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Construction of a Laozao-Suansun composite fermentation system

and its nutritional components and flavor analysis
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Abstract: [Objective] To explore the optimal process of fermented bamboo shoots (Suansun) with sweet rice wine residue (Laozao) and
analyze and compare their nutritional and volatile components. [ Methods] Process parameters for co-fermentation of bamboo shoots with
sweet rice wine residue are optimized using single-factor analysis, Plackett-Burman design, and Box-Behnken response surface
methodology. The nutritional and flavor characteristics of the optimized product are compared with those of naturally fermented bamboo
shoots. [Results] The optimized fermentation conditions are as follows: lactic acid bacteria inoculum of 0.20%, salt content of 5.00%,
calcium chloride addition of 0.07%, and sweet rice wine residue dosage of 16.00%. Under these conditions, the comprehensive quality score
of the co-fermented bamboo shoots reaches 90. Compared with natural fermentation, the optimized product exhibits a lower pH (2.73 vs.
3.89), higher total acidity (52.15 vs. 43.65 g/kg), and significantly elevated levels of total soluble sugar (0.15% vs. 0.04%), protein content
(3.91% vs. 2.12%), and amino nitrogen (0.38% vs. 0.12%). Additionally, a greater diversity of volatile compounds is detected (21 vs. 10),
with a notably higher total ester content (1.38% vs. 0.08%), and p-cresol was identified as the dominant volatile component (97.81% vs.

95.19%). [Conclusion] Compared with natural fermentation, co-fermentation with sweet rice wine residue imparts a mellower aroma and
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superior nutritional profile to the fermented bamboo shoots.
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Figure 2 Effects of salt addition levels on the quality of fermented bamboo shoots
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Figure 3  Effects of glucose addition levels on the quality of fermented bamboo shoots
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Figure 4 Effects of calcium chloride addition levels on the quality of fermented bamboo shoots
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Figure 5 Effects of vitamin C addition levels on the quality of fermented bamboo shoots
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Effects of sweet rice wine residue levels on the quality of fermented bamboo shoots

Y=78.16—2.86A+4.93B—0.808 3C+2.71D—3.91E—

0.508 3F, (3)
222 XEHNZRMWE 5 HEMIFM SRR,
PR 4 ] S, 1 3R VS N R X R O Eﬁaﬁr%ﬂﬁﬂ?ﬂm k5

T KT (P<C0.01) , S AL ES 5 i 2L 2 B S o
PR S oo 19 5% ) K B T 8 3 KT (P<C0.05) , 7 A B
T AR L B CU IR MR R B Pt A
RS A SIS S 3L R TR 0 R IR R i
AR F A R ﬂlﬁlf“ﬁﬁnﬁmﬁ?& LA R
BEAR 55 R L B D 2 6 4 O B S I 0 4

ECFmE ﬁj\hﬂl_ln;ﬁ4%ﬂ1025%o
2.3 WAz ERIE
2.3.1 RS LA M 3 LELIQ%AI%‘?}SUK%W%S

B BT K g5 WK 6, M IH R B Y Oy 22
W7,

28 03 BT 45

XF 2% 3 P B R AT 22 T I E o i L A5 B RR LA T {81 ] Design-Expert 13 % 3 6 v mi i 1 32 96 4 408 34 17
M o7 {194 e 00 7 2 [B1HSG 5 B, 459 3 Z R B B4 07 72
&2 Plackett-Bumman i 36 & & & 7k £
Table 2 Factors and levels of Plackett-Burman experiments
KV AFLREHRME/% B EHRFINE/% CHAMERME/% DB/ % EQABENE/ % FARERCEMNE %
1 0.15 2 3 0.15 0.04 10
—1 0.25 6 5 0.25 0.08 20

149



150

% K Fl DEVELOPMENT & APPLICATION

*& 3 Plackett-BurmaniX I iZit R & R

Table 3  Design and results of Plackett-Burman experiments
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Table 6 Design and results of response surface methodology

RIS A B C D E F AT 7K X, X, X, X, LTS
1 1 —1 1 —1 —1 —1 70.6 1 —1 —1 0 0 68.0
2 1 1 —1 1 —1 —1 90.0 2 1 —1 0 0 72.2
3 —1 1 1 —1 1 —1 79.4 3 —1 1 0 0 80.2
4 1 —1 1 1 —1 1 76.8 4 1 1 0 0 83.3
5 1 1 —1 1 1 —1 78.5 5 0 0 —1 —1 68.6
6 1 1 1 —1 1 1 75.9 6 0 0 1 —1 71.6
7 —1 1 1 1 —1 1 88.2 7 0 0 —1 1 76.5
8 —1 —1 1 1 1 —1 73.2 8 0 0 1 1 79.6
9 —1 —1 —1 1 1 1 78.5 9 —1 0 0 —1 63.7
10 1 —1 —1 —1 1 1 60.0 10 1 0 0 —1 70.4
11 —1 1 —1 —1 —1 1 86.5 11 1 0 0 1 75.3
12 —1 —1 —1 —1 —1 —1 80.3 12 1 0 0 1 78.4
13 0 —1 —1 0 69.8
%4 Plackett-Burman ik EHE KR EBEEME S " 0 | . 0 230
Table 4 Factors, levels, and significance analysis of 5 0 . | 0 1.6
Plackett-Burman experiments 16 0 | | 0 90.0
KU AWM SFIFF B FiE PfH  WEM 17 1 0 ] 0 75.3
ey 6 67137 11190 8.74 0.0155 &3F 18 1 0 — 0 78.4
A 1 98.04 98.04 7.66 0.0395 3 19 1 0 1 0 771
B 1 291.07 291.07 22.73 0.0050 &3 20 1 0 1 0 80.2
C 1 7.84 7.84 0.61 04693 AN 21 0 —1 0 —1 60.0
D 1 88.02 88.02 637 0.0470 % 22 0 1 0 1 71.6
E 1 183.30  183.30 1432 0.0128 &3 23 0 —1 0 1 65.5
F 1 3.10 3.10 0.24 0.6435 A& 24 0 1 0 1 78.4
B2 5 64.02  12.80 25 0 0 0 0 851
SOPA 11 73539 2% 0 0 0 0 845
TOPUERE(RY)0.912 9 P PUE REU(RY,)0.808 55 T 27 0 0 0 0 85.1
FE R KR 0.498 6; {51k L 9.946 7. 28 0 0 0 0 988
x5 MEHRABEERKT 29 0 0 0 0 ®7
Table 5 Factors and levels of response surface methodology i " ”
2.3.2 W Ny T 4% 55854 7R H, 4% TR 2R A A2
W% W% B /% B /% : ’
. 015 5 0.04 10 o T8 3 ) I TAT ARG A BT 20 A A TR TR 5 4 it R R
0 0.20 4 0.06 s T T2 FLIR B A I AL 0.250% B3R R it 5.319% 4 1k
: 0.25 6 0.08 20 FEA N 0.072% FOBAY AN 15.848% , % L 246 T &

Y=8524-+1.94X,+6.69X,+147X,+3.98X,—0275X,X,—
0.9X,X,+ 1.07X,X,+0.325X,X,+0.025 X, X,— 437X} —537X5—
1.86X5—9.74X7, (4)

Hi 2% 7 A0, B 22 Al 1 35 (P<<0.01) , R IR 3
(P=>0.05) , ui B BT 45 B8 B4 5 ) R 4F . R°=0.961 0,
R=0.922 0, 13 W e A5 780 R 50 offe ffy L 0 S M ABE 0 00 00
EERE R 57 00 R W T2 %A

BT WOAE K 85.619, M AE FHEAE X105 146 444
T8 2 PR S FLRR T S N 0.25% B E VRN 5.00% G4k
FLR N 0.07% FEREAN IS I 16.00% , 78 LA {4 F i A7 50
TESCH 28 G 1F 40 R 89, i TR &S 4w b Tl g0 2 & B 5
AR FHOIE 2 30T, € WA JIT S 7 A AR LA g e £ 9300 44 A 5
M. RER P ABIAE MLEE A5 90, (HIH A
G AR5 WS 0 A SR T A s S A
il P e AR A B AR R LA SR
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Table 7 Variance analysis of regression model

R PR AWmEE ¥ FE P BEH
LY 1537.690 14 109.830 24.650 <<0.000 1 %3
X, 45.240 1 45240 10.150  0.006 6 .3
X, 537.340 1 537.340 120.580 <C0.000 1 %3
X, 25810 1 25810 5.790 0.0305 @3
X, 190.400 1 190.400 42.730 <<0.000 1 %3
X, X, 0303 1 0.303  0.068  0.7982 A%
X, X, 0.000 1 0.000  0.000  1.000 0 A &%
X, X, 3240 1 3.240  0.727  0.4082 A E
X, X, 4620 1 4.620  1.040 03257 AW
X,X, 0423 1 0.423  0.095 0.7627 AW
XX, 0.003 1 0.003  0.001 09814 A%
x? 124.110 1 124.110 27.850  0.000 1 %3
X3 187.340 1 187.340 42.040 <<0.000 1 3%
X: 22480 1 22480 5.040 0.0414 3
X? 614.940 1  614.940 137.990 <C0.000 1 3
k2% 62.390 14 4.460
J A 42.680 10 4270 0866  0.6136 N3
ali 5 % 19710 4 4.930
eyl 1 600.080 28

T R’=0.9610;R%,;=0.922 0,

LAy
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Figure 7 Response surface plots for interaction effects of different factors on the comprehensive score of fermented
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Table 8 Comparison in content of main nutritional components in fermented bamboo shoots (counted by wet basis)

. Ty o émjl ﬂzﬁﬁ?‘iﬁﬁ/ ﬁiﬁ‘r’tﬁl*lﬁg./
(g-kg ") (mg-kg ) (mg-kg™ ")

L 1 57 8.6320.01° 2.7340.02° 52.154-0.18° 0.5420.001 1.5040.020°
9K K R 5% 7.5340.02° 3.8940.02° 43.65+0.16" 0.6140.001 0.4040.005°
e Mg Wi/ A/ IS H/ SR/ )sEA

(10 2g-g " (10 2g-g " (10 2g-g " (mgRE-g 1) (mg GAE-g ')

i3 i 0.31£0.010° 3.91+0.01° 0.38+0.002° 0.1540.002 0.45+0.003
F 8K & e R 5% 0.0840.003" 2.124+0.02° 0.124+0.010° 0.110.001 0.41-0.002

T IBNNG FBA [) 2e78 BRE IR 22 5 .35 (P<<0.05)

FRAE RS AER G EHEE LI, xedER
it 7 A 0 B B RS LB R T R B IR (L T 4R
A7 G R T R TR R TR R O DX A 1 SR 2
8 VP b iz Ty U A B9 TR O Y I R S 2 T A

Jit K

242
R BREFZERMENS'

2250 9 AN AT BE R h TR A e T AR AR
By e Wy BT B /e TN R . &5 b IR M R 8 IR I B 37
TRAR AL T 1A SR R R 55

AT 3R O T, WU RR R A i O 48

Table 9 Major volatile components of fermented bamboo shoots

A4y CAS & T ‘éﬁ’ﬁa‘l‘ﬂ/ X &5 /%
min MR BERR S HAR KRR
L 75-07-0 1.960 ND 0.21
g 64-17-5 2.853 ND 1.42
T 123-38-6 3.163 ND 0.02
ST 78-84-2 4.677 ND 0.04
TN B 71-23-8 5.583 ND 1.29
2.1 LTk 141-78-6 6.517 ND 0.08
I 2 7Y B 141-06-0 13.043 0.15 ND
EC R CBR 123-66-0 13.209 0.39 ND
el HY 25 Iy 106-44-5 17.786 97.81 95.19
R INAER 626-77-7 18.197 0.23 ND
LR 142-62-1 19.190 ND 1.14
2-L KB 104-76-7 20.904 ND 0.14
2-F A Sk -4- Ok 1y 93-51-6 21.580 0.18 ND
R TR 106-32-1 21.713 0.07 ND
O R Y TR 6739-34-0 22.818 0.09 ND
E TR R 624-13-5 24.668 0.05 ND
AR 36431-72-8 24.902 0.11 ND
iR 124-07-2 27.693 ND 0.47
T B AN REE b 995-82-4 29.895 0.02 ND
4 74 A 4 4630-07-3 29.977 0.02 ND
[ ER- ST 112-89-0 31.193 0.02 ND
2,6- R EEOR HIR = (= W LRk I ) g 3782-85-2 31.723 0.02 ND
I AR 5945-72-2 31.852 0.02 ND
5-(1-FHHE P 3 ) - Tt 62185-54-0 32.720 0.12 ND
FHBE 638v36v8 32.787 0.02 ND
21 5 -N-(4- (I g -2- 35 ) Wig s -2 - 5 ) 5% Y gt e 467217-29-4 34.018 0.11 ND
kR 2 Bg 628-97-7 34.186 0.24 ND
RV AL 2239-78-3 35.109 0.21 ND
M R 2 T 544-35-4 35.983 0.03 ND
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T B R SR A GA 97.81%, H AR K I R 5F IR 1k
95.19%. % FH 2k 2% 1 159 £ 4% 1% ( 29 0.003 mg/kg) , (= i B¢
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M OS2 45 R 5 R A 2% 45 VR Zhang %2 6 T
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