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. - AF U VRBEE TS5 2 L kB ohc LA
! = (Sugano et al., 1990). X542, KEF Y= ¥
KISy /87 B2k, SRGEBRREIEEINT T2y RS RETHRYFRTF RN, HaL X

Wa, BT, MFEaLATFO—IVIEEERTER, L
BRFHBLUBEFH 2 EPRLEESNAEATD
Y, ZOMICHEEER, EFHs L CEHEBEDTFRE
F, VBMLER R EoMEESED LN TS (B,
1987 : 1A - FHE, 1991). Fi, RE Y V37 HIC
FAMET VAT O— VIEEETERIRZOBES#
WTHBERERTF FICHTFET ST EPHERENT
BY, Yashiro 5FHAE Y ¥ 82 BORT Y ¥
SREWROBSTESDETES X7 B L) E
WBEERTIEEHLMIZLA (Yashiro et al.,
1985). —7, Sugano SIEFHRE Y VN7 EE M
Ep 7Oy 7 — B CHE L EE RS E D L

Fa—VEERS<TYAIIBWTCaVATFa— )V LRI
FERERTIEFRHLTWS (145, 2000).
$7, REY U7 EHRARTS FIZE7 v ¥+ 7
2 1EHER (ACE) OFEETHETLOPEH
WEINTBY, BMEEBEOBRLREEELLT
SR T A (A, 1997). FRIEHE~O
HEE LT, in vitroDRIZBVWT, KESY V0%
D60% ¥ J — VI IZ L Y <7 ABRT) v 8EKkD
ﬁ%&@ﬁﬁ%ﬁéné:aﬁﬁ%énfwé(mm
5, 1999). , REXRTFF (M =a—p-Dl
BLU-S) LJ: ‘9 Sy MEESEREIEO T I B LA T A
I—%—-O—FfETHiHuAfa b))z Bs (LTBs) K&
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HEEDHIl S, LTB FEHORT LY —1EF %
WET LI ENHEENTYS (IUH, 1998). LA

Lahs, IThbfEs 0AaBEROREIEIZREY
VST ERKRERTF FICHET 200, #nb bk
HFTAMOBAICHET B O0 TR H LR SHE .

FIT, AFRETRAEFEYV 25— b BLUHEA
DTAFT—ETUEL -BERABREREY o 4 —
B LU EOKBERES (KEZXX) 25 v MIE
A3, BEAMDB L UREREICRITTERIION
THRET L 7.

MEB X O

1. REMH '

KEAEY i3 — b, BRELUBEKZRE 22—}
BIUEoKBEEES (% R) &, GF) =7 - >—
VA (ABX) L0, &Y/ -, (Bk) U
J =ikl (BEE) LG s b ox B,

2. RBREMS SLURABRNG

EEREIY 212 4 BB Sprague-Dawley AHE 7 v
M (27 v oEE, BE) 2HEW 1L EAMOTHEEA
FHRABICSY (BHSIL), #REEICIE AIN-9G
A (Reeves et al., 1993) %, REEH T, xF
BRICAKERETY 2 42— b, BEUERTRES 23—
FB LU EOKBUES (ZFR) 2REIBELRD
ORI L-EfHE SHAMBERERESEL. Tk
X OEMMEKE Tablel ISR L7z, EFRTHR, K

BIRRIRIIC CRB& L, 72755 0B, BB X OBE
TRREAEAE, O, EEE, BB X OMEBARERL IR
SOMBERELHEL. ZOERIL, EREWOM
BEB LRSS 5 L8 (BHSSERIEFETRE
65) BT L TR, FUNKSEYEEALG+
# — (Biotron Institute) DB RIZALH EBRZIC
BWTKRIEW0E 1°C, HHBRE0+ 5%, 1285
5 (8:00~20:00, EIZENAT) OBET CHELITo
7=,

3. MiERE/NNT XA —2—DRIE

J v b ML F O total-cholesterol (T-Chol),
high-density lipoprotein-cholesterol (HDL-Chol),
phospholipids (PL), triglycerides (TG),
thiobarbituric
(TBARS), non-esterified free fatty acids
(NEFA) LV EER, ZRENTHROBES v
b (FEHEE, KB %AW TiTo k.

acid-reactive substances

4. BTHEEEARTE

Z7 v b+ ML ¥E B O glutamic-oxaloacetic
transaminase (GOT) ¥ X U glutamic-pyruvic
transaminase (GPT) EHOHE X Z R ENTHER

DREF v b (FIHME, KR) 2HAVTTo72.

5. UZISEHOME - KBS SURBOEE
el s £ URERIIR ) > 38 (MLN) U v /SERDH

Table 1. Composition of experimental diets (g)

Control  Soybean  Enzyme Extract
Casein 200.00 200.00 200.00 200.00
Sucrose 100.00 100.00 100.00 100.00
Corn starch 367.48 367.48 367.48 367.48
a-Corn starch 132.00 132.00 132.00 132.00
Cellulose 50.00 50.00 50.00 50.00 -
AIN-93 Vitamin mix 10.00 10.00 10.00 10.00
AIN-93 Mineral mix 35.00 35.00 35.00 35.00
L-Cystine 3.00 3.00 3.00 3.00
Choline bitartrate 2.50 2.50 2.50 2.50
tert-Butyl hydroquinone 0.02 0.02 0.02 0.02
Safflower oil 100.00 100.00 100.00 100.00
Soybean homogenate (3%) 30.00
Enzyme digested soybean homogenate (3%) 30.00
Soybean extract (3%) 30.00
Total 1000.00 1030.00 1030.00 1030.00
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B3 Lim 5 OFE (Lim et al., 1994) 12fEo 7z,
1) v 8ERIE10% Y VEE R ILE (FBS) 0 RPMI
164055 s C2AR IR L, 2O ELEZREILL 72,
MEB & UK E LEH O immunoglobulin (Ig) #
BIEBERAEL AW llE L.

6. FFa1I7M¥7— (NK) EEORIE

Pl & ORRRME Y 38 (MLN) ) 2232k % 3R
B, ERME LT MY UoSERRRA K562 %
Rz, £581) oSERIEETC K562 Mllfa & 2455 i 5%
EL, TOBEREIELENLZ. EERICERELL
AR s RO ABENKEREE (LDH) 24 lET
BZLIZL VMl REENEER R L. K1) Lo
BoO NKEREIHEFERBRAAES Y P MTX
“LDH” (BERHIE, ®H) 2HNTTY, NKEHHE
1 Jeffery HDHEIHENERM L7 (Jeffery et al.,
1997).

7. U IEEAR{EYL NIVORIE

m# B & U JF B ® phosphatidylcholine
hydroperoxide (PCOOH) LV X n B & O
phosphatidylcholine (PC) L N id Miyazawa
50Kk (Miyazawa et al., 1989, 1992) i2fEw

BELZ. PCOOH LRVOBIZEIL, ¥R L
HPLC &% FAWTiTo 72,

8. #A#&Y) IBEIEHBERDORTE

FHiE 3 & B 1)~ BEE 1 Folch 5D 4 (Folch
et al., 1957) \ZfEwili L, BB /o< 797 4 —
# 12 & Y Phosphatidylcholine (PC) B X O
Phosphatidylethanolamine (PE) E4#% 1§72,
b0 CIREE G ORI BRI E S 0 FE
(Ikeda et al., 1989) 2RV ElE L7z, FERiERAL AR
DOEFIZZI T A a< b7 57 (GC) HEx AV

9. #mEtaLIE
EBHEROME LIS Student Dt REZHVER
EREERIT o7,

FERB L UESR

1) 5y NOREICRIETHE

Table 2-1125 v F OEEICRIZT KERE O
WARL 72, BAR, BEPEICIAKEREY = h—
FB LU ZOSREYOREBIES SN h ol K
EWNEI, BELEATHREY x 57— MEARCH
BELDSBVMERRLLY, AEER525100F

Table 2-1. Effects of soybean products feeding on growth parameter of Sprague-Dawley Rats.

Initial body

Weight gain (g)

Food intake Food efficiency

weight (g) (g/day) (g gain/g intake)
Control 150.8+7.3 149.0+£14.3 21.5£1.0 0.35+0.02
Soybean 150.8+£9.7 156.4+9.7 22.5+1.2 0.35+0.02
Enzyme 150.8£9.7 163.8+19.9 22.6+1.7 0.36+0.02
Extract 150.6+£10.4 157.56+21.9 22.6+2.4 0.35+0.02

Data are means=SD for 4 or 5 rats in each group.

Table 2-2. Effects of soybean products feeding on tissue weight per body weight of Sprague-

Dawley Rats.

Tissue weight (g/100g body weight)

Liver Ren. adi. Epi. adi. Heart Kidney Lung Spleen
Control 4.3+0.5 1.3+04 1.0£0.1 0.4£0.0 0.9+0.1 0.5+0.0 0.2+0.0
Soybean 4.3+0.7 1.8+0.3 1.1+0.1 0.4%0.0 0.8+0.0 0.5+0.0 0.3+0.0
Enzyme 4.1£0.3 0.9+0.4* 1.3£0.2* 0.4£0.0 0.8+0.1 0.5£0.0 0.3%0.0
Extract 45+1.5 1.94+0.5 1.1£0.2 0.4+0.0 0.9+0.1 0.5+0.0 0.2+0.0

Data are means=SD for 4 or 5 rats in each group. Data containing asterisk marks are signifi-
cantly different from the values in control group at p<0.05.
Ren. adi.: Renal adipose, Epi. Adi.: epididymal adipose.
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Table 2212, BREO 7 v FOEZEBRBEE LT
L7, BRUBREREY = 4 — MEARCTEALE
Pt & A DR EE S S EZ R L,
XHREE & ORICE BELSRD bz OWHMERIE
EhL ) b ERDEHESEC RO LN, MO
BERIIFERZRIRDON o7,

2) v NOFFEEEICRIZTESR
R ENIIERETH L OFEPDO GOT B LV
GPTEMAFBIELI-E A, BEAE KT FEY <

F— MEEHT GOT EMESB L U GPT {HHEAME V- E
#Rl, GOTEETEFEEZELRS A/, £/, FE
WBITBTNT I VABREOIEL LTOMEBERDOT
VT IV, @CORAEFETEEEIRO LN
Lirodz. U EOFERLY, KR CHOERL VT
BATHHEYISFHEE 2R 2w EITRIBEN,
BRUBREREY x4 — MERTRD LA HIRES
FHshEVEARE S L7z (Table 3).

3) SHEMEREEICRIEITE
KEFEYV 22— MEABEIZE VT HDL-Chol

Table 3. Effects of soybean products feeding on serum glutamic-oxaloacetic
transaminase (GOT), glutamic-pyruvic transaminase (GPT) activity
and albumin level of Sprague-Dawley Rats.

Transaminase activity (Karmen unit)

Albumin (mg/dL)

GOT GPT
Control 24.0+1.8 7.2+2.4 3.84+0.2
Soybean 22.5+2.2 5.84+2.1 3.8+0.0
Enzyme 18.8+4.3* 4.8+25 3.8+0.2
Extract 21.2+4.8 8.7+1.6 3.8+0.1

Data are means=*+SD for 4 or 5 rats in each group. Data containing asterisk
marks are significantly different from the values in control group at p<<0.05.

Table 4-1. Effects of soybean products feeding on serum cholesterol levels of

Sprague-Dawley Rats.

Serum cholesterol levels (mg/dL)

Total Chol. HDL Chol. HDL/Total Chol.
Control 90.6+15.7 19.9+4.9 0.92+0.03
Soybean 88.9+12.3 23.7+3.3 0.27+0.03*
Enzyme 94.9+14.6 23.5£3.5 0.25+0.01
Extract 89.2+14.3 20.6+6.2 0.23+0.04

Data are means®=SD for 4 or 5 rats in each group. Data containing asterisk
marks are significantly different from the values in control group at p<0.05.

Table 4-2. Effects of soybean products feeding on serum lipids levels of

Sprague-Dawley Rats.

Lipids content (mg/dL)

NEFA (mEq/L)

PL TG
Control 112.1£25.4 55.5+£20.3 0.44+0.15
Soybean 124.5+£11.7 72.8£15.7 0.37+0.06
Enzyme 120.1+21.1 75.7x30.1 0.47+0.05
Extract 106.7+£28.7 61.7+25.1 0.4540.06

Data are means®SD for 5 rats in each group.
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VO L RERAED 5N, T-Chol 24§ % HDL-
Chol DEIGHME LA L 2 2BEELR EREDPTZD LN
2. TOLEAEPRIE, BRUEXEFEY 25— ME
EHBLIUVAREIFAEEHIIBVWTHEETAZ L X
Y, REFOBFFRFIVHELTWE I LATRES
N7z (Table 4-1).
MEHFOPLBI U TG LARVIZBWT, KEk
EVzA— MEAEBIUEELEREREY o L —
MEAEBEICBW T EAEAFRD SN PEELRE
WS SN o7z. NEFA LAVICE LT
TOBABRTHEELELEED SN h o7,

4) MiES LUREERRILL ANNVICRIZTHE

MiEB & CHFEIEE O BBEIIZ KT T EE L 85T
L, FNLFNRLIZBWT TBARSE B L ¥
PCOOH/PC fE##lE L 7= (Table 5). € THEL
#CTTBARSfE, PCOOH/PCEIEEHEALILE
OoNRholz.

5) BFigY CIBEOREBBEKICRIZTHE
FHEPCB LU PE ORFHBEKICRIZTEE
Table 6-1 8L U 6-21Z/RL7z. PCIzBWT, KE
FEV2 X - VEEET, VkE-y-U /L UE
(20:3 n-6) BLUFagAxH VB (22:6 n-3)
DEEFBNEEZ R TEAIERD LN, PEIZBWT
X, REFAEV 32— MEART, 79FF VB
(20:4 n-6)DEEVRNELZRL, Fagp~AFH L
B (22:6 n-3) OEEFEBMEFRLID, ZOBRE
BREZDIOTERVWEEZON, RKEFREYV 25—
MEEW, T MIBEORIFBRERICKE 2REER
IR RV R EN, T, BELAEKT AT
Vazi— MEEBEBIOKREZ X ABL bICEREL
DETHEELREZEIIFO SN o T2,

6) REREBECRIZTHE

mEFOREEREIIRIZTAEHMBEYOEEL
Table T-1 /R L7z, MEF O IgG EEE, KEH
EVA- MEEBTROBRWEERRLZ., —F, @
BFPOIgA BLUPIgMBEIZIBRICLIZ2AELE
BRDLENLE D o7z,

Bl XU MLN U v SEROFREERIZRITT
HEBIZDWT Table 7212 LA, BEY /50
IgA BARRAKEREY 2 72— b, BELEKRT F
EVx A — MEEFIIBLTEWERNIERD S,
IgG BARICBVW T, @ TOBEFIIBVTEY
HAsEoO LN, FTHREFES 22— MEEBEIZ
BUWUHEZEMHREIRDO LN, —F, MLN J
VOSEROVUEEERIIBWTIE, £ TOEERIIBW
THEREIRD N o/, ZThoDERIDK
BEFREV A MERRBERERI VD LAZER
EREIERILT B2 EASRIES . X512, NKIE
HEREF LA, BRABRKERAEY 24— MR
BEICIBVT, BEB XU MLN ) Y8Rz k5
NK &2 A SIS T A EAFRD 5N, KERE
V- MEAETYH, MLN ) Y EKIZBIT 5 NK
EOMEIREZR L. TRODERLD, KEF
EVx A - FBIUBELERERE Y 24— M EE
12 & B BEREROWHIERAITR SN/ (Table 8).

INOLOR/BRIVKTEREY 25— MEAIZI, £
BREBZRIZET LR  SH D [gG FUEEEED
RAERHFE B L U HDL-Chol D#l&% LR S ¥ 5 ##E
WA ENRENT:, FREEOEEE, BREED
FHHRREBREOERT £ 1) B4 ORBORIRLEC
FIHTEETH Y, HDL-Chol DE& DML, IR
BRI CIRE 2 EORE L HIHT 5 2 L BIRFES
ha., —7F, BELBEAEREY 25— MEERIZE
Wik, GOT BLUGPT LAVARAT B2 & &

Table 5. Effects of soybean products feeding on serum and liver lipid peroxidation of

Sprague-Dawley Rats.

TBARS PCOOH/PC
Serum Serum Liver
(nmol MDA/mL) (nmol MDA/g) (#M/mM) (#M/mM)
Control 4.2+2.0 15.1+10.5 "0.15+0.03 0.08+0.02
Soybean 4.0+2.2 12.1£ 6.3 0.14+0.05 0.07£0.01
Enzyme . 4.24+2.0 12.0£12.9 0.16+0.01 0.08+0.03
Extract 3.8+1.6 15.6+ 6.9 0.15+0.04 0.11+0.05

Data are means*+SD for 4 or 5 rats in each group.
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Table 6-1. Effects of soybean products feeding on fatty acid composition of liver
phospholipids (phosphatidylcholine).

(wt. %)
Fatty acids

Control Soybean Enzyme Extract
<16:0 ND ND 0.0+£0.1 0.1£0.1
16:0 PA 21.2+2.6 19.5+1.4 204%1.6 19.3+2.4
16:1 (n-9) 0.1£0.1 0.1+0.1 0.1+0.1 0.1£0.1
17:0 0.1£0.2 0.2+0.1 0.1£0.1 0.1£0.1
18:0 SA 25.2+1.7 26.0£1.8 25.6+1.3 271.8£2.7
18:1 (n-9) OA 1.6+0.2 1.5£0.2 1.5£0.4 1.6+0.2
18:2 (n-6) LA 9.6+1.7 8.2+1.2 8.2+0.8 10.0+1.4
18:3 (n-6) GLA 0.56+1.0 0.0+0.1 ND ND
20:2 0.2£0.2 0.6+0.1** 0.5£0.3 0.5+0.1*
20:3 (n-6) DGLA 0.1+0.2 0.4+0.1% 0.1£0.2 0.0£0.1
20:4 (n-6) AA 34.9+3.2 34.5+0.9 35.5%1.8 33.7+0.8
24:0 ND ND 0.0+0.1 0.0£0.1
22:6 (n-3) DHA 2.2+0.8 3.2+0.4* 3.1+0.5 2.6+0.6
Others 43+1.1 5.6x1.1 4.8+0.1 4.2+1.4
Total n-3 2.2+0.8 3.240.4% 3.1+0.5 2.6£0.6
Total n-6 45.2+3.6 43.3+1.1 43.8+1.2 43.7£1.7
Total n-9 1.7£0.2 1.6£0.2 1.6+0.3 1.7+0.3
A6 index
(GLA+DGLA+AA)/LA 3.8+0.9 4.3%0.7 4.4£0.7 3.4+0.4

Date are means£SD (n=5). Data containing asterisk marks (*,

**)

are signifi-

cantly different from the values in control group at p<0.05 and p<0.01, respectively.

Table 6-2. Effects of soybean products feeding on fatty acid composition of liver

phospholipids (phosphatidylethanolamine).

(wt. %)
Fatty acids

Control Soybean Enzyme Extract
<16:0 ND ND ND ND
16:0 ) PA 17.7+2.6 17.5£1.2 18.5£1.6 18.3+2.8
16:1 (n-9 ND ND ND ND
17:0 ND ND ND ND
18:0 SA 29.3+1.6 30.6+1.1 30.9+2.5 27.9+3.5
18:1 (n-9) OA 1.3+0.8 1.5+0.2 1.2+0.9 1.2+0.7
18:2 (n-6) LA 3.2+1.4 2.5£0.9 2.5%0.7 5.2+1.8
18:3 (n-6) GLA ND ND ND ND
20:2 ND ND ND ND
20:3 (n-6) DGLA ND ND ND ND
20:4 (n-6) AA 34.1£1.9 31.5+0.4* 31.2+2.8 33.56£2.0
24:0 ND 0.1+0.3 0.1£0.3 0.2+0.3
22:6 (n-3) DHA 7.1+£0.9 8.8+1.2* 8.4+1.5 8.1+1.8
Others 7.5+3.6 7.5+14 7.2£2.7 5.7£2.2
Total n-3 7.1+0.9 8.8+1.2% 8.4%1.5 8.1£1.8
Total n-6 37.3+3.0 34.0+£1.0* 33.7+2.4 38.7+2.2
Total n-9 1.3+0.8 1.5+0.2 1.2£0.9 1.2£0.7
A6 index
(GLA+DGLA+AA)/LA  12.5£5.5 18.9+4.5 13.6+5.8 7.3+£3.0

Date are means+SD (n=5). Data containing asterisk marks are significantly differ-
ent from the values in control group at p<0.05.
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Table 7-1. Effects of soybean products feeding on serum immunoglobulin levels of

Sprague-Dawley Rats.

IgA (ug/mL)

IgG (mg/mL) IgM (#g/mL)

Control 198+42
Soybean 178+18
Enzyme 193+51
Extract 196 £33

4.9+2.3 484+ 71
2.1+1.0* 538+111
5.3%£2.7 464+ 95
5.0%3.6 545+105

Data are means=SD for 4 or 5 rats in each group. Data containing asterisk marks
are significantly different from the values in control group at p<0.05.

Table 7-2. Effects of soybean products feeding on immunoglobulin productivity by
spleen and mesenteric lymph node lymphocytes of Sprague-Dawley Rats.

Spleen IgA (ng/mL) IgG (ng/mL) IgM (ng/mL)
Control 4.4+2.3 38.3% 6.7 19650
Soybean 6.6+4.3 55.5+13.3* 225+ 74
Enzyme 6.2£3.0 51.7+13.8 227422
Extract 4.5+4.5 57.9+37.6 18051
MLN

Control 13.1£10.3 27.7x14.4 10.0£2.2
Soybean 14.7£11.7 29.0£22.1 10.2+£5.2
Enzyme 10.6% 4.4 25.1% 8.0 10.6+2.1
Extract 9.7+ 5.0 28.0£19.5 9.6+4.2

Data are means=£SD for 3 or 5 rats in each group. Data containing asterisk marks
are significantly different from the values in control group at p<0.05.

Table 8. Effects of soybean products feed-
ing on NK activity by spleen and
mesenteric lymph node lympho-
cytes of Sprague-Dawley Rats.

Spleen (%) MLN (%)
Control 31.2+ 4.0 24.8+3.8
Soybean 27.4+ 9.7 13.14+2.2%*
Enzyme 23.3+ 3.3%* 11.8%+2.6**
Extract 28.7+13.2 17.6+£17.9

Data are means=SD for 3 to 5 rats in each
group. Data containing asterisk marks (¥,
**) are significantly different from the val-
ues in control group at p<0.05 and p<0.01,
respectively.

DT ETFHI RS TR 5.

SHBOBEE LT, BELERKEAEY 24— O
DERBEZIT, COSHMYEEEREEL TV
OPEBAL TV ZEMFRLETH L. T, TTF

FORBIIBVCHW D BROMEHE, BEEOUMITIC
Lo TCIIA BRRTF FF L FURTELILLEY,
B S ICHHOATEEEAMTIN S N A MREMEATIZ S 1,
SR AMENEENS.

KEMEORERHL L ORERELHSIZT
572012, FNOOYF Y SV EEERIIHL 3% L
~)VT Sprague-Dawley %27 v MIBEI L, £
DR, REFEV x4 — MEAFIIBWT, &8%
BERIZBET A 35k [gG PR EARE O
FEB L CIEF O T-Chol 1233 %5 HDL-Chol @
HEOERFROLNZ, ThizkY), KEFEYx
A — MERIZ X AV EAREERIEEREOE R
CCHERATH ATt ifF s iz, —F, BELE
AKEFEV 27— FEAEICED, GOT BLUGPT
EWSBATH 2 L &) IFEREE TR IHRES
Nz, AFEICLY, RKEREY 22— FBLUKE
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Summary

To clarify the lipid metabolism and immune function of soybean extracts, Sprague-
Dawley rats were fed diets with sample powders containing 3% level. After soybean ho-
mogenate was fed to rats for 3 weeks, IgG productivity of spleen lymphocytes was
enhanced and HDL-Chol level for T-Chol level in serum was increased. The
immunoglobulin production stimulating effects by soybean homogenate may be useful
for activation of host defenses. On the other hand, feeding of enzyme digested soybean
homogenate decreased GOT and GPT activities in serum. These results suggested that
enzyme digested soybean homogenate may be prevention against lesion of hepatic func-
tion. In this study, it is clear that soybean homogenate and digestive products have
novel biological and physiological regulatory function.



