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Abstract

This review aims to explore the latest innovations in beer supply chain. Innovation is defined as the combined
application of strategies that enhance intrinsic and extrinsic product characteristics while optimizing complemen-
tary aspects for a modern approach to the food market. The study is structured around key themes that define the
overall quality of beer supply chain: safety (wholesomeness and authenticity), biological quality (chemical com-
position, sensory profile, and nutritional quality), process quality, convenience, and commodities. The goal is to
promote accurate dissemination of information within the beer community and dispel common misconceptions.
These misconceptions often arise from flawed approaches, leading to the creation of urban legends and unfounded
prejudices. Special attention is given to innovation and research in the craft beer sector, which is rapidly growing
in Italy and the global market.

Keywords: authenticity; brewing sector; chemical composition; convenience and commodities; nutritional quality;
overall quality; processing; sensory profile; wholesomeness

Introduction Beer is a widely consumed beverage, made from malt

(germinated barley), hops (Humulus lupulus L.), water,

Beer is the most predominant and economically signifi-
cant fermented alcoholic beverage worldwide, surpass-
ing both wine and spirits, because of its long tradition
(Oxford Economics, 2022).

The history of beer dates back to the Assyrians and
Babylonians, who inhabited Mesopotamia 4000 years BC,
where ancient grains (now cultivated) were fermented
according to specific rules as outlined in the Code of
Hammurabi, the sixth king of the first Babylonian empire.
This code mandated that every citizen be provided with
a daily ration of beer, distributed based on social status:
2L, 3L, and 5 L per day for workers or civil servants,
administrators, and high priests, respectively (jstrack.org
— A History of Beer).

and yeast, and it is one of the main pillars of the Italian
agrifood system (Fantozzi, 2017; Sohrabvandi et al.,
2012). The recent increase in craft and experimental beer
production has resulted in the recognition of various tra-
ditional beer types. In addition, the growing consumer
demand for a wider range of beer options, including
sweeter ones, has promoted the emergence of new types
of beers (Croonenberghs et al., 2024). According to the
2022 Unionbirrai report ‘craft beer, supply chain and
markets, which was officially presented in June 2023,
the current state of the brewing sector in Italy is very
positive.

The Italian craft beer industry is experiencing a boom,
given that this sector has grown in recent years in terms

20

ISSN 1120-1770 online, DOI 10.15586/jjfs.v36i3.2542


mailto:rbarbaga%40unict.it?subject=
mailto:chiara.rutigliano%40%20unict.it?subject=
mailto:chiara.rutigliano%40%20unict.it?subject=
https://jstrack.org/

of quality and production. At the end of December 2022,
1,326 craft breweries were operating in Italy (with an
increase of 104% in the last 7 years, compared to 2015),
with a total beer production of around 17.6-million hec-
toliters (hL). Currently, Italy ranks sixth in Europe in
terms of the number of craft breweries, behind France,
United Kingdom, Germany, Switzerland, and the
Netherlands. The craft beer market covers just over 3% of
the national market, although Italy imports almost all the
raw materials required for beer production, especially
hops (Gargani et al., 2017; Unionbirrai, 2023). Recent
data show a steady increase in companies dedicated to
hop cultivation. In 2020, there were 165 agricultural com-
panies cultivating hop plants at a national level, covering
a total area of 67 ha. More than 80% of these companies
followed a certified organic regime (Unionbirrai, 2023).

According to the Italian Law n. 1354/1962 (Legge 16
agosto, 1962 n. 1354), beer is ‘the product obtained from
the alcoholic fermentation with strains of Saccharomyces
carlsbergensis or S. cerevisiae of wort prepared with malt,
whether [roasted] or not roasted, of barley or wheat, or
mixtures thereof and water, flavored with hops or its
derivatives or with both’ However, this law does not pro-
vide a specific definition of ‘craft beer; but it refers to a
‘craft brewery’ (article 2, comma 4-bis) when it mentions
a ‘small independent brewery, whose annual production
does not exceed 200,000 hL.

The ‘craft beer, as developed through various studies
conducted by industry experts, is defined as the beer pro-
duced by small independent breweries and not subjected
to pasteurization or microfiltration processes during the
production phase to be considered ‘small independent
breweries, the breweries must be legally and econom-
ically independent from any other brewery. They must
use their own production plants and should not exceed
an annual production of 200,000 hL of beer (as specified
legally). The label of the produced beer must have the
indication of ‘birra artigianale! The ministerial decree
n. 212 (Decreto Legislativo 13 dicembre, 2010) recog-
nized beer as an ‘agricultural product; and the ‘agricul-
tural brewery’ was recognized as a company that includes
the production of malt and beer among its activities,
qualifying it for income tax purposes.

With the following ministerial decree (Decreto del 4
giugno, 2019), Italian law refers to ‘microbrewery’ as
independent breweries with an annual production not
exceeding 10,000 hL.

Since some other specific regulatory aspects remain
unresolved, the beer sector, including both industrial
and craft breweries, is able to approach the innovation
from various and often original perspectives. Specifically,
in the food sector, innovation involves the introduction
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of untested strategies for products and/or processes, or
significant improvements in the efficiency of the exist-
ing production chains. Innovation refers to procedures,
standards, rules, activities, or the introduction of new
ingredients, methods, formulations, or tools to achieve a
specific result.

The brewing industry’s commercial significance high-
lights the strategic importance of scientific dissemination
in providing a comprehensive and up-to-date overview
of the research conducted in this field. It also serves as a
reference point for professionals and enthusiasts. Despite
being a traditional drink, beer has undergone innova-
tions in the overall quality within the context of current
legislation (Cabras and Higgings, 2016; jstrack.org — A
History of Beer). Innovation refers to strategies aimed at
improving the intrinsic characteristics of a product and
optimizing ancillary aspects, such as convenience and
commodities (Raihofer et al., 2022).

With these premises, this review focuses on the aspects
related to the wholesomeness and authenticity of beer,
emphasizing the importance of adequately controlled
production that enhances raw materials and processes,
both traditional and industrial. In fact, beer is consid-
ered a healthy and genuine beverage if made with high-
quality ingredients and produced according to rigorous
standards. This requires particular attention to beer’s
chemical-physical quality, including the parameters that
determine its sensory characteristics and shelf life. The
study also covers emerging trends in the beer market,
such as gluten-free and non-alcoholic beer, with a focus
on growing interests in aspects such as convenience and
commodities. Scientific dissemination plays a key role in
promoting a conscious and informed beer culture. This
review emphasizes the importance of communicating
scientific knowledge about beer to public, promoting a
better understanding of its nutritional, health, and pro-
duction aspects.

This study represents a contribution to the growth of
the brewing sector by providing a solid and updated
knowledge base to all stakeholders, such as researchers,
producers, distributors, and consumers. Its emphasis on
wholesomeness, authenticity, preconditions for overall
quality, and scientific dissemination adds value to both
entire production chain and beer culture in general.

Food safety and health aspects and analytical
control

Beer is the most consumed alcoholic beverages globally,
with nutritional and medicinal benefits for consumers
(Tirado-Kulieva et al., 2023). From a nutritional perspec-
tive, beer contains protein, vitamin B, and some minerals.
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Compared to wine, protein and vitamin B levels in beer
are higher. Although beer and wine have similar anti-
oxidant content, specific antioxidants differ in the both.
From a medical perspective, certain components, such as
phenolic compounds, ethanol, and dietary fibers, are also
important (Sohrabvandi et al., 2012). Beer also contains
melatonin (N-acetyl-5-methoxytryptamine), a molecule
with a wide range of antioxidant, oncostatic, immuno-
modulatory, and cytoprotective properties (Maldonado
et al., 2022). Based on this composition, the following
properties of beer are discussed here.

Beer consumption and its effects on homeostasis and
cardiovascular diseases

It has been widely demonstrated that moderate con-
sumption of beer with its non-alcoholic components
has a beneficial effect on the cardiovascular system,
especially when combined with pharmacological or
integrative therapy. Furthermore, several studies have
demonstrated the influence of beer components on
homeostasis (Sohrabvandi et al., 2012; Tirado-Kulieva
et al., 2023). Although dietary guidelines generally rec-
ommend a maximum daily consumption of 25-40 cL for
women and twice this amount for men, these parame-
ters can vary depending on the factors such as age, body
type, physical activity, etc. (Cabras and Higgings, 2016;
Callemien et al., 2005).

As a result, recommendations for moderate beer con-
sumption are often based on individual cases and small
clinical trials. The nutritional and medicinal benefits of
beer are attributed to several components, such as phe-
nolic compounds (with multifunctional properties, such
as antiplatelet drugs and antioxidant compounds) and
relatively low concentrations of ethanol. The drawbacks
are primarily due to a higher likelihood of consuming
stronger alcoholic beverages than wine and, to a lesser
extent, ingesting allergens (Chiva-Blanch et al., 2015).
However, it is challenging to establish a clear correlation
between specific components of beer and their beneficial
effect for preventing cardiovascular diseases and treat-
ment as well as for the overall homeostasis of organism
(De Gaetano et al., 2016).

Beer antioxidants and health benefits

The presence and amount of nutrients and bioactive
compounds in beer depends on ingredients, including
malted grains and cereals (barley, wheat, oats, and rice),
hops, adjuncts, such as fruits and spices, and microorgan-
isms, such as Saccharomyces yeasts or co-fermentation
bacteria of the genus Lactobacillus (De Simone et al.,
2021). Various types and styles of beer contain specific

molecules with antioxidants (Krofta et al., 2008) and
anti-inflammatory properties (Di Domenico et al., 2020).
Hops and malt are raw materials used in beer produc-
tion and are sources of phenolic compounds, which
are among the main health-related compounds present
(Salanta et al., 2020). In fact, about 30% of the polyphe-
nols in beer come from hops and 70-80% from malt
(Taylor et al., 2003).

The main antioxidant compounds in beer are phe-
nolic compounds and melanoidin, which are formed
through the Maillard reaction (Maldonado et al., 2022).
Additionally, some antioxidant additives used in beer
(i.e., ascorbic acid) may also contribute to the beer’s
antioxidant capacity. Furthermore, hops contain a resin
that includes monoacyl phloroglucinols, which become
bitter acids during the beer development process, such
as a-acids (humulones) and iso-a-acids. The structural
classes of polyphenols in beer include simple phenols,
benzoic acid derivatives, and cinnamic acid, coumarins,
catechins, di- and trioligomeric pro-anthocyanidins, pre-
nylated chalcones, a-acids, and iso-a-acids derived from
hops (Arranz et al., 2012).

Total polyphenols and phenolic acid contents vary greatly
among different types of beer, depending on the vari-
ety of hops used and the production method. However,
it is very rare for consumers to find information on the
specific variety of hops used, making it difficult to iden-
tify a beer by its polyphenol content. Ferulic acid is the
most abundant phenolic acid in various commercial beer
types, such as abbey, ale, bock, wheat, lager, pilsner, and
dealcoholized. It is followed by synaptic, vanillic, caffeic,
p-coumaric, and 4-hydroxyphenylacetic acids. Ferulic,
caffeic, syringic, synaptic, and vanillic acids are pres-
ent in beers mainly in bound forms, while p-coumaric
and 4-hydroxyphenylacetic acids are generally present
equally in both free and bound forms (Humia et al., 2019;
Piazzon et al., 2010; Tatullo et al., 2016).

Phenolic compounds contribute positively to beer in
several ways, such as stability. Certain phenolics act as
antioxidants, protecting beer from spoilage caused by
oxidation (Carvalho and Guido, 2021). Additionally,
some studies suggest that moderate consumption of beer
with high levels of certain phenolic compounds, such as
ferulic acid, may have some health benefits (Ambra et al.,
2021).

Xanthohumol and its derivatives are the most potent
antioxidant compounds found in hops, followed by
isoxanthohumol and other prenylflavonoids, such as
6-prenylnaringenin  (6-PN) and 8-prenylnaringenin
(8-PN), which are obtained from hops (Osorio-Paz et al.,
2020). Xanthohumol is known for its broadspectrum bio-
logical activity. It also possesses antibacterial, antiviral,
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and antifungal properties (Niknejad et al., 2014; Zugravu
et al., 2022), which have also been demonstrated in vitro
(Yamaguchi et al., 2009). Recent studies have suggested
that xanthohumol is potentially an antitumor agent,
particularly in diseases such as glioblastoma (Luo et al.,
2024).

Having a high content of antioxidants does not neces-
sarily imply that beer consumers are abusing alcohol, as
taught by the ‘French paradox’ of resveratrol (RSV) in
wines. Moderate alcohol consumption has been associ-
ated with a lower risk of developing cardiovascular dis-
eases, compared to both nondrinkers and heavy drinkers
(De Gaetano et al., 2016; Mellor et al., 2020). The risk
increases exponentially with the increasing doses of
alcohol consumed. Moderate beer consumption can
benefit our vascular system by reducing the oxidation of
low-density lipoprotein (LDL), which is one of the five
major groups of lipoproteins that transport fat molecules
around the body in extracellular water. Additionally, it
can help to maintain the integrity and functionality of
blood vessels oxidation and in reducing inflammatory
phenomena in cerebral vascular tissues (Krofta et al,
2008).

Antioxidants modulate the production of substances that
regulate blood pressure and glucose levels (De Gaetano
et al., 2016; Krofta et al., 2008), blood coagulation, and
reduce atherogenesis (Coulibaly et al., 2023; De Gaetano
et al., 2016) as well as modulate inflammatory processes
(Gerhauser, 2005; Rancan et al, 2017; Romeo et al.,
2007). Moderate alcohol consumption has been shown
to have a neuroprotective effect by reducing the levels
of amyloid beta, a protein involved in neurodegenerative
diseases, such as Alzheimer’s disease and Parkinsonism
(Mellor et al., 2020; Rancén et al., 2017).

Beer contains melatonin, derived from cereals and yeast
(S. cerevisiae) used in its production, particularly during
second fermentation. The amount of melatonin in beer
varies depending on the fermentation conditions, the
quality of the cereals used, alcohol strength of beer, and
the processing system used. Melatonin is a multifaceted
substance that acts as a free radical scavenger, antioxidant,
and anti-inflammatory agent. It has also a preventive effect
against oxidative stress, and has an immunomodulatory
effect on the immune system. It has also demonstrated
anticancer properties in vitro and in vivo, acting through
various mechanisms and in various tumors. Additionally,
it has been found effective on bone mass and as a neuro-
protective agent. Interestingly, craft beers have higher lev-
els of melatonin than commercial ones with equal level of
alcohol (Maldonado et al., 2022).

Excessive consumption of alcoholic beverages leads
to health disorders, such as allergy, increased plasma
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concentration of uric acid, mutations and cancer,
increased risk of dementia, obesity, and social misbe-
havior (Collins et al., 2009; Sohrabvandi et al. 2012). On
the contrary, light to moderate consumption of alcoholic
beverages, including beer with relatively low alcohol con-
tent, can have various favorable effects on human health.
These include nutritional benefits, antimutagenic and
anticarcinogenic effects, reduction of cardiovascular
diseases (cardioprotective effect), hypolipidemic effect,
stimulation of immune system, anti-osteoporosis effect,
and reduced risk of dementia (Sohrabvandi et al. 2012;
Tirado-Kulieva et al., 2023).

The results of different scientific studies (Collins et al.,
2009; Gerhéauser, 2005; Krofta et al., 2008; Rancan et al.,
2017; Romeo et al., 2007; Tirado-Kulieva et al., 2023) sug-
gest that a moderate daily alcohol consumption (i.e., 24 g
per day, or about 500 mL of beer) may reduce the risk of
developing type 2 alimentary diabetes. This could be due
to the stimulation of adiponectin, a protein synthesized
by adipose tissue. Adiponectin improves the sensitivity
of the liver and muscle cells to glucose, thereby enhanc-
ing insulin sensitivity (Ministero della Salute, Nutrizione,
2023; Nutrisense, 2023). This may be contradictory to the
fact that beer has a high glycemic index (around 110) and
therefore is not recommended in the diet of people with
diabetes mellitus or glucose intolerance. The evidence of
in vivo total antioxidant capacity after consumption of
beer is still limited and inconclusive. It is important to
note that generalizations cannot be made due to vary-
ing residual sugar content in different types of beer. The
range of residual sugar in different beer varieties is wide,
with the driest varieties, such as lambic, some saisons,
and other Belgian specialties, having less than 1% resid-
ual sugar by weight. On the other hand, some heavy bar-
ley varieties have a syrupy 10% residual sugar (Craft Beer
& Brewing, 2006; The Italian Craft Beer, 2019).

Beer does not raise blood sugar levels but it tends to
lower the glycemic peak when consumed with or before
a carbohydrate-rich meal. It is possible that alcohol can
reduce the production of glucose in the liver, which may
help compensate for the glucose ingested with meals.
However, diabetics can drink beer and have some health
benefits because of its ability to control blood sugar and
reduce cardiovascular risks associated with diabetes
(Nutrisense, 2023).

Meta-analysis has identified an inverse association
between total alcohol consumption and the risk of type
2 diabetes. Huang et al. (2017) conducted a study to
explore the relationship between specific types of alco-
holic beverages and the incidence of type 2 diabetes.
The meta-analysis included 13 prospective studies, with
397,296 study participants and 20,641 cases of type 2
diabetes. Compared to any or rare alcohol consumption,
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wine consumption was significantly associated with
reducing the risk of type 2 diabetes (pooled relative risk
of 0.85), while consumption of beer and spirits showed
a slight trend toward decreased risk of type 2 diabetes
with relative risk of 0.96 and 0.95, respectively. Further
dose-response analysis revealed a U-shaped relation-
ship between all three alcohol types and type 2 diabetes.
The meta-analysis revealed that the peak risk reduction
occurred at 20-30 g/day for wine (20% decrease) and
beer (9% decrease), and at 7-15 g/day for spirits (5%
decrease). The evidence strongly suggested that specific
alcoholic beverages had different effects on reducing the
risk of type 2 diabetes. Specifically, wine consumption
was associated with a significant reduction in the risk
of type 2 diabetes, while consumption of beer and spir-
its showed a slight decrease in the risk of type 2 diabetes
(Huang et al., 2017).

In addition, alcohol has a direct effect on the renal system
and is a significant diuretic (within 20 min of ingestion)
because of the inhibition of hormone vasopressin, which
promotes the reabsorption of water excreted in urine.
Although this may seem as a positive effect, in chronic
consumers, it could lead to the subsequent malfunction-
ing of the kidneys and dysregulation of body fluids and
minerals necessary to carry out important basic func-
tions of an organism (Collins et al., 2009; Krofta et al.,
2008; Raihofer et al., 2022; Rancan et al., 2017; Romeo
et al., 2007).

Even the immune system seems to benefit from a mod-
erate consumption of alcoholic beverages rich in poly-
phenols. The number of cells and molecules involved in
immune response and their ability to fight foreign agents
has increased, but it is essential to check quantities
because excessive consumption, especially if chronic, has
immunosuppressive effects (Romeo et al., 2007).

The consumption of beer after sports activity is consid-
ered favorable for its remarkable content of minerals and
vitamins, utility to rebalancing water and salt, and anti-
oxidant and anti-inflammatory properties. Therefore,
drinking beer after exercise could be counterproductive
due to the diuretic effect of alcohol. Alcohol is not con-
sidered a nutrient because, although it provides energy
(7 keal/g), it has no specific functional and/or metabolic
purpose (Metro et al., 2022).

Alcohol is also defined as a potential social danger
that can lead to physical and psychological damage, an
increased risk of cardio-cerebrovascular diseases, liver
and gastrointestinal diseases as well as some forms of
cancer (Kummetat ef al., 2022). However, there is another
activity of phenolic compounds, that is, to counteract
the negative effects of acetaldehyde produced by the
metabolism of alcohol and classified as a possible human

carcinogen (group 2B) by the International Agency for
Research on Cancer (AIRC) (Lachenmeier and Sohnius,
2008; Seitz and Stickel, 2010). In particular, polyphe-
nols prevent inflammatory phenomena, the proliferation
of cancer cells, and the formation of new blood vessels
that carry nourishment to cancer cells (Gerhéuser, 2005;
Romeo et al., 2007).

Santarelli et al. (2022) proposed a new green and rapid
method to extract phytochemicals from hops for their
use as food additives, such as high hydrostatic pressure
(HHP) and ultrasound-assisted extraction (UAE). Both
methods had better effects on bioactive compounds, with
particular attention to ultrasound extraction because of
short time and low energy requirement.

Promotion of redox state and positive effects on the liver
in vivo

Moderate consumption of beer may have beneficial
effects against chronic diseases because of the presence
of flavonoids in hops. The total antioxidant potential of
eight beers belonging to five different styles was studied
(Mori et al., 2016). Craft beers had higher antioxidant
properties than standard American lagers, while impe-
rial red ale showed the highest antioxidant properties
in vitro.

Gasowski et al. (2004) investigated the effect of moder-
ate consumption of beer on redox parameters and liver
integrity in Wistar rats exposed to carbon tetrachloride
(CCl,). The in vivo redox effects of beers were observed in
70 male Wistar rats through liver histologic evaluation of
hepatoprotective effect against CCl -induced liver injury,
including silymarin. In addition, in vivo, American lager
and red imperial beers induced changes in the homeo-
stasis of the biosystem by modulating the activity of anti-
oxidant enzymes. After the addition of CCl,, Imperial
Red ale increased the enzymatic activity of superoxide
dismutase (SOD) and catalase (CAT), with effects similar
to those of silymarin. Imperial Red ale produced the best
results, showing a silymarin-like effect on abdominal fat
and serum and liver redox status, suggesting that mod-
erate consumption of this beer is not harmful and may
increase enzyme redox status and not after the addition
of CCl,. In conclusion, craft beers appear to enhance
enzyme and antioxidant activity and are healthier than
standard American lager (Caon et al., 2021; Kuwabara
et al., 2008).

Gluten-free and non-alcoholic beers

Market demand has forced breweries to adapt to celiac
consumers, people suffering from diagnosed celiac
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disease or mild forms of gluten intolerance, although in
2021 they represented only 1% of the Italian population
(Ministero della Salute, Nutrizione, 2023). Several studies
were published in this field, most of them were carried out
by Italian authors committed to developing a gluten-free
product but at the same time tastes like beer obtained
from malted barley. Table 1 shows some proposals for glu-
ten-free beers. Some authors proposed the use of legume
grains, sorghum, teff, and rice, although the substitution
of barley sometimes resulted in a less flavored and paler
beer and lower foam stability (Rancan et al., 2017).

Several gluten-free beers are produced with a fair suc-
cess in the Italian market. The ‘Cantine di Birra’ website
(Cantine della Birra, 2023; The Italian Craft Beer, 2019)
lists around 50 gluten-free Italian beers, with the fol-
lowing being the most popular ones: Birrificio Baladin
(Nazionale gluten free, Nora, Isaac, Xyauyu), Birrificio
Menabrea (Menabrea gluten free); Birrificio Peroni
(Peroni gluten free); Birrificio Poretti (4 Luppoli gluten
free); Birrificio La Superba (Superba gluten free); Birrificio
del Ducato (Ducato gluten free); Birrificio Maltus Faber
(Biére du Maltus faber); Birrificio Hammer (Hammer glu-
ten free); Birrificio Hibu (Hibu gluten free); Birrificio La
Birra Moretti (La Birra Moretti Zero Glutine); Birrificio
Ichnusa (Ichnusa gluten free); Birrificio Messina (Messina
Cristalli di Sale gluten free); Birrificio Peroni (Peroni glu-
ten free); Birrificio Forst (Forst gluten free); Birrificio San
Pellegrino (San Pellegrino gluten free); Birrificio Dreher
(Dreher gluten free); Birrificio Withrer (Wiihrer glu-
ten free); Birrificio Antoniana (Antoniana gluten free);

Table 1.  Gluten-free beer types in literature.

Matrix added Fermentative method

Sensory appearance

Current innovations in beer supply chain

Birrificio Flea (Flea gluten free); Birrificio La Goccia (La
Goccia gluten free); Birrificio artigianale Birra Moretti
(Birra Moretti zero Glutine); and Birrificio artigianale
Ichnusa (Ichnusa gluten free).

Another technological innovation that has affected the
expansion of beer market is represented by non-alcoholic
varieties. Non-alcoholic beer is a great option for people
who are looking for a healthy and refreshing beverage. It
is also a good choice for people who are abstaining from
alcohol or pregnant or breastfeeding females (Salanta
et al., 2020; Sileoni et al., 2023).

Non-alcoholic beer is made by removing alcohol from
regular beer varieties through evaporation, distillation,
or filtration. According to a recent report brought out by
Grand View Research (2022) and Hops Farmer Il noti-
ziario sulla filiera del Luppolo in Italia (2020), the non-
alcoholic beer market is projected to grow at a compound
annual growth rate (CAGR) of 8.9% from 2022 to 2030.
This growth is driven by various factors, such as increas-
ing popularity of healthy and non-alcoholic beverages,
growing demand for convenient and ready-to-drink bev-
erages, and rising disposable incomes of consumers in
developing countries. Non-alcoholic beer is now available
in a wide variety of styles, including lagers, ales, stouts,
and India pale ales (IPAs). A number of large breweries
and craft breweries are specializing in non-alcoholic beer.
Popular non-alcoholic beer options include Heineken
0.0, Budweiser Zero, Athletic Brewing Run Wild IPA,
Lagunitas IPNA, and Erdinger Alkoholfrei.

Country References

Legume grains and ltalian
legumes

Mixture of peas, beans,
and oats

Malted lentils, fava beans
flour, no malted chicking,
and lentils grains
Sorghum malts, teff malts,
oats, and malts

Rice malt (100%) and brown
rice color

Bottom-fermented

Flat sensory profile and pale

Umbria and Italy Ferreira et al., 2021;

Luneia et al., 2018
Markham, 1986;
Saget et al., 2022

Black et al., 2019;
Luneia et al., 2018;
Trummer et al., 2021

Cela et al., 2023;
Zhao et al., 2023

Ceccaroni et al., 2019;
Zhao et al., 2023

Poland, Belgium,
and United Kingdom

Italy, Slovenia, and
Germany

China and Italy

Special rice malts, caramel Top-fermented Malty flavor, amber color, Italy Ceccaroni et al., 2018,
malt, and dark rice malt stability, and nutritional profile 2019
Germinated brown rice China Zhao et al., 2023

(Oryza sativa L.)

Raw and malted teff Top-fermented

Sweet fruity sensory profile with  ltaly

Di Ghionno et al., 2017

little body (raw teff); dried fruit,
biscuit, and vanilla (malted teff)

Prolyl endopeptidase from
Aspergillus niger and
precipitation with silica gel

American Indian pale ale

Fanari et al., 2018
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European Brewers Convention (EBC) analytical methods
assessment

The EBC (Knowledge Center Brew Up by the Brewers
of Europe, 2019) has developed reference methods for
the control of beer and/or raw material parameters. All
methods listed in Table 2 provide fast and easy results.

Color and low turbidity are the most important aspects
of a consumer choice of beer. Therefore, the use of image
analysis is important and objective. The image acquisition

and data analysis characterize the appearance of food and
its evolution as a result of operational, physiological, or
environmental factors, acquiring images with various
devices, such as cameras (traditional or smartphone),
scanners, and microscopes, subsequently stored in com-
puters and analyzed by using appropriate programs and
algorithms that allow the image to be segmented into
significant elements and to automatically extract color or
geometry measurements (de Oliveira Krambeck Franco
et al., 2021). The software allows selection of the sample
area to be analyzed, statistically process and measure

Table 2. List of instrumental analysis of beer from literature and European Brewers Convention (EBC) standards (Buiatti et al., 2014).

Analysis

Principle of analysis

Reference method/References

Content in ethyl alcohol

Final attenuation
Bitterness

Color

Carbon dioxide

Turbidity and cold turbidity
pH

Foam stability

Shelf life prediction
Oxygen content

Real extract

Fermentation degree

Viscosity
oPlato

Total phenol content (TPC) and
polyphenols

Antioxidant activity by two assays:
2,2-diphenyl-1-picrilidrazyl (DPPH) and
2,2’-azinobis-3-ethylbenzothiazolin-6-
sulphonate (ABTS)

y-Aminobutyric acid (GABA)

Volatile substances

Carbohydrates

Vicinal diketones (VDK) and fatty acids
Organic acids

Iso-a-acids and mycotoxins
Bacteria

Measurement of refractive index or enzymatic reactions
(alcohol-free beers)

Yeast use of fermentable sugars
Absorbance at 275 nm
Absorbance at 430 nm

Pressure

Nephelometric measurement

Measurement of foam collapse over time

Electrochemical measurement
Saccharometric measurement

Ubbelohde viscometric measurement
Refractometric measurement

Measurement of absorbance at 765 nm

Measurement of absorbance at 517 nm and 734 nm

Measurement of absorbance at 630 nm

Use of headspace solid-phase microextraction (HS-SPME)
coupled with gas chromatography-mass spectrometry
(GC-MS)

High-performance liquid chromatography (HPLC) coupled with
refractive index (RI), ultraviolet (UV), fluorescence (FLD), or
mass spectrometric detectors; capillary electrophoresis (CE);
ion chromatography/anion exchange chromatography coupled
with pulsed amperometric detection (HPAEC-PAD)

HS-SPME-GC; MS; flame lonization detector (FID); electron
capture detector (ECD); and stir-bar solvent extraction (SBSE)

HPLC coupled with chemiluminescence (CL) and
photochemical reactions

HPLC and HPLC-UV

Phenotypic identification; matrix-assisted laser desorption/
ionization—time of flight (MALDI-TOF)

EBC methods: 9.2.1,9.2.3,9.3.1,
and 9.3.2

EBC method: 9.7

EBC method: 9.8

EBC method: 9.6

EBC method: 9.28.1

EBC methods: 9.29 and 9.41
EBC method: 9.35

EBC method: 9.42.1 and 9.42.2
EBC method: 9.30

EBC method: 9.37.1 and 9.37.2
EBC method: 9.4

Park et al., 2023;
Zhao et al., 2023

Zhao et al., 2023
Zhao et al., 2023

Anderson et al., 2019;
Singleton and Rossi, 1965

Anderson et al., 2019;
Zhao et al., 2023;
Zong et al., 2022

Yu et al., 2021;
Zhao et al., 2023
Wang et al., 2022;
Zhao et al., 2023

Anderson et al., 2019

Anderson et al., 2019
Anderson et al., 2019

Anderson et al., 2019
Anderson et al., 2019
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color variation using the selected models: hue saturation
intensity (HSI) and red green blue (RGB). These color
models are used to simplify and standardize colors (Cao
etal., 2019).

Biological quality (chemical composition and
sensory) and process quality

Several factors influence the chemical-nutritional and
sensory properties of beer, such as water pH and hard-
ness, yeast strain, hop selection, malt type, temperature,
oxygen levels, and fermentation duration. It is import-
ant to note that water composition, yeast, and hops sig-
nificantly impact beer’s flavor, aroma, and stability. For
instance, water with a higher pH can result in smoother
and well-rounded beers. Temperature during fermenta-
tion plays a crucial role in determining the flavor, aroma,
and fermentation speed. Higher temperature promotes
the production of fruity esters, while lower tempera-
ture results in cleaner and more neutral beers. Although
oxygen is essential for initial yeast growth, excessive
oxygen can lead to oxidation and hinder fermentation.
Pre-fermentation wort oxygenation is essential for the
desired effectiveness of yeast and the subsequent fermen-
tation process. Lastly, body, complexity, and carbonation
of beer are influenced by fermentation and maturation
time. Beers with longer fermentation periods tend to be
more complex (Micetcraft.com, 2021; Winning Beers,
2023). Following are the factors that influence the final
impact that consumers have while drinking beer.

Brewing strategies influencing sensory characteristics
in beer production: a focus on hopping methods,
fermentation temperature, malt quality, and phenolic
composition

The hopping method (boiling or dry), fermentation tem-
perature (12—18°C) and yeast strain influence the sensory
characteristics (bitterness, color, and alcoholic content),
phenolic content, and volatile compounds of beers.
According to different studies, hopping is the factor that
influences the composition and sensory properties of
beer (Algazzali and Shellhammer, 2016; Brendel et al.,
2019; Takeoka et al., 1998). Hops are generally divided
into two categories: bittering and aroma. Bittering hops
have higher alpha acids, making them more cost-effective
for bittering beer, as only a small amount of hops are
required. Aroma hops, on the other hand, tend to have
more essential oils, which contribute to the characteristic
hop aromas, such as citrus, pine, mango, resin, and melon
(people understand as ‘hoppiness’). By adding hops early
in the brewing process, the essential oils volatize and
boil away, either during the boil or fermentation. Adding
hops later in the brewing process tends to increase beer’s
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hoppy aroma and make it smell ‘hoppier. However, heav-
ily hopped beers may not retain their aroma and flavor
over time. Aromas and flavors of hop-forward beer may
dissipate, resulting in a different taste than intended by
the brewer (Allagash Brewing Company, 2020; Food &
Tec., 2023). Fermentation temperature has a significant
influence on the content of phenolic compounds present
in beers produced by boil-hopping (BH), but the beers
produced by dry-hopping (DH) are characterized by a
more floral and fruity aroma.

The roasted (toasted) character of beer is mainly derived
from malt roasting and the beer type (style). In beer pro-
duction, barley malt is roasted at different temperatures
to obtain different flavors and colors. The intensity of
roasted character increases with higher roasting tem-
peratures, resulting in notes of coffee, chocolate, toast,
and licorice. The commonly used roasted malts include
caramel malt, which imparts amber color and light cara-
mel aroma; chocolate malt, which gives brown color and
dark chocolate taste; and roasted malt, which produces
black color and coffee and licorice flavor. Some beers are
naturally more roasted than others. Stouts and porters,
for example, are dark beers that use a large amount of
roasted malt, giving them an intense roasted character. In
contrast, brown ales and amber ales use smaller amounts
of roasted malt for a lighter roasted character (Baladin,
2023; BeerSmith™ Home Brewing Blog, 2022; Craft Beer
& Brewing, 2006; Il Fatto Alimentare, 2023; Il Giardino
delle Luppole, 2022).

Some authors have proposed alternative hopping methods
to increase the volatility and hop aroma and to produce
flavored beers, such as late hopping, whirlpool hopping,
and hop back hopping (Lafontaine and Shellhammer,
2019). The three techniques consist of adding hops almost
at the end of boiling, or just at the end of boiling when the
wort is getting colder, but unlike dry-hopping, the tem-
perature must be high (Food & Tec., 2023).

Concerning the phenolic composition of beers, it should
be noted that they are mainly derived from malted bar-
ley and are found in free or bound forms and in concen-
trations of up to 50% lower than in the sweet product
(Ferreira and Guido, 2018; Francesca et al.,, 2023; Han
et al., 2023; Horvat et al, 2019; Ozcan et al., 2018;
Paszkot et al., 2021). The use of roasted malt, in combina-
tion with proper milling, high mashing temperature, and
low pH, results in the release of phenolic compounds due
to increased extraction (Carvalho and Guido, 2021).

The major phenolic compounds in beer are hydroxy-
cinnamic acids (e.g., p-coumaric and ferulic acids),
flavan-3-ols (e.g., (+)-catechin and (-)-epicatechin),
and oligomeric proanthocyanins (Humia et al., 2019;
Piazzon et al., 2010; Tatullo et al., 2016). Dark beers have
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phenolic levels of up to three times higher than other
beer types because of the release of bounded phenolics
during heat treatments and the increased extractabil-
ity associated with grain friability. In addition, pheno-
lic compounds can interact with melanoidins formed
during malt roasting, improving their solubility and sta-
bility during production; therefore, milling grain can also
increase phenolic extraction (Maldonado et al., 2022).
Acidity, alkalinity, and enzyme or water activity can
induce phenolic extraction and these are the parameters
controlled by brewers. Furthermore, production param-
eters, such as filtration and pasteurization for industrial
beers, or hop drying for craft beers, are responsible for
phenolic content. However, the fate of individual phe-
nolic compounds during brewing is difficult to predict
because they may undergo different processes (e.g.,
release, degradation, polymerization, adsorption, or pre-
cipitation). The total phenolic content in beer was found
to be 50% lower than the sweet wort content because
of significant heat loss during the clarification process,
as polyphenols form a complex with proteins (Ozcan et
al., 2018; Paszkot et al., 2021; Wang et al., 2022), as well
as polyvinylpolypyrrolidone (PVPP) filtration, which is
capable of removing large polyphenolic molecules that
are precursors of astringent flavors (Ranatunge et al.,
2017).

In addition to traditional methods, new technological
strategies for beer and malt production include the use
of special yeasts, manipulation of enzymatic activity, and
dry-hopping. These techniques could be of great impor-
tance in achieving adequate levels of phenolic com-
pounds for the benefit of beer stability and consumer
health. Several yeast strains are known to produce higher
levels of phenolic compounds than others. For instance,
the nonconventional yeast S. cerevisiae var. diastaticus
has been demonstrated to enhance the concentration of
volatile phenols that contribute to clove flavor in some
wheat beers (Verachtert and De Troostembergh, 2002).
Enzymes are essential in breaking down complex malt
molecules into simpler components that yeast uses for
fermentation by manipulating the activity of specific
enzymes. Brewers can influence as well the production
of phenolic compounds by manipulating the activity of
specific enzymes. For example, increasing the activity
of B-glucosidase, an enzyme that releases bound pheno-
lic precursors, can lead to higher levels of free phenolics
in beer (Li et al., 2016), as studied widely in the field of
oenology. Dry-hopping enhances the aroma and flavor
of beer by introducing volatile hop compounds. Some of
these are phenolics. For instance, dry-hopping with hop
varieties, such as cascade or citra, imparts citrusy and
tropical fruit aromas, which are derived from phenolic
compounds such as myrcene and limonene (Klimczak
et al., 2023). Such strategies are crucial for achieving ade-
quate levels of phenolic compounds in beer.

Alternative use of hops

Hop is a plant of the Cannabaceae family and is rich in
volatile compounds that provide bitter and character-
istic flavor (Brendel et al., 2016; Gonzalez-Salitre et al.,
2023). It is also composed of bioactive compounds, such
as phenols, flavonoids, etc. Hops have shown functional
and nutraceutical benefits, and therapeutic and pharma-
ceutical applications (Algazzali and Shellhammer, 2016;
Brendel et al., 2019; Gargani et al., 2017; Knowledge
Center Brew Up by the Brewers of Europe, 2019; Krofta
et al., 2008; Raihofer, et al., 2022). Although boiling at
a high temperature alters sensory profile and chemical
structure by increasing bitterness, each hop variety pro-
vides a specific aroma, depending on harvest, genotype,
climate, humidity, altitude, and irrigation. Therefore, in a
previous discussion on hopping, aromatic hops are added
before or after the fermentation process to reduce vola-
tile losses (Gonzalez-Salitre et al., 2023). Owing to their
health benefits, hops are also used in products other than
beers (Il Giardino delle Luppole, 2022), although climatic
crisis has reduced the production and cultivation of hops
in main producing areas (Il Fatto Alimentare, 2023). At
the September 2023 International Organic and Natural
Exhibition (SANA) held at Bologna, Italy, the first exhibi-
tion in Europe dedicated to organic and natural products,
hop-based preparation alternatives to the classic brewing
sector stood out among various innovative products. In
particular, a small agricultural company presented vari-
ous products based on hops, fully valorizing the Italian
production, such as pesto 100% with Romagnolo hops,
hop sprouts, chocolate, taralli, and piadine flavored with
hops (Il Giardino delle Luppole, 2022).

Addition of innovative ingredients in beers

The quality of beer depends on the activity of fermenting
yeasts, such as Saccharomyces cerevisiae and S. carlsber-
gensis (S. pastorianus), which not only contribute to good
fermentation yield-efficiency but also influence beer
aroma, since most of the aromatic compounds are inter-
mediate metabolites and by-products of yeast metabo-
lism (Capece et al., 2018). The selection of strains relies
on their adaptability to the food product and the type of
fermentation (Gonzalez-Salitre et al., 2023).

Brewer’s Saccharomyces is typically categorized into two
groups: ale and lager yeasts, also known as top-fermenting
and bottom-fermenting yeasts, respectively. Originally,
these strains were classified based on their flocculation
properties. After fermentation, the ale yeast rises on the
surface of the fermented wort, while the lager yeast set-
tles down at the bottom of the fermentation vessel. The
two types of brewing yeasts are also differentiated by
their growth and fermentation temperatures. Although
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the optimum growth temperature for Saccharomyces is
between 25°C and 30°C, the growth and fermentation
of bottom yeasts are performed between 4°C and 12°C,
and top fermenting yeasts prefer 14—25°C temperature
(Capece et al., 2018).

Although ale yeasts are used to produce beers with vary-
ing characteristic, such as ale, stout, or porter, the strains
used for these beers belong mainly to S. cerevisiae spe-
cies. However, beer strains within the S. cerevisiae group
are more diverse than wine strains. It has been found
that many top yeast strains in quality are hybrids. In fact,
Gonzalez et al. (2008) reported that 25% of the top strains
found in Belgian Trappist beers may have resulted from
hybridization between S. cerevisiae and S. kudriavzevii.
The authors also demonstrated that beer yeasts have a
high incidence of polyploidy and aneuploidy, which prob-
ably results in limited or no sporulation ability. Genome
analyses and large-scale phenotyping of industry-specific
traits have revealed that certain traits were selected
during brewing yeast domestication. For example, yeast
strains with a greater capacity to metabolize maltotriose
were favored (Gallone et al., 2016). Additionally, yeast
strains with reduced production of phenolic off flavors
were also selected.

Regarding yeast strains used in the production of lager
beers and now assigned to S. pastorianus, the situation is
more complex than with ale yeasts. It has been known for
some time that bottom brewer’s yeast strains of S. pas-
torianus are hybrids. Lager yeasts are actually classified
as allopolyploid hybrids of S. cerevisiae and S. eubayanus
(Dunn and Sherlock, 2008; Libkind et al., 2011; Nakao
et al., 2009). A strain of S. eubayanus was first iso-
lated in Patagonia, showing high identity (99.5%) with
non-S. cerevisiae, part of S. pastorianus genome (Libkind
et al., 2011). S. eubayanus is known for its cold toler-
ance, which is directly correlated with the proportion of
S. eubayanus genome (Gibson et al., 2013). However, its
tolerance to high ethanol concentrations is lower than
that of traditional ethanol-producing strains.

Currently, the brewing industry is experiencing a growing
need for innovative products. As a result, uncharacter-
ized autochthonous starter cultures, spontaneous fer-
mentation, or non-Saccharomyces starters are used more
frequently for producing unique and unconventional
products. In order to achieve products with more com-
plex sensory characteristics, nonconventional yeasts, that
is, non-Saccharomyces yeasts are explored. These strains
are generally characterized by low fermentation yields
and are more sensitive to ethanol stress, but they provide
a distinctive aroma and flavor. Additionally, researchers
have investigated the use of de novo interspecific hybrids
created from different species within the Saccharomyces
genus. The use of hybrid yeasts is associated with several
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aspects of beer fermentation, such as fermentation rate,
aroma production, temperature tolerance, and sugar
utilization (Krogerus et al, 2017), and for producing
low-alcohol beer (LAB), non-alcoholic beer, and light
beer. Traditional and nonconventional yeasts in brew-
ing, along with their wide selection, represent a new bio-
technological approach to targeting beer characteristics
and producing different or even totally new beer styles
(Capece et al., 2018). Other innovations pertain to pack-
aging, especially to affect volatile and sensory profile, or
the ingredients; some authors have reported the use of
fruits, plants, or vegetables in beer production (Baiano,
2021). Tables 3 and 4 show some of the most recent inno-
vations proposed by scientific teams.

Chemical profile of beer during storage

Monitoring the relative numbers of different classes of
chemical compounds in beers provides information on
the influence of chemical profile of beer during storage,
specifically regarding temperature. Ferreira and Guido
(2018) demonstrated that aldehydes, furan compounds,
and esters play a key role in beers stored at 37+1°C. The
rate of development of furan, aldehyde, and ester com-
pounds was shown to be almost 140, 90, and 20 times
higher, respectively, in beers stored at higher tem-
peratures than in beers stored at 4+1°C. The study also
showed that the chemical composition after 6 months
of storage was significantly different from that of fresh
beers. Furthermore, the hierarchical cluster analysis
(HCA) indicated that storing beer at low temperatures
is the optimal method for preserving the freshness and
organoleptic characteristics of fresh beers. The tempera-
ture is detrimental to the development of certain ‘stale’
compounds, such as aldehydes, furan compounds, and
esters, formed in beers stored at 37°C. Regarding olfac-
tometric analysis, the presence of esters and aldehydes is
correlated with fruity, herbaceous, and floral aromas. A
significant difference was observed in aged beers, where
the sweet and papery aromatic notes were dominant. The
presence of f-damascenone is related to sweet aromas,
while papery aromatic notes are related to the presence
of (E)-2-nonenal. These two compounds, found only in
aged beers, have been suggested as reliable chemical
markers of beer aging (Ferreira and Guido, 2018; Ferreira
et al., 2022; Horvat et al., 2019).

Temperature is a critical factor in storage of beer.
Refrigeration helps to stabilize, extend shelf life, and
preserve the quality of LAB. Physical and biological
processes are used to produce beers with reduced alco-
hol concentration. In fact, alcohol is effectively removed
by physical methods, such as thermal or membrane-
mediated processes, from regular beer, resulting in
very low levels of ethanol (through osmotic distillation,
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Table 3. Use of new starter cultures in beer processing.

Innovation Strain Purpose Country References
Selection of microbial  Lanchancea thermotolerans strain Improvement of flavor profile and Italy Francesca et al.,
culture (MNF105) isolated from manna for control of fermentation process 2023

fruit sour beer production
Selection of microbial ~ Saccharomyces cerevisiae strain Improvement of flavor profile and Italy Francesca et al.,
culture (MN113) isolated from manna as a control of fermentation process 2023

possible starter culture in fruit beer

production
Selection of microbial ~ Non-Saccharomyces yeasts with high ~ Enhance terpene-related floral China Han et al., 2023
culture B-glucosidase activity isolated from flavor

grapes
Selection of microbial  S. eubayanus Low-temperature growth, efficient Belgium, Finland, Gibson et al.,
culture maltose uses and production of France, and the 2017

desirable aroma compounds

Production of LAB and
improvement of their typical ‘worty’

Selection of microbial ~ Sourdough cultures of non-

culture Saccharomyces yeast species
maltose-negative flavor
Hybridization De novo yeast hybrids of S. cerevisiae

ale strain and S. cerevisiae var.
diastaticus/cold-tolerant S. bayanus/

Increase of fermentation rate,
improvement of aroma and
osmo- and temperature tolerance,

Netherlands

Johansson et al.,
2021

Finland and Italy

Belgium, Denmark,
Finland, Japan,
South Korea, and

Krogerus et al.,
2017

Saaz-type S. pasturianus/ improvement in sugar utilization the Netherlands

S. eubayanus-type strains
Selection of microbial  Basidiomycetous psychrophilic yeast Production of LAB Italy De Francesco
culture strain Mrakia gelida DBVPG 5952 etal., 2018
Selection of microbial . cerevisiae DBVPG 6580 with Production of low-carbohydrate Italy Troilo et al., 2019

culture amylolytic ability (isolated from a

Brazilian bioethanol plant)

Selection of microbial ~ Saccharomycodes ludwigii TUM SL 17
culture

beers

beer with peculiar flavor using top-
fermented method

Production of cold-stored Italy
unpasteurized low-alcohol craft

Sileoni et al.,
2023

pervaporation process, etc.). The use of physical meth-
ods, however, requires breweries to make investments. In
Italy, craft beer production is subjected to strict regula-
tions that prohibit the use of microfiltration and pasteur-
ization as stabilization methods (Legge 16 agosto, 1962 n.
1354). Therefore, biological processes are the most feasi-
ble means to produce LAB for craft breweries. The main
bioprocesses for LAB are interrupted fermentation by S.
cerevisiae or pastorianus strains and non-Saccharomy-
ces strains. Non-Saccharomyces yeasts, which are unable
to metabolize maltose, are used to obtain LAB, resulting
in a lower amount of ethanol during the fermentation of
brewing wort (Sileoni et al., 2023). However, the instabil-
ity of craft LAB is due to its weaker body, poorer flavor,
and the concentration of oxygen in the headspace of bot-
tles as well as the heavy pasteurization treatment required
due to high residual sugars (Peia-Gémez et al., 2020).

Cold chain is a practical option for small breweries that
sell beer locally. LAB remains stable due to the yeast’s
protection from oxidation and its ability to reduce cer-
tain aldehydes. However, high oxygen levels in the
headspace cause the beer to oxidize even at low storage
temperatures and it is correlated with variations in flavor

chemicals, such as aldehydes, higher alcohols, hops bit-
ter substances, and ester contents (Sileoni et al., 2023).
Craft breweries use ‘bottle refermentation’ process that
exposes beer to oxygen. To reduce oxygen concentra-
tion in unfilled space, several companies have developed
oxygen-scavenging bottle caps. These oxygen scavengers
have a liner that absorbs oxygen molecules in the head-
space, preventing oxidation process and ensuring flavor
stability while extending the shelf life of beer. Valentoni
et al. (2022) demonstrated that temperature storage is the
primary factor responsible for beer aging and its effect on
accelerating oxidation processes, resulting in lost fresh-
ness, even when the cap is applied.

Role of microencapsulation in the chemical-nutritional
composition, antioxidant power, stability, and level of
approval of craft beer

Microencapsulation is used to concentrate and stabilize
phenolic compounds in order to obtain a product with
functional and healthy properties. Microencapsulation
by spray-drying is used to produce microparticles of
craft beer with the aim of obtaining a nutritious product
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Table 4. Innovative ingredients in beer production.
Innovation Matrix added Fermentative method  Country References
Substitution of barley and  Riceberry rice malt Top fermented beer Zdaniewicz et al., 2021;
impact on sensory profile Zhao et al., 2023
Improvement of flavor, Red and blue corn and others pigmented Mexicoand  Lietal., 2007;
and nutritional and cereals (blue, red, purple wheat grain, Canada Romero-Medina et al., 2020;
nutraceutical profiles dark purple rice) Zhao et al., 2023
Uniqueness Fruits (‘Kriek’ cherries or ‘Framboise’ Belgian lambic beer Belgium Francesca et al., 2023
raspberries), herbs, spices, vegetables
Sour fruit beers Loquat (Eriobotrya japonica Lindl.) Italy Francesca et al., 2023
Sour beers Fermentation carried out by yeast Traditional styles Germany, Burini et al., 2021;
or bacteria: Lachancea spp., (Berliner weisse, Belgium Osburn et al., 2018;

Improvement of aromatic
compounds

Improvement of aromatic
compounds

‘Oliba green beer’
(gluten-free beer)

Modification of sensory
characteristics

Substitution of hops

Lactiplantisbacillus plantarum (prev.
Lactobacillus plantarum); Brettanomyces
species; Schizosaccharomyces
Jjaponicus, Hanseniaspora vineae,
Lachancea fermentati, L. thermotolerans,
Wickerhamomyces anomalus; S.

cerevisiae var diastaticus, S. pastorianus;

Saccharomycodes ludwigii
Wheat

Grape berries or grape must or grape
pomace

Olive extract, safflower concentrate, and
spirulina

Jasmine flowers, oolong tea, sweet jam

Sage (Salvia officinalis), dandelion

Belgian trappist, and
Flanders red ale);
‘primary souring’ sour
beers; traditional
saison, farmhouse
ales, Belgian witbier,
Brut IPA; LAB

Belgian witbier
(unmalted beers), and
German Weissbier
(malted)

Italian grape ale (IGA) Italy
Bohemian Pilsner Spain

China

China

Flanders

Belgium

Germany

Serra Colomer et al., 2019

Bianco et al., 2019

Mastrangelo et al., 2023
Food & Tec., 2023
Baiano, 2021

Baiano, 2021

(Taraxacum officinale), nettle (Urtica
dioica)

(Akbarbaglu et al., 2019; Ferreira et al., 2022; Horvat et al.,
2019). Beer microparticles produced with and without
maltodextrin (MD) at 140°C, 160°C, and 180°C showed
no differences in physical parameters. Only the antioxi-
dant activity and its preservation showed significant dif-
ferences in relation to the use of MD as an encapsulation
wall material. Two formulations of beer microparticles
were produced with (160°C) and without (180°C) MD
because of their properties and differences in formu-
lation and nutritional composition. All microparticles
produced had good physical properties. Over 180 days of
stability, no reduction in phenolic compounds was found
and the antioxidant activity showed differences only in
terms of color and activity water value. Both products
were well accepted in terms of general characteristics,
taste, and color, and maltodextrins-microencapsulated
beers retained their distinctive flavor while reducing the
level of bitterness. Microencapsulation technology can,
therefore, be used to preserve the nutritional quality and
taste of beer. Furthermore, this microencapsulated prod-
uct is also used to test a possible beneficial and healthy
effect, thanks to the high content of phenolic compounds
present in beer powders (Maia et al., 2020).

Tatasciore et al. (2023) proposed freeze-drying to over-
come unpleasant off-flavors resulting from spray-drying
of hop extract powder, although the authors registered a
loss of phenolic compounds with a general dependence
of success of treatment on the type of coating material
(maltodextrin vs. gum arabic vs. maltodextrin/gum
arabic mix).

Convenience and Commodities
Factors that influence the choice of beer

Different variables influence the choice of beer con-
sumption over a drink from another beverage category.
Choice of beer is addressed through the pairing of beer
and food, which provides key aspects for future research
in the field of consumer science and marketing. Both
intrinsic and extrinsic attributes of the product alone
do not usually have an effect on beer craving and beer
choice behavior, but rather interact with other consump-
tion variables, such as psychological, sociocultural, and
biological. Social environment is also considered a key
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factor, as the decision-making process is completely dif-
ferent when comparing consumers’ purchasing behavior,
which leads to different results when present in different
environments. Considering that some product and con-
sumer variables interact differently depending on the
location, it is likely that effective consumer profiling and
segmentation vary depending on the region or country
of origin (Aizenman and Brooks, 2008; Allison and Uhl,
1964; Barnett and Spence, 2016). Many studies have
explored the existence of flavor-driven segments within
the overall craft beer segment, with some declared that
craft beer drinkers exhibit the characteristic craft beer
preference (stronger and more complex flavors), while
others exhibit a preference for less complex and more
traditional flavors. The results confirmed previous find-
ings that sensory attributes are less susceptible to the
effects of extrinsic information than effective, emotional,
and other nonsensory product judgments (Jaeger et al.,
2020, 2021).

Given that these are the issues essentially related to an
economic goal, they are not addressed in this review,
which is purely technical in nature.

Influence of packaging on beer quality

Improved packaging and rapid transportation facilitated
the expansion of markets and made beer a global bever-
age. Despite the presence of alcohol, carbon dioxide, and
low pH (three excellent natural preservatives), beer is a
chemically unstable product and changes continuously
during storage. The quality of beer is influenced by the
type of packaging used, which is determined by the bar-
rier properties of packaging material (Lorencova et al.,
2019). Among its many functions, the container must
guarantee product’s protection against external fac-
tors, such as chemical (exposure to gases, humidity, and
light), biological (especially microorganisms), and phys-
ical (shocks and vibrations). Glass is ideal for extend-
ing the shelf life of beer because it is an inert material,
impermeable to gases and vapors. Aluminum cans and
stainless steel kegs are highly resistant to corrosion and
provide an exceptional barrier to gases, moisture,
and light (Lorencova et al., 2019; Rizzo et al., 2014). Even
polyethylene terephthalate (PET), the most common
polymer used for plastic bottles and kegs, provides excel-
lent protection against gas and moisture permeation.
Although the quality of modern PET is significantly
higher than that used previously, studies continue to
achieve results comparable to glass and metals in differ-
ent matrices and environmental conditions (Rizzo et al.,
2014). In addition, plastic has a second disadvantage, that
is, transfer of substances hazardous to health. Studies on
water bottles have found formaldehyde, acetaldehyde,
and antimony. Yet, the origin of these compounds has

not been proved, given the complexity of the manufac-
turing process, including container itself, sealing resins,
background contamination, processing steps, recycled
PET, etc. (De Francesco, 2020). Different authors have
reported the migration of substances from PET, particu-
larly under inappropriate storage conditions (exposure to
UV rays, high temperatures, and prolonged contact with
liquid). In this context, it is important to elicit awareness
of all actors in the supply chain concerning the correct
storage of beer, especially that packaged in PET (Giornale
della Birra, 2019).

Label as a comic strip

While beer labels are constantly renewed and enriched
with new proposals, some breweries have turned their
labels into a story. Following the success of Librottiglia,
a product that combines wine tasting with the reading
of short stories, the brand and product design agency
Reverse Innovation has created Comic Beer (Giornale
della Birra, 2020; Il mondo della birra, 2020). The label
of each bottle is transformed into an original accordion
booklet with funny illustrated strips to be read while sip-
ping your beer. The first edition of Comic Beer included
three stories by young Spanish illustrator Alberto
Madrigal. They were informal but at the same time pro-
found. They were good for practically any moment and
worked very well with the concept of ‘instant gratifica-
tion”: beer that warms up if it is not drunk in a reasonable
amount of time, and comic strips that usually concen-
trate on complete story in a few frames (Il mondo della
birra, 2020).

A recent study examined the role of extrinsic cues in
generating sensory and hedonic expectations for beer.
A total of 166 beer drinkers viewed realistic beer labels
that varied in their color, design, labeled alcohol content,
and sensory descriptor, in response to which they rated
their expectations of bitterness, smoothness, sweetness,
refreshment, beer color, body, and liking. As expected,
label color, label alcohol content, and sensory descriptor
had significant and replicable effects on consumer expec-
tations, providing new insights into how labeling shapes
expectations, and illustrating the disproportionate influ-
ence of different extrinsic cues (Blackmore et al., 2020).

Using Food Choice Questionnaire (FCQ) to learn about
millennials’ attitudes toward craft beer

Food choices involve a complex interaction of consider-
ations, and numerous factors play a role to choose the
type of food (Chen and Antonelli, 2020). Completing an
FCQ helps in understanding the motivations behind such
choices. The study conducted by Rivaroli et al. (2022)
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examined the relationship between millennials’ attitudes
toward craft beer consumption and the food choice fac-
tors using an FCQ to explore consumer priorities and
concerns regarding this alcoholic beverage (Rivaroli et al.,
2022). An online survey was administered to five recent
craft beer Facebook groups (craft beer enthusiasts, N =
273), including FCQ articles and articles assessing atti-
tudes toward craft beer. Analyses were conducted after
defining the structure of the FCQ that best described the
sample, which indicated that sensory enjoyment, mood,
and convenience (online) had a positive influence on
respondents’ attitude toward drinking craft beer; weight
control, on the other hand, discouraged consumers’ atti-
tudes toward drinking craft beer. The results confirmed
the validity of the FCQ and showed how craft breweries
must consider these factors while designing their prod-
ucts and adapting their communication strategies.

A study of Mexican consumers sought to understand the
effects of gender (men vs. women) and the type of con-
sumption (craft vs. industrial beer) on mental represen-
tations of beer. Participants were asked to visually sort
out a set of beers in the presence of brand and packaging.
Gender differences were discovered in the sorting task,
particularly in the number of groups used to sort out
beers. An interaction effect was also established between
gender and the type of consumption, highlighting the
complex relationship that existed between consumers
and beers (Gémez-Corona et al., 2017).

Recently, our research group conducted a study on the
development of scientific questionnaires through differ-
ent media for the dissemination of beer culture and the
overall quality perception (data not shown).

Conclusions

Beer is a beverage with a long history and significant
commercial value. Its production and consumption
are regulated by strict regulations and a complex pro-
duction chain. In this context, scientific dissemination
plays a crucial role in providing a complete and updated
overview of the studies conducted in this field. In fact,
beer is considered a healthy and genuine beverage if
prepared with high-quality ingredients and in compli-
ance with rigorous production standards. The current
review discussed the importance of controlled produc-
tion in enhancing the wholesomeness and authenticity of
beer in both traditional and industrial processes. It also
highlighted recent studies indicating that certain hop
varieties could provide beer with antioxidant and anti-in-
flammatory properties. This information could encour-
age breweries to use these hops potentially in improving
the health benefits of beer. The article analyzed emerg-
ing trends in the beer market, including the growth of

Current innovations in beer supply chain

the gluten-free and non-alcoholic beer segment as well
as the interest in convenience and commodities. It also
explored the implications of these trends on the pro-
duction chain and the marketing strategies of brewing
companies. Scientific dissemination plays a key role in
promoting a conscious and informed beer culture. The
authors emphasized the importance of communicating
scientific knowledge about beer to the public, resulting
in a better understanding of its nutritional, health, and
production aspects. The review could make a substantial
contribution to the growth of the beer industry by pro-
viding a comprehensive and up-to-date knowledge base
for all stakeholders, such as researchers, producers, dis-
tributors, and consumers. The focus on wholesomeness,
authenticity, overall quality preconditions, and scientific
dissemination added a value to the entire production
chain and beer culture as a whole.

Author Contributions

Riccardo N. Barbagallo: Conceptualization, Writing
original—draft, Supervision, Review & Editing. Valeria
Rizzo and Giuseppe Muratore: Conceptualization,
Supervision, Review & Editing. Chiara A. C. Rutigliano:
Conceptualization, Data curation, Writing original—draft.

References

Aizenman J. and Brooks B. 2008. Globalization and taste conver-
gence: the cases of wine and beer. Rev. Int. Econ. 16: 217-233.
https://doi.org/10.1111/j.1467-9396.2007.00659.x

Akbarbaglu Z., Jafari S.M., Sarabandi K., Mohammadi M.,
Heshmati M.K. and Pezeshki A. 2019. Influence of spray drying
encapsulation on the retention of antioxidant properties and
microstructure of flaxseed protein hydrolysates. Colloids Surf.
B. 178: 421-429. https://doi.org/10.1016/j.colsurfb.2019.03.038

Algazzali V. and Shellhammer T. 2016. Bitterness intensity of oxi-
dized hop acids: humulinones and hulupones. ] Am Soc Brew
Chem. 74: 36—43. https://doi.org/10.1094/ASBCJ-2016-1130-01

Allagash Brewing Company. 2020. Beer Fundamentals — what are
hops? Available at: https://www.allagash.com/discover/about-beer/
beer-fundamentals-what-are-hops/. Accessed: 14 March 2024.

Allison R.I. and Uhl K.P. 1964. Influence of beer brand identifi-
cation on taste perception. ] Mark Res. 1: 36-39. https://doi.
org/10.1177/002224376400100305

Ambra R., Pastore G. and Lucchetti S. 2021. The role of bioactive
phenolic compounds on the impact of beer on health. Molecules
26: 486. https://doi.org/10.3390/molecules26020486

Anderson H.E., Santos I.C., Hildenbrand Z.L. and Schug. K.A. 2019.
A review of the analytical methods used for beer ingredient and
finished product analysis and quality control. Anal Chim Acta.
1085: 1-20. https://doi.org/10.1016/j.aca.2019.07.061

Arranz S., Chiva-Blanch G., Valderas-Martinez P, Medina-
Remén A., Lamuela-Ravent6s R. M. and Estruch R. 2012. Wine,

Italian Journal of Food Science, 2024; 36 (3)

33


https://doi.org/10.1111/j.1467-9396.2007.00659.x�
https://doi.org/10.1016/j.colsurfb.2019.03.038�
https://doi.org/10.1094/ASBCJ-2016-1130-01�
https://www.allagash.com/discover/about-beer/beer-fundamentals-what-are-hops/�
https://www.allagash.com/discover/about-beer/beer-fundamentals-what-are-hops/�
https://doi.org/10.1177/002224376400100305�
https://doi.org/10.1177/002224376400100305�
https://doi.org/10.3390/molecules26020486�
https://doi.org/10.1016/j.aca.2019.07.061�

Barbagallo RN et al.

beer, alcohol and polyphenols on cardiovascular disease and can-
cer. Nutrients. 4: 759-781. https://doi.org/10.3390/nu4070759

Baiano A. 2021. Craft beer: an overview. Compr Rev Food Sci Food
Saf. 20: 1829—-1856. https://doi.org/10.1111/1541-4337.12693

Baladin. 2023. Different types of malt in craft beer production.
Available at: https://www.baladin.it/en/blog/different-types-of-
malt-in-craft-beer-production. Accessed: 17 March 2024.

Barnett A. and Spence C. 2016. Assessing the effect of changing a
bottled beer label on taste ratings. Nutr Food Technol. 2: 1-4.
https://doi.org/10.16966/2470-6086.132

BeerSmith™Home BrewingBlog. 2022. Roasted maltsinbeer brewing.
Available at: https://beersmith.com/blog/2022/09/22/roasted-
malts-in-beer-brewing/. Accessed: 16 March 2024.

Bianco A., Fancello F,, Balmas V., Dettori M., Motroni A., Zara G.,
et al. 2019. Microbial communities and malt quality of durum
wheat used in brewing. J Inst Brew. 125: 222-229. https://doi.
org/10.1002/jib.555

Black K., Barnett A., Tziboula-Clarke A., White P.J., lannetta P.P.M.
and Walker G. 2019. Faba bean as a novel brewing adjunct:
consumer evaluation. J Inst Brew. 125: 310-314. https://doi.
org/10.1002/jib.568

Blackmore H., Hidrio C., Godineau P. and Yeomansa M.R. 2020. The
effect of implicit and explicit extrinsic cues on hedonic and sen-
sory expectations in the context of beer. Food Qual Prefer. 81:
103855. https://doi.org/10.1016/j.foodqual.2019.103855

Brendel S., Hofmann T. and Granvogl M. 2019. Characterization
of key aroma compounds in pellets of different hop varieties
(Humulus lupulus L.) by means of the sensomics approach. J
Agric Food Chem. 67: 12044—12053. https://doi.org/10.1021/
acs.jafc.9b05174

Buiatti S., Passaghe P. and Fontana M. 2014. Birra, Orzo, Malto E.
Luppolo. In: Cabras P. and Tuberoso C.IL.G (Eds.), Analisi dei
prodotti alimentari, Ch. 12. Piccin Nuova Libraria S.p.A.,
Padova, Italia, pp. 325-389.

Burini J.A., Eizaguirre J.I, Loviso C. and Libkind D. 2021. Levaduras no
convencionales como herramientas de innovacion y diferenciacion
en la produccion de cerveza. Revista Argentina de Microbiologfa 5:
359-377. https://doi.org/10.1016/j.ram.2021.01.003

Cabras I. and Higgings D.M. 2016. Beer, brewing, and business his-
tory. Bus Hist. 58: 609-624. https://doi.org/10.1080/00076791.
2015.1122713

Callemien D., Jerkovic V., Rozenberg R. and Collin S. 2005. Hop as
an interesting source of resveratrol for brewers: optimization
of the extraction and quantitative study by liquid chromatog-
raphy/atmospheric pressure chemical ionization tandem mass
spectrometry. ] Agric Food Chem. 53: 424—429. https://doi.
org/10.1021/jf040179n

Cantine della Birra. 2023. Availableat: https://www.cantinadellabirra.
it/horeca/home. Accessed: 15 March 2024.

Cao P, Zhu Y., Zhao W.,, Liu S. and Gao H. 2019. Chromaticity
measurement based on the image method and its applica-
tion in water quality detection. Water. 11: 2339. https://doi.
org/10.3390/w11112339

Caon G., Morrone M., Feistauer L., Sganzerla D. and Moreira J.C.F.
2021. Moderate beer consumption promotes silymarin-like

redox status without affecting the liver integrity in vivo. Food
Biosci. 43: 101307. https://doi.org/10.1016/j.fbio.2021.101307

Capece A., Romaniello R., Siesto G. and Romano P. 2018.
Conventional and non-conventional yeasts in beer produc-
tion. Fermentation. 4: 38. https://doi.org/10.3390/fermentation
4020038

Carvalho D. and Guido L.F. 2021. A review on the fate of phenolic
compounds during malting and brewing: technological strat-
egies and beer styles. Food Chem. 372: 131093. https://doi.
0rg/10.1016/j.foodchem.2021.131093

Ceccaroni D., Marconi O., Sileoni V., Wray E. and Perretti G. 2018.
Rice malting optimization for the production of top-fermented
gluten-free beer. J Sci Food Agric. 99: 2726-2734. https://doi.
0rg/10.1002/jsfa.9440

Ceccaroni D., Sileoni V., Marconi O., De Francesco G., Lee G.E. and
Perretti G. 2019. Specialty rice malt optimization and improve-
ment of rice malt beer aspect and aroma. LWT (Food Sci
Technol.) 99: 299—-305. https://doi.org/10.1016/j.Iwt.2018.09.060

Cela N., Condelli N., Perretti G., Di Cairano M., Tolve R. and
Galgano F. 2023. Gluten reduction in beer: Effect of sorghum:
quinoa ratio and protein rest time on brewing parameters and
consumer acceptability. ] Cereal Sci. 109: 103607. https://doi.
org/10.1016/j.jcs.2022.103607

Chen P.-J. and Antonelli M. 2020. Conceptual models of food choice:
influential factors related to foods individual differences, and
society. Foods. 9: 1898. https://doi.org/10.3390/foods9121898

Chiva-Blanch G., Magraner E., Condines X., Valderas-Martinez P,
Roth I, Arranz S, et al. 2015. Effects of alcohol and polyphenols
from beer on atherosclerotic biomarkers in high cardiovascular
risk men: a randomized feeding trial. Nutr Metab Cardiovasc
Dis. 25: 36—45. https://doi.org/10.1016/j.numecd.2014.07.008

Collins M.A., Neafsey E.J., Mukamal K.J., Gray M.O., Parks D.A.,,
Das D.K,, et al. 2009. Alcohol in moderation, cardio protec-
tion, and neuro protection: epidemiological considerations and
mechanistic studies. Alcohol Clin Exp Res. 33: 206—219. https://
doi.org/10.1111/j.1530-0277.2008.00828.x

Coulibaly W.H., Tohoyessou Y.M.]., Konan PA.K. and Djé¢ K.M,,
2023. Bioactive compounds and antioxidant activities of two
industrial beers produced in Ivory Coast. Heliyon. 9: €19168.
https://doi.org/10.1016/j.heliyon.2023.e19168

Craft Beer & Brewing. 2006. The Oxford companion to beer defi-
nition of residual sugars. Available at: https://beerandbrewing.
com/dictionary/OvelbvxxWL/. Accessed: 12 March 2024.

Croonenberghs A.P., Bongaerts D., Bouchez A., De Roos J. and
De Vuyst L. 2024. Fruit beers, beers with or without a co-
fermentation step with fruits. Curr Opin Biotechnol 86: 103081.
https://doi.org/10.1016/j.copbio.2024.103081

De Francesco G. 2020. Linfluenza del packaging sulla qualita della
birra. Imbottigliamento, 26—29. (ISSN: 0392-792X). Available
at: https://www.imbottigliamento.it/2020/05/19/linfluenza-
del-packaging-sulla-qualita-della-birra/. Accessed: 14 March
2024.

De Francesco G., Sannino C., Sileoni V., Marconi O., Filippucci S.,
Tasselli G., et al. 2018. Mrakia gelida in brewing process: an
innovative production of low alcohol beer using a psychrophilic

34

ltalian Journal of Food Science, 2024; 36 (3)


https://doi.org/10.1016/j.fbio.2021.101307�
https://doi.org/10.3390/fermentation�
https://doi.org/10.1016/j.foodchem.2021.131093�
https://doi.org/10.1016/j.foodchem.2021.131093�
https://doi.org/10.1002/jsfa.9440�
https://doi.org/10.1002/jsfa.9440�
https://doi.org/10.1016/j.lwt.2018.09.060�
https://doi.org/10.1016/j.jcs.2022.103607�
https://doi.org/10.1016/j.jcs.2022.103607�
https://doi.org/10.3390/foods9121898�
https://doi.org/10.1016/j.numecd.2014.07.008�
https://doi.org/10.1111/j.1530-0277.2008.00828.x�
https://doi.org/10.1111/j.1530-0277.2008.00828.x�
https://doi.org/10.1016/j.heliyon.2023.e19168�
https://beerandbrewing.com/dictionary/0veIbvxxWL/�
https://beerandbrewing.com/dictionary/0veIbvxxWL/�
https://doi.org/10.1016/j.copbio.2024.103081�
https://www.imbottigliamento.it/2020/05/19/linfluenza-del-�
https://www.imbottigliamento.it/2020/05/19/linfluenza-del-�
https://doi.org/10.3390/nu4070759�
https://doi.org/10.1111/1541-4337.12693�
https://www.baladin.it/en/blog/different-types-of-malt-in-craft-beer-production�
https://www.baladin.it/en/blog/different-types-of-malt-in-craft-beer-production�
https://doi.org/10.16966/2470-6086.132�
https://beersmith.com/blog/2022/09/22/roasted-malts-in-beer-brewing/�
https://beersmith.com/blog/2022/09/22/roasted-malts-in-beer-brewing/�
https://doi.org/10.1002/jib.555�
https://doi.org/10.1002/jib.555�
https://doi.org/10.1002/jib.568�
https://doi.org/10.1002/jib.568�
https://doi.org/10.1016/j.foodqual.2019.103855�
https://doi.org/10.1021/acs.jafc.9b05174�
https://doi.org/10.1021/acs.jafc.9b05174�
https://doi.org/10.1016/j.ram.2021�
https://doi.org/10.1080/00076791.2015.1122713�
https://doi.org/10.1080/00076791.2015.1122713�
https://doi.org/10.1021/jf040179n�
https://doi.org/10.1021/jf040179n�
https://www.cantinadellabirra.it/horeca/home�
https://www.cantinadellabirra.it/horeca/home�
https://doi.org/10.3390/w11112339�
https://doi.org/10.3390/w11112339�

yeast strain. Food Microbiol. 76: 354-362. https://doi.
org/10.1016/j.fm.2018.06.018

De Gaetano G., Costanzo S., Di Castelnuovo A., Badimon L.,
Bejko D., Alkerwi A., et al. 2016. Effects of moderate beer con-
sumption on health and disease: a consensus document. Nutr
Metab Cardiovasc Dis. 26: 443—-467. https://doi.org/10.1016/
j.numecd.2016.03.007

de Oliveira Krambeck Franco M., Dias Castro G.A., Vilanculo C.,
Fernandes S.A. and Suarez W.T. 2021. A color reaction for
the determination of Cu?* in distilled beverages employing
digital imaging. Anal Chim Acta. 1177: 338844. https://doi.
org/10.1016/j.aca.2021.338844

De Simone N., Russo P., Tufariello M., Fragasso M., Solimando M.,
Capozzi V., et al. 2021. Autochthonous biological resources for
the production of regional craft beers: exploring possible contri-
butions of cereals, hops, microbes, and other ingredients. Foods.
10: 1831. https://doi.org/10.3390/foods10081831

Decreto Legislativo 13 dicembre. 2010. n.212. Abrogazione di dispo-
sizioni legislative statali, a norma dellarticolo 14, comma 14-qua-
ter, della legge 28 novembre 2005, n. 246. Pubblicato in Gazzetta
Ufficiale della Repubblica Italiana n. 292 del 15 dicembre 2010.
Available  at:  https://www.gazzettaufficiale.it/gunewsletter/
dettaglio.jsp?service=1&datagu=2010-12-15&task=
dettaglio&numgu=292&redaz=010G0236&tmstp=1292840839806

Decreto del 04 giugno. 2019. Art. 35. Ministero Economia e Finanze,

semplificazione dei microbirrifici. Pubblicato in Gazzetta

Ufficiale n. 138 del 4 giugno 2019. Available at: https://www.

gazzettaufficiale.it/eli/id/2019/06/14/19A03733/sg

Domenico M., Feola A., Ambrosio P, Pinto F, Galasso G.,

Zarrelli A., et al. 2020. Antioxidant effect of beer polyphenols

and their bioavailability in dental-derived stem cells (D-dSCs)

and human intestinal epithelial lines (Caco-2) cells. Stem Cells

Int. 2020: 8835813. https://doi.org/10.1155/2020/8835813

i Ghionno L., Sileoni V., Marconi O., De Francesco G. and

D

4

<

Perretti G. 2017. Comparative study on quality attributes of glu-
ten-free beer from malted and unmalted teff. LWT (Food Sci
Technol). 84: 746-752. https://doi.org/10.1016/j.1wt.2017.06.044

Dunn B. and Sherlock G. 2008. Reconstruction of the genome ori-
gins and evolution of the hybrid lager yeast Saccharomyces pas-
torianus. Genome Res. 18: 1610-1623. https://doi.org/10.1101/
gr.076075.108

ECB Analytica. 9.2.1 — Alcohol in Beer by Distillation. Available
at:  https://brewup.eu/ebc-analytica/beer/alcohol-in-beer-by-
distillation/9.2.1. Accessed: 21 January 2024.

ECB Analytica. 9.2.3 — Alcohol in Beer by Refractometry. Available
at:  https://brewup.eu/ebc-analytica/beer/alcohol-in-beer-by-
refractometry/9.2.3. Accessed: 20 January 2024.

ECB Analytica. 9.3.1 — Ethanol in Alcohol Free and Low Alcohol Beers:
Enzymatic Method (IM). Available at: https://brewup.eu/ebc-ana-
lytica/beer/ethanol-in-alcohol-free-and-low-alcohol-beers-enzy-
matic-method-im/9.3.1. Accessed: 20 January 2024.

ECB Analytica. 9.3.2 — Ethanol in alcohol free and low alcohol beers by
Gas Chromatography. Available at: https://brewup.eu/ebc-analytica/
beer/ethanol-in-alcohol-free-and-low-alcohol-beers-by-gas-

chromatography/9.3.2. Accessed: 21 January 2024.

Current innovations in beer supply chain

ECB Analytica. 9.4 — Original, Real and Apparent Extract and
Original Gravity of Beer. Available at: https://brewup.eu/ebc-
analytica/beer/original-real-and-apparent-extract-and-
original-gravity-of-beer/9.4. Accessed: 19 January 2024.

ECB Analytica. 9.6 — Colour of Beer: Spectrophotometric Method (IM).
Available at: https://brewup.eu/ebc-analytica/beer/colour-of-beer-
spectrophotometric-method-im/9.6. Accessed: 22 January 2024.

ECB Analytica. 9.7 — Final Attenuation of Beer. Available at: https://
brewup.eu/ebc-analytica/beer/final-attenuation-of-beer/9.7.
Accessed: 21 January 2024.

ECB Analytica. 9.8 — Bitterness of Beer (IM). Available at: https://
brewup.eu/ebc-analytica/beer/bitterness-of-beer-im/9.8.
Accessed: 19 January 2024.

ECB Analytica. 9.28.1 — Carbon Dioxide in Beer: Titration Method
(RM). Available at:
carbon-dioxide-in-beer-titration-method-rm/9.28.1. Accessed:
20 January 2024.

ECB Analytica. 9.29 — Haze in Beer: Calibration of Haze Meters.
Availableat: https://brewup.eu/ebc-analytica/beer/haze-in-beer-

https://brewup.eu/ebc-analytica/beer/

calibration-of-haze-meters/9.29. Accessed: 19 January 2024.

ECB Analytica. 9.30 — Prediction of Shelf-Life of Beer. Available at:
https://brewup.eu/ebc-analytica/beer/prediction-of-shelf-life-
of-beer/9.30. Accessed: 21 January 2024.

ECB Analytica. 9.35 — pH of Beer (formerly published as IOB
Method 9.42). Available at: https://brewup.eu/ebc-analytica/
beer/ph-of-beer-formerly-published-as-iob-method-9-42/9.35.
Accessed: 20 January 2024.

ECB Analytica. 9.37.1 — Measurement of Dissolved Oxygen by
Optical Sensors. Available at: https://brewup.eu/ebc-analytica/
beer/measurement-of-dissolved-oxygen-by-optical-sensors/
9.37.1. Accessed: 19 January 2024.

ECB Analytica. 9.37.2 — Measurement of Dissolved Oxygen by
Electrochemical Sensors. Available at: https://brewup.eu/
ebc-analytica/beer/measurement-of-dissolved-oxygen-by-
electrochemical-sensors/9.37.2. Accessed: 21 January 2024.

ECB Analytica. 9.41 — Alcohol Chill Haze in Beer (Test Chapon).
Available at:  https://brewup.eu/ebc-analytica/beer/alcohol-
chill-haze-in-beer-test-chapon/9.41. Accessed: 21 January 2024.

ECB Analytica. 9.42.1 — Foam Stability of Beer using the NIBEM-T
Meter. Available at: https://brewup.eu/ebc-analytica/beer/foam-
stability-of-beer-using-the-nibem-t-meter/9.42.1. Accessed: 20
January 2024.

ECB Analytica. 9.42.2 — Determination of the foam stability num-
ber for beer and beer-mixed beverages with the Steinfurth Foam
Stability Tester. Available at: https://brewup.eu/ebc-analytica/
beer/determination-of-the-foam-stability-number-for-beer-
and-beer-mixed-beverages-with-the-steinfurth-foam-stability-
tester/9.42.2. Accessed: 22 January 2024.

Fanari M., Forteschi M., Sanna M., Zinellu M., Porcu M.C. and Pretti L.
2018. Comparison of enzymatic and precipitation treatments for
gluten-free craft beers production. Innov Food Sci Emerg Technol.
49: 76-81. https://doi.org/10.1016/j.ifset.2018.07.017

Fantozzi P. 2017. The Italian academic research on beer: past,
present and future. Ital ] Food Sci. 29: 565-581. https://doi.
org/10.14674/1JFS-1054

Italian Journal of Food Science, 2024; 36 (3)

35


https://brewup.eu/ebc-analytica/beer/original-real-and-apparent-extract-and-original-gravity-of-beer/9.4�
https://brewup.eu/ebc-analytica/beer/original-real-and-apparent-extract-and-original-gravity-of-beer/9.4�
https://brewup.eu/ebc-analytica/beer/original-real-and-apparent-extract-and-original-gravity-of-beer/9.4�
https://brewup.eu/ebc-analytica/beer/colour-of-beer-�
https://brewup.eu/ebc-analytica/beer/final-attenuation-of-beer/9.7�
https://brewup.eu/ebc-analytica/beer/final-attenuation-of-beer/9.7�
https://brewup.eu/ebc-analytica/beer/bitterness-of-beer-im/9.8�
https://brewup.eu/ebc-analytica/beer/bitterness-of-beer-im/9.8�
https://brewup.eu/ebc-analytica/beer/carbon-dioxide-in-beer-titration-method-rm/9.28.1�
https://brewup.eu/ebc-analytica/beer/carbon-dioxide-in-beer-titration-method-rm/9.28.1�
https://brewup.eu/ebc-analytica/beer/haze-in-beer-�
https://brewup.eu/ebc-analytica/beer/prediction-of-shelf-life-of-beer/9.30�
https://brewup.eu/ebc-analytica/beer/prediction-of-shelf-life-of-beer/9.30�
https://brewup.eu/ebc-analytica/beer/ph-of-beer-formerly-published-as-iob-method-9-42/9.35�
https://brewup.eu/ebc-analytica/beer/ph-of-beer-formerly-published-as-iob-method-9-42/9.35�
https://brewup.eu/ebc-analytica/beer/measurement-of-dissolved-oxygen-by-optical-sensors/9.37.1�
https://brewup.eu/ebc-analytica/beer/measurement-of-dissolved-oxygen-by-optical-sensors/9.37.1�
https://brewup.eu/ebc-analytica/beer/measurement-of-dissolved-oxygen-by-optical-sensors/9.37.1�
https://brewup.eu/ebc-analytica/beer/measurement-of-dissolved-oxygen-by-electrochemical-sensors/9.37.2�
https://brewup.eu/ebc-analytica/beer/measurement-of-dissolved-oxygen-by-electrochemical-sensors/9.37.2�
https://brewup.eu/ebc-analytica/beer/measurement-of-dissolved-oxygen-by-electrochemical-sensors/9.37.2�
https://brewup.eu/ebc-analytica/beer/alcohol-chill-haze-in-beer-test-chapon/9.41�
https://brewup.eu/ebc-analytica/beer/alcohol-chill-haze-in-beer-test-chapon/9.41�
https://brewup.eu/ebc-analytica/beer/foam-stability-of-beer-using-the-nibem-t-meter/9.42.1�
https://brewup.eu/ebc-analytica/beer/foam-stability-of-beer-using-the-nibem-t-meter/9.42.1�
https://brewup.eu/ebc-analytica/beer/determination-of-the-foam-stability-number-for-beer-and-beer-mixed-beverages-with-the-steinfurth-foam-stability-tester/9.42.2�
https://brewup.eu/ebc-analytica/beer/determination-of-the-foam-stability-number-for-beer-and-beer-mixed-beverages-with-the-steinfurth-foam-stability-tester/9.42.2�
https://brewup.eu/ebc-analytica/beer/determination-of-the-foam-stability-number-for-beer-and-beer-mixed-beverages-with-the-steinfurth-foam-stability-tester/9.42.2�
https://brewup.eu/ebc-analytica/beer/determination-of-the-foam-stability-number-for-beer-and-beer-mixed-beverages-with-the-steinfurth-foam-stability-tester/9.42.2�
https://doi.org/10.1016/j.ifset.2018.07.017�
https://doi.org/10.14674/IJFS-1054�
https://doi.org/10.14674/IJFS-1054�
https://doi.org/10.1016/j.fm.2018.06.018�
https://doi.org/10.1016/j.fm.2018.06.018�
https://doi.org/10.1016/j.numecd.2016.03.007�
https://doi.org/10.1016/j.numecd.2016.03.007�
https://doi.org/10.1016/j.aca.2021.338844�
https://doi.org/10.1016/j.aca.2021.338844�
https://doi.org/10.3390/foods10081831�
https://www.gazzettaufficiale.it/gunewsletter/dettaglio.jsp?service=1&datagu=2010-12-15&task=dettaglio&numgu=292&redaz=010G0236&tmstp=1292840839806�
https://www.gazzettaufficiale.it/gunewsletter/dettaglio.jsp?service=1&datagu=2010-12-15&task=dettaglio&numgu=292&redaz=010G0236&tmstp=1292840839806�
https://www.gazzettaufficiale.it/gunewsletter/dettaglio.jsp?service=1&datagu=2010-12-15&task=dettaglio&numgu=292&redaz=010G0236&tmstp=1292840839806�
https://www.gazzettaufficiale.it/eli/id/2019/06/14/19A03733/sg�
https://www.gazzettaufficiale.it/eli/id/2019/06/14/19A03733/sg�
https://doi.org/10.1155/2020/8835813�
https://doi.org/10.1016/j.lwt.2017.06.044�
https://doi.org/10.1101/gr.076075.108�
https://doi.org/10.1101/gr.076075.108�
https://brewup.eu/ebc-analytica/beer/alcohol-in-beer-by-distillation/9.2.1�
https://brewup.eu/ebc-analytica/beer/alcohol-in-beer-by-distillation/9.2.1�
https://brewup.eu/ebc-analytica/beer/alcohol-in-beer-by-refractometry/9.2.3�
https://brewup.eu/ebc-analytica/beer/alcohol-in-beer-by-refractometry/9.2.3�
https://brewup.eu/ebc-analytica/beer/ethanol-in-alcohol-free-and-low-alcohol-beers-enzymatic-method-im/9.3.1�
https://brewup.eu/ebc-analytica/beer/ethanol-in-alcohol-free-and-low-alcohol-beers-enzymatic-method-im/9.3.1�
https://brewup.eu/ebc-analytica/beer/ethanol-in-alcohol-free-and-low-alcohol-beers-enzymatic-method-im/9.3.1�
https://brewup.eu/ebc-analytica/beer/ethanol-in-alcohol-free-and-low-alcohol-beers-by-gas-chromatography/9.3.2�
https://brewup.eu/ebc-analytica/beer/ethanol-in-alcohol-free-and-low-alcohol-beers-by-gas-chromatography/9.3.2�
https://brewup.eu/ebc-analytica/beer/ethanol-in-alcohol-free-and-low-alcohol-beers-by-gas-chromatography/9.3.2�

Barbagallo RN et al.

11 Fatto Alimentare. 2023. La birra costera di pili e cambiera sapore
a causa del cambiamento climatico. Available at: https://ilfat-
toalimentare.it/birra-crisi-climatica.html?ml_subscriber=
2331849567718348032&ml_subscriber_hash=k6v5&utm_
source=newsletter&utm_medium=email&utm_campaign=
fibre_in_legno_birra_a_rischio&utm_term=2023-10-23.
Accessed: 4 January 2024.

Ferreira H., Vasconcelos M., Gil A.M. and Pinto E. 2021. Benefits
of pulse consumption on metabolism and health: a systematic
review of randomized controlled trials. Crit Rev Food Sci Nutr.
61: 85-96. https://doi.org/10.1080/10408398.2020.1716680

Ferreira .M. and Guido L.F. 2018. Impact of wort amino acids on
beer flavour: a review. Fermentation. 4: 23-28. https://doi.
org/10.3390/fermentation4020023

Ferreira I.M., Freitas F., Pinheiro S., Mourdo M.E,, Guido L.F. and
Gomes da Silva M. 2022. Impact of temperature during beer
storage on beer chemical profile. LWT (Food Sci Technol). 154:
112688. https://doi.org/10.1016/j.1wt.2021.112688

Food & Tec. 2023. In Italia arriva la spagnola Oliba, birra verde
all'olio di oliva. Prime prove di mercato per il prodotto brassi-
colo che contiene anche spirulina. Available at: https://www.
foodandtec.com/it-it/in-italia-arriva-la-spagnola-oliba-birra-
verde-all-olio-di-oliva. Accessed: 25 November 2023.

Francesca N., Pirrone A., Gugino I, Prestianni R., Naselli V.,
Settanni L., et al. 2023. A novel microbiological approach to
impact the aromatic composition of sour loquat beer. Food
Biosci. 55: 103011. https://doi.org/10.1016/j.fbi0.2023.103011

Gallone B., Steensels J., Prahl T., Soriaga L., Saels V., Herrera-
Malaver B., et al. 2016. Domestication and divergence of
Saccharomyces cerevisiae beer yeasts. Cell. 166: 1397-1410.e16.
https://doi.org/10.1016/j.cell.2016.08.020

Gargani E., Ferretti L., Faggioli F,, Haegi A., Luigi M., Landi S., et
al. 2017. A survey on pests and diseases of Italian Hop crops.
Italus Hortus. 24: 1-17. https://doi.org/10.26353/j.itahort/2017.
2.117

Gasowski B., Leontowicz M., Leontowicz H., Katrich E., Lojek A.,
Ciz M., et al. 2004. The influence of beer with different antiox-
idant potential on plasma lipids, plasma antioxidant capacity,
and bile excretion of rats fed cholesterol-containing and cho-
lesterol-free diets. ] Nutr Biochem. 15: 527-533. https://doi.
org/10.1016/j.jnutbio.2004.03.004

Gerhduser C. 2005. Beer constituents as potential cancer chemo-
preventive agents. Eur ] Cancer. 41: 1941-1954. https://doi.
org/10.1016/j.ejca.2005.04.012

1l Giardino delle Luppole 2022. La Nostra Boutique del Luppolo.
Available at: https://ilgiardinodelleluppole.it/boutique/.
Accessed: 19 October 2023.

Gibson B., Geertman J.A., Hittinger C.T., Krogerus K., Libkind
D., Louis E.J., et al. 2017. New yeasts-new brews: modern
approaches to brewing yeast design and development. FEMS
Yeast Res. 17: fox038. https://doi.org/10.1093/femsyr/fox038

Gibson B.R., Storgards E., Krogerus K. and Vidgren V. 2013.
Comparative physiology and fermentation performance of
Saaz and Frohberg lager yeast strains and the parental species
Saccharomyces eubayanus. Yeast. 30: 255-266. https://doi.
org/10.1002/yea.2960

Giornale della Birra. 2019. Packaging della birra: un approfondi-
mento tecnico. Available at: https://www.giornaledellabirra.it/
produzione/packaging-della-birra-un-approfondimento-
tecnico/. Accessed: 9 December 2023.

Giornale della Birra. 2020. Etichette alimentari: il primo passo per
capire una birra! Available at: www.giornaledellabirra.it/mercato/
etichette-alimentari-il-primo-passo-per-capire-una-birra/.
Accessed: 7 January 2024.

Goémez-Corona C., Valentin D., Escalona-Buendia H.B. and
Cholletc S. 2017. The role of gender and product consumption
in the mental representation of industrial and craft beers: an
exploratory study with Mexican consumers. Food Qual Prefer.
60: 31-39. http://dx.doi.org/10.1016/j.foodqual.2017.03.008

Gonzélez S.S., Barrio E. and Querol A. 2008. Molecular character-
ization of new natural hybrids of Saccharomyces cerevisiae and
S. kudriavzevii in brewing. Appl Environ Microbiol. 74: 2314—
2320. https://doi.org/10.1128/AEM.01867-07

Gonzalez-Salitre L., Gonzalez-Olivares L.G. and Basilio-Cortes U.A.
2023. Humulus lupulus L. a potential precursor to human
health: high hops craft beer. Food Chem. 405: 134959. https://
doi.org/10.1016/j.foodchem.2022.134959

Grand Review Research. 2022. Non-alcoholic beverages market
trends. Available at: https://www.grandviewresearch.com/
industry-analysis/nonalcoholic-beverage-market. Accessed: 14
March 2024.

Han X., Quin Q, Li C, Zhao X, Song F, An M., et al. 2023.

with  high

B-glucosidase activity to enhance terpene-related floral flavor in

craft beer. Food Chem. 404: 134726. https://doi.org/10.1016/j.

foodchem.2022.134726

Hops farmer Il notiziario sulla filiera del Luppolo in Italia. 2020.

Application of non-Saccharomyces yeasts

Late hopping ed altre tecniche innovative di luppolatura a
caldo. Available at: https://www.hopsfarmer.it/late-hopping-ed-
altre-tecniche-innovative-di-luppolatura-a-caldo/. Accessed: 5
December 2023.

Horvat A. Granato G., Fogliano V. and Luning P.A. 2019.
Understanding consumer data use in new product development
and the product life cycle in European food firms — an empiri-
cal study. Food Qual Prefer. 76: 20-32. https://doi.org/10.1016/j.
foodqual.2019.03.008

Huang J., Wang X. and Zhang Y. 2017. Specific types of alcoholic
beverage consumption and risk of type 2 diabetes: a systematic
review and meta-analysis. ] Diabetes Invest. 8: 56—68. https://
doi.org/10.1111/jdi.12537

Humia B.V, Santos K.S., Barbosa A.M., Sawata M,
Mendonga M.D.C. and Padilha EF. 2019. Beer molecules and its
sensory and biological properties: a review. Molecules. 24: 1568.
https://doi.org/10.3390/molecules24081568

Jaeger S.R., Worch T., Phelps T., Jin D. and Cardello A.V. 2020.
Preference segments among declared craft beer drinkers: per-
ceptual, attitudinal and behavioral responses underlying craft-
style vs. traditional-style flavor preferences. Food Qual Prefer.
82: 103884. https://doi.org/10.1016/j.foodqual.2020.103884:

Jaeger S.R., Worch T., Phelps T., Jin D. and Cardello A.V. 2021.
Effects of ‘craft’ vs. ‘traditional’ labels to beer consumers with

different flavor preferences: a comprehensive multi-response

36

ltalian Journal of Food Science, 2024; 36 (3)


https://www.giornaledellabirra.it/�
www.giornaledellabirra.it/mercato/etichette-alimentari-il-primo-passo-per-capire-una-birra/�
www.giornaledellabirra.it/mercato/etichette-alimentari-il-primo-passo-per-capire-una-birra/�
http://dx.doi.org/10.1016/j.foodqual.2017.03.008�
https://doi.org/10.1128/AEM.01867-07�
https://doi.org/10.1016/j.foodchem.2022.134959�
https://doi.org/10.1016/j.foodchem.2022.134959�
https://www.grandviewresearch.com/industry-analysis/nonalcoholic-beverage-market�
https://www.grandviewresearch.com/industry-analysis/nonalcoholic-beverage-market�
https://doi.org/10.1016/j.foodchem.2022.134726�
https://doi.org/10.1016/j.foodchem.2022.134726�
https://www.hopsfarmer.it/late-hopping-ed-altre-tecniche-innovative-di-luppolatura-a-caldo/�
https://www.hopsfarmer.it/late-hopping-ed-altre-tecniche-innovative-di-luppolatura-a-caldo/�
https://doi.org/10.1016/j.foodqual.2019.03.008�
https://doi.org/10.1016/j.foodqual.2019.03.008�
https://doi.org/10.1111/jdi.12537�
https://doi.org/10.1111/jdi.12537�
https://doi.org/10.3390/molecules24081568�
https://doi.org/10.1016/j.foodqual.2020.103884�
https://ilfattoalimentare.it/birra-crisi-climatica.html?ml_subscriber=�
https://ilfattoalimentare.it/birra-crisi-climatica.html?ml_subscriber=�
https://doi.org/10.1080/10408398.2020.1716680�
https://doi.org/10.3390/fermentation�
https://doi.org/10.3390/fermentation�
https://doi.org/10.1016/j.lwt.2021.112688�
https://www.foodandtec.com/it-it/in-italia-arriva-la-spagnola-oliba-birra-verde-all-olio-di-oliva�
https://www.foodandtec.com/it-it/in-italia-arriva-la-spagnola-oliba-birra-verde-all-olio-di-oliva�
https://www.foodandtec.com/it-it/in-italia-arriva-la-spagnola-oliba-birra-verde-all-olio-di-oliva�
https://doi.org/10.1016/j.fbio.2023.103011�
https://doi.org/10.1016/j.cell.2016.08.020�
https://doi.org/10.26353/j.itahort/2017.2.117�
https://doi.org/10.26353/j.itahort/2017.2.117�
https://doi.org/10.1016/j.jnutbio.2004.03.004�
https://doi.org/10.1016/j.jnutbio.2004.03.004�
https://doi.org/10.1016/j.ejca.2005.04.012�
https://doi.org/10.1016/j.ejca.2005.04.012�
https://ilgiardinodelleluppole.it/boutique/�
https://doi.org/10.1093/femsyr/fox038�
https://doi.org/10.1002/yea.2960�
https://doi.org/10.1002/yea.2960�

approach. Food Qual Prefer. 87:
org/10.1016/j.foodqual.2020.104043
Johansson L., Nikulin J., Juvonen R., Krogerus K., Magalhées F,

104043. https://doi.

Mikkelson A., et al. 2021. Sourdough cultures as reservoirs of
maltose-negative yeasts for low-alcohol beer brewing. Food
Microbiol. 94: 103629. https://doi.org/10.1016/j.fm.2020.103629
jstrack.org. A History of beer. 2019. Available at: https://jstrack.org/
brewing/brewing_history.html. Accessed: 4 January 2024.

Klimczak K., Cioch-Skoneczny M. and Duda-Chodak A. 2023.
Effects of dry-hopping on beer chemistry and sensory proper-
ties — a review. Molecules. 28: 6648. https://doi.org/10.3390/
molecules28186648

Knowledge Center Brew Up by the Brewers of Europe. 2019. The
European reference analytical methods for breweries by EBC!
Available at: https://brewup.eu/ebcanalytica. Accessed: 25
November 2023.

Krofta K., Mikyska A. and Haskova D. 2008. Antioxidant charac-
teristics of hops and hop products. J Inst Brew. 114: 160—166.
https://doi.org/10.1002/j.2050-0416.2008.tb00321.x

Krogerus K., Magalhdes F, Vidgren V. and Gibson B. 2017.
Novel brewing yeast hybrids: creation and application. Appl
Microbiol Biotechnol. 101: 65-78. https://doi.org/10.1007/
500253-016-8007-5

Kummetat J.L., Leonhard A., Manthey ], Speerforck S. and
Schomerus G. 2022. Understanding the association between
alcohol stigma and alcohol consumption within Europe: a
cross-sectional exploratory study. Eur Addict Res. 28: 446-454.
https://doi.org/10.1159/000526200

Kuwabara M., Asanuma T., Niwa K. and Inanami O. 2008.
Regulation of cell survival and death signals induced by oxidative
stress. ] Clin Biochem Nutr. 43: 51-57. https://doi.org/10.3164/
jcbn.2008045

Lachenmeier D.W. and Sohnius E.-M. 2008. The role of acetal-
dehyde outside ethanol metabolism in the carcinogenicity of
alcoholic beverages: evidence from a large chemical survey.
Food Chem Toxicol. 46: 2903—-2911. https://doi.org/10.1016/j.
fct.2008.05.034

Lafontaine S. and Shellhammer T.H. 2019. How hoppy beer pro-
duction has redefined hop quality and a discussion of agricul-
tural and processing strategies to promote it. Tech q. 56: 1-12.
https://doi.org/10.1094/TQ-56-1-0221-01

Legge 16 agosto 1962 n. 1354, Gazzetta Ufficiale della Repubblica
Italiana n. 292 del 15.12.2010, pp. 1-1660. Available at: https://
www.gazzettaufliciale.it/eli/id/1962/09/17/062U1354/sg

Li W., Pickard M.D. and Betae T. 2007. Evaluation of antioxidant
activity and electronic taste and aroma properties of antho-
beers from purple wheat grain. ] Agric Food Chem. 55: 8958—
8966. https://doi.org/10.1021/jf071715p

Li Y, Xu J, Sun L. and Wang Z. 2016. Effects of exogenous
B-glucosidase addition on the profiles of volatile compounds and
sensory characteristics of beers. ] Inst Brew. 122: 320-327.

Libkind D., Hittinger C.T., Valério E., Gongalves C., Dover ],
Johnston M., et al. 2011. Microbe domestication and the iden-
tification of the wild genetic stock of lager-brewing yeast. Proc
Natl Acad Sci USA. 108: 14539-14544. https://doi.org/10.1073/
pnas.1105430108

Current innovations in beer supply chain

Lorencova E., Salek R.N., Cernoskovd I and Buika F 2019.
Evaluation of force-carbonated Czech-type lager beer qual-
ity during storage in relation to the applied type of pack-
aging. Food Control. 106: 106706. https://doi.org/10.1016/
j.foodcont.2019.106706

Luneia S., Zannoli R., Farchioni M., Sensidoni M. and Luneia R.
2018. Craft beers made with addition of umbrian legumes:
healthy and nutritional characterization. Nat Prod Commun. 13:
1161-1162. https://doi.org/10.1177/1934578X1801300915

Luo J.,, Pan Q., Chen Y., Huang W., Chen Q., Zhao T, et al. 2024.
Storage stability and degradation mechanism of xanthohumol in
Humulus lupulus L. and beer. Food Chem. 437: 137778. https://
doi.org/10.1016/j.foodchem.2023.137778

Maia PD.D.S., dos Santos Baido D., da Silva V.P.F, Lemos
Miguel M.A., Quirino Lacerda E.C., de Aratjo Calado V.M.,
et al. 2020. Microencapsulation of a craft beer, nutritional
composition, antioxidant stability, and drink acceptance. LW'T
(Food Sci Technol). 133: 110104. https://doi.org/10.1016/
j1wt.2020.110104

Maldonado M., Romero-Aibar J. and Calvo J. 2022. The melatonin
contained in beer can provide health benefits, due to its anti-
oxidant, anti-inflammatory and immunomodulatory proper-
ties. J Sci Food Agric. 103: 3738—3747. https://doi.org/10.1002/
jsfa.12179

Markham G. 1986. Of the office of the brew-house, and the bake-
house, and the necessary things belonging to the same. In: Best
(Ed.) The English housewife, Ch. IX. McGill-Queen’s University
Press, pp. 204-212.

Mastrangelo N., Bianchi A., Pettinelli S., Santini G., Merlani G.,
Bellincontro A, et al. 2023. Novelty of Italian grape ale (IGA)
beer: influence of the addition of Gamay macerated grape must
or dehydrated Aleatico grape pomace on the aromatic profile.
Heliyon. 9: €20422. https://doi.org/10.1016/j.heliyon.2023.e20422

Il mondo della birra. 2020. Packaging innovativi. Nuova veste alla
birra. Available at: www.ilmondodellabirra.com/packaging-
innovativi-nuova-veste-alla-birra/. Accessed: 7 January 2024.

Mellor D.D., Hanna-Khalil B. and Carson R. 2020. A review of the
potential health benefits of low alcohol and alcohol-free beer:
effects of ingredients and craft brewing processes on potentially
bioactive metabolites. Beverages. 6: 25. https://doi.org/10.3390/
beverages6020025

Metro D., Corallo F, Fedele F,, Buda M., Manasseri L., Buono V.L.,
et al. 2022. Effects of alcohol consumption on oxidative stress in
a sample of patients recruited in a dietary center in a Southern
University Hospital: a retrospective study. Medicina (Kaunas).
58: 1670. https://doi.org/10.3390/medicina58111670

Micetcraft.com. 2021. Micet innovation for everyone. Available at:
https://www.micetcraft.com/factors-affecting-the-degree-of-
fermentation/. Accessed: 18 March 2024.

Ministero della Salute, Nutrizione. 2023. Celiachia. Available
at: https://www.salute.gov.it/portale/nutrizione/dettaglio-
ContenutiNutrizione.jsp?lingua=italiano&id=1461&area=
nutrizione&menu=intolleranze. Accessed: 15 December 2023.

Mori T.A., Burke V., Zilkens R.R., Hodgson J.M., Beilin L.J. and
Puddey I.B. 2016. The effects of alcohol on ambulatory blood
pressure and other cardiovascular risk factors in type 2 diabetes:

Italian Journal of Food Science, 2024; 36 (3)

37


https://doi.org/10.1016/j.foodcont.2019.106706�
https://doi.org/10.1016/j.foodcont.2019.106706�
https://doi.org/10.1177/1934578X1801300915�
https://doi.org/10.1016/j.foodchem.2023.137778�
https://doi.org/10.1016/j.foodchem.2023.137778�
https://doi.org/10.1016/j.lwt.2020.110104�
https://doi.org/10.1016/j.lwt.2020.110104�
https://doi.org/10.1002/jsfa.12179�
https://doi.org/10.1002/jsfa.12179�
https://doi.org/10.1016/j.heliyon.2023.e20422�
www.ilmondodellabirra.com/packaging-innovativi-nuova-veste-alla-birra/�
www.ilmondodellabirra.com/packaging-innovativi-nuova-veste-alla-birra/�
https://doi.org/10.3390/beverages6020025�
https://doi.org/10.3390/beverages6020025�
https://doi.org/10.3390/medicina58111670�
https://www.micetcraft.com/factors-affecting-the-degree-of-�
https://www.salute.gov.it/portale/nutrizione/dettaglioContenutiNutrizione.jsp?lingua=italiano&id=1461&area=nutrizione&menu=intolleranze�
https://www.salute.gov.it/portale/nutrizione/dettaglioContenutiNutrizione.jsp?lingua=italiano&id=1461&area=nutrizione&menu=intolleranze�
https://www.salute.gov.it/portale/nutrizione/dettaglioContenutiNutrizione.jsp?lingua=italiano&id=1461&area=nutrizione&menu=intolleranze�
https://doi.org/10.1016/j.foodqual.2020.104043�
https://doi.org/10.1016/j.foodqual.2020.104043�
https://doi.org/10.1016/j.fm.2020.103629�
https://jstrack.org/brewing/brewing_history.html�
https://jstrack.org/brewing/brewing_history.html�
https://doi.org/10.3390/molecules28186648�
https://doi.org/10.3390/molecules28186648�
https://brewup.eu/ebcanalytica�
https://doi.org/10.1002/j.2050-0416.2008.tb00321.x�
https://doi.org/10.1007/s00253-016-8007-5�
https://doi.org/10.1007/s00253-016-8007-5�
https://doi.org/10.1159/000526200�
https://doi.org/10.3164/jcbn.2008045�
https://doi.org/10.3164/jcbn.2008045�
https://doi.org/10.1016/j.fct.2008.05.034�
https://doi.org/10.1016/j.fct.2008.05.034�
https://doi.org/10.1094/TQ-56-1-0221-01�
https://www.gazzettaufficiale.it/eli/id/1962/09/17/062U1354/sg�
https://www.gazzettaufficiale.it/eli/id/1962/09/17/062U1354/sg�
https://doi.org/10.1021/jf071715p�
https://doi.org/10.1073/pnas.1105430108�
https://doi.org/10.1073/pnas.1105430108�

Barbagallo RN et al.

a randomized intervention. ] Hypertens. 34: 421-428. https://
doi.org/10.1097/HJH.0000000000000816

Nakao Y., Kanamori T., Itoh T., Kodama Y., Rainieri S., Nakamura N.,
et al. 2009. Genome sequence of the lager brewing yeast,
an interspecies hybrid. DNA Res. 16: 115-129. https://doi.
org/10.1093/dnares/dsp003

Niknejad F., Mohammadi M., Khomeiri M., Razavi S.H. and Alami
M. 2014. Antifungal and antioxidant effects of hops (Humulus
lupulus L.) flower extracts. Adv Environ Biol. 8: 395-401.

Nutrisense. 2023. Beer and blood sugar: understanding the impact
on glucose levels. Available at: https://www.nutrisense.io/blog/
beer-and-blood-glucose-levels. Accessed: 15 March 2024.

Osburn K., Amaral J., Metcalf S.R., Nickens D.M., Rogers C.M.,
Sausen C., et al. 2018. Primary souring: a novel bacteria-free
method for sour beer production. Food Microbiol. 70: 76—84.
https://doi.org/10.1016/j.fm.2017.09.007

Osorio-Paz I, Brunauer R. and Alavez S. 2020. Beer and its non-
alcoholic compounds in health and disease. Crit Rev Food Sci Nutr.
60: 3492—3505. https://doi.org/10.1080/10408398.2019.1696278

Oxford Economics. 2022. Beer’s global economic footprint.
Available at: https://globalbeer.microsite.oxfordeconomics.com/
assets/downloads/Oxford%20Economics%20Study%200n%20
the%20Economic%20Footprint%200f%20the%20Global%20
Beer%20Industry.pdf. Accessed: 14 March 2024.

Ozcan M.M., Aljuhaimi E. and Uslu N. 2018. Effect of malt process
steps on bioactive properties and fatty acid composition of bar-
ley, green malt and malt grains. ] Food Sci Technol. 55: 226-232.
https://doi.org/10.1007/s13197-017-2920-1

Park J., Park H.Y., Chung H.-J. and Oh, S.-K. 2023. Starch structure
of raw materials with different amylose contents and the brew-
ing quality characteristics of Korean rice beer. Foods. 12: 2544.
https://doi.org/10.3390/foods12132544

Paszkot J., Kawa-Rygielska J. and Aniol M. 2021. Properties of
dry hopped dark beers with high xanthohumol content.
Antioxidants. 10: 763. https://doi.org/10.3390/antiox10050763

Pefa-Gémez N., Ruiz-Rico M., Pérez-Esteve E., Ferndndez-
Segovia I. and Barat, J.M. 2020. Microbial stabilization of craft
beer by filtration through silica supports functionalized with
essential oil components. LWT (Food Sci Technol). 117: 108626.
https://doi.org/10.1016/j.lwt.2019.108626

Piazzon A., Forte M. and Nardini M. 2010. Characterization of phe-
nolics content and antioxidant activity of different beer types.
J Agric Food Chem. 58: 10677-10683. https://doi.org/10.1021/
jf101975q

Raihofer L., Zarnow M., Gastl M. and Hutzler M. 2022. A short his-
tory of beer brewing: alcoholic fermentation and yeast technol-
ogy over time. EMBO Rep. 23: 56355. https://doi.org/10.15252/
embr.202256355

Ranatunge L., Adikary S., Dasanayake P, Fernando C.D. and Soysa P.
2017. Development of a rapid and simple method to remove
polyphenols from plant extracts. Int ] Anal Chem. 201: 7230145.
https://doi.org/10.1155/2017/7230145

Rancdn L., Paredes S.D., Garcia 1., Muiioz P, Garcia C., Lépez de
Hontanar G., et al. 2017. Protective effect of xanthohumol
against age-related brain damage. ] Nutr Biochem. 49: 133-140.
https://doi.org/10.1016/j.jnutbio.2017.07.011

Rivaroli S., Calvo-Porral C. and Spadoni R. 2022. Using food choice
questionnaire to explain Millennials’ attitudes towards craft
beer. Food Qual Prefer. 96: 104408. https://doi.org/10.1016/j.
foodqual.2021.104408

Rizzo V., Torri L., Licciardello F, Piergiovanni L. and Muratore G.
2014. Quality changes of extra virgin olive oil packaged in
coloured PET bottles stored under different lighting conditions.
Pack Technol Sci. 27: 437-448. https://doi.org/10.1002/pts.2044

Romeo J., Warnberg J., Nova E., Diaz L.E., Gémez-Martinez S.
and Marcos A. 2007. Moderate alcohol consumption and the
immune system: a review. Br ] Nutr. 98(Suppl 1): S111-S115.
https://doi.org/10.1017/S0007114507838049

Romero-Medina A., Estarrén-Espinosa M., Verde-Calvo J.R,
Lelievre-Desmas M. and Escalona-Buendia H.B. 2020. Renewing
traditions: a sensory and chemical characterisation of Mexican
pigmented corn beers. Foods. 9: 886. https://doi.org/10.3390/
foods9070886

Saget S., Porto Costa M., Black K., Iannetta P.P.M., Reckling M.,
Styles D., et al. 2022. Environmental impacts of Scottish
faba bean-based beer in an integrated beer and animal feed
value chain. Sustain Prod Consum. 34: 330-341. https://doi.
org/10.1016/j.spc.2022.09.019

Salanta L., Coldea T., Ignat M., Pop C., Tofana M., Mudura E., et al.
2020. Non-alcoholic and craft beer production and challenges.
Processes. 8: 1382. https://doi.org/10.3390/pr8111382

Santarelli V., Neri L., Carbone K., Macchioni V. and Pittia, P. 2022.
Use of conventional and innovative technologies for the produc-
tion of food grade hop extracts: focus on bioactive compounds
and antioxidant activity. Plants. 11: 41. https://doi.org/10.3390/
plants11010041

Seitz H.K. and Stickel F. 2010. Acetaldehyde as an underestimated
risk factor for cancer development: role of genetics in ethanol
metabolism. Genes Nutr. 5: 121-128. https://doi.org/10.1007/
512263-009-0154-1

Serra Colomer M., Funch B. and Forster J. 2019. The raise of
Brettanomyces yeast species for beer production. Curr Opin
Biotechnol. 56: 30-35. https://doi.org/10.1016/j.copbio.2018.07.009

Sileoni V., Maranghi S., De Francesco G., Perretti G. and Marconi O.
2023. Flavour stability of a cold-stored unpasteurized low-
alcohol beer produced by Saccharomycodes ludwigii. Food
Bioprocess Technol. 16: 2471-2482. https://doi.org/10.1007/
511947-023-03061-w

Singleton V.L. and Rossi J.A. 1965. Colorimetry of total pheno-
lics with phosphomolybdic-phosphotungstic acid reagents.
Am ] Enol Vitic. 16: 144-158. https://doi.org/10.5344/
ajev.1965.16.3.144

Sohrabvandi S., Mortazavian A.M. and Rezaei K. 2012. Health-
related aspects of beer: a review. Int ] Food Prop. 15: 350-373.
https://doi.org/10.1080/10942912.2010.487627

Takeoka G.R., Buttery R.G., Ling L.C., Wong R.Y. Dao L.T,
Edwards R.H., et al. 1998. Odor thresholds of various unsatu-
rated branched esters. LWT (Food Sci Technol). 31: 443-448.
https://doi.org/10.1006/£st].1998.0382

Tatasciore S., Santarelli V., Neri L., Gonzalez Ortega R., Faieta M.;
Di Mattia C.D., et al. 2023. Freeze-drying microencapsula-
tion of hop extract: effect of carrier composition on physical,

38

ltalian Journal of Food Science, 2024; 36 (3)


https://doi.org/10.1016/j.foodqual.2021.104408�
https://doi.org/10.1016/j.foodqual.2021.104408�
https://doi.org/10.1002/pts.2044�
https://doi.org/10.1017/S0007114507838049�
https://doi.org/10.3390/foods9070886�
https://doi.org/10.3390/foods9070886�
https://doi.org/10.1016/j.spc.20﻿22.09.019�
https://doi.org/10.1016/j.spc.20﻿22.09.019�
https://doi.org/10.3390/pr8111382�
https://doi.org/10.3390/plants11010041�
https://doi.org/10.3390/plants11010041�
https://doi.org/10.1007/s12263-009-0154-1�
https://doi.org/10.1007/s12263-009-0154-1�
https://doi.org/10.1016/j.copbio.2018.07.009�
https://doi.org/10.1007/s11947-023-03061-w�
https://doi.org/10.1007/s11947-023-03061-w�
https://doi.org/10.5344/ajev.1965.16.3.144�
https://doi.org/10.5344/ajev.1965.16.3.144�
https://doi.org/10.1080/10942912.2010.487627�
https://doi.org/10.1006/fstl.1998.0382�
https://doi.org/10.1097/HJH.0000000000000816�
https://doi.org/10.1097/HJH.0000000000000816�
https://doi.org/10.1093/dnares/dsp003�
https://doi.org/10.1093/dnares/dsp003�
https://www.nutrisense.io/blog/beer-and-blood-glucose-levels�
https://www.nutrisense.io/blog/beer-and-blood-glucose-levels�
https://doi.org/10.1016/j.fm.2017.09.007�
https://doi.org/10.1080/10408398.2019.1696278�
https://globalbeer.microsite.oxfordeconomics.com/assets/downloads/Oxford%20Economics%20Study%20on%20the%20Economic%20Footprint%20of%20the%20Global%20Beer%20Industry.pdf�
https://globalbeer.microsite.oxfordeconomics.com/assets/downloads/Oxford%20Economics%20Study%20on%20the%20Economic%20Footprint%20of%20the%20Global%20Beer%20Industry.pdf�
https://globalbeer.microsite.oxfordeconomics.com/assets/downloads/Oxford%20Economics%20Study%20on%20the%20Economic%20Footprint%20of%20the%20Global%20Beer%20Industry.pdf�
https://globalbeer.microsite.oxfordeconomics.com/assets/downloads/Oxford%20Economics%20Study%20on%20the%20Economic%20Footprint%20of%20the%20Global%20Beer%20Industry.pdf�
https://doi.org/10.1007/s13197-017-2920-1�
https://doi.org/10.3390/foods12132544�
https://doi.org/10.3390/antiox10050763�
https://doi.org/10.1016/j.lwt.2019.108626�
https://doi.org/10.1021/jf101975q�
https://doi.org/10.1021/jf101975q�
https://doi.org/10.15252/embr.202256355�
https://doi.org/10.15252/embr.202256355�
https://doi.org/10.1155/2017/7230145�
https://doi.org/10.1016/j.jnutbio.2017.07.011�

techno-functional, and stability properties. Antioxidants. 12:
442, https://doi.org/10.3390/antiox12020442

Tatullo M., Simone G.M., Tarullo F, Irlandese G., Vito D,
Marrelli M., et al. 2016. Antioxidant and antitumor activity of a
bioactive polyphenolic fraction isolated from the brewing pro-
cess. Sci Rep. 6: 36042. https://doi.org/10.1038/srep36042

Taylor A.W., Barofsky E., Kennedy J.A. and Deinzer M.L. 2003.
Hop (Humulus lupulus L.) proanthocyanidins characterized
by mass spectrometry, acid catalysis, and gel permeation chro-
matography. ] Agric Food Chem. 51: 4101-4110. https://doi.
org/10.1021/jf0340409

Tirado-Kulieva V.A.,
Velayarce H.H., Pasapera-Campos S.E. and Luque-Vilca O.M.

Herniandez-Martinez E., Minchan-
2023. A comprehensive review of the benefits of drinking craft
beer: role of phenolic content in health and possible potential of
the alcoholic fraction. Curr Res Food Sci. 6: 100477. https://doi.
org/10.1016/j.crfs.2023.100477

Troilo A., De Francesco G., Marconi O., Sileoni V., Turchetti B. and
Perretti G. 2019. Low carbohydrate beers produced by a selected
yeast strain from an alternative source. ] Am Soc Brew Chem.
78: 80—88. https://doi.org/10.1080/03610470.2019.1682887

Trummer J., Watson H., De Clippeleer J. and Poreda, A. 2021.
Brewing with 10% and 20% malted lentils-trials on laboratory
and pilot scales. Appl Sci. 11: 9817. https://doi.org/10.3390/
app11219817

The Italian Craft Beer. 2019. 5 Italian gluten-free beers that you
must try (even if you are not celiac). Available at: https://theital-
iancraftbeer.wordpress.com/2019/11/20/5italianglutenfreebeer-
sceliac/. Accessed: 20 November 2023.

Unionbirrai. 2023. Birra artigianale. Filiere artigianali, Report 2022.
Available at: https://www.unionbirrai.it/admin/public/pagina_
traduzione/c6292735b605b52c8f19f8f7b41a34a8/Report_
UBOBIART_2022.pdf. Accessed: 5 January 2024.

Winning Beers. 2023. Factors affecting the fermentation process of
beer. Available at: https://winningbeers.com/factors-affecting-
the-fermentation-process-of-beer. Accessed: 18 March 2024.

Current innovations in beer supply chain

Valentoni A., Santoru A., Sanna M., Fanari M., Porcu M. C,,
Fadda A, et al. 2022. Evolution of sensory analysis attributes and
volatile aging markers in bottle-fermented craft beers during
storage at different temperatures. Food Chem Adv. 1: 100151.
https://doi.org/10.1016/j.focha.2022.100151

Verachtert H. and De Troostembergh, J. 2002. Influence of malting and
brewing on volatile phenol content in beer. ] Inst Brew. 108: 22—26.

Wang S., Zhao C., Wang Y., Li C,, Sun Z., Liu X, et al. 2022. Effects
of crystal malts as adjunct on the quality of craft beers. ] Food
Process Preserv. 46: 16684. https://doi.org/10.1111/jfpp.16684

Yamaguchi N., Satoh-Yamaguchi K. and Ono M. 2009. In vitro
evaluation of antibacterial, anticollagenase, and antioxidant
activities of hop components (Humulus lupulus) addressing
acne vulgaris. Phytomedicine. 16: 369-376. https://doi.org/
doi:10.1016/j.phymed.2008.12.021

Yu H., Zhang G., Cai Y. and Dong, F. 2021. Altering the substitu-
ents of salicylic acid to improve Berthelot reaction for ultrasen-
sitive colorimetric detection of ammonium and atmospheric
ammonia. Anal Bioanal Chem. 413: 5695-5702. https://doi.
org/10.1007/500216-021-03485-3

Zdaniewicz M., Pater A., Knapik A. and Dulinski, R. 2021. The effect
of different oat (Avena sativa L) malt contents in a top-fermented
beer recipe on the brewing process performance and prod-
uct quality. ] Cereal Sci. 101: 103301. https://doi.org/10.1016/
j.jcs.2021.103301

Zhao X, Yin Y., Fang W. and Yang, Z. 2023. Potential of germinated
brown rice in beer brewing. ] Cereal Sci. 114: 103792. https://
doi.org/10.1016/j.jcs.2023.103792

Zong X., Wu J., Chen Z., He L., Wen J. and Li L. 2022. Impact of
Qingke (hulless barley) application on antioxidant capacity and
flavor compounds of beer. ] Cereal Sci. 109: 103624. https://doi.
org/10.1016/j.jcs.2022.103624

Zugravu C.A., Bohiltea R.E., Salmen T. Pogurschi E. and
Otelea ML.R. 2022. Antioxidants in hops: bioavailability, health
effect and perspectives for new products. Antioxidants. 11: 241.
https://doi.org/10.3390/antiox11020241

Italian Journal of Food Science, 2024; 36 (3)

39


https://doi.org/10.1016/j.focha.2022.100151�
https://doi.org/10.1111/jfpp.16684�
https://doi.org/doi:10.1016/j.phymed.2008.12.021�
https://doi.org/doi:10.1016/j.phymed.2008.12.021�
https://doi.org/10.1007/s00216-021-03485-3�
https://doi.org/10.1007/s00216-021-03485-3�
https://doi.org/10.1016/j.jcs.2021.103301�
https://doi.org/10.1016/j.jcs.2021.103301�
https://doi.org/10.1016/j.jcs.2023.103792�
https://doi.org/10.1016/j.jcs.2023.103792�
https://doi.org/10.1016/j.jcs.2022.103624�
https://doi.org/10.1016/j.jcs.2022.103624�
https://doi.org/10.3390/antiox11020241�
https://doi.org/10.3390/antiox12020442�
https://doi.org/10.1038/srep36042�
https://doi.org/10.1021/jf0340409�
https://doi.org/10.1021/jf0340409�
https://doi.org/10.1016/j.crfs.2023.100477�
https://doi.org/10.1016/j.crfs.2023.100477�
https://doi.org/10.1080/03610470.2019.1682887�
https://doi.org/10.3390/app11219817�
https://doi.org/10.3390/app11219817�
https://theitaliancraftbeer.wordpress.com/2019/11/20/5italianglutenfreebeersceliac/�
https://theitaliancraftbeer.wordpress.com/2019/11/20/5italianglutenfreebeersceliac/�
https://theitaliancraftbeer.wordpress.com/2019/11/20/5italianglutenfreebeersceliac/�
https://www.unionbirrai.it/admin/public/pagina_traduzione/c6292735b605b52c8f19f8f7b41a34a8/Report_UBOBIART_2022.pdf�
https://www.unionbirrai.it/admin/public/pagina_traduzione/c6292735b605b52c8f19f8f7b41a34a8/Report_UBOBIART_2022.pdf�
https://www.unionbirrai.it/admin/public/pagina_traduzione/c6292735b605b52c8f19f8f7b41a34a8/Report_UBOBIART_2022.pdf�
https://winningbeers.com/factors-affecting-the-fermentation-process-of-beer�
https://winningbeers.com/factors-affecting-the-fermentation-process-of-beer�

	_Hlk154061095
	_Hlk161167308
	_Hlk150710659
	_Hlk150710987
	_Hlk153623449
	_Hlk153106067
	_Hlk161307633
	_Hlk153109208
	_Hlk153109221
	_Hlk150711081
	_Hlk153116674
	_Hlk150711128
	_Hlk150856623
	_Hlk150711140
	_Hlk150856645
	_Hlk150711155
	_Hlk161309162
	_Hlk161261092
	_Hlk150711182
	_Hlk150711199
	_Hlk153113103
	_Hlk157174073
	_Hlk154064672

