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Honey from New Zealand and Saudi Arabia at concentrations approximating 20% (v/v)
inhibit the growth of H. pylori in vitro. The anti-H. pylori effect involve s both hydrogen
peroxide - and non-peroxide -mediated killing mechanisms. This study was designed to deter-
mine whether the anti-H. pylori activity of honey differed regionally (honey from Texas, Iowa,
and New Zealand) and to determine whether this activity was due to the presence of
hydroge n peroxide . Broth dilution susceptibility tests were performed using solutions of
honey prepared in BHI broth ranging in concentration from 5 to 35% (v/v) in 5% increments.
Control solutions containing glucose , fructose, and combine d glucose /fructose solutions in
ratios of 1:1.23 were also prepared. Paired catalase controls were include d in all tests.
Twenty-eight clinical isolate s of H. pylori were tested. Growth was determined on the basis of
a plus/minus grading score . All of the solutions containing eithe r fructose , glucose , glucose
and fructose combinations, or honey were equally effective in inhibiting the growth of H.
pylori. All of the isolate s were inhibite d by solutions containing 15% (w/v) carbohydrate .
Honey solutions, with or without catalase , inhibite d 24/28 isolate s at a concentration of 10% ,
and 28/28 isolate s at a concentration of 15% . In conclusion, regional differences in honey
activity against H. pylori were not detected, nor was the effect of killing related to the presence
of hydroge n peroxide in the honey samples. Osmotic effects were shown to be the most
important parameter for killing H. pylori as all carbohydrate solutions $ 15% (v/v) inhibite d
100% of the H. pylori.
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Honey has been used as a folk remedy for various

ailments, but its he te roge neous composition has

limited scienti® c evaluation of this material. Re -

cently, minimal criteria ne cessary for classifying a

product as hone y have been published (1) . The

obse rvation that honey produced in New Zealand

and Saudi Arabia at conce ntrations approxim ating

20% (v/v) can inhibit the growth of H. pylo ri in vitro

(2, 3) prompted this inve stigation to evaluate othe r

hone y varie tie s for antim icrobial e ffect. There are

multiple mechanisms of the anti-H. pylo ri effect of

hone y involving both hydroge n peroxide - and non-

peroxide -mediated killing. Hone y varie tie s highe r

in hydroge n peroxide content are more e ffective in

killing H. pylori as compared to hone y varie ties with

lowe r le ve ls of hydroge n pe roxide (3, 4) . This study

was designed to determine whe ther hone y from

diffe rent place s (Texas, Iowa, New Zealand) dif-

fered with regard to the anti-H. pylo ri-inhibit ing

activity and to de termine whether this activity was

due to the presence of hydroge n peroxide in the

hone y.
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MATERIALS AND METHODS

Solutions of honey (Roy Freese, Glen Flora, Texas, Ray
and Pat’ s Wild¯ ower Honey, Houston, Texas, SueBee Clo-
ver Honey, Souix City, Iowa, Creamed Manuka Honey,
Airborne Honey Ltd., Leeston, New Zealand) were pre-
pared in supplemented brain± heart infusion (BHI) broth
(Difco Laboratories, Detroit, Michigan) containing 0.25%
yeast extract (Difco) and 10% horse serum (HyClone Lab-
oratories, Orem, Utah) ranging in concentration from 5 to
35% (v/v) in 5% increments. Control solutions containing
glucose (10 ± 30% ), fructose (10 ± 40% ), and combined glu-
cose± fructose solutions in ratios of 1:1.23 were also pre-
pared. The 1:1.23 ratio of glucose± fructose re¯ ected their
composition in honey as de® ned by the Florida Beekeeping
Extension Service (Table 1). Paired catalase controls, ie
identical samples of honey with and without catalase , were
also included in the tests to ascertain the effect of hydrogen
peroxide content on the growth and viability of H. pylori. To
each 1 ml honey solution, 100 m l catalase (Worthington
Biochemical Corp., Freehold, New Jersey, 50,514 units/mg
P, 0.98 mg P/ml) were added ( ; 5000 units). Broth dilution
assays were then performed. All wells in the cluster dish
(Corning Glass Works, Corning, New York) contained 1 ml
of BHI± sugar and/or honey solution and were inoculated
with 20 m l of a cell suspension equivalent in density to a No.
2 McFarland standard (6 3 10

8
bacteria/ml). Twenty-eight

isolates of H. pylori recovered from patients with duodenal
ulcer were tested. The culture dishes were gently agitated
following the addition of the inoculum, then placed at 37°C
under 12% CO 2 for three days. At the end of incubation, 10

m l aliquots from each well were transferred to Mueller-
Hinton agar plates (BBL, Cockeysville, Maryland) and in-
cubated under 12% CO2 for an additional three days.
Growth was determined on the basis of a plus/minus grad-
ing scheme.

RESULTS

All three honey sample s inhibite d the growth of H.

pylori at concentrations . 15% (v/v) (Figure 1). The

Manuka honey from New Zealand demonstrated the

greatest inhibitory activity, inhibiting 100% of the

isolate s at a concentration of # 10% (v/v) . The US-

produced honey samples inhibite d 14/18 isolate s at a

concentration of # 10% (v/v) , and 100% at a concen-

tration of $ 15% (v/v) . These value s were not statis-

tically signi® cantly different as determined by the

Fisher exact test (P 5 0.243 at 5% honey and P 5
0.265 at 10% honey).

All solutions containing eithe r glucose , fructose, or

glucose ± fructose combinations $ 15% inhibite d

growth of 18/18 H. pylori isolate s. These results were

identical to those of the US produced honeys at all

concentrations (Figure 1). However, the inhibitory

effect was not the result of hydroge n peroxide con-

tent. Treatment of honey with catalase did not alte r

the in vitro H. pylori inhibitory effect as compared to

honey alone . In only three instance s did the result

vary between catalase -treated honey and the effect of

honey alone . In all three cases, inhibition of growth

was recorded in the next highe r concentration of

honey (10% with catalase vs 5% without catalase ).

DISCUSSION

Honey is a folk remedy for a number of ailments.

Studie s have shown natural honeys to have signi® cant

inhibitory activity against a number of bacte rial gen-

era including Streptococcu s, Bacteroides, Staphylococ-

cus, Prevotella, and various enteropathoge ns (4 ± 9).

Recently, honey from non-US source s (Saudi Arabia,

New Zealand) has also been shown to inhibit H. pylori

in concentrations of 20 ± 30% (v/v) (3, 4). While the

mechanism by which honey facilitate s microbial kill-

ing involve s multiple pathways, the hydroge n perox-

ide content of honey seems to be an important com-

ponent in the killing (3, 4). Nonpe roxide and osmotic

effects have also been postulate d to effect microbial

killing of honey (3, 4, 6).

The US-produce d honeys inhibite d growth of 18/18

test isolate s at a concentration $ 15 percent (v/v) ;

TABLE 1. COMPOSITION OF HONEY AS DEFINED IN FLORIDA

EXTENSION BEEKEEPING NEWSLETTER

Average Range

Standard

deviation

Fructose± glucose ratio 1.23 0.76± 1.86 0.126

Fructose (% ) 38.38 30.91± 44.26 1.77
Glucose (% ) 30.31 22.89± 40.75 3.04

Minerals (ash, % ) 0.169 0.020± 1.028 0.15
Moisture (% ) 17.2 13.4± 22.9 1.46

Reducing sugars (% ) 76.75 61.39± 83.72 2.76
Sucrose (% ) 1.31 0.25± 7.57 0.87

Total acidity (meq/kg) 29.12 8.68± 59.49 10.33
True protein (mg/100 g) 168.6 57.7± 567 70.90

Fig 1. Perce nt of H. pylori isolates surviving after exposure to honey
or carbohydrate solutions for three days. Growth of all isolates was

inhibited at a concentration of $ 15% honey or carbohydrate with
or without catalase .
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78% (14/18) were inhibite d by # 10% (v/v) honey, and

6/18 (33% ) at a concentration of # 5% (v/v) honey. In

comparison, the New Zealand manuka honey inhib-

ited 6/10 (60% ) test isolate s at a concentration of

# 5% (v/v) and 10/10 isolate s at a concentration of

# 10% (v/v) honey with and without catalase .

Our data sugge st that the mechanism for growth

inhibition in the US-produce d honeys is unre lated to

the presence of hydrogen peroxide . Addition of cata-

lase to test plate s containing paired sample s of honey

resulted in inhibitory activity identical to that of

honey alone in all but three instance s. These data

con® rm the ® ndings of Allen et al (6), Willix et al (4),

and al Somal et al (3), who showed that the antimi-

crobial killing effect of manuka honey was due to

nonperoxide mechanisms. While regional differences

may in¯ uence the amount of hydroge n peroxide in

honey sample s, our data suggest that nonpe roxide

mechanisms are equally important in effecting micro-

bial killing.

Using a document from the National Hone y

Board’ s Product Research and Development Com-

mittee as a basis (Table 1) (1), we prepared and

tested comparable carbohydrate solutions separate ly

and in combinations to ascertain whether osmotic

shock could be responsible for the antibacte rial effect

of honey. Control solutions containing glucose , fruc-

tose, and glucose ± fructose (1:1.23 ratio) in concentra-

tions from 10 to 35% (v/v) were evaluate d. All 18 H.

pylori isolate s were inhibite d by solutions containing

$ 15% (v/v) carbohydrate , an identical inhibitory pat-

tern as seen with the US-produced honeys alone ,

suggesting that osmotic effects were paramount in

effecting H. pylori growth inhibition.

In conclusion, US- and New Zealand-produce d

honeys were effective in inhibiting the growth of H.

pylori at concentrations of $ 15% (v/v) . Osmotic ef-

fects, not hydroge n peroxide content, were shown to

be responsible for the anti-H. pylori effect of the

US-produced honeys. Because it is dif® cult to main-

tain 15% honey or carbohydrate solutions at the

gastric mucosa for extended periods, use of honey as

an adjunctive treatment of H. pylori gastritis may not

be feasible .
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