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Abstract This study aimed to evaluate the effects of black
pepper petroleum extract (BPPE) on pathogenic bacteria.
The extraction from black pepper showed intense antimi-
crobial activity against the Gram-positive Listeria mono-
cytogenes ATCC 19115 and the Gram-negative bacteria
Salmonella typhimurium ATCC 14028. The minimum
inhibitory concentrations of BPPE against L. monocytoge-
nes and S. typhimurium were 0.625 and 1.25 mg/ml,
respectively. Detection of Alkaline phosphatase outside the
cell revealed that BPPE treatment destroyed the cell wall
integrity. BPPE also altered the membrane integrity,
thereby causing leaching of 260 and 280 nm UV-absorbing
materials into the medium, particularly, nucleic acids and
proteins. Propidium iodide infiltration experiments also
indicated that BPPE treatment altered the permeability of
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bacterial cell membrane. Moreover, Nat/K'-ATPase
activity was inhibited by BPPE. And the results of scanning
electron microscopy showed that BPPE treatment damaged
the morphology of the tested bacteria. These results indi-
cated that BPPE could destroy cell wall integrity, alter the
permeability of cell membrane, and inhibit the activity of
intracellular enzyme, which could kill bacteria.

Keywords Black pepper - Ether extract - Membrane -
Salmonella typhimurium - Listeria monocytogenes

Abbreviation
BPPE Black pepper petroleum ether extract

Introduction

Pepper (Piper nigrum L.) was native to India and an
important spice since ancient times. Pepper was introduced
in China in 1947 and has been planted mainly in Hainan
province. Black pepper was well known as the “King of
Spices” and has been cultivated for hundreds of years (Hu
et al. 2015; Nair 2004). It was widely used as medicine,
preservative, and insecticide, as well as in perfumery.
Pepper possessed many medicinal properties and was used
to treat vertigo, asthma, chronic indigestion, colon toxins,
obesity, sinusitis, and congestion (Abou-Elkhair et al.
2014; Srinivasan 2007).

Since the introduction of antibiotics over 60 years ago,
they have become the main agent used to control bacterial
infections (Rajmohan et al. 2010). However, using high
doses of antibiotics increased bacterial resistance. An
increasing number of researchers have been investigating
for new active compounds against multidrug-resistant
pathogens. Plant extracts and secondary metabolites
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possessed antifungal, antiviral, or antimicrobial activities.
The main constituents of black pepper were piperine and
volatile oils (Abd El Mageed et al. 2011). High Perfor-
mance Liquid Chromatography analysis revealed that
piperine, piperidine, eugenol, and catechin were con-
stituents of Piper nigrum crude extract (Jin et al. 2013). In
addition, trans-caryophyllene (30.33%) and limonene
(12.12%) were found in black pepper oil. By contrast, the
major constituent of green pepper oil was piperine
(24.42%) and limonene (18.73%) (Nikolic et al. 2015). The
volatile oil of black pepper demonstrated antimicrobial
activity (Dorman and Deans 2000; Liu et al. 2015). The
antioxidant and the antibacterial activities of different
solvent extracts of P. nigrum, piperic acid, and purified
piperine were varied (Zarai et al. 2013). The extracts of
black pepper efficiently inhibited the growth of Gram-
positive and Gram-negative bacteria, such as Staphylo-
coccus aureus, Bacillus cereus, and S. typhimurium (Ghori
and Ahmad 2009; Karsha and Lakshmi 2010). In addition,
black pepper chloroform extract influences the cell mor-
phology, respiratory metabolism, pyruvic acid content, and
ATP levels of Escherichia coli and S. aureus. The extracts
of black and red pepper also inhibit the DNase activity of S.
aureus (Zarringhalam et al. 2013).

The present study determined the antibacterial activity
of black pepper and its mode of action on bacteria by
evaluating the effects of black pepper petroleum ether
extract (BPPE) on the cell wall, cell membrane perme-
ability, and correlative enzyme activity. And this study
provided a theoretical basis for the storage and processing
of the meat products.

Materials and methods
Chemicals

Black pepper was purchased from Peng Tai Xing Super-
market (Haikou, China). Ethanol was obtained from Xilong
Chemical Corporation (Guangdong, China). Alkaline
phosphatase (ALP-ase) assay kit and Na'/K'-ATPase
assay kit were acquired from Nanjing Jiancheng Bioengi-
neering Institute (Nanjing, China). Propidium iodide (PI)
was purchased from Sigma. Other chemicals of analytical
grade were obtained from Xilong Chemical Co., Ltd.

Preparation of BPPE

Air-dried black pepper (200 g) was crushed with a grinder,
extracted thrice by stirring with 400 ml of 80% ethanol at
room temperature for 12 h, and then leached by vacuum
filter. The solvent of the combined extracts was evaporated
under reduced pressure by using a rotary vacuum
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evaporator at 50 °C, and the remaining water was evapo-
rated at 50 °C by a thermostat-controlled water bath.
Turbidity suspensions were prepared by adding 100 ml of
distilled water into the obtained dried extract. Petroleum
ether (100 ml) was added thrice into the suspension in a
separator funnel. Low-turbidity suspensions were subse-
quently transferred into another vessel. Chloroform
(100 ml) was added thrice, agitated, and transferred after
stratification. The suspension was then successively dis-
posed by 100 ml of ethyl acetate and butyl alcohol. BPPE
was concentrated under vacuum at 30 °C, and the black
pepper chloroform extract was concentrated under vacuum
at 35 °C. The black pepper ethyl acetate and butyl alcohol
extract were concentrated at 35 °C and 65 °C successively.
All of the extracts were stored at 4 °C for further analysis.

Bacterial strains

Gram-negative bacteria S. typhimurium (ATCC 14028)
and Gram-positive bacteria L. monocytogenes (ATCC
19115) were purchased from Guangdong Microbiology
Culture Center. S. typhimurium was cultured on nutrient
agar at 37 °C for 24 h. L. monocytogenes was grown and
maintained on slants of brain—heart infusion agar (Huankai
Microbial Sci. & Tech, Co., Ltd., Guangdong, China).

Determination of minimum inhibitory concentration
(MIC) of antimicrobials

The MICs of the antimicrobials were determined using the
standard broth micro-dilution method with slight modifi-
cations (Zhang et al. 2016). The bacteria were incubated at
37 °C overnight, harvested through centrifugation, and
subsequently re-suspended to approximately 107 cfu/ml in
0.9% sterile NaCl. Serial dilutions of BPPE were prepared
to obtain the final concentrations of 40, 20, 10, 5, 2.5, 1.25,
and 0.625 mg/ml in agar medium (Liu et al. 2015, 2016).
The sample containing the same volume of ethanol but
without extract served as the negative control group, and
the sample without extract and ethanol served as the blank
control group. The plates were incubated for up to 24 h
before recording the MICs.

Effects of antimicrobials on bacterial cell wall

ALP-ase was an intracellular enzyme that cannot pass
through the intact cell wall and thus would be detected
when the cell wall is destroyed (Nomoto et al. 2016; Zappa
et al. 2001). ALP-ase activity was determined by using an
ALP-ase kit according to the manufacturer’s instructions
(Nomoto et al. 2016). S. typhimurium and L. monocyto-
genes were incubated in broth, and were collected in the
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logarithmic phase. The bacterial suspensions were prepared
by stroke-physiological saline solution. The test compound
at MIC was added into the suspension and then 10 ml of
bacterial suspension was centrifuged at 6000 rpm for
15 min at 4 °C. The supernatant was used to detect ALP-
ase.

The integrality of cell membrane

Damage in cell membranes was determined by Propidium
Iodide (PI). PI cannot penetrate cells that were bound by
intact membranes (Klotz et al. 2010). Bacterial suspensions
of S. typhimurium and L. monocytogenes were prepared
and grown overnight in nutrient broth and brain heart
infusion broth under continuous shaking at 37 °C, respec-
tively. The test compound at MIC was added into the
suspension and incubated at 37 °C for 24 h. And then the
suspension was centrifuged at 8000 rpm per 10 min at 4 °C
and washed twice with stroke-physiological saline solution,
followed by addition of 30 uM PI and incubation in ice
bath for 10 min, and the group which without the BPEE as
the control. The fluorescence intensity was measured at
550 nm excitation and 628-700 nm scanning emission
with a 5 nm slit width at room temperature (25 °C), and the
baseline was corrected using an F-7000 fluorescence
spectrophotometer (Japan) (Bunthof et al. 1999).

Measurement of release of 260 and 280 nm UV-
absorbing materials

The measurement of release of 260 and 280 nm UV-ab-
sorbing materials into the supernatants was determined by
an ultraviolet—visible light detector (Yi et al. 2010). Bac-
terial suspensions of S. typhimurium and L. monocytogenes
were prepared and grown in broth overnight under con-
tinuous shaking at 37 °C, harvested, washed thrice with
distilled water by centrifugation each time at 6000 rpm for
10 min at 4 °C, and then the bacterial suspension was
prepared to contain 10’ cfu/ml in 0.9% sterile NaCl. After
incubation at 37 °C for 30 min, the test compound at MIC
was added into the suspension. Aliquots of the samples
were drawn at regular intervals of 15 min and centrifuged,
then the absorbance of 260 and 280 nm UV-absorbing
materials in the suspension were measured by Ultraviolet—
visible light detector (China) (Cui et al. 2012; Tian et al.
2009).

The activity of Na*/K*-ATPase

Na*/K*-ATPase activity was determined using an enzyme
kit according to the manufacturer’s instructions (Liu et al.
2015). Fresh liquid medium was added into the activated S.
typhimurium and L. monocytogenes culture. S. typhimurium

and L. monocytogenes were collected in the logarithmic
phase. The specific MIC level decided into the suspension
and the remaining portion remained untreated as a control.
The suspension was incubated at 37 °C for 24 h, and 20 ml
suspensions in all tubes were harvested through centrifu-
gation and then washed twice with distilled water at the test
point. The cells were re-suspended with stroke-physiolog-
ical saline solution and were broken with ultrasound in ice
bath for 4 min (550 W, working at 10 s intervals) by
ultrasonic liquid processors. And the cell debris has been
removed through centrifugation at 10,000 rpm per 10 min
at 4 °C. The supernatants were collected and the protein
content of the mixture was examined by xylene brilliant
cyanine G250 (Kayali et al. 2011). In addition, Na*/K™*-
ATPase activity was measured by ATPase Kkit.

Investigation of structural changes via scanning
electron microscopy (SEM)

The cells were incubated over night under continuous shaking
at 37 °C and kept the concentration approximately 107 cfu/ml
in liquid medium. Antimicrobials were added into the pro-
cessed groups, achieving their specific MIC levels. The BPPE-
treated, alcohol-treated, and non-treated bacterial cultures
were incubated at 37 °C for 8 and 24 h, respectively. The
procedure was described in the following paragraph.

The cells were collected at 6000 rpm for 10 min through
centrifugation. They were washed thrice with sterile
phosphate-buffered saline and then dehydrated using serial
dilutions of ethanol as follows: 20, 40, 60, 80, and 100%.
The specimens were prepared and pre-frozen at —40 °C for
1-2 h. The samples were placed in a freezing and deep-
freezing equipment. And then the samples were gold
covered through cathodic spraying. The specimens were
prepared and the morphology of bacterial cells was
examined under Hitachi S-3000 SEM (Japan) (Cetin-Kar-
aca and Newman 2015; Yong et al. 2015).

Statistical analysis

All experiments were performed in triplicate. Data were
analyzed by ANOVA by using Origin 9.0 and SPSS 19.0.
Difference between groups was considered significant at
P < 0.05.

Results and discussion

Antimicrobial activity of black pepper organic
extract

The increased use of antibiotic could increase bacterial
resistance and encourage the search for new active
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compounds against food-borne pathogens (Yang et al.
2016). This study analyzed the activity of the extracts of
four species of black pepper against two standard and
familiar bacterial strains.

This study showed that different organic extracts
demonstrated variable antimicrobial activities against the
tested strains. The MICs were showed in Table 1. The
BPPE and chloroform extract demonstrated similar and
high antimicrobial activity against both L. monocytogenes
and S. typhimurium during the 24 h incubation. BPPE
displayed the highest inhibitory activity, reaching values of
0.625 and 1.25 mg/ml against L. monocytogenes and S.
typhimurium, respectively. The MIC of chloroform extract
was 1.25 and 2.5 mg/ml against L. monocytogenes and S.
typhimurium, respectively. The MIC of ethyl acetate

Table 1 The antibacterial efficacy of the antimicrobials

extract was 20 mg/ml against both L. monocytogenes and
S. typhimurium. The MIC of butyl alcohol extract was 10
and 20 mg/ml against L. monocytogenes and S. typhimur-
ium, respectively. These results showed that BPPE exhib-
ited the strongest inhibitory activity against the growth of
microorganisms than the other three organic extracts. So
the BPEE was used to further study in the morphology of L.
monocytogenes and S. typhimurium. These findings were
consistent with those of the Philippine Piper methanol,
ethanol, and supercritical CO, extracts, which demon-
strated bactericidal activity against E. coli and P. aerugi-
nosa (Valle Jr et al. 2016). Aqueous decoction of black
pepper (P. nigrum L.) evidently inhibited 176 bacterial
isolates belonging to 12 different genera of bacteria
(Chaudhry and Tariq 2006).

Microorganism Ether extract MIC Chloroform extract MIC Ethylacetate extract MIC Butyl alcohol extract MIC
(mg/ml) (mg/ml) (mg/ml) (mg/ml)
L. monocytogenes 0.625 1.25 20 10
(ATCC 19115)
S typhimurium 1.25 2.5 20 20
(ATCC 14028)
Table 2 The activity of ALP- - S
ase L. monocytogenes and S. Time (h) L. monocytogenes S. typhimurium
typhimurium CG CG EG EG CG CG EG EG
ODs5g Ul/gprot ODs»g Ul/gprot ODs»g Ul/gprot ODs»g Ul/gprot
0 0.014 0.583 0.027 1.125 0.034 1.417 0.064 2.667
2 0.015 0.625 0.127 5.292 0.065 2.708 0.109 4.542
4 0.025 1.042 0.233 9.708 0.063 2.625 0.225 9.375
6 0.022 0.917 0.212 8.833 0.052 2.167 0.221 9.208
8 0.028 1.167 0.204 8.500 0.051 2.125 0.198 8.250
10 0.027 1.125 0.196 8.167 0.076 3.167 0.203 8.460

CG control group, EG treat group

Fig. 1 The fluorescence spectra 071
of PI in cells treated with the
BPPE. L. monocytogenes: the 60
antimicrobials (solid line), S
control (dashed line); S. =~ 50
typhimurium: the antimicrobials \3
(solid line), control (dashed = 40r
line) =
w 30
[5)
< 2 r
c
10
0 1
620 630
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The integrality of cell wall

The enzymes in bacteria promote metabolism and accel-
erate biochemical reactions. The bacterial cells lack energy
when the intracellular enzyme activity was inhibited by
antibacterial agents.

The cytoderm of microbial cells plays an important role
in maintaining normal growth by isolating intracellular
enzymes and macromolecular substances. The enzyme
ALP-ase effused from the cell when the cell cytoderm was
destroyed. The ALP-ase activity was determined with an
ALP-ase kit. The activity of ALP-ase significantly
increased when bacterial cells were treated with BPPE at
MICs. The activities of ALP-ase in the culture of L.
monocytogenes and S. typhimurium were 9.708 and
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9.375 Ul/gprot by treating with BPPE for 4 h, respectively.
After 10 h, the ALP-ase activity of L. monocytogenes was
8.167 U/gprot, compared with 1.125 U/gprot for the con-
trol group. S. typhimurium treated with BPPE exhibited
similar behavior (Table 2). These phenomena showed the
leaching of ALP-ase from the intracellular to the extra-
cellular medium, mainly because the cell cytoderm was
destroyed in L. monocytogenes and S. typhimurium cells.
These results were consistent with the earlier findings
(Cui et al. 2015), indicating that the nutmeg oil in pork
could destroy the cell wall and cell membrane of E. coli
and S. aureus. The leakage of ALP-ase could degrade the
main nucleic acid components, such as RNA and DNA.
The protection and support role of the cell wall disappeared
which resulted the cell membrane and organelles were
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Fig. 2 The leakage of UV260 and UV280 absorbing material in L. monocytogenes (a, b) and S. typhimurium (c, d). Data markers represent

average (n = 3) =+ standard deviation
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Fig. 3 The activity of Na*/K*-ATPase in L. monocytogenes (a) and S. typhimurium (b). Data markers represent average (n = 3) =+ standard

deviation

affected. Moreover, the morphology of bacterial cells
changed, which resulted in cell death.

The integrality of cell membrane

The function of the cell membrane was to segregate
intracellular, extracellular components and to prevent the
entry of macromolecular substances into the cell. The
permeability of the cell membrane could change after
treatment with an antibacterial agent. The effect on the cell
membrane in response to BPPE was observed by fluores-
cence spectrometry with a PI tag (Fig. 1). PI cannot nor-
mally pass through the cell membrane. The fluorescence
intensity of the BPPE treatment groups were significantly
higher than that of the control group, which indicated that
the treated bacterial cells were damaged and the cell
membrane permeability was increased.

Results of the present study showed that BPPE can
increase the permeability of cell membrane, which was
consistent with those of previous studies (Liu et al. 2015),
indicating that BPPE combined with PL and Nisin could
significantly damage the cell membrane of Bacillus sub-
tilis. Ananta et al. (2004) found that the fluorescence dot
plot of the bacterial cells treated with high pressure differed
with that of the control groups and the heat-inactivated
cells. Their results showed that the membranes were rup-
tured and the cells were labeled by PI throughout the
population.

@ Springer

Release of 260 and 280 nm UV-absorbing materials

The leaching of 260 and 280 nm UV-absorbing materials
(especially nucleic acids and proteins) was monitored for
115 min (Fig. 2). The absorbance at 260 and 280 nm was
increased with BPPE treatment. The increasing fast phases of
260 and 280 nm UV-absorbing materials about L. monocy-
togenes were 0-30 and 75-115 min, respectively. The
increasing fast phases of 260 and 280 nm UV-absorbing
materials about S. typhimurium were 60-90 and 75-115 min,
respectively. Therefore, the nucleic acid and protein were
outside the bacterial cell. BPPE altered the permeability of the
cell membrane, thereby causing the leaching of nucleic acids
and protein. These absorbing materials were obligatory in the
bacteria and their leaching could cause cell death.

The BPPE treatment caused leaching of 260 and 280 nm
UV-absorbing materials in the present study. These results
were consistent with earlier results (Karsha and Lakshmi
2010), indicating that black pepper altered the membrane
permeability of S. aureus, thereby resulting in the leakage
of nucleic acids and proteins which caused cell death.
These results were consistent with these findings of
Phongphakdee and Nitisinprasert (2015), who observed
that the absorbance of the treated solution was higher than
that of the control or the ethanol-treated cells at 260 nm.
The release of genetic materials and proteins suggested that
BPPE could alter the cell membrane permeability and
inhibit the growth of bacteria.
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Fig. 4 Effect of black pepper ether extract on the morphology of L. monocytogenes [control (a); ethanol (¢ 8 h, e 24 h); BPPE (b 8 h, d 24 h)]

The activity of Na*/K*-ATPase

The solubility of antibacterial agent in the membrane phase
and the extent of membrane damage can be used to eval-
uate antimicrobial activity. Natural preservatives inhibit
the growth of microorganisms by damaging the cell
membrane (Trigui et al. 2013). Several indicators, such as
intracellular enzymes, reducing sugar, and phosphates,
demonstrate membrane damage. The leaching of potassium
and sodium ions evidenced the damage of bacterial cells.
Na*/K*-ATPase was an endoenzyme, which promoted the
production of ATP at the cell membrane (Kato et al. 2002).

The activity of Na*/K-ATPase on the cell membrane was
described in Fig. 3. BPPE showed the strongest inhibition.
The ATPase activities were only 2.149 £ 0.201 and
2.636 £ 0.124, respectively, when L. monocytogenes and
S. typhimurium were incubated with BPPE at MIC for 24 h.

Na®/K"-ATPase was a common intracellular enzyme in
the membrane of most bacterial cells; this enzyme main-
tains the balance between the K* and Na™ concentrations
in the cytoplasm. Liu and Pei (2015) found that Nisin could
inhibit Na®™/K*-ATPase and Ca*/Mg**-ATPase that
would cause the lack of ATP for membrane active trans-
port. These results indicated that BPPE destroyed cell
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Fig. 5 Effect of black pepper ether extract on the cell morphology of S. typhimurium [control (a); ethanol (c 8 h, e 24 h); BPPE (b 8 h, d 24 h)]

membrane and inhibited the ATPase activity, thereby
preventing the cell from absorbing the nutrient, limiting the
pH regulation and ion transportation (Petrosyan et al.
2015).

Electron microscopic observation

To investigate the morphology of bacteria in response to
BPPE, the treated and control bacteria were observed by
SEM as shown in Figs. 4 and 5. The cell membrane
maintained material and energy balance, which were
important for maintaining normal bacterial activity (Li
et al. 2010). The BPPE treated bacteria were observed by
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SEM to confirm the antimicrobial efficacy of BPPE and the
morphological changed in the appearance of cells.

The bacterial cells of the blank control (Figs. 4a, 5a) and
the ethanol treatment (for 8 h) groups (Figs. 4c, 5¢) of L.
monocytogenes and S. typhimurium have normal mor-
phologies. The bacterial cells treated with BPPE (for 8 h)
at MIC values were slightly damaged compared with the
blank control cells, which have smooth surfaces and rela-
tively intact outer layers (Figs. 4b, 5b). The bacteria cells
treated with BPPE (for 24 h) exhibited severely damage
compared with the ethanol-treated cells (for 24 h), which
had cracked, rough surfaces and mostly fragmented bac-
teria (Figs. 4d, 5d). By contrast, the effect of ethanol on the
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cell wall (for 24 h) was slight as compared with that of
BPPE (Figs. 4e, 5e).

These findings were consistent with a report on a black
pepper chloroform extract, where control E. coli and S.
aureus cells appeared smooth and rounded in SEM anal-
ysis, whereas those of the treated cells exhibited cell
adhesion, unclear boundaries, and fragmented membranes
(Zou et al. 2015). The E. coli cells were flattened and lose
their cellular integrity after treatment with graphite oxide
or reduced graphene oxide (Liu et al. 2011).

Conclusion

This study described the antimicrobial activity of organic
compounds in black pepper against L. monocytogenes and
S. typhimurium in detail. The MICs of BPPE against L.
monocytogenes and S. typhimurium were 0.625 and
1.25 mg/ml, respectively. The cell wall experiment
showed that the cell wall integrity was destroyed. The
macromolecular substances passed through the cell wall
to react on the cell membrane. The antibacterial compo-
nents of black pepper destroyed the cell membrane by
limiting the enzyme activity and changing the perme-
ability, thereby allowing antibacterial agents into the
bacteria cell. The activity of Na*/K*-ATPase decreased,
so that the antibacterial components of black pepper could
restrain the energy metabolism of bacteria. SEM revealed
that the bacterial cells fractured and accumulated.
Therefore, the mechanism of BPPE inhibited the growth
of L. monocytogenes and S. typhimurium by damaging the
cell wall and cell membrane, decreasing the enzyme
activity and destroying the cell morphology of bacteria.
This study provides an approach for developing conve-
nient and efficient antimicrobial agents in the food or
pharmaceutical industries, which is of great significance
to food security.
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