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Abstract: In this study, three commercial non-Saccharomyces yeasts, i.e., Torulaspora delbrueckii, Metschnikowia
pulcherrima and Lachancea thermotolerans were tested in combination with Saccharomyces cerevisiae to produce Italian
Riesling white wines, with the fermentation progress, physical and chemical indexes of white wine, volatile profile and
aromatic property of resulting white wines determined and compared, in order to elucidate their influences on the aroma
quality of white wines. Results showed that, all fermentations were completed successfully, but the growth of M.
pulcherrima was more easily inhibited by the proliferation of S. cerevisiae. Moreover, the ethanol concentrations of white
wines from mixed fermentations were lower than that of S. cerevisiae single inoculation. Volatile compounds were detected
by HS-GC-IMS, and a total of 34 volatiles were obtained. Wines inoculated with M. pulcherrima contained the highest
signal intensities of ethyl caproate, ethyl isovalerate, ethyl 2-methylbutyrate, hexyl acetate, y-nonolactone, J-octanolactone,
hexanol, 2,3-butanedione and linalool, the overall aromatic property was greatly enhanced. Wines conducted by mixed
fermentation using 7. delbrueckii/S. cerevisiae and L. thermotolerans/S. cerevisiae contained higher intensities of ethyl

octanoate, propyl acetate, ethyl propionate and o-terpinene, and the aroma and sensory characteristics of these two pairs
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were similar, both better than the wine fermented singly by S. cerevisiae. Moreover, principal component analysis could

better distinguish the wines produced by different mixed fermentation processes. In conclusion, this study showed that the

mixed fermentation using non-Saccharomyces yeasts/S. cerevisiae pairs played an important role in the improvement of the

aroma of white wine.

Key words: white wine; Torulaspora delbrueckii; Metschnikowia pulcherrima; Lachancea thermotolerans; fermentation

progress; volatile components
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ME 50 g, BEREMY 5 g, IR IR 5 g, BER &4 550 mg,
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Fig.1 Growth kinetics of yeasts and sugar consumption in
white wines.
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TR TP R ) AN M4 (BT e Bl 2 1) o

DU 4 20 VPG A T A v PR IR R A i A R
JEBETSAEIS LR 1. FETR-G A IERES, BRI
BROESeRemR, A 1AL 1B 1 1C AT LR H, SER A
FFIERS | BOR A IR P R PR v e R R I R AR
UMb 3E W 45 00 R RIS, TEIR A T D 201,
AN ECR 2URIGn. & B 24 h J5 3R Lalvin D21,
T RENE TN AZ A EERI IR = A psa -, Bkl
AT A v 1 A I R, PR e B - TR 1
RS S Al DS e N W Wil SR ol [ BRE PR
BT AERZ 2L BN, i A0 Ta e A pi Bt BRSNS U1
K, SEAR A AT TR Ak B S B, T AR A E TR S
K% 24 h JG IR T RE. SERAg2T et | 8URA 15
P TN AR ST A B3 56 2. 3 F1 3 d 15504
B, IS4l 3 EAE] 7.39. 8.12 F11 7.40 1g(CFU/mL).
FRIPE I RIAE M1, M2, M3 = MRS KBRS hikE]
A K WEAE MY TE B 4~5 d, I 44 i Sy B 8.17.
7.68 F119.98 1g(CFU/mL) . BE#& A BRI T, BB
B 53 FIVE SR 2B S Bl M AR 3, IR R G o 808
T, BB Wb . T A TR A KRR IAESS 8 d
SEI AT IR 1D AT, M4 TR AR A R R
D21 {EFeR] 3 d BG4l HuSGE Bl e, 25 AR EE
2R, TS 7 d SRR R, & LIRS RIRR
Z M4 FESRIER T 1 do RSN, ST 3T JEORE IY) TE FE 1T
T, 7E M1, M2 Fll M3 4970 H, PRRP R A7
b 3 R LS o (55 2~8 d), 38 JEORH IS FE 3 545 5 S
23.6. 19.8 Fl1 21.9 g/(L-d), TiXJ AL i (M4) H ik it
MG RN 29.6 g/(L-d), 15i B PR 7G l A B o 1
B B A% B PRI (4 A1 DRSS 3 B S 00 A= K K 2T
Bl
2.2 BEEERIEIRELE

K W 5 TR ot A 28 WY B BEAL FE AR AT AU, 2%
RAHEACALFRFPRAEZETT RS W 1. Fra RS
AL S REMIET 4 g/, BRI AL BE LIS e, SRS
A, ¥ TR AW . WK BEAE 10.81%vol~
11.58%vol Z[i], M4 Wik, M1 5. pH 7E 3.45~
3.60 JEFEIPY, M1, M2 il M4 Z[a]2ZZ5480)N, M3 %1k,

K1 AFEEARER S 5t A F F A e ts
Table 1 Compositional profile of Italian Riesling white wines

resulting from different fermentations

MI1(M. M2(T. M3(L. M4(S.
i H pulcherrima/  delbrueckii/  thermotolerans/  cerevisiae
S. cerevisiae) S. cerevisiae) ~S. cerevisiae) — FIMKHE)
W
(§%E 10.81+£0.07"  11.02+0.09* 11.17£0.10°  11.58+0.06°
(%vol)
Js¥ic
1.14+0.02° 0.97+0.04° 1.59+0.04° 2.21£0.02¢
(g/L)
B
5.52+0.05° 5.69+0.04° 6.37+0.05¢ 5.85+0.05¢
(g/L)
pH 3.54+0.02° 3.60+0.02° 3.45+0.02* 3.58+0.02°
%ﬁ% 0.30+0.03° 0.19+0.02° 0.27+0.03° 0.38+0.02°

T FFTARNG 5, (a~d) FR 22 579 1. 35 (P<0.05)
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Fig.2 GC-IMS patterns of volatile compounds in Italian Riesling white wines resulting from different fermentations
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Table 2  Signal intensities of volatile compounds detected in Italian Riesling white wine resulting from different fermentations

by GC-IMS
HFR RI  RYfs] Dt[RIPrel] ¥I(i$&%i%ﬁ N MZ(j’Wﬁ@ E%ﬂ_ M3»(¢mﬂ.ﬁ,%i&ﬁ?_ . M4
P B S R THE) PRI T BRTR A A T8 ) PRI T BRTR 5 A T ) (BRI R %)
CHiIa o 8482 21149  1.1939 1276.299+9.399* 1241.547+6.537° 1273.753+0.629* 1642.781+34.681°
R 898.0 227.125  1.3371 5430.237+27.668° 5511.540+33.356° 5352.809+31.948° 6414.599+51.375¢
Wi LR 965.2 249.461  1.4557 132.556+7.547° 495.766+26.520° 390.136+9.946° 143.853+19.224*
ST TR 9753 25337  1.5634 833.566+15.364° 694.242+15.284° 708.369+7.922° 351.073+10.378°
LR 985.5 257.558  1.4802 203.474+6.197" 696.791+17.062¢ 427.585+6.860c 381.127+13.573°
RS T R 10243 275706  1.6166 1502.254+24.918° 1696.477+10.202° 1480.418+7.490° 1377.935+4.909°
TR 1047.8 288.549  1.562 2101.968+20.282° 2083.595+6.253" 2112.306+16.534 1162.130+1.941°
2-HIETHRAME-D  1060.9 296367  1.6547 567.068+15.663° 79.014+1.857° 102.596+3.126" 77.27543.212°
2-MEETRAEE-M  1061.4 296.646  1.2471 362.249+2.928" 231.761+12.486" 241.497+3.314° 233.271+5.301°
SRR L TR-M 1076.2 306.139  1.2676 430.034+9.175° 540.958+32.282° 668.260+19.793" 81.844+11.132¢
5+ IR Z.TK-D 1079.1 308.093  1.6561 535.696+23.943¢ 97.636+0.425° 139.844+5.657° 25.890+1.861°
R IR 1132.0 350252  1.7488 4715.746+43.751° 5299.046+17.373° 4712.587x17.382° 2583.968+16.408"
CRR T 1242.8 47471  1.7997 3468.321+95.262° 2430.952+81.462° 2458.746:40.740° 333.189+7.164"
ZRCHE 1294.4 553.668  1.4006 213.379+9.052" 99.657+11.754a 95.817+4.259" 91.329+0.499°
CLRE T I 1326.9 615.748  1.3985 46.126+2.781° 39.543+5.196" 44.04143.032° 23.11343.682
BRIR 2.1 1339.1 641.191  1.3879 153.506+4.925¢ 80.604+8.129" 131.916+0.581° 40.288+2.721°
LR 2R 1355.7 677.215  1.5373 1050.559+40.806° 440.974+69.681° 671.717+20.116° 2084.326+103.962¢
R L HE-D 1460.0 916.348  2.0329 552.955+10.434° 778.693+55.406° 430.659+10.262° 78.758+11.050°
FR L TE-M 1460.6 917.746  1.4854 1173.887+18.114° 1583.51242.330° 1173.823+48.099° 218.811+13.384°
L 9392 240248  1.1435 4020.230+28.754° 3934.437+15.038® 3964.408+4.555" 3874.101+85.086"
IENEE 1055.8 293.263  1.1125 119.124+3.253° 147.094+5.169" 153.451+1.681° 145.049+2.230°
2-F S P e 1100.3 323.449  1.3725 3651.056+13.562¢ 3331.052+26.194° 3820.058+11.496° 2755.692+25.781°
IE T 1152.6 370.075 1.3916 570.335+12.216¢ 297.237421.545" 396.681+4.453° 111.520+1.225
3-HIEET B 1217.6 442.659  1.502 10383.752+43.768¢ 8765.068+322.467° 9968.186+32.221° 6649.563+40.652°
1-EE-M 1367.0 702387  1.3262 309.178+10.634¢ 184.282+21.794° 254.326+6.806° 117.738+2.155
1-&f%-D 1367.6 703.785  1.6482 140.871+12.035° 48.005+2.788° 64.879+3.073" 52.709+3.398%
AR 838.5 208.419  1.1149 835.888+3.153° 819.219+5.141° 927.716+8.116¢ 753.608+4.257
T 907.7 230.197  1.2894 74.903+2.623¢ 37.335+1.883" 46.374+1.317° 26.143+1.934
2- S 990.7 259.792  1.363 58.615+2.844° 40.945+1.649" 26.22242.774* 37.359+1.614°
2,3-T 991.5 260.125  1.2283 207.208+1.355¢ 124.886+4.863° 136.324+0.580° 81.609+2.663"
AR 1579.9 1192.805  1.1559 270.582+9.996" 207.669+16.451° 221.189+5.744™ 618.388+46.517°
7R 1521.8 1058.988 1.1544 1638.746+75.454° 1245.911+120.067° 1048.425+49.542° 4284.770+637.668°
3-HIEET R 1682.7 1429.927 1.2275 111.586+8.143® 99.087+4.746" 98.406+3.018" 153.298+34.885°
a-FA I 1172.7 391.136  1.1925 36.655+3.917° 85.482+3.708° 60.353+0.848° 58.140+0.657°
g 1260.3 499.304  1.202 75.069+1.775 94.132+5.839¢ 84.323+4.198" 128.77142.130¢
Ll 1585.9 1206.797  1.2152 204.053+3.530° 113.489+14.431° 93.218+9.566" 180.751+5.085"
52 P 1ig 1286.4 540.148  1.2969 692.942429.431° 532.894+11.685b 520.414+5.789" 252.350+42.375
- TN 1367.4 703271  1.4048 630.982+20.481° 285.277+45.961° 355.095+4.377° 349.477+8.100°
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Fig.4 PCA score plots of Italian Riesling white wines resulting from different fermentations and corresponding loadings of volatile

variables.
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