Maejo Int. J. Sci. Technol. 2011, 5(02), 181-190

Maejo International

Journal of Science and Technology

ISSN 1905-7873
Available online at www.mijst.mju.ac.th
Full Paper

Changes in essential oil content and composition of leaf and leaf
powder of Rosmarinus officinalis cv. CIM-Hariyali during
storage

Ram S. Verma "’, Laiq ur Rahman’, Sunita Mishra®, Rajesh K. Verma®, Amit Chauhan' and
Anand Singh’

' Central Institute of Medicinal and Aromatic Plants (CSIR), Research Centre, Pantnagar, PO-Dairy
Farm Nagla, Udham Singh Nagar, Uttarakhand-263149, India

? Central Institute of Medicinal and Aromatic Plants (CSIR), PO-CIMAP, Lucknow-226015, India

? Central Institute of Medicinal and Aromatic Plants (CSIR), Research Centre, Purara, PO-
Gagrigole, Bageshwar, Uttarakhand-263688, India

* Corresponding author: Tel. +91 5944 234445; Fax +91 5944 234712;
E-mail: rswaroop1979@yahoo.com

Received: 25 April 2010/ Accepted: 4 June 2011 / Published: 6 June 2011

Abstract: To see the changes in the essential oil content and composition of rosemary
(Rosmarinus officinalis L. cv. CIM-Hariyali) during postharvest storage, freshly harvested
leaves were kept under sun and shade conditions for one month and one year respectively. In
addition to this, since most of the spices are marketed also in powdered form, leaves powder
of rosemary was also kept for nine months. The essential oil content was found to vary non-
significantly in stored leaves (from 1.05% to 1.3%; fresh weight basis). In contrast, leaves
stored in the powdered form for nine months showed sharp decrease in essential oil content
(from 2.7% to 1.1%; dry weight basis). GC and GC-MS analysis of the oils revealed the
presence of camphor (23.1-35.8%), 1,8-cineole (21.4-31.6%) and a-pinene (6.7-15.6%) as
major constituents. The leaves stored in powdered form contained higher percentages of
oxygenated monoterpenoids (71.7-83.7%) compared to those in leaves that were kept in the
shade (63.3-70.5%) and in the sun (65.7-67.4%). The study suggested that rosemary leaves
should be dried in the shade and stored as such for better yield of quality essential oil.
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INTRODUCTION

Rosemary (Rosmarinus officinalis L.; Lamiaceae) is a spice and medicinal herb widely used
around the world. It is mainly produced in Italy, Dalmatia, Spain, Greece, Turkey, Egypt, France,
Portugal and North Africa [1]. Rosemary is used since antiquity in food, cosmetics, medicinal and
pharmaceutical products [2]. The leaves of rosemary are used in foodstuffs, especially for the control of
microbial infections [3-5]. The leaves are also reported to be an antioxidant due to the presence of
rosmarinic acid, carnosol, carnosic acid and caffeic acid [6-8]. Of the natural antioxidants, rosemary has
been widely accepted as one of the spices with the highest antioxidant activity [9]. The essential oil of
rosemary has been reported to be a tonic stimulant and is used as a pulmonary antiseptic, a choleretic, a
colagoguic, and also shows stomachic, antidiarrhoeal and antirheumatic properties [10].

Several studies on the chemical composition of the essential oils of R. officinalis L. from
different geographic origins have been performed. A survey of the literature reveals that there are
mainly three chemotypes: a 1,8-cineole chemotype from France, Greece, Italy and Tunisia; a camphor-
borneol chemotype from Spain; and a a-pinene and verbenone chemotype from Carsica and Algeria [10-
13]. The Indian rosemary oil is characterised by relative high amounts of 1,8- cineole, camphor and a-
pinene [14]. The chemical composition of a plant essential oil generally depends on a number of factors
such as heredity, part and age of plant, isolation method, environmental condition, collecting season,
dehydration procedure and storage condition under which the collected plant is kept until the essential
oil is extracted [11,15-20].

A literature survey revealed that the essential oil composition of rosemary has been investigated
in India at few occasions [14, 21-23], but there were no reports on postharvest storage from any part of
the country. The aim of this work is therefore to observe the changes that occur in the yield and
composition of the essential oil of R. officinalis (cv. CIM-Hariyali) leaves and leaf powder during
storage.

MATERIALS AND METHODS

Plant Material

The fresh leaves of R. officinalis cv. CIM-Hariyali [24] for study was collected from the
experimental farm of Central Institute of Medicinal and Aromatic Plants Research Centre, Purara,
Uttarakhand, India in the month of May, 2008. The site is located between the coordinates 28° 60’ to
31° 29’ and 77° 49’ to 80° 60’ E at an altitude of 1250m in Kattyur valley. Climatologically, the site
falls in the temperate zone of western Himalaya, with the monsoon usually breaking in June and
continuing up to September. A total 60 random samples, weighing 100 g each (fresh weight basis) were
divided in to 20 batches of three samples/batch. The first batch was distilled on the day of harvesting.
Ten batches were kept in shade and the rest were kept under the sun. Observations, viz. moisture loss,
oil yield, oil composition, etc., were taken for up to 30 days for under-sun (open) samples and up to one
year for under-shade samples. In addition to this, shade-dried leaves were powdered with an electric
grinder and stored under shade at room temperature and observations pertaining to oil yield and
composition were taken at regular intervals for up to 270 days.



Maejo Int. J. Sci. Technol. 2011, 5(02), 181-190 183

Isolation of Essential Qil

The essential oil was isolated by hydro-distillation for 3 hours using a Clevenger type apparatus.
The oil content (% v/w) of leaves and leaf powder was estimated on the fresh weight basis and dry
weight basis respectively. The oil samples obtained were dehydrated over anhydrous sodium sulphate
and kept in a cool and dark place before analysis.

GC and GC-MS

The gas chromatographic analysis of the oil samples was carried out on a Nucon gas
chromatograph model 5765 equipped with FID and BP-20 (30mx0.25mm; film thickness 0.25 um)
fused silica capillary column, and on a Perkin-Elmer Auto XL GC equipped with FID and PE-5
(60mx0.32mm; film thickness 0.25 pm) fused silica capillary column. Hydrogen was the carrier gas at
1.0 mL/min. Temperature programming was 70-230°C at 4°C/min with initial and final hold time of 2
min (for BP-20) and 70-250°C at 3°C/min (for PE-5). Split ratio was 1:30. The injector and detector
temperatures were 200°C and 230°C on BP-20 column, and 220°C and 300°C on PE-5 column
respectively. GC-MS was performed on a Perkin Elmer Auto System XL GC and Turbo mass
spectrometer fitted with a PE-5 fused silica capillary column (50 m x 0.32 mm; film thickness 0.25 pm).
The column temperature programme was 100-280°C at 3°C/min, using helium as carrier gas at a
constant pressure of 10 psi. MS conditions were: EI mode 70 eV, ion source temperature 250°C.

Identification of Compounds

Compounds identification was done on the basis of retention time, retention indices, MS library
search (NIST & WILEY), n-alkane (Co-C,;) hydrocarbons pattern (Nile, Italy) and by comparing mass
spectra with the MS literature data [25-26]. The relative amounts of individual components were
calculated based on GC peak areas without using correction factors.

Statistical Analysis

The data of oil content were subjected to statistical analysis following analysis of variance
(ANOVA) technique as applicable to randomised block design [27]. The significance of treatments
variance was tested with variance (F) ratio at 5.0% probability level.

RESULTS AND DISCUSSION

Essential OQil Content

The changes in moisture level, essential oil content and chemical composition during post
harvest storage of rosemary leaves and leaves powder are given in Tables 1-4. The essential oil content
of the unpowdered leaves was not affected significantly by postharvest storage. It was found to vary
from 1.2% to 1.05% and 1.12% to 1.1% in leaves stored under shade and sun respectively, while the
essential oil content in fresh leaves was 1.3 %. Maximum oil loss was noticed on the second day (48
hours) under shade (15.4% loss) and on the first day (24 hours) under sun (15.4 % loss). Thereafter the
oil content (1.1%) was virtually unchanged under both conditions. The leaves stored for up to 1 year
under shade recorded 19.2% oil loss. On the other hand, the leaves stored in powdered form showed a
substantial oil loss (about 59% after 270 days).
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Table 1. Changes in essential oil content of rosemary (Rosmarinus officinalis) during storage

Storage period Oil content (A), oil loss (B) and moisture loss (C) (%)
(no. of days)

Leaves stored Leaves stored Leaves stored in
under shade under sun powdered form

A B C A B C A B

0 1.3 - - - - - 2.70 -

1 1.2 7.7 473 1.12 13.84 51.30 - -

2 1.1 15.4 60.1 1.1 15.38 63.76 - -

3 1.1 15.4 65.4 1.1 15.38 65.54 - -

4 1.1 15.4 65.6 1.1 15.38 65.58 - -

5 1.1 15.4 65.7 1.1 15.38 65.66 - -

6 1.1 15.4 65.7 1.1 15.38 65.72 - -

7 1.1 15.4 65.8 1.1 15.38 65.78 - -

15 1.1 15.4 65.8 1.1 15.38 65.80 - -
30 1.1 15.4 65.8 1.1 15.38 66.00 1.90 29.63
90 1.1 15.4 65.8 - - - 1.85 31.48
150 1.1 15.4 65.8 - - - 1.50 44.44
210 1.1 15.4 65.8 - - - 1.33 50.74
270 1.1 15.4 65.8 - - - 1.10 59.26

360 1.05 19.2 65.8 - - - - -

CD=0.05 NS - - NS - - 0.14 -

Note: CD = Critical difference; NS = Non-significant

Essential Oil Composition

Of a total of 31 components identified (Table 2), the major components in the essential oil from
fresh leaves were camphor (23.91%), 1,8-cineole (22.36%), a-pinene (11.45%), camphene (5.82%),
verbenone (5.81%), oa-terpineol + borneol (4.26%), p-pinene (4.05%), bornyl acetate (2.67%),
myrcene (2.37%), limonene (2.16%) and linalool (1.11%). Most of the components were found to be
affected by postharvest storage/drying. Amounts of a-pinene, camphene and f-pinene were reduced
substantially after 1 day of storage. However, concentrations of a-pinene and camphene were observed
to increase after 90 days while that of f-pinene, after 4 days of storage under shade. Under sun, the
concentrations of a-pinene and camphene were maximal after 30 days of storage while that of f-pinene,
after 2 days of storage (Table 3). The concentrations of camphor and 1,8-cineole were observed to be
generally higher in stored leaves than in fresh ones under both the conditions. The concentration of
verbenone was highest after 1 day of storage in the shade and 3 days of storage in the sun (Tables 2-3).

The oil composition of the powdered leaves (Table 4) was quite different from the unpowdered
ones. Overall, the former contained a higher percentage of oxygenated monoterpenoids (71.7-83.7%)
than those in the latter (63.3-70.5% and 65.7-67.4% for shade-dried and sun-dried leaves respectively),
probably due to a more favourable formation of oxidation products during postharvest storage. The
amount of monoterpene hydrocarbons, however, was found to be highest in shade-dried leaves (19.7-
31.1%) and lowest in powdered leaves (14.3-18.2%)).

In general, most of the changes in essential oil composition of aromatic plants occur during the
early hours of storage (initial 12-24 hours). These changes may be due to some physiological processes
that continue even after the harvesting of the plant material and/or due to loss of some molecular
constituents as the oil glands start to deteriorate on storage. Once the tissues become dried, the changes
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Table 2. Changes in essential oil composition of rosemary (Rosmarinus officinalis) leaves stored under

shade

Compound (%)

Number of days of storage

0 1 2 3 4 5 6 7 15 30 90 150 210 270 360
a-Pinene 114 672 11.1 114 116 121 106 11.7 113 106 156 13.7 135 155 11.1
9
Camphene 582 320 491 512 529 513 453 495 470 445 6.3 5.9 5.6 6.1 6.05
p-Pinene 405 3.10 412 397 432 406 377 415 326 2.85 2.2 1.1 0.4 0.2 3.33
Sabinene t - - - - - - - - - t t t - -
Myrcene 237 228 239 235 284 258 275 320 245 271 2.4 1.5 1.4 1.7 1.53
o-Terpinene 031 029 022 029 0.61 022 0.55 t 032 0.71 0.4 0.2 0.4 06 0.24
Limonene 216 290 292 281 278 2.68 263 285 262 3.03 2.7 2.4 2.4 2.8 2.48
1,8-Cineole 223 214 253 245 246 245 245 263 240 249 266 278 284 27.0 244
4
fS-Phellandrene t - t - 0.27 t 0.23 t t 0.37 - t t - -
(2)-p-Ocimene 0.67 078 072 077 098 085 083 077 091 0.98 0.8 0.4 0.4 04  0.57
y-Terpinene 0.18 0.13 0.11 0.10 0.09 0.11 t 0.11 0.11 t t t t t 0.13
p- Cymene 032 031 036 037 040 045 041 033 051 0.54 0.7 0.8 1.0 1.4 0.90
1-Octen-3-ol 033 011 024 024 023 028 020 049 024 0.21] t t 0.1 0.1 0.31
(E)-Sabinene 046 055 068 083 0.69 072 066 077 054 0.39 t t 0.1 0.1 0.40
hydrate
Camphor 239 265 249 243 241 244 244 248 248 250 251 287 284 265 285
7
Chrysanthenone 026 032 027 026 025 025 027 024 025 0.24 0.1 - - - 0.28
Linalool 1.11 160 1.17 1.8 1.10 120 1.14 126 1.08 1.03 0.8 0.5 0.6 0.5 0.76
Linalyl acetate 039 050 047 046 040 042 045 041 041 037 0.1 - t - 0.30
Bornyl acetate 267 353 236 253 242 246 255 218 237 230 2.0 1.9 1.9 1.6 0.81
p-Caryophyllene 075 141 086 124 100 1.18 1.21 1.00 1.38 1.09 1.2 0.3 0.8 0.9 0.30
Terpinen-4-ol 082 082 076 096 0.66 074 077 146 0.68 0.81 0.6 0.5 0.4 04 097
o-Humulene 045 082 068 058 071 082 085 071 0.80 0.62 0.8 0.1 0.4 0.5 0.63
a- 426 550 435 4.09 428 439 444 378 440 4.05 3.8 6.4 5.9 6.0 6.83
Terpineol+borneo
1
Verbenone 581 726 480 519 396 525 544 323 571 458 6.3 4.2 4.5 4.1 4.79
Citronellol t 032 0.19 0.6 0.14 0.18 0.14 0.12 0.16 t t t t t 0.11
Myrtenol 014 019 0.13 053 021 0.2 0.3 031 0.16 0.11 t t t t 0.17
Geraniol 025 0.64 0.17 t t 0.10 t t 0.60  0.17 - t t 0.2 0.22
Caryophyllene t 045  0.31 t 0.17 0.26 t t 0.20  0.90 - 0.1 0.1 0.1 0.10
oxide
Methyl eugenol - t t t t t t t t - - 0.1 0.1 t t
Eugenol t 024 084 018 023 028 021 021 040 0.86 0.2 0.1 0.1 0.1 0.39
Class
composition
Monoterpene 273 197 269 272 292 282 263 281 262 262 311 260 251 287 264
hydrocarbons 2
Oxygenated 62.7 695 664 654 633 653 654 662 659 651 655 702 705 66.6 693
monoterpenes 5
Sesquiterpenes 1.2 223 154 182 171 2 206 171 218 1.71 t 0.1 0.1 0.1 0.93
hydrocarbons
Oxygenated t 045 031 t 0.17 0.26 t t 020  0.90 2.0 0.4 1.2 1.4  0.10
sesquiterpenes
Total identified 913 919 951 945 944 958 939 960 945 939 986 967 969 96.8 96.8
(%) 0 7 7 1 1 9 0 9 1 9 0 0 0 0 0

*
Mode of identification: RI (retention index based on homologous series of n-alkanes: Cs-Ca4), co-injection with standards

compounds, and MS (GC-MS)

Note: t = trace (<0.10%)
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Table 3. Changes in essential oil composition of rosemary (Rosmarinus officinalis) leaves stored in

open (sun) condition

Compound (%) Numberf of days of storage

1 2 3 4 5 6 7 15 30
o-Pinene 11.02 11.49 10.59 10.80 10.53 11.35 11.43 11.30 12.11
Camphene 4.82 5.08 4.72 4.70 4.52 4.89 4.82 4.77 5.17
fS-Pinene 3.92 4.15 3.63 3.89 3.88 3.78 4.00 3.48 3.44
Myrcene 2.44 2.32 2.29 2.40 2.36 2.26 2.37 2.29 2.44
o-Terpinene 0.51 0.17 0.25 0.25 0.51 0.17 0.21 0.21 0.31
Limonene 2.89 2.93 2.89 2.81 2.67 2.71 2.93 2.67 3.01
1,8-Cineole 23.68 2470  22.87 23.60 2492  23.61 27.07 2432  26.03
fS-Phellandrene - t - t 0.28 t t t t
(2)-p-Ocimene 0.72 0.71 0.70 0.77 0.75 0.82 0.76 0.88 0.95
y-Terpinene t t 0.18 0.11 0.10 0.11 0.11 0.10 0.12
p-Cymene 0.33 0.41 0.36 0.41 0.41 0.37 0.41 0.46 0.61
1-Octen-3-ol 0.24 0.24 0.42 0.91 1.05 0.29 0.25 0.88 0.25
(E)-Sabinene hydrate 0.70 0.72 1.08 0.74 0.75 0.67 0.73 0.55 0.17
Camphor 25.16  25.67 23.09 2500 24.68 2449 26.08 25.87 25.14
Chrysanthenone 0.25 0.27 0.28 0.24 0.25 0.26 0.26 0.25 0.21
Linalool 1.22 1.19 1.11 1.20 1.18 1.04 1.21 1.10 1.00
Linalyl acetate 0.34 0.33 0.37 0.47 0.40 0.35 0.30 0.41 0.27
Bornyl acetate 2.60 2.54 2.43 2.50 2.38 2.40 2.01 2.24 2.05
pS-Caryophyllene 1.10 0.85 1.10 1.09 1.32 1.22 0.83 0.98 0.87
Terpinen-4-ol 0.78 0.80 0.77 0.76 0.78 0.65 0.68 0.79 0.78
o-Humulene 0.59 0.72 0.42 0.82 0.81 0.78 0.58 0.71 0.64
a-Terpineol+borneol 4.51 4.56 3.77 4.39 4.20 4.85 4.03 4.90 4.13
Verbenone 5.87 4.91 7.19 5.92 5.49 6.34 3.61 5.26 4.86
Citronellol 0.13 0.13 t 0.12 0.13 0.15 t 0.13 0.12
Myrtenol 0.20 0.22 0.32 0.31 0.41 0.27 t 0.48 0.31
Geraniol 0.26 t 0.11 t t t t t t
Caryophyllene oxide 0.55 0.50 t 0.22 0.44 0.44 0.38 0.40 0.13
Methyl eugenol t t - t t t t t t
Eugenol 0.20 0.78 1.96 0.18 0.25 0.70 0.62 0.29 0.54
Class composition
Monoterpene hydrocarbons 26.65 2726  25.61 26.14  26.01 2646  27.04 26.16  28.16
Oxygenated monoterpenes 66.14 67.06 65.77 66.34 66.87 66.07 66.85 67.47 65.86
Sesquiterpenes hydrocarbons 1.69 1.57 1.52 1.91 2.13 2 1.41 1.69 1.51
Oxygenated sesquiterpenes 0.55 0.50 0 0.22 0.44 0.44 0.38 0.40 0.13
Total identified (%) 95.03 96.39 92.9 94.61 95.45 9497  95.68  95.72  95.66

Note: t = trace (<0.10%)
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Table 4. Changes in the essential oil composition of rosemary (Rosmarinus officinalis) leaves stored
in powdered form

Compound (% peak area) RI Number of days of storage

30 90 150 210 270
a-Pinene 1026 9.1 9.8 9.6 8.5 7.4
Camphene 1065 4.0 4.3 4.1 3.6 3.5
S-Pinene 1105 1.4 1.3 0.3 0.1 0.3
Sabinene 1119 t 0.1 - - 0.4
Myrcene 1158 0.9 1.1 0.2 0.3 0.9
o-Terpinene 1177 0.2 0.5 t 0.1 0.6
Limonene 1194 1.1 t 0.2 0.9 1.3
1,8-Cineole 1204 29.5 27.9 31.6 27.8 24.7
fS-Phellandrene 1206 - t - t 0.1
(2)-f-Ocimene 1234 0.6 0.7 0.1 0.2 0.6
y-Terpinene 1240 - - t - 0.2
p-Cymene 1271 0.3 0.4 0.4 0.6 1.1
1-Octen-3-ol 1411 t t t t 0.6
(E)-Sabinene hydrate 1463 t t t t 0.7
Camphor 1507 31.2 29.0 35.8 35.0 30.1
Chrysanthenone 1512 0.1 0.2 - - -
Linalool 1550 1.0 0.9 0.4 0.4 0.5
Linalyl acetate 1561 0.1 0.2 t t t
Bornyl acetate 1585 2.6 2.5 2.2 2.2 2.4
fS-Caryophyllene 1594 1.3 1.8 0.3 0.7 0.9
Terpinen-4-ol 1606 0.9 0.9 0.7 0.4 1.1
o-Humulene 1670 0.5 1.3 0.1 0.4 0.6
o-Terpineol+borneol 1682 54 5.8 7.3 9.1 6.8
Verbenone 1702 7.8 7.9 5.6 5.1 4.6
Citronellol 1778 t 0.1 - 0.2 0.1
Myrtenol 1792 t 0.1 - 0.1 t
Geraniol 1848 - t - 0.2 0.1
Caryophyllene oxide 1995 - t t t t
Methyl eugenol 2132 t 0.1 t t -
Eugenol 2192 0.2 0.3 0.1 0.2 t
Class composition
Monoterpene hydrocarbons 17.6 18.2 14.9 14.3 16.4
Oxygenated monoterpenes 78.8 75.9 83.7 80.7 71.7
Sesquiterpenes hydrocarbons 1.8 3.1 0.4 1.1 1.5
Oxygenated sesquiterpenes 0 t t t t
Total identified (%) 98.2 97.2 99 96.1 89.6

Note: t = trace (<0.10%)

in the essential o1l composition are mainly due to loss of molecules from stored biomass. So, if we look
at the content of Table 2 again, the major changes in composition are noticed in leaves stored for 1 day
(24 hours). Oxygenated monoterpenes (69.5%) dramatically increased when compared to those in the
oil of fresh leaves (62.7%). Oxygenated monoterpenes which increased after 1 day were sabinene
hydrate, camphor, bornyl acetate, linalool, linalyl acetate, verbenone, a-terpineol + borneol, citronellol,
geraniol, myrtenol and caryophyllene oxide. Thus due to increase (or decrease) in some components
the relative percentages of other constituents automatically become less (or more). However, the
changes notices on long storage are due to loss of oil constituents. Similar variations in essential oil
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content and composition have also been noticed in other plant materials [17, 19, 20, 28]. Therefore, the
results of the present study reinforce the fact that there are quantitative and qualitative differences in the
essential oil of fresh and dried plant materials.

CONCLUSIONS

The essential oil content of shade-dried and sun-dried rosemary leaves were not significantly
different and oil loss was less than 20% after 1 year and 1 month respectively. In contrast, oil loss in
powdered leaves was quite substantial (nearly 60% after 9 months). The oil composition of all stored
leaves seemed to change continuously during storage. The monoterpene hydrocarbons content was
lowest whereas the oxygenated monoterpenes content was highest in the powdered leaves compared
with unpowdered leaves kept in the shade and sun.

. During the process of shade drying the green colour of the leaves remained unchanged while
the sun-dried leaves turned to brown. Rosemary leaves should therefore be dried and stored as such
under shade condition. Storage in powdered form should also be avoided in order to prevent excessive
oil loss.
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