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Abstract: Based on single factor experiment and orthogonal experiment, the optimum processing technology of steaming
lotus root slices were discussed. The changes of volatile flavor substances before and after steam treatment was analyzed by
solid phase micro extraction-GC. The results showed that sensory scores of steam lotus root slices was 89.08, color
difference was 9.85 and hardness was 555.57 g under the condition of 1400 W power, 4 mm thickness of lotus root slice
and steam time 16 min. 45 and 42 volatile flavor compounds were identified by SPME-GC-MS in fresh and steamed lotus
root slices. There were 28 compounds in common. The main flavor substances in lotus root were nonanal, decanal and other
aldehyde substances, in addition, there were limonene, ethyl palmitate, octanol, 1-nonanol, vanillin acetone and so on, these
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flavor substances made lotus root slices showed different flavor characteristics. After steaming, the relative contents of

aldehydes, heterocycles and nitrogen-containing compounds increased, the contents of esters, alcohols, phenols and acids

decreased, and the contents of ketones, ethers and hydrocarbons did not change significantly. The results would provide a

theoretical basis for the analysis of lotus root volatile flavor substances and lotus root processing industry.
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Table 1 Level table of orthogonal test factors for
steamed lotus root slices
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Table 2 Standard for sensory evaluation of steamed lotus root slices
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Fig.1 Effects of steaming time on sensory scores, color
difference and hardness of steamed lotus root slices
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Fig.2 Effects of processing power on sensory scores, color
difference and hardness of steamed lotus root slices
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Fig.3 Effects of slice thickness on sensory scores, color
difference and hardness of steamed lotus root slices
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Table 3 Orthogonal design for steamed lotus root slices
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Table 4 Analysis of hardness variance
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Table 5 Analysis of variance of sensory score
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Table 6 Analysis of color variance
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Table 7 Analysis of variance of comprehensive score
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Table 8 Best process validation test
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Table 9 Types and percentage of volatile components in
steamed lotus root slices

fif "

by 2 (%) M (%)
[ 8 35.66 11 68.70
B 2 3.76 2 3.65
JSES 9 10.47 8 9.88
fifzk 9 20.15 6 6.18
[(ESS 10 23.74 10 8.97
S 3 2.85 2 1.13
MR 1 2.11 1 0.23
[ES 2 0.88 - -
AR ERNED 1 0.38 2 1.28
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Table 10  Flavor components and relative contents of lotus root slices before and after steaming

AR 1 (%)
el F5 LR ER 1 1] (min) [t/ E2 s - -
Btk RZE
1 10.76 7% H1 % (Benzaldehyde) C,HO - 1.64
2 13.95 K £, (Benzeneacetaldehyde) C¢H,O 1.08 0.70
3 14.63 J-2-FJil% [ (E)-2-Octenal] CgH,0 0.26 0.38
4 16.06 (& 3X)-4-T-J# T [(E)-4-Nonenal] C,H,,0 - 0.12
5 16.42 T (Nonanal ) CyH,0 17.54 43.79
6 18.41 JZ-2-+ - Hi-1-l (trans-2-Dodecen-1-ol) C,H,,0 - 1.80
[ 7 19.35 24 (Decanal ) C,,H,,0 14.28 18.18
8 20.65 2 2X-2-54 5 BE[(E)-2-Decenal ] C,oH,;40 - 0.16
9 21.35 J23X-2,4-5% ZHE[(E,E)-2,4-Decadienal] CoH;0 0.41 -
10 21.61 ++—#% (Undecanal) C, H,,0 0.89 1.05
11 2272 2-—4#t (2-Undecenal) C, H,,0 - 0.16
12 23.53 T —#% (Dodecanal) C,,H,,0 0.53 0.72
13 28.27 + 1 [ (Pentadecanal- ) C,sH;,0 0.67 -
14 7.58 Z 37K (Ethylbenzene) CeHyq 0.09 -
15 8.53 )7 (Styrene) CyHy 1.05 0.41
16 13.28 ¥r#5)4 (D-Limonene ) CioHj6 4.13 1.17
17 17.46 ST 3 bE[ Cyclopentane,(2-methylpropyl)-] CoHyg 0.21 -
SEs 18 19.21 +—kE(Dodecane) CoHy - 0.32
19 21.01 1,2-%% | — 4t (Oxirane, decyl-) C,H,,0 0.61 -
20 21.46 + %t (Dodecane) Cy,Hyg 0.32 -
21 21.46 + =%t (Tridecane) C3Hyg - 0.65
22 23.36 ULz ( Tetradecane) CyHy, 1.29 2.63
23 25.24 1,2-31% 1 /\JsE (Oxirane, hexadecyl-) C,gH30 _ 0.30
24 26.6 IEF75%% (Hexadecane) CyeHyy 1.91 339
25 28.04 IE--L %t (Heptadecane) C7Hs4 0.86 1.01
26 13.53 A H1 i (Benzyl alcohol ) C.H;0 1.51 -
27 15.08 2-%%Jfi-1-B£(2-Decen-1-o0l) C,oHy0 0.05 -
28 15.09 2-TJfi-1-B£(2-Nonen-1-ol) CoH,,0 - 0.28
29 15.2 FFE(1-Octanol) CgH,40 3.59 1.52
=S 30 16.28 J5 K (Linalool) CoH,0 0.24 2.05
31 16.71 2 2. (Phenylethyl Alcohol) CgH, 00 3.38 0.62
32 17.98 JI-3-T-4%-1-F[(Z)-3-Nonen-1-ol] C,H 50 1.62 0.72
33 18.46 1-TF-E%(1-Nonanol) CoH,,0 7.59 1.72
34 19.91 TEALBE[(Z)- 3,7-dimethyl-2,6-Octadien-1-o0l] C,H,50 0.39 -
35 20.5 7B (Geraniol) C,oH ;50 3.49 -
36 20.87 1-24 P (1-Decanol ) C,,H,,0 1.88 -
37 20.88 “+—#(1-Undecanol ) C,,H,,0 - 0.35
38 21.01 J%-2-+— il (trans-2-Undecen-1-ol) C,;H,,0 - 0.59
P2 39 26.11 S AERUEE[(E)- 3,7,11-trimethyldodeca-1,6,10-trien-3-o0l] CsH,0 - 0.99
40 26.91 (1R,2R,58,7R,8R)-2,6,6,8- /1 Jk = #£(5.3.1.01.5]+—4i-8-Mi (Epicedrol ) CysH,0 - 0.13
41 11.11 H % BEflig (Formic acid, heptyl ester ) CgH, (0, 0.37 -
42 26.52 A H:f2 Z T (Dodecanoic acid, ethyl ester) C,4Hx0, 0.21 0.32
43 28.4 . LR IR TR 2 TR (Methy] tetradecanoate) C 5H;00, 0.57 0.82
44 29.33 U £, TG (Tetradecanoic acid, ethyl ester) C,H3,0, 0.68 0.47
[iEES 45 30.62 1R Z.Tik (Pentadecanoic acid, ethyl ester) C,,H;,0, 0.46 -
46 31.03 FEAE B2 B 16 (Hexadecanoic acid, methyl ester) C,;H;,0, 1.25 1.76
47 31.86 eI AR 2,15 (Hexadecanoic acid, ethyl ester) C,sH;60, 11.20 2.66
48 33.83 MV IHIR Z. 186 (9,12-Octadecadienoic acid, ethyl ester) C,oH;60, 3.08 0.15
49 33.89 JIMER R [(E)-9-Octadecenoic acid ethyl ester] CyoH350, 233 -
50 12.92 X B 4 gk ( Benzene, 1-methoxy-4-methyl-) CgH1,0 1.99 0.67
s 51 19.19 AT ER H ik (Estragole) CH,0 0.25 -
52 21.21 11 71 ( Anethole) C,oH,0 0.61 0.46
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&R 10
AHX 1 (%)
251 Jrs {2 EA B ] (min) EmBR fe=K - —
Btk HZE
LES 53 18.86 2-HV53E-5- I H2 1} (2-Methoxy-5-methylphenol ) CgH,00, 021 -
54 25.29 2,4- 5T R (2,4-Di-tert-butylphenol ) C,H,,0 0.67 -
B 55 11.66 FP 35 B4l ( 5-Hepten-2-one, 6-methyl-) CgH,,0 0.27 0.16
56 2431 I FEPIER[(E)-5,9-Undecadien-2-one,6,10-dimethyl-] C,3H,,0 3.49 3.49
[i7ES 57 31.44 FERER (n-Hexadecanoic acid) C,6H;,0, 211 0.23
HSRAEY 58 24.06 2,6-— 5 NI [ Benzenamine, 2,6-bis(1-methylethyl)-] C,H(N 0.38 0.16
S78S 59 11.83 2-1E S FE K (Furan, 2-pentyl-) C,H,,0 - 1.12
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