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Abstract: Humulus lupulus, commonly known as hop, is a climbing plant whose female cones impart 

beer’s characteristic bitterness and aroma and also serve as a preservative. In this study, we 

conducted a meta-analysis to investigate the antimicrobial activity of hop compounds and extracts 

against various microorganisms by statistically synthesizing Minimum Inhibitory Concentration 

(MIC) values. Our comprehensive literature search retrieved 2,553 articles, of which 18 met the 

inclusion criteria, encompassing 45 individual studies that reported MIC values for six hop 

compounds and three extract types tested against 55 microbial strains. MIC values corresponded to 

24- and 48-hour incubation periods with the compounds or extracts. Results indicate that 

xanthohumol (a flavonoid) and lupulone (a bitter acid) exhibit potent antimicrobial activity against 

most tested microorganisms, particularly food spoilage bacteria. Furthermore, hydroalcoholic 

extracts demonstrated greater efficacy compared to supercritical CO₂ (SFE) extracts, which showed 

limited antimicrobial effects against both probiotic and non-probiotic strains. These findings 

underscore the need for standardized, evidence-based protocols—including uniform microbial 

panels and consistent experimental procedures—to reliably evaluate the antimicrobial properties of 

hop-derived compounds and extracts. 

Keywords: hop; Humulus lupulus; meta-analysis; antimicrobial; phytoconstituents; flavonoids; bitter 

acids; minimum inhibitory concentration (MIC) 

 

1. Introduction 

Humulus lupulus, commonly known as hop, is a dioecious climbing plant that belongs to the 

Cannabinaceae family, primarily cultivated for its critical role in the brewing industry [1]. Female 

flowers develop into cone-like structures called hops, which contain lupulin glands. These glands are 

rich in secondary metabolites such as polyphenols, bitter acids, and essential oils that contribute 

significantly to the flavor and aroma of beer, while they act as preservatives as well  [1]. 

Beyond brewing, hops are increasingly investigated for their pharmacological properties. The 

key biochemical components of hops include primary metabolites, which support basic plant 

functions, and secondary metabolites that can influence ecological interactions of the plant  [2]. The 

most notable secondary metabolites include polyphenols (e.g., xanthohumol, isoxanthohumol, 

catechin), bitter acids (humulone, cohumulone, lupulone, colupulone), and essential oils (myrcene, 

caryophyllene) [3–6]. Polyphenols, and partciularly prenylated flavonoids, exhibit strong antioxidant 

and antimicrobial activities [3,5]. Bitter acids undergo isomerization during wort boiling to form iso-

α-acids, which are primarily responsible for beer's bitterness  [4]. Essential oils provide the 

characteristic aroma of beer and are extracted through hydrodistillation [7]. 
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The antimicrobial activity of hops extends to bacteria, fungi, and parasites, primarily through 

prenylated flavonoids and bitter acids  [1,8]. α- and β-acids have been shown to inhibit Gram-

positive bacteria such as Staphylococcus and Streptococcus species [9] while xanthohumol and 6-

prenylnaringenin exhibit antifungal and antiparasitic effects [9]. Furthermore, xanthohumol has 

demonstrated anticancer potential by targeting signaling pathways such as Akt and NF-κB, which 

are involved in cancer cell proliferation, survival, and metastasis  [8,10]. Additional health benefits 

include anti-obesity effects through enhanced lipolysis and beta-oxidation, dermatological benefits 

such as skin protection and anti-aging, and hepatoprotective effects against liver diseases [11]. 

Antimicrobial assays are fundamental in evaluating the therapeutic potential of botanical 

extracts, particularly in the search for novel compounds to combat antimicrobial resistance. These 

assays, which include disk diffusion, broth microdilution, and agar dilution methods, assess the 

inhibitory activity of crude plant extracts, fractions, and purified phytochemicals against a wide 

range of microorganisms [1,12–14]. Studies on Humulus lupulus have employed these methods to test 

various extract types - including aqueous, ethanolic, and supercritical CO₂ extracts (SFE) - alongside 

isolated compounds like xanthohumol and humulone [14]. This diversity of experimental directions 

were undertaken with a view to allowing researchers to determine the spectrum and mechanism of 

antimicrobial action, as well as the influence of extraction methods on bioactivity. Although 

standardized, in vitro assays provide reproducible and comparable data necessary for identifying 

promising bioactive candidates for pharmaceutical or food preservation applications do exist, 

experimental protocols in terms of concentrations and serial dilutions, incubation time and 

temperature, utilization of a wide spectrum of  bacteria species and strains, are still to be 

standardized. 

The objective of the present study is to systematically evaluate the antimicrobial efficacy of 

Humulus lupulus by synthesizing the available evidence through a robust, statistically rigorous 

approach. By conducting a meta-analysis of peer-reviewed studies, we aim to consolidate findings 

across diverse experimental contexts and identify key trends in the antimicrobial potency of hops. 

Specifically, we investigate the spectrum of activity against all bacterial strains tested to date, with a 

special emphasis on food spoilage microorganisms - organisms of significant relevance to public 

health and food industry sustainability. Furthermore, we examine the possibility of a potential 

probiotic sparing capacity of hop-derived compounds, a crucial consideration in preserving gut 

microbiota balance during antimicrobial treatment. Our study is framed within the principles of 

evidence-based practice, which emphasize the integration of comprehensive scientific evidence with 

clinical and industrial relevance to inform decision-making [15–17]. This synthesis offers a valuable 

foundation for future applied research on formulating strategies involving the value of hop 

phytoconstituents and extracts in food, cosmetic, and pharmaceutical sectors. 

2. Materials and Methods 

2.1. Literature Search Strategy and Eligibility Criteria of Selected Studies 

The literature search was conducted in PubMed database to retrieve all potential research 

articles relevant to hop antimicrobial activity in accordance with the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines [18]. The literature search was 

conducted on 2/3/2024 using the keywords (hop or hops or "humulus lupulus") and (antimicrobial or 

antifungal or antibacterial or chemoprevention or biofilm or antiparasitic or antiviral) and all 

chemical compounds found in hop extracts. To include all possible relevant articles the reference lists 

of the selected articles were also scrutinized. Three researchers (DK, EA, and PK) independently 

assessed the search results. Any discrepancies in the initial evaluations were resolved through 

discussion with two additional reviewers (PB and GB). 

Eligible studies had to contain MIC values of hop compounds or extracts tested on 

microorganisms. No language restrictions were imposed to reduce the risk of publication bias related 
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to grey literature [19]. Titles and abstracts of retrieved articles were screened, and relevant articles 

were assessed for inclusion/exclusion criteria. 

2.2. Data Extraction 

Data extraction from eligible studies was performed on a Microsoft Excel sheet. Search results 

were extracted independently by two researchers (DK and EA). Selected studies contained data on 

concentrations of Humulus lupulus extracts and compounds against different microorganisms. Data 

extracted included PubMed ID, first author’s last name, publication year, MIC values, along with 

their SD or SE values,  bacteria species and strains, names compounds, types of extracts, along with 

experimental conditions such as incubation time and temperature, Gram- classification (positive or 

negative), oxygen requirement (aerobic or anaerobic), and number of experimental replications. For 

studies reporting only the standard deviation (SD), the number of replicates was used to calculate 

the standard error of the mean (SEM) as follows:      If neither SD nor SEM was 

provided, the missing values were imputed using the highest SD reported among studies using the 

same compound and microorganism [20].  

2.3. Statistical Analysis 

In the present meta-analysis, MIC values were used as effect size. Data were pooled using a 

random-effects meta-analysis [21] with inverse-variance weighting.  MIC values and their 95% 

confidence intervals (CIs) were calculated for each compound across bacteria species, and incubation 

times.  

Stratification according to classification of hop compounds and extracts into sub-categories was 

performed to infer possible parameters of their bioactivity. Stratifications according to their effect on 

food preseevation characteritics or health impact on humans (food spoilage / non-food spoilage or 

probiotic / non-probiotic) were also performed.  To evaluate the impact of each individual study on 

the overall meta-analysis outcome, an influential analysis was conducted by sequentially excluding 

one study at a time and recalculating the statistical significance.  Meta-analysis was performed with 

the statistical software Stata version 13.1, setting p-value for statistical significance less than or equal 

to 0.05 [22]. 

3. Results 

3.1. Studies’ Selection and Characteristics 

The literature search, following PRISMA guidelines, for antimicrobial activity of Humulus 

lupulus led to the retrieval of 2553 articles. After application of eligibility criteria, we resulted in 18 

articles that included 450 individual studies (Figure 1).  
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Figure 1. PRISMA-compliant flow diagram illustrating the systematic review process used to identify studies 

included in the meta-analysis. 

The included studies were investigating the antimicrobial activity of various hop compounds 

(Figure 2) that include flavonoids, bitter acids, and three types of extracts, i.e. supercritical fluid 

extracts (CO2-based, SFE), hydroalcoholic, and hydroacetonic. From them, 122 report MIC values on 

flavonoids, 152 on bitter acids, 67 studies on CO2-extracts, 79 on hydralcoholic extracts and 28 on 

hydroacetonic extracts. Strains, which are used to measure antimicrobial activity against them, are 

55. From the 450 studies, 174 of them were investigating antimicrobial effects after  treatment for 24 

hours, while 276 studies reported results for the 48 hours time point (Table 1). The characteristics of 

the included studies reporting MIC values, incubation time, and experimental repetitions were taken 

into consideration for the meta-analysis. 

 

Figure 2. The main flavonoids and bitter acids from Humulus Lupulus, studied herein. 

Table 1. Characteristics of the studies included in the meta-analysis. 

Author Year MIC (μg/mL) Strain 
Type of compounds / 

extracts 

Number of 

experiments 

Time 

(hours) 
Temperature (oC) 

Kramer et al. [23] 2015 6.3 Staphylococcus aureus 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 
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Kramer et al. [23] 2015 12.5 Staphylococcus aureus 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Kramer et al. [23] 2015 1.6 Staphylococcus aureus 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Kramer et al. [23] 2015 1.6 Staphylococcus aureus CO2-extract 4 48 37 

Kramer et al. [23] 2015 200 Staphylococcus aureus CO2-extract 4 48 37 

Kramer et al. [23] 2015 200 Staphylococcus aureus CO2-extract 4 48 37 

Kramer et al. [23] 2015 200 Staphylococcus aureus CO2-extract 4 48 37 

Kramer et al. [23] 2015 5000 Staphylococcus aureus CO2-extract 4 48 37 

Kramer et al. [23] 2015 2500 Staphylococcus aureus CO2-extract 4 48 37 

Kramer et al. [23] 2015 1250 Listeria monocytogenes 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Kramer et al. [23] 2015 5000 Listeria monocytogenes 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Kramer et al. [23] 2015 1250 Listeria monocytogenes 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Kramer et al. [23] 2015 625 Listeria monocytogenes CO2-extract 4 48 37 

Kramer et al. [23] 2015 200 Listeria monocytogenes CO2-extract 4 48 37 

Kramer et al. [23] 2015 200 Listeria monocytogenes CO2-extract 4 48 37 

Kramer et al. [23] 2015 200 Listeria monocytogenes CO2-extract 4 48 37 

Kramer et al. [23] 2015 5000 Listeria monocytogenes CO2-extract 4 48 37 

Kramer et al. [23] 2015 2500 Listeria monocytogenes CO2-extract 4 48 37 

Kramer et al. [23] 2015 1250 Escherichia coli 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Kramer et al. [23] 2015 5000 Escherichia coli 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Kramer et al. [23] 2015 1250 Escherichia coli 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Kramer et al. [23] 2015 625 Escherichia coli CO2-extract 4 48 37 

Kramer et al. [23] 2015 6.3 Escherichia coli CO2-extract 4 48 37 

Kramer et al. [23] 2015 12.5 Escherichia coli CO2-extract 4 48 37 

Kramer et al. [23] 2015 1.6 Escherichia coli CO2-extract 4 48 37 

Kramer et al. [23] 2015 1.6 Escherichia coli CO2-extract 4 48 37 

Kramer et al. [23] 2015 200 Escherichia coli CO2-extract 4 48 37 

Kramer et al. [23] 2015 200 Salmonella enterica 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Kramer et al. [23] 2015 200 Salmonella enterica 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Kramer et al. [23] 2015 5000 Salmonella enterica 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Kramer et al. [23] 2015 2500 Salmonella enterica CO2-extract 4 48 37 

Kramer et al. [23] 2015 1250 Salmonella enterica CO2-extract 4 48 37 

Kramer et al. [23] 2015 5000 Salmonella enterica CO2-extract 4 48 37 

Kramer et al. [23] 2015 1250 Salmonella enterica CO2-extract 4 48 37 

Kramer et al. [23] 2015 625 Salmonella enterica CO2-extract 4 48 37 

Kramer et al. [23] 2015 200 Salmonella enterica CO2-extract 4 48 37 

Kramer et al. [23] 2015 200 Staphylococcus aureus 
Xanthohumol / chalcones 

/ flavonoids 
3 24 37 

Weber et al. [13] 2019 3.1 Propionibacterium acnes CO2-extract 3 24 37 

Weber et al. [13] 2019 4.65 Propionibacterium acnes CO2-extract 3 24 37 

Weber et al. [13] 2019 3.1 Propionibacterium acnes CO2-extract 3 24 37 

Weber et al. [13] 2019 3.1 Propionibacterium acnes CO2-extract 3 24 37 

Weber et al. [13] 2019 9.375 Staphylococcus aureus CO2-extract 3 24 37 

Weber et al. [13] 2019 9.375 Staphylococcus aureus CO2-extract 3 24 37 

Weber et al. [13] 2019 6.25 Staphylococcus aureus CO2-extract 3 24 37 

Weber et al. [13] 2019 12.5 Staphylococcus aureus CO2-extract 4 48 37 

Cermak et al. [24]  2017 160 Bacteroides fragilis α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 680 Bacteroides fragilis α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 900 Bacteroides fragilis α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 1540 Bacteroides fragilis α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 1150 Bacteroides fragilis α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 260 Bacteroides fragilis α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 680 Bacteroides fragilis α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 840 Clostridium perfringens α-acids/bitter acids 4 48 37 
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Cermak et al. [24]  2017 1370 Clostridium perfringens α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 1190 Clostridium perfringens α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 680 Clostridium perfringens α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 1230 Clostridium perfringens α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 320 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 770 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 510 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 510 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 580 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 770 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 1020 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 510 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 510 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 340 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 640 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 1020 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 1020 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 430 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 340 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 680 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 2040 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 510 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 300 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 680 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 510 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 1020 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 850 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 1020 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 680 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 1020 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 1020 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 1020 Clostridium difficile α-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 190 Bacteroides fragilis β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 340 Bacteroides fragilis β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 320 Bacteroides fragilis β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 430 Bacteroides fragilis β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 260 Bacteroides fragilis β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 220 Bacteroides fragilis β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 50 Bacteroides fragilis β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 170 Clostridium perfringens β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 210 Clostridium perfringens β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 260 Clostridium perfringens β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 200 Clostridium perfringens β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 150 Clostridium perfringens β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 24 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 80 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 48 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 21 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 72 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 21 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 68 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 32 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 21 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 27 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 36 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 96 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 40 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 80 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 19 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 27 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 43 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 27 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 9 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 24 Clostridium difficile β-acids/bitter acids 4 48 37 
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Cermak et al. [24]  2017 12 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 53 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 48 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 24 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 12 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 48 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 28 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 48 Clostridium difficile β-acids/bitter acids 4 48 37 

Cermak et al. [24]  2017 15 Bacteroides fragilis 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 56 Bacteroides fragilis 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 29 Bacteroides fragilis 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 48 Bacteroides fragilis 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 44 Bacteroides fragilis 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 28 Bacteroides fragilis 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 56 Bacteroides fragilis 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 10 Clostridium perfringens 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 28 Clostridium perfringens 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 32 Clostridium perfringens 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 40 Clostridium perfringens 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 53 Clostridium perfringens 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 85 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 85 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 64 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 64 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 64 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 64 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 107 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 32 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 85 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 53 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 43 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 75 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 85 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 32 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 32 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 32 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 
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Cermak et al. [24]  2017 43 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 32 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 32 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 64 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 64 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 64 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 64 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 43 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 64 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 64 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 64 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Cermak et al. [24]  2017 53 Clostridium difficile 
Xanthohumol / chalcones 

/ flavonoids 
3 24 37 

Bogdanova et al. 

[25]  
2018 7.5 Staphylococcus epidermidis 

Humulone /α-acids /bitter 

acids 
3 24 37 

Bogdanova et al. 

[25]  
2018 30 Staphylococcus epidermidis 

Humulone /α-acids /bitter 

acids 
3 24 37 

Bogdanova et al. 

[25]  
2018 15 Staphylococcus capitis 

Humulone /α-acids /bitter 

acids 
3 24 37 

Bogdanova et al. 

[25]  
2018 15 Staphylococcus aureus 

Humulone /α-acids /bitter 

acids 
3 24 37 

Bogdanova et al. 

[25]  
2018 15 Staphylococcus aureus 

Humulone /α-acids /bitter 

acids 
3 24 37 

Bogdanova et al. 

[25]  
2018 0.5 Staphylococcus epidermidis 

Lupulone /β-acids /bitter 

acids 
3 24 37 

Bogdanova et al. 

[25]  
2018 4 Staphylococcus epidermidis 

Lupulone /β-acids /bitter 

acids 
3 24 37 

Bogdanova et al. 

[25]  
2018 0.5 Staphylococcus capitis 

Lupulone /β-acids /bitter 

acids 
3 24 37 

Bogdanova et al. 

[25]  
2018 0.5 Staphylococcus aureus 

Lupulone   /β-acids 

/bitter acids 
3 24 37 

Bogdanova et al. 

[25]  
2018 0.5 Staphylococcus aureus 

Lupulone /β-acids /bitter 

acids 
3 24 37 

Bogdanova et al. 

[25]  
2018 2 Staphylococcus epidermidis 

Xanthohumol / chalcones 

/ flavonoids 
3 24 37 

Bogdanova et al. 

[25]  
2018 2 Staphylococcus epidermidis 

Xanthohumol / chalcones 

/ flavonoids 
3 24 37 

Bogdanova et al. 

[25]  
2018 2 Staphylococcus capitis 

Xanthohumol / chalcones 

/ flavonoids 
3 24 37 

Bogdanova et al. 

[25]  
2018 2 Staphylococcus aureus 

Xanthohumol / chalcones 

/ flavonoids 
3 24 37 

Bogdanova et al. 

[25]  
2018 4 Staphylococcus aureus 

Xanthohumol / chalcones 

/ flavonoids 
 24 37 

Larsona et al. [26] 1996 300 Listeria monocytogenes CO2-extract  24 37 

Larsona et al. [26] 1996 300 Listeria monocytogenes CO2-extract 4 24 37 

Larsona et al. [26] 1996 10 Listeria monocytogenes CO2-extract 4 24 37 

Larsona et al. [26] 1996 10 Listeria monocytogenes CO2-extract 3 24 37 

Klimek et al. [27] 2021 0.195 Staphylococcus aureus CO2-extract 3 24 37 

Klimek et al. [27] 2021 0.195 Staphylococcus aureus 
Xanthohumol / chalcones 

/ flavonoids 
3 24 37 

Klimek et al. [27] 2021 0.098 Staphylococcus epidermidis CO2-extract 3 24 37 

Klimek et al. [27] 2021 0.098 Staphylococcus epidermidis 
Xanthohumol / chalcones 

/ flavonoids 
3 48 37 

Klimek et al. [27] 2021 0.391 Streptococcus mutans CO2-extract 3 48 37 
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Klimek et al. [27] 2021 0.391 Streptococcus mutans 
Xanthohumol / chalcones 

/ flavonoids 
3 48 37 

Klimek et al. [27] 2021 0.781 Streptococcus sanguinis CO2-extract 3 48 37 

Klimek et al. [27] 2021 0.781 Streptococcus sanguinis 
Xanthohumol / chalcones 

/ flavonoids 
3 48 37 

Klimek et al. [27] 2021 15.625 Propionibacterium acnes CO2-extract 3 48 37 

Klimek et al. [27] 2021 62.5 Propionibacterium acnes 
Xanthohumol / chalcones 

/ flavonoids 
3 48 37 

Klimek et al. [27] 2021 15.625 Propionibacterium acnes CO2-extract 3 48 37 

Klimek et al. [27] 2021 31.25 Propionibacterium acnes 
Xanthohumol / chalcones 

/ flavonoids 
3 24 37 

Klimek et al. [27] 2021 0.195 Staphylococcus aureus CO2-extract 3 24 37 

Klimek et al. [27] 2021 0.098 Staphylococcus epidermidis CO2-extract 3 48 37 

Klimek et al. [27] 2021 0.391 Streptococcus mutans CO2-extract 3 48 37 

Klimek et al. [27] 2021 0.781 Streptococcus sanguinis CO2-extract 3 48 37 

Klimek et al. [27] 2021 15.625 Propionibacterium acnes CO2-extract 3 48 37 

Klimek et al. [27] 2021 15.625 Propionibacterium acnes CO2-extract 3 24 37 

Bocquet et al. [28]  2019 39 Corynebacterium hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 39 Enterococcus faecalis hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 156 Enterococcus sp. hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 39 Mycobacterium smegmatis hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 39 Staphylococcus aureus hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 39 Staphylococcus aureus hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 39 Staphylococcus epidermidis hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 98 Staphylococcus epidermidis hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 156 Staphylococcus lugdunensis hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 39 Staphylococcus warneri hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 39 Streptococcus agalactiae hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 78 Streptococcus agalactiae hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 39 Streptococcus dysgalactiae hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 625 Staphylococcus lugdunensis hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 625 Staphylococcus warneri hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 625 Acinetobacter baumannii hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 625 Pseudomonas aeruginosa hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 625 Pseudomonas aeruginosa hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 625 Stenotrophomonas maltophilia hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 156 Candida albicans hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 39 Candida albicans hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 625 Candida albicans hydralcoholic-extract 3 24 37 

Bocquet et al. [28]  2019 2.23 Staphylococcus aureus 
Xanthohumol / chalcones 

/ flavonoids 
3 24 37 

Bocquet et al. [28]  2019 2.32 Staphylococcus aureus 
Desmethylxanthohumol/ 

chalcones / flavonoids 
3 24 37 

Bocquet et al. [28]  2019 0.53 Staphylococcus aureus 
Lupulone /β-acids /bitter 

acids 
3 24 37 

Bocquet et al. [28]  2019 9.8 Staphylococcus aureus 
Xanthohumol / chalcones 

/ flavonoids 
3 24 37 

Bocquet et al. [28]  2019 9.8 Staphylococcus aureus 
Xanthohumol / chalcones 

/ flavonoids 
3 24 37 

Bocquet et al. [28]  2019 9.8 Staphylococcus aureus 
Xanthohumol / chalcones 

/ flavonoids 
3 24 37 

Bocquet et al. [28]  2019 19.5 Staphylococcus aureus 
Xanthohumol / chalcones 

/ flavonoids 
3 24 37 

Bocquet et al. [28]  2019 39 Staphylococcus aureus 
Desmethylxanthohumol / 

chalcones / flavonoids 
3 24 37 

Bocquet et al. [28]  2019 19.5 Staphylococcus aureus 
Desmethylxanthohumol / 

chalcones / flavonoids 
3 24 37 

Bocquet et al. [28]  2019 39 Staphylococcus aureus 
Desmethylxanthohumol / 

chalcones / flavonoids 
3 24 37 

Bocquet et al. [28]  2019 39 Staphylococcus aureus 
Desmethylxanthohumol / 

chalcones / flavonoids 
3 24 37 

Bocquet et al. [28]  2019 156 Staphylococcus aureus 
Cohumulone / α-acids / 

bitter acids 
3 24 37 
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Bocquet et al. [28]  2019 313 Staphylococcus aureus 
Cohumulone / α-acids / 

bitter acids 
3 24 37 

Bocquet et al. [28]  2019 313 Staphylococcus aureus 
Cohumulone / α-acids / 

bitter acids 
3 24 37 

Bocquet et al. [28]  2019 313 Staphylococcus aureus 
Cohumulone / α-acids / 

bitter acids 
3 24 37 

Bocquet et al. [28]  2019 78 Staphylococcus aureus 
Humulone / α-acids / 

bitter acids 
3 24 37 

Bocquet et al. [28]  2019 156 Staphylococcus aureus 
Humulone / α-acids / 

bitter acids 
3 24 37 

Bocquet et al. [28]  2019 156 Staphylococcus aureus 
Humulone / α-acids / 

bitter acids 
3 24 37 

Bocquet et al. [28]  2019 156 Staphylococcus aureus 
Humulone / α-acids / 

bitter acids 
3 24 37 

Bocquet et al. [28]  2019 39 Staphylococcus aureus 
Cohumulone / α-acids / 

bitter acids 
3 24 37 

Bocquet et al. [28]  2019 78 Staphylococcus aureus 
Cohumulone / α-acids / 

bitter acids 
3 24 37 

Bocquet et al. [28]  2019 39 Staphylococcus aureus 
Colupulone /β-acids/ 

bitter acids 
3 24 37 

Bocquet et al. [28]  2019 78 Staphylococcus aureus 
Cohumulone / α-acids / 

bitter acids 
3 24 37 

Bocquet et al. [28]  2019 1.2 Staphylococcus aureus 
Lupulone /β-acids / bitter 

acids 
3 24 37 

Bocquet et al. [28]  2019 0.6 Staphylococcus aureus 
Lupulone /β-acids / bitter 

acids 
3 24 37 

Bocquet et al. [28]  2019 0.6 Staphylococcus aureus 
Lupulone /β-acids / bitter 

acids 
3 24 37 

Bocquet et al. [28]  2019 1.2 Staphylococcus aureus 
Lupulone /β-acids / bitter 

acids 
2 24 37 

Natarajana et al. 

[29]  
2008 3 Bacillus subtilis 

Humulone / α-acids / 

bitter acids 
2 24 37 

Natarajana et al. 

[29]  
2008 5 Bacillus megaterium 

Humulone / α-acids / 

bitter acids 
2 24 37 

Natarajana et al. 

[29]  
2008 30 Streptococcus salivarius 

Humulone / α-acids / 

bitter acids 
2 24 37 

Natarajana et al. 

[29]  
2008 10 Streptococcus saprophyticus 

Humulone / α-acids / 

bitter acids 
2 24 37 

Natarajana et al. 

[29]  
2008 1 Bacillus subtilis 

Lupulone /β-acids / bitter 

acids 
2 24 37 

Natarajana et al. 

[29]  
2008 3 Bacillus megaterium 

Lupulone /β-acids / bitter 

acids 
2 24 37 

Natarajana et al. 

[29]  
2008 5 Streptococcus salivarius 

Lupulone /β-acids / bitter 

acids 
2 24 37 

Natarajana et al. 

[29]  
2008 1 Streptococcus saprophyticus 

Lupulone /β-acids / bitter 

acids 
2 24 37 

Natarajana et al. 

[29]  
2008 1 Bacillus subtilis 

Xanthohumol / chalcones 

/ flavonoids 
2 24 37 

Natarajana et al. 

[29]  
2008 10 Bacillus megaterium 

Xanthohumol / chalcones 

/ flavonoids 
2 24 37 

Natarajana et al. 

[29]  
2008 10 Streptococcus salivarius 

Xanthohumol / chalcones 

/ flavonoids 
2 24 37 

Natarajana et al. 

[29]  
2008 1 Streptococcus saprophyticus 

Xanthohumol / chalcones 

/ flavonoids 
2 24 37 

Natarajana et al. 

[29]  
2008 3 Streptococcus saprophyticus 

Humulone / α-acids / 

bitter acids 
2 24 37 

Natarajana et al. 

[29]  
2008 3 Bacillus subtilis 

Humulone / α-acids / 

bitter acids 
2 24 37 

Natarajana et al. 

[29]  
2008 3 Streptococcus saprophyticus 

Lupulone /β-acids / bitter 

acids 
2 24 37 

Natarajana et al. 

[29]  
2008 3 Bacillus subtilis 

Lupulone /β-acids / bitter 

acids 
2 24 37 

Natarajana et al. 

[29]  
2008 10 Bacillus megaterium 

Lupulone /β-acids / bitter 

acids 
2 24 37 
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Natarajana et al. 

[29]  
2008 100 Streptococcus salivarius 

Lupulone /β-acids / bitter 

acids 
2 24 37 

Natarajana et al. 

[29]  
2008 3 Streptococcus saprophyticus 

Xanthohumol / chalcones 

/ flavonoids 
2 24 37 

Natarajana et al. 

[29]  
2008 10 Bacillus subtilis 

Xanthohumol / chalcones 

/ flavonoids 
2 24 37 

Natarajana et al. 

[29]  
2008 10 Bacillus megaterium 

Xanthohumol / chalcones 

/ flavonoids 
2 24 37 

Natarajana et al. 

[29]  
2008 30 Streptococcus salivarius 

Xanthohumol / chalcones 

/ flavonoids 
2 24 37 

Natarajana et al. 

[29]  
2008 3 Streptococcus saprophyticus 

Humulone / α-acids / 

bitter acids 
2 24 37 

Natarajana et al. 

[29]  
2008 3 Bacillus subtilis 

Humulone / α-acids / 

bitter acids 
2 24 37 

Natarajana et al. 

[29]  
2008 3 Streptococcus saprophyticus 

Lupulone /β-acids / bitter 

acids 
2 24 37 

Natarajana et al. 

[29]  
2008 3 Bacillus subtilis 

Lupulone /β-acids / bitter 

acids 
2 24 37 

Natarajana et al. 

[29]  
2008 10 Bacillus megaterium 

Lupulone /β-acids / bitter 

acids 
2 24 37 

Natarajana et al. 

[29]  
2008 100 Streptococcus salivarius 

Lupulone /β-acids / bitter 

acids 
2 24 37 

Natarajana et al. 

[29]  
2008 3 Streptococcus saprophyticus 

Xanthohumol / chalcones 

/ flavonoids 
2 24 37 

Natarajana et al. 

[29]  
2008 10 Bacillus subtilis 

Xanthohumol / chalcones 

/ flavonoids 
2 24 37 

Natarajana et al. 

[29]  
2008 10 Bacillus megaterium 

Xanthohumol / chalcones 

/ flavonoids 
2 24 37 

Natarajana et al. 

[29]  
2008 30 Streptococcus salivarius 

Xanthohumol / chalcones 

/ flavonoids 
3 48 37 

Engels et al. [30]  2011 600 Bacillus subtilis 
Catechin /flavonols / 

flavonoids 
3 48 37 

Engels et al. [30]  2011 1300 Bacillus subtilis 
Catechin /flavonols / 

flavonoids 
3 48 37 

Engels et al. [30]  2011 1700 Bacillus subtilis 
Catechin /flavonols / 

flavonoids 
3 48 37 

Engels et al. [30]  2011 100 Bacillus cereus 
Catechin /flavonols / 

flavonoids 
3 48 25 

Engels et al. [30]  2011 100 Staphylococcus aureus 
Catechin /flavonols / 

flavonoids 
3 48 25 

Engels et al. [30]  2011 500 Listeria monocytogenes 
Catechin /flavonols / 

flavonoids 
3 48 25 

Engels et al. [30]  2011 1700 Pediococcus acidilaactici 
Catechin /flavonols / 

flavonoids 
3 48 25 

Engels et al. [30]  2011 1700 Lactococcus lactis 
Catechin /flavonols / 

flavonoids 
3 48 25 

Engels et al. [30]  2011 1700 Pseudomonas fluorescens 
Catechin /flavonols / 

flavonoids 
3 48 37 

Engels et al. [30]  2011 300 Bacillus amyloliquefaciens 
Catechin /flavonols / 

flavonoids 
3 48 25 

Engels et al. [30]  2011 100 Staphylococcus warneri 
Catechin /flavonols / 

flavonoids 
3 48 25 

Engels et al. [30]  2011 1700 Lactobacillus plantarum 
Catechin /flavonols / 

flavonoids 
3 48 25 

Engels et al. [30]  2011 1700 Enterococcus faecalis 
Catechin /flavonols / 

flavonoids 
3 48 25 

Engels et al. [30]  2011 1700 Pseudomonas fluorescens 
Catechin /flavonols / 

flavonoids 
3 48 25 

Engels et al. [30]  2011 1700 Pseudomonas fluorescens 
Catechin /flavonols / 

flavonoids 
3 48 42 

Engels et al. [30]  2011 600 Campylobacter jejuni 
Catechin /flavonols / 

flavonoids 
3 48 25 

Engels et al. [30]  2011 1700 Mucor plumbeus 
Catechin /flavonols / 

flavonoids 
3 48 25 
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Engels et al. [30]  2011 1700 Aspergillus niger 
Catechin /flavonols / 

flavonoids 
3 48 25 

Engels et al. [30]  2011 26.8 Penicillium spp 
Catechin /flavonols / 

flavonoids 
4 24 37 

Rozalski et al. [31]  2013 31 Streptococcus aureus hydralcoholic-extract 4 24 37 

Rozalski et al. [31]  2013 125 Streptococcus aureus hydralcoholic-extract 4 24 37 

Rozalski et al. [31]  2013 31 Streptococcus aureus hydralcoholic-extract 4 24 37 

Rozalski et al. [31]  2013 62 Enterococcus faecalis hydralcoholic-extract 4 24 37 

Rozalski et al. [31]  2013 15 Streptococcus aureus 
Xanthohumol / chalcones 

/ flavonoids 
4 24 37 

Rozalski et al. [31]  2013 125 Streptococcus aureus 
Xanthohumol / chalcones 

/ flavonoids 
4 24 37 

Rozalski et al. [31]  2013 93.5 Streptococcus aureus 
Xanthohumol / chalcones 

/ flavonoids 
4 24 37 

Rozalski et al. [31]  2013 62 Enterococcus faecalis 
Xanthohumol / chalcones 

/ flavonoids 
4 24 37 

Rozalski et al. [31]  2013 2000 Streptococcus aureus CO2-extract 4 24 37 

Rozalski et al. [31]  2013 1000 Streptococcus aureus CO2-extract 4 24 37 

Rozalski et al. [31]  2013 2000 Streptococcus aureus CO2-extract 4 24 37 

Rozalski et al. [31]  2013 2000 Enterococcus faecalis CO2-extract 4 24 37 

Rozalski et al. [31]  2013 31 Streptococcus aureus 
Xanthohumol / chalcones 

/ flavonoids 
4 24 37 

Rozalski et al. [31]  2013 125 Streptococcus aureus 
Xanthohumol / chalcones 

/ flavonoids 
4 24 37 

Rozalski et al. [31]  2013 31 Streptococcus aureus 
Xanthohumol / chalcones 

/ flavonoids 
4 24 37 

Rozalski et al. [31]  2013 62 Enterococcus faecalis 
Xanthohumol / chalcones 

/ flavonoids 
3 48 37 

Flesar et al. [32]  2010 2 Paenibacillus larvae organic-ethanolic extract 3 48 37 

Flesar et al. [32]  2010 3 Paenibacillus larvae organic extract 3 48 37 

Flesar et al. [32]  2010 128 Paenibacillus larvae 
Catechin/flavonols/ 

flavonoids 
4 24 37 

Bogdanova et al. 

[33] 
2018 30 Staphylococcus aureus 

Humulone / α-acids / 

bitter acids 
4 24 37 

Bogdanova et al. 

[33] 
2018 60 Enterococcus faecalis 

Humulone / α-acids / 

bitter acids 
4 24 37 

Bogdanova et al. 

[33] 
2018 60 Staphylococcus aureus 

Humulone / α-acids / 

bitter acids 
4 24 37 

Bogdanova et al. 

[33] 
2018 60 Enterococcus faecalis 

Humulone / α-acids / 

bitter acids 
4 24 37 

Bogdanova et al. 

[33] 
2018 30 Staphylococcus haemolyticus 

Humulone / α-acids / 

bitter acids 
4 48 37 

Bogdanova et al. 

[33] 
2018 250 Candida albicans 

Humulone / α-acids / 

bitter acids 
4 48 37 

Bogdanova et al. 

[33] 
2018 250 Candida krusei 

Humulone / α-acids / 

bitter acids 
4 48 37 

Bogdanova et al. 

[33] 
2018 1.000 Candida tropicalis 

Humulone / α-acids / 

bitter acids 
4 48 37 

Bogdanova et al. 

[33] 
2018 500 Candida parapsilosis 

Humulone / α-acids / 

bitter acids 
4 24 37 

Bogdanova et al. 

[33] 
2018 0.5 Staphylococcus aureus 

Lupulone /β-acids / bitter 

acids 
4 24 37 

Bogdanova et al. 

[33] 
2018 1.5 Enterococcus faecalis 

Lupulone /β-acids / bitter 

acids 
4 24 37 

Bogdanova et al. 

[33] 
2018 1 Staphylococcus aureus 

Lupulone /β-acids / bitter 

acids 
4 24 37 

Bogdanova et al. 

[33] 
2018 15 Enterococcus faecalis 

Lupulone /β-acids / bitter 

acids 
4 24 37 

Bogdanova et al. 

[33] 
2018 1 Staphylococcus haemolyticus 

Lupulone /β-acids / bitter 

acids 
4 48 37 

Bogdanova et al. 

[33] 
2018 500 Candida albicans 

Lupulone /β-acids / bitter 

acids 
4 48 37 

Bogdanova et al. 

[33] 
2018 500 Candida krusei 

Lupulone /β-acids / bitter 

acids 
4 48 37 
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Bogdanova et al. 

[33] 
2018 1.000 Candida parapsilosis 

Lupulone /β-acids / bitter 

acids 
4 24 37 

Bogdanova et al. 

[33] 
2018 4 Staphylococcus aureus 

Xanthohumol / chalcones 

/ flavonoids 
4 24 37 

Bogdanova et al. 

[33] 
2018 7.5 Enterococcus faecalis 

Xanthohumol / chalcones 

/ flavonoids 
4 24 37 

Bogdanova et al. 

[33] 
2018 4 Staphylococcus aureus 

Xanthohumol / chalcones 

/ flavonoids 
4 24 37 

Bogdanova et al. 

[33] 
2018 7.5 Enterococcus faecalis 

Xanthohumol / chalcones 

/ flavonoids 
4 24 37 

Bogdanova et al. 

[33] 
2018 7.5 Staphylococcus haemolyticus 

Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Bogdanova et al. 

[33] 
2018 60 Candida albicans 

Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Bogdanova et al. 

[33] 
2018 60 Candida krusei 

Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Bogdanova et al. 

[33] 
2018 30 Candida tropicalis 

Xanthohumol / chalcones 

/ flavonoids 
4 48 37 

Bogdanova et al. 

[33] 
2018 7.5 Candida parapsilosis 

Xanthohumol / chalcones 

/ flavonoids 
4 24 37 

Bogdanova et al. 

[33] 
2018 7.5 Staphylococcus aureus CO2-extract 4 24 37 

Bogdanova et al. 

[33] 
2018 60 Enterococcus faecalis CO2-extract 4 24 37 

Bogdanova et al. 

[33] 
2018 7.5 Staphylococcus aureus CO2-extract 4 24 37 

Bogdanova et al. 

[33] 
2018 30 Enterococcus faecalis CO2-extract 4 24 37 

Bogdanova et al. 

[33] 
2018 15 Staphylococcus haemolyticus CO2-extract 4 48 37 

Bogdanova et al. 

[33] 
2018 250 Candida albicans CO2-extract 4 48 37 

Bogdanova et al. 

[33] 
2018 250 Candida krusei CO2-extract 4 48 37 

Bogdanova et al. 

[33] 
2018 1.000 Candida tropicalis CO2-extract 4 48 37 

Bogdanova et al. 

[33] 
2018 500 Candida parapsilosis CO2-extract 4 48 25 

Bhavya et al. [34]  2020 64 Staphylococcus aureus CO2-extract 4 48 25 

Bhavya et al. [34]  2020 32 Listeria monocytogenes CO2-extract 4 48 25 

Bhavya et al. [34]  2020 32 Bacillus subtilis CO2-extract 3 48 37 

Pilna et al. [35]  2015 256 Bifidobacterium dentium hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 128 Bifidobacterium dentium hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 256 Bifidobacterium dentium hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 256 Bifidobacterium dentium hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 128 Bifidobacterium dentium hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 256 Bifidobacterium dentium hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 128 Bifidobacterium longum hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 64 Bifidobacterium longum hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 128 Bifidobacterium longum hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 64 Bifidobacterium longum hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 64 Bifidobacterium longum hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 128 Bifidobacterium longum hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 128 Lactobacillus salivarius hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 64 Lactobacillus salivarius hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 128 Lactobacillus salivarius hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 128 Lactobacillus salivarius hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 128 Lactobacillus salivarius hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 256 Lactobacillus salivarius hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 128 Streptococcus mutans hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 64 Streptococcus mutans hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 128 Streptococcus mutans hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 64 Streptococcus mutans hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 128 Streptococcus mutans hydralcoholic-extract 3 48 37 
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Pilna et al. [35]  2015 128 Streptococcus mutans hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 64 Streptococcus salivarius hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 16 Streptococcus salivarius hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 32 Streptococcus salivarius hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 32 Streptococcus salivarius hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 32 Streptococcus salivarius hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 32 Streptococcus salivarius hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 64 Streptococcus sobrinus hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 16 Streptococcus sobrinus hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 64 Streptococcus sobrinus hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 64 Streptococcus sobrinus hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 128 Streptococcus sobrinus hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 64 Streptococcus sobrinus hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 512 Eikenella corrodens hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 256 Fusobacterium nucleatum hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 256 Fusobacterium nucleatum hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 512 Fusobacterium nucleatum hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 256 Fusobacterium nucleatum hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 512 Fusobacterium nucleatum hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 512 Fusobacterium nucleatum hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 128 Fusobacterium nucleatum hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 64 Fusobacterium nucleatum hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 128 Fusobacterium nucleatum hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 128 Fusobacterium nucleatum hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 128 Fusobacterium nucleatum hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 128 Fusobacterium nucleatum hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 256 Candida albicans hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 256 Candida albicans hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 512 Candida albicans hydralcoholic-extract 3 48 37 

Pilna et al. [35]  2015 512 Candida albicans hydralcoholic-extract 3 24 37 

Schmalreck et al. 

[36]  
1974 1.8 Bacillus subtilis 

Cohumulone / α-acids / 

bitter acids 
3 24 37 

Schmalreck et al. 

[36]  
1974 9 Bacillus subtilis 

Cohumulone / α-acids / 

bitter acids 
3 24 37 

Schmalreck et al. 

[36]  
1974 11 Bacillus subtilis 

Humulone/ α-acids / 

bitter acids 
3 24 37 

Schmalreck et al. 

[36]  
1974 22 Bacillus subtilis 

Cohumulone / α-acids / 

bitter acids 
3 24 37 

Schmalreck et al. 

[36]  
1974 30 Bacillus subtilis 

Colupulone/ β-acids / 

bitter acids 
3 24 37 

Schmalreck et al. 

[36]  
1974 75 Bacillus subtilis 

Isohumulone /α-

acids/bitter acids 
3 24 37 

Schmalreck et al. 

[36]  
1974 920 Bacillus subtilis 

Colupulone/ β-acids / 

bitter acids 
6 24 37 

Maia et al. [37]  2019 1.000 Saccharomyces cerevisiae CO2-extract 6 24 37 

Maia et al. [37]  2019 5 Lactobacillus fermentum CO2-extract 6 24 37 

Maia et al. [37]  2019 5 Leuconostoc mesenteroides CO2-extract 2 48 37 

Wei et al. [38] 2014 10 Mycobacterium tuberculosis 
Humulone/ α-acids / 

bitter acids 
4 24 37 

Kolenc et al. [39]  2022 15.6 Staphylococcus aureus hydroacetonic-extract 4 24 37 

Kolenc et al. [39]  2022 19.5 Staphylococcus aureus hydroacetonic-extract 4 24 37 

Kolenc et al. [39]  2022 15.6 Staphylococcus aureus hydroacetonic-extract 4 24 37 

Kolenc et al. [39]  2022 9.8 Staphylococcus aureus hydroacetonic-extract 4 24 37 

Kolenc et al. [39]  2022 19.5 Staphylococcus aureus hydroacetonic-extract 4 24 37 

Kolenc et al. [39]  2022 19.5 Staphylococcus aureus hydroacetonic-extract 4 24 37 

Kolenc et al. [39]  2022 19.5 Staphylococcus aureus hydroacetonic-extract 4 24 37 

Kolenc et al. [39]  2022 27.3 Staphylococcus aureus hydroacetonic-extract 4 24 37 

Kolenc et al. [39]  2022 31.3 Staphylococcus aureus hydroacetonic-extract 4 24 37 

Kolenc et al. [39]  2022 31.3 Staphylococcus aureus hydroacetonic-extract 4 24 37 

Kolenc et al. [39]  2022 15.6 Staphylococcus aureus hydroacetonic-extract 4 24 37 

Kolenc et al. [39]  2022 54.7 Staphylococcus aureus hydroacetonic-extract 4 24 37 

Kolenc et al. [39]  2022 250 Staphylococcus aureus hydroacetonic-extract 4 24 37 

Kolenc et al. [39]  2022 250 Staphylococcus aureus hydroacetonic-extract 4 48 37 

Kolenc et al. [39]  2022 62.5 Lactobacillus acidophilus hydroacetonic-extract 4 48 37 
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Kolenc et al. [39]  2022 62.5 Lactobacillus acidophilus hydroacetonic-extract 4 48 37 

Kolenc et al. [39]  2022 83.3 Lactobacillus acidophilus hydroacetonic-extract 4 48 37 

Kolenc et al. [39]  2022 62.5 Lactobacillus acidophilus hydroacetonic-extract 4 48 35 

Kolenc et al. [39]  2022 104.2 Lactobacillus acidophilus hydroacetonic-extract 4 48 37 

Kolenc et al. [39]  2022 83.3 Lactobacillus acidophilus hydroacetonic-extract 4 48 37 

Kolenc et al. [39]  2022 104.2 Lactobacillus acidophilus hydroacetonic-extract 4 48 37 

Kolenc et al. [39]  2022 62.5 Lactobacillus acidophilus hydroacetonic-extract 4 48 37 

Kolenc et al. [39]  2022 125 Lactobacillus acidophilus hydroacetonic-extract 4 48 37 

Kolenc et al. [39]  2022 208.3 Lactobacillus acidophilus hydroacetonic-extract 4 48 37 

Kolenc et al. [39]  2022 104.2 Lactobacillus acidophilus hydroacetonic-extract 4 48 37 

Kolenc et al. [39]  2022 83.3 Lactobacillus acidophilus hydroacetonic-extract 4 48 37 

Kolenc et al. [39]  2022 62.5 Lactobacillus acidophilus hydroacetonic-extract 4 48 37 

Kolenc et al. [39]  2022 83.3 Lactobacillus acidophilus hydroacetonic-extract 4 48 37 

3.2. Meta-Analysis of MIC Values of Classes of Hop Compounds and Extracts 

A persistent challenge in evaluating the antimicrobial activity of hop-derived extracts lies in the 

considerable variability introduced by multiple factors. One major concern is determining which 

bacterial species and strains most accurately reflect the true antimicrobial potential, as susceptibility 

can vary widely even within a single species. At the same time, hop extracts contain a complex 

mixture of bioactive compounds, each present at different concentrations that can be significantly 

influenced by the genetic background [40], the extraction method and the solvent used. These 

variables complicate interpretation, as changes in extraction parameters may favor the presence of 

certain compounds while minimizing others.  

Therefore, we chose to conduct a meta-analysis and include a broad panel of all bacterial strains 

ever tested for hop compounds or extracts. To better understand their specific contributions to 

antimicrobial activity, we stratified our meta-analysis according to the two major different classes of 

natural compounds, the flavonoids, that are polyphenols, and the bitter acids that are prenylated 

acylphloroglucinol derivatives. As shown in Figure 3A, Table 2, and Supplementary Figure 1A and 

C, meta-analysis of MIC values of flavonoids and bitter acids, for 24 hours treatment, resulted in a 

variety of effectiveness depending on the species. However, in most of the cases flavonoids exert 

better antimicrobial activity compared to bitter acids when tested in the same bacteria species and 

strains such as for Staphylococcus aureus (13.61 as opposed to 80.07 μg/mL), Staphylococcus epidermidis 

(1.37 versus 10.50 μg/mL), Streptococcus salivarius (23.33 versus 58.75 μg/mL) and Streptococcus 

saprophyticus (2.33 as opposed to 3.83 μg/mL) (Figure 3A). Although antimicrobial tests for 48 hours 

of treatment were performed in different bacterial species, meta-analysis similarly showed elevated 

antimicrobial activity of flavonoids compared to bitter acids (Figure 3B, Supplementary Figure 1B 

and D).  
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Figure 3. Meta-analysis of MIC values for flavonoids and bitter acids against various microorganisms’ species, 

for 24 (A) and 48 (B) hours of incubation. 

In order to test the antimicrobial effectiveness of various types of hop extracts against microbial 

species, a meta-analysis was performed with the MIC values for each type of extract testing the effect 

on each microbial species. As shown in Figure 4A and Table 2, CO2 (SFE) extracts showed a wide 

range of activity spanning from  being the best antimicrobial agent against Staphylococcus aureus 

(MIC 6.32 μg/mL) to the worst antimicrobial agent against Streptococcus aureus (MIC 1667 μg/mL). A 

similar high divergence in antimicrobial activity was shown for CO2 extracts for 48 hour treatment 

time and for different microbial species (Figure 4B and Table 2).  Hydroalcoholic extracts exposed a 

more constant antimicrobial activity spanning form 39.0 (Staphylococcus aureus) to 625 μg/mL 

(Pseudomonas aeruginosa) for 24 hours treatment and from 34.67 (Streptococcus Salivarius) to 384 μg/mL 

(Candida albicans) for 48 hours treatment.  

 

Figure 4. Meta-analysis of MIC values for various types of extracts against various microorganisms’ species, for 

24 (A) and 48 (B) hours of incubation. 

Table 2. Meta-analysis of MIC values of classes of hop compounds and extracts. 

Compound Time (hours) Strain MIC (μg/mL) 95% CI 
Number of 

studies 

Flavonoids 

24 

Staphylococcus epidermidis  1.37 0.12-2.61 3 

Staphylococcus aureus 13.61 6.41-20.81 15 

Bacillus subtilis 7.00 1.12-12.88 3 

Bacillus megaterium  10.00 9.20-10.80 3 

Streptococcus salivarius 23.33 10.27-36.40 3 

Streptococcus saprophyticus 2.33 1.03-3.64 3 

Streptococcus aureus 70.08 29.81-110.36 6 

Enterococcus faecalis 62.00 61.31-62.69 2 

48 

Staphylococcus aureus 5.17 3.14-7.20 3 

Listeria monocytogenes 129.68 0.00-353.71 4 

Escherichia coli 200.0 199.43-200.57 3 

Salmonella enterica 200.0 199.43-200.57 3 

Bacteroides fragilis 39.43 27.76-51.06 7 

Clostridium perfringens 32.60 18.72-46.48 5 

Clostridium difficile 59.04 51.64-66.43 28 

Propionibacterium acnes 46.88 16.25-77.50 2 

Bacillus subtilis 1200.0 569.96-1830.0 3 

Pseudomonas fluroescens 1700.0 1699.2-1700.8 2 

Bitter acids 24 

Staphylococcus epidermidis  10.50 0.00-23.54 4 

Staphylococcus capitis 7.75 0.00-21.96 2 

Staphylococcus aureus 80.07 40.13-120.0 25 

Bacillus subtilis 90.25 0.00-255.52 12 

Bacillus megaterium  7.00 3.51-10.49 4 
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Streptococcus salivarius 58.75 11.01-106.49 4 

Streptococcus saprophyticus 3.83 1.71-5.94 6 

Enterococcus faecalis 45.00 15.60-74.4 3 

Staphylococcus haemolyticus 15.50 0.00-43.92 2 

48 

Bacteroides fragilis 512.90 287.91-737.80 14 

Clostridium perfringens 630.0 323.01-936.99 10 

Clostridium difficile 388.0 274.54-501.46 56 

Candida albicans 375.0 130.01-620.0 2 

Candida krusei 375.0 130.01-620.0 2 

Candida parapsilosis 750.0 260.01-1240.0 2 

CO2-extract 

24 

Propionibacterium acnes 3.49 2.73-4.25 4 

Staphylococcus aureus 6.32 2.21-10.43 6 

Listeria monocytogenes 10.00 9.31-10.69 2 

Staphylococcus epidermidis  0.10 0.00-0.90 2 

Streptococcus aureus 1666.7 1013.4-2320.0 3 

Enterococcus faecalis 696.67 0.00-1974.0 3 

48 

Staphylococcus aureus 46.43 0.00-99.10 7 

Listeria monocytogenes 37.19 0.00-90.93 7 

Escherichia coli 2604.2 1041.29-4167.1 6 

Salmonella enterica 2604.2 1041.29-4167.1 6 

Streptococcus mutans 0.39 0.00-1.19 2 

Streptococcus sanguinis 0.78 0.00-1.58 2 

Propionibacterium acnes 15.63 15.06-16.19 4 

Hydralcoholic-extract 

24 

Enterococcus faecalis 50.50 27.96-73.04 2 

Staphylococcus aureus 39.00 38.20-39.80 2 

Staphylococcus epidermidis  68.50 10.68-126.32 2 

Staphylococcus lugdunensis 390.50 0.00-850.11 2 

Staphylococcus warneri 332.0 0.00-906.27 2 

Streptococcus agalactiae 58.50 20.28-96,18 2 

Pseudomonas aeruginosa 625.0 624.20-625.80 2 

Candida albicans 273.33 0.00-624.26 3 

Streptococcus aureus 62.33 0.92-123,75 3 

48 

Bifidobacteriumm dentium 213.33 160.44-266.22 6 

Bifidobacterium longum 96.00 67.95-124.05 6 

Lactobacillus salivarius 138.67 88.32-189.02 6 

Streptococcus mutans  106.67 80.22-133,11 6 

Streptococcus salivarius 34.67 22.08-47.25 6 

Streptococcus sobrinus  66.67 38.14-95,20 6 

Fusobacterium nucleatum 250.67 154.91-346.42 12 

Candida albicans 384.0 239.16-528.84 4 

Hydroacetonic-extract 
24 Staphylococcus aureus 55.66 12.15-99.16 14 

48 Lactobacillus acidophilus 92.26 71.86-112.66 14 

3.3. Stratification Meta-Analysis of MIC Values of Each Hop Compound 

The flavonoids investigated in studies included in the present meta-analysis are xanthohumol 

(XN) (chalcone) and catechin (flavanol), while bitter acids considered herein refer to humulone (alpha 

acid) and lupulone (beta acid). Flavonoids and bitter acids belong to different classes of natural 

compounds, each with distinct biosynthetic origins, structures, and chemical classifications [41,42]. 

 Xanthohumol is a prenylated chalcone characterized by an open-chain flavonoid structure 

while catechin is a flavan-3-ol with a closed-ring structure and no prenylation. Similarly, humulone 

and lupulone share a phloroglucinol core but differ structurally: humulone contains an acyl side 

chain, while lupulone has three prenyl-type side chains, contributing to differences in bitterness and 

stability [43].   

 Thus, we stratified our meta-analysis according to each compound to understand the 

antimicrobial activity of each one, separately.  As shown in Figure 5A  and Table 3, a meta-analysis 

was performed with MIC values from experiments with 24 hours of treatment. XN exerted far better 

inhibition effectiveness against Staphylococcus aureus and Staphylococcus epidermidis (6.53 and 1.37 

μg/mL) compared to the alpha acid  humulone (83.25 and 18.75 μg/mL), but not compared to beta 

acid lupulone. Remarkably, against Bacillus Subtilis, Enterococcus faecalis and Streptococcus 

saprophyticus, XN, humulone and lupulone show similar effectiveness for 24 hours incubation.   

Table 3. Meta-analysis of MIC values of individual hop compounds. 

Class of 

compounds 
Compound Time (hours) Strain MIC (μg/mL) 95% CI 

Number of 

studies 

Flavonoids Xanthohumol 24 Staphylococcus epidermidis 1.37 0.12-2.61 3 
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Staphylococcus aureus 6.53 3.05-10.01 10 

Bacillus subtilis 7.00 1.12-12.88 3 

Bacillus megaterium 10.00 9.20-10.80 3 

Streptococcus salivarius 23.33 10.27-36.40 3 

Streptococcus saprophyticus  2.33 1.03-3.64 3 

Streptococcus aureus 70.08 29.81-110.36 6 

Enterococcus faecalis 62.00 61.31-62.96 2 

48 

Bacteroides fragilis 39.43 27.80-51.06 7 

Clostridium perfringens 32.60 18.72-46.48 5 

Clostridium difficile 59.04 51.64-66.43 28 

Propionibacterium acnes 46.88 16.25-77.50 2 

Catechin 48 
Bacillus subtilis 1200.0 569.96-1830.0 3 

Pseudomonas fluorescens 1700.0 1698.9-1701.1 2 

Bitter acids 

Humulone 24 

Staphylococcus epidermidis 18.75 0.00-40.80 2 

Staphylococcus aureus 83.25 39.87-126.63 8 

Bacillus subtilis 5.01 0.33-9.69 4 

Streptococcus saprophyticus 5.31 1.20-9.42 3 

Enterococcus faecalis 60.00 59.31-60.69 2 

Cohumulone 24 Staphylococcus aureus 273.75 196.82-350.68 4 

α-acids 48 

Bacteroides fragilis 767.14 408.98-1125.3 7 

Clostridium perfringens  1062.0 808.46-1315.5 5 

Clostridium difficile  737.14 604.15-870.14 28 

Lupulone 24 

Staphylococcus epidermidis  2.25 0.00-5.68 2 

Staphylococcus aureus 0.76 0.38-1.15 8 

Bacillus subtilis 2.33 1.03-3.64 3 

Bacillus megaterium 7.67 3.093-12.24 3 

Streptococcus salivarius 68.33 6.27-130.40 3 

Streptococcus saprophyticus 2.33 1.03-3.64 3 

β-acids 48 

Bacteroides fragilis 258.57 168.10-349.04 7 

Clostridium perfringens 198.00 161.12-234.88 5 

Clostridium difficile  38.39 39.40-130.10 28 

Importantly, the other flavonoid catechin, when tested for 48 hours of incubation, revealed a 

very low antimicrobial activity against Bacillus subtilis and Pseudomonas fluorescens (1200 and 1700 

μg/mL, respectively).  

Concerning bitter acids, lupulone seems to possess a significantly stronger antimicrobial agent 

compared to humulone (Figure 5B) for  both 24 and 48 hours of treatment.  

 

Figure 5. Meta-analysis of MIC values for each hop compound against various microorganisms’ species, for 24 

(A) and 48 (B) hours of incubation. 
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3.4. Meta-Analysis of MIC Values of  Hop Compounds and Extracts for Food Spoilage and Non-Food 

Spoilage Microorganisms  

Given that food spoilage bacteria remain a major concern in food safety and shelf-life extension, 

and that hop has been used for centuries as a natural preservative in beer, it was intriguing to 

investigate whether hop compounds exhibit differential antimicrobial activity against food spoilage 

versus non-food spoilage bacteria. To this end, we stratified our meta-analysis according to the 

antimicrobial effects of hop-derived compounds and hop extracts against a diverse panel of food 

spoilage microorganisms, aiming to explore their potential selectivity and application beyond the 

brewing context [44–46]. 

Μeta-analysis of MIC values for classes of hop compounds (subgrouped according to each 

compound) and  extracts, stratified for food spoilage and non-food spoilage bacteria 

(Supplementary Table 1), for 24 hours of treatment, showed that XN exerted almost the same effect 

irrelevant of the food spoilage characteristics of the microorganisms (Table 4 and Figure 6A). 

Similarly, the α acid humulone showed comparable antimicrobial activities against food spoilage and 

non-food spoilage microorganism (43.35 and 33.75 μg/mL), while lupulone (beta-acid) showed 

significantly higher antimicrobial activity against non-food spoilage bacteria (4.20 compared to 12.40 

μg/mL, respectively). Importantly, due to the small number of included studies the last results should 

be considered with caution. For 48 hours of treatment xanthohumol showed enhanced antimicrobial 

activity against food spoilage compared to non-food spoilage microorganisms (23.46 and 54.32 

μg/mL, respectively), as shown in Table 4 and Figure 6B.  

 

Figure 6. Meta-analysis of MIC values for each hop compound against food-spoilage and non-food-spoilage 

microorganisms for 24 (A) and 48 (B) hours of incubation. 

Table 4. Meta-analysis of MIC values of hop compounds and extracts stratified according to food spoilage 

microorganisms. 

Class of 

Compounds 
Compound 

Time 

(hours) 

Food spoilage/ Non-food 

spoilage 
MIC (μg/ml) 95% CI 

Number of 

studies 

Flavonoids 

All Flavonoids 
24 

Food spoilage 22.81 11.54-34.08 33 

 Non-food spoilage 21.68 0.00-47.71 6 

 
48 

Food spoilage 242.25 9.61-474.88 26 

 Non-food spoilage 263.28 130.45-396.11 48 

Xanthohumol 
24 

Food spoilage 21.92 9.02-34.83 28 

 Non-food spoilage 21.68 0.00-47.71 6 

 
48 

Food spoilage 23.46 8.76-38.15 7 

 Non-food spoilage 54.32 48.10-60.54 40 
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Catechin 
48 

Food spoilage 700.0 271.78-1128.2 7 

 Non-food spoilage 1192.0 658.25-1725.8 9 

Bitter acids 

All Bitter acids 
24 

Food spoilage 66.09 3.23-128.59 51 

 Non-food spoilage 20.32 6.64-34.0 11 

 
48 

Food spoilage 573.64 277.54-869.74 11 

 Non-food spoilage 427.38 332.38-522.01 77 

Humulone 
24 

Food spoilage 43.35 20.31-66.39 17 

Non-food spoilage 33.75 15.96-51.55 6 

48 Non-food spoilage 500.0 153.52-846.48 4 

Cohumulone 24 Food spoilage 273.75 196.82-350.68 4 

Lupulone 
24 

Food spoilage 12.40 2.66-22.14 20 

 Non-food spoilage  4.20 0.00-9.97 5 

 48 Non-food spoilage 666.67 340.01-993.33 3 

CO2-extract 

 
24 

Food spoilage 421.91 0.95-842.87 12 

 Non-food spoilage 260.35 0.00-625.64 12 

 
48 

Food spoilage 1028.1 448.06-1608.1 31 

 Non-food spoilage 257.81 10.61-505.01 8 

Hydralcoholic-

extract 

 
24 

Food spoilage 52.65 28.39-76.86 8 

 Non-food spoilage 290.94 163.21-418.68 18 

 
48 

Food spoilage 86.67 64.58-108.75 24 

 Non-food spoilage 238.35 180.99-295.71 29 

Hydroacetonic-

extract 

 24 Food spoilage 55.66 12.15-99.16 14 

 48 Food spoilage 92.26 71.86-112.66 14 

Among different types of extracts, hydroalcoholic extracts seemed to be more effective against 

food spoilage microorganisms for both 24 and 48 hours of treatment. CO2 extracts were less effective 

than hydroalcoholic extracts, however, 48 hours treatment resulted in higher antimicrobial 

effectiveness against non-food spoilage bacteria.  Hydralcoholic extracts were more effective against 

food spoilage bacteria when tested for both 48 hours (Table 4 and Figure 7). MIC values for 48 hours 

of  treatment are expected to be lower than MIC values for 24 hours, because compounds have more 

time to exert their effect. However, it is important to note here that tests for these different time points 

are performed with different microorganisms species which profoundly respond in a completely 

different way (Table 4 and Figure 7). 

 

Figure 7. Meta-analysis of MIC values for classes of hop compounds and extracts against food-spoilage and non-

food-spoilage microorganisms at different incubation time points. 
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3.5. Meta-Analysis of MIC Values of Hop Compounds and Extracts for Probiotic and Non-Probiotic  

Microorganisms  

In light of current efforts to develop antimicrobials that are compatible with the human 

microbiome [47], and the long-standing use of hop compounds as natural antimicrobials, it is 

compelling to examine whether these compounds can selectively inhibit non-probiotic 

microorganisms while sparing probiotics. To this end, we conducted a meta-analysis of MIC data 

from the retrieved studies, to compare antimicrobial activity of hop-derived compounds against 

probiotic and non-probiotic strains. If such selectivity exists, these compounds could represent high-

value functional agents, with potential to support human health by suppressing pathogens while 

preserving beneficial microbial communities.      

 To this end the  meta-analysis performed showed that antimicrobial activity of XN was 

stronger against probiotic compared to non-probiotic bacteria (Supplementary Table 1) when 

incubated for 24 hours (8.49 as opposed to 24.75 μg/mL), (Table 5 and Figure 8A). However this 

difference was diminished when treatment occurred for 48 hours (Table 5 and Figure 8B). Because 

there is a significant difference in the number of studies included in each meta-analysis, the last 

mentioned results should be interpreted with caution (Table 5).  

 

Figure 8. Meta-analysis of MIC values for each hop compound against probiotic and non-probiotic 

microorganisms for 24 (A) and 48 (B) hours of incubation. 

Table 5. Meta-analysis of MIC values of hop compounds and extracts stratified according to probiotic or non-

probiotic microorganisms. 

Class of Compounds Compound 
Time 

(hours) 
Probiotic MIC (μg/mL) 95% CI 

Number of 

studies 

Flavonoids 

All Flavonoids 24 No probiotic 25.21 12.67-37.74 33 

  Probiotic 8.47 4.70-12.30 6 

 48 No probiotic 213.28 110.83-315.72 62 

  Probiotic 459.69 85.84-833.55 13 

Xanthohumol 24 No probiotic 24.75 10.17-39.33 28 

  Probiotic 8.49 4.70-12.27 6 

 48 No probiotic 51.52 44.42-56.11 40 

  Probiotic 39.43 27.79-51.06 7 

Catechin 48 No probiotic 992.8 564.73-1420.9 10 

  Probiotic 950.0 428.99-1471.0 6 

Bitter acids 

All Bitter acids 24 No probiotic 53.98 30.39-77.57 46 

  Probiotic 69.44 0.00-209.31 16 

 48 No probiotic 432.95 354.94-535.50 74 

  Probiotic 512.86 287.91-737.8 14 

Humulone 24 No probiotic 50.81 27.03-74.58 18 
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  Probiotic 5.01 0.97-9.05 5 

 48 No probiotic 500.0 153.52-846.48 4 

Cohumulone 24 No probiotic 273.75 196.82-350.68 3 

Lupulone 24 No probiotic 11.98 0.71-23.25 20 

  Probiotic 4.93 2.71-7.15 6 

 48 No probiotic 502.5 140.19-846.81 4 

CO2-extract 

 24 No probiotic 326.46 14.29-638.63 22 

  Probiotic 502.5 0.00-1477.6 2 

 48 No probiotic 892.11 385.11-1399.1 38 

Hydralcoholic-extract 

 24 No probiotic 217.62 120.96-314.27 26 

 48 No probiotic 180.11 124.26-235.97 35 

  Probiotic 149.33 115.7-182.97 18 

Hydroacetonic-extract 
 24 No probiotic 55.66 12.15-99.16 14 

 48 Probiotic 92.26 71.86-112.66 14 

In addition, our meta-analysis revealed that hydroalcoholic extracts were more potent than CO2 

extracts in both 24 and 48 treatment time points (Figure 9A). We should again strengthen the fact that 

experiments of compounds and extracts performed for different incubation time periods test different 

microorganisms and this could explain why MIC values in 48 hours are not lower than MIC values 

in 24 hours.  

 

Figure 9. Meta-analysis of MIC values for classes of hop compounds and extracts against probiotic and non- 

probiotic microorganisms at different incubation time points. 

4. Discussion 

The evaluation of the antimicrobial potential of Humulus lupulus (hop) extracts and compounds 

has consistently highlighted significant variability, arising from differences in bacterial strains, 

extraction methods, experimental conditions, and the intrinsic diversity of phytoconstituents. The 

establishment of evidence-based practices, including standardized protocols for assessing 

antimicrobial activity, is critical for the scientific community to reliably compare, and interpret these 

findings. Without standardization, evaluating results across studies remains challenging, limiting the 

translation of hop-derived antimicrobial agents into clinical or commercial applications [48,49].  

This systematic review and meta-analysis aimed to combine all available data to deliver a 

comprehensive, statistically rigorous synthesis of the antimicrobial activity of Humulus lupulus 
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extracts and purified compounds, thereby informing future studies and practical applications. While 

hops have long been used for their preservative role in brewing, and their pharmacological potential 

has gained increasing attention, the methodologically diverse nature of existing studies has limited 

the development of a consolidated view of their antimicrobial efficacy. By integrating MIC data 

across 450 individual studies and 55 microbial strains, we contribute a much-needed evidence-based 

framework that enhances the reliability and reproducibility of antimicrobial findings related to hop-

derived substances. 

Our meta-analysis indicated substantial differences in the antimicrobial efficacy among hop-

derived compounds. Specifically, we found pronounced variability in activity between chalcones 

such as xanthohumol and flavanols like catechin. Xanthohumol consistently showed potent 

antimicrobial effects, notably against Staphylococcus epidermidis (with MIC value 1.37 μg/mL) and 

Clostridium species (MIC value 32.6 μg/mL), with significantly lower MIC values compared to 

catechin, which exhibited minimal activity (MIC value 1200 μg/mL against Bacilus subtilis). Similarly, 

alpha acids (humulone) demonstrated markedly different antimicrobial profiles compared to beta 

acids (lupulone), with lupulone generally showing higher potency across multiple microbial species. 

These findings are in accordance with  other reviews highlighting the broad-spectrum antimicrobial 

and biofilm-inhibiting properties of prenylated chalcones and bitter acids [1,8]. 

These compound-specific differences underscore the critical importance of chemical structure 

and functional groups in antimicrobial potency. For instance, the prenylated chalcone structure of 

xanthohumol, which facilitates cellular membrane penetration, differs substantially from the less 

effective non-prenylated flavan-3-ol structure of catechin [16,17]. Similarly, structural distinctions 

between alpha and beta acids - primarily in side-chain composition and prenylation - directly 

influence their respective antimicrobial activities. Additionally, we observed significant strain-

specific variations in antimicrobial susceptibility, highlighting the complexity of microbial responses 

and reinforcing the need for careful strain selection when evaluating antimicrobial agents. 

In addition, hydroalcoholic extracts exhibited more consistent antimicrobial performance than 

CO₂ extracts, which displayed highly variable outcomes depending on the tested microorganism. In 

addition, because alpha and beta acids constitute more than  50% of a supercritical fluid-extracted 

hop extract, its antiproliferative effects are largely driven by bitter acids [27,50]. Given that beer, 

originally, is the hydroalcoholic solvent for dry hops, data coming from hydroalcoholic extracts are 

expected to be of more practicability. However, it is also quite a common practice for beer 

manufacturers to add  condense, CO₂-based (SFE)  extracts in bulk beer preparations [6] and GmbH 

& Co. KG.  Hops are our passion. BarthHaas. Retrieved May 30, 2025, 

from https://www.barthhaas.com/. This variability in methodologies adds complexity and 

discrepancy in research and industrial tests, and underscores the need for careful selection of 

extraction methods, solvents, and compound standardization - a critical issue raised  in other meta-

analyses on botanical antimicrobials [53].  

An unexpected finding from our study was the variability in antimicrobial activity between the 

incubation periods of 24 and 48 hours. Contrary to general expectations, many MIC values at 48 hours 

were higher than at 24 hours. This inconsistency primarily reflects the substantial variation in 

bacterial species and strains tested across these time points. Similar observations have been reported 

previously, suggesting differential microbial adaptive responses over extended exposure times [51]. 

This further emphasizes the urgent need for the scientific community to adopt a standardized panel 

of microbial strains and time points for evaluating MIC, thus enhancing comparability and 

reproducibility of antimicrobial studies. 

One of the critical contributions of this work is the stratified meta-analysis that distinguishes 

between effects on food spoilage microorganisms, and probiotics. This functional stratification is of 

growing importance, especially in the context of microbiome-conscious antimicrobial development. 

For instance, xanthohumol showed promising selective action, exerting stronger effects on non-

probiotic and food spoilage bacteria in several contexts, but also inhibiting probiotics at certain time 

points - underscoring the complexity of predicting microbial selectivity. Such diversifying behavior 
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reinforces the need for integrated evaluations combining in vitro data with microbiome-sensitive in 

vivo testing, as proposed in diagnostics-focused meta-evaluations [48,51]. 

However, our study is not without limitations. Primarily, the absence of complete 

methodological details in several original studies introduced uncertainties in data interpretation. For 

instance, variations in experimental protocols such as compound handling, dilution procedures, 

storage conditions, extraction methodologies, quantitative and qualitative extract composition, 

bacterial inoculum density, incubation conditions, and solvent composition can significantly 

influence MIC values. This scarcity of detailed information rendered it impossible to perform 

meaningful stratification based on these parameters. Additionally, reliance on imputed standard 

deviations in certain cases could potentially introduce biases into the meta-analysis outcomes. Our 

analysis also faced methodological challenges due to the inclusion of heterogeneous data, 

encompassing various hop compounds, extracts, bacterial species, and incubation durations. Despite 

these difficulties, our rigorous statistical methods - including stratified meta-analyses and sensitivity 

analyses - allowed us to manage this complexity and derive reliable conclusions. Our findings affirm 

that hop compounds exhibit reproducible trends in antimicrobial activity, but these can only be 

reliably interpreted within a unified, evidence-based framework that adequately accounts for 

methodological heterogeneity. Importantly, the current findings advocate for a more systematic 

approach to future antimicrobial testing of hop-derived agents. Furthermore, meta-analysis, as 

demonstrated here and in studies like [48,49,52–54] is a powerful tool to extract meaningful trends 

from heterogeneous datasets, and should be routinely employed in future investigations of natural 

product pharmacology. 

5. Conclusions 

In conclusion, this systematic review and meta-analysis confirm the diverse and potent 

antimicrobial potential of specific hop compounds, notably xanthohumol and lupulone, and 

underline the significant efficacy of hydroalcoholic extracts against food spoilage and pathogenic 

bacteria. Significant structural differences among classes  of - and individual - compounds 

necessitate a careful selection and investigation  for targeted antimicrobial applications. 

Nevertheless, variations in methodological approaches and reporting standards continue to obscure 

definitive assessments of efficacy. To translate the promise of hop-derived compounds into medical, 

nutritional, or industrial interventions, future research must prioritize methodological 

standardization, detailed microbial profiling, and integration into microbiome-focused frameworks. 

Our findings strongly advocate establishing standardized, evidence-based practices in evaluating 

antimicrobial activity, including uniform microbial panels and consistent experimental protocols. 

Addressing these methodological gaps will significantly enhance the reliability and comparability of 

future studies, thus facilitating the broader practical application of hop compounds as valuable 

antimicrobials in food preservation, pharmaceutical development, and clinical therapeutics. 

Emphasizing evidence-based approaches will be essential to ensuring the scientific credibility, 

reproducibility, and practical viability of hop-derived antimicrobials. 
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