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Abstract

Jimbu (Allium przewalskianum), is an indigenous Himalayan spice herb in
Nepal and has a long history of culinary use, yet its potential beyond home
kitchens remains largely unexplored due to limited studies and exposure. It does
not require extensive input of cash, machinery, land, or labor to profit from,
making it an excellent and valuable source of pharmaceutical ingredients owing
to its bioactive compounds. We investigated its antioxidant and antimicrobial
properties. Quantitative analysis of Jimbu extracts revealed the presence of
bioactive compounds, including Oleoresin (extracted using acetone and
methanol), polyphenols, flavonoids, and tannins. The methanol extract of. A.
przewalskianum exhibited the highest polyphenol content (8.11+0.24 mg
GAE/g), flavonoid content (5.2840.29 mg GAE/g) and tannin content
(0.923+0.02 mg GAE/g). The antioxidant potential of Jimbu was seen to be
increased with an increase in concentration, reaching 58.79% at 400pg/ml, with
an 1C50 value of 303.58ug/ml for DPPH radical scavenging activity. Likewise,
the yield of oleoresin was obtained as (10.86+0.27) from acetone and
(7.8+0.20) from methanol. Similarly, sensory evaluation through One-way
ANOVA highlighted concentrations of 0.07% and 0.1% of Oleoresin to be most
favored. Furthermore, sensory evaluation of the Jimbu extracts in minced
chicken meat exhibited remarkable antimicrobial activity against Salmonella
along with a significant reduction in the colony forming units (CFU). This study
shows that the extracts of A. przewalskianum could be utilized as a potential
medicinal plant for the development of effective drugs against pathogenic
bacteria. Meanwhile, it provides opportunities for economic benefits and a new
potential revenue source for rural communities in the Himalayan region of
Nepal.

Keywords: Jimbu, Oleoresin, Antioxidant, Bioactive compounds, Antimicrobial activity.

Introduction

cancer and cardiovascular disorders. In many developing

Throughout history, people have utilized plants for both
sustenance and medicinal purposes, reflecting a profound
and enduring connection between humans and their
environment (Nepal, 2006). Traditional herbal remedies
have been developed over centuries to prevent and treat
various ailments, including degenerative diseases such as

countries, traditional herbal medicine remains a primary
healthcare resource for the majority of the population.
Phytochemicals found in plants, including phenolics,
carotenoids, anthocyanins, and tocopherols have shown
potential in preventing chronic diseases and protecting the
body from oxidative damage caused by free radicals (Abu-
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Bakar et al., 2009). Phenolic acids and flavonoids, in
particular, are potent antioxidants with reported
antibacterial, antiviral, anticarcinogenic, anti-
inflammatory, and vasodilatory properties (Galeotti et al.,
2008).

Oxidative reactions in food limit their shelf life and
contribute to wvarious diseases. Increased use of
polyunsaturated fatty acids and light-weight, oxygen-
permeable packaging in pursuit of healthier and more
sustainable food options has heightened concerns about
oxidative rancidity (Huang and Ahn, 2019). Synthetic
antioxidants like butylated hydroxytoluene (BHT) and
butylated hydroxyanisole (BHA) have been widely
employed to mitigate lipid oxidation. With growing safety
concerns and the preference for natural products, there is a
rising demand for natural antioxidants (Kapadiya et al.,
2016).

Manufacturers of food, beverages, cosmetics, and
pharmaceuticals are responding to consumer resistance and
regulatory restrictions on chemical additives. Similarly, the
contamination of poultry meat with foodborne pathogens,
including Salmonella, remains a public health concern due
to potential illness resulting from improper handling,
cooking, or storage (Rouger et al., 2017). Thus, spices and
herbs have emerged as excellent sources for food
preservation, offering a healthier and more consumer-
friendly alternative to synthetic antioxidants (Kapadiya et
al., 2016).

In addition to this, phenolics, essential oils, and oleoresins
found in spices have exhibited significant antimicrobial and
antioxidant properties. (Diniz do Nascimento et al., 2020).
Oleoresins are the concentrated liquid form of the spice.
Spice oleoresins represent the complete flavour profile of
the spice. It contains the volatile as well as non-volatile
constituents of spices (Unila, 2015).

The major spices grown in Nepal are Akhbare Khursani
(Capsicum annum), Dalchini (cinnamon), Black salt, Black
cumin,  Alaichi ~ (Amomum  sabulatum),  Jwano
(Trachyspermum amni), Coriander, Methi (Trigonella
foenum-graecum), Jeera (cumin), Turmeric (Curcuma
longa) and Timmur (Sichuan pepper). Among these, Jimbu
stands out as a native product of the north-central
mountainous region of Nepal, particularly valued in Upper
Mustang. Jimbu, derived from two Allium species, A.
hypsistum and A. przewalskianum, both belonging to the
Amaryllidaceous family (Shrestha et al., 2000), is a
versatile spice used for flavoring lentil dishes, stir-fried
vegetables, salads, pickles, and more. Remarkably, 46% of
households in Upper Mustang employ Jimbu as traditional
medicine to treat human and livestock ailments, particularly
coughs, colds, high-altitude sickness, and stomach pains
(IUCN Nepal, 2000). Additionally, Jimbu significantly
contributes (10%) to the annual income of households in

this region. It can be considered as a highly valued cash crop
with enormous capacity of international trade that can
enhance incomes and livelihoods (Nepal, 2006). The dried
Jimbu is generally stored in a dry, low-humidity, enclosed
area after it is harvested, and meaning there would be no
need to refrigerate the spice when exporting it. Jimbu does
not require a Phytosanitary Certificate or a Permit to Import,
and like other spices would be regarded as a low-risk import
product (CFIA, 2014).

Materials and Methods

Plant Materials, Sample Preparation and Extraction
Jimbu was purchased in April 2017, from the local market
Aasan Kathmandu, Nepal and mechanically reduced to
powder form using a grinder. The powder was then sifted
through a laboratory sieve of a 60-mesh size (0.0098 inch).
The grits were removed and the powder was packed in
plastic pouch. To extract the desired compounds, 5-10 g of
each sample was mixed with 80% methanol (30 ml) and
agitated continuously for 20 minutes. The resulting mixture
was then filtered through Whatman no. 1 filter paper. The
residue was again submitted to two more extraction cycles
of 20 minutes each, resulting in a total extraction time of 60
minutes. The filtrate was combined in a volumetric flask,
and the volume was adjusted to 100 ml (Sultana et al.,
2008). The extracts were stored in the refrigerator until
analysis.

Phytochemical Screening

Major Phytochemicals present in the extracts of Jimbu were
screened by using standard qualitative methods. Assays
were carried out to ascertain flavonoids, phenolics and
tannins.

Determination of Total Phenol Content

The quantification of total polyphenol content was
conducted by Folin-Ciocalteau colorimetry, described in a
study by Samarth et al., 2008. 1 ml of extract was poured
into a 25 ml volumetric flask containing 9 ml of distilled
water. To this mixture, 1 ml of Folin-Ciocalteu reagent was
added and mixed thoroughly. After incubation of about 5
minutes, 10 ml of 7% sodium bicarbonate (Na,COs)
solution was added followed by incubation of 90 minutes at
room temperature. Finally, the absorbance was measured at
a wavelength of 765 nm. Total polyphenol content was
reported as mg GAE/g. The calibration curve was
constructed to determine the corresponding Gallic acid
concentration in the samples.

Determination of Total Flavonoid Content

The total flavonoid content (TFC) was determined as per
(Samatha et al., 2012) using aluminium chloride assay
through colorimetry. An aliquot (0.5 ml) of extract was
taken in different test tubes and 2 ml of distilled water was
added followed by the addition of 0.15 ml sodium nitrite
(5% NaNOy, w/v) and was allowed to stand for 6 minutes.
Later 0.15 ml of aluminium trichloride (10% AICl3) was
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added and incubated for 6 minutes, followed by the addition
of 2 ml of sodium hydroxide (NaOH, 4% wi/v) and volume
was made up to 5 ml with distilled water. The mixture was
then incubated for 15 minutes and absorbance at 510 nm
was taken. The standard calibration curve was prepared
by preparing gallic acid solutions and results were
expressed as mg of Gallic acid equivalents per litre of
sample.

Determination of Total Tannin Content

The tannin was determined by the Folin-Ciocalteu method.
For this, 0.1 ml of the sample extract was added to a
volumetric flask (10 ml) containing 7.5 ml of distilled
water. To this mixture about 0.5 ml of Folin-Ciocalteu
phenol reagent was pipetted followed by the addition of 1
ml of 35 % Na,COj3 solution and then diluted to 10 ml using
distilled water. After this, the mixture was shaken well and
kept at room temperature for 30 minutes. Then, a set of
reference standard solutions of Gallic acid (20, 40, 60, 80
and 100 pg/ml) were prepared. Eventually, absorbance for
test and standard solutions was measured against the blank
at 725 nm with a UV/Visible spectrophotometer. The tannin
content was thus expressed in terms of mg GAE /g of
extract.

Extraction of Oleoresin and Calculation of Its Yield
Percentage

Oleoresin content of Jimbu was obtained using methanol
and acetone as per AOAC and the yield percentage of
oleoresin was calculated using the following formula and
then stored at 4°C.

Weight of oleoresin /EO obtained
Weight of dried spice taken

Yield percentage = x 100%

Selection of Desired Concentration of Oleoresin

Minced chicken was fried to perform sensory evaluation. It
was divided into 4 different parts each weighing about 25 g.
Further, 200 mg salt was added to each sample for
enhancement of the taste. To select the suitable
concentration of oleoresin, all parts were treated with
different concentrations of oleoresin (0.03%, 0.07% and
0.10%). The oleoresin concentrations under study were
assigned as A (0.03%), B (0.07%) and C (0.10%) for easy
analysis and clear depiction of obtained results. Then
sensory analysis was carried out for each sample.

Sensory Analysis

Sensory analysis was performed using a 9-point hedonic
rating (Peryam and Pilgrim, 1957). The sensory evaluation
for overall quality was done with 15 semi-trained panelists
from National College of Food Science and Technology,
Kathmandu. The appearance, smell, color, flavor and
overall acceptability were the parameters used for the
sensory evaluation,

Sample Preparation
Chicken keema was collected from the local market of Naya
bazaar, Kirtipur, Nepal. The selected concentrations of

oleoresin, 0.07% and 0.1% were inoculated in the minced
chicken meat. Then the samples were taken for microbial
analysis immediately after inoculation (i.e., day 0) and
again after 3, 5, and 7 days of refrigerated storage.

Total Viable Count

Total viable count (TVC) was determined on Plate Count
Agar (PCA) following the standard method by AOAC,
2005. 25-250 colony- forming units (CFU) were counted
and the results were expressed in logarithmic of colony-
forming units per gram of meat (log CFU/qg).

Enumeration of Salmonella

Salmonella that grows on xylose lysine deoxycholate agar
(XLD) medium were isolated by serial dilution method
followed by pour plate technique.

Determination of Total Antioxidant Activity

The antioxidant activity was determined by the DPPH
radical scavenging method as described by Walvekar and
Kaimal, 2014 and Alam et al., 2013. 1 ml of extract
containing 1 mg/ml of dry matter in methanol was mixed
with 4 ml of deionized water and 1 ml of freshly prepared
solution of DPPH in methanol (0.004% wi/v). The mixture
was shaken vigorously and left for 30 minutes in the dark
room. And absorbance was taken at 517 nm. The
antioxidant activity as DPPH inhibition % was calculated as
%.

Antioxidant activity as DPPH inhibition = x 100

(A-B)
A

Where A is the absorbance of DPPH and B is the absorbance
of DPPH and extract combination

Results and Discussion

Natural phytochemicals derived from fruits, vegetables and
herbs have been reported to possess a wide range of
biological effects, including antioxidant, antimicrobial and
anti-inflammatory actions (Shin et al., 2020). Oleoresin
present in Jimbu can be used as a source of natural
antimicrobials. Apart from this, spices like Jimbu are
preferred because of their uniformity in flavour and
pungency, ease of storage and transport (Unila, 2015).
Diarrhoea or loose dung, cough and cold, and lung and liver
diseases are the major livestock illnesses treated with Jimbu
(TUCN Nepal, 2000).

Antioxidant Activity Analysis of Jimbu

The percent inhibition method was used to determine the
antioxidant activity of Jimbu. The methanolic extract of
Jimbu significantly and dose -dependently reduced DPPH.
The antioxidant efficacy of Jimbu was found to have
increased with an increase in the concentration of
methanolic extract.

The antioxidant activity of Allium przewalskianum was
found to be 58.79% at 400 pg/ml. The antioxidant activity
of Allium cepa was shown to be 35% at 400 pg/ml by Kaur
et al., 2016 which is lower than the antioxidant activity
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exhibited by Jimbu in this study. The research on Allium
sativum and Allium cepa also shows that % DPPH inhibition
is dependent on concentration. The R square of this fitted
model is 0.9323. This shows that 93.23% of the increase in
% DPPH inhibition is due to the effect of concentration.
There is a statistically significant association (p < 0.05)
between concentration and % DPPH inhibition. DPPH free
radical scavenging was observed to evaluate the antioxidant
activity of Jimbu. The inhibitory concentration expressed as
ICso (half inhibitory concentration) was calculated from the
data illustrated in Fig. 1 and was compared with 1Cso value
of standard ascorbic acid as shown in Fig. 2. At a
concentration of 400 pg/ml, extract of the Jimbu scavenged
over 58.79% of DPPH radicals with an ICsy value of

70 ~

% DPPH inhibition
w N [0 o)
o o o o
| | | |

N
o
1

H
o
L 4

o

303.58ug/ml which was greater than the 1Cso (129.68pg/ml)
value of ascorbic acid.

Determination of TPC, TFC and TTC

The total phenolic content (TPC), total flavonoid content
(TFC) and total tannin content (TTC) of the extract were
expressed in terms of gallic acid equivalent (mg GAE/g) dry
weight of the extract, calculated using standard gallic acid
curve (Fig. 3). The TPC of the methanol extract and
petroleum extract of Jimbu was found to be 8.11+0.24 and
6.94+0.52 mg GAE/qg respectively. The methanol extract of
a Jimbu showed the highest content of polyphenol. A study
conducted by (Mamun et al., 2016) on Allium sativum,
shows that the extractability of polyphenol content depends
on the type of solvent used.

y=0.1227x + 12.75
R?=0.9323 L 4

0 50 100 150

250 300 350 400 450

concentration(pg/ml)

Fig. 1: Antioxidant activity as DPPH inhibition and concentration of jimbu extract

100 ~

90 y =0.144x + 31.326

80 -
70 -
60 -
50 -
40 -
30 A
20 -
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0 T T

% inhibition

R?=0.8733 L 2

0 100 200

400 500

concentration(ug/ml)

Fig. 2: Standard Ascorbic acid Equivalent curve at 517nm
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Fig. 3: Standard Gallic Acid Equivalent Calibration Curve for Polyphenol at 765nm
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Fig. 4: Standard Gallic Acid Equivalent Curve for flavonoid at 510nm

The Fig. 4 shows flavonoid content of the methanol extract
and petroleum ether extract of Jimbu was found to be
5.2840.29 and 4.32+0.17 mg GAE/g respectively. The
methanol extract of Jimbu showed the highest content of
flavonoids. Results were found statistically significant (p <
0.05). The type of solvent used and flavonoid content are
correlated. Lin et al., 2009, mentioned that methanol can

dissolve phenolic compounds, tannin, flavonoid, saponin,
and anthocyanin more effectively than petroleum ether.

The tannin content of the methanol extract and petroleum
ether extract of Jimbu was found to be 0.92+0.02,
0.64+0.06 mg GAE/100g respectively. The methanol
extract of Jimbu possessed the highest tannin content.
Rajesh et al. (2016) also presented similar results (Fig. 5).
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Fig. 5: Standard Gallic Acid Equivalent Curve for tannin at 725nm

10

Oleoresin yield(%0)

Acetone

Methanol

Fig. 6: Yield of Oleoresin using two different solvents

Effect of Solvents on Oleoresin Yield

The oleoresin content of Jimbu was obtained using two
solvents. The yield of oleoresin from Acetone and Methanol
was found to be 10.86+0.27, 7.8+0.20 respectively.

The highest oleoresin yield was obtained from acetone as
shown in Fig. 6. The bar diagram above and table 1 showed
that the results were statistically significant in oleoresin
yield between acetone and methanol (p < 0.05). In simpler
terms, the choice of solvent appears to have a notable
impact on the extraction of oleoresin, and the difference
observed is not likely due to random chance. The findings
highlight the importance of selecting the right solvent for
oleoresin extraction, as it significantly influences the
outcome. Furthermore, these findings are supported by the
reported results from the study conducted by (Rezazi et al.,
2017), which mentions that acetone gives a higher oleoresin
yield than methanol and oleoresin yield is affected by the
nature of extracting solvent. Many factors contribute to the

efficiency of solvent extraction, such as the type of solvent,
the temperature, the number of steps and the particle size
and shape of the plant matrix (Taher & Sarmidi, 2015).

Table 1: t-test for oleoresin yield

Acetone  Methanol

Mean 10.86667 7.8
Variance 0.223333 0.13
Observations 3 3
Pooled Variance 0.176667
Hypothesized Mean Difference 0

Degrees of freedom 4

t Stat 8.93583

P(T<=t) one-tail 0.000434

t Critical one-tail 2.131847

P(T<=t) two-tail 0.000867

t Critical two-tail 2.776445
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Sensory Evaluation Analysis

One-way ANOVA was used to understand the significant
difference between all samples based on appearance, smell
color, flavor and overall acceptability analyzed. Sensory
evaluation was carried out for an appearance, smell, color,
flavor and overall acceptability by semi- trained panelists
using 9 points hedonic rating (1= dislike extremely, 9= like
extremely).

In the Fig. 7, the percentage mentioned inside the bracket
refers to the concentration of oleoresin.

The order of superiority can be summarized as;

General appearance: Sample C > Sample B > Sample A
Smell: Sample C > Sample B > Sample A

Color: Sample C > Sample B > Sample A

Flavor: Sample C > Sample B > Sample A

Overall acceptance: Sample C > Sample B > Sample A
Sample C scored the highest in terms of all sensory
attributes followed by sample B. Sample B and C were
selected for further microbiological analysis.

Antimicrobial Activity Analysis

TVC and total Salmonella count were carried out to study
the inhibition potency of the oleoresin extract. The
reduction in the count of viable bacterial cells after
incubation of significant duration with extracts from the
study compound indicated the potential antibacterial
activity against the pathogenic bacteria under the study.

Total Viable Count

Total viable counts (TVC) refers to the widely accepted
measure of the general degree of microbial contamination
and hygienic conditions of processing plants and
slaughterhouses (Cohen et al., 2007) Minced meat with
oleoresin concentrations of 0.07% and 0.1% and control
were used for total plate count. Total plate count was
determined on plate count agar and results were expressed
in CFU/qg.

10 -
9 4
8 4
7 4
gﬁ 4
B u A (0.03%)
2 = B (0.07%)
S4
g = C (0.10%)
3 4
2
1 4
0 4
appearance smell color flavor overall
acceptability
Fig. 7: Mean scores of the samples
: Rate of Change of total plate count
55 +
5 F *~— o * .
45 ’
4
> 35
2 3 r —o— control
2 25 -
§’ 2 L ——0.07%
20 —4—0.10%
05
o 1 1 1 J
0 3 7

No. of days

Fig. 8: Change in total plate count of raw minced chicken meat sample having different concentrations

of oleoresin stored at 4°C.
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The change in total plate count of raw minced chicken meat
stored at 4°C within 7 days was calculated. Chicken samples
infused with lower concentrations of oleoresin exhibited
elevated logarithm values of Colony Forming Units (CFU)
compared their counterparts with higher oleoresin
concentrations as shown in Fig. 8. Despite this, both sets of
samples demonstrated a noteworthy inhibition of the initial
microbial load. Moreover, the sample containing a higher
concentration of oleoresin showed a reduction in microbial
load subsequently up to 7 days after the test.

The microbial load was found to be lower than the raw
control sample and the microbiological standard (6.69 logao
cfu/g) on both the samples studied, indicating the efficacy
of Jimbu extract in the prevention of microbial growth.

Analysis of Change in Salmonella Count

Salmonella count was determined by studying the growth
of targeted bacteria on the xylose lysine deoxycholate agar
and results were expressed in CFU/g.

The Fig. 9 illustrated how the Salmonella count changed
during a 7-day period at 4°C in three samples: those
containing 0.07%, 0.1% oleoresin, and the control. The
findings revealed complete inhibition by day 5 at 0.1%
oleoresin concentration. Additionally, lower oleoresin
concentrations exhibited full inhibition, slightly delayed,
occurring by day 7. This indicated the effective
antimicrobial properties of oleoresin on Salmonella growth,
with higher concentrations indicating quicker and more
potent inhibitory effects.  The detailed analysis of
Salmonella count is mentioned in Table 2 showing the
significant reductions against Salmonella growth at both
concentrations of oleoresins under study.

25 Rate of Change of Salmonella count
2 |
2
g 15
? control
1+ 0.07%
0.10%
05
(0] —
0 3 7

No. of days

Fig. 9: Change in Salmonella count of raw minced chicken meat sample having different

concentrations of oleoresin stored at 4°C.

Table 2: Microbial load of minced chicken from initial day to day 7 for test of oleoresin.

Days of incubation

parameters 0 3 5 7

control TPC(CFU/g) 4.96 4.92 4.85 4.74
Salmonella (CFU/g) 2.0 2.16 221 2.27

0.07% oleoresin TPC(CFU/qg) 3.69 2.32 2.03 1.94
Salmonella (CFU/g)  1.70 1.60 1.14 No growth

0.10%oleoresin TPC(CFUI/qg) 3.18 1.78 1.26 1.02
Salmonella (CFU/g)  1.4789546  0.95424251 No growth  No growth
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Conclusion

The use of medicinal plants in the treatment and prevention
can be considered as prehistoric and their uses have been
supported by the traditional optimization of their
application in disease control. In this study, phytochemical
analysis of A. przewalskianum (Jimbu) has been done along
with its antimicrobial activity against Salmonella on minced
chicken meat. The oleoresin obtained from Jimbu shows
significant antimicrobial activity along with inhibition
potency against Salmonella. This shows that the addition of
oleoresin at a suitable concentration on minced chicken
meat could effectively retard the growth of microbes and
extend the shelf life. Similarly, the methanol extract showed
increasing antioxidant activity with an increase in the
methanol extract of Jimbu. Also, methanol extracts
demonstrated the highest polyphenol, flavonoid and tannin
content than petroleum ether extract. Therefore, further
analysis of Jimbu for its antimicrobial potency for other
pathogenic organisms could open the possibility of
establishing this valuable medicinal plant as a raw source of
medical formulations.
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