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The blood flow improving effect of Glycine max fermented with
Bacillus velezensis L2 in high fat diet induced obese mice
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’Food Research Center, Jeonnam Bioindustry Foundation
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o 2 A7 AR B|Tto] RH nhe-AoA B, velezensis L2 w2 °]87 RO HFE S nhes
PR EIE 2AIAT 958 9] Balb/C 3 uh-A0f 3537 AA4A ol AAJsto] BTk §E3 & 25
B9t DA o]e} A i lovastatin®t WAHF FE2ES F1F0] stlon, A2 Autaold, IAHH4]olE,
Lovastatin 50 mg/kg/day, TaUF 1,000 mg/kg, 2,000 mg/kg AFFIFOE Yiro] ZF o T2 sula]d
Hjgste] Agstgict. AP AFS7HE, Aolags 4519 eH AEEE & ZH0F A AVRA, 8% F
EH2HE 2 FHAT 5%, tail bleeding time, @4 SHEE SAHSIAT. AFEAH, VA TA o] AHH4olF
o vls F-ojH o= AFo| F7loto] Hlgto] REHE ERIstyrt. TAHAo|2 FEg H|Tuke-A9] EF FHAHE
I FAAAEY s IR A oo BlE| LREGE 2,000 mg/kg FollA FHoz Fasiyon waEYE 2,000
mg/kg 9 tail bleeding time2 IX|HFAo]+ tiH] f-o)H 07 AAE QI ESH collagend] o5t B4 34
2 IEYF 2,000 mg/kg oA w2 AT FHIAAES Bt watA, ol Bik= B velezensis 12 +&
o] 8%t LAY F= IAEFEZ st st 3t 71548 AR &8o] 7T ZAoR waE

1o fo

Abstract This study investigated the effect of fermented Glycine max using B. velezensis L2 on improved
blood flow in high fat-diet induced obese mice. Briefly, 9-week-old male Balb/c mice were fed a
high-fat diet for three weeks, after which the high-fat diet and lovastatin or fermented G. max extract
were administered for two weeks. Depending on the diet, the animals were randomly divided into five
groups of five mice each: normal diet group(ND), high-fat diet group(HFD), lovastatin 50 mg/kg/day
group(Lovastatin 50), fermented G. max extracts 1,000 and 2,000 mg/kg groups (FGM 1000 and FGM
2000, respectively). Weight gain and food efficiency of each mouse in each group were measured every
two days. The organ weight, cholesterol and triglyceride contents, tail bleeding time, and platelet
aggregation rate were measured at the end of the experiment. Our results showed significantly increased
weight gain in the HFD group compared with ND group. In the FGM 2000 group, the contents of
cholesterol and triglyceride were significantly lower and the animals had a significantly prolonged
bleeding time compared with the HFD group. In addition, the collagen-induced platelet aggregation
showed the highest platelet aggregation inhibition rate in the FGM 2000 group. These results indicate
that fermented G. max using B. velezensis L2 has the potential to be used as functional materials to
prevent and improve hyperlipidemia.
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methionine, phenylalanine 39 74[24] 59 7]
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AR U9 SRS §F Fo & Sfo] AT
(YetAlo] AFHW), SAAHEHIAES =,
IAGA 0] M), FAHERHATA 019
lovastatin 50 mg/kg/day®old), HANF FE2&E &
oA FAo|9} 3 Wath: &5 1,000 mg/kg,
2,000 mg/kg)o& st uke A= Wi H(randomized

T— 7

complete block design)S wet F22 wigst et
A RIS GHta]olE 57t AREFA 0 & ATt
97 AT} H|LF AEHAZ 27 9] AY 2w
25 ZF¥ 1X PBS 200 ul/daygE A5ttt
[26,27]. RIS IALA0|E g4 0 & AT
St mRZIAR A F= 2FAEEH 1X PBS 200
ul/dayE AFFoIsith. P2 dad
B FoliZ IAA|R 37 IS S /LT &
27 BRF 1A olet A AZYAHE ABAR o]
45& lovastatin(Sigma, St. Louis, USA)[28,291%}
dat|+ FZEE(Fermented Glycin max extract;
FGM)E ZZ} lovastatin 50 mg/kg/day, FGM 1,000
mg/kg/day, 2,000 mg/kg/day 9] HE=Z 1X PBS
200 uLol o] 27 & WL BF-FoIsHAAth
PR lovastatin® Fol-8
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232 lovastatin®

B4R A= (Material  Safety Data  Sheets,
MSDS)E Farsto] SHEC] §445/3& 4271 5 g/kg

0|59 lovastatin 50 mg/kg/dayE ARESFATHAOL.
ESH B AYof|A ufeio)] Fojgt tiRo] S Ho=
SHEAIZ ORI A TA] A| 2017-172(2017.08.30.)

100

OIRESY SAHAFVIE O AAsI, HAF AT+ =
ojA] o FoJ8FS 2,000 mg/kgsER HA5Ict
uke-Ao]A] WHE thEo] i B5S IS
A A& A3 (Human equivalent dose, HED)2 H]
A& 99%FHFood and Drug Administration, FDA)
B[31]0] wet thga} Zo] AASHATEq. (D).
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Human equivalent dose(HED) mg/kg

=Animal dose(mg/kg) x 0.081(conversion factor),
60 kg 43?1 7I& o M3 %H(meg/60kg/day)
=HED(mg/kg) % 60 (1)
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1%4 713t vlwsto] ofEel 22 4]
&2 AABIYTEq. (2).
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2lo]&-&(Food efficiency ratio, FER) =
A% Z71%H(Weight gain, g) /

4]o] Ad#HFood intake, g) @
2.5 HF X WIIFA £H
nL9A0] FHAH L A7 EA 2L ste] A

F3 24A17F A FA] AF13 1X PBSE 37t 25%
Urethane(Sigma, St. Louis, USA) 200 uLE E75o]
sto] mHHAIZ| I A E S WSkt B3 A, B

Z, 7t AR AEsto] £ AR 5 ol EF-E AA9
QI 11 F A7NE TSt FAE &4, 718051 AY
= 79 Aol TESFUTH
2.6 €5 SYNL ¥ SYAHE 54

A= AL 1,500 x g AR (Centrifuge Micro
17TR, Hanil Science, Inchun, Korea)S 53] @42
EEot] F 384 4 SHAHE Sl ARBoFA

ot £47]7]= ADVIA 1800(SIEMENS Healthcare,
Japan)E ARESISITh 8% S48 2 SHAHE S
A2 ZyZ- ADVIA 1800 Chemistry Triglycerides_2
reagent(TRIG_2), ADVIA 1800 Chemistry Cholesterol 2

Reagents(CHOL_2)& ARgsto] ADVIA chemistry



calibrator(Siemens Healthcare Diagnostics Inc)Z
Akt HDL 9 LDLE#F 742 Direct HDL
Cholesterol reagent 2} LDL Cholesterol reagentZ
ARgsto] ADVIA Chemistry HDL/LDL Cholesterol
calibrator(Siemens Healthcare Diagnostics Inc)&
ol Aretatt. T3 SWAHSIA4(AL atherogenic
index)= Kim 53219 Bilo] nat o33 22 4o
& AUISHAITEq. (3).

W ASA]4~AL atherogenic index) =
(Total cholesterol = HDL cholesterol) /
HDL cholesterol 3)

2.7 Mice tail bleeding time &

Mice tail bleeding timeZ%-2 Hornstra® =4
[33]& A5t SAotAt. vRAE 25% Urethane
Oo& mHE & 17 oA 0.4 cm He AHE &
37T A gse] ZHtE Hzko g g3it. Azt
J2 bleeding®] AlZEE AIFRE A& H
A& 274351921 bleeding®] 300% ©]4F

30022 H7|3FFTH34].
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8 &-3-1A41(0.8% citric acid,
2.2% sodium citrate, 2.45% glucose)?} AFot N
o] 1: 99 Hgo| HEE E3Ft T 4204 230 x
golA 108 5<%t 94 EEote] FFES 4L 1,100
x golA 108 ¢ i 2y & A5HS AAsHA
platelet rich plasma(PRP)Z%HS EElst3ict. Eajgt
PRPZE washing buffer(138 mM NaCl, 2.7 mM
KCI, 12 mM NaHCO;3, 0.36 mM NaH,POys, 5.5 mM
glucose, 1 mM EDTA, pH 6.5)& 1083+ 1,100 x g
oA 23] AHEZ I FF5HE AAT F suspending
buffer(138 mM NaCl, 2.7 mM KCl, 12 mM
NaHCOs3, 0.36 mM NaHPO4, 0.49 mM MgCl, 5.5
mM glucose, 0.25% gelatin, pH 7.4)E °]-&3l]
% 1.18 x 10° platelet/mL & FAWE A4:3}5}0]
2F AHEstoich

gt A2 SAREAR A collagendt
thrombin(Sigma, St. Louis, USA) °o]-&slo] 3=
£ =A3) AAreIA. 96 well plateo]] AlE3) gt 4
T 200 ulell 2 mM CaClE of 37ColA 383t 110

101

rpmO & ¥HSAZl thS 660 nmolA EFEE =435}
¥t 71 & 100 ug/mL collagen®} 2 U/ul thrombing
Z¥ZF 93 37CofA 587F 110 rpml & ¥8 & S
ZoZ 660 nmoA SL=E =AU ofel Ak
Aog BEREE ALt 33 FZ(E UEL
[35] @5 nAHAlo] Hiite] 4w SHEE 100%
2 319 lovastatin 50 mg/kg/day, HEHF FE=
1,000, 2,000 mg/kg Fofte] Eatt SHEE ALkt
Eq. 4.

Transmittance = 10 4)
AA = ODeso> min-3 min)
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B4 42 IBM SPSS Statistics software (ver.
23, IBM Co., NY, USA)E ol&sto] Ad4nE H+
+ EZHXHmean + SD)E FEA5}¥T ZF AP
Zlol= YW EARE S H(one way analysis of
variance, ANOVA)O. 2 BEAMEAS slgon A3+
9] BA14 5942 Duncan's multiple range test®
FY48E p € 0.05 FFo0A HASII
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3.1 ®ME537t L AolgE

B Folgt H 253 1AHA o]
9} 34 lovastatin 50 mg/kg/day, AT FEE
1,000 mg/kg¥ 2,000 mg/kgZ Fofo] T wRA9]
AFZ71E, Aol 3T 9 4lo|&&2 Table 13 &
o}, gutAo] HFHH(ND; normal diet)?] A% F7H=
1.44 g0 2 UePFoH 0.0179] Aloja&S Bt 1
Z|"hAlo] A3 HHFD; high fat diet), Lovastatin 50,
FGM 1000, 2000 A3wollAl= Bt 3.73 ~ 4.92 g&
NDZo] 8|3l 7.6 ~ 14.9%9] 214 AF5S77F T2
E3a7 0.022 ~ 0.0269] Alo|&&< UEtith. HFDT
ol a7 A% F7H= NDEHETH %2 2o M3
o= Eokal x40l & QlE] Hgto] RE FAoE
Kol T8t FGM 20009 A% S7H¢2 3.73 go=
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Table 1. Food efficiency rate of male mice fed fermented Glycine max extract for 5 weeks

. i . . . . ) Food intake
Diet Dose (mg/kg) Initial weight (g)  Final weight (g)  Weight gain (g) (e/weeks) FER
Normal diet PBS 25.28+0.83 26.71+1.24 1.44+0.61° 26.43+4.50 0.017£0.010
PBS 25.77+£0.93 30.70+£0.97 4.92+1.32° 23.88+5.95 0.026£0.013
Lovastatin 50 24.58+0.82 29.66+0.57 4.79+0.17* 25.31+4.49 0.022+0.003
High fat diet
FGM 1000 24.81+1.26 29.39+1.04 4.58+0.23" 25.50%10.40 0.025+0.005
FGM 2000 25.02+£1.02 28.74+1.61 3.73+0.79 25.83+9.77 0.023+0.006

FGM ; Fermented Glycine max extract. Weight gain(g) =

final weight(g) — initial weight(g), FER(Food efficiency ratio) = weight

gain(g/weeks) / food intake(g/weeks). The values represent the means + SD for each group (n = 5). Means with different letters(a-b)
are statistical difference as determined by Duncan’s multiple test (p < 0.05).
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952 oh] Sfste] 28 AV A, g, 7 Al
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lovastatin 50 mg/kg/day, ¥aHF F&E 1,000
mg/kg¥ 2,000 mg/kg& Tt vkgA0 AV RAE
243 Ax, IAHRe] AFRAHFD: high fat diet),
Lovastatin 50, FGM 10003+ FGM 2000+-2] A715%A
= dutA]o] HFHHND; normal diet)ofl B]s] A& 0
2 37ttt ol 1Al HHE QIgt uRe-Ag
AE 371 YEo =2 wEH[36] HFD=3 Ya T 5
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% Ze~HE 4 HDL S92HE, LDL S84
AE Egoteh 1 21, 8F 38N vk
24]o] AFH(ND: normal diet)°] 43.0 mg/dL,
AR o] HAFHHHFD; high fat diet)2 56.5 mg/dL
o= NDof vls] Fojdes & 23S HYrkFig.
1). Lovastatin 50%-9] $3A% 5%+ 43.7 mg/dL,

L
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FGM 1000% 20004+ 22+ 50.3, 47.5 mg/dL&
el HFDwol Bls] ZH2F 22.7, 10.9 15.9% ¥2 &

A =e7t 2AE9on Lovastatin 50704l
NDZ# fARE S84 s =7t &= B3 Ui
% 225 ToF % FGM 200029 44 5=
FGM 100020l Hl3f 5.6% H2 ST 58 2
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ND#¥ HFD#Y & ZEasHES 4 1417
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= ] 9.0%9] F9HQN HAE SISt
HDL-Ze|AEHE 5% 574 A3, HFDwS HDL-&
HAHE T2 NDwol| Hls) 7.7% S7Fstaort 14
Aol MAFdEmt F92Ql BIE Holx| oSkt
Lovastatin 5073 HFD#9] LDL-ZHAHE FL2

= O 1.



S2ol4 vPATAFS ol§3 TaThT

lo

Table 2. Organ weight of male mice fed with high fat diet and fermented Glycine max extract for 5 weeks.

Organ weight (g)

X Dose
Diet (mg/ke)

Mg/ Xg, Heart Spleen Liver Kidney (R) Kidney (L)
Normal diet PBS 0.16+0.01° 0.08+0.01° 1.0240.07° 0.19+0.02 0.19+0.01
PBS 0.17+0.01% 0.09+0.02° 1.25+0.12* 0.21+0.02 0.20+0.02
Lovastatin 50 0.19+0.02° 0.09+0.01° 1.2040.08" 0.22+0.02 0.21+0.02

High fat diet
FGM 1000 0.18+0.01° 0.07+0.01° 1.1240.10® 0.2140.01 0.20+0.02
FGM 2000 0.17+0.02" 0.08+0.01° 1.14+0.13® 0.23+0.03 0.22+0.03

FGM; Fermented Glycine max extract. The values represent the means + SD for each group (n=5). Means with different letters are
statistical difference as determined by Duncan’s multiple test (p ¢ 0.05)
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Fig. 1. Effect of fermented Glycine max extract on triglycerides and cholesterol in male mice fed with high
fat diet for 5 weeks. ND; normal diet group, HFD; high fat diet group, Lovastatin 50; high fat diet and
lovastatin 50 mg/kg/day group, FGM 1000; high fat diet and fermented G. max 1,000 mg/kg/day group,
FGM 2000; high fat diet and fermented G. max 2,000 mg/kg/day group, HDL; high density lipoprotein,
LDL; low density lipoprotein. The values represent the means + SD for each group (n = 3). Means with
different letters(a-c) are statistical difference as determined by Duncan's multiple test (p < 0.05).
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g os | atherogenic index)?} LDL-Z¥|AHE/HDL-Z82&
g g g A¥w 48] gu=es dehddy g4
2 oa ATH39]. 1AHAo] HHTEY] SUATA = B
NDl| H|sto] F7Fstl ot & 749 R4 <]l Zjol=
" UehtA 9tthFig. 2). 2t #59] LDL-ZHAHE
0.0 | /HDL-Z¥28HE 32 ND#°] 0.505, HDFZ°]
Yoo D Levgmem T o 0.607 181 Lovastatin 50, FGM 1000, 2000 ol
Lo A 27t 0515, 0.540, 0.502& LFEPEO™ HFDZO]
. NDZol Hls} 20% &2 LDL-ZdAEE/HDL-Z A
) HZE o] A=At E3F Lovastatin 5023 FGM
Poc{ mm . v . 20002-2 HEDZ| ¥]s] %oz wetom 2zt
2 " HFDZ o8] 15.3. 17.3% 2431930 E3] FGM 2000
g " 22 NDZF AR AT Yepch ol A7
=, lovastatin®t 22 2B AG9] °2FE2l simvastatin®©]
A, DZYAEE Aolof] o5 1AEFo] FH
00 - 8179 LDL-C/HDL-C Hl&L W&l Fip} Qrk=

ND

HFD Lovastatin FGM
50

FGM

1000 2000

Fig. 2. Effect of fermented Glycine max extract on
atherogenic index and LDL-cholesterol /
HDL-cholesterol ratio in male mice fed with
high fat diet for 5 weeks. ND; normal diet
group, HFD; high fat diet group, Lovastatin
50; high fat diet and lovastatin 50 mg/kg/day
group, FGM 1000; high fat diet and
fermented G. max 1,000 mg/kg/day group,
FGM 2000; high fat diet and fermented G.

max 2,000mg/kg/day group, HDL; high
density lipoprotein, LDL; low density
lipoprotein. Al, atherogenic index. The

values represent the means = SD for each
group (n = 3). Means with different letters are
statistical difference as determined by
Duncan’s multiple test (p < 0.05).

H[27]19 RARE AFS Btk

OPIAAET2 IXNFF R EYH EF FHA
&3 S44%, LDL-SHAHE $A7F S7HE AH
2 ole AXEIAESe] FH AR FEA Stk
[40]. HDL-Ze|AHES EF S AHIES M0 & o]
%30 EF THE TAaAYIE WY, LDL-SHAHE
2 o2 RE EF ZY2HES 2 2oy o
2§71 9T 5 ol AU ZHAHES 34
7l ATE o]ojAA HrH41l.

2 AdZdat nARo|2 frH Hgh ukeAoA
2,000 mg/kgd 5o Wwags: £&E2 1XHX]o]
TS e Al vl YA oR LDL-FHAEE
o] AAaE o IDL-SYAHEQ At & 29

Table 3. Effect of fermented Glycine max extract at the tail bleeding time of male mice fed high fat diet for

5 weeks.
Diet Dose Tail bleeding time
' (mg/kg) (second)

Normal diet PBS 78.8+16.5

PBS 62.5£19.0

Lovastatin 50 113.3+15.1

High fat diet .

FGM 1000 137.5+14.5

FGM 2000 176.3+16.0

FGM ; Fermented Glycine max extract. The values represent the means + SD for each group (n = 5).

at p € 0.05.
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* compared with the control group



2250| TAYZ, TFY L
7 9e Ao e,

=

3.4 Mouse tail bleeding time &1t

v npe-2olM FatE FEEC] R 250 1

A Ge 2] 919 o] 35 Bt TAA

olg go| & & 1AH4]o|2} T lovastatind} HAE T
T FEEL 25 B9 AFFEYI F tail bleeding

Stlct. A 4A]o] A4FwHHFD; high fat
diet)9] tail bleeding time 62.5 + 19%& LHl4]o]
AF7-(ND; normal diet)o] H|3}] ¥ Ao & LG
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oA 22+ 1.7, 2.28) A3 bleeding time HQl 2
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o] H|3f] 89222 bleeding time©] FFE U OH
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W7 gEog HuskgitH42].

A oM 4 S-S ST 9 o
AANZ = QA7 #BE BRI YA FHARREo|H
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wah AURA a4t -S3o] EA3tEH FHo] 34
ol N9 S5 ot HETES 59 vt &
Pl o7 A HTH43,44]. Tail bleeding time
gutd o2 FH-ZnEMof| ALGE= Y F sftolH,
tail bleeding time°] IFH A @4 Ee & E4
o o @Rt el WA iar HLSHA w8t AU

< UEhdTH45,40].
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A] tail bleeding time©°]
Aol 2 Qlsf ofshd

7] 98, 3% B9t uX|HHlo|E Fo] &
9} §44 lovastatind} gradis 2o

Folgh 5 upeso] WauS

ot 4 SRS S5tk Thrombinel 9
St HFD-9] 4% S E (%)l H3ll Lovastatin 507+
7 FGM 1000, 20004l Zk2F 47.13, 36.25,
38.64%= AT Zxo] JAEAL, collageno] st
HFD#9] €43 SHZ(%)ol i3l Lovastatin 5022}
FGM 1000, 20002141 42k 43.13, 45.33, 46.98%
o] dat 34 AAE EArhFig. 3). Sang 5-2[47]
lovastatin©l] oJ3t FAvhate] FHAEHE AFHSL

Yauue] NS WPAA BaW 3YS a4
ZAo= Bistgom B AY Ayl collagenol 9lsf &
130
B Thrombin (0.1 U/mL)
@ Collagen (100 ug/mL)

g 115
s
= 100
©
-]
g
% 85
o
-
g = =
v 4
s
a 60 4

30

0
HFD Lova50 FGM FGM
1000 2000

Fig. 3. Effect of fermented Glycine max extract on
platelet aggregation(%) induced by thrombin
and collagen. HFD; high fat diet group,
Lovastatin 50; high fat diet and lovastatin 50
mg/kg/day group, FGM 1000; high fat diet
and fermented G max extract 1,000
mg/kg/day group, FGM 2000; high fat diet
and fermented G max extract 2,000
mg/kg/day group. The graphs represent the
means * SD for each group (n = 3).



fill‘

A1 SR A A233 AT, 2022

TH dam §3 "hgollA FGM 20007-2(46.98%)
Lovastatin 50743.13%) Bt} g3it& o7 dim 37
< JASIA.

Lee 5-2(48] BANFCt B. subtillis NUC1 422
LEAZ] GAYE HaEe] Eaw 33 JAaIE v

3 A, gAYFE g4% 33 oA 238 HolX
ook &7 ZAAE  AR8E  ADP(Adenosine

triphosphate)& Ag|gt FollA] oF 79%9] 4% -S4
gZ HQl ¥ dUadE 2XUFE AT oAM=
29.7%9] & daw FFPHL Ko o= UaEH
AN F7 LRI Foll M2 Fg EdEl 4
AElo] 8- A &3 UEtte Bustg

a2 A, 9 f 4 B0l 583 I
Sh=t49] damo] 7ol dojubH FHo] AFgH
1 o] EHo] HY 5E5Z o} FFFolE do7)7]
2ol =gt ame] S48 JAlske A2 RN
oo F851H50]. £ A% 23, collagen©l 25t &
A% S3EgolA4 FGM 200022 B4 SR 9AE
o] 7F} A 4= o3t AT 4w 3
A 97 #Ag2 1AEFo] FIE ve-A9 FHolA
AN A 555 FAAA F= AR wdES]
.2 AY AT vkeAoA BN ARE vERd I
AY%E 2,000 mg/kgS FDA B1A[31]9] wet Q14
A2 AF=FHHuman equivalent dose, HED)& ZARSH
A3, A=F2 162 mg/kgol™ 60 kg A 7|&0
2 ALMFHTF 9.7 g/dayE FHAEQILE oSt Aake
dags 259 PN 2ol dig 712 AR
PRAY AT & 71548 AAE F8F AoE wud
Hrt

o B

-

o
=

4. A8

TAAo] 2 BTk fES Hhyso]
252 ATF T 0hgAd 31X
219t 1 A wAHHAo]

AoZ Holn IARFAolf, Lovastatin 50, FGM
1000, 2000 #9] A7] FAY 39421 ¥ et
A gkgtom %47]9] i} meFo|= 2po|7p vpEhtA] oF
o} lovastatin®t YHEHF FEF0] TR¥A0)A ojwgt
S} vRAAE QA SAE A g2 AoE
Hch 8% 344, & 294HE 9 HDL S AH

106

£, LDL Y 2HE A& 5793 23, FGM 2000
o4 HFD el fojdo= & FeA8lE ¥ LDL-27
AHE o] FAEUAL o= LDL-SHAHES] Aot
7t & FEAEHE TS AAAX] Z0E Helrh E3L
TAAo|2 HPRS §L%F ukeA9 tail bleeding
FEE0] AU Ean
AAAIA HFDwol H]
dadis FE= ail bleeding time©] &
H Aog Holw o]z IXAo|& Qlsf otald &
SEo] HEHF FE50] o /A" A= wHH
o HHAEC.E collagenol 27 @4 SARESOlA
FGM 2000+-9] @4 S AAE&o] 7HY =4 SA=
irh. ot gagE FEE0] 1AEF,
E 852 MMl 2t 9l
S B. velezensis 12 w+& ©]-8&3t YA F7F 114
Z A 913 71548 AR &8E £ S ZeR
ET

timee

g3 #

a9

9

[

]_

o

1

References

[1] M. H. Jeong, S. H. Lee, J. W. Lee, W. H. Kim, Research
Findings of the Korea Acute Myocardial Infarction
Registry-National Institute of Health (KAMIR-NIH),
Public Health Weekly Report, National Institute of

Health, Korea, pp.246-247.

J. Y. Kim, K. Rhew, “Atherosclerotic Cardiovascular
Disease Risk and Statin Prescription Status in Korean
Adult Patients”, Korean Journal of Clinical Pharmacy,
Vol.31, No.3, pp.198-204, 2021.

DOI: https://doi.org/10.24304/kicp.2021.31.3.198

A. H. Lichtenstein, L. J. Appel, M. Brands, M.
Carnethon, S. Daniels, et al., “Diet and lifestyle
recommendations 2006: a scientific
statement from the American Heart Association
Nutrition Committee”, Circulation, Vol.114, No.1,
pp.82-96, June. 2006.

DOL: https://doi.org/10.1161/CIRCULATIONAHA. 106.176158

G. L. Lee, E. S. Shon, Development trends of
hyperlipidemia drugs, Emerging S&T Report, Korea
Institute of Science and Technology Information,
Korea, pp.3-6.

revision

I. C. Seol, ‘Drug research and development tend to
hyperlipidemia’, Journal of Haehwa Medicine, Vol.18,
No.2, pp.1-12, Dec. 2009.

S. H. Lee, “Update on the Pharmacologic Agents for
Dyslipidemia”, 7The Journal of Korean Diabetes,
Vol.16, No.4, pp.269-275, Dec. 2015.

DOL: https://doi.org/10.4093/jkd.2015.16.4.269




AAFAo|2 F=E H|FE uppAo|M vAHATS o] 8%

(7]

(8]

9]

[10]

(11]

[12]

(13]

[14]

(15]

(10]

S. M. Lin, J. H. Wang, C. C. Liang, H. K. Huang,
“Statin use is associated with decreased osteoporosis
and fracture risks in stroke patients”, The Journal of
Clinical Endocrinology & Metabolism, Vol.103, No.9,
pp.3439-3448, July. 2018.

DOI: https://doi.org/10.1210/jc.2018-00652

Y. R. Lee, The association of mortality with statin
drug compliance in patients diagnosed with
dyslipidemia, Master's thesis, Yonsei University of
Health Policy and Management, Seoul, Korea, pp.10,
2019.

J. S. Youn, M. S. Kim, H. J. Na, H. R. Jung, C. K. Song,
et al., “Screening test for Dendropanax morbiftera
Leveille  extracts: in  vitro  comparison to
ox-LDL-induced lipid accumulation, ethanol-induced
fatty liver and HMG-CoA reductase inhibition”,
Journal of Applied Biological Chemistry, Vol.61, No.1,
pp.1-8, Mar. 2018.

DOI: https://doi.org/10.3839/jabc.2018.001

K. M. Kim, B. S. Kim, J. S. Kang, “The preventive
effect of Bacillus polyfermenticus KJS-2 and Angelica
gigas Nakai extract on Triton WR-1339-induced
hyperlipidemia”, Journal of Lite Science, Vol.28, No.6,
pp.726-732, June. 2018.

DOI: https://doi.org/10.5352/]J1S.2018.28.6.726

Y. J. Lee, H. J. Park, S. ]J. Cho, S. A. Park, M. L. Kim,
“The Effect of Yulmu (Coix /acryma-jobi L.)-Sunsik on
Obesity and Hyperlipidemia in Mice Fed High-Fat
Diet”, Journal of the Korean Society of Food Science
and Nutrition, Vol.50, No.7, pp.664-671, July. 2021.
DOI: https://doi.org/10.3746/ikfn.2021.50.7.664

S. M. Park, Y. K. Kim, S. Yu, S. W. Cho, M. H. Lee,
et al., “Effects of Valerianae Radix et Rhizoma
Methanol  Extract on  High-fat  Diet-induced
Hyperlipidemic Mice”, Journal of Korean Medicine for
Obesity Research, Vol.20, No.2, pp.88-96, Nov. 2020.
DOI: https://doi.org/10.15429/jkomor.2020.20.2.88

J. W. Kim, H. S. Doo, T. H. Kwon, Y. S. Kim, D. H.
Shin, “Quality characteristics of doenjang meju
fermented with Aspergillus species and Bacillus
subtilis during fermentation”, Korean Journal of Food
Preservation, Vol.18, No.3, pp.397-406, June. 2011.
DOI: https://doi.org/10.11002/kijfp.2011.18.3.397

M. J. Cho, J. M. Shim, J. Y. Lee, K. W. Lee, Z. Yao, et
al., “Properties of meju fermented with multiple
starters”, Microbiology and Biotechnology Letters,
Vol.44, No.2, pp.109-116, Mar. 2016.

DOI: https://doi.org/10.4014/mbl.1512.12009

S. Y. Lee, N. Y. Park, J. Y. Kim, H. S. Choi, “Quality
Characteristics of Rice-doenjang during Fermentation
by Differently Shaped Meju and Adding Starter”, The
Korean Journal of Food And Nutrition, Vol.25, No.3,
pp.505-512, Sep. 2012.

DOL: https://doi.org/10.9799/ksfan.2012.25.3.505

K. O. Jung, S. Y. Park, K. Y. Park, “Longer aging time
increases the anticancer and antimetastatic properties

107

[17]

[18]

[19]

[20]

[21]

[22]

[23]

[24]

[25]

of doenjang”, Nutrition, Vol.22, No.5, pp.539-545,
Nov. 2006.
DOI: https://doi.org/10.1016/j.nut.2005.11.007

E. J. Jeong, H. S. Yoon, I. J. Kim, S. T. Hong, S. Y.
Kim, et al., “Quality characteristics of whole soybean
meju doenjang prepared with addition times and
starter contents’, Journal of the Korean Society of
Food  Science and Nutrition, Vol.47, No.l1l,
pp.1159-1168, Nov. 2018.

DOI: https://doi.org/10.3746/ikfn.2018.47.11.1159

K. Y. Park, “Destruction of aflatoxins during the
manufacture of doenjang by traditional method and
cancer preventive effects of doenjang', Journal of
Korean Association of Cancer Prevention, Vol.2, No.1,
pp.27-37, Mar. 1997.

Y. E. Song, H. A. Han, S. Y. Lee, S. H. Shin, S. R.
Choi, et al., “Quality characteristics and antioxidant
activity of regional traditional soybean pastes
(Deonjang) in Jeonbuk province”, The Korean Journal
of Food And Nutrition, Vol.32, No.6, pp.598-610,
Dec. 2019.

DOI: https://doi.org/10.9799/ksfan.2019.32.6.598

C. R. Bae, D. Y. Kwon, Y. S. Cha, “Anti-obesity effects
of salted and unsalted Doenjang supplementation in
C57BL/6J mice fed with high fat diet”, Journal of the
Korean Society of Food Science and Nutrition, Vol.42,
No.7, pp.1036-1042, July. 2013.

DOI: http://dx.doi.org/10.3746/ikfn.2013.42.7.1036

K. Y. Park, “Increased health functionality of
fermented foods”, Food Industry and Nutrition,
Vol.17, No.1, pp.1-8, June. 2012.

Y. H. Pyo, “Effect of Monascus-fermentation on the
content of GABA and free amino acids in soybean”,
Journal of the Korean Society of Food Science and
Nutrition, Vol.37, No.9, pp.1208-1213, Sep. 2008.
DOL: https://doi.org/10.3746/ikfn.2008.37.9.1208

C. E. Hwang, K. M. Cho, O. S. Joo, “Diversity of
Bacillus groups isolated from fermented soybean
foods (‘Doenjang’and  ‘Kanjang) and their
fermentation characteristics of ‘Cheonggukjang’”,
Korean Journal of Food Preservation, Vol.27, No.7,
pp.946-958, Oct. 2020.

DOI: https://doi.org/10.11002/kifp.2020.27.7.946

M. S. Ryu, H. J. Yang, J. W. Kim, S. J. Jeong, S. Y.
Jeong, et al., “Potential probiotics activity of Bacillus
spp. from traditional soybean pastes and fermentation
characteristics of Cheonggukjang”, Korean Journal of
Food Preservation, Vol.24, No.8, pp.1168-1179, Dec.
2017.

DOI: https://doi.org/10.11002/kifp.2017.24.8.1168

J. S. Park, H. W. Lee, Y. S. Seo, E. J. Yang, “Quality
characteristics of anchovy-Meju fermented with
Bacillus velezensis 12", Journal of the Korean Society
of Food Science and Nutrition, Vol.49, No.9,
pp.1000-1008, Sep. 2020.

DOI: https://doi.org/10.3746/ikfn.2020.49.9.1000




ks e

3=8A] #2348 A8%, 2022

[26]

(271

(28]

[29]

(301

(311

(32]

(33]

(34]

(35]

(36]

H. Jeon, S. J. Oh, H. S. Nam, Y. S. Song, K. C. Choi,
“Reduction of plasma triglycerides and cholesterol in
high fat diet-induced hyper-lipidemic mice by n-3
fatty acid from bokbunja (Rubus coreanus Miquel)
seed oil", Journal of the Korean Society of Food
Science and Nutrition, Vol.44, No.7, pp.961-969, Jul.
2015.

DOI: http://dx.doi.org/10.3746/ikfn.2015.44.7.96

K. H Im, S. A Baek, J. Choi, T. S. Lee,
“Anti-hyperlipidemic and anti-obesity effects of
Sparassis latifolia fruiting bodies in high-fat and
cholesterol-diet-induced hyperlipidemic rats”, Journal
of Mushroom, Vol.19, No.1, pp.23-32, Mar. 2021.
DOI: https://doi.org/10.14480/]M.2021.19.1.23

A. W. Alberts, “Discovery, biochemistry and biology of
lovastatin”, 7The American journal of cardiology,
Vol.62, No.15, pp.J10-J15, Apr. 1988

DOI: https://doi.org/10.1016/0002-9149(88)90002-1

Y. H. Kim, K. I. Han, M. Jeon, S. G. Hwang, E. G.
Jung, et al, “Antihyperlipidemic activities of a
chemically engineered sulfated mushroom A-glucan
on high fat dietary-induced hyperlipidemia
sprague-dawley rats”, Journal of Life Science, Vol.24,
No.11, pp.1209-1216, Nov. 2014.

DOI: https://doi.org/10.5352/]LS.2014.24.11.1209

Y. S. Kim, E. A. Jung, J. C. Chang, H. K. Yang, G. H.
Cho, H. S. Bae, N. J. Kim, “Effect of daewhang-
whangryunhaedok-tang on hyperlipidemia’, Korean
Journal of Pharmacognosy, Vol.32, No.2, pp.145-152,
Jun. 2001.

in

FDA Guidance for Industry, Estimating the maximum
safe starting dose initial clinical trials for
therapeutics in adult healthy volunteers, p.25, FDA,
2005, pp.1-27.

H. T. Kim, Y. S. Kim, I. C. Seol, H. R. Yoo, “The
Effects of an Extract of Artemisiae Capillaris,
Curcumae Longae, and Crataegi Fructus (IUS) on
Anti-hyperlipidemia and Anti-oxidation in db/db
Mouse Model”, Journal of Internal Korean Medicine,
Vol.37, No.3, pp.467-483, Jun. 2016.

G. Hornstra, E. Christ-Hazelhof, E. Haddeman, F. Ten
Hoor, D. Nugteren, “Fish oil feeding lowers
thromboxane-and prostacyclin production by rat
platelets and aorta and does not result in the
formation of prostaglandin 13", Prostaglandins,
Vol.21, No.5, pp.727-738, Dec. 1981.

DOI: https://doi.org/10.1016/0090-6980(81)90230-6

S. H. Park, K. J. Park, J. K. Kim, “The effects of Mume
Fructus extracts on blood flow improvement”, Yakhak
Hoeji, Vol.53, No.5, pp.298-302, Oct. 2009.

J. H. Lee, H. J. Park, “Effects of lipophilic fraction
from Korean red ginseng on platelet aggregation and
blood coagulation in rats fed with corn oil and
beeftallow diet”, Korean Journal of Ginseng Science,
Vol.19, No.3, pp.206-211, Oct. 1995.

H. E. Park, K. H. Do, J. W. Jeong, Y. H. Jung, W. K.

in

108

1371

(38

1391

[40]

[41]

[42]

[43]

[44]

Lee, “Cholesterol and Visceral Fat Lowering Effects of
Combined Lactic Acid Bacteria (Zactobacillus casei
WK3, Enterococcus faecium WK5, Bifidobacterium
Jongum WKO, and Lactobacillus plantarum K-1) in
High Fat Diet-Fed C57BL/6] Mice”, Jjournal of the
Korean Society of Food Science and Nutrition, Vol.47,
No.12, pp.1210-1216, Dec. 2018.

DOL: https://doi.org/10.3746/ikfn.2018.47.12.1210

A. K. Lim, H. K. Jung, J. H. Hong, J. S. Oh, J. H. Kwak,
et al., “Effects of the soybean powder with rich
aglycone isoflavone on lipid metabolism and
antioxidative activities in hyperlipidemic rats”,
Journal of the Korean Society of Food Science and
Nutrition, Vol.37, No.3, pp.302-308, Mar. 2008.

DOI: https://doi.org/10.3746/ikfn.2008.37.3.302

S. H. Kim, S. A. Kang, “Anti-Obesity Effect of Soybean
Fermented with Monascus in High-Fat Diet Induced
Obese Mice Model’, Journal of the Fast Asian Society
of Dietary Life, Vol.31, No.5, pp.333-343, Oct. 2021.
DOI: http://dx.doi.org/10.17495/easdl.2021.10.31.5.333

Y. R. Nam, Y. E. Ko, S. Y. Ly, “Anti-obesity and
LDL-cholesterol  lowering effects of silkworm
hemolymph in C57BL/6N mice fed high fat diet”,
Journal of Nutrition and Health, Vol.51, No.3,
pp.201-207, June. 2018.

DOI: https://doi.org/10.4163/inh.2018.51.3.201

Y. Lee, J. H. Park, E. Park, “Effect of Sulgidduk
containing pine needle juice on lipid metabolism in
high fat-cholesterol diet induced dyslipidemic rats”,
Journal of Nutrition and Health, Vol.52, No.l,
pp.6-16, Jan. 2019.

DOI: http://dx.doi.org/10.4163/inh.2019.52.1.6

H. Imano, H. Noda, A. Kitamura, S. Sato, M. Kiyama,
et al., “Low-density lipoprotein cholesterol and risk of
coronary heart disease among Japanese men and
women: the Circulatory Risk in Communities Study
(CIRCS)’,  Preventive medicine, Vol.52, No.5,
pp-381-386, May. 2011.

DOI: https://doi.org/10.1016/j.ypmed.2011.02.019

Y. L. Zhang, M. Z. Xi, Y. B. Choi, B. H. Lee,
“Antithrombotic effect of fermented Ophiopogon
Japonicus in thrombosis-induced rat models”, Journal
of Medicinal Food, Vol.20, No.7, pp.637-645, July.
2017.

DOL: https://doi.org/10.1089/imf.2016.3872

M. J. Kuijpers, P. E. van der Meijden, M. A. Feijge, N.
J. Mattheij, F. May, et al.,, “Factor XII regulates the
pathological process of thrombus formation on
ruptured plaques”, Arteriosclerosis, Thrombosis, and
Vascular Biology, Vol.34, No.8, pp.1674-1680, May.
2014.

DOI: https://doi.org/10.1161/ATVBAHA.114.303315

B. Nieswandt, B. Aktas, A. Moers, U. J. H. Sachs,
“Platelets in atherothrombosis: lessons from mouse
models”, Journal of Thrombosis and Haemostasis,
Vol.3, No.8, pp.1725-1736, Aug. 2005.

DOIL: https://doi.org/10.1111/1.1538-7836.2005.01488.x




TAYAIZ FEE Hlwk sosold whaEARE ol WarlFel dWAY m
[45] S. Lee, H. J. Lee, Y. S. Chun, D. j. Seol, J. K. Kim, et
al, “Anti-obese and Blood Flow Improvement - ~slo
Activities of Ginseng Berry on the 45% Kcal High Fat & & #Jun-Han Jeong) [Z3]2]
Diet Supplied Mouse”, Journal of Society of Preventive
Korean Medicine, Vol.22, No.l, pp.107-127, Apr. - 20204 29 : AGIStT Ay}
2018. Sk} (o]skA
DOL: hitps://doi.org/10.25153/spkom.2018.22.1.009 NG ) _
[46] Y. N. H S. K. Baik, T. H. Ki B. H H " 20204 38 ~ WA : 2AHetL
. N. Han, S. K. Baik, T. H Kim, B. H. Han, T
“Antithrombotic  activities of saponins fromllex nteiehd At (A
pubescens”, Archives of pharmacal research, Vol.10,
No.2, pp.115-120, June. 1987.
DOI: https://doi.org/10.1007/BF02857777
[47] K. H. L. Q. Sang, J. Levenson, J. L. Megnien, A. Simon,
M. A. Devynck, “Platelet cytosolic Ca** and membrane RIS
dynamics in patients with primary hypercholesterolemia: s
effects of pravastatin®, Arteriosclerosis, Thrombosis, AEAE, EABE
and Vascular Biology, Vol.15, No.6, pp.759-764, June.
1995.
DOI: https://doi.org/10.1161/01.ATV.15.6.759
[48] S. G. Lee, H. J. Kim, N. K. Im, E. J. Lee, S. P. Lee, et 2 2 F(Eun Ju Yang) (M3
al., “Antithrombotic and cholesterol reduction effects
of defatted soybean grits fermented by Bacillus . W 9l - =addlale Aol
subtilis NUC1", Korean Journal of Food Science and 20‘083‘ 2_% P 2L 459
Technology, Vol.41, No.4, pp.423-427, Aug. 2009. et (o]ghrAh
[49] G. Diminno, M. J. Silver, “Mouse antithrombotic assay: * 20109 9¥ ~ 201249 1€ :
a simple method for the evaluation of antithrombotic ZAYEY A Y At
agents in vivo. Potentiation of antithrombotic activity « 20124 2¥9 ~ @A :
by ethyl alcohol’, Journal of Pharmacology and o so
Experimental Therapeutics, Vol.225, No.1, pp.57-60, i dgtel oAl
Apr. 1983. AFAAATAE AR
[50] B. K. Lee, D. S. Lee, S. Ha, S. W. Park, Y. S. Jung,
“Anti-platelet effects of mixtures of onion and aloe (FAlEop
;}(;tlrzct",}’akl]ak Hoeji, Vol.58, No.5, pp.322-327, Oct. AZ3sl 7|sAAE
. . i 0] 3 2(Ho Woo Lee) [Hslg]
Z F 2(Jin-Sol Kim) B N <
* 20084 29 @ AAAY AET
- 20174 29 : R2AQSE PPt s} (S R
= o =11
% A
MU - 20044 99 ~ 2009 99 :
* 20199 29 @ RAISH ANt HeErE e
5

skl st (o]oHA
£ 20194 49 ~ @A :
Apizrsiehet st

R

79

109

2009¢ 10¥ ~ 20154 1€ :
CALAT AEATL

20159 29 ~ @A : HLF&B
NgdTa A7y

FAED

NEBY, TSHNE



A7 &5hE =1 A A239 A8z, 2022

0

& 3Hyun-Hwa Lee) [Hs|2]

+ 19984 29 : ZAEtw Yuth
st AESt (o544
2002¢ 8¢¥ : ZATItw Yutr)
st AESt (o]shakAp
20064 39 ~ @A : 2Ast
Ay aslat w4

110



