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INTRODUCTION

Wine has been associated to beneficial 
properties derived from its moderate consumption. 
These effects are mainly observed due to the 
presence of phenolic compounds that reduce the risk 
of cardiovascular diseases and have antioxidant and 
anti-inflammatory properties (HASEEB et al., 2017). 
However, among compounds present in wines, there 

are carbonyl compounds, including acetaldehyde, 
acrolein, formaldehyde, ethyl carbamate (EC) and 
furfural (FERREIRA et al., 2019). Figure 1A shows 
the chemical structure highlighting the presence of 
the carbonyl group of these compounds.

The carbonyl group gives electrophilicity to 
these compounds and therefore high reactivity with the 
nucleophiles cellular constituents (SEMCHYSHYN, 
2014). According to the electrophilic theory applied 
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ABSTRACT: The objective of this study was to review technological and toxicological factors related to presence of carbonyl compounds 
found in wines, including acetaldehyde, formaldehyde, acrolein, ethyl carbamate (EC) and furfural. Acetaldehyde and formaldehyde may be 
formed through the ethanol and methanol oxidation, respectively. Acrolein may arise as a thermal degradation product of glycerol, amino 
acids, carbohydrates and triglycerides or by metabolic activity of microorganisms. In addition, acrolein and furfural are formed during 
wood combustion; therefore, these aldehydes may be present in raw materials due to the environmental contamination. Furfural is also a 
product of the Maillard reaction formed from sugars and amino acids, while ethyl carbamate occurs through the reaction between urea 
and ethanol. These compounds may react with SO2 and phenolic compounds to form non-volatile adducts, which positively modulates color 
stability, astringency and aroma in wine. However, when ingested through wine, electrophilic carbonyl compounds may form adducts with 
nucleophilic targets, such as DNA, resulting in genotoxicity along the gastrointestinal tract. Furthermore, carbonyl compounds induce the 
increase of reactive oxygen species and can trigger apoptosis, in addition to hepatocellular adenoma and carcinoma as a consequence of 
chronic hepatotoxicity. Neurodegenerative diseases may be related to the exposure to carbonyl compounds. Therefore, strategies to reduce the 
levels of these compounds should be studied in order to get the most out of the beneficial functional properties of wine consumption.
Key words: acetaldehyde, formaldehyde, ethyl carbamate, furfural, acrolein.

RESUMO: O objetivo deste estudo foi revisar os fatores tecnológicos e toxicológicos relacionados à presença de compostos carbonílicos 
encontrados em vinhos, incluindo acetaldeído, formaldeído, acroleína, carbamato de etila (CE) e furfural. O acetaldeído e o formaldeído 
podem ser formados através da oxidação do etanol e do metanol, respectivamente. A acroleína pode surgir como um produto de degradação 
térmica de glicerol, aminoácidos, carboidratos e triglicerídeos ou pela atividade metabólica de microorganismos. Além disso, a acroleína 
e o furfural são formados durante a combustão da madeira. Portanto, esses aldeídos podem estar presentes nas matérias-primas devido à 
contaminação ambiental. O furfural é também um produto da reação de Maillard formado a partir de açúcares e aminoácidos, enquanto 
o carbamato de etila ocorre através da reação entre uréia e etanol. Estes compostos podem reagir com SO2 e compostos fenólicos para 
formar adutos não voláteis, que modulam positivamente a estabilidade da cor, adstringência e aroma no vinho. No entanto, quando ingeridos 
através do vinho, os compostos carbonílicos que são eletrofílicos podem formar adutos com alvos nucleofílicos, como o DNA, resultando em 
genotoxicidade ao longo do trato gastrintestinal. Além disso, os compostos carbonílicos também induzem o aumento de espécies reativas de 
oxigênio e podem desencadear a apoptose, além de adenoma e carcinoma hepatocelular como consequência da hepatotoxicidade crônica. 
Doenças neurodegenerativas podem estar relacionadas à exposição aos compostos carbonílicos. Com isso, estratégias para reduzir os níveis 
desses compostos devem ser estudadas para obter o máximo das propriedades funcionais benéficas do consumo de vinho.
Palavras-chave: acetaldeído, formaldeído, carbamato de etila, furfural, acroleína.
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to toxicology, most of chemical carcinogens and/or 
their active metabolites are electrophiles that form 
covalent bonds with DNA (ZHANG et al., 2016). 
Figure 1B shows the adduct formation resulted from 
the reaction between the carbonyl group (-C=O, 
electrophile group) of acetaldehyde and the amine 
group (-NH2, nucleophilic group) of deoxyguanosine 
of DNA. Furthermore, an increase of the exposure to 
reactive carbonyls is the key cause of the phenomenon 
named carbonyl stress, a contributing factor to aging, 
hepatic injury, neurodegenerative diseases and 
other disorders, such as diabetes and renal failure 
(SEMCHYSHYN, 2014).

The International Agency for Research on 
Cancer (IARC) classifies the acetaldehyde ingested 
specifically through alcoholic beverages as carcinogenic 
to humans (group 1). Formaldehyde is also in group 1 
and EC is defined as probable carcinogenic to humans 
(group 2A). Acrolein and furfural are in group 3, in 
which the IARC needs further study to classify this 
compound regarding carcinogenic effects (IARC, 
2019). The Joint FAO/WHO Experts Committee 

on Food Additives (JECFA) has not established safe 
intake parameters for formaldehyde, acetaldehyde, 
acrolein and EC. However, furfural is considered food 
flavouring; therefore there is an acceptable daily intake 
of 0.5 mg per kg of body weight setted by JECFA for 
the sum of exposure to furan-containing compounds, 
which includes the furfural furfuryl (alcohol, acetate, 
propionate, pentanoate, octanoate, 3-methylbutanoate), 
and 2-furoate compounds (methyl, propyl, amyl, hexyl, 
and octyl) (JECFA, 2018).

The occurrence of these compounds 
was reported in grape wines from Brazil, Germany, 
Hungary, Portugal and Australia as shown in 
table 1. It is important to mention that these 
compounds have also been evaluated in rice wine 
traditionally consumed in Asian countries (Table 1).

Several factors may contribute to the 
presence of carbonyl compounds in wines, including 
the advancement of the ripeness degree and increasing 
the maceration time, which resulted in higher levels 
of carbonyl compounds in Syrah wines from Vale 
do São Francisco region (Brazil), probably due to 

Figure 1 - (A) Chemical structure of acetaldehyde, acrolein, formaldehyde, ethyl 
carbamate and furfural highlighting the carbonyl group is in red font. 
(B) Reaction of the carbonyl group (-C=O, electrophile group) of 
acetaldehyde with the amine group (-NH2, nucleophile group) of 
deoxyguanosine of DNA.
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increased concentration of the precursors (amino 
acids, glucose, among others) in the must (LAGO et 
al., 2017). FERREIRA et al. (2019) found acrolein and 
furfural in Merlot musts and in the respective wines 
elaborated in Campanha Gaúcha region (Brazil); 
although, levels declined throughout the winemaking 
process. Similar results regarding acrolein and furfural 
were reported by FERREIRA et al. (2018) in the 
evaluation of grape, must and fermentation (alcoholic 
and malolactic) of Merlot vinification of the same 
region. In addition, formaldehyde was found in all 
these stages of wine production; however, at levels 
lower than the limit of quantification of the method 
(1.0 µg L-1) and ethyl carbamate was not present in 
samples (FERREIRA et al., 2018). Therefore, the 
potential environmental contamination of grapes with 
acrolein and furfural are critical points related to the 
presence of toxic carbonyl compounds in the wine 
(FERREIRA et al., 2018; 2019). This aldehyde seems 
to be a precursor of acetoin and 2,3-butanediol, since 
the levels of acrolein decreased along winemaking of 
Merlot grapes, while the formation of the respective 
ketone and alcohol was verified. Furfural levels 

diminished, whereas the occurrence of other furan-
containing compounds increased during winemaking 
(FERREIRA et al., 2018). 

There are no restrictions established by 
legislation for these compounds in wines, with the 
exception of Canada (30 µg L-1), Czech Republic (30 
µg L-1) and United States of America (15 µgL-1) where 
maximum limits have been defined for EC in wine. 
Regarding the exposure to formaldehyde and acrolein, 
the International Program on Chemical Safety 
(IPCS) of the World Health Organization (WHO) 
recommended maximum tolerable concentrations of 
2600 and 1500 µg L-1, respectively (IPCS, 2002).

The objective of this study was for the 
first time to review the technological e toxicological 
factors related to presence of the carbonyl compounds 
found in wine, with focus on those compounds that 
have classification according carcinogenicity by the 
IARC. To our knowledge there is no review covering 
these aspects of the target compounds of this study 
published in the literature. The databases used in this 
approach were PubMed, Google Scholar and Scopus. 
Searches of the published literature were performed 

 

Table 1 - Carbonyl compounds (acetaldehyde, formaldehyde, ethyl carbamate, acrolein and furfural) evaluated in wines. 
 

Carbonyl compound Wine type Place of production Concentration range [mean] (µg L-1) Reference 

Acetaldehyde 
Rice South Korea 4990-11570 [8280] CHUNG et al., 2015 

Syrah Brazil 51-635 [213] LAGO et al., 2017 
Merlot Brazil 1.6 – 113.5 [26.2] FERREIRA et al., 2018 

Acrolein 
NIa Germany NDb - 8.8 [0.7] KÄCHELE et al., 2014 

Syrah Brazil 8.4-410 [72] LAGO et al., 2017 
Merlot Brazil 0.8 – 29.8 [15.9] FERREIRA et al., 2018 

Ethyl carbamate 

NI Hungary 4.9-39.9 [17.7] AJTONY et al. , 2013 
Rice China ND-225 [76.3] ZHANG et al. , 2014 

Syrah Brazil 14.1-30.8 [21.8] NÓBREGA et al., 2015 
Syrah Brazil 17-242 [100] LAGO et al., 2017 
Merlot Brazil NDb FERREIRA et al., 2018 

Fortified Portugal 23-194 [71.9] LEÇA et al., 2018 

Formaldehyde 

Rice China [0.2]c LACHENMEIER et al., 2013 
Red South Korea [40.9]c JEONG et al., 2015 

Syrah Brazil 23-206 [64] LAGO et al., 2017 
Merlot Brazil <0.6d FERREIRA et al., 2018 

Furfural 

Rosé Australia ND-961 [192] WANG et al., 2016a 
Rosé Australia ND-1414 [149] WANG et al., 2016b 

Madeira Portugal Sweet: [2540]c 
Dry: [3010]c PERESTRELO et al., 2017 

Syrah Brazil 84-1715 [184] LAGO et al., 2017 
Merlot Brazil 1.6-227.9 [58.2] FERREIRA et al., 2018 

 

aNot informed; bNot detected; values lower than the limit of detection of the method, <1 µg L-1; cconcentration range has not been 
reported; dlevels were below the limit of quantification of the method (0.6 µg L-1). 
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using the following key words: ‘‘formaldehyde’’, 
‘’ethyl carbamate’’, ‘’acetaldehyde’’, ‘’furfural’’ 
and ‘’acrolein’’ in addition to: wine, oxidation, 
toxicity, cytotoxicity, genotoxicity, carcinogenicity, 
oxidative stress, DNA-protein crosslinks, DNA-
adducts and apoptosis. Articles from 2001 to 2019 
were included in this review.

Acetaldehyde
Acetaldehyde occurs during fermentation 

from sugars (mainly glucose and fructose), which 
are metabolized by yeast via pyruvate decarboxylase 
and alcohol dehydrogenase (JACKOWETZ et 
al., 2011). Acetic acid bacteria originating from 
grapes and winery equipment can also produce 
this aldehyde through the oxidation of ethanol via 
alcohol dehydrogenase. Moreover, acetaldehyde can 
be formed by non-enzymatic oxidation throughout 
storage and aging of wine (SHERIDAN, ELIAS, 
2015). During wine oxidation, iron (II) reduces 
oxygen to the hydroperoxyl radical, which converts 
wine hydroquinones into quinones and hydrogen 
peroxide (H2O2). Ferrous ion associated to H2O2 
generates hydroxyl radical that can react with ethanol 
to yield acetaldehyde (PICARIELLO et al., 2017).   

Sulfur dioxide (SO2), added to wine to 
prevent both oxidation reactions and contaminating 
microorganisms, reacts with H2O2; and therefore, 
inhibits acetaldehyde production (OLIVEIRA et 
al., 2011). Furthermore, SO2 may be spontaneously 
transformed into bisulfite ion (HSO3

¯) due to 
the wine pH (from 3 to 4). This ion reacts with 
acetaldehyde to form a non-volatile adduct named 
α-hydroxyethanesulfonic acid, which formation 
prevents the perception of the unpleasant flavor of 
this aldehyde (AZEVEDO et al., 2007). 

It is important to note that the acetaldehyde 
modulates wine color, astringency and aroma 
(SHERIDAN, ELIAS, 2015). Red wines may be 
produced using micro-oxygenation to improve color 
stability and flavor. During this process, ethanol 
oxidation results in acetaldehyde, which reacts with 
anthocyanins, flavan-3-ols and glycerol, originating 
stable pigments, lower astringency and cyclic acetals 
characterized by sweet odor (OLIVEIRA et al., 2011; 
PICARIELLO et al., 2017). 

Despite beneficial effects of the bound 
form of acetaldehyde for wine quality, the exposure 
to this aldehyde showed mutagenicity by inducing 
DNA damage through sister chromatid exchanges 
and chromosomal aberrations in mammalian cells, 
as well as by elevating micronuclei formation (tumor 
biomarker) in human lymphocytes (ERIKSSON, 

2015). Acetaldehyde cytotoxicity was verified via 
induction of apoptosis of human neuroblastoma 
SH-SY5Y cells by downregulating the expression 
of antiapoptotic Bcl-2 and Bcl-xL and upregulating 
the expression of proapoptotic Bax (family of 
proteins that regulate apoptotic pathway by 
affecting the permeability of the mitochondrial 
outer membrane). In addition, the overproduction of 
reactive oxygen species (ROS) leading to oxidative 
stress was also reported when this neuroblastoma 
cells were exposed to acetaldehyde (YAN et al., 
2016). In another approach, this aldehyde induced 
neuroepithelial cell death, which may be correlated 
to the structural malformations observed in the fetal 
alcohol syndrome, suggesting that acetaldehyde is a 
teratogenic compound (MENEGOLA et al., 2001). 

In the human body, ethanol is metabolized 
to acetaldehyde by alcohol dehydrogenase (ADH) 
enzyme, and in turn, acetaldehyde is converted by 
aldehyde dehydrogenase (ALDH) enzyme to acetate. 
These enzymes exhibit distinct tissue distribution, 
being expressed in upper (mouth, pharynx, 
esophagus and stomach) and lower digestive tract 
and liver (FUJIOKA, GORDON, 2018). Moreover, 
microorganisms present in normal oral or gut 
microbiota can produce acetaldehyde from ethanol. 
A mutation in the gene that encodes ALDH, enzyme 
responsible for the oxidation of acetaldehyde to 
acetate during alcohol metabolism, increases the risk 
for cancer, in particular for oesophageal cancer. This 
situation can occur because carriers of the inactive 
ALDH enzyme process acetaldehyde at a much 
slower rate, which leads to accumulation of this 
aldehyde in saliva, blood and tissues after alcohol 
consumption (LEWIS, SMITH, 2005). 

Acrolein 
Acrolein is spontaneously formed in wines 

through the dehydration of 3-HPA, which occurs 
from the enzymatic hydrolysis of glycerol by lactic 
acid bacteria (LAB, Lactobacillus and Oenococcus 
genera). Glycerol is the third major product (after 
ethanol and carbon dioxide) of action of yeasts during 
alcoholic fermentation (BAUER et al., 2010a). 

Acrolein may react with SO2 and 
polyphenols, and this adduct results in bitterness that 
impairs the sensory quality of wine (BAUER et al., 
2010b). In addition, concentrations of free SO2 from 20 
to 40 mg L-1 inhibit the LAB metabolism by reducing 
the activity of ATPase enzyme; therefore, preventing 
the formation of acrolein (CARRETÉ et al., 2002). 

Acrolein plays an important role in some 
cardiovascular, neurodegenerative and hepatic 
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diseases via mechanisms involving cytotoxicity 
(ISMAHIL et al., 2011; HUANG et al., 2013; WANG 
et al., 2017; CHEN et al., 2016). Oral long-term 
exposure to acrolein promoted upregulation of a 
cytokine named tumor necrosis factor alpha (TNF-α), 
which prompts myocyte apoptosis and consequently, 
chronic heart failure in mice (ISMAHIL et al., 
2011). In rats, oral intake of this aldehyde induced 
Alzheimer’s disease-like pathologies such as mild 
cognitive declination and hippocampal atrophy 
(HUANG et al., 2013). Symptoms of Parkinson’s 
disease were also related to the acrolein exposure in 
rats due to the aggregation of the neuronal protein 
alpha-synuclein and the initiation of dopaminergic 
cell death (WANG et al., 2017). In addition, the 
accumulation of acrolein-protein adducts triggered 
endoplasmic reticulum stress in rat hepatocytes along 
with apoptosis, steatosis and hepatic injury that are 
recognized etiologic factors in alcoholic liver disease 
(CHEN et al., 2016). 

Ethyl carbamate (EC) 
EC is formed from the reaction between 

ethanol and nitrogen-containing compounds, 
including urea, citrulline and carbamoyl phosphate. 
Arginine is one of the majority amino acid of 
wine, which is enzymatically degraded throughout 
the vinification. During alcoholic fermentation, 
Saccharomyces cerevisiae hydrolyzes this amino 
acid resulting in urea, while in the malolactic 
fermentation (ML), LAB decomposes arginine 
producing citrulline and carbamyl phosphate 
(JIAO et al., 2014). The reaction between ethanol 
and these precursors can be potentiated according 
to the storage temperature of the wine. Levels of 
this ester were 7 times higher in rice wine stored at 
37 °C (509 μg L-1) compared to wine kept at 4 °C 
(84 μg L-1) for 400 days (WU et al., 2014). Aging 
is also responsible for the 5-fold increase in EC. In 
addition, the type of aging may also play a role on 
this compound since when performed in oak casks 
resulted in higher EC levels (57.4 μg L-1) than 
wines aged for the same period of time in stainless 
steel tanks (47.3 μg L-1). This difference may be 
due to microbiological modifications favored 
under the low aeration that takes place because of 
the pores of the oak cask, which would increase 
the precursors of EC for those wines aged in wood 
(RUIZ-BEJARANO et al., 2015). 

EC toxicity is connected to its 
metabolization into vinyl carbamate epoxide via 
cytochrome P450 2E1, especially in liver. This 
electrophilic specie can bind covalently to the DNA 

forming an adduct; and therefore, has mutagenic and 
carcinogenic potential (LAJOVIC et al., 2015). The 
generation of ROS has also been related to exposure 
to EC, triggering oxidative stress and cell death via 
energy depletion and disruption of cells membrane 
integrity (LIU et al., 2017). Overproduction of ROS 
may result in genomic alterations such as mutations 
and deletions, which further facilitates progression of 
pre-neoplastic cells to the malignant form, increasing 
the risk of cancer. In rodents, the oral exposure to EC 
has shown to contribute for triggering tumors in liver, 
mammary gland and ovarian (CUI et al., 2016).

Formaldehyde
Formaldehyde is formed during alcoholic 

fermentation through the oxidation of methanol, 
which occurs in the hydrolysis of pectin present 
in grape (DOROKHOV et al., 2015). Moreover, 
the presence of formaldehyde in wine may be 
derived from the use of disinfectants containing this 
aldehyde for the hygiene of the winery equipment 
(LACHENMEIER et al., 2013).

Similarly to the above-mentioned about 
acetaldehyde and acrolein, formaldehyde also binds 
to phenolic compounds and/or SO2, which occurs 
from maceration to aging and decreases the levels 
of these free aldehydes in wine (PISSARRA et al., 
2003; AZEVEDO et al., 2007). PISSARRA et al. 
(2003) showed that aldehydes as formaldehyde 
could mediate condensation between an anthocyanin 
(malvidin 3-glucoside) and a flavanol [(+)-catechin] 
resulting in the formation of red polymeric pigments 
with increase in wine color stability. AZEVEDO et 
al. (2007) reported that approximately 90% of the 
formaldehyde is present in the bound form to HSO3

¯
, 

named hydroxymethanesulfonic acid. 
The oxidation of formaldehyde into 

formate is catalyzed by S. cerevisiae enzymes 
specifically dehydrogenases (aldehyde and 
alcohol) and S-formylglutathione hydrolase. 
Therefore, the use of yeast strains with genetic 
modifications in these enzymes can increase the 
conversion of formaldehyde to formate, reducing 
the concentration of this compound in the wine 
(JAYAKODY et al., 2016).

Administration of formaldehyde through 
drinking water caused necrosis and hydropic 
degeneration (edema) in the gastric mucosa 
cells of rats. On account of the high reactivity of 
formaldehyde, its effects in the tissue at first contact 
following ingestion may be pronounced and the extent 
of the histopathological changes is proportional to the 
formaldehyde concentration (DAVID, ARKEMAN, 
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2008). Furthermore, this aldehyde has been shown 
to lead death of SK-N-SH neuroblastoma cells due 
to oxidative stress, which decline the mitochondria 
potential and consequently, the cellular ATP level, 
inducing apoptosis (ZERIN et al., 2015). 

Furfural
Furfural may arise in wines due to 

exposure of grapes to smoke emissions from 
wildfire events and atmospheric pollution related 
to industrial/domestic activities and/or burning 
garbage. Pyrolysis of wood constituents (cellulose, 
hemicellulose and lignin) resulted in a complex 
mix of volatile organic compounds, including furan 
derivatives (KRSTIC et al., 2015). Among these 
furan-containing compounds, furfural is the only 
carbonyl compound that has classification according 
to IARC (group 3) (IARC 2019).

Some steps of winemaking such as 
maceration and aging can occur in contact with toasted 
wood through barrels or chips. In heat treatment 
of wood, some components like hemicelluloses 
are degraded to pentoses (xylose), which undergo 
dehydration resulting in furfural (PERESTRELO et 
al., 2017). The wood type and heating conditions used 
in toasting influence the furfural levels (GONZÁLEZ-
CENTENO et al., 2019; PERESTRELO et al., 2017; 
MARTÍNEZ-GIL et al., 2018). 

Maceration of Carménère wines in 
Romanian oak chips (Quercus petraea) resulted in 
higher furfural content (2192.31 μg L-1) than wines 
treated with French (Quercus petraea; 1484.77 μg 
L-1), American (Quercus alba; 1421.67 μg L-1) or 
Colombian oak (Quercus humboldtii; 511.08 μg L-1), 
showing that concentration of furanic compounds 
can be influenced by the specie/origin of oak due to 
differences in the levels of furfural precursors such as 
hemicelluloses (MARTÍNEZ-GIL et al., 2018). The 
influence of the wood was also confirmed in the aging 
of rosé wine in contact with four types of wood chips 
(Robinia pseudoacacia, Prunus avium, Quercus 
alba, Quercus petraea), being the lowest and highest 
furfural levels found in wines aged with wood chips 
of R. pseudoacacia (1350 μg L-1) and Q. petraea 
(2403 μg L-1), respectively (SANTOS et al., 2019). 
Role of wood heating was verified in the greater 
furfural concentration (2800 μg L-1) in Chardonnay 
wines aged in French oak barrels (95% Quercus 
petraea and 5% Quercus robur) toasted at 55 °C for 
36 min than those reported in wines aged in barrels 
heated at 52 °C for 36 min (2000 μg L-1) or 60 °C for 
10 min (2200 μg L-1) (GONZÁLEZ-CENTENO et 
al., 2019). The presence of this aldehyde in the wine 

may be also attributed to the cork stoppers as result 
of the thermal degradation of xylose and arabinose 
found in raw material (oak) (ROCHA et al., 2004). 

Furfural is formed in Madeira wines during 
baking process (named “estufagem”), in which wine 
remain at 45-50 ºC for 3 months. In this type of wine, 
this compound is generated during non-enzymatic 
browning reactions, such as Maillard reactions, 
involving acid-catalyzed sugar degradation, followed 
by enolization and β-elimination of three water 
molecules (PERESTRELO et al., 2017). 

As above mentioned for other aldehydes 
such as acetaldehyde, acrolein and formaldehyde, 
furfural has also shown to react directly with 
phenolic compounds like (+)-catechin. This reaction 
results in compounds that contribute to decrease 
astringency, which may be desirable for wine quality 
(ES-SAFI et al., 2002).

Among the target carbonyl compounds 
described in this review, furfural is the least studied 
in relation to toxicity. This aldehyde proved to be 
genotoxic in studies (in vitro) using hamster ovary 
cells and human lymphocytes by inducing sister 
chromatid exchange during DNA replication (EFSA, 
2004). However, in a study (in vivo) the formation of 
liver tumors in rodents occurred due to non-genotoxic 
mechanisms associated with cytotoxicity, affecting 
both hepatic cytosolic and mitochondrial enzyme 
activities (LAKE et al., 2001). 

CONCLUSION

Carbonyl compounds occur as free forms 
or bound to wine constituents. These compounds may 
react with SO2 and phenolic compounds to form non-
volatile adducts, which positively modulates color 
stability, astringency, and aroma in wine. However, in 
the toxicological perspective, when these electrophilic 
compounds are in the free form, they are readily 
available to form adducts with biological nucleophilic 
targets such as proteins, RNA and DNA (genotoxicity) 
or cause oxidative stress to human cells (cytotoxicity). 
The occurrence of the carbonyl compounds in 
wine may involve enzymatic reactions. Therefore, 
deletion of some enzymes of microorganisms is a 
strategy to reduce the levels of the free forms of these 
compounds in wines. Regarding acrolein and furfural, 
environmental contamination of grapes contributes 
to their presence in wines and the reduction of 
contamination may be achieved by replacing wood 
for other heat sources in fireplaces and burning stove 
stones, in addition to abandon the practice of burning 
garbage and vegetation around vineyards.
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