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Chance for Dry-hopped Non-alcoholic  
Beverages?
Part 2: Health Properties and Target Consumers
Alcohol-free beer and functional drinks are two strongly growing markets within the beverage sector. The 
success of alcohol-free beer and functional drinks with relaxing, stress reducing properties might be largely 
based on their health-beneficial properties. Additionally, exotic flavors along with a high product quality are 
also key value propositions of these products. In the following, the main potential health beneficial properties 
of alcohol-free dry-hopped beer and dry-hopped relaxation drinks will be reviewed and the main target consu-
mer groups will be described. The concept and market prospects of dry-hopped non-alcoholic beverages have 
been discussed in an earlier article by the authors.
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1	 Introduction

The decrease of beer consumption in North America and Europe 
[1–3] is likely caused by the increasing global awareness and 
demand for healthier food and drinks [4,5]. Along with this health 
trend also consumption of premium beer (i.e. craft beer), alcohol-
free beer (AFB), and relaxation drinks (RD) is increasing [6]. Craft 
beer refers to beer produced in (relatively) small quantities with 
traditional or innovative brewing techniques [7]. AFB is defined as 
beer with an ethanol concentration of 0.5 vol% or less [8]. RDs are 
non-alcoholic functional drinks characterized by their provision of 
health benefits beyond their nutritional value, which are stress relief 
and anxiety reduction [5,9,10]. This article introduces the health 
properties and target consumers for dry-hopped non-alcoholic be-
verages, such as alcohol-free craft beers (AFCB) and dry-hopped 
relaxation drinks. The concept and market prospects have been 
discussed in a previous article [6].

2	 Health aspects of alcohol-free beer

In general, the multiple health aspects of AFB are similar to nor-
mal beer without the negative effects of ethanol on the liver and 
other organs [11]. The small amount of residual ethanol in some 
AFB types is considered to be safe from a medical point of view 
as shown, e.g. by studies concluding that the consumption of 
AFB is even safe when breastfeeding or being pregnant [11,12]. 

However, from a physiological or neurophysiological perspective, 
AFB should not be consumed by former alcohol addicts due to the 
danger of relapse [13]. 

AFB could be used as part of a healthy diet, especially as alter-
native to energy-rich beverages, which are associated with obe-
sity [14]. This disease is a growing health concern, especially in 
Europe and North America [15]. Due to the relatively low energy 
concentration of AFB, typically about 84 kj*100 ml-1, compared to 
soft drinks and juices, which range from 155 to 226 kj*100 ml-1, 
AFB might be a valid alternative with additional health properties 
as it is rich in vitamins and minerals. Furthermore, some AFBs 
are close to or advertised as isotonic, i.e. the beer is brewed such 
that the mineral and osmotic properties are similar to human blood 
[8,16]. It is important to note that yeast clouded AFBs contain 
more minerals and are therefore closer or in the range or isotonic 
compared to clear AFBs [16]. Generally, the mineral composition of 
AFB is considered to be balanced with high amounts of potassium 
(500–600 mg*l-1) and magnesium (100–110 mg*l-1) as well as with 
low amounts of sodium (30-32 mg*l-1) and calcium (35–40 mg*l-1) 
[[17]]. These minerals and other compounds in AFB can help to 
recover after physical exercises [18], to reduce inflammation, and 
to reduce the chance of getting respiratory illnesses after intensive 
physical exertion, respectively [19,20]. Indeed, sportsmen seem to 
appreciate the properties of AFB which is reflected by an increased 
consumption of sports drinks and AFB over the past years [21,22]. 
The minerals in beer and AFB derive mainly from barley (75 %) 
and water (25 %), thus the mineral content of beer depends on the 
origin of the raw materials [17]. Additionally, beer and AFB are a 
source of mineral micronutrients, such as selenium [23] or highly 
bioavailable orthosilicic acid [24,25] which is considered important 
for bone and tissue growth [26]. Besides minerals also dietary fiber 
is an important part of a healthy diet [27]. However, despite the high 
level of 2 g*l-1 compared to many other beverages [28] the food 
composition tables on beer bottles often lack information on the 
concentration of dietary fiber. The American Dietetic Association 
recommends an intake of 14 g dietary fiber per 4,184 J of food 
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consumed. The dietary fiber in beer derives from barley and is a 
complex of indigestible carbohydrates, polyphenolic compounds 
and indigestible protein. In contrast to digestible carbohydrates 
(10 %), which are responsible for the caloric value of beer, indige-
stible carbohydrates (90 %) can lower blood cholesterol [28,29]. 

Beer and AFB are also rich in vitamins, especially from the class 
of B vitamins [30]. Regarding the bioavailability of vitamins AFB 
and ethanol-containing beer differ; due to the antagonistic effect 
of ethanol on the bio-utilization of vitamins [11]. B vitamins in beer 
partly derive from the malted barley and partly from microorganisms 
[8]. In particular vitamin B12 has been suggested to derive from 
yeast [8,31], but lactic acid bacteria are further possible B vitamin 
sources. Lactic acid bacteria can be naturally present in a raw ma-
terial or additionally added for fermentation or other food processing 
techniques [32,33]. In beer, depending on the species and strain, 
lactic acid bacteria can be either unwanted spoilage organisms 
or wanted for adding a sour flavor and microbiotical stability to 
certain beer styles [34–36]. However, the bioactive compounds of 
hop (Humulus lupulus L.) can inhibit growth of these bacteria [34] 
and therefore the actual vitamin contribution to the final product 
largely depends on all aspects of the particular brewing process.

Hops contribute to the bitter taste of beer but also have interesting 
health-related properties. In particular, the bitterness is based on 
the bitter acids and their isomerization products; humulone (alpha 
acid) and lupulone (beta acid). Studies on the potential medical 
uses of these metabolites have demonstrated anti-cancerogenic 
properties [34], possible pharmacological effects against obesity 
[35], liver-protective effects [36] and inhibition of bone resorption 
[11]. However, these results mostly derive from pharmacological 
research studies based on experiments with tissue culture, model 
organisms or early medical trials, thus it should not be assumed 
that these health effects can be achieved by beer consumption.

Iso-alpha acids, typically ranging from 8–28 mg*l-1 depending on 
the beer type [37], as well as prenylflavonoids and mycrenol are 
responsible for the sedative effect of beer and AFB consumption. 
Especially, the AFB consumption can induce better sleep and 
relieve stress [38], as well as reduce anxiety and depression [39]. 
The sedative effect of hop products in combination with valerian 
is the only effective medical application of hops recognized by the 
European Medical Agency [40]. Beta acids are further known to 
be active against gram-positive bacteria such as Staphylococcus 
aureus or Listeria monocytogenes [41]. However, the water solubi-
lity of beta acids is low, therefore no effects towards human health 
are expected. Further health beneficial metabolites in beer are 
phenolic compounds for their anti-oxidative capacity [42,43]. Many 
health benefits are attributed to phenolic compounds, including 
an improvement in wound-healing and alleviating of different skin 
diseases as well as skin ageing [44]. In most beers 70–100 % of 
the polyphenols derive from barley and 30–0 % derive from hops, 
respectively [11,45]. However, the prenylflavonoid XN, which is in 
the focus of pharmacological research for almost three decades, 
derives exclusively from hops [45]. Experiments with tissue culture 
or model organisms have shown that XN has anti-cancerogenic 
[34,46–48] and dementia mitigating properties [11,49,50] as well as 
obesity reducing properties [51]. Further flavonoids and flavonoid 
glycosides occurring in hops [52–54] and in beer [45], showed 

antimicrobial effects such as antibacterial [57–59], antifungal 
[58], antimalarial [61,62] or antiviral effects [61–63]. Important 
to note that these are basic research results and as of now only 
few clinical trials have been conducted. Therefore, these health 
beneficial effects might not be achieved by beer consumption, 
also due to the low water solubility of these phenolic compounds, 
especially XN. The XN concentration in beer varies depending on 
the brewing method, from 0.2–12.7 mg*l−1. However, dry-hopping 
can significantly increase the XN concentration [43].

2.1	 Health effects of dry-hopped alcohol-free beer

Technically dry-hopping is a cold-extraction of hop cones or pellets 
in water and alcohol [64], where typically extensive amounts and 
often different cultivars are used compared to beer styles without 
dry-hopping. Because dry-hopping is applied after the wort boiling 
the added hop metabolites do not get isomerized and aroma, i.e. 
the volatile terpenoids and other fractions do not volatize [65], 
while the oxidative wort and beer stability can be increased [66]. 
Additionally, to a more intense aroma also higher levels of bioactive 
compounds can be achieved through dry-hopping as shown for 
XN [43], catechin, quercetin, and kaempferol [67]. Dry-hopping is 
particularly important to increase the XN concentration, because 
the XN from hops that have been added prior worth boiling gets 
converted into the less active isoxanthohumol [53]. Further, ap-
proaches to increase the XN concentration in beer are the usage 
of XN-enriched hop-extract (Patent DE10320250A1). The aim 
for any XN mediated health beneficial effect in a beverage is to 
achieve a concentration between 0.4 and 3.5 mg*l-1, as this is the 
minimum effective concentration in the studies on XN health effects 
mentioned earlier. Indeed, it has been claimed that a beer with 
1.5 mg l-1 XN is possible (Patent DE10320250A1). For AF(C)B, 
however, it will be a challenge to achieve such concentrations 
since the water solubility of XN limits the concentration to 1.3 mg·l-1 
at 23 °C in ethanol-free matrices [68]. From all raw materials of 
the brewing process, hops appeared to possess the highest con-
centration of Ca, Cu, Fe, Mg and Zn [66,69]. The high amounts 
of hops used in dry-hopping consequently increase the metal ion 
concentration in the final beer. This would have positive effects due 
to an increased foam stability [70] and the nutritional value of those 
ions; however, it may in turn affect the stability of the beverage 
through the Fenton or Haber-Weiss reaction [69]. In conclusion, 
dry-hopping can be used to substantially change and enrich the 
flavor but also the quality and health value of a beverage. This 
technique is mainly used for the production of craft beers [71] and 
is likely to increase several health beneficial properties deriving 
from hop [43]. Thus a dry-hopped alcohol-free craft beer (AFCB) 
has a good marked potential considering a growing number of 
health conscious consumers [6]. 

2.2	 Marketing chances of alcohol-free craft beer

AFB beer is seen as a substitution for conventional beer, e.g. for 
people who like the taste of beer but need to operate vehicles, 
are pregnant or have a medical condition that does not allow the 
consumption of alcohol, use medication that might interact with the 
ethanol of conventional beer, belong to religious or social groups 
that agreed on alcohol-abstinence, or have concerns about the 
negative health aspects of alcohol-consumption. Consequently, 
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a key value proposition of AFCB is the absence or low amount 
of ethanol along with flavor-richness and a superior taste where 
AFBs often have sensory deficits, which can be a “lack of body”, 
low aromatic profiles, or off-flavors [72]. Some of these sensory 
deficits are caused by a loss of aromatic esters, different alcohols 
and aldehydes [73]. However, dry-hopping might be able to cover 
these deficits. Especially if beer styles are used that require an 
abundance of hops, as for example India Pale Ale, then the product 
would have distinct and strong aroma profiles and higher bitterness 
levels. Currently only few products are on the market that belong 
to the category of AFCB.

People who do not consume ethanol due to religious beliefs are 
another growing consumer target group for AFBs. Particularly, some 
Muslim groups show a growing interest in AFB [74,75]. Therefore, 
it is not surprising that many breweries already started exploiting 
this growing potential. For these markets, producers have to en-
sure and to prove that their product conforms to religious rules. 
That is to say producers face the challenge to sell AFB that is 
completely free of ethanol and, especially important for Muslims, 
meets the halal-standard. However, there are no general rules that 
apply to all Muslim groups, thus high investments are needed to 
acquire the necessary certifications of AF(C)B. Here groups are 
to be considered who argue that the consumption of beer, even 
alcohol-free beer, should be permitted, as the word ‘beer’ could 
be associated with intoxicants. However, an ethanol concentration 
0.05 vol% seems tolerable for most religious groups [72]. Moreover, 
considering several Fatwas and the fact that AFB is increasingly 
successful in some Islamic countries, it further seems that even 
an ethanol level of < 0.5 vol% is widely acceptable, thus there is 
a substantial market for AF(C)B [74–78].

2.3	 Marketing chances for non-alcoholic  
	 functional drinks

Functional beverages, which concentrate on their health properties, 
range from fermented teas such as Kambucha [79], to special 
herb-based ice teas [80], juice-based beverages [81], or other 
beverages containing medical herbs [82] or exotic fruits [83]. In 
this article only a particular type of functional drinks will be cove-
red - the relaxation drinks (RD). In contrast to stimulating energy 
drinks [84], RDs are characterized by a mild sedative effect based, 
for example, on the addition of hops [6]. However, it is important 
to note that the sedative effect of RD with melatonin, valerian, or 
tryptophan could not be clearly demonstrated as of now [84,85]. 
In contrast, the sedative effect of hops is even acknowledged by 
the European Medicines Agency [40]. The effect is based at least 
partly on an oxidation product of the hops’ bitter acids, namely 
the 2-methyl-3-buten-2-ol [38]. However, beside the sedative and 
stress relieving effect of RDs, they also might have health related 
properties such as a favorable vitamin or mineral composition 
or high levels of antioxidants. Therefore, a dry-hopped and low-
calorie beverage could have similar health beneficial properties 
as described for AF(C)B, but here further research is necessary 
to proof this notion. 

Studies in Germany, in the USA and China showed that the consu-
mers in the 21st century are more critical and aware of the product 
properties than in previous decades [86]. These consumers have 

high demands towards product quality and need to be convinced 
on several levels. Organic, fair-trade, healthy and functional are 
some of the keywords to be considered when addressing these 
consumer groups. This consumer group is not only demanding 
high quality products of the before mentioned criteria but also has 
a higher willingness to pay [87,88]. Here it is important to balance 
the price carefully as consumers view the price as a cost and as 
a quality criterion [88]. Especially for Germany, a recent market 
analysis has shown that consumer demand, particularly for inno-
vative alcohol free beverages, is still rising. Generally, the German 
consumer is interested in regional products with low content of 
sugars and free of artificial additives. Furthermore, younger people 
are interested in exotic flavors [89], which could be introduced into 
a RD through techniques as dry-hopping. Hops contribute largely to 
the aroma of beer, in particular based on the odor-active terpenes 
and terpenoids. The monoterpenalcohol geraniol, for example, is 
associated with a citrus aroma [90,91], but there are several aro-
ma characters possible that derive from hop ranging from herbal, 
floral or spicy to sylvan [91,92]. It is important to note, that some 
hop-derived compounds, mainly some monoterpene and mono-
terpene alcohols, require biotranformation by yeast in order to be 
odor-active, thus dry-hopping alone is unlikely to introduce similar 
aroma diversity into a RD as there is in beer [95,96]. In summary, 
the key value proposition of a RD is a high product quality, an 
interesting distinct taste, a mild sedative effect and further poten-
tial health-related properties. Regarding the latter, the regulation 
EC1924/2006 released by the European Food Safety Authority 
(EFSA) is important to consider. It controls the use of health claims 
for advertisement: Ingredients in a product, which are claimed to 
have certain health benefits, can only be declared as such, after 
a “scientific assessment of the highest possible standard” imple-
mented by EFSA, has proven the named benefits. The costs and 
time investment for the health claim application including general 
safety and human studies, application fees and else [95] sum up 
to several million Euros (personal communication), which may be 
uneconomical for many niche products. Health claim registration 
barriers are, for example, that health claims can only be approved 
under the conditions that they are already listed in the community 
registry. Substances which have only recently been characterized 
for health properties as XN are unlikely to be authorized by the 
EU within the near future. Also claims for other polyphenols have 
been denied by EFSA, with the exception of polyphenols in olive 
oil [96,97]. Nevertheless, highlighting research results as part of 
a knowledge-based marketing strategy is a possibility to provide 
information for the “informed consumer” without contravening 
the health claim regulations. In the case of a RD the relaxation 
promoting properties can be highlighted. 

3	 Conclusion

Alcohol-free beer has numerous health-benefits, which largely de-
rive from the cereals. However, particular bioactive metabolites and 
distinct aroma characteristics can be added to AFB by dry-hopping. 
It seems that there is a growing market for such products since 
the health consciousness is rising in North America and Europe 
as well as some religious groups developed a growing interest in 
premium non-alcoholic beverages. Furthermore, dry-hopping could 
also be a method to increase the diversity of relaxation drinks. In the 
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context of the highly innovative and constantly growing functional 
drink market dry-hopped relaxation drinks could especially target 
for health conscious consumers. 
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