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Abstract

In order to optimize the brewing process of Asparagus cochinchinensis Wine, Asparagus cochinchinen-
sis and glutinous rice were used as raw materials, and red yeast fermentation was used to prepare
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Asparagus cochinchinensis Wine. Through literature review, single factor experiments were con-
ducted on four factors: the amount of red yeast added, material-to-liquid ratio, fermentation peri-
ods, and fermentation temperature. Based on the single factor results, response surface analysis
was used to optimize the three key factors at three levels. The results showed that the optimal brew-
ing process was 21 days of fermentation time, 8% addition of red yeast, a solid-liquid ratio of 1:1.2
g/mL, and a fermentation temperature 28°C. Under these conditions, the alcohol content was 12.9 %vol,
the saponin content reached 0.525 mg/mL, the color of the wine was transparent, the aroma was
rich and long-lasting, there was a clear Asparagus cochinchinensis aroma, the taste was refreshing
and pleasant, and the aftertaste was long-lasting; the antioxidant activity test results showed that
Asparagus cochinchinensis wine has a certain ability to scavenge ABTS free radicals. When the con-
centration of Asparagus cochinchinensis wine was 10 mg/mL on the same day, the clearance rate of
ABTS free radicals reached 71.8%.
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1. 518

K114 (Asparagus cochinchinensis (Lour.) Merr.) N F & FH(Liliaceae) K | 14 )& Z A FLAMY), & E
G 2RI Z B BEIR 1] HPURIRH . v, M€, i, BE, BAFREE. ARSI,
e A FH TR YT 0z . BT e . IR AARAE[2] . BRI, RINXES 2. 2. &%
BR5E 2 P AEMEVE RSy, b RITA ZHERA BEMBUEN. SR T EER3], M2 2R R
LA UM B (4] IR FURIN, RITTAAE RO HE R 2 WE W) o g 2 2 G 1
PR A AR VE[S], X AT R B TR D) B IR R B B it o G . R T A& FE 2 A T3
IR R P rHLIX [6], BEAE AR A, 256 P A H I 52 BB SR B 2 1R 000

41 i (Red Yeast Rice) & LUHISK W FE R, 2241 # 5% (Monascus spp) [ 25 A BEH1| B (1 4% 45 R B B, 73R
[ 2 1300 &FEMIN S [7]. BURHEFR R, b SH 2L MAEMEHEY R, EEARE. Sy
(Monacolins). L il {42 (Monascorubrin A1 Monascin). y-ZJ& | B2(GABA) LM £ Fhidfklg25[8]. Hrh,
Monacolin K /£y HMG-CoA i Ji il 4 S 01 A0 751, PO e aed of = JOE o e A A 4% 40 25 P P L A 4 FH 9]
HAT, Z0Hh e iz N AL SRR (an 20 dhs) . e E O CE AL AN R 28) LA S D RV £ il T K 46 AR
[10].

ARSI L e S E AR T AR 2, BE4RERKBER, RmDgemnRE 2, SEn
RIERE ST, DU R T AR I Dol Ak AR P SR (R BB AR YR, IR % e 2 I IR AR LR R S 5%

2. MRTFE
2.1. MRS

RIE ST HEIMNEERL b WKW T e Hood T Bl LB E R R~ A
HERE K. BRR. CRF. SEAL. TEE. SRR, B T ORE AR R A SR (O i
) PE ABTS H HI RIS ER AE A I G T AL mth AR B A MR B PR A 7]
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22. UB/ERF

BAO-150A F5%& AT 1A, MR & (i) AR AR BSAL124S i K1, 282 FIH L
ERACE) AR AR HRERR IR, WM RFELIAER s BOXUN LA L 28V UKH &, L
WS AR AT BT84 s HH-S1 SR aiE/Kin, SImETIE s C20 B3 <t T2,
AR (R AR AR UPE-N20L i RA0HAIKES, D)IE B AR AR KQ-250DB
UM A s e RS, BT A IS A IR AT, UV2550 ANAT WA e e i, bl i As il R A TR
AFl; NAITI-50 G0 THL, FgIR SO B AR A TR A A AT, SR BILENERAER AR AR A3
AWELR, IYERAGERERA A .

2.3. EWHE

231 RREESMAE

SEIEFH TR & (R E 2580 ) (2025 AR FR) B EARAE IR T TAHUR . —Z0Rok L 40 ik (B4 > 1000 U/g)
PERERL . FERAPRIUR 14 5k 180.0 g (£0.19), RHZM/KIZIE 24h (25°C +2°C), (HH 77 HIKEZIK
Ja, A BRI VIR 3~5 mm #H . VTR EMAE B F/KERE EE 1:10 g/mL) T 90°C /K% & 60 min,
SWESALIENE, BHE 25C £ 1C#H. FREUEK 360.09 (20.1g), LiEyt/EiRi6h, ZEEFEML
e (MU < 0.02)4%HIFFiR 2 30C £0.5C.

2.3.2. PEAFRSE

DURRS . B & AR E IR RN, 205 % 7N ERNE (L1, 1:1.2, 1:1.4, 1:1.6, 1:1.8g/mL),
2T 7RI (6% 8% 10%. 12%. 14%), KEZISIE(12. 15, 18, 21. 24 d)FILFFIEE(15°C. 18°C. 21°C.
24°C 27°C) 4 ANPRIZR R TT A i Jo3 (1) 50

2.3.3. MR ELLSELE

FET BRI R IG5 B, UK TR (8] L 20 s i BHR L = AN B R 3= AR B AR &, LUIKS B2 (%ovol)
VA AR B, AL PR ER KRR R AR A . SEEG IR 17 M, R 12 AT AR B ARG
R T AR R ZE, WL 1.

Table 1. Factors and levels for response surface methodology design

%= 1 N ERERSKE

7K
FSEN
-1 0 1
A RPN R]/(d) 18 21 24
2L A N2/ (%) 6 8 10
c B L/ (g/mL) 1:1 1:1.2 1:14

2.34. BRESH

HEPENL(n = 10), KA 10 9 #IPPMEIEAL: APk, &S, UK. KWk, BAPEabsitEins 2
BN o
2.3.5. RIT&ZBHEAIEFRHMNIE

RS R . HEEM e RN e AW RESRNE: E; BREENE:
BB 2 i EIE .
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Table 2. Sensory evaluation criteria for Asparagus cochinchinensis wine
F* 2. RINEBREHRIFTESIRE

WH By RIME HARTEbR RES LS
7~10 4~6 1-3

JERE 10 10 Bt 5 TE THHGE Y BEER Ve
st 10 5 RARE NG P/ NS WA 2R FUNR

5 AARE R JEIRAH] /¢
i 10 5 il BHEDE, SRRV A pui:)

5 R HRAAN g IR BT
FRUS 10 10 AR gL FPIE A Tk B ANIE

2.3.6. ENTFEMESLI

# 10 mmol/L [4EAE R C BB ERB N 0.4, 0.2, 0.15. 0.1. 0.08 A1 0.04 mmol/L R ArHERW,
TABEIRAT o AN [E MR EE AR AE T I TROR R T T 498 45 B 20 pl 20 BN 96 FLAR R, 225 A& H N 10 pL 7%
WK, F AL AmA 20 pb 700 TR, SBHPEXTRRE SN 10 pL W57, fE&FLamlinA 170
ul ABTS TAEW, Fe/0iRA), =R E 6 min, I 405 nm LW EREE(A). 1218 A R HIB R R

BEHE 0T HE P ) B R et A 2

ABTS H HIEEERRE DVC% = [(A = — A FHMEXTIR)/A 2] x 100%
FEAT) B SRR R A
ABTS HHEERRE D% =[A TH — (AllE — AXI)VA ZFE x 100%

3. B/RE S
3.1. MBEETIREMLE

FE AR B B ChRUE T (>98%) 3.00mg, BT 10mL &M+, HHERAETEREZIE, Mk
% 300 pg/mL G & 70 AlkE 2 R B A6 % 0.0, 0.6, 0.8 1.0, 1.2, 1.4mL % 6 1> 10mL HFE
o, T A0°C/KM R T L, R UM 70%m 5K 5.0 mL, JRIEIRS] 30s. ¥ &% B T 80°CIHIE/K
W B 15 min, SERIVKEA HZOE NV, =i 10 min f5, g KM 6 eE T 310 nm P
KFMEBICEE(A). AR TTIRE (X, mo/mL) AREARSR, WROGTE(Y) WAL, K HT e — okt
AR 2R, WL 1.

0.8 y=0. 5318x-0. 0112
R2=0. 99873
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Figure 1. Standard curve of sarsasapogenin concentration
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3.2. BEAESE

3.2.1. R RIIZ BRI

wnE 2 Pros, B ERRECHEIN(LL £ 1:1.8 g/mL), KITTAE MRS B 2T s e AR A 3,
RRHRLLI , SRR i S EGSE A B RS, KIS, RS BB moRbRt, EHRA
AR ALK, BB I B 2 BT RS R AE S, RN S BUR A AR RO
R, BEHEEAMEC, SEWRE. S ENEE M =M, e AR Y 1:1.2 g/mL.

1 iRz
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Figure 2. Effects of different material-to-liquid ratios on the fermentation of Asparagus cochinchinensis Wine
2. NERHEEERT R4 B & B0

3.2.2. {IHRMER R BRI

ke 3 Bz, BB LLHTAR N KGN (6% 2 14%), RS A1 1 & 3y BIUE T e BRI g,
EE L SR PR R RHE PE AR AL AR, I AL B BUR MR RIRBET T e, I AR A, 20 il 3 2
ML AE R ML HER [T A EE R, BHRIE S, HENERSBUET L. SEalRnE. B
EEMBE D ZANMER, WiE LTS INE Y 8%.

[
] Btk
—— RS
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Figure 3. Effects of different red yeast rice addition levels on Asparagus cochinchinensis Wine
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&
H
48

3.2.3. ZEERTIEIX R 1EERF N
Wk 4 R, RIS IA](12~24 d)XRERE . S S R A RO S R B BOMRARRAIE S R S
KIS BEE R PO R, 1 IR IR AQU RS IR W, Ja RO 5 5 S S SR AR fE

AR, =2

G RO L, S5—U&{H 0.458 mg/mL, 55 U&{H 0.564 mg/mL, WIHAERIAMRR,

WIE A E R B, JEIRRM RN S T SRR RS B E RS =AMER, R

1 & EER TR 21 d.

EAEE (%vol)

Figure 4. Effects of different fermentation periods on Asparagus cochinchinensis Wine
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3.2.4. ZEERE MK 1L BENFME

40l 5 PR, KR (15°C~31°C) NI RE B M2 2 i ph 28 . X2 H S R mMEVD, (KRR
RUNETEZ IR, FERAL RS, &R REE KR, mEEEN RN SR ORHENCE TR, 2
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Figure 5. Effects of different fermentation temperatures on Asparagus cochinchinensis wine
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3.3. MM EEAsEE

3.3.1. HELGREFEN

FE B DR R SEIG A JEA_E, CRBCRHREG . 2L RSN L RTINS IR)BEAT = PR 3R = /K -F- FR i S8 1 18 A S 6
K1 Design-Expert 13 Hofxf seis 45 R AT 2 Julml A4, B2ILT SLieas R, mipi fe e se it 2 25 50
K3 PR, TTEIIHTWEE 4 PR,

Table 3. Experimental design and results of response surface methodology

= 3. MR ERIT REER

s H IR T]/(d) 217N N L/ (%) R EL/(g/mL) A% 5 (Yovol)
1 -1 -1 0 9.8
2 1 -1 0 12.0
3 -1 1 0 10.8
4 1 1 0 109
5 -1 0 -1 108
6 1 0 -1 11.9
7 -1 0 1 108
8 1 0 1 10.7
9 0 -1 -1 10.8
10 0 1 -1 105
11 0 -1 1 108
12 0 1 1 9.8
13 0 0 0 124
14 0 0 0 13.1
15 0 0 0 12.9
16 0 0 0 128
17 0 0 0 12.9

Table 4. ANOVA of alcohol content in response surface design experiments

= 4. M ERHA I EEE S E ST

e 7 A H By A F s P {H BEM
Model 18.74 9 2.08 21.11 0.0003 *x
A- KIS A] 1.36 1 1.36 13.80 0.0075 *x
B-ZL i m= 0.2450 1 0.2450 2.48 0.1590
C-EBHB EL 0.4512 1 0.4512 4,57 0.0698
AB 1.10 1 1.10 11.18 0.0124 *
AC 0.3600 1 0.3600 3.65 0.0977
BC 0.1225 1 0.1225 1.24 0.3019
AZ 1.98 1 1.98 20.03 0.0029 *x
B2 6.68 1 6.68 67.77 <0.0001 *x
c? 4.96 1 4.96 50.25 0.0002 *x
W% 0.6905 7 0.0986
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i3k
KA 0.4225 3 0.1408 2.10 0.2427
a2z 0.2680 4 0.0670
Mz 19.43 16
R2 0.9645
R 0.9188

H: P<0.01fREE**: P<0.05 BFE*.

FIH Design-Expert #4Ext 4% 3 BdadtiT 2 oS, 152K 1148 FE ()X R BT R (A) . 40
i 78 0B (B) FURA L (C) i — vk 22 T 2 ] A A Y

Y =12.82 + 0.4125A — 0.175B — 0.2375C — 0.525AB — 0.3AC — 0.175BC — 0.685A2 — 1.26B2 — 1.085C?,
HRAE 2 4 Wl %0, AL FAE N 21.11, P {E>4 0.0003 (<0.01), FMIBIAING &3, LI P {H A 0.2427
(>0.05), ZRARE, VIIBAIE RIF. R?=0.9645, R%, =0.9188, FWIMIALLFE LI, TS
HEo b, IRITUR BRI 1D HEORS FE A RS AR 35 (P = 0.0075 < 0.01), Hi F & AT LA Hr 75 31 ¥ R R (12
MK/, MEENEAS: REERE] > RHELL > iR ing; S HIUAB (P < 0.05)%F M B {5 520 A 2 2
FKF, TIRI AZL B2, C2 (P < 0.01) 5% Wi AR 1) A BIRK &2 2 K1

3.32. BERZESH

Wi [ ] A T AR B 7 R 3R TR0 S LA Y AR A T AR Ak, S T A PR, U ELABT AR K
HlE 6 WAl ERRRILEE RGO, BEE KB AR, RITTAN AR 2Ok e iE T
RIS, KEERTIEERACE R, ERS AR, R IR ARG s 2 I TR ] E
Wi 2L A I N, RS R BN e W T R S8 T RS, &L i 3R e R i AT
W REAE IR, B D) S B0 R o v 4 ) I

TERRE(%vol)
{115)

EIRE(%vol)

-1 -05

A:Zi!*;‘ﬁil(d)

Figure 6. Response surface and contour plot illustrating the interaction effects of fermentation time and red yeast rice addition
level on alcohol content

6. R EFETEIFOLL BN IN B B3 B FA X B EE R2 N0 A i B E A S 2k B
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HIP 7RI AELLHASINE I E TS OUR . B AR (R (B, RIS 5 2 B S P -
THE BT EZIES, KR RHE R, WE I BRI R (iR, SRR 9 e 1 i <
s R R e, B RN EC AN, R R BN SE BB TR R 18 P RE IS, & rRRR
BU B ORI 78 734 Jo S i o P38 B A IR TR )

EHREE(%vol)

EFRE(%vol)

A:EBHiE()

Figure 7. Response surface and contour plot illustrating the interaction effects of fermentation time and material-to-
liquid ratio on alcohol content

B 7. KEERY AR R b B 32 A A RS MR Y Y T AN S £k ]

HI& 8 IR FEACIREIN (EEE OB 0L T, BEERRR LRI, RITAI AR 5 2 BUEPE E e
T RERES, &R L A T R R RO L B SRR LR SE I, E A 2L S R 4
I, RS EERBUNSE R E TR el TR E M.

TERE (%vol)
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P smEmE()
Figure 8. Response surface and contour plots of the interactive effects between solid-to-liquid ratio and red yeast
rice dosage on alcohol content

B 8. BHRELFNLL RN N8 B9 32 B AR 3 T4 BE S0 4 Wi L T AN = 2 (B
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3.33. RELZSHMNWIE

K e 2 A A R T AR IR T2, A B e R 2 A . RIS IA) 21 R £0 VS & 8%,
BRELL 1:1.2 o/mL, BBy 12.8 %vol. 4% MEFINBEAT =20 PAT IR UESE o, S Ry kS e
12.9%vol, EH ¥ & 0.525 mg/mL, RIGEE R SR mEVIE, RN EERAN T2 250 5,
3T Tl AR

34. RARITEBENRRIH

3.4.1. BB
MR _ER A e 1R T 1A e T 2280 ATEGE, ¥ 180 g KITAIRIE 240 J5, T 90°CKi#4
& 60 min. BRALE 1:1.2 g/mL. ZLHIASINE 8%, KEENFIA] 21 d, 7530 A B R 1T 23047 i BT 20 AT
10 Al S N R R BN A TR AIREE 5 TG ] 45 3 O S 3R 4T 10 20 f9R4>
PP, WAERGE, B4, FRIREEA, Ak, RINXEWE, MEHMESET, BFRE
N B TOE B R AFACT, PRANSE R UE 5 Fo.

Table 5. Sensory evaluation results of Asparagus cochinchinensis Wine
F 5 RINZBERBIFNER

Fs JERES AR i AR
1 7 9 7 9
2 7 8 9 9
3 7 7 9 7
4 7 9 10 7
5 10 7 9 10
6 7 9 7 9
7 7 7 9 7
8 9 8 7 7
9 7 7 7 7
10 9 7 9 10

T4y 7.7 78 8.3 8.2

BARVEIY 8

3.4.2. IB{LIEHREN
X RT3 AT B FR FR RN, MUASHBTRS 2 09 12.9 %vol. B & & 0.525 mg/mL. & J5HE
TEN 124 g/L. BFRN 4.15g/L. FMSE RAnE 6.

Table 6. Quality inspection results of Asparagus cochinchinensis Wine

= 6. RINEBHRERNLER

H fabr
THHG 12.9 %vol
BHEE 0.525 mg/mL
& 5 1.24 g/L
HIR 415 g/L
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R

3.4.3. MEANFESTH

& 9 Fros, ABTS [ HIFEE IR R KT M YE L 2 C(Ve) B IR JE K8 R T B Wi k. 24
WEEN 10 mg/mL BF, RITTAF 1) ABTS H HHIETERRZIA S| 71.8%, KRN ABTS H HHIELA —&
i RReEe 71, BAPUEMEM . RITTWRIE R AT bR EST AR Ve, ESEHEA B Wit A ibae
71, XFEBRBER TR S RITA T E SN EZMmE. BHEEEYIA XK.

—&— V¢
—o— RII&W
76
74
Wy
£
” 72
N
ﬂ:m
bl
‘5368
Rinig
2 66 1
)
<
64
62
T T T T 1]
2 4 6 8 10

FAERWKE (mg/mL)

Figure 9. Free radical scavenging capability of vitamin C and As-
paragus cochinchinensis Wine

9. #EE C MRINZEBRESREE

4, g5ig

AHI SRR T BRI T 23 AT Ok, I8 B DR 2R ST I A R 0 AT, B T SRR EE T2
KRB E Y 21 dy 20V INE N 8%, RHE L N 1:1.2g/mL. REZRSE 28°C, fEILZME N, RITABERIE
FEEEIR ) 12.9 %vol, A& &N 0525 mg/mL, WIAGFEH . FURMEEA, AHRERITEE, K
HREN, RREK; PUEMEERIRSE R TR RITEWE ABTS HHIER —EMiERRET, 2RI
KA EE N 10 mg/mL B, ABTS H HiZERIERR R F] 71.8%.

HEE&mE
AL A F B B I 251§ (No: X2023107640017).

SE
[ EAI. 15 FOR T TR R LTEFED]: B2 60i0 5], 37 % i RITE K 2%, 2023,

[21 MY, DiEA, #FE B, & AEN TR TR R 45T T3 E M 5T & 754 & 20052 [0]. Rl R,
2025, 64(1): 28-34.

[31 FEM, TR, W05, & PRI R EHRE ] dL71EZ, 2011(10): 161-163.
[4]1 #Eanifg. RIT&4—— NSRS E[I]. K EZ, 2006, 13(7): 67.

[5] AT, PP, 05, & R R EA L . 23R LRI AR S RO T kR[], DU 1Al R, 2024(5):
123-126.

[6] EZW, HEE, FEHER, & ALHMEREXNRILEDE. 7058 LM BIERD]. L5 a5, 2024,
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fREE, UK, Z57KAR, 4. FHNRLIE DR T 58 40 MoK 256 R i AR 7T AT BRI AR VT [3]. 245240 9T, 2023,
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Mrizdr, Z0fE YR A5 DhRE VPN [D]: [ Ane ], BBl H Rl K%, 2004,
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