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Abstract : Natto, one of Japanese traditional food is made from steamed whole soybeans
fermented with Bacillus natto. In this study, the effects of Natto mucilage- feeding on
griwth, organ weight and serum nitrogen compounds of rats were investigated. Male rats
in Sprague-Dawley strain were fed on basal diets supplemented with aqueous Natto
mucilage of several percentages for 10 weeks. Natto mucilage had no significant effects on
the body and organ weights. The levels of GOT, GPT, LDH, and total bilirubin in serum
of rats fed Natto mucilage diets were significantly lower than those in the control group.
The levels of total protein and albumin were higher than those in the control group. The
level of calcium in serum indicates a growing tendency. but creatinine, uric acid, and BUN
had declining. And the most component of free amino acids in Natto mucilage were
glutamin acid.
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Nattor:  ZAWFe  Bacillus  nattol} 22 9#Ad ok NattodlyE &L 5o
Bacillus subtilis® d23¢ o 40CHM 16~ Bacillus#d & AXAIHAN 44420 Hdvs
AN FEAIZ YR HEAZo)rH1]. Natto (mucilage Natto)®} F2FZ]E ASAAA
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2 W84 - Yus

o] A& APol dol 4270 4 Natto?} 2
o} 23y Ywtd e 2 Natto?d mucilage Natto
£ 3T, mucilage Nattor 2 AZFH A
g AL gong #@d, 74 9 Natto
9} ot Mucilage Nattor® @ Nattoo] ]
4ol WE Al AEe HEAH YT E
3 g0 HEER YAss Aol EHo|ri2]
H F[31& Nattoo] o}vxibg ¥4 Ax
glutamic acid, aspartic acid, cysteine, proline
9 #%L  E33,  leucine, methionine,
histidine 59 #3#& 2Rckn Risga, o
54-51%  A=AR AIZY  HAEAE:
glutamic acid®] #&e] ERHozg HU
B &

fi4 §[6]2 Nattool angiotensin | H# AL
(converting enzyme, ACE)2] 841& 734 A
et 8o gloJM angiotensinfl 8] HA&
Atz dudss dAY & v ¥vo
R [7], Sumi F[8]& Nattoold 275744 of
it g FAE 9 Algd gd dwae
Nattokinase® @23 d2n, o] ik #HEF
fibrin¥ # 5 prourokinase BA 2w & 7}H o
B2 AAFAEg olleEl APFARE AH
el EHE 2E & U 2ET g3 484
2 49111 oleel% Natod] Azrls
ol §i3trlE(12]3 A cholesterol A 8 &
£13), 2el3 elastaseBA[14-15] Fol Ux
Ao g da#iA gt

el B dgelai Natto 882 4eg
e dotr v 213l Natto?] ofv)xAl B
38t FEE B2 Natto FES A ¥
A% F P79 83 Fo 48 AL EY
€ A8 1 ARE IA7 2nd

2. 4w

2.1, MENR

B AN A8 HYEEL AP 1222
+263g == Sprague-Dawleyd &4 ®8#H (%
HEEEE, 4715 4T 60 vlgoln, 7|E
AEHeolE #HF & AFHA AB(ESHE
659%, =9MA 221%°14, A4 35%°14,
Z4F 5.0%e°l8, Z3E 80%18, ¢& 06%
o4, ¢ 04%°1hHE AHgElgen, wrda
E(Natto mucilage)® MEREIAFL(ANE

B P&

A )l AzEe] Alwdle wEg
FE FEato] Abgsiac

2.2. Natto ¥ Natto IR MY
UL SO

Natto % Natto HEEo e Gy g
A8l 31{16], Nattod] ¥E F3 Nattool Al
HHEE& AA® Natto 2|3 Natto HAEo)
et obvlieitel L HPLCE )&%
AccQ-Tag¥ o2 &ASH. & A8 05g
& #H& F 01N HCIZ s0m=EA Aexn {44
welgte AEAE 10w HE K™ (viaDol
AccQ-flour Borate Buffer 1 70ué$+
AccQ-flour Reagent 2008 Wi E£83 % 5
5CA 1083 8484712, dAAA 548
injection 3ttt HFEEHEB¥E amino acids
standard solution(Type H : Wako)& A}48+Y
oo, &Zd(eluant)2 0.14M sodium acetate 1
o 097mfe] trimethylamine® I73 #%
phosphoric acid® pH 50~5018 %3 £39
ASt 60% acetonitrile?) &9 BE& Algslge
H, ojm} HPLC® F7& Table 13 @t}

Table }. HPLC Conditions for Amino Acid
Analysis

Instrument : Waters Alliance 2690 XE
(Waters Associates Inc. USA)
Column @ 39X 150mm Nova-Pac C18
Detector : fluorescence
(JASCO FP-920, Japan, 250-350 nm)
Mobile phase : gradient method
Injection cycle : 50 min.
Injection velume @ 5l
Column temp. @ 37C
Flow rate {(ml/min) @ 1.0

2.3. BRaln

Holmz © AgPHolZ AE4E Natto AR
9 FEE Mg BE 50, 100, 150, 200g 8 &8
F 129 24M3HE% AAAZ F cheese-cloth
2 oAdste 2 §HE A 49 £ vz
22 054%, 1.08%, 156%, 201%Y HHE &
fd& g 5 Uk 28A Table 29 2o
dgyelg Azxstgot
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Table 2. The Composition of Experimental

Diets
Group Diet
Control DW®+ BD”
A DW + BD + 054% NM®
B DW + BD + 1.08% NM
C DW + BD + 1.62% NM
D DW + BD + 2.16% NM

# DW=distilled water
¥ BD=basal diet
< NM=Natto mucilage

EBA H %ol 12224263 ¥
Sprague-Dawley Al §4 ¥FH (ALY EE, 3
1= AAE) 60 viElel AEARGE F489
A 154 §A2H A F 2 9 12004
5/HdzT, 48 A B, C, Divez iy
plastic cageol* Table 13 Z& 4ol§ zH
FHEAM 1052 AMSEg e 283 o) Ay
FE AANHE Hslr] HEtel d¥TER
AFH Frle] F%¢ A & g
F Aol dHFE A ZIZEe Wy 23 1049
2593, HFe Ad8 oA 11Ae 2743}
o, 2ol HHZ AT AF9 H3E
A A 4 2/ Aol Aol AFEH)
ol A8 L UFUNY AFEIRE ¢ 7|7
kel AojdF e wol ANEYEL, B
e A MBS =, 2 2, v 5§
28 F 42 42 AXsda oA +
g AAS g FAE A8 A

2.4 3 % I HS

A ALES 8HE 10530 A 4
FHE 12 M 4470 £ ethyl ether® w3 A
# AEHRE dastd AEetn, Ay gAe
H&Eel 147 WA F 4T 3,000pme
2 2087 d4Eeste gy By AHEd

S5 (Natto) HA&0] ##e ¥4 Ao rlAe 9% 3

ooadan Avle A F FA AEse 7
B, 18 & HEsa, HE HEdd Ay
HEgre AHe F ARxg F2E AAY o
& 719 FAE AU

2.5 sEEy yY

AYAelR 1077 AR BAEYE ¥y e
do] @A Fo] ErHblood glucose), glutamic
oxaloacetic  transaminase (GOT), glutamic
pyruvic transaminase(GPT), total bilirubin
(T-Bib, <59 (albumin, Alb), total
protein{T-Pro), blood urea nitrogen (BUN), &
# (calcium, Ca), A#H e (creatinine), 84
(Uric acid), lactate dehydrogenase (LDH), %
o #3e BAAEREMNDry chemistry
system, Daiichi Co., Ltd. Spotchem model
sp-4410, Kyoto, Japan)& o] &3le] A3t

2.6. BAN2

¥ 139 FHAEF meantSDE  EIW I,
window# SPSS 10.0(Statistics Pakage for the
Social Science)®& AHE38}Y independent t-test
& PEAU7. 29m 9%5% AHSFAM 2
T T8 A4 E FHEEA

3. da % 3@

3.1. Natto®} Natio FA@S BN

2 dYer AL4% Nattos) Natto H2E 9]
Ui gg 48 FA#e Table 5% #3, o
HEQ opvidl §#& Table 63 ok &
glutamic acid?} Natto® #98<] 3 Natto
Bl 77t 1856%%  3078% FHAEo] e
A b #e AeZ Yy o) A& Onishi
%(18]¢) Natto HEES amino acidFole
glutamic acid®] el 714 B Bug
A A} e,

Table 3. Proximate Analysis of Natto and Natto Mucilage (% dry basis)

Crude protein Crude fat Carbehydrate Crude ash Total
Natto 40.18 2377 20,92 6.13 100.00
Natto mucilage 45.39 21.62 25.78 7.21 100.00
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Glutamic acidE ¢1A19] g3 faolv}icat
pooldl X 71 ¥ aming  acido®
glutamine2. 2 44 A#" 5 gl Glutamine
2 YEAEs gAMEAA 2 ouiRg
o2 AM4E F 2deuF Natto HdE9 43
T olE AEe 7g F/HAAMN gAg Wy
AAE A% =d 8ol Br19]

Table 4. The Amino Acid Composition of
Raw Soybean and Natto Mucilage

(mg/100mg)
Free amino R . Natto
acid aw soybeans mucilage
Aspartic 11.82 10.91
Serine 515 2.93
Glutamic 1856 3078
Glycine 442 391
Histidine 267 3.15
Threonine 422 317
Arginine 7.63 421
Alanine 466 3.40
Proline 5.35 5.34
Cystein 1.58 0.84
Tryptophan 3.27 3.32
Valine 4.73 426
Methionine 1.24 131
Lysine 6.98 7.11
Isoleucine 4.65 3.81
Leucine 7.83 8.72
Phenylalanine 5.24 481
Total 100.00 100.00
3.2. EEE By

321 AF 5% L Hola s

dEHelq 10 2 AEF 2 7Y AF &
7he, o] A% % MolEZ&E Table 59
o HFL A8 VT F A 2 BF Y
o2 #7183, Natto FAEY FE7F ®ot
AL E AFZ7e] Be AHeg ey
ol & 1 F[20]98 Big YA FH}

2 A¥olA AeldFAHT Holxg 9 Ha
B 43%¢ 29 s8] B 9 Natto HE
o] HFA7 AFZH 4LE vixE A& @

R S

T e, o] Natto FAES H3H7 BEs
E Adides Hold#ge] ¥ AM #BEHo)
Ag Hog Az

322 A9 BA

10559 dysolz AlSd #79 7 27
o A Table 63 g}, 2k 37)zte] zlols}
UL, HEFHNE KA Aolrl dE R
glevt MMM oeg Wol Natto YFEof o
£ waEsl A= ¢ty Jer wdHer 42
By dHse deE A7 A0 ko A
Zrgl o},

3.2.3. 84 GOT, GPT % LDHY %
A  glutamic oxaloacetic transaminase

(GOT)# glutamic pyruvic transaminase(GPT)
831 lactae dehydrogenase(LDH)®] &g
Table 734 -t}

GOTE g7 d=FolA 12000 U/ 2 o),
ATl E 8067-11433 IU/L 2 WzRTo)
e BE dYield #9)H(p<0s) e Wt
o GPTY #¥x tizsoa 3933 TU/ L o),
Ay el M 2800-3367 TU/ LB tiZETo o
8 2F A"TA fo¥(p<005)or Wk

GOT2F GPTH 2713 A44 5 #AA
of ol &5y AHEHPA ARB R vl
EE H8FdM HeA 9A ded Re
Nattod B &o] 2785 AILFAF oule] &
ZstA ZAgse Aew Ay £ gl o9}
e AEke 7 F[2119 vustxE #@rh agn
LDHS &8 diziddAA 138067 TU/ ¢ o] a1,
AT M 110867 125767 TU/ 12 HERTF
of wd B, C, D 34 A¥Todd #H
(p<O.05) 2.8 etr),

3.24. 9% Total Protein, Albumin 3
Total Bilirubin® ¥

844 Total Protein, Albumin % Total
Bilirubin®] #8& Table 814 X wig}
=3

d3 ¢ Total Proteinae tj2FolA
557 g/dielil HAPTAME 6.07-697 g/di2
e wisl 2B AFETAAM  foEtA
(p<0.05) Z7beld 3, Albumin® %S dx23
of A} 287g/deol i HE AN 3.23-3.87g/dL
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Table 5. The Body Weight (ains and Food Efficiency. Ratios of the Rats

Bodv weight(g)

grotp Initial Final Gain FER® NM intake‘'(g)
Control 189.90+5.74* 390.877.68 20097 %1.94 015 -
A 204.22+6.58 421.991+7.59 217.77+£1.01 0.15 0.19
B 185.63+6.77 400.36*8.10 214.73+1.33 015 0.35
C 196.00+5.03 389.86£9.79 193.86 1 4.76 0.14 0.54
D 174.40£6.79 365.49+9.20 191.09:£2.41 0.14 0.72
YAll values are mean*SD, n=12 k
PFER : Food efficiency ratio(gain body weight/ food intake)
“NM intake : Natto mucilage intake/day/head
Table 6. The Organ Weights of the Rats(g)
Group Brain Liver Testicle Spleen
Control 1.22%0.36" 837+1.44 3.01£0.26 (.82+£0.39
A 1.47+£0.21" 9.27%0.85 3.08%0.21 071015
B 1.49%0.25” 8.79+1.43 298+0.27 064+0.19
C 1.50£0.12" 8421104 282+0.31" 0.56:£0.16"
D 1.51£0.13" 8.18+054" 2.79%0.23" 0.50+0.04"

®Values are mean+SD, n=12

PSignificantly different from control by t-test(p<0.05)

Table 7. The Concentration of GOT, GPT and LDH in Serum of Rats (IU/ £)

Group GOT GPT LDHIU/ ¢)
Control 120,00+ 2.65" 39.33+3.21 1380,67+£59.34
A 114.33%3.21 33.67+3.06" 1257.67+72.51
B 91.67+3.06” 32.33+351" 1202.33 £ 126.78"
C 87,33+3.06" 30.67+3.06” 1166.67 = 84.60"
D 80.67+4.16" 28.00+ 2,65 1105.67 £ 53.46"

Malues are meantSD, n=12
b)Sigmificam;ly different from control by t-test (p<0.05)
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2 2% HAETAM /28 A(p<0.05) F718
t}. o]$} o} Natto Mucilage® 48 YT
o Hiol oA o] & A& Mucilage
o] Ao wo) g§F¥ Glutamic acid® B4
o] 9l Aoz yzHEY

w3 $HY B9 9 Fu4 T4, F94E,
g g B9 A FEol He ¥H Total
Bilirubin®] #§#& E2ITM  0.4Tmg/deo] 3L
AETFAME 037-023mg/deE BE HAE oA
F98 A(p<0.05) F2FHch ol AL Natto 3
2o} hemoglobin2] g s ojwl 7
£o] gl7] WEQ Ao Azgng gog o
& A7 HAg Yz

3.25. 93 Calcium, Creatinine, Uric acid
2 Blood Urea Nitrogen(BUN)
3 29 Calcium, Creatinine, Uric acid %
BUN® #8& Table 8% Zt}
g4 9 Calcium #$%& oi2F0H 1027

LU HIA i

mg/deel s AHTFANAME 1066-1093m/dlE A
& AL BE dFETdM #93A1(p<0.05)
Z713kgch A€ Natto HABA i
poly~ 7 ~glutamic acid7} ##He 473 A
ggod F42E F/MNADE Tanimoto F
[221¢} w18} WA & Aoz gudrh

#4 F9 Crestinined TFL& 2T NA
110mg/diel it AEFdME  057-08Tmg/dLE
2E YTy #9434 (p<0.05) FAEgch
22 Creatinine® <&% @Y EFste 4
714 BEAR Creatine WAl HEFAEE oy
A d#Eenc F&%d e Aoz 4
A glrl, zeieg of 4¥A Creatininee] %
2% AL WERFEG FEFAA AFo] ¥
A #BEe] g Aoy QA €3 9
A48 BUNS #%& dizddMug Y3
A BE F9aAl(p<0.05) FaEYe ol AL
Natto mucilages] 7F% %2 glutamic acid?}
Aol A FHiEr R & ofv]xiteiy) w¥
42 HEAE7] fEQd Re g g

Table 8. The Concentration of Total Protein, Albumin and Total Bilirubin in Serum of Rats

Group Total Protein (g/df) Albumin (g/de) Total Bilirubin (mg/d¢)
Control 5.57+0.15” 287%0.15 047006

A 6.07+0.32" 3.23+0.15” 0.37£0.06

B 6.43+0.15" 350%0.20” 0.30£0.10”

C 6.60%0.20” 3.77+0.06” 0.27 £0.06”

D 6.97+0.21” 387+006" 0.23£0.06”

¥Values are meantSD, n=12

PSignificantly different from control by t-test (p<0,05)

Table 9. The Concentrations of Calcium, Creatinine, Uric Acid and BUN in Serum of Rats

Group Calcium(mg/de) ~ Creatinine (mg/dl) Urie acid (mg/de) BUN (mg/d)

Control 10.27+0.15° 1.10£0.01 2.03%0.15 22.00£2.00
A 10.66+0.17” 0.87+0.15 1.93%0.21 17.67%1.53”
B 10.67£0.15” 0.77%£0.15" 163021 16.33+1.53"
C 10.70:£0.26” 0.67+0.15" 1.53:£0.12" 14.00£265"
D 10.93+0.15” 0.57%0.06" 1.43+0.32" 10.67+3.06"

Malues are mean=* SD, n=12

Ygignificantly different from control by t-test (p<0.05)
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4.3 B

¥ HHe F7 Natto 289 olnjxit
A4EE Bl &FAHE Nawo HAEB
glutamic acid®] el F7kdle A& #§9d
A, 5EE 2§ Natto HAE F49L 8
Hell 10577 4% F AFF/EE AL &
A8 HETAN w8 Ao rvelgen] 4
olEi&, AVNFA BE HYsiA e Aoz
Vel ed & Aol Rk ¥4 Fo AL
B3EQ] GOT, GPT % LDH2 gk f-9l84A
w2 & YERHE, total protein® albumin®
e F7stg ey total bilirubin®l e A
3t e calcium #-& FobEte ARE eW
21} ceatinine, uric acid % BUN¢& & 74
Bl Ae-g vhebdch

oj4el HHAZ natto HEEN FAEL
glutamic acide] 1, ©] HAEL PHM 2
ANFE7Hen €% @943 calcium® $3F&
F7AR B E Natto FIAEAE R 7%
A AEe Age] HsE Aeg Qe
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