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A B S T R A C T   

The purpose of this study was to evaluate the content of biogenic amines (BAs) in wines using dispersive liq-
uid–liquid microextraction–gas chromatography–mass spectrometry (DLLME-GC–MS). An additional objective 
was to assess the correlations between selected parameters characterizing the samples such as the content of BAs, 
sugars, and organic acids, pH, and total acidity. Wines produced from the same grape variety in which alcoholic 
fermentation (AF) was carried out by different yeast strains and in which malolactic fermentation (MLF) was 
spontaneous, differed in the content of biogenic amines. The concentrations of putrescine, cadaverine and 
tryptamine were higher in the Rondo wines (237–405, 34.04–61.11, <LOD-12.456 µg/L, respectively) and 
Zweigelt wines (416–489, 72.67–88.43, <LOD-13.083 µg/L, respectively) subjected to spontaneous MLF than in 
the wines subjected to induced MLF. Chemometric analysis allowed us to determine correlations between 
selected wine parameters. The wine samples are well separated into two patterns depending on the grape variety. 
Despite the fact that information on BAs is not included in databases of wine composition, information on their 
concentration as well as knowledge of existing correlations between BAs and other wine parameters is crucial 
and may be useful for the food industry, health professionals and consumers.   

1. Introduction 

Biogenic amines (BAs) are products of decarboxylation of corre-
sponding amino acids, or amination and transamination of aldehydes 
and ketones by microorganisms (Stadnik and Dolatowski, 2012). Taking 
into account the structure of BAs, they can be classified into aliphatic 
(putrescine, cadaverine, spermine and spermidine), aromatic (tyramine 
and 2-phenylethylamine) and heterocyclic (histamine and tryptamine) 
amines (Guo et al., 2015; Marques et al., 2008). 

Having a knowledge of the level of BAs is important for the wine 
industry, because they are potentially toxic to consumers when the 
acceptable daily intake is exceeded (Arrieta and Prats-Moya, 2012; 
Costantini et al., 2019; Guo et al., 2015). It should be highlighted that in 
the case of wines, ethanol and acetaldehyde inhibit the activities of 
monoamine and diamine oxidases, the enzymes responsible for the 
detoxification of amines (Jeromel et al., 2018; Piasta et al., 2014; 
Woźniakiewicz et al., 2018). The physiological symptoms of excessive 

consumption of BAs are headache, nausea, sweating, respiratory 
distress, heart palpitations and hypo- or hypertension (Jabłońska-Ryś 
et al., 2020; Lorenzo et al., 2017). Despite the toxicity of BAs, there are 
no regulations regarding the content of these compounds in wines. Some 
European countries recommend limits for histamine in wine ranging 
from 2 to 10 mg/L, but these limits are not mandatory (Esposito et al., 
2019; Palomino-Vasco et al., 2019). 

BA levels in wine depend on many factors including the grape vari-
ety, climatic conditions, agricultural practices, vinification techniques, 
the microorganism strains used in fermentation, ageing and wine pa-
rameters (pH, alcohol content and sulfur dioxide content). These factors 
influence the content of amino acid precursors as well as the growth of 
bacteria. They are usually correlated, and it is difficult to determine the 
individual influence of each of them (Arrieta and Prats-Moya, 2012; 
Costantini et al., 2019; Guo et al., 2015). 

The grape variety affects the presence of some biogenic amines in 
musts. Ethanolamine, ethylamine and putrescine were found in initial 
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musts produced from Merlot, Syrah, Sangiovese, Cesanese d’Affile, 
Carmenere, Montepulciano and Cabernet Franc varieties (Del Prete 
et al., 2009). Six amines, including ethanolamine, tyramine, putrescine, 
cadaverine, phenylethylamine and spermidine, were present in musts of 
the Cabernet Sauvignon variety (Wang et al., 2014). Differences in BA 
content related to grape variety were reported in red wines originating 
from Greece and Chile (Soufleros et al., 2007; Pineda et al., 2012). 

The key stages of wine production affecting the quality of wines are 
alcoholic fermentation (AF) and malolactic fermentation (MLF). These 
processes can occur spontaneously with the participation of yeast and 
lactic acid bacteria (LAB), respectively, naturally present on grapes or be 
induced by commercial starter cultures (Jeromel et al., 2018). LAB 
degrade malic acid to lactic acid and can also metabolize other sub-
stances, such as sugars, citric acid and amino acids, into undesirable 
substances such as acetic acid and biogenic amines (Soufleros et al., 
2007). LAB can be inoculated before or after AF is complete (simulta-
neous/co-inoculation or sequential inoculation, respectively) (Bartow-
sky et al., 2015). The time of LAB inoculation can significantly affect the 
accumulation of biogenic amines during red wine production. The 
content of biogenic amines was lower in wines produced by simulta-
neous inoculation compared to traditional sequential inoculation after 
AF (Izquierdo Cañas et al., 2012; Jeromel et al., 2018). There is no 
consensus on which of the fermentation types is the main one to support 
the production of BAs in wines (Restuccia et al., 2018). The majority of 
data suggest that LAB make a greater contribution than yeast (Costantini 
et al., 2019; Guo et al., 2015), but there are also reports that amines 
formed during AF account for most of the BA content in the final wines 
(Ruiz et al., 2012; Wang et al., 2014). BA concentration is higher in red 
wines than in white wines due to MLF, which is common for most red 
wines, although it takes place in some white and sparkling wines as well 
(Esposito et al., 2019; Liu et al., 2020). 

BAs are formed by microorganisms associated with different stages 
of winemaking (Guo et al., 2015; Smit et al., 2008). Two species isolated 
during spontaneous MLF, Lactobacillus rhamnosus and Oenococcus oeni, 
were producers of biogenic amines (Henríquez-Aedo et al., 2016). The 
ability to produce BAs is also found in species of bacteria that do not 
normally carry out MLF, but are spoilage bacteria indicative of a poor 
sanitary condition of grapes. Some authors suggest that it is spoilage 
bacteria that mainly contribute to the accumulation of BAs. Control of 
microbiota is, then, a promising strategy to diminish BA formation. This 
can be achieved through the use of selected starter cultures which do not 
produce BAs and, at the same time, reduce the growth of spoilage mi-
croorganisms. In addition, bacteria capable of degrading BAs can be 
used (Costantini et al., 2019; Guo et al., 2015). Among LAB isolated from 
must, wine and winemaking products, nine strains of the genus Lacto-
bacillus and Pediococcus exhibited the greatest amine-degrading ability. 
Of those, 25% were able to degrade histamine, 18% tyramine, and 18% 
putrescine. None of the commercial MLF starter cultures had the ability 
to degrade any of the amines (García-Ruiz et al., 2011). Also two strains 
of L. plantarum degraded putrescine and tyramine (Capozzi et al., 2012). 

Due to the toxicity of biogenic amines, it is necessary to analyze the 
factors influencing their production. This is especially desired and 
important at the present moment of intensive development of Polish 
winemaking. The key factors are AF and MLF. The purpose of this study 
was to determine and evaluate the content of biogenic amines in red 
wines produced from Zweigelt and Rondo grape varieties using disper-
sive liquid–liquid microextraction–gas chromatography–mass spec-
trometry (DLLME-GC–MS) and investigate the correlation between 
selected parameters characterizing the wine samples using chemometric 
tools. Rondo and Zweigelt wines were produced by five commercial 
yeast strains (S. cerevisiae or S. cerevisiae × S. bayanus) with and without 
inoculation with a LAB strain (O. oeni) (spontaneous vs. induced MLF). 
The specific relationships were determined by chemometric analysis. 

2. Materials and methods 

2.1. Reagents and materials 

All of the biogenic amine standards such as 2-phenyletyloamine (2- 
PE), histamine (HIS), putrescine (PUT), cadaverine (CAD), tyramine 
(TYR) and tryptamine (TRP) and the internal standard (hexylamine, IS) 
were purchased, mostly as hydrochloride salts, from Sigma Aldrich (St. 
Louis, MO, USA). The derivatizing agent (isobutyl chloroformate, IBCF) 
was supplied by Sigma-Aldrich. Deionized water was obtained from a 
Milli-Q water purification system (Millipore, Bedford, MA, USA). Stock 
standard solutions of amines and IS (1 mg/mL) were prepared by 
weighing and dissolving in ultrapure water and stored at 4 ◦C in silan-
ized screw-capped vials with solid PTFE-lined caps (Supelco, Bellefonte, 
PA). 

Working standard solutions were prepared by appropriately diluting 

Table 1 
Concentrations of BAs (uµg/L).   

Concentration (µg/L), n = 4 

Sample 2-PE HIS PUT CAD TYR TRP 

R1 9.09 ±
0.16 

639 ±
32 

237 ±
20 

36.00 ±
0.17 

25.05 ±
0.10 

12.120 ±
0.008 

R2 <LOD 698 ±
34 

367 ±
23 

40.01 ±
0.19 

23.11 ±
0.11 

12.456 ±
0.011 

R3 13.82 ±
0.17 

654 ±
33 

281 ±
22 

34.04 ±
0.17 

24.67 ±
0.13 

<LOD 

R4 15.12 ±
0.13 

701 ±
37 

400 ±
26 

57.00 ±
0.21 

27.41 ±
0.18 

<LOD 

R5 19.00 ±
0.20 

717 ±
32 

405 ±
26 

61.11 ±
0.24 

27.33 ±
0.15 

<LOD 

R1 LAB 25.03 ±
0.19 

668 ±
35 

186 ±
14 

25.00 ±
0.14 

24.15 ±
0.10 

11.981 ±
0.007 

R2 LAB 14.09 ±
0.11 

722 ±
37 

336 ±
21 

34.17 ±
0.17 

22.65 ±
0.09 

12.401 ±
0.009 

R3 LAB 36.19 ±
0.23 

672 ±
36 

256 ±
20 

27.02 ±
0.12 

23.98 ±
0.13 

<LOD 

R4 LAB 41.23 ±
0.22 

727 ±
38 

373 ±
24 

51.06 ±
0.19 

26.35 ±
0.15 

<LOD 

R5 LAB 58.98 ±
0.25 

741 ±
36 

379 ±
23 

54.43 ±
0.23 

26.73 ±
0.15 

<LOD 

Z1 <LOD 517 ±
29 

416 ±
25 

76.34 ±
0.29 

<LOD 13.083 ±
0.008 

Z2 <LOD 539 ±
31 

454 ±
27 

81.34 ±
0.25 

<LOD 11.922 ±
0.011 

Z3 14.56 ±
0.21 

548 ±
36 

418 ±
24 

72.67 ±
0.30 

<LOD <LOD 

Z4 15.17 ±
0.14 

601 ±
40 

434 ±
28 

76.49 ±
0.31 

<LOD <LOD 

Z5 15.76 ±
0.16 

633 ±
39 

489 ±
25 

88.43 ±
0.36 

<LOD <LOD 

Z1 LAB <LOD 529 ±
32 

349 ±
22 

69.48 ±
0.26 

<LOD 12.989 ±
0.006 

Z2 LAB <LOD 549 ±
37 

444 ±
24 

71.16 ±
0.24 

<LOD 11.764 ±
0.009 

Z3 LAB 12.11 ±
0.09 

567 ±
35 

401 ±
26 

66.89 ±
0.26 

<LOD <LOD 

Z4 LAB 14.99 ±
0.15 

619 ±
32 

420 ±
25 

69.64 ±
0.28 

<LOD <LOD 

Z5 LAB 15.82 ±
0.21 

651 ±
41 

461 ±
29 

81.29 ±
0.33 

<LOD <LOD 

R1-R5-wines from the Rondo variety, in which alcoholic fermentation was 
carried out by different yeast strains and malolactic fermentation was sponta-
neous; R1 LAB-R5 LAB-wines from the Rondo variety, in which alcoholic 
fermentation was carried out by different yeast strains (but the same as in R1-R5 
wines), and malolactic fermentation was induced. Z1-Z5-wines from the Zwigelt 
variety, in which alcoholic fermentation was carried out by different yeast 
strains and malolactic fermentation was spontaneous; Z1 LAB-Z5 LAB-wines 
from the Zweigelt variety, in which alcoholic fermentation was carried out by 
different yeast strains (but the same as in Z1-Z5 wines), and malolactic 
fermentation was induced. 2-PE, 2-phenyletyloamine; HIS, histamine; PUT, 
putrescine; CAD, cadaverine; TYR, tyramine; TRP, tryptamine. 
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stock solutions with deionized water. High-purity grade methanol used 
as a dispersive solvent was purchased from Fluka (Riedel de Haen. 
Burdick&Jackson). High-purity grade chloroform applied as an extrac-
tive solvent was obtained from Sigma. 0.1 M HCl was also supplied by 
Fluka. Other chemicals were of an analytical grade. 

2.2. Samples 

The grapes of Zweigelt and Rondo varieties were obtained from 
’Małe Dobre’ and ’Dom Bliskowice’ vineyards, respectively. The vine-
yards are located in the Lublin Province, Poland. The grapes were har-
vested manually in 2017. AF was carried out by five commercial yeast 
strains, S. cerevisiae or S. cerevisiae × S. bayanus for both the Zweigelt and 
the Rondo varieties. One part of the wines underwent spontaneous MLF 
without inoculation with LAB, and the other part were produced by 
induced MLF with O. oeni inoculation. O. oeni starter culture was added 
after the completion of AF (sequential inoculation) to the part of wines 
in which induced MLF was carried out. The experiments were performed 
in duplicate. In this paper, the following abbreviations for the samples 
are used: R1-R5 – wines from the Rondo variety, in which alcoholic 
fermentation was carried out by different yeast strains and malolactic 
fermentation was spontaneous; R1 LAB-R5 LAB – wines from the Rondo 
variety, in which alcoholic fermentation was carried out by different 
yeast strains (but the same as in R1-R5 wines), and malolactic fermen-
tation was induced; Z1-Z5 – wines from the Zweigelt variety, in which 
alcoholic fermentation was carried out by different yeast strains and 
malolactic fermentation was spontaneous; Z1 LAB-Z5 LAB – wines from 
the Zweigelt variety, in which alcoholic fermentation was carried out by 
different yeast strains (but the same as in Z1-Z5 wines), and malolactic 
fermentation was induced. 

The details of the winemaking process are presented in a previous 
article (Stój et al., 2020). 

2.3. Determination of biogenic amines by DLLME-GC–MS 

The procedure developed by Płotka-Wasylka et al. (2016) was 
applied to determine BAs in the obtained wine samples. The sample 
preparation step was based on DLLME coupled with an in situ derivati-
zation process, while the final determination technique was GC com-
bined with MS. A schematic diagram of the procedure is presented in 
Fig. S1. 

Optimized conditions were used for validating the method developed 
for quantitative analysis of selected BAs. The results obtained showed 
that linearity was excellent for all the compounds with correlation co-
efficients ranging from 0.9961 to 0.9992. The LODs ranged from 1.4 to 
4.2 μg/L and the LOQs ranged from 4.6 to 12.6 μg/L. The procedure was 
characterized by good analyte recovery values, ranging from 76 to 
105%. Information on selected validation parameters and recovery is 
presented in Table S1. 

2.4. Equipment 

2.4.1. GC–MS analysis of BAs 
A gas chromatography (GC) 7890A (Agilent Technologies, Santa 

Clara, CA, USA) system equipped with an electronically-controlled split/ 
splitless injection port was interfaced to an inert mass selective detector 
(5975C, Agilent Technologies) with an electron impact ionization 
chamber. Chromatographic separation was performed on a ZB-5MS 
capillary column (30 m × 0.25 mm I.D., 0.25 μm) supplied by Zebron 
Phenomenex. The injection was carried out in splitless mode at 230 ◦C. 
The interface was set at 250 ◦C. The volume of the injected sample was 2 
µl. Helium was the carrier gas with a constant pressure of 30 psi. The 
oven temperature program was as follows: 50 ◦C held for 1 min, ramped 
to 280 ◦C at 15 ◦C /min and held for 9 min (total run time was 25.3 min). 
For improved selectivity and sensitivity, the analysis was performed in 
the selected ion monitoring (SIM) mode. Mass spectrometric parameters Ta
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were set as follows: electron impact ionization with 70 eV energy; ion 
source temperature, 250 ◦C. All the ion fragments with their relative 
intensities at the specific retention times were considered as a valid 
confirmation criterion and used for the identification of specific BAs. 
The ionic fragments of BA together with the relative ion intensities are 
given in Table S2. An Agilent ChemStation was used for data collection 
and GC–MS control. 

2.5. Chemometric analysis 

One of the most frequently-used chemometric methods for multi-
variate data interpretation is cluster analysis (hierarchical and non- 
hierarchical clustering) (Massart and Kaufman, 1983). In order to 
carry out the hierarchical clustering procedure, several steps were 
required: standardization of raw input data, application of squared 
Euclidean distances as similarity measures, Ward’s method of linkage, 

Fig. 1. Hierarchical dendrogram for linkage of 17 variables, (a); Hierarchical dendrogram for linkage of 20 objects, (b).  
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Sneath’s test for cluster significance, and a hierarchical dendrogram as a 
graphical output. In addition, K-means non-hierarchical clustering of 
objects was performed. This is a typical supervised pattern recognition 
method, in which the objects or the variables are grouped into an a priori 
given number of clusters; this number should prove or reject preliminary 
hypotheses offered by experts or specific preliminary information. 
Moreover, factor analysis was performed using the Varimax rotation 
mode. Missing data were replaced by LOD/2 values. This substitution is 
obligatory for replacing missing data. The software package used was 
STATISTICA 8.0. 

The input data set consisted of 20 objects (samples of wines produced 
from two grape varieties by different yeast strains, and subjected to 
induced or spontaneous MLF) described by 17 chemical components or a 
20 × 17 matrix. The components were as follows: biogenic amines 
determined in this study and sucrose, glucose, fructose, tartaric acid, 
malic acid, lactic acid, acetic acid, citric acid, succinic acid, pH, and total 
acidity determined in a previous study (Stój et al., 2020). 

3. Results and discussion 

3.1. Occurrence of biogenic amines in wine samples 

The contents of biogenic amines, such as 2-PE, HIS, PUT, CAD, TRP 
and TYR in the red wines produced from the two grape varieties tested in 
this study are shown in Table 1. The most abundant BAs were HIS and 
PUT. 2-Phenylamine, TYR and TRP were not detected in several of the 
wines. The concentrations of all the amines determined were many 
times lower than those reported by several other authors for red wines 
(Table 2). The content of HIS in the wines tested ranged from 517 to 741 
µg/L and was below the limits recommended (but not prescribed by law) 
in some European countries. Wines produced from the Rondo variety 
contained higher amounts of all the biogenic amines tested compared to 
the wines from the same grape variety tested by Płotka-Wasylka et al. 
(2018). In the case of wines from the Zweigelt variety, the concentra-
tions of BAs obtained in this study were lower than in a study by 
Konakovsky et al. (2011). 

3.2. Effect of the fermentation process on biogenic amine contents 

Wines produced from the same grape variety (Rondo or Zweigelt) in 
which AF was carried out by different yeast strains (S. cerevisiae or 
S. cerevisiae × S. bayanus) and MLF was spontaneous, differed in the 
content of biogenic amines. The concentrations of most of the biogenic 
amines (PUT, CAD and TRP) in the Rondo and Zweigelt wines subjected 
to spontaneous MLF (coded R1–R5 and Z1–Z5) were higher than in the 
wines subjected to induced MLF (coded R1 LAB–R5 LAB and Z1 LAB–Z5 
LAB) (Table 1). For example, for PUT the results are as follows: 237–405 
µg/L for R1-R5, while 186–379 µg/L for R1 LAB-R5 LAB); and 416–489 
µg/L for Z1-Z5, while 349–461 µg/L for Z1 LAB-Z5 LAB. Higher contents 
of TYR were found in those Rondo wines in which spontaneous MLF was 
carried out (23.11–27.41 µg/L in R1-R5 and 22.65–26.73 µg/L for R1 
LAB-R5 LAB). They were not found in detectable concentrations in 
Zweigelt wines, either those in which spontaneous MLF was carried out 
or those produced by induced MLF. In turn, lower contents of HIS were 
determined in Rondo and Zweigelt wines in which MLF was spontaneous 
(639–717 µg/L for R1-R5 and 668–741 µg/L for R1 LAB-R5 LAB; and 
517–633 µg/L for Z1-Z5, while 529–651 µg/L for Z1 LAB-Z5 LAB). The 
concentrations of 2-PE in Rondo wines subjected to spontaneous MLF 
were lower compared to wines subjected to induced MLF, and no trend 
was observed in the concentration of this compound in Zweigelt wines. 
Other authors obtained similar results. García-Marino et al. (2010) 
found higher contents of BAs in organic than in non-organic wines, 
probably due to the fact that MLF occurs spontaneously in organic wines 
and they have a lower level of SO2. According to Marques et al. (2008), 
the use of commercial malolactic starters in wines caused a reduction in 
BA levels. BA concentrations were significantly lower in inoculated 

wines when compared with non-inoculated wines, probably because 
MLF was carried out by indigenous malolactic bacteria. Those authors 
suggested that the application of well-selected malolactic starters could 
minimize BA production. Similarly, López et al. (2011) highlighted the 
importance of choosing the optimal O. oeni starter for the production of 
quality wines and controlling the amino acid concentrations in must and 
wine as a method of preventing the accumulation of biogenic amines. 

3.3. Specific correlation between selected parameters of wine samples 

Exploratory data analysis using several chemometric methods (hi-
erarchical and non-hierarchical cluster analysis, factor and principal 
components analysis) was performed to reveal patterns of similarity 
(clusters) within the data set and to find latent factors responsible for the 
data structure. The analysis could contribute to better classification, 
modeling and interpretation of the data included. 

3.3.1. Clustering of variables 
A hierarchical dendrogram for clustering of the 17 wine sample de-

scriptors (variables) is presented in Fig. 1a. As can be seen, three major 
clusters were formed, as follows: 

C1: PUT, CAD, Glucose, Tartaric acid, Fructose 
C2: TRP, Malic acid, Citric acid, Succinic acid, Total acidity 
C3: Acetic acid, Lactic acid, Sucrose, pH, TYR, HIS, 2-PE 
It could be concluded that the chemical composition of the wine 

samples is determined by three major factors. The first cluster indicates 
the impact of sugars on wine composition, the second – the impact of 
total acidity, and the third – the impact of MLF products. 

3.3.2. Clustering of objects 

3.3.2.1. Hierarchical cluster analysis. Hierarchical cluster analysis of 20 
wine samples was carried out under the same conditions as data pre-
treatment and analysis. A hierarchical dendrogram for the linkage of 20 
objects is presented in Fig. 1b. It is interesting to note that the clustering 
in Fig. 1b could be interpreted in two different modes:  

• Cluster significance at 1/3Dmax (first level of Sneath’s test) with 
three significant clusters: 

C1: (Z1–Z5 and Z1 LAB–Z5LAB) 
C2: (R1LAB–R5LAB) 
C3: (R1–R5) 

or   

• Cluster significance at 2/3Dmax (Sneath’s test) with two significant 
clusters: 

C1: (Z1–Z5 and Z1 LAB–Z5LAB) 
C2: (R1–R5 and R1 LAB–R5LAB) 
The general conclusion is that the wine samples are well separated 

into two patterns (in the former case, the R pattern is divided into two 
subclusters) depending on the grape variety: for the R pattern it is the 
Rondo type and for the Z pattern–the Zweigelt type. Some small sub-
clusters, such as (Z1, Z2, Z1LAB, Z2LAB) and (Z3, Z3LAB, Z5LAB, Z4, 
Z4LAB, Z5) or (R1–R5) and (R1LAB–R5LAB), reflect some minor dif-
ferences (as insignificant clusters). This additional division could be due 
to the different yeast strains involved and the type of MLF (with LAB 
inoculation or without LAB inoculation). 

3.3.2.2. K-means non-hierarchical clustering of objects. K-means non- 
hierarchical clustering of objects is a typical supervised pattern recog-
nition method in which objects or variables should be grouped into an a 
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priori given number of clusters. This number should prove or reject 
preliminary hypotheses offered by experts or specific preliminary in-
formation. It was interesting to see whether the hypothesis that there 
existed three patterns of similarity between the wine samples would be 
proven by non-hierarchical clustering. The members of each of the 
identified clusters were: 

C1 (5 members): R1LAB–R5LAB: Rondo wine, induced MLF 
C2 (5 members): R1–R5: Rondo wine, spontaneous MLF 

C3 (10 members): Z1–Z5; Z1LAB–Z5 LAB: Zweigelt wine. 
It is readily seen that wine type (Rondo wine, Zweigelt wine) is the 

major descriptor for the samples but, additionally, for Rondo wine, the 
type of MLF is another specific descriptor. It is very important to 
investigate if the chemical parameters contribute to this separation of 
the samples by wine type. The plot of averages for each chemical vari-
able for each of the identified clusters is shown in Fig. 2. The two-way 
joining of objects and variables is shown in Fig. 3. The separation into 

Fig. 2. Plot of means for each variable for each cluster identified (standardized values).  

Fig. 3. Two-way joining of objects and variables.  
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two parts (conditionally named “red” and “green”) is obvious (it cor-
responds to the second way of clustering commented upon in the dis-
cussion on hierarchical clustering). In general, the two wine types 
(Rondo type and Zweigelt type) are distinguished by differences in their 
amine, sugar and organic acid contents. 

Cluster 1 (R1LAB–R5LAB) is characterized by the highest levels of 2- 
PE, HIS, TYR (the same high level as for cluster 2), TRP (all three clusters 
have the same level of this BA), sucrose, lactic acid and pH. It could be 
concluded that this wine pattern is specifically described by the levels of 
three amines (2-PE, HIS, TRP), one organic acid (lactic acid) and pH, i.e. 

it is predominantly described by amine characteristics and less by the 
impact of acidity. This pattern could be conditionally named “amine 
wine type” (probably due to induced MLF). It should be mentioned that 
another group of characteristics for this cluster are the lowest levels of 
PUT, CAD, glucose, succinic acid, total acidity (of note, pH and total 
acidity are negatively correlated). Pattern 2 (R1–R5) indicates four de-
scriptors with specifically high levels: malic acid, citric acid, succinic 
acid and total acidity, and the lowest levels of sucrose, glucose, tartaric 
acid, lactic acid and acetic acid. This cluster is a conditional “acidic wine 
type” with a lower sugar content (probably due to spontaneous MLF). 

Fig. 4. Factor 1 vs. Factor 2 loadings plot, (a); Factor scores plot for 20 objects, (b).  
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Cluster 3 includes all Zweigelt wine samples (marked as Z samples). The 
specific descriptors are marked by the highest levels of the amines PUT 
and CAD, the sugars glucose and fructose, and one acid–tartaric acid. 
Cluster 3 wines have the lowest levels of TYR, malic acid, citric acid and 
pH. It could be assumed that they represent a conditional “mixed wine 
type”. 

3.3.3. Factor analysis (Varimax rotation mode) 
The factor loadings of three latent factors are shown in Table S3. 

They explain over 85 % of the total variance of the system and could 
contribute to a better interpretation of the data structure. The first latent 
factor, which explains 43.27 % of the total variance, shows the re-
lationships between variables with high positive loadings (HIS, TYR, 
malic acid, pH), on the one hand, and the negatively associated variables 
(CAD, PUT, glucose, fructose, tartaric acid), on the other. A tentative 
name for this mixed factor, typical of the Zweigelt type wine samples, 
could be “sugar/amine”. The second latent factor describes 27.81 % of 
the total variance with high positive factor loadings (sucrose, lactic acid, 
acetic acid) and high negative loadings (citric acid, succinic acid and 
total acidity). This factor, characteristic of the R1–R5 pattern of wine 
samples, could be conditionally named “acidity”. The third latent factor, 
which explains another 14.38 % of the total variance, is typical of 
R1LAB–R5LAB wine samples and could be conditionally named 
“amine”. 

A graphic plot of the factor loadings display for factors 1 and 2 is 
presented in Fig. 4a. It describes the data in Table S3 completely. 

A principal components plot for the factor scores (the new co-
ordinates of the system after introduction of the new latent factors) is 
shown in Fig. 4b. The three identified patterns of object similarity are 
seen. 

All the exploratory data analysis methods applied confirm the for-
mation of three patterns of similarity between the wine samples and the 
formation of three patterns of similarity between the chemical variables 
related (as specific descriptors) to the objects’ patterns. 

4. Conclusions 

This is the first study to evaluate the biogenic amine content of red 
wines produced with several commercial yeast strains of S. cerevisiae or 
S. cerevisiae × S. bayanus. The results show that the yeast strain and the 
type of MLF (spontaneous or induced) affect the content of biogenic 
amines in wines. BA contents, except for HIS, were lower in wines made 
by sequential inoculation of yeast and LAB. More research is needed on 
coinoculated wines. In addition, it is worth looking for other strains of 
O. oeni that produce less HIS. Chemometric analysis allowed us to 
determine some relationships between the parameters characterizing 
the wine samples. The general conclusion of the chemometric analysis is 
that the wine samples are well separated into two groups depending on 
the grape variety. It is readily seen that the wines have different char-
acteristics depending on the grape used for production (Rondo wine, 
Zweigelt wine). Additionally, for Rondo wine, the type of MLF is another 
specific parameter that affects the characteristics of the wine. 

The Rondo wine which was produced using induced MLF was char-
acterized by the highest levels of 2-PE, HIS, TYR, and this was also 
visible for the Rondo wines produced with the application of sponta-
neous MLF. It could be concluded that the profile of wine is also spe-
cifically described by lactic acid and pH, i.e. it is described 
predominantly by amine characteristics and less by the impact of acid-
ity. Rondo wines produced with the application of spontaneous MLF 
were characterized by high levels of malic acid, citric acid, succinic acid, 
a high total acidity and the lowest levels of sucrose, glucose, tartaric 
acid, lactic acid and acetic acid. All Zweigelt wines were characterized 
by the highest levels of PUT and CAD, glucose and fructose, and tartaric 
acid. They contained the lowest levels of TYR, malic acid, and citric acid 
and had the lowest pH. It can be concluded that the application of 
specific winemaking conditions may help obtain the desired 

characteristics of wine. 
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Jabłońska-Ryś, E., Sławińska, A., Stachniuk, A., & Stadnik, J. (2020). Determination of 
biogenic amines in processed and unprocessed mushrooms from the Polish market. 
Journal of Food Composition and Analysis, 92, 103492. https://doi.org/10.1016/j. 
jfca.2020.103492. 
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