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Effects of Lactic Fermentation Processing of Soymilk and Okara on Lipid Metabolism in Rats
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This study examined the effects of fermented soymilk and okara on lipid metabolism in rats. Fermented
soymilk and okara was prepared from a mixture of soymilk and okara blended in a ratio of 2 to 1 on dry basis
by lactic acid fermentation using Lactobacillus delbrueckii. Male Sprague-Dawley rats were fed a diet based
on the AIN-93 diet (control diet) or two kinds of test diets in which 20% of a control diet was replaced by
unfermented soymilk/okara mixture or fermented soymilk/okara for 7 weeks. We investigated changes in
plasma and hepatic lipid levels of rats, and the regulation of gene expression in mesenteric adipose tissue and
liver by DNA microarray. Groups of test diet significantly reduced plasma cholesterol levels compared with
the control diet. In addition, the hepatic triglyceride in rats fed test diets was significantly lower than that of
control diet. DNA microarray analysis indicated that the test diet ingestion down-regulated the expression of
genes related to lipid metabolism in mesenteric adipose tissue and liver. These results suggested that a mix-
ture of soymilk and okara has the effect improving lipid metabolism. Especially, fermented soymilk and oka-
ra seems to promote the restraint of abdominal visceral fat accumulation in comparison with unfermented
soymilk and okara. Therefore, fermented soymilk and okara is a functional food showing effect preventing
metabolic syndrome.
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1. EEBRAFEH

FRHER L 2 54 H T EI R ORI A H 5
TR, v o T A MR a (IR IG T ) ©
BEL7-bORMHL. A7 957, AT
CHIEMBRERIEE T 20EATRAL,
BAEERE L2 D% 2, FLERSEEA 71 5 T3
&, 477 - GIHREWE MY EFLRE (Lactoba-
cillus delbrueckii subsp. delbrueckii % ¥k SNC33) T
15 REM R S 70, MG L2 0% Hw
72, A T SR OFLRIEREA 1 7 LI OB
Ji% % FE W5 C Table 1 128 L7z, Z Do fi
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2. EREMS LURBERMG

5 s O 1EE: Sprague-Dawley 27 v & HA 7
L7 HRASH LA LERICH L 72, fFEIRE
23+1C, B 55+7%, 12 BB 1 7 )L (B
] 8:00—20:00) DEEFE T IZHB VT, HEHIZE&H
r—Y TEBRITo 7. REBROLMEFRNL,

Table 1. Compositon of freeze-dried unfermented and fer-
mented soymilk/okara (Weight %)

Unfermented and fermented

Component soymilk/okara
Water 5.0
Protein 37.3
Fat 23.6
Carbohydrate 8.1
Dietary Fiber 21.1
Ash 4.9

Table 2. Composition of experimental diets (Weight %)
Diet group

Cco uo FO
Casein' 20.0 11.4 11.4
Cornstarch' 39.75 364 36.4
Dextrinized cornstarch' 13.2 13.0 13.0
Sucrose' 10.0 10.0 10.0
Purified soybean oil' 7.0 3.6 3.6
Cellulose' 5.0 0.6 0.6
Mineral mixture (AIN-93G-MX)' 3.5 35 3.5
Vitamin mixture (AIN93 VX)' 1.0 1.0 1.0
L-Cystine’ 0.3 0.3 0.3
Choline bitartrate” 0.25 0.25 0.25
Butylhydroquinine® 0.0014  0.0014 0.0014
Unfermented soymilk/okara (dried)® 0.0 20.0 0.0
Fermented
soymilk/okara (dried)’ 0.0 0.0 20.0

'Japan CLEA, Osaka. *Wako pure chemical industries, Osaka.
*Marusan-ai, Okazaki.

AIN-93 DAL |2 HoWCHBL L 72, BHEflRC
2O FHETE 21T 7212, kD L9123 B
BT L7z, BlEke S R 25 Lza v b
T — )U#E(n=5: LLF CO #), CO BEFIE D 20%
MR N T B FE TSR LR R A ) T HFL
THEEELA 7 7EFH =5 LT UO#) kO
R A H T G =5; LT FO#) & L,
% % OFEL (Table 2) Z#5- L C 7 AMEAE L 72,
FEEEY X, FENMT, BHEERUHBK
KEE7- BEEIFEHUEL, KREISHEHRH
OHICHEEZIT- 72, FETHBIZ2 HE O
FRRIL, MAETIRA AT 72 MIEORIUL, IR
BTV, 15 BRI AR, = F )V T — T VR T T
FREBEIIR & D ~/8) (A28 Y F R A
HENIHOF] s HRIERF) L 724 THIL,
LB (3,000rpm, 4C, 15min) FRECL, Z50#7
I C —80C TR L7, Mk X &E
BT 1202, REIERT ¥ CHRAE S 7RETHT W,
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BN 1 Folech 5¥ 0 7L 12V, Z ousk
WA—RX 5 ) — VIS T U718, iR L
THUBRRG & L7z, i U 72 HUAERG % 5%TritonX-100
GHEA Y TUR ) — VICERE, MBS 5T &
FfEOF v MEHWT, I L A7o—)v (2L
T HFlE Chol) X U8+ U 77V & ) K (LLUF BTl TG)
il L7z,

5. EhRTEORITE

WAL HZ SR S 72| 2 LR T 12, 025g &
2.5ml DfNET V2 —)V (70T, 60 43) THiH L 7-.
BT, 25mlOZaaRVLA—RXY ) — VIR
(11, vW) Bk Z 2 R L, fliw & g
WEEbE, BRI 100% T8 /) — VIZER
%, HROBIEF v b TH LEIHTER—T A b
O — (HDGHEE Tkl att) 2 v CillE L7z,
6. BBMIRASEAAERER OFTEE D 5 ) RNA HhH

¥ T G g I L e B OF R ik D 4 HE 1B %212, RNA
later RNA Stabilization Reagent (QIAGEN) T%Z7E{b
X, HiHEE T-80C CHREL L DR R L
L7 BBREBEAR AR 1, 1A Tl 145 7% total
RNA [FIURDSBE SN o T2/, KEES LD
T v M HEERILL, RNeasy Lipid Tissue Midi
Kit (QIAGEN) % I\ T, i L 72, FFlElE RNeasy
Mini Kit (QIAGEN) % i\, &HES5ED T v b
ZNZFNUTDOWT total RNA Z i L7z Jht L
7= total RNA OJEEE K OSHEE X, 4 6t EE il 2 s
ROT i — A VERIKENE CHERE L 72, Bl
TR AR C UL JRAR S & D LB R IR B L3
L7250 %, IR TIEERE S Vi HEE D total
RNA ZRAEL7-D D% DNA YA 7 a7 L A f#HT
e L7z

7. DNA XA 707 L 1 B

A HE ] O s [ N T LA K OY i D AR - 56 3
DEREZETT 572012, il L7 total RNA %
FAWT, DNAXA 2707 LA 2T -7 f#
Fri2iE, #9 30,000 ELT2HEH S 1172 Affymetrix
Rat Genome 230 2.0 array (Affymetrix, Santa Clara,
CA, USA) & v 72, Z1Z 1 total RNA20ug £ V)
cDNA % B L 721%, TIDNA K 2 T7—¥ % H
W cRNA & L7z, cRNA AERIZE 4T~
Lok T o 72, © 4 F Vi L 72 cRNA % W
Fr1%, Affymetrix Rat Genome 230 2.0 array (Z/) 1
TNVFA A&, ANV INTEY Y7401
AN VTHOGERR L7z, HOUERR LT LA 2 A
Fy=rvr7L, BHEOHME - 7T — ¥ HAITIX
Affymetrix Gene Chip Operating Software ver 1.4 %
a7z, B8O v bl O H EAR LA o
Bin B OEALIL, 7 — & T T “present” &
ol-BfaTaiEL L, COBLILEKLT, 15
BB L2 0% 5B EA" - 115 85T
FEHL72b 0% B L LT BT eiro7z2.
8. fhEthLiE
FEEAERL, P £ B #E A7 (mean £ SE)
TR L7z, 77— % OffENriE, SPSS for Windows
12.0j # FH\V>C, Tukey DL E LB EZ 1TV, p
<0.05 Db DEMMETICHEE L2
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o 72085, 3O EE L 65T 5 &,
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Table 3. Effects of experimental diets on growth changes and tissue weights in rats

Parameters Diet group
Cco Uo FO

Daily food intake (g) 26.7+0.7" 253+0.5" 24.6+1.3"
Initial body weight (g) 268.9+10.0° 266.3+4.7 265.5+5.2°
Final body weight (g) 594.9+19.2° 586.7%9.5° 581.2+28.6"
Liver (g/ 100g body weight) 4.70+0.20" 3.65%0.14° 3.69%0.11°
Perirenal white adipose tissue (g/ 100g body weight) 3.64+0.31° 2.60+0.37 3.41£0.62°
Epididymal white adipose tissue (g/ 100g body weight) 2.22+0.25 1.73£0.23" 2.44£0.28"
Mesenteric white adipose tissue (g/ 100g body weight) 1.56£0.13" 1.17£0.11° 1.19£0.16"

CO, Control; UO, Unfermented soymilk/okara; FO, Fermented soymilk/okara

Each value is the mean =+ SE of 5 rats. “ "Means not sharing common superscript differ significantly by Tukey's multiple compari-

son (p<0.05).

Table 4. Effects of experimental diets on plasma parameter in rats

Diet group
Parameters
Cco uo FO
Total cholesterol (mg/dl) Oow 66.0%2.9" 63.1%5.5" 68.0*6.4°
lw 70.1+6.2° 542+1.6" 53.9+53°
3w 77.5%7.4° 452%19° 57.6%7.5%
5w 81.3+6.8" 482%29° 543%50°
Tw 77.5%52° 53.4%33° 58.7+7.3%
Triglyceride (mg/dl) Oow 114.0 = 16.9° 111.3%6.7° 118.9*8.7°
lw 107.9 £12.5° 1102+ 11.5° 1343 +16.2°
3w 120.0 £ 12.2° 925+6.5° 105.3£21.4°
5w 149.1 £30.2° 92.1+15.1° 943+9.2°
Tw 121.5*13.6" 118.9+21.9" 105.7 £17.5°
Glucose (mg/dl) Oow 131.1£9.2° 123.0+9.0° 123.3+8.5°
lw 110.0 £ 9.8 100.5%9.6" 100.2+3.0°
3w 1452+4.8" 127.6+13.7" 1254+7.9"
5w 143.6+7.7° 155.6 = 10.6" 169.0+7.2°
Tw 144.1+11.1° 137.5+13.9° 165.2+16.5"

CO, Control; UO, Unfermented soymilk/okara; FO, Fermented soymilk/okara
Each value is the mean = SE of 5 rats. “ "Means not sharing common superscript differ significantly by Tukey’s multi-

ple comparison (p<0.05).

Table 5. Effects of experimental diets on hepatic lipid concentration in rats

Diet group
Parameters
CO Uo FO
Hepatic cholesterol (mg / g liver) 5.50+0.74° 3.77£0.46" 3.91+0.28"
Hepatic triglyceride (mg / g liver) 57.8+10.3° 275%4.7 242+1.2°

CO, Control; UO, Unfermented soymilk/okara; FO, Fermented soymilk/okara
Each value is the mean *+ SE of 5 rats. "Means not sharing common superscript differ significantly by Tukey's multiple

comparison (p<0.05).
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Table 6. Effects of experimental diets on fecal bile acid in rats

Diet group
Parameters
CcO uo FO
Fecal bile acid excretion (mg / day feces) 58.2%21.1° 57.7+4.2° 62.2+11.5"

CO, Control; UO, Unfermented soymilk/okara; FO, Fermented soymilk/okara

Each value is the mean = SE of 5 rats. ® Means not sharing common superscript differ significantly by Tukey's multi-

ple comparison (p<0.05).
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Table 7. DNA microarray data on lipid metabolism-related genes in the mesenteric white adipose tissue

of rats fed experimental diets

Down-regulation

Fold change
Gene name
CO uo FO
Sterol Regulatory Element Binding Protein-1 1.00 0.57 0.60
Acetyl Coenzyme A Carboxylase 1.00 0.51 0.46
Fatty Acid Synthase 1.00 0.57 0.50
Glycrol-3-Phosphate Acyltransferase 1.00 0.63 0.51
Malic Enzyme 1.00 0.58 0.50
Not Change
Fold change
Gene name
CO uo FO
Peroxisome Proliferator Activated Receptor y 1.00 0.67 0.76
Hormone Sensitive Lipase 1.00 1.08 1.18
Uncoupling protein 2 1.00 1.17 1.18
Glucose Transpoter 4 1.00 0.77 0.72

CO, Control; UO, Unfermented soymilk/okara; FO, Fermented soymilk/okara

The relative mRNA expression level in CO group is arbitrarily set as 1.00

Table 8. DNA microarray data on lipid metabolism-related genes in the liver of rats fed experimental diets

Up-regulation

Fold change
Gene name
Co uo FO
Carnitine Palmitoyltransferase- 1.00 1.61 1.43
Cholesterol 7a-Hydroxylase 1.00 2.82 1.56
Down-regulation
Fold change
Gene name
CO Uo FO
Sterol Regulatory Element Binding Protein-1 1.00 0.52 0.44
Acetyl Coenzyme A Carboxylase 1.00 0.66 0.62
Fatty Acid Synthase 1.00 0.33 0.41
Glycrol-3-Phosphate Acyltransferase 1.00 0.40 0.40
Malic Enzyme 1.00 0.27 0.40
7-Dehydrocholesterol Reductase 1.00 0.61 0.62
Not change
Fold change
Gene name
CO Uo FO
Peroxisome Proliferator Activated Receptor a 1.00 0.81 0.84
Sterol Regulatory Element Binding Protein-2 1.00 0.82 0.87
3-Hydroxy-3-Methylglutaryl Coenzyme A Reductase 1.00 1.02 0.81

CO, Control; UO, Unfermented soymilk/okara; FO, Fermented soymilk/okara
The relative mRNA expression level in CO group is arbitrarily set as 1.00

EIXRO SN o725, UO BN NFO BT
COMELN LRMER L. KRG & X7 EHEEL
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O— VARG T 2 8ZFTlE, IV ATO—
VAR E HETT AR5 K Tdh % SREBP-2 Tl
BB R E o 2h, FOBTIL AT
0 — V& OB % TdH S HMGCR @ mRNA
B EPWEmZRL, IV AT O0— )VEERHE
WEZF T 5 DHCR @ mRNA FEH &A% 1/1.5 1%
T E o7z UO BN U FO B THFE Chol 12
MEAEMEANCEA A D Z A LIZDONWT, FH T
FLTiEa L Ao — VEUEEETSBE AL, —
FILERFSEEA 1 S HILTIEa L AT a— VAR
HIVERDTLET 2 L Z 26N, ZOAH=A LI
AR EEADb L EREI N, Dbtz &
No, FhITEIROCAREEL H 7 TR,
FHE M M a L A7 — VIR T ERZET 5 &
IREXN, FNENELRDLANZALTILAT
O— )UK TFEH 2 H L CTW B REM 2R L7z,
T iel TG 2 BEAS, UO ) N FO #: T CO #f &
WL CTHERBICRMELZ R L7272, FLREEEOH &
ZIFERIIBD SN o7z, M5 TGIEEIZIE,
HEAIFED N Loz, KEy v 87 Bk
\2& - T, IFl&IZB1F % SREBP-1 ® mRNA F§H
wEOWRA L, IRIHIR G BCRERE OFBIHIZ L -
THRIGER & B o # i Je OY p IBALICBE 59 5%
PPAR a ® mRNA S =258 L, WO B
FALDSTOHES 2 LHE SN TV AR, 72 K
Gy UNRIEEAL VT ITRYOMEMERICL -
T, AV 77K OFEEBIIIERE L, 41V
7 7R VEEARARICMA ) ) k) RiEgEEDS
BT 2 EHEINTVWLY, KRERTIE, UO
Bl O°FO #E & 3 |2 SREBP-1, ACC, FAS, GPAT,
ME ® mRNA FH =12 BWTdH, ML DI
1/1.5f5LLF & 72 572, SREBP-1, ACC PIMVC_LERD
R L7233 DD G BREZOBR 5
25, UO BECTIWARNPRENP 72, £ THAD
FSFLERSEIE A 1 T G R & 0 b IR & R HIE
D)) Th B2 M SNG. REFRTIE,
B IRAL O #EF ICB 53 % CPT-1 @ mRNA 3§
HWENUVOMTISHELLE o728 P TO
[ ERALIZE 9 % PPAR a @ mRNA J8ELIZ 134
BLREACIEERO SN o7z 5 T BFLONTE
PR ERAEIERIE, BRILRICEHSE, BBl
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(fRH, vofy, JEH, ®oAR, Julh, ol #RE)

MREBIHIZ L 2bDTHL EmmeInsg. Lk
DS, F T EIHR IR A 71 T 55
2, FRBEIR I E R 2 A 5 2 & ANl
SN, RIEEBEDT DT OIEHDMRAET B 2 L HUR
WS 7z, Z AU AR TR O R IDG % AR P
e FLRSERE IO ) T o 72 2 & L xRy
ThHY, FLRIEEEA 7 7 EFL & RFEREA 71 T EFL
TIEEEL LTERT 2B R o Tz
M END.

E D

HRANOERIZKECHG LA 7L EA%E
W EREEIL 1 2 CRALZENE I IEIH) D
TE) P FLEE W Lactobacillus delbrueckii C D FLEE3E
FELERASZ v b OIREAHI RITTHEIZOWT
et &iro 72, 7 7 EFLIEBEMGIEH B3
LUEetE R R L, PEEIRIFERIEIER - a1 A
70— )VEAREERIC L 2T L AT 0 — v
TFER - o L A7 a— K TER - T
R ERIGIER 2635 2 VRS2 7L
PRSI X o C, BAENHIVER - WEIRT SR
FIWEH MR ES 5 LR SNz, GILOFLERSEE
WMEOFMIZ L T, EHT HENMESRZ 5
ZEMNHERI SN, T2, I L AT O — LMK
MICELZ A= AL bR eHEL. DEo
ZED OISR A 7 T EFL, A T Z AL
WIREREHTCEEER A L, RRICIRT SR
HIERAPRAET HZ s, XFKR) v 72 F
O—2DTVICARGEMTH 5.
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