = 0.99, 2 = 0.98). As is shown in Fig. 2, plant from the MIX treatment had
similar total flavonoid content as those from the S treatment. At the first two
sampling periods, soybean plants inoculated with MIX had significantly higher
content of proanthocyanidins in the leaves and the same was assessed in period
III in the roots of these plants (Fig. 2C), compared to other treatments and the
control. The obtained results showed that the proanthocyanidins content in leaves
were mostly stimulated by coupled inoculum in most of the vegetation stages,
after which in the seed beginning stage, their content were invariable (Fig. 2C).

Proanthocyanidins are oligomeric and polymeric end products of the flavo-
noid biosynthetic pathway, their major role in plants is to provide protection
against microbial pathogens, insect pests and larger herbivores.!® However, their
content in roots of inoculated plants was not stimulated by applied growth-pro-
moting rhizobacteria (Fig. 2C).

The DPPH-scavenging test refers to the non-enzymatic antioxidant ability of
plant extracts. The DPPH-test revealed that leaf extracts of plants inoculated with
S inoculum had a greater ability to scavenge the DPPH-radical in sampling peri-
ods I and III, as did the MIX inoculum (Table II). The results of the DPPH-test
were in positive correlation with the total phenolics content in soybean leaves
treated with PGPR (r = 0.91-0.99, 72 = 0.93-0.97).

TABLE II. DPPH-radical scavenging activity of soybean leaves and roots inoculated with
PGPR and grown under field conditions. C — control, AB — A. chroococcum inoculum,
S — Streptomyces sp. inoculum, MIX — mixture of AB and S. The results marked with
different letters differ significantly at P < 0.05 (Duncan’s test)

Sample Sampling Scavenging activity, %
period C AB MIX S
Leaves I 51.3+0.9b 54.5+(0.58b 58.3+0.52 45.8+0.1¢
I 57.4+0.84 65.4+0.6° 60.4+0.7¢ 71.5+0.42
I 52.940.82b 55.140.3? 40.8+0.14 49.0+0.3¢
Roots I 63.0+1.1¢ 67.1+1.1° 72.1+0.62 75.8+0.72
il 61.4+1.0° 34.6+0.1¢ 61.1+0.9° 63.7+0.42
11 64.4+1.2b 68.2+0.72 57.6+0.4¢ 64.3+0.4

The DPPH-scavenging activity of soybean roots inoculated with the S and
MIX inoculums significantly depended on the contents of total flavonoids
(r = 0.98-0.99, 72 = 0.96-0.99) and proanthocyanidin (» = 0.89-0.98, r2 = 0.70—
—0.98). Roots of soybean plants inoculated with AB had significantly lower
DPPH-scavenging activity (sampling period II) in comparison to the control and
other inoculums (Table II).

Isoflavones seem to have a variety of roles, such as precursors to defense
compounds (phytoalexins), which inhibit the growth of various microbes, and as
endogenous regulators of auxin transport in roots. Synthesis of isoflavones could
be induced by wounding20 and by Bradyrhizobium japonicum.2! Soy and soy
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products may contain three types of isoflavones in four chemical forms: 1) the
aglycones daidzein, genistein and glycitein; 2) the f-glycosides daidzin, genistin,
and glycitin; 3) the acetyl-f-glycosides 6”-O-acetyldaidzin, 6”-O-acetylgenistin
and 6"-O-acetylglycitin; and 4) the malonylglycosides 6”-O-malonyldaidzin,
6"-O-malonylgenistin and 6”-O-malonylglycitin.20 According to Algar et al.,?2
accumulation of malonyldaidzin represents the most effective way to store
defense compounds for immediate use upon stress challenge, which could point
to possible stress-mitigating effect of PGPR during the first two phases of
development of the investigated soybean plants, as well as in the seed. According
to the obtained results, the control plants had higher amount of isoflavone
malonyl-f-glycosides in the second trifoliate stage of development than the ino-
culated plants.

The levels of the soy isoflavones are affected by genetic and environmental
factors and by the mode of cultivation.!! There are only few other authors!1.22-24
that performed similar experiments and they also assessed the difference in iso-
flavone accumulation and composition after PGPR inoculation in soybean cell
cultures, seedlings and seeds, however, there was no data about the isoflavone
content and antioxidant properties of PGPR-inoculated soybean throughout the
ontogenesis of soybean plants. According to different authors, application of
PGPR stimulates the innate antioxidant capacity of plants exposed to stress con-
ditions (drought and salinity).2526

Plants from the AB treatment had high total isoflavone contents in the leaves
through all three sampling periods (Fig. 3D). At the full bloom period, the control
plants had the highest and at the seed beginning stage, the lowest total isoflavone
content in comparison to the treatments.

In the early PGPR—plant interaction (the second trifoliate), the treated plants
had higher daidzein contents in comparison to that in the control plants (Fig. 3A).
Plants inoculated with S inoculums had the highest daidzein contents in the sec-
ond trifoliate stage and in seeds (Fig. 3A). Glycitin and malonylglycitein contents
accumulated throughout vegetation yet, their content in seeds did not differ
among the treatments (Fig. 3B). As for the genistein group of isoflavones, plants
treated with S and MIX inoculums had higher genistin contents in leaves com-
pared to AB and control in the I and III sampling periods (Fig. 3C).The mass of
1000 seeds were the highest in S treatment (150.5 g) and the highest amount of
seeds per ha was in the MIX treatment 5.0 t ha~!, while others had significantly
lower seed yield (4.0-4.1 t ha-1) (Supplementary material, Table S-I). According
to Aung et al.27, co-inoculation with B. japonicum and Azospirillum sp. also sti-
mulated yield components in soybean.

Comparison of the results from isoflavone and yield analyses clearly shows
that in the full bloom period plants from the S treatment had the highest number
of nodules per plant, but the lowest total isoflavone content, which indicates that
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the higher isoflavone content is not provoked by nodulation. The total isoflavone
content was the highest in seed beginning stage due to the intensive process of
seed formation. If the treatments are compared, plants from the MIX treatment
had the lowest isoflavone content in seeds, but the highest in leaves in the seed
formation stage. In addition, these plants had the highest number of pods per plant
and yield, which possibly explains that an intensive synthesis of these phenolics
was demanded by filling a larger number of pods (Table S-I of the Supplement-
ary material).
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3 years of research, bars represent standard error. Results marked with different letters
differ significantly at P < 0.05 (Duncan’s test).
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CONCLUSION

According to obtained results, it could be concluded that Azotobacter chroo-
coccum enhanced accumulation of isoflavones, as well as total flavonoid content
in leaves of soybean plants throughout all investigated stages of development. At
the seed beginning stage, Streptomyces sp. stimulated accumulation of total phe-
nolics, flavonoids, proanthocyanidins and isoflavones, which could be the reason
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of enhanced antioxidant ability of extracts of these plants. Furthermore, the mix-
ture of applied PGPR induced synthesis of proanthocyanidins in the leaves at the
second trifoliate and full bloom stages. All PGPR stimulated isoflavone accumul-
ation in soybean leaves at the seed beginning stage; however, only seeds from
single inoculation treatment had high isoflavone contents. Besides the positive
impact on accumulation of non-enzymatic antioxidants, the mixture of 4. chroo-
coccum and Streptomyces sp. had a positive impact on the yield of soybean
plants, which indicates the possibility of applying a mixture of these PGPRs as a
potent bio-fertilizer in soybean production.

SUPPLEMENTARY MATERIAL

Additional data and details related to sampled material and experimental design are
available electronically at the pages of journal website: http://www.shd.org.rs/JSCS/, or from
the corresponding author on request.
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U3BOJ
CAIPXAJ U30®JTABOHA U AHTUOKCUIOAHTHA AKTHUBHOCT COJE TPETUPAHE CA
PU3OBAKTEPHUJAMA KOJE ITOCIIEIIYJY PACT

BUJbAHA KMITPOBCKH' BOPRE MAJTEHYMR?, CHMOHHJIA BYPHUR?, MUPA BYPCAR®,
JEJIEHA IIBEJUR® u BIATUMHP CHUKOPA'
1Hch7.umyu7 3d pawmapcuigo u uospindpcieo, Maxcuma I'opxoi 30, 21000 Hoeu Cag, ZHOJboﬁpuspegHu
Qaxyniteii, Ynugepsuiiein y Hosom Cagy, Tpi Jocutieja Odpagosuha 8, 21000 Hosu Cag u 3Meguuuucxu
paxyniteni, Ynugep3uttiein y Hosom Cagy, Xajgyx Bemwxosa 3, 21000 Hosu Cag

Muxkpoopranusmu koju nocrnenryjy pact duwbaka (PGPR) ctumynuury u cuHTedy geHos-
HUX jefuibena U N1000/blIaBajy aHTHOKCHAAHTHH KanalluTeT dusbaka. Y OBOM Pafy UCIIUTAH je
yTHLAj MHOKYJIALHje u3onatiuma Azotobacter chroococcum, Actinomycetes (Streptomyces sp.) u
CMEIIOM H30JlaTa HaBeJEHWX MHKDPOOpPraHW3aMa Ha aHTHOKCHUIAHTHU CHCTeM Owpaka coje
TOKOM pa3Boja durpaka, Kao ¥ Ha IIPUHOC WHOKYIHUCAaHUX Ouibaka. KOpHCHY MUKPO OpPraHu3MHu
Cy CTUMYNHCANU CHHTe3y (iaBOHOMIA W H30(IaBOHA, KOjU Cy Jaske YTHULAIH Ha nosehame
AHTHOKCHUIAHTHOT KamnanureTra dubaka coje. Camprkaj Jau3erdHa U TeHUCTHHA Y KIWjaHIuMa
coje MHOKY/IMCaHe KOPUCHUM MHKpOOpraHusmuma duo je 2—5 myra Behu y nopehemy ca koH-
TposioM. CMellla M30j1aTa KOPHUCHUX MHUKpPOOpTaHH3aMa HMaja je [OBOJbaH YTHLAj HA aHTH-
OKCHUIAHTHY aKTMBHOCT Omsbaka coje (10-20 % Beha akTHBHOCT), Kao ¥ MPUHOC ceMeHa, 350r
yera U ce JaTH HHOKYJIYM MOTao ITPEeNopPyYUTH Kao MOTeHIMjaaHu Ouo-epTHIn3aTop.

(ITpummeno 17. dbebdpyapa, peBusupano u npuxsaheno 19. jyna 2016)

REFERENCES

1. B. Lugtenberg, F. Kamilova, Annu. Rev. Microbiol. 63 (2009) 541
M. J. Pozo, L. C. Van Loon, C. M. J. Pieterse, J. Plant Growth Regul. 23 (2005) 211
. V. R. Van Oosten, N. Bodenhausen, P. Reymond, J. A. Van Pelt, L. C. Van Loon, M.
Dicke, C. M. Pieterse, Mol. Plant Microbe Int. 21(2008) 919
4. S. C. M. Van Wees, S. Van der Ent, C. M. J. Pieterse, Curr. Opin. Plant Biol. 11 (2008)
443

w N

Available on line at www.shd.org.rs/JSCS/

(CC) 2016 SCS.




o

10.
11.

12.

13.

14.
15.
16.

17.
18.
19.
20.

21.
22.

23.
24.

25.
26.
27.

PGPR EFFECT ON SOYBEAN PHENOLICS 1 249

. R. Mittler, S. Vanderauwera, N. Suzuki, G. Miller, V. B. Tognetti, K. Vandepoele, M.

Gollery, V. Shulaev, F. Van Breusegem, Trends Plant Sci. 16 (2011) 300

R. Mittler, S. Vanderauwera, M. Gollery, F. Van Breusegem, Trends Plant Sci. 9 (2004)
490

M. A. Torres, J. D. G. Jones, J. L. Dangl, Plant Physiol. 141 (2006) 373

D. P. Lohar, S. Haridas, J. S. Gantt, K. A. VandenBosch, New Phytol. 173 (2007) 39

N. G. Gerasimova, S. M. Pridvorova, O. L. Ozeretskovskaya, Appl. Biochem. Microbiol.
41 (2005) 103

D. M. Balisteiro, C. V. Rombaldi, M. 1. Genovese, Food Res. Int. 51 (2013) 8

B. Ramos-Solano, E. Algar, A. Garcia-Villaraco, J. Garcia-Cristoba, J. A. Lucas Garcia,
F. J. Gutierrez-Maiiero, J. Agri. Food Chem. 58 (2010) 1484

A. Hagerman, 1. Harvey-Mueller, H. P. S. Makkar, Quantification of Tannins in Tree
Foliage — a Laboratory Manual. FAO/IAEA, Vienna, 2000

K. R. Markham, in Plant phynolics, J. B. Harborne, Ed., in Methods in Plant
Biochemistry, Vol. 1, P. M. Dey and J. B. Harborne, Eds., Academic Press, London,
1989, p. 197

K. Washida, N. Abe, Y. Sugiyama, A. Hirota, Biosci. Biotech. Biochem. 71 (2007) 1052
J.-P. Yuan, Y.-B. Liu, J. Peng, J.-H. Wang, X. Liu, J. Agri. Food Chem. 57 (2009) 9002
R. A. Dixon, L. Achnine, P. Kota, C. J. Liu, M. S. Reddy, L. Wang, Mol. Plant Pathol. 3
(2002) 371

R. Liu, S. Xu, J. Li, Y. Hu, Z. Lin, Plant Cell Rep. 25 (2006) 705

B. Weisshaar, G. 1. Jenkins, Curr. Opin. Plant Biol. 1 (1998) 251

R. A. Dixon, D. Y. Xie, S. B. Sharma, New Phytol. 165 (2005) 9

A. C. L. Barbosa, N. M. A. Hassimotto, F. M. Lajolo, M. 1. Genovese, Cién. Tecnol.
Aliment. 26 (2006) 921

S. Subramanian, G. Stacey, O. Yu, Plant J. 8 (2006) 261

E. Algar, F. J. Gutierrez-Maifiero, A. Bonilla, J. A. Lucas, W. Radzki, B. Ramos-Solano,
J. Agri. Food Chem. 60 (2012) 11080

A. M. Al-Tawaha, P. Seguin, D. L. Smith, C. Beaulieu, Ann. App. Biol. 146 (2005) 303

S. M. Boue, F. F. Shih, B. Y. Shih, K. W. Daigle, C. H. Carter-Wientjes, T. E. Cleveland,
J. Food Sci. 73 (2008) 43

S. Abbasi, H. Zahedi, Res. Crops 14 (2013) 189

H. S. Han, K. D. Lee, Res. J. Agric. Biol. Sci. 1(3) (2005) 216

T. T. Aung, B. Bancha, P. Pongdet, L. Aphakorn, T. Panlada, B. Nantakorn, T. Neung,
Afr. J. Microbiol. Res. 7(29) (2013) 3858.

Available on line at www.shd.org.rs/JSCS/

(CC) 2016 SCS.





<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice




