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The aim of this study was to investigate the potential effects of extracts from silkworm Bombyx mori
L. fermented with Bacillus subtilis KACC 91157 at levels of 5%(v/w) and 10%(v/w) in Sprague-
Dawley rats intoxicated with 1% (w/w) orotic acid (OA) for 10 days. The rats were divided into a nor-
mal group (N), a control group (C: OA), and treatment groups (SP10: OA + 10% extracts from B. mori
L.; BSP5: OA + 5% extracts from B. mori L. fermented with B. subtilis KACC 91157; BSP10: OA + 10%
extracts from B. mori L. fermented with B. subtilis KACC 91157). Serum activities of aspartate amino-
transferase (AST), alanine transferase (ALT), alkaline phosphatase (ALP), and lactate dehydrogenase
(LDH) increased following OA feeding, but the rise was slightly reduced by administration of BSP10.
The total lipid, free fatty acid, phospholipid, total cholesterol, and triglyceride contents in serum were
significantly lower in the OA treatment groups than in the N group. However, the contents slightly
increased following the administration of BSP10. Glutathione concentrations in liver and serum were
reduced in the OA-induced fatty liver, but they increased following the administration of BSP10.
Hepatocytes in the OA-induced fatty liver contained numerous large droplets. However, SP10, BSP5,
and BSP10 feeding prevented OA-induced lipid droplet accumulation in hepatocytes. Accordingly, ex-
tracts from silkworm powder fermented with B. subtilis could be an ideal material as a dietary supple-
ment in healthy functional foods to improve the effects of fatty liver.
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AL Aol 2 o] g Eo AT I e AF A% Z3tA o FZF9& Whatman NO.2 ¢34 (Toyo 2A; Toyo
g AR Ve HeE A ARAF, AF, 5L A Roshi, Tokyo, Japan)& o#& o, &3 7](Buchi
SOER HAFHT AT [15]. Foll= @A, #g O}U]g_ Rotavapor R-215, Flawil, Switzerland)& 50C ol A % 33}
G EESARA FL O EESALL, i E, A fd o Zkzke] gl g A A 713§ 7 2 (Eyela FUD-2100, Tokyo
deoxynojirimycin 5°¢] ¥Rt 2 FUITA TIAE 2= Rikakikai Co., Tokyo, Japan)3te] A& & A&3tAtt.
A0 HAAHHY, 27], ol hE FY F BHAA oA
E5[7], @978 &529], &+ =4 28], AL A ofo| Al 24
[18], +&5Y &F&[32] 59 A77F Bl Yt T4 opr =4t £42 A5 0.2 g9l 15 ml performic acid,
AL fitt, &8, %0 5 FEUAES 8% TE 6 N HCl 15 mlE 7}, 110T dry ovendol| A 2447 o] 4
Zled ARE A G50 U TE A2 A F Ak ke AT EaE AR E 55T Water bathol A
Wk A7 2Es APH 1 Yot grstEd dd Fo A4E S g F pH 22 74t dilution buffer® 25 mldl| volu-
TEA EFS ARA EAE BT 4 JE nHEES F metric flaske] &3t IAFE o4t AFTEAY
T ofy e} o] ofAo} 7N E oz, HEAE 9 7] Biochrom 30 (Biochrom, UK)E o] &3} 4319t
$4 4% Azol FH9I3A o855 AT, 31, 53, By
4 ga|go] Holw Bucillus & DIAEE 7 Z40) BE K4 NUESTEIVES ]
Agoz niA 24 9 nRsy 245 B 220402 AP 5 EL 6549 Sprague-Dawley 7l 3 AHF &
4 9lom, Cha TP @94 o] & 7o 2T& G upo] QG A(FE =4, )M TSt dFY 1 A%
Bacillus & M AYEZ TIAA A& Bg oo A gitg) o IYAEE FASHA FA o HFAZ $ B Aol AHE3)
83 9 tyrosinase B4 A3 5o A8 To| Z7}st Aot 2 AL AFo] 5YsA P (randomized com-
L A0R Bud v uf B ATNL A2 44 nAYE9 plete block design)2 2 #/F3te] AASA 2E(22427)¢% &
259 W2 1 R A A5 S vuste 479 E(5545%) 2 BYF71(BF7] : 07:00~19:00)7F 2AHE F
HAgazAe SYPFgon, 2o T Fo TYAE  F RN ASSAG. Aol 242 Table 1% Ao, 4
T ug 24 2D A7t wE YR 2D Gxo] gatd & %4 (N, Normal), £ Z¥ 4HOrotic acid)F4 t &7 (C, Con-
S-S AN BATH). AT ol Bko) Hs) AT, o trol), C + 7ol F&& T 10%(SP10), C + Bacillus subtilis
GAHE 9 AN G50 HzA ol s AT 7 BHE 7o FEE 5% Fo7(BSP5), C+ Bacillus subtilis &
TEEokA &87HA 7t 2 Bacillus & P2 LA
o Eo ndAA AWz A gk A= v &gk Table 1. Compositions of experimental diets (%)
dA ol . Orotic acid
mebA, B ATl E AHuazziol &98 Bacilus sub- Ingredients N TC S0 Bops  BSPIO
tilis #55 o] &3te] Fol WA BT FE2ES Az HY Casein 20 20 15 17.5 15
LA AH7te] S8 A A FA5te] E5 @ 27t Corn starch 15 15 15 15 15
ANEHE AESGOM, LY AWDF AR 0% O R
Cellulose 5 5 5 5 5
A% aANEY 72ARE ATtz o Corn oil 0 10 10 10 10
Mineral mixture” 35 35 35 35 35
s o o Vitamin mixture” 1 1 1 1 1
Choline bitartrate 02 02 0.2 0.2 0.2
AETE DL—methi?nine 03 03 0.3 0.3 0.3
= A Orotic acid 0 1 1 1 1
T ETE 20173 39 G502 UG HETNESE SP 0 0 10 0 0
B, FHIA TANYLG BE 2R 2 ATANN  BSP 0 0 0 5 10
w8, 5% @A 5ol 5 Bacillus subtilis KACC Total (%) 100 100 100 100 100
91157 #F[| 5 A&t @FazTol s HIAA AR N : Normal
2 AgSHE T A ek AR Bacillus subtilis +55 A C : Control, Orotic acid
AZAZ o] Bo) 5% V/w) 22032 W23 37CA SP10 : Silkworm e)stljact 10% .
_ ‘ BSP5 : Bacillus subtilis fermented silkworm extract 5%
B LEAT T 6N T EF AZ9. 7848 2 BSP10 : Bacillus subtilis fermented silkworm extract 10%
=< dzxd dayd T']i‘%— 0 g= S A8l 1009 AATE DAIN 93 M-MX mineral mix, MP biomedicals, Illkirch, France
748 & 37T &L%o A /\] b2 wHlEE A 33 WHE F JAIN 93 VX vitamin mix, MP biomedicals, Illkirch, France
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582 ZANEE FSEA AL
AL 1 Az b

.l::

HedoziE A gsto
s ]/\]ﬂ < 3,000 rpml]
01 g4 Asteta £4
Asstan. A
2 AAsaL oA
BEANBE AFsAr.

2718 7% ¥ #AE 2481

B8 NS U WeAE XESY
A %9 total lipid, total cholesterol, triglyceride, free
fatty acid, phospholipid &% % aspartate aminotransferase,
alanine transferase, alkaline phosphatase, lactate dehydroge-
nase ¥4-& o8 A& TE HAAZ A A& A4
N5 &4, )9 TSt Fa (R4t )l o 28t
Ao

Glutathione &2 &8

2k 24 9] glutathione %2 7 homogenate &5 0.2 ml
o 32+ FF% 03 ml# 04% sulfosalicylic acid 0.5 ml< 7}3}
of Tty AAEE A FH &5 A 03 mlol 55-dithiobis
(2-nitrobenzoic acid)(DTNB) 4 A ok-& H7}Fate] 412 nm &

Journal of Life Science 2017, Vol. 27. No. 9 1033

Bl M 243t glutathione®] £ 7

g % 340 o3 3%
& AEHGOW 1 27 g F mgoT EA

F A TH4].

ol

ylin and eosin (H&E) €4 & & 33 ?4_
o=

o T
Olympus Co., Tokyo, Japan) H2aS 13}[9].

o] X A7 A= one-way ANOVA 774 9
QA (mean + SE)E FEAStHoH, 7 A
T 19 #1994 #%F-E Duncan’s multiple range testZ 3} %

THELe wWE I ofo|cAt &2k Hst

Fo o] bW A 55~65%, AW 9~14% X A E=EE
3} Ao g FAFH gloH, o]F 50% oS AAstE
oids EHAA 75 B0l Ue obeit B et
TE 47] Hste] B AFAAA £, 558 994 FallF
o] $=3} Bacillus subtilis KACC 91157 @52 L&A 71 o
o] tigk opu At o MSLE FESAT. Fol EZ(SP)
g FExd FEFAELBSP)Y obH =4t FE(mg/100 g dry

L

matter)= alanine, glycine, valine, leucine, lysine 2.2 3t
s0] % thFig. 1). ‘Fol o] vlg) TEF LEF| R
Al glycine, aspartic acid, glutamic acid® 233 o F&2
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oAk Ggol BF Z7He
ARFOTA WL E %Oﬂ—ﬁc%‘

ine©] 0416 mg/100 go.2 YA H & 3

A7 54 B AT glycine, alanine, arginine, serine,
aspartic acid 9 Z-& @4 ofu =4 Ao AL Tt V)%
MAEA7L B3 FHlon, FUE, 5o}, A& AEE 3t
B3 §3E AES A3 gid o] & FuEe] A

B3} M4 Eshom, 1 4 opnit

A= arginine,

z4
aspartic acid, glutamic acid 7} & &5 J5E& &<t
AcH16, 23] whebA Azt BEFAETAE F BE a3}
e glycine, alanine, glutamic acid o} & oju| e A+-E O
Fot1 Qone A% AN ARBRAE AAA

%%ﬂxlﬂ =9 702 gARAY.

A=, Alo] ¥ 22 N

=
2B M3

Orotic acide -+ A4t ol B2 H &S AAS L o
™, carbamyl phosphate®} aspartic acid 9| # g ¥hgo] 9
ate] A E pyrimidine nucleotide {4 ¢ FHYH =R

42 A ATH26]. Aol Foll 1%

U o HAAAE 0 T B

ANA ARRE FRANE A0, F SHAE 2

AR FoRAE ALUAE 2 9T vAE

FeiH Qlof MYnLY AU FERIED go
o

1 TH8]. Orotic acid 1% %<

Table 2. Changes in body weight, weight gain, food intake and water consumption

FEo Arkstel $400 13
Z/Hx]tﬂ-o o]AO} o7

N T2 3217 g9 A

Az

4

7] 914

S7tES Holy oo
o] = orotic acid Fooll &3] A%l

Al o] ’H-r]

F N ol v C

o1}, SP10 T 9 BSP5, BSP10 ol 4
2 3/h8te A% BYY. 984

o folHQ Folg molAE

EES
o
1]

‘5%9— TFAE UrE‘rlH ATt
K

T

T WM

& ol 2ZE 5%BSP5 T) 2 10%(BSP10
]

T8 T FEE 10%
A7keto] Fofstlnt
&) C #& 18.00 g9

L
‘C‘ S
A 4 THEE

= %3k Th(Table 2).

2t &719 2A

7k A719 FAE Ao tE A TH(%) 22 YERA
91 Table 33 2t} A 7+ 239 FA= N & 381%%
Hlad o C Foll A 581%2 Fo Aoz J7lste A& &

A Aol orotic acidol &J3] WA o2 FZFHo] H|
GIEA FE AP EHA EHE FAT £ AAT
SP10 & 9 BSP5, BSP10 <] 7+ 229 FA+= C 73 vl as)
A FoHoR ad FAE Ho Aol H e os A1t
v A4S AN 7 FAHE FE v AR AR
Ak &9, A%, WA, A 229 FAE BE FoA §9
2ol ol Holx &gk, A F9 At e N T3
C Y 94 Aole YAUAT SP E BSPE 40| 5
AR ZAM FHoz BAN F7tste A% 34U &

Initial body weight

Final body weight Body weight gain

Food intake

Water consumption

Grou
P ® ® ® (/day) (ml/ day)
N 283.3310.42° 320.50+4.19° 32.17+2.33° 19.57+0.27° 23.20+0.99%
C 266.50+1.73° 284.50+5.19 18.00+3.78° 16.63+0.11° 23.37+0.88"
SP10 294.33+1.17° 317.67+3.70° 23.33+3.40% 18.30+0.32° 21.70+0.49°
BSP5 281.83+2.98° 302.83£5.11° 21.00+2.52° 18.07+0.11¢ 21.53+0.61°
BSP10 284.00+2.91° 315.67+6.36™ 31.67+4.53° 18.70+0.35° 21.60+0.68
Values are mean + S.E., n=6
Abbreviations are the same as in Table 1.
Values with different letters are significantly different at p<0.05.
Table 3. Tissue relative weight (% of terminal body weight)
. . Perimental fat Epididymal fat
Group Liver Kidney Heart Spleen Pad Pad
N 3.81+0.22° 0.70+0.02° 0.34+0.01° 0.22+0.01° 0.39+0.04™ 1.56+0.04"
C 5.88+0.30° 0.72+0.01° 0.39+0.03" 0.23+0.01° 0.34+0.03" 1.24+0.07°
SP10 4.94+0.08° 0.72+0.02° 0.35+0.01° 0.22+0.02° 0.56+0.12" 1.28+0.06°
BSP5 5.16+0.15° 0.75+0.02° 0.33+0.01° 0.22+0.01° 0.79+0.22" 1.21+0.11°
BSP10 4.71£0.19° 0.74+0.02° 0.34+0.01° 0.21£0.01° 0.88+0.15 1.26+0.07°

Values are mean *+ S.E., n=6

Abbreviations are the same as in Table 1.

Values with different letters are significantly different at p<0.05.
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HoF9 Y webA BSP £of= ALT, AST, LDH 2 ALP &4
Ao ZHAN O ZA orotic acid F H| S IS4
A8 NAT F e A7 E 242 888 75
e Aoz ARHY.

1 A

Z 55 €%
1743 B TH12, 30]. 8% A4
Ly 7;37 € Fig. 3o YetAT
ee fatty acid, phospholipid, total cholesterol %
triglyceride =% N o ]3] C i, SP10, BSP5 % BSP10
FoAZoAM dAE FaTForA ofe T 2HAM dFoR
5= A ¥A VLDL (very low density lipoproteine)
o Bul Aste 71t A2 AL S HTh(Fig. 3). 21U SP
% BSP ol o) T ALY £E& S/HMIALEA
T z2AA SAHHE AdeEY FA7 YolAe BFE
Hol ojAE Aol AdHe AL &dedn. =3
BSP10 ¥ o9 A & total lipid, phospholipid, total choles-
terol @ triglyceride &% 7} SP10 2 BSP5 ool Hlaf 9
Aoz F7te FAE yeo] Addirte 344 &S
MAE Aos AsHT 3, Lee T[21]9 AT = o
peptides aAH4o] it Wk o Fojsto] ALFA A
7L EEAT L Baustglon, ro FE2ES A4 |
FozA o tharet A ThAre] A a3F Has o] lTh32].

s

Total 11p1d,

II.

Glutathione &t2F &8
Glutathione L-glutamate, L-cysteine % glycine® 2 T
A # non-protein thiol tripeptide®] F44s}EAE A AT
dAM T= T 24U =4 AA Hee T A oA
TR 4TS s AoE 2 ¢9A °'EH10 11, 22]. =4
U glutathione &2 A A3t 55, B4 fref7] 9 4bgt

ALT

SP10 BSP5 BSP10
LDH Fig. 2. Effects of SP and BSP on the activities

E A%e nyon, 53 BSP FolFoH yRoEHoR
Aase 4% S e Y. ¢4, LDHE 318 A 424
A 7 z2Ho] dg) BEeT Qon B, tHFF Y
WYY Fo|A Fgo] FtsteE AR A °‘EH25] LDH
A& C 7ol Hl8 SP10 Fol, BSP5  BSP10 Fof ol A
Aadte A4S RGoy, BANY F942 Aole §idH.

OA 4o o3t 5484 J71d4e SP T3 BSP
Fo oA Aadhs AFS BYOH, 53] BSP o o] A
oM OB Zaste AFE B 1 £40 AMHE AL
A AST B

80
~~ b -~~~
560 be S
= ac ac ~
240 a )

z z
S 20 S
< <

0
N C  SP10 BSP5 BSP10 N C
ALP
c 300 D 1500
~ b ~
2250 = b
=200 | a a =, 1000
2150 ¢ 2z
Emo & 500 a
) )
< 50 <
0 0

N C

SP10 BSPS BSP10 N C

of AST (A), ALT (B), ALP (C) and
LDH (D) in orotic acid-induced fatty
liver model rats. Abbreviations are the
same as in Table 1. Values are mean
+ S.E,, n=6. Values are different letters
are significantly different at p<0.05.

SP10 BSPS BSP10
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A Total Lipid B Free fatty acid c Phospholipid
600 1200 160
a a a
~ 500 23 1000 ~ 10
% S % 120
B 400 S 800 B 100 ¢
£ . el b £
= 300 = 600 = 80 b
= . be be = b b b £ b b
£ 200 & 400 2 60
S g S 40
O 100 O 200 @} 20
0 0 0
N C  SP10 BSPS BSP10 N C  SP10 BSP5 BSP10 N C SP10 BSPS BSP10
D Total cholesterol E Triglyceride
80 160 5
70| 2 140
Z 6 = 120
cEm 50 T CEW 100
=40 be = 80
= be be <
830 S o
g 2 g w be
Q @] be
10 20 b
0 0
N C  SP10 BSP5 BSP10 N C  SP10 BSP5 BSP10

Fig. 3. Effects of SP and BSP on the contents of Total lipid (A), Free fatty acid (B), Phospholipid (C), Total cholesterol (D) and
Triglyceride (E) in orotic acid-induced fatty liver model rats. Abbreviations are the same as in Table 1. Values are mean
+ SE, n=6. Values are different letters are significantly different at p<0.05.

H AZE Wofstes d4itks A ~"3
2 W glutathione 3&F2 N 7ol Al
Ve, C :rLOlW 7}” g £ S E?i

}— L.

oF L

124 %<
T 9EH O Z glutathione 3 °]
FAAE N 2ol 71He $4E Y
o] 2t 23 1 glutathione &%
14 2 o2 fedthFg 4). &
EFN TolA & FAE By

= Aoz Azad. Te}

BSP & o Tl A =7t

%om, 53] BSP10 Fo = =
I

o

Liver GSH

0.25

0.2

il

0.1
SP10 BSP5 BSP10

Glutathione concentration (mg/g)

2 N Jo O
r{r & lo gy

kS

o o] 2§

thione 3o 2 9

A7

o 1

=2

FAE YERlth SP10 £ E C 73
o] Kol &ou BSP FoTolAE T2

glutathione 3#°] F7+38t%1 2.1, BSP10 o 9]
N Zo 7V A5 By 124 daF9 |
glutathione 3+ W 3}o] oS U] Ae A
AFZ Hol dnk o7} 3t

A
ql
o

ZZUO

TEE

t

S & A glutathione

AN

o]

Glutathione concentration (mg/ml)

Serum GSH

0.2
0.1

[111]

SP10 BSP5 BSP10

Fig. 4. Effects of SP and BSP on glutathione concentration in the liver (A) and serum (B) of orotic acid-induced fatty liver model
rats. Abbreviations are the same as in Table 1. Values are mean + S.E., n=6. Values are different letters are significantly

different at p<0.05.
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Fig. 5. Effects of SP, BSP5 and BSP10 on the hepatic histopathologic changes in orotic acid feeding rats. The liver section were
stained with hematoxylin and eosin (magnification x200). Abbreviations are the same as in Table 1.

2 FAHNeH, & AEs T
1 1 3HAo] dAsty, AlE =
£ sta Y. C &, SP10, BSPS
A AEA 29 SAUA F=
Aol WA o2 AN L7} FL3HA

AL o] #ZEAG. 2H Y
29& TS e B AEEC

< = of °‘°1 A7
BSP10 Fo Tl A& 3t

ANA O FAaHA WEE o] dof N 79 3t A3 v %3
e Holm AW Add 237t Sle AoE HYT &
#H, Ahn 5[1]9] dFME FAETE TE ]?4 orotic acid
L A Bl A5 FANGORA AW A ERE

2T & YTy BRaso

ZAle 2

2 ATE 201685 AAF AL “R&D AL 22
AE"S A AL Tol 37 %?@ﬂrowﬂ ojo] ZHAEHY
TH(N0002293).

References

1. Ahn, H. Y., Cha, J. Y., Park, K. R, Kim, Y. R. and Cho,
Y. S. 2013. Improvement effect of fermented silkworm
(Bombyx mori L) powder against orotic acid-induced fatty
liver rats. ]. Life. Sci. 23, 789-795.

2. Arog, C. K. and Caldwell, S. H. 2009. Epidemiology and
natural history of non-alcoholic steatohepatitis. Clin. Liver

10.

11.

Dis. 13, 511-531.

. Baldi, E., Burra, P., Plebani, M. and Salvagnini, M. 1993.

Serum malondialdehyde and mitochondrial aspartate ami-
notransferase activity as markers of chronic alcohol intake
and alcoholic liver disease. Ital. . Gastroenterol. 25, 429-432.

. Beutler, E.,, Duron, O. and Kelly, B. M. 1963. Improved

method for the determination of blood glutathione. ]. Lab
Clin. Med. 61, 882-888.

. Cha, J. Y, Kim, Y. S, Ahn, H. Y., Eom, K. E,, Park, B. K.

and Cho, Y. S. 2009. Biological activity of fermented silk-
worm powder. ]. Life. Sci. 19, 1468-1477.

. Cha, J. Y, Kim, Y. S,, Ahn, H. Y., Kang, M. ],, Heo, S. J.

and Cho, Y. S. 2011. Biological activity and biochemical
properties of silkworm (Bombyx mori L.) powder fermented
with Bacillus subtilis and Aspergillus kawachii. . Life Sci. 21,
81-88.

. Cha, J. Y., Kim, Y. S, Kang, P. D., Ahn, H. Y., Eom, K.

E. and Cho, Y. S. 2010. Biological activity and chemical char-
acteristics of fermented silkworm powder by mold. J. Life.
Sci. 20, 237-244.

. Cha, J. Y, Maeda, Y., Oogami, K, Yamamoto, K. and

Yanagita, T. 1998. Association between hepatic triacylglycer-
ol accumulation induced by administering orotic acid and
enhanced phospatidate phosphohydrase activity in rats.
Biosci. Biotechnol. Biochem. 62, 508-513.

. Cha, J. Y., Jun, B. S. and Cho, Y. S. 2004. Prevention of orotic

acid-induced fatty liver in rats by capsaicin. Food Sci.
Biotechnol. 13, 597-602.

Cha, J. Y., Kim, H. S, Kang, S. C. and Cho, Y. S. 2009.
Alcoholic hepatotoxicity suppression in alcohol fed rats by
glutathione-enriched yeast FF-8 strain. Food Sci. Biotechnol.
18, 1411-1416.

Cha, J. Y., Heo, ]. S. and Cho, Y. S. 2008. Effect of zinc-en-
riched yeast FF-10 strain on the alcoholic hepatotoxicity in
alcohol feeding rats. Food Sci. Biotechnol. 17, 1207-1213.



1038

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

BB etPIX| 2017, Vol. 27. No. 9

Cha, J. Y., Cho, Y. S, Kim, I, Anno, T., Rahman, S. M. and
Yanagita, T. 2001. Effect of hesperetin, a citrus flavonoid,
on the liver triacylglycerol content and phosphatidate phos-
phohydrolase activity in orotic acid-fed rats. Plant Foods
Human Nutr. 56, 349-358.

Chalasani, N., Younossi, Z., Lavine, J. E., Diehl, A. M., Brunt,
E. M., Charlton, M. and Sanyal, A. J. 2012. The diagnosis
and management of non-alcoholic fatty liver disease. prac-
tice guideline by the American Gastroenterological Associa-
tion, American Association for the Study of Liver Disease,
and American College of Gastroenterology. Gastroenterology
142, 1592-1609.

Duncan, D. B. 1957. Multiple range test for correlated and
heteroscedastic means. Biometrics 13, 164-176.

Hwang, E. H, Kang, B. G,, Kim, B. R. and Lee, H. J. 2001.
Protein quality evaluation and effect of plasma lipid con-
tents of acid hydrolysates of cocoon in rats fed by high cho-
lesterol, high triglyceride and high sucrose diet. ]. Kor. Soc
Food Sci. Nutr. 30, 1004-10009.

Lee, J. H, Kim, N. K, Lee, D. Y. and Lee, C. H. 1999.
Protective effect of selected aminio acids and food extracts
on ethanoltoxicity determent in rat liver. Kor. J. Food Sci.
Technol. 31, 802-808.

Jeong, E. H, Jun, D. W,, Cho, Y. K,, Choe, Y. G,, Rye, S.
H. Lee, S. M. and Jang, E. C. 2013. Regional prevalence of
non-alcoholic fatty liver disease in Seoul and Gyeonggi-do.
Korea Clin. Mol. Hepatol. 19, 266-272.

Kang, P. D, Kim, J. W,, Jung, . Y., Kim, K. Y., Kang, S.
W., Kim, M. ]. and Ryu, K. S. 2006. Study on the unsaturated
fatty acids in the pupae of silkworm, Bombyx mori. Kor. J.
Seric. Sci. 48, 21-24.

Kang, P. D., Kim, J. W, Sohn, B. H,, Kim, K. Y., Jung, L
Y., Kim, M. J. and Ryu, K. S. 2000. Accumulating pattern
of a-glycosidase inhibitor in various silkworm varities. Kor.
J. Seric. Sci. 48, 25-27.

Kim, N. H. 2013. The analysis of non-pharmacological inter-
vention study for nonalcoholic fatty liver disease: interven-
tion types and measurement parameters. J. Kor. Biol. Nurs.
Sci. 15, 43-53.

Lee, S. H, Park, D. S, Yang, G. E., Bae, D. K, Yang, Y.
H., Kim, T. K,, Kim, D. J.,, Kyung, ]J. B., Yeon, S. H., Koo,
K. C, Lee, J. Y, Hwang, S. Y., Joo, S. S. and Kim, Y. B.
2012. Silk and silkworm pupa peptides suppress adipo-
genesis in preadipocytes and fat accumulation in rats fed
a high-fat diet. Eur. ]. Nutr. 51, 1011-1019.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31.

32.

33.

Li, Y. G, Ji, D. F,, Chen, S. and Hu, G. Y. 2008. Protective
effects of sericin protein on alcohol-mediated liver damage
in mice. Alcohol Alcohol. 43, 246-253.

Yin, M., Ikejima, K., Arteel, G. E., Seabra, V., Bradford, B.
U,, Kono, H. and Rusyn, I. and Thurman, R. G. 1998. Glycine
accelerates recovery from alcohol-induced liver injury. J.
Pharacol. Exp. Ther. 286, 1014-1019.

Matteoni, C. A., Younossi, Z. M., Gramlich, T., Boparai, N.,
Liu, Y. C. and McCullough, A. J. 1999. Nonalcoholic fatty
liver disease:a spectrum of clinical and pathological severity.
Gastroenterology 116, 1413-1419.

Park, Y. M., Lim, J. H., Lee, ]. E. and Seo, E. W. 2015.
Protective effect of semisulcospira libertine extract on in-
duced hepatitis in rats. J. Life Sci. 25, 539-547.

Pottenger, L. A. and Getz, G. S. 1971. Serum lipoprotein
accumulation in the livers of orotic acid fed rats. ]. Lipid
Res. 12, 450.

Rumpold, B. A. and Schluter, O. K. 2013. Nutritional compo-
sition and safety aspects of edible insects. Mol. Nutr. Food
Res. 57, 802-803.

Ryu, K. S, Lee H. S and Kim, S. Y. 1999. Effects of Bombyx
mori larvae extracts on carbon tetrachloride-induced hep-
atotoxicity in mice. J. Life. Sci. 9, 375-381.

Ryu, K. S, Lee, H. S, Chung, S. H. and Kang, P. D. 1997.
An activity of lowering blood-glucose levels according to
preparative condition of silkworm powder. Kor ]. Seric. Sci.
39, 79-85.

Sumi, H., Hamada, H., Tsushima, H., Mihara, H. and Muraki,
H. 1978. A novel fibrinolytic enzyme (Nattokinase) in the
vegetable cheese Natto:a typical and popular soybean food
in the Japanese diet. Experimentia 43, 1110-1111.
Tsukahara, M., Shinzato, N., Tamaki, Y., Namihira, T. and
Matsui, T. 2009. Red yeast rice fermentation by selected
Monascus sp. With deep-red color, lovastatin production
but no citrinin, and effect of temperature-shift cultivation
on lovastatin production. Appl. Biochem. Biotechnol. 158, 476-
482.

Yang, S. ], Kim, C. Y., Lee, ]. B, Kang, S. S. and Lee, J.
J. 2013. The effects of the mulberry and silkworm intake
on androgen receptor mRNA and myogenic regulatory fac-
tors expression of rats muscle for resistance exercise. J. Seric.
Entomol. Sci. 51, 99-106.

Yoon, J. W, Lee, S. G. and Lee, K. B. 2005. Effects of silk-
worm extract powder on plasma lipids and glucose in rat.
Kor. ]. Food Nurt. 18, 140-145.



Journal of Life Science 2017, Vol. 27. No. 9

25 127 L0 FES0| H[EI=Y ALz 7 AF0 0= 2 71S WM =0t

=T

Bl
)& o] H o3 Bacillus subtilis KACC 91157 &5 5 ©] &3} Orotic acid-f'2 =4

T2k

tgro FEES Aold 5%, 10% $Fo2 247 A7lslgyg. daTo FEE5L

orotic acid A7t 74 A 7t 75 H3EA AEZ o] &5+ AST, ALT, ALP ¥ LDH A& TFAAAF

A, 84 AAEEE AL FELE JEANAFT AT A 25 FHUY. £ AR FLE AHE glu-

tathione ¥5& T7/INAFE A< 9T & Atk 7+ 229 Hed ## 237 SP10 F4 73 BSP5 T

o H]af BSPlO FogdAM 7t £28& 748t T xS0 Aty og FY3tA wdso 4wy 7 247

H]*xﬁf_ b Bo Az el 371 Qe AR BT ol A3 Hof A& HEFY FEEL AW
2t AA % e AZNSAF AAEA S8 7tsAo] =2 A0E AEHo AH

1039



