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ABSTRACT Nattokinase can be enriched in Bacillus subtilis fermented soymilk, but the resulting off
flavor has seriously affected its industrial promotion. In order to ascertain the source of peculiar flavor
in fermented soymilk, this study traced and identified volatile components of fermented soymilk at dif-
ferent times by electronic nose and gas chromatography mass spectrometry ( GC-MS) , and analyzed the
metabolic changes of protein in fermented soymilk by physicochemical methods. The results of electron-
ic nose reflected the trend of samples flavor over time. GC3MS detected a total of 60 volatile compo-
nents during the entire fermentation process, including alkanes, alcohols, aldehydes, ketones, organic
acid esters, heterocycles. However, only the heterocyclic compounds dominated by pyrazines showed
an increasing trend while the proportions of 2 ,5-dimethylpyrazine and 2,3 ,5-trimethylpyrazine in heter-
ocyclic compounds were 76.65% and 16.00% , respectively. Therefore, 2,5-dimethylpyrazine is pre-
sumed to be a flavor characteristic of fermented soymilk. Moreover, physicochemical analysis showed
that the degradation of protein accelerated the production of amino acids, and the catabolism of amino
acids might promote the synthesis of 2,5-dimethylpyrazine,, which caused the flavor deterioration of fer-
mented soymilk. This study will be expected to provide a base for the flavor improvement and industrial
promotion of functional fermented soymilk.
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tein metabolism
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1.2.1.2 T2k

KEFk—ZB(40 CRB6h)>HFoAHL(2
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300 mL/min,
*x1 BTFEERSRER

Table 1 Sensor information of electronic nose

P4 31 )7 5 15 1405 4 B 6 I Ak 5 9 26 i A ik
1 wicC F5 T -5 2 (aromatic)
2 wss UL 49 (broadrange)
3 W3C R NIF A 4> (aromatic )
4 W6S 4% (hydrogen)
5 wse 5 i 2 4295 75 1243 arom-aliph)
6 W1s H 3£ 2% ( broad-methane )
7 Wi1w TE ML ALY (sulphurorganic )
8 Ww2s 526 (T 2K (i 2 (broad-alcohol )
9 W2 W £ WL AL (sulph-chlor)
10 W3S K 4% 46 42 ( methane-aliph )

1.2.2.2 GC-MS 73#fr

FEAL AL PR . 2 % W e 45 i 07 150 U1 mL g
an T 15 mL TSR 7 8 38 PF 4% 1 60 C k-
i J5 A B S A C IS AL A A [ A AR R (solid -
phase microextraction, SPME ) 2§ B 3 & (270 °C 1§51k
30 min) , T 75 WE fff 40 min J5, 4 A GC gEAE H i By
5 min, BENFE AT 6 1K

i (GC) 45 4. H: AR A DB-5 ms B 4f & 4
(30 m x0.25 mm,0.25 pm) ; FHild 27 £l 40 C PR
3 min, ) 5 C/min 7+ £ 150 C ,$#E L) 10 °C/min
F 2 250 C, %+ 10 min, F L 20 °C/min F} ZE 270
CLREF T ming JEAE LR BE O 250 C LR AN 70 R J5
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Fig. 1 BSNK-5-fermented soymilk at different fermentation time
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Fig. 2 Analysis of electronie nose
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Table 2 Volatile components in fermented soy milk at different times

g REES Lot 4 HXT AR e ) /%
min CK 24 h 48 h 84 h
e dE 25 (6 Fi) 3.32 1.66 2.38
1 29.109  FRCLE(1-Fkedt T Lhedt) 0.49 +0.37 0.48 +0.27 1.6 £0.08
2 26.378  IE+ Uk 0.58 £0.5 0.22 +0.04
3 23.976  1E-+ Pk 1.86 +0.16 0.49 +0.04
4 31.014  E Ak 0.33 +0.06 0.11 0.03 +0.01
5 18.416  2-%& KL+ —he B3R O e 0.31 £0.49
6 13.325  E=1=k 0.64 +0.73 0.22 +0.05
B (7 Fl) 25.35 15.03 20.93 6.02
1 29.133  T--3,5- 0 2-f 0.43 5.65 3.03
2 11.454  1-3 45 -3 24.44 +0.86 12.83 1.5 14.01 £10.12  2.47 +0.46
3 15.663 7B 0.91 +0.63 0.42 +0.1 0.29 +0.08
4 13.162  HEHIf 0.26 0.17 +0.01 0.09 £0.03
5 14.271  2-350-1-x 0.68 +0.75 0.08
6 30.932 1ok 0.24 +0.02 0.06
7 12.017 @ 0.67 +0.02 0.6 £0.04
BEF (5 ) 9.47 0.90 2.44 7.41
1 10.459 3= 0.41 2.26+1.6 6.2 £1.22
2 15.484 T 8.08 0.63
3 13.498 7 0.65 +0.21 0.55
4 31.946 -7 g s 0.13 £0.02 0.04 +0.21
5 13.986 T -2-F fs s 0.85+0.25 0.25 0.18 +0.11
B2 (8 ) 6.19 7.32 6.26
1 15.031  2-T-fi 2.15+0.79 2.08 +0.44 1.64 £0.25
2 8.473  2-BPifi 1.65 +0.86 1.89 +1.78 0.93 +0.19
3 17.185  2-+—if 0.27 +0.16 0.73 +0.10 0.82 +0.27
4 27.625 3| H kiR 0.08 +0.01 0.97 +0.22 0.76 +0.34
5 30.532  2-+ JukiER 0.40 +0.29 0.41 +0.10 0.75 +0.44
6 17.039  H 35 5 35 F ) 0.18 +0.12 0.40 +0.11 0.68 +0.29
7 26.246  2- = hiHR 0.82 +0.96 0.41 +0.09 0.40
8 17.193  2-F —kefi 0.64 +0.06 0.43 +0.15 0.28 +0.31
ESEE % (18 Fh) 2.05 34.59 8.42 9.35
1 8.038 2- T 9.51 £0.17 1.05 +0.45 1.88 +2.39
2 10.474  FEfR 2.34+0.76 1.25 +0.70 1.18 £0.27
3 7.752 Rk 5.73 £4.12 0.92+0.5 0.71
4 29.188 b/ DUk R TG 0.11 +0.01 0.13
5 21.455  4-SSHRTR WS 1.19+£0.23 1.8+1.26
6 21.879 L%k IS 0.53+0.11 0.67 +0.46 1.26 +0.97
7 25.566 PR %ENHE 0.36 +0.06 0.40
8 31.952 -8, 11, 14-— - f = 4% ik W1 lig 0.04 0.39
9 16.058 3 W fig 0.09 +0.03 0.28 +0.17
10 31.715  AB7K — W R g 0.57 £0.06 0.17 0.15 £0.04 0.26 £0.16
11 30.021 AL AR 0.19 +0.09 0.23 0.1
12 32.775 AR W TEE 0.43 +0.1 0.11 0.05 +0.03 0.15 +0.08
13 17.817 =S¢ H g 0.07 £0.01 0.07 £0.03
14 10.617 ¥4 2 ke-2-$ 0 2 15 14.34 £2.23 0.85
Diethylmalonic acid, di (2-(3, 3-dimethyl-2, 4-ox-
15 27.624 0.48 +0.20 0.29 +0.06 0.45
acyclopentyl) ethyl ) ester
16 28 083  ydroxy-bis (4-trifluoromethyl-phenyl) acetic acid, ) (o o o5 0.19 0.18 £0.02 0.16 £0.08
1-methylpiperidin4-yl ester
18 14.076  Propanoic acid, 2-methyl-, propyl ester 1.19+0.4 0.96 £0.72
ZEIRF (10 Fh) 5.23 10.92 48.91 60.70
1 11.774  2-1F ALk 5.23 £0.17 2.57 0.95 +0.14 0.7 £0.11
2 9.189  2,5- HIJLuL 2.19 £0.86 30.69 +13.37  46.53 +1.37
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B2
my RN s E R mASRiratick

min CK 24 h 48 h 84 h
3 12.092 2,3 ,5-= H SEnlk g 1.83 £0.37 7.69 £0.53 9.71 £0.7
4 21,179 2-Fp i A-6-F BLnt g 0.45 =0.27 1.39 +0.78
] 14.521 3-Z2, 32 5- 7 G nH 2.31+£1.72 6.88 £2.91 0.89 £1.04
6 21.183 2T -3 - A ek 0.46 £0.07 0.73
7 15,192 2-H Beoo-( 1-[A 4 4 ) i s 0.49 +0.01 0.63
8 13,845  2-1F 335 R B i s 0.24 £0. 06 0.07
9 19.909  2-T 3L-3 5. H AL e 0.14 0. 08 0.05
10 14. 708 4-Hexen-1-ol, (4E) -, acetate 2.02 £0.10 .92 £0.57

Hfb(o fip) 25.76 14,32 6.82 3.32
1 14.797 bt E N ] 1.72+£0.9 3.47 £2.56 1.66 £0.26
2 15511 HILAE 2 i 2.81 0.62 0.38 =0.07 0.68 £0.12
3 11.348 W 0.45+£0.23 0.33+0.21
4 §.922 [ELE="S 23.08 £5.18 8.37+£3.03 2.31 20.32 2.65+£0.97
5 23.977 13-H 56 = il 1.18 £0.73 0.18 £0.05
6 18.737 4—(2,4—IIJi(-h|nm—? L8.9, lU—Lelrah'\':lm-lﬁHJ—(Jxa—(:y— 1.5 +0.64 0.97 +0.69 0.48 +0.25
cloheptal b | naphthalen-5a-vl) -morpholine
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Fig.3 Comparison of active components in soy milk at different fermentation times
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Fig.4 Changes of protein in fermented soy milk at different times
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F12,3,5-TMP J T B ML wR 26 AL & W stk 1 H A A K
oS5 RSB a5 A B G T B
B A TSR S B PR R
T i 1 S kIR S A b 1 A 35 AR A AR I B, ik — 2B I
T LRSS W) TS R 2 AT R A I S A X
WRAHOC™ B I
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K XU, S AH 8 35 - 8] 7 #% ( gas chromatography-dfac-
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SRR R R R AR kT R e S
SCAS RS Y T 2 3L AT R R L R 2 T 5|k
AT PR R . A WEFER W] A 2R R AT A
A= 2,5-DMP F1 Y B £L alt % ( tetramethylpyrazine , TT-
MP) ZEmte gy 7, EL 0 2, 5-DMP f Rif A4 5
TR R TR B AL T 7 A 2 B N IR T 0 AR
JR A 2,5-DMP™ | fHLR B 55 S AR R R D0 AT A iy
YL (TR AR BN ) I RTEE T, EEAAAE 2,5-
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