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  الخالصة

 فصل وتشخيص المركب المسؤول عن الفعالية الدوائية من         إلىهدفت الدراسة الحالية    
تم فصل حامض التانيك من قـشور الرمـان   . .Punica granatum L الرمان ارقشور ثم

 Tannic( عينة الـسيطرة  وكشف عنه باستخدام كروماتوغرافيا الطبقة الرقيقة بالمقارنة مع

acid .(ًتم التأكد من نقاوتها وماهيتها باستخدام مطياف األشعة تحت الحمـراء            عن ذلك    فضال
FTIR        و تحليل كروماتوكرافيا السائل عالي الكفاءة HPLC .        تـم التحـري عـن الفعاليـة

: البايولوجية للمركب المفصول ضد ستة أنواع مختلفة مـن األحيـاء المجهريـة المرضـية              
Staphylococcus aureus ،Bacillus cereus و Listeria monocytogenes : ــا ام

 Brucella melitensis ،Klebsiella pneumoniaeالبكتريا السالبة لصبغة كرام فتضمنت 
أظهرت المادة المفصولة فعالية تثبيطية ضد كل األحيـاء  . Pseudomonas aeruginosa و

حظ أعلـى   ، ولو )مل/  ملغم   6.2 و   12.5،  25.0،  50.0(المجهرية قيد الدراسة عند التراكيز      
باستخدام طريقـة االنتـشار   )  ملم22.6: قطر التثبيط (K. pneumoniaeتثبيط ضد بكتريا 

 طريقـة   م لحامض التانيك باستخدا   MIC)(تم التحري عن التركيز المثبط األدنى        .باألقراص
 250.0 – 31.2(وبمعــدل تركيــز مثــبط تــراوح بــين  Microdilution assayالـــ 

  .K. pneumoniaeة تثبيط كانت ضد بكتريا أعلى قيمو) مل/مايكروغرام
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Abstract 
The aim of this study was to isolate and identify the substance 

responsible for the pharmacological activities of Punica granatum L. fruit 
peels. Tannic acid (ellagitannins, gallotannins) was isolated from 
pomegranate fruit husk and detected on Thin layer chromatography TLC 
plates in comparison with standard tannic acid that, served as a positive 
control. Moreover, infrared FTIR spectrometer and High Performance 
Liquid Chromatography HPLC analysis were used to confirm the purity 
and characterization of tannic acid. The isolated material was investigated 
for its antibacterial activity against six different pathogenic bacteria. The 
Gram-positive bacteria were; Staphylococcus aureus, Bacillus cereus, 
Listeria monocytogenes; and Gram-negative bacteria included; Brucella 
melitensis, Klebsiella pneumoniae and Pseudomonas aeruginosa. Tannic 
acid at different concentrations (50.0, 25.0, 12.5, 6.2 mg/ml) was active 
against all tested bacteria and the highest inhibitory effect was observed 
against K. pneumoniae (zone of inhibition: 22.6 mm) using the disc 
diffusion method. The minimal inhibitory concentration MIC for tannic 
acid was determined using a broth microdilution method in 96 multi-well 
microtiter plates. MIC values ranged from 31.2–250.0 µg/ml, and the 
most promising result was observed against K. pneumoniae. 
 
Introduction 

The interest in the study of medicinal plants as a source of 
pharmacologically active compounds has increased worldwide. It is 
recognized that in some developing countries, plants are the main 
medicinal source to treat infectious diseases. In these countries living 
conditions are crowded and hygiene is poor; diarrhea and dysentery 
caused by bacterial enteropathogens are among the main causes of 
morbidity and mortality [1,2]. Due to the indiscriminate use of 
antimicrobial drugs the microorganisms have developed resistance to 
many antibiotics. This has created immense clinical problem in the 
treatment of infectious diseases [3]. In addition to this problem, 
antibiotics are sometimes associated with adverse effects on host which 
include hypersensitivity, depletion of beneficial gut and mucosal 
microorganisms, immunosuppression and allergic reactions [4]. Therefore 
there is a need to develop alternative antimicrobial drugs for the treatment 
of infectious diseases. 

Punica granatum L. (pomegranate) member of Punicaseae family, 
is a fruit-bearing deciduous shrub or small tree growing to 5–8 m tall. The 
tree is native to warm regions like Pakistan, Iran, India and Iraq. Several 
parts of the tree have been used as an astringent, haemostatic, as a remedy 
for diabetes, as an anthelmintic specifically against tapeworms and for 
diarrhea and dysentery [5]. In addition to its antibacterial [6], antiviral [7] 
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and antioxidant [8] properties. The pomegranate tree, especially the fruit 
rind, possesses a vast ethnomedical history and represents a 
phytochemical reservoir of heuristic medicinal value. In Iraq dried P. 
granatum fruit peels are used for wound healing and for the treatment of 
diarrhea and dysentery [9]. 

Tannins are reported to possess multiple biological activities 
including anticancer [10], antioxidant [11], and antimicrobial activities 
[12]. Based on their chemical structures, tannins are further divided into 
hydrolyzable and condensed tannins. The main components of 
hydrolysable tannins are gallotannins, also referred to as tannic acid, and 
ellagitannins [10]. 

Although many reports on the antimicrobial activity of 
pomegranate exist in the literature, none of them relates such activity with 
its chemical composition. We describe here the isolation, identification 
and purification of tannic acid (gallotannins) from P. granatum fruit peel 
and its antibacterial activity against six selected pathogenic bacteria. 

  
Materials and methods 
 

Chemicals 
Ethyl acetate, petroleum ether, methanol, ethanol, 

dimethylsulfoxide DMSO, acetone, chloroform, carbon disulfide, 
benzene, ferric chloride, plumb acetate and potassium dichromate 
solution were obtained from BDH Analar (England). Tannic acid 
(standard) 99% purity (molecular weight 1701.20, mp 218 °C, molecular 
formula C76H52O46) was obtained from Aldrich Chemical Com. 
(Germany). 

 
Plant material 

P. granatum fruit peels were collected at the end of July 2007 from 
Mosul countryside, Nineveh Province, Iraq and identified by a botanical 
taxonomist at college of Agriculture and Forestry, University of Mosul. 
Peels were washed first under running tap water, followed by sterilized 
distilled water and dried at room temperature in dark then grinded to 
powder using an electrical blender. 
 
Isolation and purification of tannic acid 

Tannic acid was extracted from P. granatum fruit peels according 
to the method described by [13]. Briefly, the powdered peels were 
extracted with water, using a soxhlet extractor for 8 h or until the solvent 
turned pure and colorless. The resulted aqueous solution was treated with 
ethyl acetate for several times. The solvent was then removed using a 
rotary vacuum evaporator at 40 °C to give the concentrated extract (semi 
solid), which was transformed to solid form by adding petroleum ether. 
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Characterization of pure tannic acid 
  

Chemical detection 
Tannic acid was detected according to its ability to dissolve in 

water, ethanol, acetone, petroleum ether, chloroform, carbon disulfide, 
benzene, and according to its reaction with ferric chloride, mineral salts 
like plumb acetate and potassium dichromate solution [14]. 
 
Thin layer chromatography TLC 

The isolated compound from P. granatum fruit peels was dissolved 
in appropriate solvent, applied to silica gel plates, Merck (Germany) 
20×20 cm, 0.25 mm in thickness, and developed using the solvent system 
methanol: chloroform (2:1) v/v [15]. The separated zone was visualized 
spraying with 0.1 % (w/v) ferric chloride FeCl3. Standard tannic acid 
served as positive control [16]. 

 
FTIR studies 

Infrared (IR) spectra of tannic acid was recorded in the College of 
Education, Department of Chemistry, University of Mosul, using a 
computerized Tensor 27 FTIR spectrometer, Bruker Co. (Germany), in 
the range 400–4000 cm−1 by KBr pellet technique. 

 
High-performance liquid chromatography (HPLC) 

HPLC analysis was performed in College of Science, University of 
Mosul, using a Shimadzo LC 2010 HPLC system (Kyoto, Japan), 
equipped with a Shimadzo LC 2010 UV-VIS detector with a 
thermostatted flow cell and a selectable two wavelengths of 190–370 nm 
or 371–600 nm. The detector signal was recorded on a Shimadzo LC 
2010 integrator. The column used was a C18 block heating-type Shim-
pack VP-ODS (4.6 mm interior diameter ×150 mm long) with a particle 
size of 5 µm. Tannic acid was separated with a mobile phase of water: 
acetone: methanol (80:10:10) at a flow-rate of 3.0 ml/min, column 
temperature 25°C. Injection volume was 40 µl and detection was carried 
out at 220 nm [17]. 

 
Bacterial strains 

All microorganisms were obtained from Department of Basic 
Sciences, College of Nursing, University of Mosul, Iraq. Three strains of 
Gram-negative bacteria (Brucella melitensis, Klebsiella pneumoniae, 
Pseudomonas aeruginosa) and three strains of Gram-positive bacteria 
(Staphylococcus aureus, Bacillus cereus, Listeria monocytogenes) were 
used as tested bacteria. The cultures of bacteria were maintained in their 
appropriate agar slants at 4°C throughout the study and used as stock 
cultures. 
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Antibacterial activity 
 

Disc diffusion assay 
A modified agar diffusion method [18] was used to determine 

antibacterial activity with slight modifications. Nutrient agar was 
inoculated with microbial cell suspension (200 µl of bacterial cell 
suspension in 20 ml medium) and poured into sterile Petri dishes. Sterile 
filter paper discs 6 mm in diameter were impregnated with 20 µl of tannic 
acid in different concentrations (50.0, 25.0, 12.5, 6.2 mg/ml initially 
prepared by dissolving in DMSO and sterilized by filtration through 0.45 
µm millipore filters), and placed on the inoculated agar surface. Standard 
6 mm discs containing gentamycin 10 µg/disc and chloramphenicol 30 
µg/disc (Bioanalyse) were used as positive controls. The plates were 
incubated overnight at 37°C and the diameter of any resulting zones of 
growth inhibition was measured (mm). Each experiment was tested in 
triplicate. 

 
Microdilution assay 

Minimal inhibitory concentrations MIC were determined based on 
a microdilution method in 96 multi-well microtiter plates as previously 
described [19]. Briefly, bacterial strains were cultured overnight at 37°C 
on Nutrient broth and adjusted to a final density of 106 cfu/ml, and used 
as an inoculum. Tannic acid was dissolved in DMSO and then in Nutrient 
broth to reach a final concentration of 500.0 µg/ml. Serial twofold 
dilutions were made in a concentration range from 7.8 to 500.0 µg/ml. In 
each microtiter plate, two columns with broad-spectrum antibiotics were 
used as positive controls (gentamycin and chloramphenicol in serial 
dilutions 7.8-500.0 µg/ml). As an indicator of bacterial growth, 40 µl p-
iodonitrotetrazolium violet (INT) dissolved in water was added to the 
wells and incubated at 37°C for 30 min [20]. The lowest concentration of 
tannic acid showing no growth was taken as its minimal inhibitory 
concentration. The colorless tetrazolium salt acts as an electron acceptor 
and is reduced to a red-colored formazan product by biologically active 
organisms [21]. Where bacterial growth was inhibited, the solution in the 
well remained clear after incubation with INT. 

 
Results 

In the present study tannic acid was isolated from P. granatum fruit 
peels, and then detected on TLC plates in comparison with standard 
tannic acid. Both, isolated and standard compounds had the same 
retention factor (Rf) values 0.94. The FTIR spectrum confirmed the 
isolated material from P. granatum fruit peels as Tannic acid (Figure 1). 
Infrared spectrum showed significant peaks which, confirms the purity of 
the isolated material and were around: (3382.24) cm-1 (s) that corresponds 
to phenolic hydroxyl; (1714.81) cm-1 (s) which is attributed to carbonyl 
bond of free and bonded carboxylic groups; (1230) cm-1 corresponds to 
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phenolic (C–O) bond; (1416–1614) cm-1 bands correspond to aromatic 
rings on tannins structure; (2935.43) cm-1 which ascribes to (C–H) bond. 
Moreover, tannic acid was characterized using HPLC method (Figure 2) 
and identified by comparing its retention time (tR) and UV spectra with 
that of the standard compound. The retention time (4–6 min) and UV 
spectra of the isolated material on HPLC was completely identical to that 
of standard tannic acid (Figure 3). 

 
 

Figure 1. FTIR spectra of tannic acid isolated from P. granatum fruit peels. 
 

 
 
 

Figure 2. HPLC chromatogram of tannic acid isolated from P. granatum fruit 
peels. 
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Figure 3. HPLC chromatogram of standard tannic acid. 
 

The isolated material was then investigated for its antibacterial 
activity against six bacterial species. The initial screening of antibacterial 
activity of tannic acid was assayed in vitro by the agar diffusion method 
using four concentrations (50.0, 25.0, 12.5, 6.2 mg/ml). All 
concentrations were active against all tested bacteria (Table 1) and the 
highest inhibitory effect was observed against K. pneumonia (zone of 
inhibition: 22.6 mm) using the concentration 50.0 mg/ml, while the 
weakest activity was demonstrated against P. aeruginosa (zone of 
inhibition: 10.0 mm) using the concentration 6.2 mg/ml. 

 
Table 1. Antibacterial activity of tannic acid isolated from P. granatum fruit 

peels 
Zone of inhibition (mm) 

Tannic acid concentrations 
(mg/ml) Control (µg/disc) Microorganisms 

50.0 25.0 12.5 6.2 G C 
S. aureus 20.1 18.6 15.4 12.2 16.1 24.4 
B. cereus 18.3 16.9 13.5 10.4 18.3 21.2 
L.  monocytogenes 19.2 16.2 14.3 10.7 20.3 – 
B.  melitensis 21.3 18.3 14.3 11.8 16.3 – 
K. pneumonia 22.6 19.3 15.4 12.5 14.2 20.2 
P. aeruginosa 17.2 15.5 13.2 10.0 16.0 23.1 

 

G: Gentamycin 10 µg/disc; C: Chloramphenicol 30 µg/disc; –: No activity. 
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In view of the results obtained by the disc diffusion method, the 
minimal inhibitory concentration MIC for tannic acid isolated from P. 
granatum fruit peels was determined by broth microdilution assay (Table 
2). K. pneumonia was found to be the most sensitive pathogen against 
tannic acid with a MIC value of 31.2 µg/ml while, S. aureus, B.  
melitensis ranked next (MIC 62.5 µg/ml) followed by B. cereus, L.  
monocytogenes (MIC 125.0 µg/ml) and finally, P. aeruginosa with a MIC 
value of 250.0 µg/ml. The standard drugs gentamycin and 
chloramphenicol were active against most reference bacteria (zone of 
inhibition range: 14.2–20.3 and 20.2–24.4 mm respectively; MIC range: 
7.8–31.2  and 7.8 µg/ml respectively). 

 
Table 2. Minimum inhibitory concentration MIC of tannic acid isolated from P. 

granatum fruit peels. 
MIC values (µg/ml) 

Control Microorganisms 
Tannic acid 

G C 
S. aureus 62.5 15.6 7.8 
B. cereus 125.0 15.6 7.8 
L.  monocytogenes 125.0 7.8 – 
B.  melitensis 62.5 15.6 – 
K. pneumonia 31.2 31.2 7.8 
P. aeruginosa 250.0 15.6 7.8 

 

G: Gentamycin; C: Chloramphenicol; –: No activity. 

 
Discussion 

Tannins are high molecular weight plant polyphenolic compounds 
found in foods such as legumes, vegetables, fruits, and beverages [10]. 
Pomegranate fruit husk/peel is a rich source of hydrolyzable tannins 
(26%) called ellagitannins or tannic acid, and is employed both as a 
medicine and for tanning [22]. 

Almost, all parts of P. granatum have been reported to have 
antibacterial activity such as roots [23], fruits [24] and fruit rind [25, 6, 
26]. All these studies focused on extracts from pomegranate tree parts and 
none of them related such activity with the plant chemical composition. 
In vitro studies in this work showed that tannic acid, the major constituent 
of tannins and a mixture of several structurally related gallotannin 
compounds, was active against all tested bacteria. The zones of inhibition 
ranged from 10.0–22.6 mm in diameter using the disc diffusion method. 
Furthermore, MIC values ranged from 31.2–250.0 µg/ml, and the most 
promising result was observed against K. pneumonia. 

Tannins are known to complex irreversibly with nucleophilic 
amino acids in proteins, often leading to inactivation of the protein and 
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loss of function. For this reason, the potential range of tannins 
antimicrobial effects is great. Probable targets in the microbial cell are 
surface-exposed adhesins, cell wall polypeptides, and membrane-bound 
enzymes. Tannins may also render substrates unavailable to the 
microorganism [12]. 

In the present study the standard drug gentamycin was active 
against all tested bacteria in contrast to chloramphenicol which, had no 
activity against L.  monocytogenes and B.  melitensis. On the other hand 
chloramphenicol showed better results against all sensitive pathogens 
than that of gentamycin. Several mechanisms of antimicrobial resistance 
are readily spread to a variety of bacterial genera. First, the organism may 
acquire genes encoding enzymes, such as β-lactamases, that destroy the 
antibacterial agent before it can have an effect. In addition, bacteria may 
acquire efflux pumps that extrude the antibacterial agent from the cell 
before it can reach its target site and exert its effect. Finally, bacteria may 
acquire several genes for a metabolic pathway which ultimately produces 
altered bacterial cell walls that no longer contain the binding site of the 
antimicrobial agent, or bacteria may acquire mutations that limit access of 
antimicrobial agents to the intracellular target site via downregulation of 
porin genes [27]. 

It can be concluded that tannic acid isolated from P. granatum fruit 
peels had strong antibacterial activities against six different bacterial 
species and that tannic acid is very much responsible for the antibacterial 
activity of Pomegranate fruit rind. Additional in vivo studies and clinical 
trials would be needed to justify and further evaluate the potential of this 
compound as an antibacterial agent in topical or oral applications. 
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