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s u m m a r y

The total amount of the identified phenolics was similar in leaves of both cultivars non-
infested by the insects. however, higher content of ferulic acid and o-coumaric acid was 
found in the less acceptable triticale (Lamberto cv.) than in more acceptable marko cv. af-
ter infestation an increase in content of the most phenolics was observed. The cereal leaf 
beetle brought the highest changes in the gallic, chlorogenic, salicylic, syringic and ferulic 
acid. The grain aphid feeding resulted in the increase of gallic, chlorogenic, vanilic, caffeic, 
syringic and salicylic acids. moreover, much higher induction of phenolic biosynthesis oc-
curred within seedlings of Lambero cv. than in marko one.
The differences in phenolic acids level within triticale tissues induced by the chewing and 
sucking-piercing insects are discussed.
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INTRODUCTION

Phenolic compounds are widely distributed secondary metabolites, ubiquitous-
ly present in the plant kingdom. Located in the vacuole, they were found in free 
form or linked to carbohydrates [1]. Phenolic acids are synthesized in shikimate 
pathway with isochorismate and/or trans-cinnamic acid as an intermediate prod-
uct [2, 3].

Phenolics play an important role in various biochemical interactions, especially 
in plant response to different stress factors, such as pathogen infections, uV ra-
diation and wounding or insects feeding [4, 5]. 
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salicylic acid (sa) acts as an inductor of plant response for local and systemic 
acquired resistance [6]. however, it is not clear which of other phenolic acids 
confirm the plants resistance to insects. moran and Thomson [7] demonstrated 
that green peach aphid (Myzus persicae) induced expression of genes associated 
with generation of salicylic acid as well as involved in the jasmonic acid pathway. 
It suggests the stimulation of response pathways under both pathogen and insect 
attack. stout et al. [8] proved that insect herbivore showed an additional effect on 
the plants over that caused by mechanical tissue damage.

The aim of this work was to investigate the accumulation of phenolic acids in 
winter triticale seedlings induced by feeding of the grain aphid (Sitobion avenae F.) 
and the cereal leaf beetle (Oulema melanopus L.).

MaTeRIal aND MeThODs

Winter triticale (Triticosecale Witm.) seedlings of Lamberto and marko cultivars 
(of different acceptance by insects: marko – more accepted, Lamberto – less ac-
cepted) were grown in climatic chamber under 16:8 h photoperiod and 65±5% 
relative humidity. Temperature was maintained at 24±2ºC for light cycle and 
16±2ºC for dark cycle. Light intensity 100 μmol·m-2·s-1 was provided by white and 
daylight fluorescent tubes (Pila, Poland and Philips, Poland – in proportion 1:1).

seven-day-old seedlings were infested with grain aphid (five nymphs per leaf) 
or with cereal leaf beetle (one larva per seedling). simultaneously,s a control 
experiment was carried out (both cultivars without insects). after 24 and 48 h 
seedlings were harvested, insects removed (from infested plants) and the plant 
material was freeze-dried.

Phenolics extraction and determination

one gram of dried sample after purification with chloroform was extracted 
with 150 cm3 of 80% methanol in soxhlet apparatus (at a boiling point) for 6 h. ob-
tained extracts were evaporated under vacuum to water phase and distilled water 
was added to 25 cm3 of final volume. Then extracts were acidified by addition 
of 1% (v/v) of glacial acetic acid (sigma Chemical Co., st. Louis, mo usa) and the 
solution was left for 1 h. Fraction of phenolic acids was obtained by extraction 
with ethyl acetate. The residue after ethyl acetate evaporation was dissolved wit-
hin mixture of water and methanol (75:25) with 1% (v/v) acetic acid and phenolic 
acids were separated with the use of hPLC method after kowalski and Wolski 
[9]. Isocratic Varian system was equipped with Prostar 210 pump, Prostar 335 
Photodiode array Detector (at 254 and 300 nm) and microsorb mV 100–5 C18 
(250x4.6 mm) column with replacement ChromGurd reversed phase precolumn 
(10x3.0 mm). mobile phase was methanol-water (25:75) with 1% (v/v) addition of 
glacial acetic acid. sample and mobile phase were filtered before separation with 
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the use of 0.45 μm PTFe membrane (supelco, Bellefonte, Pa usa). Identification 
and determination of phenolic acids were made by comparison of retention time 
and structure of uV spectra of the separated compounds and standards (purcha-
sed in sigma Chemical Co., st. Louis, mo usa). all experiments were performed 
in three independent replicates.

statistical analysis

Differences between average concentration of the identified phenolic acids 
within the seedlings were calculated using Tukey’s post-hoc test at p<0.05. The 
t-student test at p<0.05 and p<0.01 was used for estimation of differences be-
tween level of the analysed compounds in control and infested plants. The t-
student test at p<0.05 and p<0.01 was also used to calculate the differences 
between total amount of the phenolic acids. For all calculations the sTaTIsTICa 
v. 7.0 software was used.

ResUlTs

obtained results showed that total amount of the identified phenolics in non-
infested seedlings was similar in both tested cultivars of winter triticale (fig. 
1). statistical parameters of the average sums were calculated and amounted 
F=1.4825, df=4 and t=2.696. The highest concentrations of salicylic acid and 
o-coumaric acid were reported in non-infested leaves of Lamberto cv., whereas 
the predominant compound in marko cv. was trans-cinnamic acid (tab. 1). similar 
levels of chlorogenic, vanilic, caffeic and p-coumaric acid have been found in both 
tested cultivars. an increase of the identified compounds concentration was ob-
served in response to cereal leaf beetle feeding, with exception of o-coumaric and 
vanilic acids. The contents of gallic, chlorogenic, syringic and ferulic acids were 
higher in Lamberto cv. (tab. 2). Nevertheless, the differences between the sum 
of phenolic acids in tested cultivars infested by O. malanopus (F=1.7393, df=4, 
t=0.7488) were not statistically significant (fig. 1). more legible differences were 
observed after the grain aphid feeding in Lamberto cv. (tab. 3). The contents of 
the identified phenolic acids increased from two (vanilic and caffeic acid) up to ten 
times (gallic acid) in relation to non-infested leaves of this cultivar. In the case of 
Lamberto cv. an increase in the content of the phenolics was statistically signifi-
cant (with exception of ferulic acid). The grain aphid feeding brought an essential 
decrease in content of the gallic, vanilic, syringic, ferulic, salicylic and o-coumaric 
acids in f marko cv. Tissues.
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Ta b l e  1 .

Content of phenolic acids (μg·g-1 dry weight) in non-infested seedlings of winter triticale

phenolic acid
winter triticale cultivar

marko Lamberto

gallic acid   41.52±2.80d   31.77±1.64c
chlorogenic acid   16.89±1.07f    16.38±0.96ef
vanilic acid   49.37±2.16c   46.27±1.60b
caffeic acid   33.04±2.80e   36.10±0.57c
syringic acid     38.71±1.06de   23.81±0.48d
p-coumaric acid     3.29±0.11g     2.92±0.04g
ferulic acid     4.79±0.13g  12.97±0.27f
salicylic acid   94.62±2.94b 109.72±3.34a
o-coumaric acid   52.03±1.09c 115.99±6.32a
trans-cinnamic acid 109.20±4.00a     21.32±0.70de

Values followed by the same letters (in the columns) are not significantly different (p<0.05, Tukey 
test for multiple comparisons).

Ta b l e  2 .

Content of phenolic acids (μg·g-1 dry weight) in seedlings of winter triticale infested by cereal leaf beetle

phenolic acid
winter triticale cultivar

marko Lamberto

gallic acid   79.93±2.76d** 101.41±3.48b**

chlorogenic acid   29.44±0.83g**   38.76±1.24e**

vanilic acid     35.20±3.33fg**   39.27±0.80e**

caffeic acid    45.32±0.87e**   51.10±0.69d**

syringic acid   39.85±0.98ef   97.11±1.56b**

p-coumaric acid      8.44±0.28h**    5.31±0.27f**

ferulic acid    12.26±0.48h**   36.04±0.58e**

salicylic acid  160.81±1.87b** 182.28±3.73a**

o-coumaric acid   89.78±3.93c**   56.30±2.29d**

trans-cinnamic acid 181.97±4.26a**   81.72±1.72c**

Values followed by the same letters (in the columns) are not significantly different (p≤0.05, Tukey 
test for multiple comparisons);
**statistically significant differences between content of phenolic compounds in leaves infested and 
non-infested by beetle (p≤0.01; student t-test).
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Ta b l e  3 .

Content of phenolic acids (μg·g-1 dry weight) in seedlings of winter triticale infested by the grain aphid

phenolic acid
winter triticale cultivar

marko Lamberto

gallic acid     22.76±1.018e**   323.01±2.30a**

chlorogenic acid     21.08±0.702e**    70.89±1.12f**

vanilic acid   33.95±2.22d**     91.85±1.27d**

caffeic acid  35.02±1.85d     61.84±0.79g**

syringic acid  35.61±1.43d*   90.588±1.06d**

p-coumaric acid    8.12±0.31f**   11.488±1.17h**

ferulic acid    2.66±0.14f**   12.767±0.76h**

salicylic acid   44.95±0.74c** 280.276±5.38b**

o-coumaric acid  51.26±3.40b   78.719±1.90e**

trans-cinnamic acid 193.08±2.57a** 143.698±3.51c**

Values followed by the same letters (in the columns) are not significantly different (p≤0.05, Tukey 
test for multiple comparisons);
*statistically significant differences between content of phenolic compounds in infested and non-
infested by aphids leaves of cereal (p≤0.05; student t-test);
**statistically significant differences between content of phenolic compounds in infested and non-
infested by aphids leaves of cereal (p≤0.01; student t-test).

Figure 1. Content of total phenolic acids in infested by insects seedlings of winter triticale and 
control (frame texts describe the results of student t-test of studied cultivars)
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DIsCUssION

Total amount of phenolic acids (presented as a sum of the identified compo-
unds) was the lowest in control seedlings of winter triticale and the increase was 
observed after insects infestation. Janas et al. [10] showed a similar low level of 
free phenolics in control soybean plants and the increase in their content after the 
exposure to stress factors. In this work, higher contents of ferulic and o-coumaric 
acids were shown in non-infested, moderately resistant triticale (Lamberto cv.). 
although, both cultivars had a similar content of the total identified phenolic 
acids. Cabrera et al. [11] stated that ferulic acid used as a resistance factor or in-
corporated into artificial diets decreased aphid survival and reduced reproductive 
index of the greenbug (Schizaphis graminum). In a response to feeding of the cereal 
leaf beetle clear visible increase of syringic acid in Lamberto cv. was noted. Insects 
belonging to Chrysomelidae family also caused changes in gallic, chlorogenic, sa-
licylic and ferulic acids. however, content of these compounds was similar while 
comparing both triticale cultivars with exception of trans-cinnamic acid. Blassioli 
moraes et al. [12] showed that wheat plant synthesized high level of p-coumaric 
and syringic acids after treating with cis-jasmonate. slesak et al. [13] observed the 
reduction in penetration time and total time of phloem sap ingestion by aphids on 
jasmonate treated plants. Induced accumulation of phenylpropanoids in response 
to insect feeding was reported, especially for the ferulic and p-coumaric acids in 
wheat tissues as a response to Sitodiplosis mosellana [14] and in corn exposed to 
Sesamia nonagrioides [15]. The grain aphid feeding has resulted in the increase of 
especially gallic, chloqogenic, syringic and salicylic acids levels. especially chlo-
rogenic acid and ferulate are quite important as they act as precursors of lignin 
synthesis in response to wounding and insects attack [16, 17]. The salicylic acid 
is well known to regulate responses of plants to herbivorous. however, it was 
much often reported that salicylates generally participate in plant – pathogen 
interactions [18]. 

on the other hand, the phenolic acids were also reported as antioxidant factors 
[19] involved in oxidative stress reactions caused by the cabbage aphid [20]. 

CONClUsIONs

results presented in this work show much higher biosynthesis of phenolic 
acids within seedlings of moderately resistant Lamberto cv. after aphid feeding. 
Thus, it can be suggested that feeding of the herbivorous insects induce anti-
biosis based on accumulation of the phenolic acids in studied triticale cultivars. 
salicylic acid might act as an inducer of winter triticale resistance to the grain 
aphid.
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s t r e s z c z e n i e

zawartość sumy zidentyfikowanych kwasów fenolowych była podobna w obu badanych 
odmianach. Jednocześnie wykazano, że stężenie kwasu ferulowego i o-kumarowego było 
wyższe w siewkach odmiany Lamberto odznaczającej się wyższą odpornością niż w bardziej 
podatnej odmianie marko. żerowanie badanych owadów wywołało wzrost zawartości 
oznaczanych związków w obu odmianach pszenżyta. W odpowiedzi na atak skrzypionki 
zbożowej obserwowano zwiększenie poziomu kwasów: galusowego, chlorogenowego, 
salicylowego, syrynginowego i ferulowego. mszyca zbożowa wywołała natomiast wzrost 
zawartości kwasów galusowego, chlorogenowego, wanilinowego, kawowego, syryngi-
nowego oraz salicylowego. Należy podkreślić, że znacznie wyższą indukcję biosyntezy 
związków fenolowych stwierdzono w siewkach odmiany marko. 

Słowa kluczowe: fenylopropenoidy, kwasy fenolowe, pszeżyto, skrzypionka zbożowa, mszyca 
zbożowa


