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Abstract Purified enzymes of microbial origin are applied
in the beverage industry since decades because of their
ability to enhance products and processes with minimal
side effects and low costs. Commercial enzymes are widely
used during different wine making steps providing a broad
range of effects, such as to maximise juice yield, improve
aroma compounds, flavour enhancement, colour extraction
in red wines, and contribute in the removal of dissolved
unwanted colloidal particles and pectin substances during
wine stabilization and filtration. This review presents a
study of recent advances in the application of commercial
enzymes in the wine making of red, white and sweet wines
that have been made in essentially the last 13 years
(2005-2018). Literature has been critically analysed to
discover general rules about previous research. Special
attention is paid to the safety of enzyme application due to
allergic issues. Future research efforts should be concen-
trated on application of immobilizated enzymes and the use
of microorganisms with potential enzymatic side activities
during wine production.
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Introduction

Enzymes are proteins formed by long chains of amino
acids with peptide bonds with particular structures pro-
duced by living cells, they are specific biological catalysts
involved in different biochemical reactions. Enzymes are
currently used during production in different food indus-
tries (dairy, meat, fruit juices, fish, tea and coffee pro-
cessing, vegetable oil extraction and refining, starch
processing, bakery, brewing and wine making), and other
technological applications in sectors such as pharmaceu-
ticals, cosmetics, animal feed, textile, paper, bioethanol,
and detergent industries (Sarrouh et al. 2012). Most of
enzymes for food industries are now derived from selec-
ted and optimized microorganisms grown at industrial
scale, using microbial fermenters under strictly controlled
conditions.

Consumers demand for quality wines besides providing
safe and nutritional characteristics. As other food indus-
tries, wine producers were introducing different techno-
logical improvements based in biotechnology resources
such as dry yeast, acid lactic bacteria starters or enzymes
for offering enhanced performance, despite traditionalism
of this beverage sector. There are different ingredients or
additives (potassium sorbate, sulphur dioxide, etc.) and
processing aids allowed to be added during production, and
that vary depending on wine type, technological function or
country legislation. In this context, the use of commercial
enzymes in wine industry is related to a variety of goals,
especially in the processing (maceration, extraction), sta-
bilisation (clarification, filtration) and aging steps (matu-
ration on lees) (Fig. 1). The activity of the enzymes
naturally present in grapes and indigenous microflora is
important during wine making processes. Unfortunately,
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Fig. 1 An overview of the main enzymes types used in wine making process and their phase application

the action of such endogenous enzymes is insufficient to
obtain regular results to produce high-quality wines.

Diverse reviews have been previously published about
enzymes in wine making (Ugliano 2009; Gémez-Plaza
et al. 2010; Rodriguez-Nogales et al. 2016; Claus and
Mojsov 2018) most of them reviewed relevant studies
published before the year 2000. The aim of this review is to
provide an overview of the enzyme utilization in red, white
and sweet wines. At the same time, offering a compre-
hensive overview on the recent advancements that could be
useful to identify some considerations about the future
needs of this specific biotechnological topic in wine pro-
duction. Special attention was focused on safety issues
related with the allergic properties of enzymes and its
impact on wine consumption.
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Effect of enzyme treatments on technological
properties of must and wine

Several studies have investigated the effects of pectolytic
enzymes preparations on technological parameters such as
viscosity, turbidity and filterability of musts and wines. At
the beginning, the positive economical repercussions (re-
ducing costs) during these wine making steps have influ-
enced on the decision against to use of enzymes in
wineries. Pectins are structural polysaccharides in the
middle lamella and primary cell walls of higher plants.
Grape pectins joint to cellulose and hemicelluloses
polysaccharides have important influence on clarification
and filtration of must and wine, and possible related tech-
nological problems (Pinelo et al. 2006). The commercially
available pectinase preparations are heterogeneous associ-
ations of polygalacturonases, pectin lyases and pectin
methylesterases, in some cases are applied associated with
other cell wall degrading enzymes as cellulases and
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hemicellulases, where the desired result is liquefaction.
The mechanism of action of pectinases is to hydrolyse the
pecto-cellulosic cell walls of the berry skin facilitating the
liberation of liquid and other compounds. Consequently,
this improves juice yield when enzymes are applied with a
short maceration previously to pressing, this increase can
go up to 10% (Gomez-Plaza et al. 2010). Besides shorter
pressing times at lower pressure, there is also an increase in
flocculation speed of the must before the alcoholic fer-
mentation by breaking down pectins and macromolecules
to smaller compounds removing matter in suspension
(Ugliano 2009). In red wine making, the use of pectinase
preparations produces higher juice during mechanical
extraction either pumping over or punching down. This
positive effect on clarification of the obtained juice is due
to significant reduction of the protecting colloidal effect of
macromolecules and viscosity reduction (Ugliano 2009).
Numerous studies revealed that the addition of pectolytic
enzymes has a positive effect on the clarification of must
and consequently on related parameters such as viscosity
and filterability, breaking up complex carbohydrate struc-
tures into more soluble oligomers, specially in grape
varieties with higher pectin compounds (Samoticha et al
2017). In a recent study of Dal Magro et al. (2016) have
been proved eight pectinase commercial preparations in the
extraction of juice from Concord grape cultivar. These
enzyme preparations improved juice yield up to 9% higher
than control, especially with pectinolytic (pectin lyase) and
cellulolytic enzyme preparations.

Polygalacturonases, pectinases, cellulases, hemicellu-
lases and B-glucanases (EC 3.2.1.6) are used to improve
filtration process after clarification of wine. Pectin and
glucan type polysaccharides have both a high molecular
weight, their hydrolysis avoid filter blockages, and reduc-
ing the turbidity (Fig. 2). Glucans are a cell wall compo-
nent from yeasts, but glucans can be also produced by the
mould Botrytis cinerea; in this case, B-glucans have high
molecular weight (Rodriguez-Nogales et al. 2016). In
addition, the use of pectinases and glucanases blend or
cocktails at the end of alcoholic fermentation can help to

Glucose ‘

Fig. 2 Schematic representation of the action of B-glucanases on f-
glucans: molecules of linked 1,3-1,4-glucose

stabilize and filter the wine. The filterability of wines,
produced from grapes partially infected with Botrytis
cinerea or from thermovinification systems, significantly
increased after enzyme addition, particularly with B-glu-
canases, together with viable processing costs.

Effect of enzyme treatments on colour composition
and mouthfeel of red wines

Table 1 presents an overview of relevant studies of the
main enzyme applications in red wines found in the
reviewed literature. In red wine making, colour extraction
has also influenced by several factors such as grape variety,
culture practices, maturation stage, environmental condi-
tions during pre-harvest stage and different technological
parameters (maceration time, temperature, frequency of
pump-overs during fermentative maceration, etc.). It is well
known that pectolytic (polygalacturonase, pectin methyl
esterase and pectin lyase), cellulase, hemicellulase and acid
protease activities are included in commercial maceration
enzyme preparations (Fia et al. 2014), and next to xylanase
and B-glucosidase activities can all degrade cell wall
structures (Pinelo et al. 2006).

Numerous studies have been focused on maceration
enzymes that are able to enhance colour extraction in red
wines. Bautista-Ortin et al. (2005) studied the chromatic
and colour stability and sensory characteristics of Monas-
trell red wine using two maceration enzyme preparations
(with cellulase and hemicellulase side activities besides
polygalacturonase, pectin lyase and pectin esterase main
activities). Enzyme treated wines showed higher values of
total polyphenol index (OD at 280 nm) due to the pheno-
lics compounds extracted from solids parts. On the other
hand, non-significant results were obtained with respect to
colour parameters (intensity and tint) and anthocyanin
contents. Maceration enzymes have widely used in red
grapes varieties with naturally low anthocyanin contents
such as Pinot Noir and Okiizgozii from Turkey. Kelebek
et al. (2007) studied anthocyanin composition of the red
grape variety Okiizgozii. Long maceration times (8 days at
20-22 °C) with two different enzyme preparations at 3 g/
100 kg were studied. Enzyme addition had significant
effect on total polyphenol index, proanthocyanidins and
colour intensity. Enzyme red wines contained higher
monoglucoside derivatives, acylated, and p-coumarocy-
lated anthocyanins compared to the control wines. In
another study, Kelebek et al. (2009) found that the antho-
cyanin profile of Kalecik Karasi red grapes of enzyme
treatments and control wines were similar at early stages,
although final wines after alcoholic fermentation contained
the highest amounts of anthocyanin and other phenolic
compounds with increasing maceration time and the use of
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Table 1 Overview on studies relating to the impact of enzymes used in red wines

Grape variety Enzymatic activities Treatment Results® References
conditions®
Monastrell Pectinase—cellulase— n.s. TPI® 1 colour Bautista-Ortin
hemicellulase intensity — anthocyanins — et al. (2005)
Okiizgozii Pectinases 192 h + 22 °C TPI 1; colour intensity fanthocyanins T Kelebek et al.
(2007)
Kalecik Karasi Pectinase—hemicellulase lh Anthocyanins " colour intensity T Kelebek et al.
(2009)
Cabernet Sauvignon Pectinase—hemicellulase 96 h + 25 °C Anthocyanins TTPI 1 Puértolas et al.
(2009)
Mencia Pectin lyase— 288 h Colour intensity 1 anthocyanins 1 Soto-Vazquez
polygalacturonase— et al. (2010)
cinnamil-esterase
Merlot Pectinases-3-glucanases 12h + 12 °C Colour intensity 7 proanthocyanidins T  Ducasse et al.
rhamnogalacturonan-II 1 (2010)
Merlot, Cabernet franc, Pectinase—protease—cellulase  n.s Colour intensity T TPI 1 Di Profio et al.
Cabernet Sauvignon anthocyanins — (2011)
Mencia Pectinases n.s Colour intensity tonality — Ortega-Heras
et al. (2012)
Okiizgozii Pectinases n.s Anthocyanins |total phenolic acids | Bozaran and
Bozan (2013)
Tannat, Syrah, Merlot Pectinases 168 h + 23-29 °C  Colour intensity T anthocyanins 1 Gonzalez-Neves

Monastrell

Cabernet Sauvignon,
Nebbiolo

Nero di Troia

Cabernet Sauvignon

Monastrell

Concord

Cabernet Gernischt

Pectinases-o--galactosidase

Pectin lyase—
polygalacturonase—cellulase

Pectinases

Pectinases

Pectinases

Pectinase—cellulase

Pectinases—fB-p-glucosidase

240 h + 25 °C

192 h + 25 °C

1h+425°C

384 h + 30 °C

24h + 15°C

proanthocyanidins 1 methanol 1

Oligosaccharides 1

Anthocyanins T

Proanthocyanidins 1 anthocyanins —

Colour intensity Tanthocyanins —

Proanthocyanidins 1
Anthocyanins 7

Cg compounds, terpenes, C3
norisoprenoids 1

et al. (2013)

Apolinar-Valiente
et al. (2014)

Rio-Segade et al.
(2015)

Baiano et al.
(2016)

El Darra et al.
(2016)

Castro-Lopez
et al. (2016)

Dal Magro et al.
(2016)

Sun et al. (2018)

*Time and temperature conditions at pre-treatment maceration or alcoholic fermentation

PResults obtained in enzyme treated wines in relation to controls

“Not specified

9Total polyphenols index

pectolytic enzymes. Puértolas et al. (2009) compared the
effect of two macerating preparations with the application
of pulsed electric fields on colour and phenolic compounds
of Cabernet Sauvignon wine. The authors showed that both
techniques promoted greater extraction than control wine
but pulsed electric fields treatment was more effective than
the pectinase enzymatic preparations used. Soto Vazquez
et al. (2010) compared pre-fermentative maceration using
procyanidin tannins, ellagic tannins, oak chips and pec-
tolytic enzymes (cinnamyl-esterase, polygalacturonase and
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pectin lyase activies) in red Mencia grapes. The authors
showed significant increase of colour, enhancing co-pig-
mentation reactions with greater anthocyanin contents
when pectolytic enzymes were used at 2.4 g/hL dosage. Di
Profio et al. (2011) compared the effect of two pectolytic
enzymes on three red grapes varieties during three con-
secutive vintages. The effects of canopy manipulation and
its interactions with enzyme treatments on colour indexes,
anthocyanins and total phenols were studied. They
observed that the colour of the obtained wines was
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depended on grape variety and vintage. The results sug-
gested that enzymes led to increase the total phenolic
concentrations and colour intensity, but not significant
effect of these enzymes on anthocyanins was observed,
possibly due to contamination by glycosidase secondary
activities from enzyme preparations used. In another
comparative study, Ortega-Heras et al. (2012) compared
the use of maceration enzymes and cold- pre-fermentative
maceration using dry ice in Mencia red wine during two
vintages. A vintage effect was observed on colour stability
and intensity. In another study, Romero-Cascales et al.
(2012) observed that enzyme preparations could be more
useful in short macerations for colour extraction in red
wine making. The enzyme-treated wines showed the higher
tannin content and total polyphenol index after 12 months
of storage. On contrary, Borazan and Bozan (2013) showed
lower monomeric anthocyanin and flavan-3-ol contents
with the pectolytic enzyme addition than control in
Okiizgozii red wine. In another study, significant differ-
ences in colour extraction were showed between the stud-
ied red grape varieties with pectolytic enzyme addition
(Gonzalez-Neves et al. 2013). The maceration time and
temperature during enzyme action were not provided. The
influence of wine making practices is conditioned by grape
variety used and the grade of ripeness of the grapes, among
other factors. In a recent experiment with Cabernet sauvi-
gnon and Nebbiolo grapes it was shown skin degradation
after enzyme treatments (2 and 5 g/100 kg) at controlled
conditions (during 192 h at 25 °C) (Rio Segade et al.
2015). Anthocyanin extraction from the skins into a wine-
like solution (without alcoholic fermentation) was
increased with enzyme addition and speeded up the
extraction yield (~ 40 h) of extractable anthocyanins. The
effect of enzyme on the anthocyanin profile associated to
the grape variety was only significant for Cabernet sauvi-
gnon variety, not in Nebbiolo variety. The latter finding
could possibly reflect cultivar-specific differences between
enzyme additions or not, also may illustrate the consider-
able influence of plant genetic profile. Baiano et al. (2016)
compared four different maceration procedures using Nero
di Troia red grapes. Only few differences were showed
between standard maceration and enzyme preparation used
(a mixture of pectine lyase, polygalacturanase and pectine
methylesterase), dosage at 2 g per 100 kg for 1 h of mac-
eration. Cryo-macerated and enzyme treated grapes
showed higher proanthocyanidins values and in the
experiment with pectolytic enzymes the ratio of large and
small polymeric pigments was also higher. El Darra et al.
(2016) compared pulsed electric field, maceration enzyme
and thermovinification pre-treatments in Cabernet sauvi-
gnon grapes. All these pre-treatments cause breakdown of
the skin cell walls. At the end of alcoholic fermentation, all
pre-treatments showed higher colour intensity (at 520 nm)

than control. The contents of native anthocyanins, phenolic
acids and proanthocyanidins did not show significant dif-
ferences compared to the control. On the contrary, flavo-
nols from thermovinification and pulsed electric field
treatments showed significantly higher values against
control (97% and 48%, respectively). Temperature and
time of enzymatic maceration pre-treatment were not
provided in this study. Temperature and maceration time
affect the anthocyanin extraction, chromatic parameters
and colour stability in red wine (Kelebek et al. 2009; Rio
Segade et al. 2015). These apparently contradictory results
can be attributed to natural variety differences, grape
maturity, principal and secondary activities of used com-
mercial enzymes and the different experimental conditions
of the studies. In a recent study, Monastrell red grapes were
used by Castro-Lopez et al. (2016) to confirm the inter-
actions between proanthocyanins and cell wall material
from grapes with and without maceration enzyme addition.
The authors showed that macerating enzymes increase
proanthocyanidin content of must and wine by enhancing
extraction from skin cell vacuoles and favouring lower
adsorption on cell wall material. The adsorption of
proanthocyanidin to cell walls decreased in the presence of
enzyme, hence increasing colour stability and phenol
contents. The binding capacity of the cell walls also
depends of the maturity stage of the grapes. Enzymatic
maceration seems to be influenced by degree of maturity of
grapes, vintage and genetic characteristics of the variety
among other factors.

Majority of authors showed a significant increase in the
anthocyanin contents and colour intensity attribute due to
the action of enzymatic preparations, while others have
found the opposite effect (Bozaran and Bozan 2013) or not
significant results (Bautista-Ortin et al. 2005). The effect of
maceration enzyme preparations on the anthocyanin con-
tents and final colour intensity in red wines is controversial
according to the different studies. It is not clear the impact
of maceration enzymes on macromolecular extraction
(tannins, polysaccharides and proteins) and colour stability
after vinification. To identify the potential mechanism by
which extracted polyphenols may be lost from obtained
wines seems to be a goal not yet achieved. These dis-
agreements are probably due to the different enzyme
preparations used (Capounova and Drdak 2002), as well as
to different non-controlled factors in the experimental tri-
als. Phenolic compounds extracted during microvinifica-
tion at laboratory scale with small samples (between 1.5
and 5 kg) can be lower than in commercial fermentations
and maceration time should be longer due to delayed
extraction of phenolic compounds (Sampaio et al. 2007).
The lack of studies with semi-industrial trials cause that
some results not obtain high confidence and reliability, at
least from the wine technician’s point of view.

@ Springer
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Because not only colour compounds are released from
skins, side activities of maceration enzyme preparations
(cellulases, proteases or hemicellulases) may help to
extraction in red vinification and it take an important
positive role in wine structure and mouthfeel sensations
due to grape polysaccharides dissolution. In a study of
Doco et al. (2007) pectinolytic enzyme preparations were
compared against to flash release to enhance aroma, phe-
nolic and polysaccharide compounds in red wine. The
importance of the maceration time for the complete
extraction was revealed. The use of enzymes modified the
composition and structure of pectic polysaccharides rich in
arabinose and galactose. Ducasse et al. (2010) studied
colour parameters, polyphenol and polysaccharide com-
position of Merlot wine over three vintages. The effect of
enzyme treatment on tannin and rhamnogalacturonan II
was vintage dependent. Enzyme treatment wines resulted
in increased polyphenol extraction and higher colour sta-
bility during wine aging (20 months). Apolinar-Valiente
et al. (2014) studied the oligosaccharide structures in red
grapes of Monastrell cultivar from four different “terroirs”.
The results confirmed a significant effect of the commercial
enzyme (5 g/100 kg) on released oligosaccharide compo-
sition; on contrary, f5-galactosidase enzyme addition (1 g/
100 kg) had no evident effect on oligosaccharide compo-
sition against control wines. At the same time, the results
indicated an interaction between enzymatic treatments and
grape origin (terroir influence). Zietsman et al. (2015)
studied the cell wall monosaccharide composition of grape
berries from Pinotage variety. The ripeness level of berries
had a significant effect on the cell walls and consequently
in the action of the endogenous and exogenous enzymes.
This study shows that it was difficult to distinguish
between the action of the endogenous ripening enzymes
and the maceration enzymes added. In this context, the
intra-vineyard ripeness variation factor was studied, and
different maceration enzyme preparations were evaluated
on polysaccharides at the cell wall polymer level with
Cabernet sauvignon red grapes (Gao et al. 2016). This
study showed that all used enzyme preparations reduced
cell wall variation via de-pectination increasing the uni-
formity of the grape pomace. All enzymes opened up the
hemicellulose fraction enabling access to cell wall poly-
mers, especially effective in ripe grapes probably by
endogenous enzymes, which enhanced the impact from
exogenous maceration enzymes.

Effect of enzyme treatments on aroma compounds
Extraction of aroma compounds and their precursors from

grapes is one of main objectives during wine production. In
recent years, most attention has been placed on using
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glycosidases to increase the aroma of white wines. The
action of endogenous and exogenous enzymes produces
that odourless glycosidically-bound precursors are con-
verted into aromatic compounds. Glycosidases operate by
releasing aromas that have bound to sugars (glucose or
disaccharides) and carbohydrate residues to form odorless
glycosides, mainly amongst monoterpene-rich varieties
(Maicas and Mateo 2005). Monoterpenes, benzene
derivatives, C;3-norisoprenoids and aliphatic alcohols are
aromatic compounds that were glycosylated inside the
grape berry cells and can be released by enzyme hydrolysis
action (Cabaroglu et al. 2003). Volatile thiols compounds
can also produce from odourless precursors in white and
red grapes varieties. In this sense, Sun et al. (2018)
revealed higher varietal compounds with B-p-glucosidase
addition in Cabernet Gernischt red wine.

According to the step of vinification proccess, different
enzymatic preparations were used in white wines to
increase or release aroma compounds mainly due to B-
glucosidase, thamnosidase, pectinase and glycosyl hydro-
lase activities (Pogorzelski and Wilkowska 2007). Table 2
shows an overview of reviewed studies of the main enzyme
applications in white wines. Due to inhibitory effect on
glycosidases by glucose, these preparations give best
results when it added after alcoholic fermentation (Maicas
and Mateo 2005). Volatile composition of white wines
from Maria Gomes and Bical Portuguese grape varieties
was studied using a commercial enzyme preparation with
B-glucosidase, pectinase, arabinosidase and rhamnosidase
activities (1 g/100 L), used after the alcoholic fermentation
(Rocha et al. 2005). This work showed that the potential
volatile profile development due to enzyme addition is
dependent on the varietal aroma of the grape variety.
Therefore, enzymatic treatment increased the amounts of
monoterpenoids (+ 32%), terpendiols and aromatic alco-
hols (+ 19%) in Maria Gomes grape variety, but on con-
trary, this enzymatic treatment did not promote any
improvement in the Bical wine aroma profile. A study of
Masino et al. (2008) showed white wines with higher
4-vinylphenol concentrations when musts were treated with
pectinase preparations. A B-glucanase commercial prepa-
ration was used during aging on lees. The enzyme addition
further enhanced different volatile compounds such as
2-phenylethanol, fatty acids and ethyl ester compounds due
to yeast-cell wall degradation. Different pectolytic enzyme
preparations and one with [-glycosidase activity were
studied in Gewiirztraminer variety (Rusjan et al. 2009).
This study revealed that the wines from musts treated with
enzymes had higher monoterpenes (nerol, geraniol, o-ter-
pineol and linalool) against to the control. In this case, an
extensive maceration time (8 h) at 17 °C was applied to
aroma extraction. Monoterpenes concentrations were
higher, when B-glycosidase preparation was used. Another
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Table 2 Overview on studies relating to the impact of enzymes used in white wines

Grape variety Enzymatic activities Treatment Results® References
conditions®
Maria Gomes, Pectinase—arabinosidase— af® Terpenes Taromatic alcohols Testers | Rocha et al. (2005)
Bical rhamnosidase—B-glucosidase
Bombino Pectinase—fB-glucanase 24 h 4+ 4 °C Ethyl esters 1 hexanol 1 trans-3-hexenol T Masino et al. (2008)
bianco methanol —
Gewiirztraminer Pectinases—f-glucosidase 8h+ 17 °C Monoterpenes | Rusjan et al. (2009)
Albarifio Pectinase—f-glucosidase 6h+ 8°C Terpenes 1 C3-norisoprenoids T Cg- Armada et al.
alcohols 1 (2010)
Pedro Ximenez Pectinases—cellulase 3h+28°C TPI — total juice yield 1 total soluble Espejo and Armada
solids 1 (2010)
Furmint Pectinase—f-glucosidase— 8h+ 17 °C Linalool — Rusjan et al. (2012)
rhamnosidase—arabinosidase
Roscetto B-glucanase—pectinases af Amino acids 1 Torresi et al. (2014)
Solaris Pectinases 1h+23°C Phenolic acids TpH 1 total juice yield T  Samoticha et al.

(2017)

*Time and temperature conditions at pre-treatment maceration or alcoholic fermentation

PResults obtained in enzyme treated wines in relation to controls

€After alcoholic fermentation

study carried out by Armada et al. (2010) investigated the
application of pectolytic maceration enzymes and one
clarificant enzyme preparation in Albarifio white wine
aromatic profile. Maceration enzymes produce liberation of
the free forms of terpenes and Cjs-norisoprenoids (B-
pinene, 1,8-cineol, nerol, geraniol and B-damascenone), but
the combination of maceration and clarification enzymes
together was not effective to increase aromatic precursors
extraction.

At this point, it is important to note that studies with
negative results were also published relating to white
wines. For instance, Rusjan et al. (2012) studied the effect
of seven enzyme preparations on terpene profile in non-
aromatic Furmint white variety. Grape pomace (300 kg of
grapes) was macerated during 8 h at 17 °C before fer-
mentation. Linalool was the only monoterpene compound
quantified in this experiment. The enzyme preparations did
not significantly influence on linalool contents of the
resulted wines and the sensory evaluation confirmed these
results. The presence of o-rhamnosidase, a-arabinosidase
and B-glucosidase activities are necessary for the hydrol-
ysis of glycosides for aroma release. The limitations of
using poorly characterized commercial preparations at
batch production level might lead to invalid conclusions
when comparing the effectiveness of different treatments.

The research of enzymes applied to sweet wines has
been mainly linked to the effects on filterability of the
wines and the extraction of aroma. In this sense, a study of
Espejo and Armada (2010) used two pectolytic enzyme
preparations in sun-dried grapes of the Pedro Ximenez

white variety to obtain sweet wine without fermentation.
Enzymatic dynamic maceration during 3 h at variable
temperature between 28 and 36 °C prior to pressing was
performed, comparing the effects of enzymatic trials with
control sweet wine. Total juice yield and total soluble
solids were significantly increased after enzyme addition
with dynamic maceration possibly by cellulose side action.
On the contrary, total polyphenol index and other chemical
parameters were not affected. The risk of extraction of
polyphenolic compounds increases with high maceration
times. Sensorial trials confirmed a higher qualitative level
in enzymatically obtained sweet wines. The effect of dif-
ferent enzyme preparations on wine flavour, aroma and
quality parameters on sweet wines remain unclear due to
the lack of comparative research.

To date most studies have focused on study aroma
enhancement in white wines from aromatic varieties, less
information is available regarding enzymes addition during
ageing. Commercial B-glucanases are actually available for
applications of filtration, clarification and aging of wines.
Glucanase-based preparations can be used to release yeast
intracellular compounds such as polysaccharides, manno-
proteins, amino acids and peptides. Basically, B-glucanases
have been added to musts affected by Botrytis cinerea to
hydrolyze glucans avoiding subsequent colour and filtra-
tion problems (Fig. 2). These enzymes preparations are
produced by strains of Trichoderma sp. and speed up yeast
autolysis during maturation on lees mainly in white wines
at the end of alcoholic fermentation (Gomez-Plaza et al.
2010). In this sense, a study of Torresi et al. (2014) in
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sparkling wine revealed that B-glucanase improved autol-
ysis degradation of the cell wall of yeast strains studied.
The results also indicated that B-glucanase addition influ-
enced the free amino acid profile and probably with posi-
tive consequences on aroma compounds and mouthfeel
characteristics. Also, residual acid proteases contained in
commercial enzyme preparations can help to release all
these compounds. When glycosidases or glucanases are
used for aroma and mouthfeel extraction compounds, one
inconvenient is the impossibility to control the hydrolisis
process, which only can be stopped with bentonite.

Others enzyme types

Lysozyme (EC 3.2.1.17) is a muramidase enzyme derived
from egg white proteins used as antimicrobial on Gram-
positive bacteria in white and red wines. Its antibacterial
action is due to lytic activity on the PB(1,4)-glycosidic
linkages between N-acetylmuramic acid and N-acetyl-D-
glucamide residues in the peptidoglycan of the bacterial
cell wall (Liburdi et al. 2014). Main applications of lyso-
zyme in wines are the prevention or total inhibition of
malolactic fermentation and microbial stabilization after
malolactic fermentation. For those products, allergic reac-
tions against treated wines could not be discarded;
detectable residual amounts of lysozyme are possible to
produce adverse reactions in allergic persons. In this case,
it not could be assumed that used enzymes may completely
remove during the production process, and then wines
treated with lysozyme do require to be labelled on the wine
bottle “contains egg”.

Instable protein fractions in white wine have been the
target of studies applying proteolytic enzymes to avoid
protein haziness and turbidity instead of the traditional
fining with bentonite. Bentonite adsorption is not specific,
removing aroma and flavour compounds besides of pro-
teins. Acidic proteases of fungal origin were used in early
studies with disappointing results in white wines. This
subclass, inside of hydrolases enzymes, has been utilized in
protein hydrolysis. The hydrolysis of peptide bonds by
proteases through nucleophilic attack reduces wine protein
haze formation. The selection of the most appropriate
protease is essential since not all proteases are suitable for
use in wine. Appropriate proteases must be act under
restricted wine conditions of pH, alcohol contents or tem-
perature. The use of a fungal endoprotease (EC 3.4.21.26)
as an alternative to bentonite treatment was studied in
musts and white wines to stabilize unstable proteins
(Marangon et al. 2012). In this study, the need for flash
pasteurization of the juice together with proteolysis by
Aspergilloglutamic peptidase addition limits its viability at
industrial scale. There is increasing interest in evaluating
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proteases hoping to find a suitable protease for wine sta-
bilization and making possible to reduce or replace ben-
tonite fining in the future. On the other hand, proteolytic
enzymes are potential ingestive allergens and its allergenic
power due to occupational exposure has been studied in
many industrial processes of detergent, food and pharma-
ceutical industries (Schweigert et al. 2000). Two families
of proteases contain allergenic proteins (the papain-like
cysteine and subtilisin-like serine proteases) (Breiteneder
and Radauer 2004). This suggests that proteases could
produce allergenic residues in final products when the
control of the process and the final treatments in wine are
not suitable. It has to consider that bentonite binds with
proteins such as enzymes and eliminates them from wine
through precipitation.

Although its use is still not allowed as a food additive in
wine, enzymes active against polyphenols (oxidases,
hydrolases and transferases) could be used during early
wine making steps in white wine production. To reduce
polyphenolic compounds previously to alcoholic fermen-
tation that could react and produce chromatic evolution and
instability. To this end, it can generally use physical—
chemical fining adsorbent agents such as bentonite,
polyvinylpyrrolidone (PVPP) and others inorganic clarifi-
cants. Copper-containing enzymes such as tyrosinase (EC
1.14.18.1) and laccase (EC 1.10.3.2) catalyze a wide
spectrum of phenolic compounds with characteristics
similar to a p-diphenol due to low substrate specificity.
Similarly, tannase (EC 3.1.1.20) only acts on hydrolyzable
tannins and gallic acid esters (Aguilar and Gutiérrez-San-
chez 2001). Laccases are typically extracellular glycopro-
teins with the ability to reduce molecular oxygen to water
as by-product, accompanied by the oxidation of phenolic
and non-phenolic substrates via one-electron removal.
Phenolic compounds are firstly oxidized, polymerized in
non-enzymatic reactions forming high molecular weight
compounds (oligomeric or polymeric products) (Alcalde
2007), which later eliminated during settling of the must or
after vinification. Diverse early studies concluded that
laccase can eliminate instability in white wines caused by
oxidizable polyphenols. Servili et al. (2000) investigated
the removal of phenolic compounds from white musts
using fungal laccase immobilized on cooper-chelate sub-
strate. The process exploits the ability of laccase to remove
phenolic compounds (epicatechin, ferulic and o-coumaric
acids) due to oxidative coupling forming insoluble poly-
meric products which can be removed from must or wine
as a precipitate. In a study conducted by Minussi et al.
(2007), the impact of laccase from Trametes versicolor was
evaluated on white must with positive results, showing
higher reduction in total phenol than in the antioxidant
potential, on contrary in red wine laccase affected phenolic
compounds responsible for the antioxidant potential.
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Phenol degradation was very fast for catechins, but slowly
for stilbenes (cis- and trans-resveratrol) and derivatives of
cinnamic (ferulic and caffeic) and benzoic (syringic,
vanillic, and gallic) acids. Moreover, wine stabilization,
laccases could also be used as oxygen scavengers to
improve storage life avoiding unwanted oxidation and off-
flavours development after bottling. Laccase is able to
reduce the oxygen content significantly in the headspace of
bottles, lowering detrimental chemical changes during its
shelf life, and its efficiency has been demonstrated in the
brewing industry (Alcalde 2007). A controversial issue
may arise from the use of phenoloxidases, the possible
reduction of free-radical scavaging of phenolic compounds
and its antioxidant properties could be altered with the use
of these enzymes, especially in red wines. Several com-
pounds relating with sensorial characteristics could be
altered. In the future, different oxidoreductase enzymes
need to be tested in diverse types of wine to have a more
accurate vision of their real efficiency for this specific
application.

A relatively new recent biological technique to produce
reduced alcohol wines is glucose oxidase (EC 1.1.3.4)
utilized in pre-fermentative processes. Until now, the use
of this enzyme in wine making is not permitted in some
countries. This aerobic glycoprotein catalyzes the oxida-
tion of B-np-glucose to D-glucono-1,5-lactone (D-gluconic
acid d-lactone) and hydrogen peroxide as a by-product.
Simultaneously, D-gluconic acid d-lactone hydrates
forming gluconic acid (Schmidtke et al. 2012). This
stable organic acid cannot to be fermented by yeasts;
consequently, alcohol levels in resulted wines are lower
compared to untreated wines. There are some drawbacks
with this technique: need of higher dissolved oxygen
concentrations in the must, optimum glucose oxidase
activity at high pH levels from 5.5 to 6.0, in consequence
deacidification of the grape juice is needed to guarantee
an efficient treatment, and finally high levels of gluconic
acid in finished wines. Besides, hydrogen peroxide pro-
duced can result in inhibition of glucose oxidase and acts
as an antimicrobial agent. Glucose oxidation inefficiency
produces alcohol decrease from less than 4-40% (Sch-
midtke et al. 2012). In a recent work, Rocker et al. (2016)
studied the use of glucose oxidase and catalase to reduce
glucose in white must with high production of no-fer-
mentable gluconic acid. The results showed treated wines
more acidic and less fruitiness than controls. An alcohol
reduction of 2% v/v was obtained with the procedure
applied (30 h of aeration, pH 3.5, 30 kU/L of glucose
oxidase and 15 kU/L of catalase). Alteration of desirable
organoleptic qualities and possible off-flavour develop-
ment are important limitations.

Principal drawbacks of enzyme use

It is important to stress out that enzymes can have some
drawbacks to being considered. Because of the nature of
enzyme preparations, it is not always possible to check the
specific main activity and side activities provided by the
supplier to compare between commercial products or to
check its efficiency and possible detrimental effects. For
instance, cinnamoyl esterase (EC 3.1.1.1) activity can
produce free phenolic acids such as vinyl-4-phenol and
vinyl-4-guayacol in white and red wines due to hydrolysis
of p-coumaric and ferulic acids by yeast fermentative
cinnamate decarboxylase action (Fia et al. 2014). These
volatile phenols can confer undesirable off-odours such as
“horsey” or “farmyard” odours to red wines and nail
polish odour to white wines and is also responsible for
premature loss of fruitiness and freshness in white wines,
thus affecting negatively the volatile composition of
resulted wines.

Another undesirable side activity is anthocyanase (-
glucosidases) which could induce a loss of colour in red
wine production due to unstable anthocyanidin formation;
breaking the bond between the glucose and the antho-
cyanidin-3-glucosides (Romero-Cascales et al. 2012).
While this fact is beneficial in white wine production, but
not to red or rosé wines, due to red colour degradation and
colourless pigment formation.

At early stages of commercial enzyme preparations used
for clarification, its main drawback was the methanol
production. There are strong evidences proving that pec-
tolytic enzymes produce methanol, with a higher level in
red wines (Ugliano 2009). Pectin methyl esterases release
methanol and polygalacturonic acid from pectin sub-
stances. No production or low level of methanol is con-
sidered a goal to promote enzyme application in beverages
industry. Some studies have showed methanol increased
due to pectolytic enzymes addition, but within maximum
acceptable limits (Romero-Cascales et al. 2012; Gonzalez-
Neves et al. 2013). Nowadays, to keep these problems
under control, producers commercialized enzyme prepa-
rations with no undesirable activities or kept at negligible
levels. In any case, industrial purification processes to
remove these undesirable activities and other toxic sec-
ondary metabolites produce simultaneously a loss of the
main activity of the enzyme preparations (Guérin et al.
2009).

Different grape and wine compounds may play an
important role in wine allergy and intolerance reactions in
sensitized individuals such as biogenic amines, sulphites or
ethanol. Some proteins have allergenic potential and their
residues in the final product could represent a risk for
allergic consumers sensitive to the protein used (Wiithrich
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2011). In particular, animal proteins are widely used in the
clarification of wines (caseinates, fish gelatine, egg white
proteins), besides other grape and microbiological origin
proteins may be involved as well in the sensitization such
as B-1.3-glucanase, endochitinase 4 and thaumatin-like
proteins (Pastorello et al. 2003; Wiithrich 2011). Actually,
other fining agents produced from vegetal proteins (e.g.
glutens, lupin, pea proteins) are used in wines instead of
animal proteins, also presenting a potential risk to sensi-
tised individuals (Verma et al. 2013). In principle, it can be
assumed that residues of these substances are not present in
the final commercial wines. Verhoeckx et al. (2015)
reviewed the effect of processing on the allergenicity of
proteins in peanuts, tree nuts, cows’ milk, hens’ eggs,
wheat, mustard and soy. The studies available showed that
only microbial fermentation and enzymatic or acid
hydrolysis may have the potential to reduce the allergenic
role of these proteins. Nevertheless, for each allergen,
treatments during wine processing might eliminate or
reduce the allergen contents at secure levels for patients
with food allergies. The use of technological procedures
such as sheet filtration or bentonite addition leads to wines
containing no detectable amounts of hidden allergens and
low risk of immunoreactivity. Different studies have
reported low or negative allergic response to ovalbumin in
white and red wines after bentonite application or sheet
filtration both in conjunction with sterile filtration
(Kirschner et al. 2009). Some studies suggested that wines
treated with bentonite and filtered present a negligible risk
of inducing a clinically significant adverse reaction in
subjects with confirmed allergy to the used proteins (Vas-
silopoulou et al. 2011). Until recent years, the allergic
effects of enzymes have been studied mainly regarding
their uptake by inhalation. It is well documented allergic
and irritative effects after directly contact with a high
concentration of pure enzyme, especially in the production
and handling of pulverized enzymes in occupational and
industrial contexts (Schweigert et al. 2000). A few cases of
oral allergy to fungal enzymes are described in literature
(Rizzi et al. 2016). In wine industry, the enzymes are
applied during wine production as processing agents and
not in the final products. It should be kept in mind that wine
is processed before consumption. Most commonly used
physical treatments are cold and heat treatments, depth and
sterile filtration or centrifugation among others. Biochem-
ical processes such as microbial fermentation (alcoholic
and malolactic), aging and clarification treatments are
extensively applied to wines. All these stabilization pro-
tocols and treatments are depending on the characteristics
of the produced wines. After enzyme performance, the
enzymes are denatured by bentonite treatment, then pre-
cipitated and finally removed by at least two filtration
steps.
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However, only limited data are known about how food
processing can affect allergic sensitization and about the
degradation of proteinogenic fining agents used in wine
clarification which may undergo allergenic residues in the
final wines, similarly little is known about how wine
making steps may affect allergic sensitization and subse-
quent elicitation of adverse reactions to enzymes in sensi-
tized individuals (Rizzi et al. 2016). In principle, the
possible concentration of enzymes in final commodities is
very low; hence irritating properties are not considered a
risk for final consumers (Spok 2006). Nevertheless, the
resulting detectable sub-trace amounts of enzymes able to
induce a clinical reaction by oral route in sensitized adults
are probably negligible, if existent (Bindslev-Jensen et al.
2006). On the other hand, there are not enough studies
about if enzymes used in food products are also potential
ingestive allergens or not (EFSA 2009). Hence conclusive
data are not currently available in respect, probably due to
the lack of sensitive and accurate routine analytical meth-
ods to characterize and quantify these residual proteins in
different food matrices. At present, advanced proteomic
methods using mass spectrometry provide results of hidden
allergenic food proteins, particularly absolute quantifica-
tion of multiplex allergens (Kirsch et al. 2009). In this
context, the complete characterization at molecular level of
enzymes naturally present and added to wines, including
identification of suitable marker peptides for development
of analytical methods is needed. Therefore, while every-
thing suggests that enzyme residues in the final products
following filtration are low or negligible in all cases. In
view of published studies, it is difficult to conclude whether
wine, in which enzymes were utilized, is harmful to sen-
sitized consumers or not, and at what levels of
consumption.

Future directions

In the field of enzyme optimization, different biotechno-
logical tools would be studied in wine such as immobilized
and embedded enzymes. Immobilization of enzymes to
solid supports was utilized to improve operational stability,
offer better activity, and to reduce costs at the same time
(Bleve et al. 2016). The use of immobilized enzymes is a
much safer approach, being easier to remove residual
proteins from the process flow of the must and wine, at the
same time could be used repeatedly depending on the
intended purpose and avoiding potentially allergenic
residual proteins in final products. The selection of support
material and the method of enzyme immobilization, which
cover both economic and technical requirements for large-
scale application, are the key factors when most wines are
of low added commercial value. Despite multiple
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advantages associated with immobilization of enzymes,
nowadays there are few successful examples of immobi-
lized enzymes for food processing used industrially. Then,
the ability to scale up this technique or the robustness still
needs to be demonstrated in different industrial scenarios.
In recent years, several studies have investigated the use of
different supports for immobilized yeasts (Bleve et al.
2016), lactic acid bacteria (Agouridis et al. 2005), and
enzymes (Gonzalez-Pombo et al. 2014); but there is a lack
of enough published studies regarding immobilized
enzymes used in wine (Spagna et al. 2002; Gonzalez-
Pombo et al. 2014). An alternative to the attachment of the
enzyme to a solid inert support may be to use cross-linked
enzyme aggregates by conventional non-denaturing protein
precipitation techniques (Ahumada et al. 2016). This study
used this immobilization technique with glycosidases in
Muscat wine, showing higher concentrations of linalool,
nerol, geraniol and benzyl alcohol than in the control.
Simultaneous co-immobilization of yeast and bacteria cells
has also been evaluated with positive results, obtaining
acceptable quality wines with significant decrease in time
needed (Bleve et al. 2016).

New strategies may develop when wine making process
requires the participation of various enzymes in sequence,
therefore the application of immobilized multi-enzymes or
catalytic cascade process can be investigated. Another
research direction can be investigating endogenous
enzymes in grapes and yeasts to develop practices that
enhanced its activities during the different processing steps,
becoming a promising alternative for exogenous enzymes
addition. It is important to highlight that biotechnology
tools are associated with a negative consumer’s perception
because they have very limited knowledge of these pro-
duction practices and its consequences in product’s quality
(Sgndergaard et al. 2005). In this sense, the use of non-
Saccharomyces yeasts and lactic acid bacteria with extra-
cellular enzyme production could represent one viable
alternative to exogenous enzymes addition. Important
activities have been observed in lactic acid bacteria
(esterase, lipase, protease, B-glucanase, cellulase, glucosi-
dase and tannase), and in non-Saccharomyces yeasts
(pectinase, protease, B-glucanase, cellulase, xylanase, glu-
cosidase) under wine-like conditions (Maicas and Mateo
2005; Escribano et al. 2017). Finally, there are multiple
molecular engineering strategies for improving food
enzymes or to rationally modify its properties, used by
enzyme manufacturers, such as directed evolution, protein
engineering or de novo designing biocatalysts (Yang et al.
2014). Future manipulated and customized microorganisms
may express capacity to produce extracellular enzymes
during wine production processes.

Conclusion

Enzyme application in wine making has gained much
attention of industry during the last few decades. In gen-
eral, enzymes are widely accepted and well establish in
wine industry. Providing further technological and eco-
nomic advantages and helping to solve the insufficient
activity of endogenous enzymes in grapes and wines. As
described in this review, studies of different enzyme
preparations have been gradually accumulating valuable
information for technicians that can lead to considerable
improvements in strategic decisions for wine making
management. Other aspects such as enzyme immobiliza-
tion, multi-enzyme complex preparations are probably to
be a focus of future research in wine. Differences between
studies can be attributed to the fact that grape varieties and
enzyme preparations employed were not the
Nonetheless, due to the complex matrix studied the
obtained results were closely related to a large number of
intrinsic and extrinsic factors that are relevant (variety,
grape maturity, time and temperature of enzymatic mac-
eration, enzymatic preparation profile, and so on). Con-
sumers demand for minimally processed foods with
“invisible” ingredients or clean labels which have apparent
more healthy perception. This review can serve to help
oenologists to make an informed choice and judicious
application, at the same time advising consumers about
enzyme preparations properties in wine and to increase
their knowledge about the product safety perception. In this
context, it can be expected that consumers will not be
exposed to enzyme residues from wine consumption, but
there is still a lack of adequate information regarding
potential enzyme residues on the final products and its
possible risk for sensitisation. In any case, further scientific
research will be necessary to know these and other unan-
swered questions.

same.
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