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Zingiber zerumbet (L.) Roscoe ex Sm. commonly known as bitter ginger, is
used in traditional medicine to treat inflammation, rheumatism, sprains, colic
pain, diarrhea, tonsillitis, and other ailments. This study aims to evaluate the
essential oils extracted from mature rhizomes of Zingiber zerumbet cultivated
in Buon Ma Thuot city for their antioxidant, antimicrobial, and anti-
inflammatory properties. Using three in vitro models of antioxidant activity, it
was shown that the antioxidant capacity of essential oils from Zingiber
zerumbet rhizome was found to be independent of polyphenol content.
Antibacterial testing revealed that the essential oils depends on the volatile
components and effectively inhibited Staphylococcus aureus (ICsy = 28.911+
5.275 mg/mL) and Pseudomonas aeruginosa (ICs, = 32.900 + 5.722 mg/mL)
but had limited activity against Escherichia coli. The essential oil of Zingiber
zerumbet has potential applications in pharmaceuticals due to its antioxidant,
antibacterial, and anti-inflammatory properties, but further studies are needed to
optimize extraction methods and elucidate its mechanisms of action.
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Zingiber zerumbet (L.) Roscoe ex Sm. thuong duoc goi 1a gimg ding hay
gimg gi6, duoc sir dung trong y hoc ¢ truyén dé diéu tri viém, thip khop,
bong gan, dau bung, tiéu chay, viém amidan va nhiéu bénh khac. Nghién ciru
nay duoc thiét ké dé thu tinh dau chung cit bing 3 phwong phap khac nhau tir
cu gia cia Zingiber zerumbet trong tai thanh phd Buén Ma Thudt, dé xac dinh
cac hoat tinh khang oxy hoa, khang khuan va khang viém. Str dung 3 mé hinh
thir nghiém in vitro cua hoat tinh khang oxy hoa, cac két qua thu dwoc cho
thdy kha ning khang oxy hoa cta cac tinh dau tir ci gimg gié khong phu
thudc vao sy thay d6i ham lugng hop chét polyphenol. Trong m6 hinh thu
nghiém khang khuan bang diy pha lodng nong d6, kha nang khang khuan cua
tinh dau gimg gio lai phu thudce vao cac thanh phan dé bay hoi va tc ché cac
vi khuan thir nghiém & ICs, v6i Staphylococus aureus 1a 28,911+ 5,275
mg/mL va Pseudomonas aeruginosa la 32,.900 + 5,722 mg/mL. Céc tinh dau
gung gi6 trong nghién clru ndy thé hién kha ning trc ché véi Escherichia coli
thap. Tinh du ging gi6 c6 tiém ning ung dung trong dugc liéu nho hoat tinh
khang oxy hoa, khang khuan va khang viém, nhung can nghién ctru thém dé
t6i wu hoa chiét xuat va xac dinh co ché tac dong.
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1. Introduction

The Zingiberaceae family belongs to the Zingiberales order, one of the largest plant orders in
the kingdom. Over a hundred years ago, ginger was first utilized as a spice and natural flavoring.
Beyond its culinary applications, spices are now recognized for their potential to create
innovative traditional remedies for various diseases [1]. These spices, regarded as medicinal
plants, are abundant in secondary metabolites, which provide substantial sources for novel
chemical compounds with therapeutic effects, including antioxidant, antibacterial, and anti-
inflammatory properties [1] — [4]. For centuries, Zingiber species have been utilized for their
antimicrobial, anti-inflammatory, and antioxidant properties [1] - [4].

Zingiber zerumbet (L.) Roscoe ex Sm. (Family: Zingiberaceae) is widely distributed across
tropical regions, particularly in Southeast Asia, the Pacific, and Oceania. The rhizomes of the
plant have been traditionally used as spices and for treating immune-inflammatory-related
disorders [1], [5]. Numerous bioactive compounds have been isolated from Z. zerumbet, making
it a potent medicinal candidate for a wide range of disorders [1] - [4], [6] - [8]. In Dak Lak
province, Vietnam, this species is commonly referred to as "bitter ginger" and is abundant in Yok
Don National Park, where it thrives under local climatic conditions.

This species is also cultivated in the tropics for its medicinal properties and commercial value
as a spice [1]. It is traditionally used to treat stomachaches, swelling, sores, loss of appetite, ear
inflammation, and diarrhea, and is a common ingredient in many traditional medicine
formulations [9]. The rhizomes of Z. zerumbet contain essential oils rich in diverse classes of
compounds, including polyphenols, alkaloids, and terpenes. These essential oils are not only
employed in medicinal applications but also as raw materials in industry [6], [10].

Previous studies have indicated that the chemical composition of Z. zerumbet essential oil is
highly variable, influenced by genetic, climatic, and soil conditions, altitude, growth phase
(reproductive or vegetative), and the method of essential oil extraction [4]. However, to date, no
studies have investigated the chemical constituents and pharmacological activities of the volatile
oil derived from the rhizomes of Z. zerumbet in Dak Lak province. Furthermore, the effects of
different distillation conditions on the chemical composition and pharmacological activities of Z.
zerumbet volatile oils remain unclear [3] - [5], [9].

In order to determine the raw material standards and conditions for distilling essential oils
from Z. zerumbet rhizome in cultivation for application in supporting the treatment of infectious
and inflammatory diseases and some diseases related to metabolic disorders, in this study, we
determined the antioxidant, antibacterial and anti-inflammatory properties of essential oils from
Z. zerumbet rhizome grown in Buon Ma Thuot city, Dak Lak province.

2. Materials and methods

2.1. Plant material

Figure 1. Zingiber zerumbet: (a) flower, (b) rhizome, (c) cross section of rhizome
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Fresh rhizomes of Zingiber zerumbet (Figure 1) were collected from Yok Don National Park
in September 2022 (Number collected sample is TNU2024-11CB-21032022, stored at Biology
department of Tay Nguyen University). These rhizomes were then cultivated in Thanh Nhat
District, Buon Ma Thuot city, and harvested in December 2023.

2.2. Essential oil extraction

The rhizomes were cut into small pieces and subjected to hydrodistillation for 8 hours [3]
using a Clevenger-type apparatus under three different conditions: MT1: Fresh Z. zerumbet
rhizomes were distilled without the addition of NaCl, yielding essential oil labeled as ZREO 1,
MT2: Fresh Z. zerumbet rhizomes were distilled with 8% NaCl (Xilong, China), yielding
essential oil labeled as ZREO 2; MT3: Z. zerumbet Rhizomes were air-dried at room temperature
(~25°C) for two weeks, then distilled with 8% NaCl, yielding essential oil labeled as ZREO 3.
The resulting essential oils were dried over anhydrous Na,SO, (Xilong, China), filtered, and
stored in amber glass bottles at 4°C for further analysis.

2.3. Total phenolic and flavonoid contents
2.3.1. Total Phenolic Content

The total phenolic content (TPC) was determined using the Folin-Ciocalteu method with
slight modifications. Specifically, 0.5 mL of the sample solution was mixed with 2.5 mL of
Folin-Ciocalteu reagent (Merck, India) and incubated for 4 minutes. Following this, 4 mL of
Na.COs solution (7.5%, Xilong, China) was added, and the mixture was incubated at room
temperature for 60 minutes. The absorbance was measured at 760 nm using a UV-5200
spectrophotometer (Shanghai Metash Instruments Co., Ltd, China). The TPC was expressed as
milligrams of gallic acid equivalents (mg GAE) per gram of essential oil [6].

2.3.2. Total flavonoid content

The total flavonoid content (TFC) was quantified using the NaNO:-Al(NOs)s-NaOH
colorimetric assay with minor adjustments. The sample solution (0.5 mL) was mixed with 0.04
mL of 5% NaNO: solution (Xilong, China) and incubated for 6 minutes. Subsequently, 0.04 mL
of 10% AI(NOs)s solution (Xilong, China) was added, followed by an additional 6-minute
incubation. Afterward, 0.4 mL of 4% NaOH solution (Xilong, China) was added, and the total
volume was adjusted to 1 mL with distilled water. The mixture was incubated at room
temperature for 15 minutes, and the absorbance was read at 510 nm. The TFC was expressed as
milligrams of quercetin equivalents (mg QE) per gram of essential oil [6].

2.3.3. Antioxidant activity

The antioxidant potential of the essential oil was evaluated using three established methods: DPPH
(2,2-diphenyl-1-picrylhydrazyl) free radical scavenging, ABTS (2,2'-azino-bis-3-ethylbenzthiazoline-
6-sulphonic acid) radical scavenging, and ferric reducing antioxidant power (FRAP).

2.3.4. DPPH free radical scavenging activity

The DPPH free radical scavenging activity of the essential oil was determined with the
reaction volume adjusted to suit laboratory condition [6]. 0.2 mL essential oil samples dissolved
in methanol with different concentrations were mixed with 1 mL of 0.006% DPPH solution in
methanol (prepared during the day). After mixing the sample solution with DPPH and allowing a
reaction time of 30 minutes, the absorbance was measured at 517 nm using a UV-Vis
spectrophotometer (6850 UV/Vis Spectrophotometer, JENWAY). A decrease in the absorbance
indicated an increase in scavenging activity. The percentage of inhibition was calculated using
the formula: scavenging activity % = 100*(Absorbance of blank sample - Absorbance of
sample)/ Absorbance of blank sample. Here, the absorbance of blank sample represents the
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DPPH solution with methanol, and the absorbance of sample corresponds to the DPPH solution
with the tested oil samples. Then, a linear correlation equation (y = ax + b) is constructed
between the inhibition percentage and the sample concentration, and the ICsy value (meant that
the concentration at which 50% of DPPH free radicals are quenched) is determined. Ascorbic
acid was used as the positive control. All experiments were conducted in triplicate.

2.3.5. ABTS radical scavenging activity

The ABTS radical scavenging activity was assessed based on the protocol of Reddy et al. [1],
with minor adjustments. ABTS radicals were generated by mixing 7 mM ABTS solution with
2.45 mM potassium persulfate, K.S.Os, (Sigma-Aldrich) and incubating the mixture at 37°C for
16 hours in the dark. Before use, the ABTS solution was diluted with methanol to achieve
absorbances of 0.70 £ 0.02 at 734 nm. The reaction was initiated by adding 2 mL of ABTS
solution to 0.2 mL of the essential oil at varying concentrations, followed by incubation at 37°C
for 10 minutes in the dark. The percentage of inhibition was calculated using the same formula as
for the DPPH assay. The 1Cs, value was determined to express the radical scavenging efficiency
of the essential oil. Vitamin E was used as the positive control. All measurements were
performed in triplicate.

2.3.6. Ferric reducing antioxidant power

The Ferric reducing antioxidant power (FRAP) assay was conducted as per the method
described by Ferreira et al. [9], with slight modifications. The FRAP reagent was freshly
prepared by mixing 2.5 mL of 10 mM TPTZ (2,4,6-tripyridyl-s-triazine) (Sigma-Aldrich) in 40
mM HCI (Xilong, China), 2.5 mL of 10 mM FeCls-6H:0 (Xilong, China), and 25 mL of 300 mM
acetate buffer (pH 3.6). The reagent was pre-warmed to 37 °C. The reaction mixture consisted of
900 pL FRAP reagent, 90 pL distilled water, and 40 pL essential oil dissolved in 5% DMSO at
concentrations ranging from 1 to 100 mg/mL. After incubation at 37 °C for 10 minutes, the
absorbance was measured at 593 nm. Trolox was used as the positive control. The FRAP values
were expressed as micrograms of FeSOa equivalents per gram of essential oil (ug FeSO4/g). All
experiments were performed in triplicate.

2.3.7. Antibacterial activity

The antibacterial activity of Z. zerumbet essential oils was evaluated against Pseudomonas
aeruginosa ATCC®9027, Staphylococcus aureus ATCC®25923, and Escherichia coli
ATCC®25922 using the broth microdilution method with slight modifications [5].

Two-fold serial dilutions of the samples were mixed with bacterial suspensions (5 x 10°
CFU/mL) and incubated at 37 °C for 24 hours. MIC values were determined through macroscopic
observation, spectrophotometric readings at 620 nm, and resazurin colorimetric assay. MBC values
were determined by subculturing samples from non-color-changing tubes onto Mueller-Hinton agar
followed by incubation at 37 °C for 24 hours. Percentage inhibition and IC50 values were
calculated based on absorbance measurements. All tests were performed in triplicate.

2.3.8. Bovine serum albumin denaturation assay

The anti-inflammatory activity of Z. zerumbet essential oils (ZREOs) was evaluated using a
modified method from Chakou et al. [8]. Essential oil samples at concentrations of 1-100 mg/mL
were prepared in 0.05 M Tris buffer (pH 6.6). Each sample (500 uL) was mixed with 2% (w/v)
bovine albumin fraction V (Sigma-Aldrich, USA), incubated at 37°C for 20 minutes, and heated
at 70 °C for 5 minutes. After cooling, absorbance was measured at 600 nm using a UV/Vis
spectrophotometer (JENWAY 6850). Diclofenac potassium (Novartis, Turkey) served as the
positive control, and all assays were performed in triplicate. The percentage inhibition of albumin
denaturation was calculated using the equation: Percentage inhibition = 100*(Absorbance of
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control - Absorbance of sample)/ Absorbance of control. The ICs, value, representing the
essential oil concentration required to inhibit 50% albumin denaturation, was determined by
plotting percentage inhibition against sample concentration.

2.3.9. Egg albumin assay

The anti-inflammatory activity of essential oils was evaluated using the egg albumin
denaturation model. Reaction mixtures consisted of 0.2 mL of 2% egg albumin solution, 2 mL of
essential oil sample in 5% DMSO (or standard diclofenac potassium, Novartis), and 2.8 mL of
phosphate-buffered saline (PBS, pH 7.4), making a total volume of 5 mL. Controls included 2
mL of triple-distilled water, 0.2 mL of egg albumin solution, and 2.8 mL of PBS. Samples were
incubated at 37 °C for 30 minutes, followed by heating at 70°C for 15 minutes. After cooling,
absorbance was measured at 280 nm using a UV/Vis spectrophotometer (JENWAY 6850). The
percentage inhibition of protein denaturation was calculated as: Percentage inhibition =
100*(Absorbance of control - Absorbance of sample)/ Absorbance of control. The I1Cs, value was
determined by plotting the percentage inhibition of denaturation against sample concentration.

2.3.10. Statistical analysis

All experiments were performed in triplicate, and results were expressed as means = SD.
Statistical analysis was conducted using SPSS software (version 19.0). One-way analysis of
variance (ANOVA) was applied, and Duncan’s multiple range test was used to identify
significant differences at p <0.05.

3. Results and discussion
3.1. Total phenolic and flavonoid contents

Polyphenols, including phenolics and flavonoids, serve as natural antioxidants, modulating
metabolic activity and reducing oxidative stress-related diseases such as inflammation and
diabetes complications [8]. Ginger essential oil (EO) is known for its diverse polyphenol
composition, which contributes to its antioxidant, antibacterial, and anti-inflammatory properties.
In this study, total phenolic content and total flavonoid content of Z. zerumbet rhizome essential
oils (ZREOs) were quantified under three distillation conditions [Table 1]. TPC averaged 15 mg
GAE/g EO, while TFC was approximately 12 mg QE/g EO, consistent with the known diversity
of bioactive compounds in ginger EO. Compared to other extraction methods, polyphenol levels
in ZREOs were relatively low. For instance, ethanol extracts of Z. zerumbet rhizomes reported by
Nag et al. [10] showed TPC of ~33.64 mg GAE/g and TFC of ~26.79 mg QE/g. The antioxidant
potential of phenolic compounds was linked to hydroxyl groups donating hydrogen atoms via
electron transfer mechanisms, thereby preventing oxidation. Variability in phenolic and flavonoid
content depended on factors such as plant origin, age, climate, seasons, and nutrient availability
[1]. These findings highlighted the complexity of polyphenol content and the influence of
environmental and processing conditions on ZREOs' functional properties.

Table 1. Polyphenol contents of Zingiber zerumbet rhizome essential oils

Essential oil samples  Phenolics (mg GAE/g EO) Flavonoids (mg QE/g EO)

ZREO 1 14.818 + 0.822% 12.836 + 0.508°
ZREO 2 14.843 £ 0.412° 11.273 + 0.449*
ZREO 3 13.620 + 0.7072 12.471 + 0.852%

Results are expressed as mean of three replicates = standard deviation; different letters indicate significant
differences in a column according to Duncan stepwise comparisons (p < 0.05).

In general, the polyphenol content in ginger essential oil was found to be relatively low
compared to other extraction methods. For example, the study by Anish Nag et al. [10], [11]
reported a TPC of approximately 33.64 mg GAE/g and a TFC of 26.79 mg QE/g in the ethanol
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extract of Z. zerumbet (L.) rhizomes. The antioxidant potential of phenolic compounds can be
attributed to their hydroxyl groups, which act as hydrogen atom donors via electron transfer
mechanisms, thereby inhibiting oxidation. The variability in total flavonoid and phenolic contents is
influenced by multiple factors, including collection site, plant age, temperature, climate, radiation,
seasons, herbivore activity, and nutrient availability [1]. These findings emphasize the complexity
of polyphenol content and its dependence on environmental and processing conditions.

3.2. Antioxidant activity

Antioxidant potential cannot be assessed using a single assay method due to the variation in
assay principles and experimental conditions. For instance, some methods, such as the DPPH
assay, use organic radical producers, whereas others, like the FRAP assay, rely on metal ions for
oxidation. Additionally, the time required for free radical production by oxidation reactions
differs across assays. As a result, different antioxidant assays use specific control compounds,
such as BHT, ascorbic acid, or trolox, depending on the rate and time of radical scavenging [1],
[10]. Antioxidants can be polar, such as phenolics and flavonoids, or non-polar, such as vitamin
E, and act via electron or hydrogen donation mechanisms.

In this study, the antioxidant activity of Zingiber zerumbet rhizome essential oils (ZREOs)
was evaluated using three in vitro free radical scavenging methods: DPPH, ABTS, and FRAP
assays. The results are summarized in Table 2, showcasing the 1Cs, values for radical scavenging
activity of ZREOs under three distillation conditions.

Table 2. ICx, values of radical scavenging activities of Zingiber zerumbet rhizome essential oils

Name of samples DPPH radical ABTS radical FRAP activity (FeSO4
(mg/mL) (mg/mL) pg/g essential oil)

ZREO 1 18.478 + 1.569° 6.807 + 0.567" 1558.686 + 5.4297"

ZREO 2 24.594 +2.658° 11.091 + 1.446° 999,1525 + 4.492°

ZREO 3 8.914 +2.687°2 4.607 £ 1.472° 1815.89 + 4.492°

Ascobic acid (ng/mL) 30.193 £3.297 - -

Vitamin E (ug/mL) : 28.292 + 1.756 -

Trolox (FeSO4 pg/mg Trolox) ’ - 46.54 £1.376

Results are expressed as mean of three replicates + standard deviation; different letters indicate significant
differences in a column according to Duncan stepwise comparisons (p < 0.05); (-) mean nondetected.

3.2.1. DPPH radical scavenging activity

The DPPH assay evaluates the hydrogen-donating ability of antioxidants to neutralize free
radicals. Radical scavenging activities are very important to prevent the deleterious role of free
radicals in different diseases, including cancer [10]. Among the three ZREOs, ZREO 3 showed
the strongest DPPH radical scavenging activity (IC50 = 8.914 + 2.687 mg/mL), which was
significantly better than ZREO 1 and ZREO 2, suggesting that the drying process before
distillation and the addition of NaCl enhanced the bioavailability of active components. The
DPPH scavenging activity of ZREO 3 was also superior to the standard ascorbic acid (IC50 =
30.193 + 3.297 pg/mL), highlighting its potential as a natural antioxidant. The relatively lower
DPPH scavenging activity of ZREOs compared to conventional antioxidants like ascorbic acid
suggests that non-polar compounds, such as terpenes, may play a more significant role in
antioxidant activity than polyphenols. These findings suggest that the polyphenol compounds in
ZREOs play a minor role in radical scavenging activity.

3.2.2. ABTS radical scavenging activity

The ABTS scavenging activity is known to be more reactive compared to the DPPH assay.
While the DPPH assay involves hydrogen atom transfer, the ABTS assay operates via an electron
transfer mechanism. This study also examined the ABTS radical scavenging capacity of ZREOs,
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showing a concentration-dependent relationship [9], [10]. As shown in Table 2, ZREOs exhibited
a stronger ability to neutralize ABTS free radicals compared to their DPPH radical scavenging
ability. Among the three tested ZREOs, ZREO3 demonstrated the most potent free radical
scavenging capacity, with an 1Cs, value of 4.607 + 1.472 mg/mL, significantly outperforming
tocopherol (IC50 of 28.292 + 1.756 pg/mL).

3.2.3. Ferric reducing antioxidant power

The FRAP assay assesses antioxidant activity by measuring the reduction of ferric ions (Fe**-
TPTZ) to ferrous ions (Fe**-TPTZ) at low pH, producing a blue-colored complex. This cost-
effective method is widely used for screening antioxidant potential and comparing compound
efficiency [4], [10]. As shown in Table 2, the antioxidant capacity of ZREOs was quantified as
ug FeSOs equivalents, reflecting their ferric-reducing ability. Similar to the DPPH assay, the
iron-reducing capacity of natural polyphenol-related compounds aligned with FRAP results.
However, ZREO displayed weak ferric-reducing activity compared to the positive control, trolox,
suggesting that its antioxidant potential is less linked to polyphenol content and more associated
with terpene compounds [10].

The results indicated that the distillation conditions significantly influence the antioxidant
activity of ZREOs. Essential oils distilled under MT3 conditions demonstrated the highest
antioxidant capacity, potentially due to improved preparation and drying of Z. zerumbet rhizomes,
which enhanced terpene extraction. These findings highlighted the critical role of optimizing
distillation processes to maximize bioactive compound recovery in essential oils.

3.3. Quantitative evaluation of the antimicrobial effect

The antimicrobial activity of Zingiber zerumbet rhizome essential oils (ZREOs) was tested
against E.coli ATCC®25922, S.aureus ATCC®25923, and P.aeruginosa ATCC®9027. The
results in Table 3 revealed that antibacterial efficacy varied depending on the oil sample and
bacterial strain.

Table 3. MIC and ICs, values were obtained by method of serial micro dilutions

The inhibitory concentration values of ZREO (mg/mL)
MIC ICs
E. coli S. aureus P. aeruginosa E.coli S. aureus P. aeruginosa

ATCC®25922 ATCC®25923 ATCC®9027 ATCC®25922  ATCC®25923 ATCC®9027
ZREO 1 4512+0.886° 6.197+1.619° 4.767+1.018% 82378 +13.683° 56.385+9.334" 38.835 +6.847%
ZREO2 4786+ 1.177° 5944+1256® 5.107+1218" 67.074+10.928" 150.576 +24.383% 53.464 + 9.086°
ZREO 3 9571 +2.186° 4.622+1.069° 5.622+1.154° 55001 £8.963% 28911 +5.275° 32.900 +5.722%
Ampicillin
(ng/mL)

Results are expressed as mean of three replicates * standard deviation, different letters indicate significant

differences in a column according to Duncan stepwise comparisons (p < 0.05).

Samples

0.700 £ 0.069 1.479+0.684 3.510+0.729 10.960 +1.097 13.509+£1.245 53.761 +1.264

ZREO3 exhibited significant activity, particularly against S. aureus and P. aeruginosa, with
ICso values of 28.911 £ 5.275 mg/mL and 32.900 + 5.722 mg/mL, respectively. In contrast, its
activity against E. coli was weaker, with an IC50 of approximately 55.001 + 8.963 mg/mL. All
ZREO samples demonstrated low activity at the minimum inhibitory concentration (MIC),
ranging between 5 and 10 mg/mL.

Previous studies reported higher antimicrobial potency of Z. zerumbet oils from other regions.
For instance, essential oils from Indonesia showed MIC values as low as 1.25 mg/mL for E.
coli and P. aeruginosa and 0.625 mg/mL for Salmonella typhi. The antimicrobial efficacy of Z.
zerumbet oil against S. aureus, Bacillus cereus, P. aeruginosa, and E. coli has been well-
documented [6]. This activity is largely attributed to zerumbone, a primary compound with
antimicrobial, antifungal, and anti-mycological properties, along with synergistic effects from
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other constituents [2], [3], [12]. The differences in antimicrobial efficacy could result from
variations in distillation methods, which influence the chemical composition of the oils. The
superior performance of ZREO3 underscored the importance of optimizing distillation conditions
to enhance the therapeutic potential of Z. zerumbet essential oils.

3.4. Anti-inflammatory activity

Inflammation, marked by symptoms like pain and swelling, often involves protein
denaturation, a loss of structural and functional integrity caused by stressors like heat or
chemicals [7]. The anti-inflammatory potential of Z. zerumbet rhizome essential oils (ZREOs)
was evaluated based on their inhibition of heat-induced albumin denaturation.

As shown in Table 4, the data revealed that all ZREO samples exhibited moderate inhibition of
both bovine serum albumin (BSA) and egg albumin denaturation, with 1C50 values ranging from
52 to 64 mg/mL. For comparison, the standard diclofenac potassium exhibited significantly lower
IC50 values (32 pg/mL for BSA and 18.453 pg/mL for egg albumin denaturation). Among the
tested ZREOs, ZREO 2 demonstrated superior anti-inflammatory activity, with 1Cs, values of
50.423 mg/mL and 54.24 mg/mL for BSA and egg albumin, respectively. No significant difference
was observed between ZREO 1 and ZREO 2, while ZREO 3 showed slightly weaker activity.

Table 4. I1Cx, values were obtained by method of albumin denaturation

IC5, values of denaturation by essential oils (mg/mL)

Name of samples

Bovine serum albumin Egg albumin
ZREO 1 52.28 + 1.687% 56.543 £ 3.867°
ZREO 2 50.423 +2.758% 5424 + 4.446°
ZREO 3 54.446 + 2.587" 60.168 + 1.472°
Diclofenac potassium (pg/mL) 32.042 +3.297 18.453 +2.327

Results are expressed as mean of three replicates + standard deviation; different letters indicate significant
differences in a column according to Duncan stepwise comparisons (p < 0.05).

Previous studies have reported anti-inflammatory activity in Z. zerumbet extracts and oils,
including inhibition of NO and PGE2 production in LPS-induced RAW 264.7 macrophages. This
activity correlates with polyphenol content and is influenced by environmental factors like soil,
climate, and growth conditions [13].

4. Conclusions

To the best of our knowledge, this study is the first to compare the antioxidant, antimicrobial,
and anti-inflammatory activities of Z. zerumbet fresh and dry rhizome essential oils cultivated in
Buon Ma Thuot city. From the results obtained in the study, we determined the conditions for
obtaining essential oils with antibacterial, antioxidant and anti-inflammatory activities from
rhizomes of Zingiber zerumbet under cultivation conditions. The antioxidant capacity of essential
oils from rhizomes of ginger obtained from the study showed that they depended on the distillation
conditions and the freshness of the raw materials, specifically, the best antioxidant capacity was
shown in essential oils obtained under distillation conditions with the presence of 8% NaCl and
Zingiber zerumbet rhisome stored from two weeks after harvest. The anti-inflammatory ability of
essential oil from ginger rhizome is best demonstrated in essential oil distilled from Zingiber
zerumbet rhisome with storage time of 0-7 days and distillation conditions with 8% NaCl. In
conclusion, the essential oil of Zingiber zerumbet rhisome obtained under the distillation condition
with 8% NaCl effect of this study has antibacterial, antioxidant and anti-inflammatory potential.
However, for practical applications in cosmetics, pharmaceuticals, or food preservation, further in
silico and animal studies are needed to assess safety and efficacy. Additionally, limitations in
sample size and experimental conditions should be addressed, and future research should focus on
identifying key bioactive compounds and optimizing extraction methods.
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