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Abstract: In order to investigate the important functional-active components in different varieties of natto, natto was
processed using soybean, black bean, red bean, mung bean, lentil, chickpea, kidney bean, pea, red bean and cowpea, and the
differences of nattokinase, polyphenol, natto polysaccharide and y-aminobutyric acid were compared and analyzed in these
natto. The results showed that the nattokinase activity ranged from 985.31 to 2453.18 U/g, and the nattokinase activity in
chickpea natto was significantly higher than those of other natto (P<0.05). The total phenol content ranged from 1.44 to
3.21 mg GAE/g, and the total phenolic acid content ranged from 19.754 to 183.902 pg/g. The types of phenolic substances
were abundant in black bean natto, mung bean natto and cowpea natto. The yield of polysaccharide was 1.03%~15.11%, the
content of total sugar was 21.86%~58.40%, and the content of uronic acid was 4.26%~15.09%. And the yield of
polysaccharide, the contents of total sugar and uronic acid in kidney bean natto were significantly higher than those of other
natto (P<0.05). The content of y-aminobutyric acid was 4.97~15.99 mg/g, and the content of y-aminobutyric acid in cowpea
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natto was significantly higher than those of other natto (P<0.05). The viable number of Bacillus subtilis natto in lentil natto

was significantly higher than those of other natto (P<0.05). After comprehensive evaluation, black bean, cowpea and kidney

bean were ideal raw materials for the produce of new natto.

Key words: natto; nattokinase; polyphenol; natto polysaccharide; y-aminobutyric acid; Bacillus subtilis natto

B E ISR A WAL etk B i 1 2 2H BGER
5y, B 2R WY, SRR AT Y AEE
FERMFE AR EZOREY, BH SIS SAH IS
&Y. ZIFTE 2RSS ThRR G TR oy, B PR
1b . PRI MBS Z P E A ThRER . g BN s
ZEAAT B & T T A I — R R TR, ORI 4%
e B BATER AL . TR AL | R
PR TR T o i 114575808 A5 AR P24 T e . gl o
A NS 2 ISR p- 3 T RS
FhOIRETSERL Y . AN S B EFEME S X e Wi vE
TR Y] . NG IR —F 2N O 2R ™
A e 22 SR AR P, ELA S AR T . Se s PR o 1%
PEFTHCE RS M TR E D . 2R 2K 5 A
TS ARG T IE RS 58455 « FE IRIpE 0. Co A 148795295 19 IR
AR, SETh R, WY R A
AHHREVENT | PrEf. BRI S GRS
FUIRERI S TGP . - IR T M AEE R
JRAFENR, BAIRICIZ . R LAE AP AR e S 4
HRTHRES

H i, & UL S SR RS9 9 IR/ gl
TP gyl B g S0 R g g T A
B 2 EE R RENE . IE TN EN
T 5T = A AR TR 4N S PR RS R AR, SRR 20k
BELN T, (AL 12 o o S T, T X gl b H
MBS PE L S IR IE R D . AT SCER AR ISR R R
ARG RMR/NG (BE R 4:1) 508, 38 °C &1
22 h 459N 5, AN R PAEG RS JI T I8 942 U/g, 2R
7= AU IS A B N FE 40 5 R T 30 A R TS SR AN
PO A HR AL Ge2e g, I ke R BRIPDRES P 4
5. BATREBASER) oY R IR N E R A i T2
SRR 3%, <& 3.5 L/min, #3 300 r/min, 3
W 1.2 L, KEEHA] 36 h, Y9 85iEnG J1ik 152.5 FU/
mL, B R s 5392 (0.109 mg/mL) . &l
JREGE ST KRB AR 30% . HEHHE] 80 min.
PREBUERE 61 °C. B 1:15(g/mL) 1414 13
9N TR EGE N 119.24 me/g, B BUFHUAALTR
P Li U W98 A A B 12 h 5, 99 5 2 FAT
HR - R BT TG 1 s B e e KA, 9 AR T B
Fil & e b RGN T 3.2 4%, A SChnAEN e T gt A B
AT R R A . AR . R ERE . A AR
FUBELH L B = Igie gt i 2 . B nIISE
A, M AR (LR E RGP E) . YIEfk
PPN PRUE L — (FRZE N S0 , 49500 SRR AL
FIRCHES W S B rat

AFFFELE A HE ULAY 10 Fhg RS B Jv/h

E.a8 mE.EBEE . KT WE, a9 MELE)
Hil 45 T AR SRR BN S, XF N ST N S . 21
AT 2R - BT R 4 FhEE A DIRETS PR LA
R G ZEHIFTRE S T T FR 5T, I gl S =
A A ST 2N S PP R AR E R A T BRI AR
1 MRERE
1.1 MRS5S
KE RA 252; BV (EEERT) L M (RGN
PRS2 WS B AR/ INGL(RLIAMIIR L) | 2150
(FRAbgr ) e (WDsE) W TR A IR
VETT; SET(SJ-0052) . SL(EREL T 2 2)  #ide
SEEEROAEY) T AR AR hoC s 90 S 2R 0FT
w7l (Bacillus subtilis natto, CICC 10263) g H
TP Ak P R RCAET B L0 BEIMESE 1000 U, &R
FEFNT; FRERF 1280 IU, SR F; L 4EE 1R
SEE 99%, B L] SR RRRR | 4-F2 R R |
TR, ENENR . 3,4- "2 EIEHMR ., 3,4- 555
S, JLESE . FHEMR . mMERR . T HR . TILEK
F.EEE . IEGR. TEHE. K. IR, 8
g SfbREERR . S NREERR . ATEHERT sy
AT 98%, E[E Sigma 2 H]; 4 MLTE FAEE . FEA

PR a2 99%, [E 255 Ml kA il AT BR A 75 -
REET MR 4l 99%, & itk vl i TR . Bk

BRIV AR . =& LR (Trichloroacetic acid, TCA)
Sypral, E2GEREAARFIA TR A F .

Freezone 6 Plus ¥iETHENL ZEE LABCONCO
2\ Fl; Multiskan Go 1510 4= K A7 . U3000 =5
AR, 13%4Y . Vanquish #8 = 20 AH (41% . Q Exa-
ctive 43 HE1E  3€[E Thermo 2\ ) ; SPX-150B-Z
HIEARIESAR RS AT R AT
1.2 SFHE
1.2.1 G T SHEXEHEE il sm
Tk BN G AT R R kIR 2 LB #5383, T
37 C FH;55% 48 h, PRI G 2R AT A A 7% T LB
WRFEFRFEE T, 37 °C #RIREEFE 18 h, 13 2IFF UK -
PREESERR AR I S T IG VR TE 25 °C iR

P EE LA 5% (ot L) B2 R el s AR R T I e Fh
P, WP A, B 37 C KEERIFE 24 h 4 C)a
0 24 ho BRSNS B RN 8 2N S ) gl S
ZEAAT BN BB RIS % n BT % T
B, 7—80 C 554 TR URT 1 18 h BB AN U /5 &
T—20 °C KFHfiEfE -

1.2.2 YGRS J1E =75 Astrup S5 (77,



- 142 - £ Tl B4

20244 7 A

SR £ 2k 25 PR I 5 9N R NG T o TR
10 uL FREGHEFbRE R (80, 280, 480, 680, 880, 1080,
1280 U/mL) fi b FEF 48 P4, 37 °C ¥ F 18 hs
FRTEAR S RO BB B B AR, RGBT A, AT
RE P A P TR (A 19 SR X BUE i A bR, LLPR L
BEARAE S U EE (C) 1Y B SR I o DAL bR, F5-L2 [
U977 24 : LnA=1.1543LnC+0.9764, R*=0.9975, —
ANEFRE S7 847 (U) 5E X 1 min NZKAR£T4EE 77
A= 0.01 mm?® 375 HA B8 T 75 22 00 Tl o
1.2.3 2y sl
1.23.1 SMmEENE SHHBERE 1k, R
JHAR AR 72000 58 99 S FP B S . RER 1 g Rl
TRy, A 20 mL MAFRS34 80% BT, IRJE 10 min,
WG 8 (0.22 pm), AR EWR, B PRSP R:
TEMEELZR A ZE 10 mL, JEARZE 25 mL. LA EFIR
VAR AR, WROGIE A AL R, A5-Ze P 1A
. y=2.9566x+0.0543, R*>=0.9994. HX 0.5 mL £ 5
VW, A 0.5 mL #aAREN R, #2515 #E 30 s. Tl
A 10 g/100 mL BRERFAVFUE 3.0 mL, ZEAZE 5.0 mL,
EEEIZ N 30 min, 760 nm AL E I GIE ., 4558 HZ
SO E TR XM (GAR) A e T #7~ (mg GAE/g),
LI T T
5 (g GAE/g) = 5 XE & (D

K C SRR BRI, mg/mL; V IR ESRS
AER, mL; M RES AL, g5 F AR
1.2.3.2 ERZSZHAE 2% Zhuang 5P (Y 7k,
K FH R B R (- BT RSB (SMmidg 18 18 7 15
RELNE T 19 PRI IR & & . BRI 1 g PR T-99 %8, Jin
A 2 mL 4 mol/L NaOH, F 40 °C 7Kk, 7KfF 2 ho
JH 4 mol/L HCL KT pH = 2, i 2 mL 1ECV%%, '
% 20 min JGBREIECKE. JIIA 2 mL 4R L BEHEE
KR, EE WG T 35 C Hefhzs ks LRk =
PR, A 200 pl 50% FH K W, SRS
R, gL h: Ai%tE - Waters HSS T3(50 mmx
2.1 mm, 1.8 um); #iiE: 0.3 mL/min; £:7&: 40 °C; it
BhAH: A #H: 0.1% LPBR-/KIEEWR, B AH: ZIE (& 0.1%
) HEREEL: 2 pl; BELES & : 0.0~2.0 min A/B
(v/v=90:10), 2.0~6.0 min A/B (v/v=90:10), 6.0~
8.0 min A/B(v/v=40:60), 8.1~12.0 min A/B( v/v=
90:10) . JTi A SR s o5 2 IR F L=
Full MS (78 Fl: 100~900 m/z; 75 =: 78S T-); 500
. 40 arb, Sk 10 arb; B T Wi%5 HLJK: —2800 V;
WL : 350 °Cs B AL H A R : 320 C. FIJHEA:
Trace Finder ZbHH G5, ARPE{ A% 5 H Ba 1T
N TE AR, AR
C><V>;vl[3>< 107 ® ()

A C AR, ng/mL; V AL FREL
AT, mL; M ARG FRIBUE L, g5 F A BT

TR & & (ug/g) =

1.2.4 94T ZHEERECS e
1.2.4.1 IS ZHHREL S5m0 17kt
Bl & L 20 . BRI 12 g R T 9N 85, A 95%
2B (w/iv=1:10), ¥E¥% 6 h, LA 4300xg E5.L» 10 min,
W SR DLVE, 70 °C LT o I AZE® K (w/v=1:20),
95 °C /KIBFHEEL 6 h, B HIJ5 LA 4300xg E5.0> 10 min,
WHETER . SEARFRINA 3% TCA LISZEH IR, 4 °C
BE A, L 7700xg B5.0 10 min, YCEER IR . 2544
UM ATCK 2.5, 4 °C B iR, LA 7700xg 250
10 min, WWEAEDTTE, ¥ R TEASAH 20, #2630 (3) 1%
& Z R

T EHZ RN EE)

*E%*EFF%E(AJ)= Jﬁﬂfﬁ’ii(g)

x 100

A (3)
1.2.4.2 NE P2 il DL b S br v
i, SR FH 2 P - 12 725 21 00 A el v RO R, AR 2R
P A 5% y=3.4157x+0.071, R*=0.9985, LIFF
RS 12 Ry B vfE i, SR FH 1) FR SRR B b A2 15230 ) s
o RN P PR S i, A R PR LA 7 R : y=2.707 1x+
0.0479, R*=0.9985, L4~ IV && I M AR e, >R
Bradford 7254 W kg A 5 b 0T L, A ZeE Rl
JrF: y=1.8714x+0.1424, R>=0.9927,
CxVxF

SR (%) = x 100 2 4
WS TR & B(%) = C;ZV % 100 % (5)
EaRE%) = 2V XF 00 # (6

A, C RES TR, mg/mL; V IRES,E 2
AR, mL; M RSB EE, mg; F RGBSR
1.2.43 AEZHTElE =% Liu 55 107
5, SR HPGPC 53 BXAE I 2 Z2 0 AR i 119 43 F 28 45
Ao LAASTRIAT HENHEARAE SH AR X 43 5 2 (X X B
SHYNAR AR, LAAE N (o i8  8 B B 18] (O SR AR A, 45
IgMw-t( FE 5> TH) | 1gMp-t(IEA7 475 . 1lgMn-
t(E ¥4y T8O K IE £k 1gMw=—0.1761t+11.0299,
R>=0.9927. 1gMp==0.1678t+10.6291, R>=0.9916.
1gMn=—0.1674t+10.5361, R*>=0.9937, {4,3% 2514 Wi
ZfjAH: 0.05 mol/L NaCl ¥ & ; Ko il £ : 75 225 K il 2%
(RID); H:7: 40 °C; Jitid: 0.65 mL/min; PR 30 pL.
1.2.5 p-Zd BT HREENE  SHEAEP Wk,
FREL 1 g 4085, DA 6 mL Z&18/K, #7510 min,
HE 5 min. B EIEW 2 mL IDATEERR, 1R, 4 C
T E I, LA 7700xg BS.0> 10 min, YLEEWE R . B
0.3 mL 3%, LA 0.2 mL 0.2 mol/L Wiz £k 2% nh
W (pH9.0) . 1 mL 6% AN 0.8 mL 5% KR
PN, TRTEIR S, /K K#E 10 min, 7KZK¥ 15 min,
WIEEBERE WG, IIA 2 mL 60% Z, B % W,
645 nm AME RS, p-2 3 TR ST EIT



3454 5 134

VIG5 AER A SR 2RI RET PR HEA - 143 -

CxVxF

y- &R T B (mg/g) = A D

2, C SRR, mg/mL; V SRS E S
AER, mL; M SRS EL, g5 F AR 7
1.2.6 N ZFATEIG B E =% GB 4789.2-
2022 E A A I AR B LA 2R 5 PRI A
B AE DR AR 00 8 20 & 2R A T PR T PR AR
WG HL 0.1 mL AS [RGB FRRE S 509, JIN A AT
BN AR N, AT 5, AR B EE A = 1L
37x1 °C B55E 4842 h, i1%. WHL 0.1 mL 25 (RS
WIS EEHE A I ASeEs xR
1.3 B

AT SIS E A 3 IR, SIS R LIS H AR v
W22~ . R SPSS(version 25.0) #5478 K & J7
ZZ47 M Al Duncan 22 5 LG 56, P<0.05 B HAA
W22, A Origin 2021 3RMA44EA
2 BEREHH
2.1 AREIRMNZHIEER

10 PR E BRI T aE 1 i, 10 Fhgl =
SRSk . KGN E B A MO NN R/
NG FNER N G R R e SN T T AN S
SRE T RO, YT RSO, G AN
VLS T 2L, B THNE . BiTPE . ST
SR YL G G2 KIS, BRI A

AR/

Z . BEYNG | SR NE YN G INLT SN S ARG 22 5
HEPOR . FITARESEN 9T A 30 4 e 45110 A iz i
15 h, Z53& 30 min, $FPHE 4%, 37 °C K 18 h, #il&
FiA) R T N ORI AT SGEE, Pre2 ) i SR A R
SR, XIEHEE o AL 8 MR R ZEAIUAT R B
R HN48 F1 TC100 B RR & B 11 9N &R B AR it
by, Fhm 2, Prest . NG ANIES TS, K g
METT . BN SR SKESLANEL S A S RIVEYN S A AR
iy S
2.2 A EIBRMMEHNEHESE NSRS

9 B 4 RS AR 2 BN, ASTE] S Fb g
LA ST ) 25 5 W 25 (P<0.05) , AN KT )
FE 985.31~2453.18 U/g = [a] , H o J# B G 44 &
(2453.18+75.61 U/g) BI4N S35 FE G 11 5 35 s T HoAth
RPN L (P<0.05) o B WIFSTAT SCASR] SR gl 5
YN IS TSR 216.98~1140 U/gl1028 #5343
55 T YN S I RS T 1689~3269.38 U/gl'?2%1, A
BIF5E A 40 S BT 17 T 2000 Ulg 4N & 5L b 8
W T 4N 7. (2453.18+75.61 Ulg) . BA TN T (2329.22+
148.75 U/g) . B F 485 (2104.53+147.19 U/g) FLLH
Z5.(2112.11+153.02 U/g), 5 E N E A 5T 91 5.
il & P 20 RS ) LR TR KO SRR
i S9N 2 0 AN IS TR, 43 1021.30+
46.89 1 985.31+68.67 U/g, Wi Z [B] 22 5 N g 2

El 1 10 FioRE SRS

Fig.1 Ten different varieties of natto
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Fig.2 Nattokinase activities of ten different varieties of natto
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Fig.3 Total phenolic contents of ten different varieties of natto

R R e T A R AP AN L(P<0.05) .
4 548 (2.27+0.09 mg GAE/g) FIEL 544 &
(2.28+0.08 mg GAE/g) Y BL I 7 i -5 X il 442 25 B
(2.16~2.18 mg/g) WFFR 45 WAL . SET T (1.47+
0.07 mg GAE/g) . Bi Z. 4915 (1.75+£0.15 mg GAE/g)
s 419 57.(1.44+0.04 mg GAE/g) 14 M09 o+ 5 75
KUPELEN91(1.57~1.98 mg GAE/g) WF5E 45 BAH L, 2M
o A e S U AEAE M TE R AR OG . B AT AL
EDS B R B 7 PSR Gy 25 rp, B 2SN
T 2A ) o i e (48.73+2.68 mg/g), HIHdi A ke
TrEesi . KGN B9 SG R/aR/N G gy &b B
R E, MTRERA E RO AELEE T .

2.3.2 BEEERYI R NS R T
A DLIEL 4 FNER 1, AS[E]SH ARG b gy i) o 2H
=25 B3 (P<0.05), By R S & = FE 19.754~
183.902 ng/g, RN E BRI LS SR EE ST
HoAh PP 5. (P<0.05) o i 540 51 EEE 5200 =1
Vg3 R 2 IO VAT 2 AT 3 AR AL, o & BRI 3EAIR, P 2
A 225 AW 3 (P>0.05) . BEHE | GtE 40 5 HIUL
TG ALK e 19 B R S AT AE Y AR /N TR
5. LGN RGN AT Y 18 Bl M AN
B AN R AN RS 17 s T R 4N
e 16 Fh . (BTG GEE g FIEL G 90
SRR Y B b S A RILAS R, s BT
0.10 pg/g. KRG GFIRE TGN G P2 ot 2H i AE
L, LAT AR O7 IR . BB . X 8 5L Ay
R SR 2, RGN T PR TR I e A
NTF.(P<0.05), GG b LS R & 2w T

(2) P H
i IA

0 1.5 3.0 4.5 6.0 7.5
PR FARFA] (min)

(b) N
CANSR K=

__JWMMJMJUW LG

—J“‘"“——""““”“. ; I b N Y
0 15 30 45 60 75

LRERRFA] (min)
Bl 4 10 By o mh 28 B ) 8 i

Fig.4 Total ion chromatogram of phenols from ten

varieties of natto
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Table 1 Composition and content of phenols from ten varieties of natto (ng/g)
[/ KEHNE B RENT EWENYE BUNTE NG AENE SR IS YN EINSE IS
WEFER  0.13240.010°  0.025£0.002°° 0.014+0.001" 0.016+0.002%" 0.007£0.001° 0.044+0.009° 0.026£0.002% 0.030+0.007° 0.013£0.003¢" 0.021=0.000°*"
RNER  10.789+0.090°  6.762+0.139°  9.174+0.790¢ 12.420+0.710° 6.768+0.302° 12.439+1.014° 12.838+0.478" 15.931£0.205° 7.130+0.232° 1.241%0.055"
g;._;ﬁ]iéz 0.144+0.008  2.012+0.176*  0.019+0.001°  0.009+£0.002" 0.034+0.001° 1.058+0.146" 0.387+0.041° 0.169+0.015% 0.017+0.002° 0.282+0.005
g;._;ﬁ]i% 0.016+0.001°  1.531£0.057°  0.027+0.004° 0.014+0.002° 0.030+0.008° 1.380+0.177° 0.733+£0.076" 0.718+0.082¢ 0.021£0.002° 1.882+0.036"
%ﬁ% 5.658+0.391°  8.350+0.527*  1.648+0.136" 1.191£0.105¢ 1.526+0.179% 4.241+0.117° 2.411+0.145° 2.131£0.190° 0.544+0.087" 3.645+0.083°
JLE#H ND 0.122+0.016" ND ND ND 0.014+0.000¢  0.016+0.003*!  0.025+0.002° 0.006+0.001¢  0.050+0.003°
R 14.810£0.558" 14.718+0.334*  0.204+0.024° 0.057+0.005° 0.370+£0.077° 0.857+0.134° 0.136+0.011° 0.124+0.010° 0.106+0.007° 0.794+0.017"
WHERR 0.037+0.001°  0.098+0.000™  0.009+0.001" ND 0.009+£0.0017  0.241£0.044* 0.087+0.015° 0.078+0.005** 0.059+0.008% 0.124+0.006"
TR 54.342+2.021°  27.242+1.248" 0.272+0.051°  0.046£0.009° 0.077+0.000° 0.139£0.013¢ 0.059+0.010° 0.032+0.001° 0.113+0.009°  0.113+0.006°
FILER ND 0.035+0.00° ND ND ND ND ND 0.008+0.000° ND 0.014+0.001°
T 0.205£0.021%  0.166+0.013°  0.258+0.045° 0.223+0.019* 0.378+0.056" 0.198+0.024* 0.209+0.030* 0.204+0.057* 0.269+0.045" 0.214+0.012"
XAEER  19.417+0.915° 17.718+1.757° 3.145+0.324" 0.196+0.014% 0.542+0.064° 11.980+0.532¢ 12.45620.529° 7.738+0.547° 4.163+0.308" 22.789+1.385"
THE 0.369+0.043*  0.214+0.031>  0.164+0.035° 0.060+0.012% 0.263+0.054° 0.157+0.027° 0.094£0.016° 0.020£0.000° 0.387+0.046* 0.081%0.015¢
KR 0.741£0.047°  0.562+0.097¢  2.069+0.169° 0.136+0.028% 0.413+0.045" 4.633+0.275° 1.302+0.115" 0.549+0.081¢" 0.427+0.028" 6.464+0.123"
JCABTELIR 28.959+1.125° 25.822+0.973°  0.571£0.044°  0.097+0.022° 7.434:£0.446° 5.242+0.131¢ 2.188+0.280° 1.1130.063° 43.106+1.206° 44.642+3.709°
PR 36.033£0.000° 10.985+0.562° 0.418+0.051" 0.164+0.017" 2.501+0.324% 2.473+0.234° 2.458+0.197° 0.070+0.000" 15.277+0.265" 1.381+0.049°
ARHR 11.071£0.159*  9.339+0.489"  2.979+0.262¢ 5.058+0.630° 3.501+£0.186" 6.834+0.098° 6.409+0.173** 5.901+0.239 1.700+0.104" 2.883+0.134¢
SALAEERR  0.083+£0.008"  0.054+£0.007°  0.010£0.002°  0.019+0.004° 0.009+0.001° 0.031£0.006° 0.018+0.003¢ 0.016£0.001¢ 0.012+0.001°  0.036+0.003¢
RARERE  1.095+0.115° 0.63£0.06°  0.098+0.016° 0.047+0.010° 0.038+0.005¢ 0.585+0.061° 0.570+0.073° 0.070£0.009° 0.123+0.008° 0.299+0.016°

Bt 183.902+4.191* 126.382+2.030° 21.083+1.151" 19.754+1.483"

23.900+1.111" 52.546+0.940°

42.396+1.174" 34.927+0.077¢ 73.470+1.441¢ 86.955+5.610°

T A AR LURES T BT (0=3) s ND: SRAGI Bl B % RIATA R 71 LARFORA RN PRI & 2257 B35 (P<0.05)

M F.(P<0.05) . MEMNE. /NG E | A5 HNE
g 40 TR I 25 ST 5 AR TN 248 . X TR
FIZER R N 3. 51590 S ARy R4 kb 3.4-—
FRELFETEE | X S RANKAG IR B TR o
(P<0.05), X EEZIR & MW TN T M 116.27 1%,
JEE I T S R LN S P R SRR A A e B A R T
oAt SRy L, P 2 8] 25 5N i 3 (P>0.05) . 3%
N T ANGL TGN b i B R 1 e 2 e
b S ARG L, W 22 R) 22 52 25 (P>0.05), 43l &
JoE W gl v iz X RRT B R 1Y B Y 444 £
460 f%. 10 Fhal & {388 9 w5 40 5 b SR AG I L mn e
PR, iR /0N I 4 K R iR AR 14 o o v T At el
(P<0.05). Oh F5EP° oy A 3507 rp 545 Kk
PRI 7 TR (49.28-20.07 mg/g) , Xl & P B P 7 k75
AR/ BEAA BUMAREH . Lou 4507 W5 & 80
FIFEBTERIR VT LAyak /AR P9 PRI i 7= A, DA A0 =5 PR
B IMRE o 10 FRAS[E] SHFP 98 S04 193 R 2 AR [A], 7~
N EASE AT

2.4 AFEIGEMHINE ZHELLE

24.1 NEEZHRS5AN MNE PSR SH
W 2 Proas, ARy G 2P A0S RN a2 =
3 (P<0.05), ZHRZRAE 1.03%~15.11%, 3540
SRR m T AL R A S 2 (P<0.05), B
YNGR TN 2B RIS, P Z A1 225548
2 (P>0.05) . AN[ESFPgh & 2P 005 A
21.86%~58.40%, K Z 4N & 2RI B 5 g I T
HAZN T (P<0.05) o AS[R] LRGN 5 22 00 X PR IS IR 5
HTE 4.26%~15.09%, 35 40 5 2B FIEL 548 5 208
AP TR & B 2 T AL S PR 9N & 25 (P<0.05),
Wiz A2 5 AR W35 (P>0.05) . BLE NS ZhE,
YNGR KT YN T ZE R 4N 2 PO
R o e 5w A T AR RS g IR AR VT . ST
WS P2 1) 2 k55 22 0 10 5 A P O R A= 0 0 1 % DD FH
Ko Wu P8 IS LB R 432 i) WSRP-
2b 1Y BETE IR & 1 (74.73%+3.43%) & T WSRP-2a
(61.46%+2.29%) , RS ME MU IEE o a-TER AT

210 Fhyh G 2 HE A AL
Table 2 Content and chemical composition of polysaccharide from ten varieties of natto
Eistan KEHG RBOHE mENT EBEEAT BONY SVNGHY AET UMY XKUY SIEY
(%) 1.03£0.18°  2.38+0.52° 9.93+1.28  8.15+1.03¢ 10.12+£1.34% 12.45+1.71° 10.45+1.88%¢ 12.09+1.22% 15.11+£1.52* 3.18+0.95°
BBE(%)  21.86+1.237 31.03+1.11° 4532+1.16° 57.23+0.85° 56.99+1.69° 48.79+1.94° 51.53+2.84° 58.40+1.71° 57.97+1.42% 48.59+0.45°
WEBERR (%) 7.2120.43%  820+0.74°  4.26+0.43°  5.00+£0.85°  4.51£0.74°  4.75£1.12°  4.76+0.85°  6.48+1.70% 15.09+3.33* 13.87+2.37°
EET(%)  3.05£0.89°  3.1240.43° ND ND ND ND ND ND ND ND

TE: %: Bt 1 43 Hos ND: AAGIN N 5 & S A% FATA R Rk EARFOR AR 1 AR Bl 432 k22 53 1. 35 (P<0.05) .
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HIBEST) W= T WSRP-2a(P<0.05) . B iR &
B SN S B RIEL S9N S 2 i) BE BLUA A

AiETE. 10 Fhal & 2P I8 A A , AR

SSRGS RSP SR EEREA

S, PRAESEAER WY & E0 g 5 AP SR B A 1 EL
H—EMRPEH T EH .. KE MRS Zn 6

FEAEREEE 254, W Re A e s i iG vk .

2.4.2 NG ZhESTE NS ST EWE S AT
7N, AN E AN S B o 25 F RO, A AE

1.222~262.529 kDa Z[A] . LRGN Wi 590 &

ST T ZREN S TSR, 43 LL 36.647 kDa
(172.02%) . 37.641 kDa( 69.83%) Fl1 48.616 kDa
(64.65%) 5 R FE . /NG TN, LT 90

SRR S AN S R0 T o AR AHALL, S35 LA S
FHA 58.111 kDa(54.30% )5 202.769 kDa(35.76%) .
48.067 kDa( 58.10%) 5 214.961 kDa( 34.73%) .

66.029 kDa(42.76%) 5 262.529 kDa(38.67%) 41
. B ANE 2 B T gy g 2 RIS G

YN RIS TR Zho 2507 RGBSR R
MLk & 2505 T 845350 195 kDa. 768 kDa #l

—~

a) 37.641 kDa

5

] 48.616 kDa G

& W 4

é 1112 kDa Ji TN
A mums

. igibi— KUY

18 21 24 27 30 33 36 39 42 45

PR EAI ] (min)

(b) 262.529 kDa

50.525 kDa T
. FINSE S
=) 36,647 kD2
% ¥OgE
~ 48.067 kDa -
1= LRGN
= 58.111 kDa THT

ARG

18 2.1 2‘4 2‘7 3‘0 3.3 3‘6 3‘9 4.2 45
LR EZIRA] (min)
Bl5 10 Py EZ2HEY HPGPC (il
Fig.5 HPGPC chromatogram of polysaccharide from ten
varieties of natto

208 kDa A #K2E5, 7T REJEAN & 2FHAT Ba A TR 72
TR 20 NS e ZH, DA T Z 05
Sy RN, AR 3 ArAn, AR SRR A 4N 2N 5
BWEE(Mw/Mn) N 1.26~1.65, Hh K a8 & 205
PR TN T ZNEI R BT 1, R R
b JEAE T AER Y ST R R PR AT R R R
B 8 Fh G A kL 2 4 T AN 0.45~14.80 kDa #4111
Z 18.00~56.56 kDa, Fi 8 AIH M i 42 & (P<0.5)
Chen S5 F 9 2 £ R FH R IPY 19 B R 2 28 O AT 2R
KW W22 B Z 0 7 = M 52.02 kDa B AI8E
21.19 kDa, X iid S AL N4 BE3E T H A -1 £
PYWER . s 2 i A s e R 2K,
S KA W0 A iy, Joik A ¥ 5 T
53T/ ING 2B LATE B i G 4544, S2mi A= 1
PEE Bai 25 WFST A PRLT 25 o 2 BRI N B T 2ok
X 2 BUWE PRI /N BRI S, B IR RS
HAMRPYER . E3CEE o kst o 2
e A i IEEERAE ST . Zhu 9 WFST A IR S
ZHE CWP-0.2(15.8 kDa) HA & - ARG ML A AL TN
G REPH I . ARG SRR A T A 225, TR
T T NS ZHEA R A
25 FEIGMPNZH p-BETRER ST

N T - A TR A e A 6 TR, ST
Fhagh rp -2 T 1 & B 25 5 i 35 (P<0.05), p-2( ik
TR & AE 4.97~15.99 mg/g, p-Z 5L T 1R & & B sy
MM UL S, IR SR AN T, W A 22 3.22
fi% . Venkidasamy 5B ifF 5% & B2 & 4% (20 mg/
100 ) & E A E S FHALG 7. 3G RE ST RIH

a

16 t 7
— 14}
&
on L
R
& 10
% 0l
® O
gl
2 L
0
G v v B v B v B B
OO IO SOSONOTOIO SO
IR NIRRT RN NS
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Fig.6 Contents of y-aminobutyric acid in ten varieties of natto

3 10 AT ZHER T 5E
Table 3 Molecular weight of polysaccharide from ten varieties of natto
i REPE RBERE WENL EECNE BICHE  HNENE AEPNE  HEHE KEME  HEHNE
{REART (min)  40.642  44.467 45.105  36.02 32.777 36.651 32498 3558 32.354 36.048 36.717 35925  31.861 35.365
Mw(kDa) 7.462 1.582 1222 48.616 181.080 37.641 202.769 58.111 214.961 48.067 36.647 50.525  262.529 66.029
Mn(kDa) 5.403 1.237 0967  32.089 112.003 25.161 124.720 38.020 131.838 31.744 24.529 33.285 159.429 42.928
Mp(kDa) 6.447 1.471 1.149 38.454 134.623 30.134  149.946 45.580 158.525 38.040 29.376 39.892  191.789 51.479
Mw/Mn 1.38 1.28 1.26 1.52 1.62 1.50 1.63 1.53 1.63 1.51 1.49 1.52 1.65 1.54
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PP ST RSy T TR FHBRAENS ft
FTRIMEZFR G H p-E B TR E A 1.24 mg/g
DW, S840 G 2T B R P e R p- 2 5 TR & i
Ft 2 3.87 mg/g DW. FR/NMISEHT WF5Y & 80 LI 58
RAT WS GAE e R p-E A TR R R, 28
SIFLATEE 30 °C K19 24 h Jo WS SRR I AT p-22 3L T
fR &N 149.77 mg/100 g, J2J8 W 5 41 (3.03 mg/
100 g) A4 49.43 15,
2.6 A RIBMAPE NS FRTEEERERST
9l P N S ZEFRAT PR TS PR ] 7 s, AN
RN T g S ZEHOAT R PR S S 3 (P<0.05),
TE 10'~10° CFU/g 2 [], 525 F2 2508 W oY {8 19
6] 7= 5 1 11 90 5 4 K7 ZE SRR B TS PR RS S AR T
J B2 4N R H 4N T 2R AR B 043 B %X (6.5<10° CFU/g)
W T HALS RN S (P<0.05) . BRI FF9E Kk
LT SR Z W S A T B IR . 2t Ja g Ak 1 25 iy
2y 5, X2 RE B ATCC19119 A vb 7] [G B
ATCC14028 LA MGIIEMH . KON G HRE TR
2 B 12 (0.132+0.010 pgl/g), 75/ 494 S rhanE
TR I B B B 127 (0.241+0.044 ng/g) , 3T BEX 48 & 2%
AT A KBS —EFVERH . Gonzalez-cruz
PO R R I G A RENEEE R, BAES
ESEiNIES Ry & N v N1 W NI ¥ 2 e Sl NI A7 N
AN N N TS B

i 12 a
= b be
' 107 c be be ¢ c ¢
& o 7% 7% c
25 s 7l
o
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Fig.7 Viable count of Bacillus subtilis natto in ten
varieties of natto

3 &g

ARWFFELL 10 PSR SR Rk A 98 &, s
o TS S IS S ISR (N A N S 2 N =)
FE TR NGNS ZE AT RIS R E i 25 . 10 AR
[m] R g S 2N S TS I AE 985.31~2453.18 Ul/g
N, JEE I 4N A AN S 7 S 3 v At
2N 55.(P<0.05), BT 5544 & FI L3k 54N 5 7 22 380 e
Ufo 10 Fhal LAY S S R TE 1.44~3.21 mg GAE/g,
T PR ) S5 e B B A 19.754~183.902 ng/g, KI5
R A AT R ST e S e T H At S
F.(P<0.05), O | SR E NG YL E 90 G H
W AN B, AS ] R 4 T ) 19 H i 2 S K

(P<0.05). 10 Fhal & Z 915374 1.03%~15.11%,
ERSETE 21.86%~58.40%, MHEER & HTE 4.26%~
15.09%, Y0 G 253 SHFIDRIRERR & i il 3
= T HAR S AN 228 (P<0.05),, RIRIGN T 228851
2L SR, 78 1.222~262.529 kDa Z[d], p-Z 3L T

2 HEAE 4.97~15.99 mg/g, SN T A - FL TR
i A T A A AN L (P<0.05) o SN R EEALFT
BEIE BEE 107~10° CFU/g 22 [8], i Z9N T gy 5 2
FEUFT BT 1 % DR800 55 v 1 LAt R 9 2. (P<0.05)
A% 10 PPN S 4 FRiEH AT LR BT, L5611
MFAAT T AS RSP0 S T Bedee M Xl B s .
e FRGMUT SR A B A O EEAR R, LA
NGV 2T AN -2 B T R AN T AR
AT BRI B BB A4l 55T B T P s B 4, AT AR
YA G 0TS A 22 57, Tiise AN R S g
A, A FR E SRR 00 T A A B AR AR
e HEN GG 5 A2 E I REN G R A
W, T e JG S o b — 2B ¥R R, M BHAN[R] & F & 17
N IEHY) B A LRI AN S ThRETE U 2R o
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distributed under the terms of the Creative Commons Attribution
License (https://creativecommons.org/licenses/by-nc-nd/4.0/).
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