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Abstract

Lemon balm (Melissa officinalis L.) is a perennial herb that has antioxidant, anti-bacterial, anti-
inflammatory, antifungal, and antitumor activities. The present study aimed to investigate the
effect of foliar application of culture filtrate (0 and % v/v), Serendipita indica cell homogenate
(20, 40, 80, and 160 mg/L), and their combined effect on the content and chemical composition
of essential oil and some physiological traits of lemon balm in a completely randomized design
with three replications. A total of 38 compounds were identified in M. officinalis essential oils,
with the major constituents being citronellal, y-3-carene, trans-carveol, citral, and linalool (total
25.77 to 40.20%), respectively. The results showed that the effect of treatments on the content
of major components of lemon balm essential oil was highly significant at the 1% probability
level. The highest essential oil content (0.28%) and major compounds, including citronellal,
trans-carveol, citral, and linalool (32, 56, 58, 74, and 63% higher than those in the control
plants, respectively) were obtained by % culture filtrate plus 160 mg/l cell homogenate
treatment. The lowest amount was received in the control treatment (without elicitor). The
results showed that the type and amount of these elicitors significantly affected the amount of
chlorophyll a, chlorophyll b, total chlorophyll, carotenoids, soluble sugar, malondialdehyde
content, proline, and flavonoids compared to the control. Citral showed a positive and
significant correlation with citronellal, trans-carveol, and linalool (p < 0.01). The heatmap for
the studied traits showed a distinct clustering between the control and the treatments of these
elicitors. Overall, foliar application of S. indica culture filtrate and cell homogenate is suggested
as a biotic elicitor to improve the production of M. officinalis essential oil and its major
compounds.
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Introduction

Lemon balm (Melissa officinalis L.) is a perennial herb that has antioxidant, anti-bacterial, anti-
inflammatory, antifungal, and antitumor activities. Unlike other plants of the Lamiaceae family, the essential
oil content of lemon balm is relatively low; therefore, it has become one of the most valuable types of
essential oils. The use of elicitors can be a suitable approach to increase the production of valuable secondary
metabolites in medicinal and aromatic plants. The endophytic fungus, Serendipita indica stimulates the
growth of many plant species and also increases the production of secondary metabolites. The present study
aimed to investigate the effect of foliar application of culture filtrate and S. indica cell homogenate and their
combined impact on the content and chemical composition of essential oil and some physiological traits of
M. officinalis.

Materials and Methods

The present study was conducted in a completely randomized design with 10 treatments and three
replications in the research greenhouse of Malayer University. The experimental treatments included foliar
application with culture filtrate (0 and %2 v/v), S. indica cell homogenate (20, 40, 80, and 160 mg/L), and the
combined effect of ¥ culture filtrate with 20, 40, 80, and 160 mg/L of S. indica cell homogenate. Autoclaved
S. indica culture medium was used as culture filtrate, and powdered mycelium sediment dissolved in distilled
water was used as cell homogenate. The control treatment (0 v/v culture filtrate) was sprayed with distilled
water. Foliar application of the biotic elicitors on M. officinalis aerial parts was performed at the 40%
flowering stage. Five days after elicitation with culture filtrate and S. indica cell homogenate, aerial parts of
treated and control plants were sampled to determine biochemical and physiological traits. The content and
chemical composition of essential oil, as well as some physiological traits including chlorophyll a,
chlorophyll b, total chlorophyll, carotenoids, proline, malondialdehyde content, soluble sugars, total phenols,
and flavonoids were measured. The composition of the essential oils was determined by gas
chromatography-mass spectroscopy (GC/MS). The correlation coefficient (r) between measured traits was
estimated using the Pearson method.

Results and Discussion

A total of 38 compounds were identified in M. officinalis essential oils, with citronellal, y-3-carene, trans-
carveol, citral, and linalool being the major constituents (total 25.77 to 40.20%). The results of analysis of
variance (ANOVA) showed that the effects of treatments consisting of different concentrations of culture
filtrate, S. indica cell homogenate, and their combined effects on the content of major components of lemon
balm essential oil were highly significant at the 1% probability level. The highest essential oil content
(0.28%) and major compounds, including citronellal, trans-carveol, citral, and linalool (32, 56, 58, 74, and
63% higher than those in the control plants, respectively) were obtained by % culture filtrate plus 160 mg/I
cell homogenate treatment. The lowest amount was obtained in the control treatment (without elicitor). The
results showed that the type and amount of these elicitors significantly affected the amount of chlorophyll a,
chlorophyll b, total chlorophyll, carotenoids, soluble sugar, malondialdehyde content, proline, and flavonoids
compared to the control. The results of correlation between different traits showed that the amount of
essential oil had a positive and significant correlation at the 1% probability level with the major essential oil
compounds including citronellal (r=0.986"), trans-carveol (r=0.976"), linalool (r=0.971"), and citral
(r=0.962"") and a negative and significant correlation with y-3-carene (r=-0.976™). Also, citral showed a
positive and significant correlation with citronellal, trans-carveol, and linalool (P<0.01). The heatmap results
show that for the essential oil content and the major compounds, including citronellal, trans-carveol, citral,
and linalool, the best result was obtained by the treatment of Y% culture filtrate+160 mg/L cell homogenate.
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Conclusion

The current study provided evidence that M. officinalis is a medicinal plant that is well responsive to foliar
application of culture filtrate and S. indica cell homogenate applied either alone or together. The results of
the heatmap for the studied traits showed that the treated plants could be grouped into three distinct clusters
and showed a clear separation between the control and the treatments of these elicitors. Overall, the results
indicated that foliar application of S. indica culture filtrate and cell homogenate is suggested as a biotic
elicitor to improve the production of M. officinalis essential oil and its major compounds, including linalool,
trans-carveol, citronellal, and citral.
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Figure 2- GC/MS chromatogram of M. officinalis essential oil treated with 80 mg/l cell homogenate plus Ysculture filtrate (horizontal
axis of the graph is time and vertical axis is frequency). The peak number of major compounds are as follows: y-3-carene (5), linalool

(12), trans-carveol (19), citronellal (20), and citral (24).
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Table 1- Mean comparison for effects of culture filtrate and S. indica cell homogenate on chemical composition of M. officinalis

essential oil
Treatments
Compounds (%) < B § g IS § S 2= 8= 82 g § LI? T
§£€8y £ 5 f2 f2 f2 E2 ¢ & & &
EgE © $ ©¥ ¥ o¥ 5F¥ % & & g
1,3- octadiene 1 76 160 1407 1409  1.60°  1.80° 150  1.70™ 2.10° 1.50% 2.10°
Alpha-pinene 2 9.8 3.10% 2.80% 3.40% 2.80% 3.507 2.80% 2.60¢ 3.10% 3.30%® 2.93¢
1,0cten-3-ol 3 105 1.80° 2.10% 2.20° 2.00% 247% 1.90% 1.73¢° 2.00¢ 2.20° 1.80°
Myrcene 4 110  2.50% 3.00° 2.00¢F  2.30% 1.90° 240  240%  220% 240  2.60°
y-3-Carene 5 113 9.202 7.70%  8.70™ 8.80° 8.40° 8.40° 7.80¢ 7.40¢f 7.30f 6.609
Alpha phellandrene 6 11.8 2.70% 2.50° 2.60° 3.00% 2.80%¢ 3.00% 3.10° 2.70% 2.50¢ 2.70%
Para cymene 7 122 210 1.60¢ 1.60¢ 2.20° 1.80¢  1.90% 2.20° 1.90*% 170  1.90%
Limonene 8 12.6 3.607 2.70% 2.10¢ 1.90°f 2.10° 3.10° 2.50¢ 3.00% 2.10¢ 1.71°
Eucalyptol 9 12.9 1.70% 2.40° 2.50° 2.00° 2.60? 1.53¢ 1.80% 1.50° 1.60° 1.80%
1,3,6,-Octatriene 10 135 200®  1.90*  170%  210°  1.80®  1.90%  1.60¢  1.80®°  1.40¢ 2.00%
y-Terpinene 11 14.1 2.60? 2.40% 1.90¢ 2.30° 2,632 2.40% 2.20% 1.80¢ 2.00¢ 2.40%
Linalool 12 144  417° 5.60° 4.60° 4.70° 5.00¢ 5.10¢ 5.70° 6.00° 6.10° 6.80°
Cis-Sabinene 13 148  190°  1.60%  1.70% 1579  220° 1.80°  1.80* 1.40° 1.50% 1.90°
ImAVIAMENYLZ 157 1700 220% 250 180% 2009  180%  240%  190%  170° 120
2butenyl)

B-Thujone 15 163  2.80° 2.50% 1.90¢ 2309  210% 270  2.70® 2.40° 2.10% 1.70f
5-Hepten-1-ol 16 17.4 1.90° 2.40° 1.50¢ 2.00% 243 1.80° 1.80° 2.20% 1.90° 1.80°

Bicyclo[2.2.1] heptan-2-
one 17 178 250 1.60¢ 2.40° 1.70% 2.30% 250 1.90™ 1.50¢ 230 2.00°
Isopulegol 18 18.2 3.107 2.20% 2.50° 2.40 2.00% 2.20% 2.50° 2.20% 1.80° 2.20%
Trans-carveol 19 19.5 5.00¢ 6.60¢ 5.40f 5.50f 5.80¢ 5.90¢ 6.70% 7.00° 6.90% 7.902
Citronellal 20 20.1 6.10f 8.00¢ 6.60° 6.50° 7.10¢ 7.10¢ 8.10°¢ 8.50° 8.40° 9.50?
Isoborneol 21 20.4 2.607 2.20% 2.60? 2.20% 2.40% 2.50° 2.10¢ 1.80¢ 1.604 2.10°¢
Citronellol 22 21.8 2.10% 2.50? 2.40° 1.90% 2.10%¢ 1.83¢ 2.30% 1.60° 2.50° 2.00%
1,3,8,-P-menthatriene 23 224  170° 2.50° 1.80° 2.20° 1.60° 250 2.10° 1.80° 2.10° 1.60°
Citral 24 239 3.90f 5.50¢ 4.10° 4.30° 4.70¢ 4.80¢ 5.63° 6.00° 6.20° 6.80%
3,6,-Octadienoic acid 25 242 1.40° 1.70% 2.20° 1.80°  2.00®  1.80™ 1.40° 1.80°  153%  1.70¢
Thymol 26 251  3.50° 2.90° 2300  2.60% 2.209 320° 2400 2707 2300  2.50%
Carvacrol 27 25.5 2.10° 1.40° 1.90% 1.70% 1.90% 1.80« 1.80% 1.60% 2.40° 2.10°
Carvacrol acetate 28 260  1.50% 1.30°f 2.40% 2.60° 2.30%¢  1,63%f 1.20° 1.80%  1.50%" 1,90
R-Caryophyllene 29 298  190* 180  1.70¢®  2.20°  1.80*¢  1.80"  157% 1.50° 1.90°  2.00®
Caryophyllen epoxide 30 303 1.80% 1.30 2.607 1.70% 1.50¢f 2.00% 2.10° 1,900 2.60° 1.40°
Calamenene 31 307 210 1.70° 2100 1.90% 1.70° 1.80°  1.80*  2.00®  1.90%  1.70°
a-Humulene 32 217 1.00° 1.40% 1.70° 230 1.80° 1.40¢  1.60* 1.30¢ 1.80° 2.10%
Germacrene-D 33 329 3.207 2.40% 2.30¢ 2.00¢ 2.40% 2.40% 2.60% 2.80° 2.30¢ 1.50°
R-lonone 34 331 150  1.70™ 1.90° 1.70™ 2.20° 1.70° 1509  1.30% 1.20¢ 1.00
R-bisabolene 35 340 220 1.50° 2.20° 250 2.00% 2.10° 1.80%¢  1.60% 1.40 1.70%
Eugenol 36 351 1.40¢° 1.70 2.03° 2.307 1.70% 1.80% 1.40¢ 1.90% 1.70% 1.50%
a-Muurolene 37 366  1.30¢ 1.20¢ 1.90° 230 1.40¢  1.40¢  1.30% 1.50° 1.80° 1.30
R-Cubebene 38 402 1.60° 1.00¢ 1.60° 1.40%  1.20%  1.30%  1.20%  130*  1.40%  1.10%
Total identified 98.87 98.90 98.93 99.07 99.63 99.49 99.03 98.80 98.83 99.54
Essential oil content (%, v/w) 0.21° 0.25¢ 0.22° 0.22° 0.23¢ 0.22%  0.25™ 0.26° 0.25 0.28

IS e ¢ pyalie ks SU5 dals i 05057 o g o3 ) ozl el 3 s e OBt Sl il b o b o S0e sl sy 2 )

G 03 8 o) 708 (Jshe ol e CH L((qamo/ (o) 23S 05l CF oo
In each row, mean values followed by dissimilar letters are significantly different at P< 0.01 as determined by the Duncan’s multiple range test.

Values are mean of three replicates. CF: Culture filtrate (v/v). CH: Fungal cell homogenate (mg/l).
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Table 2- Mean comparison for effects of culture filtrate and S. indica cell homogenate on some physiological traits of M. officinalis

Content

— - < &l [ o o o
Treatments 2 g > 2 §' g g g s = % © 2 z 3 g S =
82 f§2 =2 g2 22 £2 §2 =29 s 2
S © 5 @ O S 5 o B T 2 g g T o 5
= E = £ = E < E =2 E s E S 5 £ s £
5 <= 5 =~ T = O = (?) = = = 3 = = 5 =

P = F

Control 1.06° 0.60%® 2.27® 0.68° 32.40° 0.489 0.86% 9.49% 3.24°
CF (vIv) 1.128 0.61%* 2.34%® 0.75% 31.56° 0.67f 1.12% 9.48% 1.80°¢
CHy0-20 (mg/l) 1.10° 0.59%® 2.27® 0.75% 45.36° 1.16° 1.06™ 9.50% 1.15¢
CHyo-40 (mg/l) 1.142 0.57%* 2.27%® 0.80° 47.70° 1.07° 0.41¢ 9.55% 1.11¢
CHago-80 (mg/l) 1.12¢ 0.73% 2.59° 0.74%® 44.81% 1.12% 1.35% 9.60% 1.47%
CHig0-160 (mg/l) 1118 0.47™ 2.05% 0.79% 45,028 0.97¢ 1.24% 9.68% 1.39¢
Y2CF+CHyo 1.16° 0.65% 2.45% 0.80% 32.75° 0.69f 0.81¢ 9.56% 2.43°
YCF+CHyo 1.08? 0.522¢ 2.13® 0.75% 33.00° 0.67f 1.15% 9.55% 1.45%
Y2CF+CHygo 1.12¢ 0.61%® 2.33® 0.78% 37.90° 0.824 1.00°d 9.37% 2.34°
Y¥%CF+CHago 0.94° 0.35° 1.65¢ 0.67° 33.37° 0.76¢ 0.77¢ 9.28% 1.41%
Significant levels * * * okl foad okl el ns faad

IS e Sl sl Az (Sl atels dior 03057 o 5 Ao p3 ) Jlozm! a3 13 e OB S0l il 8 (o b ol polie €0 g2 2 )
) du}léa,d,:.s)b&j,u&;uo,u: C.Lc (] A.I*i*)*cns.(kjjé f;uéf)GJEéfL“c’i\’b‘“"CH .(@qo-/@qp)wUWCCF.w\
Ll Lo y5 0

In each column, mean values followed by dissimilar letters are significantly different at P<0.05 as determined by the Duncan’s multiple range test.
Values are mean of three replicates. CF: Culture filtrate (v/v). CH: Fungal cell homogenate (mg/I). ™, ", ™: Non significant and significant at 5% and
1% probability levels, respectively

™ = a @ o é 5
T E oz os 3 b s $ 22 8 g @ 2
i+ 8 8 3 2 8 3 3 § B F 3 OE =z s 5 g
i 8 & § § 2 & 5 = 8 &8 § § = § =2 =« §H § &
$ = 4« 2 % & § 5 B B 3 2 & E 5 2 4 % Z &
oo ~ Jd4 4 & =58 0O 0 B O U LD B LU W 2 o L
i) @ o @oeP@®E@® > © ® o0 - - @
Alphapinens| P ) ® « o o o ®
+-3-Carene  EX X X I 1 I 3 B B ® - ®
Limonene o ® » » - OO e ® » o ©®
Linalool @ e O® - © o o @ o o
Teopulegol [ FE X N W . e o @ | Conelation
Trans-carveol e ® ® ® © o e L] 1
Citronellal e o o ® @ ® - L ]
Citral e o o ®o @ ® o ™
0333
Thymol oe e L
Germacrene-D . o @ @ ® » o9
0333
Chlorophyll a OO® - - L
Chlorophyll b L ] ™ s ® o
Totzl chlorophyll L ® o -1
Cartenoids . L I [ ]
Soluble sugar . e &
MDA ® -eo
Proline @ -
Phenol .
Flavenoids Q

5Ol e 5 e adaly o 54 6K 55 5 T lbe pls das e OLES |y Sl oy dlaly 60 pon o (Kbt ) b o jla ¥ IS5

a3 o OLE 1y Slis o (Somen S 5500 pls o s
Figure 3- The matrix of Pearson correlation coefficients shows the relationship between the traits. Blue and red circles indicate
positive and negative relationships between traits, respectively. The diameter of each circle shows the magnitude of correlation
between traits.
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Figure 4- The heatmap diagram shows the effect of foliar application of culture filtrate and S. indica cell homogenate separately and
together on content and major constituents of essential oil and some physiological traits of M. officinalis plant. Each column and each
row represent the treatments and traits studied, respectively. Treatments classified in the same group showed similar responses in the
experiment. Colors represent the mean values ranging from low (blue) to high (red).
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