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Effects of indigenous yeast NX11424 inoculation on the yeast
diversity and aroma compounds during Cabernet Sauvignon
wine fermentation

FENG Danping', HE Rongrong', CHENG Sigqi?, SUN Yue '

1 School of Food and Wine, Ningxia University, Yinchuan 750012, Ningxia, China

2 College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China
Abstract: [Background] The indigenous Saccharomyces cerevisiae NX11424 in Ningxia enjoys a
reputation in fermentation, as it endows the Cabernet Sauvignon wine with strong fruit aroma.
[Objective] To investigate the fruit aroma characteristics of Cabernet Sauvignon wine fermented with
NX11424. [Methods] Cabernet Sauvignon was used for wine fermentation. Three fermentation
conditions were designed: spontaneous fermentation, inoculation with NX11424 after grape sterilization,
direct inoculation with NX11424. 26S rDNA D1/D2 sequencing was used to analyze and identify the
yeast species during wine fermentation. The aroma components of Cabernet Sauvignon wine fermented
under different conditions were determined by head space-solid phase microextraction (HS-SPME) and
gas chromatography-mass spectrometry (GC-MS). [Results] The physicochemical indexes of wine
fermented under the three conditions showed no significant difference. The isolated yeasts belong to 3
species in 2 genera: Hanseniaspora uvarum, S. cerevisiae, and S boulardii. All the 3 species were
detected in spontaneous fermentation and only H. uvarum and S cerevisiae in fermentation with
NX11424. A total of 69 kinds of aroma components were identified respectively in the wine fermented
under the three conditions: 28 esters, 25 alcohols, 5 organic acids, 2 terpenes, and 9 others. There were
no significant differences in species of these aroma components among different treatments but
significant differences in the content of them. Cluster analysis showed that these 69 kinds of aroma
components were clustered into 3 clades. Clade I contained 9 components such as citronellol and
propanol, among which 7 had high content in the wine fermented by inoculation with NX11424 after
grape sterilization. The 31 components in clade II such as ethyl hexanoate and ethyl palmitate had high
content in the wine fermented by in direct inoculation with NX11424. Clade III had 29 components such
as ethyl butanoate and ethyl lactate, among which 27 had high content in the wine under spontaneous
fermentation. Although the yeast diversity under direct inoculation fermentation was lower than that
under spontaneous fermentation, the wine fermented by direct inoculation showed high content of esters
and strong fruit aroma. [Conclusion] The interaction between NX11424 and other indigenous yeast

during wine fermentation could improve wine quality. This study lays a solid foundation for using S
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cerevisiae NX 11424 to improve wine quality of Cabernet Sauvignon wine.

Keywords: Cabernet Sauvignon; wine; aroma; NX11424; yeasts

P B A R T KGR e AR R B R e &
B CO,. Tl . B FRISSEY) o i S B3,
B TR 119 22 B 1 P A 00 o 72 T XU 18 52 4%
JiE, -t AT AR A A T A R e N AR
G T AE RS R L R R AR R R, AT
W o0 ASR R e A R W . F SR R %
25 T8 R AR A - IR TR 58 LIPS A IR, TR
R 2 P o A T TR S AR - P R TR A T ) 5
AR BT, TR EETE Tk ok 23R E A
oMb e B R A T A A 0 AR 7, BARIL RS T
FER, A RO UE & B R UE P PR RE R AR
EME, WO AW, (B S Ea™
s [7) B B 77 DX RS AR5 €A 58 1 56 ) A

H T A B R A 2 TG Y TR s o R e ]
DL H A 2 R ) XA, TR T i 2 T ) it Y
FEMERIRUR I ZRE M. BRI, BORER Z 0 Y
SN T IR I ST AS - I B T 7 TR 2o A v o)
T A S TORD B R A B O R
2h O ST R, R A IR 2R (Torulaspora
delbrueckii)-5 FRiF f%HF RC212 7 #2Fh & T2
AT T LU A P ER S . B2k iR G
WA, JLHREAG IR W AR, o] LABE &
TR AR, HEEITFh R
Y T. delbrueckii 5 RC212 JIfi 3 $ Fl & 1 vl DA fef
T B B FFIVARE FE 0 ) 80 VPG o 20, VR AR
FEARSE 2 FE Ry, JUHR XA R £ A 4G
TSN I i . Bageri % Priorat 2 [X.
AT ) R AR A R A T B TR RN TR TR A S
3o, S5RFRW, B R ZECH AR
dPE FRARIEI A, Q0 Priorat 77 X )45 4970 HoA
e PR T AV AR R R . REE Y
IS ) Hi X (B X, B 2% 1 AR T s A

DX)RAS - BERE AT DLZE 3 4 0 0 s P <0, O
XT BT | i B BRI B 20 7 T LA
AR R0 e A A 7 X T R HLA LA
o, FERESTIEMCL S, RO R AR A Y
A - PR 3 Y 7 X i e, d L 5 26 T A A 56 B
S TFRL B, Fit, Y72 e
WF5E, SRR HAT 7 X LT XU G 8 25 4
HEHRIS LA

NX11424 FERE 2 —PREA RIFH . &
BRI 32 J) AN K BRAK . EmETI9% . REWR TR i
R ) 20 G S SR 0 T A A R
NX11424 BT 4 2 BB 1 0 A BR 2\ W) 7l
fb, %8 CECA. H T 1E/” X FFa b & JE il
filh BAR EAS - EERE R PR A HE T SR, AR
PLT B LI R X AR B BRI A  JERE, 42
Bl NX11424 (LA A SR A 0 KT 422 o 4 T A %of
W), W28 B AEHER NX11424 BEEES AR 403
WERE R RF 2 F 22 55 ImlEs, DU AN [R) & e A 3
XTSRS BRI, LA B S R ANE
AR 5T i s, 17 R B AS R NIX(11424
TE R W S R A T e 77 7k R A SRR, DA
WM A 4 R NX 11424 £ 7% 85 2R 25 70 0 o
PRAEHLS AR

WL

1.1 w8

IREEERA A, 2019 T E B L IR X
IS PR 2K (265.1£87.40)—(284.85+13.3) g/L,
BFR (5.50£0.01)—(7.70£0.01) g/L , pH K
(3.65+0.00)—(3.80+0.64), ALEEEN 5 L RAIE
RS R, ATEIRF R 3.5 L,

MERERR bR . LCBLERE CECA (NX11424, 1%

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



TIPS AR EERE NX 11424 X0 75 82 B 20 18 5% R I BE B 22 AR PR R 2 SRR R 52 i) 3725

WV H T E T H =),

YEPD #5373k WeERH 10 g/L, HEAM
20 g/L, %M 20 g/L. 1x10° Pa K 20 min,
WA 100 mg/L B 5% 2= LAHERR 40 B8 ) T4 . Tic
il B AR K5 SR LB I 20 g/L 13R

WLN & 72 Bl 55 705 . BERk ik w2008
Br2EH WLN B HE3:3E02 3 pH £ 6.5,
1x10° Pa K 1 20 min, %8l 100 mg/L A & .

MERERNY . EAGEMAER, e R¥EE
BHEA AR w2, Bl R Eca
FRA W, WLN EFRiEsE, F R Ak Tk
M AR AR A RRA A

AR, MR SEER A R A R T
AXfEH A, FEEATARAR; PCR X,
HE Ay BT A e 8 w5 4 F ShBE e UR AL,
PR AN R A BR A R KA, dbmios
— YRR A pH i, EHEACRREY
a By R E] ;B 5 BT, BioSystems
YN8
1.2 A%
1.2.1 &REAIE

R UE 3 FRBEALER. A AHRKEE; B:
KA NX11424 BEbEARE; C: HBEHER
NX11424 BEREA . FJCH B B 4500 s my #
A JFORHE TR AS T S T BRI, R AR
R3S5L, BNCHEE 2 NRBEER; 34K
TR0 S AR 2 B FR 4 60 mg/L 1R S g
20 mg/L, HiRIRE 24 h, HREEEAHAE P
TR R TR BRI B 5 2 RaEFpieph,
FiiE ol 10° CFU/mL; K EA$5Fh K e 11 4 45
75 %I A K TR Ak B 5 BB e Rl kT R) — B (]
AP, $EREH 10° CFU/mL., FTA kBT
25-28 °CHER A, KM HE X & B R OE
Frisys, B2k W L EBUEAE 0.993-0.996 Hf
Wk ez Tt it

122 EEITHSERIEDSS

FERBELFER RIS 2, 4 F1 6 K, HURRIRE
FIvpERmRE, MHEMmBEZE 107107, W4T
WLN BB EOMA 100 mg/L S5
R, MRAEMERNAR), 28 °CHiFE 5 d,
Z R A E bR HE B AL U W) 2 A B
T 7% MBI E ) (GB 4789.2—2016) MPE-ARit4L
AT VR TR AR R VR Y AR SR
6], BB IRRE 20 AR AR 7R A TR0 Ze i
AU e alifb fg B TR RE R 20%019 T B H Y
—20 °CH- ]
1.2.3 IE{LIEHR

KRGS SOy, & SO, A, A
M2 . pH. WASIE | RIS 2 IMIE R
(GB/T 150382006 %7 . FHiP:8 A4k )
DUE , YR o e VA P00 3 e A 2 TG S SRS
124 EEZMESVMRSENTE

PR R A A S 0 00 SR BT 2 [T A 7
& PR AU €535 - 5T 3 8K H (head  space solid-
phase microextraction-gas chromatography-mass
spectrometry, HS-SPME-GC-MS)Jy ik:!121
1.2.5 BSIENM

Odor activity value (OAV)IFHr 744 vt
RARF S TTER, — A OAV KT 1 X
BIRESA TR, RN OAV=ESY)
J I A S IR B
1.2.6 EZEE DNA 12

fiEE TR DNA RY4RBOCR F A deib i REGL ™,
1.2.7 26S rDNA D1/D2 51434724

PCR ¥ 26S rDNA DI/D2 X 5%
4 NL1 (5'-GCATATCAATAAGCGGAGGAAAA
G-3")H NL4 (5'-GGTCCGTGTTTCAAGACGG-3").
PCR JZ W& & (25 uL): 10xEasy Taq Buffer
2.5 uL, NLI #1 NL4 (10 umol/L)%% 0.5 pL,
dNTPs (2.5 mmol/L) 2 uL, 10xEasy Taq Buffer
Polymerase 0.25 pL, F#HFE DNA #if 1 pL,

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



3726 (YIS Gk

Microbiol. China

ddH,0 18.25 L, PCR JZ W 2&fF: 95 °C 5 min;
94 °C 1 min, 52°C 1 min, 72°C 80s, 36 {1
5 72 °C 8 min, PCR J*¥) % 2%Bi Ba i e e
PRIEA TR, SR 36 B A T A9 TR (L) e
A PR wIHEA TR
1.3 #iEAIE

B A5 8045 8 3 Microsoft Office 2016 Al
OriginPro 8.1 HRA{4i AT HEA B i Ak 380 5] 2% 1
Y5 R R Geit5r Hr ¥ pheatmap (i 178 <
B BRI 53

2 ER5AA

21 ERRABEREPRLLET K

TR B IR W A AR, ASIml & e Ab
PR TR IR Qi 1 s AR IR AT LE Y
3 ANREEANERR) L AR SARL, 7E R B A
3-5 REFHLE PR, REEHERM; 556 K
PL e TRk gz, R EES T Rig, HE
16-17 d ¥ RSN . ARKBEAES 5 KIG
o PR AAERN RS E, FIREE S AR KT
HAEBRIN R AT G, A TR P B LY RIS T B
KI5, FTLARORE R RN, i H R IER [a]
FERERI A BEAER T 1 do KRR R BEAESR 4 K
Jei LU SR R T R L e o R e R

x1 ABIEPESEIHNTH

— Spontaneous fermentation (A)
— Inoculation with NX11424 after grape sterilization (B)
+— Direct inoculation of NX11424 (C)

1.150
1.130 [%

1.030
1.010
0.990

R

1234567 891011121314151617
Fermentation time (d)

1 EAMFRELETEEBAEAE IR
BT

Figure 1 The change of specific gravity of wine
during alcohol fermentation under three different
treatments.
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Table 1 Changes in the total number of yeasts during fermentation (CFU/mL)
T 1 H R K KIF TR HAERE R
Fermentation periods Spontaneous Inoculation with NX11424 after Direct inoculation of

fermentation (A)

grape sterilization (B)

NX11424 (C)

a2 4.81+0.20a
Early stage of fermentation (2 d)

KB 9.06+0.48a
Middle stage of fermentation (4 d)

yoa A=y 8.12+0.96a

Late stage of fermentation (6 d)

4.98+0.89a 4.54+0.11a
8.24+0.14a 8.79+0.11a
8.45+0.72a 8.90+0.03a

T RPBEDFE G 2 R AR NS P REROR 2R B3, P<0.05

Note: Number in the table means mean+standard deviation; Different lowercase letters in the same line indicate significant

differences, P<0.05.
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Figure 2 The proportion of S cerevisiae and
non-Saccharomyces under different treatments. A:
Spontaneous fermentation; B: Inoculation with
NX11424 after grape sterilization; C: Direct
inoculation of NX11424.
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Figure 3  Clustering analysis of aroma components
in Cabernet Sauvignon wine under three treatments
by heat map. A: Spontaneous fermentation; B:
Inoculation with NX11424 after grape sterilization;
C: Direct inoculation of NX11424.
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