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Figure 1- Different shapes of rosemary oily compounds
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Figure 2- Confirmation of the presence of gold nanoparticles obtained by chemical reduction method through uv-vis radiation
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Figure 3- Visibility of gold nanoparticles after extraction with magnification about 150 nm
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Table 1- Compounds in rosemary essential oil after treatment with gold nanoparticles in two harvesting periods of 24 hours and 48

hours Obtained from gas chromatographic studies (GC-mass)

. 09,5 (S 5 g TP ol (Smio ) FA o3l (S ) b .
Ol $lo3k lej _ sk
Jres JyeS oS el celw VP gojlb el celw FA go5b )
oilss
The area under The area under The area under Kkovats
Retention control 24 hour 48 hours .
Compound the curve of the . the 24-hour i the 48-hour retention
Index (RI) aera eriod period . .
control aera period curve period curve index
3-Carene 8.754 1.65 0.34+0.04 1.29 10.16+13.86 1.08 0.29+0.09 C10H16
(1R)-2,6,6-
. . 8.897 100 15.53+2.03 100 30.61+0.87 94.21 16.40+6.10  C10H16
Trimethylbicyclo[3.1.1]hept-2-ene
Camphene 9.124 2246  4.42+1.58 21.66 5.34+0.98 18.24 3.20+1.36 C10H16
Bicyclo[3.1.0]hex-2-ene, 4-
feyelof Jhex 9.177 2.33 0.46+0.12 211 0.55+0.12 2.05 0.37+0.19 C10H14
methylene-1-(1-methylethyl)-
3-Octanone 9.442 1796  3.47+0.53 14.34 3.36+0.57 15.54 2.46+0.69 C8H160
.beta.-Myrcene 9.516 16.39  3.19+0.74 18.71 4.53+0.31 14.61 2.53+0.71 C10H16
.alpha.-Phellandrene 9.818 1.29 0.25+0.04 1.2 0.29+0.03 1.24 0.22+0.09 C10H16
(+)-4-Carene 9.977 2.95 0.57+0.08 2.50 0.61+0.06 2.67 0.47+0.16 C10H16
0-Cymene 10.083 3.37 0.71+0.03 332 0.80+0.02 3.87 0.65+0.05 C10H14
D-Limonene 10.157  19.23  3.70+0.36 16.28 3.93+0.19 18.68 3.20+0.80 C10H16
Eucalyptol 10.236 4497  8.57+0.01 39.86 9.59+0.23 43.27 6.96+1.17  C10H180
.gamma.-Terpinene 10.554 491 0.94+0.04 3.88 0.94+0.01 4.82 0.82+0.20 C10H16
2-Carene 11.009 0.00 0.00+0.00 4.68 1.11+0.08 0.00 0.00+0.00 C10H16
Linalool 11.041 14.2 2.70+0.08 10.16 2.38+0.43 17.03 2.62+1.31  C10H180
trans-Verbenol 11.914 3.23 0.61+0.04 1.22 0.45+0.13 3.75 0.60+0.13  C10H160
(+)-2-Bornanone 12.020 4851  9.19+0.63 26.82 8.59+0.77 51.83 8.03+3.48  C10H160
Bicyclo[2.2.1]h -2,5-diol,
1eye ?[ Iheptane-2,5-dio 12.227 6.74 1.29+0.01 18.5 3.86+4.11 7.75 1.22+0.42 C10H1802
1,7,7-trimethyl-, (2-endo,5-ex0)-
Bicyclo[2.2.1]heptan-2-ol, 1,7,7-
leye c_)[ Ihep 12306 36.76  6.69+0.53 12.74 3.45+2.79 48.78 7.65+2.66  C10H180
trimethyl-, (1S-endo)-
.alpha.-Terpineol 12.608 10.85  2.03+0.24 777 1.82+0.33 20.03 2.38+0.69 C10H180
3-Cycl tene-1-ethanol, 2,2,4-
yelopen e_ne 12.746 9.09 1.70+0.38 6.63 1.55+0.32 14.52 2.35+0.32 C10H180
trimethyl-
Ethanol, 2-(3,3-
. ) 13.423 6.94 1.32+0.11 4.89 1.13+0.28 13.49 2.04+0.28  C10H180
dimethylcyclohexylidene)-, (Z2)-
1S,3S,4S,5R)-1-Isopropyl-4-
( . ) propy 13.540 8.55 1.62+0.16 5.94 1.38+0.33 12.69 2.27+0.06  C10H180
methylbicyclo[3.1.0]hexan-3-ol
Bicyclo[2.2.1]heptan-2-ol, 1,7,7-
: y [ Ihep 14143  19.97 3.74%0.35 13.74 3.20+0.66 26.01 4.27+0.11 C12H2002
trimethyl-,acetate, (1S-endo)-
Caryophyllene 16.526 8.85 1.64+0.49 4.83 1.10+0.40 16.52 2.56+0.53 C15H24
Terpinen-4-ol 12.428 1463  2.77+0.21 5.09 1.19+0.22 175 2.70£1.28 C10H180
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Table 1 Continued
Bicyclo[3.1.1]heptan-3-one, 2,6,6-
trimethyl-, 12470 67.97 12.64+3.63 4.16 1.4040.21 100 14.21+0.76  C10H160
(1.alpha.,2.alpha.,5.alpha.)-
Bicyclo[3.1.1]hept-3-en-2-one,
. 13.010 0.00 0.00+0.00 45.68 10.81+1.00 62.93 14.02+1.40 C10H140
4,6,6-trimethyl-, (1S)-
1-Octen-3-ol 9.500 1.68 0.33+0.04 1.75 0.38+0.04 221 0.34+0.05 C8H160
Bicyclo[3.1.1]heptane, 6,6-dimethyl-
9.691 4.64 0.90+0.16 00.00 0.00£0.00 3.68 0.65+0.30 C10H16
2-methylene-, (1S)-
3-Octanol 9.786 131 0.21+0.02 00.00 0.00+0.00 2.29 0.38+0.09 C8H180
Cyclohexene, 3-methyl-6-(1-
. 11.570 6.61 1.26+0.03 00.00 0.00+0.00 6.69 1.14+0.21 C10H16
methylethylidene)-
2,6,6-Trimethylbicyclo[3.2.0]hept-2-
en-T-one 11.861 1.26 0.25+0.04 1.38 0.29+0.03 1.94 0.39+0.17  C10H140
cis-Verbenol 12,502  00.00  0.00+0.00 00.00 0.00£0.00 1.06 0.17+0.04  C10H160
3-Cyclopentene-1-ethanol, 2,2,4-
. 12.804 1.14 0.22+0.01 00.00 0.00+0.00 1.95 0.47+0.28  C10H180
trimethyl-
trans-3(10)-Caren-2-ol 13.042 115 0.030+0.06  00.00 0.00£0.00 1.87 0.52+0.37  C10H160
(-)-Carvone 14106  00.00  0.00+0.00 00.00 0.00£0.00 1.13 0.13+0.03  C10H140
Bicyclo[2.2.1]hept-2-ene, 1,7,7-
. 15409 00.00  0.00+0.00 00.00 0.00£0.00 1.20 0.20+0.01 C10H16
trimethyl-
Cyclopentane, 1-acetoxymethyl-3-
i 16.134 1.30 0.22+0.04 131 0.31+0.06 1.73 0.35+0.04 C12H2002
isopropenyl-2-methyl-
4,7,7-Trimethylbicyclo[4.1.0]hept-3-
en-2-one 16.367 1.62 0.3240.10 1.30 0.35+0.12 2.57 0.39+0.06  C10H140
5,9-Undecadien-2-one, 6,10-
. 17.203 1.10 0.23+0.06 00.00 0.00+0.00 1.79 0.31+0.06  C13H220
dimethyl-, (E)-
Humulene 17585  00.00  0.00+0.00 00.00 0.00£0.00 2.78 0.46+0.01 C15H24
Caryophyllene oxide 19.231 2.29 0.4440.02 2.00 0.00+0.00 3.16 0.87+0.42  C15H240
2-(4a,8-Dimethyl-2,3,4,4a,5,6-
hexahydronaphthalen-2-yl)propan-1-  19.279  00.00  0.00+0.00 00.00 0.48+0.11 171 0.3140.20  C15H240
ol
11,11-Dimethyl-4,8-
dimethylenebicyclo[7.2.0]Jundecan-  19.760 141 0.39£0.21 1.24 0.32+0.09 457 0.85+0.63  C15H240
3-ol
Isoaromadendrene epoxide 19.935 3.48 0.66+0.07 3.89 0.99+0.29 14.23 2.61+1.79  C15H240
cis-Chrysanthenol 20.020 00.00  0.00+0.00 00.00 0.00£0.00 1.37 0.24+0.07  C10H160
2-Cyclohexen-1-one, 3-methyl-6-(1-
. 15710  00.00  0.00+0.00 00.00 0.00£0.00 1.03 0.34+0.18  C10H140
methylethylidene)-
2,7-Octadiene-1,6-diol, 2,6-
. 11.729 1.01 0.2940.10 00.00 0.00£0.00 00.00 0.00+0.00 C10H1802
dimethyl-
(-)-Myrtenol 13.402 1.40 0.3840.11 00.00 0.00£0.00 00.00 0.00+0.00 C10H160
Benzene, 1-methyl-3-(1-
10.458 3.67 0.86+0.33 00.00 0.00£0.00 00.00 0.00+0.00 C10H14
methylethyl)-
(1R,3E,7E,11R)-1,5,5,8-
Tetramethyl-12- 19.506  00.00  0.00+0.00 00.00 0.00£0.00 1.13 0.37£0.20  C15H240
oxabicyclo[9.1.0]dodeca-3,7-diene
Cyclopentaneacetic acid, 3-0xo0-2-(2-
pentenyl)-,methyl ester, 19.676  00.00  0.00+0.00 00.00 0.00£0.00 1.04 0.36+0.19 C13H2003
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Abstract

Introduction: Rosemary is one of the most useful medicinal plants among different categories of
plants due to its many medicinal properties. Nanoparticles as one of the non-bio-stresses by using
their electrochemical properties cause interference in the biosynthetic pathway of compounds in
plants. This research was conducted in the form of a completely random basic design with three
replications in the agricultural greenhouses of Zanjan University in 2017-2018. Also, gold
nanoparticles were produced by the chemical reduction method in the laboratory of University of
Zabol, and then their effect on the increase or decrease of compounds in rosemary plant oil was
investigated in two time intervals of harvesting: 24 hours, 48 hours, and the control group.
Materials and Methods: Rosemary plant cuttings with lengths of 10-12 cm and a diameter of half a
centimeter were rooted in small containers containing light, washed soil, and ionolite, and permitted
at night temperatures of 10-17 degrees and 21-23 degrees during the day. Then the rooted cuttings
were transferred to 5 -liter pots containing a combination of fertile agricultural soil and sand. The
Chemical reduction method (sodium citrate) was used to extract nanoparticles (Leopold and Lendl,
2003). The gold nanoparticle mixture that had changed color (blue) was subjected to the absorption
spectrum of the spectrophotometric device, and the results obtained from the output of the device
were checked based on which the maximum absorption rate of the gold nanoparticle with a diameter
of 13 nm is equal to the wavelength of 520 nm and for the gold nanoparticle with a diameter of 52
nm is equal to 533 nm. The samples were sent to Beam Gostar Taban (2016-2021) after extraction
by the chemical reduction method for diffraction electron microscopy (SEM) investigations and the
authenticity of the presence of gold nanoparticles in the obtained samples. The gold nanoparticle
treatment with a concentration of 30 ppm was sprayed on the plant in two different time periods (24
hours and 48 hours) and in the control group (without any treatment group) when the cuttings were
fully established in terms of rooting and leafing. After that, their aerial parts were harvested at
specified intervals and dried at room temperature for mass spectrometer (GC-MS) analysis. About
400 microliters of effective substance were spectrometered by the device (N Agilent 6890 Agilent
technology USA), which was equipped with an ion trap system. The leaf sample of the plant, which
was dehydrated at room temperature, was placed in the Cloninger device on a heater for 3 hours at a
temperature of 100 degrees Celsius. A Water solvent was used in this research.

Results and Discussion: In this study, gold nanoparticles were extracted based on the chemical
reduction method, and the synthesis of gold nanoparticles was confirmed by electron microscope
diffraction (SEM) and spectrophotometric analyses. The results obtained in this study showed
significant changes in the compounds obtained by mass spectrometry (GC-MS) in rosemary oil, each
of which has unique medicinal properties. Changes in secondary metabolites increase the plant's
antioxidant defenses, which can be important in adapting to stresses._Verbonone is an effective
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compound in rosemary oil that, in this study, had a significant increase under the treatment of gold
nanoparticles.

Conclusion: In general, investigations conducted on the expression of oily compounds in rosemary
showed that gold nanoparticle treatment did not have a significant effect on all the compounds in
rosemary oil, but it was able to significantly increase a number of important compounds. The
composition of verbena, which has an anti-inflammatory and antimicrobial role, showed a significant
increase in the oily compounds of the rosemary plant. Considering the changes in the important oil
compounds of the rosemary plant, it may be possible to induce the maximum production of these
compounds and mass production of nanoparticles in the future.
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