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ABSTRACT

This research aimed to investigate the effect gindr period and harvesting dates at different plgatts on
vegetative herb, volatile oil content and its cosifion of Melissa officinalis harvested 8 cuts. reesing of the
drying times led to decreased of herb, leaves &mah sveights in all cuttings and'4ut yielded the highest weights
of herb, leaves and stem in all drying periods§010 and 20 days). However, the highest weighte whtained
from fresh herb (207.1-190.0g/plant; 16.6-15.3 ted/), fresh leaves (117.1-110.6g/plant; 9.3-8.0&/fed.) and
fresh stem (90.1-90.4 g/plant; 7.2-7.2 ton/fed . ¥¥ncut in the first and second seasons, respecti&sgential oil
percentage of Melissa herb and leaves increasethéydrying process, where it reached the highesh %lants
dried for a period of 5 days followed by drying iper of 10 days and then drying for 20 days. Steorgain
neglectable amount of essential oil compared tobhand leaves and failed in many cuttings and cotalyle
disappeared by drying particularly at 20 days ih @lttings. In general, plants harvested in 1st antl dried for 5
days gave the highest essential oil % (0.307-0.32 ¥erb and 0.39-0.40% in leaves) and oil yielcharb (10.2-
10.8 l/fed.) as well as fresh leaves in 1st cutegthe highest oil yield (9.63-10.08 l/fed.) follavby 7th cut
compared to the rest of cuttings in the first aedand seasons, respectively. Plant parts, dryiraegss and cut
dates have an impact on the geranial and neral@atst The highest contents of neral and geraniakvebtained
from leaves, herb and stem. Increasing drying gkdecreased geranial and neral contents. Plantvésted in T
cut gave the highest neral and geraniol contents.

Keywords: Melissa officinalis harvesting date, drying periods, Essential off;KaS.

INTRODUCTION

Awareness on harvesting time, drying type, andggkedf drying are essential to obtain higher yiadsential oil
content and better quality [1, 2]. Natural dryirdyying in the shade) is most widely used methodsabse of its
lower cost [3]. Drying is the common and basic roettior post-harvest preservation of medicinal armretic
plants and their quality [4]. It is necessary flacreasing the large volumes of freshly medicidahts and to
become easier for transporting and storage, tondxproduct shelf life, minimize packaging requiretseand
reduce shipping weights without a decrease of piamical [5, 6]. Drying process increases the slifefby
slowing microorganism’s growth and preventing dertaiochemical reactions that might alter the orgjaptic
characteristics [6, 7], increase of oil yields, éecates distillation by improving the heat trangg11]. However,
may be lost essential oil due to volatilization andchanical damage of secretory structures (oidga during
harvesting and drying [11]. The biosynthesis ofoselary metabolites controlled genetically, and asongly
affected by the environmental influences of a patéir growing region, agronomic conditions, hariwestime and
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type of processing [12, 13]. Harvesting time ispienportant to obtain higher essential oil contandl better quality
[14]. In addition, for maximum oil production, londays and high light intensities are required dyrthe
maturation period for maximum oil production [15lowever, Murray et al. [16] and Court et al. [1@ticed that
harvesting time of the peppermint is a key factdluencing the essential oil composition. Thus wj#ing the
harvesting time is of fundamental importance foximézing the quality of essential oil.

Lemon balm Kelissa officinalis,Lamiaceae) is a perennial herb native to South figiEnd used in traditional
medicine because plant secondary metabolites heem shown to benefit a broad spectrum of healtlditions. It
used for their sedative and antispasmodic effemsioxidant, antimicrobial and antiviral activitiesd inhibit
division of tumor cells as well as for treating gasitestinal disorders [18-22], and it is very Wehown for its
ability to reduce stress and anxiety, promote sléaprove appetite, and ease pain and discomfedciated with
digestion. Moreover, several studies suggest #mabh balm is beneficial for a wide variety of hundisorders
such as cancer, HIV-1, Alzheimer’s disease, attendieficit hyperactivity disorder, indigestion, gasomnia, and
hyperthyroidism [21,23-27].

Although the composition of essential oil from lembalm (Melissa officinalisL.) has been much studied
[21,28,29], the interference of certain factorshsas drying period and harvesting times (cuttingnbers) that
influenced the yield and composition of essentidl ®mains to be explored so far. With respectlaock of
information about drying period and harvesting snegfects on essential oil yield, this research e@sducted to
determine and optimize the harvesting times (cgttinmbers) for distillation of essential oil froriffdrent parts of
M. officinalis, and to determine the richest parts of the pladtta identify the best chemical profile of the erssal
oil related to the optimization of post-harvestarging period.

EXPERIMENTAL SECTION

Plant material and optimization of growing conditions

Seeds were sown in the nursery off' November throughout 2010 and 2011. Four monther afted sowing, the
seedlings were subsequently transplanted intoighe 6n1%" March of both seasons into plots 3x3.5m on rows,
with 60cm a part and 20 cm between the seedlings Jtudy was carried out during 2011/2012 and
growing seasons at the experimental farm of thellBaof Pharmacy, Cairo University, Giza governerdtgypt.
Before sowing, physical and chemical propertiethefsoil of the experiment were determined by stashdnethods
[30]. The soil texture was sandy loam, having aspdat composition as follows: 51.1% sand, 25.0% 2i8.9%
clay and 0.5% organic matter. The results of dodnsical analysis were as follows: pH= 8.05; E.Cnfwhs/cm) =
4.90; and available N, P and K =0.07, 0.53 and th8&kg-1, respectively.

Sample preparation

During each growing season, the plants were hargedstimes orfl August (four and a half months), 1st November
(seven and a half months), 1st February (ten amalfanonths), 18 March (nearly a year) *May (year and two
months), ¥ July (year and 4our months)s' Beptember (year and six months) aftDecember (year and nine
months) respectively, after transplantation. Thenfsl were harvested at 5-10 cm above the oitfficinalis plants
were harvested when the plants just before flowestage when the content and quality of essentiak dhe
highest [31, 32]. The fresh non flowering plant emetls from each harvest date were divided into halves. The
first half as a whole aerial parts; the second Wwal$ separated to leaves and stems. All of thenolendeerial parts,
leaves and stems) were divided into four groups:fittst group of samples was given by fresh aqréats, leaves
and stems; the second group of samples was driexbiat temperature in a shaded and well ventilatadepfor 5
days; the third group of samples was dried at reemperature, in a shady and well ventilated placd.® days; the
fourth group of samples was dried at room tempegatin a shady and well ventilated place for 20sdatil
reaching a constant weight. Fresh and dried matridifferent samples (leaves, stems, and whot@bgarts) was
weighted (g plant). The fresh and dry weights/plant or /fed and esakoil content of the fresh and dry samples of
each collection was determined. Meteorological @t@iza, during the growing seasons are showmablé A).

Isolation of essential oils

Representative plant samples, differing each ofberdrying period and harvest times, were submitigdro
distillation using a Clevenger-type apparatus atiogrto the method described in the British Phawopaeia [33].
Essential oil yield was expressed as ml 100frgsh or dry material), while essential oil yigheér plant was
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expressed as ml plahtThe essential oils were collected and dehydratet anhydrous sodium sulphate and kept
in refrigerator until GC-MS analyses.

Table A: Meteorological data during the two growingseasons

2010/2011 2011/2012 2012/2013
Month T(°C) T(°C) RH Month T(°C) T(°C) RH Month T(°C) T(°C) RH
Max. Min. % Max. Min. % Max. Min. %
October 39.1 17.9 56 October 39.2 14.7 5b Octobe 413 17.1 60
November 32.8 13.6 56 November 26.9 10.3 65 Novembe 32.0 9.9 66
December 29.4 8.0 56 Decembe 23.4 7.8 69 December 30.6 1.1 61
January 24.1 7.3 65 January 23.1 4.2 59 Januar! 4 28. 5.4 61
February 26.4 7.2 56 February 24.8 4.5 5[7 Februal 28.8 6.6 56
March 30.3 8.2 55 March 33.0 7.6 54 March 37.4 8.8 48
April 38.5 10.9 49 April 384 13.0 44 April 38.3 5l 47
May 38.8 14.3 47 May 39.4 155 45| May 43§ 15.7 4
June 40.5 18.9 52 June 42.0 20.1 40 June 46.2 205 48
July 39.3 21.8 56 July 40.5 23.8 55 July 38.9 21.6 57
August 38.7 22.4 57 August 40.1 22.9 54 August 40.11 22.2 55
September 36.4 20.8 58 Septembeyr 376 18.3 b7 Bbete 425 17.8 54
Source: Meteorological data of Giza (CLAC, Egypterage values; T (°C) Max. and Min. are monthly ageranaximum and minimum temperatures; RH is monthly
average relative humidity

Gas chromatography/mass spectrometry (GC-MS) analys

Chromatography-mass spectrometry (GC-MS) instrunségmids with the following specifications. Instrurhea
TRACE GC Ultra Gas Chromatographs (THERMO Scienti@orp., USA), coupled with a THERMO mass
spectrometer detector (ISQ Single Quadrupole Masxt®meter). The GC/MS system was equipped willca
WAX MS column (30 m x 0.25 mm i.d., 0.2B8n film thickness). The carrier gas was helium #ibw rate of 1.0
ml/min and a split ratio of 1:10 using the followimtemperature program: £Q for 1 min; rising at 4.6C/min to
160°C and held for 6 min; rising at%€/min to 210°C and held for 1 min. The injector and detectorgeratures
were held at 216C. Diluted samples (1:10 hexane, v/v) of QL2 of the mixtures were always injected. Mass
spectra were obtained by electron ionization (El¥Y@ eV, using a spectral range of m/z 40-450. Mafsthe
compounds were identified using mass spectra (atithehemicals, Wiley spectral library collectiondaNSIT
library).

Statistical analysis

Except for the constituents of the essential big tlata in this study were analyzed with the aimlgt variance
(ANOVA) using JMP 10 program (SAS Institute, NC, A)SThe mean values of treatments were comparetjusi
Tukey’s HSD test. Values accompanied by differettels are significantly different p£0.05.

RESULTS AND DISCUSSION

Biomass Productivity

From Tables (1-3), it can be concluded that weigdtslant or ton/fed) of the all aerial fresh heldgves and stem
decreased by drying process; increasing of thendgrifimes led to decreased of herb, leaves andwkghts in all
cuttings in both seasons. It is also found that4heut yielded the highest weights of herb, leaves stem in all
drying periods (0, 5, 10 and 20 days) in both sessbBor fresh weight of herb, th& 4ut gave the highest values
followed by the & and £' cuts, while the ¥ and &' cuts gave the lowest herb fresh weights. Regarifiegffect of
drying periods, the maximum herb weight was obtiftem fresh plants without drying, while dryingetherb for
prolonged periods 10 and 20 days significantly cediuthe herb weight. When considering the intevadbietween
cut number and dying periods, the highest herb tgi207.1 and 190.0 g/plant) was obtained fromhfrietelissa
plants cut for the@time without any drying treatments in the firstiaecond seasons, respectively.

We found a clear impact of the harvest time onftegh weight and dry matter of herb, leaves anchstef Melissa
officinalis (Tables 1-3). The period from February to Junthé most appropriate for producing the highesthfres
and dry weights. For the leaves weight, plants euitidrying (fresh plants) had significantly higheaf weight than
the plants that were exposed to dying processddpus periods. Plants cut at th® eut produced the maximum
leaf weight values as compared to other treatmétthe meantime, leaf weights from plants cuthat £ and 7'
cuts were particularly lower than the other cutse Tnteraction between cut number and drying perdtere the
maximum leaf weight (117.1 and 110.6 g/plant) wataimed from fresh plants at th& dut (Table 2) in the first
and second seasons, respectively. Similar resdts wbtained for the stem weight, where the frdahtp without
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drying treatment gave the highest stem weight. Zheut also was superior to the other cut in termghefstem
weight, while plants harvested at tiéahd 2 cuts produced the minimum values. Interactionetdigitween drying
period and cut number (Table 3) indicates thanta@imum stems value (90.1 and 90.4 g/plant) wasioéd from
fresh plants cut for thé"4ime in the first and second seasons, respectively

Table 1. Effect of drying periods (0, 5, 10, 20 day and number of cuts on herb weight (g/plant andon/fed) of Melissa officinalis during
two successive seasons

1% season
Cuts number herb weight (g) herb weight (ton/fed)
( harvest date) Drying period (days) Drying period (days)
0 5 10 20 0 5 10 20
1st cut (1st August , 2011) 107.3+4.08*  41.6+2.3f 32.4+1.8fj 26.4+1.8f-k 8.5+0.32¢ 3.3+0.18fg 2.645F 2.1+0.12f-k
2nd cut (¥ November, 2011) 71.6+4.6e 22.340.53htk 17.2+0.99jk 15.6+1.6k 5.7+0.37e 1.8+0.04h-K 1.37+0.08jk 1.390%k
3rd cut (F February, 2012) 95.0+5.9cd  23.9+2.23hlk  18.94899 18.8+0.62)k | 7.6x0.47cd| 1.91+0.18h- 1.51+0.08jk 1.49+0.06jk
4th cut (18'March, 2012) 207.149.0a] 68.5+3.12¢ 42.5+2.9 38.P6B 16.6+0.72a 5.5+0.25e 3.4+0.23f 3.0+0.26fH
5th cut (£ May, 2012) 137.546.7b 36.8+1.09f-i 23.6+1.5h- 44d..3jk 11.0+0.53b 2.95+0.09f-i 1.9+0.12h-K 1.55H0k
6th cut (£ July, 2012) 98.4+1.3cd 28.4+0.33f- 22.6+1.12htk  0.320.4i-k 7.9+0.1cd 2.27+0.03f-K 1.8+0.09h-} 1.638k
7th cut (f September, 2012), 88.6+4.44 25.2+0.560fkk  17.8+k.13j] 13.6+1.1k 7.1+0.35d | 2.02+0.05g- 1.4+0.09jK 1.079k
8th cut (f'December, 2012) 92.0+2.15cd 20.340.42ik 14.1+0.29k 12.6+1.07k 7.440.17cd 1.6+0.03i-K 1.13+0.02 1.08K
2" season
1st cut (1st August , 2012) 112.5+1.99c 42.8+1.39g 32.7+1.5g-j 26.4+1.5h-| 8.9+0.16¢C 3.4+0.119g 2.680- 2.2+0.06h-|
2nd cut (3 November, 2012) 65.5+2.6f 19.4+2.82j-m 15.5+2.4k-m 13.9+2.5Im 5.24+0.20f| 1.55+0.23j-n| 1.24+0.19k-m  1#0.28Im
3rd cut (' February, 2013) 90.9+1.6d 21.6£1.05i-; 17.9+In8k{ 17.8+0.48k-m 7.27+0.13d 1.7+0.08i-n| 1.44+0.10km1.4+0.06k-m
4th cut (18'March, 2013) 190.9+5.3a 64.4+2 74f 37.4+3.7gh 38 5-i 15.3+0.43a 5.2+0.22f 2.9+0.30gH 2.7+0.25¢-i
5th cut (£' May, 2013) 142.645.8b 35.1+0.989-] 21.9+2.1i-m 7#8..9k-m 11.4+0.47b 2.8+0.08g-i 1.740.17i-n] 1.64kan
6th cut (£' July, 2013) 109.9+3.2c 28.740.77h- 23.2+1.42i{m 9.9%1.25j-m 8.79+0.26¢ 2.29+0.06h-k 1.8+0.11i-m  616.09j-m
7th cut (£ September, 2013) 77.2+3.94¢f 22.0£3.06i{m 15.18d-m 11.4+1.3m 6.18+0.31e 1.76+0.24i-;mn 1.240.14k-m 0.97+0.13m
8th cut (f'December, 2013) 85.1+1.68de  18.9+0.52k{m 12.4+0.73m 11.3+0.9m 6.8+0.13de 1.5+0.04k-m 0.99+0.06M 0.08M
*Numbers with one or more shared letter within thasen are not significantly different at@05 using Tukey’s test
Table 2. Effect of drying periods (0, 5, 10, 20 ga) and number of cuts on the leaves weight (g/plaand ton/fed) of Melissa officinalis
during two successive seasons
1% season
Cuts number leaves weight (g) leaves weight (ton/fed)
( harvest date) Drying period (days) Drying period (days)
0 5 10 20 0 5 10 20

1st cut (1st August , 2011) 83.9+0.8 25.9+1.1hi 2.120.99h-k 16.4+0.36i-n 6.7+0.07¢] 2.1+0.09h 1.018h-k 1.31+0.03i-n
2nd cut (¥ November, 2011) 51.3+£2.8f 20.8+0.6h-m 15.8+1.1jin  10.7+0.8n 4.1+0.22f 1.740.05h-m 1.27+0.09j4n 0.856D
3rd cut (' February, 2012) 66.3+4.7d¢g 21.6+1.5h4l 11.9+0-88| 10.3+0.9n 5.3+0.37de 1.740.12h- 0.96+0.084-n  8280.07n
4th cut (18'March, 2012) 117.1+4.6a 55.8+2.8f 41.1+1.5¢ 28.211. 9.3+0.37a 4.46+0.22f 3.29+0.12g 2.25+0.09h
5th cut (F May, 2012) 96.1+4.2b 23.9+1.4h 17.621.1i- 12®i-n | 7.69+0.33b| 1.91+0.12h4] 1.41x0.09-h  1.14:0
6th cut (£ July, 2012) 71.9+2.5d 20.9+0.9h- 17.2+0.28itn 036.2i-n 5.76+0.20d 1.67+0.07h-m 1.38+0.02i{n 1282i-n

=

7th cut (£ September, 2012) 59.0+1.25¢ 19.1+0.17h-n 15.Ah1| 11.2+0.5mn 4.7+0.10ef] 1.53+0.01h-| 1.26+0.01j- 0.89+0.04mn

=

8th cut (f'December, 2012) 61.4+1.32¢f 18.6+0.8h-n 22.4+0§22h-11.6+0.45-n 4.9+0.11ef 1.5+0.06h-n| 1.79+0.02h-j 0.93+0.04I-n

2" season

1st cut (1st August , 2012 ) 90.2+2.41] 26.50.34hi 22.8:0.8nK | 16.2t0.57j-p]  7.22%0.19 2.120.03h DOFh-k | 1.29:0.05p
2nd cut (T November, 2012)|  55.8:2.3ef  21.2+1.4nh- 14.7+1.6kip 9.6+0.2p 447+0.18e]  1.7#0.11h-| 1.17#0.13kp _ @O61p
3rd cut (F February, 2013) | 64.6:2.2dd _ 20.20.78hin _ 12.33p.2| 9.9+0.0.70p | 5.2%0.18dd _ 1.6+0.06h- 0.98+0.09]-p0.790.050p
4th cut (18 March, 2013) 110.615.024 48.5+1.0f 37.30.57g 20.36h | 8.05:0.40a]  3.8820.16f 2.9820.05 2.2120.04h
5th cut (T May, 2013) 99.312.8a 24.811.1h-] 18.7t0.81p  1M0kp | 7.910.22a| 1.98:0.09h  1.49:0.07if0  1.2t@QL
6th cut (T July, 2013) 75.983.4c | 20.7¢0.38h-ln _ 18.3:x1.3ip  136.4]p | 6.07¥0.25c| 1.6620.03h-th  1.46x0.10p  1Q@@8j-p

7th cut (T September, 2013)] _ 58.4%0.54de __ 18.5x0.681- 15.9@2| 11.3:0.7n-p | 4.7#0.04dd  1.48+0.05-p  1.27#062] 0.91%0.06n-p

=l

8th cut (£'December, 2013) 65.7+2.5d 25.3+0.39hi 22.3+0.13h-£1.8+0.38m-p| 5.26+0.20d 2.02+0.03h 1.78+0.01h-k 9480.03m-p

*Numbers with one or more shared letter within geason are not significantly different aQo05 using Tukey’s test

Regarding the yields of herb, leaves and stemsl€$ah 2, 3), the same behavior was found wherérésh plants
without dry treatments produced the largest valudsle increasing the drying period decreased tlegghts to
reach their minimum values at the longest dryingagetested (20 days). Thé'4ut produced significantly higher
herb, leaves, and stems yields than the other Thes.interaction between the drying period andrunber was
highly significant (5£0.0001) in all the parameters, and generally fygahts at the  cut gave the highest values
(16.6 and 15.3 ton/fed) for herb, (9.3 and 8.03f&al) for leaves and (7.2 and 7.2 ton/fed) for steim the first and
second seasons, respectively).

Nurzynska-Wierdaka et al. [34] noticed that lemon balsagperennial plant, provides raw material for Bedrs

and its yield increases from 1.0-1.5 t*H@n the first year of cultivation) up to 2.0-4.ta-1 (in the next years) in
Poland. The yield of dried lemon balm herb at défe locations in New Zealand varies from 870 kgfhgear of
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establishment, up to 13,010 kg/ha (established)d@f]. Mihajlov et al. [36] concluded that in tHist year,
yielding 500 kg/ha of above-ground plant dry masghe second year, yielding 6,775 kg/ha of abonaigd plant
dry mass oMelissa officinalisin Macedonia. Singh et al. [32] studied the effefcfour harvesting times (H1-120
days, H2-140 days, H3-160 days and H4-180 days plft@ting) on yield and quality dflelissa officinalisL. The
fresh and dry herbage and oil yield of the aer@atgpshowed greater response in H3 i.e. harveatidg0 days after
planting, followed by H2 harvesting time.

Table 3. Effect of drying periods (0, 5, 10, 20 day and number of cuts on the stems weight (g/plaaind ton/fed) ofMelissa officinalis
during two successive seasons

1st season
Cuts number stems weight (g/plant) stems weight (ton/fed)
( harvest date) Drying period (days) Drying period (days)
0 5 10 20 0 5 10 20

1st cut (1st August , 2011) 23.3+3.6qd 5.3+1.05fg 3.9+0.52g 1.8+0.33g 1.85+0.28c 0.43+0.09{g 0.3040. | 0.147+0.03g
2nd cut (¥ November, 2011)]  20.3+4.6¢c-¢ 3.8+0.66 3.1+0.62g 1+0.23g 1.59+0.36¢c-€) 0.31+0.05¢ 0.249+0.0%g 0.0824).
3rd cut (' February, 2012) 28.8+1.5b 6.25+0.3fg 4.0£0.09g .1+@.12g 2.28+0.11bc|  0.49+0.02e{g 0.35+0.04g 0.10t9
4th cut (18 March, 2012) 90.1+5.2a 18.4+1.45cHf  12.7+1.0dig  +6.86e-g 7.2+0.42a 1.47+0.12cf  1.02+0.08d-g  0.5646-g
5th cut (£ May, 2012) 41.4+10.3b 8.9+2.1e-g 6.1+1.6fg 3.140.7 3.3+0.81b 0.72+0.17e- 0.485+0.13fg  0.247+0.069
6th cut (¥ July, 2012) 26.5+1.3cd| 6.1+0.5fg 4.0+0.58( 1.889.0 | 2.09+0.09cd 0.49+0.04fg| 0.32+0.05 0.147+0.0[1g

7th cut (' September, 2012) 28.9+3.4bc 6.0+0.571j 4.3+0.48g .1+@28g 2.36+0.30bc 0.49+0.05fg 0.34+0.04 0.1629.

(e}

8th cut (FDecember, 2012) | 30.6x1.2b§ _ 6.5:0.02efg _ 4.6:0.15fg .2*®14g | 2.43%0.08bc| 0.52+0.00ejg _ 0.38+0.0f 0.079%g

2 season

1st cut (1st August , 2012) 22.3+4.4q 0.32800i.1| 0.13+0.02i

[

5.1+1.5gh .0+%.3gh 1.7+0.29h 1.77+0.34d 0.41+0.12hi

2nd cut (T November, 2012)] _ 9.6+4.6f-n] __ 2.130.94H 14:0.64h 2807330 | 001#0.23f| 0.21#0.03i] 0.137:0.03 _ 0.06%.
3rd cut (f February, 2013) | 26.3%2.1c 5.3:0.4gf  3.77+0.49gh1.9#0.08n | 2.09:0.16cd|  0.42:0.03hi _ 0.30£0.03hi _ OCLBE

4th cut (18 March, 2013) 00.4+2.5a| 18.4x0.6df  135%0.39d-g 860935gh | 7.2#0.20a | 1.44%0.07dyy  1.07+0.03d-h _ 0.553H
5th cut (F May, 2013) 433+42b|  8.5:0.8-h 6.3:0.7gn  3.18¥@R | 3.4+0.33b | 06720.07g4  0.50%0.06H  0.25:0.02hi
6th cut (F July, 2013) 34.045.1bc] __ 6.9+1.1gh 4.9+0.66gh _ 2.8e0h | 2.7+0.43bc | 0.55x0.09hi  0.39x0.05Hi 0.2+0.02i
7th cut (F September, 2013)] _ 18.8+4.4d{f __ 4.2+0.6gh 2.6%0.34hh 1.30.30h | 1.49+0.35d-d _ 0.33+0.05hj __ 0.21%0.0di 00.02i

8th cut (¥'December, 2013) 19.4+1.9df 4.210.2gH 2.73+0.35gh .4+A.18h 1.55+0.15d-f 0.34+0.02h 0.22+0.03 0.1140

*Numbers with one or more shared letter within geason are not significantly different aQo05 using Tukey’s test

Foster [37] mentioned that, plant height below #fecm height is well for lemon balm grown and bgisid.
However, yield of lemon balm established by traasts were substantially greater than yields byctliseeding
[38, 39]. Also, Kleitz et al. [39] noticed thahe second season increased lemon balm dry weigldsyiLemon
balm vyields varied from 0.18-2.35 ton“hin the first season and 2.35 to 3.91 ton' va the second season as a
result of the year. As well as, Kleitz et al. [3%]ncluded that lemon balm grew slowly. It generaéiguired the
longest period of growth before harvest, whethezaliseeded or transplanted. One harvest of lerabm tvas 99-
210 days from planting until first harvest and tetamber of harvests was 1-2 harvest in the fiestryln the second
year, transplanted Melissa grew faster, allowingemao harvests in the season. Verma et al. [40hdothat the
aerial parts of plant are harvested after 6 mofittramsplanting. Best time for harvesting just befthe flowers
open when the concentration of volatile oil is t@athighest. Sari and Ceylan [41] studied the efédctlifferent
locations (Menemen and Bozda) bfelissa officinalisin Turkey over three years to determine high quaind
yield. They found significant variations betweerdtions and years in terms of yield and qualityrabters. The
green herb yield, drug leaves yield and essentiaate over populations and years were 47.58 @#692g.hd,
496.9 kg ha and 0.067% respectively in Menemen while they w&té kg hd, 90.0 kg h# and 0.036%
respectively in Bozda. The growth bfelissa officinalisincreased after the first year in both locaticdhsyefore all
yields were significantly higher in the second #midd years compared to the first year.

Harvesting frequently caused reduction in biomasklyof aromatic plants, thus affecting essentifyield and can
be useful or harmful to oil production, dependimgemvironmental factors. The herbage yield is ugudgh at first
harvest, becomes constant and declines with reppbatwests [42, 43]. Kothari et al. [44] foundttbeomass yield
was greater in the first harvest and graduallyidedl in the subsequent harvestOaimum tenuiflorum Contrary
to the decrease in biomass yield, essential oitertnin general was lower in the first harvest amcreased
gradually in subsequent harvests to reach maxinmuimel fourth harvest.

Rose geraniumRelargoniumsp.) has a life span of six to eight years undenroercial production and the first
harvest is carried out at 6-8 months after plantBigosequent harvests are then conducted at 3-thrimdarvals to
avoid losses in oil yield due to leaf senescen8e 45]. Harvesting of secondary branche®afmum tenuiflorum

led to maximum plant height, plant spread and nundfesecondary branches during second and subsequen

923



Hussein A. H. Said-Al Ahl and Mohammed S. Hussien J. Chem. Pharm. Res,, 2016, 8(5):919-933

harvests [35]. Rose-scented geranium plants areallyrcut at 15 to 20 cm above ground to allow t&gishment
of new leaves for the process of photosythesis483,

Temperature plays an important role in plant groarh yield and changes in most of their metabaltivities such
as photosynthesis, respiration and transpirati@). [Weiss [43] concluded that geranium maximum Igafwth
with high oil content was obtained under warm suooiyditions. These results were in agreement witlm#r et al.
[47] who reported that warm environments favoregetative growth of geranium. Contrary, the low bas® yield
during summer in geranium subjected to thermal ¢apheric as well as soil) and moisture stressescaased by
the reduction in levels of photosynthesis and dangagffects of solarization [47, 48].However, theogth in
geranium increased under long-day photoperiodsphadt dry mass as a consequence of increased phiglo
content [49]. Similar results reached by Adams a&adgton [50]. Contrary, Runkle [51] who suggestédtt
geranium was a day neutral plant. Letchamo and52) found that variability in shoot yield and estanoil of
thyme was associated with photosynthetic activities

Essential oil content

Essential oil percentage of Melissa herb and lean@gased by the drying process, where it reathedhighest %
in plants dried for a period of 5 days in both hand leaves, followed by drying period of 10 dagd ¢hen drying
for 20 days. On the other side, Fresh herb andh flemves gave the lowest oil percentage in bote@seaand in
most cuttings compared to drying periods. The reduail% in the fresh material is most likely attribd to the
presence of high moisture as compared to the dtgnah However, the relationship between oil % alging
period was not linear and the % reached its maximalwes in plants dried for only 5 days, then tehtdedecrease
with prolonged drying periods (i.e. 10 and 20 daysplonged drying period could adversely affeet $hape and
structure of oil glands, thus reducing the esskenti®b. This particular hypothesis warrants a ffigrt investigation
using electron microscope in order to have a bétes about the morphological and chemical chatiggsmight
occur at various drying period intervals.

Table 4. Effect of drying periods (0, 5, 10, 20 da&y and number of cuts on herb essential oil % (v/wand oil yield (l/fed) of Melissa
officinalis during two successive seasons

1st season
Cuts number herb essential oil herb essential oil yield (I/fed)
( harvest date) Drying period (days) Drying period (days)
0 5 10 20 0 5 10 20
1st cut (1st August, 2011 ) 0.1+0.01g- 0.307+@.01  0.2+0.01cd 0.153+0.01ef] 8.67+0.84 10.2+0.36a  #®.I5b-d 3.250.4e-g
2nd cut (¥ November, 2011) 0.073+0.0i-K 0.29+0.014 0.14+0-91¢  0.113+0.0f-i 4.19+0.27c-f| 5.16+0.17b-d  1.92+@I2 | 1.42+0.19h-
3rd cut (' February, 2012) 0.006+0.0I 0.027+0.00| 0.017+0.01  0.008+0.0l 0.46+0.07j-I 0.51+0.07j-| 0.25+0.05k .10+0.01l
4th cut (18 March, 2012) 0.017+0.01 0.037+0.0KI 0.023+0.0I @R£0.01 2.75%0.55f-h 1.37+0.2h-I 0.8+0.16i-I 0.21@6kI
5th cut (£ May, 2012) 0.023+0.01 0.160.01ds¢ 0.107+0.0grj  98:£0.01h-j 1.83+£0.25g-1|  4.68+0.18b-¢ 2.45+0.269-i .44#0.08h-I
6th cut (£ July, 2012) 0.073+0.01i-k  0.233+0.02bc  0.137+0:62¢ 0.11+0.01g- 5.76+0.46b¢ 5.29+0.40bc 2.43+0.25¢- 1.79+0.15g-I
7th cut (£ September, 2012)]  0.083+0.01h-  0.273:0.0ljab 0.05Ref 0.12+0.01e-h 5.96+0.86h 5.46x0.14bc 2.1&@i1 | 1.29+0.06h-I
8th cut (F'December, 2012) 0.07+0.01jk 0.213+0.01c 0.123+0.0¢- 0.107+0.00g-j | 5.14+0.38b- 3.46+0.15dig 1.39+A-03| 1.08+0.12h-|
2" season
1st cut (1st August, 2012 ) 0.11+0.0h- 0.32+0.0a4 0.21+0.01cd 0.16x0.01e-g 9.6+0.154 10.8+0.4p 5.460d 3.4£0.44e-i
2nd cut (¥ November, 2012) 0.077+0.0kl 0.28+0.01ap 0.14+0i01f 0.09+0.01i-I 4.0+0.2c-g 4.36+0.7c-f 1.7240.25h-m 1.23+0.2j-m
3rd cut (¥ February, 2013) 0.005+0.0n 0.02+0.01 0.01+0.0n  .00%*0.0n 0.36+0.01m 0.35+0.1m) 0.14+0.01m 0.1240.05
4th cut (15 March, 2013) 0.02+0.0n 0.047+0.01lh 0.02+0.0n 68:4100n 3.06+0.09f-j 2.39+0.3g-l 0.6+0.06Im 0.23+00
5th cut (£ May, 2013) 0.023+0.0mn 0.13+0.01f- 0.09+0.02i{  .08+0.01kl 2.66+0.37f-k|  3.66+0.4d-h 1.6+0.32i-n| T+0.12j-m
6th cut (£ July, 2013) 0.077+0.01kl 0.247+0.0b 0.15+0.0f-h  .113+0.01g-k 6.78+0.93b 5.65+0.2bq 2.75+0.17fk  93@.13h-m
7th cut (£ September, 2013) 0.09+0.01j- 0.29+0.01gb 0.16k@0 | 0.11+0.01h-k 5.59+0.63b- 5.11+0.8b-p 1.98%0-n 1.0+0.13k-m
8th cut (f'December, 2013) 0.07+0.00k- 0.2+0.0c-¢ 0.11+0)01k-0.069+0.03k-m|  4.55+0.31c-f 3.03+0.08f§  1.06+k¥8 | 0.63+0.29Im

*Numbers with one or more shared letter within #e@ason are not significantly different atQ05 using Tukey’s test

Confirmation that the drying in the shade is thetpAgah and Najafian [53] on aerial partsLgbpa citriodora
concluded that shade drying method is suitablédifginest essential oil quantity than (sun-drying amdn-drying).
Khorshidi et al. [54] showed that the maximum esisémil percentage (1.8%) was obtained to leaferoary
followed by mixed leaf and stem and then stem. Aldtade drying was best for essential oil than aling
(45°C) and sun drying. Argyropoulos and Muller [56ind that drying process decreased the esseiltiebntent

in M. officinalisherb and the degree of loss was proportionaldaltlyging temperature. For example, 65% of the oil
was lost when the herb was dried at®@&s compared to 16% at°8) Agah and Najafian [53] on aerial parts of
Lippa citriodora concluded that shade drying method is suitablenighest essential oil quantity than (sun-drying

and oven-drying). Similarly in some other labiataembers such aBhymus vulgarisdrying the herb at 3C or
lyophilization caused a significant loss in theegg&l oil as compared to natural drying or coniwectrying at 30
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and 40C [56]. The decrease in 0il% at higher temperatume attributed to the loss of oil during water moeat
from the leaves epidermis as well as the evaporatfoessential oil from glands when get rupturezhfrhigh
temperature. It is also expected that the degresssdntial oil loss by high temperature or dryiegqd will differ
based on the species, localaization of secretougtsires, moisture content and other drying factors

In the current study, we found that the essenilatantent ofM. officinalis is significantly affected by harvesting
times, which is in agreement with some previousorep For example, it was found that the highesbamh
essential oil inMelissa officinalisplants was in before flowering stage comparedldavdring stage and after
flowering stage [29]. They concluded that the esakail yields vary considerably from month-to-ntbrand is also
influenced by the micro-environment (sun or shadeyvhich the plant was growindMelissa officinalisplants
cultivated in the sunny plots and collected in Aped the highest oil yield, which ranged from €©30.5 ml/100 g
[57]. Also, Simionatto et al. [58] reported thaetbil % varies greatly with a range of 0.12 % t850% during the
first and second cutting. The oil yield was pafticly high during the first cut than second cuteThesh and dry
weights as well as oil yield dflelissa officinalisplants harvested after 160 days after plantingvsldosuperior
response than shorter harvesting times (120 analay€) [32]. Not only the phonological stage, Habahe drying
method can have significant influence on the esaenit % in the final product, which was demonsgtchin our. In
this regard, Verma et al. [40] found that, gengrédimon balm dry herb is dried in the shade to gmes the
chemical composition of the plant. Too much diaatlight will cause volatile oils to disappear. Biby et al. [59]
reported that the oil content of shade-dried leafedellisa officinalis was higher than oven-drigdlso, Fathi and
Sefidkon [60] on Eucalyptus sargentii concluded,tttee essential oil of shade-dried leaves wasdrigbmpared to
oven-dried and sun-dried. Agah and Najafian [53Jaenal parts otippa citriodora concluded that shade drying
method is suitable for highest essential oil qugkian (sun-drying and oven-drying). Also, theesdil oil content
can differ considerably according to the plant pesetd during drying. For instance, Uyanik and Garfél] found
that, the high essential oil content was determinddaf (0.13%), while the essential oil amountréased in herb
(0.08%). Abdelmageed et al. [62] studied the effgicpost-harvest drying period on the essentialy@ld and
composition of four different parts frofatlingera elatior They found that the highest yield was obtaineminfr
leaves dried for 48 h (0.16% v/w), pseudostemsddioe 24 h (0.013% v/w), rhizomes dried for 6 hO@I% v/w)
and inflorescences dried both for 24 and 72 h (Ovi$4, respectively. While, Jaafar et al. [63] rejed that the
percentage yield of volatile constituents of thavks, stems, flowers and rhizomesEof elatior were 0.0735,
0.0029, 0.0334 and 0.0021%, respectively. Faridat. 8] studied the essential oils from the leaaad rhizomes
of Alpinia conchigeradried for different times (0 (fresh), 1, 2, 3 ahdays of drying, respectively). The highest oil
yield was obtained from leaves dried for 7 day8@0.v/w) and rhizomes dried for 3 days (0.162 véwggesting
that post-harvest drying period had a positiveatffm the oil yield of both leaf and rhizome.

Table 5. Effect of drying periods (0, 5, 10, 20 day and number of cuts on leaves essential oil % ) and oil yield (I/fed) of Melissa
officinalis during two successive seasons

1% season
Cuts number leaves essential oil leaves essential oil yield (I/fed)
( harvest date) Drying period (days) Drying period (days)
0 5 10 20 0 5 10 20
1st cut (1st August, 2011) 0.143+0.01itk 0.394@.0 | 0.29+0.01cd 0.207+0.0f-h 9.63+0.824 8.11+0.24pb5.20+0.26cd 2.69+0.12g-K
2nd cut (¥ November, 2011) 0.09+0.01l-n 0.307+0.01bc ~ 0.210efqy | 0.187+0.01g-| 3.68+0.32d- 5.33+0.46cd 2.7840-k | 1.57+0.07i-m
3rd cut (£ February, 2012) 0.013+0.0n 0.05+0.00n 0.027+0.0n 0.017+0.0n 0.72+0.20lm|  0.85+0.07k-mn 0.24+0.05m $0183m
4th cut (18 March, 2012) 0.02+0.0n 0.057+0.01 0.03+0.0r) 0.0280 | 1.89+0.11h-m| 2.53+0.35g-]  0.99+0.05j-m 0.4580r0
5th cut (' May, 2012) 0.053+0.0n 0.21+0.01fd 0.177+0.01¢-j 120+0.0k-m | 4.08+0.26d-g|  4.19+0.05d- 2.48+0.08¢-l .3930.03i-m
6th cut (£' July, 2012) 0.083+0.0mn|  0.287+0.01qd 0.2+0.0f-| 1680.0h-k 4.77+0.15c-f 4.8+0.37c-€| 2.77+0.05¢-k  32@0O3h-m
7th cut (£ September, 2012)  0.133+0.01j{l  0.353+0.01ab  0.24¥kd-f | 0.19+0.02g-i 6.29+0.55hc| 5.39+0.28cd 3.0946-i | 1.71+0.14i-m
8th cut (f'December, 2012) 0.083+0.0m 0.26+0.03d-e 0.164R.0R- 0.127+0.0k-m 5.17+1.09cd 5.15+0.74cq 2.85+0.03f-j1.17+0.07i-m
2" season
1st cut (1st August, 2012) 0.14+0.01h}j 0.4+0.04 0.28+0.01c 0.21+0.01de 10.08+0.15 8.55+0.12b AQ8Red 2.75+0.02f-i
2nd cut (¥ November, 2012)[  0.09+0.0k-m| 0.29+0.0b 0.21+0.D1¢- 0.19+0.01e-h 3.88+0.29d-f 5.04+0.35¢ 2.48+0.85¢- 1.46+0.11i-m
3rd cut (£ February, 2013 ) 0.01+0.0n 0.05+0.0mp 0.02+0.01n  .014£0.0n 0.517+0.02l-n|  0.87+0.08k- 0.19+0.06mn  68@M@02n
4th cut (18 March, 2013) 0.02+0.0n 0.06+0.01mp 0.03+0.0 0.02:0 1.34+0.28j-n 2.31+0.15g-j 0.89+0.01k{n  0.37800
5th cut (£ May, 2013) 0.06+0.01mn, 0.21+0.01d+f 0.16+0.02¢-j .1280.01j- 4.78+0.57cd 4.14+0.08d¢g 2.48+0.30¢-j 40%0.11i-n
6th cut (£' July, 2013) 0.08+0.01I-n 0.28+0.01¢| 0.2+0.0d- 5&0.0g-j 4.88+0.54cd 4.57+0.16cd 2.93+0.21g-h  2W62g-k
7th cut (' September, 2013) 0.13+0.0j-I 0.34+0.02 0.25+0d01f 0.18+0.01e-i 5.92+0.20c 5.01+0.30c! 3.13+0.11¢-g1.63+0.14h-|
8th cut (F'December, 2013) 0.08+0.0l-n 0.25+0.03gd 0.16+0.0fj 0.14+0.01i-k | 4.207+0.16d¢ 5.0+0.59cd 2.86+0.02¢-H..46+0.32i-m

*Numbers with one or more shared letter within geason are not significantly different aQo05 using Tukey’s test

In the current study, the essential oil % in thebhaf M. officinalis ranged from 0.005 to 0.3%, which agrees with
the some previous reports (0.02% to 0.30% ) [4@4@o 0.10% [64]. However higher contents (0.08726) were
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also found from aerial parts [32, 65-69]. Mihajletval. [36] mentioned that lemon balm yield of esize oil 0.05%
or 0.5 mL oil’kg herb. Nurziska-Wierdaka et al. [34] mentioned that oil conterair-dried leaves was 0.3%. Jalal
et al. [70] concluded that, the yield of air-driehves essential oil was 0.4%. This indicates Waaious factors
including pre-harvest and post harvest factors owayribute to the variability in the content M. officinalis herb
products and therefore affect their quality.

In general, first cut gave the highest essentidocompared to the rest of cuttings followed byesgh cut (tables

7 and 8), which may be a reflection of the optimgnowth conditions at theSland 7 cuts in August and
September during which all plant biochemical readi are active and presumably the biogenesis ofichal
volatile molecules reached its peaks as a reswitanin temperature. On the other hand, cuts that¢ Wene during
winter or cold weather (i.e. cut numbers 3 andhtweed the least content due to the low biochenactlities of

the plants during that time. The interaction betweet numbers and drying period was significantnghbe highest
values (0.307 and 0.39%) were obtained from plantthe ' cut and dried for 5 days in the herb and leaves,
respectively.

When comparing the essential oil % in stems (T&lwith other organs, it can be concluded that steontain
neglectable amount of essential oil compared td feard leaves and failed in many cuttings and cotelyle
disappeared by drying particularly at 20 days ircaitings.

Table 6. Effect of drying periods (0, 5, 10, 20 d&y and number of cuts on stems essential oil % (vjvand oil yield (l/fed) of Melissa
officinalis during two successive seasons

1% season
Cuts number stem essential oil stem essential oil yield (I/fed)
( harvest date) Drying period (days) Drying period (days)
0 5 10 20 0 5 10 20
1st cut (1st August, 2011) 0.002+0.001 0.002+0{00.001+0.001| nd 0.02+0.01ab 0.01+0.0ap 0.003+0.Qb 0+(00b
2nd cut (¥ November, 2011) 0.001+0.0 0.001+0.001  0.001+0.00fd 0.01+0.0ab 0.004+0.0b 0.002+0.0 0.0+0.0b
3rd cut (' February, 2012) nd nd nd nd 0.0+0.0b 0.002+0.0b  .0+@Ob 0.0+0.0b
4th cut (18'March, 2012) nd 0.001+0.001 nd nd 0.0+0.0b 0.013#ab 0.00+0.00b 0.0+0.0
5th cut (£ May, 2012) nd 0.001+0.0 nd nd 0.01+0.0.01gb 0.003: 0.002+0.0.0b|  0.0+0.0
6th cut (£ July, 2012) nd 0.001+0.001 nd nd 0.01+0.0.014b  03+0.0b 0.001+0.0.0b|  0.0+0.0p
7th cut (£ September, 2012) 0.001+0.0 0.001+0.0p1  0.001+0.p0id 0.03+0.0a 0.01+0.01ah 0.004+0.0K 0.0+0/0b
8th cut (f'December, 2012) nd 0.001+0.0Q1 nd nd 0.0+0.0b G00H 0.001+0.0b 0.0+0.0
2" season
1st cut (1st August, 2012) 0.002+0.001  0.002+D.000.001+0.001| nd 0.03+0.01a 0.03+0.023b 0.002+0.0b®.0+0.0c
2nd cut (¥ November, 2012) 0.001+0.0 0.001+0. nd nd 0.00%-@. 0.001+0.0bc 0.001+0.0c 0.0+0.0c
3rd cut (' February, 2013) nd 0.001+0.0 nd d 0.0+0.0c Q:00khc 0.0+0.0c 0.0+0.0q
4th cut (18'March, 2013) nd 0.001+0.001 nd nd 0.0+0.00c 0.00#8-c 0.00+0.00c 0.0+0.0
5th cut (£ May, 2013) nd nd nd nd 0.00+0.0.0c 0.002+0.0bc 08000c 0.0+0.0c
6th cut (£ July, 2013) nd 0.001+0.0 nd nd  0.008+0.0.01a-c  04#0.0bc | 0.001+0.0.0b 0.0+0.0c
7th cut (£ September, 2013)]  0.001+0.041  0.001+0.001 nd nd 08&M0a-c 0.003+0.01b: 0.001+0.0¢ 0.0+0.pc
8th cut (f'December, 2013) nd 0.001+0.0q1 nd nd 0.00540.01pc .00180.0bc 0.00+0.0c 0.0+0.0¢

*Numbers with one or more shared letter within geason are not significantly different aQo05 using Tukey’s test

The essential oil production depends on (1) bionfdsgmatter) production, (2) oil content per uaoft biomass
which they determine the quantity of oil which da@ recovered from the plant, whereas (3) oil coritijposthat
determine the quality. These aspects can be infeebindependently by changes in management whidhdas
harvesting the crop at maximum production or byimmental factors [71].

Peppermint essential oil was remarkably influenbbgdthanges in temperature. Plant dry matter, frequef oil
glands on leaves, morphological development anglielitl responded positively to higher temperatues the leaf
mass ratio showed an increase with increasing dmperature. The combination of high day and lowhnig
temperatures produced the greatest leaf mass[T&fioAs well as, photoperiod has a strong effetptant growth
and yield production [73]. Runkle [41] mentioneéttiphotoperiod may also influence plant heightnbréng and
other plant growth characteristics. It also hadiractl impact by adjusting the metabolic pathwayewant, of
photosynthetic carbon production and its partitignito the Rohmer route (non-mevalonate pyruvate-
glyceraldehyde-3-phosphate driven isopentenyl gyosphate synthesis), which leads to generatiorssdrial oil
terpenoids [73]. These metabolic processes haveeet delevance to essential oils obtained fromtmifthis was
evident in the three different Mentha specidsafvensis M. citrate, M. cardiacd were long-day plants, exhibiting
substantially higher vegetative proliferation undtemg day conditions. Shorter-day conditions re=iilin slower
growth and reduced herbage vyield.
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The maximum essential oil in geranium was obtainethe leaves, therefore, the greater proportiolea¥es in the
harvested produce the better oil yield [74]. Multagnd Smith [75] described oil yield as the math&rabproduct
of leaf yield and oil content.

Determination of the correct harvesting time isrextely important for maximum yield and for highegtquality.
Kumar et al. [47] also found that essential oillgi®ef geranium was affected by herbage yield anly ¢m a
negligible extent by the oil content in the herlheSe (herbage yield and oil concentration), acogrtth Murtagh
[42], appears to accumulate and fluctuate indepgthde

The season or month of harvesting was influencetthemil yield of essential oil plants. Weiss [48ported that the
highest oil content of geranium was observed iy Jtidiny/monsoon) and lowest in February (sprimgsouthern
India. Doimo et al. [76] reported that not only teeasons and months of harvest affected oil yield, the
geographic area where these plants were growniafkeenced yield. Changes of the photoperiod magefie
essential oil yield and composition at the expesfae plant biomass. In three specikk érvensisM. citrate M.
cardiacg experiment, the short-day condition in all thegeecies gave the greatest essential oil contentbasd
composition while the long-day plants produced haghyield [73]. Contray, the accumulation ®hymus vulgaris
oil was increased in the leaves under supplemégtalas compared to natural light grown plantsvdts concluded
that the photosynthetic input of Gdcreased the number or the density of essentigllainds per given leaf area,
or it increased both the number and the size atséilee time [77]. High or low temperatures may favthe
development of oil glands on leaf surfaces. An @xpent on Japanese mint revealed that the numbeit gfands
per unit leaf area on the adaxial leaf surfaceaeded differently to high day temperature treatntbah those on
the abaxial leaf surface. The oil glands on thexad surfaces were greater in number &C38ay temperature and
it was observed that they increased in number initteases in night temperature while those on bizial surface
remained costant at all temperatures [72].

Table 7. Comparison chemical composition (%) ofelissa officinalis essential oils during ' cut in the second season

Compound Herb | Leaves| Stem
B-pinene 6.50 4.40 -
limonene 0.29 0.35 0.12
myrcene 0.64 0.68 -
ocimen 0.10 0.10 0.47
limonene oxide 1.83 1.68 0.11
citronellal 0.70 1.28 1.36
menthol - - -
iso-menthol - 0.87 -
citronellol 3.95 1.70 211
nerol 0.40 0.79 0.57
geraniol 0.28 - 0.99
neral 30.25| 30.88 18.34
piperitone - - 0.44
geranial 38.64| 41.23 29.24
eugenol - - -
citronyl acetate 0.53 0.54 -
a-cubebene 0.25 0.32 2.87
geranyl acetate 5.29 3.46 7.06
a-copapene - - 0.98
B-cubebene - - 0.23
B-caryophyllene 5.38 6.07 5.20
a-humulene 0.42 0.54 0.99
B-selinene 0.16 0.35 0.49
germacrene D 2.09 291 1.34
y-cadinene 0.16 0.43 0.67
farnesene 0.19 0.21 0.07|
B-ionene 0.13 - 0.59
verolidol 0.19 - -
caryophyllene oxide| 0.14 0.10 4.84
E-caryophyllene 0.15 0.11 2.25
humulene oxide 0.09 - 0.88
a-cadinol - - 0.35

GC/MS analysis
The relative percentage of main constituents ofetbeential oil extracted from the herb, leavessiath ofMelissa
officinalis during the first season analyzed with GC-MS am@ashin Tables (7-9). The identified compounds were
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grouped into three items i.e., major compounds érban 10%), minor compounds (less than 10% ane rinan
1%) and trace ones (less than 1%).

Table (7) shows the distribution of essential @impounds in different parts (herb, leaves and sStelhss clear
from Table (7) that each plant part has its dist#ecfingerprint from the essential oil compounBisr example, the
profile of essential oil from leaves was void ofroen, B-selinene and farnesene, while in the stem, comgeanch
asp-pinene, myrcene, menthol, Iso-menthol, eugentbrellyl acetate, and verolidol were absent. Téseatial olil

in the fresh herb, leaves and stem was dominatettidogeranial and neral, which indicates that tredidda plant
used in this experiment was a geranial and neramoltype. The highest percentage of the major congsou
(geraniol and neral) was found in leaves (41.23%88%) followed by whole herb (38.64%; 30.25%) &indlly
the stems (29.24%; 18.36%), respectively. Thimigsgreement with some previous reports that shavaidthe
major components dfl. officinalis essential oil are geranial and neral (40, 78-84j.tke other hand, different
chemotypes grown at various locations have beendio&or example, limonene was the major component i
Scotland-grown Melissa, while neral was a minor poond and geranial was absent [85]. Similarly, 8atal.
[86] reported that caryophyllene oxide ghginene were the most abundant constituents imitref M. officinalis,
but neral and geranial were not detected in the @itronellal and citral, accompanied Ifycaryophyllene,
germacrene D, ocimene and citronellol were the roaimponents of essential oil from plants growniimdnd [87].

A study in Turky showed that citronellal, citrdhymol, and3-caryophyllene were recorded as major components in
herb [64]. Saeb and Gholamrezaee [29] found thatntlajor components in leaves before flowering stagee
decadienal (29.38%), geraniol (25.3%), caryophylexide (8.75%), geranyl acetate (5.41%). Thiscaitis that
Melissa officinalishas different chemotypes, which may be as a reéulte interaction between the environmental
conditions in a particular location with the genefactors to produce this particular chemotypetHis regard,
particular environmental conditions might stimultite expression of certain genes to produce péati¢unctional
proteins (i.e. enzymes and transcription factoms)t tcould be involved in the synthesis of certaiimpounds
(chemotype) to help the plant adapt to the surrigndnvironment. Advances in the metabolomic tegheiwill
help identify these compounds that might play aificant role in plant response to the environmémtaddition to
the geographical location and phonological stages, #lso worth noting that the distribution of gqoounds in the
essential oil is largely affected by the plant pgdr example, caryophyllene oxide, citral ghdaryophyllene were
the main components in herb oil, while in the ldhE main components were citral, caryophyllenelexand z-
citral [88]. In a nother recent study, 27 volatdéemponents in the leaf and 35 components in the stere
identified. B-caryophyllene oxide, geranial, ner@lcaryophyllene and geranyl acetate were the maistitaents of
the leaf; while n-hexadecanoic acid,4)-9,12-octadecadienoic acid; dodecanoic ggidaryophyllene and geraniol
were the main constituents in the stem [89].

Regarding minor compounds, the stems gave the stigheof caryophyllene oxid&-caryophyllene, citronellal,
geranyl acetate geraniol andcubebene followed by herb and then leaves, wiike highest percentage of
citronellol, B-pinene and limonene oxide was obtained from hellbvied by stems and then leaves as well as the
highest percentage @fcaryophyllene, germacrene D, was obtained froadedollowed by herb and then stems
(Table 7). Minor compounds such as geraniol, gdraogtate 3-carophyllene, and caryophyllene oxide were also
reported in the literature [59, 79, 84, 89, 90]ared that nerol, citronellal, citronellol, gerangtetate,p-
caryophyllene, menthol, germacrene D, neryl acetamiglool, a-pinene,-pinene,y-cadinene, caryophyllene oxide
and E-caryophyllene compounds were minor compoyleds than 10% and more than 1%). In another study,
pentadecanal, geranyl acetgiezaryophyllene, hexadecanoic acid, caryophylleneenandp-caryophyllene were
minor compounds constituting less than 5% fromtdit@ essential oil [91].

The effects of drying period on the compositiorvbfofficinalis essential oil are presented in Tables (8 and 9. |
clear that the main compounds responsible for ttee ;m Melissa plants differed qualitatively andagtitatively as
a result of drying treatments and cut date. In fir& cut (1st August), neral and geranial was tlwminant
compounds under fresh and drying periods excepMigissa herb which dried for 20 days where cititzhavas
the dominant compound. Drying process led to deerewral and geranial contents. The highest % &l rmad
geranial was obtained from fresh herb; but the dstjlcontent of citronellal was obtained by herbirdyyfor 20
days. In the fourth cut (15th March), consideratiféerences in the major compounds (geranial, neitdonellal,
citronellol, geranyl acetat@;caryophyllene, caryophyllene oxide aiBetaryophyllene) were observed due to drying
period. The percentage of these compounds varieéndéng on drying periods. Drying lead to an insgeédn
geranyl acetate, citronellal and citronellol % al&trease in geranial and neral as compared to fregh The
highest % of neral and geranial was obtained froeahf herb; citronellal and geranyl acetate fronindyyor 5 and
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10 days, respectively. As well as the highest austef citronellol, caryophyllene oxide afidcaryophyllene were
obtained from drying for 20 days. In the fifth ¢at' May), Neral and geranial was major componentsesH herb.
Also, neral, geranial and geranyl acetate was tmimnlant compound for Melissa herb dried for 10 daysile,
neral, geranial anp-caryophyllene was the dominant compound for Malissrb dried for 5 days. Drying lead to an
increase in geranyl acetate ghidaryophyllene and decrease in neral and geragsiabepared to fresh herb. The
highest % of neral and geranial was obtained fnashf herb; but drying for 5 and 10 days gave tjbdst contents
of B-caryophyllene and geranyl acetate, respectivalyhé eighth cut ¢iDecember), neral and geranial compounds
were the dominant of fresh herb, and dried herlbfdtO and 20 days. Neral, geranial and geranyhteevas the
major of herb drying for 20 days. Neral and gesthnontents decreased by drying process and ttestigontents
were obtained from fresh herb. However, contergesinyl acetate was increased by drying processiaed herb
20 days gave the highest content.

Table 8. Chemical composition (%) oMelissa officinalis essential oil during the second season

Drying Period(days)

Compound 0 [ 5 ] 10 ] 20 0] 5] 10] 20
Herb at 15 Cut Herb at 4" Cut

B-pinene 6.50 1.26 3.34 1.01 4.66 2.6 1.14 2.p2
limonene 0.29 - - 0.94 - - -
myrcene 0.64 - - 0.91 - - 0.94
ocimen 0.10 - - 1.89 - - 0.85
limonene oxide 1.83 - 0.78 1.38 - 0.3R 0.47 E
citronellal 0.70 - 0.69| 36.32 - 162 531 5.10
menthol - - 1.43 0.99 - - -
iso-menthol - - 0.39 0.79 - - - -
citronellol 3.95 - 0.96 3.85 2.67 5.00 3.1p 10.50
nerol 0.40 - 0.35 4.59 2.21 - - -
geraniol 0.28 - 0.42 6.40 1.25 - - -
neral 30.25| 24.16 25.3 6.44 18.05 17386 17,05 612.7
piperitone - 7.48 0.70 1.32] - - 9.7 1.6¢4
geranial 38.64| 37.18 35.1% 5.48 19.63 17/88 15.913.981
eugenol - 1.16 1.44 - 4.77 3.8 3.48 2.15
citronyl acetate 0.53 1.34] 1.62 - 1.7p - - -
a-cubebene 0.25 3.36 1.06 - 2.6B - - 0.63
geranyl acetate 5.29 4.2] 7.4D - 1.7 8.4 127996 9
a-copapene - 0.88 0.76 - 3.7 - 3.18 -
B-cubebene - - 0.93 - 3.27 - 2.3 -
B-caryophyllene 5.38 2.90 0.73 1.5 241 2.98 1.p3 .046
a-humulene 0.42 - 0.46 1.1Q 1.0 2.1 0.93 0.p4
B-selinene 0.16 - 0.70 1.01 2.1 1.66 0.65 144
germacrene D 2.09 6.91 7.81 3.4 1.8 2.p5 1]/60 0 26
y-cadinene 0.16 0.88 0.44 1.1y 3.40 3.11 0.47 0j21
farnesene 0.19 0.94 0.5! 1.04 1.12 1.13 1[20 1432
B-ionene 0.13 0.75 - 1.43 1.24 0.44 -
verolidol 0.19 - - - 0.90 - - -
caryophyllene oxide| 0.14 1.66 0.5 1.20 0.79 3.10 .564| 12.49
E-caryophyllene 0.15 1.37 1.50 1.2y 0.07 6.06 6.332.04
humulene oxide 0.09 0.72 1.2 1.3p 5.15 2.6 0J66 .67 O
a-cadinol - - - - 0.90 - - -

The changes in the essential oil composition assaltr of drying time have been studied in othemigaFor
example, Abdelmageed et al. [92] found that théati@mn of principal components in the essentialddiEtlingera
elatior depends on both plant part and drying time. Thetrpominent compounds identified were 2-cycloheken
one (93.4%) from leaves dried for 6 h, 2-tridecan@l.6%) from pseudostems dried for 24 h, 1-daggcom
rhizomes (63.6%) dried for 48 h and from infloresmes (54.5%) dried for 24 h. Faridah et al. [8]rfduhat, the
major constituents in the essential oils of freste, two and three- day dried leavesAdfinia conchigerawere
cyclohexene, 1-methyl-4-(5-methyl-1-methylene-441e®), while for leaves dried for seven days weyes,110-
dodecatriene, 7 and 11-dimethyl-3-methylefipinene was the major component for fresh and teay dried
rhizomes, while 1-methyl-4-(5-methyl-1-methylenddxenyl) was the major constituent for one, thne@ seven-
day dried rhizomes.

Compared to the harvest times effect on essentialoostituents responsible for the odorNelissa officinalis
under study. We find that neral and geranial wastéo major and the first harvest'(August) gave the highest
contents of the two compounds followed by fifth st (£'May) and eighth harvest {IDecember) then fourth
harvest (18 March). From this result we can conclude thattdmperature and light conditions and other climate
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surrounding plant life have a direct and significampact on both the neral and geranial contenti8ar season is
a favorite of the plant and increase quality ofeesial oil followed by spring season then fall sgagand finally
winter season, where temperature and light weredloavthis was reflected in the lowest in the esakoil quality.

Table 9. Chemical composition (%) oMelissa officinalis essential oil during the second season

Drying Period(days)
Compounds 0 [ 5 ] 10 ] 20 0] 5] 10] 20
Herb at 5" Cut Herbat 8" Cut

a-thujene - - - - - 0.95 0.29 -
a-pinene - - - - - 0.70 1.35 -
B-pinene 0.22 0.26 0.40 - - 0.53 0.4p 0.10
limonene - 0.19 0.66 0.40 - 0.4 0.8B
myrcene 0.11 1.05 - 0.42 0.82 0.06
ocimen - - - - - 0.81 0.49 -
linalool - - - - - 0.42 0.41 -
limonene oxide - 0.43 0.37 0.23 - 0.1 0.38 1.82
citronellal 0.23 0.21 3.31 7.44 2.03 3.2p 3.29 0.Y5
borneol - - - - - 0.29 0.24 0.33
menthol - - 0.57 - 0.98 0.32 0.44 1.16
iso-menthol - - 1.26 - - 0.58] 0.41 0.2
citronellol 0.56 0.71 5.83 0.45) 8.1( 5.38 3.20 6.51
nerol - 0.21 2.29 - - 0.58 0.50 0.59
geraniol - 1.37 2.27 - - 0.20 0.81 0.6¢
neral 27.97| 2144 176 1597 2048 1887 1837 2410.
piperitone 5.73 6.29 - 7.84 1.95 1.4R 0.93 0.83
geranial 33.86| 29.64 17.14 21.84 27.68 2065 14.007.84
eugenol - 1.67 0.16 1.13 1.5 1.48 0.44
Citronyl acetate - - - - 1.78 0.64 1.1 1.00
a-cubebene 145 - - 0.64 - 0.6 2.43 0.84
geranyl acetate 3.79 5.33 16.09 3.98 4.90 121 8.624.17
a-copapene 1.03 - 7.69 1.7 - 1.1p 0.88 0.99
B-cubebene 0.33 - 0.89 0.44 - 1.0n 1.16 1.87
B-caryophyllene 5.77 13.24 5.7§ 7.98 9.26 4.99 4847.32
a-humulene 0.46 217 0.47 1.74 3.1y 341 1.97 0440
B-selinene - - 1.03 - 0.21 - -
germacrene D 4.67 6.57 3.4 4.40 2.30 6.85 2198 9 13
y-cadinene 1.54 3.03 1.18 6.64 - 2.51 1.71 0.49
farnesene - - 1.33 - - - - -
B-ionene - - - - 0.30 0.28 0.26 -
caryophyllene oxide 0.97 2.33 4.01 6.89 1.81 1.p2 506/ 8.26
hexadecane - - - - 2.30 2.4 0.3p
E-caryophyllene - 0.48 2.02 2.9¢ 4.98 2.76 3.91 5.89
humulene oxide - 1.30 2.04 1.01 1.60 0.69
a-cadinol - - - - 0.73 0.93 0.85] 0.2§

The chemical composition of the essential oil wis® abserved to be influenced by environmental gkarni.e.

seasonal changes with different soil water contmhperature and photoperiod. These environmewtaditons

may increase or decrease different terpenoidseénpthnt. Studies conducted on two chemotypes af-sosnted
geranium showed that weather parameters such gsetatare and rainfall influenced the content andnulkal

constituents of the essential oil. Hot months weleerved to favor the accumulation of citronelldile cool

months favoured geraniol [45, 93]. Rajeswara Raal.ef48] studied the response of citronellol cartcation in

geranium essential oil and observed that it peakesimmer rather than in winter-spring. Other stadbn rose-
scented geranium indicated that citronellol conegitn peaked during the late winter-spring and wéisimal in

autumn [76].When comparing the citronellol: geramétio, it was found that cold periods (where th@imum dry

bulb temperature was reduced toQ@sulted in rapid decrease in geraniol as contp@reitronellol. The levels of
geraniol were reduced in winter but no distinctkpaas determined, although it tended to be highesgring-

summer [76]. Increases in day temperatures alseased menthone concentration in Japanese mimdnthanole
was not affected much [72].

CONCLUSION

The current study showed that drying period andidsirtime and their interaction influence the hano essential
oil accumulation oMelissaplants Different drying period and harvest time not oofused quantitative changes in
the essential oil components, but also qualitativenges were found, which put more emphasis oimthertance
of selecting the proper drying period and hanviese tof herbage for essential oil usage. It candreluded that 4th
cut yielded the highest weights of herb, leaves stech in all drying periods (0, 5, 10 and 20 dajgdgarding to
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essential oil production, in general, first cut gathe highest essential oil % compared to the wéstuttings
followed by seventh cut. Where the highest val@e307 and 0.39%) were obtained from plants at theut and
dried for 5 days in the herb and leaves, respdgtiféne GC/MS analysis revealed the major compaefitielissa
officinalis to be geranial and neral in the fresh herb, leaaed stem. The highest percentage of the major
compounds (geraniol and neral) was found in led¥897%; 34.52%) followed by whole herb (37.34%,;879%0)
and finally the stems (29.24%;18.36%). Plants hetgkin £ August (£' cut) gave the highest percentage of neral
and geraniol followed by fifth cutting inIMay, then the eighth cut irf'IDecember and finally fourth cut in 15
March which gave the lowest content of neral andugiel. The drying process have an impact on thrargel and
neral, where these compounds increased by incige#isindrying period. The highest content of geraaia neral
was obtained from fresh herb followed by herb dfi@d5 days, then herb dried for 10 days and findie lowest
content of these compounds was obtained from haed dor 20 days. These changes could be relevanite
quality of essential oil and its use in certaind@nd cosmetic applications.
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