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Abstract. Ligustrum lucidum Ait (LL), Lysimachia 
christinae Hance (LC), Mentha piperita Linn (MP), and 
Cinnamomum cassia Presl (CC) are common spices used 
in Asia. The present study investigated the anti-Salmonella 
effects of the four spices using aqueous extracts. The amount 
of phenolic acids and flavonoids in each spice aqueous extract 
was determined as indicators of purity. Mice were pretreated 
with LL, LC, MP or CC aqueous extract for 7 days. Following 
infection with Salmonella enterica serovar Typhimurium strain 
ST21 (ST21), the aqueous extract of each spice was subsequently 
administered for 4 days. ST21 infected mice had lower body 
weight compared with the control group. The administration 
of spice aqueous extracts significantly increased body weight 
following infection. ST21 infection increased the fecal ST21 
counts compared with the control group; however, following 
spice aqueous extract treatments, ST21 counts significantly 
decreased. The spice treatments also significantly reduced ST21 
count in blood and the organs. Notably, ST21 infection increased 
interferon (IFN)-γ and interleukin (IL)-6 levels in serum whilst 
spice treatments reduced these cytokines. In the spleen, spice 
treatment significantly lowered IFN‑γ, IL-6, IL-1β, and tumor 
necrosis factor (TNF)-α levels, but increased IL-12 levels. ST21 
infection stimulated the production of immunoglobulin (Ig)A 
and IgM in serum whilst spice aqueous extract treatment signifi-
cantly decreased these levels. In summary, LL and MP aqueous 
extract treatments had the most significant effect in protecting 
against ST21 infection. Results of the RAW 264.7 cell infection 

model suggested that the mechanisms involved in the anti-ST21 
effect of each spice were individually different. All four aqueous 
extracts demonstrated different mechanisms in attenuating 
ST21 invasion with the protective effect of LC aqueous extract 
potentially involving TNF-α expression. The present findings 
suggested that the four spices may be considered as potent func-
tional foods due to their anti-Salmonella effects.

Introduction

Salmonella, belongs to Gram-negative bacteria and can cause 
enteric diseases in humans and animals including pigs and 
chickens. Salmonella enterica serovar Typhimurium (ST) 
induces severe acute gastroenteritis, diarrhea, and fever in 
humans and is often caused by consumption of contaminated 
food or water (1). Therefore, the identification and development 
of agents with anti-ST effects is of great importance.

ST invades mammalian cells such as macrophages and 
epithelial cells, and the bacteria subsequently adopt strategies 
that enable their intracellular survival within the host cells. This 
typically involves the identification and resistance of the host 
innate immune system, which is essential for ST-induced patho-
genesis (2). ST infection can induce a range of host immune 
responses for example lymphocyte proliferation and antibody 
generation (3,4). The release of cytokines including interferon 
(IFN)-γ, tumor necrosis factor (TNF)-α, and interleukin (IL)-6 
leads to inflammation (5). The levels of inflammatory cytokines 
and immunoglobulin (Ig)s in ST-infected hosts are regarded as a 
good gauge of infection status. Conversely, a decrease in inflam-
matory cytokines and Igs in circulation and in the host organs 
are useful markers for evaluating potential activity of anti-ST 
agents.

Ligustrum lucidum Ait (LL), Lysimachia christinae Hance 
(LC), Mentha piperita Linn (MP), and Cinnamomum cassia 
Presl (CC) are four edible plant foods commonly used for 
cooking or folk medicine in many East Asian countries including 
China, Japan and Taiwan. It is reported that these spices contain 
phytochemicals such as phenolic acids and flavonoids (6,7) 
that display antioxidant and anti‑inflammatory activities (8). 
Furthermore, LL exerts an anti-inflammatory effect via the 
inhibition of TNF-α production in mouse peritoneal macro-
phages (9). In addition, MP aqueous extract arrests the growth 
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of bacteria such as Staphylococcus aureus, Pseudomonas aeru‑
ginosa, and Bordetella bronchiseptica (10). The inhibitory 
activities of MP and CC essential oil extracts on ST have been 
previously investigated (11,12); however, the application of 
aqueous extracts against ST infection is more appropriate as the 
natural properties remain unaltered.

Using aqueous extracts of common spices against food-borne 
diseases should be more practical for daily life in comparison 
to extracts prepared via chemical purification processes. 
Currently, there are few reports regarding the protective effects 
of LL, LC, MP and CC aqueous extracts against ST infection. In 
order to further understand and evaluate the application of these 
spices, the total content of phenolic acids and flavonoids in these 
aqueous extracts was taken as indicators of purity. An in vivo 
and in vitro study was conducted to investigate the anti-ST 
effects of LL, LC, MP and CC aqueous extracts.

Materials and methods

Materials. S. enterica serovar Typhimurium strain ST21 (ST21) 
was kindly supplied by Dr. Chao-chin Chang from National 
Chung Hsing University (13). Bacteria were grown in Luria 
Bertani (LB) broth to log stationary phase (15,000 x g shaking; 
37˚C) for 8 h to OD600 nm of 0.8. Following harvesting by 
centrifugation at 8,000 x g, the bacterial pellet was resuspended 
in PBS, and adjusted to a final concentration of 1010 colony 
forming units (CFU)/ml in PBS. Broth and agar were obtained 
from Difco Laboratories Inc. Dry LL, LC, MP, and CC were 
purchased from Ka-da Spice Store. Aqueous extracts were 
obtained from the dried ripe fruits of LL, dried whole plants 
of LC, dried leaves of MP, and dried barks of CC (Fig. 1). A 
total of 10 g of each spice were chopped and mixed thoroughly 
with 400 ml dH2O in a waring blender at room temperature 
for 5 min. The mixture was then boiled in dH2O for 30 min. 
Following cooling down to the room temperature, the aqueous 
extract was collected by filtration through a Whatman No. 1 
filter paper, freeze‑dried to a fine powder finally resuspended 
in 10 ml dH2O.

Determination of total phenolic acid and flavonoid contents. 
The method described in Sreelatha and Padma (14) was used 
to determine the total phenolic acid and flavonoid content in 
aqueous extract powder. Results were expressed as gallic acid 
and quercetin equivalent, respectively. This assay was repeated 
in triplicate.

Anti‑microbial activity. The minimum inhibitory concentra-
tions and minimum bactericidal concentrations of spice aqueous 
extracts were tested by a two-fold serial dilution method (15). 
Aqueous extracts were serially diluted with PBS to achieve 
concentrations of 12.5, 25, 50, 100 and 200 mg/ml. ST21 was 
cultured in Mueller Hinton Broth then diluted to 106 CFU/ml 
in PBS determined by absorbance at OD600 nm. Equal volumes 
of ST21 suspension and diluted spice aqueous extract (100 µl) 
were mixed and added to a 96-well plate, with an additional 
well containing only broth used as a negative control. The plate 
was incubated at 37˚C for 24 h, then the well with the lowest 
concentration of spice aqueous extract that demonstrated no 
visible bacterial growth was considered as the MIC. All spice 
aqueous extract samples that demonstrated complete inhibition 

of visual bacterial growth were identified then 10 µl of each 
culture was transferred onto a LB agar plate and incubated for 
16 h at 37˚C. The complete visual absence of bacterial colonies 
on the agar surface of samples at the lowest spice aqueous 
extract concentration was defined as the MBC. Each assay was 
repeated in triplicate.

Animal experiment. A total of 60 male 8-week-old Balb/c mice 
weighing 20-22 g were purchased from National Laboratory 
Animal Center. Mice were housed in 12-h light/dark cycles 
with access to food and water ad libitum. The study was 
approved by the China Medical University animal care and 
use committee (permission no. 105-23).

Mice were randomly divided into six groups (n=10): The 
infection and control group mice received the normal diet with 
and without ST21 infection, respectively; the treatment group 
mice, including LL, LC, MP, and CC groups, received different 
spice treatments with ST21 infection. A total of 100 µl freshly 
prepared aqueous extract at concentration of 50 mg/ml was 
applied orally to mice by the feeding tube for 7 days, once a 
day. At day 7, following a 12-h fast, each mouse was infected 
by oral injection of 200 µl PBS containing ST21 at 5x1010 CFU. 
Following infection, aqueous extract of each spice (200 µl) was 
continuously supplied for 4 days. Therefore, there was a 7-day 
pre-treatment with spice aqueous extracts before the infection, 
and a 4-day post-treatment following infection. Feces were 
collected on day 8-11. Body weight was recorded one day before 
the experiment (day 0), the day of infection (day 7), and the last 
day of treatment (day 11). Following the 4-day treatment, mice 
were fasted overnight and sacrificed in the morning. Blood 
(1 ml) was obtained from the heart via microsyringe and the 
serum was immediately separated. The liver, spleen and small 
intestine from each mouse were collected. Each organ tissue 
(100 mg) was mixed with 2 ml of PBS and then homogenized 
by a tissue homogenizer (Glas‑Col Co.). The homogenate was 
collected via filtration through a Whatman No. 1 filter paper in 
preparation for further experiments.

ST21 count in feces, blood and organs. Following ST21 
infection, fecal samples were collected daily from day 8-11 
prior to treatment. The fecal matter was processed within 
2 h of sampling. ST21 per gram of feces was determined. In 
brief, fecal samples (1 g) were collected in 10 ml PBS. Fecal 
suspension, blood and organ homogenate at 100 µl was seri-
ally diluted in PBS, then plated on Salmonella‑Shigella (SS) 
agar plates. Following incubation overnight at 37˚C, CFU 
were counted.

Measurement of inf lammatory factor levels. IFN-γ 
and IL-6 serum levels, and IFN-γ, IL-6, IL-1β, TNF-α, 
and IL-12 levels in spleen homogenate of all mice and 
culture supernatant collected from the H. pylori-infected 
RAW264.7 cells were measured. These cytokines were 
analyzed using mouse IFN‑γ ELISA kit (cat. no. 88-7314-88), 
mouse IL-6 ELISA kit (cat. no. 88-7064-88), mouse 
IL-1β ELISA kit (cat. no. 88-7013-88), mouse TNF-α 
ELISA kit (cat. no. 88-7324-88) and mouse IL-12 ELISA 
kit (cat. no. 88-7121-88; all Invitrogen; Thermo Fisher 
Scientific, Inc.). Samples were run in duplicates according to 
manufacturer's protocol.
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ST21 specific Ig detection. Anti-ST21-specific IgA and 
IgM in the sera of treated mice were detected using ELISA 
according to the method of Chang et al (13), which was briefly 
described as follows. The 96-well plates were coated with 
100 µl/well of heat-killed ST21 harvested from a bacterial 
culture (1x1011 CFU/ml) at 1:100 dilution in carbonate/bicar-
bonate coating buffer (pH 9.6) at 4˚C overnight. Coated plates 
were first blocked with BSA buffer (1% of BSA in PBS) at room 
temperature for 2 h, then washed 5 times in PBS containing 
0.1% Tween 20 (PBST). A total of 100 µl/well of mouse serum 
collected 4 days post-treatment were diluted in BSA buffer 
(1:10) was then added to the coated plates for 2 h at room 
temperature. Following five washes with PBST, 100 µl/well of 
peroxidase-conjugated goat anti-mouse IgA (cat. no. A90-103P) 
or IgM (cat. no. A90-101P) antibodies (diluted 1:5,000; Bethyl 
Laboratories, Inc.) were added to each well and plates were 
incubated at room temperature for 1 h. Following five washes, 
100 µl/well of tetramethylbenzidine (1 mg/ml in DMSO; KPL, 
Inc.) was added and incubated for 30 min at room temperature. 
Then 100 µl/well of stop solution (2 M N2SO4) was added and 
the OD at 450 nm was measured. Each assay in this experiment 
was repeated in triplicate.

Invasion of H. pylori into RAW264.7 cells. The murine 
monocyte/macrophage cell line RAW264.7 (cat. no. TIB-71) 

was obtained from American Type Culture Collection. 
RAW264.7 cells were seeded into 96-well plates at a density 
of 1x105 cells/well then cultured at 5% CO2 in Dulbecco's 
modified Eagle's medium (DMEM; cat. no. 12100‑046; Gibco; 
Thermo Fisher Scientific, Inc.) supplemented with 10% fetal 
bovine serum for 18 h at 37˚C. The culture supernatant was 
removed then 100 µl of antibiotic-free DMEM was added to each 
well. RAW264.7 cells were then infected with ST21 at a multi-
plicity of infection (MOI) of 10. For the co-incubation group, the 
cells were treated with spice aqueous extracts at a final concen-
tration of 5 mg/ml alongside ST21 infection for 1 h at 37˚C. 
For the pretreatment groups, prior to infection, RAW264.7 cells 
(cell-pretreatment group) or ST21 (ST21-pretreatment group) 
were pretreated with LL, LC, MP and CC aqueous extract at 
final concentration of 5 mg/ml for 1 h at 37˚C; infection was 
performed as described. For TNF-α depletion, anti-mouse 
TNF-α capture antibodies (1:100; cat. no. 14-7423-68A; 
Invitrogen; Thermo Fisher Scientific, Inc.) were added in the 
cell culture treated with spice aqueous extracts for 1 h at 37˚C; 
the same procedure was performed in the co-incubation group. 
Cell-associated bacteria were then quantified 1 h following 
infection. Briefly, to determine the number of viable intracel-
lular bacteria, infected cells was washed three times in PBS 
then incubated with 100 µg/ml of the membrane-impermeable 
antibiotic gentamicin (Sigma-Aldrich; Merck KGaA) for 1.5 h at 

Figure 1. Aqueous extracts were prepared from (A) dried ripe fruits of Ligustrum lucidum Ait, (B) dried whole plants of Lysimachia christinae Hance, 
(C) dried aerial part of Mentha piperita Linn, and (D) dried bark of Cinnamomum cassia Presl.
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37˚C to remove extracellular bacteria. Cell culture supernatants 
were removed following centrifugation (5 min; 1,500 x g; room 
temperature). Cells were washed with PBS twice, and osmotic 
lysis was performed to calculate the total quantity of bacteria 
remaining. In brief, dH2O was added to the infected cells 
following washing, the cell lysates were re-suspended in PBS 
then plated using serial dilutions on the SS agar plates (Difco; 
BD Biosciences). These plates were cultured with 100 µl from 
each dilution at 37˚C for 18 h. Bacterial cell numbers were then 
determined by manual colony counting. Results were expressed 
as a percentage of the invasion activity of ST21 in comparison 
with the infection group. The supernatants of ST21-infected 
RAW264.7 cells treated with spices were analyzed for cyto-
kines. The concentrations shown in Table I are also the lowest 
concentrations for different batches of spices eligible for the 
current study.

Statistical analysis. Data were analyzed using SPSS v12.0 soft-
ware (SPSS, Inc.) Statistical significance was assessed between 
two groups using Student's t-test or between multiple group using 
one-way analysis of variance followed by Dunnett's post hoc 
test. Results were presented as the mean ± standard deviation. 
P<0.05 was considered to indicate statistical significance.

Results

Total phenolic acid and flavonoid content. In order to confirm 
the purity of aqueous extracts that was prepared, the total 
phenolic acid and flavonoid content in spice aqueous extracts 
was determined. Total phenolic acid content in LL, LC, MP 
and CC aqueous extracts was in the range of 0.50-1.58 mg/g 
of spice (Table I). Total flavonoid content in LL, LC, MP and 
CC aqueous extract was in the range of 1.67-7.65 mg/g of spice 
(Table I). MP contained the highest amount of total phenolic 
acids and flavonoids whilst CC had the lowest amount.

Spice aqueous extracts exhibit bactericidal effects. Anti-ST21 
activity was examined to determine the bactericidal activities of 
LL, LC, MP and CC aqueous extracts. MIC were in the range of 
125-500 mg/ml and MBC values were >500 mg/ml (Table II). 
LL and MP aqueous extracts exhibited a stronger inhibitory 
effect on the growth of ST21. However, it is important to note 
that no spice aqueous extract was able to eradicate ST21 at 
concentration of <500 mg/ml.

Spice aqueous extracts maintain body weight following 
infection. ST infection in mice causes murine typhoid that 
results in a reduction of body weight (1,16). In the present study, 
four days following ST21 infection (day 11), infected mice had 
lower body weight compared with the control group (Fig. 2; 
P<0.05). However, treatment with LL, LC, MP and CC aqueous 
extracts significantly increased body weight compared with the 
infection group (Fig. 2; P<0.05). There was no significant differ-
ence in body weight between any groups in days 0 and 7 (Fig. 2; 
P>0.05).

Spice aqueous extracts decrease ST21 count in feces, blood, and 
organs. Following oral infection of mice with ST, bacteria repli-
cate quickly within the guts then are subsequently eliminated 
in the feces (2). ST can also spread from the guts to the liver, 
spleen and blood circulatory system (1,16). It has been reported 
that the ST viable count reaches the maximum amount four 
days following oral inoculation (17). In the present study the 
ST21 count in feces at 1-4 days following infection (day 8-11) 
was increased when compared with control group (P<0.05; 
Fig. 3A). Between days 8-11, fecal ST21 counts in groups that 
received LL, LC, MP and CC treatment were lower compared 

Figure 2. Body weight of mice following infection with ST21 then treatment 
with LL, LC, MP, and CC aqueous extract. Body weight of mice without 
infection (control), ST21-infected mice without any treatment (infection), 
or following LL, LC, MP or CC aqueous extract treatment (n=10). *P<0.05 
vs. the infection group on the same day. ST21, Salmonella enterica serovar 
Typhimurium strain ST21; LL, Ligustrum lucidum Ait; LC, Lysimachia chris‑
tinae Hance; MP, Mentha piperita Linn; CC, Cinnamomum cassia Presl.

Table I. Content (mg/g of dry spices) of total phenolic acids 
and total flavonoids in aqueous extract of LL, LC, MP or CC.

Spice Total phenolic acids Total flavonoids

LL 1.05±0.12 2.91±0.34
LC 1.37±0.21 3.16±0.41
MP 1.58±0.21 7.65±0.86
CC 0.50±0.09 1.67±0.31

The data are expressed as mean ± standard deviation (n=3). 
LL, Ligustrum lucidum Ait; LC, Lysimachia christinae Hance; 
MP, Mentha piperita Linn; CC, Cinnamomum cassia Presl. 

Table II. MICs and MBCs of LL, LC, MP, or CC against ST21.

Spice MIC (mg/ml) MBC (mg/ml)

LL 125 >500
LC 500 >500
MP 125 >500
CC 500 >500

MIC, minimum inhibitory concentrations; MBC, minimum 
bactericidal concentrations; LL, Ligustrum lucidum Ait; 
LC, Lysimachia christinae Hance; MP, Mentha piperita Linn; 
CC, Cinnamomum cassia Presl; ST21, Salmonella enterica serovar 
Typhimurium strain ST21.



EXPERIMENTAL AND THERAPEUTIC MEDICINE  18:  2956-2964,  20192960

with the infection group (P<0.05; Fig. 3A). ST21 counts in the 
small intestine, liver, spleen and blood significantly decreased 
following all spice treatments (P<0.05; Fig. 3B).

Spice aqueous extracts attenuate inflammatory stress and 
decrease ST21 specific Igs. ST clearance involves inflam-
mation and Ig associated reactions therefore, monitoring 
inflammatory cytokines and Igs in circulation and in host 
organs are necessary in evaluating potential anti-ST activity. 
ST21 infection significantly increased IFN‑γ and IL-6 levels 
in the serum (P<0.05; Fig. 4A) whilst LL, LC, MP and CC 
aqueous extract treatments significantly reduced the serum 
IFN-γ and IL-6 levels compared with the infection group 
(P<0.05; Fig. 4A). In the spleen, the spice aqueous extract treat-
ments significantly decreased IFN‑γ, IL-6, IL-1β, and TNF-α 
levels; however, there was an increase in IL-12 level (Fig. 4B; 
P<0.05) whilst LC treatment did not suppress the IFN-γ level. 
ST21 infection stimulated the production of ST21 specific IgA 
and IgM in the serum (Fig. 5; P<0.05) whilst all spice aqueous 
extract treatments significantly decreased serum IgA and IgM 
levels (Fig. 5; P<0.05).

Spice aqueous extracts reduce the invasion ability of ST21 and 
decrease TNF‑α levels of infected macrophages. In order to 
further elucidate the possible mechanisms of LL, LC, MP and 
CC aqueous extracts against ST21, a RAW 264.7 cell infection 
model was established. ST21 was able to infect RAW 264.7 cells. 
In the co-incubation group, all of the spice aqueous extract treat-
ment reduced the number of ST21 that successfully invaded 
RAW 264.7 cells (Fig. 6A). To distinguish whether the extracts 
affected the RAW 264.7 cells or ST21, prior to performing 
the invasion assay, the cells and bacteria were pretreated 
with spice aqueous extracts for 1 h. The infection process 
was then performed without aqueous extracts co-incubation. 
In the cell pretreatment group, the number of invading ST21 
only significantly decreased in the CC group. However, in the 
ST21-pretreatment group, the invasion abilities of ST21 were 
significantly decreased for all aqueous extract groups (Fig. 6A). 
In order to clarify the effects of four spices in regulating TNF-α 
levels for ST21 eradication, specific antibodies (TNF‑α deple-
tion group) were added to deplete TNF-α in the cell culture 
(Fig. 6A). Compared with the co-incubation group, the invasion 
abilities of ST21 increased in LC and infection groups, when 

Figure 3. Spice aqueous extracts decrease ST21 count in feces, blood, and organs. (A) ST21 counts in feces, (B) blood, small intestine, liver and spleen of 
mice without infection (control), ST21-infected mice without any treatment (infection), or following LL, LC, MP or CC aqueous extract treatment (n=10). 
*P<0.05 vs. the infection group on the same day. #P<0.05 vs. the infection group in the same organ. ST21, Salmonella enterica serovar Typhimurium strain 
ST21; LL, Ligustrum lucidum Ait; LC, Lysimachia christinae Hance; MP, Mentha piperita Linn; CC, Cinnamomum cassia Presl; CFU, colony forming units.
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Figure 4. Spice aqueous extract treatment attenuates inflammation. (A) Serum levels of IFN‑γ and IL-6 levels, and (B) IFN-γ, IL-6, IL-1β, TNF-α and 
IL-12 levels in the spleen of mice without infection (control), ST21-infected mice without any treatment (infection) or following LL, LC, MP or CC aqueous 
extract treatment (n=10). *P<0.05 vs. the infection group. IFN, interferon; IL, interleukin; TNF, tumor necrosis factor; ST21, Salmonella enterica serovar 
Typhimurium strain ST21; LL, Ligustrum lucidum Ait; LC, Lysimachia christinae Hance; MP, Mentha piperita Linn; CC, Cinnamomum cassia Presl. 

Figure 5. Spice aqueous extract treatment decreases Ig serum levels. Serum levels of IgA and IgM in mice without infection (control), ST21-infected mice 
without any treatment (infection) or following LL, LC, MP or CC aqueous extract treatment (n=10). *P<0.05 vs. the infection group. Ig, immunoglobulin; 
ST21, Salmonella enterica serovar Typhimurium strain ST21; LL, Ligustrum lucidum Ait; LC, Lysimachia christinae Hance; MP, Mentha piperita Linn; 
CC, Cinnamomum cassia Presl.
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the level of TNF-α was depleted (Fig. 6A). All of the spice 
aqueous extract only treatments reduced TNF-α levels of RAW 
264.7 cells (Fig. 6B). Compared with the co-incubation group, 
TNF-α levels increased in both cell- and ST21-pretreatment 
groups (Fig. 6B).

Discussion

The present study demonstrated that LL, LC, MP and CC 
aqueous extracts displayed weak in vitro inhibitory and bacte-
ricidal activity against ST21, as evidenced by the high MIC and 
MBC values. However, the in vivo study determined that 7 days 
of pretreatment and 4 days post-treatment with spice aqueous 
extracts significantly improved body weight loss, decreased 
ST21 count in feces, blood and organs as well as decreasing the 
production of inflammatory cytokines and Igs in blood. It was 
hypothesized that the spice aqueous extracts underwent in vivo 
metabolism to produce the necessary bioactive compounds, 
which may explain for the observed differences compared with 

the in vitro model. To the best of our knowledge, the present 
study was the first to demonstrate the anti‑ST21 effects of LL, 
LC, MP and CC aqueous extracts.

ST21 can infect the blood circulatory system and organs, 
which in turn stimulates a systemic immune and inflam-
matory response (1,16). The present study corroborated the 
literature where it was demonstrated that greater ST21 counts 
and over-production of Igs and cytokines in blood and organs 
were detected following infection (18,19). Results suggested 
that pretreatment with spice aqueous extracts may result in 
the deposition of antibacterial compounds, that subsequently 
repressed the onset of ST21 infection and decreased fecal ST21 
counts. LL and MP aqueous treatments had lower MIC values 
than the other spices and decreased ST21 counts in blood, liver 
and spleen. Thus, it is probable that LL and MP possessed a 
higher level of anti-ST compounds and thus exhibited greater 
efficiency in reducing ST21 counts. It was also determined that 
all four spice aqueous extracts contained substantial levels of 
phenolic acids and flavonoids. The anti‑ST effect of oleanolic 

Figure 6. Spice aqueous extracts reduce the invasion ability of ST21 and decrease TNF-α levels of infected macrophages in vitro. (A) ST21 invasion ability 
and (B) TNF-α expression levels of ST21-infected RAW264.7 cells without any treatment (infection), and treated with LL, LC, MP or CC aqueous extract 
for 1 h. Coincubation groups refer to the cells treated with spice aqueous extracts alongside ST21 infection. Cell-pretreatment groups were pretreated by 
spice aqueous extracts prior to ST21 infection. ST21-pretreatment groups were pretreated with spice aqueous extracts prior to infecting cells. Treatment only 
groups are the cells treated with spice aqueous extracts only (n=3). *P<0.05 vs. the infection group. #Means significantly different from the coincubation group 
with the same treatment, P<0.05. ST21, Salmonella enterica serovar Typhimurium strain ST21; TNF, tumor necrosis factor; LL, Ligustrum lucidum Ait; 
LC, Lysimachia christinae Hance; MP, Mentha piperita Linn; CC, Cinnamomum cassia Presl.
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acid, a triterpenoic acid, has been previously reported (20) and 
may be responsible for the antioxidant and anti‑inflammatory 
effects of LL (21). Therefore, the observed lower MIC value of 
LL, and greater reduction in fecal and blood ST21 counts in LL 
treated mice might be partially due to the action of oleanolic 
acid. Although MP essential oil has anti-Salmonella effects (11), 
the active compounds remain unknown. It is possible that the 
aqueous extract used in the present study contained the bioac-
tive compound(s), which lowered MIC value and induced greater 
ST21 clearance in feces and blood, but this needs to be validated 
in future studies.

In the present study, ST21 infection triggered the release of 
several inflammatory cytokines including IFN‑γ, IL-6, IL-1β 
and TNF-α in the blood and spleen, which revealed that infec-
tion induced systemic inflammatory stress. However, LL, LC, 
MP and CC aqueous extracts significantly decreased these 
inflammatory factor levels with only a mild effect observed 
in spleen IFN-γ levels. These results strongly suggested that 
these aqueous extracts effectively attenuated ST21-induced 
inflammation in the circulatory system and organs. It has been 
reported that anti‑inflammatory phytochemicals such as ursolic 
acid, oleanolic acid, quercetin, cinnamic acid, rosmarinic acid 
and coumarin are present in LL, LC, MP and CC (22-24). The 
present study identified that these spices were rich in phenolic 
acids and flavonoids and it is likely that an anti‑inflammatory 
effect was exerted. The subsequent effect was a decrease 
in IFN-γ, IL-6, IL-1β and TNF-α levels, which alleviated 
ST21-induced inflammation, except LC treatment did not 
suppress ST21-induced IFN-γ expression. Chang et al (25) 
determined that IL‑12 possesses a potential anti‑inflammatory 
function because the expression of IL‑10, which limits inflam-
matory immune responses, was conditional on the presence of 
IL-12 in re-stimulated Th1 memory cells. The present study 
determined that LL, LC, MP and CC aqueous treatments signifi-
cantly increased spleen IL-12 production in ST21 infected mice, 
which may have enhanced the anti‑inflammatory effect.

Igs, produced by the host immune system, are involved 
in the response against Salmonella infection (18,19). In the 
present study, the overproduction of IgA and IgM in the blood 
of ST21 infected mice indicated the activation of the immune 
response. LL, LC, MP and CC aqueous extract treatments 
repressed the formation of IgA and IgM in blood. It is possible 
that the spice aqueous extracts decreased ST21 counts and 
ameliorated the inflammatory status of infected mice, which 
in turn diminished the burden on the host immune system and 
reduced IgA and IgM production. Maghraby and Bahgat (26) 
determined that coumarin, an active component of CC, had an 
immunomodulatory effect at both humoral and cellular levels 
in mice infected by Schistosoma mansoni. It was also reported 
that MP crude leaf extract improved Schistosoma mansoni 
infection in mice via an immunomodulatory effect (27). The 
spices contained phenolic acids and flavonoids therefore it is 
also possible that the active compound(s) exerted immune-like 
actions, which in turn alleviated the production of Igs in blood 
of ST21-infected mice. However, the total content of phenolic 
acids and flavonoids in blood were too low to be detected, 
therefore, it is difficult to conclude the roles of phenolic acids 
and flavonoids in this study.

The possible mechanisms of LL, LC, MP, and CC against 
ST21 were investigated via an in vitro model. CC aqueous 

extract moderated the virulence activity of ST21 and improved 
the ability of macrophages against ST21 infection. CC treat-
ment suppressed ST21 invasion into intestinal tissues more 
significantly than the other spice treatments. MP aqueous 
extract exhibited both bactericidal activity and the ability 
to suppress ST21 invasion, which resulted in a reduction of 
ST21 load in mouse feces and organs. LL aqueous extract 
demonstrated a similar mechanism against ST21 infection 
but with a weaker effect in attenuating the virulence of ST21 
compared with MP aqueous extract. LC aqueous extract only 
moderately decreased ST21 invasion, therefore, the treat-
ment did not inhibit ST21 infection as efficiently as other 
treatments in vivo. In the early phase of infection, the expres-
sion of TNF-α in macrophages facilitates the eradication of 
intracellular Salmonella (5). The number of intracellular 
ST21 was increased compared with the coincubation group 
following LC aqueous extract treatment and TNF-α depletion 
therefore, the protective effect of LC against ST21 infection 
may involve TNF-α regulation. Furthermore, all four spice 
aqueous extracts induced TNF-α expression in macrophages, 
which indicated that they might trigger the activation of 
macrophages through TNF-α expression regulation. Although 
the bactericidal activities of LL, LC, MP, and CC aqueous 
extracts were weak, they were still able to alleviate ST21 by 
modulating the activation of macrophages. The mechanisms 
and potential compounds involved in this infection attenuation 
require further investigation.

Boiled LL, LC, MP, and CC are commonly used in food 
preparation and folk medicine in many Asian countries. 
Therefore, investigation into the protective effects of the 
aqueous extracts is more relevant and also cheaper than 
isolated pure active compounds. Although the application 
of these aqueous extracts is feasible and may prove useful 
to prevent and attenuate Salmonella infection, the present 
study did not monitor the impact of these aqueous extracts on 
mouse liver and kidney functions. For example, the hepatic 
toxicity of coumarin, an active compound of CC has been 
reported previously (28), therefore, further in vivo studies are 
necessary to further examine the metabolism, safety and effi-
ciency of these aqueous extracts before they can be widely 
used against Salmonella infection.

In conclusion, LL, LC, MP, and CC aqueous extract 
treatment attenuated ST21 infection in mice via decreasing 
bacterial counts, reducing inflammatory stress and lowering 
Ig production. LL and MP aqueous extract treatments 
demonstrated the most significant effect on eradicating ST21 
infection. All four aqueous extracts demonstrated different 
mechanisms in attenuating ST21 invasion. The present study, 
to the best of our knowledge, is the first to demonstrate the 
protective effects of LL, LC, MP, and CC aqueous extracts in 
alleviating a common food-borne disease. All four spices are 
widely available and the aqueous extracts easily prepared. 
The present findings suggested that LL, LC, MP and CC may 
be considered as potent functional foods with anti-Salmo‑
nella effects, but this needs to be investigated further.
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