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Abstract: In addition to the production of albumin cheese, biogas and whey powder, whey has also 

been used as a raw material for the production of alcoholic beverages. The aim of this research was 

to investigate the potential of using Istrian albumin cheese whey in the production of whey distil-

late. Three batches of Istrian albumin cheese were produced in a small-scale cheese plant. The re-

maining whey after the production of albumin cheese was fermented using Kluyveromyces marxianus 

subsp. marxianus for 5 days and then distilled. In the whey samples before and after fermentation, 

the content of total solids, protein, milk fat and lactose was determined. The ethanol content and the 

composition of volatile compounds in the distillate was determined. The content of all components 

of the chemical composition of whey, except for the content of fat, decreased during fermentation. 

In the whey distillate with an alcohol content of 35%, the following compounds were determined: 

acetaldehyde, methanol, n-propanol, i-butanol, n-butanol, 3-methyl-1-ol, 2-methylbutan-1-ol and 

ethyl-lactate. The distillate obtained confirmed the potential of using whey for the production of 

spirits. However, further research is needed due to the potential presence of the harmful effects of 

certain volatile compounds on human health. 

Keywords: Istrian albumin cheese; whey; alcoholic fermentation; Kluyveromyces marxianus spp.;  

distillate 

 

1. Introduction 

Due to its chemical composition, i.e., because it contains 70% lactose in dry matter, 

minerals, vitamins and bioactive substances, in recent years, much attention has been paid 

to the possibilities of whey biotechnological use for the production of various products 

such as whey powders, whey protein concentrates and isolates, whey-based beverages, 

albumin cheeses, functional foods and beverages, edible films and coatings, bioplastics, 

biofuels and bio-alcohol [1,2]. In general, the composition of whey depends on the type of 

cheese produced, i.e., the technological process, the microbial cultures and the rennet used 

[3], so we distinguish sweet and sour whey. Sweet whey is produced during the produc-

tion of soft, hard and semi-hard cheeses using rennet, while sour whey is a by-product of 

the acidification of milk during the production of, for example, fresh (quark-like) cheese 

[4]. The largest amount of whey is produced in the manufacture of hard cheese but also 

in the manufacture of some other dairy products such as Greek yogurt or concentrated 

yogurt. According to the 2016 European Dairy Association [5] report, the annual produc-

tion of whey in the world was about 190 million tons, of which about 6 million tons of 

whey was produced in Europe and only 197 thousand tons in Croatia. In the last 10 years, 
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there has been a trend of increasing cheese production, so the amount of whey produced 

in the world increases by 1–2% every year [6]. In the past, whey was exclusively a feed for 

farm animals, but due to its extremely high biological and nutritional value, it has recently 

become increasingly present in human diets. Unfortunately, only half of the whey pro-

duced (54%) is reused in food production, while the rest mostly ends up as untreated 

waste in nature, posing a major threat to the environment [7]. Whey, nowadays, repre-

sents a serious environmental problem as evidenced by the high levels of COD (chemical 

oxygen demand) and BOD (biological oxygen demand) [8,9]. Indeed, the dairy industry 

faces the problem that waste must be adequately processed before being discharged to 

natural waters or the ground, which implies additional costs for the dairy industry, espe-

cially for dairies with a lower production capacity. Moreover, the processing of such by-

products in the production of whey products is quite expensive, which is reflected in the 

cost price of the final product and thus can have a significant impact on the price of the 

product itself [10]. For this very reason, efforts have recently been made to find effective 

and permanent solutions for the disposal of whey, i.e., to develop technological and bio-

technological processes for its use in order to preserve the natural habitats of many plant 

and animal species, especially in microenvironments where milk is processed into cheese 

[10,11]. One of the possible solutions is the production of an alcoholic beverage because 

after fermentation, its BOD can be reduced by 75%. Thus, in the last decade, whey has 

become a raw material for the production of various alcoholic beverages, such as vodka 

[12]. Scientific research is aimed at improving the whey fermentation technology (temper-

ature, mixing speed, initial concentration of the inoculum and the substrate itself and the 

amount of dissolved oxygen due to optimal yeast fermentation under aerobic conditions), 

as the composition of whey can greatly affect the composition of the distillate and the final 

quality of the product. This is extremely important for the popularization of such bever-

ages on the market. Previous research focused on the use of deproteinized whey obtained 

by membrane filtration of whey. A similar effect is obtained by the production of albumin 

cheese, i.e., whey is deproteinized by the coagulation of whey proteins due to the effect of 

elevated temperatures and a decrease in pH. Whey separated after albumin cheese pro-

duction is a cheap raw material available in large quantities and can be a good substitute 

for raw materials such as sugar cane or sugar beet, as well as various agricultural crops 

from which bio-alcohol has been obtained so far [1]. By improving whey fermentation 

technology, production costs can be optimized, making it more acceptable to producers 

[13]. The yeast Kluyveromyces marxianus is most commonly used for the conversion of lac-

tose to ethanol, i.e., for the production of bio-alcohol and alcoholic beverages from whey 

or whey permeate [14]. Kluyveromyces marxianus is tolerant to temperatures of 45–50 °C 

[15], which makes it ideal for use in fermentations that occur at higher temperatures, but 

its optimal temperature for ethanol production is 40 °C [16]. Kluyveromyces marxianus has 

the ability to grow on lactose, galactose, glucose, fructose, xylose and inulin in culture 

media where these sugars are the only carbon source [17]. For this reason, lactose from 

whey is a very favorable and effective medium for its growth [18]. The tolerance of Kluy-

veromyces marxianus to ethanol is lower than that of yeast S. cerevisiae, so it may limit eth-

anol production [19]. Other microorganisms such as Kluyveromyces lactis and S. cerevisiae 

are used in the production of food and beverages, but research on their potential to con-

vert lactose into alcohol distillate has only been conducted under experimental conditions 

with genetically modified organisms. The idea for this work came from the fact that whey 

is a valuable raw material but also from the major problem of environmental pollution 

due to its uncontrolled release into the environment. Therefore, the aim of this research 

was to investigate the potential of using Istrian albumin cheese whey in the production of 

whey distillate. 
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2. Materials and Methods 

The research was conducted in 2021 on a family farm in peninsula Istria (Croatia), 

which breeds cattle for milk production and has its own milk processing plant. Three 

batches of semi-hard Istrian cheese were produced from cows’ milk. After separating the 

curd and forming the cheese, the whey was used to produce 3 batches of Istrian albumin 

cheese. Istrian albumin cheese is produced according to the technology described in the 

paper [20], with modifications due to the different type of milk and the production tech-

nology commonly used in Istria. At a temperature of 63 °C, raw milk (3%), and sea salt 

(2%) were added to the whey. At a temperature of 83 °C, citric acid (0.2%) was added. 

Finally, whey was cooked to >96 °C to separate Istrian albumin cheese. After albumin 

cheese production, 100 liters of whey were separated and fermented in a duplicator with 

the addition of the previously prepared yeast culture Kluyveromyces marxianus subsp. 

marxianus at a temperature of 35 °C for 5 days. Before adding the yeast culture, the whey 

was filtered to remove curd residues. The fermented whey was then distilled using a sim-

ple pot still (alembic). The distillation process was carried out in one step. The fermented 

whey was heated in pot still until it evaporated, the vapor condensed, and the condensed 

distillates were collected. The distillation process was carried out until the alcohol content 

in the outgoing distillates was below 5% vol. Before and after fermentation, a whey sam-

ple was taken for analysis. 

2.1. Whey Analysis before and during Fermentation 

Analysis of whey before and during fermentation was performed in the Reference 

Laboratory for Milk and Dairy Products at the Department of Dairy Science, University 

of Zagreb Faculty of Agriculture. The physico-chemical analysis of whey included the de-

termination of the amount of fat, protein, lactose, dry matter and fat-free dry matter using 

the method of infrared (mid IR) spectrometry [21] with the instrument Milkoscan FT 120 

(Foss, Hillerød, Denmark), pH using the potentiometric method with SevenMulti pH me-

ter (Mettler Toledo, Zürich, Switzerland) and titration acidity by measuring °SH [22]. 

2.2. Analysis of Whey Distillates 

After the distillation of whey, the obtained distillates were analyzed for its alcohol 

content, and an analysis of the volatile components present in the distillates was per-

formed. The alcohol content of the obtained distillate was determined using the densito-

metric method with densitometer (Anton Paar SNAP 41) at the Department of Viticulture 

and Winemaking, University of Zagreb Faculty of Agriculture. The content of volatile 

components of distillates was determined using gas chromatography according to the 

modified method by Madrera and Suárez Valles [23] on a gas chromatograph with a FID 

detector (SRI 8610C) at the Department of Chemistry University of Zagreb, Faculty of Ag-

riculture. The chromatographic analysis was performed on a 30 m MXT WAX capillary 

column with a diameter of 0.53 mm and a stationary phase length of 0.25 μm. A flame 

ionization (FID) detector was used for detection, the temperature of which was 250°C, 

while the temperature of the injector was 230 °C. Injected volume of the sample was 2 μL. 

Identification of individual chemical compounds of the distillate was based on their re-

tention time. After determining the peak areas, the concentration of the corresponding 

compounds was calculated, and the obtained results were converted into mg/L a.a. (abso-

lute alcohol) considering the alcohol content (%) of each sample. 

3. Results and Discussion 

3.1. Whey Composition before and during Fermentation 

The average chemical composition of whey before fermentation is shown in Table 1. 
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Table 1. Chemical composition of Istrian albumin cheese whey before fermentation. 

Fat 

(g/100 g) 

Protein 

(g/100 g) 

Lactose (g/100 

g) 

Total Solids 

(g/100 g) 

Total Non-Fat Solids  

(g/100 g) 

0.06 0.50 4.86 6.16 6.10 

According to the average composition, whey contained 93.84 g/100 g of water, while 

the content of dry matter was about 6 g/100 g. Therefore, whey possesses about 50% of the 

dry matter of milk, and many of the nutrients of milk remain in the whey [10]. The largest 

part of whey solids is lactose (4.86 g/100 g), while the content of protein is 0.5 g/100 g 

(Table 1). Tratnik [24] and Blažić et al. [2] report similar values. In general, the composition 

of whey is highly variable and depends largely on the way it is obtained, so it is divided 

into sweet and acid whey. Sweet whey, which is produced by processing milk into various 

soft, semi-hard and hard cheeses, contains a small amount of lactic acid because rennet is 

used to coagulate casein, while sour whey is separated during lactic acid fermentation in 

fresh cheese production and contains correspondingly larger amounts of lactic acid [25]. 

The average physico-chemical properties of whey during fermentation is shown in 

Figures 1–7. The fat content changed during fermentation from 0.06 g/100 g at the begin-

ning of fermentation to 0.56 g/100 g after 120 h of fermentation. It is assumed that the 

relative fat content increased during fermentation due to the conversion of other organic 

components of whey into lipid compounds through the action of the yeast Kluyveromyces 

marxianus subsp. marxianus. In fact, the influence of fermentation on the content of milk 

fat in fermented whey has not been the subject of scientific investigations so far, consider-

ing the results of similar studies. 

 

Figure 1. The content of fat during Istrian albumin cheese whey fermentation using yeast Kluyvero-

myces marxianus subsp. marxianus. 
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Figure 2. The content of protein during Istrian albumin cheese whey fermentation using yeast Kluy-

veromyces marxianus subsp. marxianus. 

 

Figure 3. The content of lactose during Istrian albumin cheese whey fermentation using yeast Kluy-

veromyces marxianus subsp. marxianus. 

 

Figure 4. The content of total solids during Istrian albumin cheese whey fermentation using yeast 

Kluyveromyces marxianus subsp. marxianus. 
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Figure 5. The content of non-fat solids during Istrian albumin cheese whey fermentation using yeast 

Kluyveromyces marxianus subsp. marxianus. 

 

Figure 6. Change in titratable acidity (°SH) value during Istrian albumin cheese whey fermentation 

using yeast Kluyveromyces marxianus subsp. marxianus. 

 

Figure 7. Change in pH value during Istrian albumin cheese whey fermentation using yeast Kluy-

veromyces marxianus subsp. marxianus. 
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In contrast to the fat content, the whey protein content decreased during fermenta-

tion from 0.50 g/100 g before fermentation to 0.08 g/100 g at the end of fermentation (Fig-

ure 2). It is suggested that the decrease in protein content was due to the precipitation 

(settlement) of denatured whey proteins as a result of a decrease in pH, i.e., reaching the 

isoelectric point of whey proteins and an increase in alcohol concentration. It is concluded 

that alcohols act mainly as hydrogen bond donors whose binding to the polypeptide chain 

is stabilized by hydrophobic interactions. The electronegativity of the oxygen atom may 

also play a role in stabilizing contacts with the protein [26]. The other possible reason for 

decreasing the protein content could be due to the proteolysis of K. marxianus, as it was 

reported that this yeast shows moderate proteolytic activity in milk [27]. In reviewing the 

available results of previous research, none of the authors have yet investigated the effect 

of fermentation on the amount of protein in fermented whey. 

The lactose content decreased from the beginning of fermentation to the end by 1.71 

g/100 g (Figure 3). The decrease in lactose content is consistent with the results of previous 

studies [28]. It can be assumed that the microbial culture of Kluyveromyces marxianus 

subsp. marxianus used the lactose from the substrate for growth and multiplication, so the 

lactose content decreased during fermentation. The obtained results are also in agreement 

with the research results of Dragone et al. [29], who found a decrease in lactose content in 

whey due to the effect of Kluyveromyces marxianus subsp. marxianus. 

Fermentation of whey obtained after the production of Istrian albumin cheese re-

sulted in a decrease in total solids (Figure 4), and at the same time, the conversion of lac-

tose into fermentation products resulted in a decrease in the content of non-fat solids (Fig-

ure 5). Thus, the yeast Kluyveromyces marxianus subsp. marxianus contributes to the reduc-

tion of total solids and total non-fat solids in fermented whey by utilizing lactose and other 

whey compounds during fermentation. Moreover, the content of non-fat solids decreases 

as a result of the precipitation of denatured whey proteins (Figure 5). 

The pH value decreased during fermentation (Figure 7), while the value of °SH in-

creased (Figure 6). The pH of whey before fermentation was 5.46, while the value of °SH 

was 8.20. The results obtained are in agreement with the results of previous studies [30]. 

The decrease in pH is probably due to the formation of organic acids during alcoholic 

fermentation. Indeed, Kluyveromyces marxianus subsp. marxianus has been shown to form 

acetic, propionic, succinic, malic and citric acids during fermentation [31]. When the pH 

approaches 4.5, i.e., the isoelectric point of whey protein, additional buffering occurs, 

which reduces the further effects of the increase in the concentration of organic acids on 

further lowering the pH of whey [32]. The pH indicates the concentration of free hydrogen 

ions in the solution, which come mainly from lactic acid but also from other acidic com-

ponents of whey [28]. In addition, the same authors note that Kluyveromyces marxianus 

subsp. marxianus is very adaptable to different pH values in the environment in which it 

occurs and tolerates low pH values, which can be very effective in the fermentation of 

lactose to bio-alcohol [33]. 

3.2. Composition of Whey Distillate 

The alcohol content of the obtained alcoholic distillate was 35% vol., which confirms 

the possibility of obtaining alcohol from Istrian albumin cheese whey using Kluyveromyces 

marxianus subsp. marxianus. The obtained value agrees with the results of Dragone et al. 

[29], who obtained a distillate of 35.4% vol. from fermented whey. Table 2 shows the com-

position of the whey distillate. During the distillation process, alcohol and aroma com-

pounds, which are produced during the alcoholic fermentation of sugars, are extracted. 

In addition to alcohol and water, other volatile components occur, such as aldehydes, ke-

tones and esters. The aim of distillation is to extract ethanol in a favorable ratio to other 

volatile components so that the distillate has the best possible sensory properties. After 

the sugars from the whey, mainly lactose and other monosaccharides, have been con-

verted to ethanol, the alcohol must be concentrated to an alcohol content suitable for al-

coholic beverages. In the literature, the ethanol yield during whey fermentation is given 
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as 2 to 5% vol. [13]. More complex equipment during distillation implies the production 

of a cleaner distillate, which is obviously desirable. In order to purify the distillate and 

remove undesirable substances, redistillation is carried out. Whey fermented using yeast 

is actually a dilute solution of ethanol in water, and this ethanol must be concentrated to 

form the basis for the actual alcoholic beverage. However, other volatile components, ei-

ther derived from the whey or produced during fermentation as secondary metabolites, 

may contribute to the flavor of the distilled alcoholic beverage, even if they are present in 

relatively low concentrations. 

Table 2. Volatile compounds in the whey distillate of fermented Istrian albumin cheese whey by the 

activity of Kluyveromyces marxianus subsp. marxianus. 

mg/L Absolute Alcohol 

Compound Sample 1 Sample 2 Sample 3 

Acetaldehyde 88.72 87.34 88.91 

Methanol 128.93 125.76 124.97 

n-propanol 64.57 71.12 69.32 

i-butanol 54.29 51.79 49.77 

n-butanol 0.78 1.12 0.65 

3-metil-1-ol 

2-metilbutan-1-ol 
384.06 376.25 381.34 

Ethyl lactate 62.97 61.78 59.21 

The following volatile components were found in the fermented whey distillate: ac-

etaldehyde, methanol, n-propanol, i-butanol, n-butanol, 3-methyl-1-ol, 2-methylbutan-1-

ol and ethyl-lactate, while diethyl-succinate was not determined. The obtained results are 

consistent with the results of previous studies, which state that the concentration of these 

compounds depends on the type and quality of the raw material, as well as on the condi-

tions of the fermentation process itself [34]. 

Acetaldehyde is commonly found in alcoholic beverages as a by-product of yeast fer-

mentation and as a result of alcohol oxidation at various stages of beverage production. 

However, Wardencki [35] state that the presence of low molecular weight compounds, 

such as aldehydes and ketones, is not desirable because some of them are responsible for 

unpleasant sensory properties of alcoholic beverages. In this study, acetaldehyde was the 

only such chemical compound identified among the main volatile components of the dis-

tillate. The concentration of acetaldehyde was 87.34 to 88.91 mg/L a.a. (absolute alcohol). 

Methanol was also found in the samples at an average concentration of 126.55 mg/L a.a. 

In some studies, the concentration of methanol during distillation was found to vary, de-

pending on the technique used to perform the distillation. However, due to its toxic effect, 

it is extremely important to control the concentration of methanol in the distillate or alco-

holic beverage [36]. According to the Croatian Ordinance on spirits [37], the maximum 

permissible concentration of methanol in fruit spirits is 1000 g/hL, converted to 100% al-

cohol by volume. In contrast, the permissible amount for alcoholic beverages produced 

by distillation from fermented whey is not specified. At higher than permissible concen-

trations, methanol causes disorientation and vomiting and at much higher concentrations, 

blindness and death. This is due to the oxidation of methanol to toxic formaldehyde and 

methane (formic acid). The problem of the presence of methanol could be avoided by 

modifying the distillation conditions, which could be the aim of the continuation of this 

research. 

In addition to the main product, ethanol, alcoholic fermentation produces a number 

of other compounds, including carbonyl compounds, other alcohols, esters, acids and ac-

etates, which significantly affect the quality of the final product [38]. The composition and 

concentration of these compounds can vary, thus affecting the organoleptic properties of 

the distillate [29]. The hydrolysis of lactose to simple sugars can introduce glucose into 
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the fermentation process, leading to the accumulation of higher alcohols in the alcoholic 

distillate. Higher alcohols are quantitatively the most represented group of aromatic com-

pounds in distillates and contribute to the aroma and essential character of distillates [39]. 

Among the higher alcohols, the following were found in the samples studied: i-butanol 

and n-butanol. The amyl alcohol 2-methylbutan-1-ol is formed during fermentation in de-

amination and decarboxylation reactions from isoleucine and leucine [40], and its concen-

tration in the samples, together with the alcohol 3-methyl-1-ol, averages 380.55 mg/L a.a. 

The proportion of higher alcohols must be controlled so that their excessive amounts do 

not adversely affect the sensory properties of the fermented whey distillate. For example, 

3-methyl-1-ol and 2-methylbutan-1-ol are compounds that account for about 40 to 70% of 

all higher alcohols present in fruit spirits. They are grouped under the term i-amyl alco-

hols. In concentrations of less than 500 g/hL a.a., they impart positive properties to distil-

lates and contribute to a desirable taste, while higher concentrations have a negative effect 

on the sensory properties of alcoholic beverages (strong and unpleasant smell and taste). 

For example, at higher concentrations, the taste of distilled spirits is described as sweet 

and alcoholic, which is an undesirable sensory characteristic of strong alcoholic beverages 

[29]. 

Ethyl lactate ester was also found in the fermented whey distillate sample, while di-

ethyl succinate ester was not. Esters have a low boiling point, so they evaporate first dur-

ing distillation. For this reason, it is necessary to control at what point the distillation is 

stopped in order to keep the esters at the desired concentrations [36]. According to Min-

gorance-Cazorla et al. [41], the yeast used in the fermentation process has a major influ-

ence on the formation of esters. Ethyl esters are generally compounds associated with 

pleasant fruity and floral aromas and are also present in other alcoholic beverages, such 

as tequila, mezcal, moura, wine, beer and others [42]. Ethyl lactate ester can stabilize the 

flavor of distillates and mitigate sharp and pungent flavor characteristics when present in 

low concentrations [43]. During alcoholic fermentation, esters are synthesized during the 

esterification of higher acids and ethanol or higher alcohols. The concentration of esters 

increases as the duration of fermentation increases. The formation of esters can be at-

tributed to the fatty acid metabolism of Kluyveromyces marxianus [44] and other microbial 

metabolic processes. According to some authors [42,43], ethyl esters, alcohols with three 

or more carbon atoms and acetaldehyde are the main compounds responsible for the fla-

vor of alcoholic beverages, and their quantity determines the quality of the distillate itself. 

Finally, the taste of spirits depends on the concentration and nature of the volatile com-

ponents present. 

4. Conclusions 

Recently, efforts have been made to develop technological and biotechnological pro-

cesses for the utilization of whey, which should provide new value-added products from 

whey and contribute to the protection of the environment. As whey has started to be used 

as a raw material for the production of alcoholic beverages in the last decade, this research 

aimed to show that it is possible to produce alcohol from whey obtained after the produc-

tion of Istrian albumin cheese. Alcoholic fermentation of Istrian albumin cheese signifi-

cantly changes its composition, increasing the amount of fat in the whey and its acidity, 

while decreasing the amount of protein, lactose, non-fat solids and total solids, so it may 

have less impact on the environment as waste. The resulting distillates contain a number 

of volatile aromatic compounds, some of which may have a positive effect on the potential 

sensory properties of an alcoholic beverage at lower concentrations, while others may be 

harmful at higher concentrations, so this research should further focus on finding optimal 

conditions to obtain distillates with a composition favorable for human consumption. 
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