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ABSTRACT

The objective of this study was to investigateetfiect of planting dates and harvesting at diffédevelopmental
stages on growth, herb, essential oil content asdcomposition of Marrubium vulgare grown under Bign
conditions. Marrubium vulgare seeds were sown @rttrsery in three different dates (March 15, Afriend April
15). After two months, seedlings were transplaméal the field. Plants from each planting date wheevested in
three developing stages, i.e. pre-flowering/vegetastage, full-flowering and post-flowering/seedniiing growth.
Essential oil was obtained by hydro distillationdaessential oil % was expressed as ml 100frgsh herb.
Chemical composition of the essential oil was stddising GC-MS. Marrubium plants cultivated eany March
15" gave the highest plant height, number of branaresfresh and dry weights as compared to the plratswas
cultivated later on April T or April 15". On the other hand, harvesting plants at the fid@ering stage gave the
highest values of these parameters. Regarding skengial oil production, Marrubium plants cultivdtearly on
March 15" or on April £'and cut at the full flowering stage gave the highessential oil % and yield as compared
to cutting early before flowering stage. About 3Impounds were identified in the essential oil ofridlaium
vulgare. Carvacrol (31.80- 40.75%p¥:phellandrene (10.99-15.89%) and carvyl acetat&{712.16%) were the
major compounds. WhereAghujene a-pinene, 1-octen-3-0f-pinene a-terpinene, 1,8-cineol, linalool, bornegt,
cadinene and trans-caryophyllene considered mimonmounds.
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INTRODUCTION

Marrubium vulgareL. (horehound, white horehound) belongs to ltheniaceaefamily is a perennial, herbaceous
medicinal plant native to temperate regions. Théspwas frequently employed as a folk medicing¢at a variety
of ailments related to upper respiratory tract étifins. Nowadays, the plant is widely used as adienedicine to
treat liver diseases, biliary tract disorders, lofoal asthma and nonproductive cough [1, 2]. Itspgses tonic,
stimulant, expectorant, antispasmodic, antidiabeliimphoretic, diuretic properties [3-6]. Essentidlis appreciated
for their bioactive efficacy as fungicides, baati&tes [7], antioxidant [5] and other biological isittes.

The essential oil and the extract obtained fromaagal parts oMarrubium vulgarehave been shown to have
strong antimicrobial and antioxidant activities.[§he main active ingredient that is produced arwumulated in
the aerial parts of the plant is a diterpenoid knoas marrubiin [9]. A substantial antioxidant, aatgulant,
antiplatelet and antiinflamatory effects have ba#rnbuted to marrubiin [10]. Extensive pharmacatad) studies
have demonstrated that marrubiin displays a sditectivities including cardioprotective [11], vastaxant [12],
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gastroprotective [13], antispasmodic [14], immunduating [15], antioedematogenic [16], analgesi&][&nd

antidiabetic properties [18Marrubium vulgare,also contains marrubenol and phenylpropanoid stlich have
been shown to exhibit L-type calcium channel blagkand cyclooxigenase (COX) inhibitor activitie[19]. The

crude extract ofMarrubium vulgare has been shown to decrease systolic blood pressuspontaneously
hypertensive rats and to inhibit KCl-induced coctii@n in rat aorta [20].

Variation in the composition of essential oil islirrnced by three major factors: (1) individual gea variability;
(2) variation among different plant parts and thdifferent stages of development; and (3) modiftoa due to the
environment Franz [21]. These factors influence fitant’s biosynthetic pathways and, consequentig, relative
proportion of the main constituents. Planting diatean important factor in the crop production anfluences
growth, biomass partitioning and oil accumulatianaaresult of the change in the environmental dmrdi, and
therefore related to plant performance. Temperasuglight and other meteorological factors mayniddially or
collectively limit or enhance the plant growth goduction [22, 23]. For instance, in ajowan plapiant height,
number of branches per plant, number of umbelstplessential oil content and composition of seedsew
significantly affected by planting dates [22].

Developmental stage of the plant (ontogeny), adfabe yield and composition of essential oil andréfore
harvesting time is one of the most important faciofluencing essential oil production [24, 25].Merous studies
in various aromatic plants have demonstrated thsgrgial oil accumulation and its composition waffected by
different development stages [26, 27]. Currenthgre is an increasing demand on the essentialavitheir use in
different industries, such as cosmetics, food addit and pharmaceuticals. Therefore, searchingdor aromatic
plants that provide high quality essential oilrigbrtant to meet this demand. In this concbfarrubium vulagreis
one of the promising aromatic plants that showeztassful cultivation under the Egyptian conditioHewever,
there is no data about the best planting date andlgvelopment stage for optimizing the yield M&rrubium
vulgare So, the objective of the current study was talgtine effect of planting dates and different depetent
stages on growth, aerial herb productivity and mgsleoil content as well as its compositionMérrubium vulgare
under conditions of Egypt.

EXPERIMENTAL SECTION

Plant material

Seeds oMarrubium vulgarewere obtained from the HEM ZADEN B.V - P.O. Box 4606 ZG Venhuizen - The
Netherlands. Seeds were sown in the nursery ontM&5s¢ April 1, and April 15 throughout the two sassive
seasons. Two months after seed sowing, the seedliage subsequently transplanted into the fieldlay 15, June
1, and June 15, respectively into plots 3x3.5mraws, with 60cm a part and 20 cm between thelisgisd The
experimental layout was a complete randomized bibesign with three replications. This study wagiedrout
during 2013 and 2014 growing seasons at the expatahfarm of the Faculty of Pharmacy, Cairo Unsitgy Giza
governorate, Egypt. Before sowing, physical andribal properties of the soil of the experiment weetermined
by standard methods [28]. The soil texture was gémaim, having a physical composition as follow8:836 sand,
26% silt, 23.2% clay and 0.58% organic matter. fdseilts of soil chemical analysis were as follopid= 8.4; total
nitrogen= 0.05%; available phosphorus= 0.65 mggband potassium=18.92 mg 100%g

Growth parameters (plant height, number of brancheg fresh and dry weights/plant or fed) and rssleoil
content of the fresh herb of each planting dateeva®mtermined. Plants from each planting date wareelsted in
three developing stages, i.e. pre-flowering/veisastage, full-flowering and post-flowering/seamnhing stage.
Plants were cut at 10 cm above soil levels, andhéb was weighed and used for essential oil etirac

Extraction and analysis of essential oil

Representative plant samples, separated by placi@tgs and developing stages, were used for extnactf
essential oil by hydro distillation using a Cleven@pparatus according to the method describetiénBritish
Pharmacopoeia [29]. Essential oil % was expressdthh100 ¢ fresh herb), while essential oil yield per plaratsv
expressed as ml plahtThe resulted essential oil of each treatment esdlected and dehydrated over anhydrous
sodium sulphate and kept in refrigerator until GG-Ehalyses.
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GC-M S analyses and identification of components

The analysis of the essential oils were performsithgu GC/MS system consisted of a HP 5890 seriegadl
chromatograph, HP 5973 mass detector. TR-FAME (The260 M142 P) capillary column (30 m x 0.25 mm,i.d.
0.25um film thickness) was used with helium as the eargas, at a flow rate of 1.5 ml/min. GC oven terapure
was programmed at an initial temperature of 409CGfmin, then heated up to 140°C at 5°C/min and kael140°C
for 5 min, then heated to

280°C at 10°C/min and held for 5 additional minutkgector and detector temperatures were 250°Qut&
sample (1/100, v/v in heptane) of luDwere injected automatically. Mass spectrometrns wan in the electron
impact mode (El) at 70 eV. The components weretifieth based on the comparison of their GC retentimes,
interpretation of their mass spectra and confirrbgdnass spectral library search using the Natidmstitute of
Standards and Technology (NIST) database [30,31].

Statistical analysis

Except for the constituents of the essential big tlata in this study were analyzed with the aimlgt variance
(Two-way ANOVA) using JMP 10 program (SAS InstitutdC, USA). The mean values of treatments were
compared using Tukey’s HSD test. Values accompéabyetifferent letters are significantly differerttz0.05.

RESULTSAND DISCUSSION

Growth parameters

Plant height, number of branches, herb fresh agdwdiights (g/plant or ton/fed.) dflarrubium vulgarewere
significantly affected by different planting datgsble 1-3), where the first date of planting (1&rieh) gave the best
values of these features followed by the second diplanting (1 April) and finally the third daté planting (15
April), which gave lower values of all these traithese results are in agreement with some repotte literature.
For instance, the study done by Ramesh and Sing[828ily indicated that planting dates had profounfldience on
growth and development dfagetes minutas reflected from the significant variation onwgtio phase duration, and
aerial biomass partitioning. Jadczak [33] repotted sowing date (10 April, 25 April and 10 May)dha significant
influence on the yield quantity of summer savorightr yield was obtained when seed were sown oA®b, but
the highest participation of leaves in the yieldsweted for sowing on 10 April. In another studjordbra and
Fraszczak [34] studied the effects of sowing datel@, 21 and 28 April) on summer savory. The highesth
herbage mass yield was recorded in plants sowrdaand 21 April. Also, Soleiman et al. [22] studibe effect of
different planting dates from October to March be jowan productivity. It was indicated that deldyplanting
date significantly reduced plant height, numbebrEnches per plant, and yield. At first plantindegdglants had
sufficient time for of the interaction with the éronmental factors leading to higher growth. On otieer hand, by
delaying planting date, time duration for plant \gtio was decreased leading to a decrease in plaghth¢he
number of branches per plant and fresh and dryimeig\lso D’Antuono et al. [35] stated that earlganting of
Nigellaspecies resulted in higher plant height and drynbiss. Delayed planting date decreased plant heighiik
thistle [36] as well as plant height, number of fmtees/ plant, number of capsules/plant and numifer o
capsules/branch in sesame plant [37].

Table 1. Plant height (cm) and number of branches of Marrubium vulgare as a function of cultivation datesand phenological stagesin
two successive seasons

Phenological Plant height (cm) Number of branches
stage 1%season | 2"season | 1¥season | 2™ season
Before flowering| 38.1+1.6d| 36.7+14¢d 12.5+1.2/cdl1.8+0.6¢C
15" March Full flowering 53.3+1.5b| 534+#1.7H 18.840.7b 1®.8b
Late flowering 62.7+2.0 a 59.9+0.7 &4 27.0+t0.6a 325.5a
Before flowering| 37.4+1.4d| 37.2+0.2d 7.3+0.4 ef .670.2 de
1 April Full flowering 459+2.1c| 44.1+06q 11.6+0.7¢cd .8M.4c
Late flowering 53.3t2.2 b 52.7+1.2 15.3+t0.5bc .5#6.3 b
Before flowering| 28.9+1.68 ¢ 26.3+04 e 5.240.39f 5.6104 e
15" April Full flowering 432+31cd 40.240.7cd  9.9+0.5de .530.7 cd
Late flowering 50.2+0.7 b 50.7+0.9 13.0+1.2cd .2¥D4c
*Different letters within the same column denogm#icant differences at the lew.05

Cultivation date
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Table 2. Fresh weight and dry weights (g/plant) of Marrubium vulgare as a function of cultivation dates and phenological stagesin two

successive seasons
o Phenological Fresh weight (g) [ Dry weight (g)
Cultivation date stage 19 season 2" season 19 season | 2™ season
Before flowering 95.6+6.2 b 101+0.2 b 18.7+1.2 18.0+£0.1 |
15" March Full flowering 109159 a 118+6.3 a 23.0+0.4 | 23.3£0.5:
Late flowering 133+7.5a 13145.3 @ 27.0+1.7|a 26.84a
Before flowering 60.4+3.5 de 57.0+£1.5de 12.3+(1{d11.9+0.2 cd
1 April Full flowering 74.6+4.9 cd 83.5+1.8 ¢ 13.8+0.4|d .3®.8c
Late flowering 93.246.9 bc 114.3+7.03ab  17.6+0.1 c18.0+0.1 b
Before flowering 36.4+4.35 31.0+2.18 7.10+0.36 7.240.28
15™ April Full flowering 45.4+3.4 39.0+15e | 9.27+0.1 e | 9.67+0.8d
Late flowering 73.7+1.9 cd 59.9+3.0 d 12.8+0.3|de 2.630.5c

*Different letters within the same column denogm#icant differences at the lew®.05

Mohammadpour et al. [38] found that on summer sgvitre highest plant height, lateral shoot, numifenod,
shoot diameter were recorded for first sowing qafieApril). The highest fresh and dry shoot yieldsaobtained at
third and second sowing time (22 April and 3 Ma§hmadi and Hadipanah [39] reported that the higlpéesht
height of dragonhead was recorded for first sovdatge, but the highest herb fresh and dry weighte wbtained at
third and second sowing time. Similarly, plantingtes affected growth and vegetative traitdvieintha arvensis
[40] Moldavian balm [41, 42] and cumin [43].

From table (1-3), we found that plant height, numdfebranches, herb fresh and dry weights (g/ptarton/fed.) of
Marrubium vulgarewere affected by the different dates of harve#fegf@nt development stages). An increase in
plant height, number of branches, herb fresh apdveights ofMarrubium vulgarewas associated with the harvest
of plants in late flowering stage followed by hestirg in the full flowering stage and then harvastbefore-
flowering stage, which gave lower values of allstaéraits.

Table 3. Fresh weight and dry weight (ton/fed) of Marrubium vulgare as a function of cultivation dates and phenological stagesin two

successive seasons
R Phenological Fresh weight (ton/fed) Dry weight (ton/fed)
Cultivation date stage 19 season 2" season 1% season 2" season
Before flowering| 3.10+0.20 b 3.27+0.01bc  0.6140c0| 0.58+0.00 b
15" March Full flowering 3.52+0.19ah 3.81+0.204b  0.75+0001 0.76+0.02 a
Late flowering 4.3240.24a] 4.23+0.17p  0.88+0.06 a0.83+0.03 a
Before flowering| 1.96+0.11 d¢ 1.85+0.05¢e  0.4+0160| 0.38+0.01 cd
15 April Full flowering 2.42+0.16 cd 2.71+0.06 ¢ 0.45+0.01|d 0.4440.02 c
Late flowering 3.02+0.22 b 3.70+0.23 ab 0.57+0.0|c 0.58+0.0 b
Before flowering| 1.18+0.14 ¢ 1.040.07 { 0.23+0.01 f 0.23+0.01 e
15" April Full flowering 1.47+0.11e| 1.26+0.05¢f 0.30+0.0 £f0.31+0.03 de
Late flowering 2.39+0.06 cd 1.94+0.10d 0.42+0.e1|d 0.41+0.02 ¢

*Different letters within the same column denogm#icant differences at the lew®.05

These results are in agreement with those of Gedpaat al. [44], where they collected the aeriatpaf Thymus
daenensisn five stages of plant growth, i.e. the beforedshing, beginning of blooming, 50% blooming, full
blooming and fruit set. Results indicated thatetiht stages of plant growth had significant eftatiplant height,
diameter, fresh and dry herbage weights and thieeligyields of fresh and dry herb were obtainethatstage of
fruit set. Randhawa and Gill [45] found that a gela harvesting basil from vegetative to compldtevering stage
increased plant height and number of branchesIpat.fHerb yield were maximum at complete floweriSgudies
reported by Omidbaigi et al. [46] indicated that ximaum essential oil production of lemon thyme
(Thymusxcitriodorus(Pers.) Schreb) was obtained at the fruit-setest&zguven and Tansi [26] showed that
various harvesting times have significant effectdoy biomass weight and the highest dry matter alstained at
the stage of fruit set. Ziombra andg&zczak [34] harvested summer savory at three diftedlevelopmental phases
of the plant: at flower bud formation period, at teginning of flowering and in full flowering. Mation in herbage
yield depended on the developmental stage. Theebighesh herbage mass yield was recorded for ldwetsp
harvested at the beginning of flowering and in fldlvering. For the peppermint harvested at flowgribiomass
yields were greater than that harvested at buddtiom stage [47]. Chauhan et al. [48] reported thatplant height
of Origanum vulgaresignificantly increased with the advancement i ¢hop age; number of branches increased up
to flowering initiation stage and reduced at theetiof maturity, i.e. full bloom and fruit set stagdhe fresh and
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dry herbage yield was significantly increased freanly vegetative to full bloom stage, whereas iitfset stage,
the herbage yield was reduced.

Essential oil content

There were significant differences in the essertibpercentages depending on planting dates awegdbgical
stages and their interaction (Table 4). Also, daft@lanting on the St of April gave the highest percentage of
volatile oil and oil yield, followed by the date pfanting on the 150f March, while the date of planting on thé"15
of April gave the lowest percentage of volatileanild oil yield.

Table 4. Essential oil (%) and yield (L/fed) of Marrubium vulgare as a function of cultivation dates and phenological stagesin two

successive seasons

R Phenological Essential ail (%) Essential oil yield (L /fed)

Cultivation date stage 1% season 2" season 1% season | 2" season
Before flowering 0.01+0.001 e 0.01+0.0 f 6.67+0060 5.84+0.0 ¢

15" March Full flowering 0.04+0.002 ab]  0.04+0.002ab  28.6#4.6 31.5+0.6 a
Late flowering 0.03+0.002 b-d  0.03+0.002 bfd  23.4t&b| 23.5+1.6b

Before flowering| 0.02+0.002 de 0.02+0.003 d-f 7.3H0 5.8t1.2 ¢

1 April Full flowering 0.05+0.004 a 0.05+0.004 & 21.6+2.11b22.6+2.4 b
Late flowering 0.03+0.002 a- 0.03+0.002 bc  19.0#41.| 18.5+1.1b
Before flowering| 0.02+0.004 de 0.01+0.002 ¢f 3.804d | 2.68+0.26 ¢

15" April Full flowering 0.03+0.002 b-d  0.03+0.003cie  9.5%H6 | 7.97+1.6c
Late flowering 0.02+0.002 c-¢  0.02+0.003 d-f 9.0&0 | 6.13+1.1c

*Different letters within the same column denogm#icant differences at the lew®.05

These results are in agreement with those of Boatrad. [41]; Okhchlar et al. [42]; Ahmadi and Hpalhah [39].
Ramesh and Sing [32] found significant variationsegsential oil yield offagetes minutas a result of planting
dates. Soleimani et al. [22] studied the effectplainting date (in 30-day intervals from OctoberMarch) on
ajowan. Essential oil percentage was significaimtfijuenced by planting time. The highest oil valuas obtained
from plants cultivated in October, while the lowestsential oil was obtained from plants cultivatedViarch.
Omidbaigi et al. [49] stated that essential oiltem of dragonhead was reduced by delaying plamtatgs.

In the current study with regard to the harveseslait was found that there was a significant ¢féédhe harvest
dates on the volatile oil percentages and oil yieldrvesting in full flowering stage was the besatccumulating
the volatile oil ofMarrubium vulgareplants followed by plants harvested at the latevflring stage, and then plants
harvested at before- flowering stage, which gaweltlivest percentages and yield of volatile oil attbseasons.
Golparvar et al. [44] harvestdthymus daenensin (before blooming; beginning of blooming; 50%dahing; full
blooming and fruit set) and found that the higlalkpercentage was obtained at the stage of 50%ntitog and the
lowest oil percentage was obtained at the stageefifre- blooming. In the meantime, the highesty@ld was
obtained at the stage of fruit set. In peppernth#,essential oil accumulated until the beginnih§awering and a
significant decrease was observed afterwards [87/52. Other authors found the essential oil conteas the
highest at full flowering time [53, 54]. In hyssdpge essential oil increased during the developroétite shoots.
The highest oil content was measured at full flomger after which the oil content tend to decreas®].[ The
essential oil of Salvia officinalis cultivated italy and harvested in spring at the flowering stpgaduced the
highest fresh and dry yields of herb. Moreover,dhe&omposition was greatly differed by the deyetental stage
(vegetative stage versus the flowering stage) gntine of cut (spring versus autumn) [56]. Chaulearal. [48]
studied the effect of five stages of developmehe(mwlogical stages), i.e. early vegetative, latgetative, flower
initiation, full bloom, and fruit set stages @riganum vulgareand found that, the oil yield increased from early
vegetative to reach its maximum level at full blostage, whereas in fruit set stage, the oil yieltliced. Verma et
al. [57] also reported that the oil contentOn vulgarewas increased with the advancement of crop ageatch its
maximum at full bloom stage, and afterwards ittethto decrease. The oil content was increasdtkatrhe of full
flowering in O. majorana[58, 59]. In fennel, Chung and Nemeth [60] andr¢h et al. [61] found that essential oil
content increased from the appearance of buds tilstage of green fruits, then at ripening of fhdéts, an
opposite trend was observed. However, Cavaleira.g62] and Gupta et al. [63] found the highestessial oil
content at the ripe fruit stage.
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GC/MSanalysis

The results of the GC/MS analysis of the esseatialof theMarrubium vulgarein the second season are shown in
Table (5). About 31 compounds were identified ammliged into three categories ie., major compountséd than
10%), minor compounds (less than 10% and more i8@nhand trace ones (less than 1%). In this resjitei,
evident that, carvacrol (31.80- 40.75%)phellandrene (10.99-15.89%) and carvyl acetatb7¢12.16%) were
majors.

From (Table 5), we found that plants that wereicaled late at April 15, and cut early at pre-floing stage gave
the the lowest percentage of carvacrol (31.80%)lengiants cultivated on April 1st and cut at ftibwering gave
the highest percentage of carvacrol (40.75%) aedldtvest percentage @f phellandrene (10.99%) and carvyl
acetate (7.57%). For the other major compoundsitpleultivated on March f5and cut at pre-flowering gave the
highest percentages of carvyl acetate (12.1@¥phellandrene compound was the highest (15.89%)dnts that
were cultivated on March f'sand cut at the full-flowering stage.

Comparing planting dates we found that the earlyivated date on March i5was the best in the contents of
volatile oil three main compounds a combined, fokkd by planting date on April®land then planting date on
April 15", And also we found that the date of harvest atffoivering is optimized for high content of voletioil
three main compounds a combined followed by haraekite flowering and then harvested plants atflpreering
time. In general, we concluded that the first detplanting March 15 and harvesting at full-flowering was the best
in the contents of carvacrdl; phellandrene and carvyl acetate a combiend.

Our result indicates that the accumulation of ealenil in Marrubiumis largely influenced by the time of harvest
and planting date. The biosynthesis of secondataiodites, although controlled genetically, is sily affected by
the environmental influences of a particular grayviregion. In this regard, the differences in thdatie
composition of the plants could be attributed toejE (genus, species, and ecotype), chemotypdinatis
environmental and climatic conditions, seasonalping periods, geographic origins, plant populasiovegetative
plant phases, and extraction and quantificatiorhoudt.

Table 5. Major compounds (morethan 10%) of the essential oils of Marrubium vulgare herb

Planting date
15" March | 1% April | 15" April
Compound Phenological stage
Before Full Late Before Full Late Before Full Late
flowering flowering flowering flowering flowering flowering flowering flowering flowering

carvyl acetate 12.16 11.23 10.11 9.66 7.57 10.03 10.20 10.64 10.1p
phellandrene 15.07 15.89 12.55 12.06 10.99 14.00 13.87 14.01 7811.

carvacrol 35.77 39.0€ 38.6C 36.3¢€ 40.7¢ 34.95 31.8C 33.62 33.32

The chemical composition dflarrubium vulgareessential oil from various origins has been thgjexi of many
studies. The literature shows the occurrence ofynchemotypes. In Egypt, Salama et al. [64] repotied thymol
andy-cadinene are major components and 8lsaryophyllene and germacrene-D [65]; carvadsgbhellandrene,
carvyl acetate [66]. In Lithuania, the main constiits of M. vulgare volatile oil were (BHarnesene-
caryophyllene, (E)-2-hexenab-humulene and germacrene D [67]. In Czech Repulfiicaryophyllene and
germacrene D were the main components [68]. Inrplthe main components of the oil Mf vulgarewere E-
caryophyllene, germacrene D adhmorphene [69]. In Tunisia, the major constituesftdl. vulgare volatile oil
were B-bisabolenef-caryophyllene, (Ep-farnesene and 1,8-cineole [70]. In Libya, carvhcEsp-farnesene and
thymol [71]. In Algeria, eugenol an@-bisabolene [72]. Alsoga-pinene, germacrene D-4-ol and 4,8,12,16-
tetramethyl heptadecan-4-olid were three major amropents in some Algerian chemotypes [73]. In IraTjous
chemotypes were identified. For example, Khanaui €i74] reporte@-caryophyllenep-bisabolene, germacrene-D
and (E)B-farnesene as the major component$/lafrubium vulgare Whereas, Saleh and Glombitz [75] fousd
pinene,tricyclene, bisabold};elemone and isomenthon-8-thiol were main compsund
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Table 6. Minor compounds (lessthan 10% and morethan 1%) of the essential oils of Marrubium vulgare herb

Planting date
15" March | 1% April 15" April
Compound Phenological stage
Before Full Late Before Full Late Before Full Late

flowering flowering flowering flowering flowering flowering flowering flowering flowering
B-thujene 2.18 1.90 2.52 5.03 2.70 2.23 2.90 2.80 72 1.
a-pinene 0.44 0.77 1.04 3.06 1.22 1.30 1.36 1.41 515
1-octen-3-ol 1.99 1.36 0.89 1.23 2.00 2.12 1.87 33.0 4.56
B-pinene 1.98 0.67 145 2.53 2.19 2.22 2.50 3.78 6 4.6
a-terpinen 1.8¢ 3.11 3.4C 1.2¢ 3.8¢ 1.62 3.7¢ 1.8C 3.31
1,8-cineo 0.8t 0.57 1.04 2.12 3.0¢ 1.8C 1.27 1.4C 0.0¢
linalool 4.26 3.45 3.79 1.86 0.99 2.13 2.55 3.13 333.
borneol 0.72 1.10 142 3.18 5.62 5.77 1.78 1.80] 03.1
y-cadinene 1.08 3.01 241 0.93 1.23 1.56 3.23 2.00 .78 2
trans- 4.34 1.96 3.67 5.56 5.13 4.22 2.40 3.45 413
caryophyllene

As shown in Table (6)3-thujene (1.72-5.03%)-pinene (0.44-3.06%), 1-octen-3-ol (0.89-4.56%hinen (0.67-

4.66%), a-terpinene (1.23-3.89%)1,8-cineol (0.09-3.08%)y-cadinene

(0.93-3.23%), linalool (0.99-4.26%),

borneol (0.72-5.77%) and trans-caryophyllene (E%%%) were represented as minors. Plants cultveteApril
15" and cut at late-flowering gave the highest pemges ofp-pinene (4.66%), 1-octen-3-ol (4.56%). Plants
cultivated on April ¥ and cut early at pre-flowering gave the highest@etages of-thujene (5.03%)g-pinene
(3.06%) and trans-caryophyllene (5.56%). While nfdacultivated on April % and cut at full-flowering gave the
highest percentages ofterpinene (3.89%), 1,8-cineol (3.08%) and born@o62%). But, plants cultivated on
March 18" and April 18" and cut at pre-flowering gave the highest percgsaf linalool (4.26%) ang-cadinene
(3.23%), respectively. As well as, the remaininghpounds (less than 1%) included in Table (7) weresidered as

traces.
Table 7. Trace compounds (lessthan 1%) of the essential oils of Marrubium vulgare herb
Planting date
15" March 15" March [ 15" March
Compound Phenological stage
Before Full Late Before Full Late Before Full Late
flowering flowering flowering flowering flowering flowering flowering flowering flowering
camphen 0.6C 0.47 - 0.04 0.28 0.44 0.4¢€ 0.11 0.31
sabinene 0.18 - 0.33 0.13 0.25 0.05 0.21 0.20 0.33
3-octanol 0.40 0.05 0.44 0.56 - - 0.57 0.66 0.89
a-phellandrene 0.70 0.40 0.55 0.81 0.66 0.78 0.96 90 0. 0.75
limonene 0.74 0.91 0.80 0.65 0.44 0.77 0.80 0.54 34 0.
sabinene hydrate 0.57 0.23 0.46 - 0.52 - 0.32 0.5 0.34
camphor 0.25 0.64 - 0.32 - 0.24 0.11 0.80 0.45
terpinen-4-ol 0.97 0.92 0.85 0.83 0.90 0.90 0.50 760. 0.66
o -terpineol 0.30 0.12 0.23 - 0.03 0.09 0.11 0.14 080.
thymol 0.30 0.20 0.11 0.24 0.11 0.46 0.19 0.35 0.22
a-humulene 0.08 - 0.13 0.10 0.03 - 0.09 - 0.11
2,7dimethyl-1- 0.12 0.32 0.22 0.10 - - 0.35 - -
octanol
a-cubebene 0.23 0.41 0.46 0.42 0.16 0.40 - 0.44 -
germacrene D 0.20 0.21 - - 0.22 0.12 0.06 - 0.21]
gi{ggphy"e”e 0.60 0.55 0.45 0.58 0.77 0.61 0.77 0.67 0.65
cubenol - 0.15 0.19 - - 0.13 0.18 - 0.11
a-copaene - 0.24 0.22 0.13 0.12 0.32 - 0.20 0.23
(E)$- 0.24 0.12 0.21 0.20 0.24 0.25 0.27 0.14 0.17
farnesene

Asadipour et al. [76] identified three major compds in Marrubium vulgare caryophyllene oxide (18.7%}-
caryophyllene (12.8%) and germacrene-D (10.@earyophyllenep-bisabolene, germacrene D an@-farnesene
(8.3%) [77];p-bisabolene (20.4%p-cadinene (19.1%) and isocaryophyllene (14.1%);[y€judesmol, germacrene
D, citronelly formate-citronellol, geranyl tiglate, geranyl formate [A®re identified as the major components in

some Iranian chemotypes.
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Previous studies have shown that changes in thmwiposition as a result of growth developmentd@endent on
the species and the nature of compounds. Some cordpare increased with the age of plants. For pkarthe
essential oil yield ofDaucus sahariensisvas low during the flower-budding stage, but iased with the
development of plants to reach a maximum at thedtong and fruiting stages. Also the essentiatollected from
plants during the flower-budding and full-flowerimgeriods contained mainly monoterpene hydrocarbuoile
during the fruiting stage; the oil was dominatedtbg phenylpropanoid compounds. Myrcene in thergisdeoil
decreased significantly from the vegetative stagethie fruiting stage. The opposite trend was oleserfor
myristicin [80]. The essential oil and the polypbka extracts ofRosmarinus officinalisharvested at the fruit
maturation phase possessed higher antioxidant matimdierobial activities than the oil obtained frgohants cut at
the full-bloom phase due to the differences in dealmcomposition. Volatile compounds such aterpinene,y
terpinene, terpinolene and caryophyllene oxidéhndssential oils and rosmarinic acid, hesperalia, carnosol in
the phenolic extracts were higher at fruit matomphase [81]. The essential oil percentag®riganum majorana
increased from 0.04% at the early vegetative stag®09% at the full-flowering stage. At the lategetative and
budding stages, percentage of essential oil shamtedmediate values [59]. IWaleriana officinalis,valerenal,
valerenic acid, and alpha-humulene contents ineckasth the age of plants. These differences inctiraposition
did affect the antimicrobial efficacy of the oil4B The essential oil % iZiziphora clinopodioidesvas reduced
from 1.8% at the flowering stage to 1.1% at thet fflosvering stage [83]. IlMentha pulegiumthe essential oil %
increased from 0.3% at the vegetative stage to 1a8%he full-flowering stage with no differences ihe
composition of oil as a result of cut date [84].a0han et al. [48] found that thymol recorded itimaim amount
in Origanum. vulgareat the late vegetative stage, while foterpinene, the maximum % was recorded at the
reproductive stages (flower initiating, full bloamgi, and fruit set). The percentage of p-cymene slightly higher
in full bloom and fruit set stage of the crop asnpared with vegetative and flowering initiationgga On the
contrary, the highest essential oil percentage2)7in Satureja rechigeri was obtained at the beginning of
flowering stage as compared to 4.24% at full flangistage. While, 53 compounds were identifiechia éssential
oil at the full flowering stage, 23 compounds wektected at the full flowering phase. However, aargl, the
main component in the oil was higher in the lafiewvering stage [85]. On the other hand, the esakewoil
composition was not affected as a result of haivggsime in wild Thymus mastichiné_.) plants, but the oil yield
was influenced by harvest time with the highestdy{@.1%) at the time of full flowering [24]. Sinaitly, M’barek
et al. [86] found that the level of major compourfdgpinene, limonene, camphor, borneol and bornyleegt in
the essential oil of thuyd étraclinis articulatg¢ were not influenced by the harvest period.

CONCLUSION

The current study showed that sowing date and Batime and their interaction influence the growatid essential
oil accumulation oMarrubium plants Different phonological stages not only caused tjtetive changes in the
essential oil components, but also qualitative geanwvere found, which put more emphasis on the iitapoe of
selecting the proper harvesting date of herbageeksential oil usage. It can be concluded thativetiihg
Marrubium plants early on March ¥5in combination with the harvest at the full flouvey stage is essential for
maximizing the production frorMarrubium herb and essential oil yield. These changes cbeldelevant to the
quality of essential oil and its use in certaind@nd cosmetic applications.

REFERENCES

[1] A Kadri; Z Zied; B Ahmed; G Néji; D Mohamed; BadhouaneAfr. J. Biotechnol.2011, 10(19), 3908-14.

[2] A Verma; M Masoodi; B AhmedAsian Pac. J. Trop. Biome®012, 2(3), S1308-11.

[3] MH Masoodi; B Ahmed; IM Zargar; SA Khan; K Sihahir; Pl SinghAfr. J. Biotechnol.2008, 7(2), 086-7.
[4] A Boudjelal; C Henchiri; L Siracusa; M Sa6; Ruberto,Fitoterapia,2012, 83(2), 286-92.

[5] V Jorge; A Francisco; TS Adrian; AC AlejargfEC Marisa; JH Irene; FF Angélica; ES Samugl @rtiz,
Phytopharmacology2012, 3(1), 54-60.

[6] M Dmitruk; W Haratym Modern Phytomorph2014, 6, 85.

[7] Z Zarai; A Kadri; IB Chobba; RB Mansour; A BekH Mejdoub; N Gharsall.ipids Health Dis.2011, 10, 161.
[8] O Firuzi; K Javidnia; M Gholami; M Soltani; Riri, Nat. Pro. Commun2010, 5(2), 261-4.

[9] PN Piccoli; R BottinPlant Growth Regul2008, 5, 71-6.

[10] N Mnonopi; RA Levendal; RT Davies-Colemar; Erost,J. Ethnopharmacol2011, 138(1), 67-75.

[11] G Laonigro; R Lanzetta; M Parrilli; M AdinolfL Mangoni,Gazz. Chim. Ital.1979, 109, 145-50.

870



Hussein A. H. Said-Al Ahl and Ali S. Sabra J. Chem. Pharm. Res., 2016, 8(5):863-872

[12] S El Bardai; N Morel; M Wibo; N Fabre; G Llads; B Lyoussi; J Quetin-LeclercBlanta Med. 2003, 69(1),
75-7.

[13] PA de Olivera; JR Santin; M Lemos; LCJ Kle#¢ Couto; CMS Bittencourt; F Cechinel; FA Valdid.
Pharm. Pharmacol 2011, 63(9), 1230-7.

[14] N Zaabat; AE Hay; S Michalet; N Darbour; C B&yl Skandrani; L Chekir-Ghedira; Z Zarai; A KadB
Chobba; RB Mansour; A Bekir; H Mejdoub; N Gharslalld. Food Chem. Toxicol2011, 49(12), 3328-35.

[15] A Karioti; M Skopeliti; O Tsitsilonis; J Heilann; H SkaltsaPhytochemistry2007, 68(11), 1587-94.

[16] K Hellen; HK Stulzer; MP Tagliari; JA Zampim] V Cechinel-Filho; V Schlemped, Ethnopharmacol 2006,
108(3), 379-84.

[17] MM De Souza; RAP De Jesus; V Cechinel-FillidSchlempePhytomedicine]l998, 5(2), 103-7.

[18] N Mnonopi; RA Levendal; N Mzilikezi; CL FrosBhytomedicine2012, 19(6), 488-93.

[19] S Sahpz; N Garbacki; M Tits; F Bailledl,Ethnopharmacol2002, 79(3), 389.

[20] S El Bardai; B Lyoussi; M Wibo; N MoreClin. Exp. Hypertens2001, 23(4), 329-43.

[21] CH Franz. Genetics. In: Hay RKM & Waterman Rggls.), Volatile Oil Crops: Their Biology, Biochesty
and Production, Longman: Harlow, U.k993, 63-96,

[22] B Soleimani; M Khosh-Khui; S Ramezadi,Appl. Biol. Sci.2011, 5(3), 7-11.

[23] CA Sims; HR Juliani; SR Mentreddy; JE SimdnMedicinally Active Plant®2014, 2(3-4), 33-41.

[24] M Miguel; C Guerrero; H Rodrigues; J Brite;Duarte; F Venancio ; R Tavares,Essent. Oil Res2004,
16(2), 111-4.

[25] RJ Clar; RC Menary]. Sci. Food Agr.2006, 35(11), 191-5,

[26] M Ozguven; S Tansfurk. J. Agric. For.1998, 22, 537-42.

[27] J Cabo ; ME Crespo; J Jimenez; C NavarrdiSco,Planta Med. 1987, 35(4), 380-2.

[28] ML Jackson. Soil Chemical Analysis Prenticeltéd India, 1973.

[29] British Pharmacopoeia. British Approved NamadDictionary of Drug Names for Regulatory Use lire tUK.
Stationary Office Press, London, URQ02.

[30] RP Adams. Identification of essential oils qmments by gas chromatography/quadruple mass epecpy,
4th edition. Allured Publishing Corporation, Ca8tteam, lllinois, USA2007.

[31] Y Massada. Analysis of essential oils by ghsomatographyn and mass sepectrometry. Wiley, Newk.Y
USA, 1976.

[32] K Ramesh ; V Sing)nd. Crops Prod.2008, 27(3), 380-4.

[33] D JadczakHerba Pol.,2007, 53(3), 22-7.

[34] M Ziombra; B FgszczakNauka Przyroda Technologi2008, 2(1), 1-5.

[35] LF D’Antuono; A Moretti; AFS Lovatolnd. Crops Prod.2002, 15(1), 59-69.

[36] K Shamsi,J. appl. Biosci.2009, 16, 862-3.

[37] AMN Sarkar; M Salim; N Islam; MM Rahmamt. J. Sustain. Crop Prod2007, 2(6), 31-5.

[38] M Mohammadpour; A Ghasemnejad; MH Lebasdhybbaszadeh; M Azadbakht, IranidnMed. Aroma
Plants,2013, 29(3), 621-34.

[39] SHH Ahmadi; A Hadipanaht.J.Bio., 2014, 10(3), 98-106.

[40] MK Singh; SS SainiWeed Technol2008, 22(4), 691-8.

[41] F Bourna; R Omidbaigi; F Sefidkolmanian J. Med. aroma plants Re2Q07, 23(3), 307-34.

[42] RA Okhchlar ; R Amirnia; M Tajbakhsh; M Ghisia MB Alizadeh, Int. Res. J. Appl. Basic Sci2012, 3(2),
353-61.

[43] T Ali. Eur. J. Exp. Biol.2013, 3(6), 256-69.

[44] AR Golparvar AM Mehrabi; A Hadipanahnd. J. Fund. Appl. Life Sci2015, 5(S1), 2903-10.

[45] GS Randhawa; BS Gill]. Herbs Spices Med. Plant®95, 3(1), 45-56.

[46] R Omidbaigi; F Fattahi; G Karimzaddhanian J. Med. Aroma Plant2010, 26(3), 318-25.

[47] VD Zheljazkov; V CervenHortscience2009,44(5), 1267-70.

[48] NK Chauhan; S Singh; SZ Haider; H Lohamdian J. Pharm. Sci2013, 75(4), 489-93.

[49] R Omidbaigi; F Borna; T Borna; K Inotall. Essent. Oil Bear PI2009, 12(5), 580-5.

[50] NE Zambori; P TEtEnyiHerba Pol.,1988, 34(3), 129-135.

[51] L Hornok. Production and processing of mettiplants. (In Hungarian), Mégazda Publishefl978, 265.
[52] RJ Clark; RC Menary]. Amer. Soc. Hort. Scil979, 104, 702-10.

[53] M Singh; VP Singh; DV SinghJ). Essent. Oil Res1995, 7(6), 621-6.

[54] RA Malizia; JS Molli; DA Cadell; JA Retamad, Essent. Oil Resl1996, 8(4), 347-9.

[55] E Varga; Z Hajdu; K Veres; | Mathe; E NemezhPluhar; J BernathActa Pharmac. Hung.1998, 68, 183-8
[56] R Piccaglia; M Marotti; V Dellaceccd, Essent. Oil Res1997, 9(2), 187-91.

871



Hussein A. H. Said-Al Ahl and Ali S. Sabra J. Chem. Pharm. Res., 2016, 8(5):863-872

[57] RS Verma; L Rahman; RK Verma; CS Chanotiy&Ci#auhan; A YadawGurr. Sci.,2010, 98(8), 1010-12.
[58] R Nurzynska-Wierdak; AK DzidActa Sci. Pol. Technol. Alimen2009, 8(1), 51-61.

[59] IH Sellami; E Maamouri; T Chahed; WA WannesENKchouk; B Marzouk)nd. Crop Prod.,2009, 30(3),
395-402.

[60] H Chung; E NemethJ. Hort. Sci.,1999, 5, 27-30.

[61] J Bernath; F Nemeth Pethel. Essent. Oil Res1999, 11, 431-8.

[62] CMF Cavaleiro; Ol Roque; AP da CunllaEssent. Oil Resl1993, 5(2), 223-5.

[63] K Gupta; KLK Thakral; VK Gupta; SK Arora; K Gutia,J. Sci. Food Agric.1995, 68(1), 73-6.

[64] MM Salama; EE Taher; MM El-BahyRev. Inst. Med. Trop. Sao Paul®12, 54(5), 281-6.

[65] AS EL-Leithy; SH EL-Hanafy; EA Omer; AAA EL-Sad,J. Hort. Sci. Ornamental Plant2013, 5(1), 46-59.
[66] HAH Said-Al Ahl; ASH Gendy; AA Mahmoud; HFY Mwamed|nt. J. Plant Res2015, 1(4), 138-41.

[67] KGC Weel; PR Venskutonis; A Pukalskas; D Giene; JPH Linssetrett/Lipid, 1999, 101(10), 395-400.
[68] M Nagy; E Svajdlenka,). Essent. Oil Res1998, 10(5), 585-7.

[69] G Zawklak, Chemija,2012, 23(2), 136-40.

[70] B Hamdaoui; WA Wannes; M Marrakchi; N BrahiBiMarzouk, J. Essen. Oil Bear PI12013, 16(5), 608-12.
[71] S EL-Hawary; A EL-Shabrawy; S Ezzat; F EL-Sdmy,J. Med. Plants Res2013, 7(24), 1746-53.

[72] R Belhattaba; L Larousa; AC Figueiredob; PAén®sb; MM Costab; JG Barrosob; LG Pedrab,Essent.
Oil Res.,2006, 18(4), 369-73.

[73] A Abadi; F Abdellatif,Int. J. Chem. Studie2013, 1(2), 32-8.

[74] M Khanavi; L Ghasemian; E Hosseiny Motlagh; A Hadjieondi; A Shafiee,Flav. Fragr. J.,2005, 20(3),
324-6.

[75] MM Saleh; KW GlombitzaPlanta Med. 1989, 55 (1), 105-8.

[76] A Asadipour; M Mehrabani; V Nazeri; M Tabairdilum-i-Daroei, 2005, 2, 77-82.

[77] K Mahnaz; L Ghasmian; E Motlagh; H Abbas; Shab, Flav. Frag. J.,2005, 20(3), 324-6.

[78] K Morteza-Semnani; M Saeedi; E Babanezhadsssent. Oil Res2008, 20(6), 488-90.

[79] M Bokaeian; E Saboori; S Saeidi; AA Niazi; Nmdi-Borojeni; H Khaje; S BaziZahedan J. Res. Med. Sci.,
2014, 16(10), 60-4.

[80] G Flamini; T Smaili; A Zellagui; N Gherraf;LFCioni, Chem. Biodivers2013, 10 (11), 2014-20.

[81] MJ Jordan; V Lax; MC Rota; S Loran; JA Sotomgyind. Crops Prod.2013 ,48, 144-52.

[82] W Letchamo; W Ward; B Heard; D Heard, Agric. Food Chem2004, 2(12), 3915-9.

[83] W Ding; T Yang; F Liu; S TiarRharmacogn. Mag2014, 10(Suppl 1), S1-S5.

[84] | Rodrigues; O Povoa; G Teixeira; AC Figuemedl Moldao; A Monteiro,Ind. Crops Prod.2013, 43, 692-
700.

[85] F Sefidkon; K Abbasi; Z Jamzad; S AhmaBpod Chem.2007, 100(3), 1054-8.

[86] B M'barek; H Mohamed; L Taher; B Ahmed; F dddlah; S BadrTechnologies de LaboratoirgQ11, 6, 64-
8.

872



