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ABSTRACT

Various types of fermented soybean foods are consumed in various Asian countries, including China,

Indonesia, Japan, Korea, and Vietnam. Cheonggukjang is a Korean whole soybean paste fermented by Bacillus subtilis
and regarded as a healthy food. The objective of this study was to investigate the Ca-bioavailability and anti-osteoporotic
effects of cheonggukjang (CGJ) containing high poly-gamma glutamate (PGA) contents in an animal model. Blood
samples were collected from the jugular vein at 0, 0.5, 1, 2, 3, 4, and 5 h after a single oral dose in male rats.
Ca-bioavailability in CGJ containing high PGA contents was approximately 3 ~5 times higher than that of natural
CGJ. Female rats were either sham-operated (sham; n=5) or surgically ovariectomized (OVX; five animals per group)
and then administered to OVX control, raloxifene hydrochloride (RLX) 1 mg/kg/d, or CGJ containing high contents
of PGA (20 and 200 mg/kg/d) for 12 weeks. Serum osteocalcin concentration was significantly lower in the CGJ
200 mg/kg/d group compared with the OVX control group. Serum progesterone concentration was significantly higher
in the CGJ 200 mg/kg/d group compared with the OVX control group. Reduction grade of the trabecular bone decreased
in the RLX 1 and CGJ 200 mg/kg/d group compared with that of the OVX control group. In conclusion, CGJ 200
mg/kg/d may have inhibitory effects on osteoporosis in OVX rats, and Ca-bioavailability was improved in CGJ contain-

ing high PGA contents.
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37°C, ¥ 95% ZAOE 2447k Bt HEAAAY. y-
PGA] gHirako]l SUH =S AlngE FHle7] 9jsto] F=
o dad AHE SdTFE AHShe] Bang 5(24)9] Y

S WyPste] AA wiGE 3 LE SVESlY. aF dFEE
AREet U A= W BEekglt AA wjdE Az
JFU o2 soybean 1%, glutamic acid 1%, sucrose 1%,
NH4Cl 0.2%, KHzPO4 0.1%, MgSOs-7Hz0 0.01%2] 24
o] Y =& FH|ste] A3} 2™, Jar Fermentor(LiFlus
GX, Hanil Science Industrial, Incheon, Korea)ell 37°C,
150 rpm, 1.0 L/air min 2722 36A17F &< vjekstgitt.
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(HPLC)= Agilent 1200 series(Agilent Technologies
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X180H mm)ol] =83} o, AdEEE 1AL E(Altro-
min 1314 feed, Altromin Spezialfutter GmbH & Co. KG,
Lage, Germany)$} A4 E4E A4 FAAZHTH 2 A3
AHEE BE 582 V3 National Research Council(1996)
o] “AEFE] el Agdll B A7 whek F23k3]
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tutional Animal Care and Use Committee)9] %< (Fthe
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e 555 7 voll 2 3% 2 FoATol oEetEE
2 7 g ek kit AE A0l &E
oAuAlE A7 HF=7d 250 mg/kgol Al FEg WsrF B
A 25 &3] 500 mg/kgs FoE&FoR

ARGl o FAALE AT (EF), 2T ZEds
[calcium lactate(Cal.a); Sigma-Aldrich Co., St. Louis,
MO, USA] 50 mg/kg, Z+4+ raloxifene hydrochloride
(RLX; Tokyo Chemical Industry, Tokyo, Japan) 2 mg/kg
Fo, 2+ 7€ A4 500 mg/kg FoAT 2 ZE+
% PGA A7 500 mg/kg T o= Qi) Fo] A
< 10 mL/kgO 2 3}, AFFo & SUE F-2g FAL
716 mL)E o]&3te] 9 el &3] A Tttt AP
FoJ7fade] Fo A0, blank), ¥ % 0.5, 1, 2, 3, 4,
SAIZE AR o 2 HE] 1 mL FAIZ 9 0.5 mLe] I
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Fskol o] &St £ EAAset £417] FUJI DRI-
CHEM 4000i(Fujifilm, Tokyo, Japan)& Ca &% mg/dL
o= S48kt
£ ¥ &9

7% AF ME=E 2 2 2-tribromoethanol(Sigma—-Aldrich
Co.)¥} 2-methyl-2-butanol(Sigma—-Aldrich Co.)S &3t
gk avertin stock solution& PBS® 125 mg/kge] A g
Mgk FALA S B FAlele] HAlnkd 5§99 €&
AAB AL 2-9- A 1] HF, 25, S dog o
5% A4 BAIRE UAE AFAs & UAE HF
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AR B v 5 EHEEE AR T e
153 v ¥ diclofenac sodium(Sigma-Aldrich Co.) 5 mg/
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9}E} Al (alkaline phosphatase), ZH =432 4
Bt AlFoll 7H7hE A 7} 25nte] & Ade)
shown). A3t &S ZF o & ]

A SAHA E HAAFO] A5t TR R 7 skl
t}. RLX Fo]832 Black 5(25)2 Aol A3 1
mg/kg/d=2 A3t o, gL T WA EE A,
125 WS Ro] 9l ol AL85F8 31elste] 200 mg/kg/d
Fego® dsta HA avs Flshy] flske] FH] 10
A-g3te] 20 mg/kg/dE A&FoE AAsTh o 74
Sham+ Z(20 mg/kg/d), OVX+ ZHF, OVX+ ZH+ RLX
1 mg/kg/d, OVX+ Zg+ 313 PGA =7 20 % 200
mg/kg/d T2 Ut} FoldFe 5 ml/kgo 2 3}
a, AMAE Fofdegke FH o] SAGAFTE 7Eo R AES)
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o =A& ¢~ 974 (Shanghai Yehua Biological Tech-
nology, Shanghai, China) ¥ progesterone(Enzo Life
Sciences, Farmingdale, NY, USA)oll thale] Z+ 3] Aol A
A&t SAH| wabA ELISA(Enzyme-linked im-
munosorbent assay) kit& ©]&3to] A3 E3, 1F
ZAS FHsl] 72+ 22 100 mg@ 1 mLe PBS buffers
7}ale] 4°C &%= o]3lol A homogenizer® 3 3}aL, o]uf
A2 AANE 600xgolA] 103 PAiE] 3 & 35
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londialdehyde(Shanghai Yehua Biological Technology)

tlo

2 superoxide dismutase(Cusabio Life Sciences, Hubeli,
China)oll tisted zb sjatell A Algdk SAY el whebA
ELISA kit& °]-&3te] S43sk3ltt. 547]7]5= ELISA mi-
croplate reader(Infinite 200 pro, TECAN, Grodig, Aus-
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#AZ ] AH(Fig. 1).

CEs
<7H7F

1547

—e— Aqueous

- Cala 50 mg

—A— Cala 50 mg + RLX 2 mg/kg

-eo- Cala 50 mg + Natural CGJ 500 mg/kg

-0- Cala 50 mg + PGA-increased CGJ 500 mg/kg

Calcium con. (mg/dL)

-1 0 05 1 2 3 4 5 6
Time (h)

Fig. 1. Serum calcium concentration-time profiles following oral

administration of CGJ in male rats. Values are expressed as

meant+SD of seven rats. Cala: calcium lactate, RLX: raloxifene,
CGlJ: cheonggukjang, PGA: poly-glutamic acid, test material.
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P gAY Fas HEIHOVX)TdA Fo] 0FHH
125744 Shamit Bt} 214(/X0.05) & AF 7171
AEERA oy HEHRLX) 1 mg/kg Foltol s Fof 3
FHE 12571 frolidol v ztol7t #E A Zokrt.
olg]gt AT W3tz oA TEE AAQ RLX Fo& 3

A S7F QAR A= Tt A OVX oz
wo} AF 7 AA7E BREA eFdtHFig. 2). AFsATF
ol Al dAaE A&e wollA] Fof 075E 125704 Sham
TR AFHE S HEE o OVX giEw B gz
oF Bl Ao Fojitol| A= Aol 7p #EE A ekokt

=~

foh
o R
J|>|'

AHA

g3 T 840UY SHNA Q2H L ZAE Shamw B}
OVX tizaoll A #24(X0.05) 9= F77F #2590
U, A= 200 mg/kg Folwtell A= OVX gixa 1Y 9
A(X0.05) 9= 727F B2 5y T2 A AHEL Sham
TR OVX 2+ 2 RLX 1 mg/kg FoTolA 94

(/X0.05) A& Fa7b HFHA oY, F57 200 mg/kg

450
400
350

S 300 |

S 250 |

[

2 200 +

3
150 |

uoa —-O— Sham control -e— OVX control
100 - OVX+RLX1mg  -0-OVX+ CGJ20mg
50 | —4— OVX + CGJ 200 mg

0

-1 0 1 2 3 4 5 6 7 8 9

Week of dosing

10 11 12 13

Fig. 2. Body weights in ovariectomized rats. Values are ex-
pressed as mean+SD of five ovariectomized (OVX) rats. RLX:
raloxifene, CGJ: cheonggukjang, test materlal (mg/kg/d). Signi-
ficantly different from sham control at "P<0.05.



B

(|
a:1
oy
o\
Ay

e

ol
o
o
=)
o
o
N
o

1548 oAl - AR o] dF o] 7] 5 b 2 A 8] - P 3

;

Foao A= OVX 2R 524 (7/%X0.05) A= F7F =
& Shamit 2.0k OVX thZtoll A 243 (740.05) 9L

AN T g4 54 Al 1 249 ATk &7 FEHR o OVX =T iz 2 A=
3}& (malondialdehyde)<> Sham< E.t} OVX Uzl A] oA ool e Zol7t FEEA] okt
771 #EE R o, OVX 2Rt RLX 1 mg/kg, 3= A A7) sl A HEE T2 Shamv Xt} OVX
%20 % 200 mg/kg Fofwroll A B 3hA o] #Hzty Zoll A frol o] Al Abo|7t R E A FUTt Aw TF
et 7 22 9] FAksE A A | A (superoxide dismu- £ Shamv Rt} OVX tZx= 7oA 594 (40.05) 9= 7+
tase)™ Shamw 2t} OVX djxol A 94 (#<0.05) S 27 #EE oy, OVX tl2 7Btk RLX 1 mg/kg Fof -
= A7 BEHY oW, OVX xTHTE ok 9 A= oA ZF7}7F #FHATHTable 1).
2 Folol A Fredel e Aol7F IEF A EUtHFig. 3).

ol A frel ol gl Aot BaEA ehah A
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4 oY ol

)

EEY2|SHE ZHAL
- - = = B &t
I5E &3 ezl e A Habl A dEE A5 =
A A71FHAA HEF T3-S Shamw Bk OVX o 7reke] B W F 74 (reduction of trabecular bone)
6 1 # Osteocalcin 600 - Progesterone
5 A 500 -
= )
E 4 E 400 |
2 g
g 3 A § 300 -
8 8
[ il = il
5 2 o 200
o o
19 100 o
Sham OovX OVX +RLX OVX+CGJ OVX+CGJ Sham OvX OVX +RLX OVX+CGJ OVX+CGJ
control control 1mg 20 mg 200 mg control control 1mg 20 mg 200 mg
57 Malondialdehyde in liver 39 Superoxide dismutase in liver
- 4 4 = #
£ E , |
o
£ 3 - 2
= f
S 2
§ 24 3
o
< 8 11
Q ]
= 4]
Sham ovX OVX+RLX OVX+CGJ OVX+CGJ Sham ovX OVX +RLX OVX+CGJ OVX+CGJ
control control 1mg 20 mg 200 mg control control 1mg 20 mg 200 mg

Fig. 3. Enzyme immunoassay in ovariectomized rats. Values are expressed as meantSD of five ovarlectomlzed (OVX) rats. RLX:
raloxifene, CGJ: cheonggukjang, test material (mg/kg/d). Significantly different from sham control at P<0.05. Significantly different
from OVX control at P<0.05.

Table 1. Absolute and relative organ weights in ovariectomized rats

P Sham OvVX OVX+RLX OVX+CGJ OVX+CGJ
arameter
control control 1 mg 20 mg 200 mg

Organ weights (g)

Body weight (g) 259.845.3 337.0+41.9 303.4429.8 338.6+26.4 339.2+13.6

Femur (Lt.) 0.73+0.09 0.76+0.06 0.81+0.19 0.79+0.05 0.85+0.06

Uterus 0.60+0.18 0.11+0.06" 0.18+0.06" 0.12+0.03" 0.12+0.04"
Organ weights (% of body weight)

Femur (Lt.) 0.28+0.03 0.23+0.03 0.26+0.05 0.24+0.03 0.25+0.02

Uterus 0.23+0.07 0.03+0.03" 0.06+0.02" 0.03+0.01" 0.03+0.01"

Values are expressed as meantSD of five ovarlectomlzed (OVX) rats. RLX: raloxifene, CGJ: cheonggukjang, test material (mg/kg/d).
Significantly different from sham control at *P<0.05.
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Table 2. Histopathological findings of femur in ovariectomized rats
Parameter Sham control OVX control OVX+RLX 1 mg OVX+CGJ 20 mg OVX+CGJ 200 mg

Reduction grade of
trabecular bone

0.0£0.0 3.2+0.4% 2.240.4% 3.0+0.7% 2.8+0.4"

Values are expressed as meantSD of five ovariectomized (OVX) rats. RLX: raloxifene, CGJ: cheonggukjang, test material (mg/kg/d).
Grade 0: no abnormalities detected, Grade 1: minimal, Grade 2: mild, Grade 3; moderate, Grade 4: severe. Significantly different
from sham control at “P<0.01. Significantly different from OVX control at ~P<0.05.

7} Shamt Btk OVX(FFold 271 100%)ell A 214 FulelA 2 S8 FX8k= 7150 Aol ATue] A

(7X0.01) & 717 #2590 o RLX 1 mg/kg(F50] 7164 AR FEEL QITH13). FwdS ol A7 theFdt

227 20%)2 OVX thxw ok #2014 (7X0.05) e 7+ Aol Tuirtel GEFE MAE Ao FRIEAAINE, &

27 #EEen, Fxd 200 mg/kg Folwol A E s A F7h= wlEl K
=1

ol FFold 27e] 60%F OVX Wl TETh 40% 0 o] AZalR T rhoket P age] 3
27F #EE Y (Table 2). o] I ajtu A7E.
WA AT Shama B} 94 22 A Fo] S71ek

oy

o E = o] AL APAFol A GadAE Sham &3 F 9}
Hlws) AFo] froH oz Frtelgivhs A7kt A8kl
2 AA WollA 7HE F88 v 7713 9 SR ok GAEA A7 ATl Uk ol d=ER7 ZAH
=47 Hote] FAWRl ofe} ZF 5, A S, EF o= Q3% A& BHEsly] flgte] ol ~2E=7 Aol 7hegh
a40] 43t 9 Mxrte] B T 2T AE FEOA AA RS F7HA A el 7hehs F& FHAAF 2N AF
thekek A A wgg 2-det27). dW ZE FTE A ¥ 5 ¥ (weight bearing activity)= 71571 913 o]7]
T2 pH7F @2 A 8] 2% Ao A o] Fox = T o2 B TH32).
54 %7 A(active transport)@ pH7} &2 dA 2% QL2H AL wo w9 Bolgk Tl AR R FF A
ol A 5= pell o9&l dojube= FAb7] H(passive dif- o &F4E Hrtsle = ¥4 AEE vk M 2
fusion) & 2 o] Fo] A TH28,29). A &(F)S &arA A dd A EE HUFHATHE3). Qv e 7Ale A5y Agt
H So]A mEA} ofn|=Akel Z 7 ZF A poly-y &= vlEbl K ¢)€4 a-carboxyglutamic acid T2 2
-glutamic acid)e] FelA Z+H FF5 FX3= 7150l A EF sEe Ut #lo] QAL I AEA EH]E]
ATk B arsklth(12,30). o Z3ggol HefatE o R deiA a(34), HH 7] 4
1§ PGA A= 3 71E H=78& FoIsta O(blank), & F wAgo] FUIEt] 84 o nEH e FEIL Sk
0.5, 1, 2, 3, 4, bAIzbol| AR X A3t A & ZAF = How dEA Jqrk3h). H LU T T
dFS S A, 2E 95 ForRy AE+ 5% S AFTAAE = FAH FIHE ovlsteE TAAI W
500 mg/kg TN ZgF F58& S7PF HEEAOH, o2 LA HH T et 59 AHAAE
Z+71E A= 500 mg/kg Tl BT Zg+ sk 4 = 3o g HiEo & WAES F7HE U rk36). T&
7 500 mg/kg Folwoll A 3~5A13te 2 F5&Y & Az ES Aok Aol AL BHHE dilAE 52
7b7F B AT webA PGA 4% 571 =] 7] 2oz il A& 934 HAd s 2Eo R deA
& AT HLY Fo] I 3~5A 3t F58&0] TS o= ATHBT). FAaEA ] gt SrhFFTe Yo E ZEA A~
Az ket HELE F83% 93& i, Z2ALHE Fo2 X5 a7
=9 FFEe] AdFRY BolAH EthFFo| ¢}t 7F E 4 Jrkar shQITh38). @3 AAtel A LH oAl
Al = olel #de HA 7] o] %] o F =21 Fato) Al Shame®t} OVX 2ol A #Fo4d e 717 dy
F2 HA1,2)3h=d, 53 A4 A #S vold WAEA Ao, = 200 mg/kg FAT A= OVX djFT K}
=5 W ogd2 d ¢ Qlo] EohEEo] LA TH31). H= o4 e #Aart BEHJT, Z2A2HE2 Shamw 2
ol HaEWHA GGl o3 v A== HEN Ko ok OVX tizaell A fro)4d = vt #EERo, 4
= A we] FAgd Fofstr] wiiel HER K AH 7 5 = 200 mg/kg FAToAM = OVX tiZETR2o F94 3L
st A9 24 S o] xUE & vt Busglvh = 7 #EEo] HA=Fo] avkaE sl 2Tt e
(16). &=, =4S DaAF T olaZehd §go] 714 Rnoz A7rsie)
F& Zo® Bug v 9low(17), olAETES o] T2 g E g A3e] 38 Al T MEY AbstA &g
2 AA2ERZAF FAE 755 st A EA A~EREZT A el Akl ARl A Aret]
o2 HAZ7 Y FEE= SvhEF oA 232007 B1 (free radical)ell oj@l EASHH39). | H#4ks) vEE2 A
wo] it =g AxAAdA AdEE B4 PGAE Al A ure] TR 2L 871 o3l 4bkshA 23



1550 R ABA A S AAE - QUE ol @F o]/ 5 ehge. 245 ANY - $FH - YFE 2 WS

£ Yo7l Ax = AH A}, (malondialdehyde) & 2 ZALe 2

Qlstglomn o]o F7he Atstd ~EY 29 F7HE YER

tH40). FArsHE A A &2 (superoxide dismutase) &4 = 2 AFE AP AR} Sk riedEde AYE

7he ArEu R B AaAA AR Brbe A sS4 (R&D AL (FHAIH S0 RO003434) 2
Wako e AAirstE ] S dAGE Ao W 2

aE A 4D, 3 2A A o] A atskE L OVX =

TR ek B g Fofutoll A B 3ha Aol v REFERENCES

w0 H= Fofol osto] A AAAEE B H2AT

—_

. Walsh CA, Birch MA, Fraser WD, Ginty AF, Gallagher JA.
2000. Cytokine expression by cultured osteoblasts from pa-

HAHE: HdA & AT R dHEdA] oy tients with osteoporotic fractures. Int J Exp Path 81: 159-
Zrlz=o] WA st T &g th42 E] o] 3 =24 163.
Ei; ° 4] o E]r‘]:_,_ }ME}L ;_ H ]OE <] ﬂ%:’_ L: ° 2. Park HM. 2010. Current use of drugs for osteoporosis in
B Aol A diE e sy w3bde] sjiE Aart Korea. Korean J Obstet Gynecol 53: 152-159.
Sham Bt OVXoll A #-94 &= 717 #&FEH Yo 3. Lee JW, Kim H, Jhee O, Won H, Yu Y, Lee M, Kim T,
U g xoke OVX 2T Rt G914 9= 77t B2 Om A, Kang J. 2005. Effects of alternative medic.ine ext.ract
o —— g on bone mineral density, bone strength and biochemical
slem =4 200 mg/kg Folrel A = AATh e of markers of bone metabolism in ovariectomized rats. Korean
el iz AAaE AAMA sHETE ol FE N J Food Nutr 18: 72-80.

ol ol “ A0 = 4. Kim YM, Kim JH, Cho DS. 2015. Gender difference in
AR AT Ales A osteoporosis prevalence, awareness and treatment: based on
the Korea national health and nutrition examination survey
o oF 2008 ~2011. J Korean Acad Nurs 45: 293-305.
5. Chung HY. 2008. Osteoporosis diagnosis and treatment
2007. J Korean Endocr Soc 23: 76-108.

2 AFe Z2F AL E Al A H=F o] &3] 6. Kanis JA, Melton LJ, Christiansen C, Johnston CC, Khaltaev
astE vl Ao Ve A=A ug g N. 1994. The diagnosis of osteoporosis. J Bone Min Res
- _ 9: 1137-1141.
o] A o| 858 ZIIA 7| A Yo A} A A5 3l
T] giﬂ 18 E___L Eo FA71=A] }EJ]_ J }O}Mi : 7. Grodstein F, Stampfer MJ, Colditz GA, Willett WC, Manson
st ZEAvaFHAHPGA) A 9 VE AT s F JE, Joffe M, Rosner B, Fuchs C, Hankinson SE, Hunter
oJsta 0.5, 1, 2, 3, 4, bA| kel et 2 ks =4 DJ, Hennekens CH, Speizer FE. 1997. Postmenopausal hor-
5 Aal ke Aol 7= A2y = = mone therapy and mortality. N Engl J Med 336: 1769-1775.
& At g i }?G CNIC ]‘ | gudRn Fol ¥ 8. Choi HJ. 2013. Treatment for osteoporosis: focusing on bi-
3~5AIR el ZHg Fgol S7HE Ao ' AZdit avy sphosphonate therapy. Korean J Fam Pract 3: 16-24.
Z Ao dAE AEst HAHS G538 & PGA g0 9. Kang MJ, Cho JY, Shim BH, Kim DK, Lee J. 2009. Bio-
Zo1ek A4S 197270 ATE] slo] ZrpEzo] 12| ava114ab111ty enhancing activities of natural compounds from
f’ﬂh °%_° IZTL el stel FHESel v medicinal plants. J Med Plant Res 13: 1204-1211.
Z7E A8tz shglvh A At A S Al 10. Lee JO, Ha SD, Kim AJ, Yuh CS, Bang IS, Park SH. 2005.
A2 200 mg/kg FoATANA OVX 2R 94 9 Industrial application and physiological functions of Chong-
_ - kukjang. Food Science and Industry 38(2): 69-78.
= 7k A7) Ak AE| RS A2}
= st AR, ZEALAEE A5 200 me/ke ) gote SA Jang KH, Cho Y, Hong K. Suh JH, Choue R.
Foao e OVX v ret oA e S7H7F 3y 2003. Effects of artificial stomach fluid and digestive en-
o] HTA o] Fr}EZ A &I 9= Aoz A7IE) zymes on the aglycone isoflavone contents of soybean and
7174 zA ol 7\]1&14&5}%# OVX 28T} tjzok 2 R}la;:k 3]366a1;2(1§1;ynch0sia molubillis: Yak-Kong). Korean J
utr 36: 32-39.
A Tl Al BF 7hA o] #EE oY Fo 12. Tanimoto H, Mori M, Motoki M, Torii K, Kadowaki M,
2 ARAIAFE WAS A 7]E Aoz ZE gE Noguchi T. 2001. Natto mucilage containing poly-y-glutam-
- 5 2 AW gl 8hA 7 ALol A S ojolm = o ic acid increases soluble calcium in the rat small intestine.
ol e =2 e e Aol A i el =iiee] Biosci Biotechnol Biochem 65: 516-521.
e A7 gZeke OVX tla2v 1ot §94 & Ua 13. Lee MS, Kang JI, Kim HS. 2006. Effect of y-PGA(poly-y-
7F #EE R oW, A5 200 mg/kg FATAAE AT glutamic acid) supplement on calcium absorption and bone
BaEo] FAo] HUT 7AS O AA 7= How Azt gl6e1ttclbollsm in rats. J Korean Soc Food Sci Nutr 35: 255-
Shoh. o) A= EE PGA H ool 71& Aodn 14. Louie DS. 1996. Calcium and phosphorus in health and dis-
o Fo] & 3~5A7H D S48 27D Aoz A7t ease: Intestinal bioavailability and absorption of calcium.
- . = . CRC Press, Boca Raton, FL, USA. p 45.
3] IS = (<3} L 517 T J T > 5 5
3tal, G E Fo dojuhs T4 giale] ot =% 15. Booth SL, Suttic JW. 1998. Dietary intake and adequacy of
o] T WAL A, T Wl s H HE A oA vitamin K. J Nutr 128: 758-788.
S Aol Al JEre A d AE 10 e s 16 Aledo Y Hoson T, Tnoue S, legami S Mizuno ¥, Kanci
- _ amura chi rimo H. . Vitamin K, mod-
L= O o - ] 2= 0lo o 5l i ? X N > . . .
Fos o= AR ALAD = A& AAEHH, HF ulates proliferation and function of osteoblastic cells in vitro.
ode] Zdiabe] Fols a9E & A= A7k Biochem Biophys Res Commun 187: 814-820.



17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

g el tiE Aol 8

Lee KH, Ryu SH, Lee YS, Kim YM, Moon GS. 2005.
Changes of antioxidative activity and related compounds on
the Chungkukjang preparation by adding drained boiling
water. Korean J Food Cook Sci 21: 163-170.

Choi YB, Sohn HS. 1998. Isoflavone content in Korean fer-
mented and unfermented soybean foods. Korean J Food Sci
Technol 30: 745-750.

Chung WY, Kim SK, Son JY. 2008. Isoflavones contents
and physiological activities of soybeans fermented with
Aspergillus oryzae or Bacillus natto. J Korean Soc Food
Sci Nutr 37: 141-147.

Somekawa Y, Chiguchi M, Ishibashi T, Aso T. 2001. Soy
intake related to menopausal symptoms, serum lipids, and
bone mineral density in postmenopausal Japanese women.
Obstet Gynecol 97: 109-115.

Morabito N, Crisafulli A, Vergara C, Gaudio A, Lasco A,
Frisina N, D'Anna R, Corrado F, Pizzoleo MA, Cincotta
M, Altavilla D, Ientile R, Squadrito F. 2002. Effects of gen-
istein and hormone-replacement therapy on bone loss in ear-
ly postmenopausal women: a randomized double-blind pla-
cebo-controlled study. J Bone Miner Res 17: 1904-1912.
Taku K, Umegaki K, Sato Y, Taki Y, Endoh K, Watanabe
S. 2007. Soy isoflavones lower serum total and LDL choles-
terol in humans: a meta-analysis of 11 randomized con-
trolled trials. Am J Clin Nutr 85: 1148-1156.

Akesson K, Lau KH, Baylink DJ. 1997. Rationale for active
vitamin D analog therapy in senile osteoporosis. Calcif Tis-
sue Int 60: 100-105.

Bang BH, Rhee MS, Kim KP, Yi DH. 2012. Influences of
culture medium components on the production poly(y-glu-
tamic acid) by Bacillus subtilis GS-2 isolated Chungkookjang.
Korean J Food Nutr 25: 677-684.

Black LJ, Sato M, Rowley ER, Magee DE, Bekele A,
Williams DC, Cullinan GJ, Bendele R, Kauffman RF,
Bensch WR, Frolik CA, Termine JD, Bryant HU. 1994.
Raloxifene (LY139481 HCI) prevents bone loss and reduces
serum cholesterol without causing uterine hypertrophy in
ovariectomized rats. J Clin Invest 93: 63-69.

Lee KH, Sim MO, Song YS, Jung HK, Jang JH, Kim MS,
Kim TM, Lee HE, An BK, Jung WS. 2016. Effects of poly-
gamma glutamate contents Cheonggukjang on osteoblast
differentiation. J Korean Soc Food Sci Nutr 45: 664-670.
Allen LH. 1982. Calcium bioavailability and absorption: a
review. Am J Clin Nutr 35: 783-808.

Pansu D, Bellaton C, Bronner F. 1981. Effect of Ca intake
on saturable and nonsaturable components of duodenal Ca
transport. Am J Physiol 240: G32-G37.

Bronner F. 1992. Current concepts of calcium absorption:

=2

ES

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

M

a3 dF 1551

ok

an overview. J Nutr 122: 641-643.

Park C, Chol YH, Shin HJ, Poo HY, Song JJ, Kim CJ, Sung
MH. 2005. Effect of high-molecular-weight poly-y-glutamic
acid from Bacillus subtilis (chungkookjang) on Ca solubility
and intestinal absorption. J Microbiol Biotechnol 15: 855-
858.

Han KO. 2005. Molecular pathophysiology of postmeno-
pausal osteoporosis. J Korean Soc Menopause 11: 175-177.
Li M, Wronski TJ. 1995. Response of femoral neck to estro-
gen depletion and parathyroid hormone in aged rats. J Bone
Miner Res 16: 551-557.

Johnell O, Oden A, De Laet C, Gamero P, Delmas PD, Kanis
JA. 2002. Biochemical indices of bone turnover and the as-
sessment of fracture probability. Osteoporos Int 13: 523-
526.

Abadjieva DK, Kang SK. 1996. Effects of Cervi Comnu aqua-
acupuncture on lipid metabolism and osteoporosis in ovar-
iectomized rats. J Korean Orient Med 17: 168-177.
Kim SJ. 2003. Study on the relationship between osteopo-
rosis-cause factor and bone mineral density, biochemical
marker. MS Thesis. Pukyong National University, Busan,
Korea. p 28-29.

Liu G, Peacock M. 1998. Age-related changes in serum un-
dercarboxylated osteocalcin and its relationships with bone
density, bone quality, and hip fracture. Calcif Tissue Int 62:
286-289.

McDonald LE, Pineda MH. 1989. Veterinary endocrinology
and reproduction. 4th ed. Lea and Febiger Philadelphia, PA,
USA. p 303-354.

Heersche JN, Bellows CG, Ishida Y. 1998. The decrease in
bone mass associated with aging and menopause. J Prosthet
Dent 79: 14-16.

Lee O. 2004. Effects of supplementation of Puerariae radix
ethanol extract on the antioxidative defense system in rats.
Korean J Nutr 37: 872-880.

Thurman RG, Bradford BU, limuro Y, Knecht KT, Connor
HD, Adachi Y, Wall C, Arteel GE, Raleigh JA, Forman DT,
Mason RP. 1977. Role of Kupffer cells, endotoxin and free
radicals in hepatotoxicity due to prolonged alcohol con-
sumption: studies in female and male rats. J Nutr 127: 903S-
906S.

Morel DW, Chisolm GM. 1989. Antioxidant treatment of
diabetic rats inhibits lipoprotein oxidation and cytotoxicity.
J Lipid Res 30: 1827-1834.

Kimmel DB. 1996. Animal models for in vivo experimenta-
tion in osteoporosis research. Osteoporosis Academic Press,
San Diego, CA, USA. p 671-690.



