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SUMMARY 
 

Hops beta acids are parts of hops 
acids used in beer brewing and 
reported as having antimicrobial 
effects. The present study evaluated 
the antimicrobial activity of hops beta 
acids against Listeria monocytogenes 
in broth media. A ten strain mixture of 
L. monocytogenes was inoculated (2 to 
3 log CFU/ml) into tryptic soy broth 
supplemented with 0.6% yeast extract 
(TSBYE) containing hops beta acids 
at concentrations of 0, 0.5, 1.0, 3.0 and 
5.0 µg/ml, and the inoculated 
pathogen was periodically monitored 
using the spiral plating method during 
storage at 4°C (35 days), 10°C (20 
days) and 25°C (48 h). The 
antilisterial effect of hops beta acids 
was evident during storage at all three 
temperatures, and was enhanced with 
increasing concentration and more 
pronounced at the lower temperature 
of 4°C. 
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INTRODUCTION 
 

The hop plant (Humulus lupulus) 
of the family of Cannabinaceae is 
among the many plants known to have 
antimicrobial properties.  Hops have 
been used to preserve wort and 
provide flavor in beer since the 12th 
century in Germany and since the 15th 
century in England (Srinivasan et al., 
2004).  The antimicrobial properties 
are mainly due to the hops acids. They 
are mainly active against Gram-
positive bacteria (Haas and 
Barsoumian, 1994; Bhattacharya et al., 
2003), and have no activity against 
most Gram negative microorganisms 
(Bhattacharya et al., 2003). 

The hops beta acids are parts of 
hops acids, and their primary 
components are lupulone (C27H38O4), 

colupulone (C26H37O4), and 
adlupulone (C27H38O4) (US-FDA, 
2001).  The U.S. Food and Drug 
Administration (FDA) and the U.S. 
Department of Agriculture Food 
Safety and Inspection Service (USDA-
FSIS) approved hops beta acids as 
generally-recognized–as–safe for use 
as antimicrobial agents in the amount 
of 2 mg/pound of cooked meat and 
2.5mg/pound of casings for meat 
products (USDA-FSIS GRAS Notice 
No. 000063).  To date, published 
studies on the antimicrobial activity of 
hops beta acids are limited. Srinivasan 
et al. (2004) found that hops beta acids 
had wide anti-protozoa effects using 
the paper disc diffusion method. 
Bhattacharya et al. (2003) showed that 
the hops beta acids minimum 
inhibitory concentrations for 
Streptococcus mutans were from 2 to 
10 µg/ml. Larson et al. (1996) showed 
that hops extracts (containing 60% 
beta acids) exhibited 100% inhibition 
against L. monocytogenes in brain 
heart infusion broth, when the 
concentration was more than 10µg/ml. 
The above studies, however, used the 
paper disc diffusion essay and optical 
density measurements to determine 
inhibition. They did not verify the 
exact inhibitory effect against 
microorganism growth in broth media 
using the agar plating method. Thus, 
the objective of the present study was 
to determine the antimicrobial activity 
of hops beta acids against L. 
monocytogenes in a culture broth 
medium. 
 

 
MATERIALS AND METHODS 

 
Bacterial strains and preparation of 
inoculum   

The 10-strain L. monocytogenes 
composite used in this study included 
strains (Lianou et al., 2007) NA-1 
(serotype 3b, pork sausage isolate); N-
7150 (serotype 3a, meat isolate); 558 
(serotype ½, pork meat isolate); N1-
227 (serotype 4b), R2-500 (serotype 
4b), R2-501 (serotype 4b), and R2-764 
(serotype 4b), all isolated from food; 
N1-225 (serotype 4b) and R2-763 
(serotype 4b), both isolated from 

human; R2-765 (serotype 4b, 
environmental isolate). All strains 
were maintained as refrigerated (4°C) 
cultures on slants of tryptic soy agar 
(TSA; Difco, Becton Dickinson, 
Sparks, Md.) supplemented with 0.6% 
yeast extract (Acumedia, Baltimore, 
Maryland, USA) (TSAYE), and 
subcultured monthly. Strains were 
activated by transferring a single 
colony from fresh PALCAM agar 
(Difco, Becton Dickinson) plates into 
10 ml of tryptic soy broth (TSB; Difco, 
Becton Dickinson) supplemented with 
0.6% yeast extract (TSBYE) and 
incubating at 30°C for 24h. Activated 
cultures were subcultured (0.1ml) into 
10 ml of fresh TSBYE and incubated 
at 30°C for 24h to reach the late 
stationary phase.  

The cultures of the strains of each 
organism were combined and 
centrifuged (Eppendorf model 5810 R, 
Brinkmann Instruments Inc., 
Westbury, N.Y.) at 4,629×g for 15 
min at 4°C. The harvested cells were 
washed with 10 ml of phosphate-
buffered saline (PBS, pH 7.4; 0.2 g of 
KH2PO4 , 1.5 g of  Na2HPO4·7H2O, 
8.0 g of  NaCl, and 0.2 g of  KCl in 1 
liter of distilled water), centrifuged as 
previously described, and resuspended 
in 100 ml of fresh PBS. The washed 
culture were serially diluted 
appropriately in PBS to obtain a target 
inoculum level of approximately 2 to 
3 log colony–forming units (CFU)/ml 
when 0.3 ml of inoculum was added to 
75ml of the control (no antimicrobial) 
or antimicrobial treatments. 
 
Antimicrobial treatments and 
microbiological analyses  

All the antimicrobial solutions 
were prepared in the culture broth 
medium, TSBYE. The treatments of 
the study included (1) control (TSBYE, 
no antimicrobials); and hops beta 
acids (S.S. Steiner Inc., New York, 
USA), (2) 0.5 µg/ml, (3) 1.0 µg/ml, (4) 
3.0 µg/ml, and (5) 5.0 µg/ml. All the 
solutions were autoclaved 22 minutes 
before the experiment except for hops 
beta acids, which was filter-sterilized 
(0.22µm) and added to the control 
(TSBYE) or antimicrobial solutions. 



The microbiological analysis of L. 
monocytogenes survival or growth in 
the solutions was conducted on 0, 12, 
24, 36 and 48 h for storage at 25°C, on 
days 0, 3, 6, 10, 15, 20 for storage at 
10°C, and on days 0, 7, 14, 21, 28 and 
35 for storage at 4°C. At each analysis 
time, samples from each treatment 
were appropriately diluted in 0.1% 
buffered peptone water (BPW, Difco, 
Becton Dickinson) and spiral plated 
(Spiral Plater Model D; Spiral Biotech, 
Bethesda, Md., USA) onto tryptic soy 
agar supplemented with 0.6% yeast 
extract (TSAYE).  After incubation at 
30°C for 48 h, colonies were counted 
using the Colony Image Analysis 
CASBATM 4 scanner and software 
system (Spiral Biotech). 
 
Measurement of pH 

The pH of the solutions was 
measured, using a Denver Instrument 
(Arvada, Colo., U.S.A.) pH meter and 
glass electrode, including: (1) TSBYE 
after autoclaving; (2) TSBYE after 
adding different concentrations of 
hops beta acids before inoculation; (3) 
TSBYE (inoculated with L . 
monocytogenes) with or without hops 
beta acids at each microorganism 
population assay time. 
 
Statistical analysis 

The experiment was conducted 
twice, and for each replication three 
individual samples were analyzed at 
each sampling time (n=6). The 
microbiological data were converted 
to log CFU/ml and analyzed using the 
mixed model procedure of SAS (SAS, 
2002). Independent variables included 
treatment, time and treatment × time 
interactions. Means and standard 
deviations for microbiological data 
were calculated, and the mean 
differences were separated with the 
least significant difference procedure 
at the significance level of α=0.05.  
 

RESULTS AND DISCUSSION 
 

pH of antimicrobial solutions 
The pH of TSBYE without hops 

beta acids was 7.25, the initial pH of 
hops beta acids solutions (0.5-5.0 
µg/ml) ranged between 7.24 and 7.32, 

and no significant (P>0.05) variance 
of pH was observed with increasing 
concentrations of hops beta acids (data 
not shown). During storage, the 
significant (P<0.05) pH decreases that 
were observed in controls (5.29±0.07, 
6.03±0.16 and 6.82±0.09 after 21 days 
at 4°C, 6 days at 10°C and 24 h at 
25°C, respectively), and solutions 
containing 0.5 (6.72±0.25, 5.11±0.09 
and 7.11±0.09 after 21 days at 4 °C, 
10 days at 10°C and 24 h at 25°C, 
respectively) and 1.0 µg/ml 
(7.11±0.04, 6.76±0.24 and 7.08±0.04 
after 21 days at 4 °C, 10 days at 10 °C 
and 36 h at 25°C, respectively) hops 
beta acids can be attributed to L. 
monocytogenes growth (>7.0 log 
CFU/ml). The pH of solutions that 
contained 3 and 5 µg/ml hops beta 
acids did not change  (P>0.05) during 
35 days, 20 days and 48 h of storage at 
4, 10 and 25°C, respectively. 
 
Microbiological data 

The initial level of L. 
monocytogenes in controls was 2.7, 
2.7 and 2.8 log CFU/ml at 4 (table 1 
(A)), 10 (table 1(B)) and 25°C (table 1 
(C)), respectively, whereas the initial 
level of all hops beta acids solutions 
ranged between 2.7 and 2.8, 2.6 and 
2.7, 2.8 and 2.9 log CFU/ml for 4 
(table 1 (A)), 10 (table 1(B)) and 25°C 
(table 1 (C)), respectively. Thus, 
exposure of L. monocytogenes to the 
hops beta acids treatments did not 
appear to have any immediate lethal 
effect. As expected, the control 
solutions supported rapid pathogen 
growth, as the populations exceeded 
7.0 log CFU/ml at 14-35 days, 6-20 
days and 24-48 h of storage at 4 (table 
1 (A)), 10 (table 1 (B)) and 25°C 
(table 1 (C)), respectively. Hops beta 
acids treated solutions (1.0-5.0 µg/ml) 
exhibited significant (P<0.05) 
inhibition of L. monocytogenes growth 
at the three storage temperatures, with 
increasing concentrations of hops beta 
acids  and lower temperature storage 
causing increasing inhibitory effects. 
The maximal antilisterial effective 
treatment was the solutions containing 
5 µg/ml hops beta acids during storage 
at 4°C, resulting in 0.4 log CFU/ml 
reduction of L. monocytogenes 

populations by the end of storage 
(table 1 (A)). This result agrees with 
that of Larson et al. (1996), who 
indicated that the inhibitory effect of 
hops was generally increased at low 
temperature.  During storage at 10°C, 
completely inhibitory effects were 
found at 10 and 6 days in 5.0 and 3.0 
µg/ml hops beta acids treatments, 
respectively, although the final 
average population of L. 
monocytogenes at 20 days of 10°C 
storage was 6.1 and 7.2 log CFU/ml, 
respectively (table 1 (B)).  During 
storage of 25°C, 5.0 and 3.0 µg/ml 
hops beta acids treatments showed 
complete inhibition for 24 h storage 
and resulted in 5.2 and 3.8 log 
CFU/ml reduced pathogens compared 
to the control by the end of storage 
(table 1 (C)).   
 
 

IMPLICATIONS 
 

The present study demonstrated 
that hops beta acids exhibited 
antimicrobial activity against L. 
monocytogenes in broth media stored 
at 4, 10 and 25°C, and its activity was 
enhanced with increasing 
concentration and storage at the lower 
temperature of 4°C.  However, in 
order for the hops beta acids to be 
used in a food system, further studies 
are needed to compare their 
antilisterial effects to those of other 
antimicrobial agents used in the food 
industry. Also, the most effective 
method of their application in food 
products, such as dipping, spraying or 
emulsification, needs to be 
investigated. 
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Table 1. Mean populations (Log CFU/ml, n=6) of  Listeria monocytogenes in TSBYE with or without different levels of hops 
beta acids stored at 4°C for 35 days (A), 10°C for 20 days (B) and 25°C for 48h (C). 

 
A)  
 

Storage time (days) Hops beta acids 
(µg/ml) 0 14 21 35 

0 2.8 ± 0.0 7.0 ± 0.1 9.0 ± 0.1 9.1± 0.0 
0.5 2.7 ± 0.0 6.5 ± 0.1 8.6 ± 0.2 8.9 ± 0.0 
1.0 2.8 ± 0.1 4.8 ± 0.2 6.4 ± 0.5 8.5 ± 0.2 
3.0 2.8 ± 0.1 2.5 ± 0.0 2.5 ± 0.0 4.3 ± 0.4 
5.0 2.8 ± 0.0 2.6 ± 0.1 2.5 ± 0.0 2.4 ± 0.1 

 
B)
    

Storage time (days) Hops beta acids 
(µg/ml) 0 6 10 20 

0 2.7 ± 0.1 8.5 ± 0.1 9.6 ± 0.3             9.1± 0.1 
0.5 2.6 ± 0.2 7.7 ± 0.2 9.4 ± 0.3 9.0 ± 0.1 
1.0 2.6 ± 0.2 6.3 ± 0.3 8.7 ± 0.2 8.8 ± 0.1 
3.0 2.6 ± 0.2 3.0 ± 0.4 4.3 ± 0.7 7.2 ± 0.4 
5.0 2.6 ± 0.2 2.6 ± 0.2 3.1 ± 0.6 6.1 ± 0.4 

 
C) 
     

 

     

Storage time (hours) Hops beta acids 
(µg/ml) 0 24 48 

0 2.8 ± 0.1 9.2 ± 0.1 9.4 ± 0.0 
0.5 2.8 ± 0.1 8.2 ± 0.2 9.1 ± 0.1 
1.0 2.8 ± 0.1 6.1 ± 0.4 8.3 ± 0.1 
3.0 2.9 ± 0.1 3.4 ± 0.2 5.6 ± 0.4 
5.0 2.9 ± 0.0 3.1 ± 0.3 4.2 ± 0.4 


