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Abstract: The purpose of this work was to evaluate the total phenol content and antioxidant activity 

of different types of handcrafted beers (Ego, Alter, Fiat Lux, Triplo Malto, Ubi, and Maior), as well 

as the starting materials (malts, hops, and yeast), the intermediate products, and the waste products 

(spent malts, hops, and yeast), in view of their use in innovative cosmetic formulations. Extractions 

from starting and spent samples were taken from water or 70° alcohol. The total phenol content 

(Folin Ciocalteau Essay) of all the brewing products depended on the specific product under inves-

tigation. The highest values were found in starting hops (ranging from approximately 93 to 155 mg 

GAE/g, according to the extraction solvent), intermediate ones in starting malt and starting yeast, 

and the lowest values in wort. The total phenol content in the final beers originates from the phenols 

that were extracted from the different ingredients, namely the starting malts, hops and yeast, but 

non-negligible values were still observed in spent products. The method used for the evaluation of 

the antioxidant activity, trolox equivalent antioxidant capacity (DPPH), ferric-ion reducing antiox-

idant parameter (FRAP), and radical cation scavenging activity and reducing power (ABTS) 

strongly influenced the results. In general, the results reflected the trend observed for the total phe-

nol content: that beers are progressively enriched by phenols originating from all the starting ingre-

dients, and that spent products still possess non-negligible antioxidant activity. It is interesting to 

note that waste yeast frequently showed higher values than those of the starting material; it can be 

inferred that yeast is able to absorb phenols from the beer during brewing. By considering the in-

terest in exploiting waste derived from processing foods, the biological activity of waste Alter brew-

ery products has been evaluated on a cell culture of keratinocytes (spent products of malt, hop, and 

yeast). Preliminary in vitro assays in keratinocyte HaCaT cells were carried out to assess the poten-

tial bioactivity of spent extracts. Among the spent extracts, the spent hop and yeast extracts showed 

the ability to improve the mitochondrial activity and prevent oxidative stress in HaCaT cells, two 

features in skin ageing. In conclusion, this study offers evidence that waste from handcrafted beers 

can be an interesting source of phenols for the preparation of skin anti-aging cosmetics. 

Keywords: craft beer; brewing products; total phenol content; antioxidant activity; cytotoxicity; 

anti-aging 

 

1. Introduction 

Craft beer has become increasingly popular in the US and Europe [1,2], with im-

portant repercussions for the economy [3]. This success has been fuelled by consumer in-

terest in tasting new beers with different flavours and aromas [2], and attention to the 

health benefits of moderate beer consumption [4]. 
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Unlike commercial beers, craft beers are non-filtered and unpasteurized, and thus 

their sensorial characteristics remain unaltered by the brewing process. In addition, sub-

stances beneficial for health, such as antioxidants, may also be spared. 

Commercial beers and their waste products have already been evaluated for their 

antioxidant properties. Zhao et al. [5] determined the phenol profiles and corresponding 

antioxidant activities of 34 commercial beers, and found notable differences in total and 

individual phenolic contents and antioxidant activity. The most abundant phenolic com-

pounds were gallic and ferulic acids. In the same period, Ribeiro Tafulo et al. [6] deter-

mined the antioxidant activity of 27 other commercial beers, using several spectrophoto-

metric methods. That same year, Piazzon et al., 2010 [7] evaluated the antioxidant activity 

and phenolic content of different types of commercial beers (abbey, ale, bock, wheat, lager, 

pilsner, and dealcoholized), and found great variety among them. In a study on home-

made beers, Fărcas et al. [8] determined the total polyphenol content and antioxidant ac-

tivity during the entire production process, starting from raw materials (malt and hop) 

and ending with the recovered waste. They showed that an initial higher total polyphenol 

content and antioxidant activity in the raw materials was due to the presence of malt, and 

that the total polyphenol content strongly decreased when passing to beer and spent malt 

in the final beer product and in the spent malt. Yeast was not analysed. 

The fact that the antioxidant compounds derives from malt was proved by Zhao and 

co-workers [9], who showed the antioxidant activity and total phenol content of several 

varieties of malting barley. Other authors identified forty-seven phenol compounds from 

four types of commercial beer, using liquid chromatography coupled with an electrospray 

ionization hybrid linear ion-trap quadrupole Orbitrap mass spectrometry technique [10]. 

Recently, the identification of low-molecular-weight phenolic and nitrogen compounds 

in craft beers was achieved by HPLC-ESI-MS/MS analyses [11]. The authors tried to dif-

ferentiate the types of beers, such as IPA, Lager and Weiss, according to the phenolic and 

nitrogen compounds, but found no significant differences in these compounds among the 

various beer types. 

More recently [12], 20 phenolic compounds, for example gallic acid, catechin, caffeic 

acid, quercetin, xanthohumol, humulone, were selected and quantified in different craft 

beers, worts, brewering starting ingredients (barley malt, hop, and yeast) and by-products 

(barley husk, spent hop, and spent yeast). From this study, it was found that significant 

differences existed among all the samples and that the beer composition depends on the 

receipt and brewing process. The phenolic compounds of beers mainly originated from 

barley malt, and, interestingly, yeast was able to absorb phenolic compounds for the other 

sources. 

Thus, the evaluation of antioxidants in the waste products from beer production may 

be of great importance if one considers the rapid growth of the craft beer market world-

wide. 

The exploitation of brewery by-products to develop health products such as cosmet-

ics and/or supplements would help increase the sustainability of beer production. This 

study has multiple objectives: evaluate the total phenol content and antioxidant activity 

of different types of Italian craft beers (lager, amber, triple malt, red, and black), and eval-

uate their intermediate of production, as well as their waste products. The biological ac-

tivity of waste extracts from Alter brewery was thus evaluated on human keratinocytes. 

This opens new and interesting opportunities to exploit new ingredients from brewery 

by-products for cosmetic formulations. 
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2. Experimental 

2.1. Materials 

1,1-Diphenyl-2-picrylhydrazyl (DPPH), 2,4,6-Tris(2-pyridyl)-s-triazine (TPTZ), (±)-6-

Hydroxy-2,5,7,8-tetramethylchromane-2-carboxylic acid (TROLOX), 2,2′-Azino-bis(3-

ethylbenzothiazoline-6-sulfonic acid) diammonium salt (98%TLC) (ABTS), gallic acid, so-

dium carbonate monohydrate acs reagent, sodium acetate and ethanol (ethanol absolute 

grade) were purchased from Sigma-Aldrich (Stenheim, Germany). Manganese (IV) oxi-

dize activated (≥90%) and Folin–Ciocalteu’s phenol reagent were purchased from Fluka 

(Buchs, Switzerland). Anhydrous sodium acetate and anhydrous iron (III) chloride were 

purchased from J.T. Baker (Center Valley, PA, USA) and anhydrous sodium carbonate 

was purchased from Carlo Erba (Milan, Italy). All solvents and reagents were of analytical 

grade. Ultrapure water was produced by Gradient Milli-Q® (Millipore, Molsheim, 

France). Starting materials, handcraft beers, worts, and their waste products were kindly 

supplied by Birrificio Collesi (Apecchio, Italy). 

The detailed characteristics of the beers investigated in the present study are pro-

vided in Table 1. The type of starting malt and hops determined the main differences 

among all the beers. Five different starting malts can be used, frequently in mixes and in 

different proportions. The Perle and Saaz hops are used in different proportions for their 

different aromas. The same yeast, Saccharomyces Cerevisiae, was used for all the beers, 

which were all high-fermentation types. The various combinations yield different types 

of beers (lager, amber, triple malt, red, and black) with alcohol contents ranging from 6.0 

to 9.0 % V/V. 

Table 1. General characteristics of six craft beers provided by Birrificio Collesi. The fermentation type, the alcohol content 

and the raw materials are indicated. Approximations of main differences in the concentrations of the raw materials are 

indicated and are relative to all the beers. No exact indications can be provided because they are confidential. 

Beer  Type of Beer  

Beer Alco-

hol Content  

(%, V/V)  

Raw 

Materials  
Malt Type * Hops Type * Yeast Main Differences  

EGO  Lager 6.0  

Water, malt, 

hops, yeast  

Type 1 Perle + Saaz 

Saccharomices 

Cerevisiae 

Lowest malt and hop con-

centration  

ALTER  Lager 6.0  

Water, malt, 

hops, yeast  

Type 1 + Type 2 Perle + Saaz 

Saccharomices 

Cerevisiae 

Lowest malt and hop con-

centration  

FIAT 

LUX 
Amber 7.5  

Water, malt, 

hops, yeast  

Type 1 + Type 3 Perle + Saaz 

Saccharomices 

Cerevisiae 

Intermediate malt and hop 

concentration  

TRIPLO 

MALTO 
Triple malt 8.0  

Water, malt, 

hops, yeast  

Type 1 + Type 4 Perle + Saaz 

Saccharomices 

Cerevisiae 

Highest malt and hop con-

centration  

UBI Red 9.0  

Water, malt, 

hops, yeast  

Type 1 + Type 3 Perle + Saaz 

Saccharomices 

Cerevisiae 

Intermediate malt and hop 

concentration  

MAIOR Black 8.0  

Water, malt, 

hops, yeast  

Type 1 + Type 3 

+ Type 5 

Perle + Saaz 

Saccharomices 

Cerevisiae 

Intermediate malt and hop 

concentration  

* The precise amounts of the ingredients can change according to the recipe, which is confidential. 
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2.2. Sample Preparation 

Prior to the analyses, the starting materials (malt, hops, and yeast), beers, worts, and 

waste (spent malt, hop, and yeast) were subjected to different processes according to their 

physical state, which could be dried solid, humid solid, or turbid liquid (Table 2). 

Table 2. Processing of samples prior to analyses. 

 
Starting 

Malt 
Wort 

Spent 

Malt 

Starting 

Hop 

Wort 

after 

Hop 

Spent 

Hop 

Starting 

Yeast 

Beer 

after 

Yeast 

Spent 

Yeast 
Beer 

Aspect 
Dried 

solid 

Turbid 

liquid 

Humid 

solid 

Dried 

solid 

Turbid 

liquid 

Humid 

solid 

Dried 

solid 

Turbid 

liquid 

Humid 

solid 

Turbid 

liquid 

Lyophilisation after receipt No Yes Yes No Yes Yes No Yes Yes Yes 

Milling Yes No Yes Yes No No Yes No No No 

Extraction in water at 

room temperature for 24 h 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Extraction in ethanol at 

room temperature for 24 h  
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Centrifuged Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Lyophilisation after 

extraction 
Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Storage at −20 °C in 50 mL 

polyethylene vials with 

screw cap 

Yes Yes Yes Yes Yes Yes Yes Yes Yes Yes 

Humid solids and liquids were first subjected to lyophilisation at a temperature of -

50 °C and a pressure of 0.03 bar (FreeZone 1 Liter Benchtop Series 77400 freeze-dryer, 

LABCONCO, Kansans City, MO, USA). Dried solids were subjected to milling in a cutter 

miller. Next, all the samples were subjected to extractions. A sample amount was weighed 

carefully and dispersed in 100 mL of solvent (water or 70° ethanol). The resulting liquid 

was placed in Erlenmeyer flask, which were then closed carefully. Samples were magneti-

cally stirred for 24 h at room temperature, then centrifuged at 12,000 rpm at 20 °C for 10 

min to remove undissolved particles (Zetalab CNZ-140H-E, Padova, Italy). Samples were 

lyophilized and stored at −20 °C in 50 mL polyethylene vials with screw cap (BD Falcon 

™, BD Biosciences, Bedford, MA, USA) in order to ensure optimal storage conditions. 

2.3. Total Phenol Content Determination 

The Total Phenol Content (TPC) of the samples was determined according to the Fo-

lin-Ciocalteu spectrophotometric method [13] with some modifications [14]. In brief, all 

the freeze dried products were used to prepare limpid solutions at a concentration of 10 

mg mL−1. A 50 µL aliquot of this solution was added to 150 µL of Folin–Ciocalteu’s phenol 

reagent, diluted 1:4 with water. Then, 50 µL of Na2CO3 saturated solution was added. Af-

ter incubation at room temperature for 10 min, the absorbance of each well was deter-

mined at 765 nm using a microplate reader (FLUOstar Omega, BMG Labtech GmbH, 

Ortenberg, Germany). The measurement was compared to a calibration standard solution 

of gallic acid (GA), and the results were expressed as milligrams of gallic acid equivalents 

(GAE) per grams of by-product (mg GAE/g). 

2.4. Evaluation of the Antioxidant Activity 

The antioxidant activity of the craft beer and the by-products was evaluated by meas-

uring 1,1-diphenyl-2-picrylhydrazyl (DPPH•) radical scavenging activity, 2,2′-azino-bis(3-

ethylbenzothiazoline-6-sulphonic acid) (ABTS•+) radical cation scavenging capacity, and 

Ferric-Reducing Antioxidant Capacity (FRAP). Trolox (6-hydroxy-2,5,7,8-
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tetramethylchroman-2-carboxylic acid) was used as calibration standard. Values were ex-

pressed as µmol Trolox equivalent/g of sample as a function of IC50, defined as the con-

centration of the tested material required to cause a 50% decrease in initial DPPH, ABTS 

or iron concentration. 

2.5. Evaluation of the Trolox Equivalent Antioxidant Capacity (DPPH) 

DPPH free radical scavenging activity was evaluated through a microplate analytical 

assay according to previously published methods [15] with some modifications [16]. In 

brief, a 50 µL aliquot of the sample (concentration of 10 mg mL−1) and standard were 

added to 150 µL of DPPH in absolute ethanol in a 96-well microtitre plate (BD FalconTM). 

After incubation at 37 °C for 20 min, the absorbance of each well was determined at 517 

nm using a microplate reader. The antioxidant activity was calculated and expressed ver-

sus the trolox amount according to Equation (1) [17] 

𝐷𝑃𝑃𝐻. 𝑠𝑐𝑎𝑣𝑒𝑛𝑡𝑔𝑛𝑔 𝑒𝑐𝑐𝑖𝑓𝑖𝑒𝑛𝑐𝑦(%) =
𝐴0−𝐴

𝐴0
× 100%  (1) 

where A0 and A are the absorbance of the DPPH• radical solution at 517 nm in the pres-

ence of the control sample and the extract samples, respectively. 

2.6. Radical Cation Scavenging Activity and Reducing Power (ABTS) 

The ABTS assay was performed following previous procedures [18], and applied to 

a 96-well microliter plate assay. The ABTS•+ solution (5 mM) was prepared by oxidizing 

ABTS with MnO2 in water for 30 min in the dark. A 50 µL aliquot of the different concen-

trations of sample and standard (trolox) was added to 150 µL of ABTS•+ solution in a 96-

well microtitre plate (BD FalconTM). After incubation at room temperature for 10 min, the 

absorbance of each well was determined at 734 nm using a microplate reader. Values were 

calculated and expressed versus trolox amount according to Equation (2) [17] 

𝑂𝐻. 𝑠𝑐𝑎𝑣𝑒𝑛𝑔𝑖𝑛𝑔 𝑒𝑐𝑐𝑖𝑓𝑖𝑒𝑛𝑐𝑦(%) =
𝐴0−𝐴

𝐴0
× 100%  (2) 

where A0 and A are the absorbance of the OH• radical solution at 734 nm in the presence 

of the control sample and the extract samples, respectively. 

2.7. Ferric-Ion-Reducing Antioxidant Parameter (FRAP) 

The FRAP values of craft beer/by-products were determined according to a previ-

ously published method [19], with some modifications [20]. The FRAP reagent was pre-

pared by mixing the following three solutions: 

1. 50 mL 0.3M acetate buffer pH 3.6 (1.23 g of sodium acetate in 50 mL of water acidifying 

with acetic acid); 

2. 5 mL of stock solution of 5 mM TPTZ (2,4,6-tripyridyl-s-triazine) (15.6 mg) in 40 mM 

HCl; 

3. 5 mL of 5 mM FeCl3·6 H2O (16.2 mg) in 40 mM HCl. 

The FRAP reagent was heated at 37 °C before use. Aliquots of a 25 µL sample (solu-

tions at the concentration of 10 mg mL−1) were added in triplicate into wells of a 96-well 

plate (BD FalconTM). The assay was started by adding 175 µL of FRAP reagent to each well. 

The plate was immediately shaken in a FLUOstar Omega plate reader for 30 s and the 

reaction was allowed to run for 10 min after which the plate was read on a plate reader 

(593 nm). A reference solution of Trolox was run simultaneously and used to generate the 

calibration curve by linear regression. The standard curve was linear between 25 and 800 

µM Trolox (TE). Results were expressed in µM trolox equivalent (TE) g−1 sample. 

2.8. Cell Cultures 

Human keratinocyte cell line, HaCaT, was routinely grown in Dulbecco’s modified 

Eagle’s Medium (DMEM), supplemented with 10 % fetal bovine serum (FBS), 2 mM L-
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glutamine, 50 U/mL penicillin and 50 µg/mL streptomycin at 37°C in a humidified incu-

bator with 5% CO2. To evaluate cytotoxicity, mitochondrial activity and intracellular ROS 

formation, HaCaT cells were seeded in 96-well plates at 2 × 104 cells/well. All experiments 

were performed after 24 h of incubation at 37 °C in 5% CO2. For the experiments with 

HaCaT cells, stock solutions of spent extracts were prepared in water at 60 mg/mL. The 

stock solutions were then diluted in complete medium to obtain the desired concentra-

tions of spent extracts. 

2.9. Cytotoxicity and Mitochondrial Activity 

Cell viability was evaluated by the reduction of 3-(4,5-dimethyl-2-thiazolyl)-2,5-di-

phenyl-2H-tetrazolium bromide (MTT) to its insoluble formazan, as previously described 

[21]. In brief, HaCaT cells were treated for 24 h with different concentrations of extract 

(0.003–3 mg/mL) at 37 °C in 5 % CO2. Subsequently, the treatment medium was replaced 

with MTT in Hank’s Balanced Salt Solution (HBSS) (0.5 mg/mL) for 2 h at 37 °C in 5 % 

CO2. After washing with HBSS, formazan crystals were dissolved in isopropanol. The lev-

els of formazan was measured (570 nm, reference filter 690 nm) using the multilabel plate 

reader VICTOR™ X3 (PerkinElmer, Waltham, MA, USA). The cell viability was expressed 

as a percentage of control cells. 

Mitochondrial activity was determined by MTT, as previously described, with slight 

modifications [22]. In brief, HaCaT cells were treated for 4 h with either DMEM 10% FBS 

(nutrient medium) or Dulbecco’s phosphate-buffered saline (saline solution without nu-

trients) in presence of 0.03 mg/mL extract at 37 °C in 5 % CO2. Subsequently, the treatment 

was replaced with MTT for 2 h at 37 °C in 5 % CO2. After washing with HBSS, formazan 

crystals were dissolved in isopropanol. The levels of formazan that correlated with mito-

chondrial activity were measured (570 nm, reference filter 690 nm) using the multilabel 

plate reader VICTOR™ X3 (PerkinElmer). The mitochondrial activity was expressed as 

percentage of control cells. 

2.10. Intracellular ROS Formation 

Reactive oxygen species (ROS) formation was evaluated by fluorescent probe 2′-7′ 

dichlorodihydrofluorescein diacetate (H2DCF-DA), as previously described [23] (HaCaT 

cells were treated for 2 h with 0.03 mg/mL extract at 37 °C in 5% CO2. Subsequently, treat-

ment medium was removed and 100 µL of H2DCF-DA (10 µg/mL) was added to each 

well. After 30 min of incubation at room temperature, H2DCF-DA solution was replaced 

with a solution of H2O2 (100 µM) for 30 min. A parallel set of HaCaT cells was treated with 

H2O2 and 0.03 mg/mL extract for 30 min. The ROS formation was measured in terms of 

Arbitrary Units of Fluorescence, AUF (excitation at 485 nm and emission at 535 nm), using 

the multilabel plate reader VICTOR™ X3 (PerkinElmer). Data are expressed as fold in-

crease in ROS formation versus untreated cells (i.e., AUF of cells treated with H2O2/AUF 

of untreated cells). 

2.11. Statistical Analysis 

Data are shown as mean ± standard deviation (SD) of at least three independent ex-

periments. Statistical analysis was performed using one-way ANOVA with Dunnett or 

Bonferroni post hoc test and Student’s t-test, as appropriate. Differences were considered 

significant at p < 0.05. Analyses were performed using GraphPad PRISM software (version 

5.0; GraphPad Software, La Jolla, CA, USA) on a Windows platform. 

3. Results and Discussion 

3.1. Brewing Process of Craft Beers under Study 

Craft beers, unlike industrially produced beers, are not pasteurized or filtered, and 

thus preserve more of their composition, aroma, and taste. The composition of craft beers 

is simply water, malt, hops, and yeast (Saccharomices Cerevisiae), with no other additives, 
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and thus the chemical ingredients present in the beer depend on the ingredients that are 

added and removed during the brewing process [8]. Craft beer producers generally avoid 

adding citric acid, which can contribute to reduced product oxidation, or other additives 

such as aroma, sugars, flavours, and juices [8]. In the beers studied in the present work, 

no additives were used and the components were unprocessed water, malt, hops and 

yeast. 

Table 1 lists the beers studied in the present work, and provides their composition 

and main characteristics. Some other information about the beers is confidential and thus 

could not be disclosed. Figure 1 illustrates the brewing process of craft beers used for this 

work. 

 

Figure 1. Illustration of the craft beer brewing process. 

The craft beer brewing process begins with the mixture of malt and water in appro-

priate proportions. Five different malts can be used and mixed together according to dif-

ferent recipes (Table 1). Water and malt are heated at a temperature of 70 °C for 90 min 

and the resulting wort is filtered to remove the spent malt. In the next step, two different 

hops, Perle and Saaz, can be used in different proportions. The hops are added to the 

filtered wort and boiled at 100 °C for 90 min, after which the spent hops are removed by 

centrifugation (whirpool process) at an interval of 1300–1550, depending on the batch size. 

The subsequent step is fermentation, when Saccharomices Cerevisiae yeast is added and 

heated at 20–22 °C for 90 min to convert the sugars into alcohol. The spent yeast is then 

removed by centrifugation, the resulting beer is bottled and, after a variable period of 

maturation of 20–30 days, is ready for consumption. 

To summarise, the brewing ingredients are water, malt, hops, and yeast. The inter-

mediate products are wort, wort after hops (the wort after boiling with hops and subse-

quent removal of the spent hops), and the beer after yeast (the beer formed after fermen-

tation and subsequent removal of the spent yeast). The final product, of course, is the ma-

tured beer. The spent materials are malt, hops and yeast. All these products were fully 

analysed for total phenol content and antioxidant capacity. 

3.2. Determination of Total Phenol Content 

A previous study [10] identified forty-seven polyphenols in four types of commercial 

beers, namely, lager, Pilsen, Märzebier and non-alcoholic beer, by using an electrospray 

ionization hybrid linear ion trap quadrupole Orbitrap mass spectrometry technique. 

Among the polyphenols, it is possible to list phenolic acids, hydroxycinnamoylquinics, 
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flavonols, flavones, alkylmethpxyphenols, alpha- and iso-alpha-acids, hydroxyphenyla-

cetic acids, and prenylflavonoids. 

In craft beers, another study identified phenolic and nitrogenous compounds by 

high-performance liquid chromatography and mass spectrometry [11]. Fifty-seven phenol 

compounds were identified, together with eleven nitrogenous compounds belonging to 

the phenolide class. 

In our previous study [12], twenty phenol compounds, for example gallic acid, cate-

chin, or humulone, were quantified in the same six types of craft beers, worts, ingredients 

and spent products of the present study by a validated LC-MS/MS method. The sum of 

phenol compounds (SPC) identified and quantified in barley malts was non-negligible 

and was prevalently due to trans-p-coumaric acid, which was transferred to the worts 

during the must preparation and was responsible for the non-negligible SPC of worts. 

Bitter acids and prenylflavonoids were detected in the starting hops, while their concen-

tration decreased in the spent hops, suggesting that they were transferred to the interme-

diate of production. Phenolic compounds, largely present in starting barley malts and 

hops, decreased in the final beers, because they were absorbed into the yeast added for 

the fermentation. 

Based on these previous results, one can surmise that the phenol compounds may 

influence the Total Phenol Contents (TPC) of the beers under study. Looking at the results 

of our TPC analyses, reported in Table 3, it seems that the extraction solvent has a strong 

bearing on the TPC. In fact, starting malts subjected to ethanol extraction showed higher 

TPC values than those subjected to water extraction, with quite a large range of values for 

extract in ethanol, from 28 to 72 mg GAE/g, and a more limited range for extract in water, 

from approximately 11 to 16 mg GAE/g. This indicates that for the compounds that can 

influence the TPC in this study, extraction in ethanol is more effective than that in water. 

Similar results regarding TPC values were reported by Zhao et al. [9] for 14 varieties of 

barley subjected to extraction in acetone, yielding values from 2.17 to 2.56 mg GAE/g. 

Thus, in the work of Zhao et al. (2008) acetone appeared less effective at extracting phenol 

compounds from barley than water or ethanol 70° in this study. Several other studies have 

also demonstrated that ethanol is effective at extracting compounds that influence the TPC 

[24,25]. Our data on the starting malt types indicate that Type 3 and 5 malts have a higher 

TPC than the other ones (Table 1), because they are present when values are the highest. 

Table 3. Total phenolic content of brewing products determined after extraction in water or in 70° ethanol. 

FOLIN  

Starting 

Malt 
Wort * 

Spent 

malt 

Starting 

Hops: 

Perle  

Starting 

Hop: 

Saaz 

Starting 

Hop: 

Perle 

and Saaz 

Wort 

after 

Hops 

Spent 

Hops 

Starting 

Yeast 

Beer 

after 

Yeast * 

Spent 

Yeast 
Beer * 

mg 

GAE/g 

mg 

GAE/g 

mg 

GAE/g 

mg 

GAE/g 

mg 

GAE/g 

mg 

GAE/g 
 

mg 

GAE/g 

mg 

GAE/g 

mg 

GAE/g 

mg 

GAE/g  

mg 

GAE/g 

Water extracts 

Ego 
14.687 ± 

4.958 

7.164 ± 

0.476 

14.102 ± 

3.074 

108.583 ± 

24.863 

93.703 ± 

5.135 

92.506 ± 

0.446 

9.263 ± 

8.419 

15.983 ± 

0.594 

53.844 ± 

0.539 

17.672 ± 

1.950 

38.949 ± 

0.983 

18.961 ± 

1.082 

Alter 
12.119 ± 

1.273 

9.699 ± 

0.488 

14.286 ± 

0.511 

92.299 ± 

0.919 

11.335 

± 2.234 

15.833 ± 

0.860 

26.708 ± 

2.714 

36.655 ± 

2.412 

25.493 ± 

0.287 

Fiat lux 
11.672 ± 

1.814 

9.097 ± 

0.646 

9.618 ± 

2.888 

101.318 ± 

0.839 

15.463 

± 3.057 

13.175 ± 

0.711 

22.950 ± 

3.422 

38.076 ± 

3.437 

23.147 ± 

5.996 

Triplo 

malto 

15.794 ± 

2.528 

6.899 ± 

0.819 

11.798 ± 

0.749 

104.397 ± 

2.911 

19.063 

± 1.390 

13.346 ± 

0.433 

35.600 ± 

1.474 

44.521 ± 

1.777 

35.822 ± 

0.147 

Ubi 
14.711 ± 

0.891 

12.785 ± 

1.855 

11.456 ± 

0.335 

96.692 ± 

1.944 

14.001 

± 0.617 

14.825 ± 

3.861 

21.871 ± 

1.242 

36.404 ± 

2.858 

22.320 ± 

0.882 
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Maior 
16.568 ± 

2.412 

12.664 ± 

1.391 

10.444 ± 

1.309 

94.343 ± 

2.004 

20.068 

± 7.339 

15.476 ± 

2.871 

33.868 ± 

8.933 

31.837 ± 

1.347 

30.927 ± 

0.667 

70° ethanol extracts 

Ego 
28.523 ± 

0.697 

7.164 ± 

0.476 

20.077 ± 

2.533 

155.229 ± 

9.768 

138.247 ± 

11.788 

140.757 ± 

3.514 

9.263 ± 

8.419 

7.941 ± 

0.371 

9.302 ±  

0.721 

17.672 ± 

1.950 

22.833 ± 

1.309 

18.961 ± 

1.082 

Alter 
53.230 ± 

9.361 

9.699 ± 

0.488 

26.463 ± 

2.410 

140.537 ± 

1.326 

11.335 

± 2.234 

8.947 ± 

0.474 

26.708 ± 

2.714 

18.889 ± 

0.575 

25.493 ± 

0.287 

Fiat lux 
33.382 ± 

1.043 

9.097 ± 

0.646 

14.325 ± 

1.242 

142.929 ± 

10.688 

15.463 

± 3.057 

7.397 ± 

0.433 

22.950 ± 

3.422 

23.348 ± 

4.209 

23.147 ± 

5.996 

Triplo 

malto 

28.101 ± 

1.052 

6.899 ± 

0.819 

12.763 ± 

0.178 

145.847 ± 

13.759 

19.063 

± 1.390 

7.902 ± 

1.910 

35.600 ± 

1.474 

21.623 ± 

1.077 

35.822 ± 

0.147 

Ubi 
31.947 ± 

3.696 

12.785 ± 

1.855 

16.456 ± 

0.443 

143.761 ± 

5.302 

14.001 

± 0.617 

8.103 

±0.432 

21.871 ± 

1.242 

19.678 ± 

1.028 

22.320 ± 

0.882 

Maior 
72.143 ± 

1.866 

12.664 ± 

1.391 

37.569 ± 

1.730 

143.668 ± 

4.229 

20.068 

± 7.339 

8.723 

±0.572 

33.868 ± 

8.933 

14.274 ± 

1.507 

30.927 ± 

0.667 

* Samples were not subjected to extraction. They were used as received and then subjected to lyophilisation. 

Regarding the TPC of wort, it should be borne in mind that this product was not 

subjected to extraction, but used as received from the brewery. The TPC of wort was lower 

than that of starting malt, and depends on the first brew phase, which consists of heating 

malt and water at a temperature of 70 °C for 90 min. During this phase, phenols can diffuse 

from the coarse grains (malt grains are only coarsely ground) and dissolve into the wort. 

However, once received by us, starting malt was milled to recover fine particles to opti-

mize the phenol extraction. This can explain the highest value of starting malt appearing 

with respect to wort: phenols can only partially be released from coarse particles during 

wort production, and phenols that are still inside the grains can be easily released from 

finest particles during extraction in water or in ethanol 70°. 

The spent malts exhibited intermediate values between those of the starting malt and 

the corresponding worts, confirming that phenolic compounds were still present in spent 

malt: the extraction in water and ethanol 70° revealed appreciable TPC values ranging 

from approximately 9 to 14 mg GAE/g, and from 12 to 37 mg GAE/g, for extraction in 

water and ethanol, respectively. 

Table 3 reports the TPC values of both pure hops Perle and Saaz. Both starting hops 

showed a very high TPC, and the values obtained after extraction in ethanol were again 

higher than those obtained in water, confirming ethanol as a better solvent than water for 

the extraction of phenols. The Perle starting hops showed a higher value than the Saaz 

one. Nevertheless, they were not used as pure hops, but mixed according to a secret rec-

ipe. Thus, the mix used for every brewing process was analysed. The TPC can correspond 

to the mix of the two different hops in various percentages, which is approximately inter-

mediate between the percentage of pure hops. The TPC of worts obtained after the addi-

tion of hops was higher than that of worts before the addition of hops, which indicates 

that part of the phenolic compounds is transferred from the hops to the wort during the 

brewing process, which, in this phase, consisted of boiling hops in wort at 100 °C for 90 

min. Nonetheless, despite the very high TPC of hops, the TPC of worts showed a modest 

increase. One might expect that the spent hops would have a high TPC, but the TPC was 

actually lower, which probably indicates that a large part of the phenolic compounds was 

lost during the process, due to the thermal instability of some phenolic compounds [26]. 

The starting yeast showed an appreciable TPC, particularly when the extraction was 

carried out in water, while a far lower value was obtained from extraction with 70° etha-

nol. This can be explained by the fact that pure yeast is less soluble and less hydrated in 

ethanol than in water, and thus the extraction is less efficient. It appears that part of the 

TPC in yeast was transferred to the beer, as there was an increase in the TPC of the corre-

sponding beers. Again, it should be noted that the analysis was performed on beers that 
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were not subjected to extraction, which were thus not influenced by the extraction 

method. However, the TPC of spent yeasts is of particular interest because it was non-

negligible. In fact, the TPC of spent yeasts after water extraction was slightly lower than 

that of starting yeasts, while the values for spent yeasts after extraction in ethanol were 

even higher than those in starting yeasts. This is due to the hydration of the yeast during 

fermentation, which favoured the dissolution and extraction of phenols. 

The TPC of the final beers was not statistically different (p < 0.05) from that of beers 

after yeast, indicating that the compounds remain stable during beer maturation. 

To summarise, the final beers were enriched with phenolic compounds throughout 

the brewing process, during which the various ingredients transferred these compounds 

to the beer. The highest TPC was found in the Triplo Malto and the Maior beers. Waste 

was only partially exploited and non-negligible TPC values were highlighted and were 

particularly significant for yeast when extraction was carried out in water. 

3.3. Evaluation of the Antioxidant Activities 

The antioxidant activities were evaluated by assessing the trolox equivalent antioxi-

dant capacity (DPPH), ferric-ion-reducing antioxidant parameter (FRAP), and radical cat-

ion scavenging activity and reducing power (ABTS), and respective results are reported 

in Tables 4–6. 

Table 4. Antioxidant activities DPPH. 

DPPH 
Starting 

Malt 
Wort * 

Spent 

Malt 

Starting 

Hops: 

Perle 

Starting 

Hops: 

Saaz 

Starting 

Hops: Perle 

and Saaz 

Wort after 

Hops 

Spent 

Hops 

Starting 

Yeast 

Beer after 

Yeast 

Spent 

Yeast 
Beer 

 
TEAC 

(µmol 

TE/g) 

TEAC 

(µmol 

TE/g) 

TEAC  

(µmol 

TE/g) 

TEAC 

(µmol 

TE/g) 

TEAC 

(µmol 

TE/g) 

TEAC  

(µmol TE/g) 

TEAC 

(µmol 

TE/g) 

TEAC 

(µmol 

TE/g) 

TEAC 

(µmol 

TE/g) 

TEAC 

(µmol TE/g) 

TEAC 

(µmol TE/g) 

TEAC 

(µmol 

TE/g) 

Water extracts 

Ego 
12.281 ± 

4.497 

2.549 ± 

0.191 

3.212 ± 

0.212 

89.243 ± 

17.157 

72.382 ± 

10.257 

72.467 ± 

11.425 

4.233 ± 

1.123 

3.114 ± 

0.112 

9.191 ± 

0.001 

5.324 ± 

0.278 

18.991 ± 

1.009 

5.544 ± 

0.324 

Alter 
23.982 ± 

5.624 

1.946 ± 

0.048 

4.215 ± 

0.025 

73.152 ± 

2.655 

3.544 ± 

1.022 

2.645 ± 

0.692 

5.466 ± 

0.255 

12.757 ± 

3.429 

5.268 ± 

1.277 

Fiat lux 
21.98 ± 

2.785 

1.822 ± 

0.085 

2.528 ± 

0.068 

75.681 ± 

14.134 

4.387 ± 

1.850 

3.704 ± 

0.071 

6.124 ± 

1.243 

17.991 ± 

1.639 

6.320 ± 

1.123 

Triplo 

malto 

9.527 ± 

1.770 

8.503 ± 

5.179 

2.433 ± 

0.063 

75.977 ± 

4.072 

12.798 ± 

2.150 

3.604 ± 

0.125 

15.177 ± 

1.178 

28.593 ± 

1.257 

14.785 ± 

2.235 

Ubi 
21.647 ± 

1.173 

5.451 ± 

0.277 

2.507 ± 

0.123 

77.485 ± 

16.279 

10.143 ± 

1.244 

3.381 ± 

0.142 

13.043 ± 

0.124 

20.125 ± 

2.674 

14.244 ± 

1.466 

Maior 
20.647 ± 

1.167 

4.480 ± 

1.725 

3.449 ± 

0.055 

75.739 ± 

5.987 

8.527 ± 

2.326 

3.313 ± 

0.052 

10.078 ± 

1.255 

23.459 ± 

3.242 

9.127 ± 

0.675 

70° ethanol extracts 

Ego 
22.339 ± 

0.256 

2.549 ± 

0.191 

9.036 ± 

0.191 

354.182 ± 

78.223 

258.252 ± 

27.154 

327.241 ± 

77.993 

4.233 ± 

1.123 

7.579 ± 

0.436 

7.483 ± 

0.707 

5.324 ± 

0.278 

32.989 ± 

5.936 

5.544 ± 

0.324 

Alter 
20.379 ± 

0.234 

1.946 ± 

0.048 

7.022 ± 

1.241 

309.025 ± 

66.471 

3.544 ± 

1.022 

6.949 ± 

0.586 

5.466 ± 

0.255 

28.988 ± 

3.934 

5.268 ± 

1.277 

Fiat lux 
39.954 ± 

0.145 

1.822 ± 

0.085 

9.174 ± 

1.347 

341.825 ± 

36.986 

4.387 ± 

1.850 

6.149 ± 

0.252 

6.124 ± 

1.243 

30.263 ± 

16.218 

6.320 ± 

1.123 

Triplo 

malto 

22.339 ± 

0.067 

8.503 ± 

5.179 

8.124 ± 

1.256 

283.059 ± 

31.749 

12.798 ± 

2.150 

8.055 ± 

1.822 

15.177 ± 

1.178 

32.026 ± 

18.567 

14.785 ± 

2.235 

Ubi 
40.765 ± 

0.145 

5.451 ± 

0.277 

9.756 ± 

1.266 

270.852 ± 

25.782 

10.143 ± 

1.244 

9.412 ± 

0.142 

13.043 ± 

0.124 

58.675 ± 

11.566 

14.244 ± 

1.466 

Maior 
42.387 ± 

0.893 

4.480 ± 

1.725 

10.244 ± 

1.345 

260.854 ± 

36.245 

8.527 ± 

2.326 

6.759 ± 

0.227 

10.078 ± 

1.255 

19.799 ± 

2.453 

9.127 ± 

0.675 

* Samples were not subjected to extraction. They were used as received and then subjected to lyophilisation. 
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Table 5. Antioxidant activities, ABTS. 

ABTS 
Starting 

Malt 
Wort Spent Malt 

Starting 

Hops: Perle 

Starting 

Hops: Saaz 

Starting 

Hops: Perle 

and Saaz 

Wort after 

Hops 

Spent 

Hops 

Starting 

Yeast 

Beer after 

Yeast 

Spent 

Yeast 
Beer 

 TEAC 

(µmol TE/g) 

TEAC 

(µmol 

TE/g) 

TEAC 

(µmol 

TE/g) 

TEAC (µmol 

TE/g) 

TEAC 

(µmol 

TE/g) 

TEAC 

(µmol TE/g) 

TEAC  

(µmol 

TE/g) 

TEAC 

(µmol 

TE/g) 

TEAC 

(µmol 

TE/g) 

TEAC 

(µmol 

TE/g) 

TEAC 

(µmol 

TE/g) 

TEAC 

(µmol 

TE/g) 

Water extracts 

Ego 
25.801 ± 

2.499 

47.671 ± 

3.022 

14.667 ± 

3.096 

2233.942 ± 

238.077 

1954.786 ± 

259.234 

636.489 ± 

20.753 

141.376 ± 

62.439 

8.257 ± 

1.318 

177.450 ± 

4.346 

322.082 ± 

104.791 

35.475 ± 

0.942 

31.683 ± 

2.487 

Alter 
22.699 ± 

0.955 

76.374 ± 

6.201 

13.865 ± 

15.869 

491.661 ± 

4.664 

23.974 ± 

5.377 

3.905 ± 

0.347 

226.365 ± 

38.859 

30.553 ± 

3.346 

37.485 ± 

1.723 

Fiat lux 
24.045 ± 

1.849 

61.555 ± 

5.267 

17.855 ± 

4.889 

527.328 ± 

31.529 

49.818 ± 

29.808 

7.967 ± 

1.381 

251.736 ± 

25.611 

28.107 ± 

4.855 

43.687 ± 

3.508 

Triplo 

malto 

21.389 ± 

2.694 

33.621 ± 

2.996 

18.973 ± 

10.953 

618.662 ± 

2.42 

115.768 ± 

25.891 

9.743 ± 

0.730 

188.430 ± 

11.987 

51.308 ± 

3.046 

34.704 ± 

0.607 

Ubi 
25.519 ± 

0.721 

98.108 ± 

13.203 

18.890 ± 

2.038 

424.874 ± 

28.439 

214.435 ± 

18.075 

7.150 ± 

0.754 

122.265 ± 

14.521 

22.373 ± 

4.954 

33.742 ± 

4.285 

Maior 
46.823 ± 

0.031 

112.802 ± 

9.703 

16.890 ± 

5.036 

314.732 ± 

9.467 

57.636 ± 

23.309 

6.704 ± 

0.409 

255.149 ± 

56.934 

26.103 ± 

1.652 

28.452 ± 

1.507 

70° ethanol extracts 

Ego 
50.669 ± 

1.066 

47.671 ± 

3.022 

20.341 ± 

2.163 

6547.220 ± 

174.500 

5405.892 ± 

127.897 

2189.582 ± 

329.231 

141.376 ± 

62.439 

5.408 ± 

2.858 

65.906 ± 

4.600 

322.082 ± 

104.791 

47.139 ± 

0.321 

31.683 ± 

2.487 

Alter 
41.305 ± 

2.778 

76.374 ± 

6.201 

21.722 ± 

2.163 
1807.521 ± 

23.974 ± 

5.377 

5.256 ± 

4.568 

226.365 ± 

38.859 

41.372 ± 

0.623 

37.485 ± 

1.723 

Fiat lux 
44.566 ± 

6.738 

61.555 ± 

5.267 

18.306 ± 

0.436 

3935.707 ± 

108.798 

49.818 ± 

29.808 

4.724 ± 

0.491 

251.736 ± 

25.611 

41.194 ± 

3.149 

43.687 ± 

3.508 

Triplo 

malto 

68.801 ± 

1.381 

33.621 ± 

2.996 

17.356 ± 

0.228 

3859.089 ± 

87.956 

115.768 ± 

25.891 

6.479 ± 

0.359 

188.430 ± 

11.987 

45.35 ± 

2.476 

34.704 ± 

0.607 

Ubi 
76.198 ± 

7.221 

98.108 ± 

13.203 

18.879 ± 

2.753 

1158.326 ± 

46.978 

214.435 ± 

18.075 

5.987 ± 

1.750 

122.265 ± 

14.521 

36.723 ± 

3.798 

33.742 ± 

4.285 

Maior 
97.207 ± 

19.118 

112.802 ± 

9.703 

10.097 ± 

0.761 

1353.216 ± 

10.055 

57.636 ± 

23.309 

5.789 ± 

1.098 

255.149 ± 

56.934 

32.814 ± 

1.543 

28.452 ± 

1.507 

Table 6. Antioxidant activities, FRAP. Potential reduction. 

FRAP 

Starting 

Malt 
Wort Spent Malt 

Starting 

Hops: Perle 

Starting 

Hops: 

Saaz 

Starting 

Hops: 

Perle And 

Saaz 

Wort after 

Hops 
Spent Hops 

Starting 

Yeast 

Beer after 

Yeast 

Spent 

Yeast 
Beer 

TEAC 

(µmol TE/g) 

TEAC 

(µmol 

TE/g) 

TEAC  

(µmol TE/g) 

TEAC 

(µmol TE/g) 

TEAC 

(µmol 

TE/g) 

TEAC 

(µmol 

TE/g) 

TEAC 

(µmol 

TE/g) 

TEAC 

(µmol TE/g) 

TEAC 

(µmol TE/g) 

TEAC 

(µmol TE/g) 

TEAC 

(µmol 

TE/g) 

TEAC 

(µmol 

TE/g) 

Water extracts 

Ego 
68.336 ± 

2.637 

26.036 ± 

0.876 

67.712 ± 

1.439 

332.045 ± 

91.163 

377.423 ± 

45.244 

141.194 ± 

4.131 

52.563 ± 

1.576 

102.657 ± 

3.987 

71.045 ± 

5.859 

88.967 ± 

4.544 

123.906 ± 

1.915 

109.843 ± 

2.186 

Alter 
80.394 ± 

1.025 

28.144 ± 

2.140 

65.103 ± 

0.607 

131.694 ± 

1.736 

58.827 ± 

3,005 

101.557 ± 

4.878 

84.849 ± 

6.334 

103.154 ± 

1.558 

110.550 ± 

1.830 

Fiat lux 
56.121 ± 

1.480 

25.395 ± 

2.761 

66.535 ± 

1.079 

136.897 ± 

5.023 

57.941 ± 

12.189 

90.999 ± 

14.971 

67.022 ± 

2.444 

106.609 ± 

0.937 

115.380 ± 

0.051 

Triplo 

malto 

59.357 ± 

0.904 

29.073 ± 

0.651 

69.598 ± 

2.014 

151.032 ± 

0.179 

35.117 ± 

0.650 

87.898 ± 

9.373 

49.944 ± 

0,082 

124.793 ± 

7.251 

104.046 ± 

7.680 

Ubi 
60.627 ± 

2.158 

30.191 ± 

0.254 

63.027 ± 

2.711 

138.153 ± 

5.390 

49.744 ± 

2.123 

97.256 ± 

5.046 

43.891 ± 

0.378 

136.719 ± 

2.908 

112.839 ± 

0.457 

Maior 
59.996 ± 

1.432 

29.587 ± 

0.824 

43.388 ± 

0.952 

111.194 ± 

3.844 

74.441 ± 

10.748 

95.247± 

4.456 

99.051 ± 

15.886 

130.168 ± 

14.966 

125.159 ± 

1.237 

70° ethanol extracts 

Ego 
37.723 ± 

0.987 

26.036 ± 

0.876 

38.772 ± 

1.639 120.133 ± 

44.166 

110.257 ± 

37.122 

120.605 ± 

1.123 

52.563 ± 

1.576 

32.245 ± 

1.238 44.494 ± 

0.501 

88.967 ± 

4.544 

73.707 ± 

1.224 

109.843 ± 

2.186 

Alter 
54.343 ± 

2.835 

28.144 ± 

2.140 

35.607 ± 

0.560 

121.971 ± 

11.649 

58.827 ± 

3,005 

31.236 ± 

1.168 

84.849 ± 

6.334 

82.229 ± 

2.623 

110.550 ± 

1.830 
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Fiat lux 
40.644 ± 

6.405 

25.395 ± 

2.761 

30.618 ± 

0.425 

53.718 ± 

65.966 

57.941 ± 

12.189 

33.813 ± 

0.977 

67.022 ± 

2.444 

74.299 ± 

3.587 

115.380 ± 

0.051 

Triplo 

malto 

38.048 ± 

0.159 

29.073 ± 

0.651 

30.953 ± 

0.041 

211.213 ± 

1.222 

35.117 ± 

0.650 

29.281 ± 

1.013 

49.944 ± 

0,082 

70.214 ± 

2.305 

104.046 ± 

7.680 

Ubi 
47.207 ± 

0.418 

30.191 ± 

0.254 

33.143 ± 

0.179 

81.798 ± 

0.068 

49.744 ± 

2.123 

30.911 ± 

0.634 

43.891 ± 

0.378 

77.751 ± 

2.05 

112.839 ± 

0.457 

Maior 
33.932 ± 

4.415 

29.587 ± 

0.824 

36.506 ± 

0.559 

70.116 ± 

0.923 

74.441 ± 

10.748 

29.812 ± 

0.913 

99.051 ± 

15.886 

72.187 ± 

0.679 

125.159 ± 

1.237 

DPPH for starting malt ranged from approximately 9 to 24 µmol TE/g for water ex-

tracts and from 20 to 42 µmol TE/g for ethanol extracts. The DPPH values were generally 

higher than the values obtained by Zhao et al. [9] after extraction in acetone. They actually 

reported that the radical scavenging activities of 14 samples of malts ranged from 9.33 to 

11.78 µmol TE/g. 

Regarding wort, one must note that values were the same for water and ethanol ex-

traction. As explained before, wort was not subjected to extraction and was provided as a 

solution by the brewery. The wort of different malts exhibited lower values than those of 

the corresponding starting malts. The reason for this could be the same as that explained 

for TPC, that is, an incomplete dissolution of molecules from malt to wort during the brew 

process. The spent malts obtained after ethanol extractions exhibited higher values than 

those obtained after water extraction, but far lower values than those of starting malt. This 

means that some molecules were transferred to the wort, while others were lost during 

the process. 

Both Perle and Saaz hops showed high DPPH values, particularly when extraction 

was carried out in ethanol (approximately 72–89 µmol TE/g after extraction in water, and 

258–354 µmol TE/g after extraction in ethanol). Their mixes showed values that corre-

sponded to the specific recipe used to produce each beer. The starting hops’ mix reflected 

the hops’ composition. 

Wort after the addition of the hops showed slightly increased DPPH values com-

pared to the previous wort, meaning that some molecules influencing DPPH value trans-

ferred to the wort, but if one considers the strong decrease in DPPH values for spent hops, 

it is possible to conclude that the molecules influencing DPPH were destroyed during this 

brewing stage because they were thermally unstable [26]. Spent hops showed a very im-

portant decrease in DPPH values with the respect to starting hops, confirming the thermal 

instability of molecules influencing the DPPH value. Starting yeast exhibited modest 

DPPH values for extracts in water and in ethanol. It was interesting to note an increase in 

the wort after yeast, and particularly in spent yeast, where a significant increase in DPPH 

values could be observed. The explanation can be found in the enzymatic reaction that 

occurred in presence of the yeast on flavonol glycosides: the enzymes of the yeast are able 

to convert glycosides to aglycones that are more reactant than the corresponding glyco-

sides [27,28]. The DPPH values for final beers were not statistically different (p < 0.05) from 

those of wort after yeast. 

The antioxidant activity determined by the ABTS of starting malt ranged from ap-

proximately 21 to 47 mol TE/g for extraction in water and from 41 to 97 for ethanol ex-

tracts, values higher than those determined by Zhao et al. [9]. Our findings are in good 

agreement with the observation of higher TPC values when extraction was carried out in 

ethanol. The starting malt type 5, which was only used for the production of Maior beer, 

had particularly high values. In the case of worts, the ABTS values were higher than those 

of corresponding starting malts; this indicates that the wort production process is able to 

extract more molecules that can influence the ABTS result, as was demonstrated for DPPH 

values. Spent malts exhibited lower ABTS values lower than those of starting malt, con-

firming that molecules are transferred to the wort during the process. The ABTS for start-

ing hops was very high, but decreased strongly in wort after hops. Residual molecules 

able to influence ABTS were present in spent hop. The ABTS of starting yeast was higher 

when extraction was carried out in water, confirming the previous observation, that is, a 
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better solubility of yeast in water than in ethanol. Beer after yeast showed high ABTS val-

ues, while spent yeast exhibited lower values, very similar to those of final beers. 

Antioxidant activity was then evaluated by FRAP. Starting malt showed values from 

56 to 80 mol TE/g for water extracts, and from 33 to 54 mol TE/g for 70° ethanol extracts. 

For water extracts, the highest value was that of Ego, while for ethanol extracts, the highest 

one was that of Alter. Worts exhibited lower values than starting malts, and no significant 

differences were highlighted among the different types. Spent malts did not show signif-

icant differences to starting malt. Values for starting hops were nearly 332 and 377 mol 

TE/g for Perle and Saaz, respectively, when extraction was carried out in water, while they 

were significantly lower, 120 and 110 mol TE/g, for Perle and Saaz, respectively, when 

extraction was carried out in 70° ethanol, confirming the differences between the two ex-

traction methods. This was also confirmed in the starting mixtures, which yielded higher 

values after water extraction compared to those after ethanol extraction. The values for 

worts after hops are highest with the respect to the previous worts, which indicates an 

increase in molecules able to influence FRAP values during the brew process. Waste hops 

had particularly high values when extraction was carried out in water (values ranged 

from 88 to 103 mol TE/g), while they were far lower when it was carried out in 70° etha-

nol (values ranged from 29 to 33 mol TE/g). Starting yeast exhibited the highest value 

(71.045 ± 5.859 mol TE/g) when extraction was carried out in water, but the lowest value 

for 70° ethanol extracts (44.494 ± 0.501 mol TE/g). Once again, FRAP values for waste 

yeasts were higher than starting values (from 103 to 136 mol TE/g for water extracts and 

70 to 82 mol TE/g for 70° ethanol extracts), indicating that the yeast was enriched with 

molecules able to influence FRAP analysis during the brewery process. Beers after yeast 

exhibited higher values than the worts in the previous stage, after boiling with and the 

removal of hops, indicating that when beers are in contact with yeast, they become en-

riched with molecules that can influence FRAP values. Final beers also exhibited higher 

values than beers in the previous stage after yeast addition, fermentation, and removal, 

indicating that maturation can lead to an increase in the quantity of molecules that can 

influence FRAP analysis. 

In several cases, it was observed that spent yeast showed higher values than starting 

yeast. One possible explanation for this is that yeast may be able to absorb molecules from 

other materials during the brewing process and promote a release of aglycones that are 

more reactive than corresponding glycosides 27,28]. The fact that, in beers, an increase in 

FRAP values is observed with the respect to the previous wort may be due to the presence 

of yeast that is not completely removed from the beer, which partially continue the fer-

mentation process by releasing aglycones, which are more reactive than corresponding 

glycosides, as explained before. 

3.4. Bioactivity of Spent Extracts in Human Keratinocytes 

The bioactivity was evaluated in spent extracts, particularly in those recovered under 

Alter brewery. We initially evaluated the cytotoxicity of the spent malt (SP-M), spent hop 

(SP-H) and spent yeast (SP-YE) extracts in keratinocyte HaCaT cells. HaCaT cells were 

treated with extract concentrations ranging from 0.003 to 3 mg/mL for 24 h and cell via-

bility was evaluated by MTT assay. The treatment of HaCaT cells with the extracts at con-

centrations lower than 0.3 mg/mL did not affect cell viability (Figure 2). The concentration 

of 0.03 mg/mL was, therefore, selected for the subsequent experiments. Skin ageing is a 

complex process involving both internal and external factors, which leads to a progressive 

loss of cutaneous function and structure [29]. There is increasing evidence that mitochon-

drial dysfunction and oxidative stress are key features in skin ageing [30]. In this regard, 

the development of ingredients that improve the mitochondrial activity and prevent oxi-

dative stress is, therefore, a potential skin anti-aging strategy. 
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Figure 2. Cytotoxicity of SP-M, SP-H and SP-Y extracts in HaCaT cells. Cells were treated with var-

ious concentrations of extract (0.003-3 mg/mL) for 24 h. At the end of treatment, cell viability was 

evaluated by MTT assay, as described in the method section. Data are expressed as percentage of 

control cells and expressed as mean ± SD of three independent experiments (***p < 0.001 vs. un-

treated cells; one-way ANOVA with Bonferroni post hoc test). 

To evaluate the ability of the extracts to improve the mitochondrial activity, HaCaT 

cells were treated with extracts in solution without nutrients for cellular metabolism. As 

shown in Figure 3, the treatment of HaCaT cells for 4 h with the solution and without 

nutrients significantly decreased the mitochondrial activity. 

 

Figure 3. Effects of SP-M, SP-H and SP-Y extracts on mitochondrial activity in HaCaT cells. Cells 

were treated with 0.03 mg/mL extract for 4 h in absence of nutrient medium. At the end of treatment, 

mitochondrial activity was evaluated by MTT assay, as described in the method section. Data are 

expressed as percentage of control cells and expressed as mean ± SD of three independent experi-

ments (§§§p < 0.001 vs. cells with nutrient medium; *p < 0.05 and **p < 0.01 vs. cells without nutrient 

medium; one-way ANOVA with Bonferroni post hoc test). 
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Under the same experimental conditions, the addition of 0.03 mg/mL SP-H and SP-YE, 

but not SP-M, significantly recovered mitochondrial activity, suggesting their ability to 

support the mechanisms of cellular nutrition. At the same concentration, SP-M, SP-H 

and SP-YE extracts were also evaluated for their antioxidant activity in HaCaT cells. Ha-

CaT cells were treated with the extracts simultaneously or 2 h before the oxidative stress 

(100 M H2O2 for 30 min), and the antioxidant activity was evaluated in terms of intra-

cellular ROS formation. This experimental approach allowed for the discrimination of 

the ability of the extracts to counteract and/or prevent the intracellular ROS formation. 

All the SP-M, SP-H and SP-YE extracts directly counteracted H2O2 action with a ignifi-

cant reduction in ROS formation in HaCaT cells (Figure 4).  

 

Figure 4. SP-M, SP-H and SP-Y extracts counteract the ROS formation induced by H2O2 in HaCaT 

cells. Cells were treated with extract (0.03 mg/mL) and H2O2 (100 µM) for 30 min. At the end of 

treatment, intracellular ROS formation was evaluated using the fluorescent probe H2DCF-DA, as 

described in the method section. Data are expressed as fold increase in ROS formation versus un-

treated cells and reported as mean ± SD of three independent experiments (***p < 0.001 vs. cells 

treated with H2O2; one-way ANOVA with Dunnett post hoc test). 

The pre-treatment of HaCaT cells with SP-H and SP-YE extracts also showed the abil-

ity to prevent the intracellular ROS formation invoked by H2O2, suggesting the ability of 

these components to act at the intracellular level (Figure 5). 
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Figure 5. SP-H and SP-Y, but not SP-M, extracts prevent the ROS formation induced by H2O2 in 

HaCaT cells. Cells were treated with extract (0.03 mg/mL) for 2 h. Subsequently, the extract treat-

ment was discarded and the cells was treated with H2O2 (100 µM) for 30 min. At the end of treat-

ment, intracellular ROS formation was evaluated using the fluorescent probe H2DCF-DA, as de-

scribed in the method section. Data are expressed as fold increase in ROS formation versus un-

treated cells and reported as mean ± SD of three independent experiments (*p < 0.05 vs. cells treated 

with H2O2; one-way ANOVA with Dunnett post hoc test). 

4. Conclusions 

In the present study, the total phenol content and antioxidant activities of different 

types of beers, starting materials, intermediates of the brewing process and spent malts, 

hops, and yeasts were evaluated. As noted by Zhao et al. [5], the differences in the results 

of the analyses of antioxidant activity should be viewed in the light of differences in the 

analytical methods used to evaluate these activities. Differences in the results of the anal-

yses of antioxidant activity could also be due to variations in the processes and extraction 

methods, and varying reaction kinetics [31]. In addition, some differences between the 

samples depend on their composition and not on the brewing process, given that the same 

process was used for all the beers. This study offers evidence that beers become enriched 

in phenols from their ingredients, and that brewing products and waste are interesting 

sources for the preparation of dietary supplements and cosmetics. This study shows the 

anti-aging effects of waste products from handcrafted beers in human keratinocyte cells, 

suggesting their potential use as ingredients for the preparation of cosmetics. Thus, this 

study further confirms the interest in exploiting waste from food production. Future stud-

ies will be devoted to the study and development of new, finished cosmetic formulations 

from beer by-products in order to investigate their possible industrial cosmetic use. 
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