
Abstract
Plants protect themselves, after pathogen attack, through the

passive and active defence mechanisms. The treatment of plants
with various agents, including cell wall fragments, plant extracts,
and synthetic chemicals, can induce resistance to subsequent
pathogen attack both locally and systemically. In view of the capa-
bility of phytochemicals compounds found in fruits and vegeta-
bles with different proven health benefits to consumers, there are
different strategies to enhance the concentration of these com-
pounds, among which the use of elicitors. Elicitation has been
used to trigger different defence responses in plants, which lead to
different mechanisms, such as activation of enzymes related with
secondary metabolism. In this study we investigated the effects of
elicitors (Activane®, Micobiol®, Stemicol® in doses of 1.8 g L–1,

3 m L–1 and 2.5 g·L–1) on the activity of two enzymes (polyphe-
noloxydase and peroxidase) in leaves as well as on the bioactive
content (DPPH scavenging activity, total phenol and total
flavonoid content) in fruits of Solanum lycopersicum L. The elic-
itors studied affected the production of enzyme and antioxidant
activities in tomato, though showed a variable influence on the
production of total phenolic and flavonoid content in tomato
fruits. In general, the elicitors are able to increase polyphenoloxy-
dase activity in leaves and phytochemical properties in fruits, with
a significant negative correlation between the DPPH scavenging
activity, total phenolic and flavonoids. These findings provide
positive directions for the possible use of these elicitors in tomato
(‘Bola’ and ‘Saladette’) production in greenhouse. 

Introduction
Tomato is one of the most widely grown fruits worldwide,

known for its economic significance and nutritional properties.
However, under greenhouse conditions temperature and humidity
play a major role in causing various diseases that affect production
(FIRA, 2019; SIAP, 2019). Environment-friendly methods of con-
trolling tomato diseases include agroecological practices, organic
fungicides, and biological control. Plants’ resistance against
pathogens is induced by applying agents called elicitors to the
plants and would lead to disease prevention or reduced severity as
well as increased yield (Sbaihat et al., 2016; García et al., 2018). 

It is noteworthy that tomato has been intensively studied due
to its high levels of molecules with antioxidant activity (AA), such
as carotenoids, phenols, and flavonoids. Indeed, tomato has been
named a functional food because some of its phytochemical and
bioactive compounds, for example AA, could play protective roles
in reducing chronic diseases, such as cancer and cardiovascular
disease. These antioxidants also have the ability to protect organ-
isms from damage caused by free radical-induced oxidative stress
(Goyal et al., 2010; Moreno-Escamilla et al., 2017).

Previously several elicitors were shown to induce the sec-
ondary metabolism and enhance the biosynthesis of many sec-
ondary metabolites, It was observed that the abiotic elicitors main-
ly CaCl2 (0.5%) and INA (2.5 mM) have shown a greater induction
ability on the production of defence enzymes like PPO, PAL, and
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Highlights
- Elicitors increase the enzymatic activity of PPO in tomato leaves. 
- The production of total phenolic contents and flavonoids depends on type of elicitors.
- No effects on the peroxidase content of the tomato leaves.
- The antioxidant capacity of the aqueous fruits extract showed a significant difference (P=0.05) between the treatments in the Saladette variety.
- Positive relationship between total phenolic contents and flavonoids.
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b-1,3 glucanase, polyphenols and flavonoids in tomato
(Chakraborty et al., 2016). Meanwhile, tomato fruit is also rich in
bioactive compounds with antioxidant activity, the levels of which
can vary over time in response to biotic and abiotic factors, includ-
ing the application of elicitors (Ávila-Juárez and Miranda-
Rodríguez, 2018; Tumpa and Khokon, 2020).

Presently, the use of elicitors in crop protection and pest man-
agement is still in the very early stages of use as a new control
method, and thus the current experiences come from experimental
trials, and not yet from large scale agricultural use. The following
advantages of using elicitor treatments have been reported or can
be expected: reduced damage from insects, fungi, pests, and herbi-
vores, reduced environmental hazards. As elicitors affect directly
the crop plant, and their acute toxicity to other organisms is lower
than that of pesticides, as protective agrochemicals, they can be
applied with the current spraying technology, and these treatments
could be an alternative to genetically modified (GM) plants for
better attraction of natural enemies of pest organisms on cultivated
plants (Garcia-Brugger et al., 2006; Thakur and Sohal, 2013). The
existence of specific high-affinity binding sites has been demon-
strated for oligosaccharide, glycopeptide, and peptide elicitors, and
candidate elicitor-binding proteins have been identified for several
of them (Fritig and Legrand, 1993; Hahn, 1996). Elicitor nature,
doses and time of treatment strongly affects the intensity of the
plant response, also can stimulate different classes of secondary
metabolites and affect in a different way the concentration of these
compounds, being more dependent on plant genetics (species and
cultivars) than on the elicitor nature (Baenas et al., 2014).

The objective of the present study was to investigate the effects
of several compounds with elicitor properties (Activane®,
Micobiol® and Stemicol®), on the production of phytochemical
compounds and antioxidant activities in fruits as well as enzyme
activities of polyphenoloxydase and peroxidase in the leaves in
tomato plants. 

Materials and methods

Plant material and growth conditions
Tomato (Solanum lycopersicum L.) is an extremely important crop

for the economy of several countries like Mexico and thus chosen as the
model plant in this study, using two important varieties, ‘Bola’ and
‘Saladette’, cultivated in greenhouse conditions. The aforementioned
varieties were cultivated under the greenhouse ‘Israelita’ during the
summer-spring 2019-2020 at the Center for Protected Agriculture
(CAP) of the Faculty of Agronomy of the Autonomous University of
Nuevo León (UANL), located at the Campus of Agricultural Sciences
in the municipality of Gral. Escobedo, NL. Subsequently, the analysis of
the samples was conducted at the chemistry laboratory of the above
mentioned faculty.

Experimental design and treatments
The efficacy of different elicitors on induction of defence response

was assessed by determining the production of enzymes (Peroxidase
and Polyphenol Oxidase), antioxidant activity by means of the DPPH
test and Total phenolic and flavonoid content in bola and saladette toma-
to fruits. A completely randomized experimental design with four treat-
ments was used: T1: (Control), T2: (Activane®), T3: (Micobiol®), T4:
(Stemicol®) and four repetitions in each one, with a total of 256 plants,
where the effect of the elicitors in eight applications at different stages
of the crop cycle was evaluated. For each elicitor, the dose recommend-
ed and the information about the products by the production company,
‘Lida de Mexico’ (Table 1) was used.

Enzymatic extract method
The procedure reported by Casado-Vela et al. (2005) with some

modifications was used. 1 g of the vegetative materials (leaves) was
weighed, which were homogenized with 5 mL (0.1 M) phosphate
buffer, pH 7.0. The extracts obtained were placed in 15 mL centrifuge
tubes and subsequently centrifuged at 5000 × g for 5 minutes at 4°C.
The supernatants collected were used as the crude enzyme source for the
enzymatic assays and placed in 1.5 mL Eppendorf tubes wrapped in alu-
minium foil and stored under refrigeration at –20 °C until use.

Evaluation of the enzymatic activity of polyphenol oxidase
The polyphenol-oxidase (PPO) (EC 1.14.18.1 or EC 1.10.3.2)

activity was estimated using the method of Gasull and Becerra (2006).
The reaction mixture consisted of three tubes: reaction tube, blank
enzyme and blank substrate tube with 1000, 1300 and 1200 μL of 0.1 M
phosphate buffer (pH 7.0) and 300 μL of gallic acid at a concentration
of 500 ppm was added to the reaction and blank substrate tubes.
Subsequently, the assay mixture was incubated for 2 min at 40°C.
Reaction was stopped by adding 200 μL of enzyme extract to reaction
and blank enzyme tubes, and the final assay mixture was incubated at
40°C for 1 hour. The absorbance at 420 nm of the reaction and blank
substrate tubes mixtures was used to determine against the blank
enzyme mixture, the absorbance measurements were carried out in a
UV spectrophotometer. The PPO activity was expressed in units 
per g–1 of fresh tissue (U g–1 fw).

Evaluation of the enzymatic activity of peroxidase
The peroxidase (PO) activity was estimated following the method

of Wititsuwannakul (1997). The assay mix contains 200 μL of 2,2′-
azino-di-(3-ethylbenzthiazoline sulfonic acid) or ABTS in 100 μL of
hydrogen peroxide (0.1 M H2O2), in 500 μL phosphate buffer, pH 7.0
with 200 μL of enzyme extract with total volume of 1000 μL or 1 mL.
The reaction was incubated for 1 min and homogenized, and then
hydrogen peroxide (H2O2) was added and incubated for 5 min. Finally,
peroxidase absorption change was measured at 734 nm at 30°C due to
oxidation of ABTS, using the assay mixture, without enzyme, as a
blank. One unit of activity was defined as the amount of enzyme neces-
sary to produce a change in absorbance from 0.1 to 734 nm per min.

Evaluation of DPPH radical scavenging activity
The antioxidant capacity of DPPH was determined by the method-

ology cited by Kuskoski et al. (2005). Prepared reagent of the DPPH (2,
2-Diphenyl-1-picrylhdrazyl) was diluted in methanol at a concentration

                   Article

Table 1. List of the elicitors applied on leaves of the two tomato varieties studied.

Elicitor                          Elicitor source                                        Elicitor properties                                                              Dose applied

Activane®                                    Crustaceans                                                Chito-oligosaccharides (COS)                                                                              1.8 g L–1
                                                  Vegetable Origin                                                                Phenols                                                                                                          
Micobiol®                                          Yeast                                                                          β-glucan                                                                                                  3 mL L–1

Stemicol®                                   Crustaceans                                                Chito-oligosaccharides (COS)                                                                              2.5 g L–1
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of 60 μM. The test tubes were labelled according to the number of sam-
ples to be analyzed and the concentrations of the calibration curve. Then
50 μL of each concentration of the calibration curve was pipetted into
their corresponding test tubes. Subsequently, 50 μL of the sample to be
analyzed was pipetted into their corresponding test tubes (considering
the dilution factor of the sample) and 2950 μL of DPPH reagent was
added to both calibration curve and sample tubes to be analyzed. Upon
homogenization, they were incubated for 30 minutes at room tempera-
ture in the dark. The analysis was performed in triplicate. Finally, the
absorbance (Abs) was measured at 517 nm using a GENESYS™ 40/50
Vis/UV-Vis Spectrophotometers (Thermo Fisher Scientific Inc.,
Waltham, MA, USA) and the percentage of reduction of DPPH was
determined, both for the samples (enzymatic extract), and for the gallic
acid dilutions. The stock solution of gallic acid was prepared at a con-
centration of 200 ppm. The ability to scavenge the radical was calculat-
ed by the following Equation 1:

Inhibition (%) = [(A control A sample)/A control] × 100 (1)

ehere A control is the absorbance of the control reaction (containing all
reagents except the test compound) and A sample is the absorbance with
the test compound. The antioxidant capacity of DPPH in samples was
expressed as mill equivalent of gallic acid per g–1 of fresh tissue (mEq
GA g–1 fw).

Estimation of total phenolic content
Total phenolic content was determined using the Folin-Ciocalteu’s

Reagent. First, a stock solution of gallic acid at a concentration of 200
ppm was prepared and the calibration curve performed. Subsequently, a
solution of Sodium Carbonate (Na2CO3) at a concentration of 75 g L–1

was prepared, test tubes were labelled according to the number of sam-
ples to be analyzed and calibration curve concentrations and 250 μL
added of each concentration from the calibration curve into their corre-
sponding test tubes Subsequently, 250 μL of the sample to be analyzed
into their corresponding test tubes (consider the dilution factor of the
sample) and add 250 μL of Folin-Ciocalteu’s Reagent at each concen-
tration of the calibration curve and sample to be analyzed. Then 250 μL
of the sodium carbonate solution pipetted at each concentration of the
calibration curve and sample to be analyzed. Finally, the samples were
homogenize and incubate in a water bath for 30 minutes at 40°C. then 2
mL of distilled H2O added to each concentration of the calibration curve
and sample to be analyzed to be read at absorbance at 750 nm using a
UV spectrophotometer. Total phenolic content in samples was
expressed as milligrams per millilitre of gallic acid equivalents g–1 of
fresh tissue (mg GAE g–1 fw).

Estimation of total flavonoid content
Total flavonoid content was determined by adapting the method of

De la Rosa et al. (2014), with some modifications. First of all, prepare a
stock solution of quercetin at a concentration of 1000 ppm and perform
the calibration curve. Subsequently, prepare a solution of Sodium Nitrite
(NaNO2) at a concentration of 5%, solution of aluminium chloride
(AlCl3) at a concentration of 10% and a solution of sodium hydroxide
(NaOH) at a concentration of 1 M. Then label test tubes according to the
number of samples to be analyzed and calibration curve concentrations.
Proceed by pipetting 150 μL of each concentration from the calibration
curve into their corresponding test tubes and pipette 150 μL of the sam-
ple to be analyzed into their corresponding test tubes (consider the dilu-
tion factor of the sample). Add 150 μL of the sodium nitrite solution at
each concentration of the calibration curve and sample to be analyzed
and 150 μL of the aluminium chloride solution at each concentration of
the calibration curve and sample to be analyzed. Finally, add 1 mL of the
sodium hydroxide solution at each concentration of the calibration curve
and sample to be analyzed. Homogenize and read absorbance at 510 nm
using a UV spectrophotometer (thermo-electron). The amount of total
flavonoid was expressed as mg/mL quercetin g–1 of fresh tissue (mg QE
g–1 fw).

Statistical analysis
Statistical analyses were performed using SPSS STATISTIC soft-

ware version 21.0 (IBM 2015), program for Windows. The data were
analysed separately for each experiment and means were compared
using student’s t-test, and differences were compared through Tukey’s
test at P=0.05.

Results and discussion

The effect of elicitors on enzymatic activity of polyphe-
nol oxidase

The enzymatic tests of PPO activity carried out on the leaves
of Bola and Saladette varieties show that the PPO activity was
higher in the treatments with elicitors during the crop growing sea-
son, with a significant difference (P=0.05) for the two varieties of
tomatoes evaluated. The differences in the results obtained can be
attributed to the effect of the application of the elicitors during the
crop cycle (Figure 1).
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Figure 1. Enzymatic activity of PPO in the leaves during the summer-spring 2019-2020 growing season of the bola (A) and saladette
(B) tomato varieties. Values associated to different letters are significantly different (P=0.05) according to Tukey’s multiple range test.
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The high PPO activity during the growth and development of
the two tomato varieties with the applications of the elicitors
demonstrate the capacity of the elicitors in increasing the PPO
activity in the tomato crop and in protecting against pathogens.
The knowledge of PPOs in vegetables is a fundamental step in the
investigation, since it will allow improving the quality and appear-
ance of fresh and processed fruits and vegetables, reducing the
economic losses that its effect in the agri-food industry supposes.
According to Mayorga and Higuera (2007), polyphenol oxidase is
a copper-dependent oxide-reductase that catalyses the reaction
between catechol and oxygen to give benzoquinone and other
quinones, products that interact with other molecules forming,
among others, coloured compounds responsible for plant brown-
ing. Furthermore, these oxidases may be involved with the produc-
tion of phenolic compounds, precursors of lignin synthesis for the
reinforcement of plant walls, a process that plays an important role
in the defence responses of plants. In addition, Thakur and Sohal
(2013) reported elicitors as compounds which activate chemical
defence in plants. Also, various biosynthetic pathways are activat-
ed in treated plants depending on the compound used. Commonly
tested chemical elicitors are salicylic acid, methyl salicylate, ben-
zothiadiazide, benzoic acid, chitosan, and so forth which affect
production of phenolic compounds and activation of various
defence-related enzymes in plants. Their introduction into agricul-
tural practice could minimize the scope of chemical control, thus
contributing to the development of sustainable agriculture. The
results suggest direct involvement of abiogenic elicitors like
dipotassium hydrogen orthophosphate (K2HPO4), oxalic acid
(OA), isonicotinic acid (INA), salicylic acid (SA), acetylsalicylate
(AS), arachidonic acid (AA) and calcium chloride (CaCl2) to stim-
ulate innate immune responses in Lycopersicum esculentum Mill..
Excised tomato leaves, treated with elicitors at three different con-
centrations, were found to stimulate defence and antioxidative
enzymes after 24 h of incubation. CaCl2 (0.5 %) followed by INA
(2.5 mM) were found most effective in activation of all such
defence molecules in tomato leaves (Chakraborty et al., 2016).
Mandal et al. (2013) had shown that the elicitors SA and CHT
induced effective defence responses in tomato plants against
Ralstonia solanacearum. The reduced disease incidence in tomato

by SA and CHT may be a result of cell wall strengthening through
deposition of lignin and induction of defence enzymes.

The effect of elicitors on enzymatic activity of peroxi-
dase

Based on the results obtained and under the conditions in
which the work was carried out, the application of elicitors
(Activane®, Micobiol® and Stemicol®) on the leaves of the two
tomato varieties showed no effects on the peroxidase content of
the plant evaluated. The results obtained suggest that peroxidase
constitutes one of the defence mechanisms of the tomato plant
that is shown to express upon mechanical wounding and against
the attack of pathogens. According to various investigations, per-
oxidases have been reported to be induced by infections caused
by fungi, bacteria, viruses and viroids, etc. They also reported
that, among the proteins induced during plant defence, plant per-
oxidases are well known and play a role through: reinforcing
physical cell wall barriers comprising lignin, suberin, feruloylat-
ed polysaccharides, and hydroxyproline-rich glycoproteins.
Peroxidases have also been reported to be induced by fungal
infections and a rapid induction of a cationic peroxidase has been
reported in rice plants infected with Xanthomonas oryzae pv.
Oryzae (Reimers et al., 1992). On the other hand, Pandey et al.
(2017) reported that plants respond to wounding by activating
self-defence systems to restore damaged tissues or to defend
against attacks by pathogens and herbivores. Among the large
number of wound-inducible proteins, peroxidase have been
shown to express upon mechanical wounding in various plants,
including tobacco, tomato, potato, cucumber, azuki bean, rice,
horseradish and sweet potato.

The effect of elicitors on DPPH radical scavenging
activity

In the present study, the antioxidant activity of the extracts
from the fruits was estimated using the DPPH scavenging assay,
reducing power of the extract and by determining the total
antioxidant capacity of the extract. All these have proven the
effectiveness of the methanol fruit extract of the two varieties of
tomato compared with the reference standard. The DPPH antiox-

                   Article

Figure 2. Effect of the application of elicitors on antioxidant activity of the DPPH scavenging activity in tomato fruits of ‘Bola’ (A) and
‘Saladette’ (B). Values associated to different letters are significantly different (P=0.05) according to Tukey’s multiple range test.
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idant assay is based on the ability of DPPH, a stable free radical,
to decolorize in the presence of antioxidants. The antioxidant
capacity of the aqueous fruits extract showed a significant differ-
ence (P≤0.05) between the treatments in the Saladette variety
(Figure 2).The production of the tomato crop under greenhouse
condition through the applications of the elicitors in the present
study showed a significant effect on the 2-2-diphenyl-1-picrylhy-
drazyl radicals (DPPH) activity with respect to the Control (T1),
and showed a significant differences (P=0.05) according to the
DPPH test in the Saladette variety. The same test with the Bola
variety did not show any significant differences (P=0.05) among
the treatments evaluated. The treatments with the elicitors that
were tested in the present work reflected their effect on the con-
tent of the compounds responsible for the antioxidant activity of
tomato fruits. Activane® and Micobiol® elicitors were the most
suitable for obtaining high antioxidant activity in tomato fruits in
this work, though capable of trapping reactive oxygen species,
reducing oxidative stress and reducing the danger of oxidation of
cellular components. These results are consistent with those of
Ávila-Juárez and Miranda-Rodríguez (2018), who indicated that
certain bioactive compounds and their antioxidant activities var-
ied not only between trusses but also based on the specific elici-
tor used and their variations in bioactive content in different
tomato trusses due to elicitor effects. On the other hand, accord-
ing to Pandey et al. (2017), enzyme and antioxidant activity was
found highest at various concentrations of the elicitor treatment.
However, AA activity was elevated with the increasing doses of
elicitors. This finding suggests that the AA should increase with
the flavonoid content in the fruit as demonstrated in this study
because the AA is mainly influenced by hydrophilic antioxidants
(83%), such as phenolics.

The effect of elicitors on the total phenolic content
The elicitors showed a variable influence on the production

of total phenolic content in fruit of the two tomato varieties. It is
clear from Figure 3A and B that among the elicitors, Activane®

and Micobiol® had greater potential to significantly amplify the
production of total phenolics content, and both the elicitor
showed the highest total phenolic content compared to control.

Although the differences between total phenolic content in toma-
to fruits, regarding the greenhouse environmental conditions,
were not statistically significant, the increase in total phenolic
content in greenhouse tomato fruits could be a plant response to
the application of the elicitors.

Phenolic compounds may contribute directly to the antiox-
idative action. The highest total phenolic content in both varieties
were recorded for the elicitors Activane® and Micobiol® 105.465,
102.598 and 102.2, 100.305 mg/mL, gallic acid equivalent per g
fresh tissue. Results from this study were superior to that of
Perea-Domínguez et al. (2018) where phenolic composition was
determined using Folin-Ciocalteu’s method and showed predom-
inant in grape and Saladette tomato extracts (91.47±17.28 mg
gallic acid equivalents (GAE) per g dry extract (DE) and
57.41±8.80 mg GAE per g DE, respectively). In a similar exper-
iment, Peschel et al. (2006) observed a total phenolic content of
61 mg GAE/g dry extract in tomato peels. Other results suggest
direct involvement of abiogenic elicitors, CaCl2 at a concentra-
tion 0.5% and INA (2.5 mM) have shown a greater potential to
significantly amplify the production of phenol with both elicitors
to have showed increase in total phenol content compared to con-
trol respectively. Similar studies on basil (Hawrylak-Nowak et
al., 2021) showed that elicitation of basil with 500 mg/L of chi-
tosan lactate increased the shoot biomass. Therefore, such an
elicitor as chitosal lactate can enhance the accumulation of valu-
able phytochemicals in this plant. Considering phenolic content
as a key component of plant’s natural defence, their elevated con-
tent in excised tomato due to treatment of various abiotic elicitors
may confer the enhancement of resistance to the plant attack
against various pathogens. According to Vasconsuelo and Boland
(2007), the concentration of elicitors and interval between treat-
ments induce different responses characteristic of plant species,
making necessary to find the adequate effective dose and time
empirically.

The effect of elicitors on the total flavonoid content
Results obtained with respect to the total flavonoid content in

fruit of the two tomato varieties showed significant difference
(Tukey, P=0.05) for the Saladette variety. For both varieties, the
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Figure 3. Effect of elicitors on the total phenolic content in tomato fruits of ‘Bola’ (A) and ‘Saladette’ (B). Values associated to different
letters are significantly different (P=0.05) according to Tukey’s multiple range test.
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lowest value of total flavonoid content was found in the treatment
Control (T1) with values of 3.793 and 4.15 mg/mL quercetin
equivalent per g of fresh tissue (Figure 4).

Elicitors (Activane®, Micobiol® and Stemicol®) showed a
variable influence on the production of total flavonoid content in
tomato fruits. Among all the elicitors, Activane at a concentration
of 1.8 g L–1 have slight potential to amplify the production of
flavonoid content in Bola variety, On the other hand, the elicitor
Stemicol® at a concentration of 2.5 g·L–1 had slight potential to
amplify the production of flavonoid content in Saladette variety.
However, the values showed elevated level of flavonoid content in
fruits of the two tomato varieties due to treatment of the elicitors.
These results coincide with the findings of Chakraborty et al.
(2016) who after evaluating the effect of abiogenic elicitors on the
tomato crop found that elicitors CaCl2 at a concentration 0.5% and
INA (2.5 mM) have shown a greater potential to significantly
amplify the production of flavonoid of which both the elicitor
showed increase in total flavonoid content compared to control
respectively. In contrast, compared to other sets treated with
K2HPO4 (2 mM) showed least amount of total flavonoid produc-
tion. 

Additionally, Gadzovska et al. (2013, 2014) have already
reported that the levels of total phenolic and flavonoid content
were unchanged or decreased upon treatment with salicylic acid
(50-250 μM) as an elicitor. While the study of polysaccharide elic-
itors such as chitin, pectin, and dextran on the production of
phenylpropanoids (phenolics and flavonoids) led to a significant
suppression of the production of total phenolics and flavonoids in

elicited shoots from day 14 to day 21 of postelicitation. Pérez-
Balibrea et al. (2011) had shown that during MeJA elicitation,
applied daily by exogenous spraying at 10 µM, resulted in a 31%,
23% and 22% increase of total flavonoid, phenolic and glucosino-
lates concentration, respectively, in 7 day old broccoli sprouts.
Also, a MeJA sprayed treatment (10 mM) at the beginning of
veraison in grape (Vitis vinifera L.) increased anthocyanin and fla-
vanols content up to 81% and 131%, respectively (Ruiz-García et
al., 2012). Meanwhile, SA and jasmonates [jasmonic acids (JA),
methyl jasmonate (MeJA)] are widely known to elicit a wide range
of compounds by inducing the expression of plant genes for vari-
ous biosynthetic pathways (Rohwer and Erwin, 2008). Also Ruiz-
García and Gómez-Plaza (2013) reported that the use of elicitors
may be regarded as a simple and useful technique to increase the
phenolic content of fruit, and protect at the same time both plants
and fruits from biotic and abiotic stresses. In addition, the elicitors
have no environmental impact and risk of creating resistant
pathogen strains, which may result from using conventional herbi-
cides and antifungal or antimicrobial compounds.

Correlation between DPPH scavenging activity, total
phenol and total flavonoid content

To determine the relationship between the antioxidant capacity
and the content of phenolic compounds and total flavonoids, a
Pearson correlation was performed (Table 2). The correlation anal-
ysis between total phenolic and flavonoids resulted in a significant
linear relationship (P=0.012), with a coefficient of r=0.439, which

                   Article

Figure 4. Effect of elicitors on the total flavonoid content in ‘Bola’ (A) and ‘Saladette’ (B) tomato fruits. Values associated to different
letters are significantly different (P=0.05) according to Tukey’s multiple range test.

Table 2. Pearson correlation coefficients between DPPH scavenging activity, total phenol and flavonoid content.

Correlations
                                                                                                                 DPPH                                  Phenol                             Flavonoids

DPPH                                           Pearson’s correlation                                                          1                                                    0.178                                              –0.067
                                                      Sig. (Bilateral)                                                                                                                            0.330                                               0.715
                                                      N                                                                                              32                                                     32                                                    32
Phenol                                         Pearson’s correlation                                                      0.178                                                    1                                                   0.439
                                                      Sig. (Bilateral)                                                                   0.330                                                                                                         0.012
                                                      N                                                                                              32                                                     32                                                    32
Flavonoids                                  Pearson’s correlation                                                     –0.067                                               0.439                                                   1
                                                      Sig. (Bilateral)                                                                   0.715                                                0.012                                                    
                                                      N                                                                                              32                                                     32                                                    32
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indicates that high values of flavonoids are associated with high
values of phenolic content. Differently, the correlations between
DPPH and flavonoids, and DPPH and phenolic were not signifi-
cant respectively. These results agree with the literature pointing to
a significant correlation between the percentage of the total phe-
nols and flavonoids as effect of two elicitors, methyl jasmonate (20
μM MeJA) and sodium nitroprusside (500 μM SNP) studied on the
six soybean genotypes (Mohamed et al., 2021).

Overall, these correlations confirm the positive relationship
between phenolic compounds of phenolic and flavonoids. Similar
results obtained by Salas-Pérez et al. (2018) showed that there is a
strong positive correlation between antioxidant capacity and phe-
nolic compounds and flavonoids (r2=0.86 and r2=0.78) after citric
acid application, which suggests that these compounds are antiox-
idants in nature. Gorni et al. (2020) found a direct correlation
between total phenolic levels and antioxidant activity which was
high for DPPH (r2= −0.72), as well as a high correlation between
TFC (r2=0.97) and ANT (r2=0.67). Previous studies by Kainama et
al. (2020) also showed high positive correlation between total
flavonoid content and ABTS radical scavenging activity for
methanol extract and then ethyl acetate had correlation between
total flavonoid content. The highest positive relationship in both
assays (r=0.762, P≤0.05) for antioxidant activity. These results
suggest that G. lasoar stem bark extracts can be used as a natural
source of antioxidants.

Conclusions
The application of elicitors in tomato plants did have signifi-

cant effects on leave enzyme activity and fruit quality. Stemicol®
is worth recommending because it demonstrated the capacity to
increase the PPO activity in the tomato leaves. The increased con-
tent of secondary metabolites and antioxidants responsible for
plant defence can enhance their protection against pathogens. On
the other hand, Activane® and Micobiol® showed significant
effects on the antioxidant activity, total flavonoid and phenolic
content in tomato fruits. A significant positive correlation was
recorded between total phenolic and flavonoids. Our results sug-
gest both the increase in enzyme activity in leaves, and of antioxi-
dant activity, total flavonoid and phenolic content in tomato fruits,
as a consequence of elicitor application. 
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