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Abstract This is the first original study on chemical,
thermal, antimicrobial, and antioxidant activity of the leaf
and gum hydroethanolic (20:80 v/v) extracts of Ferula
asafoetida endemic for Iran. The ratio of solvent to the
dried matters was 3:1 (w/w) and after filtering, the solvent
was evaporated under vacuum (at 40 °C). Leaf extract
contained greater phenolic and flavonoid compounds and
thus higher DPPH scavenging and ferric reducing power.
Leaf extract constituted high levels of carvacrol (15.40%)
and o-bisabolol (9.75%) while in gum extract contained
high levels of (Z)-b-ocimene (20.91%) and (E)-1-propenyl-
sec-butyl-disulfide (17.62%). Umbelliprenin and ferulic
acid were the major phenolic compounds in both extracts.
Results of TGA and DSC revealed temperatures below and
upper 100 °C and 160 °C as dominant regions of weight
loss for gum and leaf extracts, respectively. Minimal
inhibitory concentration for Escherichia coli, Staphylo-
coccus aureus, Aspergillus niger, and Saccharomyces
cerevisiae growth were 62.5, 62.5, 125, 125 mg/1 and 400,
300, 50, 300 mg/l of leaf and gum extracts, respectively.
Ferula asafoetida extracts can have particular applications
in the food industry due to beneficial biological activity.
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Introduction

The preservation of both the nutritional value and sensory
attributes of food products comprises a major industrial
target given the current consumer demands. Furthermore,
the ever-growing competition between producers had made
cost-minimization vital across the food industry (Clemente
et al. 2016). In recent years, given the globalized nature of
the food industry as well as the distant distribution of
products, research and development have focused on safe,
innovative technologies that prolong a food product’s
shelf-life while keeping it ‘fresh’ in terms of quality (Be-
cerril et al. 2013). At the same time, researchers have
aimed to find alternatives to replace synthetic antimicro-
bials and antioxidants, with natural substances asserting
their value as historically-accepted therapeutical agents
(Wu et al. 2009). In fact, a major portion of the commonly
used medical drugs is originally derived from natural
substances (Shrivastava et al. 2012).

Extensive research has been done in the past to identify
or extract medicinal and beneficial properties from differ-
ent parts of plants, and this research is ongoing; for
example antioxidant activities of Bletilla striata fibrous
roots (Chen et al. 2020), Crocus sativus petals of saffron
(Ahmadian-Kouchaksaraie and Niazmand 2017), black
cumin seed oil and extract (Soleimanifar et al. 2019), and
Portulaca oleracea L. Seed hydro-alcoholic extract (Jalali
Mousavi et al. 2015) as well as antinociceptive, antioxidant
and antimicrobial of essential oil from Hymenaea canga-
ceira (de Veras et al. 2020), mitodepressive, antioxidant,
antifungal and anti-inflammatory of Romanian native
Arctium lappa L. (Asteraceae) and Veronica persica Poiret
(Fierascu et al. 2018), antimicrobial, antioxidant activity
ginger, turmeric rhizome and dukung anak crude extract
(Bordoh et al. 2020) and antimicrobial activity of ethyl


http://orcid.org/0000-0001-9985-6738
http://crossmark.crossref.org/dialog/?doi=10.1007/s13197-020-04724-8&amp;domain=pdf
https://doi.org/10.1007/s13197-020-04724-8

J Food Sci Technol (June 2021) 58(6):2148-2159

2149

acetate and chloroform fractions Zanthoxylum zanthoxy-
loides and Gongronema latifolium (Adeeyo et al. 2020)
were investigated and reported.

One of the wild native Iranian plants is Ferula asafoe-
tida; this herbaceous plant is also grown in other countries,
including India, Afghanistan, Kyrgyzstan, Uzbekistan, and
Turkmenistan. The plant has various names in different
regions of Iran, most commonly being referred to as
“Anghouzeh”, “Khorakoma” or “Anguzakoma” (Iran-
shahy and Iranshahi 2011). The Ferula genus of the
Umbelliferae family comprises 140 different species
spreading wide from the Mediterranean area to the central
parts of Asia (Ur Rahman et al. 2008). In Iran, the gum
extract of F. asafoetida has traditionally been utilized in
the treatment of abdominal pain, constipation, diarrhea and
helminth infections (Dehpour et al. 2009). Furthermore,
recent studies have revealed other medicinal benefits of this
plant including antioxidant, antimicrobial, antiviral, anti-
fungal, cancer chemopreventive, anti-diabetic, anti-hyper-
tensive, anticarcinogenic, and antispasmodic activity, as
well as a relaxant, intestinal parasites, neuroprotective and
molluscicidal properties (Amalraj and Gopi 2017; Mala
et al. 2018; Tavassoli et al. 2018). However, a stable for-
mulation appropriate for human consumption is yet to be
derived pharmacologically, mostly because of the gummy
nature and poor taste and odor of asafoetida gum; these
unpleasant sensory attributes are due to a high content of
volatile oils rich in sulfurous compounds (Vijayasteltar
et al. 2017).

To date, many researches were done on essential oil
extracted from Ferula genus. For example, Iranshahy and
Iranshahi (2011) reviewed coumarins and sesquiterpene
coumarins, Sulfur-containing compounds, diterpenes, phe-
nolics, sesquiterpenes, and other miscellaneous compounds
in Ferula asafoetida oleo-gum-resin. Prabaharan et al.
(2016) produce antioxidant peptides from Ferula asafoe-
tida root protein using gastrointestinal enzymes. Labed-
Zouad et al. (2015) found that the main components of the
Ferula vesceritensis essential oils were a-pinene, -pinene,
a-phellandrene, fenchylacetate, elixene, aristolene,
caryophyllene oxide, and carotol. Further, they reported
that the best antimicrobial activity was exhibited against
Staphylococcus aureus, Pseudomonas aerugina, Escher-
ichia coli, Morganella morganii, and Klebsiella pneumo-
niae strains. Kose et al. (2010) identified the chemical
composition of Ferula lycia and revealed that the most
prominent component of essential oil was o-pinene
(59.89%). B-Pinene (19.01%), limonene (3.21%) and bor-
nyl acetate (2.10%). They also described that the essential
oil exhibited weak antioxidant activity.

Though a large literature described the chemical com-
position and antioxidative and antimicrobial effects of
essential oil extracted from F. asafoetida gum, according to

our knowledge, there is no information about leaf and gum
hydroalcoholic extracts of F. asafoetida. However, due to
the volatility of these compounds and possible evaporation
during the various processes, the application of hydroal-
coholic extracts of leaf and gum can be an alternative.
Therefore, the objective of the present study was to
investigate the chemical composition, antioxidant, antimi-
crobial, and thermal properties of F. asafoetida leaf and
gum hydroalcoholic extracts.

Materials and methods
Chemicals and reagents

Folin—Ciocalteu reagent, sodium bicarbonate, gallic acid,
quercetin, aluminum chloride, 1,1-diphenyl-2-picryl
hydrazyl (DPPH), 2,4,6-tripyridyl-s-triazine (TPTZ), ferric
chloride, sodium nitrite, potassium persulfate, and culture
media were purchased from Sigma Aldrich (USA) and
Merck (Germany). Ethanol with a purity of 99% bought
from Hamoon Co. (Iran). All other chemicals were of
analytical grade or purer.

Plant material

Leaves of F. asafoetida were obtained from the mountains
of Sabzevar (Khorasan Razavi province, Iran) toward the
end of April. A senior plant taxonomist from Ferdowsi
University’s Department of Biology (Mashhad, Iran)
identified the leaves taxonomically. Next, the samples were
cleaned, washed, and air-dried at environmental tempera-
ture (25 &+ 3 °C), before being pulverized to 40 mesh and
stored at 4 °C until experimentation.

In June, the root of the F. asafoetida plant was scraped
to collect its gum exudate. Ahead of experimentation, the
samples were frozen and stored at — 18 °C.

Determination of chemical compositions

Initially, the chemical composition of all samples was
determined. Moisture content was determined via drying
for 24 h at 105 °C (AOAC 2006), whereas the Kjeldahl
method was utilized to determine protein content (AOAC
2006). Calcination at 550 °C was employed to determine
total ash content (AOAC 2006). For the determination of
metal cations, HNO5; was used to dissolve the ashes; the
resulting solution was heated using a water bath and fil-
tered with Whatman filter paper (mesh 11 um) before
being injected into an inductively coupled plasma (ICP)
machine (SPECTRO ARCOS ICP-OES System, Ger-
many). A Cyclone spray chamber and a Mira-mist nebu-
lizer were utilized. The operating parameters for the
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instrument are radio frequency power, 40 MHz; plasma gas
15.0 I/min; auxiliary gas, 0.20 1/min; carrier gas, 0.60 I/
min; view direction, axial (Xiao et al. 2016). The Soxhlet
method was used for fat analysis with hexane as the solvent
(AOAC 2006). The contents of crude fibers and insoluble
solids were evaluated using the AOAC’s (2006) methods.

Preparation of the extracts

The hydroethanolic extracts of leaf and crude F. asafoetida
gum were prepared by adding 80% ethanol and stirring at
500 rpm for 3 h at ambient temperature (25 £ 3 °C). The
ratio of solvent to the dried leaf or crude fresh gum was 3:1
(w/w) and the solvent was used in two cycles. After fil-
tering, the solvent was evaporated under vacuum (at 40 °C)
to obtain the residue. The residues were stored at — 18 °C
until used.

Dried extracts characterizations
Total phenolic content (TPC) assay

The amount of total phenolic content in the leaf and gum
extracts was determined using Folin—Ciocalteu reagent
with gallic acid as a standard according to Kavoosi and
Rowshan (2013) with some modifications. Briefly, 100 pl
of each extract solution (diluted with distilled water) was
added to 1 ml Folin—Ciocalteu reagent (diluted to 10%).
After a 3 min 1.5 ml sodium bicarbonate solution (Na,_
COs3, 20%) was added and the mixture was allowed to
stand in the dark for 90 min. Absorbance was read at
765 nm using a spectrophotometer (Pharmacia, Uppsala,
Sweden). The results were expressed as milligram of gallic
acid (GAE) equivalent per gram of dried extract.

Total flavonoids content (TFC) assay

The flavonoids contents in the extracts were determined
spectrophotometrically using the method of Marinova et al.
(2005) based on aluminum chloride colorimetric assay with
quercetin as a standard. Each diluted solution of the
extracts (0.1 ml) was mixed with 5% NaNO, (0.3 ml).
Dilution had been done beforehand using distilled water.
When 5 min had passed, 10% AICl; (0.3 ml) was added to
the mixture. Six minutes later, 1 M NaOH (2 ml) was
poured into the mixture, then the total volume was made up
to 10 ml using distilled water. After thorough mixing, the
absorbance of each solution was read at 510 nm with a
spectrophotometer (Pharmacia, Uppsala, Sweden). The
total flavonoid content of each dried extract was reported in
terms of milligrams of quercetin (QE) equivalents per gram
of the sample.

@ Springer

DPPH radical scavenging assay

The bleaching of a purple colored methanol solution of 1,1-
diphenyl-2-picryl hydrazyl radical (DPPH) was used for
the determination of the free radical-scavenging activity of
the extracts according to Kose et al. (2010) with some
modifications. 200 pl of extract solution with proper dilu-
tion in ethanol was added to a 3 ml of DPPH radical
solution in ethanol (0.1 mM). The mixture was shaken
vigorously and allowed standing in dark for 30 min. the
absorbance was read at 517 nm with a spectrophotometer
(Shimadzu UV-1601, Kyoto, Japan). The percentage of
radical scavenging capacity (RSCpppy %) of DPPH scav-
enging that is calculated as follow:

RSCpppu % = ((AComrol - ASample)/AControl) x 100

where Acongol and Agample are the absorbance of the
control reaction and test compound, respectively.

Determination of ferric reducing/antioxidant power
(FRAP assay)

FRAP assay was carried out by the method of Ahmadian-
Kouchaksaraie et al. (2016) with minor modifications. The
principle of this procedure is based on the reduction of
ferric tripyridyltriazine complex to its ferrous, colored form
in the presence of antioxidants. The stock solutions com-
prised 300 mM acetate buffer (pH 3.6), 10 mM TPTZ
(2,4,6-tripyridyl-s-triazine) solution in 40 mM HCI, and
20 mM FeCl;-6H,0 solution. The working solution was
made freshly by mixing 25 ml of acetate buffer, 2.5 ml of
TPTZ solution, and 2.5 ml of FeCls-6H,O solution. The
mixed solution was incubated at 37 °C for 30 min and was
referred to as FRAP solution. Sample (150 pl) was mixed
with 3 ml of FRAP solution and kept for 30 min in dark.
Readings of the colored products (ferrous tripyridyltriazine
complex) were then taken at 593 nm. Ferrous sulfate was
used as a reference standard, and the FRAP was expressed
as pmol of Fe®" equivalents (FE) per gram of dried extract
(umol FE/g dried extract).

Thermogravimetric analysis (TGA)

A TGA (Mettler Toledo, Model TGA1, Switzerland)
instrument was used for the conduction of thermogravi-
metric analysis. Samples of dried leaf and gum extracts
weighing 14.24 mg were placed separately on platinum
pans before being heated from 50 to 500 °C at a rate of
10 °C/min under nitrogen atmosphere. To obtain a good
understanding of the heat stability of these samples, the
differential of the weight loss (% °C) was evaluated and
reported.
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Differential scanning calorimetry (DSC)

Thermal properties of dried leaf and gum extracts were
measured by the DSC instrument (Mettler Toledo, Model
DSCI, Switzerland). Samples weighing 15 mg were her-
metically sealed in aluminum pans. Next, under a nitrogen
atmosphere, the thermal behavior of the samples was
evaluated between 0 and 500 °C with a 10 °C/min heat
application. Universal Analysis 2000 software was used for
data analysis.

Gas chromatography/mass spectrometry

GC analysis was carried out using Agilent-technology
chromatograph. GC oven temperature was performed as
follows: 60-210 °C at 3 °C/min; 210 °C to 240 °C at
20 °C/min and hold for 8.5 min, injector temperature
280 °C; detector temperature, 290 °C; carrier gas, N2
(1 ml/min); the split ratio of 1:50. The gum and leaf
extracts from F. asafoetida were analyzed using an Agilent
model 7890-A series gas chromatography and Agilent
model 5975-C mass spectrometry. The HP-5 MS capillary
column (phenylmethyl siloxane, 30 m x 0.25 mm i.d x
25 pm) was used with helium at 1 ml/min as the carrier
gas. The split ratio was adjusted to 1:50 and the injection
volume was 1 pl. The injector temperature was 280 °C.
The quadrupole mass spectrometer was scanned over
40-550 amu with an ionizing voltage of 70 eV.

The standards were injected after the extracts under the
same chromatographic conditions and subsequently,
retention times (RT) were determined. The compounds
were identified by comparison of retention indices (RI, HP-
5) with those reported in the literature and by comparison
of their mass spectra with the Wiley GC/MS Library,
Adams Library, Mass Finder 2.1 Library data published
mass spectra data (Adams 2007; McLafferty 2009).

HPLC analysis of phenolic compounds

A Shimadzu HPLC machine featuring a UV—Vis photodi-
ode-array detector (DAD) was used to determine the phe-
nolic compounds present in the samples both qualitatively
and quantitatively. A control system (SCL-10A VP), fea-
turing an LC pump (LC-10 AD VP) as well as an auto-
injector (SIL-10AD VP), was used to control the apparatus.
To obtain chromatographic isolation, a 5 mm ODS3
reversed-phase Prodigy column (250 mm x 4.6 mm;
Phenomenex) was used with solvent A (water/acetic acid,
97/3, v/v) and solvent B (methanol); the following gradient
conditions were applied: 0-3 min, 0% B; 3-9 min, 3% B;
9-24 min, 12% B; 24-30 min, 20% B; 30-33 min, 20% B;
33-43 min, 30% B; 43-63 min, 50% B; 63-66 min, 50%
B; 66-76 min, 60% B; 76—81 min, 60% B; 81-86 min, 0%

B. The temperature of the column was kept at 25 °C, while
the flow rate was maintained at 1 ml/min. UV-detection
was carried out at wavelengths measuring 260, 292 and
370 nm. For each compound, the UV-spectrum between
240, and 400 nm was recorded.

All procedures were conducted in duplicate; curves
developed using commercially-obtained pure solutions of
each compound (1-30 mg/ml) were utilized as points of
comparison to determine the quantity of the identified
phenols.

Antibacterial and antifungal assay

The Persian Type Culture Collection (PTCC; Tehran, Iran)
was the place from which all microorganisms were
obtained. Separate tests were conducted using the dried leaf
and gum extracts of F. asafoetida to determine their
activity against Escherichia coli [PTCC 1330 (ATCC
8739)], Staphylococcus aureus [PTCC 1112 (ATCC
6538)], Aspergillus niger [PTCC 5010 (ATCC 9142)] and
Saccharomyces cerevisiae [PTCC 5051 (ATCC 9080)].
Serial dilutions between 0 and 600 mg/ml were used to
identify the minimum inhibitory concentration (MIC) and
minimum bactericidal concentration (MBC); the microdi-
lution method of Borges et al. (2013) was slightly modified
and applied for this purpose. Separate suspensions were
prepared using strains of E. coli or S. aureus and Mueller—
Hinton Broth (MHB); the bacterial concentration was ini-
tially set to 10° CFU/ml (0.5 McFarland standards at
640 nm) before dilution occurred using MHB and a final
concentration of 10> CFU/ml was achieved. To culture S.
cerevisiae and A. niger, yeast malt broth (YMB) and potato
dextrose broth (PDB) were used, respectively. Next, sterile
polystyrene microtiter plates featuring 96 wells were
employed; a minimum of 16 wells was filled by 180 pl of
bacterial suspension as well as 20 pl of leaf or gum extract.
Incubation was subsequently conducted through a shaker
device (150 rpm; Shaking Incubator, Shin Saeng, Fine
Tech, Korea); plates containing bacteria were incubated at
37 °C for 24 h, whereas the conditions were 25 °C and
72 h for fungi-containing plates. For sterility control, the
media were incubated without the addition of microbial
species. For growth control, a blank preparation was made
using the media and only the microbial species. Gentam-
icin and phenol (Padtan Teb, Iran, 0.01 mg/ml) was used in
preparing positive controls for bacteria and fungi, respec-
tively. A microplate reader (Spectramax M2e, Molecular
Devices, Inc.) was utilized to read the absorbance of the
preparations at 640 nm, facilitating the estimation of
growth inhibition. The microdilution method was
employed in the determination of the extracts’ minimum
inhibitory concentration (MIC), i.e., the minimum con-
centration where growth could not be detected.
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In order to determine MBC 100 ml of each suspension
was transferred onto Mueller—Hinton agar (MHA) plates
and incubated at 37 °C for bacteria and yeast malt agar
(YMA) and Potato dextrose agar (PDA) plates used for S.
cerevisiae and A. niger, respectively and incubated at
25 °C. Colony enumeration was carried out after 24 and
72 h for bacteria and fungi, respectively. Cell suspensions
without phytochemicals were used as controls. The MBC
was taken as the lowest concentration of phytochemicals at
which no CFU was detected on solid medium. Each
experimental procedure was conducted in triplicate.

Statistical analysis

All data are expressed as the means plus standard devia-
tions. All measurements except chromatography analyses
were taken in triplicate. The chromatography analyses
including GC-MS and HPLC were done in duplicate. The
significant differences between treatments were analyzed
by one-way analysis of variance (ANOVA) test at
P < 0.05 (Tukey test) using Minitab (version 16.2.4)
software. Data were reported as mean =+ standard devia-
tion (SD).

Results and discussion
The chemical characteristics of plant materials

Table 1 shows some chemical composition of F. asafoe-
tida’s dried leaf and fresh exudates (gum) which use for
providing extracts. According to the results of ANOVA,
there is a significant difference between them (P < 0.05).
Clearly, the moisture content of gum significantly was
more than leaves while the ash, protein and crude fiber
contents were noticeably higher in leaves. The gum con-
tained a little more fat content.

Table 1 Initial chemical composition (mean + SD) of F. asafoetida
gum and dried leaf (%)

Composition Dried leaf Fresh gum

Moisture 6.03 £ 0.01% 10.54 + 0.75%
Ash 13.78 &+ 0.10* 3.85 + 0.118
Fat 1.29 + 0.05® 1.76 £ 0.16%
Protein 21.85 + 1.124 1.95 + 0.23"
Crude fiber 152 + 1.32% 0.42 + 0.09®

Non-similar letters in each row indicate a significant difference
according Tukey test (P < 0.05)
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Properties of leaf and gum extracts
Mineral content

The mineral content of ferula leaf and gum extracts are
presented in Table 2. In general, the greatest mineral
observed in ferula leaf and gum extracts was calcium
(695 mg/kg dried extract and 860.57 mg/kg dried extract,
respectively), followed by sulfur, phosphorus, and iron,
respectively.

Achi et al. (2017) reported that the Ficus capensis leaves
are contains considerable amount of Zinc (2.84 mg/100 g),
Iron (1.89 mg/100 g), Calcium (1.86%), Magnesium
(1.92%) and Potassium (0.72%). According to Yabalak and
Gizir (2017) the maximum and minimum mineral con-
centration in methanolic extract from Allium Kharputense
were related to calcium (5419.7 ppm) and barium
(0.0017 ppm). It was reported that the artichoke extract is
also an important source of calcium (386.9 mg Ca/100 g
DM) and magnesium (Biel et al. 2020).

It was revealed that minerals play an important role in
health. zinc is vital in protein synthesis, cellular differen-
tiation and replication, immunity and sexual functions,
Calcium is essential for blood clotting, bone, and teeth and
as a co-factor in some enzyme catalysis, Iron facilitates the
oxidation of biomolecules to control obesity, is necessary
for hemoglobin, a constituent of certain enzymes and
proteins and plays a role in energy transfer within the plant.
Potassium is required for proper growth and plant repro-
duction. Phosphorous maintain blood sugar levels and
normal heart contraction, is also important for normal cell
growth and repair, bone growth and kidney function and
maintaining the body’s acid-alkaline balance (Achi et al.
2017).

Ferula is one of the few plants that contains high sulfur.
The presence of high amounts of sulfur compounds in
ferula asafeotida is associated with its antimicrobial
properties. According to the results, the amount of minerals
(except calcium, manganese, and zinc) in leaf extract was
significantly higher than gum extract (P < 0.05).

Antioxidant activity

In comparison with synthesized antioxidants, natural
alternatives have greater safety and fewer side effects.
Hence, herbal compounds featuring high antioxidant
activity can help prevent and treat conditions precipitated
by oxidative stress, such as cardiovascular diseases and
diabetes (Noroozi et al. 2009). Performing research and
development on such naturally-derived antioxidants and
investigating their efficacy relative to the synthetic agents,
novel agents can be identified for use in both the food and
pharmaceutical industries.
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Table 2 The minerals, total

. Parameter
phenols content, total flavonoids

Leaf extract

Gum extract

content, The RSCpppy and
FRAP of F. asafoetida leaf and
gum hydro-alcoholic extracts
(mean & SD) Calcium

Copper

Minerals (mg/kg dried extract)

Barium

Iron
Lithium
Manganese
Phosphorus
Selenium
Zinc

Sulfur

Total phenolic compounds (mg GAE/g dried extract)
Total Flavonoids compounds (mg QE/g dried extract)

RSCpppy (%)
FRAP (umol FE/g dried extract)

1.91 + 0.02% 0.65 + 0.00®
695.00 + 13.928 860.57 + 5.474
8.64 + 0.075% 3.55 + 0.05°%
40.93 + 1.31* 13.81 & 0.06®
275 + 0.00* 1.57 £ 0.01®
1.19 + 0.04® 1.60 + 0.11*
62.81 + 0.09* 41.41 + 0.63®
1.49 + 0.16" 0.23 £+ 0.028
6.73 £ 0.04% 7.19 £+ 0.10%
111.01 £ 0.70% 90.66 + 1.62°
95.70 + 2.69* 9.67 + 0.45®
16.71 & 0.54* 0.11 + 0.02®
84.00 + 1.074 22.72 + 0.35°
2.57 £ 0.07* 1.12 + 0.028

Non-similar letters in each row indicate a significant difference according Tukey test (P < 0.05)

The antioxidant activity and total flavonoids content and
total polyphenol content of hydroalcoholic extracts of leaf
and gum extracts presented in Table 2. Antioxidant activ-
ities of the extracts were evaluated by DPPH and FRAP
assay. The leaf extract showed more antioxidant activity
than gum extract that it can be related to a significantly
higher amount of phenolic and flavonoids compounds. The
content of flavonoid compounds in leaf extract was
16.71 mg QE/g dried extract, while in gum extract it was
only 0.11 mg QE/g dried extract. These results are in line
with Ahmadvand et al. (2013). They reported that the fla-
vonoid content in Ferula asafoetida leaf hydroalcoholic
extract and Ferula asafoetida leaf essential oil were
12.53 mg/100 g and 0.015 mg/100 g, respectively. Marti-
nez et al. (2019) explained that TPC content of hydroxy-
tyrosol extract obtained from olive fruit, pomegranate
extract, rosemary extract rich in rosmarinic acid, rosemary
extract rich in diterpenes, and hydroxytyrosol extract
obtained from olive leaf were 41.44, 40.74, 36.37, 36.49,
and 36.34 mg GAE/g, respectively. They also reported that
the DPPH scavenging of pomegranate extract, rosemary
extract rich in rosmarinic acid, and hydroxytyrosol extract
obtained from olive leaf were 92.55%, 81.29%, 77.96%,
respectively (Martinez et al. 2019). According to Gedi-
koglu et al. (2019) FRAP value of Thymus vulgaris and
Thymbra spicata obtained by ethanolic extraction were
26.93 and 14.19 uM Fe*?/g, respectively which was more
than Ferula asafoetida leaf and gum extracts. Further, they
reported that the total flavonoid content of them were 6.17
and 3.24 mg QUE/g, respectively.

The redox characteristics of certain compounds result in
their ability to scavenge free radicals; such ability is

important in the neutralization of free radicals, the
quenching of singlet and triplet oxygen, and the decom-
position of peroxides. It was found that total phenol content
significantly correlated with antioxidant ability in a linear
pattern (Katalinic et al. 2006). We found that there is sig-
nificant correlation between TPC content and RSCpppy of
Ferula leaf extract in a linear pattern (R*=99.1;
P = 0.059) while there was no correlation between them in
gum extract.

Identification of the leaf and gum extracts components

The leaf and gum extracts of the F. asafoetida are identi-
fied by the GC-MS analysis which presented in Table 3.
We identified 29 compounds in leaf extract and 12 com-
pounds in gum extract. The most identified compounds
were terpenes. In accordance with data reported in Table 3,
it is evident that between leaf and gum extracts, there are
significant differences concerning not only the qualitative
chemical profile but also the quantitative one. For example,
(E)-1-propenyl sec-butyl disulfide wasn’t found in leaf
extract while it was one of the abundant compounds found
in gum extract (17.62%). In addition, there were no phel-
landrene compounds in leaf extract as well as carvacrol in
gum extract.

As shown in Table 3, GC-MS analysis of the F. asa-

foetida leaf extract indicated that the main component was

phenol,  2-methyl-5-(1-methyl-ethyl), or carvacrol
(15.40%), followed by o-bisabolol (9.75%), 8-oxo-
neoisolongifolene (8.32%) and triethylarsine (8.20%).
Carvacrol is a compound that has been a key focus of
research in recent years given its broad-spectrum

@ Springer



2154

J Food Sci Technol (June 2021) 58(6):2148-2159

Table 3 Quantitative analysis (mean £ SD) and retention time (RT) of chemical composition of F. asafoetida leaf and gum extracts identified

by GC-MS
Compound Leaf extract Gum extract
RT (min) Level (%) RT (min) Level (%)

o-Pinene 7.08 315+ 1.12 7.12 6.68 £ 1.54
f-Pinene 9.10 2.03 £ 0.92 8.94 9.77 £ 2.11
Myrcene 9.34 1.90 £ 0.63 9.32 1.38 £ 0.17
Decane 9.42 1.49 £ 0.38 - ND
Benzene 9.68 1.30 £ 0.51 - ND
o-Phellandrene - ND 10.76 7.23 £ 0.97
Limonene 11.16 1.60 + 0.52 - ND
f-Phellandrene - ND 11.42 6.63 £+ 1.40
(Z)-B-ocimene 11.72 1.70 £ 0.66 11.58 2091 £ 3.33
(E)-B-ocimene 11.88 1.03 £ 0.34 11.74 17.27 £+ 2.89
Triethylarsine 13.68 8.20 + 1.78 - ND
(Z)-1-propenyl sec-butyl disulfide - ND 14.02 5.80 + 1.23
(E)-1-propenyl sec-butyl disulfide - ND 14.70 17.62 £ 3.21
Fenchyl acetate 15.30 4.56 + 1.22 - ND
Bis (1-methyl thio) propyl disulfide - ND 17.74 2.86 + 0.63
Phenol, 5-methyl-2-(1-methylethyl) 19.86 1.95 £ 0.109 - ND
Phenol, 2-methyl-5-(1-methylethyl) 20.04 1540 £2.93 20.12 221 £0.75
(+4)-2-carene 20.70 1.01 £ 0.17 - ND
Carvacrol acetate 21.64 0.93 + 0.14 - ND
p-Elemene 22.26 097 £0.14 - ND
(+4)-beta-selinene 23.02 1.41 £ 0.57 - ND
2,2-Dimethyl-3-methylenorbornane 23.30 1.43 + 0.39 - ND
f-Chamigrene 24.90 2.30 + 091 - ND
4H, 5a-eremophila-1(10),11-diene 25.30 2.20 + .0.85 - ND
f-Bisabolene 26.04 376 £ 1.11 - ND
y-bisabolene 26.5 5.98 + 1.32 - ND
o-bisabolene 26.92 3.18 £ 1.20 - ND
Elemol 27.58 1.27 £ 0.75 - ND
B-Dihydroagarofurane 29.08 1.33 + 0.61 - ND
Guai-1(5)-en-11-ol 32.12 392 + 1.08 - ND
p-Calarene 33.36 3.48 £ 0.99 - ND
8-Oxo-neoisolongifolene 37.08 8.32 + 2.01 - ND
15,4pH,10fH-Guaia-5,11-diene; y-Gurjunene; 7-

Isopropenyl-1,4-dimethyl-1,2,3,3a,4,5,6,7-Octahydroazulene 39.16 4.46 £+ 1.05 - ND
a-Bisabolol 419 9.75 + 1.85 41.76 1.64 £ 0.88

ND not detected

antimicrobial activity as well as other beneficial properties.
The compound features hydrophobic and hydrophilic
properties simultaneously due to its substituted aromatic
ring and phenolic OH group, respectively; a multitude of
studies have reported its activity against oxidative stress,
inflammation, bacteria, fungi, protozoa, carcinogens and
nociception, as well as its cardioprotective, blood sugar

@ Springer

lowering, and neuroprotective characteristics (Memar et al.
2017).

The major components in gum extract were (Z)-b-oci-
mene (20.91%), (E)-1-propenyl sec-butyl disulfide
(17.62%), (E)-b-ocimene (17.27%) and B-pinene (9.77%).
Baser et al. (2000) reported that the main constituents of
the essential oil of Ferula elaeochytris collected from
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Turkey were nonane (27.1%), a-pinene (12.7%) and ger-
macrene B (10.3%).

Ocimene has a defensive role for the plant due to its
antifungal properties (Bisht et al. 2011). The effect of o-
bisabolol has been proven in the treatment of bacterial
infections. It is also an excellent antioxidant with antico-
agulants and analgesic properties (Forrer et al. 2017).

The results of Kavoosi and Rowshan (2013) indicated
that the main components for essential oil obtained from
Ferula asafoetida oleo-gum-resins were; (E)-1-propenyl
sec-butyl disulfide, 10-epi-c-eudesmol, (Z)-1-propenyl sec-
butyl disulfide, b-pinene, and a-pinene.

Phenols are recognized as natural products with a mul-
titude of biological properties including activity against
bacteria, fungi, viruses, inflammation, allergens, thrombo-
sis, and carcinogenesis, as well as hepatoprotective and
vasodilatory action. Hence, phenolic compounds have
immense potential for therapeutic use in a wide range of
conditions such as neurodegenerative, cardiovascular, and
inflammatory diseases, as well as cancer, diabetes, and
aging (Soobrattee et al. 2005).

The phenolic profile of F. asafoetida leaf and gum
extracts were characterized by HPLC analysis. We identi-
fied 7 phenolic compounds in both leaf and gum extracts
including ferulic acid, vanilic acid, coumaric acid, umbel-
liprenin, galbanic acid, karatavicinol, and kamolonol. The
amount (expressed as pg/mg extract) of each identified
phenolic compound has been reported in Table 4. In par-
ticular, the content of these compounds appeared to be very
higher in leaf extract than in gum extract. In accordance
with data reported in Table 4, ferulic acid was the most
abundant compound in both leaf and gum extracts followed
by Umbelliprenin. The concentration of ferulic acid,
vanilic acid, coumaric acid, Umbelliprenin, Galbanic acid,
Karatavicinol, and Kamolonol in leaf extract were 1.24,
2.04, 1.07, 3.07, 3.66, 1.59 and 1.92 times greater than that
of gum extract, respectively.

Table 4 Quantitative analysis of phenolics (mean + SD) in F. asa-
foetida leaf and gum extracts determined by HPLC

Compound Leaf extract (ug/mg) Gum extract (pLg/mg)
Ferulic acid 4.62 + 0.53 372 + 1.09
Vanilic acid 0.99 £ 0.12 0.49 £ 0.13
Coumaric acid 0.31 + 0.09 0.29 + 0.07
Umbelliprenin 314+ 1.14 1.02 £+ 0.10
Galbanic acid 1.46 £ 0.39 0.40 + 0.06
Karatavicinol 0.59 + 0.11 0.37 + 0.08
Kamolonol 0.93 £+ 0.17 0.48 + 0.11

A large number of species in the Ferula genus are able
to carry out the synthesis of sesquiterpene coumarins, with
umbelliprenin being the first to be synthesized. This cou-
marin compound highly resembles auraptene (found in
Citrus species) in structure, distinguished solely due to
having 15 carbons instead of 10 in its 7-prenyloxy chain.
Studies conducted recently have revealed the promising
activity of umbelliprenin in the inhibition of inflammation,
carcinogenesis, genotoxicity, lipoxygenase, and acetyl-
cholinesterase, also demonstrating its cytotoxic features
(Shakeri et al. 2014).

Membrane characteristics including charge, permeabil-
ity, and physiochemical properties were irreversibly mod-
ified by ferulic acid due to changes in hydrophobicity,
generation of localized ruptures or pores, as well as a
reduction in negative surface charge in the cellular mem-
branes; essential intracellular contents consequently leaked
out to the surrounding environment (Borges et al. 2013).

In terms of the underlying mechanism, ferulic acid’s
antioxidative activity is attributed to the reaction of the
antioxidant molecule with a radical to form a stable phe-
noxyl radical, which impedes the initiation of complex
reaction cascades and consequent free radical formation.
Another possible antioxidative mechanism is the direct
donation of hydrogen to the radicals, which is crucial for
protecting the lipid acids of cell membranes from autoxi-
dation. Furthermore, secondary antioxidative activity
results from the binding of iron, copper and other transition
metals by ferulic acids, which prevents peroxidation of the
cell membrane due to hydroxyl radical formation (Zduniska
et al. 2018).

Thermal properties

TGA thermograms of F. asafoetida leaf and gum extracts
are given in Fig. 1. Thermal treatment caused the weight of
the leaf extract to decrease in two main steps while gum
extract weight decreased in one step. The leaf and gum
extracts degradation process started at upper than 100 °C
and 130 °C respectively, but the rate of weight loss showed
a sharper peak in gum extract. The first one resulted from
water desorption and volatile compounds. The second
degradation in leaf extract occurred upper 160 °C due to
the degradation of leaf structure. Moreover, in this respect,
the rate of weight loss showed a higher weight reduction in
gum extract. The main thermal degradation resulting from
calcination of the sample. Up to temperature 160 °C, 7% of
the leaf extract was degraded, while the amount of gum
weight reduction was 14.2% which indicates greater ther-
mal stability of leaf extract. Our data were in accordance
with the findings of Saeidy et al. (2018) about oleo-gum-
resin from the root of Ferula asafoetida that defined the
temperatures upper than 200 °C as the main regions of
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Fig. 1 Thermal pro of F.

asafoetida leaf and gum
extracts; a TGA thermograms,

temperature (°C)

b DSC thermogram
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Leaf extract

Gum extract

weight decreasing phenomenon due to degradation of gum
structure. According to TGA results of Trivedi et al.
(2017), the ashwagandha root extract degraded in the three
steps at temperatures of 185 °C, 485 °C and 895.88 °C,
which weight losses in these temperatures were 9.04%,
60.94% and 9.79%, respectively which indicate more
thermal stability than Ferula leaf and gum extract.

The results of the TGA analysis were confirmed by the
obtained DSC thermogram, which is presented in Fig. 1.
Heat flow in the leaf and gum extracts increased slightly
when the temperature was increased to around 100 °C, and
when the temperature reached approximately 132 °C and
117 °C, respectively, the first degradation and weight loss
started. At the mentioned temperature levels, water des-
orption is responsible for the endothermic peak. The sec-
ond stage of leaf extract degradation began at about 164 °C
that accompanied by 7% weight loss while the weight loss
of gum extract at this temperature was about 14.2%. The
results also showed that the weight losses of leaf and gum
extracts at 200 °C were 13.95% and 23.5%, respectively,
indicating higher thermal stability of leaf extract. Dehy-
dration, depolymerization, and pyrolytic decomposition
can be responsible for the exothermic peaks. Saeidy et al.
(2018) reported that around 90.4% weight reduction of F.
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asafoetida gum occurred at 200 °C. This contrast with our
results can be attributed to the difference in the chemical
composition of the F. asafoetida gum and its hydro-alco-
holic extract as well as the cultivation and geographical
region.

Extraction conditions as well as solvent type affect the
type of plant-separated components and thermal stability of
the final extract. Liao et al. (2017) stated that the onset
temperature and conclusion temperature of mulberry leaf
polysaccharides extracted with hot buffer, chelating agent,
dilute alkali and concentrated alkali ranged from 108.58 to
197.22 °C, 79.03 to 172.55 °C, 154.51 to 173.24 °C and
99.51 to 203.66 °C, respectively.

According to our results, Ferula leaf and gum extracts
have good thermal stability, and if the usual thermal pro-
cesses (temperatures below 100 °C) are employed during
processing, we can be sure that their bioactive compounds
will be largely preserved. However, our results also showed
that these compounds are resistant to temperatures above
100 °C so that they showed low weight loss at tempera-
tures below 150 °C. It is worth noting that especially at
temperatures above 100 °C, which the rate of degradation
increases, other factors such as the type of compounds in
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the formulation, heating time, pH, heating method, etc.
affect the thermal stability of extracts.

Antimicrobial activity

The minimum inhibitory concentration (MIC) and the
minimum bactericidal concentration (MBC) of F. asafoe-
tida leaf and gum extracts are shown in Table 5. Regarding
the MIC values, A. niger was the most sensitive microor-
ganism, providing the lowest microorganism growth in the
presence of gum extract. The antimicrobial activity of gum
extract against S. aureus and S. cerevisiae was the same.
Leaf extract possessed much stronger anti-E. coli and anti-
S. aureus activity than gum extract, since MIC of leaf
extract was 6.4 times higher than the MIC of gum extract.
Both extracts had no bactericidal effect on E. coli. There
was not significantly difference between MBC values
against S. aureus and S. cerevisiae in the presence of gum
extract. However, leaf extract provided the same MIC and
MBC values against A.niger and S. cerevisiae. Cristofoli
et al. (2019) reported that MIC values of Spondias mombin
extracts against different microorganism depend on the
method of extraction. They showed that the MIC value of
extracts obtained by supercritical fluid extraction (CO,.
+ 2.5% ethanol 4+ H,0O) and ultrasound-assisted extrac-
tion (CO, + 2.5% ethanol) was more than 1000 pg/ml
against S. aureus and E. coli while they show no inhibition
effect on S. cerevisiae. Nafis et al. (2019) stated that the
MIC values of Moroccan Cannabis sativa essential oil
against S. aureus and E. coli, were 4.7 and 1.2 mg/ml,
respectively which was greater that our findings for Ferula
asafoetida.

Antimicrobial substances carry out different types of
activity  against microorganisms. Molecules  with
hydrophobic characteristics exert damage to both the
structure and function of the cell membrane by aggregating
in its lipid-rich environment, with toxicity being related to
an optimum level of hydrophobicity (Becerril et al. 2007).
Aqueous solubility has been proposed as a limiting factor

Table 5 The minimum inhibitory concentration (MIC) and the
minimum bactericidal concentration (MBC) of F. asafoetida leaf and
gum extracts

Microorganism Leaf extract (mg/l) Gum extract (mg/l)
MIC MBC MIC MBC

E. coli 625+ 3 - 400 £ 12 -

S. aureus 625+2 250+ 6 300 + 9 400 £ 10

A. niger 125+ 5 250 £ 7 50 +2 100 £+ 4

S. cerevisiae 125+ 6 250 £ 9 300 £ 8 400 £+ 8

Mean £+ SD

to lethal-level hydrophobic compound aggregation (Goiii
et al. 2009). Gram-negative bacteria (E. coli) have a thick
layer of lipopolysaccharide outer membrane covering the
cell wall. This structure have shown to be more resistant to
hydrophobic substance compared with the gram-positive S.
aureus (Zhang et al. 2016).

The antimicrobial activity of F. asafoetida can be rela-
ted to the content of phenolic and flavonoid compounds
such as carvacrol, (E)-1-propenyl sec-butyl disulfide, fer-
ulic acid, Umbelliprenin and etc. The greater antimicrobial
activity of leaf extract can be attributed to the higher
content of these compounds than the gum extract.

Umbelliprenin reportedly has antimicrobial activity
against Bacillus subtillis, Bacillus cereus, E. coli, Kleb-
siella pneumoniae, Salmonella typhi, S. aureus, and Sta-
phylococcus epidermidis (Shakeri et al. 2014). Safdari et al.
(2014) isolated auraptene, umbelliprenin, and galbanic acid
from Ferula szowitsiana, and assessed these compounds
for their ability in class A B-lactamase inhibition; the
researchers found that these compounds potentiated the
activity of penicillin against certain strains of penicillin-
resistant S. aureus that had been isolated clinically. As
enzymes linked to antibiotic resistance (particularly in S.
aureus), class A B-lactamases degrade the B-lactam ring,
which is a key structural feature in a variety of antibiotic
compounds. Shrivastava et al. (2012) reported that the
ethanolic extract of Asafoetida crude sample showed
activity against S. aureus whereas there was no antibacte-
rial activity against Bacillus subtilis and A. niger. It was
also reported that Ferula asafoetida exhibit the antifungal
and antiviral effects due to possessing of (E)-1-propenyl
sec-butyl disulfide and galbanic acid (Dissanayake and
Perera 2020).

Overall, the present study reinforces the immense
potential of natural plant constituents as a novel, renew-
able, and environmentally-friendly sources of wide-spec-
trum antibiotics.

Conclusion

Through our research, specific traits of the hydro-alcoholic
extracts of F. asafoetida leaf and gum were clarified. It was
found that the leaf extract had excellent radical-scavenging
activity, reducing power, and antioxidant activity, meaning
that it can act as a potent inhibitor of lipid peroxidation. It
is also worth noting that various bioactive compounds were
identified for the first time as being constituents of the F.
asafoetida leaf. Moreover, it was clearly demonstrated that
the leaf extract had better antioxidant activity and thermal
characteristics relative to the gum extract. It was revealed
that leaf extract possesses stronger antimicrobial properties
against E. coli, S. aureus, and S. cerevisiae than gum
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extract. TGA and DSC results leaf and gum extracts are
stable up to 160 °C which is an advantage in the food
thermal processing.

There is much evidence that reveals natural plants have
been used for therapeutic and medicinal purposes due to
their good pharmacological and physiological properties.
The F. asafoetida is significantly active and can be suc-
cessfully employed in the food, cosmetic and pharmaceu-
tical industries.
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