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ABSTRACT 

Plant material screening was performed to study anti-Helicobacter pylori activity in vitro using an agar diffusion 
method on Columbia blood agar. 33 substances, juices and plant extracts and 35 of their combinations were tested. 
Quince (Cydonia oblonga) juice demonstrated the strongest anti-H. pylori activity followed by cranberry juice. Con- 
centrated apple juice, plum, red currant, black chokeberry, raspberry and bilberry juice also showed significant activity. 
Green tea and apple pomace extract as well as sweet flag rhizome, ginger and wild bergamot extract, cherry syrup, red 
beet juice and whey did not exhibit anti-Helicobacter activity. Quince juice in combination with bilberry, black choke-
berry, red currant juice, green tea, sweet flag rhizome or apple pomace extract as well as cranberry juice in combina- 
tion with sweet flag rhizome extract demonstrated a synergistic effect on inhibition of H. pylori. The obtained results 
offer new perspectives for development of functional anti-Helicobacter food product(s) for dietary management of H. 
pylori infection. The essential components of these products could be the most active juices and extracts like quince and 
cranberry juice supplemented with a corresponding synergist. Further studies are required to investigate the mecha- 
nism of antibacterial action of plant products and their efficacy in vivo. 
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1. Introduction 

Helicobacter pylori is a common bacterium and unique 
among pathogens. It can persist in the acidic environment 
of the human stomach. In vitro, urease is required for 
survival at pH 4.0 and below, whereas at higher acidic 
pH, mechanisms independent of urease are protective [1]. 
Expression of approximately 7% of the H. pylori genome 
is reproducibly altered by a shift to low pH [2]. A large 
number of reports have been produced on H. pylori and 
its pathogenetic potential. H. pylori infects at least 50% 
of the world’s population [3]. Usually, the infection oc- 
curs in early life [4,5] and persists throughout the course 
of a lifetime. The most likely mode of transmission is 
from person to person, by either the oral-oral route or the 
fecal-oral route [6]. The involvement of water and food 
cannot be excluded as vehicles or sources of infection [7]. 

The course of treatment against helicobacteriosis is 
usually based on classic triple therapy including proton 
pump inhibitors and antibacterial therapy, clarithromycin 
and amoxicillin. For allergic patients, amoxicillin could 
be replaced by metrodinazole. In cases of antibiotic re- 
sistance, the Bismuth compounds can be applied [8-10]. 

Currently available first-line anti-H. pylori therapies may 
fail in up to 30% of patients [11] leading to a significant 
increase of antimicrobial resistance [12-14]. New antim- 
icrobial agents such as a combination of antibiotics with 
plant extracts and other natural products that possess 
antimicrobial activity [15,16] are, therefore, being de- 
veloped to overcome this problem. 

Many infections may prove amenable to safe and eff- 
ective treatment with non-antibiotics [17]. Non-antibiotic 
therapies, including phytomedicines, probiotics, and an- 
tioxidants, have been increasingly investigated for the 
treatment of H. pylori [18]. The consumption of foods 
that inhibit the growth of bacteria may provide an alter-
native to current therapies [19] or complement and expe-
dite current treatments [20]. For the present, despite in-
vestigations, phytoceuticals are not accepted as a stan-
dard treatment for H. pylori infection [21]. 

In general, investigations of natural anti-Helicobacter 
agents can be divided in two groups: 1) investigation of 
plants used for gastroduodenal disorder treatment in the 
ethnomedical traditions in different geographic regions 
[22]; 2) investigation of common food plants and their 
components. Anti-Helicobacter activity has been estimated, 
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for example, in broccoli sprouts [23], dill, fennel, cara-
way and cinnamon [20] as well as in several representa-
tives of the Asteraceae, Boraginaceae, Crassulaceae, 
Eriocaulaceae, Tiliaceae and Verbenaceae families [22]. 
In our opinion, the largest amount of information de- 
scribes berries—the cranberry, bilberry, strawberry, black 
currant and red bilberry [24,25]. The inhibitory effect of 
the Japanese apricot (Prunus mume) on H. pylori-related 
chronic gastritis [26] is also well-known. 

Taking into consideration previous findings, the aim of 
this study was to evaluate the anti-H. pylori effect of cer- 
tain food plant extracts and juices and their composition 
in vitro to enable the production of new functional food 
product(s) with anti-Helicobacter activity. 

2. Materials and Methods 

2.1. Tested Substances, Juices and Extracts 

33 substances, juices and plant extracts were tested (Ta- 
ble 1). Whey was produced by “Elpa” Ltd. (Latvia). Wa- 
ter extract of green tea and concentrated apple juice were 
obtained from “Pure Food” Ltd. (Latvia). Berries and jui- 
ces were obtained from “Lases” (Latvia). Red beets were 
supplied by “Baldones lauki” Ltd., dried sweet flag rhi- 
zome, fresh ginger, dried wild bergamot as well as che- 
micals—by Kirsch Pharma GmbH (Germany). Ethanol 
solution of propolis was obtained from Riga Pharmaceu- 
tical Plant JSC (Latvia). 

All solutions were made with distilled water. Juices 
were obtained from cranberries, red beets and apples by 
using a household juicer followed by centrifugation at 
3000 rpm for 30 min. 10% extract of apple pomace was 
obtained after suspending 10 g of commercial apple po- 
mace (“Lases”, Latvia) in 100 ml of 90˚C water. All ma- 
terials were stored in the dark at 2˚C - 8˚C until use. 

2.2. Measurement of pH 

The pH values were measured using a pH meter pH/Ion 
510 (Oakton Instruments, USA). 

2.3. Bacteria and Culture Conditions 

The strain Helicobacter pylori ATCC 43504 was used. H. 
pylori was cultivated on Columbia blood agar (Oxoid, 
UK) at 37˚C for 72 h. Plates were incubated in anaerobic 
conditions inside an anaerobic jar HP0011A (Oxoid, UK) 
containing GasPak™ Plus (Becton, Dickinson, USA). 

2.4. Agar Diffusion Method 

Antibacterial activity was determined by the agar diffu- 
sion method. The agar diffusion test was performed on 
Columbia blood agar (Oxoid, UK). Inoculum of 106 CFU 
of bacteria per millilitre was used. Aliquots of 85 μl of 
each test-sample solution were applied into 6.0 mm 

diameter agar wells. After incubation in anaerobic condi- 
tions at 37˚C for 72 h, the diameter of the clear zone (no 
growth) around the well in the bacterial lawn was mea-  
sured and was used to express the antimicrobial activity. 
The inhibition zone diameter was measured in millime- 
ters (mm). The tests were performed in triplicate and the 
final results were presented as the arithmetic average. 

2.5. Statistics 

Statistical analysis was done by analysis of variance. P < 
0.05 was considered statistically significant. Each expe- 
riment was repeated three times. 

3. Results 

3.1. Anti-Helicobacter Activity of Certain Substances, 
Juices and Extracts 

The antibacterial activity against H. pylori was tested for 
five organic acids (Table 1) in the pH range of 1.18 to 
3.11 and for three food preservatives (sorbic acid, potas- 
sium sorbate and sodium benzoate). Anti-Helicobacter 
properties were shown only for hydrochloric acid (0.4% 
solution), acetic acid (1%) and citric acid (2%) but not 
for ascorbic acid (0.5%) and benzoic acid (0.15%). The 
selected preservatives did not exhibit antibacterial activity 
at the tested concentrations permitted in food products. 

From other tested components including fruit and 
berry juices, quince juice showed the greatest antibacte- 
rial activity. Its activity exceeded the activity of cran- 
berry juice (Table 1) and it was less dependent on dilu- 
tion than cranberry juice. The antibacterial activity was 
observed in 10% quince juice while cranberry juice re- 
tained some activity only at 20% concentration. More- 
over, quince juice recovered the major part of its anti- 
bacterial activity even after five years’ storage. Equiva- 
lent activity was demonstrated by juice of wild and cul- 
tivated cranberries, Vaccinium vitis-idaea and V. macro- 
carpum, respectively. Experimental increase of pH of 
quince and cranberry juices with sodium hydrocarbonate 
or calcium carbonate above pH 4 completely eliminated 
the anti-Helicobacter activity (Table 2). 

Concentrated apple juice as well as plum, red currant, 
black chokeberry, raspberry and bilberry juice also dem- 
onstrated significant antibacterial activity. Green tea ex- 
tract and apple pomace extract as well as sweet flag rhi- 
zome, ginger and wild bergamot extract, cherry syrup, 
red beet juice and whey did not possess anti-Helicoba- 
cter activity (Table 1). 

In general, the values of pH of the investigated solu- 
tions were in the range from 1.18 (0.4% hydrochloric 
acid, corresponding inhibition zone diameter 10 mm) to 
8.80 (10% extract of dried sweet flag rhizome, inhibition 
zone diameter 0 mm). The highest pH at which antibacterial 
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Table 1. Anti-Helicobacter activity and characteristic of certain solutions, juices and extracts. 

No. Name Concentration, % pH 
Inhibition Zone Diameter, 

mma 

1 Acetic acid 1 2.91 12 

2 Ascorbic acid 0.5 2.93 0 

0.15 3.11 0 
3 Benzoic acid 

0.06 3.10 0 

4 Calcium citrate 2.5 5.76 0 

5 Citric acid 2 1.91 17 

80 - 10 

40 - 0 

16 - 0 
6 Ethanol 

8 - 0 

30 - 10 

15 - 0 

6 - 0 
7 Ethanol solution of propolis 

3 - 0 

8 Hydrochloric acid 0.4 1.18 10 

9 Potassium sorbate 0.15 6.74 0 

10 Sodium benzoate 0.15 6.25 0 

11 Sodium hydrocarbonate 4 8.32 0 

12 Sorbic acid 0.15 3.50 0 

13 Sucrose 5 4.70 0 

14 Acid whey 100 4.36 0 

15 Sweet whey 100 6.78 0 

16 Water extract of apple (Malus sp.) pomace 10 4.11 0 

17 
Water extract of dried sweet flag rhizome 
(Acorus calamus) 

10 8.80 0 

18 
Water extract of dried wild bergamot 
(Monarda fistuloza) 

2 6.80 0 

19 
Water extract of fresh ginger  
(Zingiber officinale) 

2.5 8.08 0 

5 6.58 0 

2.5 6.82 0 

2.0 5.70 0 
20 

Water extract of green tea  
(Camellia sinensis) 

1.5 6.62 0 
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21 Bilberry (Vaccinium uliginosum) juice 100 3.52 9 

100 3.83 10 

20 3.90 0 22 
Black chokeberry 
(Aronia melanocarpa) juice 

10 3.60 0 

100 3.75 12 
23 

Five-fold concentrated black chokeberry 
(Aronia melanocarpa) juice 50 3.77 10 

24 Cherry (Cerasus sp.) syrup 70 3.50 0 

100 2.52 16 

20 2.58 8 25 
Cultivated cranberry 
(Vaccinium macrocarpum) juice 

10 2.62 0 

26 
Wild cranberry 
(Vaccinium vitis-idaea) juice 

100 2.48 16 

27 
Five-fold concentrated apple 
(Malus sp.) juice 

100 3.40 16 

100 3.00 13 

50 2.91 13 

20 3.06 0 
28 Plum (Prunus sp.) juice 

10 3.15 0 

100 2.75 19 

50 2.76 12 

33 2.77 9 

20 2.78 10 

29 Quince (Cydonia oblonga) juice 

10 2.81 11 

30 
Quince (Cydonia oblonga) juice after 
five years storage 

100 2.90 15 

31 Raspberries (Rubus idaeus) juice 70 2.98 10 

32 Red beet (Beta vulgaris) juice 100 5.90 0 

100 3.05 11 

20 3.09 0 33 Red currants (Ribes rubrum) juice 

10 3.22 0 

a. 85 μl of each test-sample solution were applied into 6.0 mm diameter agar wells. - not detected. 
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Table 2. Anti-Helicobacter activity and characteristic of different compositions. 

No. Name Description pH Inhibition Zone Diameter, mma 

1 100% quince juice: 100% cultivated cranberry juice 1:1 2.53 19 

2 
100% quince juice: 100% cultivated cranberry juice: 
100% black chokeberry juice 

1:1:1 2.72 16 

3 
100% quince juice: 100% cultivated cranberry juice: 
100% black chokeberry juice: 100% plum juice 

1:1:1:1 2.73 14 

4 100% quince juice + CaCO3 5 ml juice + 0.4 mg CaCO3 4.38 0 

5 100% quince juice + NaHCO3 5 ml juice + 100 mg NaHCO3 3.58 15 

6 50% quince juice + NaHCO3 4 ml juice + 30 mg NaHCO3 3.50 10 

7 33% quince juice + NaHCO3 3 ml juice + 15 mg NaHCO3 3.62 8 

8 20% quince juice + NaHCO3 5 ml juice +18 mg NaHCO3 3.34 0 

9 10% quince juice + NaHCO3 5 ml juice + 18 mg NaHCO3 3.38 0 

10 100% quince juice: 100% red beet juice 1:1 3.25 10 

1:1 2.94 16 

1:5 3.59 12 

1:1 3.31 14 

2:1 3.16 16 

11 100% quince juice: 100% black chokeberry juice 

5:1 3.06 17 

12 100% quince juice: 100% bilberry juice 1:1 2.75 15 

1:2 2.92 15 
13 100% quince juice: 100% red currants juice 

1:5 2.95 15 

14 100% quince juice: 2.5% ginger extract 5:1 2.79 14 

15 100% quince juice: 5% green tea extract 1:1 2.75 13 

16 
100% quince juice: 10% dried sweet flag rhizome 
 extract 

1:1 2.70 13 

17 
100% quince juice: 100% cultivated cranberry juice: 
100% black chokeberry juice : 100% dried sweet flag 
rhizome extract 

1:1:1:1 2.81 
17 

 

18 
100% quince juice: 100% wild cranberry juice : 100% 
black chokeberry juice: 10% dried sweet flag rhizome 
extract 

1:1:1:1 2.85 17 

1:1 3.00 15 

1:0.2 2.81 19 

1:0.4 2.82 18 

1:0.6 2.86 17 

1:1.4 3.10 12 

19 100% quince juice: 10% apple pomace extract 

1:1.8 3.16 0 
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20 
100% cultivated cranberry juice : 100% wild cranberry 
juice 

1:1 2.54 19 

21 100% cultivated cranberry juice + CaCO3 5 ml juice + 0.2 g CaCO3 3.67 12 

22 100% cultivated cranberry juice + NaHCO3 5 ml juice + 200 mg NaHCO3 5.76 0 

23 100% cultivated cranberry juice: 100% red beet juice 1:1 3.01 12 

1:0.2 2.56 11 

1:0.4 2.57 10 

1:0.6 2.59 8 

1:1 2.60 15 

1:3 2.62 16 

1:5 2.65 16 

1:7 2.66 0 

1:9 2.69 0 

24 
100% cultivated cranberry juice: 10% dried sweet flag 
rhizome extract 

1:11 2.94 0 

25 100% cultivated cranberry juice: dist. water 1:5 2.63 8 

26 
100% cultivated cranberry juice: 10% apple pomace 
extract 

5:1 2.48 15 

27 100% wild cranberry juice: 10% apple pomace extract 5:1 2.47 15 

28 100% wild cranberry juice: 100% bilberry juice 1:1 2.75 12 

29 100% black chokeberry juice: 100% bilberry juice 1:1 3.53 11 

30 100% black chokeberry juice + NaHCO3 5 ml juice + 100 mg NaHCO3 6.26 0 

1:2 3.32 0 
31 100% black chokeberry juice: 100% red currants juice

1:5 3.43 9 

32 100% black chokeberry juice: 2.5% ginger extract 1:1 3.61 0 

33 100% black chokeberry juice: 1.5% green tea extract 1:5 3.63 0 

34 100% plum juice + CaCO3 4 ml juice + 0.2 g CaCO3 5.73 0 

35 100% plum juice + NaHCO3 4 ml juice + 100 mg NaHCO3 5.42 0 

a. 85 μl of each test-sample solution were applied into 6.0 mm diameter agar wells. 
 

activity was observed corresponded to 3.83 (black cho- 
keberry juice, inhibition zone diameter 10 mm) but all 
substances, juices and extracts with pH ≥ 3.90 showed no 
observable activity. 

3.2. Anti-Helicobacter Activity of Different 
Compositions 

Quince juice in combination with bilberry, black choke- 
berry, red currant juice, green tea and sweet flag rhizome 
or apple pomace extracts showed synergistic activity 
(Table 2). For example, quince juice possessed antibacterial 

activity after dilution with apple pomace water extract 
(Figure 1), but the activity was not observed when this 
juice was diluted with water. Apple pomace extract itself 
exhibited no antibacterial effect. 

Synergism was observed also for compositions made 
from cranberry juice and sweet flag rhizome extract 
(Figure 2). Sweet flag rhizome extract alone did not 
possess the anti-Helicobacter activity. 

pH values of the investigated compositions fell within 
the range of 2.47 (wild cranberry juice and apple pomace 
extract in the ratio 5:1, corresponding inhibition zone 
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Figure 1. Dilution effect on the quince juice anti-Helicobacter activity in vitro. The inhibition zone was observed using the 
agar diffusion method. Aliquots of 85 μl of each test-sample solution were applied into 6.0 mm diameter agar wells. The tests 
were performed in triplicate and the final results were presented as the arithmetic average. 1P < 0.05 inhibition zone in com- 
parison with apple pomace extract. 2P < 0.05 inhibition zone in comparison with quince juice. 
 

 

Figure 2. Synergistic effects of cranberry juice and sweet flag rhizome extract on inhibition of H. pylori. The inhibition zone 
was observed using the agar diffusion method. Aliquots of 85 μl of each test-sample solution were applied into 6.0 mm diame- 
ter agar wells. The tests were performed in triplicate and the final results were presented as the arithmetic average. *P < 0.05 
inhibition zone in comparison with cranberry juice diluted with water in the ratio 1:5. 
 
diameter 15 mm) to 5.76 (cranberry juice partly alkalized 
with NaHCO3, inhibition zone diameter 0 mm). In gen- 
eral, antibacterial activity was observed only for compo- 
sitions in which pH did not exceed 3.67. 

4. Discussion 

Anti-Helicobacter activity in vitro has been estimated in 
many known botanical extracts—high in Myristica fra- 
grans (seed), Zingiber officinale (ginger rhizome/root) 
and Rosmarinus officinalis (rosemary leaf); moderate in 
Achillea millefolium, Foeniculum vulgare (seed), Passi- 
flora incarnata (herb), Origanum majorana (herb) and 
a (1:1) combination of Curcuma longa (root) and gin-
ger rhizome; weak in Carum carvi (seed), Elettaria 
cardamomum (seed), Gentiana lutea (roots), Juniper 

communis (berry), Lavandula angustifolia (flowers), Me- 
lissa officinalis (leaves), Mentha piperita (leaves), Pim- 
pinella anisum (seed), Matricaria recutita (flowers), 
Ginkgo biloba (leaves) [27] etc. Also, the bacteriostatic 
effect of dill, fennel, caraway and cinnamon extracts against 
Helicobacter pylori has been detected. The presumption 
was stated that the possible synergistic effects of differ- 
ent dietary combinations of these extracts may be a factor 
in the possible protection afforded by the traditional Iranian 
diet against H. pylori infection [20]. 

This study evaluated the anti-H. pylori potential of some 
food-related chemical substances (organic acids and pre- 
servatives), plant extracts and juices and ascertained the 
effectivity of their composition. In general, 33 individual 
substances, juices and extracts were tested (Table 1). 
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As might be expected, some acid solutions demon-
strated anti-Helicobacter activity but estimated inhibition 
zone diameters did not correlate with the pH value. How- 
ever, we can confirm that pH has significant impact on 
the growth of H. pylori. In our experiments, citric acid 
solution has a higher pH in comparison with hydrochlo-
ric acid solution, but citric acid has a larger inhibition 
zone diameter than hydrochloric acid (Table 1). Proba-
bly, the anion, in this case citrate, is also implicated in 
suppression of bacteria. At least several citrate salts (iron 
citrate, ammonium iron citrate and sodium ferrous citrate) 
possess anti-Helicobacter activity [28]. However, our ex- 
periments with 2.5% calcium citrate remained ineffective. 
Also, ascorbic acid showed no antibacterial activity, but 
this fact should be interpreted with caution because this 
substance is a well-known antioxidant and, therefore, 
could demonstrate anti-Helicobacter activity in vivo as 
have been shown in clinic tests [30,31]. 

There have been many investigations regarding anti- 
bacterial activity of different natural plant products in 
laboratory experiments as well as in vivo. Cranberries are 
considered the gold standard and they are widely used in 
various ways [25]. A prospective, randomized, double- 
blind, placebo-controlled trial conducted in China show- 
ed that regular dietary consumption of cranberry juice 
can suppress H. pylori infection [32]. In our experiments, 
the greatest anti-Helicobacter activity was demonstrated  
by quince and cranberry juice, but significant activity was 
shown by apple, plum, red currant, black chokeberry, rasp- 
berry and bilberry juice (Table 1). Although the activity 
of bilberry and black chokeberry was lower than that of 
cranberry or quince, their pH was about 0.7 higher. It could 
be considered an advantage while it decreased the possi- 
bility of irritation of mucous membranes. 

The antibacterial activity of cranberries and also some 
other berries usually is attributed to their benzoic acid con- 
tent. For all that, benzoic acid (0.15%) and sodium ben- 
zoate alone did not show anti-Helicobacter activity. A 
high molecular mass constituent of cranberry juice has 
been shown to inhibit the adhesion of H. pylori to human 
gastric mucus in vitro [33]. In our study, the observed 
activity of quince juice exceeded the activity of cranber- 
ries. In the literature, we have found only one research 
paper [34] in which the authors noted the anti-Helicobac- 
ter action of quince (Cydonia oblonga) juice. 

Several extracts that did not possess anti-Helicobacter 
activity alone showed significant activity in combination 
with others components. Such synergism was observed 
for sweet flag rhizome, green tea and apple pomace 
extract. However, other investigations have established 
that sweet flag (Acorus calamus) rhizome [35] as well as 
green tea (Camellia sinensis) [36-38] and apple peel 
extract [39] has antibacterial activity. Cranberry synergies 

with blueberry, grape seed and oregano extract [39] as 
well as blackcurrant oil synergy with broccoli sprouts 
have been reported [19]. Sometimes synergism is already 
used in practice. Extracts from wild blueberries, straw- 
berries, cranberries, wild bilberries, elderberries and ras- 
pberries significantly (P < 0.05) inhibited H. pylori, com- 
pared with controls, and also increased susceptibility of 
H. pylori to clarithromycin, but food supplement Opti- 
Berry, made from a blend of the abovementioned extracts, 
demonstrated maximal effects [24]. The antibacterial active- 
ity of sweet flag rhizome, green tea and apple pomace ex- 
tracts also could be expected in in vivo conditions. 

On the basis of our experiments, the essential compo- 
nents of new functional anti-Helicobacter food product(s) 
could be the most active juices and extracts like quince, 
black chokeberry and cranberry juice supplemented with 
one or another synergist. Further studies are required to 
elucidate the mechanism of antibacterial action of plant 
juices and extracts and to investigate the efficacy in vivo. 
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