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Saccharomyces cerevisiae on the Quality of Gala Cider

ZHANG Yang', JIANG Yuan?, JIA Weihao®, JU Yanlun®, FANG Yulin®, MIN Zhuo"*
(1.Department of Brewing Engineering, Moutai Institute, Renhuai 564500, China)
(2.Ningxia Food Testing Research Institute, National Key Laboratory for Market Management, Yinchuan 750000, China)
(3.College of Enology, Northwest A&F University, Xianyang 712100, China)

Abstract: Using Gala apples as experimental materials, the effects of mixed fermentation with Hanseniaspora uvarum yun-268 in grape
juice and Saccharomyces cerevisiae on the basic physical and chemical indicators, phenolic substances, aroma substances, and sensory
properties of cider were evaluated. Compared with single fermentation using S. cerevisiae, mixed fermentation with H. uvarum and S. cerevisiae
significantly decreased the content of ethanol and total acids by respectively 8.72% and 9.02% (P<0.05) but significantly increased the content
of total phenols by 23.01% (P<0.05). The diversity of aroma substances (36 types) was significantly higher in mixed-fermented cider than in
single-fermented cider (31 types), and the odor activity value (OAV) of 12 types of substances exceeded 1. Further analysis revealed that the
content of acetates (fruity fragrance) and terpenes (floral fragrance) was significantly increased (P<0.05), the content of fatty acids with sour
taste was significantly decreased (P<0.05), and little effect was noted on the content of C6 alcohols with grassy taste in mixed-fermented cider.

EBE

KB, H 0%, D58, 55 AT VA FDOEN R RE 5 BRI BRI A A B IR SRS it 5 (R 2 M [0 IR & iR, 2023,39(5):53-61.

ZHANG Yang, JJANG Yuan, JIA Weihao, et al. Effect of mixed fermentation of Hanseniaspora uvarum and Saccharomyces cerevisiae on
the quality of gala cider [J]. Modern Food Science and Technology, 2023, 39(5): 53-61.

ks A#A: 2022-05-23

B BYHRERRE, FEERHRBFAREMAZSNE (EHRE HZ F[20201314 5); SMEREETR (BRAEE202011Y132 5; 255
A HE[2021]—H% 115)

1E& /v KPR (1987-), B, #t, MixNARE: ERUEEEMMEREIHISRA, E-mail: zhangyang@mtxy.edu.cn

BREE: KE (19909, %, #t, HARAE: RHBEARERA, E-mail: minzhuo@mixy.edu.cn

53



MR ERRE 2023, Vol.39, No.5

In addition, sensory evaluation revealed that mixed fermentation enhanced the fruity flavor of cider, characterized as clear, straw-yellow,

Modern Food Science and Technology

medium-to-low in acidity, moderately sweet, well-balanced, and rich in fruity aroma. Therefore, a 1:1 co-fermentation scheme with H. uvarum
yun-268 and S. cerevisia may considerably improve cider quality and increase fermentation aroma. These findings provide a certain theoretical
basis for the brewing of low-alcohol cider with fruity aroma.

Key words: H. uvarum; S. cerevisiae; mixed fermentation; Gala cider

R, REESEREEYNRE, EH 2.
WA, il AR, SRR, ERME MR
&K, BAERENEFRAFENEN. REME R
EFERE—KE, Z25CAEWTZERRREE, #
B AR AR R A A, i A
gl UTEUAE, SR RS R FRHARIEG 17
MIRTSCE 0T R, WA L, 7o RIS R AE
THR, AR EK ISR THAKF A A HENE
SCo SR EURRAN T A A I e A R,
I AESRAAE R AN RN EIR 2 P =%

WRWEFRFEE, NRRE, AU ESESIAL.
FRIEA Y o) B, BB PR T e R Ay
R RN AR, JF B m Rl . Hh BRI
BESME =2, SPRATEREE. R DRE
FEE RO, B, AR TR, FkdE
PR BE 1] 7= A2 =2 A R T K A A =i PR B
B, [FIRSF, AERRBRERRA SR = CarH . BE
) BRI NS R USRI T B A AR
sz, (HFRIERE TR A, DRI, A FH AR
BEFAEBR I B2 BRI AT IR & KON — D R EE
08, Bely 2PVL B /R A5 R (Torulaspora
delbrueckii) SERVERZEE (Saccharomyces cerevisiae)
RERBNEEE, HAKRORE. 7 TRAEE. =5
WHERR LB C R T e & & R P, AR,
FRUNE SR . oSSR A+ R T
72 ( Pichia Kkluyveri ) HS-2-1 5 MR i B

(Saccharomyces cerevisiae) NX11424 V&K “ I
BRIR” AN, RPN A R n] 1Y e 2 W ) SR A A
P . Dkt Mg BLA bl W Mk 1 e 40 T

( Rhodotorula mucilaginosa ) 1t -29 Fi1 fil i %

(Saccharomyces cerevisiae) 3tk %, KIMAMY AT B&
WSR2 R R A AR, 1 B R TR A
FEMNGeE. BAT, RAKEEZ N T AN, EER
B RRIER D

AHI 5T ARSI S SO S aa k), FH S = w7
WA B I E R A TIGHRERE (£-268) M5 HRiTRE
BHRG KM, VABRIPRERE R — KR A, 4 0%)
FIBRSE R R A TR R . By, &S5
HATIE, FFETREIRE, BENZHERES K

54

SERI ISR, BOE I SEIR BRI
1 MRISREE

L1 AR5 A

SERERE: MRS (BRPEATE T T A A D .

FiRiE i RE (Saccharomyces cerevisiae): LALVIN
Rhone 2323 (F} 22 ) ; #i & vt A 8 P b 1% Bf
(Hanseniaspora uvarum): 7s-268 (S ssfife) 1,

R HARHEE (S 8 600 U/g), FIEE4EERA
A; BB, VEE LAFFORT Al; WARER (£ 6% SO»)+
—KITIEIR LBE. D-mPURMmEREN. (RFEE.
B AR AR, BN, T E SR
NI

ZIRUHEDD: B TR JRAEE & BL. J5LASIR.
SRR LR EIETE & B2, BIHER. RILKE.
OHERR . e AT A SRR 77T JEAlE . ST EERR
M R 2R -3-O- M W . MMl . MR E . AP RE.
Wtz 2. TR LR N eita, WX HE Sigma
Aldrich A %] .
12 FEMNBLE

AUX320 73t R, HA I E A \]; UPLC1-Class
BB S, 22[E Waters A]; KH-500DE i
FERIEGAL BLGaEAEEA R AR Gary-60
LA W, R (R ED AIRAF;
TRACE1310-ISQLT “AHE il IR eI, FEBR Gt
IRBHE (P E)VE R A F FHRATOUG SLRBHEATR

AT
13 RIFE

131 FRIEME Y RIBERS

FAEE s W LR, SRR TSR
%, THERRFAEER. KRGS R ER TP T
AT TRANFIEAT (L5%FTEERAN 0.05% - Hiih
MFRAERD HE 15 min, 0585 HSE R,
PRI . IR IS R AR R 2
10 L B R B h I F42: 08 1.2 mg/L 1R 5 S N
SO, My 1k4E A RIAGETSANIN 60 mo/L SR EEFHK



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.5

BAE-4 CWEETEE 24 h, B BT Ik
JERE, JEFNERIRA 2 E, B EEERR . AN
FEFZIR 0.2 g/L N INBRTEERE . AN R FE R IR B 5
HITE 18 “CHidy, VDSRASEELFR) e, &R H M bk &
HMEER, HRRBEREE., MO, 4
WA ZE 45 g/L I, 8N SO, AL B4 DL 22 1E K 1,
IEAS ELEEAE 1.025~1.030 28] BHATHEGE, FEUEE L
AN 4 CAEEF . B BN R S s = A IOk
B, S EEMANS TG AR, SRE PRI EEE,
15 4 CIERRR 12 M H, & ERAE G LHERES,
B R. AEEAEE R 3 K.
1.3.2 RIXIT

IRARIERF AP AN, SEHHT AR EARLS .

60 mg/L 5 iz il

i e R % BF Rhone 2323 (J1#) (0.2 mg/L)
AT, BEA ALk A & A fRDUR I RE (=-268,
i ED MR RE Rhone 2323 (F132) 1RE KB, 1%
FRELBEIN 101, HEERRE WIS ER G DO ERE (=
-268) 48 h J5 iR Rhone 2323 %3 R HHT K
W), AT RIS 0.1 mg/Ls
1.3.3 AN

SESUHIE JERE R R BRI S GBIT
15038-2006 (il HIEM M) MHETI
o AIEPERETEYIR FHF R COGEATINE, pH SR
KR AT

Wy RAH I E S5 e D7, AR
58 22 3 L B ST o

| i || it 0 b it ol mnmn = mw ] mage |

| e | e | R | Shta |~ it |

1 EREIRE SR
Fig.1 Cider wine making steps
®1 ERBEREITHNIRE
Table 1 Sensory evaluation standards of cider

AHA AR R
bxe. ArF 9~10
KFEE. AAF 6~8
£5(10 ) y y
PRIEERABE. BEA 3~5
RFRGBAFIE, THAFE 1~2
E T I, 2%
V(10 2) i TR 10
R, RkE 0~9
THRAERAA. WrbLeiEAE A 8~10
. RAERAR, BHELET. TA% 5~7
AA(10 %) U, .
RAE¥Er. BHAEEL SATBR 2~4
e AR FA. v R 1
EAEEEE. RO, BA 9~10
BAGY BN, AL RAFABER-T A 6~8
ReA-F45(10 4) EAFEIE . MER. LTk, A% 3-5
EAEEAK. RBR. ARk 2
B, . A, ARk 1
Bk T AL Ak 9~10
kP E, BA, AERAA R 5~8
=74 (10 2Y) ; N ]
EekAE, A FRAA R 2-4
b, AR 1
BARIFN(10 ) ot 3 RE 44 SAREP S4TSR 1~10

55



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.5

1.34 BB anit

B 20 A IS4 K2 AR SRR N
R %, SHILZRA SR 7 b DB37/T
804-2007 (L) U, FEHER 1 KB IROBRAE,
RN BERE. S KR, [RIRALE A
VNSRS TT AT 45, ST Y08 10 45, 4y
60 7).
135 #EaE

S%-F GraphPad Prism 7.0 475 kb BT T2

AR AT TS B T, IR ERE
FERI 3, HEER W T RBERT I R 1A E
AODGRIRERE, REEREESS . FEOG AR
Bg, ATERETEY S R TS, 28R
i COOVRI R0 265 7 0 18 5 R o T R 11
PSR &) HOWT LS5 SR AR L
R 2 RMERBNERIBUEIRNESR
Table 2 Determination results of the physico-chemical indexes
of the two kinds of ciders

Hls RIS % IBM SPSS Statistics 21.0 347 1847 EERERT  LABE RO
BENEHT I RAE/(g/L) 11467453 38541.32° 44.00:4.50°
N TRAEHH/Brix  13.6020.75  4.2140.15°  4.5640.11°

2 RS o . .
BBRU(gIL) 3254008 5.6540.12° 5144011

TEAFEI%(VIV) 6.1940.15°  5.650.12"

2.1 BEEFH PR R E AR AR 80

Wk 2 Fros, W E R IR R E S =R
114.67 g/L, LFFRER BRI, i g A A 20
T I SR 2 B4 % 25 38.5 g/L 1 44.18 g/l TR
TRERHE N T B EEAEY), T P SR (R
AR T RIS 21 bk I, TEMGEH T R TR
HIPUREERE (2-268) HFIREBARERTH, T3
PRI R RE R AL f5, 5% S ECEAH R R N TR Y
1A b R R s TR, Rt FER R
b, SEFRARTEA; KBRS, HREA G
2 S SR PSR B 4350 M 6.19% VIV D FT1 5.66%(VIV),
HiEEEETEE (P<005), HEEFERFEL T
Tt 2-268 B Ry ARBRIE R B, L= 109K B T,
2 R T A7 R A

WEEHH SRy R A VA PR T4 & B 13.6 Brix, 4ol
AR TR R, X8 ZE RN 7 2 DS iy s e
T &5 I 42 4.21 Brix 1 4.56 Brix. KB 1L,

E: B—ATY AR FEHATHEINGELESEMEZF
(P<0.05).

XTSRRI, I8 ZE R A 2 ) BRAE R A IR
R R T, e R R KR
WK AERIAR, AR, IR, L1R. BRI
FREATHUIRY . S B4 TR K Tl B
TEB R RR R /e, s R SA &
FEPUE R 5 B RERE R AL AT VR & R I AT 7T
g,

22 WEEFE A XERE LB AR E R

Wk 3 fiun, AEMEMSER I B A A2
P B INE] 7 MR, R e RER R
BETIR. JR R, FRAEENEERREHISRIR . piE
2 Hle-3-EER LR RILKRULIFIHET R B2
SR TYIRAR, B URENERLRRSL, HoR 5 My
KBNS R B 7R (P<<0.05).

7 3 AMERBNEB LIRS =
Table 3 The phenolic content of two ciders

T3 R RE I (mg/L)
ﬁ/\‘: /g,: w7 fe ,‘ H — -

Lyl PG B 18] /min SRR e rryn
y . SR BL 0.68 46.7740.66° 34.7841.20° 43.454 57°
L Es . g

oL 15.31 4.6840.113 3.3240.43° 4.160.09
e, RERTER 6.44 4.80:4.03° 5.49+40.74° 8.34:40.85
AR TBRE " 5 b .

JE LA 8.99 2.8740.94 3.3940.05 41140 52
LEE 10.91 3.6940.21° 3.5940.11° 3.6240.87°
HR-3-EEE RILRE 14.32 9.1040.15% 4.4340.68° 4.39140.14°
FiEE B2 11.78 0.7820.46° 5.9440.28" 6.8940.48°
ot 72.6943.56° 60.9443.49" 74.9644 52°

7 Fl—ATP AR S EATHEZ N ALESEZMHEZ7 (P<0.05).

56



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.5

WERATEEFREERE R T HEA, JFRZ
SESL IR S MR R 3 7S ORI BRI
JE T ) — A 2, e K
HITEFAR, ARkt PR AN, s &A1
HPERFAT ORI, b SR T g A
HETRNSERTIEEM. BREAERRRZ YR
FESE R TR AA By 51.45 mo/L,  Hirh gt ERRH)
SR, NA46.77 mo/L. FHECTEMR SR, FREEAE:
RS () G i TR AR E R RS R 5 B BRIK, IR
SRR R TR 2 Ty A BRI N R A T 8%
fil, ELRRIPGTE R ) 2 Iy S A B R e,
L PSR RS A AR T 1,

JUHR R MR LR F L R EE R b -3-
KLy, MEJN 1279 mg/lL, LWk REE, L
KRG EEAREBRERDN; RILFENSER
FIBR, FEERIIFRZRKENRESEREE R

B2, S#FEtHEXR B2 &M 078 mglL FrE =
5.94~6.89 mg/L. SAK G, 1 AR Ty 2Snii
& BB B SR T HE

2.3 EEE A EREER RSN

NN A DU EERE (=-268) XfSFEFR
NESYEE, FIFH SPME-GC-MS A &
RS A R R R SIS SR
x4 PN, @Akt 31 MHER Ry, Hh
C6 F¥ 5, mnglilezk 11 7, ZMRES3E 4 F0, Jali
TR MRS 1, HABEESE 2 Fh, R VIR 4 Fi,
BREALEW) 2 Fh, BEMESE 2 Fho SEEAILIGIIH 36
PR MRSy, Fodr C6 B 5 Fh, gt 12 Ff,
LRI 5 R, R 28625 2 Fh, HABEESS 3,
FERVERRITTRSE 4 Fl, FREALEY) 3 Fh, wiikFs 2 i,
EHRSHMR L, WEEHS T HEH.

* 4 BRERBPESUENELESR
Table 4 The aroma compounds in two ciders

5] BE RAMLH ;fﬁ’gi CAS % A r ;;W QAL gﬁ;‘éﬂ T oAV
1 (2-3-TH-1-8% 1387 928-96-1 400 113.03425.12" 131.24425.19% H ok, BERA
2 (E)-3-Tf-1-8% 1365 928972 1000  7957.052483" 7591.234193° Fivk, AH% >1
co 3 (E)-2-T%-1-B% 1409 928-95-0 400 34.344.29° 34.8840.59° £ Fok
4 (2)-2-TH-1-B% 1417 928-949 - 56.64-44.29° 55.9243.57% -
5 1-e.8 1353 111-27-3 8000  5341.5544.29" 5919.494384° FHek, AFk
it 13502.614517.99° 13 732.764606.35°
6 2- R BF 1319 543-49-7 200 6.4240.59" 8.3640.81° ok, Bk
7 5K BE 1220 123-51-3 60000 154 868.67+1 258.00° 83 387.8542 479.00° i&flvk. iEAfwk. 8 Fibvk >1
8 EREE 1256 71410 64000  174.92+12.35 2 625.484283.01* FAA=rk. ABEk
9 3-WH-3-THBE: 1256 763-32-6 600 54.9145.19% 40.733.28" -
10 3-FHAXEE 1328 589355 500 66.9646.28" 39.0024.92° Fikek, BAA. £F%
11 1-kB% 1455 111-70-6 200 22.69+42.84 36.1845.19% IRk
HY%BE 12 1-F% 3-8 1451 3391-86-4 20 ND 98.3844.29 R >1
13 KA 1892 100-51-6 200000  90.24:48.29° 70.1647.49° KR, RA
14 2-RuB: 1928 60-12-8 14000 23682.86: 394.00° 19 108.06+2 183.03" BRI, HE >1
15 3-Wi-2-TH 1322 598754 - 153.72438.27° 1735.374125° -
16 FTE 1111 78-83-1 75000 29042.4442 482.01° 22 322.274,928.01° EHwk. Eilwk. AHk
17 (E)-2-¥%B 1614 18409-17-1 - 8.8742.14° 123.42:410.24° -
it 208 172.745 209.95* 129 595.2647 034.22"
18 LER A B 951  109-60-4 240  2711.84#0356°  4773.704384.46" . B AE >1
19  TEFARE 1122 123-92-2 160 ND 671.14445.29 F ok >1
. 20 CERTEE 1273 142-92-7 1500 36.83:41.29 2578.184102.29° FR. MM >1
21 ZEFHTE 999  110-19-0 1600 51.9447.52° 185.93+18.92 FE.KY. 2£F
22 LR LB 885 141-78-6 7500 6235.0742123.04 7502.184678.05° EER N >1
it 9035.6842 235.37° 15 689.13+ 228.96%

57



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.5

gk 4
KA AT ERILEH ;fﬁé‘i] CAS % HMA %3;?}’%1@3/ G iL 7;% T oAV
23 3LBACEs 1350 97-64-3 154636 2894.384291.02° 2022.544198.01° R ik
é?; 24 FERCE: 1437 106-32-1 580 ND 32.9943.29 FE. A A
it 2894.384291.04° 2 055.534201.29"
25  FEFRBES 1659 2035-99-6 9.80+1.93° 11.2742.53
. 26 K#ERFE: 1792 119-36-8 7.360.38% 7.3740.28°
27 T=B—CB 1681 123-25-1 ND 65.00+4.48
it 17.16+2.31° 83.6447.29%
28 FTHE 1590 79-31-2 2300 1894.264281.05° 1 254.37+193.06° Yt ST
29 FRER 1683 503-74-2 3000 119547#79.06°  721.22494.29° BRR ok
P& MiEE 30 T 1860 142-62-1 420 4634.38+ 281.05° 2418.504987.05 Yt ST >1
31 FiEg 2075 124-07-2 500  7059.194382.05° 4052.98192.09° Eifivk. 4Bk, fshivA  >1
it 14 783.342 123.02° 8 447.07+ 466.29°
32 3- /1 1659 106-35-4 ND 12.2940.15
, 33 R 1283 124130 25 ND 164.22412.34 A >1
’iﬁ;{" 34 HhBE 1471 98-01-1 14100  66.0346.25 ND R
35 £ 1499 112-31-2 10 3.03 40.55° 3.2240.68 A Hk
it 69.066.8" 179.73#13.17°
36 2 FREE 1547 78706 25 0.030.01° 0.46 #0.01° A BE
W 37 B 1770 106-22-9 100 162.86428.29° 1085.43+129% BORALA >1
it 162.89428.30° 1 085.89+129.01°

& BRI Ak £ HP-innowax €342 E a9 1R 8 4544

NDEFAK S, O RTRERZZMR G FUBARET AL,

AR R BMEA A A A R AHE XS, Bl —ATF RE FHAFHIEZFSE (P<0.05).

C6 i EBRIF T RS, Tk ., HE%
GUER, RREEDREERETMR. WRRS
AR IR e 2E P, S ZE A A A rh
H Co6 R EHES, HEFR L BEERALRE(P>0.05),
Hu 45 P38 47 A FLah i £ 5 BRI B R 1:2
(1T EL BRI A T R 000, tH3RAR T AL
g, ZFRFABRTRMES, BB RE+ A
PR LRI AN K

MR R TR SRR, S
BT T AR SRR, Bk T3 s24h, @k
BEEE 2R 0T RRASRES, TERMRH AN LR 2y
ARSI AE AR o- TR, TH 4 LR AE I 7=
AP ET O R A R B R AR, 1
Yrm A AL P RIS RS 5T RE 2- K Oy
A R R A RN 99.7%A1 96.3%, b 2-F8 2 EE
AR BORE DAY, R s
EFEEWF. £ OAV KT 1 HIsdEE Y, s
IREE, 2- RS, EHEARE S TEL, KRtz
Gb, 2-PElE. 3-FHE-3-TUAME. 3-HIEAREE, ORI
LZHIEI AL LI O, LR R R AR

58

B} e BRAH P B B Bk = A B v TR e 2R 4 o AT I
B[S S 7/

BE A AW 3 Rl v B B ) — R A&
Y, BERMEMEECRA T REASE, FEARFEIR
BRI RS, RPN RENEE, SEHRA
NS, (8% 4, RISEREPROREE L
F& HH CTRES AN ELFE IR ITR LR, Hr@dl it 1R
BN BT IDTPR IR 28 73 ) o RS 1Y 75.63% 11
24.23%, WFFH I CRRERANERE IR IR L BR2E )
) 5 R EEZEK) 88.00%F1 11.53%. OAV >1 YR
F B RN LR SRR LR Ol
PG e, FEG TN RO EKRMES, W
AL B, PRk ALSE, @i He ARG A A
3R 4 PR, RO E R E T EA, B
OAV>1 MIEERMIIAN, HABIGELH B0 &
A T s, P A A s R T DL
AT BT, Hu S5O R A A TG B
REZ 268 BRI RFE A RS2 FE TN 1 7 4 A 7R B Bk
LIA %], RINZ5-268 % CRREESAN BRI 1 T H
AR, HI—PUESL T 2-268 X3 RE R A 1



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.5

THAA EERE

BT IA Er P th e Rl rh — SR B % Rk
BN, EEORIE TR AR, dl R Q™
A, EEEIUERER. R, DIeRSE, HHSE
T BMERS, XL J5T AT DA NS A U = A,
EL 401 55 T A D0 45 1 5 A oK T i
OAV>1 KR MENRITIR T 2 FIRM O R, s
AN L) B AN LR & A A L AL, SR, A
AL, GBI S AR T
HZH . HAT I, SR PEAR TR S e R e R
U, 8 25-268 SR RRRVR A AT BLE 2
IR AV E R R I & &, g H TR .
TGRS IR AR A T DU BEEE Bo-13
REEERAN PR MR IR IG5 R 2, (H5-268 I
BEXH T3 AR EESRA R KT B2-13,

AT T LR AL A1) T B R SRR SR A
i, HrhER EELR - terp RN, h TR E
B, WPRCERFILRNECN, WS, SR, A
i R e ARSI 2, 7T RE A M A A R I A
FEid R, REIR S, SEURKESE TRt iR
R A s,

AR AT BRI B, RILURER)
16, WAER R SCa R B AL A (3
FRsrh, W LI S5 S KRR IR A A7 AE,
ANBEAERNE, TEAERK AR B B KRR ERT T
AR TR MBS A A AE R, AT i
BB} 25-268 AT BRI - sae /1P0, 5
BUBRFAT R RS EEE T EEH. LAk
Ui, I A DU B 2268 SRR BRI
BREE, ARG T SERE AR DL R iESE, R
THRNTERAEAS RHE AR, D05 R G
BE5E T E 2k

2.4 EEEFE PR E R E B R

A /NEARER 1, WPECERNEIET MY, 13
MBI 2. SERIN A E RS, PR,
FAMEERE N, DEOEEIR, BRADEY, B
NTER . P ARE R, EOE. &5 BIEE.
PR PS5 75 T, S8 A5 v TEE 4L (B 2a).
ARG FCE RN A U RAR RN 70, 331 2b
R URHIE TR A P Il BR R R s T
A R, BUUKRETNE, HEAEER,
AR AEfm . SEDE . RIS S, RS
FERE PO A HUE, R AR oy, K

BUZA SRS A U8, A3 WIS I AT KRR,
TEARE S, HK RGBS 78 A IR 3 2,
WHTAT I SRR, AR

AT RS, S0 TR AP,
BAUKEATNE, HFRAFEERRER, ALK
FEPEEwAR. SHAEE S, AL, FURCEE AT
XHATRHAEA 7, A RIEHIERE IR, 1
ARG, A B RIRAEYISRAE T, A AR,

JRERE
a 7%
10
R S N T .
L0

I ) &5
RV
»»»»»»» Wil — MAREE
HE%
PRI 49— KR
U vt S \Nal
whbok (L] [z R
NN B s
TN e =
fed R

------ Wil — MEREE
& 2 AMEREREITNEILE (a) RESHHE )
Fig.2 Radar map (a) and aroma characteristics (b) of sensory
evaluation of two ciders

3 g

ASLIGHE TS T E A DU R RE- 25 -268 SR
% B} Rhone 2323 VR A KR S SR 5200, 5
FRIPSE% RE Rhone 2323 4fii5 7R AR, i %A fRDUE
S VLS S S 22 A S 7 81 i (At ST T
PRI, LR BA RERD) CIREE AL
ISR, Fk, R RPENRIIRR =2 B
—ERHNHIER; MEEHARA 7RG KT, HE
TR SIS T m, SRR TR D R R
AR MBAAER . Fit, SRAMEE A fDChEE R
75-268 SHRAEEALEE Rhone 2323 Y& KB NKEE H A
A AT SRR (1) 1 o JO S SR ) A = AR Atk 1 —
SE PR RAE -

59



MR BRI

Modern Food Science and Technology

2023, Vol.39, No.5

BH K
[1]  E54. 3 SRR S GRS CE R T AR A A P AR O 5

(2]

(3]

(4]

(5]

(6]

[7]

(8]

(9]

[10]

[11]

[12]

[13]

60

[D1 B BH:PE AR MR 27,2015.

Serra A T, Matias A A, Frade R, et al. Characterization of
traditional and exotic apple varieties from Portugal. Part 2 -
Antioxidant and antiproliferative activities [J]. Journal of
Functional Foods, 2010, 2(1): 46-53.

SR 2RO 37 LI 1 A R IR A T s ) e ] IRARAR A
#14%,2010,15:71-72.

Tesniée C. Importance and role of lipids in wine yeast
fermentation [J]. Applied Microbiology and Biotechnology,
2019, 103(20): 8293-8300.

Coi A L, Bigey F, Mallet S, et al. Genomic signatures of
adaptation to wine biological aging conditions in
biofilm-forming flor yeasts [J]. Molecular Ecology, 2017,
26(7): 2150-2166.

Puertas B, Jimenez-Hierro M J, Cantos-Villar E, et al. The
influence of yeast on chemical composition and sensory
properties of dry white wines [J]. Food Chemistry, 2018, 253:
227-235.

Padilla B, Gil J V, Manzanares P. Past and future of
non-saccharomyces yeasts: from spoilage microorganisms to
biotechnological tools for improving wine aroma complexity
[J]. Frontiers in Microbiology, 2016, 7: 411.

Kong C L, Li A H, Jin G J, et al. Evolution of volatile
compounds treated with selected non-saccharomyces
extracellular extract during Pinot noir winemaking in
monsoon climate [J]. Food Research International, 2019, 119:
177-186.

Renault P, Coulon J, Revel G, et al. Increase of fruity aroma
during mixed T-delbrueckii/S-cerevisiae wine fermentation is
linked to specific esters enhancement [J]. International
Journal of Food Microbiology, 2015, 207(17): 40-48.

TKICH T e, A3 S AR Bl T B R B S R R R

TR R A A 3G 778 1 70 i [J). & i Rk2,2020,41(12):

84-90.

LR, TR = LRI, 5 I 2 T B SRR T B 3 R T
LT &I A S PRI B R [I]. & R, 2021,42(2):97-
104.

Hu K, Qin Y, Tao Y S, et al. Potential of glycosidase from
non-saccharomyces isolates for enhancement of wine aroma
[J]. Journal of Food Science, 2016, 81(4): M935-M943.

B R AL, B A 8 A A Db I BEAT AR 9 BE 1
TR K ez 1174 [9] fr il Fl°#,2016,37(3):103-108.

[14]

[15]

[16]
[17]

(18]

[19]

[20]

[21]

[22]

(23]

[24]

[25]

[26]

[27]

(28]

[29]

GB/T 15038-2006, &1 AP HI 20 A 773A[S] AL at:
Il o ik, 2008,

FAEE A/ N, TR B T W R 0 R B B A A b
FR AN 12 [J]. H [ R id, 2022,41(1):143-148.

DB37/T 804-2007 3 SLiF[S]. A6 5 7 E bmite i ikt 2007,
Maurizio C, Francesca C, llaria M, et al. Controlled mixed
culture fermentation: a new perspective on the use of
non-saccharomyces yeasts in winemaking [J]. Fems Yeast
Research, 2010, 10(2): 123-133.

Langenberg A K, Bink F J, WolIff L, et al. Glycolytic
functions are conserved in the genome of the wine yeast
Hanseniaspora uvarum, and pyruvate kinase limits its
capacity for alcoholic fermentation [J].
Environmental Microbiology, 2017, 83(22): e01580-17.
R, 0 v, X2, A e T TR DU R S B I R
BRI A 40 [J]. & i T2k, 2020,41(8):60-64.

FINEME AN [F) 7592 B e SR v A LR ) EL AL [D].
JRPH: P LA MBS ,2015.

RUGEAE A IOK, R 5. — PR SR BT U DGR BB
()55 5 T BRI P 20 BT [3]. 8 b 5 i Tk, 2020,46(8):97-
104.

Kammerer D, Claus A, Carle R, et al. Polyphenol screening

Applied and

of pomace from red and white grape varieties (Vitis vinifera
L.) by HPLC-DAD-MS/MS [J]. Journal of Agricultural &
Food Chemistry, 2004, 52(14): 4360-4367.

Wi 7K R DS, S 79 2 55 80 46 A FELDLIb IR BERE I 1
7 BRI A0 K98 7049 BT (9 A AL 41, 2016,47(10):
280-286.

Podsedek A, Wilska-Jeszka J, Anders B, et al. Compositional
characterisation of some apple varieties [J]. European Food
Research & Technology, 2000, 210(4): 268-272.

Benkwitz F, Tominaga T, Kilmartin P A, et al. Identifying the
chemical composition related to the distinct aroma
characteristics of New Zealand Sauvignon blanc wines [J].
American Journal of Enology & Viticulture, 2012, 63(1):
62-72.

Hu K, Jin G J, Xu Y H, et al. Wine aroma response to
different participation of selected Hanseniaspora uvarum in
mixed fermentation with Saccharomyces cerevisiae [J]. Food
Research International, 2018, 108: 119-127.

TN BT, RIS, £ 0P, 5 B R B e A QBT S 2k 2 [].
AW TR, 2021,37(2):429-447.

ST ARG, AR SERIEE SR T R RN & S
P T0M1,2002,28(7):59-65.

Gonzalez P.  Wine

R, Morales secondary aroma:


https://xueshu.baidu.com/s?wd=author%3A%28B.%20Puertas%20a%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
https://xueshu.baidu.com/s?wd=author%3A%28M.J.%20Jimenez-Hierro%20a%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
https://xueshu.baidu.com/s?wd=author%3A%28E.%20Cantos-Villar%20a%29%20&tn=SE_baiduxueshu_c1gjeupa&ie=utf-8&sc_f_para=sc_hilight%3Dperson
https://link.springer.com/article/10.1007/s002179900101#auth-A_-Pods_dek

MR BRI

Modern Food Science and Technology

2023, Vol.39, No.5

[30]

[31]

[32]

(33]

understanding yeast production of higher alcohols [J].
Microbial Biotechnology, 2017, 10(6): 1449-1450.
Cai J, Zzhu B Q, Wang Y H, et al

pre-fermentation cold maceration treatment on aroma

Influence of

compounds of Cabernet Sauvignon wines fermented in
different industrial scale fermenters [J]. Food Chemistry,
2014, 154: 217-229.

VESLP A TR R R S SR B S B R B 5
Wi [J]. £ A ARH#,2005,26(10):151-155.

P78 R, KO A T B A & M T R
[3]- & TR, 2015,36(14):394-399.

Swiegers J H, Bartowsky E J, Henschke P A, et al. Yeast and
bacterial modulation of wine aroma and flavour [J].

[34]

[39]

[36]

[37]

Australian Journal of Grape and Wine Research, 2005, 11(2):
139-173.

TRARA, ) 2 L, AU, A5 7 A B ) 708 S S R R
PR [J]. iR, 2019,38(8):31-35.

Pereira V, Albuquerque F M, Ferreira A C, et al. Evolution of
5-hydroxymethylfurfural (HMF) and furfural (F) in fortified
wines submitted to overheating conditions [J]. Food Research
International, 2011, 44(1): 71-76.

SRR, LB, SRR A A p-A AR AR A
AT L3 e [J) AR £ 8 HE:, 2020,36(4):316-324.

Ve B, TS 3 PR, 5 S A RS 1 BRI 4 YA
T RHR R R TR BOR A A A A U SR [I]. & il 5 A
Tolk,2020,46(11):165-171.

61



