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Abstract: Spices and herbs, owing to their natural benefits to human health, are gaining momentum as food preservatives in recent
years. Due to their antioxidant activity, their extracts with bioactive principles form the basis of pharmaceutical and food processing
applications. Two of such crops, mountain mint (Pycnanthemum virginianum) and red turmeric (Curcuma longa), were compared for
their phytochemical composition, the antioxidant activity of methanolic extracts, and their antimicrobial activity against foodborne
pathogenic bacteria, Listeria monocytogenes, Salmonella enteritidis in this study. Our results showed that the mountain mint had higher
total phenolic content and total tannin content: 614.41+3.96 and 529.74+4.39 mg gallic acid equivalents/gram dry weight extract. In
comparison, red turmeric had higher total flavonoid content: 1250.51+8.10 mg catechin equivalents/gram dry weight extract. A lower
ICs value (21.39+0.86 pug/mL) of red turmeric reflected its higher antioxidant activity. A lower concentration of methanolic extract of
red turmeric rhizome was needed for both MIC (62.5 and 125 pg/mL) and MBC (125 and 250 pg/mL) assay against L. monocytogenes
and S. enteritidis, respectively. In conclusion, these findings showed the red turmeric methanolic extract as a source of potential
phytochemicals and antioxidants exhibited relative efficiency with antimicrobial activity against two common foodborne pathogens. The
results have implications for use in processed food preservation and protection against food spoilage pathogens.

Keywords: Crude Extracts, Phytochemical Components, Antioxidant Activity, Antibacterial Activity, Mountain Mint,
Red Turmeric

and hypoglycemic properties [6]. The other chemical
constituents of phenolics, glycosides, steroids, and saponins
are utilized as crude drugs for pharmacological applications
[7, 8]. They have effectively protected human health against
chronic diseases such as coronary heart disease, Alzheimer's
disease, and cancer [9, 10]. The phytochemical profiles and

1. Introduction

There is a decrease in the utilization of synthetic food
additives due to the growing concerns about the risk of
synthetic additives for human health [1, 2]. Therefore, new
eco-friendly methods, mainly plant extracts to reduce

pathogenic bacteria growth and prolong shelf-life of food
products, are being investigated as effective natural
preservatives [3, 4]. The medicinal plant species, such as
spices and herbs containing bioactive phytochemicals, such
as flavonoids, alkaloids, tannins, and terpenoids, have been
reported as antimicrobials and antioxidants [5], anti-
carcinogenic, anti-allergic, antimutagenic, anti-inflammatory,

antimicrobial activity of plants against a wide range of
bacteria have been reported [11-15]. The antimicrobial
activities of many commonly used herbal spices allow them
to be used for raw and processed food preservation,
pharmaceuticals, alternative medicines, and natural therapies
[16]. Indeed, spices and herbs can extend the shelf life of
foods through their antioxidant or antimicrobial activity [17].



American Journal of Biomedical and Life Sciences 2021; 9(3): 142-150 143

Also, these components could replace synthetic antioxidants
to improve the quality and nutritional value of functional
foods and offer additional health benefits [18].

The Mountain mint (Pycnanthemum virginianum), a
perennial herbaceous plant, belongs to Lamiaceae [19]. The
genus Pycnanthemum with about 20 species, is mainly
distributed across the southern US [20, 21], and has an
essential oil content that varies by species and ranges from
pleasant floral and mint to pulegone (used as insect repellents
and not suitable for culinary uses) [21]. Species such as P.
virginianum have a pleasant mint flavor and are often used
for making tea and as a medicine for treating coughs and
fevers, and as a stimulant for mental fatigue [22].

Turmeric (Curcuma longa L.), a species of Zingiberaceae,
is a rhizomatous plant native to southeast Asia, but it is
extensively cultivated in tropical areas globally [23].
Turmeric is well known for its use in culinary, aromatic,
cosmetic, and traditional herbal medicine [24]. The medicinal
use of turmeric dates back to 4000 years [25]. Besides
anecdotal and ethnic evidence, modern clinical studies have
proved the medicinal properties of turmeric, including
antioxidant, anti-inflammatory, antibacterial, and antifungal,
[26, 27] anti-carcinogenic, antimutagenic, anticoagulant,
antidiabetic, infertility, and many others [28]. The main
bioactive turmeric is curcuminoids, such as curcumin,
desmethoxycurcumin, and bisdemethoxycurcumin [29-31].
Turmeric's medical properties have been attributed to the
curcuminoids, which are abundant in turmeric rhizome [32].
Curcumin, a potent antioxidant, the yellow polyphenol
bioactive pigment, is believed to be the most bioactive and
has displayed antioxidant, anti-inflammatory, antimicrobial
effects [30, 33, 34], as well as shown significant health
benefits and the potential to prevent various diseases,
including Alzheimer's [35], coronary heart diseases, and
cancer [36]. The two crops, mountain mint, and red turmeric,
with potential for commercial cultivation in the southeastern
US, have not been evaluated for their relative potency for
inhibiting the growth of two common foodborne pathogenic
bacteria, L. monocytogenes, S. enteritidis. Thus, the
objectives of this research were: (1) to compare the bioactive
components, total phenolic content, total flavonoid content,
and total tannin content of the leaves of mountain mint and
rhizomes of red turmeric variety, "VN39'); (2) to determine
the relative efficacy of free radical scavenging activity and
antioxidant capacity of the methanolic extracts of the two
medicinally active plant species; and (3) to examine the
antimicrobial activity of crude methanolic extracts of
mountain mint leaves and turmeric rhizomes against two
foodborne pathogenic bacteria, L. monocytogenes (Gram-
positive bacteria), S. enteritidis (Gram-negative bacteria).

2. Materials and Methods
2.1. Plant Collection

The leaves of mountain mint and rhizomes of red turmeric
variety VN39 accession were sourced from plants grown

using organic production methods at the Alabama A&M
University Winfred Thomas Agricultural Research Station
located in North Alabama at Latitude 34°89'N and longitude
86°56'W. The dried plant materials of leaves of mountain
mint and rhizomes of red turmeric were ground into a fine
powder using a sterile blender. The dried powder was used
for further extraction analyses.

2.2. Extraction and Yield Determination

Our previous study on the relative efficacy of chloroform
and methanolic extracts of six Ocimum species (also
belonging to the Lamiaceae family as the mountain mint used
in this study) against pathogenic bacteria showed that the
methanolic extracts were more efficient [37], it may be due to
the maximum antibacterial compounds soluble in a polar
solvent, methanolic extracts [38]. Thus, we chose methanol
as the solvent to extract the bioactive compounds from the
mountain mint leaves and turmeric rhizome.

About 10 g of dry material of each mountain mint leaves
and red turmeric rhizome was placed in an amber-colored
bottle containing 150 mL of absolute methanol and kept at
room temperature for seven days. The soaked extracts were
filtered using double filter paper (Whatman™), evaporating
under room temperature. Their methanol extract dry weight
was recorded and stored at four °C until further use [28]. The
following formula (1) was used for calculating the dry yield
percentage [39].

dry weight extract

% yield =

x 100 (1)

initial dry raw material weight
2.3. Phytochemical Content

2.3.1. Determination of Total Phenolic Content

The total phenolics from herbal extracts were determined
using the Folin—Ciocalteu phenol reagent described by Molan
and his co-workers [40], with modification. The stock
solution of gallic acid at 5 mg/mL was prepared with distilled
water, further diluted into concentrations ranging from 20 to
400 pg/mL, and used as a standard calibration curve. 12.5 pL
of diluted (1:10) Folin - Ciocalteu's reagent: water at the (1:1)
ratio was added to the standard or diluted herbal extract
prepared a concentration of 1mg/ mL in a 96 well plate reader.
The reaction was allowed to stay for 5 minutes at room
temperature and followed by the addition of 125 uL of 10%
sodium carbonate. The reaction mixtures were incubated in
the dark at room temperature for 90 minutes. The absorbance
was measured at 750 nm using a spectrophotometer (800 TS
microplate reader, Biotek, Vermont, USA) against the reagent
blank. The total phenolic content of extracts was calculated
as milligram of gallic acid equivalent per gram dry weight
extract.

2.3.2. Determination of Total Flavonoid Content

The herbal extract total flavonoid content was determined
using the aluminum chloride colorimetric assay method
described by Chandra and his co-workers [41], with minor
modifications. The catechin stock solution at a 5 mg/mL
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concentration was prepared using 80% ethanol and further
diluted into concentrations ranging from 20 to 400 pg/mL
and used as a standard calibration curve. 7.5 pL of 5%
NaNO, was added to the 25 pL of standard catechin or a
diluted herbal extract prepared at the concentration of 1mg/
mL in a 96 well plate. The reaction was incubated for 5
minutes at room temperature and followed by the addition of
15 pL of 10% aluminium chloride (AICl;) dissolved in
distilled water. The reaction was allowed to stand for 5
minutes at room temperature, followed by the addition of 50
pL of 1 N NaOH, and then 40 pL of distilled water was
sequentially added to each well. The absorbance of the
reaction mixture at 515 nm was recorded using a
spectrophotometer (Model 800 TS microplate reader, Biotek,
Vermont, USA) against the blank. The total flavonoid content
is expressed as a milligram of catechin equivalent per gram
dry weight extract.

2.3.3. Determination of Total Tannin Content

The total tannin content was determined using the Folin—
Ciocalteu phenol reagent described by Tambe and Bhambar
[42], with slight modifications. A stock solution of gallic acid
at 5 mg/mL was prepared with distilled water and further
diluted into concentrations ranging from 20 to 400 pug/mL
and used as a standard calibration curve. 12.5 pL of diluted
(1:10) Folin - Ciocalteu's reagent: water at the (1:1) ratio was
added to the standard or diluted herbal extract prepared a
concentration of 1Img/ mL in a 96 well plate. The reaction
was incubated for 5 minutes at room temperature. This step
was followed by the addition of 10% sodium carbonate of
125 pL, and then 50 pL of distilled water was sequentially
added to each well. These reaction mixtures were incubated
in the dark at room temperature for 30 minutes. The
absorbance was recorded at 750 nm using a
spectrophotometer (800 TS microplate reader, Biotek,
Vermont, USA) against the reagent blank. The total tannin
content of extracts was calculated as milligram of gallic acid
equivalent per gram dry weight extract.

2.4. Antioxidant Assay with DPPH
(2,2-diphenyl-1-picrylhydrazyl) Radicals

The DPPH assay was used to estimate the radical
scavenging activities of the methanolic extracts from the two
herbs described in reference [43], with modifications. Before
the assay, the herb and ascorbic acid stock solution at a 1
mg/mL concentration was dissolved in methanolic and water,
respectively, and further diluted into concentrations ranging
from 0 to 500 pg/mL. The DPPH radical- methanol stock
prepared at a dilution of (1:50) was used as a negative control,
and ascorbic acid was used as the standard. The 200 pL of
DPPH radical solution was added to 40 pL of the standard or
herbal extract in a 96 well plate. The incubated samples were
reacted with the stable DPPH radical in a methanol solution,
and change in color (from deep violet to light yellow) were
read at 515 nm [Absorbance (Abs)] after 30 minutes using a
spectrophotometer (800 TS microplate reader, Biotek,
Vermont, USA) against control. The scavenging activity

determined using the following equation (2):

(Abs sample —Abs blank) X100
Abs control

AA% =100 —

2)

AA% is antioxidant percentage inhibition. Abs sample is
the absorbance of DPPH in the presence of either a herb
extract or the standard, and Abs blank is the absorbance of
methanol. Abs control is the absorbance of DPPH alone.

The percentage of each sample's antioxidant activity was
calculated, and the inhibition curve was established by
plotting the inhibition percentage against the log
concentration of the extract. Their ICsy (microgram
concentration required to inhibit DPPH radical formation by
50%) was identified from the inhibition curve.

2.5. Test Microorganisms

Two foodborne bacterial species, L. monocytogenes,
and S. enteritidis, used in the present study, were
purchased from Presque Isle Cultures (Erie, PA, USA).
Luria-Bertani medium (LB) was used for sub-cultured
microorganisms.

2.6. Determination of Minimum Inhibitory Concentrations
(MIC) and Minimum Bactericidal Concentrations
(MBC)

MIC of mountain mint leaves and turmeric rhizome crude
methanolic extracts was determined in 96-well microtiter
plates against common food pathogenic bacteria described
previously [44, 45]. Herbal crude extracts were dissolved in 1%
(w/v) in DMSO. DMSO alone was used as a negative control;
antibiotics, chloramphenicol at concentrations of 4.37, 8.75, and
17.5 pg/mL, and kanamycin at concentrations of (5, 2.5 pg/mL),
were used as a positive control. Briefly, 195 pL of 24h grown
bacteria, at a final density of ~10° CFU/mL, was loaded into
microtiter plates, followed by the addition of 5 puL. of extracts of
mountain mint and red turmeric stock at concentrations ranging
from 2.5, 5, 10, 20, 30, and 40 mg/mL into wells in triplicates.
The bacteria were then cultivated at 37°C with a continuous
shake at 240 rpm for 24h. After incubation, the wells were
examined for microbial growth by observing turbidity. The
lowest concentration of herbal extract indicates no visible
growth of bacteria by the eye was considered MIC. Results are
expressed in pg/mL. Further, the MBC was determined by sub-
cultivation of 200 uL of the above 24-hour culture from the
wells that didn't exhibit visible growth onto the agar plate and
incubated for 24h at 37°C. The lowest concentration of herb
extract indicating at least 99% killing of the original inoculum
was considered the MBC. All experiments for MIC and MBC
were performed in triplicates.

2.7. Statistical Analysis

The experiments were done in triplicates and expressed
as mean+SD. Student #-test was used to compare the
differences between groups. p-value < 0.05 were considered
significant.
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3. Results
3.1. Extraction and Yield

Two herbs, mountain mint and, red turmeric were grown in
open field experiments in one location. In this study, there
was a significant difference in the yield of the extracts

between herbs. The methanol extract yield of mountain mint
leaves and the red turmeric rhizome was 12.0+0.03 and
8.8+0.04 g/100g of dry raw material. The methanolic extracts
of mountain mint leaves had a green color, while that of red
turmeric rhizome has golden yellow solutions (Figure 1b and
d).

Figure 1. Two selected dry mountain mint and red turmeric and their methanolic extracts.

MM=mountain mint

RT=red turmeric

a and b=mountain mint leaves and their methanolic extract
¢ and d=red turmeric rhizome and their methanolic extract

Table 1. The methanolic extract yield of mountain mint and red turmeric.

Parameters MM RT

Initial dry raw material weight (g) 10 10
Methanolic extract dry weight (g) 1.240.03" 0.88+0.04
Yield (%) 12.0£0.02" 8.8+0.03

Yield (%) expressed (g per 100g dry raw material), as the mean+SD. (", MM compared to RT, p< 0.05; n=3).

MM=mountain mint
RT=red turmeric

3.2. Phytochemical Contents of Herbal Extracts

The total phenolic content, total flavonoid content, and
total tannin content of the herbal extracts were expressed as
the mean value of their standard equivalents, mg/g dry
weight extract, and shown in Table 2. The level of total
phenolic content (614.4143.96 mg/g) and total tannin content
(529.74+4.39 mg/g) of mountain mint was 8.6% and 21%
higher than those of red turmeric, respectively, and their
mean value is expressed in terms of gallic acid equivalent,
and the standard curve equation was: Y=0.0016x + 0.1428,
R?=0.9951 and Y=0.0017x + 0.1017, R*=0.9918, for total

phenolics and total tannin, respectively. The total phenol
content and total tannin content level of mountain mint were
calculated from the above equations using gallic acid as
standard. The mean of total flavonoid content (1250.51+8.10
mg/g) of red turmeric was 86% higher than that of mountain
mint leaves (497.43+11.83 mg/mL) (p< 0.05). The level of
total flavonoid content was obtained from the regression
curve using catechin as standard. Their mean value is
expressed in terms of catechin equivalent (the standard curve
equation is Y=0.0012x + 0.1594, R>=0.9608).

Table 2. The total phenolic, flavonoid, tannin contents activity of methanolic extracts of mountain mint and red turmeric.

Plant species

Total phenolic content (mg GAE'/g DWE) Total flavonoid content (mg CE*/g DWE)

Total Tannin content (mg GAE'/g DWE)

MM 614.41+3.96"
RT 562.98+3.81

497.43+11.83
1250.51+8.10"

529.74+4.39™
430.07+3.90

Data expressed as (mean+SD). (* compare total phenolic content between MM and RT; ** compare total flavonoid content between MM and RT; ™ compare

total tannin content between MM and RT. In all three comparisons, p< 0.05; n=3).

MM=mountain mint
RT=red turmeric

1-milligram gallic acid equivalents (mg GAE) per gram of dry weight extract (DWE)

2-milligram catechin equivalents (mg CE) per gram of dry weight extract (DWE)
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3.3. DPPH Scavenging Assay

DPPH free radical-scavenging activity of the methanolic
extracts of the two herbs was examined to determine their
antioxidant properties. Ascorbic acid was used as a standard to
evaluate the free radical scavenging activity of the two herb
extracts. The maximum inhibition on DPPH free radical level
by standard ascorbic acid was 96.34+0.16% at a 125 pg/mL
concentration. In comparison, mountain mint and red turmeric
were 94.02+0.10% and 91.0+0.44% at a 250 pg/mL
concentration, respectively. The efficiency of inhibition by
ascorbic acid, mountain mint, and red turmeric at different
concentrations was plotted as a percentage of inhibition against
concentration in Figure 2. The relationship between logarithm
concentration and percentage of inhibition was fit in the

10 ¢

~AA RT =teMM
100 p
9 r
S0 p
& 70 }
(=]
§ 60 p
—2 50 p
s 40 b
o
B

30 p

20 p

10

function: y=97.38442* (1-Exp (-0.348053x1"1.91444717)),
y=93.68442* (1-Exp (-0.368053x172.51444717)),
y=99.68442* (1-Exp (-0.358053x172.81444708) of mount
mint, red turmeric, and ascorbic acid, respectively, in which y
represents the percentage of inhibition, x represents the
logarithm concentration. ICs, of ascorbic acid and the two herb
extracts were estimated from the functions, and their values are
presented in Table 3. The ICsy value of red turmeric was
significantly higher than that of mountain mint. The ICsy of
ascorbic acid: 17.96+1.53, was the lowest when compared to
red turmeric: 21.39+0.86, and mountain mint: 26.16+2.10
pg/mL. The ICs, of red turmeric extract is significantly lower
than that of mount mint leave extract (Figure 2, p< 0.05; n=3).

1.5 2 2.5 3

log concentration

Figure 2. DPPH radical scavenging activity of methanolic extracts of mountain mint, red turmeric, and ascorbic acid.

Data expressed as (mean+SD)
MM=mountain mint

RT=red turmeric
AA=ascorbic acid

Table 3. ICsy of DPPH radical scavenging activity of mountain mint, red turmeric, and ascorbic acid.

ICs for DPPH scavenging MM

RT AA (standard)

png/mL 26.16+2.10*

21.39+0.86** 17.96+1.53***

Data expressed as (mean+SD). (*, comparison of ICs, between MM and RT; **, comparison of ICso between RT and AA; ™, comparison of ICsy between AA

and MM. In all three comparisons, p< 0.05; n=3).
ICso: 50% of inhibitory concentration.
MM=mountain mint

RT=red turmeric

AA=ascorbic acid

3.4. MIC and MBC

The antimicrobial activity of the methanolic herbal
extracts was evaluated by determining the MIC and MBC
against L.monocytogenes and S. enteritidis. As shown in
Table 4, the MIC of mountain mint and red turmeric was 500

and 62.5 pg/mL against L.monocytogenes, respectively. The
MBC of mountain mint and red turmeric was 750 and 125
pg/mL against L.monocytogenes, respectively. Both MIC and
MBC of mountain mint were 1000 pg/mL against S.
enteritidis, while the MIC, MBC of red turmeric were 125
and 250 pg/mL against S. enteritidis, respectively. The MIC
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and MBC of chloramphenicol were lower than 0.11 pg/mL
against L.monocytogenes and S. enteritidis, respectively, and
these of kanamycin was (0.06 and 0.125 pg/mL) against

L.monocytogenes, respectively. The MIC, MBC of
kanamycin were lower than 0.06 ng/mL against S. enteritidis,
respectively.

Table 4. Antibacterial activity of the methanolic extracts of mountain mint, red turmeric against selected foodborne pathogenic bacteria.

MM RT CLP KM DMSO

MIC MBC MIC MBC MIC MBC MIC MBC MIC MBC
M 500 750 62.5 125 <0.11 <0.11 0.06 0.125 NA NA
SE 1000 1000 125 250 <0.11 <0.11 < 0.06 <0.06 NA NA

MIC and MBC values are given as (ug/mL). Data expressed as (mean; n=3).
MM=mountain mint

RT=red turmeric

CLP=chloramphenicol

KM=kanamycin

DMSO=dimethyl sulfoxide

LM=Listeria monocytogenes

SE=Salmonella enteritidis

NA=no activity

4. Discussion

This is the first study to compare the two selected herbs,
mountain mint leaves, and red turmeric rhizome, for their
methanolic extract yield, phytochemical contents, antioxidant
properties, and antimicrobial activity against two foodborne
pathogenic bacteria. Over the years, plants and plant
materials have been used to treat many diseases and
infections [28] and replace synthetic chemical preservatives
in food processing. To explore the potential application of
mountain mint leaves and turmeric rhizome as natural and
safe food preservatives, we assessed their antimicrobial and
antioxidant activity in this study. We disclosed a significant
difference in the extract yield (Table 1) and a significant
difference in the level of total phenolic content, total
flavonoid content, and total tannin content in the two crops
(Table 2). The mountain mint had a higher extract yield and a
higher total phenolic content and total tannin content,
whereas total flavonoid content was higher in red turmeric
(Table 2).

The high content of polyphenolic constituents, which in
turn could be the basis for better biological and physiological
properties, including antimicrobial, antioxidant activities of
herb species [13, 15]. The oxidation-reduction potential of
flavonoids, polyphenols (phenolic acids, tannins, stilbenes,
and lignans) that contain hydroxyl groups play an essential
role in neutralizing free radicals [46] and allow them to act as
reducing agents, hydrogen donors, and singlet oxygen
quenchers [47]. To prove that the crude extracts of mountain
mint and red turmeric did have good antioxidant activity, the
antioxidant activity of the two herbs in the current study was
determined using free radical scavenging DPPH assay [47].
The maximum inhibition of DPPH scavenging activity of
mountain mint leaf and red turmeric rhizome was about 90%,
similar to that of the standard ascorbic acid but at a higher
concentration (Figure 2). However, the ICsy should be a
better index of the scavenging activity on DPPH. A low ICsg
refers to a high antioxidant capacity [48]. The red turmeric
rhizome had a low ICs, suggesting that the red turmeric

rhizome may be a stronger antioxidant.

Interestingly, the red turmeric rhizome only had a higher
level of flavonoids than mountain mint leaves (Table 3). In
comparison, the level of total phenolics and total tannin were
lower than those in mount mint leaves. Flavonoids can
scavenge hydrogen radicals, superoxide anions, and lipid
peroxyl radicals. Therefore, our study suggested that the
more potent antioxidant activity of the red turmeric was
probably attributed to its higher content of flavonoids (Table
3).

Phytochemicals have a significant therapeutic application,
serve as a prototype to develop less toxic and more
effective medicines in controlling the growth of
microorganisms [49]. We examined the antimicrobial
screening activity of mountain mint leaves and red turmeric
rhizomes. The MIC and MBC were employed to evaluate
the effectiveness of the crude extracts at different
concentrations on the bacteria used in this study. The plant
extracts with high activity against a pathogenic
microorganism usually have low MIC value, while the
extracts with low activity have high MIC value [50]. This
study found that crude methanolic extracts of red turmeric
rhizome had higher efficiency in inhibiting the growth of
foodborne  pathogenic  bacteria (Table 4), which
corresponded to its significantly higher levels of flavonoids
(Table 2 and Table 4). Thus, our results suggested their
differential activity on bacteriostatic and bactericidal effect
against tested bacteria was associated with the difference in
flavonoid levels in the extracts from these herbs.
Furthermore, we noticed that red turmeric rhizome extract
showed higher activity against L. monocytogenes than S.
enteritidis (Table 4). This is similar to the study conducted
by Chandarana and his co-workers [51], in which they
showed that there was a decreasing order of sensitivity
against Gram-positive to Gram-negative from three
Zingiberaceae spices of heated, unheated decoctions and
solvent extracts as follows: B. subtilis > S. aureus > E. coli.
The difference in the sensitivity between Gram-negative
and Gram-positive bacteria could be probably due to the
protective effects of Gram-negative bacteria against the
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hydrophobic antimicrobial compounds [52, 53], and
penetration barrier towards intake of any foreign
compounds, including macromolecules [50].

Our results showed that even though mountain mint leaves
were rich in total phenolic content and total tannin content,
their antioxidant, and antibacterial efficiency were lower than
red turmeric thizome. The higher number of hydroxyl groups
on the phenolic group (degree of hydroxylation) or the higher
oxidized state are thought to correlate with phenolics' higher
toxicity against microorganisms [54]. The phenolics in
mountain mint may have a lower number of hydroxyl groups
or a lower level of oxidized phenolic content. Moreover,
flavonoids with different configurations or hydroxylation at
different positions showed other antimicrobial activity. The
red turmeric may likely contain more potent flavonoid
species than mountain mint [55]. Thus, we displayed that the
high content of secondary metabolites, mainly flavonoids,
and the consequent antioxidant activity may allow red
turmeric botanicals to be potentially applied as food
preservatives to reduce food spoilage or antimicrobial agents
to prevent infectious diseases.

5. Conclusion

This study demonstrated the interspecific variation among
turmeric and mountain mint for bioactive components,

phenolics, flavonoids, tannins, free radical scavenging
potential, antimicrobial activity against two common
foodborne  pathogens, Listeria  monocytogenes and

Salmonella enteritidis. A low 1Csy, of DPPH inhibition, MIC,
and MBC of red turmeric could good factors for its practical
applications in functional foods and a natural additive to
replace synthetic preservatives and the potential to be an
antimicrobial agent.
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