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Intestinal Immune-Modulating Activities of Polysaccharides Isolated
from Commercial and Traditional Korean Soy Sauces

Moon-Su Lee and Kwang-Soon Shin"

Dept. of Food Science and Biotechnology, Kyonggi University, Gyeonggi 443-760, Korea

ABSTRACT To characterize novel biologically-active ingredients in traditional Korean soy sauces, polysaccharide
fractions were isolated from two different soy sauces made either commercially (CSP-0) or through a traditional Korean
process (KTSP-0), after which their intestinal immune-modulating activities were examined. CSP-0 and KTSP-0 showed
enhanced production of interleukine-6 (IL-6) in culture supernatant of Peyer's patch cells. However, KTSP-0 activity
was more potent than that of CSP-0. Only KTSP-0 increased in vitro immunoglobulin A (IgA) production by Peyer's
patch cells in a dose-dependent manner. KTSP-0 also showed the higher bone marrow cell proliferation activity through
Peyer's patch cells than that of the CSP-0 group. To investigate the in vivo effects on the intestinal immune system,
CSP-0 and KTSP-0 were administered orally to four experimental groups of mice (0.0, 0.5, 1.0, and 5.0 mg/mouse/day,
30 days). Oral administration of CSP-0 and KTSP-0 induced IgA production by Peyer's patch cells and increased
IgA excretion into mouse stools in a dose-dependent manner. Peyer's patch cells from the mice administered both
CSP-0 and KTSP-0 showed significantly higher IL-6 production than that of the untreated or CSP-0 groups. However,
oral administration of KTSP-0 was more effective at the same dosage. KTSP-0 administration augmented IL-6 content
in mouse sera, whereas CSP-0 did not show any effect on IL-6 induction. The above data lead us to conclude that
the intestinal immune-stimulating activities of polysaccharides from Korean traditional soy sauce are much better than
those of commercial ones.
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g2 et AEA 2 AR E duAde= gl= A9 Y Z 7] A (mucosa—associated lymphatic tis-
Aol Agrto] ZFxE o] ghovt A AX xHe| gk sue, MALT)2 &2 5 dGAES Al 559 55
oif FAHoll Aztal v 7 AETY AA T FH2AE Al &gl FAlel {3l ol EAET ¥ MAEE
FIA A 23 AR A 74 F o Ho] Fo AEE gt 22420 g TS ¢ wnk ol ok WY
ol Zlo] FAoJgityi= AR o] BFs] A AL QITR(1,2). HEFF 4 g o7 s wEeta Avh9). olgig e fHEr|n 5
4 9 kg o7 AlgEo] & kA, AF LA, EAAF F#H LA} 22 (gut associated lymphoid tissue, GALT)
SAA s /o BAA &dsK3), BT SAEA = AA A 7HE F HZA 22 2 E Peyer's patch,
4), AAE S28AG6) 2 A 6)S 53 FdEA laminar propria, 728 3 A (mesenteric lymph nodes,
& fFrEgthe Zlo] Haxa glo] vl ok vy 24 MLN) 522 FA =] Jti(10). 53] Peyer's patch: %
o] FHYI vt HARES o] fiky = = FHEf, 7] I A=l )iy ®yk oy} [gA AskS 918k
SHo g o2 243 7)o] Folsla glon 7|50 wet =59 (nductive site)Z &# A JqH(11). Peyer's
12 R 22 Fxy)gos FEE 4 Jui7,8). AdHo = patcholl &= gl 5 o] #FAE Fdstes diEsd
FA% 25A"E AR d=ZE Asta £3A71E 134 M celle] EA8taL glow M cell®] 714 S A xtel =
58 T3 2V HEge A JF e "HET B HX=F, T f=F, g2 AE @ FA3A 27 5o 9l

. (8,12), ©]#l 3t Peyer's patch W AEE 2] &4 3}lo] <3|
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A3l Jebar HarsEo] o) H diE (H(Shoyw) o 25
B Aozl v HE &4 T3 a7H23), &H 27 AA
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by

B AF ol AFgE Al 7S ‘A2 E(Korea)d AE F
59l WS FU82 3+9 koji Ao s 100%
YZHEE Y FEEAA FdEe] ARl o, A
2 Fe AL o] 243 FEHE NG ABAE Az
A L AEAENA Asdaog Az 2 $A49 14
< FYsk ALgEA T
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ICR mouse(5~6 weeks, %)% G-BioAHSeoul, Korea)<}
Al £11o] @ AH(Uiwang, Korea)oll Al 13l 3437F 485
A% F Aol ARgsklh AR 2702 23+3°C, % 55
~70%, &3} A}&(Cargill Agri Purina Inc., Minneapolis,
MN, USA)+= A+ F4 e = 543} A5z ol
19 12A17H(8 3 9A|~ 2.5 9A]) Bt wajetalen 7 7]
I FESEALI Y {7H2011-06)F AA FA
pZs

o2 2E Chge 22

Z4zte] 214 1 Lo AF557h oF 8097} 1% oF 4
o] o gh2S H7bste] ek AR 5, QAE2(6,000
rpm, 635X g, 30 min) 39 HAES Aor of7]d &
e FR5E Flote] YATL AgAL AFEE o
60%7F ¥ k=5 2u)9] ol &5 FH7lsto] A HdES 3]
oo B AHBe FR40 ALdd e dialysis
tubing cellulose membrane(MW cut off 12,000, Sigma-
Aldrich Co., St. Louis, MO, USA)& o] &3}o] 2~3Uzk
548 delgov] ANZ st Aol LU

tE A 3 e 2

AukEA 9 g BAUHS A8 AF(28)9] W
FAA JAsAY. TG TdHFS galactoseE RTEE
2 3}9] phenol-sulfuric ac1d‘?§(29)£i, AT ke

galacturonic acidg ET®dE 39 m-hydroxybiphenyl
HEO)Lo =z, Gy e XFE4 bovine serum albu-
ming A8l Bradford(31)2. %, 2-keto—3-deoxy—
D-manno-octulosonic acid(Kdo)¥ thiobarbituric acid
(TBA) A ZFH(32)& AHE3Ith 74T 242 A8
= 2 M TFA(Sigma-Aldrich Co.)% 7}EE&3r 3 717}
FEA(33)E H3AIZ] thE SP-2380 ca-
pillary column(0.2 pm film, 0.25 mm i.d.<30 m, Supelco,
Bellefonte, PA, USA)¥} GC ACME-6100(Young-Lin Co.,
Anyang, Korea)S ©]838}9 EF2=x7[60°C(1 min),
60°C—220°C(30°C/min), 220°C(12 min), 220°C—50°C
(8°C/min), 250°C(15 min) oA 48 AAe3itt. 74
39 mole%+= peak®] WA H|, flame ionization detec-
tor(FID)oll th&k vh-g-Ag 2 2} 439 alditol acetate
FrEA e ExFoZR Y ALtstgitt

alditol acetate

Peyer's patch MZ2EE IgA 2 IL-6 =H

65% C3H/HeN mouse® &% 2JH o] &A= Peyer's
patchE 3|48} PBS7} ©AZ petri disholl %713 100
mesh?] stainless F&AE |23} 3} 2 51
Peyer's patchZ24-E] A2 WEAA ﬂifﬁg}@ig ZA
stk A ZAENL 200 mesh FE5A 2 o 73 F FBS-
MEM(with 10% FBS, Welgene Inc., Daegu, Korea) o
At 1x107 cells/mLE AEFES 24T F 96-
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=g



Sl Al 3 A el A

well microplated] 100 plL.® #F3&}1, gL =A3tu%)
she ARE U =2 34ske] 100 pL¥ 3 7hskar
37°C, 5% COz W F71el A 3L3E migatadet. midst £
&5 s 3|esto] Peyer's patch AlERHE AYFH =
[gA 2 IL-6= ELISA kit(gA: Bethyl Laboratories,
Montgomery, TX, USA, IL-6: BD Biosciences Co., Ltd.,
San Diego, CA, USA)E AH&-3ato] AlzAate] A 3ol uhe}
A8k

-10\

Hong =(34)9] WS A&A o7
5 AsR . C3H/HeN mousei—,—
Bl Peyer's patch® 3483, 2x10° cells/mL& A3
=2 243 & 96-well microplate®] 180 uL* l"ﬁ:—er}?i
t} 7l sEHERE AlxH AEE 20 uL"“ A7ksfe] 37
°C, 5% COz w71 A 53t vjFst & A5 s 3|43
=TAE FHEE SHEoR A}%O}‘?iu}. AL E
FYF moused] WEF WREZFE gt AXE AA
2.5%10° cells/mLZ AX & ZA3g o 96-well
microplateo] 100 plL® &
ArE2EEH 2 SFHE F
MEM< 7+7} 50 pL¥ #7bakaL 37°
647 Mgttt AL S ~3§% Alamar blueTMiﬂ
PAFA & o] &3t ol /‘ﬂ—“j_-‘ﬂ AR G A ol A
WEHE AR o) gl dHE SAHAEES /‘}“‘15}
St &, TS flolA DL v AT AT HH
124]%F Aol Alamar blue™ 20 nLZ #7135
Victor 2(PerkinElmer, Waltham, MA, USA)E 01
o] excitation 544 nm$} emission 590 nmoll A =4 38}S
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A E0{0f| 2|5t mouse Peyer's patch MZ2| IgA L
IL-6 &3

6594 ICR mouse®] 93 A&Z 0.5, 1.0 ¥ 5.0 mg/
mouse?] FEZ 1Y 13], & 303]= A7 Ty 4+
Fo 248 & mouseZHFE Peyer's patchS 9ol AG3F
W o g 3]5ake] 1x107 cells/mLE Al EE0S wHES)
th. 12-well platee] AZE&NE 1 mLy 53513, 10%

FBS7} 0191+ MEM #WiAl& 1 mL¥ &5 % 37°C, 5%
COp 710041 53 MIFSATE. ol F W% 5] A3
Agon S

= 35ete] IgA 2 IL-6 FFe =
A718 mpe} zho] ELISA kitE AFg-sle] &5}

A1 E0{5t mouse EH LY IgA é’g
AT Fol 1l Aolxd 7 AHTEZ moused |5
N7l B A= glo] 10%7J 3] 3o X}dx o2 FH|FE=

< 100 mg/mLe] FX7} ¥ L5
PBS(phosphate buffered saline, pH 7.2)& #7}sla &
sl o stirrerg ©|-g3lo] FE3] EFFaL 4°Ceoll A 14

P ool guay B4 1

. N2 2,000 rpm(43xg), 4°CellA 20
QAR Sl FEANL sk olF o &afo] [gAR 5
aheih. [gAs] Z4E ELISA kits AHg-3to] 2Ashgich,

47 R0t oA EH L IL-6 H &3

BT Fo & AN vkeaE AFAER 1S AFH
3kaL o] & 4°Cell 3043F A7k ¥, 10,000 rpm(1,095%
g)olA 283 A4lie ste] el dAS wEsklth
g4 W IL-6 54 ELISA kitE AMg3ste] BA3813iTh
SAXE

219 A 3+= IBM SPSS Statistics 21(IBM Co., Armonk,
NY, USA)E o]&3t] SAIA Y atglen BE 54 359
et At (mean)¥} EFHAX(standard deviation, SD)Z
Hetfideh A 72 AE sk F FAQ0 Apole X
0.05 ===l one-way ANOVA(analysis of variation)®

F23% 5 Duncan's multiple range testE ©]-&3}] 9

e AAseh

o=

A
S B Ao AeRd =(28)3 FYEy Table 1oﬂ
el Atk Al el A Aol R g (CSP-0)& TA4D
64.2%, 237 35. 8 2 FAE Jdom, A2
g GFKTSP-0)2 A4 D 73.5%, 239 25.5% = %LH
o] AATH KTSP-0%= Ao A Ao WA &
Eolgt Kdo7} v A&= At} =g CSP-0 % KTSP-0%

Table 1. Chemical properties and yields of CSP-0 and KTSP-0
isolated from commercial and Korean traditional soy sauces

Chemical composition CSP-0 (%) KTSP-0 (%)
Neutral sugar 64.2+£2.7 73.54£3.6
Uronic acid 35.8£1.7 25.5+0.6
Protein — —
Kdo-liked material" - 1.1£0.6
Component sugarz) (Mole%)”
Rhamnose 6.6+0 9.2+0
Fucose 6.1+0 7.5+0
Arabinose 4.5+0 2.9+0
Xylose 15.6+0 12.7+0
Mannose 10.9+0 18.2+0
Galactose 18.0+0 15.9+0
Glucose 2.44+0 7.1+0
Galacturonic acid 35.8+1.7 25.540.6
+Glucuronic acid
Yield 5.3 g/L 10.7 g/L

YKdo means 2-keto-3- deoxy-D-manno-octulosonic acid.

2)M0n0sacchar1des were analyzed using alditol acetates.
"Mole% was calculated from the detected total carbohydrate.
Above data have been quoted from our recent paper (28).
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Table 2. Effect of CSP-0 and KTSP-0 from commercial and
Korean traditional soy sauce on in vitro production of IgA and
IL-6 by Peyer's patch cells

Dose of Relative IgA  Relative IL-6
polysaccharide production production
(ng/mL) %) (%)”
Control" - 100£11.0% 100+1.0°
CSP-0 100 82.942.8° 93.6+20°
500 87.3+5.2° 132.742.6%
1,000 108.6+6.8° 141.6+4.0°
5,000 116.7+3.1% 126.245.0°
KTSP-0 100 128.241.6° 108.6+4.9°
500 145.8+6.4° 164.7+4.2°
1,000 156.9+9.0° 186.8+4.7°
5,000 240.2+5.0° 235.6+6.4°

YMedia alone was treated for the control.

"Peyer’s patch cells were obtained, and pooled and cultured with
same condition. The each resulting cell-free supernatant was
subjected to ELISA for IgA and IL-6.

“Data were expressed as relative production against the control
and represented mean+SD of three separate experiments.
Means with different letters within the same column are sig-
nificantly different (P<0.05) by Duncan's multiple range test.
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ridesol 2]&l murine Peyer's patch Al3E2] [gA En|7} =
FE = AL Bask vl 9lal, Sato 5(38)2 Peyer's patch
el EAste A FAE &3] cytokine IL-67F A4k
M FEAoR IgAf] FHIE fFEIThal Halsgith
Peyer's patch |39l 23] IL-62] AJ2to] O]Eéoﬂil‘cxl
g3t A3} KSTP-09] 7-9- 500~5,000 pg/mLel A &
oJEAow IL-69 Aol f=d W, CSP-0¢] o%
KTSP-0 A e]rRt; Fd5EolA didoz w2 1L-6
ArEss Blom sk &4 AL HolA Tt
ol AxE EY& KTSP-07} Peyer's patch A|¥:E A=
sto] cytokine IL-65 A4batar, o] & &3l IgA7F 24 ¥

ovf gHRYslel BHHEL F4T F Ak
2 Q2 RCigel Peyer's patch® ZRE BHME
%Alil-kl
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Fasitta & ¢ 91@(31). Table 2914
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Baonm 100 pg/mlLe EEoAE xRt 8o
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O CSP-0
200.00 - mWKTSP-0
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c
¢ d
100.00 -
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0.00
NC PC 20

Concentration of polysaccharides (ug/mL)

Fig. 1. Effects of CSP-0 and KTSP-0 on intestine immune-mod-
ulating activity through Peyer's patch cells in vitro. The pro-
liferation of bone marrow cells was measured by a fluorometric
method, using the Alamar Blue™ reduction assay, and each data
was expressed as the mean+SD of three separate experiments.
For control, only PBS without sample was used. Means with
different letters on the bars are significantly different (P<0.05)
by Duncan's multiple range test.

Relative intestine
immune-modulating activity (%)

100
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M sell crEel 44 Fofoll 28t IgA & IL-6 4 X}
= &4y

gurH o7 g} e AES S T AAAEY] o
ol A Fojol o3 Aywe &t 2 O 3k M4l
WA &A% FEE d9lstE Aol Fasitty Aot
wgk AFo A EEgh G448 i vitrost €Y AHAE
= 99} Foll A8t ohdd 2stai o) Bad 5
Ao, oz A Ao WY FAHNE IS F F
A7 Wl o] & F1sh= HA o] A olgta & 5 3l
o 7+ 8 93-S 0.0, 0.5, 1.0 2 5.0 mg/mouse?
FEE 30Y¥ F¢F moused] AT Fold T AR

Peyer's patch A|Z252E [gA ¥ L-69 ArsS =435}
QA tH(Table 3). = 23} CSP-0 % KTSP-0Z 1.0 ¥ 5.0
mgs AT FoAE nk9-29] Peyer's patch Aol A= o

Zaol vlal IgA AAbso] wk TR A A=
AL A& 4 Ao, KTSP-0& 5.0 mg/mouse?] &
L2 Fofgl A= IgA AAbsol tiztel vls] oF 3.84)
Z7hste] sdEER Folgk CSP-0(¢F 3.4v)HET; =2 A
Abs S et =3 KTSP-08 47 53 o9

Peyer's patch A|ZZFH [L-69] Askss Ak 23}
CSP-0& A+ T3 Eoﬂ’ﬂb [L-69] A2t S7H7F A}

A gkeko} KTSP-0% 3 TolAE BE sEA F
= 9EHOZ [L-69 %/}}8 Z7FA#A 5.0 mg/mouse?]
FEE Fo A= gizatel vls] oF 1.58 F71sA

Table 3. Effect of oral administration of CSP-0 and KTSP-0
from commercial and Korean traditional soy sauce on pro-
duction of IgA and IL-6 by Peyer's patch cells

Dosage of Relative IgA  Relative IL-6
polysaccharide production production
(mg/mouse/day) (%)2) (%)2)
Control” - 100+4.1%Y 10043.6°
CSP-0 0.5 78.5+10.6° 100.5+2.0°
1 263.242.1° 125.742.7°
5 338.348.8" 116.2+4.7%
KTSP-0 0.5 99.9+14.8° 129.8+4.7°
1 227.0+11.7° 136.5£13.2®
5 379.3+40.6" 147.3+14.8°

)DlStllled water was orally administrated for the control.
Peyers patch cells were obtained, and pooled and cultured with
same condition. The each resulting cell-free supernatant was
sub]ected to ELISA for IgA and IL-6.

“Data were expressed as relative production against the control
and represented mean+SD of three separate experiments.
Means with different letters within the same column are sig-
nificantly different (P<0.05) by Duncan's multiple range test.
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mg/mouseE AT FoIg oA B T IgA o] =4
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Table 4. Effect of oral administration of CSP-0 and KTSP-0
from commercial and Korean traditional soy sauce on contents
of IgA in mouse stools and IL-6 in mouse sera

Dosage of Relative Relative
polysaccharide IgA content IL-6 content
(mg/mouse/day) in stools (%)” in sera (%)’

Control" - 100+3.0V 100+3.2¢
CSP-0 0.5 138.2+2.8" 92.6+3.5°
1 161.1£6.1° 76.5+0.9"
5 236.0+4.3° 87.1+1.0°
KTSP-0 0.5 99.7+1.6° 111.2+2.2°
1 154.1£6.0° 119.8+1.1°
5 259.4+12.1° 165.1£9.1*

1)Dlsnlled water was orally administrated for the control.
Each content of IgA and IL-6 was determined by ELISA Kkits.
Data were expressed as relative content against the control and
represented mean+SD of three separate experiments. Means
with different letters within the same column are significantly
different (P<0.05) by Duncan's multiple range test.



14 o]

Bl IgA A& S7HA

2 A 2o gh BH]E 2304
7 5 qlgol Femglon,

=JRralec{ o] 17::;1_ /\]_/\1_0_ }do] = ] }‘_@.
Ho} FulE £999 21E FALS AESA AAs = 7]
&5 g Ao AREG £ AU ey
FeE e [gA YAHS

(e}
O}HE]- IL-6 53} 71% ”3_‘?3%}35 cytokine?] XAt S71E

F g9t
(@) OF
|
W Fol EASE AR YBRY HES TP A9

deow Az AW HCSP-0)3F f-Huet e
Aoz Az Al pFoz Ry thHKTSP-0)S &2
slo] Ao

Aol tjste] Bl
patch A|EE o] &3t jn vitro A& A 1%

CSP-09} KTSP-0+ IL-6 A4t A=834& S7MA A A wE
KTSP-07} CSP-0E A4 o® A yvewrh w3t
KTSP-0= BE FZolA izl vl&) IgA Aitss
oMoz FIAIF o Al% 7&%} F ol CSP-09
789 1gA RBAE el 2 <
t}. Peyer's patchve— 7

1, AE3F}AT}. Peyer's
e ol

+ 100 pg/mLe] = ol HlE e
445 veplen, CSP O% STAE FA5e] A9 e
Ao 2 A=A, 1 frel bl o in vivo F3A
o g4 #=3str] 98 0.0, 0.5, 1.0 © 5.0 mg/mouse]
FEE 3097 AT —roq 3}al Peyer's patch Aol )3k

-8k [gA A 531
B4E wylom 29 T EAetE IgA FFS STHAIA
t}. Peyer's patch /‘ﬂf{"ﬂ ot IL-6 BWAibsS 5743 47,
CSP-0 ¥ KTSP-0= 3l mouse 2] Peyers patch Al
EEL T 16H T IL-69] Aitss SXAH oYU
TY Fof sxoA KTSP-09 &37F o —r"ro}?it}. el
KTSP-09] A+ Fol= 93 Wl IL-65 =7 S7H 7=
HhH CSP-0+% IL-6 Aakell d8ke mx#] gk oz 8
olgidt AWE EUIR B AFE B3 AlH 1t

J

315 gk, 4
Boh AE AYA o] o Fyiel B4 EoE 4A 1
= Fow selsglon, o g A% g D Az
S} o] whofshs nl Aol ZoldA F)elE Ao
Azt

ZEALO]

Mo
Rl
o
ol
o

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

REFERENCES

. Ruoslahti E. 1989. Proteoglycans in cell regulation. J Biol

Chem 264: 13369-13372.

. Paulson JC. 1989. Glycoprotein: what are the sugar chains

for? Trends Biochem Sci 14: 272-276.

. Zhu H, Zhang Y, Zhang J, Chen D. 2008. Isolation and char-

acterization of an anti-complementary protein-bound poly-
saccharide from the stem barks of Eucommia ulmoides. Int
Immunopharmacol 8: 1220-1230.

. Bao X, Wang Z, Fang J, Li X. 2002. Structural features of

an immunostimulating and antioxidant acidic polysaccharide
from the seeds of Cuscuta chinensis. Planta Med 68:
237-243.

. Zhao L, Dong Y, Chen G, Hu Q. 2010. Extraction, purifica-

tion, characterization and antitumor activity of polysaccharides
from Ganoderma lucidum. Carbohyd Polym 80: 783-789.

. Daba AS, Ezeronye OU. 2003. Anti-cancer effect of poly-

saccharides isolated from higher basidiomycetes mushrooms.
Afr J Biotechnol 2: 672-678.

. Abbas AK, Lichtman AK, Pillai S. 2007. Cellular and Mo-

lecular Immunology. 6th ed. Elsevier Health Sciences, Am-
sterdam, Netherlands. p 59-64.

. Kindt TJ, Osborne BA, Goldsby RA. 2007. Kuby Immu-

nology. 6th ed. WH Freeman and Co., New York, NY, USA.
p 43-50.

. Yu KW, Shin KS. 2001. Bone marrow cell proliferation

activity through intestinal immune system by the compo-
nents of Atractylodes lancea DC. Korean J Food Sci Technol
33: 135-141.

Deitch EA, Xu DZ, Qi L, Specian RD, Berg RD. 1992.
Protein malnutrition alone and in combination with endotox-
in impairs systemic and gut-associated immunity. JPEN J
Parenter Enteral Nutr 16: 25-31.

Sminia T, Wilders MM, Janse EM, Hoefsmit EC. 1983.
Characterization of non-lymphoid cells in Peyer's patches
of the rat. Immunobiology 164: 136-143.

Trier JS. 1991. Structure and function of intestinal M cells.
Gastroenterol Clin North Am 20: 531-547.

Bockman DE, Cooper MD. 1973. Pinocytosis by epithelium
associated with lymphoid follicles in the bursa of fabricius,
appendix, and Peyer's patches. An electron microscopic
study. Am J Anat 136: 455-477.

Quadrhiri Y, Pilette C, Monteiro RC, Vaerman JP, Sibille
Y. 2002. Effect of IgA on respiratory burst and cytokine
release by human alveolar macrophages: role of ERK1/2
mitogen-activated protein kinases and NF-xB. Am J Respir
Cell Mol Biol 26: 315-332.

Weisbart RH, Kacena A, Schuh A, Golde DW. 1988. GM-
CSF induces human neutrophil IgA-mediated phagocytosis
by an IgA Fc receptor activation mechanism. Nature 332:
647-648.

Tagliabue A, Nencioni L, Villa L, Keren DF, Lowell GH,
Boraschi D. 1982. Antibody-dependent cell-mediated anti-
bacterial activity of intestinal lymphocytes with secretory
IgA. Nature 306: 184-186.

Yokotsuka T. 1986. Soy sauce biochemistry. Adv Food Res
30: 195-329.

Tsuchiya H, Sato M, Watanabe 1. 1999. Antiplatelet activity
of soy sauce as functional seasoning. J Agric Food Chem
47: 4167-4174.

Masuda S, Hara-Kudo Y, Kumagai S. 1998. Reduction of
Escherichia coli O157:H7 populations in soy sauce, a fer-
mented seasoning. J Food Prot 61: 657-661.



20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

AR AlRE g Al el A el s v A 24 15

Benjamin H, Storkson J, Nagahara A, Pariza MW. 1991.
Inhibition of benzo(a)pyrene-induced mouse forestomach
neoplasia by dietary soy sauce. Cancer Res 51: 2940-2942.
Kataoka S, Liu W, Albright K, Storkson J, Pariza M. 1997.
Inhibition of benzo[a]pyrene-induced mouse forestomach
neoplasia and reduction of H,O, concentration in human
polymorphonuclear leucocytes by flavour components of
Japanese-style fermented soy sauce. Food Chem Toxicol 35:
449-457.

Kinoshita E, Yamakoshi J, Kikuchi M. 1993. Purification
and identification of an angiotensin I-converting enzyme in-
hibitor from soy sauce. Biosci Biotechnol Biochem 57:
1107-1110.

Kobayashi M, Nagatani Y, Magishi N, Tokuriki N, Nakata
Y, Tsukiyama R, Imai H, Suzuki M, Saito M, Tsuji K. 2006.
Promotive effect of Shoyu polysaccharides from soy sauce
on iron absorption in animals and humans. Int J Mol Med
18: 1159-1163.

Kobayashi M, Matsushita H, Yoshida K, Tsukiyama R,
Sugimura T, Yamamoto K. 2004. In vitro and in vivo an-
ti-allergic activity of soy sauce. Int J Mol Med 14: 879-884.
Matsushita HF, Kobayashi M, Tsukiyama R, Fujimoto M,
Suzuki M, Tsuji K, Yamamoto K. 2008. Stimulatory effect
of Shoyu polysaccharides from soy sauce on the intestinal
immune system. Int J Mol Med 22: 243-247.
Matsushita H, Kobayashi M, Tsukiyama R, Yamamoto K.
2006. In vitro and in vivo immunomodulating activities of
Shoyu polysaccharides from soy sauce. Int J Mol Med 17:
905-9009.

Lee JG, Kwon KI, Choung MG, Kwon OJ, Choi JY, Im MH.
2009. Quality analysis on the size and the preparation meth-
od of Meju for the preparation of Korean traditional soy
sauce (Kanjang). J Appl Biol Chem 52: 205-211.

Park HR, Lee MS, Jo SY, Won HJ, Lee HS, Lee H, Shin
KS. 2012. Immuno-stimulating activities of polysaccharides
isolated from commercial soy sauce and traditional Korean
soy sauce. Korean J Food Sci Technol 44: 228-234.
Dubois M, Gilles KA, Hamilton JK, Rebers PA, Smith F.

30.

31.

32.

33.

34.

35.

36.

37.

38.

1956. Colorimetric method for determination of sugars and
related substances. Anal Chem 28: 350-356.
Blumenkrantz N, Asboe-Hansen G. 1973. New method for
quantitative determination of uronic acid. Anal Biochem 54:
484-489.

Bradford MM. 1976. A rapid and sensitive method for the
quantitation of microgram quantities of protein utilizing the
principle of protein-dye binding. Anal Biochem 72: 248-254.
Karkhanis YD, Zeltner JY, Jackson JJ, Carlo DJ. 1978. A
new and improved microassay to determine 2-kefo-3-deoxy-
octonate in lipopolysaccharide of gram-negative bacteria.
Anal Biochem 85: 595-601.

Jones TM, Albersheim P. 1972. A gas chromatography meth-
od for the determination of aldose and uronic acid con-
stituents of plant cell wall polysaccharide. Plant Physiol 49:
926-936.

Hong T, Matsumoto T, Kiyohara H, Yamada H. 1998. En-
hanced production of hematopoietic growth factors through
T cell activation in Peyer's patches by oral administration
of Kampo (Japanese herbal) medicine “Juzen-Taiho-To”.
Phytomedicine 5: 353-360.

James SP, Zeitz M. 1994. Human gastrointestinal mucosal
T cells. In Handbook of Mucosal Immunology. Pearay LO,
Jiri M, Michael EL, Warren S, Jerry RM, John B, eds.
Academic Press, London, England. p 275-285.

Starr R, Willson TA, Viney EM, Murray LJ, Rayner JR,
Jenkins BJ, Gonda TJ, Alexander WS, Metcalf D, Nicola
NA, Hilton DJ. 1997. A family of cytokine-inducible in-
hibitors of signalling. Nature 387: 917-921.

Hosono A, Ozawa A, Kato R, Ohnishi Y, Nakanishi Y,
Kimura T, Nakamura R. 2003. Dietary fructooligosaccharides
induce immunoregulation of intestinal IgA secretion by
murine Peyer's patch cells. Biosci Biotechnol Biochem 67:
758-764.

Sato A, Hashiguchi M, Toda E, Iwasaki A, Hachimura S,
Kaminogawa S. 2003. CD11b" Peyer's patch dendritic cells
secrete IL-6 and induce IgA secretion from naive B cells.
J Immunol 171: 3684-3690.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


