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Abstract
Background. Helicobacter pylori is one of the most prevalent gastric pathogens, causing gastric
dysfunction, ulceration and, eventually, cancer. Antibiotic resistance, a rapidly growing problem, may
interfere with the success of eradication therapy. The aim of this study was to evaluate the anti-H.
pylori effect of crude extracts derived from dill, fennel, caraway and cinnamon, all of which are
common dietary additives in Iran.
Design. In vitro bactericidal measures.
Methods. The sensitivity of H. pylori isolates from gastric fluids to herbal extracts was evaluated using
two standard ex vivo techniques.
Results. The results showed that dill extract had the greatest antibacterial activity. Flow cytometric
analysis of bacterial viability, however, demonstrated bacteriostatic properties of all test extracts.
Conclusion. The possible synergistic effects of different dietary combinations of these extracts may be a
factor in the possible protection afforded by the traditional Iranian diet against H. pylori infection. We
concluded that these extracts might be useful as dietary supplements, at least, to complement and
expedite current treatments.
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Introduction
Helicobacter pylori, a common cause of human bacterial infection, is the most prevalent
gastric microbial pathogen. Although chronic H. pylori infection may be asymptomatic in
many cases, it may eventually lead to gastritis, peptic ulceration and malignancies [1]. Recently,
chronic infection with H. pylori has been associated with the development of such disorders as
iron deficiency and iron-deficiency anaemia [2], ischaemic heart disease [3,4], anterior uveitis
[5], and autoimmune pancreatitis [6]. Although the infection is seemingly acquired early in life
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[7], the mode of transmission of H. pylori is still poorly understood. Transmission from person
to person and especially from mother to child has been proposed [8].
The eradication of H. pylori involves combination therapy, including a proton pump
inhibitor and two to three antibiotics taken twice daily for 7–14 days [9,10]. However,
antibiotic resistance is a growing and serious problem that interferes with the success of
eradication therapy. With the increasing resistance of microbes to conventional therapies,
alternative treatments are being re-explored [11,12]. This study was undertaken to assess
the anti-H. pylori effects of crude extracts derived from dill, fennel, caraway and cinnamon,
which are usually used as natural dietary additives in the Iranian diet. The herbal extracts,
prepared using the percolation method, were assessed for their antibacterial activities using
both a bacterial susceptibility test and flow cytometric analysis, in which viable bacteria
absorbed a fluorescent dye, rhodamine 123.
Materials and methods
Subjects
Samples of gastric secretions were taken from the gastric antrum under gastroscopy of 30
patients with gastrointestinal discomfort who attended Ekbatan Hospital, Hamedan, in
western Iran. Although the subjects underwent endoscopy for routine diagnostic purposes,
written consents were taken from them prior to the procedure. The research design was
approved scientifically and ethically by the Higher Education Committee of Hamedan
University of Medical Sciences.
Bacteriological tests
Part of the sample was used for the urease rapid test and the remainder was sent to the
microbiology laboratory in thiogylcollate medium at 4uC for direct smear, Gram staining
and culture. Samples were cultured in Campylobacter selective agar base (Merck)
supplemented with Campylobacter selective supplement (Merck) (containing 2 mg
vancomycin, 50 mg polymyxin, and 1 mg trimethoprim) and 2 mg l21 amphotricin B, 5–
10% sheep red blood cells and 7% horse serum. Microaerophilic conditions, using an
anaerobic jar with gas pack C (8–10% CO2 and 5–7% O2) in a 37uC incubator, were
followed. Urease and oxidase tests were also carried out for further confirmation of the
bacteriological diagnosis. Those isolates with positive test results for direct smear, urease
and culture were used for further experiments.
Herbal extraction
Herbal extracts were prepared using the percolation method. Briefly, herbs were incubated
in 70% ethanol at 37uC overnight. This procedure was repeated three times for complete
extraction. The solvent was then evaporated using the evaporator system. The material left
was further dried by incubating at 50uC overnight, and then weighed and used to make
different concentrations.
Disc preparation from herbal extracts
Different concentrations of each herbal extract (10, 20, 40, 80, 100, 250 and 500 mg ml21)
were made in dimethyl sulphoxide (DMSO), from which 30 ml was added to blank discs
(Padtan-Teb). To evaporate the solvent the discs were incubated at 37uC for 1 hour.
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Bacterial susceptibility test
The test was performed as originally described by Kirby-Bauer [13]. Briefly, a microbial
suspension with turbidity equal to 0.5 McFarland standard unit in brain–heart infusion
broth (BHIb) was prepared and inoculated into blood Mueller–Hinton agar. Herbal extract
discs (cinnamon, fennel, dill and caraway) together with negative and positive control discs
(DMSO and tetracycline, respectively) and amoxycillin (10 mg), tetracycline (30 mg) and
ciprofloxacin (5 mg) discs were also transferred into culture plates, which were then
incubated at 37uC under microaerophilic conditions (anaerobic jar with gas pack C).
Flow cytometry
One millilitre of H. pylori suspension in BHIb with turbidity equal to 1 McFarland unit was
mixed with an equal volume of each herbal extract in different concentrations (10, 20, 80,
100, 250, 500 mg ml21) and 1 ml of antibiotic solutions, i.e. ciprofloxacin (1.5, 3.0, 6.5,
12.5, 25, 50 and 100 mg ml21) and tetracycline (100, 150, 300, 1000 and 2000 mg ml21) in
separate flow cytometric tubes, which were then incubated for 30 min under culture
conditions, as described above. Microbial suspensions without any special treatment
(antibiotic or herbal extract) or with 5% sodium hypochlorite were also used as positive and
negative controls, respectively. After the incubation period, the tubes were centrifuged at
1000g for 10 min. The sediment was washed once with phosphate-buffered saline (PBS)
and then 2 ml rhodamine 123 was added to each tube and incubated in the dark at room
temperature for 30 min. The cells were washed again with PBS and after centrifugation
0.5 ml of 10% formaldehyde was added to the sediment to fix the stain on the cells. A cell
suspension containing 108 bacteria was then analysed by flow cytometer (FACSCalibur,
Becton Dickinson).
Statistical analyses
Data were analysed using McNemar and Cochran tests. The predetermined upper limit of
probability for significance throughout this study was p,0.05. All statistical analyses were
performed using Windows 2000/SPSS 10 package.
Results
Disc diffusion
In bacterial susceptibility testing with three antibiotics, 100% of the isolates were sensitive
to both ciprofloxacin and tetracycline and 100% were resistant to amoxycillin. Herbal
extracts, although not effective against H. pylori at concentrations of 10–100 mg ml21,
inhibited bacterial growth at 250–500 mg ml21 (Table I). At a concentration of
500 mg ml21, the Cochran test showed that the inhibitory effects of various herbal extracts
were significantly different (p50.007) (Table II). The inhibitory effects of dill (Table III),
caraway (Table IV) and fennel (Table V) extracts were all more than that of cinnamon
(Table VI), although the only significant difference was between dill and cinnamon
(McNemar test, p50.008). At a concentration of 250 mg ml21, the inhibitory effects of the
herbal extracts were also significantly different (Cochran test, p,0.0001; Table VII). In an
evaluation of the inhibitory effects of the extracts using the McNemar test, dill was found to
be significantly stronger than caraway (p50.004), fennel (p50.031) and cinnamon
(p50.008).
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Table I. Comparison of antibacterial effects of different herbal extracts at two concentrations against Helicobacter
pylori.
Diameter of growth inhibition (mm)
Herbal extract

250 mg ml21

500 mg ml21

8–10
8–9
–
9

9–12
9–12
9–12
9–12

Dill
Fennel
Caraway
Cinnamon

Table II. Comparison of Helicobacter pylori sensitivity to different herbal extracts at 500 mg ml21. The antibacterial
effects of the test extracts were significantly different (Cochran test, p50.007).
Sensitive

Resistant

Total

Herbal extract

n

%

n

%

n

%

Dill
Fennel
Caraway
Cinnamon

14
9
11
6

100
64.3
78.6
42.9

0
5
3
8

0
37.5
21.4
57.1

14
14
14
14

100
100
100
100

Table III. Comparison of Helicobacter pylori sensitivity to two concentrations of dill extract. Although the
antibacterial effect of the extract at 500 mg ml21 was stronger, the difference was not statistically significant
(McNemar test, p50.063).
Sensitive
Concentration
21

250 mg ml
500 mg ml21

Resistant

Total

n

%

n

%

n

%

9
14

64.3
100

5
0

35.7
0

14
14

100
100

Table IV. Comparison of Helicobacter pylori sensitivity to caraway extracts. A significant difference was observed
between the two concentrations (McNemar test, p50.001).
Sensitive
Concentration
21

250 mg ml
500 mg ml21

Resistant

Total

n

%

n

%

n

%

0
11

0
78.6

14
3

100
21.3

14
14

100
100

Table V. Comparison of Helicobacter pylori sensitivity to fennel extracts. A significant difference was observed
between the two concentrations (McNemar test, p50.031).
Sensitive
Concentration
21

250 mg ml
500 mg ml21

Resistant

Total

n

%

n

%

n

%

3
9

21.4
64.3

11
5

78.6
35.7

14
14

100
100
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Table VI. Comparison of Helicobacter pylori sensitivity to cinnamon extracts. No significant difference was
observed between the two concentrations (McNemar test, p50.063).
Sensitive
Concentration
21

250 mg ml
500 mg ml21

Resistant

Total

n

%

n

%

n

%

1
6

7.1
42.9

13
8

92.9
57.1

14
14

100
100

Table VII. Comparison of Helicobacter pylori sensitivity to different herbal extracts at 250 mg ml21. The
antibacterial effects of the test extracts were significantly different (Cochran test, p,0.0001).
Sensitive

Resistant

Total

Herbal extract

n

%

n

%

n

%

Dill
Fennel
Caraway
Cinnamon

9
3
0
1

64.3
21.4
0
7.1

5
11
14
13

35.7
78.6
100
92.9

14
14
14
14

100
100
100
100

Flow cytometry
Flow cytometric analysis revealed the percentage of killed bacteria, as well as viable
bacteria, as only viable bacteria were stainable with rhodamine. The evaluation of the
viability of 14 H. pylori isolates using flow cytometry showed that 0.18% of sodium
hypochlorite-treated bacteria (negative control) and 99.9% of pure bacterial suspension
(positive control) were alive (Figure 1). On the other hand, 99.9% of tetracycline-treated
bacteria were also viable, but only 0.28% of ciprofloxacin-treated bacteria remained viable
(Figure 2). Interestingly, 99.1% of dill extract-treated bacteria, 99.58% of fennel-treated
bacteria, 98.9% of caraway-treated bacteria and 97.7% of cinnamon-treated bacteria
absorbed rhodamine, indicating that they were still alive (Figure 3).

Figure 1. Flow cytometric analysis of (a) 5% sodium hypochlorite-treated Helicobacter pylori (negative control) and
(b) pure H. pylori suspension (positive control). M1, killed bacteria [99.8% (a) vs. 0.01% (b)]; M2, viable bacteria
[0.2% (a) vs. 99.9% (b)].

52

S. Sadeghian et al.

Figure 2. Flow cytometric analysis of the effect of (a) tetracycline and (b) ciprofloxacin on Helicobacter pylori.
Tetracycline had no effect on bacteria, as almost all of the bacteria absorbed rhodamine. However, almost all of the
ciprofloxacin-treated bacteria were killed. M1, killed bacteria [0.1% (a) vs. 99.7% (b)]; M2, viable bacteria [99.9%
(a) vs. 0.3% (b)].

Figure 3. Flow cytometric analysis of the anti-Helicobacter pylori effect of the extracts derived from (a) dill, (b)
fennel, (c) caraway and (d) cinnamon. M1, killed bacteria; M2, viable bacteria.
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Discussion
Although the antibacterial properties of some herbal extracts in vitro have been reported by
many investigators [1–6], in none of them has flow cytometric analysis of bacterial viability been
used. Flow cytometry has been proved to be a useful tool to evaluate the viability of bacteria [14–
16] and of their spores [17,18]. This method allowed the determination of bactericidal or
bacteriostatic effects of different agents in vitro. Based on gel diffusion and flow cytometric data,
it was concluded that all the herbal extracts examined were bacteriostatic. Despite in vitro
antibacterial effects of herbal extracts, the efficacy of none of them has been proven in clinical
settings [19]. It must be noted that, in this study, crude whole extracts were evaluated. If the
effective constituent(s) were used, antibacterial effects would be expected to be stronger.
In a study of the antibacterial activities of the essential oils derived from the leaves of two
clones of cinnamon (A and B) and their chemical constituents on nine bacterial species (other
than H. pylori), the inhibitory effect of indigenous cinnamon B leaf essential oils with minimum inhibitory concentrations between 250 and 500 mg ml21 was observed [20]. Similar antibacterial effects of cinnamon essential oil, among some other herbal extracts, at the dilution of
1:100 against food spoilage bacteria, with a direct relationship between the inhibitory effect of
essential oils and the presence of eugenol and cinnamaldehyde, have been reported [21]. In our
study, cinnamon crude extract showed almost the least antibacterial effect at both
concentrations of 250 and 500 mg ml21, which were an order of magnitude higher than the
concentrations tested as essential oils in other studies (20). It is likely that there are trace
amounts of effective antibacterial constituents in cinnamon than in the other herbs studied.
Fennel essential oils have antibacterial [22] and antioxidant [23] properties. The
antibacterial effect of herbal extracts such as fennel oil have been shown to be potentiated
when in combination with benzoic acid derivatives such as methyl paraben (methyl 4hydroxybenzoic acid), as judged by studies on Listeria and Salmonella species [24]. Based
on our findings, the antibacterial effect of fennel against H. pylori, which has been studied
less, must be taken more into consideration.
Essential oils extracted from dill seeds have been found to have antibacterial effects [22,25].
Interestingly, the strength and spectrum of inhibition for the fractions of the essential oils may
exceed those of crude oils and mixing fractions may lead to additive, synergistic or antagonistic
effects against individual test micro-organisms [25]. The metabolites of 30-day-old dill have
been established as having a reliable bacteriostatic effect [26]. Caraway oil in combination with
peppermint oil has been used to treat dyspepsia [27]. It is unknown whether this curative effect
of caraway is due to its inhibitory effect against H. pylori. Although H. pylori has been reported
as one of the causes of dyspepsia [28,29], some clinical trials failed to show a beneficial effect of
the bacterial eradication on gastric acidity and gastroesophageal reflux [30]. Although herbal
essential oils alone may not be efficient enough against H. pylori in vivo, they may be used as
dietary supplements to complement current therapies [31].
The antibacterial effects of herbs may be relevant to their antioxidant properties as it was
shown that a combination of antioxidants could protect guinea pigs against H. pylori
infection. In animal studies, antioxidant intake should be low to optimize the development
of H. pylori-associated disease [32]. Speculation on the association between the antioxidant
and antibacterial properties of herbs needs further investigation.
Conclusion
Crude extracts derived from dill, fennel, cinnamon and caraway all showed bacteriostatic
effects against H. pylori in vitro, as judged by gel diffusion and flow cytometric analysis. Dill
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had the highest antibacterial effect at both 250 and 500 mg ml21 concentrations. The
possible synergistic effect between different combinations of these extracts must be taken
into account. These extracts may be used as dietary supplements to complement and
expedite current treatments. This speculation needs further study.
Acknowledgements
This work has been funded by Hamedan University of Medical Sciences. Flow cytometric
analyses were carried out at Laboratory of Immunogenetics, School of Public Health and
Institute of Public Health Researches. We thank Ms Parvaneh Ranjbarian, who performed
laboratory bench works.
References
1. Kato S, Sherman PM. What is new related to Helicobacter pylori infection in children and teenagers? Arch
Pediatr Adolesc Med 2005;159:415–421.
2. Kurekci AE, Atay AA, Sarici SU, Yesilkaya E, Senses Z, Okutan V, Ozcan O. Is there a relationship between
childhood Helicobacter pylori infection and iron deficiency anemia? J Trop Pediatr 2005;51:166–169.
3. Franceschi F, Leo D, Fini L, Santoliquido A, Flore R, Tondi P, Roccarina D, Nista EC, Cazzato AI,
Lupascu A, et al. Helicobacter pylori infection and ischaemic heart disease: an overview of the general literature.
Dig Liver Dis 2005;37:301–308.
4. Oshima T, Ozono R, Yano Y, Oishi Y, Teragawa H, Higashi Y, Yoshizumi M, Kambe M. Association of
Helicobacter pylori infection with systemic inflammation and endothelial dysfunction in healthy male subjects.
J Am Coll Cardiol 2005;45:1219–1222.
5. Otasevic L, Walduck A, Meyer TF, Aebischer T, Hartmann C, Orlic N, Pleyer U. Helicobacter pylori infection
in anterior uveitis. Infection 2005;33:82–85.
6. Kountouras J, Zavos C, Chatzopoulos D. A concept on the role of Helicobacter pylori infection in autoimmune
pancreatitis. J Cell Mol Med 2005;9:196–207.
7. Janulaityte-Gunther D, Kucinskiene R, Kupcinskas L, Pavilonis A, Labanauskas L, Cizauskas A, Schmidt U,
Wadstrom T, Andersen LP. The humoral immune response to Helicobacter pylori infection in children with
gastrointestinal symptoms. FEMS Immunol Med Microbiol 2005;44:205–212.
8. Escobar ML, Kawakami E. Evidence of mother–child transmission of Helicobacter pylori infection. Arq
Gastroenterol 2004;41:239–244.
9. Faber J, Bar-Meir M, Rudensky B, Schlesinger Y, Rachman E, Benenson S, Sirota G, Stankiewic H, Halle D,
Wilschanski M. Treatment regimens for Helicobacter pylori infection in children: is in vitro susceptibility testing
helpful? J Pediatr Gastroenterol Nutr 2005;40:571–574.
10. Rodriguez-Torres M, Salgado-Mercado R, Rios-Bedoya CF, Aponte-Rivera E, Marxuach-Cuetara AM,
Rodriguez-Orengo JF, Fernandez-Carbia A. High eradication rates of Helicobacter pylori infection with firstand second-line combination of esomeprazole, tetracycline, and metronidazole in patients allergic to
penicillin. Dig Dis Sci 2005;50:634–639.
11. Pinn G. Herbal medicine in infectious disease. Aust Fam Physician 2001;30:681–684.
12. Carson CF, Riley TV. Non-antibiotic therapies for infectious diseases. Commun Dis Intell 2003;27(Suppl):
S143–S146.
13. National Committee for Clinical Laboratory Standards. Performance standards for antimicrobial disk
susceptibility tests. Approved standard M2-A5. 1999; National Committee for Clinical Laboratory Standards,
Villanova, PA.
14. Hoefel D, Grooby WL, Monis PT, Andrews S, Saint CP. Enumeration of water-borne bacteria using
viability assays and flow cytometry: a comparison to culture-based techniques. J Microbiol Meth
2003;55:585–597.
15. Gunasekera TS, Attfield PV, Veal DA. A flow cytometry method for rapid detection and enumeration of total
bacteria in milk. Appl Environ Microbiol 2000;66:1228–1232.
16. Bunthof CJ, Bloemen K, Breeuwer P, Rombouts FM, Abee T. Flow cytometric assessment of viability of
lactic acid bacteria. Appl Environ Microbiol 2001;67:2326–2335.
17. Laflamme C, Verreault D, Lavigne S, Trudel L, Ho J, Duchaine C. Autofluorescence as a viability marker for
detection of bacterial spores. Front Biosci 2005;10:1647–1653.

Antibacterial effects of herbal extracts

55

18. Laflamme C, Ho J, Veillette M, de Latremoille MC, Verreault D, Meriaux A, Duchaine C. Flow cytometry
analysis of germinating Bacillus spores, using membrane potential dye. Arch Microbiol 2005;183:107–112.
19. Martin KW, Ernst E. Herbal medicines for treatment of bacterial infections: a review of controlled clinical
trials. J Antimicrob Chemother 2003;51:241–246.
20. Chang ST, Chen PF, Chang SC. Antibacterial activity of leaf essential oils and their constituents from
Cinnamomum osmophloeum. Ethnopharmacology 2001;77:123–127.
21. Ouattara B, Simard RE, Holley RA, Piette GJ, Begin A. Antibacterial activity of selected fatty acids and
essential oils against six meat spoilage organisms. Int J Food Microbiol 1997;37:155–162.
22. Singh G, Kapoor IP, Pandey SK, Singh UK, Singh RK. Studies on essential oils: part 10; antibacterial activity
of volatile oils of some spices. Phytother Res 2002;16:680–682.
23. Ruberto G, Baratta MT, Deans SG, Dorman HJ. Antioxidant and antimicrobial activity of Foeniculum vulgare
and Crithmum maritimum essential oils. Planta Med 2000;66:687–693.
24. Fyfe L, Armstrong F, Stewart J. Inhibition of Listeria monocytogenes and Salmonella enteriditis by combinations
of plant oils and derivatives of benzoic acid: the development of synergistic antimicrobial combinations.
Int J Antimicrob Agents 1997;9:195–199.
25. Delaquis PJ, Stanich K, Girard B, Mazza G. Antimicrobial activity of individual and mixed fractions of dill,
cilantro, coriander and eucalyptus essential oils. Int J Food Microbiol 2002;74:101–109.
26. Tirranen LS, Borodina EV, Ushakova SA, Rygalov VY, Gitelson JI. Effect of volatile metabolites of dill, radish
and garlic on growth of bacteria. Acta Astronaut 2001;49:105–108.
27. Madisch A, Heydenreich CJ, Wieland V, Hufnagel R, Hotz J. Treatment of functional dyspepsia with a fixed
peppermint oil and caraway oil combination preparation as compared to cisapride. A multicenter, referencecontrolled double-blind equivalence study. Arzneimittelforschung 1999;49:925–932.
28. Andersen LP, Holck S, Janulaityte-Gunther D, Kupcinskas L, Kiudelis G, Jonaitis L, Janciauskas D, Holck P,
Bennedsen M, Permin H, et al. Gastric inflammatory markers and interleukins in patients with functional
dyspepsia, with and without Helicobacter pylori infection. FEMS Immunol Med Microbiol 2005;44:233–238.
29. Pietroiusti A, Luzzi I, Gomez MJ, Magrini A, Bergamaschi A, Forlini A, Galante A. Helicobacter pylori
duodenal colonization is a strong risk factor for the development of duodenal ulcer. Aliment Pharmacol Ther
2005;21:909–915.
30. Fukuchi T, Ashida K, Yamashita H, Kiyota N, Tsukamoto R, Takahashi H, Ito D, Nagamatsu R. Influence of
cure of Helicobacter pylori infection on gastric acidity and gastroesophageal reflux: study by 24-h pH
monitoring in patients with gastric or duodenal ulcer. J Gastroenterol 2005;40:350–360.
31. Bergonzelli GE, Donnicola D, Porta N, Corthesy-Theulaz IE. Essential oils as components of a diet-based
approach to management of Helicobacter infection. Antimicrob Agents Chemother 2003;47:3240–3246.
32. Sjunnesson H, Sturegard E, Willen R, Wadstrom T. High intake of selenium, beta-carotene, and vitamins A,
C, and E reduces growth of Helicobacter pylori in the guinea pig. Comp Med 2001;51:418–423.

