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					ABSTRACT  

					ARTICLE INFO  

					Ginger has long been utilized in a wide range of studies aiming to treat many diseases. In this  

					research, the essential oils of two ginger species Kaempferia parviflora (KP-EO), and  

					Distichochlamys citrea (DC-EO) were tested for their in vitro radical neutralizing ability,  

					antibacterial activity using the micro-broth dilution method, while the antifungal effect was  

					evaluated using the agar well diffusion technique. The results indicated that KP-EO was a more  

					antioxidative source when scavenging DPPH and ABTS radicals, and it also contained higher  

					phenolic and flavonoid amounts than DC-EO. In addition, KP-EO significantly inhibited three out  

					of five examined bacterial strains (E. coli, L. monocytogenes, and S. aureus) with MICs values  

					ranging from 30 to 200 g/mL, while DC-EO expressed a weaker action (MICs between 180  

					g/mL for E. coli and L. monocytogenes to 350 g/mL for K. pneumoniae). On the contrary, DC-  

					EO was found to be more effective than KP-EO in inhibiting most of the ten tested fungal strains.  

					Typically, DC-EO wholly impeded the growth of two rice blast fungi (strains VNN-1247 and  

					VNN-0737) and one human fungus, Talaromyces marneffei strain, for up to 14 days after  

					incubation. Meanwhile, KP-EO wholly produced mycelium growth inhibition in some strains  

					(VNN-0737, VNC-0076, and VNC-0031) for up to only 5 days. In conclusion, both ginger  

					essential oils deserve to be explored as potential natural sources for the treatment of various  

					microorganism-infected diseases.  
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					This fungus primarily affects tropical fruits like bananas and some  

					plants like coffee, causing widespread wilt disease.9 Besides, humans  

					Introduction  

					Ginger essential oils have been well-known for their  

					antibacterial activity. In previous research, the essential oil of ginger  

					species Zingiber officinale has been extensively tested for its capacity  

					to inhibit many bacterial strains such as Escherichia coli and  

					Staphylococcus aureus,1 Pseudomonas aeroginosa, Salmonella  

					typhimurium and Shigella flexneri,2 Xanthomonas oryzae, Ralstonia  

					solanacearum, Bacillus sp., Klebsiella sp.,3 Listeria monocytogenes,4  

					Campylobacter jejuni and Campylobacter coli.5 In addition, a few  

					studies reported the inhibitory impact of the essential oil from Z.  

					zerumbet, also known as bitter ginger, against common bacteria such as  

					P. aeruginosa, S. aureus, E. coli and B. cereus.6,7 Fungal diseases  

					affecting animals, humans, and plants have become a pressing issue that  

					demands immediate attention due to their detrimental impact on health  

					and the environment. Fusarium is a prevalent fungus that can cause  

					severe diseases in plants, animals, and human beings.8–10 Fusarium  

					oxysporum, a common fungus found in the environment, is known to  

					produce white, light green, or light orange mycelium on infected  

					plants.8,9  

					or animals consuming Fusarium-contaminated plants can also become  

					infected with Fusarium toxins. Although the influences of Fusarium  

					toxic exposure on humans are not fully elucidated, it can cause  

					symptoms such as vomiting, abdominal pain, and diarrhea or exacerbate  

					existing infections caused by other pathogens.11 In the literature, some  

					ginger species have been reported to have potential antifungal activities.  

					For instance, Z. officinale’s essential oil could restrain the development  

					of many fungal pathogens such as F. graminearum, F. moniliform, F.  

					oxysporum,12 F. verticillioides,13 Aspergillus flavus.14 According to  

					Stoyanova et al.,15 Z. officinale’s essential oil from Vietnam possessed  

					a significant fungicidal effect against Penicillium sp., A. niger, Botrytis  

					cinerea and Rhizopus nigricans. Kader et al. indicated that Z.  

					zerumbet’s essential oil was also able to impede two fungal pathogens,  

					including C. albicans and A. niger.16 However, the investigation on  

					common human strains such as Talaromyces marneffei and Aspergillus  

					fumigatus fungi is still limited.  

					Kaempferia parviflora, also called Thai black ginger, has been  

					popularly explored for a prolonged time because of its many  

					pharmacological effects. However, the essential oil from this ginger  

					seems to be of less interest compared to its extracts and isolated  

					compounds. A few studies demonstrated that K. parviflora’s essential  

					oil exhibited antioxidant, antidiabetic, antibacterial, and antifungal  

					properties.17,18 Meanwhile, Distichochlamys citrea, known as the black  

					ginger of Vietnam, has drawn the attention of researchers in recent  

					years. The essential oil from this ginger has been proven to have  

					antidiabetic activity,19 anti-inflammatory effect,20 and antibacterial  

					effect with minimum inhibitory concentrations (MICs) from 200 to 400  

					μg/mL.21 Nevertheless, to our current understanding, the inhibitory  

					impact of both black gingers’ essential oils against some bacterial  

					strains such as Klebsiella pneumoniae and Enterococcus faecalis, and  

					their antifungal activity have not been largely investigated.  
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					effect, antifungal and antibacterial effects of two black ginger’s  

					essential oils: Kaempferia parviflora and Distichochlamys citrea for the  

					first time. The antioxidative activity of the samples was studied by  

					neutralizing DPPH and ABTS radicals, in correlation with the levels of  

					phenolic and flavonoid contents. The antibacterial activity was carried  

					out against five bacterial strains. Meanwhile, the antifungal effect was  

					determined against 7 plant and 3 human fungal strains. Typically, it is  

					the first time for investigating the fungistatic effect of black ginger  

					essential oils against Talaromyces marneffei and Aspergillus fumigatus  

					species.  

					As and Ac represent the absorbance of the tested sample and the  

					negative control, which contains only the DPPH solution.  

					ABTS assay  

					The neutralizing ability of ABTS radical was investigated following the  

					method mentioned in the study of Le et al.22 The radical cation from  

					ABTS, a chromogenic oxidant, was produced by mixing K2S2O8 and  

					ABTS solutions. The solutions are both prepared in water at  

					concentrations of 2.45 mM for potassium persulfate and 7.0 mM for  

					ABTS. These solutions are then mixed in equal volumes, reacting  

					stoichiometrically in a ratio of 1:2, potassium persulfate to ABTS. This  

					combined solution requires incubation at 25oC for 12-16 h in the dark.  

					Diluted ABTS radical cation solutions were prepared in ethanol to  

					achieve a relative absorbance of around 0.70 ± 0.02 at 734 nm. The  

					essential oils were prepared at 0.1 to 1 mg/mL for KP-EO and from 1  

					to 10 mg/mL for DC-EO. In each well of a 96-well plate, each essential  

					oil (10 µL) was incubated with the diluted ABTS solution (190 µL) for  

					15 min. The absorbance of samples was measured at 734 nm. The  

					positive control was Trolox. The capacity to neutralize ABTS radicals  

					was determined with the same formula as for the DPPH assay.  

					Materials and Methods  

					Chemical materials  

					2,2-diphenyl-1-picrylhydrazyl  

					(DPPH),  

					2,2′-azino-bis  

					(3-  

					ethylbenzothiazoline-6-sulfonic acid) (ABTS), folin-ciocalteu, ascorbic  

					acid, trolox, and trolox were obtained from Sigma-Aldrich. The ⅙ TSA  

					(Tryptic Soy Agar) (HiMedia Laboratories, India) medium was utilized  

					for bacteria. The ⅙ PTSA (Potato Tryptic Soy Agar) medium was used  

					for cultivating the fungal strains.  

					Plant materials  

					Total phenolic content (TPC)  

					The assay was performed using the regular method.23 A total of 200 µL,  

					consisting of 10 µL of essential oil, 95 µL of Folin-Ciocalteu solution  

					and 95 µL of 6% Na2CO3, was kept at 40°C for 15 min. The absorbance  

					of the blue complex obtained after incubation was read at 765 nm.  

					TPC was determined as mg of gallic acid equivalents (GAE) in 100 g  

					of each essential oil.  

					The rhizome of two ginger species of one year-old, including  

					Kaempferia parviflora (KP) and Distichochlamys citrea (DC) were  

					respectively collected from Hung Yen (20° 38' 46.93" N, 106° 03' 4.03"  

					E), and Ha Tinh province (18° 20' 34.15" N, 105° 54' 20.48" E), in  

					August 2024. The plants’ identities were determined by Dr. Nguyen  

					Quoc Binh, Vietnam National Museum of Nature, Vietnam Academy  

					of Science and Technology (VAST). The voucher numbers SH 1193  

					and SH 1195 were assigned for KP and DC samples, respectively.  

					Total flavonoid content (TFC)  

					The common aluminum chloride colorimetry assay was utilized to  

					quantify the amount of flavonoid compounds in ginger essential oils.24  

					A total of 200 µL, comprising 50 µL of sample, 10 µL of 5% NaNO2  

					solution, 10 µL of 10% AlCl3 solution, 80 µL of 1M NaOH solution  

					and 50 µL of 30% ethanol was maintained at 25oC for 15 min. The  

					absorbance at 510 nm was read for each sample.  

					Microorganism materials  

					Three gram-positive bacterial strains (L. monocytogenes, E. faecalis,  

					and S. aureus) and two gram-negative bacteria (E. coli, and K.  

					pneumoniae) were provided by the International Mixed Laboratory on  

					Drug Resistance in Southeast Asia, at the University of Science and  

					Technology of Hanoi. Fusarium strains were isolated from infected  

					plants in different provinces in Vietnam. The F. oxysporum strain was  

					isolated from infected coffee root in Dak Lak (12°45'0.00" N,  

					108°15'0.00" E) (Fo-DL), F. oxysporum f. sp. cubense (Foc-TG and  

					Foc-VP) strains were isolated from infected banana leaves in Tien  

					Giang (10°24'0.00" N, 106°17'60.00" E) and Vinh Phuc (21°19'59.99"  

					N, 105°34'0.01" E), four rice blast fungal strains VNC-0031, VNN-  

					0737, VNC-0076, and VNN-1247 isolated from rice infected leaves in  

					Quang Binh (17°30'0.00" N, 106°19'59.99" E), Yen Bai (21°45'0.00"  

					N, 104°34'59.99" E), Thua Thien Hue (16°27'42.84" N, 107°35'43.66"  

					E), and Ninh Binh (20°15'29.12" N 105°58'46.74" E), respectively.  

					Three strains harm humans and animals, including T. marneffei,  

					Fusarium sp. ATCC60289, and A. fumigatus were provided by the  

					Oxford University Clinical Research Unit Ho Chi Minh City (OUCRU  

					- HCMC).  

					TFC was determined as mg of quercetin equivalents in 100 g of the  

					essential oil.  

					Antibacterial activity  

					The assay was investigated using the micro-broth dilution method.25  

					A

					final concentration of 108 CFU/mL of each bacterial strain was freshly  

					prepared in Mueller Hilton broth (MHB). A total of 200 L composing  

					of` 20 L of essential oil and 180 L bacteria was maintained in each  

					well of a 96-well plate, at 37oC for 18 h. The absorbance of the mixture  

					was measured at 600 nm using a microplate spectrophotometer (Bio-  

					Rad, California, USA). A 4 g/mL antibiotic mixture, including  

					tetracycline, chloramphenicol, and kanamycin (1:1:1, v/v) was served  

					as the positive control. The bacterial suspension culture without a tested  

					sample served as the negative control. The capacity of bacterial  

					suppression was determined as: % suppression = (1 - As/Ac) × 100%,  

					where As and Ac represent the absorbance of the tested sample and the  

					negative control, respectively.  

					Essential oils extraction  

					Essential oils (EOs) from fresh rhizomes of KP and DC were extracted  

					by hydrodistillation in a Clevenger-type apparatus (Medilab, India) for  

					5 h. The collected samples were dried with anhydrous Na2SO4 and then  

					kept at 4oC until analysis. The samples were labelled as KP-EO for  

					essential oil from K. parviflora and DC-EO for essential oil from D.  

					citrea. The extraction yield of KP-EO and DC-EO was 0.028 % and  

					0.47% (w/w), respectively.  

					Antifungal activity  

					The antifungal effect was evaluated by the agar well diffusion test.26  

					Briefly, on the plastic petri dish (60 × 15 mm) containing 1/6 PTSA  

					medium, a 6-mm-diameter well was aseptically punched using a sterile  

					cork borer, positioned 10 mm from the left edge of each dish.  

					Subsequently, 20 μL of the EOs was introduced into the well.  

					Afterward, a 5 × 5-mm agar piece carrying 5-day-old appropriate  

					mycelium was plated on the opposite side of the well. The sterile  

					distilled water was served as the control. All tested dishes were  

					maintained at 28 ± 2°C (for plant fungi) and at 37 ± 2°C (for animal and  

					human fungi) for up to 5 - 14 days or until the fungal growth fully covers  

					the control dish. The diameter of the fungal growth zone was  

					determined for each dish. Inhibition rate (I) was evaluated by the  

					following equation (2).27  

					DPPH assay  

					The radical neutralizing ability was investigated following the method  

					of Le et al.22. The essential oils were diluted in methanol (MeOH) at 5  

					to 50 mg/mL. In each well of a 96-well plate, 200 µL, consisting of 10  

					µL sample and 190 µL of a 0.25 mM DPPH solution, were incubated  

					for 25 min at 30°C. The mixture’s absorbance was recorded at 517 nm  

					using a microplate spectrophotometer (xMark, Bio-Rad, USA). The  

					positive control was ascorbic acid. The percentage of scavenged DPPH  

					radical was calculated following the equation (1):  

					−

					( )  

					%

					=

					100 (2)  

					% Scavenged radical = (1 − ) x 100 (1)  

					where C – Diameter of the growth zone of fungi in the control dish  
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					(mm); T – Diameter of the growth zone of fungi in the test dish (mm).  

					The fungal growth was monitored daily, and the data were recorded at  

					three time points of 5-, 10-, and 14 days post-incubation (dpi). All  

					assays were conducted in three independent replicates.  

					aureus but a weaker effect when treated with K. pneumoniae and E.  

					faecalis. Meanwhile, the inhibitory impact of DC-EO was weakest  

					against S. aureus and E. faecalis but comparable with the positive  

					control against L. monocytogenes, E. coli and K. pneumoniae (p > 0.05).  

					Especially, this is the first time the essential oils from ginger K.  

					parviflora and D. citrea were tested against K. pneumoniae, a gram-  

					negative bacterium that might cause severe lung or blood infections and  

					has shown a great deal of antibiotic resistance. The promising results in  

					this study can be valuable for using ginger essential oils in further  

					treatment of several bacterial-infected diseases.  

					Data analysis  

					Data are presented as mean ± standard deviation (SD). Statistical  

					comparisons between samples were conducted using t-tests and one-  

					way ANOVA, implemented in SPSS software version 23.0. Differences  

					were considered statistically significant at p < 0.05.  

					Results and Discussion  

					Antioxidant activity  

					In the literature, the capacity to scavenge stable radicals such as DPPH  

					or ABTS has been commonly utilized to determine the antioxidative  

					effect of traditional plants.22,28 The antioxidant capacity of both ginger  

					essential oils was considerably stronger against ABTS radicals than  

					DPPH radicals (Table 1). Moreover, KP-EO exerted a more potent  

					scavenging capacity than DC-EO for both radicals used (p < 0.05).  

					However, this activity of the essential oils was significantly weaker than  

					the positive control used for each assay. In comparison to the study of  

					Nguyen et al.,17 KP-EO seems to be more effective against DPPH (IC50  

					= 0.45 vs. 12.01 mg/mL) but less active against ABTS (IC50 = 0.53 vs.  

					0.13 mg/mL). Meanwhile, no studies on the antioxidant activity of D.  

					citrea essential oil have been reported previously.  

					Phenolic and flavonoid compounds have been shown to be correlated  

					with the antioxidant activity of traditional plants.23,24,29 As shown in  

					Table 2, TPC and TFC values of KP-EO were found to be much higher  

					than DC-EO (p < 0.05). This finding is in positive correlation with the  

					effect mentioned above of the two ginger essential oils. It means that  

					phenolic and flavonoid components might be responsible for the  

					antioxidative effect of those samples.  

					Figure 1: Percentage of inhibition of ginger essential oils  

					against various bacterial strains  

					* and ** indicate a significant difference compared to the positive  

					control with levels p < 0.05 and p < 0.01, respectively.  

					Table 1: Radical scavenging activity of two ginger essential  

					oils  

					In comparison between the two ginger essential oils, the MICs of KP-  

					EO ranged from 30 to 190 g/mL (Table 3), which seems to be more  

					potent than DC-EO, with the MICs being found between 180 and 350  

					g/mL. The result of DC-EO agrees with the finding in the research of  

					Thinh et al., with MICs varying from 200 to 400 μg/mL.21 In the  

					literature, Zingiber officinale essential oil has demonstrated powerful  

					anti-bacterial actions in many scientific documents.30 Other ginger  

					species, such as Z. zerumbet31 or Z. montanum32 have also been  

					considered a potential source for suppressing several pathogenic  

					bacteria. The findings in the current study provide more evidence to  

					support the use of ginger essential oils therapy to treat various bacterial-  

					infected diseases.  

					Sample  

					KP-EO  

					DC-EO  

					DPPH (IC50, mg/mL)  

					12.01 ± 0.96a  

					ABTS (IC50, mg/mL)  

					0.13 ± 0.00a  

					33.57 ± 0.83b  

					8.31 ± 0.11b  

					Ascorbic  

					acid  

					0.006 ± 0.000  

					ND  

					ND  

					Trolox  

					0.009 ± 0.000  

					Table 3: Minimum inhibitory concentration (MIC) values for  

					two essential oils  

					Different superscript letters in each column refer to a significant  

					difference between the two samples. ND: not determined  

					KP-EO (MIC,  

					DC-EO (MIC,  

					Bacterial strains  

					Table 2: Content of phenolic and flavonoid compounds in two  

					g/mL)  

					g/mL)  

					ginger essential oils  

					E. coli  

					L. monocytogenes  

					K. pneumoniae  

					S. aureus  

					200  

					190  

					ND  

					30  

					180  

					180  

					350  

					ND  

					ND  

					Sample  

					KP-EO  

					DC-EO  

					TPC (mg/100 g DW)  

					117.29 ± 20.88a  

					18.37 ± 1.20b  

					TFC (mg/100 g DW)  

					618.60 ± 39.87a  

					311.00 ± 21.29b  

					Different superscript letters in each column refer to a significant  

					difference between the two samples.  

					E. faecalis  

					ND  

					Antibacterial activity  

					ND: not determined  

					The result showed that both gingers’ essential oils considerably  

					impeded the development of most tested bacterial strains, with the  

					inhibition rate ranging from 66.08% to 100% for KP-EO and from  

					84.02% to 98.86% for DC-EO (Figure 1). KP-EO displayed the  

					strongest suppressive activity against E. coli, L. monocytogenes, and S.  

					Antifungal activity of ginger essential oils  

					In this experiment, two ginger essential oils were tested for their  

					inhibitory effect against 7 plant-infected strains and 3 human-infected  
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					strains for the first time. The agar well diffusion method was used to  

					inspect the fungal mycelium growth on the petri dishes. Figure 2 shows  

					the development of two representative strains: the rice blast fungal  

					strain VNN-0737 and the human strain T. marneffei, after being treated  

					with two ginger essential oils for up to 14 days. After 5 days of  

					incubation, the mycelium production from both strains was not  

					observed, in comparison with a full growth zone of the control dish. The  

					mycelium from two fungal strains started appearing at 10 dpi for KP-  

					EO, while the whole inhibition zones remained for DC-EO until the last  

					day of the experiment.  

					The results in Table 4 showed that KP-EO completely restrained the  

					mycelium growth of 3 rice blast fungal strains (VNC-0031, VNN-0737,  

					VNC-0076) at 5 dpi. However, the suppression considerably declined  

					after 10 and 14 days of incubation. The inhibition rate was observed at  

					low levels in the first stage, ranging from 21.33 to 57.78% for the  

					remaining plant pathogens. For human pathogens, KP-EO only  

					exhibited a moderate inhibitory impact against T. marneffei, with  

					76.67% inhibition at 5 dpi and dropping to 43.86% at 14 dpi. Two other  

					strains were slowly impeded during the first five days, and then they  

					grew normally after 10 days of incubation with the essential oil. In a  

					recent study, Nguyen et al. indicated the fungistatic effect of the K.  

					parviflora essential oil against F. oxysporum during only six incubation  

					days.17  

					Therefore, the current research provides more scientific evidence to  

					prove the fungicide capacity of this ginger against more fungal strains  

					for a longer time.  

					In the literature, the antifungal activity of several ginger species, such  

					as Z. officinale 12 – 15 and Z. zerumbet16 has been reported. However, this  

					is the first time the essential oil from ginger D. citrea was evaluated for  

					its ability to inhibit both plant and human fungi. The results showed that  

					the DC-EO sample displayed an effective activity against most of the  

					tested fungal strains after five days post-incubation, except for F.  

					oxysporum (Table 5). Among 7 plant pathogen samples, four strains  

					(VNN-1247, VNN-0737, VNC-0031, and Foc VP) were completely  

					inhibited at 5 dpi, but only VNN-1247 (I = 91.67%) and VNN-0737 (I  

					= 100%) were still highly impeded up to 14 dpi.  

					Table 5: Antifungal activity of DC-EO determined by well  

					diffusion assay  

					Inhibition rate (%)*  

					Type  

					Fungal strains  

					VNN-1247  

					VNN-0737  

					VNC-0076  

					VNC-0031  

					F. oxysporum  

					Foc TG  

					5 dpi  

					10 dpi  

					14 dpi  

					100.00 ±  

					100.00 ±  

					91.67 ±  

					0.00  

					0.00  

					0.07  

					Table 4: Antifungal activity of KP-EO determined by well  

					100.00 ±  

					100.00 ± 100.00 ±  

					diffusion assay  

					Inhibition rate (%)*  

					0.00  

					0.00  

					0.00  

					Type  

					Fungal strains  

					5 dpi  

					10 dpi  

					14 dpi  

					74.07 ±  

					26.67 ±  

					25.00 ±  

					57.78 ±  

					0.04  

					54.17 ±  

					0.04  

					37.50 ±  

					0.17  

					VNN-1247  

					VNN-0737  

					VNC-0076  

					VNC-0031  

					0.23  

					0.07  

					0.05  

					100.00 ±  

					0.00  

					80.39 ±  

					0.17  

					38.60 ±  

					0.03  

					Plant  

					52.78 ±  

					35.56 ±  

					100.00 ±  

					100.00 ±  

					0.00  

					37.78 ±  

					0.04  

					35.20 ±  

					0.03  

					strains  

					0.00  

					0.05  

					0.1  

					100.00 ±  

					0.00  

					33.33 ±  

					0.02  

					8.89 ±  

					0.11  

					0.00 ±  

					0.00 ±  

					Plant  

					strains  

					0.00 ± 0.00  

					0.00  

					0.00  

					21.33 ±  

					0.12  

					0.00 ±  

					0.00  

					0.00 ±  

					0.00  

					F. oxysporum  

					Foc TG  

					76.00 ±  

					39.74 ±  

					0.00 ±  

					36.00 ±  

					0.04  

					0.00 ±  

					0.00  

					0.00 ±  

					0.00  

					0.04  

					0.19  

					0.00  

					100.00 ±  

					48.72 ±  

					0.00 ±  

					30.26 ±  

					0.11  

					0.00 ±  

					0.00  

					0.00 ±  

					0.00  

					Foc VP  

					Foc VP  

					0.00  

					0.12  

					0.00  

					Fusarium sp. ATCC  

					39.39 ±  

					0.20  

					0.00 ±  

					0.00  

					0.00 ±  

					0.00  

					Fusarium sp. ATCC  

					60.61 ±  

					0.00 ±  

					0.00 ±  

					60289  

					60289  

					0.03  

					0.00  

					0.00  

					Human  

					strains  

					76.67 ±  

					0.06  

					52.94 ±  

					0.06  

					43.86 ±  

					0.06  

					T. marneffei  

					A. fumigatus  

					Human  

					strains  

					100.00 ±  

					100.00 ± 100.00 ±  

					T. marneffei  

					A. fumigatus  

					11.54 ±  

					0.12  

					0.00 ±  

					0.00  

					0.00 ±  

					0.00  

					0.00  

					0.00  

					0.00  

					73.08 ±  

					46.15 ±  

					*: data represents mean ± standard deviation of triplicates; KP-EO:  

					Essential oil extracted from K. parviflora; VNC-0031, VNN-0737,  

					VNC-0076, and VNN-1247: rice blast fungal strains isolated from rice  

					infected leaves in Quang Binh, Yen Bai, Thua Thien Hue, and Ninh  

					Binh, respectively; Foc TG and Foc VP: Fusarium oxysporum f. sp.  

					cubense isolated from banana infected leave in Tien Giang and Vinh  

					Phuc, respectively; T. marneffei: Talaromyces marneffei; A. fumigatus:  

					Aspergillus fumigatus; dpi: day post incubation.  

					93.59 ± 0.1  

					0.27  

					0.29  

					*: data represents mean ± standard deviation of triplicates; DC-EO:  

					Essential oil extracted from D. citrea; VNC-0031, VNN-0737, VNC-  

					0076, and VNN-1247: rice blast fungal strains isolated from rice  

					infected leaves in Quang Binh, Yen Bai, Thua Thien Hue, and Ninh  

					Binh, respectively; Foc TG and Foc VP: Fusarium oxysporum f. sp.  

					cubense isolated from banana infected leaves in Tien Giang and Vinh  

					Phuc, respectively; T. marneffei: Talaromyces marneffei; A. fumigatus:  

					Aspergillus fumigatus; dpi: day post incubation.  
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					KP-EO  

					DC-EO  
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					Figure 2: Comparison of the strongest antifungal activity of two ginger essential oils against plant strain VNN-0737 and human strain  

					T. marneffei KP-EO and DC-EO: Essential oil extracted from K. parviflora and D. citrea; VNN-0737: rice blast fungal strains isolated from rice-  

					infected leaves in Yen Bai; T. marneffei: Talaromyces marneffei; dpi: days post-incubation.  

					For human pathogens, DC-EO expressed the strongest suppressive  

					effect against T. marneffei (100% inhibition) and A. fumigatus (93.59%)  

					but a considerably weaker effect against Fusarium sp. ATCC 60289  

					(60.61%) after 5 days of cultivation. However, only T. marneffei’s  

					growth was restrained after 14 days of treatment with the ginger  

					essential oil.  

					g/mL. On the contrary, KP-EO possessed a weaker antifungal effect  

					than DC-EO, as it only inhibited the fungal mycelium growth after 5  

					days of cultivation. The promising findings in this research indicate that  

					the essential oils from K. parviflora and D. citrea deserve to be further  

					explored as an aromatherapy for potential applications in the treatment  

					of several microorganism-infected diseases.  

					It is worth emphasizing that both black ginger essential oils in the  

					current study were not only able to strongly impede the growth of plant  

					pathogens but also effectively active against T. marneffei, a fungus that  

					can cause deep-seated infections in humans. Therefore, the essential  

					oils from K. parviflora and D. citrea deserve to be more explored as  

					aromatherapy for potential applications in the treatment of plant and  

					human fungi-infected diseases.  
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					Conclusion  

					In the current study, both ginger essential oils exhibited moderate  

					neutralizing ability against DPPH and ABTS radicals and low levels of  

					phenolic and flavonoid compounds. Meanwhile, the DC-EO was found  

					to have a strong inhibitory effect against some bacterial strains, with an  

					average inhibition of 91.53%. In addition, this sample also exerted a  

					remarkable activity on suppressing completely two plant pathogens  

					(VNN-1247 and VNN-0737), and one human strain (T. marneffei) up  

					to 14 days after treatment. The KP-EO seemed to display a more potent  

					antibacterial action than DC-EO, with MICs ranging from 30 to 200  
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