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Short Research Article

ABSTRACT

Elicitation effects of indole-3-butyric acid (IBA) and benzyladenine (BA) on oregano and basil
shoots were investigated through analysis of photosynthetic pigments content, biomass production,
quantification of total phenols, flavonoids, flavanols and proanthocyanidins content. Also
antioxidative and antimicrobial potential of extracts were assessed. Biomass production varied
significantly among two species and treatments. Auxin induced decrease of chlorophyll levels.
Accumulation of phenols was noticed in basil shoots when BA was applied in low concentrations,
while in oregano high BA concentrations induced phenol accumulation. Flavonoids accumulation
was noticed for 0.5 and 1.0 mg/L of BA as well for 2.0 and 4.0 mg/L BA in combination with 0.1
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mg/L IBA in basil shoots. Addition of IBA induced accumulation of flavonoids in oregano shoots
only when equal concentration of BA and IBA was applied. Flavanols content decreased by
addition of IBA for basil shoots as well as for oregano. Small concentrations of auxins stimulated
antioxidative response in oregano shoots. Elicitation of secondary metabolites resulted in elevation
of antimicrobial potential of oregano adventive shoots when BA was applied.

Keywords: Basil; oregano; secondary metabolites; antioxidant; antimicrobial; Lamiaceae.

1. INTRODUCTION

Production of secondary metabolites in plant cell
cultures, as a source of medicinal compounds,
has been intensively studied [1]. A common
problem harvesting cultivated plants is the
gualitative and quantitative variability in plant
responses to the environmental changes [2,3],
which is avoided by use of in vitro plant culture.
There are several strategies used to enhance the
production of necessary phytochemicals in plant
cultures (genetic engineering, selection of cell
lines and use of elicitors) [1,4]. Plant growth
regulators have been proven to be a useful tool
in elicitation process in plants [5]. The
concentration of plant growth regulators as well
as the type affects the capacity of in vitro
propagated plants through regulation of their cell
division, differentiation and morphogenesis [6].
Accumulation of bioactive compounds can be
affected through optimisation of culture
conditions [7], as well as by variation of
environmental parameters [8,9]. From all
possible accumulating secondary metabolites,
phenolic compound are very interesting for
researchers regarding their high antioxidative
potential, these metabolites are known to be
widespread among members of Lamiaceae
family [10].

In Lamiaceae family, mint family, secondary
metabolites are usually synthetized in leaves
[11], and a large number of family members are
used in medicinal purposes [12-15]. Harvesting
natural populations of mint family members can
represent a problem since there is no
consistency in metabolite production due to
genetic and biochemical heterogeneity [16,17].
Basil (Ocimum basilicum) and oregano
(Origanum vulgare) are representatives of this
family that are widely used in culinary and
pharmaceutical industry [14,15]. Ocimum genus
is very rich in phenolic compounds and can be
used in therapeutic purposes [18]. Parts of basil
(roots, bark and leaves) are found to be
cyanogenic [12]. Species of Origanum genus are
widely used as a spice [19], with traditional use in
many ways due to their bioactive properties

against huge number of microorganisms [20]. In
vitro techniques have been already employed for
in vitro cultivation of Lamiaceae family in order to
find new mutants [21] or to enhance metabolite
production [22]. Plant growth regulators, such as
cytokinins and auxins, are usually used in
agricultural industry for growth or rhizogenesis
stimulation [23-25], but stimulatory effect of
cytokinins on growth parameters, as well as
active  constituent  production and total
carbohydrates content, has been also recorded
[26-29].

The aim of this study was to investigate changes
in phenylpropanoid metabolism, antioxidative
and antimicrobial potential in in vitro basil and
oregano shoot cultures under BA and IBA
application. The study included analysis of
photosynthetic pigments, multiplication index,
fresh and dry mass, quantification of total
phenols, total flavonoids, total flavanols and total
proanthocyanidins, as well as analysis of
antioxidative and antibacterial and antifungal
potential.

2. MATERIALS AND METHODS
2.1 Plant Materials

In vitro germinated basil and oregano shoots
were used for establishment of shoot culture.
Shoots were cultivated on basal medium [30]
with additon of BA (6-benzyladenine) in
concentration of 0.1, 0.5, 1.0, 2.0 and 4.0 mg/L
alone or in combination with 0.1 mg/L IBA
(indole-3-butyric acid). For all media pH was
adjusted to 5.8 then 0,8% agar was added, and
media were autoclaved for 20 minutes under 1
bar pressure and 121<C. All cultures were kept
under constant conditions of 16 h photoperiod (3
000 lux), 21<C (x2°C) and 70% humidity (£5%).

2.2 Growth Parameters

Photosynthetic  pigments.  Quantification  of
pigments was done according to Porra [31] and
Holm [32] in 80% acetone extracts. Pigments
were expressed as mg of pigment per g of fresh



weight  (FW).  Morphological parameters:
Multiplication/Rhizogenesis rate and index.
Multiplication/Rhizogenesis rate was calculated
as a percent of explants that gave rise to new
shoots/roots, while multiplication/rhizogenesis
index represents an average number of newly
formed shoots/roots per explant. Fresh and dry
mass. Fresh mass of shoots was recorded after
removal of roots, then the shoots were dried in
hot air oven at 60C, until constant mass was
obtained, to calculate dry weight.

2.3 Secondary Metabolite Analysis

Extraction of metabolites was done in 80%
methanol by submerging macerated dried plant
material in methanol over night at +4C, and
collecting the supernatant. Supernatant was
evaporated and the dried extract was suspended
in absolute ethanol (in final concentration of 1
mg/ml). Total phenols. Analysis of total phenols
was done according to Wolfe et al. [33]. by Folin—
Ciocalteu method using catechin as a standard.
Phenols were expressed as a catechin
equivalend per g of dry weight (mg CE/g DW).
Total flavonoids. Two methods were used for
determination of total flavonoids. First method
was done according to Ordofiez et al. [34] using
aquatic solutions of AICI; and sodium acetate,
and using catechin as a standard (mg CE/g DW),
and second method employed methanol
solutions of AICI; and sodium acetate according
to modified method of Popova [35], quercetin
was used as a standard (mg QE/g DW). Total
flavanols. Analysis of total flavanols was done
according to Gadzovska et al. [36] using DMACA
reagent (p-dimethyl amino cinnamaldehyde
dissolved in HCI: CH30H). Catechin was used
as a standard (mg CE/g DW).

2.4 Antioxidative Potential

Antioxidative potential was assessed using ferric
thiocyanate (FTC) method according to Larrauri
et al. [37]. Mixture of extracts, ethanol, linoleic
acid and phosphate buffer (pH 7.0) was placed in
an oven at 40C and incubated for 96 h in the
dark. Measurement of the extent of antioxidative
activity was done by addition of 0.1 ml of reaction
mixture to diluted ethanol (75%), ammonium
thiocyanate and 0.02 M ferrous chloride in 3.5%
hydrochloric acid. After three minutes the
absorbance was measured at 500 nm. Butylated
hydroxytoluene (BHT) and butylated
hydroxyanisole (BHA) were used as positive
control. Rate of inhibition of lipid peroxide
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oxidation was calculated against negative control
(80% methanol) according to Elmastas et al. [38].

2.5 Antimicrobial Potential

Antibacterial potential was tested against gram
positive bacteria (Staphylococcus aureus subsp.
aureus ATCC ® 6538™: Enterococcus faecalis
ATCC ® 19433™ and Bacillus subtilis subsp.
spizizenii ATCC ® 6633™) and gram negative
bacteria (Escherichia coli ATCC ® 8739™ and
Salmonella enterica subsp. enterica serovar
abony NCTC 6017™). The bacterial cultures
were incubated in liquid Mueller-Hinton medium
(HiMedia; India) overnight, the colony
concentration was determined comparing colour
of suspensions to McFarland reagent. For
antimicrobial testing discs impregnated by
extracts [39], positive control (antibiotic) and
negative control (80% methanol) were placed on
Petri dishes containing Mueller-Hinton agar with
1 mL of standardized bacterial inoculum
(comparing to McFarland reagent 10°) distributed
over the Mueller-Hinton agar. Inhibition zones
were recorded after 24 h incubation and
expressed as mm. Antifungal potential was
tested for two fungi Candida albicans
ATCC(R)10321 and Aspergillus brasiliensis
ATCC ® 16404™. Fungi were cultivated
overnight in  liquid Sabouard medium,
concentration was adjusted using McFarland
standard, nystatin represented positive control.
Antifungal potential was tested by disc diffusion
method [39] and expressed as mm of inhibition
zones after 36 h incubation.

2.6 Statistical Analysis

All results represent mean value (xSTDEV) of
tree independent replications of randomized
experiment. Analysis of variance was performed
using ANOVA, Newman-Keuls Post hoc test at
p<0.05 level. Statistical significance was
indicated by assigning the letters to mean values.

3. RESULTS AND DISCUSSION

The effects of different concentrations of BA
alone or in combination with IBA were examined.

3.1 Changes in Growth Parameters
All tested concentrations gave some effect on the

photosynthetic pigments, morphological
parameters and ration of fresh and dry mass.
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Table 1. Changes in photosynthetic pigments in Ocimum basilicum and Origanum vulgare
after addition of BA alone or in combination with IBA

Treatment Ocimum basilicum Origanum vulgare
Chl a Chl b Chl atb Car Chl a Chlb Chlatb Car
mg/gFW mg/gFW mg/gFW mg/gFW mg/gFW mg/gFW mg/gFW mg/gFW
noPGRs  0.65° 0.18° 0.27° 0.172 0.72% 0.21° 0.93% 0.22%
(#0.04) (+0.01)  (¢0.01) (¥0.01) (+0.03) (+0.01) (*0.04)  (0.01)
0.1 BA 0.29° 0.09° 0.12° 0.08° 0.65° 0.19% 0.84° 0.19%
(#0.01) (#¥0.00)  (¢0.01)  (*¥0.00) (¢0.02) (+0.01) (+0.03)  (+0.01)
0.5 BA 0.38° 0.12° 0.16¢ 0.10° 0.42° 0.11° 0.53° 0.14"
(¥0.01)  (#¥0.01) (¥0.00) (#0.00) (¢0.01)  (#0.00) (¢0.01)  (+0.00)
1.0 BA 0.25° 0.08¢ 0.11° 0.08° 0.19° 0.06° 0.24° 0.07¢
(#0.02) (#¥0.01) (¢0.01) (*¥0.00) (+0.00)  (+0.00)  (+0.00)  (+0.00)
2.0 BA 0.71° 0.20° 0.30° 0.18° 0.35¢ 0.10° 0.45¢ 0.12°
(+0.06) (#0.02)  (¢0.03) (+0.01) (¢0.01) (+0.01) (+0.01)  (+0.00)
4.0 BA 0.35¢ 0.13° 0.16° 0.11° 0.16° 0.06° 0.23° 0.09%
(¥0.02)  (#¥0.00)  (¥0.01)  (¥0.00)  (¥0.00)  (#0.00)  (¢0.01)  (+0.00)
0.1BA+  0.35° 0.12° 0.16¢ 0.11° 0.43° 0.13° 0.56° 0.16°
0.1 1BA (¥0.01)  (#¥0.01) (¢0.01)  (¥0.00) (¢0.03) (#0.01)  (¢0.04)  (+0.01)
05BA+  0.26° 0.09¢ 0.12° 0.08° 0.38¢ 0.12° 0.50° 0.14"
0.1 1BA (¥0.00) (#¥0.01)  (¥0.00) (#0.00)  (¢0.02)  (*#0.00)  (¢0.02)  (+0.01)
1.0BA+ 0.31° 0.10¢ 0.14° 0.10° 0.43° 0.13° 0.57° 0.17°
0.11BA (#0.00) (#¥0.00)  (+¥0.00)  (¥0.00)  (+0.01)  (+0.01) (+0.02)  (+0.00)
20BA+  0.49° 0.15° 0.21° 0.11° 0.19° 0.01¢ 0.26° 0.09%
0.11BA (#0.01) (#¥0.01) (¢0.01) (*¥0.01) (¢0.01) (*+0.00) (+0.02)  (+0.00)
40BA+  0.39° 0.13° 0.17° 0.11° 0.17° 0.01° 0.24° 0.09%
0.1 1BA (¥0.01) (#¥0.01) (¥0.01)  (*¥0.01) (¢0.01)  (*¥0.00) (¢0.01)  (+0.00)

*treatments not shearing the same letter within one parameter differ significantly at p<0.05 level after
Newman-Keuls test
FW- fresh weight; Chl a — chlorophyll a; Chl b — chlorophyll b; Chl a+b — total chlorophylls; Car — carotenoids; BA

— 6-benzyladenine; IBA

For Ocimum basilicum BA alone showed
statistically significant stimulating effect on
chlorophyll a, chlorophyll b, and total chlorophylls
as well as carotenoids concentration, when
applied in higher dosage (2.0 mg/L). Further
elevation of BA concentration (4.0 mg/L)
decreased chlorophyll content. Lower
concentrations of BA (0.1, 0.5 and 1.0 mg/L)
induced decrease in chlorophyll content when
compared to control (no PGRs added).
Stimulatory effect of BA on photosynthetic
pigment production Stimulating effects of BA on
photosynthetic pigments was noticed for foliar
application of BA on some plants [40,41].

Decline of chlorophyll levels in senescing tissues,
but also they enhance chlorophyll levels in
developing tissues [42], as noticed in our study
as well with differences between used
concentrations of BA. Optimum concentration of
BA for stimulation of chlorophyll production is 2.0
mg/L for Ocimum basilicum. The same
concentrations of BA did not stimulate production
of chlorophylls in Origanum vulgare, and all used

— indole -3- butyric acid.

BA concentration induced decrease in pigment
content when compared to control (Table 1).
When BA was applied in combination with IBA no
stimulating effects were noticed, and a decrease
in pigment concentration when compared to
control was noticed (Table 1). Loss of
chlorophylls induced by auxin application is
recorded also for lettuce [43]. Decrease of
chlorophyll when cytokinins and auxin were
applied could be the result of ROS activation,
mostly H,O, [44]. Changes in antioxidant
enzymes could cause leaf senescence differently
in different plant species [45,46]. Plant growth
regulators could regulate synthesis of antioxidant
enzymes, which are in return included in plant
growth regulators catabolism [47]. In our study
effect of BA alone was species specific, with
general remark that BA in combination with IBA
did not show any stimulating effect on
O.  basilicum or O. wvulgare. Different
concentrations of BA stimulated shoot formation
in O. basilicum, especially in high concentrations
(2.0 and 4.0 mg/L). Addition of IBA induced rise
of rhizogenesis rate up to 100% (Table 2).
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Table 2. Changes in morphological parameters in O. basilicum and O. vulgare under BA and
IBA application

PGR Ocimum basilicum Origanum vulgare
BA IBA Ml MR RI RR MI MR RI RR
(mg/L) (mg/L)
0 0 1.009 13337 18.33% 99.67° 1.67° 55.33° 4.00° 100.007
(+0.00) (#5.77) (+0.58) (+0.58) (+0.58) (#5.03) (+0.00) (+0.00)
0.1 0 1.00° 10.000 13.67° 93.33° 567° 82.00° 6.33° 100.00%
(+0.00) (+0.00) (+0.58) (¥5.77) (+0.58) (+2.65) (*¥1.53) (+0.00)
0.5 0 1.67° 23.33° 1567° 100.00° 6.33° 98.33%*  13.67° 100.00
(+0.58) (+5.77) (+0.58) (#0.00) (+1.15) (+0.58) (+0.58) (+0.00)
1.0 0 1.00° 13.33" 13.67° 100.00° 4.33*" 81.33" 1.00° 95.00%
(+0.00) (5.77) (+0.58) (+0.00) (+0.58) (+1.53) (+0.00) (+4.58)
2.0 0 1.67° 16.67" 11.33° 100.00* 1.67° 93.33* 2.00° 96.67°
(+0.58) (5.77) (+0.58) (+0.00) (+0.58) (+8.96) (+¥1.00) (5.77)
4.0 0 3.33* 813%™ 1233 93.33" 2.33"® 5533° 1.67° 84.33°
(+0.58) (+1.53) (+0.58) (¥5.77) (+0.58) (+5.03) (+0.58) (+4.04)
0.1 0.1 2.00° 72.00° 11.33° 100.00* 3.67* 92.67* 6.67°  100.00°
(+0.00) (J_rz.asu) (#1.53)  (#0.00) (+0.58) (+10.12) (+2.08) (+0.00)
0.5 0.1 1.67° 36.33° 18.67*  100.00° 4.33*° 92.67* 3.00° 98.67°
(+0.58) (+5.51) (+0.58) (#0.00) (+0.58) (+10.12) (+0.00) (2.31)
1.0 0.1 1.33° 2467° 17.67* 100.00° 8.00° 98.67*  4.33° 99.33%
(+0.58) (+4.51) (+0.58) (+0.00) (+1.00) (+0.58)  (¥1.53) (+1.15)
2.0 0.1 2.00° 59.67° 12.67°° 100.00° 9.00®° 92.67* 3.67° 96.00%
(+0.00) (+1.53) (+0.58) (+0.00) (+1.00) (£10.12) (¥1.15) (+6.93)
4.0 0.1 2.33"  89.00° 16.67° 100.00* 2.33*® 53.00° 2.67° 98.33°
(+0.58) (+1.00) (+0.58a) (#0.00) (+0.58) (+3.00) (+0.58) (+2.08)

*treatments not shearing the same letter within one parameter differ significantly at p<0.05 level after
Newman-Keuls test
MI — Multiplication index; MR — Multiplication rate; Rl — Rhizogenesis index; RR — Rhizogenesis rate

Origanum vulgare showed different response,
and elevation in multiplication rate was noticed in
combination of higher BA concentrations (2.0
mg/L BA) with low concentration of IBA (0.1
mg/L) with successful root formation (Table 2).
Differences in plant response to BA alone and
cytokinin/auxin ration in the media could be
explained by differences in their genotype, as
noticed by several authors [48-50]. Addition of
auxins usually stimulates root formation, and can
balance morphogenesis such as shoot and root
formation [51]. Beside root induction on media
containing PGRs, root induction was also noticed
on media containing no PGRs. It is well known
that MS hormone free media can induce root
formation in Lamiaceae species [52].

Variation of water content and dry mass was
evident for basil. Higher concentrations of BA
induced water accumulation and resulted with
lower dry mass content. Oregano showed more
or less stabile water content up to 4.0 mg/L BA
where decrease in dry mass was recorded.
Application of IBA showed lower variation rate in

dry mass content (Fig. 1) and higher yield of
biomass. Simulative effect of auxins, in low
concentrations, on biomass production has been
reported for other plant species [53]. In our study
IBA with BA stimulated higher rate of root
formation with satisfactory shoot formation, while
BA alone in moderate concentrations (1.0 mg/L)
induced higher biomass production in Origanum
vulgare. For Ocimum basilicum addition of auxin
stimulated root formation, as well as biomass
production (Fig. 1A). Induction of root formation
in presence of auxin and cytokinin was recorded
for other species also [54].

3.2 Changes
Production

in Secondary Metabolite

Phenol content in basil shoots showed variation
depending upon treatment BA. Slightly higher
phenol content was recorded when IBA was
applied, but the elevation is still lower than
phenol content in basil shoots on control
treatment.
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Fig. 1. Dry mass content (A) and lipid peroxidation (B) in Ocimum basilicum and
Origanum vulgare shoots in relation to concentration of BA alone and in combination
with IBA
noPGRs — no added growth regulators; 01BA — 0.1 mg/L BA; 05BA — 0.5 mg/L BA; 1BA — 1.0 mg/L BA;
2BA — 2.0 mg/L BA; 4BA — 4.0 mg/L BA; 01BA+ IBA — 0.1 mg/L BA + 0.1 mg/L IBA; 05BA + IBA - 0.5
mg/L BA+ 0.5mg/L IBA; 1BA + IBA — 1.0 mg/L BA+ 0.1 mg/L IBA; 2BA + IBA — 2.0 mg/L BA+ 0.1 mg/L
IBA; 4BA + IBA — 4.0 mg/L BA+ 0.1 mg/L IBA

Application of 4.0 mg/L BA and 0.1 mg/L IBA
showed significant increase of phenol content in
oregano shoots (Table 3), elevation comparing to
control was also noted for 2.0 mg/L BA; 4.0 mg/L
BA; 2.0 mg/L BA + 0.1 mg/L IBA. Differences
between the response of basil and oregano on
BA treatment can be attributed to genetic
differences between species. Flavonoid content
in basil was elevated by addition of higher
cytokinin dosage (2 and 4 mg/L) in combination
with low concentration of IBA (0.1 mg/L). Equal
ration of cytokinins and auxins induced elevation
of flavonoid content in oregano (Table 3). Again
genetic differences played their role in response
to cytokinin dosage. Flavanols were decreased
comparing to control for basil and oregano
irrelevant to used treatment (Table 3). Elevation
of phenol content can be achieved by application
of plant growth regulators without any stress.

Similar results were recorded previously [55].
Low concentrations of auxins and cytokinins
have been recorded as degreasers of phenolic
content, while higher concentrations of NAA and
BA induce elevation of phenolic compounds [56].

3.3Changes in  Antioxidative and

Antimicrobial Potential

The highest antioxidative potential was recorded
for treatments with 0.1 and 0.5 mg/L BA in
combination with 0.1 IBA for both investigated
species. High antioxidative potential of oregano
inflorescence was previously recorded for wild
plants [57]. Stimulatory effect of BA on
antioxidative  potential was recorded for
Campanula velebitica [58], it was also recorded
that auxins had no effect on antioxidative
potential. In our case addition of small



concentration of auxin stimulated antioxidative
potential, especially for oregano when compared
with  treatments  containing the  same
concentrations of BA alone (Fig. 1B). Basil
showed strong antimicrobial effect. Only two of
tested bacteria were not affected
(Staphylococcus aureus and Salmonella abony)
(Fig. 2A). Oregano extracts showed week
antimicrobial potential, only few treatments
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showed the antimicrobial effect, and only few
bacteria were affected (Fig. 2B). Some BA
treatments for basil showed better antimicrobial
effect comparing to control antibiotic (Fig. 2C).
Many studies showed that use of PGRs in in vitro
culture can elevate antibacterial properties of
plants by stimulating the production of
compounds with intrinsic antibacterial properties
[59,60].

Table 3. Secondary metabolite content in oregano and basil shoots after BA alone, and BA in
combination with IBA treatment

PGR Ocimum basilicum Origanum vulgare
BA IBA Phenols Flavonoids Flavanols Phenols Flavonoids Flavanols
(mg/L) (mg/L) (mg/gDW) (mg/gDW) (mg/gDW) (mg/gDW) (mg/gDW) (mg/gDW)
0 0 10.25° 42.32° 10.49° 114.14° 11.08° 8.49°
(+1.48) (+1.89) (+0.30) (+4.95) (+0.69) (+0.44)
0.1 0 16.10° 24.62' 2.04% 24.02° 23.55° 2.84°
(+1.21) (+2.82) (+0.20) (+0.21) (+0.63) (+0.07)
0.5 0 3.28° 51.21° 3.58° 57.63° 33.81° 2.73°
(+0.88) (+6.32) (+0.25) (+1.06) (+2.97) (+0.24)
1.0 0 7.51° 68.59° 3.53° 65.77° 24.62° 2.37°
(+1.07) (+5.69) (+0.12) (+3.16) (+2.89) (+0.03)
2.0 0 5.11° 42.21° 4.38° 147.83° 16.75° 2.23°
(+0.81) (+2.39) (+0.17) (+12.43) (+2.90) (+0.02)
4.0 0 4.45° 28.80' 2.06% 105.67° 11.84° 0.95%
(+0.12) (+1.90) (20.16) (+12.98) (+1.20) (+0.04)
0.1 0.1 5.63° 39.64° 2.52% 69.48" 57.43% 2.92°
(+0.13) (+8.06) (+0.13) (+8.39) (+2.67) (+0.23)
0.5 0.1 6.33% 23.64' 1.52° 16.42" 7.14' 1.08°
(+0.64) (+2.76) (+0.34) (+0.84) (+1.68) (+0.10)
1.0 0.1 6.96° 44.75° 2.19% 39.46' 28.34° 2.36"
(+0.80) (+5.35) (+0.53) (+3.92) (+2.34) (+0.22)
2.0 0.1 5.72% 67.84° 8.02° 113.091° 5.04' 0.93%
(+0.36) (+6.47) (+0.38) (+4.41) (+10.12) (+0.08)
4.0 0.1 5.53° 74.37% 1.8° 616.04% 13.18% 1.77°
(+0.44) (+6.43) (+0.09) (+1.96) (+2.05) (+0.14)

*treatments not shearing the same letter within one parameter differ significantly at p<0.05 level after Newman-
Keuls test DW — dry weight
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Fig. 2. Inhibition zones for extracts of Ocimum basilicum (A), Origanum vulgare (B) and
standards (C)
noPGRs — no added growth regulators; 01BA — 0.1 mg/L BA; 05BA — 0.5 mg/L BA; 1BA — 1.0 mg/L BA; 2BA —
2.0 mg/L BA; 4BA — 4.0 mg/L BA; 01BA+ IBA — 0.1 mg/L BA + 0.1 mg/L IBA; 05BA + IBA — 0.5 mg/L BA+
0.5mg/L IBA; 1BA + IBA — 1.0 mg/L BA+ 0.1 mg/L IBA; 2BA + IBA — 2.0 mg/L BA+ 0.1 mg/L IBA; 4BA + IBA — 4.0
mg/L BA+ 0.1 mg/L IBA

4. CONCLUSION

Stimulatory effects of BA, on metabolite
production, were species specific. Synergistic
effect of IBA and BA depended upon their
individual concentration as well as their ration.
Accumulation of metabolites was detected on
some treatments, which is individual for each
species tested. Antimicrobial potential of oregano
shoots was elevated and in some cases excided
the antimicrobial potential of used standards.
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