
MLEČNOKISLINSKE 
BAKTERIJE V VINU 
TERAN 

Lorena Butinar
Projektni partner, Univerza v Novi Gorici

ACCADEMIA DEL TERRANO E DEI PRODOTTI DEL CARSO / AKADEMIJA O TERANU IN KRAŠKIH PRODUKTIH

Štanjel, 06. 11. 2024

BATTERI LATTICI 
NEL VINO TERAN 

PRODOTTI LOCALI E TURISMO DEL CARSO
KRAŠKI LOKALNI PRODUKTI IN TURIZEM



ACCADEMIA DEL TERRANO E DEI PRODOTTI DEL CARSO / AKADEMIJA O TERANU IN KRAŠKIH PRODUKTIH
Štanjel, 06. 11. 2024

Batteri lattici
Mlečnokislinske bakterije

The detection of β-glucosidase activities byO. oeni under oenological
conditions provided important insights on the role of this bacterium to
contribute to wine aroma modification during MLF. The β-glucosidase
activity on synthetic glycoside substrates is dependent on wine compo-
sition (pH, ethanol and residual sugar content) (Grimaldi et al., 2000,
2005b). Investigations of the nature and extent of glycosidase activity
of 22O. oeni strains demonstrated that strains do not necessarily hydro-
lyse all substrates tested, but rather were grouped according to sub-
strate specificity (Grimaldi et al., 2005b). This study also examined the
influence of potential inhibitory parameters such as pH, temperature
and selected wine components (ethanol, glucose and fructose), both
singularly and in combination on the activity of five glycosidases. This
work represents the most comprehensive investigation of this type in
terms of numbers of strains and particularly, substrates and impacting
parameters. Variability of glycosidase activity on synthetic substrates
within O. oeni species have also been reported by other research groups
(Bloem et al., 2008; Cappello et al., 2010; Gagné et al., 2011;
Hernandez-Orte et al., 2009; Pérez-Martìn et al., 2012).

The degree of release of glycosidically bound aroma compounds ap-
pears to be very much strain-related with synthetic as well as natural
substrates. Ugliano et al. (2003) described large difference in the extent
of hydrolysis of nativewine aroma precursors such as linalool,α-terpin-
eol, nerol and geraniol (monoterpenes) by four commercial O. oeni
strains. Hernandez-Orte et al. (2009) reported different ability of five
O. oeni strains in the release and formation of volatile compounds in
synthetic wine enriched in glycosidic precursors extracted from grapes;
strain-variations were themost evident in concentration of compounds
such a benzenoids, terpenes and norisoprenoids.

Effect of MLF on glycosylated and free aroma compounds in Tannat
wine also resulted in significantO. oeni strain-related changes in forma-
tion of compounds including 2-ethylphenol, C13-norisoprenoids and
terpineols (Boido et al., 2002). In addition, the polysaccharides derived
from O. oeni were shown to have the capacity to bind to released
aroma compounds thus influencing the final wine aroma (Boido et al.,
2002). The limitation of the release of free C13-norisoprenoids by the ab-
sorption and occlusion phenomena of O. oeni polysaccharides was also

suggested by Antalick et al. (2012) who observed only a slightly varia-
tion of their concentration in redwine followingMLFundertaken by dif-
ferent O. oeni strains.

As well as O. oeni, Lactobacillus and Pediococcus strains can affect
wine aroma by glycosidase activity. Grimaldi et al. (2005a) investigated
the magnitude of β- and α-D-glucopyranosidase activities, assessed in
several strains of these two genera, and their response to the physico-
chemical winemaking parameters (ethanol, sugars, temperature and
pH) demonstrating that they varied in a strain-dependent manner.
Spano et al. (2005) reported that the expression of the β-glucosidase
gene in Lb. plantarum is regulated by abiotic stresses such as tempera-
ture, ethanol and pH. Olguín et al. (2011) deduced that the bgl gene ex-
pression inO. oenimaybe induced under certain growth conditions (e.g.
moderate ethanol concentration). Nevertheless, the relationship be-
tween β-glucosidase activity and gene expression in these wine LAB is
still unclear and more investigations are needed.

Michlmayr et al. (2010b) identified an intracellular enzyme from Lb.
brevis which displayed functional similarities to a β-glucosidase previ-
ously isolated from Le. mesenteroides (Gueguen et al., 1997). Based on
the protein sequence of the enzyme from Lb. brevis a similar sequence
in the genome of O. oeni ATCC BAA-1163 was identified. Further, the
heterologous expression of this enzyme in E. coli and its initial charac-
terization has been described (Michlmayr et al., 2010a). Finally, the gly-
cosidase activities of several wine related species under different
growth conditions have been reported (Matthews et al., 2006), includ-
ing the glycosidic activity of the newly described species O. kitaharae
(Endo and Okada, 2006).

The effects of glycosidase activity on aroma compounds among dif-
ferent wine LAB species were investigated by several research groups.
Michlmayr et al. (2012) reported that O. oeni glycosidase treatment in
wine produced significantly higher linalool and citronellol + nerol con-
tent than Lb. brevis glycosidase treatment. Differences in C13-
norisoprenoides and monoterpenes concentration were observed
among wine bacteria species (O. oeni, Lb. brevis and Lb. casei) when an-
alyzing the volatile composition of synthetic wine containing glycosidic
precursors extracted from non-floral grapes post MLF (Hernandez-Orte

Fig. 1. A schematic representation of the production andmodification of flavour-active compounds bymalolactic bacterium, Oenococcus oeni, reprintedwith permission from Swiegers et
al. (2005).
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• Naturalmente presenti in uve, mosti e vini

– generi predominanti/ naravno prisotne
na grozdju, moštu in vinu – prevladujoči
rodovi: Leuconostoc, Pediococcus, 
Lactobacillus, Oenococcus

• Fermentazione malolattica (MLF) –
conversione dell'acido L-malico in acido L-
lattico una diminuzione dell'acidità totale
del vino, migliora le proprietà
organolettiche, aumenta la stabilità
microbiologica./ Jabolčno-mlečnokislinska
fermentacija (MLF) – pretvorba L-jabolčne
v L-mlečno kislino – zmanjša kislost, 
izboljša organoleptične lastnosti, izboljša
mikrobiološko stabilnost.

• Formazione di ammine biogene (BA)/ 
Tvorba biogenih aminov

• Formazione di fenoli volatili (etilfenolo!)/ 
Tvorba hlapnih fenolov
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2023 (n = 22*)
alcol (vol. %)

alkohol (vol. %) 11,49 – 14,02   (12,67 ± 0,61**) 

zuccheri riduttori (g/L)
reducirajoči sladkor (g/L) 1,2 – 1,4  (1,2 ± 0,1**)  

SO2 libera (mg/L)
prosti SO2 (mg/L) 7 – 27  (15,9 ± 5,6**) 

SO2 totale (mg/L)
skupni SO2 (mg/L) 30 – 77  (48,3 ± 12,8**) 

pH
pH-vrednost 3,07 – 3,52  (3,35 ± 0,12**) 

acidità totale (g/L, acido tartarico)
skupne kisline (g/L, vinska kislina) 6,3 – 10,1 (7,7 ± 1,1**) 

acidità volatile (g/L, acido acetico)
hlapne kisline (g/L, ocetna kislina) 0,28 – 0,92  (0,60 ± 0,16**) 

acido lattico (g/L)
mlečna kislina (g/L) 0,11 – 2,79  (1,73 ± 0,70**) 

acido malico
jabolčna kislina (g/L) n. d. – 3,21  (0,45 ± 0,93**) 

Tabella 1/ Tabela 1: 
Parametri fisico-chimici standard del Terrano 
Standardni fizikalno-kemijski parametri vina Teran

*numero campioni, **valore medio ± deviazione standard/ *število vzorcev, **povprečna vrednost ± standardni odklon
n. d. il composto non è stato rilevato (concentrazione inferiore al limite di rilevazione)/ spojina ni bila zaznana (koncentracija pod mejo zaznavnosti)

Parametri fisico-chimici standard del 
Terrano
Standardni fizikalno-kemijski parametri 
Terana
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Vzorec Jabolčna kislina 

T24.233 3,21 g/L

T24.237 2,03 g/L

T24.221 1,17 g/L

T24.224 2,58 g/L

T24.226: Lactobacillus paracollinoides
              L. harbinensis
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2011–2013 (n = 82) 2017 2018 2023 (n = 22)

putrescina/ putrescin 0,01–78,71 14,0-114,5 n. d.-10,9 n. d.-4,8

cadaverina/ kadaverin 0,01–9,9 n. d. n. d.-12,07 n. d.-12,5

etanolamina/ etanolamin 9,03–37,5 7,7-16,7 n. d.- 100 n. a.

istamina/ histamin 0,003–13,86 n. d.-10,3 n. d. n. d.
metilamina/ metilamin 0,004–1,2 n. a. n. a. n. a.

tiramina/ tiramin 0,01–10,77 n. d.-5,7 n. d.-22,49 n. d.
butilamina/ butilamin 0,1-1,85 n. a. n. a. n. a.
triptamina/ triptamin 0,041-0,19 n. a. n. a. n. a.

2-metilbutilamina/ 2-metilbutilamin 0,047-1,16
n. a. n. a. n. a.

isopentilamina/ izopentilamin 0,092-4,69 n. a. n. a. n. a.
esilamina/ heksilamin n. d. n. a. n. a. n. a.

Tabella 2/ Tabela 2: 
Range di concentrazione delle ammine biogene (mg/L) nel vino Terrano/ 
Območja vsebnosti biogenih aminov (mg/L) v vinu Teran

n. a. il composto non è stato analizzato/ spojina ni bila analizirana
n. d. il composto non è stato rilevato (concentrazione inferiore al limite di rilevazione)/ spojina ni bila zaznana (koncentracija pod mejo zaznavnosti)

Ammine biogene
Biogeni amini
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Fenoli volatili
Hlapni fenoli

Prag zaznave 2011-2013 2023
4-etilfenolo
4-etilfenol 620 (a) 6 - 953 n. d.-134,041 

4-vinilfenolo
4-vinilfenol 180 (b) 90 - 3376 n. d.-63,541

4-etilguaiacolo
4-etilgvajakol 140 (a) 6 - 479 0,068-129,846

4-vinilguaiacolo
4-vinilgvajakol 40 (b) 19 - 750 1,517-54,086

Tabella 3/ Tabela 3: 
Concentrazioni di fenoli volatili (µg/L) nel vino Terrano
Vsebnosti hlapnih fenolov (µg/L) v Teranu

(a) Alanon in sod. 2013
(b) Lopezin in sod. 2002

n. a. il composto non è stato analizzato/ spojina ni bila analizirana
n. d. il composto non è stato rilevato (concentrazione inferiore al limite di rilevazione)/ spojina ni bila zaznana (koncentracija pod mejo zaznavnosti)
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