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Calcium Absorption Accelerating Effect of Chitosan Oligosaccharides prepared
by Ultrafiltration Membrane Enzymatic Reactor

You-Jin JEON, Gyu-Hyung KiM*, Pyo-Jam PARK and Se-Kwon Kim'
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In spite of various bio-functionalities of chitosan, the effects in vivo were still ambiguous because of its low absorption on organism.
Therefore, chitosan oligosaccharides (COSs) are necessary to elucidate for an efficient utilization in vivo. COSs were prepared from
chitosan using ultrafiltration membrane enzymatic reactor system with MWCO (molecular weight cut-off) 3,000 Da of membrane.
Calcium absorption accelerating effect using COSs was examined by two methods, in vitro and in vivo. In vitro experiment, calcium
absorption by the addition of COSs in a mixture solution of calcium and phosphate was higher approximately 50% than that by
control. In vivo using rats, group taken the diet contained 1% COSs and calcium chloride decreased about 75% of calcium content
excreted from feces, and then, showed about 15% increase in breaking force of femur. These results demonstrated that COSs

definitely involved in calcium metabolism ir vivo.
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78 AFANN AESZ9A Lo ZTRGA HAsE 3
G3FEA F2 4459 42, HR 2 TFo) HxY Fol
¥3tx g 719 e gtz F2 8- (1-4)-2-acetamido-D-
glucose @7} WMEHe 2EAPHE Htn Yo, o|Re] %
Y2 AYHA golMgshd o3 NEQFeR WY H,
FIEANE dutA o 2 g (1-4)-2-amido-D-glucose T$17F A A ¢
90% o4& A gle B+E 2 (Andrady and Xu, 19
97), hexose ¥HET 9] F WA G249 o}vxr]E pH 2~6

kil
Y
ks

9 A GAA Fol &g AN H4A Fed. AE - &
ArE A2 B AErsAel wEiezn 3 F5¢ ¢ 3l

on B3| wezte] o FEFYA (Suzuki, 1996; Tsukada
et al, 1990; Tokoro et al, 1988; Suzuki et al., 1986), ¥T &4
(Yamada et al, 1993: Tokoro et al, 1989; Hirano and Nagao,
1989; Uchida et al., 1988; Kendra et al. Hadwiger, 1984), &#£
HE A8aE (kAEE and WAEF, 1995; Maezaki et al, 19
93) ¥ 2 2AAE (RAKEE, 1995) T & EF7t )%
oA %

FNEAE ZEA polycationd §H# mucopolysaccharideZ A
AW A4, FHAHE, $54, PAL9ER 52 s
A2 335 (Deuchi et al, 1994; E>4 et al., 1995; Nishmura
et al, 1994), ¥ Zgolt AF 2L Y I Y Fx ¢
Bulzae Aog g 9tk (Wada et al, 1997). Gordon and
Williford (1983) & 71EAE OF22 REJqA d&Ho=

AFAANAS o FEY F547F I Agsigdn Zadded,
o3 AT FEANC ZYF 34 ATAE ML dde R
< F93%c A

a8y, gEEe] B5, 53] AT HFBde JEAE JF
23T 4 gle chitosanase?} §17] W&ol &2 029 opds]
AZ A F4HA X2 A2 4EHE dietary fiberZ A
288 shgAol ¢ = (Weiner, 1991). w&d AW Z+9
F5E&7E ddMe AEAE elude dHE 4F%e Rl
AW F589 ZHdA df$ 78 Ao gddd

2 A7 E o) B3 (Kim and Jeon, 1997) ¢l w2t &9
e AANEI|AA AZT JES SEnFe o] &3t AA
W Z45E5 22A3E in vitro R in vivo F7HA B2 A

Edt
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1. M8

BN QoA e T} 89%, AE 20cpsol®, N EAY 7H4
23 o] &5 & chitosanase (Bacillus pumilus BN-262 2) %
FIEA 290G HEE (FHE 29014 774X)) & ¥ Wako Pure
Chemical Industries, Ltd A T4392™, D-glucosamined
Sigma Co.olA T3 JIER &)1 Azd oj&He &
oejziet wg 7| A|lA9e Millipore Co. 258 FUHAT. B4
FHEL AH (Kim et al 1998)9] ¥HdE g3t 2HE=R
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Table 1. The composition of diets (g/kg)
- - COs
. Basal Control Non-addition
Ingredients . 1% 3%
(Ca deficient) (CaCO,) CaCl, CaHPO,
CaCl, CaHPO, CaCl, CaHPO,

ISP! 200 200 200 200 200 200 200 200
pr-Methionine 3 3 3 3 3 3 3 3
Starch 562.5 550.01 547.65 563.03 537.65 553.03 517.65 533.03
Fiber 50 50 - 50 50 50 50 50 50
Corn oil 100 100 1100 100 100 100 100 100
Min. mix.? 35 35 35 35 35 35 35 35
Vit. mix.? 10 10 10 10 10 10 10 10
Choline Chloride 2 2 2 L2 2 2 2 2
PEG #4000 20 20 20 2 20 20 20 20
KH;PO, 17.5 17.5 175 - 17.5 - 175 -
COSs* - = - -~ 10 10 30 30
CaCOy’ - 1249 - - - - - -
CaCl® - - 14.85 - 14.85 - 14.85 -
CaHPO,’ - = - 16.97 - 16.97 =~ 1697

'ISP : Tsolated soy protein
*Calcium-free mineral mixture (AIN-76)
*Vitamin mixture (AIN-76)

*COSs : Chitosan oligosaccharides
%CaCO; contained 40.04% Ca

%CaCl; contained 36.11% Ca

'"CaHPO; contained 2946% Ca

2e 2SS Az AL ALy, 2584 A
9 AR ALed HEFEEL 115~125g9 +H #FH (Sprague-
Dawly rats, male) 24, A&Udn AHFE ASAA 7943
Aek. =3 dF 994 (isolated soy protein, ISP : PP5S00E)&
Ralston Purina International Co.lA BlE}% EFE (AIN-76
type) < Oriental BRTHE (FF)AAM T3tk 19 A4H
EE AL 248 5F& AHEsad

2. 7|EA g2|ngel HX
BN 2gage d9one Aty AladEdA B
2 2A'H 9 (molecular weight cut off: MWCO) 7} 22} 3,000 da-
ltonsq] o2& AME3te A4F AFEHZ A2EFAD (Kim and
Jeon, 1997).

3. 7B galng Mo By g BExXjE &3

FIEAN 213 24 £4& TSKgel NH2-60 &4 ZH (46
X250 mm, TOSOH Manufacturing Co., Ltd) ¢ Z&AN a2}
£ 9 (high performance liquid chromatography: HPLC, Spe-
ctra Physics P2000)2 #4314t AJEEA LS w7 oM E
YEHo] 111 (vW)Z EFE AR 20L& F3d FYT &, &
3} MEUEZ 40609 ¥Z TR LWEZA BF 08nlg
&0z £2A3Y. BN 822 das 24E FEY
(refractive index detector) 2 &3}t

ok

(=23

4. ZEET RMEY 1Y
712 Sengel A¢ ZEFF FVERY in vio AP
Naito (1986) ] 3ol o3 AR el me Adgde] AA

Y ANTo2 ZAEAt F, A& 0pgd 20mM UL
UYEF (No,HPO) 9 1nfe] A71E¢ ¥ 20mM 93254
025 L8 7H3te] 37CAA 0~ 1245 HEAA AUEF (),
500Xg, 5¥)3to A& A4FAE ICP (inductively coupled pla-
sma) spectrometer (SPS 1200A plasmaspectrometer S IDE AM-§
g AHTEg FHAAT

HAEE o8 invivo AFHAM 9 Z5] AW F-age 7
ol F¥ 37 #R REE 3FT By A¥HE FANA 2
#29E 5391, o|F 37T Zao] HAVIE 4P olE AT
At 4gdolTe UxTS T3 JEA SEud T
2, 1% 2 3% (ww) A2 22 Uy Agsigen, AedE 4
ol9] 242 Table 19 Yetilth A& AFe 4F HFdd
AYFEE 124 ZHAY F Yol & 15ATES F9A3
A FE 4937 Y YT Aol 4425 FHE =9
2& AAse ZEFFE ZARYt 2 NEY ¢F YEH T
S H&3o W FHZEE instron (Instron Universal Testing
Instrumeter; Model 1011) 22 &A 3ot

fo

5. BAR2Y

RE Afe YT L IFLAZ AAN}YLH, F94 AFL
p<0055F A Duncan’s multiple range test® °] &3 FAA
g3t

2 o

1. 7IE4 S2(aYe| T4 EXf
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goont ALNEIIE ol &3t A2 NEN LAY BEFT FIEH

BT 24¢ TSKgel NH2-60 B3] A28 HPLCE
A% AE Fig. 19 YE At Fig 1914 £ + IR0l 71 EX
2213 FEEE AFEAQ chitobiose~chitoheptaosedt |
2P e W 3FHF~5FHIH o8 F FFL 0% oldoIN
a3 ZEe §5484 2 78S M Aeg gEA
e 635 TRRE 474 142% 9 113%2 &4 FH=HA 3
deos Adyoz AEAFQ 297 FFL 2022 ¢ @
gttt 28 93F< D-glucosamine® A3 AEHA %L A
o7 Mol ol 7B 7HpEshol o] 88 Bacillus 2} chito-
sanased] dFA e AHHA e Ao wIHT

o

2. ZEETENEY

JIEMALS AU nuigy FAE doF JheAe) ¥R Hx
(Deuchi et al., 1995; Gordon and Williford, 1983)dl A A1 A1 5 ]
o} o] § YAe FIEAe] 2R BAY dietary fiberZ2A 9 9
TS F£9357) BFEd dojus AQelnE, A F58) B2
FEA 2B LFE o]EFHoZHN T AFE HAY 5 YU
wa ollgl 249 AY 45 23 AeE /gEd

2 AYgdMe FEN 2ELTY C2 A e o=
C-6 9N FA=B477 e LHNEZT & o] 2ZAF 9
3 2o AWFsgol F71E Aoz AUHo, 2o diE in
vitro B in vivo AR 2E AEI}GT,

1) Invitro A8} 23 ZHFFERN &7

20 mM9 F3ZE 025 AAEFHE NeEAT JEY
LYngE ¥1 20 mMY A TF I lE AU 0~12 A7
HAE 3 QAR FAE QAEEE AA}NL dol d=
ZAEFCE ICP spectrometer® BA8AT AAFeoz JA u
€ F A E T ol FEUF A FAIIPAT 2
oFzE YT FEE AASHLH, JEL 17 AVte
A7t vlE F 50% FAE ARE JehlAT (Fig 2. o8&
A%e NED £Y31TY opviyls} =BV BEHLR
243 2R3 ZHE 143 U EAGES Y A
B AW Zge F580] 718 Hog dHYY

2) Invivodl 9% ZHEFSLEA AF

YA JIES B3 =8 59 19 2w WAdFE 23S
A3 (Table 2), %S Z2¥AY FoAMe 23 =F W&
A gasH ZEFY FH U e & F A% 97 2
Z 449 Fhe HolF LY RESOE AT o1, =xF Z
#9 AT Ho|F g REo 7 % Za AEL H23E
A8 AFF7 2AHY7) dRojc} FIEA SendE AHAAL
A 28 5% 19 wEFE FA4A At giley e

£ 1% A7MEAE A%, BE 5% 2 WEHE FAsd
th o] AL kof HFe §9F o7t BHEA ettt § 2
FHEES B 20Ty HAvglel ©EFez HANAE
A%, 2TRY o 50% ZF wEFol Fasdxn, 479 &
122 1% ANEARE W 70~715%Y ZF WEF At
dojytor} I ojel &YIY H7tB%)ME 2388 ZE
W&o 7 AT, ZHJYUEY dele Fstdgol st
#80 580 ¢ 7% AgFolRE, oldH Ade YN
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Fig. 1. HPLC chromatogram of chitosan oligosaccharides

(COSs) obtained by enzymatic hydrolysis of chitosan
in ultrafiltration membrane reactor. The components of
COSs were separated and analyzed on TSKgel NH2-60
column (4.6X250 mm) and detected by monitoring the
refractive index at X8 attenuation.
Standard materials : COS-2; Chitobiose dihydrochloride,
COS-3; Chitotriose trihydrochloride, COS4; Chitotet-
raose tetrahydrochloride, COS-5; Chitopentaose pentahy-
drochloride, COS-6; Chitohexaose hexahydrochloride,
COS-7; Chitoheptaose heptahydrochloride.

3.0

—&— Control
- COS

Calcium in supernatant (mM)
®

0.5
0.0 e : . : - .
0 2 4 ] 8 10 12
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Fig. 2. Effect of COSs on calcium absorption in vitro, The ef-

fect was estimated as inhibitory ability on precipitation
of calcium phosphate in vitro, One ©¢ of 20 mM PO.’
~ was added to a mixture of 0.25n¢ of 20 mM Ca®*
and 40 yg COS at pH 7.0. After various time, the con-
centration of soluble calcium in the supernatant solu-
tion was analyzed with ICP spectrometer.
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Table 2. Daily fecal and urinary Ca excretion in calcium defi-
cient model rats fed experimental diets

Fecal excretion  Urinary excretion

mg/d) mg/d
Ca-Deficient 1416 175 0.13 + 0.01
Control 64.10 + 2.12* 0.89 + 0.65™?
CaCl, 3041 £ 331° 137 £ 0.66
CaHPO, 3213 £ 5.84° 153+ 1.18
CaCL+COSs (1%) =~ 1441 £220° 043 £ 021
CaHPO,+COSs (1%)  21.10 = 441%™ 030 £ 0.02
CaCl,+CO0Ss (3%)° 2997 + 3.66° 0.87 £ 036
CaHPO,+COSs (3%) 3036 +4.11° 047 021

Values are mean £ SE of 6 rats
'Superscripts with different alphabets in colunms are significantly

different at the 0.05 level by Duncan’s multiple range test
*Not significantly different at the 0.05 level
Table 3. Effect of COSs on the ash and Ca content, and

breaking force of femur in calcium deficient diet in-
.~ . duced rats . '

Ash (mg) Ca(mg) fm (k§

Ca-Deficient 10250 £ 261 2003107 2582060
Cogtml" 2875+ 10241 O3 +445% 848 048
CaCl, 255331473 8941 £ 235 880+ 0.54*
CaHPO, 26797£625% 92291 185° - 925+049*
CaCl,+C0Ss(1%) 2965 1603 107761579 10151 053°
CaHPO,+COSs(1%) 212341055 9531284 860+ 066
CaCl,+C0Ss (3%) 32625+ 10307 10355£311®  915+073*®
CaHPO,+(0Ss(3%) 25768+ 1095  9747+554™  812+043"

Values are mean * SE of 6 rats
'Superscripts with different alphabets in colunms are significantly
different at the 0.05 level

s QLS 47 d5HoR HHNAS de EE F5
oA 2 A7} %1%19_\%, gdald 4o SE1FE 3 AAXNFHE
He ZE FEA4 Fodoz S 59 1% 71BN
g dstdgol Hvtsted AAND F, 3 dHE
AZEE Yz2Lg o 20%, YT FANEEG ¢ 15%
7He Byov HEEY AadFS d2TRY F 16%, &1
F FANTEG F 0% FE B 29 A §¢§°
A AN Aoz degg, 71 B4 geude] A7EE 3%
B 197} BgRogen dadae Ruude ‘éﬁ}iJFJ
o7k & o kgt

NIO K oolN wl to

h
o~

i

[mul
ki

A9 gopdstd 7ERS A7 dERA
—‘?—f& Ad OgF 2A2A 2 WA 242
2 gl

Ag2o2d9 FFHL AU =& ulE, A2 %
FAH Fol gon, AolP& JEM] dER

& 9

2 o do N
4l
Ja

ngz.
O

>
X
th

LU

ER -

A4

29 28 a9 AW FFE 289 FUIFY die
2N 98 Yoo (FH, 1995). %, 7| EE olazaA
# 2 420 (macrophage derived growth factor) & {7} 2 3t
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Deuchi et al. (1995)& 71EAS tako 2 HEA d&4F02
HANRE o4 AW Zgo) o 60~70% 2 FAFH Tt B}
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