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Abstract: In this study, the nutritional values and volatile components of Shenxian beans sterilized via two different methods (high
temperature and microwave) were analyzed by the national standard method, head-space solid phase micro-extraction (HS-SPME), and gas
chromatography -mass spectrometry (GC-M S). Atotal of 95 compounds were identified and classified into nine major groups. The major classes
of compounds included alcohols (26), hydrocarbons (21), aldehydes (18), ketones (5), acids (5), phenok (4), esters (4), ethers (3), and
nitrogenous (9). The volatile components in Shenxian beans could be affected by the sterilization method. The relative content of alcohols and
ketones increased significantly, while those of ethers, aldehydes, phenols, and nitrogenous decreased, and those of acids, esters, and
hydrocarbons did not obviously change owing to high temperature and microwave sterilization. Furthermore, both sterilization methods
contributed to the increase in the total free amino acid (FAA) content, especially the total umami amino acid content in Shenxian beans.
Shenxian beans treated with microwave sterilization had a better quality than thosetreated with high temperature sterilization.
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Table 1 Basic components in Shenxian beans (%, wet weight)

GES Ko MEE ALRE P B AT 2 RA
S 53.78+0.14° 15374055 15.62+190° 8.5540.35° 2.6620.23° 3.5940.10°
S, 54414027 13.07#072° 15384026" 8.3140.33° 2.600.17° 3.630.13"
Sy 5401049 15204091 15.454096" 8.4620.18" 2.72+40.31° 3.6740.21°

i B3 FEARATRAASELR (P>005); FHRRATHEEZ R (P<0.05) ,
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Table 2 Free amino acid content in Shenxian beans

FUL B 4% /(mg/100g)
S, S, S
HEF Lys 26454313  31.774357 20.204898°
FEE Leu  16.1932.25% 19.84+1.31% 15.14+44.05°
HGEE Val  10.45806%F° 12384067 8.53+2.94P
FEAF e 8.9610.97° 9.80+.73 5.80:42.91°
FEE Thr  10.844036° 11.3447.92 8.5340.712
KA EF Phe  38.184306° 48734203  39.97+1390°
B &P Met 5.87+0.24% 6.850.61° 5.32+41.43"
M E# Arg 9.1048.24° 9.9748.54° 2.3842.32°
B2 His - 11.84#.51°  14.1241 66° 9.5143.70°
5P Glu 273144517 346.22420.60°"  451.51430.23"
RAZF Asp - 4.7940.42° 6.4642.15% 5.87-+0.50%
AEE Ala 10.2020.95° 11.2540.41° 10.10+0.65°
HEE Gy 3.2140.05° 3.30:.01° 3.93+.13?
# A Ser  3.9240.53° 4.4641.08% 3.98+0.96°
2@ Tyr  32.75x268° 41.95#122°  29.40+18.34°
FAF Cys 537411 57640117 6.58+0.44°
FABREF 471274680  584.1948.90%  626.76431.96°"
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Table 3 Free umami amino acid content in Shenxian keans

BoR A 4% /(mg/100g)
S S2 S3
AEF: Glu  273.14H5.17 346.22420.60°" 451.51430.23"
RAZF AP 4.7940.42° 6.4622.15° 5.8740.59°
AEFE Ala 1020095  11.2540.41°  10.104065°
H 28 Gly 3.2140.05% 3.30:1.01° 3.93+.13

ok FILELE £ 291.34+13.85° 367.23421.33”" 471.41497.86°

E: B—ATFEMARATAARFER (P>005); F&
REATHREE M (P<0.05); “*RFTAREEZFHM (P
<0.01) .
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Fig.1 Total ion chromatogram (TIC) of volatile compounds

derived from high temperature sterilized Shenxian beans
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Fig.2 Total ion chromatogram (TIC) of volatile compounds
derived from microwave sterilized Shenxian beans
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Table 4 Relative content of volatile components in Shenxian beans obtained using different sterilization methods

#iE NI L T N AL KA LU
5.468 B 872 543 MS - 0.253  0.076
5.528 2-A B 945 595 MS - 0.124  0.108
11.275 4- )8 Hi-2-B5 920 948 MS - 16.364 -
11.32 3-FA-1-THE 892 956 MS - 11.008  6.690
12.299 (S)-2-F4-1-TB 918 961 MS . - 0.187
12.527 1-RB 873 962 MS 0.059 0.080 0.115
13.036 DL-2,3 T =& 927 971 MS 4552 5997 8.142
13.404 (R,S)-23-T =& 947 998 MS 4.455  4.067 5440
13.890 1,5-%—B% 957 1013 MS L 1512 10.715
15.438 33- = A-1-T 8 932  1124/1120"  MS/RI - 0.043 -
15.722 B 873 1136 MS 0.056 ~ 0.099 -
16.282 IE OB 862  1149/1154%9 ~ MS/RI  0.433 0.630 1.168
17.180 1-3R 8 -1- R 842  1150/1168"%  MSIRI - 0.048 -

20.543 (SS)-4-F }-2,3- X —BF 839  1168/11608%  MS/RI  0.686 - -

5k 20.749 6-FHi-2,4- —B% 803  1183/1184%  MSHRI - - 0.053

21.334 1-¥F 385 888  1198/1210"  MS/RI  1.158 1.062  1.459
21.609 1-3F Rk -2- At -1-B% 804  1211/1210%9  MS/RI 0.134  0.048 -
24.218 At s 942 1274/1276"  MS/RI  2.776 3424 4212
25,505 ”'?;%iﬁgg 942 1307130789 MSRI 0555 0278 041
26.160 A 942 132313309  MS/RI 2211 1.878 2.566
26.601 %‘gfﬁﬁiﬁé;fé 875 1368 MS 0229 0157 0.224
26.927 KB 900  1379/1384"  MS/RI  0.286 0.092 0.157
29.072 A-7E HoBs 832  1398/1395M%  MS/RI  1.149 1.030 1.221
29.567 AR B 827  1418/139209  MS/RI - - 0.100
33.155 oA ThER 893  1502/1491"%  MS/RI  0.787 0.318 0.424
(22)-5-(1S,5S,6R)-2,6-— ¥ 3
36.133 ZR[31.4] & -2-¥-6-4] 806 1850 MS 0.284 0.067 0.101
-2-F K -2- R M- 1-B%

13838 w3 922  1061/990™  MS/RI  1.052 - -
17.046 14-—F ¥ 873  1150/1142%%  MSHRI - 0.059  0.043
19.927 BX-B-F ¥ 870  1158/1160"%  MS/RI 0217 0.309  0.294
20.706 T 928  1179/11648%  MS/RI 0217 0463  0.266

BE 21.087 2,2,46,6- F 3 Bz 876  1254/1251”1  MS/RI 0406 0.900 0.799
21.555 4-T F R -1-(1-F A T A)-Z3R[31.0] 2% 871  1206/1186!Y  MS/RI  0.300 0.496 0.621
21.858 B-R M 864  1214/1189"9  MS/RI 0285 0515 0.631
22.332 B, 910  1125/1124™  MSHRI - 0.158  0.123
23.437 75 o i M 879 12577125589  MS/RI 0.188 0.337  0.489
23.747 1- 9 H-4-(1- F AR TH )1 3- 3R =N 849  1262/1254%9  MS/RI  0.266 0.330 0.388

TR
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LR

23.950 AT 933  1267/1261%9  MS/RI 1596 1.961  2.652
24.127 B-7K s 901  1271/1266!Y  MS/RI 0545 0.891  0.765
24.971 - 904  1294/12648%  MS/RI 0540 0.677 1.008
27.087 1,355-mF }k-1 3372 —H 885  1384/13708%  MSARI - 0.073  0.103

(1R,25,65,75,85)-1,3- =%
34.231 H-8-(1-Fr &)= 834 1752 MS 0.160 0.081 0.098
I[4.4.0.02,7%-3-%

34379 1-FHE-1-THk -24-—-(-FLAHEPRTEKE 834 1767 MS 0.105 0.035 0.036
35.252 R-o-BATAR 899  1808/1791%  MS/RI  0.097 0.033  0.045
35.389 1-% A5t 891  1815/1792"%  MS/RI  1.076 ~ 0.472  0.700
36.377 ;‘;fg:g%;?i;%i " 812 1861 MS 0597 0.347  0.103
36.638 (+)-FAH 894  1874/1854%9  MS/RI 0912  0.152 0.461

37.008 TN 837  1891/1868"™1  MS/RI 0.233 - 0.041 -

8.362 2- W AR B 901 897/8979 MS/RI  0.051 . -

13.904 S 919  1015/1023"%  MS/RI  0.354  1.207 -

15.526 ok v TS 858 1120 MS - 0.037 -

17.989 i 33 811  1153/1145%%  MS/RI - 0.122 -
20.440 (E)-2-& Hitt 873 1165/1168™  MSRI  0.094 0288 0.053
21.182 X H B 939  1274/1279"9  MS/RRI  0.868 0.577 0.563
22592 Fig 951  1255/1260%%  MS/RI - 0.104 0.076
24,561 RUBE 966  1365/1365"%  MS/RI 0521 0176 0.252
L. 24767 (E)-2-3 Yl 820 1372/1376%  MSRI 0116 0.167 0.103
R 26.323 E i 901  1363/1358"9  MS/RI 1307 0.760 0.682
28.097 (E)-EHt 905  1389/1394!Y  MSRI 0141 0177 0.115

30.742 4-Fp AR T B 882 1440 MS 0.140 - -
30.804 (E)-2-% fitit 893  1441/1442%%  MSRI  0.242 - 0.072

30.966 ATAZBE 918  1446/1447"%  MSRI 0215 0.192 -
31.524 2-T Fh A=A 887 1461 MS - - 0.053
32.352 2,4-% — Witk 932  1482/1483"  MS/RI 3500 0.597 0.896

40.254 ) & R 829  1940/1930%%  MS/RI  0.064 - -
42.481 FookE 820  2245/2234%9  MSRI 1915 - 0.092

3.128 7 R 873 475 MS 0.159 - -
10.339 3-#%&-2-TH 864 950 MS 6.100 12707 9.314
B%  14.150 2-#2 3-3-/%,BR 824 1032 MS 0.066 0.211  0.105
17.475 2- & R 803  1151/1156"%  MS/RI - - 0.034

32.583 1,3- =55 F 2 -2H K Sfok ek 2-R 826  1494/15051%  MS/RI  0.093 - -

7.324 B 909 676 MS - 0.429 -
11.398 2-F AR 881 958 MS 0.393 0.647  0.899
Bk 14.633 FATE 899 1064 MS 1529 1.662 2.122
14.990 2-F AT 884 1083 MS 1.841 1.663 1.981
20.331 TE 826  1159/11501%  MS/RI - - 0.047
21.064 Ky 890  1183/11858%  MS/RI  0.091 0019 0.176
®TR
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26.775 FRZF B 901  1370/1364%%  MS/RI 0731  0.248 0.326
Bk 25973 A AB 888  1317/1325"  MS/RI  1.563 - 2.348
33.350 TAE 946  1507/1508%%  MS/RRI  3.741  1.017 1563

7.879 LB LY Bs 982 746 MS - 0.225 -

o 8.381 LB TBs 901 904 MS - 0.282 -

" 20585 4- TEERIR THs 843 1411141089  MSRI  0.167 - -
30.311 LB A% BS 897  1425/1430"9  MS/RI 3414 1.891 2.367
21.982 2-iE XA ko 905  1241/1242"™  MS/RI  0.730 0791  1.024
BtX 29385 FE 933 1406/1400%9  MS/RI 2339 1460 1.877
31.690 EES 951  1465/1461"  MS/RI 24135 8.956 12.843

3.178 1,2- =W A= Rt 998 494 MS 0.124 - =
5.167 1) 990 594 MS 0.098 0.347 0.266
5.811 2-Fi R TBE 904 658 MS 0.122 0.149 0.119
12.708 AT 848 970 MS - - 0.059

LRk 15495 2,45-= F otk 848 1112 MS 0.107 - -
18.408 2,5- =% Hotok 971  1154/1160%%  MS/RI  2.873 0.337  0.400
22.598 2,35-= T fhobea 909  1255/125089  MS/RI 2522  0.388  0.359
25.757 2,3,5,6-m9 F Hokk 956 1314/1325"%  MS/RRI 5243 0452 0.210

27.981 2,3,5-Z F4-6- Tk ntok 867 1385/1378%%  MS/RI  0.254 - -
4t 96.565 95.194 94.589

E: MSEFREE M, RIEATFHRGILEM, RIATHRGIBKIIE, -EFA00H,

3 g

3.1 AN FA IR BT 2 GRrmANfeE) sl
SRR AT T IE, BERERE, SRk S
T 53~54%, FE A EEL 13~15%, MFESEZ
8~W, FHLTHESEL 2~3%, N & E4) 15~16%,
RTS8 2 3-4% o Horh i AR B A S A0S T4
BOR, JCHEXNE ARBUREOR, T A5 18 77
PRI o

3.2 Uk R ANHE S MR XU PR AR AT T A
SRR RUBR IR T LA B (1 e vl 22 i e
A SR AR, R R o= R,
HEFRE LR 8 B T, R AL B R
B & Bf s, BT, BB B il S R AR
if sy QEp

3.3 RHATIZME MMAE (HS-SPME) F15 kA
(GC-MS)HANT ey il FNIER T AR AL 44 M it
YN, TSR Y TA RN 7L R R gy . FHEE
T AR AL, i R B AR AL RS 2
BRAH S, (HREZE. B AR &
BT, MRS, WK, BEREAS BRI AP AR
X ERBEAG, MR, FERFE RS B A .
TR A ST, S HEOR B R 3R B R R
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