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Abstract: To screen novel yeast strains suitable for the low-temperature fermentation of mulberry fruit wine, this study
isolated and purified strains from naturally fermented mulberry broth. Yeast strains with excellent low-temperature tolerance and
alcohol-producing capacity were then hierarchically screened. The selected yeast strains were further analyzed for tolerance, and
their fruit wine fermentation performance and aroma characteristics evaluated. Two Pichia kluyveri strains (PK-1 and PK-2) with
excellent aroma producing ability and one Saccharomyces cerevisiae strain (SC-1) with superior fermentation performance were
identified. Results showed that the three strains grew well at 16 “C , exhibiting an ethanol tolerance and high sugar and sulfur
dioxide production of 15% (V/V), 400 g-L™', and 300 mg-L™", respectively. All strains could also tolerate fruit wine production
conditions at pH 3. Fermentation tests showed that the SC-1 group reached an alcohol content of 13.26% vol. A total of 53 volatile
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aroma compounds were identified, of which 24 were found in the SC-1 group, 32 in the PK-1 group, and 31 in the PK-2 group.

Isoamyl alcohol and phenylethanol concentrations (m/V) in the SC-1 group reached 43.09 pg-mL " and 143.66 pg-mL ', respectively.

Phenethyl acetate concentrations (m/F) in the PK-1 and PK-2 groups reached 402.96 pg:-mL ' and 421.51 ug-mL", respectively,

showing significant differences in key aroma components. The SC-1 strains exhibited excellent fermentation performance under low-

temperature conditions, with a notably high isoamyl alcohol content (143.66 pg-mL™"). The two PK strains showed excellent ester-

producing ability, which could contribute to the development a novel floral-fruity aroma profile for co-fermented fruit wines. Overall,

the results of this study provide a theoretical basis for improving the aroma profile of fruit wine.
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46| INR 138210.1 Pichia kluyveri CBS 188 ITS region from TYPE material
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73 NR153287.1 Pichia eremophila CBS 7272 ITS region from TYPE material
NR 153285.1 Pichia cephalocereana CBS 7273 ITS region from TYPE material
NR153283.1 Pichiu barkeri CBS 7256 ITS region from TYPE material
79 NR 153281.1 Pichia pseudolumbica CBS 2063 ITS region from TYPE material
43 é
88 NR 182389.1 Pichia bovicola DMKU MP6-4 ITS region from TYPE material
NR 165984.1 Saccharomyces bayanus CBS 380 ITS region from TYPE material
70 NR 165985.1 Saccharomyces pastorianus CBS 1538 ITS region from TYPE material
NR 153310.1 Saccharomyces narum CBS 395 ITS region from TYPE material

NR 111354.1 Saccharomyces mikatae ATCC MY A-4448 ITS region from TYPE material
100| NR 111355.1 Saccharomyces kudriavzevii ATCC MY A-4449 ITS region from TYPE material

NR 153293.1 Pichia sporocuriosa CBS 8806 ITS region from TYPE matenal
NR 153288.1 Pichia exigua CBS 6836 ITS region from TYPE material

77| NR 111007.1 Saccharomyces cerevisiae CBS 1171 ITS region from TYPE material

M2

59 NR 138272.1 Saccharomyces paradoxus CBS 432 ITS region from TYPE material

B
0.050

NR 144772.1 Saccharomyces cariocanus NRRL 27337 ITS region from TYPE material

1 Rt RIS B

Fig.1 Homology comparison with phylogenetic tree

B 2 B SRR EEESRAREES (MAEE 10x40)
Fig.2 Colonial morphology and cell morphology of yeasts
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Fig.4 Total Ion Chromatogram (TIC) of volatile flavor
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1 o
B by different strains
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1.6 R & PK-2 pH A  3.88+0.06 3.93+0.07 4.01%£0.06 3.67+0.00
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. N 26+0.14 270+0.08 32+0.13 1.70+0.11
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25
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compositions in different mulberry wines
AN 1) T A T SR B R R ARV B U B T
MEWE 4 Frx, B 1~6 min &0 H 5 SBEA
TEASERYERSE . AN PR PR 2 30 B
FURERFAE, 5P A5 AR B TGS ¢ T PK-1 55
PK-2 WK IER AR ATAFAE SR L 22 57, B R 1 1%

R

7
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Fig.3 Testing of the strain tolerance W R — B Y 2 AV ik — 8 WA TR A (A)
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Table 4 Volatile flavor compositions of mulberry wines fermented with different yeasts
B weats RV ji cas AR E R (gl ) T
K min SC-1 PK-1 PK-2 CK
1 LB LB 239 745 141-78-6  2.80+0.51 4929%£292° 19.02+8.60° 2.19%0.17° RA&. B
2 TR 5 R B 6.36 1086 123-92-2 ND 138.92 + 15.88* 137.06 +27.17° ND HE FRAED
3 TR LB 10.52 1193 123-66-0 10.10 * 1.64° ND ND 028+0.11° F¥E. &
4 LB OBy 11.97 1233 142-92-7 ND 413125  3.84%0.80" ND AL, S
5 LBR T BB 13.32 1270 3681-71-8 ND 8.69+228  9.45+1.50° ND HHEEA
6 S BR LS 13.92 1285 106-30-9  0.27+0.01 ND ND ND *y AL
7 LB R S 1534 1330 112-06-1 ND 0.34+0.09°  0.32+0.06" ND BORA
8 B F By 15.61 1339 111-11-5  0.42£0.08 ND ND ND A&
9 B LBy 17.08 1388 106-32-1 121.48+4.79" 0.76+0.14°  0.85+0.15" ND R HE
10 T ARBS 19.14 1463 623-17-6 ND 0.56+0.08°  0.44 +0.05" ND BAA
11 ES 19.86 1488 123-29-5  1.71£0.09 ND ND ND B, A&
12 2- M B T A5 2124 1545 614-99-3  2.07+0.19 ND ND ND FRA
13 XV B F B 21.28 1547 93-58-3 ND 1324028  124%021° 047%0.10° AFHED
B 14 3-WEARBECEEE 2151 1557 16630-55-0 ND 0.71£021°  0.55%0.09° ND FEEA A,
* 15 KWL LB 2244 1595 93-89-0 ND 1.80£0.17°  1.90£039"  0.55+0.23" A0
16 BB B 2251 1598 110-38-3 133.15+4.40 ND ND ND R RgmeARY
17 AE B KBS 23.00 1620 2035-99-6  3.05+0.08 ND ND ND A
18 TS 23.75 1652 140-11-4 ND 0.75+0.23 0.62%0.12 ND KA A
19 CEK LB 2572 1736 103-45-7 25.86+8.79" 402.96 +41.15" 421.51 £78.04" 2.51 £0.60° R&. L&
20 B A B LB 27.15 1798 106-33-2 13.55+0.07° 0.34+0.03"  0.27+0.05 ND A RAD
21 2-WHTH-2-3XTHE 2725 1802 24817-51-4 ND 3.43+0.90 ND ND A
22 Zé‘;%it;’%_ ;;ﬁ? 27.61 1820 6846-50-0 ND 0.79£0.06°  1.02%£033" 03406 —
23 sF=MB 3002 1942 2305-05-7 ND 0.37%0.05 ND ND Fass
24 TEAEEARELA:  30.78 1975 2306-78-7 ND ND 0.20 £ 0.07 ND A
" T2,
25 + w9 B T A8 3135 2003 124-06-1  3.90%0.91 ND ND ND fyr
26 KA OB 3522 2211 628977 25814204 494157 5.64+1.40° 0.48+0.17° P
| sTE 6.68 1096 78-83-1 090+0.07 358+196  3.04+0.83" ND A, el
2 2-TBE 8.15 1138 626-93-7 ND 32.67+10.35" 24.10+13.25° 30.18 £+9.54° FHok
3 S-(-)-2-FHA-1-TEE 978 1170 1565-80-6 ND 1029+2.17°  9.33+0.82" ND —
4 FRBE 9.82 1178 123-51-3 143.66 +16.29 ND ND ND FREG 2
5 OB 14.44 1298 111-27-3  0.960.22 ND ND ND Hh, F4U0
6 vt B2 15.18 1324 928-96-1  0.71 £0.04 ND ND ND HEHEFEA
7 2-T AT 18.39 1436 104-76-7 ND ND 0.47 £0.08 ND b 5 &
j*: 8  (S,8)-(+)2,3-T=Bf 19.20 1465 19132-06-0 2.08 *0.34 ND ND ND —
9 FAERE 19.88 1489 78-70-6 ND 0.84+023"  0.78+0.12° 0.72+0.23" h2EA
10 2,68 =Fk-4-FB 2073 1523 123-17-1 ND 0.78£0.25"  0.50%0.17" ND —
11 4-FE I B 21.15 1541 562-74-3 ND ND 0.35+0.05" 0.28%0.09° M, LA
12 +—Bz 2265 1604 112-42-5 ND 1.28 £0.09° ND 0.60 £0.15° BORA
13 1-+8 2266 1605 143-08-8  4.80%0.70" ND 1.60 £0.23° ND BOoRit. BE
14 (+H)-a-Aih B 2336 1635 7785-53-7 ND 039+0.15  0.34%0.07 ND HHA . AE
15 KB 27.51 1815 60-12-8 43.09%6.16° 627+0.76° 528+2.19® 0.98=0.12° BORRA
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B et RI/ o cas il 2 S FAMbE
K min SC-1 PK-1 PK-2 CK
1 OB 2641 1766 142-62-1  4.23+0.15 ND ND ND Fikok
ﬁi‘ 2 FHR 30.78 1975 124-07-2  44.88+5.94 ND ND ND oA P
3 ERER 3479 2188 334-48-5  6.84+0.56 ND ND ND 7 gk Y
1 Zf ?ﬁ; ;;5 2822 1489 128370 17.53+0.62° 11.89+1.33° 1594373 2.09+0.44° —
l’if\ ) 24—RTAKE 3552 2228 96-76-4 ND 66.79 +12.23" ND 23.82 + 6.47° -
T3 24-ZHURAES 3826 2307 120-95-6 ND 0.08 +0.01 ND ND LB A
4 x AR KBy 36.91 2307 80-46-6 ND 0.16+0.03°  0.14£0.04° 0.08%0.01" —
1 PE"S 15.89 1349 124-19-6 ND ND ND 0.81+0.35 ARl
a2 3-4REE 17.07 1388 124-19-6 ND 135+0.10°  1.16£0.29° 2.95+0.28 Y &5
% 3 KB 18.73 1448 100-52-7 ND ND ND 0.40 £0.10 A4=1
4 M B 30.38 1949 116-31-4 ND 0.082+0.02°  0.09 +0.02" ND —
iﬂ 1 X 2 B 26.06 1751 23696-85-7 ND 0.56+0.14"  0.51+0.10°  0.46+0.04° B A

E: SERARHME 27 WREEERT (n=3), REFH (a~c) ATEFEEMH (P<0.05); “RT” AT GnE (Retention

Time, RT); “RI” &=tk % 454k (Retention Index, RI);
kIR FE 0 Kok 3434 #4480 % § www.flavornet.org.

AN TR SR 5 M UK A J52 43 T 45 SR 4 PR
VUZH A, LA I 242 1 Rk 5t 53 M, B
BE2RPI 26 Fi. BESSMIRR 15 Fh. By RS ey gt
THRBL 12 B, 53R EIR, SC-1 UM% PK-1. PK-2 41,
FERNVE R TR M R 5 5, S PnIsAN 8 Fis
8 MILH W HAE R 22 RIRK, W LA LA
it IR BEAE SC-1 2 A ARG I 51 25.86 pg-mL ', 435l
ik T PK-1 £ 93.58%. 1K T PK-2 21 93.86% ; # /.1
FART R R FEAE SC-1 4 4G I E) 43.09 pg-mL”', 4%
W% PK-1.PK-2 2H & i 85.44% % 87.73% ; R .M.
HERR 16 FRAEER B8 7E PK-1. PK-2 20 G &
B/, SC-1 2H A i Sk FE Izt iy T PK 4. S5 3R,
BRPI TR BF SC-1 WAk A P PERE RS « (EMRIRIA I N R ¥
R REF; BT, SC-1 WARZEACIER T 1h5e
IR B — B AR LR (20 CO AT B R
AR KRS, IR B B RISE R A S A AR
fE (3R 4). AHFFR=F VR BT 0 AR R I R E
e W R P SR KR (R 4y B Y e
YL B SR I RETR RGP RUAR A9 53 £E A 288 7 1T 5 TR P B4R
K22 520, 15 B iR T B 1 15 TR T P B T 1 2
TG 5 T A SRR IR, 4 I RO O R T i O TR
B R P SR P A T (SR

B IR T B AE 208 B UK i I R o, AN [ B
HEERFAFAMEFAEER (LD, SRER, K
PK-1 ZH AR A M R 5 9 32 Bl PK-2 ZH A L 31
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“—” RFRERFZMRAAML; D RFALME|EEM;, £F AL

Fft, PK-1 15 PK-2 ZH KUK ot Fh 2 2 S dk 9 P P EE
R R B ILE YR T, PK-2 A 41 LA %
AV N PK-1 20 1) 38.59%. 2- O A Bl & v PK-1 41
(1) 73.76%, FARILA W AEAS [F] 52 FR I BE 19 25 [R] 5
FAEARFREZS. M Fdt A+, PK-1 4
HORILAESL A YR 2- F A T RR-2- K 4B -+ =
Be b —BE. 2,4- ZRUT B, 2,4- UK R R
LS P, FERE 2,4- RUT HRIRMYTE PK-1 ZH ik |
66.785 pg-mL ', HXF I R R - PK-2 4l R IR
HH YR LRI EERS . 2- 25 O/ 4- 5 I B
IEC gL 4 M. EHSFEERZ, PK (PK-1 #1 PK-2)
TR PR () R 2R LT ™ B vy R X O R AR B 4l 2k 3]
402.96 pg-mL" F1421.51 pgmL'. S5LCLABF e
Y YR REN B F IR, LR RS
A RRE J1 /2 PK-1 M1 PK-2 MR R G B &% <A, 317
RHEESMEZER .

G R B A e AR, R
SR BT Pk B 2 AR AW = ER A
W WP ER R0 W 2R o B A A 28 A B U TR
FAEZE R R BRI B AR R AR 4k, X
A e A A5 B 4 5T AE A S B SUZ I TR B g — 28 R
ZEWHA R BAERCPY, 1 SC-1 4157 R AN 5
BIREIEH) 143.66 pg-mL”', =& T A28 77 i
RET P A 5 58 R 2 A SRS . e ab
ROl H SR, TR R BRI — e = R, X
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SEE R R o (1 22
(L3

3 g

BIF 7 AT IR 3T 7 5% B SR A6 77 (1 1 T R
TEZE R AE b IX 1) 55 B 5 b 07 i R A3 2L 46 S A = T
JIHIBRIBEEE BE (S, cerevisiae) 1 ¥k (SC-1). FPEHFRE ST
) 7o, B4 SE R EERE (P, Kuyveri) 2 #& (PK-1, PK-2). Ff
A EERL R IE AR A, 7E 16 CHIRHh A K RIT;
BRI 2V RE R A R A = TRk Horpr, BRIESRZ RS SC-1
BIARTE 15% (VYD) B B K 400 gL (m/V) (b
JOR VR P A R 52 1 REAR R s SC-1 B bk A BRI A
1L H 13.26% vol, K JG T LR 2R £ J v 13 e A %o
JR B A3 ) B 43.09 pg-mL "' K2 143.66 pgmL ", 77
TR VERe I . “SERAEH” BRI R E, &4
ERIRIR R BRI F BRI E M. ek
fBE PK-1 J& PK-2 K a7 Baft 5 . 18R 7
KRB E, FHREIRMIERE, R XY
Jii 2 BR 7% T AR 6 J5 8 R 5 4y I B 402.96 pg-mL
142151 pgmL"', BEREIR T RIEE MR LMES, &
T 5 R BRSO R AR NI A B AE . PK-1 5
PK-2 20 XK R Fh 2R 22 508 9 b, R MAMR M 2 5
B, FPE RS AR AR R B 1 =
77
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