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Isolation and Screening of Methanol-reducing Yeast and Impact of
Mixed-culture Fermentation on Quality of Navel Orange Wine

Xu Jiaxin  Zhan Jicheng Deng Qiaoyun Zhou Hui Shen Ju Chen Weihao You Yilin Huang Weidong
( College of Food Science and Nutritional Engineering, China Agricultural University, Beijing 100083, China)

Abstract: Aiming to improve the safety and flavor quality of navel orange wine and reduce methanol
content in fruit wine, yeast strains were isolated from orchard soil, fruit peels, and spontaneously
fermented wine of four navel orange varieties in the Langshan area of Hunan Province, establishing a
yeast strain library comprising 164 isolates. Using a simulated fermentation system supplemented with
exogenous methanol, two rounds of screening for methanol degradation ability were performed, yielding
two indigenous non-Saccharomyces yeast strains with high methanol-degrading capability: Pichia kluyveri
UT002 and Metschnikowia pulcherrima U405. The selected strains were then used in mixed-culture
fermentation with commercial Saccharomyces cerevisiae (QA23 in fresh navel orange juice. The results
showed that, compared with the blank control, UT002 and U405 achieved methanol degradation rates of
34.63% and 17.74% , respectively, in the simulated fermentation system. In the fermentation of fresh
navel orange juice, sequential inoculation of these two yeasts with QA23 effectively reduced methanol
content while improving the aromatic profile of the wine. Among the trials, the S+ M(X) group showed
the highest methanol degradation rate (7.14% ), the S + P(X) group exhibited the highest total volatile
compounds and ester content, and the S+ M + P(X) group showed the highest overall preference in the
aroma evaluation.

Key words: navel orange wine; methanol degradation; non-Saccharomyces yeast; mixed-culture

fermentation
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R TR F B PR B, 2 35 b %) PR R B A 400 me/ L
1.1.3 5

P S AR RS, 2 FERHA PR ] WL B 32 BiR
FRFRHE AR B R IR ERRR R bt L
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F[H Agilent 23 ] ; Nexis GC — 2030 S AH (451
HS —20 NX AUTiZS AR, HAS Shimadzu 23 #]
1.3 FHik
1.3.1 ARk ek o g alifh S e e
1.3.1.1 FEAACPE R REET 2

JE RS SR R B A B Pk ok 2 SR TR R
IS | 25 K i )5 B 400 mL & 4B & T 500 mL
TCH R BERE AN 120 mg/ L i 5 0455 R B0 L 3kt s 4
BS54 15 min J5H0 50 mg/L e B, 25°C 1H R &
B, T4 0.2.4.6.10 14 KEFE, Wl RBEES S
Kb, o BT dk s & e, B H R BR AR IR 1 IR,
FHF-FME B W 45 H R (Degrees Brix ) 28
b, 3558 3 d R R BV R TRS e e o

JE R R Rz b B L B 2 ¢ SR B2 FE A 500 mL
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FERAREFE 12 h J5 BURE

WREfE , G ZR K AT BRI R RS, A
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ZHYS — R) #E4T/0 4, 3L 6 40, 3T B 6 Fh i ol PR I /i
RE(F15 L13 B2 D254 ,QA23 & 3Ht) % A y—41, 3t
6 4, Bt 53 AR B, % AT RS0 e T 77 2
TR KRR, B E 3 AT, ERECER3 ]
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PERMTAT B R A 25 (I 0 R ZH, 225 3 A HERR IR A
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Tab.1 Fermentation experimental groups

4151 KTy R bR Py (2 -

S PR DA PR R QA23 2% QA23

S+M(X) M5t 2 A QA23 + U405 2% U405 +4 d J5$%Fl 2% QA23
S+P(X) G5 e QA23 + UT002 2% UT002 +4 d J5H:Fh 2% QA23
S+M+P(X) I 7 43 QA23 + U405 + UT002 1% U405 +1% UT002 +4 d JG4%F 2% QA23
S+M(T) [F] i 422 A QA23 + U405 1% U405 +1% QA23

S+P(T) [ i 42 A QA23 + UT002 1% UT002 +1% QA23
S+M+P(T) [F] B 2 QA23 + U405 + UT002 0.5% U405 +0.5% UT002 +1% QA23

. QA23 SRV ERIFT EE L), U405 Ry MR e ), UT002 A s - 4 B R L)

THUFTIPHS « (50 FH /80 RO AR 8 3 vk R A7 00 5 (B0 4%
PF A TEREIRBE 55°C ; K 28 6L 40°C 5 S5 FE PR,
WBIAH 5 mM H,S0, W, ik 0. 5 mL/min; FEFE
10 L, RIS PR R A D, DA =
1.3.3.3  HIESEE

it FH AR T 0 B R G b B e 5 B A T

Tz 260 RSB BRI 125 kPa, 18
TR I BE 75°C, BE U I I B 85°C A i 4 L B
95°C , Kf b TE IR N 6] 20 min , FERERT ] 0. 50 min,

A B A AT (99.999% ) VE R/, i ik
24. 0 mL/min , FEFE TR 220°C , 430 EE 1020, K
AR 220°C , &R 32.0 mL/min, 55 K P K
200. 0 mL/min, A V#8257 T 90 4f 40°C £ HF
4 min, LL 20°C/min F+ & 80°C Ff & +F 2 min, F LA
30°C/min F+ 2% 200°C , /4EF 1 min, ARHELR B B[]
P, DA TR AR E
1.3.3.4 RSN E

Z: M8 Ding % (735, M LAg e, i T
25 [ AR A B =ORE E335- B 56 FHHOR (Headspace
solid phase microextraction — gas chromatography —
mass spectrometry , HS — SPME — GC — MS)) X Jit #8 J4
T R G A T A

FEMETALEE FF 1.5 g FALEN S 5 mL ARSI AL
mhE T, A 15 WL 3-3EFE (1 o/L)E R
T, ¥ 250°C 4K 30 min (IZEBCLE ATRZS i,
LL 40°C 250 r/min 441l 15 min, TE 40°C T W Bt
ZEH 30 min, FERESTHT .

GC — MS A #ERE 0 250°C , SN #ER, Tk
1.0 mL/min, A 43 3 35 #F; TR R P 50°C £f £
5 min, L 5°C/min F+ & 230°C {##F 70 min; £ £
250°C , AL, B U BT, B I 230°C, HL
THEdE N 70 eV, EHIZk 280°C , PUMLAT 150°C , F1 4
J5FEl 29 ~500 amu,
1.3.3.5 [HEEH

FFFVEN/ N 12 248 5 Tl g A KB
NI (6 55 6 L& 4Fi% 22 ~30 2) , T A iE M &

YT b B M T BE B A, ELAE PEA R — 8 P9 R iR
JH S e B T 1) 245 ) B B = O . OF
Wi 5 e 8 Aok A IS DT 5 R s SRR 7 S 3 T
H=80% H AT Ak, EXTEMATIHETT 2 R,
B % FH 38— 30K 56 ( Cronbach” s o) BEAR 8]
APEM /N I P EE 25 R R A A 4R Y
Cronbach’s a ZEHI KT 0.8, FHIEM/NEEFH
R — 3t

TEFCTEA B, SR FH A a5 5 32 3o o) R T 5 A< P
6 DITTH PR AR B IR R B HAAH
YR #EATIE Y, [ B PP 38 75 X 7 3R
HEATRAR B A PEHET
1.4 HiEE

BB LR & 3 A P47, T R G
BT 2558 (ANOVA) , 24 p <0. 05 AFIA N 257
BAgt N, Bl 3 4 P17, 45 R L
SEYE + bRAED 22 (Mean + SD) F7n, SEit Il H
Origin 2024 A2,

2 HERE59MH
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Fig.1 Changes curves in soluble solids content during
spontaneous fermentation of different navel orange

wine varieties
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Yy R BT, AT 12,9 ~ 13, 7°Brix Z [0, b %5
REEHEAT , £ S R B T P[RR P & i 1 5 TR
e A AR IR A MR A E (H S B A 22
S, RBIARR GRS i Rh i B 98 Kk R FE A A ] 9 22
S K A R % T 3 AR T R AR 2 B
Frek HAGRM H AR RN ), AL /R 5 B4 R
RAEAERF—E KRB 1, ER R RERE A IR, &%
ARG A AR R TERE AR B, T RE S TR
EFRU 2 B A W B R PR A A O
2.1.2  BPAERERFRAR S M E

A RS it b 4 B A 38 4 B R R 8 S B e it
MR 2 Fs , WAL R ARAS ZREEAREE | B 4= 4 D IBF

R AR I SR R TR BT ARSI e R A 1 SR e
PSR bl e BORE | A B A5 ) 164 PRIEERE, Ho
49 ¥Rk H gl R 32 Bk H AR, 39 #ok
H 2 HEMRIRITE 44 Mok B RS . 3R 16
ATl (A R T, 25k A TR e B

BB SR ZH ok v 2 BRI B R s A
PpaR, o H) 33 bk, BN 20. 1%, HIRK
T A AT B A PR 2K 2% 2 [ B 43 1) R 23 .20
e, 5 MEm 14.0%  12.2% ., =& &5
46. 3% ,HiT W) —F: R B AT AT BEAE BT AR AL 5
T AR bl - R AR W T b e S ST, X A
R AR R 2 B W AR R E 5 )

®2 BRFEaMBLERSNEKRTMERYESIT

Tab.2 Species and counts of wild yeast strains isolated from different navel orange cultivars

[l RN

A B B A B A B AR R bR

AR FaA LRI EES

P R 2L BBk Candida tropicalis 7 — — — 7
SRS Clavispora fructus 3 2 2 2 9
DU L e 1 Debaryomyces hansenii 5 1 6 2 14
AN ZE A F DL R Hanseniaspora opuntiae 2 1 5 9 17
7 [ 010 i P B Hanseniaspora thailandica — — 1 — 1
WA DG B Hanseniaspora uvarum 2 — — 2 4
Fiti 2R 2% 2 IR Bk Kurtzmaniella quercitrusa 4 6 6 4 20
M AGET B BE Metschnikowia pulcherrima 6 6 6 5 23
SRR T HR IR Meyerozyma carpophila — — 1 — 1
O Y B R R Pichia kluyveri 10 4 9 10 33
VA 5L BT 2% B8 56 R P Pichia kudriavzevii 5 — — — 5
gy s Pichia occidentalis 2 — 1 — 3
RIGAR L BERE Starmerella bacillaris — — 1 — 1
rh Rl RA A G B Sungouiella intermedia 3 2 1 4 10
R SRR B Torulaspora delbrueckii — 6 — 2 8
SR B DU R Wickerhamomyces anomalus — 4 — 4 8

582y 49 32 39 44 164

TE R R EZ R TR 23 B % B BB

2.2 MEREEBHIELERSHSN
2.2.1 A

14 d BBEAS I, TR K W B 23K F
WILR AN, AER ] B i PR WEE % A B T A7 e B 2
SLAERNE 2 B, Hod B ROk A AR AR I G TR
BT AR 28 4 MRUIR I 1 A B R, L ook A B E I
REMTE R, U SR 1 207 2% 5 A8 19 BT AR 5 Ce Sk A
2Ll RE , Cf A RS IR, Dh Sk I0GED 5 4 ) 137
B Ho NN SEA FDUE R, He 4 28 [H A A0k
BELE Hu MR A DGR R Kq NS IR 2% 8
FRHERE, Mp ohy S5 H% M2 I B, Moy SR/ 3 B G i
B Pkl b v 4E BE iR BB Phu Sk J2E 7 BT 2 a8 B
INEERE , Po TG 7 Be A ERE , Sh o BB 42 et Si
NP AR FOBERE , Td 3R A f [ B RS, Wa 5

WM TIDUR B R a5 U IR 14 d 5 i H B S R
R REZ 248. 87 mg/L, X T RS K hy H B A B H
AR AR R ABATS i T R o I B TR bR R
(1% PP | 9 P S T R TR Pk LA AR A Y T )
77, W RS AR AR A R AR 3

IAAS I A i oy B A B B TR RE R MROR B, LR
fif e 7 2 BURA S 1) SR 5 TR A R R R . R AR
b, SR B DU W BE (FWa) B R i m, N
12.21% , v & 4 58 ARl B (FPKL) IR 2, FEfRR R
8.70% , 7% AEARBIBLE 1) v 45 2k B8 AR I B (1PKL) Fr) 5
fift R e i, N 23.30% 41t R AL 1 [ A i 7 B 4K
He R 5, He b 56 A A AT B (UMp ) 1Y B fiff 2% A
151, N 34. 57 % ORI 4G 1A f DG EEERE (UH)
8 5 2 B8 S g BF (UPKL) |, B 3803330 32. 04%
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Fig.2 Methanol content in model
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Fig.3 Methanol content in model system after single-strain fermentation

TEE Yk R SRR (PRI 2 I AR R R
(1) R R RE 71,33 TR R ) T BER RN 3.97% ~
34. 63% ,JUrA BRE Y F R S i KT S xR A
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fermentation of navel orange wine
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Tab.3 Contents of glucose, fructose, glycerol, and ethanol in navel orange juice and various fermentation groups
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(g'L7)
PS e
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Fig.5 Changes curves in methanol content during

fermentation of navel orange wine
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Tab.4 Types and quantities of volatile compounds in navel orange juice and various fermentation groups

Fiok K i R A PR g
- RS S S+M(X) S+P(X) S+M+P(X) S+M(T) S+P(T) S+M+P(T)
[iFES 16 10 14 18 18 13 14 14
[SE S 9 6 5 4 4 5 5 5
TR 2 5 2 1 2 2 1 1
YA ES 1 4 2 4 3 3 5 3
(RS 18 15 13 12 13 15 15 11
HAb 0 1 1 1 1 2 1 2
Bt 49 38 36 41 41 40 41 36
R5 FRETHEFEEABEANTIELAHELEYWHERTESE
Tab.5 Relative contents of some volatile compounds in navel orange juice and various fermentation groups
Y5 92 P BRSNS/ (pg L") {6/ .
HREL /B gy Ciy e BAHEAR
w TR S S+M(X)  S+P(X) S+M+P(X) S+M(T) S+P(T) S+M+p(T) (hg'l™)
(5.58 = (7.16 = (70.95+ (36.03+ (29.63+ (8.13 & (11 = (12.91 y y
ZEER TS 66 T
BRTH 0.41)¢ 0.76)¢ 9.66)" 4.15)"° 1.87)" 0.48)° 1.14)¢ 1.68)¢ FRERE
. (82.61+ (51.74+ (61.28+ (42.01+ (37.26+ (41.88% (44.82+ (46.33 « SR AR
TEEZ B ) ) I 1 1 1 d d 20
3.55)® 4.39)° 3.09)" 3.29)¢ 2.91)¢ 2.72)¢ 3.25) 2.25)¢ H
(434.52 &+  (424.57+ (1024.34+ (4333.92 (3559.27+ (398.06+ (2414.59+ (2192.44 + )
Z8 5 160 A
BRRE 19.2)° 39.98)°  68.06)7  301.15)° 167.28)"  33.86)°  231.31)¢ 175.94)° FRARE
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2B 2 : " ‘ - : - , ‘ 14 !
1.04)° 41.07)*  59.77)*  23.77)" 7.95)¢ 11.09)>  33.76)*  49.64)° SR T
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B FE ( ; ( : ( 1 ( | ( ] ( : ( | 200 AR AR
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R ZBE : . : , ‘ : , ; 250 .
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¥R N.D. a e i , e , e 5 ;
274.92)®  402.4)"  335.13)®  78.41)°  291.32)"  342.21)* 549.79)% &
(1019.64 + (1025.77 + (1387.61 + (936.51+ (767.52+ (1292.33+ (1073.03 + I
: ZEg N.D. 150 A 3
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2 B N.D. N.D. e N.D. e = N.D. — 1.5 R
BB 0.8)" 0.07)* 0.06)° 0.3)° R AT
fiRZE Bt t 900. 29 7531.77  8730.29 15644.94 12874.47 6722.25 12514.45 11 069. 69
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129. 06 + )
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(—)-#iHE- (918.52+ (765.09+ (727.82+ (817.6+ (634.04+ (750.54+ (963.63+ (878.25+
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(-) & 37.81)° 24.53)" %
N (20.25 (7.48+  (25.43+  (26.98 = .
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Fig.6 PCA plot of volatile compounds in navel orange

juice and various fermentation groups
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Tab.6 Overall preference ranking statistics for each

sample
b %ﬁj o~ ﬁ"%éi’x E&Tiéﬂt %121&%&%
HE& (HUWHEC (HWK YEHY
S+M+P(X) 1.58 0. 67 6 0 1
S+P(X) 2.67 1.92 4 1 2
S+P(T) 4.25  2.09 2 2 3
S 4.33 1.37 0 1 4
S+ M(X) 4.33 1.56 0 2 5
S+M+P(T) 5.17 1.11 0 1 6
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