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Study on semi-solid brewing technology and flavor analysis
of lily multi-grain liquor
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WE:XBA . GRALTZRHA . BARK. 2R, R zl—’- thogonal experiments and response surface experiments, and its
B ARMETAOSHRABY L LM, 2R ELKE. flavor were also analyzed. The results showed that the optimal
PR AT A SR G G Ak 6 AL e R K B fo‘fi saccharification conditions were as followed: initial water content
0 T EL M BRATHRAC, ST L Rk AT 047, TSR 55% , saccharification temperature 28 °C, saccharification time
E AL S A4 A K 55% w16 D saccharification koji dosage 0.6%. Then the optimal fer-
0.6% FEIL B 1] 16 ho 3B AL 8 & 28 °C ;i #5 & 8 4 Ab £ mentation parameters were: fermentation temperature 28 °C,
AT G+ Vi 15 2 (g/ml) A8 A E 1.4% . fermentation time 9 days, fermentation koji dosage 1.4%. The
BRI O d, A B E 28 Ui & TAF S Kig ik
WL A% HE R A (43.57 £ 0.58) %, % B A ¥ (0.61 +
0.28) g/L, % B4 %(2.83+£0.64) g/L. kA GC-MS &
BRHEN EE TR 2 HHRERAD A T RAHLTH
LB REE T B L m B AR R LB, TR
O BEEROBALEEBERFTAN L, 0 BB I F,

distilled basic liquor was obtained after distillation under the con-
trol of these conditions, the comprehensive liquor yield was
(43.5740.58) % ., with the total acid content of (0.61+£0.28) g/L
and final ester content of (2.83+0.64) g/L. A total of 32 trace
flavor substances were identified by GC-MS direct injection,
which mainly included ethyl acetate, isoamyl alcohol, isobutanol,

acetal, ethyl palmitate, and so on. The lily multi-grain liquor

B K AR G B 6 R R RS HAE produced by brewing was the mainly fermented and grain flavor,
XER: A2 RGBE; FESAW;MmE T L; Nk tasting mellow, sweet and clean, and has the basic style charac-
MR teristics similar to the Fen- flavor liquor.

Abstract: The technological conditions of semi-solid fermentation Keywords; lily; multi-grain liquor; semi-solid fermentation; pro-
of lily multi-grain liquor were studied using lily and sorghum as duction techniques; flavor substances

the main raw materials, supplemented with rice and corn. Based

on the single factor experiments, the saccharification and fermen- T 4 (Liliwm brownii var. viridulum Baker) 4 T 4

tation conditions of lily multi-grain liquor were optimized by or- B P B T b A 0 8 o R T i
HEPAMY . 06 SR E B0 RS E TR

EETE W A B R IR R L IR S J 3% i (2
2020NK4253) 5 1] B 4 WF 52 4 B AT 137 0 H (G 5 AR R ALY A 2 W A IR A

CX20190868) HA B i P ) RE AN (8 s HOUE M 35 B 7E 7020 A B2 AL
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(2) RS Z8 & 7 JFURHEC 7 PR IBURURE, 60 °C UK B
WEHR 12 h B4 OKRERFEIREM 2 h, FER 245
WK VEDE 1R T & m 8 B RIRE 284 2 ho kil
WK ARG AR ZEE T h R IEIMATH & KOKR L E oK
BUEHE A %2 & 40 ~50 min, & JE B 4 8B, AL
A,

(3) S HEA : SRkl 28 2 5 iR S H1 & 30 °C L
AN AT [ S A

(4) TP9RG & B < 70 AL 58 TG » 3 B0 BHK L AT #b
K A FE T R AT R K T

(5) ZETRHEWT 5 PRAR « R U Sk 25 R 10 07 1 E AT 1
FENREY L ZETEET 24 50 mL T B A Sk L 2 T B
FEAR T 40% Vol B 45 1k 29 R A3 18 HE T ) L 2
AT AE T UK 26 08 179 BB R 28 10 R TR P 5 F AR 90 d
P /5) P 5 T 2 AR 8
1.2.3 MM B B I R i g ikt

(1) B 6 A K . [ WAk IR BE 28 °C L 8 Ak o ]
16 h. bl A 0.5% , LIRS R 40 4R & K 3 (452,50 %
555,602 ,65 %) AR L, DLE R & i OBCE VA A IE A
SR

(2) BEACIR B - 5 W1 bk 2 /K 38 55 % , Bk IRt (] 16 h,
BG4 0.5 26, DLAS TR B8 6 & (20,24, 28, 32,36 °C)
g, LhRER & i BB I I R AR

(3) WAk B[R]« [ 2 B0 4R & K % 5500, WE AL IR
28 °C WAk I 0.5 %0, DA [ BB AL A ] (12,14, 16,18,
20 h) AR, DLBR % R T AT R b

(4) WAk il T 1 E w0 4 &k 38 5504, A Ak IR E
28 °C . WAL B IA] 16 b DAOK W) B Ak il A At (0.296.0.4 %,
0.6%,0.8% ,1.0%0) K745 &, LA MR 7 & K H 14y R 3F
Hr4ads
1.2.4 BB BEE IR DL E R 45 R o 5
Tilt s AR 06 2 K B WAL TR BE B AR S R] OB AL il B Oh AR
HHEERE I AR S I M AR R AT Lo (30 IE
AR AL T2 S50
1.2.5 RS R BB B o B 3R R ik

(1) R EEWRBE: B B iy 2 Vi) 1
2 (g/mL), L RERTIR] 8 d, & Rl i 1.0 %0, LA [A] % fi
R E(24,26,28,30,32 C) KA, DL SR & & B I
KB I HR AR

(2) KB Al @ B W W (mggen 2 Vi) 10
2 (g/mL), REEIRE 28 C, kBl FHRE 1.0%, IR &
FEIR (] (6,7.8,9,10 ) Ry A8, DA SR 1 o A VR I VP RS
FVEN R

(3) Rl B B2 BB Cngpny 2 VO 1 ¢
2 (g/mL), RBEIREE 28 C, KBS 8] 8 d, DLk W il ] 4
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(0.4%,0.6%,0.8%,1.0%,1.2%) Ry A8 &, DL Bk & & I
T T T A B PR R A

(4) BHE L - [ € R B EE 28 °C, K AT [R] 8 d, &%
H R 1.0% , AR H Doy = Vi 4325028 1.0 ¢ 1.0,
1.0:1.5,1.0 : 2.0,1.0 : 2.5,1.0 : 3.0,1.0 * 3.5 (g/ml) ] R
S, DLSVER B ik KO B RS B O R TR AR .

1.2.6 BB Boom N7 3 it 7R SR R R O 0 A il
b SR T 7 RH LG 30 8 R I IR B I I 1] O I it
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FHRFEF AW R IR EE 45 °C L LA 5 °C/min 1% 80 °C, LU
8 °C/min Jt & 230 C, 4EF5 B[] 5 min, #FAF MR E
230 C,HANAR L 15+ 1,

(3) MS ZM B X EL AL FRE R 70 eV, 5
TR EE 230 C, W RAT IR BE 140 °C, BT A 49 398 Bl Y
m/z 35~500, R T2 MBI, o P E & 5T
{811 NIST2011 B4 22 %k 45 SR A7 1% 18] 43 A » % A il 2 7y
DR AT 2 1 43 7 5 & R L 20 43 0 AR X 5 1 R T g
AR — Ak AT I B
1.2.8  F8b5 I E 5 i

(1) W5KS B 4% GB/T 5009.225—2016 28 — k7.

(2) BRR(UZEBH) B (ML) %
GB/T 103452007 $447 .

(3) I BRI E « # GB 5009.7

(4) W,

s XV
50 X M

K.

Y— [k A %0

s— IR B HL, % Vols

V— PR R, mL;

M—JF M &, g5

50— AW K BE 50 %6 Vol i
1.2.9 WL RHECE IR E  E A 2 R SR ik
G kBT N TR . 2 8 GB/T 33404—2016 2 GB/T
33405—2016 @y WAL RHERCE MOTAR (R Do S
FENGH 10 2(5 5.5 40 &5t {5 PF I 250 & B
5 TRT KM EA, B4 S0 B R34 K%
MY . SR IUIT 43t U AT IR B L Wl 43 Sl 100 43
1.2.10 AWEEFEEMARSNT S8 GB/T 33404—
2016 [T J% B S 4 3R A 0T vk SR T P XU S

2016 $HAT

X 100% , (D
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x1 BASHMABEELHEERITRE
Table 1 Sensory evaluation standard for saccharated ma-
terials of lily multi-grain liquor

it g IH oy

S JePEHISE AR A 6~10
QU DR R oY - < <6

R B S RARSEIE L 5 HE 20~40
4091 A PRAIR AL RS <20

RIS HRFL L A TS IR 20~40
073y TR A ROk B R FAB AR A 0k <20

MUk AT AR B9 IE 5 A% 6~10
(1043 Rk 4% <6

5

7 REAE R S S R AR TR R SR B L GG
JU SRR BE X U AT A % FBR R4 BT, O S
FEAEAE I &R B 1B AE ) 1

1211 $dmabse  prA R Ie s 3 W, S0E T 3 ME
7R .18 A Excel 2007, Origin 9.0 LA & Design-Expert 8.0.6
AR 0 B AT 4 B A R v A #E

2 g5

2.1 HUITZSHK

R IR bk BEYIIE & KR 55 BB IR
JE 28 °C  BEAGET fa] 18 b WAk il &L 0.6 90 347 B Ak B Bt
IEACI I & B R KCFHUE L3R 2, 0E 38 3 iR i M 46
W 3.

i 3 AT 4 A B RN ECE 15 20 5 W RCRAR IR Ry a>
b>c>d,c WA I/ RALH G axberdo 54 ANEE
Xof S IR 5 ik M AR AR IR a>>b> > d d I R e B /)
WALA AT abyor dy o BT I 43 T8 BE 4> T b 45 2 % 1k &L
TR LE A IE RS asbyoi do » BT IR & KB 55 %0, 14k
TR EE 28 °C ML ] 16 b, WAkl FT & 0.6 20, Xt L2
FAFHEAT 3 IR ST, BCE 1340 T 8472 4y R
i 0.32 g/ L. il M & 5ok 4.87 g/100 g,
2.2 REBEIZMRK
2.2.1 BHERRE KW B BEIREE R I H] R B
it P e BRI L S5 PR 3R X RS BB A TR R I Y A R 3R
B RV 1,

H L1 AT N E TR KA 0 i 5 JEOR U AE Gy

Pl

F2 EXEBIHTEERAKFER

Table 2 Factors and levels of orthogonal test

gk wiiada b %1?:75'1 c ﬂ%ﬂ:ﬁj‘ d HlEAE
Kt/ % JiE/C i /h /%

1 50 26 16 0.5

2 55 28 18 0.6

3 60 30 20 0.7
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Table 3 Orthogonal test results and intuitionistic analysis
X165 a b c d REMGS BER/(g-L7D
1 1 1 1 1 80.65 0.39
2 1 2 2 2 79.63 0.42
3 1 3 3 3 75.63 0.56
4 2 1 2 3 80.25 0.42
2 2 3 1 82.56 0.36
6 2 3 1 2 84.65 0.34
7 3 1 3 2 75.63 0.52
8 3 2 1 3 78.62 0.32
9 3 3 2 1 82.36 0.35
ky 76.637 76.840 79.310 78.520
TR ko 82.487 80.270 79.410 79.970
55 ks 77.537 79.540 77.940 78.160
R 5.850 3.427 1.473 1.803
k1 0.452 0.442 0.354 0.366
ko 0.373 0.366 0.397 0.424
k3 0.393 0.415 0.484 0.431
R 0.084 0.076 0.130 0.066
23.0 13.0¢
= T 12,50 - R — "
- B . 2.0 = &R A a
\. 12.5 L‘: st
T ; < i
o . NS 11.0 .
\ 120 E5; £ 3105+
A [ Jgles
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e s 1250 Tl .
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. S 115f
\ \\_hgﬂm -@( X -
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‘ y E < . .
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Effects of fermentation temperature, fermentation time, fermentation Jiuqu dosage and different ratio of

material to water on alcohol content and total ester of lily multi-grain liquor

3.0

2.5

2.0

1.5

1.0

3.0

2.5

2.0

9.0 L L L L L 1.0
1.0:1.01.0:151.0:2.01.0:251.0:3.0

Total ester/(g + L)

Total ester/(g + L)

SR

oy

171



172

F % Bz DEVELOPMENT &. APPLICATION

Vi)l 1s 2 (g/mL) W RS BE 5 R 8 2 O die v » Ak 220
JI0 TR 3 FH K IR tHfﬂETFk KWL E D9 28 °C I iR
JSE IR B do e R IR A IR RN A R R RN 5
A R T TR LA 5 2 S e A S I R AR
MR R & 08 A T 0 bR, 9 7 AR R R I
T 28 BRI T 7 R A A TR Dk B R BRI R 28 °C

BEAT G SR 96 5 5 T I [R] A 22 1) 6 ¥ 19 RO A AR R R
i 5 e W) SR AT o S0 7 VP S B R e TR U0 T RS R 2
R o A R AR A A — S8 AR T PR 22 S
SRR S Al T RS RS S EORBER 8 &L TR
W PR L B2 i U 2 3 e 2R AR R

PR W R EEM R L2 TR .
2.2.2 m 5 IR T KA R AR R 2K a0 2 AR S A

B ERRE L Gnggey + VO B 12 2 (g/mL), KUK B
JBE A T IR 1) L Az T Dk O A DR A T RS
9 Wi 7 AH > 34T Box-Behnken Wi B7 11 146 . [ 2K KK F
R 4RI BT KR L 5,

2.2.3 MERIEEST N W EMER R Box-Behnkenfi I i izt
F4 MEEREERZERFEDKEEITE
Table 4 Design of factors and coding level forresponse

surface test
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WERTTZE T LK 6. RHA] Design Expert ZF 4 i 5

B AT Z2 0 I A A L A5 el )T 7 A
Y=14.39+0.19A + 0.064B + 0.32C + 0.37AB +
0.35AC+0.22BC—1.31A* —1.58B* —0.41C*, (2)

H R 6 Al AL BB P <C0.000 1, K HIRLEY o & ]
F0F 1 0 4 2R 0 A AR S R B P=0.722 6>
0.05, PLEI IR GBI A B 2, KWk E R R =
0.994 5, K 1E BB RAy =0.987 3, 130 W KLU (1 401 & 7 i 458
IR IR ZE /N BB T T 0 A R B BE CAD LR I I ]
(B) & Tl = (OO XK & 1) 38 B8 W), I % T RS 2t
AW, MAIEIIE J7 #2 2R B0 2 35 1 4 7 AT AT, — R
AT C X Wi Rz B Y 5 Ml AR A 2 (P<<0.01) , B T W 3, i
J AT 0 TR A R 4R 0 24 O iR 3 (P<T0.01) 5 7E
A2 I, BC XA B 4 5 35 (P<<0.05) , ABLAC X}
RS B 1 S AR R 2 (P<<0.01) . R4 FETHL &£ BE R
P VR RS L 52 W) ) 2 RO o COR Bl A ) > A CR B
6B >BCR BERT IA]) .

2.2.4 W R T A3 AT BCEAR SR E 3 AN B AR B
ABLAC, BC 38 H. &% K i) i Ji7 187 ] B 45 15 2k 1B DL BT 2,
3N Z IH] ¥ A7 7E — o 38 HAE . B B
&l 3Ca) FE 3(b) W7n & il I & 0 K OF- B, Bl & B

BN 26 “CTF2 30 C L R EERS R AN 8 d FEHC % 10 d.
**AE‘SEi"ﬁJmka B 3Ce) K 3(d) B . bl Kk B
JRE R R T P o i 0 S R E R TR A RN R TR R 19 3C
AR R A T R T R e S A T R D

HAGKF A KEEEEE/C B kEERE/d C KB HE/ %
—1 26 8 0.8
0 28 9 1.2
1 30 10 1.6
x5 MEEKBETSER
Table 5 Designs and results of response surface test
R G 5 A B C Y3 WA B/ % Vol
1 0 1 —1 11.92
2 —1 1 0 11.04
3 1 —1 0 11.23
4 —1 0 1 12.52
5 0 —1 1 12.44
6 1 1 0 12.18
7 0 0 0 14.26
8 —1 0 —1 12.48
9 1 0 1 13.56
10 0 —1 —1 12.32
11 0 0 0 14.52
12 0 0 0 14.58
13 —1 —1 0 11.56
14 0 1 1 12.92
15 1 0 —1 12.13
16 0 0 0 14.25
17 0 0 0 14.33

k6 BMAABRAESTE
Table 6 Variance analysis of regression equation
analysis
FZEKWE CFHFA AdhE ¥F FH P {H 1
g 22.39 9 2.49 13877 <C0.000 1  x %
A 0.28 1 0.28 15.69 0.005 5 * %
B 0.03 1 0.03 1.81 0.220 1
C 0.84 1 0.84 46.77 0.000 2 * %
AB 0.54 1 0.54 30.13 0.000 9 * %
AC 0.48 1 0.48 26.94 0.001 3 * %
BC 0.19 1 0.19 10.80 0.013 4 *
A? 7.19 1 7.19  400.86 <C0.000 1 * %
B? 10.50 1 10.50  585.51 <C0.000 1 * %
C? 0.70 1 0.70 39.28 0.000 4 * %
®% o013 7 o002
KU 0.03 3 0.01 0.46  0.722 6 AR
a2z 0.09 1 0.02
syl 22.52 16

T IR W E (0.01<<P<C0.05), * x KRR B FH
(P<<0.01);R?*=10.994 5,R%4=0.987 3.
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Figure 2 Contour map and response surface map of three factors interaction in alcohol fermentation stage
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Ky FAXT SN 5.69% , TR 2R s BE S A
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o 32 A 5 0 B T S U A v R T
LR LT BT R OKCRAT A MO AR A B TR T
B, AR RO E RN RS EIRY R E
B RS 2 T I M B R A 0 T A s A Bl 4
TG A 2% T il O B AE S 2 e v R R IR A SR R
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2.3.3 AHRZMANREERMESTER R GB/T
33404—2016 i B Al 3T U0 ) 0F T 45 22 B I AT
AR AR RN R A5 R ILIE 3L 4. IR 3L 4
AT T A 22 I LA R A OB Dy R DU R R
JEA ST HERGE R OR . — A YRR A R T 0 R

PR PR RN B B R D Al AR A g R
BEA It O e » 201 2 e b 8] B8 WAV B ¥ 2 RS K A Bl
TR TR S A L b A B

A BETEE b %ﬁ TCULIE W) M BT . 1
Hﬂ;’&ﬁﬁ?f&»’i’xé@ﬁ?ﬁﬂf;‘(Iﬂiﬁiﬁ’xiﬂl\@g&,\ﬁIHA
2 R RRAE KA
3 gk

I LLE SRR A A 2R AN BAs, R H$
PR a0 L 1 3 3 6 o o7 TR X 46 4 3 A Ak B Ak B B R R
FEBY B L2551 S 800 W o WAL AR A 25 140 D W ek 1R &
K 55 % AL i A 0.6 % LB AL I 28 °C B AL I ]
16 hy KEESME MBI EE Cngrey 2 VO 1 5 2 (g/ml) &
Tl 28 °C LR TEMN ] 9 d. R BEdh I 1.4% . &1
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Table 7 Identification results of main flavor substances
in lily multi-grain liquor
Gy g E]/min b5 W 4 Fr HXF &/ %
1 1.499 V3 0.42
2 1.895 1E N 1.49
3 2.055 LR LT 39.26
4 2.146 BT 8.42
5 2.440 1E T 0.24
6 2.675 Y% .13 5.23
7 2.766 % 5.47
8 3.066 L q 25.46
9 3.258 1,4-T 0.42
10 3.553 TR T B 0.19
11 4.879 NIR Z g 4.01
12 5.361 3-HI -2 T 0.03
13 5.820 ZR-3-H HE-1-T 3L g 0.81
14 7.479 e T 0.03
15 12.817 DL-2-C\ i Z g 0.05
16 13.838 T -3(2H)-IBE W3R 0.02
17 16.331 FR TR 0.05
18 16.940 K m 1.52
19 17.539 4= BT 0.05
20 17.876 TR 0.41
21 19.796 2 EH R 0.23
22 20.187 R 7T 0.10
23 21.102 2-H g 3k -4- 2 s S 0.02
24 22.899 SR 2 0.25
25 22.931 R 2,1 0.25
26 23.284 + R 2 Wg 0.06
27 24.327 W R 2 TR 0.64
28 25.883 A 5% R 0.14
29 26.006 I U ik Z. g 0.18
30 27.188 +HiR 0.08
31 28.483 T3 R 2 TR 3.40
32 28.558 -9~ 75 ik J#5 T2 Z. T 0.45
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Figure 3 Bar chart of aroma characteristics of lily
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