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Table 1 Factors and levels of orthogonal experiment
B i3 B 18] /h BB JE/°C AR/ (g/ml) A E I FE/W pH 1& I By 2 %
1 1.5 45 1:6 200 5 4
2 2 50 17 240 5.5 6
2.5 55 1:8 280 6 8

1.33 FFEZRERNE ZRHERMNES%
SO SRR R By AR R U . ER AR 1.0000 g
AN 50% £, 1 RE 2% %) 100 mL, 35 B 2= A A
B PRI 6% 19 15 WK 1.0 mL, W21 J5 i ik
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Ll N G, R T 22 BT R A A S XUR 5531
LA DR KUK T4 25 SR i 4 L 275 (B R T
By AR £GPPSR SR 10 230 A 55 i
it T AR AT IR
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Table 2 Grade table for burdock enzymatic hydrolysate flavor

| 1~3 o

3~6 %

Aok 4 F Aok E, R

4 F A vk A AR

6-10 %

kg A ckiE & AR
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1.3.5 GC-MS &l Bk 2% Wang FF¥IGC-MS
T I FE A 8l

i TG-5SMS (30 mx0.25 mmx0.25 pum)
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1.2 mL/min; & HIAS 43 30 F 4 5 F 4 0138 B2 o 250
C; B P THE A UG IR 40 CAHF 2 min, K5 L)L 6
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JE i S B T IR BT VR A4 i 4k 3R % . 280
C; B FIRIEE 300 °C; L FRERE .70 eV i T
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Fig.1 Effect of pH value on the integrated indexes
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Fig.3 Effect of enzymatic hydrolysis time on the
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Table 3 Results of orthogonal experiment of burdock enzymatic hydrolysis
C(#k DBE

[ oy A(rrl)  B(GRE) ) ) E(pH) F(wiEEE) 2Z#H4E Rokitsy SeHS
1 1 1 1 1 1 1 2.38 6.2 4.29
2 1 2 2 2 2 2 1.32 6.5 391
3 1 3 3 3 3 3 2.68 6 4.34
4 2 1 1 2 2 3 2 5.5 3.75
5 2 2 2 3 3 1 1.9 6.8 4.35
6 2 3 3 1 1 2 2.26 52 3.73
7 3 1 2 1 3 2 1.6 5 33
8 3 2 3 2 1 3 1.88 4.3 3.09
9 3 3 1 3 2 1 2.84 54 4.12
10 1 1 3 3 2 2 2.12 7.5 4.81
11 1 2 1 1 3 3 1.9 8.1 5
12 1 3 2 2 1 1 1.7 6.5 4.1
13 2 1 2 3 1 3 1.9 4.9 3.4
14 2 2 3 1 2 1 1.62 6 3.81
15 2 3 1 2 3 2 1.88 7.6 4.74
16 3 1 3 2 3 1 23 5.7 4
17 3 2 1 3 1 2 1.76 5.2 3.48
18 3 3 2 1 2 3 2.56 7.5 5.03
K, 4.408 3.925 4.230 4.193 3.682 4.112
K, 3.963 3.940 4.015 3.932 4.238 3.995
K 3.837 4.343 3.963 4.083 4.288 4.102
R 0.571 0418 0.276 0.261 0.606 0.117

b, HrpEEk 7 F, M E B 80.07%, M 2 LAY & &R B BE A Y A BT KU
Fh AR SN 5.36% , RS 2 B AEXT S E N BOEET; . ] DL AR S I A A BE R TR
4.35%, 5Z M, 535G b PR 2 RN R S BE IR XU SR Bk
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Fig.7 Contents (a) and types (b) of volatile substances in burdock samples with different processing methods
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Table 4 Changes of volatile flavor substances in burdock after enzymatic hydrolysisand fermentation

A0 35 4%/ %

o P SFX EEE EEEB ASA ziz
(A)  #&®B) Bi&C)
& (D)
i £
1 1- T8 CeH .0 0.23 — 0.11 —
2 E B CsH 00 0.44 — — —
3 St % 47 B CoH,0 0.11 — — —
4 13-+ —1-8 CHy0 0.18 — — —
5 3-F A k-6,7-Z 5 =¥ $£[4.4.0.0(2,8)] £%-9,10- CsH50, 0.31 — — —
— B
6 1,7-=F & —da—F A Hi - IR[4.4.0]+ = -6 K & - CHx0, 278 — — —
BB}
Y. C,H0 — — 227 0.5
8 3-W R MA-1,2-F B C.H,005 — — 0.11 —
1,2,4-T =8 C.H,00, — — 2.37 1.27
10 3-F A -1- K B CH,.0 — — 74.49 42
11 47 -1- X% B CH..0 — — 0.42 —
12 2-F Hi-1-8 CoH 50 — — 0.3 —
13 27 Kk T AR C,H:NO, — — — 2.88
14 (8)-3,4-= 9 & 5.5 CH,0 — — — 0.26
15 2-F R -4-(2,6,6-=F LI T )2-T M iE CH20 — 0.09 — —
16 T E-6,8,8-=F - =3R[5.2.2.0(1,6)]+— 3-8 CsH0 — 0.67 — —
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(&% 4)
H 2t A 1%
| e e, TEE
oy EE AW 2F X FEiR FEFE OFFER st
(A)  #RB) B&RC)
& (D)
17 6775 I R Hf vk b —4— R K ek v -4 5-R A3 ,6— CasHyNsOg — 0.15 — —
=B
18 2-(+ANREHA&)TE CyH4 0, — 0.13 — —
19 1-=+ Xz 8z CyH;0 — 0.45 — —
20 1,7-=F k —da—F7 R H - =31 [4.4.0]6- % M —9B- 5% C7H0, — 0.23 — —
21 1,1a,2,3,4,4a,5,6,7,10,11,11a —dodecahydro -1,1, CyHuOy, — 0.03 — —
3,6,9 AWK 1-, 2,4,7,107aH-3% K =5 5 [a] 2% A [f]
cycloundecene-2,4,7,7a,10, 11-MLE
Bk
22 I A CeH,,0 1.54 8.31 — —
23 (E.E)=2,4-2 =it CH:0 011 — — —
24 RO C-HO 1.61 1.51 — —
25 (E,E)-2,4—f =¥ B C;H,,0 0.12 0.26 — —
26 LB CsHsO 2.27 9.22 — —
27 B2~ i B CsH,,0 0.10 — — —
28 S CoH sO 0.43 1.41 — —
29 R B CioH0 0.21 0.71 — —
30 B, R =2, 4—F = i CoH,,0 0.12 — — —
31 B, B2, 4% = Vi i CyoH0 0.23 — — —
32 (E,E)-2,4—F =8 — Wit C,Hy0 0.54 0.33 — —
33 R -2~ T Wi % CeH,iO — 8.66 0.4 0.13
34 3-WA-l-NE CHLO S X0) — —
35 2— & M Bk C;H,,0 — 0.31 — —
36 (Z)-2—-% Wi % CoH O — 0.16 — —
37 2,4-= W IR F B CoH, (O — 5.98 — —
38 4 LR Wk CioH 0 — 1.04 — —
39 2-[4-F XK -6-(2,6,6-=FART-1-WHA) ZFT-1, CyH5,0 — 0.14 — —
3,5-= T A R Eo ]t -1 W B
S
40 1, 2-RAE-S_FRAEH CoHiO 176  — — —
41 BR~4,5- K 8-2(E)-% % CioH 60, 0.13 — — —
42 10-=+— (%) M CyHy 10.47 — — —
43 RIR[10.1.0]+F 1% CHon 157 — — —
44 (Z,2,72)-*F %£-1,8,11,14-m3 % C7Hy 3.83 — — —
45 Z R AL T KR T CsH ,0, — 0.22 — —
46 Z,7,7-4,6,9—+ Jurk = Hi CioHyy — 0.25 — —
47 B-HE A M CisHa, 0.94 1.19 — —
48 A-F 7 W CisHy, 11.04  2.65 — —
49 T CisHay 0.75 0.25 — —
50 (<)-FHo s CisHy 013  — — —
51 pfodl AN CisHay 017 008  — —
52 B4 W M CisHay 0.17 — — —
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Fig.9 Heat map of variation of volatile flavor substances in burdock under different treatments
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Effect of Combined Treatment of Enzymolysis and Fermentation on the Flavor of Burdock Root

Ma Kaidi'?, Xu Lujing?, Li Ying"*, Liu Yuanfa’, Cui Li*, Ma Kaiyang?, Zhao Xuan®’, Song Xinxin'?
(“School of Food Science and Technology, Nanjing Agricultural University, Nanjing 210095
YInstitute of Agricultural Products Processing, Jiangsu Academy of Agricultural Sciences, Nanjing 210014
White Horse Future Food Research Institute, Lishui 211225, Jiangsu)

Abstract In this study, the fresh burdock root was treated with enzymolysis and fermentation, so as to improve the un-
pleasant flavor of burdock root through lactic acid bacteria fermentation on the basis of adequate dissolution of active
polysaccharides. Taking polysaccharides content and flavor scores as indicators, the optimal enzymolysis conditions were
determined by orthogonal experiment as follows: cellulase addition 4%, solid-liquid ratio 1:6, temperature 55 C, enzy-
molysis time 1.5 h, ultrasonic power 200 W. Gas chromatography—mass spectrometry (GC-MS) analysis showed that alde-
hydes and terpene compounds, such as phenylacetaldehyde, B-serinene, A-curcumene, are the main sources of bad fla-
vor of burdock, which can be converted into pleasant flavor ketones and alcohols during enzymatic hydrolysis and fer-
mentation. The results of principal component analysis and cluster analysis showed that the volatile flavor substances
phenacetaldehyde, B-serinene and A—curcumene in the liquid of burdock treated by different methods were significantly
different. The combined treatment of enzymatic hydrolysis and fermentation could effectively improve the bad flavor of
burdock root.

Keywords burdock root; enzymolysis; fermentation; combined treatment; flavor



