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ABSTRACT: The present investigation was carried out to evaluate the antimicrobial impact of seven herbal plants
extracts i.e., curry leaf (Murraya koenigii), bana leaf (Vitex nequndo), bhavadi leaf (Ocimum basilicum), umre bark (Ficus
glomerata), milk thistle seeds (Silybum marianum), mulethi root (Glycyrrhiza glabra), amla powder and amla juice (Emblica
officinalis) against six different human pathogenic strains viz. Shigella flexneri, Bacillus cereus, Stenotrophomonas maltophilia,
Listeria monocytogenes, Escherichia coli, Staphylococcus aureus. Different extracts were prepared by using the method of
aqueous infusions, decoctions and juice. Curry leaves and milk thistle did not show any antimicrobial activity against
any strains by well diffusion method as compared to other extracts used in the study. The varying outcomes observed in
the antimicrobial activity of the different extracts could be attributed to the different functional groups like ester, alcohol,
phenol, alkane, amino, amide, amines, carboxylic acid, ether present in these extracts, as indicated by the Fourier
Transform Infrared Spectroscopy (FTIR) analysis. The presence of different functional groups in extracts may have
contributed to the differences in efficacy against pathogenic strains. The presence of antibacterial effects of bana, bhavadi,
umre, mulethi and amla suggests that it could be used against human pathogenic bacteria and to manage other diseases.
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1. INTRODUCTION

India has identified over 2500 plants with medicinal properties. Herbal plants have been used in
traditional medicine for many years. Herbal plants are extremely beneficial to various types of human
diseases and have no negative side effects. Plants, particularly traditional, pharmacopeial drugs and various
compounds, have a wide range of potential applications. This demonstrates a better understanding of the
plant and the compounds derived from it. In the current situation, many plants have scientifically proven
their herbal properties and significance [1]. Compounds known as antimicrobial agents have been proven
successful in treating infections caused by pathogenic bacteria in both therapeutic and preventative contexts
[2]. Infectious diseases account for 41% of all infections globally, making them a major public health concern
[3].

Infectious disorders are mostly brought about by bacterial resistance to numerous antibiotics, which
naturally arises because of the accumulation of diverse drug residues inside a single strain. Multidrug
resistant bacteria can transmit harmful bacteria from person to person and cause treatment failure, both of
which have medical and economic repercussions. Drug resistance has risen despite the fact that
pharmaceutical corporations are developing new generations of antibiotics [4]. Additionally, administering
antibiotics excessively and incorrectly has negative effects that might harm the immune system as well as
vital organs including the liver, kidney, pancreas, and spleen [5]. As an alternative to conventional
treatment, researchers are now concentrating on creating better-quality drugs with enhanced antimicrobial
capabilities [6]. Since the dawn of time, honey has been used as medicine in various cultures that practice
"Folk medicine [7]”. Today, natural plant remedies like honey and others are employed as medications.
Medical grade honey, which was formerly thought to be extinct, is now being employed more frequently as
an antibacterial agent to treat infectious diseases [8]. Additionally, honey's antimicrobial, antiviral, anti-
inflammatory, anti-tumor, and antioxidant capabilities have been proven [7,9,10,11]. Numerous studies
support the systemic use of honey to treat bacteria that are drug-resistant [12] because they have less adverse
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effects than synthetic pharmaceuticals. Many herbal plants are employed as complementary therapy for both
human and animal ailments. An understanding of the numerous functional groups crucial to the medicinal
activities of phytochemical substances found in herbal plants will be provided by their chemical
identification. Using infrared spectroscopy, [13] examined the in vitro effectiveness of bioactive extracts from
15 herbal plants against extended spectrum beta-lactamases (ESbetal) producing multidrug resistant
bacteria. Bioactive group screening of compounds in Calotropis gigantea dry leaf powder using FTIR analysis
[14]. Bioactive plant extracts are promising source for the majority of drugs [15]. Murraya Koenigii (Curry
leaves) were used as a spice for its characteristic flavor and aroma contains high antioxidants like tocopherol,
[-carotene and lutein [16]. The whole plant is regarded as tonic and stomachic and has traditional uses [17].
Ocimum basilicum L. showed positive effects against viral, fungal, bacterial infections [18]. Vitex negundo L.
extracts of the leaves have shown bactericidal and antitumor activity [19]. Decoction of their leaves may also
improve eyesight [20]. The root of licorice (Glycyrrhiza glabra L.) belongs to the Fabaceae family, is widely
used as sweetening and flavoring agent in food and tobacco industries but has also been proposed for
various clinical applications [21]. Silybin, silibinin are major constituent of milk thistle with maximum
amount of flavonolignan used particularly for liver disorders, which contains 90 per cent of herb’s
component in most preparations [22]. Ficus glomerata bark is antiseptic, antipyretic and vermicidal, and the
decoction of bark is used in the treatment of various skin diseases, ulcers and diabetes [23]. Emblica officinalis
(popularly known as amla or Indian gooseberry) has high medicinal as well as nutritional value due to its
high vitamin C content of about 600 mg/100 g of fresh fruit [24,25]. They are useful in curing diseases like
diabetes, cough, asthma, bronchitis, headache, ophthalmic disorders, dyspepsia, colic, flatulence, skin
diseases, leprosy, jaundice, scurvy, diarrhea and greyness of hair [26].

In recent years, FTIR spectroscopy has grown in significance in the pharmaceutical industry. The
FTIR spectrum has been used as a mandatory method to identify drugs in the pharmacopoeias of many
nations. FTIR spectroscopy facilitates the interpretation of various vibrations and spectral bands due to the
various functional groups in the sample [27]. The FTIR spectrum is frequently used by scientists to
distinguish between species of plants and organisms [28,29]. It is also employed to identify the purity of
herbal products in case of any adulteration and even assess the quality of herbal items. Carboxylic acids are
potent antibacterial agents and have a significant role in the production of fat in the body. They serve as the
main pharmacological ingredients in the management of specific human disorders [30]. Esters and volatile
oils combined to produce fruit aroma. Some acids contain alkynes. They have antiviral, antifungal, and
anticancer properties. Alkanes are found in the cuticle and epicuticular wax of numerous plant species.

The present study was therefore conducted to investigate the functional groups of herbal plants by
FTIR and evaluate the antimicrobial impact of amla juice, aqueous infusions of Murraya koenigii, Ocimum
basilicum, Vitex negundo, Emblica officinalis and decoctions of Glycyrrhiza glabra, Silybum marianum, Ficus
glomerata against 6 different pathogenic strains viz. Shigella flexneri (MTCC1457), Bacillus cereus (MTCC1272),
Stenotrophomonas maltophilia (MTCC4383), Listeria monocytogenes (MTCCS839), Escherichia coli (MTCC443),
Staphylococcus aureus (MTCC96).

2. RESULTS AND DISCUSSION

2.1 Comparative results of zone of inhibition against microbial pathogens by selected herbal plants in
present study

Well diffusion method was used to assess the antibacterial activity of medicinal herbs (Curry leaf,
Bana leaf, Bhavadi leaf, Umre bark, Milk thistle seeds, Mulethi root, Amla powder and Amla juice) against
bacterial pathogens S. flexneri (MTCC 1457), B. cereus (MTCC 1272), S. maltophilia (MTCC 4383), L.
monocytogenes (MTCC 839), E. coli (MTCC 443), and S. aureus (MTCC 96). The antimicrobial activity of the
seven plant extracts against the test pathogenic microorganisms is shown in Table 1 and Figure 1. Aqueous
infusions of curry leaves, bhavadi leaves, bana leaves, and amla powder were potentially effective with
variable efficiency against the tested bacterial strains, whereas aqueous decoctions of umre bark, milk thistle
seeds, mulethi root, and fresh amla juice were potentially effective with variable efficiency.

Zone of inhibition of herbal plants to six different pathogenic strains were compared as stated in
Table 1 and Figure 1. Amla juice exhibited highest antimicrobial resistance against six pathogenic strains. The
zone of inhibition of amla juice was recorded as 6.53+0.031 mm for E. coli (MTCC 443), 6+0.028 mm for L.
monocytogenes (MTCC 839), 5.33+0.105 mm for S. flexneri (MTCC 1457), 4+0.109 mm for B. cereus (MTCC
1272), 4+0.027 mm for S. aureus (MTCC 96) and 3+0.036 mm for S. maltophilia (MTCC 4383). The zone of
inhibition was highest for E. coli (MTCC 443) and L. monocytogenes (MTCC 839) strains.
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Mulethi root inhibits all strains with a zone of inhibition of 6+0.031 mm in E. coli (MTCC 443),
5.66+0.036 mm in S. maltophilia (MTCC 4383), 5.33£0.028 mm in L. monocytogenes (MTCC 839), 5+0.109 mm in
B. cereus (MTCC 1272), 3.52+0.027 mm in S. aureus (MTCC 96) and 2+0.105 mm in S. flexneri (MTCC 1457).
These observations clearly shows that mulethi root has significant antibacterial activity and may be an
excellent natural alternative preservative for controlling food poisoning.

Medicinal plant i.e.,, Umre bark also has high zone of inhibition in all strains, viz., 6.33+0.105 in S.
flexneri (MTCC 1457), 6.11£0.031 mm in E. coli (MTCC 443), 2.33£0.028 mm in L. monocytogenes (MTCC 839),
2.32+0.027 mm in S. aureus (MTCC 96), 1.25+0.109 mm in B. cereus (MTCC 1272), 1.15+£0.036 mm in S.
maltophilia (MTCC 4383). The zone of inhibition is highest in S. flexneri (MTCC 1457) and E. coli (MTCC 443).
Umre bark was also resistant to all the pathogenic strains thus possessing good antimicrobial activity. The
decoction of bark can be utilised for the development of herbal nutraceuticals that can provide a natural and
plant- based approach to addressing microbial challenges, potentially supporting immune health.

On other hand, if we see aqueous extract of amla powder zone of inhibition is 5+0.105 mm in S.
flexneri (MTCC 1457), 3.6540.027 mm in S. aureus (MTCC 96), 3.33£0.109 mm in B. cereus (MTCC 1272),
2+0.036 mm in S. maltophilia (MTCC 4383) whereas no zone of inhibition is therein L. monocytogenes (MTCC
839) and E. coli (MTCC 443) strains.

The inhibition zone of bhavadi herbal plant is 2£0.027 mm in S. aureus (MTCC 96), 1.8620.105 mm in
S. flexneri (MTCC 1457) and 1£0.036 mm in S. maltophilia (MTCC4383) strains and no zone of inhibition
against other remaining strains. The bhavadi herbal plant is less susceptible to antimicrobial activity. On the
other hand, bana showed no zone of inhibition against five pathogenic strains except for B. cereus (MTCC
1272) as 1.00£0.109 zone of inhibition (mm).
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Figure 1. Comparative results of zone of inhibition (mm) against microbial pathogens by selected herbal plants

CL: Curry leaves (Murraya koenigii), BHL: Bhavadi leaves (Ocimum basilicum), BL: Bana leaves (Vitex negundo), UB: Umre
bark (Ficus glomerata), MT: Milk thistle (Silybum marianum), MR: Mulethi root (Glycyrrhiza glabra), AP: Amla powder
(Emblica officinalis), AJ: Amla juice (Emblica officinalis)

In milk thistle extract, there is no zone of inhibition against all the strains tested in this study. Milk
thistle decoction extract does not possess antimicrobial potential. Similarly, aqueous extract of curry leaves
was found to have no antibacterial activity against different pathogenic strains. As it is clear from Figure 1,
Curry leaves and milk thistle extracts do not show any antimicrobial activity. Figure 2 shows the
antimicrobial activity of seven different herbal plants against S. flexneri (MTCC 1457) strain. The values of
zone of inhibition (mm) are given in Table 1. The zone of inhibition was highest in umre bark followed by
amla juice against this strain.

Among the seven different herbal plants tested for their antimicrobial activity against B. cereus
(MTCC 1272) strain, it was found that mulethi root displayed the highest zone of inhibition as depicted in
Figure 3. Microbial activity of seven different herbal plants against S. maltophilia (MTCC 4383) strain showed
in Figure 4. The values of zone of inhibition (mm) are given in Table 1. The zone of inhibition was highest in
mulethi root followed by amla juice and amla powder against this strain.

https://doi.org/10.12991/jrespharm.1694200
J Res Pharm 2025; 29(3): 1045-1058

1047



Sharma et al. Journal of Research in Pharmac
Antibacterial activity and FTIR characterization of Himalayan plants Research Article

Table 1. Comparative results of zone of inhibition against microbial pathogens by selected herbal plant

Zone of inhibition (mm)

S. flexneri B. cereus S. maltophilia L. monocytogenes  E. coli IMTCC S. aureus

Samples (MTCC 1457) (MTCC1272) (MTCC 4383) (MTCC 839) 443) (MTCC 96)
Curry leaves 0.00 0.00 0.00 0.00 0.00 0.00
Bana leaves 0.00 1.00+0.109 0.00 0.00 0.00 0.00
Bhavadi leaves 1.86+0.105 0.00 1.00+0.036 0.00 1.00+0.031 2.00+0.027
Umre bark 6.33+0.105 1.25+0.109 1.15+0.036 2.33+0.028 6.11+0.031 2.32+0.027
Milk thistle 0.00 0.00 0.00 0.00 0.00 0.00
Mulethi root 2.00£0.105 5.00+£0.109 5.66+0.036 5.33+0.028 6.00+0.031 3.52+0.027
Amla powder 5.00+0.105 3.33+0.109 2.00+0.036 0.00 0.00 3.65+0.027
Amla juice 5.33+0.105 4.00+0.109 3.00+0.036 6.00+0.028 6.53+0.031 4.00+0.027

Control Umre bark Amla powder Amlajuice

Figure 2. Antimicrobial Activity of different herbs against Shigella flexneri

As illustrated in Figure 5, the microbial activity of seven different herbal plants against L.
monocytogenes (MTCC 839) strain. The values of zone of inhibition (mm) are given in Table 1. The zone of
inhibition is highest in amla juice followed by mulethi root and umre bark against this strain and for all
remaining strains, it shows no zone of inhibition. The values of zone of inhibition (mm) of microbial activity
of seven different herbal plants against E. coli (MTCC 443) strain are given in Table 1. The zone of inhibition
was highest in amla juice than in different extracts of umre bark, mulethi root and very less in bhavadi leaf.

The zone of inhibition (mm) of microbial activity of seven different herbal plants against S. aureus
strain are given in Table 1. The zone of inhibition is highest in amla juice followed by aqueous extract of amla
powder, decoction of mulethi root and umre bark.

Different researchers examined the effectiveness of plant extracts as antimicrobial agents. The
enzymes and proteins of microbial cell membranes are thought to interact with antimicrobial terpenoid,
alkaloid, and phenolic compounds present in plant extracts, disrupting them to release protons that lead to
cell death or may prevent the enzymes required for amino acid biosynthesis [31,32]. Others have connected
the inhibitory properties of these plant extracts to their hydrophobicity, causing structural disruption and
changing the permeability of proteins [33,34].

The disc diffusion method was employed to investigate the antibacterial activity of 18 plant species
used in folk medicine as mentioned in current study [35]. Well diffusion method was used to check the
antibacterial activity against different bacterial pathogens using Ficus racemose ethanolic and ethyl acetate
extract [36]. In current study, aqueous plant extract was used to test the effectiveness of medicinal herbs on
bacterial pathogens. Aqueous and ethanolic medicinal plant extracts were used to test the antibacterial
activity of the plants [37]. Zone of inhibition of herbal plants to six different pathogenic strains was
compared. Mulethi root inhibits all strains with a maximum zone of inhibition of 6 mm in E. coli. In respect to
this study, Panthi and Choudhary [38] studied the antibacterial activity of G. glabra and found positive
results against Acinetobacter bohemicus, Kocuria kristinae, Micrococcus luteus, Staphylococcus auricularis, and
Bacillus megaterium with MICs between 0.31 and 1.25 mg/ml.
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Amla powder Amla juice

Figure 4. Antimicrobial Activity of different herbs against Stenotrophomonas maltophilia

Figure 5. Antimicrobial Activity of different herbs against Listeria monocytogenes

Umre bark also had high zone of inhibition in all strains, and maximum of 6.33 mm in S. flexneri
(MTCC 1457). Ficus racemose ethanoic and ethyl acetate extract showed more favorable antibacterial activity
against E. coli, S. aureus, Salmonella typhi, Klebsiella pneumoniae at concentration of 1.32 mg/ml, 0.98 mg/ml,
1.76 mg/ml, 1.52 mg/ml, respectively and fungistatic against Aspergillus niger and Candida albicans at
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concentration of 1.39 mg/ml and 2.19mg/ml, respectively as compared to extract of water, hexane and
Chloroform in well diffusion method [39].

Amla juice was highly susceptible to antimicrobial activity against all strains. The maximum zone of
inhibition of 6.53 mm was against E. coli. On other hand, aqueous extract of amla powder showed
antibacterial activity against all strains tested and maximum zone of inhibition i.e., 5 mm against S. flexneri.
Similarly, showed that the extract of E. officinalis exhibited antibacterial activity against the seven bacterial
species- Pseudomonas aeruginosa, Salmonella paratyphi A, Proteus vulgaris, E. coli, and S. aureus isolated from
bore water, which were in comparison to current study [25].

Bhavadi herbal plant showed antibacterial activity against three strains namely S. aureus, S. flexneri
and S. maltophilia. Also, the nanoemulsion essential oil at a concentration of 5 per cent to 25 per cent of O.
basilicum and found moderate adequate to strong inhibition zone in E. coli and a moderate to strong
inhibition in S. aureus [18].

In current study, bana showed inhibitory effects only against B. cereus and no zone of inhibition
against five bacterial strains. Similarly, the study conducted on plant extract of V. negundo against both gram
positive (S. aureus) and gram negative (E. coli, K. pneumoniae) bacteria [19]. The control used was 98 per cent
ethanol. It exhibited a small degree of inhibition, possibly as a result of the evaporation of control drug due
to its high concentration and small amount (50 pl).

On the other hand, curry leaves and milk thistle showed no inhibition against all the six pathogenic
strains tested in this study. In contrast to these results, [40] studied the effect of methanolic extract of M.
koenigii leaves against different species of Gram -ve, Gram +ve bacteria and fungus Candida albicans. The
results showed moderate antibacterial activity against S. aureus and good antibacterial activity against E.coli
and P. aeruginosa, antifungal activity against C. albicans and no zone of inhibition against Klebsiella.
Antibacterial activities of the ethanolic seed extract of milk thistle exhibited a strong zone of inhibition
against S. aureus and Salmonella enterica as compared to the control using modified Kirby-Bauer disc
diffusion technique [41].

These observations clearly shows that mulethi root, umre bark, bhavadi leaves, and amla has significant
antibacterial activity and may be an excellent natural alternative preservative for controlling food poisoning
and other pathogenic bacteria. Similar results of different herbal plants were supported by Zeedan et al. [36]
who used herbal plants extracts of clove and black cumin using a water/ethanol solvent to check the
antibacterial activity and found inhibitory effects against the studied microorganism E. coli (57.14%), K.
pneumonia (42.28%), and S. aureus (28.57%) at concentrations of 50 per cent, 20 per cent and 10 per cent.
Ethanolic extracts of Pimenta dioica leaves have antimicrobial and chemo preventive activity against S.
entiritica, L monocytogenes, S. flexneri, Shigella sonnei and Aspergillus sp. Essential oil of P. dioica also controlled
the growth of food spoiling and pathogenic bacteria P. aeuginosa, S. aureus and E. coli [42]. The extracts of
Combretum album showed a linear antibacterial efficacy against all the tested pathogenic bacteria i.e., Bacillus
licheniformis, P. aeruginosa, B subtilis, P fluorescens, Bacillus mycoides, E. coli, Pseudomonas putida and supported
that there is no correlation between the susceptibility shown by C. album extracts [43]. Amla juice followed by
mulethi root and umre bark showed maximum inhibition against all the strains tested and useful for the
treatment of infectious diseases.

2.2 FTIR Analysis

FTIR spectrum was used to identify the functional group of the active components based on the peak
value in the region of infrared radiation. The results of FTIR peak values and functional groups were
represented in Table 2 and the FTIR spectrum profile was illustrated in the Figure 6. FTIR spectrum
confirmed the presence of alcohol, phenol, alkanes, alkyl halide, amino acids, carboxylic acid, aromatic,
amines in the leaves and seeds of the herbal plants taken.

The more intense band occurring at 3273.50 cm?, 2916.66 cm?, 2349.5 cm?, 1733.2 cm?, 1615.8 cm?,
1146.2 cm?! and 1017.6 cm? corresponding to O-H/N-H/C-H/C=O stretching, bending, vibrations
respectively indicate the presence of alcohol, alkane, amines, amides, amino acids substituted compounds in
leaves of curry leaves as shown in Figure 6a.

The intense bands occurring at 3274.5 cm, 2916.6 cm, 2849.5 cm!, 1604.6 cm?, 1243.1 cm?, 1146.2
cm?, 1012 cm? and 766.0 cm? corresponding to O-H / C-O stretch (str)/ N-H/ O-H str/ C-H/ C=0
stretching, bending, vibrations respectively indicate the presence of alcohol, phenol, amines, amides,
carboxylic group, ester, ether, amino acids group in bana leaves as shown in Figure 6b.

In bhavadi leaves as shown in Figure 6c intense bands occurring at 3272.6 cm, 2918.5 cm-!, 2849.5 cm
1,2309.1 cmt, 1742.40 cm?, 1615.8 cm?, 1385.18 cm?, and 1015.81 cm?! corresponding to COOH/ O-H/C=C-
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O-C/NH/ O-H str/ C=0O/phenol/ C-O str/ stretching, bending, vibrations respectively indicate the
presence of amines, amides, carboxylic groups, ester, amino acids, phenol, ether groups.

The intense bands occurring at 3272.6 cm1, 2920.4 cm-?, 17332.29 cm?, 1602.8 cm-?, 1558.0 cm-?, 1243.1
cml, 777.18 cm! corresponding to N-H/ C-H/ C=0/ phenol C-O str/ C=N/ C-H aromatic str/ stretching,
bending, vibrations respectively as shown in Figure 6d indicate the presence of amines, amides, ester, ether,
phenol C-O bond, O-H aromatic mono substituted compounds in the umre barks.

Milk thistle seeds powder showed intense bands occurring at 3274.50 cm-, 2920.04 cm-!, 2851.4 cm?,
2092.9 cm, 1707.08 cm?, 1656.52 cm-!, 1541.62 cm?, 1457.43 cm™? and 1032.5 cm? corresponding to COOH-O
-H/ N-H/ O-H / C-H / N-H /C=0O/Phenol O-H / C=N / stretching, bending, vibrations respectively
indicate the presence of alcohol, amines, alkane, carboxylic acid, ester, C-H bond for alkanes, amino acids
etc. as shown in Figure 6e.

The more intense band occurring at 3902.5 cm-, 3270.7 cm, 2922.2 cm?, 1770.5 cm?, 1634.4 cm?,
1149.9 cm, 1015.7 cm? and 833.1 cm! corresponding to O-H/N-H/C-H/C=0 respectively indicate the
presence of alcohol, alkane, amines, amides, amino acids and meta substituted compounds in mulethi root as
shown in Figure 6f.

Amla powder depicted intense band occurring at 3272.6 cm”, 2916.6 cm, 2115.3 cm, 1716.4 cm’,
1675.8 cm?, 1112.6 cm?, and 689.6 cm? corresponding to O-H/N-H/C-H/C=O stretching, bending,
vibrations respectively indicate the presence of alcohol, alkane, amines, amino acids and meta substituted
compounds as shown in Figure 6g.

Though the compounds behind this antibacterial activity have not been identified, preliminary
phytochemical analysis of the aqueous extract revealed the presence of tannins, alkaloids, and flavonoid
compounds. FTIR analysis also confirmed the presence of alcoholic, amine, carboxylic acids, and aromatic
groups, which supports these findings. It helps to identify the chemical constituents, elucidate the chemical
structure.

Table 2. FTIR peak values and functional groups of herbal plant extracts

S. Herbal Phenol N-H COOH C-H Ether Et}ler Ester C-H Anlme Amine A.mmo Cc=0 Aromatl.c
No. Plants - C-O Str O-H str For C-O0 C=C- C=0 bending C=N N-H acidN-H str Meta di
: alkane alkane Str O-Cstr str bond str substituted
1 ﬁ; z:“,ré/s 327350 ND 23495 ND 2916.66 11462 ND ND ND 10176 ND 16158 1733.2 ND

2 Bana 327450 124310 ND 28495 29166 11462 ND ND ND 1012 ND 1604.6  ND 766.0
leaves

3 Bhavadi 3272.60 1385.18 2309.1 29185 28495 ND 1015.811742.40 ND ND ND 1615.8 ND ND
leaves

4 Umre 3272.60 124310 ND ND 29204 ND ND 173229 1558.0 ND ND 1602.8 ND 777.18
bark

5 Milk 327450 1457.43 2092.9 2920.04 2851.4 ND ND 1707.08 ND 10325 165652 ND 1541.62 ND
thistle

6 Mulethi 3270.70 ND 2922.2 3902.5 ND 11499 ND 177050 ND 1015.7 1634.4 ND ND 833.1
root

7 Amla 327260 ND 21153 ND 2916.6 11126 ND 171640 ND ND ND 1675.8 ND 689.6
powder
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Figure 6. FTIR Spectrum extraction values of (a) Curry leaves (b) Bana leaf (c) Bhavadi leaf (d) Umre bark (e)
Milk thistle (f) Mulethi root (g) Amla powder

The presence of common functional ¢ nines, amides and amino acids are mostly
present in all the herbal plants used in the s ¢’ T ¢ different functional groups like alcohol,
alkane, amines, amides, amino acids in curry leaves; alcohol, phenol, amines, amides, carboxylic group, ester,
ether, amino acids group in bana leaves; presence of amines, amides, carboxylic groups, ester, amino acids,
phenol, ether groups in the bhavadi leaves; presence of amines, amides, ester, ether, phenol C-O bond, O-H
aromatic mono substituted compounds in the umre bark; presence of alcohol, amines, alkane, carboxylic acid,
ester, C-H bond for alkanes, amino acids etc. in the milk thistle seeds powder; presence of alcohol, alkane,
amines, amides, amino acids and meta substituted compounds in mulethi root; presence of alcohol, alkane,
amines, amino acids and meta substituted compounds in amla powder viz. tannins, alkaloids, and
flavonoids, which can be extracted from these medicinal plants and used in herbal drug preparations
beneficial for the treatment of many bacteria-borne diseases, are believed to be responsible for the plant's
antibacterial potency. The specific plant compounds that can act as antibacterial agents may have therapeutic
significance as a result of this finding, which is obviously possible.

The presence of similar types of functional groups like alcohols, ethers, esters, carboxylic acids,
anhydrides, deoxyribose, alkenes, organic halogen compounds, carbohydrates, amines, amides, amino acids,
polymeric hydroxyl derivatives, primary amine, methylene group have been reported in powdered samples
of different plants [29,44-47].

Absence of spectral peaks or bands in between the region 2220- 2260 cm™ indicates that there are no
cyanide groups in all the extracts of the herbal plants studied. This shows that samples taken for the study
does not contain any toxic substances [48].

Carboxylic acid present in the herbal plant serves as main pharmaceutical product in curing ulcers,
jaundice, headache, stomatitis, hemicranias, fever, pain in liver, wound in cattle, treatment of edema and
rheumatic joint pains [30]. Amines, amides and amino acids are the main groups of protein synthesis and
herbs serves as herb oil and hair tonic. Sulphur derivative compounds were used as disinfectants and
dermal cream. Polysaccharides, carbohydrates, chlorates and nitrates play the role of the disinfectants [49].

(g) Amla powder

3. CONCLUSION

The present investigation reveals a real solution for antimicrobial resistance by using natural herbal
extracts. The five plant extracts (Bana, bhavadi leaf, umre bark, mulethi root, and amla) out of seven mentioned
above have a powerful antimicrobial activity that inhibit or at least stop the growth of six pathogenic
bacterial strains; so those extract may be used as food additives and food preservatives to control such
microbial growth and conserve human and animal health. The plant extracts which proved to be potentially
effective as E. officinalis (amla), G. glabra (mulethi) and F. glomerata (umre bark) can be used as natural
alternative preventives to control food poisoning diseases and preserve food stuff avoiding health hazards of
chemically antimicrobial agent applications. The results of the FTIR analysis showed the presence of alcohol,
alkane, amines, amides, amino acids and meta substituted compounds in selected herbal plants. FTIR
spectrum reflecting objectively the panorama of chemical constituents in a complex system is the most
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credible method to validate and identify the mix-substance systems such as traditional medicine and herbal
medicine.

The results of this study suggest how the pharmaceutical industry might exploit these novel herbal
plants for ethnomedicine. Further research may require to identify the new bioactive compounds present in
these herbal plants responsible for antibacterial activity.

4. MATERIALS AND METHODS
4.1 Sample Collection

The herbs/medicinal plants and wild amla utilized in the current study were procured from the local
vicinities of Palampur, Himachal Pradesh, India (Table 3). The herbs were thoroughly rinsed. They were

dried in hot air oven at 60°C and grinded into powders. Powders were stored in air tight containers for
further analysis.

Table 3. Plants used in present research work

Common name of Plants Botanical name Plant part used
Curry Murraya koenigii Leaf

Bhavadi Ocimum basilicum Leaf

Bana Vitex negundo Leaf

Mulethi Glycyrrhiza glabra Root

Milk thistle Silybum marianum Seeds

Umre Ficus glomerata Bark

Amla Emblica officinalis Fruit

4.2 Preparation of Aqueous Infusions

Aqueous infusions (cold extract) were prepared using leaves of Curry (M. koenigii), bhavadi (O.
basilicum) and bana (V. negundo) using different ratios of herbs and water using modified method of Olurinola
[50]. The herbs were weighed separately for preparing different proportions of extract. Cleaned them
thoroughly cut into shreds and placed in a container having filtered water. The container was then covered
and placed at 4°C for 3 h. The soaked herbs were then grinded in pestle and mortar. The extract was strained
using muslin cloth and cold extract was ready. All three aqueous infusions were prepared using this
method.

4.3 Preparation of Aqueous Decoctions

Aqueous decoctions of roots, bark and seeds were prepared using mulethi root (G. glabra), milk
thistle seeds (S. marianum) and umre bark (F. glomerata) using different ratios of herbs and water using
modified method of Olurinola [50]. The herbs were weighed separately for preparing different proportion of
decoction. Cleaned them thoroughly and coarsely grounded them using pestle and mortar. The grounded
powder was then put in a pan having water and simmered for 15 min. The decoction was then filtered using
muslin cloth. All three aqueous decoctions were prepared using this method.

4.4 Preparation of Amla Juice

Chaikiya variety of amla (E. officinalis) was procured from CSK Himachal Pradesh Agricultural
University, Palampur (HP). The fruit was thoroughly rinsed in tap water and then in distilled water,
separately. The whole fruit was pureed well using a sterilized juicer, and then filtered through a muslin cloth
to obtain a clear aqueous fraction of fruit, free from pulp.

4.5 Bacterial Culture

Bacteria wviz., S. flexneri (MTCC1457), B. cereus MTCC1272), S. maltophilia (MTCC4383), L.
monocytogenes (MTCC839), E. coli (MTCC443), S. aureus (MTCC96) were procured from the Microbial type
culture collection (MTCC), Institute of Microbial Technology (IMTECH), Chandigarh, India. The pure
bacterial cultures were maintained on nutrient agar medium. Each bacterial culture was further maintained
by sub-culturing regularly, on the same medium and stored at 4°C, until used in experiment.

4.6 Well Diffusion Technique for Antimicrobial Activity

The antimicrobial activity of extract against pathogenic bacteria was evaluated by using agar well
diffusion method [51]. The isolates were inoculated into 10 ml of sterile nutrient broth, and incubated at
35+2°C overnight. The turbidity of culture was checked. The cultures were swabbed on the surface of sterile
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nutrient agar plates using a sterile cotton swab and allowed to dry for 3- 5 min. Agar wells were prepared
with the help of sterilized borer with 8mm diameter and of each infusion and decoction of selected herbs
was introduced into the well. Sterile distilled water was used as control. The inoculated plates were
incubated at 35+2°C for 24 h and zone of inhibition was measured to the nearest millimeters (mm).

4.7 FTIR Assay

For FTIR analysis, dried powder of each herbal plant was used. The FTIR spectra of samples was
developed using Agilent Cary 630 FTIR instrument. The respective samples were placed directly onto the
attenuated total reflectance (ATR) crystal before cleaning the crystal with methanol. All the samples were
evaluated (number of scans was 10 per sample) at room temperature, and the spectra were collected in the
4000-400 cm™ wave number range. The spectral bands obtained for the various samples were interpreted
according to the instructions provided by Kaur et al. and Stuart [31,32].

4.8 Statistical Analysis

All the analytical parameters were recorded in triplicates and the data was analyzed using SPSS
software. The zone of inhibition was expressed as mean + SD.

Acknowledgements: I acknowledge Department of Food Science, Nutrition and Technology and Department of
Microbiology, CSK Himachal Pradesh Agricultural University for providing necessary facilities to carry out this
research work.

Author contributions: Concept - A.W., RG,; Design - AW, R.G,; Supervision - A.W.; Resources - V.K.; Materials -
D.S,; Data Collection and/or Processing - D.S., V.K.; Analysis and/or Interpretation - A.W., V.K..; Literature Search -
AW, DS.; Writing - D.S., A\W.; Critical Reviews - A.W.

Conlflict of interest statement: “The authors declared no conflict of interest” in the manuscript.

REFERENCES

[1] Sandosh TA, Peter MPJ, Raj JY. Phytochemical analysis of Stylosanthes fruticosa using UV- VIS, FTIR and GC-MS.
Res J Chem. 2013; 3:14-23.

[21 Wright GD. Antibiotic resistance in the environment: a link to the clinic? Curr Opin Microbiol. 2010; 13:589-594.
https:/ /doi.org/10.1016 /j.mib.2010.08.005.

[31 The Global Infectious Disease Threat and Its Implications for the United States. National intelligence estimate 99-
17D. https:/ /www.dni.gov/files/documents/infectiousdiseases_2000.pdf.

[4] Tenover FC. Mechanisms of antimicrobial resistance in bacteria. Am J Med. 2006, 119: S3-S10.
https:/ /doi.org/10.1016/j.amjmed.2006.03.011.

[5] Furuya EY, Lowy FD. Antimicrobial-resistant bacteria in the community setting. Nat Rev Microbiol 2006; 4:36-45.
https:/ /doi.org/10.1038 /nrmicro1325.

[6] Bocanegra-Garcia, V, del Rayo Camacho-Corona M, Ramirez-Cabrera M, Rivera G, Garza-Gonzalez E. The
bioactivity of plant extracts against representative bacterial pathogens of the lower respiratory tract. BMC Res
Notes. 2009; 2:1-5. https:/ /doi.org/10.1186 /1756-0500-2-95.

[71 Mandal MD, Mandal S. Honey: its medicinal property and antibacterial activity. Asian Pac ] Trop Biomed. 2011;
1(2):154-160. https:/ /doi.org/10.1016/S2221-1691(11)60016-6.

[8] Carnwath R, Graham EM, Reynolds K, Pollock PJ. The antimicrobial activity of honey against common equine
wounds bacterial isolates. Vet J. 2014; 199:110-114. https:/ /doi.org/10.1016/{.tvil.2013.07.003.

[9] Blassa M, Candracci M, Accorsi A, Piacentini MP, Albertini M C, Piatti E. Raw millefiori honey is packed full of
antioxidants. Food Chem. 2006; 97:217-222. https:/ /doi.org/10.1016 /j.foodchem.2005.03.039.

[10] Molan PC. Why honey is effective as a medicine? The scientific explanation of its effects. In: Munn P, Jones R. (Eds).
Honey and Healing. International Bee Research Association, UK, 2001.

[11] Samarghandian S, Farkhondeh T, Samini F. Honey and health: A review of recent clinical research. Pharmacogn Res.
2017; 9(2):121-127. https:/ / doi.org/10.4103 /0974-8490.204647.

[12] Omoya FO, Akharaiyi FC. Mixture of honey and ginger extract for antibacterial assessment on some clinical
isolates. Int ] Pharm Sci Res. 2011; 2:39-47.

[13] Ahmad I, Aqil F. In vitro efficacy of bioactive extracts of 15 medicinal plants against ESPL- producing multidrug-
resistant enteric bacteria. Microbiol Res. 2007; 162:264-275. https://doi.org/10.1016/j.micres.2006.06.010.

[14] Ramamurthy N, Kannan S. Fourier transform infrared spectroscopic analysis of a plant (Calotropis gigantea Linn)
from an industrial village, Cuddalore dt, Tamilnadu, India. Rom ] Phys. 2007; 17:269-276.

[15] Bibi Y, Nisa S, Waheed A, Zia M, Sarwar S, Ahmed S, Chaudhary MF. Evaluation of Viburnum foetens for anticancer
and antibacterial potential and phytochemical analysis. Afr ] Biotechnol. 2010; 9:5611-5615.

[16] Palaniswamy U. Human dietetics and Asian food crops. ] Am Soc Hortic Sci. 2001, 11:504-509.
https:/ /doi.org/10.21273/ HORTTECH.11.4.504.

https://doi.org/10.12991/jrespharm.1694200
J Res Pharm 2025; 29(3): 1045-1058

1056


https://doi.org/10.1016/j.mib.2010.08.005
https://doi.org/10.1016/j.amjmed.2006.03.011
https://doi.org/10.1038/nrmicro1325
https://doi.org/10.1186/1756-0500-2-95
https://doi.org/10.1016/S2221-1691(11)60016-6
https://doi.org/10.1016/j.tvjl.2013.07.003
https://doi.org/10.1016/j.foodchem.2005.03.039
https://doi.org/10.4103/0974-8490.204647
https://doi.org/10.1016/j.micres.2006.06.010
https://doi.org/10.21273/HORTTECH.11.4.504

Sharma et al. Journal of Research in Pharmac
Antibacterial activity and FTIR characterization of Himalayan plants Research Article

[17] Ajay S, Rahul S, Sumit G, Mishra A, Gaurav A. Comprehensive review: Murraya koenigii Linn. Asian ] Pharm Sci.
2011; 1:417-425.

[18] Fachriyah E, Wibawa PJ, Awaliyah A. Antibacterial activity of basil oil (Ocimum basilicum L.) and basil oil
nanoemulsion. ] Phys: Conf Series. 2020; 1524:012060. https://doi.org/10.1088/1742-6596/1524 /1/012060.

[19] Deogade MS, Pandya T, Prasad KS, Kale K, Tankhiwale N. Antimicrobial activity of Vitex nequndo Linn. (Nirgundi)
leaves extract. ] Res Tradit Med. 2016; 2: 99-102.

[20] Hénsel R, Leuckert C, Rimpler H, Schaaf KD. Chemotaxonomische untersuchungen in der gattung Vitex L.
Phytochem. 1965; 4:19-27. https:/ /doi.org/10.1016/S0031-9422(00)86142-7.

[21] Peng C, Zhu Y, Yan F, Su Y, Zhu Y, Zhang Z, Peng D. The difference of origin and extraction method significantly
affects the intrinsic quality of licorice: A new method for quality evaluation of homologous materials of medicine
and food. Food Chem. 2021; 340:127907. https://doi.org/10.1016 /j.foodchem.2020.127907

[22] Das SK, Mukherjee S, Vasudevan DM. Medicinal properties of milk thistle with special reference to silymarin-an
overview. Nat Prod Rad. 2008; 7:182-192.

[23] Nadkarni K and Nadkarni AK, Indian Materia Medica, Popular Prakashan Pvt. Ltd., Bombay 1976.

[24] Gopalan CI, Ramasastri BV, Bal Subramanian SC. Nutritive value of Indian foods. Indian ] Food Nutr. 1993; 6:17-18.

[25] Radhakrishnan Saikiruba. Antibacterial Activity of Emblica officinalis against bacterial pathogen isolated from bore
water. Int J Sci Res. 2020; 9(6): SR20530194135 . https:/ /doi.org/10.21275/SR20530194135.

[26] Naik GH, Priyadarsini KI, Bhagirathi RG, Mishra B, Mishra KP, Banavalikar MM, Mohan H. In vitro antioxidant
studies and free radical reactions of triphala, an ayurvedic formulation and its constituents. Phytother Res.. 2005;
19:582-586. https:/ /doi.org/10.1002/ ptr.1515.

[27] Gandhi K, Sharma N, Gautam PB, Sharma R, Mann B, Pandey V. Infrared (IR) Spectroscopy. In: Advanced
Analytical Techniques in Dairy Chemistry. Springer, 2022, pp. 177-198.

[28] Vijayakumar S, Bhuvaneshwari V, Sumathi A. Antioxidant and anticancer potential of methanolic leaf extract of
Moringa concanensis Nimmo against human breast cancer cell line MCF-7. Int ] Pharmacogn Pharm. 2017; 9(6):750-
754. https:/ /doi.org/10.25258 / phyto.v9i6.8172.

[29] Arun K, Pingal K, Somasundaram ST. Phenolic composition, antioxidant activity and FT-IR spectroscopic analysis
of halophyte Sesuvium portulacastrum L. extract. Int ] Biol Sci. 2016; 5:1-13.

[30] Casillas-Vargas G, Ocasio-Malavé C, Medina S, Morales-Guzman C, Del Valle RG, Carballeira NM, Sanabria-Rios
DJ. Antibacterial fatty acids: An update of possible mechanisms of action and implications in the development of
the next-generation of antibacterial agents. Prog Lipid Res. 2021; 82:101093.
https://doi.org/10.1016 /j.plipres.2021.101093.

[31] Kaur G, Kumar V, Goyal A, Tanwar B, Kaur ]. Optimization of nutritional beverage developed from radish,
sugarcane and herbal extract using response surface methodology. Nutr Food Sci. 2018; 48:733-743.
https:/ /doi.org/10.1108 /NFS-11-2017-0247.

[32] Stuart BH, Infrared spectroscopy: Fundamentals and applications, John Wiley & Sons. 2004.

[33] Burt S. Essential oils: their antibacterial properties and potential applications in foods-a review. Int J Food
Microbiol. 2004; 94:223-253. https:/ /doi.org/10.1016/].iffoodmicro.2004.03.022.

[34] Gill AO, Holley RA. Disruption of Escherichia coli, Listeria monocytogenes and Lactobacillus sakei cellular membranes
by plant oil aromatics. Int ] Food Microbiol. 2006; 108:1-9. https:/ /doi.org/10.1016/j.ijfoodmicro.2005.10.009.

[35] Bitchagno GTM, Fonkeng LS, Kopa TK, Tala MF, Wabo HK, Tume CB, Kuiate JR. Antibacterial activity of ethanolic
extract and compounds from fruits of Tectona grandis (Verbenaceae). BMC Complement Med Ther. 2015; 15:265.
https:/ /doi.org/10.1186 /s12906-015-0790-5.

[36] Zeedan G, Abdalhamed AM, Ottai ME, Abdelshafy S, Abdeen E. Antimicrobial, antiviral activity and GC-MS
analysis of essential oil extracted from Achillea fragrantissima plant growing in Sinai Peninsula. Egypt ] Chem
Technol Biotechnol. 2014; S8: 006. https://doi.org/10.4172/1948- 5948.58-006.

[37] Friedman M, Henika PR, Levin CE, Mandrell RE. Antibacterial activities of plant essential oils and their
components against Escherichia coli O157: H7 and Salmonella enterica in apple juice. ] Agric Food Chem. 2004;
52:6042-6048. https:/ /doi.org/10.1021 /if0495340.

[38] Panthi MP, Chaudhary RP. Antibacterial activity of some selected folklore medicinal plants from West Nepal. Sci
World 2006; 4:16-21.

[39] Pingale Tanvi, Duse Pallavi, Ogale Sunita. Antibacterial and antifungal approaches of Ficus racemose. Pharmacogn J.
2019; 11: 355-357. https:/ /doi.org/10.5530/ pj.2019.11.53.

[40] Zhou Jun-Xian, Braun Markus Santhosh, Wetterauer Pille, Wetterauer Bernhard, Wink Michael. Antioxidant,
cytotoxic, and antimicrobial activities of Glycyrrhiza glabra L., Paeonia lactiflora Pall., and Eriobotrya japonica (Thunb.)
Lindl. extracts. Medicines (Basel). 2019;6(2):43. https://doi.org/10.3390/medicines6020043.

[41] Tirumalasetti Jayasree, Basavaraju Anuradha, Harini, Praveena. In vitro evaluation of antimicrobial activity of
methanolic extract of Murraya Koenigii leaves (curry leaves). Int ] Pharm Phytopharm Res. 2014; 4: 123-125.

[42] Ali Basma SM, El Sayed Abdelaleim I, Doheem Mahmoud A, Eita Ahmed M Abo, Omar Ahmad A. Effect of milk
thistle (Silybum marianum (L.) Gaertn) seed extract on bacterial activities and growth of human liver cancer cells. ]
Biotechnol Res. 2020; 6: 27-33. https:/ /doi.org/10.32861/ibr.65.27.33.

[43] Murali VS, Meena Devi VN, Parvathy P, Murugan M. Phytochemical screening, FTIR spectral analysis, antioxidant
and antibacterial activity of leaf extract of Pimenta dioica Linn. Mater Today Proc. 2021; 45(2): 2166-2170.
https:/ /doi.org/10.1016 /i.matpr.2020.10.038.

https://doi.org/10.12991/jrespharm.1694200
J Res Pharm 2025; 29(3): 1045-1058

1057


https://doi.org/10.1088/1742-6596/1524/1/012060
https://doi.org/10.1016/S0031-9422(00)86142-7
https://doi.org/10.1016/j.foodchem.2020.127907
https://doi.org/10.21275/SR20530194135
https://doi.org/10.1002/ptr.1515
https://doi.org/10.25258/phyto.v9i6.8172
https://doi.org/10.1016/j.plipres.2021.101093
https://doi.org/10.1108/NFS-11-2017-0247
https://doi.org/10.1016/j.ijfoodmicro.2004.03.022
https://doi.org/10.1016/j.ijfoodmicro.2005.10.009
https://doi.org/10.1186/s12906-015-0790-5
https://doi.org/10.1021/jf0495340
https://doi.org/10.5530/pj.2019.11.53
https://doi.org/10.3390/medicines6020043
https://doi.org/10.32861/jbr.65.27.33
https://doi.org/10.1016/j.matpr.2020.10.038

Sharma et al. Journal of Research in Pharmacy
Antibacterial activity and FTIR characterization of Himalayan plants Research Article

[44]
[45]
[46]

[47]

[48]
[49]

[50]

Sohrabi MR, Davallo M, Tadayyon F, Nabipoor F, Khamneifar A. Simultaneous determination of acetyl salicylic
acid and acetaminophen in ACA tablets by FT/IR/ATR spectrometry with multivariate calibration data Treatment.
Asian J Chem. 2005; 17:541-547. https:/ / doi.org/10.1007 /s10895-006-0115-7.

Mohan J, Organic spectroscopy: Principles and Applications, second ed., CRC Press, 2004.

Manoj K, Ragothaman G. Effect of mercury, copper and cadmium on the redblood cells of Boleophthalmus dussumieri
(CUV). ] Postgrad Med. 1997; 43:149-152.

Reddy BK, Meena S, Gautam PB, Meena KK, Rai DC. Optical, thermal, FTIR, SEM-EDX and 1H NMR analysis of
Chenopodium album (Bathua) powder prepared using different drying techniques. Microchem J. 2024; 201: 110537.
http:/ /dx.doi.org/10.2139/ssrn.4672394.

Ragavendran P, Sophia D, Arul Raj C, Gopalakrishnan VK. Functional group analysis of various extracts of
Aerva lanata (L.,) by FTIR spectrum. Pharmacologyonline. 2011; 1:358-364.

Muruganantham S, Anbalagan G, Ramamurthy N. FTIR and SEM-EDS comparative analysis of medicinal plants,
Eclipta alba Hassk and Eclipta prostrata Linn. Rom ] Biophys. 2009; 19:285-294.

Olurinola PF, A Laboratory Manual for Pharmaceutical Microbiology, Idu, Abuja, Nigeria, 1996, 69-105.

[51] Al-Sa’ady AT. Antibacterial screening for five local medicinal plants against nosocomial pathogens: Kiebsiella

pneumonia and Staphylococcus epidermidis. Eurasia ] Biosci. 2020; 14: 553-559.

https://doi.org/10.12991/jrespharm.1694200
J Res Pharm 2025; 29(3): 1045-1058

1058


https://doi.org/10.1007/s10895-006-0115-7
http://dx.doi.org/10.2139/ssrn.4672394

