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Abstract

Essential oils are being widely used in the pharmaceutical, cosmetic, food, and aromatherapy industry due
to their varied biological activities. However, increased commercial need for these oils has resulted in
concerns related to the quality, authenticity, and variations in composition of products available in the
market. The present study was conducted to compare the chemical properties and quality of two
commercial brands of Rosmarinus officinalis, Lavandula angustifolia, and Rosa damascena essential oils
available in Daska city, Pakistan. Six commercial essential oil samples from two brands of three plant
species were collected. Oil fractions were made in methanol, ethanol, and distilled water, whereas
chloroform and n-hexane failed to form oil fractions. Phytochemical analysis was conducted qualitatively
for the detection of secondary metabolites; infrared spectroscopy (4000-400 cm™) was conducted to
identify functional groups; total phenolic content (TPC) was measured by the Folin-Ciocalteu method, and
antibacterial potential was tested against the bacterial strains. Variations in the amounts of
phytochemicals were seen in the essential oil fractions, including alkaloids, flavonoids, tannins, proteins,
carbohydrates, cardiac glycosides, phenols, reducing sugars, saponins, and amino acids, but with Rosa
damascena (NB brand) having the largest number of phytochemicals detected. FTIR analyses detected
some functional groups including O-H, C-H, C=0, C-O, C=C, and C-N. The methanolic fraction of
Rosmarinus officinalis (HM brand) contained the highest amount of total phenolic content (434.075 *
0.004), while the lowest amount was found in the ethanolic fraction of Lavandula angustifolia (NB brand)
(0.055 £0.003). No antibacterial activity was demonstrated by any of the samples used. These results reveal
variations in the compositions of commercially available essential oils and indicate the need for further
authentication of the products by using chromatographic methods, for example, GC-MS or GC-FID.
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Graphical Abstract

Annexure (A)

Introduction

For many years, essential oils (EOs)
have been exploited due to their healing,
cosmetic, anti-fungal, anti-parasitic, and
anti-bacterial ~ characteristics. In the
contemporary world, essential oils are
commonly used in the pharmaceutical,
food, agricultural, and cosmetic industries
owing to their antioxidant and other
biological activities, which vary according
to their composition and concentrations
(Husnu et al., 2007). Essential oils are
aromatic and volatile substances obtained
from plants mainly through the process of
steam distillation (Rios et al., 2016). These
substances are produced through specific
secretion organs, and their compositions
differ depending on the type of plant,
geographical location, environmental
conditions, extraction procedures, and
preservation (Bakkali et al, 2008). The
growing demands for EOs across the globe
have led to the issue of adulteration of these
essential oils through dilution,
substitution, synthetic adulterants, or even
solvents. This is likely to alter the chemical
composition of the EOs and thus
compromise their biological effectiveness.
Consequently, it is imperative to adopt
reliable and economical methodologies to
assess the quality and authenticity of EOs
(Do et al., 2015; Ghaffar et al., 2026).

The identification of active compounds
for the biological activity of plants through
phytochemical analysis is an important
technique that can be used in several
sectors, including the pharmaceutical,
cosmetic, nutraceutical, and food industry.
The  Fourier = Transform  Infrared
Spectroscopy (FTIR) technique is rapid,

nondestructive, eco-friendly, and
extensively used for characterization of
phytochemical composition and

identification of functional groups in plant
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products (Brangule et al., 2020). FTIR can
also be helpful in sustainable research on
medicinal plants and biodiversity (Arora &
Mishra, 2009; Brangule et al., 2020).
Different methods, including GC-MS, GC-
FID, HPLC, FTIR, phytochemical analysis,
antioxidant, and antibacterial testing, have
been used in the evaluation of essential oils
(Do et al., 2015). From these methods, FTIR
offers a rapid and economical means of
identifying  functional = groups and
compositional differences, while
phytochemical analysis and TPC offer
initial  information = about bioactive
compounds and antioxidant activities
(Cozzolino, 2014; Brangule et al.,, 2020).
Rosmarinus  officinalis  and  Lavandula
angustifolia, two representatives of the
Lamiaceae family, are important aromatic
plants used by food, pharmaceutical, and
cosmetic industries. Rosemary essential oil
exhibits antimicrobial, antifungal,
antioxidative, and preservative activity and
is known since ancient times for its use both
as a spice and medicine (Hernandez et al,,
2016; Ribeiro-Santos et al., 2015). In the
same way, L. angustifolia essential oil is
famous for its low toxicological effect, nice
fragrance, and anxiolytic, antimicrobial,
antioxidative, and antiseptic properties,
which are associated with its main
components, linalool and linalyl acetate
(Silva et al., 2023; Erland et al., 2016). This
Mediterranean plant is commonly used in
phytotherapy, aromatherapy,
cosmetology, hygiene care, and the food
industry (Erland & Mahmoud, 2016).

In like manner, Rosa damascena, also
known as Damask rose, generates one of
the most expensive essential oils due to its
unique scent and medicinal benefits. Rose
essential oil has antioxidant and
antibacterial properties and has been
utilized in different industries such as the
food, pharmaceutical, cosmetic, and
perfumery industries to preserve quality
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and increase the aroma (Nasery et al., 2016).
Despite a significant amount of research on
the composition, antioxidant activity, and
medicinal uses of essential oils isolated
under laboratory conditions, there is
comparatively a lack of research regarding
the quality and purity of commercially
available essential oils that are being sold in
the Pakistani markets, especially in Daska.
Additionally, there is very little literature
that combines studies on phytochemical

screening, FTIR analysis, antioxidant
activity, and antibacterial activity in
commercially available essential oils

(Shaojie Yang et al., 2023; Ghaffar et al.,
2026).

Thus, the present study has been
conducted to compare commercially
available essential oils of Rosmarinus
officinalis, Lavandula angustifolia, and Rosa
damascena by employing qualitative
phytochemical analysis, FTIR
spectroscopic analysis, total phenolic
content (TPC), antioxidant assay, and
antibacterial assays. The results of the
current study will help in establishing
scientific proof regarding the quality,
authenticity, phytochemical composition,
antioxidant property, and antibacterial
property of commercially available
essential oils.

Materials and Methods
Research Design

This experiment was conducted as an
experimental comparison study aimed at
assessing the chemical quality of
commercially available brands of essential
oil. A comparison of these brands was
carried out through phytochemical
screening, Fourier Transform Infrared
Spectroscopy (FTIR), determination of total
phenolic content (TPC), and antibacterial
studies.

Collection of Essential Oil Samples:

Six samples of Rosmarinus officinalis,

Lavandula angustifolia, and Rosa
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damascena essential oils, available in the
market, were obtained from two local
companies (HM & NB) from Daska,
Punjab, Pakistan. These samples were kept

in their original bottles at room
temperature and were subjected to
phytochemical screening, FTIR

spectrophotometry, total phenolic content
(TPC), and antibacterial activity tests to
assess their quality and purity.

Sample Preparation

The collected essential oil samples were
prepared for phytochemical analysis by
dissolving 20 mL of each oil in 20 mL of
solvents of varying polarity (methanol,
ethanol, distilled water, chloroform, and n-
hexane). After thorough mixing, phase
separation was observed only with
methanol, ethanol, and distilled water;
chloroform and n-hexane failed to form
distinct layers. The resulting fractions were
labeled according to plant species, solvent
type, and commercial brand.
Phytochemical analysis and
treatment:

Took 20ml of oil, dissolved in 20ml of
different solvents according to their
increasing polarity index value. Took 20ml
of different oils and dissolve in methanol,
ethanol, distilled water, chloroform, and n-
hexane, and separated the layers one by
one. And then marked them with the
solvent and essential oil name with the
brand name. There was no formation of
layers in essential oils with n-hexane and
chloroform. After obtaining the active
fractions from different essential oils, the
following tests were performed to get an
idea about the type of phytochemicals
present in the fractions.

Qualitative Phytochemical Screening

The qualitative analysis of the
phytochemicals in the essential oil fractions
was conducted using different qualitative
tests for the determination of alkaloids,
glycosides, tannins, saponins, flavonoids,

pre-
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phenols, amino acids, proteins, reducing
sugars, and carbohydrates. The presence of
alkaloids was determined using Wagner's
reagent, while glycosides were detected
through acid hydrolysis and Fehling's test.
Tannins were determined using the
potassium hydroxide test, while saponins
were determined using the standard
qualitative  test.  Flavonoids  were
determined using concentrated sulfuric
acid and alcohol; phenols were detected
using sodium hydroxide. Amino acids
were detected using the ninhydrin test,
while proteins were detected using the
Biuret test.

Fourier Transform Infrared
Spectrophotometer (FTIR) Analysis:

The identification of functional groups
within the essential oils was carried out
through FTIR spectroscopy analysis using
the infrared absorption peaks of the
essential oils. This was done by mixing 0.5
mL of the essential oils with 100 mg of KBr
to make transparent pellets. The essential
oils of Lavandula angustifolia, Rosmarinus
officinalis, and Rosa damascena (NB and HM
brands) were analyzed using an FTIR
spectrometer over the spectral region of
4000-400 cm™.

Antioxidant activity of EOs:
Determination of total phenolic content
(TPC)

The Folin-Ciocalteu (FC) assay was
performed for determination of total
phenolic content (TPC) of the essential oils
as an indication of their antioxidant activity
(Kaur and Kapoor, 2002). A brief
description of the procedure is as follows:
one milliliter of essential oil was taken and
diluted with 9 mL of 10% sodium carbonate
(NaCO3) solution, after which 1 mL of 2 N
Folin-Ciocalteu reagent was added to the
mixture. Then, the mixture was kept at
25°C for 40 minutes, and the absorbance
was measured at 725 nm wusing a
spectrophotometer. A calibration graph
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with gallic acid standard was constructed,
and TPC was calculated from the
calibration equation. Gallic acid was the
reference compound for the calibration
curve preparation, while the reagent blanks
were used as a control. Absorbance
readings were taken in triplicate for
accuracy and reproducibility of results.

Y=0.004 X - 0.0513

X=TPC value

Y= Absorbance value

Quality Assurance
To obtain reliable data, all laboratory
apparatus was washed Dbefore the
experiment; only the reagents of analytical
purity were used; and all the
measurements were done under the same
laboratory conditions. All experiments
were repeated three times for verification
and elimination of possible analytical
mistakes.

Annexure (B)
Results

The findings of this study have been
described in four main parts, namely
phytochemical screening, FTIR analysis,
TPC, and antibacterial activities.
Objectively, the findings have been
described based on the observations made
during the analysis of commercially
available essential oils of Lavandula
angustifolia, Rosmarinus officinalis, and Rosa
damascena of NB and HM brands.
Interpretation of the findings and
comparison with previous studies have
been described in the discussion part of the
paper.

Phytochemical screening;:

The essential oils of Rosmarinus
officinalis, Lavandula angustifolia, and Rosa
damascena were obtained from Daska City,
Pakistan, and the fractions were extracted
through the use of methanol, ethanol, and
distilled water. Phase separation could not
be seen with the use of n-hexane and
chloroform. These fractions were then
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analyzed through phytochemical
screening, FTIR, TPC, and antibacterial
tests. The following are the results of the
analyses.

Annexure (C)

Annexure (D)

Annexure (E)

Determination of Fourier Transform
Infrared Spectroscopy (FTIR) analysis:
Figure 3: FTIR spectrum of liquid sample of
Lavandula angustifolia oil of NB brand.
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Figure 4: FTIR spectrum of liquid sample of

Lavandula angustifolia oil of HM brand.
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Figure 5: FTIR spectrum of liquid sample of
Rosmarinus officinalis oil of NB brand.
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Figure 6: FTIR spectrum of liquid sample of
Rosmarinus officinalis oil of HM brand.
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Figure 7: FTIR spectrum of liquid sample of
Rosa damascena oil of NB brand.
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Figure 8: FTIR spectrum of liquid sample of
Rosa damascena oil of HM brand.
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Table 4: FTIR peak values and their
assigned functional groups present in
essential oils of Lavandula angustifolia of NB
Brand.

Sr | Wavenu | Waven | Assigne | Phytoche
. mber umber | d micals
N | (ecm™) Range | Function | Identified
o. | (Test (cm™) | al Group
Sample)
1 | 3697 4000- | O-H Alcohol,
3500 Stretchin | free
g
2 ]2922 3000- | C-H Alkane
2500 Stretchin
g
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The FTIR spectrum of the Lavandula
angustifolin  essential oil (NB brand)
revealed the presence of functional groups
using the corresponding absorption
frequencies. Functional groups include the
O-H stretch at 3697 cm™, C-H stretches at
2922 and 2855 cm™, C=C stretch at 2117
cm™!, C-H bend at 1461 cm™, O-H bend at
1379 cm™, and C=C bend at 969 and 72.
Table 5: FTIR peak values and their
assigned functional groups present in the
essential oil of Lavandula angustifolia of HM
Brand.

Sr | Wavenu | Wavenu | Assign | Phytoche
. mber mber ed micals
N | (em™) Range Functi | Identified
o. | (Test (cm™) onal
Sample) Group
1 | 3548 3500- O-H Alcohol
3000 Stretch
ing
2 | 3011 3500~ O-H Alcohol
3000 Stretch
ing
3 | 2885 3000- C-H Alkane
2500 Stretch
ing
4 | 2832 3000- - -
2500
5 | 2161 2500- S-C=N | Thiocyana
2000 Stretch | te
ing
6 | 2012 2500~ N=C= | Isothiocya
2000 S nate
Stretch
ing
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3 | 2855 3000- | C-H Alkane 7 | 1744 2000- C=0 Conjugate
2500 Stretchin 1500 Stretch | d
g ing anhydride
4 | 2325 2500- - - 8 | 1438 1500- O-H Alcohol
2000 1000 Bendin
5 | 2117 2500- | C=C Alkyne g
2000 Stretchin 9 | 1237 1500- C-N Amine
g 1000 Stretch
6 | 1461 1500- | C-H Methylene ing
1000 | Bending | group FTIR study of the L. angustifolia essential
7 11379 1500 1 O-H Phenol oil (HM brand) identified the major
1000 Bending f . 1 hich includ
s 969 1000- T C=C N unctiona groups present, which include
650 Bending O-H stretching at 3548 and 3011 cm™, C-H
9 | 723 1000- | C=C Alkene stretching at 2885 cm™, S-C=N at 2161 cm™,
650 Bending N=C=S stretching at 2012 cm™, and C=0

stretching at 1744 cm™. The identified
functional groups are presented in Table 5.
Table 6: FTIR peak values and their
assigned functional groups present in the
essential oil of Rosmarinus officinalis of NB
Brand.

S | Waven| Waven | Assig Phytoch
I. | umber| umber ned emicals
N | (em™) Range | Funct Identifi
o. (Test | (cm™) | ional ed
Sampl Grou
e) P
T | 2922 | 3000- | C-H Alkane
2500 Stretc
hing
2 | 2855 3000~ C-H Alkane
2500 Stretching
3 | 1729 2000- C-H Aromatic
1500 Bending Compoun
d
4 | 1461 2000- - -
1500
5 | 1379 2000- O-H Phenol
1500 Bending
6 | 1080 1500- C-O Primary
1000 Stretching | alcohol

The FTIR spectrum of the essential oil of
Rosmarinus officinalis (NB brand) revealed
the important functional groups present,
such as C-H stretching (2922 and 2855 cm-
1), C-H bending (1729 cm-1), and O-H
bending (1379 cm-1). The identified
functional groups are presented in Table 6.
Table 7: FTIR peak values and their
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assigned functional groups present in 112922 3000- | C-H Alkane
essential oil of Rosmarinus officinalis of HM 2500 | Stretching
2 | 2855 3000- | C-H Alkane
Brand. .
PRETY W Assi Phvtoch 2500 Stretching
T JYavent | vvaent ) Assign | ayroche 3 [ 1976 2000- | C-H Aromatic
. mber mber ed micals 1500 Bendi d
N | cm-1 cm-1 Functi | Identified chding compoun
0. | (Test Range onal 4 | 146l 1500- B B
Sample) Group 1000
1 | 3011 3000- | O-H | Alcohol 5| 1379 1500- - -
2500 Stretch 1000
ing 6 | 723 1000- - -
2 [ 2758 3000- | C-H | Aldehyde _| 650 :
2500 Stretch The main functional groups in the Rosa
ing damascena essential oil of the NB brand
3 | 2161 2500- S-C=N | Thiocyana were determined by using FTIR analysis.
2000 Stretch | te The medium band at 2922 cm indicates the
ing . .
1 171 2000- C=0 | Conjugate C-H. stretching functional group. The
1500 Stretch | d medium peak at 2855 cm showed a C-H
ing anhydride aromatic stretching bond. The weak peak at
5 | 1423 1500~ C-H Alkane 1976 cm' revealed the presence of a C-H
1000 Bendin | Methyl bending functional group. These results are
g group .
6 | 1162 1500- | S=O | Anhydrou shown in Table 8. .
1000 Stretch | s hydrate Table 9: FTIR peak values and their
ing assigned functional groups present in the
7 | 969 1000- C=C Alkene essential oil of Rosa damascena of HM Brand.
650 Bendin S | Wavenu | Waven | Assigned | Phytoche
g r. | mber umber | Function | micals
8 | 804 1000- C=C Alkene N cm-1 cm- | al
650 Bendin o | (Test 1 Group Identified
g Sample) | Range
9 |715 1000- - - 1 | 2922 3000- C-H Alkane
650 2500 Stretchin
The results obtained from FTIR analysis g
of Rosmarinus officinalis essential oil (HM 2 | 2855 3288’ ;'Ht " Alkane
brand) included identification of the o reren
functional groups present in the substance 3 | 1744 2000- | C-H Aromatic
such as O-H stretching (3011 cm™), C-H 1500 Bending | compound
stretching (2756 cm™), C-N stretching (2161 4 | 1461 1500- - -
cm™), C-O stretching (1744 cm™), C-C 1000
stretching (1423 cm™), N-O stretching (11), > | 1879 1888' i i
The 1den’.c1f1ed functional groups are 6 [ 11e2 1500- | O Tertiary
presented in Table 7. 1000 Stretchin | alcohol
Table 8: FTIR peak values and their g
assigned functional groups present in the 71723 1000- - -
essential oil of Rosa damascena of NB Brand. 650

Wavenu
S | mber
r. | cm-1
N | (Test
o | Sample)

Wave
numb
er
cm-1
Range

Assigned
Functiona

1
Group

Phytoche
micals
Identified
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The main functional groups in the Rosa
damascena essential oil of HM brand were
determined by using FTIR analysis. The
medium band at 2922 cm indicated the C-H
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stretching group. The medium peak at 2855
cm revealed a C-H aromatic stretching
group. The weak peak at 1744 cm showed
the presence of a strong C-H bond. The
band observed at 1162 cm may be due to a
C-O bond. These results are shown in Table
9.

Phenolic Content of different brands.
Table 10: Total Phenolic Content of
different fractions of Lavandula angustifolia
essential oil of NB and HM brands.

Solv | Essential oil of NB | Essential o0il of
ents | brand HM brand
Absorba | GAE Absorb | GAE
nce pg/ml £ | ance pg/ml
725nm St 725nm + St
Mean/St. | Error Mean/S | Error
error t. error
Meth | 0552 £ | 1509 1.888 484.825
anol | 0.004 +0.004 | £0.005 +0.005
Etha | 0789 % | 0.0553 1.226 =+ | 319.325
nol 0.003 +0.003 | 0.002 +0.002
Aqu |0277 + 82225 0.285 + | 84.15
eous | 0.004 +0.004 | 0.003 +0.003

The TPC of Lavandula angustifolia
essential oil fractions is presented in Table
10. The methanolic fraction of the HM
brand showed the highest TPC (484.825 +
0.005 pg GAE/mL), while the ethanolic
fraction of the NB brand showed the lowest
(0.0553 + 0.003 ng GAE/mL).

Annexure (F)

Table 11: TPC of different fractions of
Rosmarinus officinalis essential oil of NB and
HM brands.

Solv | Essential oil of NB | Essential o0il of
ents | brand HM brand
Absorba | GAE Absorb | GAE
nce ug/ml * | ance pg/ml
725nm St 725nm + St
Mean/St. Mean/St
error Error . error Error
Meth | 0.43 + | 120.325 | 1.685 434.075
anol | 0.040 +0.040 | £0.004 +0.004
Etha | 0913 +|241.15 |1.225 31915
nol 0.003 +0.003 | 0.005 +0.005
Aque | 0464 £ | 1289 0.623 =+ | 168.65
ous 0.004 +0.004 | 0.029 +0.029
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Table 11 shows the total phenol content
(TPC) of the Rosmarinus officinalis essential
oil fractions. The highest TPC value was
found in the methanolic fraction of HM
(434.075 £ 0.004 pg GAE/mL), while the
lowest TPC value was obtained in the
methanolic fraction of NB (120.325 + 0.040
ng GAE/mL.
Annexure (G)
Table 12: TPC of different fractions of Rosa
domascena essential oil of NB and HM

brands.
Solve | Essential oil of NB | Essential oil of
nts brand HM brand
Absorb | GAE Absorb | GAE
ance pug/ml * | ance pg/ml
725nm St 725nm + St
Mean/St Mean/S
. error Error t. error Error
Metha | 0.882 233.325 | 1.386 * | 359.475
nol +0.005 +0.005 | 0.006 % 0.006
Ethan | 1.337 + | 347.15 1.865 * | 479.15
ol 0.005 +0.005 | 0.006 % 0.006
Aque | 0.278 82.325 0.056 * | 26.975
ous +0.003 +0.003 | 0.008 +0.008

The total phenolic content (TPC) of Rosa
damascena  essential oil fractions is
presented in Table 12. The ethanolic
fraction of the HM brand exhibited the
highest TPC (479.15 £ 0.006 pg GAE/mL),
while the aqueous fraction of the HM brand
showed the lowest TPC (26.975 + 0.008 pg
GAE/mL).

Annexure (H)
Graphical Result
Annexure (I)
Discussion

In the current study, the variability in
relation to phytochemical composition,
FTIR spectroscopy parameters, and the
total phenol content of commercially
available essential oils of Lavandula
angustifolia, Rosmarinus officinalis, and Rosa
damascena from two commercial brands
was established. This information shows
significant variability in the chemical
characteristics of commercially available
essential oils, which depends on numerous
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factors, including the origin of plant
materials, methods of extraction, storage,
and production. In particular, based on
qualitative phytochemical analysis of the
essential oils, variability in relation to the
presence of alkaloids, flavonoids, tannins,
proteins, carbohydrates, and cardiac
glycosides was identified. Although the
two tested brands contained Similar
phytochemicals, the distribution of these
compounds showed the different chemical
properties of these essential oils and their
extraction efficiency. Similar
phytochemicals have been previously
reported in Lavandula, Rosmarinus, and Rosa
species (Blazekovic et al., 2018; Andrade et
al., 2018; Mahboubi, 2016). Moreover, the
presence of characteristic functional
groups, including O-H, C-H, C=0O, C-O,
C=C, and C-N groups, was further verified
through FTIR. Such functional groups
occur in alcohols, phenols, aldehydes,
ketones, terpenes, and volatile components
of the essential oil. Despite the similarity in
the spectra of all the brands, the difference
in the intensity of some peaks and the
absence/presence of other bands prove
that there are varying compositions of the
essential oils in the brands. Similar FTIR
patterns have also been noted in Lavandula
angustifolia, Rosmarinus officinalis, and Rosa
damascena essential oils, as mentioned by
Massoud et al. (2024), El-Badry et al. (2015),
and Berechet et al. (2015). The phenolic
content was found to vary widely among
different plant species, the ratio of solvent
used, and even different brands. In general,
the HM brand displayed higher levels of
phenolic content than the NB brand,
particularly in methanolic fractions,
implying a high ability to extract phenolic
compounds and therefore antioxidant
activity. Phenolic compounds are known to
be good antioxidants in essential oils as
they can donate hydrogen atoms and
neutralize reactive oxygen species. This
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kind of correlation has been reported
earlier for essential oils of Lavandula
angustifolia, Rosmarinus officinalis, and Rosa
species (Nurzynska-Wierdak et al., 2016;
Genena et al., 2008; Ghaffar et al., 2026).
From the findings, it is clear that
commercially available essential oils
having the same names related to their
plant origin vary in their compositions and
phenol content. This underlines the
importance of periodic analysis of these
products before utilizing them in a
commercial or medicinal application.
While phytochemical profiling and FTIR
analysis provide instant preliminary
results with respect to the composition of
the oils, these techniques alone are
insufficient in establishing the authenticity
and contamination of the essential oils.
Hence, advanced analytical techniques like
GC-MS, GC-FID, NMR, and isotope ratio
analysis are needed for further
investigations.
Conclusion

The study was carried out to investigate
the quality of commercially available
essential oils of Rosmarinus officinalis,
Lavandula angustifolia, and Rosa damascena
through phytochemical screening, FTIR
spectrometry, and total phenolic content
(TPC). The findings showed differences in
chemical constituents, thereby raising
suspicion about the quality and possible
adulteration. The methanol and water
extracts possessed more phytochemicals
than the ethanolic extract, while FTIR
verified the presence of different functional
groups of bioactive compounds. In general,
the above analytical techniques serve as
credible means of testing the quality of
commercial essential oils. None of the
tested essential oil samples exhibited
measurable antibacterial activity under the
experimental conditions employed. While
antioxidant activity revealed that the total
phenolic content of Rosmarinus officinalis of
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the HM brand showed maximum potential
434.075 - 0.004mg/ml in methanol, the
lowest total phenolic content 0.055 = 0.003)
was shown by Lavandula angustifolia
essential oil of the NB brand. The analytical
findings indicate considerable variation
among commercially available products,
suggesting possible differences in quality
that require further confirmation using
advanced analytical techniques.
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Annexure (A)

Comparative Evaluation of Chemical Properties and Quality of
Commercial Essential Oils
\ Rosmarinus officinalis, Lavandula angustifolia and Rosa damascena

This study compared two ial brands (HM and NB) of three 1 oils availabk A "
in Daska city, Pakistan for their chemical position, total phenol and HM NB
. .
SAMPLE COLLECTION FRACTIONATION .
Six commercial essentiad oll Oils were fractonated n ™ ] Ne
samples (two brands of three methanol, ethanol and * m I:n_'nu
plant spacies) were coliected distilled water. w ‘
from Daska city, Pakistan. Chloroform and n-hexane
b failed 1o form fractions. — —
METHODOLOGICAL APPROACH
1. PHYTOCHEMICAL 2, FTIR ANALYSIS 3. TOTAL PHENOLIC
SCREENING (4000-400 cm) CONTENT (TPC)
> M\ w2 1
v =
Quali u- 4000 :m “om = u- n;nr _-n
tanins, proteins, carbohydrates, Wt o) Determined by Folin-Ciecalteu
cordiac glycosides, phencls, Identification of functional groups method and expressed as
reducing sugers, ssponine inchuding O-H, C-H, €=0, C-0, mg GAE/g of sample.
and amino acids. C=C and C-N.
KEY FINDINGS
PHYTOCHEMICAL SCREENING FTIR ANALYSIS TOTAL PHENOLIC CONTENT (TPC) ANTIBACTERIAL ACTIVITY
Rosa damascena (NB beand) Detected functional groups: Mighest TPC: Lowest TPC: antibactarial activity
showed the highest number of O<H, C-H, C=0, C-0, Rosmaninus officinalls Lavanduta angustifolls ::’ "‘;
phytochersicals detected. C+CandC-N. (HM brand) methanolic (NB brand) ehanolic s
. g A traction fraction of the samples tested.
—\// V £ \/, 434,075 = 0,004 mg GAE/g 0.055 £ 0.003 mg GAEN
(('\ CONCLUSION: This study revealed significant variations in the | position and phenoli of ial ial ods.
‘( Further authentication and detasled pvoﬂhn using chromatographic techniques such as GC-MS or GC-FID are recommended.

Figure 1: Graphical abstract of the comparative evaluation of commercial essential oils.
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Figure 2: Overview of the experimental design and analytical methods used for the
comparative evaluation of commercial essential oils.
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Annexure (C)
Table 1: Phytochemical screening of various fractions of EOs of L. angustifolia of NB and

HM brands for detection of phytochemical compounds.
Phytochemicals | Tests Methanol | Methanol | Ethanol | Ethanol | Aqueous | Aqueous
Fraction Fraction Fraction | Fraction | Fraction | Fraction
NB brand | HM brand | NB HM NB HM
brand brand brand brand
Phenols Ferric _ _ _ _ - _
chloride test
Flavonoids Alkaline _ _ _ _ _ -
reagent test
Alkaloids Mayer’s test | + _ + + - +
Cardiac Keller- _ _ _ _ - -
glycosides Killiani test
Carbohydrates | Molisch’s _ _ _ _ - +
test
Reducing Fehling’s _ _ _ _ - -
sugars test
Proteins Burette test | _ _ + — + +
Tannins Ferric + _ _ + _ -
chloride test
Saponins Froth test _ _ _ _ - -
Amino acids Ninhydrin | _ _ _ _ - -
test

Annexure (D)
Table 2: Phytochemical screening of different fractions of Essential Oil of Rosmarinus
officinalis of NB and HM brands for detection of phytochemical compounds.

Phytochemical | Tests Methanol | Methanol | Ethanol | Ethanol | Aqueous | Aqueous
s Fraction | Fraction Fraction | Fraction | Fraction | Fraction
NB brand | HM NB HM NB HM
brand brand brand brand brand
Phenols Ferric _ _ _ _ — -
chloride test
Flavonoids Alkaline _ _ _ _ — —
reagent test
Alkaloids Mayer’s test | + _ + - - -
Cardiac Keller- _ _ _ _ _ _
glycosides Killiani test
Carbohydrates | Molisch’s _ _ _ _ _ _
test
Reducing Fehling’s _ _ _ - - -
sugars test
Proteins Burette test | _ _ _ + + _
Tannins Ferric _ + + _ + —
chloride test
Saponins Froth test _ _ _ _ - -
Amino acids Ninhydrin | _ _ _ - - -
test
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Table 3: Phytochemical screening of different fractions of Essential Oils of Rosa damascena
of NB and HM brands for detection of phytochemical compounds.

Phytochemicals | Tests Methanol | Methanol | Ethanol | Ethanol | Aqueous | Aqueous
Fraction Fraction Fraction | Fraction | Fraction Fraction
NB brand | HM NB HM NB brand | HM
brand brand brand brand
Phenols Ferric _ _ _ _ _ _
chloride test
Flavonoids Alkaline + + _ _ _ _
reagent test
Alkaloids Mayer’s test | + + + _ + +
Cardiac Keller- + _ _ _ _ _
glycosides Killiani test
Carbohydrates | Molisch’s _ _ _ _ _ -
test
Reducing Fehling’s _ _ _ - - -
sugars test
Proteins Burette test | _ _ _ _ + +
Tannins Ferric _ _ + _ + _
chloride test
Saponins Froth test _ _ _ _ - —
Amino acids Ninhydrin | _ _ _ - - -
test
Annexure (F)
(Mean & Standard Error)
Absorbance at 725 nm Total Phenolic Content (GAE pg/ml)
26 - B NBBrand I WM Brand 600 - I NB Brand B8 WM Brand
484825
1,688 (£0.008)
ih (20.008) 500 1
E _. 400 { 119328
R E T (+0.002)
s 3
v 3 300 1
g 1.0 1 0.709 3
(£0.003) 200 1 150.9
(10.004)
12225 8415
05 + 0277 0208 (10.004)  (20.003)
(+0.004) (40,000 100 1
0,085
(40.002)
0.0 0
Methanol Ethanol Aqueous Methanol Ethanol Aqueous
Solvents Solvents

Figure 9: Comparative analysis of absorbance (725 nm) and total phenolic content (ug
GAE/mL) of essential oil fractions extracted with methanol, ethanol, and water from NB
and HM brands. Values are expressed as mean + standard error.
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Annexure (G)

(Mean + Standard Error)
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Figure 10: Comparative analysis of absorbance (725 nm) and total phenolic content (ug
GAE/mL) of Rosmarinus officinalis essential oil fractions from NB and HM brands. Values

are expressed as mean * standard error.

Annexure (H)
Comparison of Essential Oils (NB vs HM Brand) in Different Solvents
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Figure 11: Comparative analysis of absorbance (725 nm) and total phenolic content (ug
GAE/mL) of Rosa damascena essential oil fractions from NB and HM brands. Values are
expressed as mean * standard error.
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Annexure (I)

COMPARATIVE CHEMICAL ANALYSIS OF COMMERCIAL ESSENTIAL OILS

Phytochemical Screening + FTIR Analysis + Total Phenolic Content
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Figure 12: Integrated overview of phytochemical screening, FTIR spectral analysis, and
total phenolic content of commercial Lavandula angustifolia, Rosmarinus officinalis, and Rosa
damascena essential oils from NB and HM brands.
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