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Abstract: In order to increase the sensory evaluation score of bottling fermentation draft Huangjiu indicated by the national
judges and young students, six factors of the fermentation (initial brix, water bath sterilization time, liquid filling amount,
fermentation temperature, fermentation time, inoculation amount) were analyzed by Plackett-Burman tests in which three
significant factors were screened as initial brix, fermentation temperature and time. Then the reasonable range of factors
was determined by the steepest ascent method, and optimized by central composite design response surface test. The model
was significant and therefore provided a good fit to the actual data and predicted responses. The results showed that the
optimal initial brix, fermentation time, temperature, filling volume, 95 °C water bath and inoculum volume were 126 g/L,
20.5 °C, 69.2 h, 195 mL, 2.5 h, 10 mL, respectively. Under the optimal conditions, the sensory evaluation score of bottling

fermentation draft Huangjiu reached 96.6, which was better than that before tests.
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Table 1 Factors and levels of Plackett-Burman design
K ATHAHEEE (/L) CRRMEE(mL)  D/RISKEME(h)  FEFME(mL)  GABHEREE(C)  JREENE (h) HEAUAE B
fiK(-1) 100 180 2 10 20 72 (B,E,H, LK)
5 (+1) 130 210 3 15 26 120
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Table 2 Factors and levels of central composite design

iy e
H#E
-1.682 -1 0 1 1.682
AR (g/L) 104.8 115 130 145 155.2
BAEERE(C) 14.95 17 20 23 25.05
CREERTE (h) 31.64 48 72 96 112.36
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Table 3  Sensory evaluation (scores)

TiH i Ty Aoy
R A BRI A @, B AEE 10 0
s kg 2 1~2
T B2 3~6
VR, SR = H R A 1R 7~10
B WS, BEA AR 25 0
e R AR, A A, (AR 1~3
A R AR, (RN b 4~10
Bz WA P ES, O Rk 11~25
35, By M. K 50 0
S5, AT, FE 0, (HAREZRAN 1~5
i3, F T, AR 6~15
IR T PAIR T, WA TR, A7 AR 16~25
RGBT, w0, H 26~35
IR ICHER, 153, A R 35-40
AR, Ak 41~50
LA AR (14 R, A 43 15 0
Sk FLAG ARG (14 R, 15335 A b 1~3
TN i) 9 I (E N7 7 N R A 4~10
TEARBLSY AR, A B 5 5 11~15
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Table 4 The brix of Plackett-Burman design

®KEs 1 2 3 4 5 6 7 8 9 10 11 12
G (/L) 130 130 100 100 100 130 100 100 130 130 130 100
ZiR(g/L) 83 71 67 88 57 51 74 67 58 53 64 48

K5 IBEICHRG P

Table 5 The brix of the steepest ascent method

SRS 1 2 3 4
wR(g/L) 115 130 145 160
5 (g/L) 46 64 73 84

e 4. 3 5 s, ARG H TR BT ia i8S
B 160 g/L, AESEBRERAE rh R4S 2 & IS Brs
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Table 6 Design and results of Plackett-Burman test

¥¥T A B C D E F G H J K L BEWFMRIGH
1 +1 -1 =1 =1 +1 =1 +1 +1 -1 +1 +1 78.7
2 +1 +1 -1 -1 -1 +1 -1 +1 +1 -1 +I1 66.3
3 =1 =1 +1 =1 +1 +1 —1 +1 +1 +1 -1 68.2
4 -1 -1-1-1-1-1-1-1-1-1 -1 70.2
5 =1 +1 =1 +1 +1 -1 +1 +1 +1 -1 -1 49.7
6 +1 +1 +1 -1 -1 =1 +1 -1 +1 +1 -1 66.3
7 -1 41 +1 +1 -1 -1 -1 +1 -1 +1 +1 79.7
8  —1 +1 +1 —1 +1 +1 +1 -1 -1 -1 +1 63.0
9  +1 41 -1 +1 +1 +1 -1 -1 -1 +1 -1 742
10 +1 =1 +1 +1 +1 -1 =1 -1 +1 -1 +1 75.2
11 41 =1 +1 +1 -1 +1 +1 +1 -1 -1 -1 65.3
12 -1 =1 =1 +1 =1 +1 +1 -1 +1 +1 +1 30.5
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Fig.1 Half-Normal plot of estimated main effects on sensory

scores (a=0.05)
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Fig.2 Pareto chart of estimated main effects on sensory scores
(0=0.05)
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Table 8 The steepest ascent method results

bR PR WERE(g/L) RFERE(C) KR (h) EE ()

1 0 115 23 96 75.3
2 0+1A 130 20 72 87.8
3 0824 145 17 48 83.7
4 0+3A 160 14 24 80.3

e 8 Rl AREE 2 BJRE S Ko, PRI AE

%% 7 Plackett-Burman iREG I 25 | /K- A i & M Hr

Table 7 Factors, levels and significance analysis of Plackett-

Burman test

VR A PR ¥ Fl P WEM

TR 6  1895.39 315.90 9.77 0.0122 B3F
AWIAKERE (/L) 1 348.84 348.84 10.79 0.0219 B3F
C-%¥Ht (mL) 1 192.80 192.80 5.96 0.0585
D- KB ] (h) 1 12097 12097 3.74 0.1109
F-3Ffi (mL) 1 227.94 227.94 7.05 0.0452 B3F
G-KEEREE(C) 1 53734 537.34 16.61 0.0096 B3
J- R (h) 1 467.50 467.50 14.45 0.0126 B3F

F2 5 16172 32.34

payill 11 2057.11
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R i 0.8270 Adeq Precisior 9.807
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Table 9 Results of central composite design

SRS A B C Y: BB (4
1 0 0 0 96.2
2 0 -1.682 0 75.8
3 0 0 1.682 72.4
4 -1 -1 -1 78.5
5 -1.682 0 0 89.2
6 0 0 0 95.4
7 +1 -1 +1 71.8
8 1.682 0 0 81.4
9 +1 +1 -1 81.6
10 0 0 -1.682 80.7
11 0 0 0 96.3
12 0 1.682 0 81.7
13 +1 -1 -1 80.2
14 0 0 0 96.1
15 -1 +1 -1 83.7
16 +1 +1 +1 723
17 0 0 0 96.2
18 -1 -1 +1 77.8
19 -1 +1 +1 84.6

20 0 0 0 96.1

F 10 LA BT

Table 10 The variance of central composite design

eS| HEE FHEEM ¥ Ffig Pl BEM
el 9 149324 16592 768.85 <0.0001 o
A 1 7413 7413 34352 <0.0001 o
B 1 4156 4156 19257  <0.0001 o
c 1 7247 7247 33581  <0.0001 o
AB 1 1275 1275 59.09  <0.0001 o
AC 1 40.05 4005 1856  <0.0001 o
BC 1 0.061  0.061 028 06058 AmF
A’ 1 218.14 218.14 1010.86 <0.0001 ok
B? 1 55511 55511 257237 <0.0001 ok
c? 1 702.97 70297 3257.54 <0.0001 o
5% 2= 10 2.16 0.22
ES 5 1.62 0.32 3.03 0.1243 Rip#
CV. (%) 055 R 0.9986 AdjR*  0.9973
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Fig.3 Normal plot of residuals on sensory score
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Fig.4 Residuals versus predicted values on sensory score
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Fig.5 Effects of interactions between brix and fermentation

temperature on sensory score
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Fig.6 Effects of interactions between brix and fermentation
time on sensory score
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Fig.7 Effects of interactions between fermentation time and
temperature on sensory score
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