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Optimization of Fermentation Technology and Determination of
Physicochemical Properties of Pure Malt Wine

WANG Kai', LAN Yisheng', HUANG Yu', ZHAO Wenmei', CHEN Yuqi', WU Yali', LI Nan"’

(College of Life Science and Technology, Guangxi University, Nanning 530004, China)

Abstract: Pure malt wine was brewed from germinated malt by semi-solid fermentation technology, and the process
optimization and physicochemical properties were determined. The single factor experiment was designed to study the
effects of fermentation time, inoculation amount of koji and addition amount of glucoamylase on the alcohol content of pure
malt wine, and to determine the best single factor. The experimental conditions were studied after the single factor level
determination, meanwhile the orthogonal design was carried out, and the optimal combination was determined as follows:
fermentation time of 4 d, inoculation amount of 2%. koji and addition amount of 2% glucoamylase. Under these conditions,
the alcohol content of pure malt wine was 10.6%vol+0.3%vol, the total phenol content was 1.159+0.066 g/L, the protein
content was 209.568+19.178 mg/L, the total acid content was 6.4+0.2 g/L, reducing sugar content was 8.409+0.021 g/L, the
scavenging rate of hydroxyl radical was 86.75%+1.42%, and the total reduction capacity could reach 1.842+0.004. Through
the analysis of variance of orthogonal experiment, it was concluded that fermentation time and glucoamylase dosage had
significant effect on the alcohol content of pure malt wine (P<0.05), while inoculation amount had no significant effect on
the alcohol content of pure malt wine (P>0.05). The results would provide a theoretical basis for the production and
development of pure malt wine.

Key words: malt; pure malt wine; process optimization; physical and chemical properties; variance analysis
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1.2 SLWHE
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OPRE  JC R R R IR AL B R 27 2R 45 FH o

b. 2LV SR JJ-2 dH UG LIRS T
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Table 1 Factors and levels of orthogonal experiments for
fermentation conditions optimization of pure malt wine
EEEN
(SE S— ————— —
(A) EREN R (D) (BRI (%) (COBEALARUS IR (%)
1 3 1 1
2 4 2 2
3 5 3 3

1.2.5 AT

1.2.5.1 WAEEEMIAE  SRZRIREIE K e movg A6
BE (S 3CHk [15-17], Heksh) . AR ETEL 100 mL
ZEZZE T 1000 mL ZE1REENE Y, F 100 mL 253+
IR PR R IR, YRR AZEIRE T, FRIAGE RP%
FEER, i RIS B E, LUBURE 0 IR B VR 22k
o FHIRREIK, I8N, WA e iE
100 mL ZBELR, A T RE WG T, A58 fh i 13
B, [E) I AJRLBE T, P — s AN TR] A T2 Ui,
BEBC EE SRR . ARYEIRS I S RS I E R
BEPRE T SRR, #0588 20 °C IE 0L FIPDRS R o
1.2.5.2 Ry&EME  RHA Folin-Ciocalteu il
RE R R By S B (25 3R [18], Aeksh) . LIk
TR M bR M S, ETM T B 0.0. 10.0. 20.0. 30.0.
40.0. 50.0 mg/L BB FRRAREN, 43 IMA 5.0 mL
F B9 T7K, 1.0 mL Folin-Ciocalteu i F1 3.0 mL 5%
BRENIEWR (7.5 /100 mL), FEZAE] 10 mL, FE5IHE X
B2 h B, 7RI 765 nm FIENGE ., PATEE
THERUE R AR, UGB N, LRk,
5 £ P 0] )9 5 #2 . y=0.0106x+0.0145( R*=0.9961) .,
DIRE S AR A T , IF 3 HAAR N 5 1o
1.2.53 A E G SRS D ki w
RERCE AT & i (B2 30K [19], A eksh) o LA
5B E R ARAESL, 45 100 png/mL BRUE R - 5353
WHL 0. 0.2, 0.4, 0.6, 0.8, 1.0 mL FRUEVEW T
B BN E B /KA 1.0 mL, ZJ5 1A 5.0 mL
2z s eI, FRATERE 15 min, T K 595 nm
TIESSCE . LAAR L 88 A BE RS AR, IO'GIH
RGN R, 2 r AE 2R, 15 B0 2R P ] S O AR .
y=0.0064x+0.0151(R>*=0.9969) ., LIFEST AR FRUERK
AT, FE AR B R

1.2.54 RIREEINE SRR E LT & 1%
WER (LA SR 1H) i 2 (275 SCHik [20], A3l -
B 1.0 mL AR A LB F/KERZE 50 mL, DA
0.1 mol/L NaOH ¥ HA T E , T & B INET
H 30 s AR, 1ESRIHFE NaOH AR, IFF iR
TR T

e \"
ﬁ@ﬁi(g/L):mchaOHx60 :T:E (1)

A VR R RN S 2 THFERY NaOH 5
AR, mL; Cy,on 9 NaOH Fg #E 15 K ¥ )&, mol/L;

60 S 2B HIARXT 3 o

1.2.5.5 BJFEEESEME SR DNS B0llE & R
M JEOE S (S [21], Aeksh) . Bl 1.0 mg/mL
] 25 WE AR HETE W, MR ER 0, 0.2, 0.4, 0.6, 0.8,
1.0 mL FRyAEEE T4 i, 43 5m 25 8 1 /K %b 2
2.0 mL, ZJ5 M A 1.5 mL DNS &7, & Tk /KK
5 min, BUGH S B K H R 505, T e 551
K Z 25.0 mL, £ 2) A E RIS 540 nm R O
B DIABZRIHEUE B R AR AR, TROCAE R A A Rl b
7 2, A5 Z Ak B U9 5 R y=0.4873x—0.0137(R*=
0.9959) . LDIFESACEAR AT R , I3 AH M
.

1.2.5.6 I [ AERRAE I ME  XHRE S EA T
TR A RILTEBREE S I e, ik un R (B
Bk [22—27], A2 3)) : Bl 9.0 mmol/L H,O, %K .
9.0 mmol/L ffi i@ MV 2RI WK S 9.0 mmol/L 7K 47 I8 M
WA T, BREEZZWSWIAE S 1.0 g/L Vo 45 2.0 mL T
A, IIA 9.0 mmol/L HRF2IVAREE R M 9.0 mmol/L
IKAGBRENTEF AT 2.0 mL, I 5 IIA 9.0 mmol/L H,0,
W 2.0 mL, 37 °C 7K¥# 30 min, 2 W45 K5 T
510 nm FIEWGEE(A) . PA 2.0 mL 8 FKC
BRET S _ IR WIR S, BTG (A, A 2.0 mL
S 6.0 mL B TR GIIEBOCRE(A) . F2HE
A AR BRI B A XA,

A‘;Aj)xloo @)

X

A S IR (%) = (1 .

1.2.5.7 BIRJEEESIRMIE  XHRER I T T R IR
RESIODIRE, JriRan (25 308k [28-3 1], Ash): Bl
0.2 mol/L M§MR %% ik (pH6.6) . 0.2 mol/L ZE [k
U 0.1 g/100 mL — 458 b8REW A 10 /100 mL —
AR VE WA, BLai Z2 WAL X 1.0 g/L V. %%
1.0 mL TR =, KA 2.5 mL B 18 2% v i S
2.5 mL EREILEI W, AR AR T 50 °C fHiEK
% 30 min JFHUH, FOKEEUE DA 1.0 mL =& 2%
YRR L 1E % o 3500 r/min £5.0> 5 min JFHL 2.5 mL
LEW, A 2.5 mL ZEE/K & 0.5 mL =4S bk
W, B4, #E 5 min T 700 nm P T I E WG
B DIOSCEEBUE R/ IMRER BRI RE T IR E5 .
1.3 #iEAIE

PRUERRZRE FH Excel #4745, UrfSala Zicda1m
il Origin 2017 MRZsE A 3T N, B ga it
K5 2253l Latin IEAS BB F 4204 7383 T
Fe 3 HT, PR PR LB 25 51T SPSS Statistics 21.0 X
1 34T B 240 (R F LSD#E: 5 Waller-Duncan
¥22), NN P<0.05 Bf 2= 5 i 3%, 06 4h SR B EAR
HE2E(X+SD, n=3) 5,
2 GREHH
2.1 BRERSLWER
2.1.1 S PRt Ia] X ol 22 RS & i pOsE I & R
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[E] 25 P RS R BRI R FE . mE 1 A4,
i 22 Y0 1T RS B B 25 & 7 BeF 1) g 35 1 Je g e
B o A BEET IR 1 d B, JT 0 VS R R ARG, AR
2.7%vol Zefy, i J2 i T & BERIRIT 4G, A Pk T
A RIFARKE AR S A . KRR 1~2 d
FF, YRk S R B Tt 76 2~4 d B, 4l 0 0 ks B
AR R TSR, Ho =g BTEDRS B NV ERAE 4 d, PTak
£ 9.4%vol, TF KR E] 4~5 d B, W90 B B& S R
{BG, 3% AT BB H T A B 8 5= i R B ¥y
I/, FEOERE SRS N . PRI, ek lERsTE]

A4 ds
[ b ab a ab
I oc
0] I I I l
1 2 3 4 5
RTERTTA] (d)
B 1 ST Hst ] X 2l 2 P A B i A 52 )

Fig.1 Effect of fermentation time on alcohol
content of pure malt wine

e AR/ NG PR 225 8 3 (P<0.05); & 2~ 3 [Al,

WG (Yovol)
& o

NS}

2.1.2 0 {2 Rh X Al 22 W R S e Al
g esyea i suy sl RTINS IR e Al mfzspud S g residing
[e], PETTEL e A e AR . A 2 AT, SliEE T R
JEE B AT AR R B i e TS ARG, T R
FEOA 1 %o0~2 %o}, TEAG BERE A T, H 9.2%vol Tt
F) 9.5%vol. TEIEFTEN 2 %o~4 %ol VPG 5 MBI (4
%, i1 9.5%vol FEAKF) 9.1%vol, ixX Al fE 42 i T
YR BT, TR RS IR B, O B RS T
Bo Rk, SRS Hh42eRh oA 2%o0.

10

b a
ab
] I I | [
1 2 3 4 5
LR (%)

Pl 2 G g o o 4 22 P A 5 P )

Fig.2 Effect of inoculation amount of koji on alcohol

WIS (Yovol)

o]

content of pure malt wine

2.1.3 BEALBEZS IR X Al 2 W oRs & e na s bE
LRI BN, AT LIEHE R R T e e oh
INGY Rl TR, v b TR TE], bR T A ek
Ao IR 3 R, Al FE T ARG B A BE AR S

HE IS KIS 0N . BB IR A 1%~2%
b, VARG B BT, IREES N A 2% Bk B S R (E
9.5%vol. TEMRIT 2% BNt )5, Wk RE H 30T 28, 1
AT BE SR ek = R S 250 nT )RR S B TR P R
B AR, AR R S B A B R o e AR
e, T —E TR RS2 T RS R . DR, ePeptifh

BRI R 2%
b
' b
4 5
)

10

N=)

R (Y%vol)

[oe]

a
ab I b
1 2 3
LA i (%
B3 BB 0 4l 22 PP A 2 2 (1 RE )

Fig.3 Effect of glucoamylase addition on alcohol
content of pure malt wine

22 EXRAIER

TE AP RSB LA AT Lo (3H) IEAZ I il
WAL S AR, BB T TR] (A | TR R feRh
(B) . BEALREEZS N (C) X4l 22 050545 BE 52, R3S
EGLE RN 2 PR, J7 220z 3 .

#2 IEZRBEAR
Table 2 Orthogonal test results

S A B C TG (Yovol)
1 3 1 1 8.4
2 3 2 2 9.0
3 3 3 3 9.5
4 4 1 2 10.5
5 4 2 3 9.6
6 4 3 1 9.0
7 5 1 3 8.9
8 5 2 1 9.6
9 5 3 2 9.4

K, 8.967 9.267 9.000
K, 9.700 9.400 9.633
K, 9.300 9.300 9.333
R 0.733 0.133 0.633

*3IEZAR TR

Table 3  Analysis of variance of orthogonal test

FE W FHH 1 eh B F(H FlRRE  BEME
A 0.809 2 27.897 19.000 *
B 0.029 2 1.000 19.000
c 0.602 2 20.759 19.000 *
R 0.03 2

e 7 FoR 25 (P<0.05),

2 2 AR ZE 53T AT A, 2% DR300 Gl A P b
JEE B 52 W) Y SRy A PR I 1] CAD > Wil AR Bl s i (C)
> HEEAP R (B) o MRAEVFIMH K A3 A A BEAS
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G R ALBLC,, B R BEETTE] 4 d, 4 fhi$22Fh i 2%,
BEALBR NG 2%, XTG4 TIERREIE, I3 T =
WHE 5, TS LAk 4 &85 BE 7T 35 10.6%vol+
0.3%vol, e BT SRR S 1:3, #3EE 30 «C
BITEOL T, G220 B R T4l & R K 1B a4 d, WY
HHEEFR L 2%o0, FHALEFAS TN 2%,

FH 3 1Ty 2250 vl i, ZE LA 32 &2 (B)
HIRENESNNWIEO T, TS EZE AW FEN
27.897, [NNZE& C A FA1H N 20.759, Mi#&H Y FAEY K
T F I FHE(19.000), HAE /K a=0.05 B # 5L
T, WZE A 5HRZE C A3 T BE K, 5 s
W FECBERE A, A st (8] 5o A i FH 2 1>
BRI 2 X T2l 22 0 T H B2 ) ik 2 (P<<0.05), v i
P R Sl 2 TS B A i HEAS 2 35 (P>0.05) o
2.3 SEEBERBAMERNE

XTSI AS I AR R R G A,B,C, HE1 T4
At B e, I+ SO RTEF T Lh, PrASdEunsR 4
BN, BB B R & A,B,C, #47 T 33 A
H 5 RGAIERE T e, PrASgdiEnEl 4 S51E 5 s,

4 AiZH AR E X L
Table 4 Comparison of physical and chemical properties of
pure malt wine

TabR ARl & & Pefbie & &
S (g/L) 1.004+0.034 1.159+0.066
AP (mg/L) 191.182+12.623 209.568+19.178
B A E(gL) 8.6+0.3 6.4+0.2
& i (g/L) 16.215+0.083 8.409+0.021
TR (Yovol) 6.7+0.2 10.6+0.3

100 -
S 80t
B
o
=40t
{0
E@ 20 F

0 : -
Vc Al
FEM 2R

Bl 4 PIRHEEAREEEE A B PR R

Fig.4 Hydroxyl radical scavenging rate of two samples

251
2.0 ??//Z///
77
107 2
0.5 ///
' Ve A

PG FR
K5 PIRHEE AL S R RE

Fig.5 Total reduction capacity of two samples

AR 4 a5, gad fifl, a2 p By & 2B
P55 e AR B S B T T, TR 5 AR
PES BT TR, BEE RO fbaTAY 1.004+
0.034 g/L #EKM 1.159+0.066 g/L, SZAALRITAY 1.154
i AT S E B ALRTAY 191.182+12.623 mg/L 14
KA 209.568+19.178 mg/L, EAALRT 1.096 17%; T
K5 HAALRTIY 6.7%vol£0.2%vol 34Kl 10.6%vol+
0.3%vol, = LRTAY 1.582 4%, WK EC N B3 . AL
Z T, BmREE kR LATY 8.6x£0.3 g/L B hifb)s
M) 6.4+0.2 g/L, FEMEEL /N 0 500 5 &2 B JUALET Y
16.215+0.083 g/L [% >y 8.409+0.021 g/L, F [0 &,
XSRS LTRSS SR RA— S .

FEEL A T AR B R R I fa 3 v, R
AL IMAE TR B, 25 S sh DKA1&L S50 %
A58 1 & AP, IR 4 TN, Al )s i el 22 7
XpFRIE [t B TE R FR AT IR 86.75%+1.42%, AHELTF
Ve I 37.74%+0.42%, &t T 49.01% £iA7, iX KW
Sl ZET X TR AL A R EA RAFMTE RGeS . TR
HO FEMF S LT IR S8 S Ve PRI AR TS R
ST, GEH Ve 5 EEmR2E ik G hdiA e,
(AP E L5 FEAAER], FEOHMIFE R A EEE Y
Z R A ISR TIAE . 2EASE b, B FaliZa
BT B AR, HEE B2 s SR F AR 2R
TR, REAR T Fe3E 1 AR SR Ts

by o LA B A R HE F1 B, AT A 2
AR Z2 v SRR N, JTAE 700 nm A
AR RGP, B 5 AT, Ve BESIEAE T mT
ik 2.097+0.006, WL ASE 4 212210 i A I BE 1 AT
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