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Abstract

Rubus pyrifolius J.E. Smith, one of the Rubus species, has been found in Indonesia and collected in the
Cibodas Botanical Garden. Rubus species are known for their diverse triterpenes, each with unique biological
functions. This research aimed to analyse the metabolite profiles of R. pyrifolius using n-hexane and methanol
solvents. GC-MS analysis was used to identify volatile and semi-volatile compounds in the R. pyrifolius extracts,
with compound identification based on NIST 17 through GC/MS mass spectra analysis. The results showed
that the total number of identified phytochemical compounds in methanol and n-hexane extracts of R.
pyrifolius were 115 and 174, respectively. Methanol extracts from R. pyrifolius flower, young leaf, mature leaf,
and young stem exhibited 46, 20, 15, and 34 compounds, respectively. In contrast, n-hexane extracts from R.
pyrifolius flower, young leaf, mature leaf, and young stem contained 35,47, 29, and 63 compounds, respectively.
These compounds were classified into seven phytochemical groups: alkanes, alkenes, cyclic ethers, diterpenes,
fatty acids, triterpenes, and vitamin E. Furthermore, only carboxylic esters, ergosterols, esters, fatty alcohols,
and phenols were found in n-hexane extracts. The methanol extract showed seven significant phytochemical
groups, including linolenic acid, phthalate esters, phytol, phytosterol, sterol lipids, terpenoids, and
triterpenoids. R. pyrifolius possesses a variety of bioactive phytochemical profiles that are relevant in the field

of phytopharmaceuticals. Nevertheless, further research is essential to determine their biological activity.
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Introduction

Plants are still an important component of traditional health treatments in developing countries,
although many ethnobotanical reports have not been supplemented with proper research. For example,
although it is a critical starting point for planning a reasonable use of medicinal plants (Rahman ez al., 2019;
Heinrich, 2008), more than a complete identification of secondary metabolites is frequently inadequate. At the
same time, precise profiling of the many herbal medications obtained from a single plant species is important
for standardization, preventing adulteration, and evaluating prospective applications of less value or less
accessible plant material (Smillie and Khan, 2009). Rubus is a genus in the Rosaceae family, which is a subfamily
of the Rosoideae. Rubus, one of the biggest plant genera with over 740 species, is native to six continents and
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adaptable in many habitats (Alice and Campbell, 1999; Hummer, 2010). Rubus has been classified into 12
subgenera (Focke, 1910). Additionally, 46 species of Rubus have been reported in the Malesia Region, with 25
species spread throughout Indonesia (Kalkman, 1993). This genus contains sugars, vitamins, secondary
metabolites (such as triterpenoids, flavonoids, and polyphenols), and numerous compounds with anti-aging
characteristics, including antioxidant, anti-elastase, anti-tyrosinase, anti-collagenase, anti-UV, anti-
inflammatory, and wound healing properties (Bravo ez al., 2016; Zeng et al., 2018).

Rubus species have been recognized for their extensive variety of triterpenes, each with distinct biological
functions (Desmiyati e# al., 2021; Mei et al., 2016; Ono et al., 2016; Yu et al., 2019). Certain Rubus species
exhibit antioxidant, anti-bacterial, anti-elastase, anti-collagenase, and anti-thrombotic properties, particularly
effective against cancer and inflammatory diseases. Moreover, they are rich in polyphenols and flavonoids.
Petreanu er al. (2015) identified compounds like 5,7-dihydroxy-6,8,4'-trimethoxyflavonol, 5-hydroxy-
3,6,7,8,4'-pentamethoxyflavone, and tormentic acid in the leaves of Rubus rosifolius, all of which hindered
ovarian cancer cell growth. Similarly, Kanegusuku ez 4/. (2007) isolated 28-methoxy-tormentic acid from R.
rosifolius herb hexane extract, demonstrating its analgesic properties. Traditional folk remedies involve infusing
raspberry plant leaves, specifically Rubus idaeus, with boiling water. These leaves can be used topically as
antibiotics and anti-inflammatories. Raspberries might also offer benefits in early-stage type II diabetes and
hypertension (Cheplick ez al., 2007). Raspberry extract contains specific polyphenols such as anthocyanins,
ellagitannins, and ellagic acid, or combinations with other compounds like ascorbic acid and carotenoids for
synergistic effects, can effectively inhibit the growth of cancer cells in vitro. Raspberry extract has shown anti-
proliferative properties, effectively suppressing the development of human tumor cells in the colon, prostate,
breast, and mouth (Wedge e al., 2001; Cerda ez al., 2005; Seeram ez al., 2006; Ross ez al., 2007; McDougall ez
al., 2008; Bowen-Forbes ez 4., 2010). The main species of European blackberry plant, R. fruticosus leaves, have
been applied as an astringent, antidiarrheic, and hypoglycemic medication, as well as an anti-inflammatory
therapy for the oral cavity and throat mucous membranes (Rocabado ez 4/., 2007). The traditional therapeutic
usage of Rubus in Southeast Asia is quite similar to that of Rubus in Europe. The astringent and tonic
characteristics of the leaves and roots are used to treat diarrhea. In Indonesia, the roots are chewed with
additional components to treat digestive ailments. Fresh leaves eaten with toasted coconut are supposed to treat
thrush. Combined with betel nut (Areca catechu), they are considered antitussive and a treatment to prevent
miscarriage (PROSEA).

Rubus species are distinguished by their ability to synthesize and accumulate ellagitannins, while other
physiologically active compounds such as flavonoids, anthocyanins, and triterpenoids have been found in
recent years. More than 100 species of the genus Rubus have been chemically studied to obtain and determine
the active components of the plants (Bhuyan and Dutta, 2021). Because increasing research shows that specific
chemical components of Rubus species might inhibit tumor formation, finding such components may be a
useful, non-invasive technique for reducing cancer rate and severity. Analysing the chemical composition of
different components of medicinal plants, which underlies their various pharmacological effects, holds
significant importance in medicinal chemistry. Through this method, we can systematically assess and confirm
the traditional applications, pharmacological effects, and therapeutic possibilities associated with these plant
constituents. R. pyrifolius, one of the Rubus species, has been found in Indonesia and collected in the Cibodas
Botanical Garden (Surya ez /., 2018). However, no prior phytochemical on the non-polar and polar
constituents of R. pyrifolius has been documented. As a result, examining the chemical components is
important for verifying the plant's use as a traditional phytomedicine. This study aimed to identify the
metabolite profiles of R. pyrifolius in n-hexane and methanol extract to see the variations in bioactive

compounds in flowers, leaves, and stems.
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Materials and Methods

Plant materials

Rubus pyrifolius (young leaves, mature leaves, young stem, and flower) were collected from Cibodas
Botanical Garden (West Java, Indonesia) with collection number IVB. 37a. Plant was identified by
Muhammad Imam Surya and refer to Kalkman (1993) (Figure 1).

Figure 1. Rubus pyrifolius (A) mature leaves (B) young leaves (C) flowers

Preparation of plant extracts

Each part of Rubus pyrifolius (young leaves, mature leaves, young stem, and flower) was cleaned and dried
in an oven at 40 °C. The dried leaves were chopped into small pieces and then smoothed into powder using an
electric blender. Each of 5 grams of R. pyrifolius powder was macerated using 100 mL of methanol and n-
hexane, then incubated and shaken at 150 rpm for 24 h. After that, the extract was filtered using Whatman
No. 1 filter paper. The filtrate was placed in a porcelain cup and concentrated by air drying until the weight of
the extract was constant. The crude extract was obtained and stored at 4 °C for further use.

GC/MS analysis

GC/MS analysis was performed to identify some of the potent volatile and semi-volatile compounds in
R. pyrifolius extract. The Retention time was used to differentiate between different chemicals. The 25 mg of
concentrated n-hexane, methanol extracts were redissolved in the respective solvents, vortexed properly and
filtered through 0.22 mm syringe filter. One microlitre aliquot of the sample solution was injected into the
GC/MS system for the requisite analysis. The bioactive compounds of methanol and n-hexane plant crude
extracts were identified by GC/MS Column type 190915-433: 93.92873 DB-5MS UI 5% phenyl methyl silox,
dimension: 30 m x 250 pm x 0.25 pm. Initial temperature: 150 °C; hold time: 2 min. Post run, 300 °C with
retention time (Rt) total for 30 min.

Hdentification of bioactive compounds

The identification of compounds was based on NIST 17 (MassHunter\Library\NIST17.L) by
analysing the mass spectra of the detected compounds through GC/MS. Finally, the compound name and
molecular formula of the individual compounds were determined further using NIST WebBook and
PubChem. The biological activity was determined by comparing with Dr. Duke’s Phytochemical and Ethno-
botanical database (Duke’s, 2013) and literature reviews.
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Results

The GC/MS chromatogram showed the relative amounts of different compounds as a function of
retention time. The heights of the peaks represent how much of each component is present in Rubus pyrifolius
extract. The mass spectrometer examines these compounds at various elution times to determine their
characteristics and structures. Larger compounds break into smaller ones, creating peaks at various mass-to-
charge (M/Z) ratios. These unique mass spectra act like a fingerprint for each compound, and reference data
libraries can aid in their identification (Szarka ez 4/.,2008). The GC/MS chromatogram of R. pyrifolius flower
methanol extract showed various peaks resulting from 46 chemical compounds, as shown in Tabel 1 and Figure
2. The most abundant compound was stigmasta-3,5-diene (21.78%), followed by gamma-sitosterol (12.63%),
gamma-sitostenone (8.60%), supraecne (5.48%), hexanedioic acid, dioctyl ester (1.83%), and heptadecane
(1.86%). Meanwhile, n-hexane extracts of the R. pyrifolius flowers produced 35 compounds, and the major
chemical compound was di-isononyl phthlate (6.01%), followed by heneicosane (5.64%), tetracosane (4.19%),
1,2-benzenedicarboxylic acid, dinonyl ester (2.58), hexanedioic acid, and bis(2-methylpropyl) ester (2.20%).

Table 1. Identified compounds from GC/MS analysis for R. pyrifolius flower (similarity 80-100)

C d Nature Molecular Flower methanol extract Flower hexane extract
ompounds compound formula RT Area % RT Area %
2,4-Di-tert-butylphenol Phenol Ci1sH20 - - 14.548 0.21
Hexanedioic acid, bis(2- .
methylpropyl) ester Facty acid Crabz6O4 16.602 2.20
3-Ficosene, (E)- Alkene CaoHao - - 19.841 0.39
S-Eicosene, (E)- Alkene CaoHao - - 21.694 0.39
Diisooctyl adipate Carb:xyhc C2HpO4 - - 23.382 5.14
ester
1-Hexacosene Alkene Ca6Hs2 - - 24.996 0.40
Di-isononyl phthlate Carbz)xyhc CaH204 - - 26.798 6.01
ester
l,Z—Benze'nedlcarboxyhc acid, Facty acid CocHisOs i i 26.899 258
dinonyl ester
Heneicosane Alkane CaHu - - 27214 5.64
Tetracosane Alkane Ca4Hso - - 28.827 4.19
Nonacos-1-ene Alkene Ca9Hss - - 28.903 0.19
Cyclononasiloxanc, Terpenoid CisHs:0sSi 17.509 0.15
octadecamethyl-
Hexadecanoic acid, methyl ester Fatty acid Ci7H3402 19.173 1.95
9,12,15-Octadecatrienoic acid, X L.
methyl eseer, (Z, 7, Z)- Linolenic acid C1yH30: 20.862 3.14 - -
Methyl stearate Fatty acid C1oH330: 21.089 0.94 - -
2y.-Sitosterol Phytosterol CHs00O 21.794 12.63 - -
Stigmasta-3,5-diene Triterpene Co9His 22.173 21.78 - -
Heptadecane Alkane C,Hs6 22.614 2.63 - -
Eicosane Alkane CaH4 23.370 1.83 27.945 0.51
Hexanedioic acid, dioctyl ester Fatty acid C22H 204 23.370 1.83 - -
Tetracosamethyl: Alkane CasHnOwSin 24.882 126 - -
cyclododecasiloxan
.y.-Sitostenone Phytosterol CHasO 26.281 8.60 - -
Supraene Triterpenoid CsoHso 26.596 5.48 - -
1-Octadecene Alkene CisHse 27.189 1.54
dl-.a.-Tocopherol Vitamin E C29Hs002 29.180 0.91 - -
Necophytadiene Diterpen Ca0H3s 29.331 1.97
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Figure 2: GC/MS chromatogram of organic compounds from R. pyrifolius (A

(B) flower n-hexane extract

The GC/MS analysis of the methanolic extract of R. pyrifolins young leaves and mature leaves led to
identifying 20 and 15 chemical compounds, respectively (Table 2, Table 3 and Figure 3). The most abundant
compound in young leaves was 3,7,11,15-tetramethyl-2-hexadecen-1-ol (14.47%), followed by hexadecanoic
acid, methyl ester (10.83%), neophytadiene (9.57%), hexanedioic acid, dioctyl ester (6.11%), 9,12,15-
octadecatrienoic acid, methyl ester (Z, Z, Z) (5.94%), and methyl stearate (4.15%). A significant compound in
mature leaves was neophytadiene (22.51%), followed by stigmast-4-en-3-one (11.98%), squalene (7.94%), and
vitamin E (3.40%). Furthermore, the GC/MS analysis of the n-hexane extract of young leaves and mature leaves
produced 47 and 29 chemical compounds, respectively. The most abundant compound in young leaves was
eicosane (15.12%), followed by octadecane (8.65%), 3-eicosene, (E)- (4.14%), 1-tetracosene (3.51%),
cyclooctacosane (3.25%), and 1-hexacosene (2.83%). Meanwhile, the most abundant compound in mature
leaves was 1-docosene (15.04%), followed by hentriacontane (14.10%), tetracosane (8.11%), squalene (4.63%),

and 2,4-di-tert-butylphenol (4.43%).
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Table 2. Identified compounds from GC/MS analysis for R. pyrifolius young leaves (similarity 80-100)

Narure Molecular Young leaves methanol Young leaves hexane
Compounds compound formula extract extract
RT Area % RT Area %

2,4-Di-tert-butylphenol Phenol CisH»0 - 14.548 245
1-Octadecene Alkene CisHss - 17.799 1.08
3-Eicosene, (E)- Alkene CaoHio - 19.841 4.14
Hexadecanoic acid, propyl ester Fatty acid Ci19H3502 - 20.748 2.59
Nonacos-1-ene Alkene Ca9Hss - 21.694 3.95
n-Propyl 9,12,15-octadecatrienoate Fatty acid C21H360: - 22.324 1.29
Octadecanoic acid, propyl ester Fatty acid CuH«202 - 22.538 0.94
1-Tetracosene Alkene CaHas - 23.408 351
Cyclotetracosane Alkane CaiHas - 24.996 3.50
1-Heptadecene Fatty alcohols Ci7Hz4 - 25.777 1.12
Squalene Triterpene CsoHso - 26.596 1.44
1,19-Eicosadiene Alkene Ca0H3s - 26.785 2.19
Octadecane Alkane CisHss - 27.201 8.65
Eicosane Alkane CaHa - 28.814 15.12
dl-.a.-Tocopherol Vitamin E C29Hs5002 - 29.167 1.17
1-Hexacosene Alkene CaHs2 - - 29.772 1.39
Neophytadiene Diterpen CaoH3s 18.253 9.57 - -
Hexadecanoic acid, methyl ester Fatty acid C17H3402 19.186 10.83 - -
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9,12,15-Octadecatrienoic acid, methyl .

ester, (2.2,7)- Fatty acid C1vH»0: 20.862 5.94 - -
3,7,11,15-Tetramethyl-2-hexadecen- 14.47;

Lol Phytol C20H400 20.950 1431 - -
Methyl stearate Fatty acid CioH330:2 21.089 4.15 - -
Hexanedioic acid, dioctyl ester Fatty acid CH404 23.370 6.11 - -

Table 3. Identified major compounds from GC/MS analysis for R. pyrifolius mature leaves (similarity 80-

100)
Mature leaves methanol Mature leaves hexane
Nature Molecular
Compounds compound formula extract extract
RT Area % RT Area %

1-Docosene Alkene CnHus - 21.693 15.04
1-Hexacosene Alkene CaHsz - 24.995 1.37
1-Octadecene Alkene CisHss - 29.785 1.21
1,19-Eicosadiene Alkene CaoHss - 28.323 2.68
2,4-Di-tert-butylphenol Phenol CisH2»0 - 14.548 443
3-Eicosene, (E)- Alkene Ca0Hio - 19.841 1.45
3-Methylene-7,11-dimethyl-1- Alkene CH, - 27.630 3.38
dodecene
9-Octadecene, (E)- Alkene CsHsg - 17.799 0.48
Cyclotetracosane Alkane CasHas - 23.407 1.26
dl-.a.-Tocopherol Vitamin E C29H5002 - 29.180 2.33
Hentriacontane Alkane Cs1Hea - 28.827 14.10
Nonacos-1-ene Alkene Ca9Hss - 26.470 229
Pentadecafluorooctanoic acid, octa Fatty acid CaH37F1502 - 27919 3.41
decyl ester
Tetracosane Alkane CaiHso - - 27.188 8.11
Neophytadiene Diterpen CaoH3s 18.266; 22.51 18.240 0.28
Stigmast-4-en-3-one Sterol lipids C29Hs0 26.256 11.98 - -
Squalene Diterpene Cs0Hso 26.609 7.94 26.596 4,63
Vitamin E Vitamin E C29Hs00:2 29.167 3.40 - -

T D

Figure 3. GC/MS chromatogram of organic compounds from Rubus pyrifolius (A) young leaves methanol

extract, (B) young leaves n-hexane extract, (C) mature leaves methanol extract, (D) mature leaves n-hexane

extract
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The GC/MS analysis of methanol and n-hexane young stem extracts revealed 34 and 63 compounds,

respectively (shown in Table 4 and Figure 4), the majority compounds of methanol young stem extract which
were hexanedioic acid, bis(2-ethylhexyl) ester (7.29%), di-isononyl phthlate (7.66%), hexanedioic acid, bis(2-
methylpropyl)ester(5.85%), and the majority chemical compounds detected in n-hexane young stem extracts
were 2-methyl-Z,Z-3,13-octadecadienol (8.56%), n-hexadecanoic acid (6.54%), 5-eicosene, (E)- (4.61%),
eicosane (4.34%), 3-eicosene, (E)-(4.31%). Hexadecanoic acid, methyl ester and 1-octadecene were found in

methanol and n-hexane young stem extracts.

Table 4. Identified major compounds from GC-/MS analysis for R. pyrifolius young stem (similarity 80-

100)
Nature Molecular Young stem Young stem hexane extract
Compounds compound formula methanol extract
RT Area % RT Area %
2,4-Di-tert-butylphenol Phenol CisH20 - 14.535 2.68
2-Tetradecene, (E)- Alkene C14H28 - 15.531 0.93
3-Eicosene, (E)- Alkene CaoHio - 19.841 43
Hexadecanoic acid, propyl ester Fatty acid Ci9H330:2 - 20.748 1.89
n-Hexadecanoic acid Fatty acid CisH3.0:2 - 20.862 6.54
10,13-Octadecadienoic acid, Fatty acid CiyH30: - 20.799 0.39
methyl ester
2-Methyl-Z, Z-3,13-octadecadienol Fatty alcohol Ci9H360O - 21.391 8.56
S-Eicosene, (E)- Alkene CaoHio - 21.706 4.61
trans, trans.-9,lZ—Octadccadlcnmc Fatty acid CuHxOs i 22273 172
acid, propyl ester
n-Propyl 9,12,15-octadecatrienoate Fatty acid C21H360: - 22.324 2.15
Octadecanoic acid, propyl ester Fatty acid C21H420: - 22.538 1.41
1-Tetracosene Alkene CasHas - 23.307 0.94
1-Hexacosene Alkene CaHs - 24.806 0.72
Nonadecyl pentafluoropropionate Esters C22H3F502 - 24.995 325
Octadecane Alkane CisHss - 25.777 1.29
Tctracosamc.thyl— Alkane C2H72012Si12 - 25.840 0.64
cyclododecasiloxan
Squalene Triterpene CsoHso - 26.596 1.13
Oxirane, hexadecyl- Cyclic ether CisH3O - 26.785 0.64
Tetracosane Alkane Ca4Hso - 27.201 3.42
8-Tocopherol Vitamin E C2H460: - 27.604 1.49
Octacosyl trifluoroacetate Esters C30Hs/F30. - 27.919 1.62
1,19-Eicosadiene Fatty acids Ca0Hss - 28.323 1.04
y-Tocopherol Vitamin E CasHisO2 - 28.449 0.54
Ficosane Alkane CaHa - 28.814 4.34
Vitamin E Vitamin E C29Hs500:2 - 29.180 0.68
Ergost-5-en-3-ol, (3.B.)- Ergosterols CasH4s0 - 30.352 191
Hexanedioic acid, bis(2- Fatty acid C14sH2604 16.602 5.85 - -
methylpropyl) ester
Hexadecanoic acid, methyl ester Fatty acid Ci7H30> 19.173 0.39 19.160 0.33
Methyl stearate Fatty acid CisH302 21.089 0.28 - -
Hexanedioic ac:j;:s(Z—cthylhcxyl) Fatty acid C2Hu04 23.383 7.29 - -
Di-isononyl phthlate Phthalate esters CasH04 26.130 7.66 - -
1-Octadecene Alkene CisHss 27.541 0.14 17.787 1.53
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Figure 4. GC/MS chromatogram of organic compounds from R. pyrifolius (A) young stem leaves methanol

extract, (B) young stem n-hexane extract
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Figure 5. Venn diagram showing (A) the number of common natural metabolite compounds in all four R.
pyrifolius organs and (B) phytochemical groups detected specifically in methanol and n-hexane solvents

A Venn diagram analysis revealed different phytochemical groups in each organ of R. pyrifolius (shown
in Figure SA). Four common phytochemical groups (alkene, fatty acid, phenol, and vitamin E) were identified
in flowers, young leaves, mature leaves, and young stems. Additionally, five phytochemical groups were
exclusively found in flowers (carboxylic esters, linolenic acids, phytosterols, terpenoids, and triterpenoids); two
phytochemical groups were detected to young leaves (fatty alcohols and phytols); one phytochemical group was
solely present in mature leaves (sterol lipids); and four phytochemical groups were detected in young stem
(ergosterols, esters, fatty alcohols, and phthalate esters).

The n-hexane and methanol extracts contained seven common phytochemical groups: alkanes, alkenes,
cyclic ethers, diterpenes, fatty acids, triterpenes, and vitamin E. Additionally, five significant phytochemical
groups were exclusively detected in n-hexane extracts, i.c., carboxylic esters, ergosterols, esters, fatty alcohols,
and phenols. Conversely, within methanol extracts, seven major phytochemical groups were identified—
namely, linolenic acid, phthalate esters, phytol, phytosterol, sterol lipids, terpenoids, and triterpenoids (in
Figure 5.B).

Many of the identified compounds possess valuable biological activities. Terpenoids exhibit
antibacterial, antifungal, anti-inflammatory, and antioxidant effects, while hydrocarbons (alkanes and alkenes)
have demonstrated anti-inflammatory, anti-cancer, and anti-diabetic properties. Steroids show prophylactic,
antioxidant, antibacterial, anti-diarrheal, anti-inflammatory, and anti-hyperglycemic activities. Fatty acids and

8
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derivatives are recognized for their antioxidant, antimicrobial, nematocidal, anticarcinogenic, and
antihypertensive properties (as shown in Table 6).

Table 6. Biological activity of identified compounds from GC/MS analysis of methanol and hexane
extracts of R. pyrifolius)

Total content of compounds (%)

Compounds Biological activity/ Function (references)

Young Mature Young

Flower
leaves leaves stem

&-Tocopherol Antioxidant, antitumor, hypocholesterolemic
(Duke, 2013)

Glucose uptake and promote insulin, activates

1.49

-Sitostenone L . L .
¥ 8.60 proteins in the insulin signal transduction

pathway (Kumar e ., 2021)

Prophylactic activity, antioxidant, antibacterial,

anti-diarrhoeal, anti-inflammatory, anti-
hyperglycemic activity (Mathi et al., 2015; Senthil
et al., 2016; Mohammed ez a/., 2016; Sahi 2016)

Antineoplastic (Cooney et 4/., 1993,

- Sitosterol 12.63

T Lerol 0.54 anticarcinogenesis (Takahashi ez 4/, 2009), anti-
-1 ocophero ’ inflammatory (Reiter ez 4/., 2007, antioxidant
(Brigelius-Flohe ez al., 2021)
1-Docosene 15.04 Antibacterial properties (Sahar and Aida 2018)

Anti-inflammatory, anti-cancer, and anti-diabetic

1,19-Eicosadiene 2.19 2.68 1.04

properties.

2-Methyl-Z, Z-3,13- 856 Anti-protozoal, anti-cancer activity (Carballeira ez
octadecadienol ' al.,2012); Wilson et al., 2014)
Antioxidant, anti-inflammatory (Choi et 4.,
2013; Nair et al., 2018), insecticidal and
2,4-Di-tert-butylphenol 0.21 2.45 443 2.68 nematicidal (Chen ez 4/., 2015), antibacterial
(Aissaoui e 4l., 2019), antiviral (Leila ez 2/, 2019),
and antifungal (Sang and Kim 2012)

3-Eicosene, (E)- 0.39 4.14 1.45 431 Antibacterial activity (Lulamba ez 4/, 2021)

Anti-insecticidal, anti-inflammatory, anti-

3,7,11,15-Tetramethyl-2- 14.47; . : . e
hexadecen- 1ol 1431 tuberculosis, antibacterial, and antioxidant
properties (Rao ez al., 1998, Cooney et al., 1993)
S-Eicosene, (E)- 0.39 0.83 1.72 Antibacterial activity (Lulamba ez 4/, 2021)
% 1‘2’ 15-Octadecatrienoic Antimicrobial, antioxidant and anticancer
acid, mcth}él)cstcr, (z,Z, 3.14 5.94 activities (Wei et al, 2011)
oo | 091 | 117 | 23 Avimoryropes i it 20
Antibacterial (Boussaada e 4., 2008), antifungal,
Eicosane 1.83 15.12 434 antitumor, larvicidal, antimicrobial cytotoxic
(Sunita ez al., 2017)
Heneicosane 5.64 Antimicrobial activity (Vanitha et 4l., 2020)
Anti-tumor (Takahashi ez /.,,1995), anti-
Hentriacontane 14.10 inflammatory (Das and Himaja 2014), larvicidal
effects (Sowmiya ez l., 2017), antioxidant (Kim ez
al,2011)
Hexadecan:::;“d’ methyl | o 10.83 033 Antimicrobial (Shaaban ef 4., 2021)
Antimicrobial activity (Suresh ez a/., 2014; Pinto
Methyl stearate 0.94 4.15 0.28

etal.,2017)
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Antibacterial, anti-inflammatory (Sharma and
Goel 2018; Zayed ez al., 2019; Alghamdi and
Ababutain 2019), antioxidant, antiandrogenic,
pesticidal, nematocidal (Kim and Choi 2019),
hypocholesterolemic, anti-cancer (Balamurugan ez
al.,2011; Balamurugan ez a/., 2012)
Analgesic, anti- inflammatory, antimicrobial, and
Neophytadiene 1.97 9.57 7.83 antioxidant effect (Shajib ez 4/., 2015; Fatima ez

al., 2017; Swamy et al., 2017)

Antimicrobial, antioxidant, anti-cancer,

n-Hexadecanoic acid 6.54

hypoglycaemic activities (Prajna ez al., 2016;
Octadecane 8.65 1.29 Sunita ez a/.,2017), anti-inflammatory and
antiallergic properties (Zhang et 4/., 2019), a-
glucosidase inhibitors (Rosa ez al., 2023).
Anti-inflammatory, hypocholesterolemic and
0.94 1.41 antiarthritic (Rani e# 4/, 2009; Uma ez 4/., 2009;
Ponnamma and Manjunath 2012)

Octadecanoic acid, propyl
ester

Hormone precursors in animals and plants,
chemopreventive agent, antibacterial, antioxidant,
antitumor (Kim and Karadeniz 2012), anti-cancer
Squalene 1.44 4.63 1.13 (Lozano-Grande et al., 2018), immunostimulant,

lipoxygenase-inhibitor (Swamy et 4l., 2017;
Sharma and Goel, 2018; Bose ez al., 2018, Zayed ez

al.,2019)
Antimicrobial, hypoglycaemic activity,
antiprostatic (Udobre et /., 2015)

Anti-inflammatory, anti-tumor, anti-oxidative,

Stigmast-4-en-3-one 11.98

Stigmasta-3,5-diene 2178 and anti-microbial activities (Khan ez 4/., 2016)

Anticancer, antioxidant, detoxicant bioactivities,
Supraene 5.48 anticholesterolemia antiatherosclerotic (Feng ez
al, 2018)
Antioxidant (Paudel ez al., 2019), cytotoxicity
Tetracosane 4.19 8.11 3.42 against HT-29 colon cancer cells (Uddin e 4l.,
2012).
Anti-inflammatory and antioxidant functions (Li

et al., 1998)

Vitamin E 3.40 2.15

Discussion

GC/MS analysis of the plant extract

This study represents the first work effort to explore the metabolites profiling of R. pyrifolius through
GC/MS analysis. The chemical composition of the extract was studied using GC/MS as a first step towards
determining the nature of bioactive components and identifying the major components in R. pyrifolius. The
findings reveal that the diversity of metabolites in this plant differs depending on the organ examined. The
discovered metabolites are classified as alkanes, alkenes, cyclic ethers, diterpenes, triterpenes, fatty acids,
carboxylic esters, ergosterols, fatty alcohols, phenols, and vitamin E. Consequently, these metabolites have the
potential to fulfil various essential roles. Extraction of plants was carried out using both polar (methanol) and
non-polar (n-hexane) solvents to obtain compounds based on their polarity. The non-polar n-hexane solvent
was used to extract lipophilic components, primarily fatty acid methyl esters (FAME), with traces of
hydrocarbons and terpenes. A polar solvent was used to extract a wide range of bioactive compounds, including
phenolic compounds, flavonoids, alkaloids, and organic acids. This approach is particularly effective for
extracting compounds with polar or ionic functional groups, as they tend to dissolve well in polar solvents.
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In this study, the major compounds discovered in the n-hexane extracts of R. pyrifolius (flowers, young
leaves, mature leaves, and young stem) are di-isononyl phthalate, heneicosane, diisooctyl adipate, tetracosane,
octadecane, eicosane, cyclotetracosane, 3-eicosene, (E)-, 1-docosene, hentriacontane, and 2-methyl-z, z-3,13-
octadecadienol, followed by minor compound such as hexanedioic acid, bis(2-methylpropyl) ester, 1,2-
benzenedicarboxylic acid, dinonyl ester, 2,4-di-tert-butylphenol, dl-.c.-tocopherol, and squalene. This
compound belongs to the class carboxylic esters and hydrocarbon (alkanes and alkenes), fatty acid, terpenoid,
and steroid derivatives. These phytochemical compounds were dominating in hexanes extract. It is obvious that
the most prevalent chemical components in non-polar solvent extracts are lipophilic. Earlier studies
investigating lipophilic extracts from Pinus bark using GC and GC/MS techniques discovered four major
groups of components: fatty acids and alcohols, monoterpenes and sesquiterpenes, resin acids, as well as steroids
and triterpenoids (Masendra ez al., 2017). Our results confirm the findings of Hana ez 4/. (2020) that the
hydrocarbon compounds found in Chrysanthemum flowers include hexadecene, tetratetracontane,
heneicosane, tetratriacontane, octacosane, and ecicosane. Additionally, young stem hexane extracts of R.
pyrifolius contain n-hexadecanoic acid compounds in small amounts of 6.54%. This result contrasts with Adu
et al. (2022), who reported that n-hexadecanoic acid (11.77%) was found in the hexane leaf extract and stem
extract of Diospyros villosa in high proportions.

The methanolic extract of R. pyrifolius (flower, young leaves, mature leaves, and young stem) produced
more phytochemical group compounds than n-hexane extract, which might be attributed to solvent polarity.
The main bioactive compounds were stigmasta-3,5-diene, squalene, 7y.-sitosterol, 3,7,11,15-tetramethyl-2-
hexadecen-1-ol, neophytadiene, stigmast-4-en-3-one, and hexanedioic acid, bis(2-ethylhexyl) ester,
respectively. Stigmasta-3,5-diene, a naturally occurring triterpenoid found in various plant sources, comprised
the highest area in the methanol flower extract at 21.78%. It is a major component in many plant oils and is
utilized in the production of medicines, perfumes, cosmetics, and more. According to Khan ez al. (2016),
stigmasta-3,5-diene exhibits multiple biological properties, including anti-inflammatory, antioxidant, and
antimicrobial effects. Furthermore, our results showed that the main bioactive compound belongs to the class
triterpene, phytosterol, phytol, diterpene, sterol lipids, and fatty acid. This result was supported by Narender
et al. (2012) and Alara ez al. (2021), who reported that methanol was the best solvent for extracting a wide
range of plant components and that the polarity of the solvent used for extraction may explain the difference
in compound content, because the increased solubility of compounds in polar solvents allows for a higher yield
in extracts derived from them. Additionally, factors such as climate, soil conditions, harvest season, storage
conditions, environmental factors (temperature, pH), and the extraction method can also contribute to
variations in compound composition.

Triterpenoids are the most common terpenoids found in Rubus species. Our results showed that R.
pyrifolius contains five phytochemical groups that were exclusively found in flowers, including carboxylic esters,
linolenic acids, phytosterols, terpenoids, and triterpenoids. R. pyrifolius flower have abundant terpenoid
compounds, such as stigmasta-3,5-diene, neophytadiene, squalene, and gamma-sitosterol. These compounds
belong to the terpenoid classes of triterpenes and diterpenes, as well as phytosterols. Triterpenoids constitute a
broad and diversified class of active natural compounds derived from squalene. Similarly, Desmiaty ez al. (2021)
reported that the active components in Rubus fraxinifolius leaves are triterpenoids, while Ruan et al. (2001)
reported that the chemical components of Rubus ursinus include stigmasta-5,22-dien-3-ol, B-sitosterol, and p-
sitosterol-3-D-glucose. Additionally, Guo and Yang (2005) conducted a study on the chemical components of
Rubus chingii fruit, revealing the presence of isolated compounds such as ursolic acid, 2a-hydroxyursolic acid,
and B-sitosterol. Moreover, two phytochemical groups were detected to youngleaves, such as fatty alcohols and
phytols. According to van den Brink and Wanders (2006), in nature, phytol is the aliphatic chain of chlorophyll
molecules, which represents around one-third of the mass of both chlorophylls a and b, or about 0.2% of the
wet weight of green plants. Phytol may also be considered a novel class of pharmaceuticals for the treatment of
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chronic inflammatory diseases. Phytol, an acyclic diterpene alcohol, could potentially be considered a precursor
for the commercial production of vitamin E (Ogunlesi ez 4., 2009).

In addition, our results revealed the presence of four phytochemical groups in young stems (ergosterols,
esters, fatty alcohols, and phthalate esters), while one specific phytochemical group, sterol lipids (specifically
stigmast-4-en-3-one), was exclusively found in the mature leaves of R. pyrifolius. Our result aligns with the
findings of Pham ez 4/. (2021), who reported the detection of stigmast-4-en-3-one in both leaves and stems of
Dysoxylum tpongense. Additionally, Marin ez al. (2020) reported the presence of sterol (stigmasterol) in Clusia
minor leaf extracts. Notably, common plant sterols, such as sitosterol and stigmasterol, which share a similar
structure, have been identified as significant sterol components. B-sitosterol, in particular, has been associated
with cardiovascular protection, primarily by enhancing the antioxidant defense system and effectively reducing
blood cholesterol levels in individuals (Loizou e 4/., 2010).

The chemical compounds 1-octadecene, 2,4-di-tert-butylphenol, and 3-eicosene were found in all
extracts of R. pyrifolius at various retention times. Neophytadiene can be found in all extracts of the rubus plant
except in young stems, whereas stigmasta-3,5-diene is exclusively found in flower extract. The bioactive
chemical profile of all eight extracts was found to be quite distinct. Those discovered to be similar have a wide
range of existences.

Conclusions

The current study has successfully identified 115 and 174 phytochemical compounds in the flower,
young leaf, mature leaf, and young stem extracts of Rubus pyrifolius using GC/MS analysis with methanol and
n-hexane solvents. Methanol extracts from R. pyrifolins flower, young leaf, mature leaf, and young stem
exhibited 46, 20, 15, and 34 compounds, respectively. In contrast, n-hexane extracts from R. pyrifolius flower,
young leaf, mature leaf, and young stem contained 35, 47, 29, and 63 compounds, respectively. These
compounds were classified into seven phytochemical groups: alkanes, alkenes, cyclic ethers, diterpenes, fatty
acids, triterpenes, and vitamin E. Furthermore, only carboxylic esters, ergosterols, esters, fatty alcohols, and
phenols were found in n-hexane extracts. On the other hand, the methanol extract showed seven significant
phytochemical groups, including linolenic acid, phthalate esters, phytol, phytosterol, sterol lipids, terpenoids,
and triterpenoids. In order to explore this potential further, it is reccommended that individual phytochemical
profiles be isolated and subjected to biological activity, which could yield promising results in the development
of innovative pharmaceuticals.
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