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ABSTRACT

We investigated the qualitative and quantitative composition of phenolic compounds in
tomato (Lycopersicon esculentum Mill L.) leaves with and without infestation of tomato borer
(Tuta absoluta Meyrick). Infested and healthy leaves of tomato were extracted with aqueous
methanol, which was partitioned with ethyl acetate and n-butanol. Infested leaves contained
higher levels of total phenolics, flavonoids, flavonols and tannins. The HPLC analysis of the n-
butanol fraction indicated that the leaves contained the catechin and two unknown compounds,
which are likely to be phytoalexins. The protective role of these molecules need to be
investigated, to incorporate this finding in the tomato breeding programmes against the tomato
borer.
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INTRODUCTION

The tomato borer (Tuta absoluta Meyrick, Lepidoptera: Gelechiidae) is a
devastating insect pest in tomato (Lycopersicon esculentum) originated in South America
and recently appeared in the Mediterranean region. It attacks the leaves of tomato at all
growth stages, which reduces the yields and quality of tomato (9) and has become major
insect pest in tomato (14). Insecticides are used to control it by growers, however, their
effectiveness is limited due to the nature of insect damage and the development of resistant
tomato borer biotypes (21). Another strategy to control this pest, is the development of
resistant varieties, however, the resistance traits against Tuta absoluta are not yet identified
in local tomato germplasm grown in Algeria. Tomato leaves produces several bioactive
metabolites [steroidal alkaloids (11), phenolic compounds and flavonoids (10,25)]. These
substances are involved in the host-plant defences and also have several pharmacological
and nutritional functions in humans (11). They act as deterrents and toxins, especially the
phenolic compounds to specialist herbivores such as Tuta absoluta (16). They can be
produced in large quantity during an insect pest attack (13). In tomato, their accumulation
is induced after insect attack (7). This research aimed to investigate the role of phenolic
compounds in the biochemical defence of Algerian tomato against Tuta absoluta.
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MATERIAL AND METHODS

Collection of leaf samples

This research was conducted at Tlemcen province, northwest Algeria (34° and
35°30' north latitude and 1°20" and 2° 30" west longitude). It has temperate winter (Annual
precipitation : 311.72 mm and maximum temperature : 33.68 °C, minimum temperature :
5.4 °C). Leaf samples were collected from a commercial crop of tomato (Lycopersicon
esculentum Mill L.) of the Tafna variety from March to May 2015, during the infestation
period of tomato borer. Samples (100 g, fresh weight) of infested or uninfested leaves of
the same age (2-4 months) were harvested, washed, dried with a paper towel and dried in
an oven at 60°C for 24 h. Then, they were powdered in a mortar with a pestle before use.
Three samples were collected per treatment.

PREPARATION OF CRUDE EXTRACT AND ORGANIC FRACTIONS
(i). Crude extracts: Leaves (1 g) were powdered and extracted for 24 h with 20 ml of
80% aqueous methanol at room temperature, filtered through 0.45-pum-pore-size filter
paper. The filtrates were evaporated to dryness under vacuum at 60 °C using a Buchi
Rotavapor R-200 (3).
(ii). Ethyl acetate and n-butanol fractions of crude extract: The aqueous extract was
partitioned first with ethyl acetate and then with n-butanol to extract the different
classes of flavonoids. The extraction was done according to Bekkara et al. (2). The dry
residues obtained from the crude extracts were dissolved in 10 ml of boiling water to
dissolve the flavonoids. The aqueous solution was then filtered through 0.45-um-pore-
size filter paper. The filtered solution was first partitioned with 10 ml ethyl acetate and
then with 10 ml of n-butanol. The two extracts were evaporated, weighed and finally
dissolved in 3 ml methanol.
(iii). Tannin fraction: The tannins were extracted from the infested and uninfested
tomato leaves as per the method of Zhang et al. (31). Five g of infested or uninfested
leaves were dried in shade and milled into powder in a mortar with a pestle. This
powder was extracted with 100 ml acetone-water (70:30, v/v) and the mixture was
continuously stirred for 72 h at room temperature. Then, the mixture was filtered and
evaporated under vacuum at 40 °C to remove the acetone. The remaining solution was
washed with 30 ml dichloromethane to remove the lipid soluble substances. After
separation of the organic phase, the aqueous layer was extracted with 15 ml of ethyl
acetate. Then, the resulting water layer was evaporated to dryness and the dry residue
was weighed and dissolved in methanol.

QUANTITATIVE DETERMINATION OF PHENOLICS

(i). Total phenolics content: These were spectrophotometrically determined by adding
in a tube 1 ml of the Folin-Ciocalteu reagent to 200 ul of extract or fraction (24). Then,
the mixture was diluted 10-times with water and 0.8 ml of 7.5% sodium carbonate
solution. After stirring, the tube was left for 30 min. Then, the absorbance was
measured at 765 nm on Jenway 6405 UVVIS spectrophotometer. Gallic acid was used
as standard to build a calibration curve. The total phenolics content was expressed as
mg of gallic acid equivalents per g in dry weight of an extract or organic fraction (mg
GAE/g DW).
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(ii). Total flavonoids content: These were determined according to Zishen et al. (32).
Five hundred pl of an extract or fraction was dissolved in 4 ml methanol and
evaporated to dryness. Then, the residue was dissolved in 1500 pl distilled water and
150 pl of 5% NaNO, was added. After 5 min, 150 pul of AICI; (10 %, w/v) was added
and the mixture was incubated for 6 min at room temperature. After adding 500 pl of 1
M NaOH, the mixture was fully homogenized by stirring. The absorbance of the
solution was determined at 510 nm against the blank. The total flavonoids content of
the extracts was expressed in mg catechin equivalents per g dry weight of extract or
fraction (mg CE/ g DW).

(iii). Total flavonols content: These were determined according to Lee et al. (24).
Aliquots (0.25 ml) of extract or fraction were mixed with 0.25 ml AICl; (2 mg/ml) and
1.5 ml sodium acetate (50 mg/ml). The absorbance was recorded at 440 nm after 2.5 h.
The content of flavonols was expressed as mg of quercetin equivalents per g in dry
weight of an extract or a fraction (mg QE/ g DW).

HPLC analysis

The composition of n-butanol fraction from each leaf sample was determined using
an HPLC (Agilent HPLC) system consisting of a Prostart11000 pump, a Hypersil C18
column (4.6 m x 250 mm, 5 um). The mobile phase was water and acetonitrile. The
sample was dissolved in 80% aqueous methanol and then filtered through a 0.45 pm-
millipore filter. A 20 pL aliquot of the sample solution was injected. Elution of the
phenolic compounds was monitored at 280 nm. Standards of gallic acid, catechin hydrate,
ferulic acid, rutine hydrate, naringenin, coumarin, quercetin, vanillic acid, caffeic acid
were purchased from Sigma (St. Louis, MO, USA). Peaks of the phenolic compounds in
the samples were identified by comparing their retention times with those of standards and
by co-injection of the n-butanol fraction with standards of phenolic compounds.

Statistical analysis

The mean values of total contents of phenolics, flavonoids and flavonols were subjected to
one way ANOVA. The differences among means were tested by the LSD (least significant
difference) at 0.05 level.

RESULTS

Total phenols, flavonoids, flavonols and tannin contents

The total phenolics, flavonoids and flavonols contents were measured in the crude
extracts and its organic fractions obtained from the healthy and tomato-borer infested
leaves (Figure 1). In the crude extract and the n-butanol fraction, leaves infested with T.
absoluta showed significant higher level (6.88 + 0.01 mg/g, 14% more; 13.04 +0.82 mg/g,
27% more) of phenolic compounds than the undamaged leaves. The ethyl acetate fractions
did not differ from each other in the total phenolics content. Total flavonoids content was
same in the crude extracts (Figure 2). The ethyl acetate fraction contained the highest
amount of these substances in healthy leaves (0.46 + 0.01 mg/g, 18.5% more), while the n-
butanol fraction showed the highest content in infested leaves (0.74 + 0.01 mg/g, 90%
more). Flavonols were more abundant in the crude extract (2.23 £ 0.12, 39% more) and the
n-butanol fraction (1.01+ 0.03, 71% more) of leaves damaged by the tomato borer (Figure
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3) and in the ethyl acetate fraction of healthy leaves (1.01+ 0.01 mg/g, 300% more).
Infested leaves showed a 6-folds higher level of tannins than the undamaged leaves.
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Figure 1. Total phenolics content of the crude extract and its organic fractions, and tannin fraction
obtained from healthy and infested tomato leaves with tomato borer.
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Figure 2. Total flavonoids content in the crude extract and the ethyl acetate and the butanol fractions
obtained from healthy and infested leaves with tomato borer.

Identification of phenolic compounds

The four phenolic acids (Gallic, ferulic, vanillic and caffeic acids), four flavonoids
(Catechin hydrate, rutine hydrate, naringenin and quercetin) and coumarin were
determined in the crude extract and its organic fractions by HPLC coupled to a UV-VIS
detector. The retention times obtained for these compounds were 3.67 min (gallic acid),
4.24 min (catechin hydrate), 5.56 min (caffeic acid), 6.05 min 16.87 min (ferulic acid),
16.75 min (rutine hydrate), 17.68 min (haringenin), 18.22 min (coumarin) and 18.46 min
(quercetin). Chromatograms of crude extracts from healthy leaves and leaves infested with
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T. absoluta showed same peak pattern. A similar situation was observed in the ethyl
acetate fraction, but not in the n-butanol fraction, where peaks 1, 2 and 4 were only found
in infested leaves (Fig. 4A) and peaks 5 and 6 were unique of undamaged leaves (Fig 4B).
Peaks 3 and 6 were in both chromatograms. Peak 1 was identified as catechin hydrate
which was absent in the healthy leaves.
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Figure 3. Total flavonols content in the crude extract and the ethyl acetate and the butanol fractions
obtained from healthy and infested leaves with the tomato borer.
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Figure 4. HPLC chromatograms showing the phenolic compounds present in the n-butanol fraction of (A)
leaves infested with tomato borer and (B) undamaged tomato leaves. The peaks showed retentions times of
4.24 min (P1), 7.80 min (P2), 23.20 min (P3), 25.2 min (P4), 8 min (P5) and 24 min (P6). Peak one was
identified as catechin hydrate. The remaining peaks are unknown compounds.

DISCUSSION

Phenolic compounds are structurally diverse metabolites with an ubiquituous
distribution in higher plants. They have very diverse roles including the protection of
plants against pests and diseases (15). They can be accumulated as structural components
offering a physical barrier to the entrance of phytophagous and phytopathogenic organisms
into the plant (Sampietro et al., 2009). Some plant species also increase their phenolics
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contents after a pathogen or pest attack (1). This defence response often occurs together
with a change in the carbon and energy flows, which are oriented to synthesize phenolic
compounds with antimicrobial and/or antifeedant activities, instead of phenolic molecules
with other physiological roles. Both situations occurred in leaves infested with T. absoluta.
The increase in phenolic compounds synthesized in the damaged leaves was accompanied
by a higher accumulation of tannins and n-butanol soluble phenolic compounds, including
flavonol and flavonoids, not observed in healthy leaves. A similar result was observed in
soybean plants (18) and in infested olives compared to non-infested olives (12). Usha Rani
and Ravibabu (27) also showed that the content of phenolic compounds in plants infested
with Achaea janata was higher than in those infested with Spodoptera litura and
Dichocrocis punctiferalis (26). The reason for this differences may be that the defence
response can be pest specific. In this work, the chemical response triggered by the tomato
borer could not be associated with a brief incidence of T. absoluta on tomato leaves.
Similar situations were previously reported (29) and are due to the fact that several natural
plant pesticides often act as retardants of insect development without the immediate killing
effect, usually generated by commercial insecticides (30). Hence, these phenolic
compounds are likely to reduce the insect damage without completely stopping it. The
synthesis of phenolic compounds reduces the chances of insect adaptations (20).

Regarding the HPLC analysis, the different patterns of peaks observed between the
n-butanol leaf fractions confirmed the synthesis de novo of new compounds in leaves
infested with T. absoluta, which were not found in the undamaged leaves. Catechin was
identified but other unknown constituents were also induced. Catechin acts as the deterrent
to the European corn borer (Ostrinia nubilalis) (20). This kind of phenolic molecules
whose de novo biosynthesis is induced in response to insect attack are known as
phytoalexins (30). Several phenolic compounds are identified in tomato leaves by HPLC-
MS including the trans and cis-p-coumaric, caffeic, trans-ferulic, sinapic, protocatechuic
and vanillic acids (4,5,22,28). Gallic acid, chlorogenic acid, rutin and quercetin were found
as predominant phenolic compounds in tomato leaves (23,25). The inducible or
constitutive expression of these phenolic compounds was not investigated in the tomato
leaves. Nevertheless, they are likely to function as feeding deterrents or insect growth
retardants. For example, ferulic acid incorporated into artificial diets decreased the
survival and reduced the reproductive index of green bug (Schizaphis graminum) (6). The
induced accumulation of phenyl propanoids such as ferulic and p-coumaric acids were
reported in response to insect feeding in wheat tissues exposed to the wheat fly
(Sitodiplosis nonagriodies) (8). Chlorogenic acid and rutin inhibited the early larval
growth of the fruit worm (Heliothis zea) when added to artificial diets (17).

CONCLUSIONS

The leaves of tomato under attack of tomato borer (T. absoluta) accumulated higher
contents of total phenolics, flavonoids, flavonols and tannin contents. The infested leaves
contained the phenolic compounds different from the healthy leaves. Some phenolic
compounds, including catechin, were de novo biosynthesized due to the insect attack. They
are likely phytoalexins. Their protective role should be investigated to incorporate this
finding in the tomato breeding programmes against the tomato borer.



10.

11.

12.

13.

14.

15.

16.
17.

18.

19.

20.

21.

22.

Effects of tomato leaves allelochemicals on tomato borer in Algeria 137

REFERENCES

. Azadi, N., Shirzad, A. and Mohammadi, H. (2016). A study of some biocontrol mechanisms of Beauveria

bassiana against rhizoctonia disease on tomato. Acta Biologica Szegediensis 60:119-127.

. Bekkara, F., Jay, M., Viricel, M.R. and Rome, S. (1998). Distribution of phenolic compounds within seed and

seedlings of two Vicia faba varities differing in their seed tannin content and study of their seed and root
phenolic exudations. Plant and Soil 203: 27-36.

. Benhammou, N., AtikBekkara, F. and KadifkovaPanovska, T. (2008). Antioxidant and antimicrobial activities

of Pistacia lentiscus and Pistacia atlantica extracts. African Journal of Pharmacology 2: 22-28.

. Bénard, C., Gautier, H., Bourgaud, F., Grasselly, D., Navez, B. and Caris-Veyrat, C. (2009). Effects of low

nitrogen supply on tomato (Solanum lycopersicum) fruit yield and quality with special emphasis on sugars,
acids, ascorbate, carotenoids and phenolic compounds. Journal of Agriculture, Food and Chemistry 57:
4112-4123.

Boudet, A.M. (2007). Evolution and current status of research in phenolic compounds. Phytochemistry 68:
2722-35.

. Cayuela, J.A., Rada, M., Rios, J.J., Albi, T. and Guinda, A. (2006). Changes in phenolic composition induced

by Pseudomonas savastano infection in olive tree: Presence of large amounts of verbascoside in nodules of
tuberculosis disease. Journal of Agricultural and Food Chemistry 26: 5363-5368.

. Ding, H., Lamb, R.J. and Ames, N. (2000). Inducible production of phenolic acids in wheat and antibiotic

resistance to Sitodiplosis mosellana. Journal of Chemical Ecology 26: 969-985.

. Duffey, S.S. and Felton, G.W. (1991). Enzymatic anti-nutritive defences of the tomato plant against insects.

In: Naturally Occurring Pest Bioregulators (Ed., P.A. Hedin). ACS Symposium Series, Vol. 449: 166-197.
American Chemical Society, Washington, DC, USA.

. Faheed, F.A., Abd-Elaah, G.A. and Mazen, A. (2005). Alleviation of disease effect on tomato plants by heat

shock and salicylic acid infected with Alternaria solani. International Journal of Agriculture and Biology 7:
783-789.

Ferreres, F., Taveira, M., Gil-lzquierdo, A., Oliveira, L., Teixeira, T. and Valentdo, P. (2011). High-
performance liquid chromatography-diode array detection-electrospray ionization multi-stage mass
spectrometric screening of an insect/plant system: The case of Spodoptera littoralis on Lycopersicon
esculentum phenolics and alkaloids. Rapid Communication in Mass Spectrometry 25: 1972-1980.

Friedman, M. (2002). Tomato glycoalkaloids: Role in the plant and in the diet. Journal of Agriculture and
Food Chemistry 50: 5751-5780.

Gaouar Benyelles, N., llias, F., Beghdad, C., Gaouar, M. and Medjdoub, K. (2014). Olive antimicrobial
activity against its pathogens in Tlemcen region, Algeria. Allelopathy Journal 34: 133-142.

Gatehouse, J.A. (2002). Plant resistance to insect herbivores: A dynamic interaction. New Phytologist 156:
145-169.

Guillemaud, T., Blin, A., Le Goff, I., Desneux, N., Reyes, M., Tabone, E., Tsagkarakou, A., Nifio, L. and
Lombaert, E. (2015). The tomato borer, Tuta absoluta, invading the Mediterranean Basin, originates from a
single introduction from Central Chile. Scientific Reports 5: 8371-8375.

Harborne, J.B. (1991). In: Flavonoid Pigments Herbivores: Their Interactions with Secondary Plant
Metabolites (Eds., G.A. Rosenthal and M.B. Berenbaum). VVolume 1: 389-429. Academic Press, New York.
Harborne, J.B. (1994). Introduction to Ecological Biochemistry. 4th Edn. Academic Press. New York.

Isman, M.B. and Duffey, S.S. (1982). Toxicity of tomato phenolic compounds to the fruit worm Heliothis
zea. Entomologia Experimentalis and Applicata 31: 370-376.

Janas, K.M., Cvikrova, M., Palagiewicz, A., Szafranska, K. and Posmyk, M. (2002). Constitutive elevated
accumulation of phenylpropanoids in soybean roots at low temperature. Plant Science 163: 369-373.

Lee, KJ., Lee, G.A,, Ma, K.H., Raveendar, S., Cho, Y.H, Lee, J.R. and Chung, J.W. (2016). Chemical
constitutions and antioxidant activities of tomato leaf extracts. Plant Breeding and Biotechnology 4: 362-372.
Ntalli, N.G. and Menkissoglu-Spiroudi, U. (2011) Pesticides of botanical origin: A promising tool in plant
protection. In: Pesticides - Formulations, Effects, Fate (Ed., Margarita Stoytcheva). Ch.

Oliveira, C.M., Carvalho de Andrade Janior, V., Maluf, W.R., Neivall, I.P., Mascarenhas Maciel and G.
(2012). Resistance of tomato strains to the moth Tuta absoluta imparted by allelochemicals and trichome
density. Ciencia e Agrotecnologia 36: 45-52.

Revilla, E., Ciruelos, A., Apaolaza, A. and Sarro, M.J. (1985). Influence of boron toxicity on single phenols
of tomato leaves. Plant and Soil 88: 295-297.



138 Bouklikha et al.

23.

24.

25.

26.

217.

28.

29.

30.

3L

32.

Silva-Beltran, N.P., Ruiz-Cruz, S. and Chaidez, C. (2015). Chemical constitution and effects of extracts of
tomato plants by products on the enteric viral surrogates. International Journal of Environmental Health
Research 25: 299-331.

Singleton, V.L. and Rossi, J.A. Jr. (1965). Colorimetry of total phenolics with phosphomolybdic-
phosphotungstic acid reagents. American Journal of Encology and Viticulture 16: 144-158.

Slimestad, R. and Verheul, M. (2009). Review of flavonoids and other phenolics from fruits of different
tomato (Lycopersicon esculentum Mill.) cultivars. Journal of Science of Food and Agriculture 89: 1255-
1270.

Usha Rani, P. (2006). Induced defence in plants - Interaction with other organisms. Allelopathy Journal 17:
181-198.

Usha Rani, P. and Ravibabu, M.V. (2011). Allelochemicals in castor (Ricinus communis) plants and their
impact on pest larval feeding as anti-herbivore defensive. Allelopathy Journal 27: 14-18.

Van der Rest, B., Danoun, S., Boudet, A.M. and Rochange, S.F. (2006). Down-regulation of cinnamoyl-CoA
reductase in tomato (Solanum lycopersicumL.) induces dramatic changes in soluble phenolic pools. Journal
of Experimental Botany 57: 1399-1411.

Walls, R., Apple, H., Cipollini, M. and Schultz, J. (2005). Fertility, root reserves and the cost of induced
defences in the perennial plant Solanum carlinese. Journal of Chemical Ecology 31:2263-2287.

War, AR., Paulraj, M.G., Ahmad, T., Burhoo, A.A., Hussain, B., Ignacimuthu, S. and Sharma, H.C. (2012).
Mechanisms of plant defence against insect herbivores. Plant Signalling and Behaviour 7: 1306-1320.
Zhang, S.Y., Zheng, C.G., Yan, X.Y. and Tian, W.X. (2008). Low concentration of condensed tannins from
catechu significantly inhibits fatty acid synthase and growth of MCF-7 cells. Biochemical and Biophysical
Research Communications 371: 654-658.

Zhishen, J., Mengcheng, T. and Jianming, W. (1999). The determination of flavonoid contents in mulberry
and their scavenging effects on superoxide radicals. Food Chemistry 64: 555-559.



