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Abstract: To diversify and enhance the taste of fruit wine, banana and myrtle fruit were used as primary ingredients to
produce a composite fruit wine. The fermentation process was optimized using single-factor testing and the linear efficiency

coefficient method in conjunction with response surface methodology. Physicochemical properties, antioxidant activity, and volatile
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flavor components were also analyzed. The optimal fermentation parameters were as follows: Saccharomyces cerevisiae CECA as

the yeast strain, banana juice to myrtle juice ratio of 3:1, initial sugar content of 25 °Bx, yeast addition rate of 0.15%, and initial pH of 4.9.

The resulting banana-myrtle wine had a comprehensive score of 99.9, with an alcohol content of 11.81% vol, sugar content of 4.73 °Bx,

total acid content of 6.14 g/L, flavonoid content of 0.15 g/L, polyphenol content of 2.65 g/L, and ABTS" radical scavenging rate of

93.41%. Seventy-two volatile aroma components were detected, accounting for approximately 95.94% of the aroma profile, with

isoamyl alcohol (apple, brandy, and spicy scent) and ethyl lactate (rose scent) as the dominant aroma compounds. Compared with

banana wine, the banana-myrtle wine produced under the optimized conditions exhibited higher antioxidant activity and a

unique flavor profile. This study provides a theoretical foundation for the development and application of banana and myrtle

in fruit wine production.

Key words: banana; myrtle; composite fruit wine; linear efficiency coefficient method; antioxidant activity; flavor component

FRET ZMETEIE. B, A E S fE
w XY, AR TR By AN T
YR, ERE R, HA RO,
. ARAEED CRTREE. LR OBES
PERAE R 73 R 7, AR R MER A 5015 40
ZH, BERE. #E. HEY, BREAKEIAR
e PEEIRRSLE SHEE. 2R, AR, =
FERREEVEVE L FVE TR, A B 25 A (B AN fR 4R
FAY, HF 5 2 W 0k 4 AR R S BLAT v T PR AL R
k&R HHE (ABTSY) HREEIMH YT
30.4 pumol (PR MER AN 7.8 pmol & FER, (HHkS
IR S AR A U A IR AR, Rk, FRESHESRAET
P12 P IROE HO A R R, P 25 G n] AR IR 3,
FRTH IR (178 5 KR S D RE i 1 -

SRR A B R R R IR BE AR, U RS
BOEFRMIE, WmHtaEEY. . hERE
SESAEAE SRR . A G R 5 B AR A A ) A
SETIRIRY:, MR RET NG R,
AT RER BRI, ST IK SR AN B A B IAEL, B AR IE 1
Bl &, thS RS m— KRR AR 2, 77
)4 b TR AL ERE T Thig
E RN 5 N VTR s NI WA Y =R o S
FAZRER L, ERREPN K EREFENRE SR
WiRIE T 2T, 3R15 BA KR S8 FRINA N E &
S EERE R E AR - FEE S RN
FPE. MBS WRIRAR » Purohit Z IR E . AN
FHRERIE T2, 2450 LR FE ; Adeyem 25" 725
PO, AR RS R BRI, B RMER N, (HE
R HAR I L PR R IR S S ORI (1) E

FE. RS mRR I RO R, BEEE,
AT YA A S R AR R e 2 BRRE, AR IRARHE
PR I AR, Bk R R L hi AR )G
AR, EFE P RN AT H S KB AR
WRFE FRINE (DA RE D A RE SR, e

B PR IR St A, B AT PR G KR PR
Yoo AW FTIE FH A URE IR I B AR AT SR T 2 e Ok
SURR AR IR, 0k SR R R T A, SR
DRI 3R e B 1 T R0 2R B0k 46 6 Wi N TRNE AR A R 8% 12,
Xof A Rk < AR 22 Mg R R A RS 23 B T S T P
ATHT I, FFLATH 2 [ AH U ZE B (Headspace Solidphase
Microextraction, HS-SPME) A1 A #H & &% i ik Bt
(Gas Chromatography-Mass Spectrometer, GC-MS)
BOM T e A R RR AR KRy, WIS [R) A U
FEEEIT, AR IR R A 7 B 5E SRR A

1 MR5REE
L1 AR5 DL

Saccharomyces cerevisiae NS-D. Saccharomyces
bayanus BV818. Saccharomyces cerevisiae CECA, ¥
BB A IR A 7] 5 Saccharomyces cerevisiae vitilevure
KD, &M ERIAR AR ETmRA (8
mZ0, Mem At ERIARAR . AEm.
MIRHEE (O tral), VIR Rb R M ARA R R
Mg (177 Ulg) SFHEZBE (1 75U/, AKESE (&
a0, BT AREREEYREERIEAT . B,
Bee R, T2 X .

DFY-1000C =3 2 Lh BE#y AL, iR U 1T AR KB
AT WZS32 FHFF D6 B yE s
ISR ATBR AT s PHS-3CPH i, R4 A2 3.
B BR AT s ME204E HLF- K7, HERREIFER 24038
(R HRRAF ; MI250-11 fHER B %40, LFFIK
Rl 28 PR A R s TRACE DSQ It - il (Gas
Chromatography -Mass Spectrometry, GC-MS) Bt F 1%
DB-WAX E 41 % # (30 mx0.25mm, 0.25 pm),
2% [H Finnigan 2 #; B A B (Solid-Phase
Microextraction, SPME) %% & T 4. EEHREE.
50/30 um CAR/PDMS/DVB %53k, 3£ [ Supelco Al .

339




MR EmBE Modern Food Science and Technology 2025, Vol.41, No.10

(90 CH7K# K S min)
i S e e st Kl —it v — AT

PIEK

(0.5% 5 S BE+0.4% 2T 4k 2 il )
60°C [ 7K E§ A3 h

Bedi S R ikt

K PURY. Besgiit

C0.4%F i)
30°C H7K A %80 min

— gy R = ERARE — B ——= M —— K= FBE N

TR
g, . SO T

FERER AL

1 BEMERBLBTZRE

Fig.1 Fermentation process of banana myrtle wine
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Table 3 Results and analysis of response surface methodology for optimization of fermentation conditions of banana myrtle wine
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1 0 0 1 1 11.1 81.7 57.3
2 0 0 -1 1 9.3 77.5 5.5
3 0 -1 0 -1 11.1 76.1 41.2
4 0 1 0 1 9.8 79.8 23.2
5 0 1 -1 0 9.4 80.6 16.6
6 -1 0 0 -1 10.5 81.1 42.4
7 0 0 0 0 11.7 90.9 97.1
8 1 -1 0 0 10.3 81.5 39.1
9 0 0 0 0 11.8 89.9 96.4
10 0 0 1 -1 10.1 82.1 36.4
11 0 1 1 0 10.3 83.4 44.6
12 -1 0 1 0 10.7 81.2 47.1
13 0 0 -1 -1 11.1 81.8 57.6
14 1 0 0 -1 10.6 83.7 52.1
15 1 1 0 0 9.5 82.2 234
16 -1 0 0 1 10.6 79.1 38.8
17 0 0 0 0 11.5 91.2 93.6
18 0 -1 0 1 10.7 79.8 43
19 0 -1 1 0 10.3 77.7 28.1
20 1 0 -1 0 10.1 80.2 30.9
21 0 -1 -1 0 10.6 76.3 30.7
22 0 1 0 -1 11.1 83.9 63.7
23 1 0 0 1 9.8 78.3 18.8
24 0 0 0 0 11.7 91.6 99.1
25 0 0 0 0 11.6 91.9 97.8
26 -1 1 0 0 9.8 80.8 26
27 -1 0 -1 0 9.7 79.1 18.9
28 1 0 1 0 10.3 81.3 38.5
29 -1 -1 0 0 10.6 75.6 28.7
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MR A #1F Design-Expert 13 {143 #r % % $4f it 47
Z A R, 15 B A VT A B IR 22 T[] U A8
RTREM N B

Y=96.80+0.0750A-1.11B+7.65C-8.90D-3.25AB-
5.15AC-7.42AD+7.65BC-10.57BD+18.25CD-33.34A’-
32.89B°-32.40C°-23.93D°

I A X BB R AT T 7 2 A b A TR A R AR
EHER, MmN E AW, SRWE 4T
e RIEDHT, LEEVEAEA P<0.000 1, AR
Z, RIT P>0.05 (P=0.056 7) AR, hE R2H
R’=0.987 7. KIEWRE RELR,;=0.975 5, BLHIFIA A]
B E T, IR AT, RIS HE (1 o] S5 0 SRS MR
AR A] DL FH SR TT Pk AR I 255V 57

R 4 BRI E S

Table 4 Variance analysis of regression model

PiE REM

fj’;* Foaf AME  HF  FA

1433.62 80.56 <0.0001  **
0.0675 0.0038 0.9518

AA 20070.64 14
A 0.067 5 1
B 14.74 1 14.74  0.8283 0.3782
C 702.27 1 702.27  39.46 <0.0001  **
D 950.52 1 950.52  53.41 <0.0001 **

AB 4225 1 4225 237 0.1457

AC  106.09 1 106.09 596 0.0285  *
AD 22052 1 22052 1239 0.0034  **
BC  234.09 1 234.09 13.15 0.0027  **
BD 44732 1 44732 2514 0.0002  **
CD 133225 1 133225 74.86 <0.0001 **
A2 7209.01 1 7209.01 405.08 <0.0001 **
B2 7015.7 1 7015.7 39422 <0.0001 **
C2 680925 1 680925 382.62 <0.0001  **
D2 37129 1 37129 208.63 <0.0001  **
FRE  249.15 14 17.8

AR 23237 10 2324 554 0.0567
iz 2 16.78 4 4.19
A= 2031979 28
R 0.987 7
R 09755

E: 0 RTFEREE (0.01<P<0.05), “**” RFEH
HMEE (P<0.01),

s PAE M, [BH 7 FE— k3 C. D AIAE H. I
AD. BC. BD. CD } k¥ A>. B, C. D’ x4

SR B E M (P<<0.01), IR AC X4
VAR R ETE (P<<0.05), T HAR I w5 A B 2%
(P>0.05). HH FAEAHT, & B EXLEEVE5 R0
FEEEMR VN . WI%h pH (D) >R IR (C) > W14
R (B)>F RS R BB (A

B BNk 4 GRS o T &5 SR N I O ZE R A A
Wi 7 1T A2 FLA'E FH ot T P LW 0 A, AT DA — DR &
R 2 2 A8 EAE 2 ik 55 . Bl 7 v, FR&EH
PR R R AL (A 5RGEHEE (B (M58 HAEH
TE R T AT 22, SR BE, £ AB KER
[AZ EAE RS s M 8 Al %, ARV Ak & i R id
Eb (A SEERFAING (C) 28 HAR I R il i bt
U, 25 v 2R RN [T, R B AC DR 2R TR0 58 TELAE FH 50
HE 9~12 AT A, FRETEEWRIITI (A 59146
pH (D). ¥IAHEE (B) HEEEIRINE (O, VMR
fE (B) 5%144 pH(D) EEERRINE (C) 5%44 pH(D)
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Fig.7 Response surface and contour of the effects of banana juice

myrtle juice ratio and initial brix on comprehensive score
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Fig.8 Response surface and contour of the effects of banana juice
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comprehensive score
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Fig.9 Response surface and contour of the effects of banana juice

myrtle juice ratio and initial pH on comprehensive score
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& (FUESHD N 0.154%, ¥I4h pH {E N 4.920, &
FERR S USRS N 11.7%vol, R TE N 91.2, 4
GV 97.7. MR I ZE BRI AT SN, A
Ao A S PR AT AT A, R T 2SS BN E Ik
SIRRITECEL Y 3:1, WEEEN 25 °Bx, BEERAINE (i
BHO N0.15%, YIE pH AN 4.9, %% FEE
Bk S W RS BN 11.8%vol, BEEW NI (F 13 &
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Fig.13 Sensory evaluation of banana myrtle wine

*® 5 HELSREBRLMTELIER
Table 5 Physicochemical and antioxidant indicators of

banana myrtle wine

A7 “R
TEAF L /(Yovol) 11.81+0.17
A8 % /(°Bx) 4.73 +0.058
BB (/L) (vAIE B BRIt ) 6.14 %0.085
FEA/(g/L) (VAFE Tit) 0.15+0.015
28 /(g/L) (VAR EGTH) 2.65 £0.096
ABTS™ HRE /% 93.41 £0.89

24 FHERSIWIE &AM KILAMTE

AP 3 e e T 2 A i R A A P < S )
R BT EATE TR bR WA 5, B Rk G IR ARG
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11.81%vol, HEE A 473 °Bx, HREEN6.14 gL,
il & 28015 g/L. Z W & &8 265¢gL, 7 EF
SECUR R, AL e P A RTE T 2 AN S R )
JREIEMHKXKR, SEHFERESRT ABTS - 5%
N 93.41%, Xt IR A A AT A R ) A RS U A B
(0.10 g/L). £ W (0.11 g/L) & & M ABTS" i &
#(88.22%) HW, FHEMEG IR AA BT HHA
i 1 o
2.5 FHEKSIRIE XK KT

B TR B AR T DG B R AR, R A
SARIEBRIE P BT oy N =2 W, R R R IR
Fro KR A A R ) B G, AT
i R (0 U BT LI AR e R R R AR
175 YRR R, IR LA S AL S 2 R A SO
oy, BIEEEIE. BER. AHLERIS. WEMH 2K DL w4
R MR AR R, RS R S R BT
AL, TGN T &S E R oAb, BRIERHE
R A S A MR 2 5 RIS — 2 I Y,
AW 9T 5% F HS-SPEM-GC-MS % A % H 75 3k 47 43
. FE o R B IR Al 1 R 14, BT S A5 R
6, B Rk R R B 72 B R SR
295 BAEFEANS RESE, TED 1 95.94%,
B 25 17 M (16.01%) ; EE 2K 7 0 (40.89%) : MR K
10 Ff (6.20%) : BRE:FK 14 Fh (9.90%) ; B 16 Fh
(16.36%) ; T2 3 Fl (0.40%) 5 BF3E 1 F (0.28%) ;
HAhK 4 (5.90%). HHEES. BEIAEI G F 14
Moo X RRAT B R (SR, 77.78%)
S I TR I, B FERR & AR A S o 1 n 21 F,
FAXT S BRI 18.16% ;248 2 70 AN [ 4 4 it B ot
BN — 4 G A S I, AR SR & -
BN E A B (51, 50, 57 F, 5 658.35. 2 355.66-
4 951.82 pg/L) TR A 26 he s 5 B8y v 1 B — it
JIERIE (41 Ff, 3 027.99 pg/L), mHIILF VIR HFE
EEGRIEE SR REEEEN, SHRE46 530
B — S A S TUEAR, AR X B Rk < AR
B — 5 BRI A S A L A 2 SRR AR RS
X BEREFRS, AR INESH Z M, AR —
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BRI A R VR T B A A R R R A
W W A S B, 3R A R Ak A AR T T T K SR A
HE IR, AR OE (4.84%). LR
Bg (2.79%). ¥R LEE (0.91%) F&EK e, Wi

A NGB K A FIAER, WFLIR LB H A BT
%, LR TRMEE. BED, FROBAER
AHIAEE A R A, S F R S0 1) AR A
T AR HAT S 2 S

RE W) IR 2 BRIR TN AR - SRR P AR A Y
I EARR & AR, A AR A R AR, T
FEMS IR 6. FAEFARRRE A R,
HAERWES B G i m, ERERRYE. &
K, PLRIREE (23.15%). LFF (8.80%) A4
CIE (591%) SRR, RREAAET RAED S,
BAEFRE. A2 E D &ERER, & R Ekr F
BRI ORISR RBERES RN E Y, &3F
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B B ) 2 R R IR Y B e e BB SR I 4
MR AT LB, SR ARk &S, FEkS
BRI EE P F SRS TSEE (1.64%) BT Bk
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Fig.14 Total ion chromatogram of aroma components of

banana myrtle wine by GC-MS
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Table 6 Analysis results of aroma components in banana myrtle wine by GC-MS

oAtk REGerEl/s  RI (real)  RI (NIST) 2 # 5T X M EE/% AT EE/ %

162.07 855 — T LB C,H;0, 2.79
238.67 954 — FLER TEs CsH,,0, 4.84
254.56 971 — B E A TS CHNO 1.81
296.14 1013 1027 T8 LB C¢H,,0, 0.23
379.78 1091 1074 3-WA-I-TELHKRE  CHL0, 0.76
49233 1199 1185 TR LB C¢H,0, 0.39
557.85 1269 1294 (Z) -3-THlh T Bs C¢H,,0, 0.38
558.91 1271 — 2-F IR T K LER s CH,,0, 0.39

LEES 609.80 1327 — 2-F B8 LR BS C,0H5,0, 0.80 16.01
671.75 1399 1435 F LB C,oH30, 0.91
827.62 1599 1638 KRB T B C,H,,0, 0.38
830.62 1603 1617 - T M B C,H,0, 0.15
833.79 1608 — TR 1-F AT B CoH,0; 0.84
854.08 1636 1 647 KB LB CoH,,0, 0.50
954.25 1781 1813 B LB C,oH,,0, 0.14
1190.42 2169 2166 Az AR BR 7 B8 C,;H;,0, 0.33
1210.27 2204 — AZARBR T BS C,sH;40, 0.37
236.00 952 -9-4-1-6- LB C,HO 8.80
329.69 1045 1045 1- A B C;H,0 0.68
368.85 1081 1083 2-F A AREE C,H,,0 1.30

EE S 523.29 1233 1218 St BF CsH,,0 23.15 40.89
699.62 1433 1412 A ¥ B3 CsH 50 0.55
853.24 1635 1 647 3- K -2-B% CsH,,0 0.50
1 085.49 1988 — KB CH,,0 5.91
687.77 1418 . i C,H,0, 3.56
756.38 1504 1535 AR C;H,0, 0.16
777.35 1532 — ST B C,H;0, 0.35
821.64 1591 — 4-Z R BR C,H,CIO, 0.25
850.56 1631 — FRER CsH,,0, 0.28

B 6.20
968.62 1803 1784 i C¢H,,0, 0.50
1099.73 2012 — FR C¢H,0, 0.52
1161.01 2116 — e C9H1802 0.18
1219.39 2221 — R C,oH,,0, 0.270
1656.01 2861 — AZABR CyH:,0, 0.13
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oAtk REGatEl/s  RI (real)  RI (NIST) 2 AR 2F X rFEE/ %  BAATEE/ %

383.77 1095 1136 2,3- & A CeH,,0, 0.25
444.96 1154 1174 2- & IR CH,,0 0.55
510.22 1219 1249 5- % M -2- CH,,0 3.91
530.29 1240 — 1,1,1- = #-2- 7 C,H,F,0 1.35
560.05 1272 1272 3- L 2-TH C,H,0, 0.71
560.51 1272 3- R M -2- A CH,,0 0.17
615.77 1334 — 5-+—¥ir-4- A CyH,0 0.41

HAEK 750.34 1497 1506 E PR CHO 0.27 9.90
802.72 1566 1575 F At AR R CoH,,0 0.10
838.50 1614 1627 EaNS C4H,0 0.11
958.04 1787 1790 2,4-ZF AR T B C,H,,0 0.14
970.07 1 805 AR ES C,H;O 0.17
1 045.58 1923 ;;f‘ fﬁt:ﬂgn C,eH,0 0.12
1084.48 1986 — + B C,H;,0 1.64
138.63 812 I- Z‘ii%};?i CH,,0, 0.15
256.51 973 1 000 BIR, C\oH,, 2.20
298.60 1016 1031 WR C,Hy 0.23
315.54 1031 1058 e CoHy, 0.31
325.24 1040 1048 3-F AR CyHa, 0.54
349.20 1063 EA—i CyHy, 0.84
517.89 1227 1227 EXN CsH; 3.59

BE 526.33 1236 1257 ARATEAR CoHyy 4.07 1636
547.39 1258 — E+ =% C,;Hyg 0.38
572.53 1285 — ERN C,oHa 0.20
611.37 1329 1342 KA He CH,, 0.85
619.55 1338 1,4-8 )%, C,H;08 0.14
656.54 1381 1419 ARIK CyH 0.16
663.65 1389 — RE¥7N5P CeH,, 2.18
757.73 1506 — 2,4-— LELRUSIE CoH,0, 0.16
797.19 1559 — EFSE CHs, 0.36
1044.33 1921 1 9j5-(; 2-F A -4-FHEEE  CH,0, 0.12

Bk 1073.78 1969 Ky CH0 0.12 0.40
1321.05 24123 45 A KBy CoH,,0 0.16

Bt & 323.67 1039 - =P EE C,HO 0.28 0.28
240.27 956 940 LS CHN, 3.88
329.81 1045 1045 LR C,H,N, 1.54

H Ak 5.90
850.73 1632 — T CHN 0.28
1197.75 2182 MAEF C,H,40, 0.20

349




MR @i

Modern Food Science and Technology

2025, Vol.41, No.10

3 g
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