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Introduction

The addition of chemical preservatives increases the shelf life of food products, but prolonged and indiscriminate
use of chemical preservatives increases the resistance of microorganisms and the health risks associated with
theiruptake. Medicinal plants have a wide variety in the world as well as in Iran. In recent years, the use of natural
preservatives such as plant extracts and essential oils, due to their importance and role in controlling the growth of
pathogenic microorganisms, has been proposed as an alternative to chemical preservatives. Black pepper is an aromatic
medicinal plant. The specific properties of black pepper essential oil, such as its antimicrobial and antioxidant activity,
have also been confirmed. Amphotericin B is one of the effective antibiotics for treating infections caused by
pathogenic fungi. The mechanism of action of amphotericin B is to destroy fungal cells in such a way that by binding to
ergosterol in the cell membrane of fungi, it creates pores and eventually destroys them. One of the most important and
common antibiotics used in the treatment of infections caused by pathogenic bacteria is chloramphenicol. This
antibiotic is effective against gram-positive and gram-negative bacteria due to its broad spectrum. The aim of this study
was to identify bioactive functional groups, antioxidant potential, phenol and total flavonoid compounds and to evaluate
the antimicrobial activity of black pepper extract against Escherichia coli, Pseudomonas aeruginosa, Staphylococcus
aureus, Bacillus coagulans and Aspergillus niger.
Materials and Methods

In this study, the antimicrobial effect of black pepper aqueous extract was investigated against Escherichia coli,
Pseudomonas aeruginosa, Staphylococcus aureus, Bacillus coagulans and Aspergillus niger by disc diffusion agar,
well diffusion agar, minimum inhibitory concentration, and minimum bactericidal concentration methods. Total phenol
and flavonoid contents of the species were determined by Folin-Ciocalteu and AICI; assays, respectively. Three
biochemical assays, namely 2,2-diphenyl-1-picrylhydrazyl (DPPH) and 2,2-azinobis 3-ethyl-benzothiazoline-6-sulfonic
acid (ABTS) free radical scavenging and g- caroten/linoleic acid activity systems, were used to evaluate antioxidant
activity. Identification of functional groups as well as the structure of organic compounds in black pepper extract was
also performed by Fourier transform infrared spectroscopy (FTIR). To evaluate the synergistic effect of black pepper
extract in combination with amphotericin B and chloramphenicol antibiotics, Sub-MIC was used.
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Results and Discussion

The peaks observed in aqueous black pepper extract confirmed the presence of O-H (3000-3500 cmt), C-H (2800-
3000 cmY), C=0 (1613.62-1633.52 cm™) and C-O (100.57-1038.82 cm™) functional groups of bioactive compounds.
The total phenol and flavonoids content of the extract were 45.12 mg GAE/g extract and its flavonoid content was 29.66
mg QUE/g extract which had an important role in its antioxidant activity. The aqueous black pepper extract had
remarkable DPPH free radical scavenging activity (ICs0=32.37 pg/ml), ABTS free radical scavenging activity
(IC50=28.45 pg/ml) and beta-carotene bleaching inhibitory effect (46.45%), revealing the electron/hydrogen donating
ability of the essential oil. The results of measuring the antimicrobial activity of extract by disk diffusion and agar well
showed that black pepper extract showed more antimicrobial effect on gram-positive bacteria Staphylococcus aureus
and Bacillus coagulans than gram-negative bacteria Escherichia coli and Pseudomonas aeruginosa. This could be due
to the difference in their cell wall structure. Aspergillus niger is the most sensitive species to aqueous black pepper
extract. The minimum inhibitory concentrations of extract for Escherichia coli, Pseudomonas aeruginosa,
Staphylococcus aureus, Bacillus coagulans and Aspergillus niger were equal to 32, 16, 4, 8 and 4 mg/ml, respectively.
The minimum bactericidal concentration of black pepper extract for two bacterial species, Escherichia coli and
Pseudomonas aeruginosa was more than 512 mg/ml. Also, the minimum bactericidal concentration for Staphylococcus
aureus and Bacillus coagulans was 128 and 256 mg/ml, respectively, and 128 mg/ml for Aspergillus niger. The results
of interaction of black pepper extract with chloramphenicol antibiotic showed that the Escherichia coli, Pseudomonas
aeruginosa and Staphylococcus aureus were synergistic, but antagonism was observed for the gram-positive Bacillus
coagulans.
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Fig. 1- FTIR spectrum of black pepper aqueous extract

Table 1- Total phenol and flavonoid content and antioxidant activity of black pepper extract
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Table 2- Mean inhibition zone (mm) of black pepper extract on pathogenic microorganisms (disk diffusion agar)
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Microorganism Concentration (mg/ml)
10 30 50 70
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Aspergillus niger
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Values are expressed as mean tstandard deviations, n =3.
Different small letters in each row show a significant difference at P< 0.05 between different treatments.
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Table 3- Mean inhibition zone (mm) of black pepper extract on pathogenic bacteria (well diffusion agar)
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Values are expressed as mean tstandard deviations, n =3.
Different small letters in each row show a significant difference at P< 0.05 between different treatments.



A4

29 5o Calad g (ilounS T 0T Janiliy (J5 9dgighld g Jod slgsono  lole slaog 5 (o3 Lulid o) Ko g (5 yio

5 39 sl oslipw] 208 85 o Lugl usSpSplsli]
b (L badpd] e p)S 455 & bgrye (S50 Gl (S
9 2 e oS (o YV (lje

2 ol Jalb ojlas (Sass chle Jle 4 by mbs
Gl 0ad 03> s g 55 oS johailens .ol oad 03)9] ¥ g
9 bbbl LSl 85 9>l (Swas chls e
Sy il y oS ke OV ke Sl iy fipdr T pulipagdpe
555 skdlin] bdsS lp (Saas chle Jhe ioen
2 S ke YOF 9 WA iy 4 VST ushasl 9 ushss/
2 S WA ool usljpu] ()8 85 el 5 il b
23,5 odalie il e

culled )y (Sabbagh et al., 2015) ,Ken 5 fls
Sass ade waul g ook b Jgll o)las 05)Seens
JR s 290 1y Sl 4 pglie ugysl usSaSpldlil
OPPS 9 Oy aS 0 L byl e 5l el zols .ol
i b mejlitn oSge bl 4 lie i 4 Cuglis
byl bl doyd MY Gl 4 aslegSSly g doyd £F/F
S b Gl LalS lbojlas SuiSle clale Jile i
bg Ve cale sy 4 il g Jals (Sass Sl ot
2 SHI3L ChlE (ppaS o b3 0g i de ) S e
e oy b D e i) e p S e </FY YO clale
PGk Ve g Ve slacdale iy a4 (Suas chle Jle
W odmliie Ml g olow Jald (gboo lae i) Lo jo

s o lisd & Cnd (2805 Clleb Sl iman

oo YA gl usl sl ply 31y 1 08 5 oo VY
b » {Dorman et al., 2000) Ko ¢ cpoygd b lis
Sl s Jals LS ojlas oS oS Wab oli dng
~ 0l oS )3 5 wshys! pesSphli] 65 ade Sl
Oeed g yio Jue VO ol Jalb o)lac Wiy pac dla s la
205 68k oal Sy e YO 28 5 ojlae
ojlas Sw,biL 5l (Karsha et al., 2010) l,Ken o L)
sy wsS e pbslin] oSl > ok Jib Sgual
b il sy f9,51 oligog g o pulSE S35yl pugipus poshaly
ol & sl b ol dd Migalle 5 dipess MeslS (I
VYO AIYO SIND /0 X0+ AYO sl b e & ojlac
e 5y pas o b oyt 1l ke g oS ke YO0

2,

Oaaad g (MIC) wuay j) (Saiss;lge ldle Blas (paans
olac Jil§ o yLas (MBC) ((Suidis calilé Jlaa
chle Bls 5 Subjl chble Bls 4 byw xW
£ s 55 licslon lagisl sl ol Jilb ojlae Saiis
SBbik cbile s o ol L ol gl .ol o o34l
disijspd wligegisw (AT Ll il Gl
w2l sl g i Ya5TS ushasl i mshygl (ropS s shsli]
Olise cpyidie 9 g deo w p S de ¥ g A N XY sy
Cio pf EF 4 by o Jib olac Sy

1506 s\owt S a5 5l 5o 3 dloaw J&l8 5 Las ( Suis clale Plas o  SoiiS lho cdale Jlas -F Jgan
Table 4- Minimum inhibitory concentration and minimum bactericidal concentration of black pepper extract on pathogenic

microorganisms
ot 1;,1,;?4 MIC (mg/ml) MBC/MFC (mg/ml)
Microorganism
A bl 32 >512
E. coli
L‘%)))j/u“ [’.)“i"ﬁ“’ 16 >512
Pseudomonas aeruginosa
w&f/ﬂ/w}’/ﬁ’/;‘[‘-"“/ 4 128
Staphylococcus aureus
Y55 oghets 8 256
Bacillus Coagulans

Aspergillus niger

MIC= Minimum inhibitory concentration
MBC= Minimum bactericidal concentration
MFC= Minimum fungicidal concentration
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Table 5- Antimicrobial effect of chloramphenicol and amphotericin B and their interaction with black pepper extract on
pathogenic microorganisms

95 adle
Antimicrobial agent
il 19 S0
Microorganism ol 5 B cyman o] Ca;lt.ac + l_: R --,1),:5 a):ac :l B ‘:_: . “,);9.64!
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Values are expressed as mean tstandard deviations, n =3.
Different small letters in each row show a significant difference at P< 0.05 between different treatments.
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