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Abstract

This study was conducted to investigate the effect of administration of calcium supplementary food
containing fermented product of Bacillus subtilis SE4 highly producing poly- 7 —~glutamic acid on the growth-
parameters of adolescent male rats. Four-week old male Sprague-Dawley (SD) rats were fed for 4 weeks
and assigned to the following 4 groups: two groups administered orally with new calcium supplementary food
(such as 150 mg/kg and 300 mg/kg) containing fermented product of B. subtilis SE4, one group administered
with conventional calcium supplementary food product (150 mg/kg) and one saline group as control. Daily
weight gain and daily food intake in the two new food product groups were higher than those of conventional
food product group and control group. Especially, the content of serum IGF-1 in the two new food product
groups were significantly higher than those in conventional food product group and in control group (p<0.05).
In addition, length and weight of longitudinal bone in the two new food product groups were longer and heavier
than those of conventional food product group and control group. Therefore, the addition of fermented food
product of B. subtilis SE4 into the conventional calcium supplementary food increased all the parameters

examined for the growth of the adolescent male rats.
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Z7o] mwa Folste] W HAEZE Byl Bt 2
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o IGF- 1 FR4E AE 5849 445289 455
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Aok ARalel 447 Beol W 222 AT gl
A% 2 AAZESE F=TH89). AAl, IGF-1¢] 284
Ao Al IGF-1 & 5% 23 A 24, ded 1A,
W F7)d 4 gl Dol o] AdHE Aew Husu

A E © 2+ vitamin D, casein phosphopeptlde, dietary fi-
ber, phytate, oxalate, fat 2] i lactose 5°] <& A At
(16-20). 1 ®Foll H< Bacillus subtilis(chungkookjang) ¥
o A A AtE = poly— 7 —glutamic acid( y -PGA)7} Ca¥] &
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71% Al v A YE AS F A H 95 YM(Becton

Z8AF 477 F A= AFEKEed 1577

Dickinson and Company, MD 21152, USA) 3|1l =] o
et AAdE E22Y F HAho) =2 i‘—?%—% o=
12} # AES s 132 AdE FFELS 6% sucrose,

1% sodium glutamate, 5% soybean meal, 2.5% Na:HPO; -
12H20, 0.4% NaH:PO, - 2H20, 0.5% sodium citrate, 0.02%
MgCls - 6H20, 0.002% ZnSO4 - 7TH,O(pH 7.2) 5°] 3=
100 mL 7 -PGA AJAkujA]ol] E3ted 37°Col A 443t H A
ik sttt ¥ -PGA2l A A= Goto2} Kunioka(22)e] &
& AAYPS ARSI = uieFol B mf S 12,000
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1 mLE g @alo] 422l BD vacutainer, USA)
Tl 1,200x goll Al 1083 A2 st S 8k
th(23). #g" gHo=zXE HPLC(Nanospace SI-2,
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mm LD., 5 ym, Shiseido)& AFH8-3}$31, ZH 2=+ 35°Co|
At Al FFYHEFL 10 plojlord, o] 54 o 2= 580 mL
sodium phosphate monobasic, 480 mL methanol, 3 mL
N,N-dimethyloctylanine® 1 mM EDTAZS &3 %
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Table 1. Ingredients of calcium supplementary food used
in animal study

Content (%)

Ingredient Conventional New food

food product  product
Shellfish calcium 31.50 31.50
Casein phosphopeptide 3.50 3.50
Vitamin D3 0.05 0.05
Vitamin mixture 0.30 0.30
Ostrich egg shell 4.50 4.50
Colostrum powder 4.50 4.50
Amino acid mixture 7.50 750
Dextrose 26.65 16.65
Yam powder 5.50 5.50
Safflower seed extract 6.50 6.50
Acanthopanax senticocus extract 9.50 9.50
Folyl- 7 —polyglutamate—Ca 2.00 2.00
Fermented product of Bacillus 0.00 10.00

subtilis SE4

2 %, 1 mL @A Stepadete] i Tl 23 1200x g
A 1087 d4EE 3l 4 & Bt €4 U
IGF-1 st OCTEIA Rat/Mouse IGF-1 kit(Immuno-

diagnostic systems, UK)E ©o]-&3lo] =435}t
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y -PGAZE | ZFo g Aiste £H FFE YM agar plate
Aol A Eo HAS FAlsE 10719 e~ 52 A
Adksta, 12k2 AdE o5 107 F25E 7 -PGAY] A%t
o] 75 g/LE 714 B& SFA #FE FF BHgFE A
SFFTHTable 2). ©] SE4 #F+ API kitE AH8-3 Aol
$% 437 16S rDNA €714<98 ¥4 A% Bacillus sub-
tilis2 #H% A=A Hdata not shown).
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Table 2. Poly- 7 —glutamic acid produced by various se-
lected Bacillus strains
D

Strain Poly- v —glutamic acid (g/L)
SE1 3.2
SE2 1.8
SE3 1.5
SE4 75
SE5 2.0
SE6 0.3
SE7 1.9
SE8 1.3
SE9 0.7
SE10 1.0

DAl selected strains were incubated at 37°C for 4 days.
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HIAE| A UEHALES] dHlgrE STsnt
AW ZEEFol tg v -PGAS] &el] g 71 1L o}
sdsHA B A A o, ¥ -PGAZE pH7F W2

ﬁo.?i i

Ao Zge] ST E Eolu 3 g FYEE
AXA A ZE U F5E SHATE ALZE ¢
A3l Quk24). oltel]l y -PGAE 2% HEA|(drug car-
rier) 2% o] &5 =d I thEZFHQ 42 y -PGAE T84
9] oA paclitaxel(Taxol, TXL)E 4849 polygluta-
mic acid pacitaxol(PG-TXL)E A& A dU7|5S =2
AR 27t Jd5H25).

2 AFA g npd s daRAEY] AAEFTE FX
o] y-PGAd &3t ARIA olyd 1 vty & HEE
o)t AIA = o} WA & 4 flov 4 LAOA}
o] S HIES dhekAe} 22 V| FAEHEY AT
A ARt deA 9 AR5 AT BAZTT T
o Bo] AFEAEZE tetracycline AM&EFET, tetra-
cycline® 8% ¥ 2 HPLC #4jo] 7}s3ta S0 7 =X
2o}(23) A3 AWl A paclitaxel 2& F&A At 7]
SAEAEY FAE ¢ HE1S JE Y] ot HE
YA E F 2A1ZF o] E A 1 tetracycline TS
=43 23(26), T2 d U tetracycline F 26.3
+0.9 ppmoll HI3) B 22~ G ERPAMET Q] tetracycline 3
Ze 4234140 ppml.E Hay ]— o] 168 ol =4
UEFHTHp<0.05)(Table 3). &, & ahAME 9] tetracycline
o] A F4F R TS vA L ol 4FHUE et

Table 3. The content of tetracycline in rat-blood after oral
administration with fermented product of Bacillus subtilis
SE4 and tetracycline

TEALEC] FE AT ZER

Group administered with Tetracycline (ppm)

in serum
Tetracyclinel ) ' 26.3+0.9”
Tetracycline + fermented product” 42.3+4.0

YTwo hundreds mg of tetracycline/kg (body weight) was ad-
ministered to a group of rats.

?Two hundreds mg of tetracycline/kg (b.w.) plus fermented
product (200 mg/kg b.w.) of B. subtilis SE4 was administered
to a group of rats.

YValues are mean=SE.

"Significantly different (p<0.05) by Student’s t—test.
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Fig. 1. The changes of body weights in mice after oral ad-
ministration of calcium supplementary food containing fer-
mented product of Bacillus subtilis SEA4.

Table 4. The effect of calcium supplementary food containing fermented product of Bacillus subtilis SE4 on the body weight,
body weight gain and food intake in the adolescent male rats

Initial body

Final body

Body weight gain (g/day) Food intake (g/day)

Group . . after after
weight (g) weight (g) 14 days 3 1 3
Control (saline) 1169+1.8Y 30994109 7.3+0.3"? 72+04* 171+02° 198+03"
Conventional food product (150 mg/kg) 115.942.0 308.4+9.3 72+0.1° 72403 174+02°  196+03°
New food product (150 mg/kg) 112.3+2.0 312.0+6.0 8.1+0.2" 74+02* 178403  199+03"
New food product (300 mg/kg) 1128+16 3169+29 8.4+0.1% 76+01*  182+0.1°  204+0.1°

YValues are means*SE in each group.

“Means with the different letters in each column are significantly different (p<0.05) by Duncan’s multiple range test.
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9] 7.34+0.3 g, VNEZLFREFGAETY 72401 gol IS
FAFLEFETEHAET BEF FoFoE 2 4dY
Fs 1JrE‘rlHO*EHp<005)(Tab1e 4). ol Aae 28

AAFAH FAME e O F99421 2o+ ¢l
H2F 724104 g, 7IEZFRFEAEFF 724103 goll Hl3)
AR F82E7(150 mg/kg, 300 mg/kg)®) 7.4+0.2
g, 76x01 g0 & GA AFAFRFEAFTC] thh &2
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I EAAAY QA AFLFRFTEAFTAN =2 4
FE HYor 53] 1497t 1 &F AL FETEAEFT
NAN =& AARHHAZFE UEUTE & dET 171202 g,

NELFRFTEAFTT 174102 g, ]ﬁ%}%i% A EFT
(150 mg/kg, 300 mg/kg) 17.8+0.3 goll vl a1 & A2
FREFEANFTL 182401 g2 FoHo g dIAEAHH
ZFo] =4t (p<0.05). 1H 1} 28¥€7te] Afole AL HF
HEFE&2Fv0 27y 7E4FRF &2 5 v8) o
4 F7Vete AL BAAT FoHQl Aol JAGEHA %
S THTable 4). o] 2t dLFAFS S7ie vy 2 28
AFE 9] Fodol oJaf 3] AtsAdF &Fo] F7hstaL, AlR
A9 Frke Ax AF 71 2HE vehd Zﬂﬁi Ayzr
o

SHEILY IGF— Bhat

IGF-1 & A3 A& A=3}= anabolic polypeptide &
A= 19 —r%xﬂE ZZAE} ASA X EA3t=T] ©]
F9ol A IGF- 12 I A2l s AxEstet 54 ¢

ZZ A X 93 collagen S FFA 7= 9L 3t}
(9) ol¢} o] TAFA Fad 9TE = IGF-1 9
W gheks FAMeF A3 gl F2 T 2047458 ng/mL, 71E
RERAZT 2074149 ng/mLol HI&) AFZEREE
T2 2714+45 ng/mL(150 mg/kg fg.% 3} 2962+ 24
ng/mL(300 mg/kg¥H)EA AFLEFRE=L
T 2 IELFERTEAFTEY 79 X—vi
YERA tH(p<0.05)(Table 5). o]} 22 A5t
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Table 5. The effect of different calcium supplementary
foods containing fermented product of Bacillus subtilis SE4
on the IGF-1 in serum of adolescent male rats”

Group IGF-1 (ng/mL)
Control (saline) 2047 + 582
Conventional food product (150 mg/kg) 2074 +49°
New food product (150 mg/kg) 271445
New food product (300 mg/kg) 2962 + 24*

UThe rats were fed with the foods for 28 days.

?)Values are means+SE in each group.

YMeans with the different letters are significantly different
(p<0.05) by Duncan’s multiple range test.

oM Q) Ee IGF-1 F3e wpaes BaTAIE o
A7l o HAFEEe) B W AFARY F4E
ol =

T BFFAST Fof FzZole dx 334402
mm, 7|EZFRFEAET 33.310.2 mmol BlE)] A&
A AR E 82 F (150 mg/kg) 33.7+0.1 mm, L&
A FDERZLAEZ(150 me/kg) 34.8+0.1 mm=EA] vl %
AR ] A7t & et Frtste AES Hon 53]
TGl A FH oz FFo|7F AUHp<0.05)(Table 6).
BAZEA = 2T 40591100 mg, 71ELFHEFE2AE
T 4103151 mgell BIs] AL&F AFAFRFEAFT
426.8+78 mg, LE&F ANFLFRFEFT 4329148
mgE AFZAFRFEAFTANA BT FAYAR FAH
Q Frode AT
FEe] FAE BEW FEe A9 EF 65£0.0 mm,
JNELFREFEAET 66101 mmol Hs) AL AT
FEZTEAEFTC] 68+01 mmZ FHoz FUoH
(p<0.05), LE&EHF AFLFRFTEAEL 6610002 7|&
RS2 FH st £ gE+ 26201 mm,
VNEZFERFEAFT 25201 mmel HI8) A&F AL
FERFEAFTO 28401 mm=E FolFoE FUo
(p<0.05) &HF NFZAFRFEYFTLS 24101 mm=E
238 ooz AR THp<0.05). 39 B¢ o
Z 38400 mm, 7|EZHFHEEEAET 3.710.1 mm, A

Table 6. The effect of calcium supplementary food containing fermented product of Bacillus subtilis SE4 on the growth

of longitudinal bone in the adolescent male rats”

Thickness (mm)

Group Length (mm) Upper part Middle part Lower part Weight (mg)
Control (saline) 334402 6.5+0.0° 26+0.1 3.840.0° 405.9+10.0°
Conventional food product (150 mg/kg) 33.3+0.2° 6.6+0.1% 25+0.1° 37+0.1° 410.3+15.1°
New food product (150 mg/kg) 33.7+0.1° 6.8+0.1° 2.8+0.1° 38+0.1" 426.8+7.8"
New food product (300 mg/kg) 34.8+0.1° 6.6+0.0™ 24+0.1° 42+0.2 432.9+4.8"

YThe rats were fed with the foods for 28 days.
YValues are means+SE in each group.

YMeans with the different letters in each column are significantly different (p<0.05) by Duncan’s multiple range test.
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