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Tuberculosis, the disease caused by Mycobacterium tuberculosis, has been a global health concern that has 
plagued the Philippines and other developing countries. The need for continuous search for antitubercular 
agents is a result of the emergence of drug resistant strains (multi drug- and extensively drug-resistant 
strains) and other factors. Essential oils are multi-component mixtures that have been used since ancient 
times for their medicinal properties. This study aimed to determine the in-vitro antitubercular activity of 
the essential oils from 38 Philippine plants in two phases. Out of 38 species, only 21 yielded essential 
oils which were assayed against M. tuberculosis H37Ra ATCC strain using the submerged disk method. 
The bioactive essential oils were further assayed, using the agar dilution method, against resistant clinical 
strains, including mono-, multi-, and poly-drug resistant strains. Those which inhibited the growth of 
all the resistant strains (the 4 monoresistant strains - Str-, Pza-, Inh-, Rif-; 1 multidrug resistant strain 
(MDR) - Inh-Rif-; 2 polydrug resistant (PolyDR) strains - Str-Inh-Rif-(SIR), Inh-Eth-Pza-(IEP)) at 
all concentrations were from Citrus microcarpa Bunge (rind), Citrus maxima (Burm.) Osbeck (rind), 
Cymbopogon citratus (DC.) Stapf (leaves, stalks) and Cymbopogon winterianus Jowitt ex Bor (leaves). 
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At all concentrations, the EO from C. winterianus stalks inhibited Str-, Inh-, Rif-, and 
Str-Inh-Rif resistant strains; EO from Allium sativum (bulb), against Str-, and Inh-Rif- 
resistant strains; EO from Curcuma longa (leaves), against Inh-Eth-Pza resistant strains. 
The study shows that the essential oils can be used as a source of antitubercular agents 
to combat even the multi-drug and poly-drug resistant strains.

Keywords: essential oils, tuberculosis, resistant strains, Philippine plants

Introduction
Tuberculosis has plagued developing countries, including the Philippines, being 
identified as one of the 30 high TB burden countries which accounted for 87% of new 
TB cases in 2022 (WHO 2024). TB mortality In the Philippines has been reduced by 
an average of 2.8% between 2016 and 2020, but was seen to rise by 2021 (National TB 
Control Program 2024). The number of drugs currently used against Mycobacterium 
tuberculosis, the causative agent in TB, is very limited; most of them were introduced 
40 years ago (Lienhardt et al. 2012). The emergence of drug-resistant strains has had 
significant implications on the efforts to fight tuberculosis.  The treatment of multidrug-
resistant and extensively drug-resistant tuberculosis is longer, more costly, generally 
ineffective, and results in more adverse drug reactions (Tupasi et al. 2016).  Thus, the 
need to search for new bioactive compounds that could be potential antitubercular agents.

Essential oils are multi-component mixtures that have been used since ancient times 
for their medicinal properties. They can be obtained from leaves, bark, flowers and 
seeds. The constituents are mostly terpenoids and phenolic-derived compounds. 
Essential oils are extractable by various methods, including steam distillation and 
hydrodistillation. Though mostly applied in aromatherapy, essential oils are a promising 
source of bioactive compounds. Some of the reported uses are antibacterial, antifungal, 
antiprotozoal, antiviral, anti-inflammatory, antimutagenic, cancer preventive, antidiabetic 
and antioxidant activities (Bakkali et al. 2008; Calo et al. 2015; Edris 2007; Lang and 
Buchbauer 2012; Raut et al. 2014). Though many studies on the antimicrobial properties 
of essential oils have been conducted, very few investigations were directed at the 
antimycobacterial property, in particular, on Mycobacterium tuberculosis.  

This study aims to determine the antitubercular potential of the essential oils from 38 
Philippine plants by testing the activity of the oils in two phases – Phase 1, using M. 
tuberculosis H37Ra ATCC strain, and for confirmation, in Phase 2, using clinical isolates 
of mono-, multi-, and poly-drug resistant strains.  

Materials and methods

Plant material. The plant samples were collected from Bulacan, Pampanga, Batangas, 
Cavite, Nueva Ecija, Quezon, Rizal, Laguna, Nueva Vizcaya, Manila and Quezon City. 
Herbarium specimens were collected and identified at the UST Herbarium Botany 
Laboratory, UST Research Center for the Natural and Applied Sciences.
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Extraction. The plant samples (air-dried leaves, bulbs, flowers, stalks, rhizomes, fruits, 
fresh fruit rinds, and resin) were ground using a blender. The ground samples were 
subjected to hydrodistillation to extract the essential oils. For each batch, 100 – 200 
grams were extracted with one liter of water for 2-3 hours.

Assays

Preliminary Phase (Phase 1)

Disks. Small petri plates using disks with 6mm diameter with thickness that will hold 20 
μL assay solution or Whatman® Schleicher & Schuell® antibiotic assay disc ¼ diameter 
were used.

Microorganism. The Reference strain is M. tuberculosis H37Ra ATCC strain.

Method. Preliminary Phase used the submerged disk method, using 5 μg Rifampicin 
disk (RIF5), 20 μL of EO per disk (computing concentration of disk based on EO 
weight), with Middlebrook 7H10 with 0.05% Tween 80 as culture medium (M7H10-
TW). Separated plates were prepared and attached to RIF5, EO, and drug-free control. 
In each plate, 5 mL M7H10-TW were dispensed, solidified, placed in plastic bags and 
refrigerated overnight. The adjusted inoculum was added, taking note of the volume and 
density. The plates were incubated at 37°C for 2-4 weeks. The endpoint is growth (no 
activity) or no growth (interpreted as positive or antitubercular activity). Positive and 
negative controls were included per run. 

Secondary Phase (Phase 2)

The secondary phase selected the EO samples that inhibited the growth of Mtb in the 
Preliminary Phase for further study. Phase 1 is a preliminary assay, while Phase 2 is a 
secondary assay.  The preliminary assay makes use of pure EOs.  This will determine if the 
EO has antimycobacterial activity. Phase 2 makes use of Tween 80: water supplemented 
EO.  This enables the researcher to dilute the oil resulting in final concentrations of 1μg/
ml EO to 0.03μg/ml EO.

Microorganisms. Reference strain, seven resistant clinical isolates (4 mono-drug 
resistant strains: Inh-, Rif-, Str-, Pza- resistant strains; 1 multi-drug resistant strain: Inh-
Rif resistant strain; 2 poly-drug resistant strains: Str-Inh-Rif- and Inh-Eth-Pza- resistant 
strains)

For Phase 2, what was used were stored external quality assessment (EQA) samples.  
These are those that are used for quality assurance activities and are not identifiable to 
patients.
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Method. The secondary phase used the agar dilution method. The sterile screw-capped 
10 mL sterile prescription bottles (6 bots) were filled with 1 mL each of serially two-
fold diluted Rif (10 to 0.3 μg/mL). Each prescription bottle was dispensed with 4 mL 
M7H10-TW. Separate bottles were filled with 1 mL each of serially 2-fold diluted EO.  
Each bottle was diluted again with M7H10 to a final concentration of 1 μg/mL to 0.03 μg/
mL from bottles 1-6 (To obtain the original concentration, each mL of EO was weighed 
to obtain mg/mL.) The concentrations per essential oil were 5%, 2.5%, 1.25%, 0.625%, 
0.312%, 0.156%. The bottles were placed in plastic bags and refrigerated overnight. 
Adjusted inoculum was placed in each bottle, taking note of the volume and density. The 
bottles were incubated at 37°C for 2-4 weeks. The endpoint is growth (no activity) or no 
growth (interpreted as positive or antitubercular activity). Positive and negative controls 
were included per run. 

Botanical name (Sample 
no.) Common name Family Part used Source Yield Phase 1 Phase 2

Allium sativum L. (1) Garlic Amaryllidaceae Fresh bulb National Road, Commercial, 
Bongabon, Nueva Ecija 0.07% + +

Annona reticulata Linn. (2) Anonas Anonaceae Dried leaves Salaban, San Jose Batangas 0.09% + +

Bixa orellana L. (3) Atsuete Bixaceae Dried leaves Brgy. Aya, San Jose, 
Batangas 0.41% + +

Cananga odorata (Lam.) 
Hook.f.& Thomson (4) Ylang-Ylang Annonaceae Dried flowers Salaban, San Jose Batangas 1.97% + +

Canarium luzonicum 
(Blume.) A. Gray (5) Elemi Burseraceae Resin Poblacion 2, Alabat, Quezon 13.56% + +

Cinnamomum camphora 
(L.) J. (6) Camphor tree Lauraceae Dried leaves UST Campus 3.27% + +

Citrus maxima (Burm.) 
Osbeck (7) Suha Rutaceae Fresh rind San Leonardo, Nueva Ecija 2.89% + +

Citrus microcarpa Bunge (8) Calamansi Rutaceae Fresh rind Brgy. Malusak, Antimonan, 
Quezon 1.98% + +

Clausena anisum-olens 
(Blanco) Merr. (9) Dahon ng Anis  Rutaceae Dried leaves Salaban, San Jose Batangas 0.73% + +

Curcuma longa L. (10) Turmeric Zingiberaceae Fresh rhizomes Floridablanca, Pampanga 0.23% + +

Curcuma longa L. (11) Turmeric Zingiberaceae Dried leaves Floridablanca, Pampanga 0.89% + +

Cymbopogon citratus (DC.) 
Stapf (12) Lemongrass Poaceae Dried leaves Enchanted Farm, Angat 

Bulacan 1.17% + +

Cymbopogon citratus (DC.) 
Stapf (13) Lemongrass Poaceae Dried Stalk Enchanted Farm, Angat 

Bulacan 0.90% + +

Cymbopogon winterianus 
Jowitt ex Bor (14) Citronella Poaceae Dried leaves Enchanted Farm, Angat 

Bulacan 2.20% + +

Cymbopogon winterianus 
Jowitt ex Bor (15) Citronella Poaceae Dried Stalk Enchanted Farm, Angat 

Bulacan 1.09% + +

 Eucalyptus sp. (16) Eucalyptus Myrtaceae Dried leaves Brgy. Salaban, San Jose, 
Batangas 0.78% + +

“Laurus nobilis”/
Cinnamomum sp.a (17) Laurel Lauraceae Dried leaves Batangas, Batangas 1.00% + +

Origanum vulgare L. (18) Oregano Lamiaceae Dried leaves Parada, Valenzuela 0.19% + +

Piper nigrum L.b (19) Black pepper Piperaceae Dried leaves Alfonso, Cavite 0.16% + +

Piper retrofractum Vahl. (20) Litlit Piperaceae Dried leaves Alfonso, Cavite 0.09% + +

Pogostemon cablin (Blanco) 
Benth. (21) Patchouli Lamiaceae Dried leaves

UPLB Laguna Quezon 
Land Grant FAMY Siniloan 

Mabitac Laguna
1.95% + +

Premna odorata Blanco (22) Alagao Lamiaceae Dried leaves Brgy. Lapu-lapu II, San 
Jose, Batangas 0.26% + +

Psidium guajava L. (23) Guava Myrtaceae Dried leaves Angat, Bulacan 0.85% + +

Zingiber officinale Roscoe 
(24) Ginger Rhizome Zingiberaceae Fresh rhizomes Lapu-Lapu, San Jose 

Batangas 0.16% + +

a“Laurus nobilis”/Cinnamomum sp. - pending identification; bP. nigrum sample from 2nd collection

Table 1. List of Plants and their Percent Yield of Essential Oils.
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Results and Discussion

Of the 38 plants extracted by hydrodistillation, there were 21 plant species where 
the essential oils were obtained (Table 1). Four species had two plant parts extracted 
and yielded essential oils – Cymbopogon citratus (leaves and stalks), Cymbopogon 
winterianus (leaves and stalks), Piper nigrum (leaves and fruits), Curcuma longa (leaves 
and rhizomes). 

One batch of 100-200 g material extraction can take 2-3 hours to produce 0.1 mL – 1 mL 
for leaves and flowers, 0.3 mL - 0.6 mL for rhizomes, 1.3 – 3 mL for rinds, and 20 -28 
mL for resin. The average percent yield of essential oils is 1.5%. The highest yield came 
from Canarium luzonicum or “elemi” resin, which gave 13.56%. Except for this, the 
range for the % yield is 0.07% - 3.27%.  The next high yielding plants are Cinnamomum 
camphora, Citrus maxima, Cymbopogon winterianus, Citrus microcarpa, Cananga 
odorata, Piper nigrum, and Pogostemon cablin. 

Table 2. Essential Oil Distribution According to Clinical Isolate Susceptibility (No Growth).

M. tuberculosis 
strain 5% 2.5% 1.25% 0.625% 0.312% 0.156%

H37Ra strain (Ref)

1 2 3 4 5 6 7 8 9 
10 11 12 13 14 
15 16 17 18 19 

20 21 23 24

1 2 3 4 5 6 7 8 
9 11 12 13 14 

15 16 17 18 19 
2023 24

1 2 4 6 7 8 9 11 
12 13 14 15 16 
17 18 19 20 24

1 2 6 7 8 9 12 13 
14 15 16 17 18

1 6 7 8 9 12 13 
14 15 17 18

1 6 7 8 12 13 14 
15 17

Rif RS

1 2 4 5 6 7 8 9 
11 12 13 14 15 
16 17 18 19 20 

21 22 23 24

1 4 5 6 7 8 9 11 
12 13 14 15 16 
17 18 19 20 21 

22 23 24

1 6 7 8 9 11 12 
13 14 15 16 17 

18 20 21

6 7 8 9 11 12 
13 14 15 16 17 

18 21

7 8 11 12 13 14 
15 16 17

7 8 12 13 14 
15 17

Inh RS

1 2 4 5 6 7 8 9 
11 12 13 14 15 
16 17 18 19 20 

21 23 24

1 2 6 7 8 9 11 12 
13 14 15 16 17 
18 19 20 21 23

1 6 7 8 9 11 12 
13 14 15 16 17 

18 20 21 23

6 7 8 9 11 12 
13 14 15 16 17 

18 23

7 8 9 12 13 14 
15 16 17

7 8 12 13 14 15 
16 17

Pza RS

1 2 4 5 6 7 8 9 
10 11 12 13 14 
15 16 17 18 19 

20 21 23 24

1 4 6 7 8 9 10 11 
12 13 14 15 16 
17 18 19 20 21 

23 24

1 4 6 7 8 11 12 
13 14 15 16 17 

18 19 20 21 
23 24

1 7 8 11 12 13 14 
15 16 17 18 20 

21 23

7 8 11 12 13 14 
15 16 17 18 7 8 12 13 14 17

Str RS

1 2 4 5 6 7 8 9 
10 11 12 13  14 
15 16 17 18 19 

20 21 23 24

1 2 4 6 7 8 9 10 
11 12 13  14 15 
16 17 18 19 20 

21 23 24

1 6 7 8 9 12 13  
14 15 16 17 18 

20 21

1 6 7 8 9 12 13  
14 15 16 17 18 

20 21

1 6 7 8 12 13  
14 15 17 21

1 7 8 12 13  14 
15 17

Inh-Rif RS

1 2 5 6 7 8 9 
11 12 13 14 15 
16 17 18 19 20 

21 23

1 2 6 7 8 9 11 12 
13 14 15 16 17 

18 19 20 21

1 2 6 7 8 9 11 12 
13 14 15 16 17 

18 19 20 21

1 2 6 7 8 9 11 
12 13 14 15 16 

17 18

1 6 7 8 11 12 13 
14 15 17

1 7 8 12 13 14 
15 17

Str-Inh-Rif RS

1 2 4 5 6 7 8 9 
10 11 12 13 14 
15 16 17 18 19 

20 21 23 24

1 4 6 7 8 9 10 
12 13 14 15 16 
17 18 19 20 21 

23 24

1 4 6 7 8 9 10 12 
13 14 15 16 17 
18 19 20 21 24

1 6 7 8 10 12 13 
14 15 16 17 18

7 8 12 13 14 15 
17 18

7 8 12 13 14 
15 17

Inh-Eth-Pza RS

1 2 3 4 5 6 7 8 9 
10 11 12 13 14 
15 16 17 18 19 

20 21 23 24

1 2 3 6 7 8 9 
10 11 12 13 14 
15 16 17 18 19 

20 21

1 7 8 9 10 11 12 
13 14 15 16 17 

18 20 21

7 8 9 11 12 13 14 
15 16 17 20 21

7 8 9 11 12 13 
14 15 16 17 21

7 8 11 12 13 
14 17

RS – resistant strain; Plant numbers in Table 2 (1 A. sativum, 2 A. reticulata, 3 B. orellana, 4 C. odorata, 5 C. luzonicum, 6 C. 
camphora, 7 C. maxima, 8 C. microcarpa, 9 C. anisum-olens, 10 C. longa (rhizomes), 11 C. longa (leaves), 12 C. citratus (leaves), 13 
C. citratus (stalks), 14 C. winterianus (leaves), 15 C. winterianus (stalks), 16 Eucalyptus sp., 17 “Laurus”, 18 O. vulgare, 19 P. nigrum, 
20 P. retrofractum, 21 P. cablin, 22 P. odorata, 23 P. guajava, 24 Z. officinale) 
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With the exception of Piper nigrum, all plants that yielded essential oils showed positive 
results in Phase 1 and Phase 2 (Table 1). P. nigrum has been reported to contain essential 
oils which are antimicrobial. To confirm the initial negative result of P. nigrum, a second 
collection was carried out, and upon assay for Phase 1, it gave a positive result, but in 
Phase 2, a weak result was obtained (Table 2). 

Certain plants that were expected to yield essential oils but did not yield any essential 
oils were Areca catechu, Jasminum sambac, Pandanus amaryllifolius, and Piper betel. 
Instead of essential oils, hydrosols were obtained from them. Hydrosols are herbal 
distillates which are obtained during hydrodistillation. They are also called herbal water, 
hydrolates, and floral water. Fragrance is not always a factor to consider when expecting 
a plant to yield essential oils.

Table 2 shows the distribution of the essential oils according to their inhibitory activity 
on the M. tuberculosis strains. The strongest activities are exhibited by those, which at 
the lowest concentration of 0.156%, can inhibit the microbial growth. Table 2 also shows 
that all M. tuberculosis strains were sensitive to the essential oils. These results were 
confirmed using chi-square (see Suppl. M). 

Table 3. Ranking of More Active Essential Oils.

Mycobacterium tuberculosis strains Essential Oils

I.  All strains inhibited at all concentrations (0.156 % - 5%) A.
Cymbopogon winterianus (leaves)
Cymbopogon citratus (leaves)
Cymbopogon citratus (stalks)
Citrus microcarpa (rind)
Citrus maxima (rind)
Cinnamomum sp. (leaves)

II.  All strains inhibited at all concentrations B.
      except for Pza and IEP resistant strains at 0.156% Cymbopogon winterianus (stalks)

III. All strains inhibited at higher concentrations: C.
0.312-5% Cymbopogon winterianus (stalks)
0.625% - 5% Eucalyptus sp. (leaves)
1.25-5% Allium sativum (bulb)

Origanum vulgare (leaves)
Piper retrofractum (leaves)
Pogostemon cablin (leaves)

2.5%-5% Clausena anisum-olens (leaves)
Cinnamomum camphora (leaves)

IV. Str resistant strain inhibited at all concentrations All EOs in A;
Allium sativum (bulb)

V. Inh resistant strain inhibited at all concentrations All EOs in A;
Cymbopogon winterianus (stalks)
Eucalyptus sp. (leaves)

VI. Rif resistant strain inhibited at all concentrations All EOs in A;
Cymbopogon winterianus (stalks)

VII. Inh-Rif resistant strain inhibited at all concentrations All EOs in A;
Allium sativum (bulb)
Cymbopogon winterianus (stalks)

VIII. Inh-Eth-PZA resistant strain inhibited at all concentrations All EOs in A;
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Table 4. Reported Constituents of the Plants with More Active Essential Oils and Plant Uses. 

Plant name Chemical Constituents Uses

Citrus microcarpa 
(Rutaceae) “calamansi”

Limonene (94%) in peel oil, hedycaryol (19%) in 
leaf oil; Dominant phenolic acids are p-coumaric 
acid and ferulic acid (Cheong et al 2012); elemol 
(37%) in leaf EO as  major component (Nguyen et 
al 2018); limonene and β-myrcene in whole fruit EO 
(Ngo 2020) 

Leaf EO inhibited E. coli, B. subtilis, S. aureus, A. niger, C. 
albicans and S. cerivisiae; antioxidant (Nguyen et al 2018); 
cytotoxic to breast cancer cells (Palma et al 2019); traditional 
use for TB-related cough, chest ailments, fever (Sieniawaska et 
al 2020); leaf decoctions for hypertension and diabetes (Chan 
et al 2021); peel EO cytotoxic to human mammary tumor 
cell line (Palma et al 2019), leaf EO antiproliferative activity 
against HeLa cervical cancer cell line (Othman et al 2022)

Citrus maxima 
(Rutaceae) “suha”

Limonene (90%), sesquiterpene, terpene alcohols, 
cadinene from peel EO (Chen et al 2018)

Peel used in cough, swelling and epilepsy (Thavanapong et 
al 2011); antibacterial on G(+) and G(-) (Chen et al 2018); 
EO inhibited foodborne pathogen bacteria and methicillin-
susceptible S. aureus strains from cheese, milk and human 
stools (Settani et al 2012)

Cymbopogon 
citratus (Poaceae) 
“lemongrass”

Citral b, citral a, and b-pinene (Elhassan et al 2016); 
Geranial, neral, myrcene (Bassoloea et al 2011)

EO antitubercular against 9 clinical isolates,  Mtb H37Rv and 
MDR-TB strain at all concentrations up to 15 ul/mL. (Elhassan 
et al 2016); EO antibacterial on G(+) and G(-) (Bassoloea et 
al 2011)

Cymbopogon 
winterianus (Poaceae) 
“citronella”

Citronellal, geraniol, citronellol (Rajeswara Rao 
et al 2004; Singh and Kumar, 2017; Singulani et al 
2018); limonene, citronellol, geraniol (Kakaraparthi 
et al 2014)

Geraniol and linalool are antifungal against Candida species 
(Singulani et al 2018); antifungal, anti-parasitic, a potent 
mosquito repellent, antibacterial (Wany et al 2013)

Origanum vulgare 
(Lamiaceae) “oregano”

Sabinene, myrcene, γ-terpinene, carvacrol, p-cymene, 
thymol (Kokkini et al 2004); caryophyllene and 
spathulenol, germacrene-D, α-terpineol (Sahin et al 
2004); carvacrol, β‐fenchyl alcohol, thymol, and γ‐
terpinene (Teixeira et al 2013)

EO antimicrobial on 10 bacteria,15 fungi, yeast (Sahin et al 
2004); antiproliferative in human dermal fibroblasts; anti-
inflammatory, tissue remodeling, immunomodulatory, and 
anticancer activities (Han and Parker 2017)

Allium sativum 
(Amaryllidaceae) 
“garlic”

2-methylproppenyl trisulfide, methylallyltrisulfide 
and diallylsulfide (Ascension et al 2018);

Antibacterial on resistant TB isolates (Ndedi et al 2018); allicin 
in extract inhibited 17 species of Mycobacteria (Delaha et al 
1985)

Cinnamomum 
camphora (Lauraceae) 
“camphor tree”

Linalool, eucalyptol, α-terpineol, isoborneol, 
b-phellandrene, camphor (Chen et al 2020)

Antimicrobial, anti-inflammatory, anti-oxidative, anti-allergy 
(Wu et al 2019); antifungal on Choanephora cucurbitarum 
(Pragadheesh 2013)

Clausena anisum-olens 
(Rutaceae) “dahon 
anis”

Phenylpropanoid, estragole, anethole in EO 
of Phil species (Thai et al 2014); Myristicin, 
terpinolene, p-cymene-8-ol in EO (You et al 2015); 
Anisucoumaramide, Anisumic acid (Wang et al 
2017);

Condiment; decoction as treatment for nausea, cough, fever 
(Arbab et al 2012); Contact toxicity and repellency on grain 
pests (You et al 2015).

Pogostemon cablin 
(Lamiaceae) 
“patchouli”

Patchouli alcohol (Kusuma et al 2018), α-bulnesene, 
α-guaiene, and sesquiterpene hydrocarbons (Hussain 
et al 2011);

Oil as antistress, antiseptic, antidepressant, aphrodisiac, 
astringent, diuretic, deodorant, fungicide, insecticide, sedative, 
tonic, for skin problems such as athlete’s foot, acne, dermatitis, 
irritated skin, dandruff, for wound and scar healing (Ramya et 
al 2013); EO antibacterial on G (+) and G (-) (Hussain et al 
2011; Das et al 2016; Wan et al 2016), and ampicillin resistant 
E. coli (Hussain et al 2011), and methicillin-resistant S. 
epidermidis (Wan et al 2011); EO inhibits biofilms of Group A 
Streptococcus (Nithyanand et al 2015)

Piper retrofractum 
(Piperaceae) “litlit”

Germacrene D, tetramethyltricyclo[5.3.1.0(4,11)]
undec-8-ene, ar-turmerone, benzyl benzoate (Jamal 
et al 2013)

Dried fruit as spice, preservative, pickles (Hieu et al 2014); 
treatment for body pain, carminative, expectorant, anti-
amoebic, laxative, anti-asthma, antibacterial; leaves for carotid 
artery disease and tendon discomfort, promote digestive and 
respiratory health, ingredient in medical teas (Salleh and 
Ahmad 2020); EO of leaves antibacterial and antifungal (Jamal 
et al 2013); Antilisterial and antifungal (Hieu et al 2014). 
sensitive to B. subtilis, S. aureus and M. luteus, but not E. coli 
and S. epidermidis (Jamal et al 2013).

Curcuma longa 
(Zingiberaceae) 
“turmeric”

Eucalyptol, α-pinene, β-phellandrene, β-pinene, 
limonene, 1,3,8-p-menthatriene, ascaridole epoxide, 
2-methylisoborneol, 5-isopropyl-6-methyl-hepta-
3,dien-2-ol in leaf EO (Parveen et al 2013); 
α-turmerone, β-turmerone, ar-turmerone in rhizome 
oil; α-phellandrene,  terpinolene, 1,8-cineole in leaf 
oil (Raina et al 2005)

Culinary spice (Hewlings & Kalman 2017); anti-inflammatory, 
anti-oxidant, anti-diabetic (Xu et al 2018); antimicrobial 
(Gupta et al 2015)
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The most active essential oils where all the clinical isolates of Mycobacterium 
tuberculosis were susceptible even at the lowest concentration of 0.156% of the essential 
oils are those from Citrus microcarpa (rind), Citrus maxima (rind), Cymbopogon 
citratus (stalks), Cymbopogon winterianus (leaves), Cymbopogon citratus (leaves), and 
Cinnamomum sp. (leaves) (Table 3, A). 

These essential oils have the highest sensitivity activity among all the essential oils. C. 
winterianus (stalks) is almost as good as the above most active (Table 3, B) in that it was 
only at 0.156% concentration that it did not inhibit the Pza and IEP-resistant isolates.

The next active EOs which inhibited all clinical strains but at different concentrations, 
can be further categorized (Table 3, C). Moderately active are the essential oils from 
Eucalyptus sp. (leaves), Allium sativum (bulb), Origanum vulgare (leaves), Piper 
retrofractum (leaves), and Pogostemon cablin (leaves), which inhibited the isolates at 
the concentrations of 0.625% – 5%.  Weakly active are the essential oils from Clausena 
anisum-olens (leaves) and Cinnamomum camphora (leaves), which required 2.5% - 5% 
concentrations for inhibition of the organism. 

Worth noting also is the essential oils which inhibited at all concentrations the Str 
resistant strain (Allium sativum, aside from those in group A), the Inh resistant strain 
(Eucalyptus sp. (leaves), C. winterianus (stalks), aside from group A), Rif resistant strain 
(C. winterianus (stalks), aside from group A), the Inh-Rif resistant strain (A. sativum 
(bulb), C. winterianus (stalks), aside from group A), and the Inh-Eth-Pza resistant strain 
(Curcuma longa (leaves), aside from group A),

Ranking of all the essential oils after post-hoc analysis using Duncan confirmed the same 
pattern presented in Table 3. The analysis even extended the ranges of sensitivities to 
include the weakly sensitive Psidium guajava (leaves), Piper nigrum (leaves), Annona 
reticulata (leaves), Zingiber officinale (rhizomes), Cananga odorata (flowers), Canarium 
luzonicum (resin), Curcuma longa (rhizomes). The essential oils from Premna odorata 
(leaves) and Bixa orellana (leaves) have the most resistant activity to the microorganisms 
(Navidad 2021),

Table 4 shows a brief account of the chemical constituents reported for the more active 
essential oils, together with the known uses. Extensive literature on these essential oils 
has been reviewed elsewhere (Anmol et al 2021; Arbab et al 2012; Bora et al 2022; 
Fuloria et al 2022; Huang et al 2023; Ibáñez and Blázquez 2020; Iweala et al 2023; 
Junren et al 2021; Kamaruddin et al 2022; Kaur et al 2021; Lee S-H et al 2022; Leliqia 
and Wardani 2021; Lima Santos et al 2022; Musa et al 2022; Swamy and Sinniah 2015; 
Thai et al 2014; Zhao et al 2024). 

For all the more active essential oils in this study, a common property is their being 
antimicrobial, to varying degrees. The two citrus plants, C. microcarpa and C. maxima 
of the family Rutaceae, contain limonene as a major constituent, and their use as 
antimicrobial among others is well documented. The two species from Poaceae, C. 
citratus and C. winterianus, vary in their major constituents, unlike the Citrus plants. 
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Trang et al (2020) reported citral as the major component of the essential oil from C. 
citratus in Vietnam and that its citral content was higher in the essential oil obtained 
from the leaf than in that from the culm of lemongrass in all regions of Vietnam. In 
particular, camphene, valerianol, and epi-α-muurolol can be used to differentiate 
essential oils originating from leaves versus culms (stalks). In this study, the case of C. 
winterianus stalks vs. leaves differing in sensitivity could be due to a slight difference in 
composition. It is interesting to note that certain families predominate this group of very 
active essential oils, namely, Rutaceae and Poaceae. 

It would be of interest to find other members of these families sharing a similar sensitivity 
as those reported here.

Conclusion

Essential oils can be a good source of antitubercular agents to combat tuberculosis. 
Essential oils can be effective in inhibiting the growth of the resistant strains of M. 
tuberculosis: the monoresistant strains – Str- resistant, Pza-resistant, Inh-resistant and 
Rif-resistant, the multidrug resistant strain (MDR) Inh-Rif-resistant, and the poly-drug 
resistant strains (PolyDR)  strains- Str-Inh-Rif-resistant and Inh-Eth-Pza-resistant. Most 
significant are the essential oils that at all concentrations inhibited the growth of all 
resistant strains. These are the essential oils from Citrus microcarpa Bunge (rind), Citrus 
maxima (Burm.) Osbeck (rind), Cymbopogon citratus (DC.) Stapf (leaves, stalks) and 
Cymbopogon winterianus Jowitt ex Bor (leaves). The results can be used as a platform 
for complementing the existing drug regimens for tuberculosis, to address drug resistance 
at different levels, and to reduce the duration for TB therapy.

Acknowledgments

The authors are grateful to the Philippine Institute of Traditional and alternative Health 
Care (PITAHC) for the research grant, and to the Tropical Disease Foundation for the 
assays.

Conflict of Interest

The authors declare no conflict of interest. 

Author Contributions

Conceptualization, DO, AA, CV; data collection BC, GB, AG, MP; analysis and 
interpretation of data, AG, FN, AA; original draft preparation, CV, BC, GB, AA; review 
and editing of the draft, AA. 

All authors have read and agreed to the final version of the manuscript.

Institutional Review Board Statement

Not applicable.



Aguinaldo et al. | Acta Manilana 72 (2024)

105

Informed Consent Statement

Not applicable.

References

	 Anmol RJ, Marium S, Hiew FT, Han WC, Kwan LK, Wong AK, Khan F, Sarker MM, Chan 
SY, Kifli N, Ming LC. Phytochemical and therapeutic potential of Citrus grandis (L.) Osbeck: A 
review. Journal of evidence-based integrative medicine 2021 Oct 13; 26:2515690X211043741.

	 Arbab IA, Abdul AB, Aspollah M, Abdullah R, Abdelwahab SI, Ibrahim MY, Ali LZ. A review of 
traditional uses, phytochemical and pharmacological aspects of selected members of Clausena 
genus (Rutaceae). Journal of Medicinal Plants Research 2012 Oct 3; 6(38), 5107-18.

	 Ascension N, Feudjieu GE, Beng VP, Etoa FX. Anti-mycobacterial efficacy of three essentials 
oils from medicinal plants currently used traditionally to treat tuberculosis in Cameroon. 
American Journal of Essential Oils and Natural Products 2018; 6(3), 10-8.

	 Bakkali F, Averbeck S, Averbeck D, Idaomar M. Biological effects of essential oils–a review. 
Food and chemical toxicology 2008 Feb 1; 46(2),446-75.

	 Bassolé IH, Lamien-Meda A, Bayala BO, Obame LC, Ilboudo AJ, Franz C, Novak J, Nebié 
RC, Dicko MH. Chemical composition and antimicrobial activity of Cymbopogon citratus and 
Cymbopogon giganteus essential oils alone and in combination. Phytomedicine 2011 Sep 
15;18(12), 1070-4.

	 Bora L, Avram S, Pavel IZ, Muntean D, Liga S, Buda V, Gurgus D, Danciu C. An up-to-date 
review regarding cutaneous benefits of Origanum vulgare L. essential oil. Antibiotics 2022 Apr 
20; 11(5), 549.

	 Calo JR, Crandall PG, O'Bryan CA, Ricke SC. Essential oils as antimicrobials in food systems–A 
review. Food control 2015 Aug 1;54,111-9.

	 Chen J, Tang C, Zhang R, Ye S, Zhao Z, Huang Y, Xu X, Lan W, Yang D. Metabolomics analysis 
to evaluate the antibacterial activity of the essential oil from the leaves of Cinnamomum 
camphora (Linn.) Presl. Journal of Ethnopharmacology 2020 May 10; 253, 112652.

	 Chen Y, Li T, Bai J, Nong L, Ning Z, Hu Z, Xu A, Xu CP. Chemical composition and antibacterial 
activity of the essential oil of Citrus maxima (Burm.) Merr. Cv. Shatian Yu. Journal of Biologically 
Active Products from Nature 2018 Jul 4;8(4), 228-33.

	 Cheong MW, Chong ZS, Liu SQ, Zhou W, Curran P, Yu B. Characterisation of calamansi (Citrus 
microcarpa). Part I: Volatiles, aromatic profiles and phenolic acids in the peel. Food chemistry 
2012 Sep 15;134(2), 686-95.

	 Das P, Dutta S, Begum J, Anwar MN. Antibacterial and antifungal activity analysis of essential 
oil of Pogostemon cablin (Blanco) benth. Bangladesh Journal of Microbiology 2013;30(1-2), 
7-10.

	 Delaha EC, Garagusi VF. Inhibition of mycobacteria by garlic extract (Allium sativum). 
Antimicrobial agents and chemotherapy 1985 Apr;27(4) ,485-6.



Antitubercular Potential of Essential Oils from Selected Philippine Plants

106

	 Edris AE. Pharmaceutical and therapeutic potentials of essential oils and their individual 
volatile constituents: a review. Phytotherapy Research: An International Journal Devoted to 
Pharmacological and Toxicological Evaluation of Natural Product Derivatives 2007 Apr;21(4), 
308-23.

	 Elhassan IA, Ibrahim NY, Mahmoud OM, Salam AM, Elrasoul RH. Anti-tubercular activity 
of essential oils from Cymbopogon citratus, C. nervatus and C. proximus. Journal of 
Pharmacognosy and Phytochemistry 2016;5(1), 19-23.

	 Fuloria S, Mehta J, Chandel A, Sekar M, Rani NN, Begum MY, Subramaniyan V, Chidambaram 
K, Thangavelu L, Nordin R, Wu YS. A comprehensive review on the therapeutic potential 
of Curcuma longa Linn. in relation to its major active constituent curcumin. Frontiers in 
Pharmacology 2022 Mar 25;13, 820806.

	
	 Gupta A, Mahajan S, Sharma R. Evaluation of antimicrobial activity of Curcuma longa rhizome 

extract against Staphylococcus aureus. Biotechnology reports 2015 Jun 1;6, 51-5.

	 Han X, Parker TL. Anti-inflammatory, tissue remodeling, immunomodulatory, and anticancer 
activities of oregano (Origanum vulgare) essential oil in a human skin disease model. Biochimie 
Open 2017 Jun 1;4, 73-7.

	 Hewlings SJ, Kalman DS. Curcumin: A review of its effects on human health. Foods 2017 
Oct;6(10), 92.

	 Hieu LD, Thang TD, Hoi TM, Ogunwande IA. Chemical composition of essential oils from four 
Vietnamese species of Piper (Piperaceae). Journal of Oleo Science 2014;63(3), 211-7.

	 Huang L, Liu Z, Wang J, Fu J, Jia Y, Ji L, Wang T. Bioactivity and health effects of garlic 
essential oil: A review. Food science & nutrition 2023 Jun;11(6), 2450-70.

	 Hussain AI, Anwar F, Nigam PS, Sarker SD, Moore JE, Rao JR, Mazumdar A. Antibacterial 
activity of some Lamiaceae essential oils using resazurin as an indicator of cell growth. LWT-
Food Science and Technology 2011 May 1;44(4), 1199-206.

	 Ibáñez MD, Blázquez MA. Curcuma longa L. Rhizome Essential Oil from Extraction to Its Agri-
Food Applications. A Review. Plants (Basel) 2020 Dec 28;10(1), 44.

	 Iweala EJ, Uche ME, Dike ED, Etumnu LR, Dokunmu TM, Oluwapelumi AE, Okoro BC, Dania 
OE, Adebayo AH, Ugbogu EA. Curcuma longa (Turmeric): Ethnomedicinal uses, phytochemistry, 
pharmacological activities and toxicity profiles—A review. Pharmacological Research-Modern 
Chinese Medicine 2023 Mar 1;6, 100222.

	 Jamal Y, Irawati P, Agusta A. Chemical constituents and antibacterial effect of essential oil 
of Javaneese pepper leaves (piper retrofractum vahl.). Media Penelitian dan Pengembangan 
Kesehatan 2013;23(2), 65-72.

	 Junren C, Xiaofang X, Mengting L, Qiuyun X, Gangmin L, Huiqiong Z, Guanru C, Xin X, Yanpeng 
Y, Fu P, Cheng P. Pharmacological activities and mechanisms of action of Pogostemon cablin 
Benth: a review. Chinese medicine 2021 Dec;16, 1-20.

	 Kakaraparthi PS, Srinivas KV, Kumar JK, Kumar AN, Rajput DK, Sarma VU. Variation in the 
essential oil content and composition of Citronella (Cymbopogon winterianus Jowitt.) in relation 
to time of harvest and weather conditions. Industrial Crops and Products 2014 Nov 1;61, 240-8.



Aguinaldo et al. | Acta Manilana 72 (2024)

107

	 Kamaruddin ZH, Jumaidin R, Selamat MZ, Ilyas RA. Characteristics and properties of 
lemongrass (Cymbopogan citratus): a comprehensive review. Journal of Natural Fibers 2022 
Oct 28;19(14), 8101-18.

	 Kaur H, Bhardwaj U, Kaur R. Cymbopogon nardus essential oil: A comprehensive review on its 
chemistry and bioactivity. Journal of Essential Oil Research 2021 May 4;33(3), 205-20.

	 Kokkini S, Karousou R, Hanlidou E, Lanaras T. Essential oil composition of Greek (Origanum 
vulgare ssp. hirtum) and Turkish (O. onites) oregano: A tool for their distinction. Journal of 
Essential Oil Research 2004 Jul 1;16(4), 334-8.

	 Kusuma HS, Altway A, Mahfud M. Solvent-free microwave extraction of essential oil from dried 
patchouli (Pogostemon cablin Benth) leaves. Journal of Industrial and Engineering Chemistry 
2018 Feb 25;58, 343-8.

	 Lang G, Buchbauer G. A review on recent research results (2008–2010) on essential oils as 
antimicrobials and antifungals. A review. Flavour and Fragrance Journal 2012 Jan;27(1), 13-39.

	 Lee S-H, Kim D-S, Park S-H, Park H. Phytochemistry and Applications of Cinnamomum 
camphora Essential Oils. Molecules 2022; 27(9), 2695.

	 Leliqia NP, Wardani NA. review of phytochemical and pharmacological studies of Piper 
retrofractum Vahl. Journal of Pharmaceutical Science and Application 2021;3, 40-49.

	 Lienhardt C, Raviglione M, Spigelman M, Hafner R, Jaramillo E, Hoelscher M, Zumla A, 
Gheuens J. New drugs for the treatment of tuberculosis: needs, challenges, promise, and 
prospects for the future. Journal of infectious diseases 2012 May 15;205(suppl_2), S241-9.

	 Lima Santos L, Barreto Brandão L, da Costa P, Luiz A, Lopes Martins R, Lobato Rodrigues AB, 
Alves Lobato A, Moreira da Silva de Almeida SS. Bioinsecticidal and Pharmacological Activities 
of the Essential Oil of Pogostemon cablin Benth Leaves: A Review. Pharmacognosy Reviews 
2022 Jul 1; 16(32), 139-145.

	 Musa A, Aminah N, Davies-Bolorunduro O, Kristanti A, Suhaili, Islami A, Wai T, Naing T. 
Antimicrobial activities of the extracts and secondary metabolites from Clausena genus – A 
review. Open Chemistry 2022;20(1), 627-650.

	 National Tuberculosis Control Program, Department of Health. Philippines National Tuberculosis 
Report 2022. https://ntp.doh.gov.ph/download/philippines-national-tuberculosis-report-2022/ 
(accessed 22 October 2024)

	 Navidad FC. Report on the Statistical Analysis of Data from the project, “Antitubercular Potential 
of Essential Oils from Selected Philippine Plants.” 2021; PITAHC, Quezon City. 

	 Nguyen TN, Huynh TN, Tran VT, Dang CH, Hoang TK, Nguyen TD. Physicochemical 
characterization and bioactivity evaluation of essential oils from Citrus microcarpa Bunge leaf 
and flower. Journal of essential oil research 2018 Jul 4;30(4), 285-92.

	 Nithyanand P, Shafreen RM, Muthamil S, Murugan R, Pandian SK. Essential oils from 
commercial and wild Patchouli modulate Group A Streptococcal biofilms. Industrial Crops and 
Products 2015 Jul 1;69, 180-6.



Antitubercular Potential of Essential Oils from Selected Philippine Plants

108

	 Palma CE, Cruz PS, Cruz DT, Bugayong AM, Castillo AL. Chemical composition and cytotoxicity 
of Philippine calamansi essential oil. Industrial Crops and Products 2019 Feb 1;128, 108-14.

	 Parveen Z, Nawaz S, Siddique S, Shahzad K. Composition and antimicrobial activity of the 
essential oil from leaves of Curcuma longa L. Kasur variety. Indian journal of pharmaceutical 
sciences 2013 Jan;75(1), 117.

	 Pragadheesh VS, Saroj A, Yadav A, Chanotiya CS, Alam M, Samad A. Chemical characterization 
and antifungal activity of Cinnamomum camphora essential oil. Industrial crops and products 
2013 Aug 1;49, 628-33.

	
	 Raina VK, Srivastava SK, Syamsundar KV. Rhizome and leaf oil composition of Curcuma longa 

from the lower Himalayan region of northern India. Journal of Essential Oil Research 2005 Sep 
1;17(5), 556-9.

	 Rajeswara Rao BR, Bhattacharya AK, Mallavarapu GR, Ramesh S. Yellowing and crinkling 
disease and its impact on the yield and composition of the essential oil of citronella (Cymbopogon 
winterianus Jowitt.). Flavour and fragrance journal 2004 Jul;19(4), 344-50.

	 Ramya HG, Palanimuthu V, Rachna S. An introduction to patchouli (Pogostemon cablin 
Benth.)–A medicinal and aromatic plant: It’s importance to mankind. Agricultural Engineering 
International: CIGR Journal 2013 Jul 1;15(2), 243-50.

	 Raut JS, Karuppayil SM. A status review on the medicinal properties of essential oils. Industrial 
crops and products 2014 Dec 1;62, 250-64.

	 Şahin F, Güllüce M, Daferera D, Sökmen A, Sökmen M, Polissiou M, Agar G, Özer H. Biological 
activities of the essential oils and methanol extract of Origanum vulgare ssp. vulgare in the 
Eastern Anatolia region of Turkey. Food control 2004 Oct 1;15(7), 549-57.

	 Salleh WM, Ahmad F. Phytopharmacological investigations of Piper retrofractum Vahl.–a 
review. Agriculturae Conspectus Scientificus 2020 Sep 10;85(3), 193-202.

	 Settanni L, Palazzolo E, Guarrasi V, Aleo A, Mammina C, Moschetti G, Germanà MA. Inhibition 
of foodborne pathogen bacteria by essential oils extracted from citrus fruits cultivated in Sicily. 
Food control 2012 Aug 1;26(2), 326-30.

	 Singh A, Kumar A. Cultivation of Citronella (Cymbopogon winterianus) and evaluation of 
its essential oil, yield and chemical composition in Kannauj region. International Journal of 
Biotechnology and Biochemistry 2017;13(2), 139-46.

	 Singulani JL, Pedroso RS, Ribeiro AB, Nicolella HD, Freitas KS, Damasceno JL, Vieira TM, 
Crotti AE, Tavares DC, Martins CH, Mendes-Giannini MJ. Geraniol and linalool anticandidal 
activity, genotoxic potential and embryotoxic effect on zebrafish. Future Microbiology 2018 Nov 
1;13(15),1637-46.

	 Swamy MK, Sinniah UR. A comprehensive review on the phytochemical constituents and 
pharmacological activities of Pogostemon cablin Benth.: an aromatic medicinal plant of 
industrial importance. Molecules 2015 May 12;20(5), 8521-47.

	 Teixeira B, Marques A, Ramos C, Serrano C, Matos O, Neng NR, Nogueira JM, Saraiva JA, 
Nunes ML. Chemical composition and bioactivity of different oregano (Origanum vulgare) 
extracts and essential oil. Journal of the Science of Food and Agriculture 2013 Aug 30;93(11), 
2707-14.



Aguinaldo et al. | Acta Manilana 72 (2024)

109

	 Thai TH, Bazzali O, Hoi TM, et al. Chemical Composition of the Essential Oils from Vietnamese 
Clausena indica and C. anisum-olens. Natural Product Communications 2014; 9(10), 1531-4.

	 Thavanapong N, Wetwitayaklung P, Charoenteeraboon J. Comparison of essential oils 
compositions of Citrus maxima Merr. peel obtained by cold press and vacuum stream distillation 
methods and of its peel and flower extract obtained by supercritical carbon dioxide extraction 
method and their antimicrobial activity. Journal of Essential Oil Research 2010 Jan 1;22(1), 71-
7.

	 Trang DT, Hoang TK, Nguyen TT, Van Cuong P, Dang NH, Dang HD, Nguyen Quang T, Dat 
NT. Essential oils of lemongrass (Cymbopogon citratus Stapf) induces apoptosis and cell cycle 
arrest in A549 lung cancer cells. BioMed Research International 2020;2020(1):5924856.

	 Tupasi TE, Garfin AM, Kurbatova EV, Mangan JM, Orillaza-Chi R, Naval LC, Balane GI, Basilio 
R, Golubkov A, Joson ES, Lew WJ. Factors associated with loss to follow-up during treatment 
for multidrug-resistant tuberculosis, the Philippines, 2012–2014. Emerging infectious diseases 
2016 Mar;22(3), 491-502.

	 Wan F, Peng F, Xiong L, Chen JP, Peng C, Dai M. In Vitro and In Vivo Antibacterial Activity 
of Patchouli Alcohol from Pogostemon cablin. Chinese Journal of Integrative Medicine 2021 
Feb;27(2),125-130. 

	 Wang YS, Li BT, Liu SX, Wen ZQ, Yang JH, Zhang HB, Hao XJ. Anisucoumaramide, a Bioactive 
Coumarin from Clausena anisum-olens. Journal of Natural Products 2017 Apr 28;80(4), 798-
804.

	 Wany A, Jha S, Nigam VK, Pandey DM. Chemical analysis and therapeutic uses of citronella 
oil from Cymbopogon winterianus: A short review. International Journal of Advanced Research 
2013 Aug;1(6), 504-21.

	 World Health Organization. Tuberculosis. WHO 2024. http://www.who.int/news-room/fact-
sheets/detail/tuberculosis (accessed 15 November 2024). 

	 Wu K, Lin Y, Chai X, Duan X, Zhao X, Chun C. Mechanisms of vapor‐phase antibacterial action 
of essential oil from Cinnamomum camphora var. linaloofera Fujita against Escherichia coli. 
Food science & nutrition 2019 Aug;7(8), 2546-55.

	 Xu XY, Meng X, Li S, Gan RY, Li Y, Li HB. Bioactivity, health benefits, and related molecular 
mechanisms of curcumin: Current progress, challenges, and perspectives. Nutrients 2018 Oct 
19;10(10),1553.

	 You CX, Jiang HY, Zhang WJ, Guo SS, Yang K, Lei N, Ma P, Geng ZF, Du SS. Contact toxicity 
and repellency of the main components from the essential oil of Clausena anisum-olens against 
two stored product insects. Journal of Insect Science 2015 Jul 1;15(1), 87.

	 Zhao J, Fan Y, Cheng Z, Kennelly EJ, Long C. Ethnobotanical uses, phytochemistry and 
bioactivities of Cymbopogon plants: A review. Journal of Ethnopharmacology 2024 Apr 
10:118181.



Antitubercular Potential of Essential Oils from Selected Philippine Plants

Supplementary Table 1. Percentages MIC within Essential Oils using Chi-square. (cont'd.)

Essential Oils
Concentrations

5% 2.5% 1.25% 0.625% 0.312% 0.156%

Guava

Count 8 6 2 2 0 0
% within EO 100.0% 75.0% 25.0% 25.0% 0.0% 0.0%

% within conc 4.6% 3.8% 1.5% 1.9% 0.0% 0.0%

Black Pepper

Count 7 7 4 0 0 0

% within EO 100.0% 100.0% 57.1% 0.0% 0.0% 0.0%

% within conc 4.0% 4.5% 3.0% 0.0% 0.0% 0.0%

Atsuete

Count 2 2 0 0 0 0

% within EO 100.0% 100.0% 0.0% 0.0% 0.0% 0.0%

% within conc 1.1% 1.3% 0.0% 0.0% 0.0% 0.0%

Turmeric leaves

Count 8 7 6 5 4 1

% within EO 100.0% 87.5% 75.0% 62.5% 50.0% 12.5%

% within conc 4.6% 4.5% 4.5% 4.8% 5.1% 1.7%

Turmeric rhizomes

Count 5 4 2 1 0 0

% within EO 100.0% 80.0% 40.0% 20.0% 0.0% 0.0%

% within conc 2.9% 2.5% 1.5% 1.0% 0.0% 0.0%

Calamansi

Count 8 8 8 8 8 8

% within EO 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

% within conc 4.6% 5.1% 6.1% 7.6% 10.3% 13.6%

Suha

Count 8 8 8 8 8 8

% within EO 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

% within conc 4.6% 5.1% 6.1% 7.6% 10.3% 13.6%

Ylang ylang

Count 7 5 3 0 0 0

% within EO 100.0% 71.4% 42.9% 0.0% 0.0% 0.0%

% within conc 4.0% 3.2% 2.3% 0.0% 0.0% 0.0%

Eucalyptus sp.

Count 8 8 8 8 4 0

% within EO 100.0% 100.0% 100.0% 100.0% 50.0% 0.0%

% within conc 4.6% 5.1% 6.1% 7.6% 5.1% 0.0%

Ginger

Count 7 5 3 0 0 0

% within EO 100.0% 71.4% 42.9% 0.0% 0.0% 0.0%

% within conc 4.0% 3.2% 2.3% 0.0% 0.0% 0.0%

Elemi

Count 8 2 0 0 0 0

% within EO 100.0% 25.0% 0.0% 0.0% 0.0% 0.0%

% within conc 4.6% 1.3% 0.0% 0.0% 0.0% 0.0%

Camphor

Count 8 8 7 6 3 1

% within EO 100.0% 100.0% 87.5% 75.0% 37.5% 12.5%

% within conc 4.6% 5.1% 5.3% 5.7% 3.8% 1.7%

“Laurel”/ 
Cinnamomum sp.

Count 8 8 8 8 8 8

% within EO 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

% within conc 4.6% 5.1% 6.1% 7.6% 10.3% 13.6%

“Anis”

Count 8 8 7 6 3 0

% within EO 100.0% 100.0% 87.5% 75.0% 37.5% 0.0%

% within conc 4.6% 5.1% 5.3% 5.7% 3.8% 0.0%

Lemon grass 
leaves

Count 8 8 8 8 8 8

% within EO 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

% within conc 4.6% 5.1% 6.1% 7.6% 10.3% 13.6%

Patchouli

Count 8 8 8 4 2 0

% within EO 100.0% 100.0% 100.0% 50.0% 25.0% 0.0%

% within conc 4.6% 5.1% 6.1% 3.8% 2.6% 0.0%

P. odorata

Count 2 2 0 0 0 0

% within EO 100.0% 100.0% 0.0% 0.0% 0.0% 0.0%

% within conc 1.1% 1.3% 0.0% 0.0% 0.0% 0.0%

Lemongrass stalk

Count 8 8 8 8 8 8

% within EO 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

% within conc 4.6% 5.1% 6.1% 7.6% 10.3% 13.6%
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Supplementary Table 1. Percentages MIC within Essential Oils using Chi-square. (cont'd.)

Supplementary Table 2. Percentages MIC within Microorganisms using Chi-square.

MTb Strains
Concentrations

5% 2.5% 1.25% 0.625% 0.312% 0.156%

H37Ra strain

Count 23 22 19 13 11 9
% within strains 100.0% 95.7% 82.6% 56.5% 47.8% 39.1%

% within conc 13.2% 14.0% 14.4% 12.4% 14.1% 15.3%

Inh-Rif resistant 
strain

Count 19 17 17 14 10 8

% within strains 100.0% 89.5% 89.5% 73.7% 52.6% 42.1%

% within conc 10.9% 10.8% 12.9% 13.3% 12.8% 13.6%

Str-resistant strain

Count 22 21 14 14 10 8

% within strains 100.0% 95.5% 63.6% 63.6% 45.5% 36.4%

% within conc 12.6% 13.4% 10.6% 13.3% 12.8% 13.6%

Str-Inh-Rif resistant 
strain

Count 22 19 18 12 8 7

% within strains 100.0% 86.4% 81.8% 54.5% 36.4% 31.8%

% within conc 12.6% 12.1% 13.6% 11.4% 10.3% 11.9%

Inh-Eth-Pza 
resistant strain

Count 23 19 15 12 11 7

% within strains 100.0% 82.6% 65.2% 52.2% 47.8% 30.4%

% within conc 13.2% 12.1% 11.4% 11.4% 14.1% 11.9%

Pza resistant strain

Count 22 20 18 14 10 6

% within strains 100.0% 90.9% 81.8% 63.6% 45.5% 27.3%

% within conc 12.6% 12.7% 13.6% 13.3% 12.8% 10.2%

Inh resistant strain 
Rif resistant strain

Count 21 18 16 13 9 7

% within strains 100.0% 85.7% 76.2% 61.9% 42.9% 33.3%

% within conc 12.1% 11.5% 12.1% 12.4% 11.5% 11.9%

Rif resistant strain

Count 22 21 15 13 9 7

% within strains 100.0% 95.5% 68.2% 59.1% 40.9% 31.8%

% within conc 12.6% 13.4% 11.4% 12.4% 11.5% 11.9%

Total

Count 174 157 132 105 78 59

% within strains 100.0% 90.2% 75.9% 60.3% 44.8% 33.9%

% within conc 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%

Essential Oils
Concentrations

5% 2.5% 1.25% 0.625% 0.312% 0.156%

Citronella stalk 
Count 8 8 8 8 8 6
% within EO 100.0% 100.0% 100.0% 100.0% 100.0% 75.0%
% within conc 4.6% 5.1% 6.1% 7.6% 10.3% 10.2%

Citronella leaves 
Count 8 8 8 8 8 8
% within EO 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%
% within conc 4.6% 5.1% 6.1% 7.6% 10.3% 13.6%

Anonas
Count 8 5 2 2 0 0
% within EO 100.0% 62.5% 25.0% 25.0% 0.0% 0.0%
% within conc 4.6% 3.2% 1.5% 1.9% 0.0% 0.0%

Oregano
Count 8 8 8 7 3 0
% within EO 100.0% 100.0% 100.0% 87.5% 37.5% 0.0%
% within conc 4.6% 5.1% 6.1% 6.7% 3.8% 0.0%

Garlic

Count 8 8 8 5 3 3
% within EO 100.0% 100.0% 100.0% 62.5% 37.5% 37.5%

% within conc 4.6% 5.1% 6.1% 4.8% 3.8% 5.1%

Litlit

Count 8 8 8 3 0 0

% within EO 100.0% 100.0% 100.0% 37.5% 0.0% 0.0%

% within conc 4.6% 5.1% 6.1% 2.9% 0.0% 0.0%

Total

Count 174 157 132 105 78 59

% within EO 100.0% 90.2% 75.9% 60.3% 44.8% 33.9%

% within conc 100.0% 100.0% 100.0% 100.0% 100.0% 100.0%


