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Atmospheric and room temperature plasma mutagenesis and
malolactic fermentation of highly acid-tolerant Oenococcus
oeni

ZHANG Lifang, XU Ningli, TAO Jin, HU Lei, ZHANG Guoqiang*

College of Biological and Food Engineering, Anhui Polytechnic University, Wuhu 241000, Anhui, China

Abstract: [Objective] To breed highly acid-tolerant strains of Oenococcus oeni and study their
stress tolerance and malolactic fermentation (MLF) performance. [Methods] The mutagenesis
of O. oeni SD-2a was carried out with the atmospheric and room temperature plasma (ARTP)
method. The ethanol tolerance of the mutants and the MLF performance of the mutants in
simulated wine and wine were investigated. [Results] After ARTP mutagenesis, five
acid-tolerant mutants with high B-glucosidase activity were isolated by subculture under stress
(pH 3.0). The mutants showed strong ethanol tolerance at high ethanol concentrations. Among
them, the mutant ARTP-2 had the highest B-glucosidase activity and L-malic acid cumulative
degradation in the simulated wine. Moreover, it demonstrated faster L-malic acid degradation
rate in wine than O. oeni SD-2a and completed MLF on day 18. The total concentration of
aroma components in the wine fermented by ARTP-2 was significantly higher than that by O.
oeni SD-2a. [Conclusion] The mutant ARTP-2 had strong stress tolerance and MLF
performance and played a positive role in wine aroma. The findings laid a foundation for the
further development of high-quality commercial fermenters for MLF.

Keywords: atmospheric and room temperature plasma (ARTP); Oenococcus oeni; acid tolerance;
L-malic acid; B-glucosidase; aroma components
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Figure 1 Effect of mutagenesis treatment time on
the lethality of Oenococcus oeni SD-2a (mean+SD,
n=3).

Figure 2 Growth curves and B-glycosidase activities of all strains (mean+SD, n=3). A: Growth curves of all
strains at pH 3.0. B: B-glucosidase activities of all strains at pH 3.0. Different letters (a, b, ¢) indicate significant

differences (P<0.05).
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Figure 3 Colony morphology and cell morphology of all strains at pH 3.0. A, D: O. oeni SD-2a. B, E: ARTP-1.

C, F: ARTP-2. G, J: ARTP-3. H, K: ARTP-4. I, L: ARTP-5.
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Figure 4 Growth curves of different mutant strains at different pH (mean£SD, n=3). A: ARTP-1. B: ARTP-2.

C: ARTP-3. D: ARTP-4. E: ARTP-5.
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Figure 5 Growth curves of all strains at different volume fractions of ethanol (mean+SD, n=3). A: 10%
ethanol. B: 12% ethanol. C: 14% ethanol. D: 16% ethanol.
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Figure 6 L-malate degradation rates and B-glycosidase activities of all strains in simulated wine (mean+SD,
n=3). A: Degradation rates of L-malic acid in simulated wine for all strains. B: B-glucosidase activities of all
strains in simulated wine. Different letters (a, b, ¢) indicate significant differences (P<0.05).
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Figure 7 Degradation rate of L-malic acid in wine
(mean£SD, n=3).
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Table 1 Wine aroma content and aroma activity values

Aroma compounds ARTP-2 SD-2a CK Threshold Odor

c(OAV)/(mg/L) c(OAV)/(mg/L) c(OAV)/(mg/L) (mg/L)  descriptor

Ethyl acetate 19.724+0.41a >1 11.13+0.25b >1 10.44+0.53b >1 7.5 Fruity, sweet

Isopentyl acetate 5.87+0.13a >1 2.41+0.14b >1 1.9240.10c  >1 0.03 Banana, peer
sweet

Phenylethyl acetate 4.46+0.07a >1 2.15+0.08b >1 1.74£0.11c = >1 0.25 Fruity, Rose

Diethyl succinate 6.7£0.13a <0.1 3.5240.26b <0.1 3.8840.19b <0.1 200 Fruity, floral

Ethyl caprylate 2.45+0.03a >1 1.21+0.04a >1 0.73£0.02b  >1 0.6 Fruity, floral

Whiskey lactone 0.49+0.01a >1 0.09+£0.01b  >1 ND - 0.067 Cocoa beans,
lactone

Ethyl isopentylsuccinate 0.15+0.02c - 0.4+0.01b - 0.49+£0.04a - - -

Ethyl hexanoate 1.94+0.10a >1 0.86+£0.10a  >1 0.814£0.08a  >1 0.026 Fruity, floral

Isoamyl decanoate 0.27+0.03 - ND - ND - - Rose

Ethyl caprate 0.17+0.01 0.1-1 ND - ND - 0.2 Coconut, floral

Ethyl nonanoate 0.32+0.02 0.1-1 ND - ND - 1.3 Fruit, rose,
waxy

Propanoicacid,2-hydroxy- 0.36+0.01a >1 0.15£0.02b 0.1-1 ND - 0.2 Creamy, nut

3-methylbutylester

Ethyl 2-hydroxy-4-methyl ND - 0.14+0.01 - ND - - -

valerate

Ethyl 3-methylbutyrate 0.18+0.02 >1 ND - ND - 0.1 Apple,
mulberry

Ethyl 2-methylbutyrate 0.6+0.06 >1 ND - ND - 0.018 Apple, tasting
green

Ethyl phenylacetate 0.17+0.02 >1 ND - ND - 0.073 Rose

Ethyl propanoate 0.67+0.05a 0.1-1 0.51+0.11a  0.1-1 0.41+0.09a 0.1-1 1.8 Fruity, bitter

Ethyl heptanoate 1.95+0.11a >1 0.774£0.17a  >1 0.86+0.11a  >1 0.22 Strawberry,
fruity

Isobutanol 10.32+0.32b 0.1-1 17.02+0.70a 0.1-1 17.38+0.57a 0.1-1 40 Solvent, green

Isoamyl alcohol 137.42+5.61a >1 133.16+6.78a >1 130.60+6.95a >1 30 Whiskey,
banana, bitter,
nail polish

N-hexyl alcohol 17.324+0.55a >1 14.23+0.65b >1 12.83+0.82¢ >1 8 Fruity, floral,
green

N-heptanol 1.438+0.07a >1 1.32+0.17a  >1 0.71£0.08b  >1 0.2 Lemon, orange

1-octanol 1.31+0.05a >1 0.96+0.05b  >1 0.78+0.07¢  >1 0.04 Jasmine, lemon

1-nonanol 1.91+0.06a >1 1.27+0.10b  >1 0.86+0.14¢c  >1 0.6 Fruit, rose

Phenethyl alcohol 175.79+8.79a >1 167.32+8.77a >1 145.71+5.36b >1 14 Rose, honey,
clove

(1548)
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GERY
Aroma compounds ARTP-2 SD-2a CK Threshold Odor
C(OAV)/(mg/L) C(OAV)(mg/L)  c(OAV)(mgL)  (mg/L) descriptor
Dodecanol 1.44+0.09a >1 1.41+0.11a  >1 1.08+£0.09p >1 1 Floral
2,3-butanediol 0.35+0.03a <0.1 0.31+0.04a <0.1 ND - 120 Fruity, creamy,
plastic
3-methyl-1-pentanol ND - 1.06+0.11 >1 ND - 1 Fruity
2,6,8-trimethyl-4-nonanol ND - 0.22+0.01 - ND - - -
2-ethyl-1-hexanol 2.88+0.15a 0.1-1 0.64+0.08b <0.1 0.48+0.08b <0.1 8 Mushroom,
fruity, sweet
Benzyl alcohol 20.49+0.95a 0.1-1 17.86+1.01b <0.1 19.56+0.96ab <0.1 200 Fruity, burnt
1-(1-methylethoxy)-2-propanol 6.56+0.10 - ND - ND - - -
1-[(1-methoxy-2-propanyl)oxy]- 0.35+0.01 - ND - ND - - -
2-propanol
Lauric acid 0.68+0.10a 0.1-1 0.27+¢0.04b 0.1-1 ND - 1.5 Laurel oil
Bitter 0.52+0.06 >1 ND - ND - 0.5 Rancid, cheese
Decanoic acid ND - 0.26+0.03 0.1-1 ND - 1 Caramel, milk,
rancid, fatty
Myristic acid ND - 1.27+0.23a - 0.3240.03b - - Milk, waxy
Palmitic acid ND - 3.27+0.18a - 1.03+0.16b  — - Fatty, rancid,
fruity, sweet
Nonanoic acid ND - ND - 0.88+0.05 - - -
2-ethylhexanoic acid ND - 0.31+0.02 - ND - - -
Benzaldehyde 0.28+0.04 0.1-1 ND - ND - 2 Almond, nut,
cherry
Nonanal 2.64%0.17a >1 1.93+0.20b >1 1.58+0.10c  >1 0.015 Orange, rose,
sweet
Decanal 0.68+0.04a >1 0.34+0.03b  >1 ND - 0.01 Orange, rose
4-propylbenzaldehyde 5.39+0.11a - 3.62+0.13b - 3.0240.04c - - -
2,4-dimethylbenzaldehyde 1.09+0.11a - 0.5940.05b - 0.5240.04b - - Almond
3-carboxybenzaldehyde ND - 0.36+0.03 - ND - - -
Acetophenone 1.11+0.01 - ND - ND - - -
2-methyl-4-undecanone 0.39+0.03b - 0.5+0.02a - 0.4+0.04b - - -
D-limonene 0.93+0.05 >1 ND - ND - 0.01 Sweet, orange,
rose
Citronellol 0.60+0.02a >1 0.52+0.03a >1 ND - 0.04 Green, lemon,
rose
Terpineol 0.34+0.01 >1 ND - ND - 0.33 spicy
-damascenone 0.3340.01 - ND - ND - - Apple, peach
Propylene tetramer 1.65+0.03 - ND - ND - - -
N-isophytol 0.22+0.01 - ND - ND - - -
Myrcenol 2.13+0.05 - ND - ND - - -
Totals 443.16a - 383.36b - 358.99¢ - - -

ND: The substance was not detected; — The relevant literature was consulted; Different letters (a, b, ¢) indicate significant
differences (P<0.05).
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B AN T 5 PREERETHZ pH 3.0
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