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Effects of Soybean Hull and Hemicellulose Preparation Isolated from Soy-
bean Hull on the Cholesterol Metabolism in Rats.

Yak6 AYANO, Fukio OHTA, Ikuo NOZAKI and Yukari EGASHIRA
(Laboratory of Food and Nutritional Chemistry)

ABSTRACT

The hypocholesterolemic effects of soybean hull (SH) and its isolated hemicellulose fraction
were examined in rats fed a hypercholestrolemic diet containing 1%cholesterol and 0.25%sodium
cholate. Three animal experiments were conducted and the following results were obtained.

1) SH (60 mesh pass; NDF '63.6%, ADF 51.6%, lignin 2.0%, water-soluble DF 3.9%) was
supplemented to a diet at the level supplying 5% NDF. The rats fed the SH diet showed significantly
less elevation of serum cholesterol content in comparison with those fed the diet containing the
same level of NDF as wheat bran (60 mesh pass). (Exp. 1)

2) “Hemicellulose B” fraction was isolated from SH by extracting with dilute caustic alkaline
solution. The hemicellulose-preparation (non-cellulosic polysaccharide 61.0%,) was supplemented
to a diet at level of 1%. This preparation had a significant effect to prevent the increase in serum
cholesterol level, although it did not cause a remarkable decrease in liver cholesterol accumulation.
(Exp. 1) . '

3) Hemicellulose preparation isolated from SH was fractionated into the high molecular weight
fraction (Hemicellulose F-1) and the low molecular weight fraction (Hemicellulose F-II)by
ultrafiltration using a TS-3000 membrance of TSK-UF system. F-1 or F-II preparation was
supplemented to a diet at level of 0.59%in the former and at level of 0.41% in the latter. F- I
preparation was effective in preventing elevation of serum cholesterol level, but F-II preparation
was ineffective. (Exp. IT)

4) The fractionated hemicellulose preparations (F-1 and F-II) were supplemented to
cholesterol-free diet at the same level as in Exp. II described above ( 3). Significant elevation in
serum levels of both glucose and insulin were observed in rats fed the F-1I preparation. However,
rats fed the F- I preparation did not show any significant alteration. (Exp. IlI)
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Fig.1 Isolation process of hemicellulose pre-
paration from soybean hull.
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Table1l Composition of diets. (Exp.I) (%)

Components' Standard Control ﬁgﬂ?gaﬁl) hemicSeIl{lu]ose Wh(fk:iitrcli))ran
Casein . 22 22 20.93 22 19.56
Lard 9 ‘ 9 9 - . 9 9
Corn oil* 1 1 1 1 1
Salt mixture® 4 4 4 4 4
Vitamin mixture® |  0.85 0.85 0.85 0.85 ©0.85
Choline chloride 0.15 0.15 0.15 0.15 0.15
Cholesterol — : 1 1 1 1
Sodium cholate — 0.25 0.25 0.25 0.25
Test substance — — 8.22¢ 1.12 | 12.17°
Sucrose , 63 61.75 54.6 60.63 | 52.02

a : One gram of corn oil contains 300 I. U. of vitamin A palmitate, 301 U. of vitamin

D: and 10 mg of dl-«-tocopherol.

b : Prepared according to the HARPER'S prescription (J. Nutr., 68, 405(1959)).

¢ : Corresponding to NDF 5 %.
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Table 2 Composition of diets. (Exp.I) (%)

SH hemicellulose .
Components Standard| Control ,
‘ : FI' FII
Casein ‘ 22 22 22 22
Lard 9 9 9 9
Corn ojl* 1 1 1|1
Salt mixture® 4 | 4 4 4
Vitamin mixture® | 0.85 | 0.85 | 0.85°| 0.85
' Choline chloride | 0.15 | 0.15 | 0.15 | 0.15
Cholesterol — 1 1 1
Sodium cholate | —— 0.25 | 0.25 | 0.25
Test substance — | — | 0.63 | 0.44
Sucrose 63 61.75 | 61.12 | 61.31

a, b See footnotes of Table 1.
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Table3 Composition of diets.(Exp.Il) (%) -

’ SH hemicellulose
Components Control

: FI FII
Casein 22 22 |22
Lard 9 9 9.
Corn oil® 1 1 1
Salt mixture® 4 4 4
Vitamin mixture® 0.85 0.85 0.85
Choline chloride 0.15 0.15 |. 0.15
Test substance — 0.63 0.44
‘Sucrose 61.75 62.37 62.56

a,b:See footnotes of Table 1.
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Table 4 . Components of soybean hull (SH) -

and wheat bran. ' (%)
Soybean ‘Wheat bran
hull (SH) (hard)
Moisture 5.2 : 13.1
Crude protein® 10.9(11.5)¢ 15.6(18.0)
Crude fat 3.0( 3.2) 4.3(4.9)
Ash 2.6(2.7) 6.0( 6.9
NDF® 60.3(63.6) 41.1(47.3)
ADF?® 48.9(51.6) 13.2(15.2)
ADF lignin® 1.9( 2.0) 3.2( 3.7)
Water-soluble DF°¢ | 3.7( 3.9) not determined

a:Calculated by Nx 6.25 in soybean hull, by Nx 5.83
in wheat bran.

b:Method of Van Soest.
¢ :Method of Southgate.
d:% of dry matter
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Table5 Composition of hemicellulose - pre-

M.W.>8.0x 105 parationisolated from soybean hull.
(OD) M.W.1.5X10¢ (% of dry matter)
+polys§ccharide (0.D)
0.3 ¢ ~Oprotein - L 0.3 SH hemicellulose
. Cellulose® 0.2
%’% é Non-cellulosic polysaccharides® 61.0
- N .
= 0.2 Lo o = Arabinose 11.3
§ § Xylose 2.1
“; "‘; b{ Mannose 9.9
é’ ;‘g Galactose 13.0
0.1 0.1 Glucose 11.6
Uronic acid® 10.7
Lignin® 1.4
e T T — Total nitrogen 4.5
30 40 50 60 70 8 90 100
Fraction number Ash 6.3
- Fig.2 Gel filtration profile of hemicellulose a‘Method of Southgate.
preparation isolated from soybean b:Gas chromatographic method.

hull on

Sepharose CL—4B.

c:Carbazole/sulfuric acid method.

BSUIZAT Lo —2 F 1) DS % Table 6 A3 ¥ Lo —AFNERRZELL T — X SEEH
i, FNVFREH NS — 2 2 Fig. 3ICRT., AT X0 201%T, NS kAu—RF [EROESLUT L%
—AF [EROF LN u— A SR 15.5% T, ¥77  <, RE, EEEBRI~ILLo—2 F [ERo 20
=R, 778/ —ADFEMNEL, ROTINVI—R,  Er%L, o7 BERICHRE (NX6.25) T2 &,

TuYBTHol, TIE/ BT 78 VBEERT, ¥5  51.2%THY, EROKEDIE EDT W, FEero—
ZhRrF Y, BUESEENEEIN TV EELONSE, ASBEEOERBEEIFS 7 =2, vV /=X, ¥

M.W.=1.5%x10¢
(0.D) (0.D)
0.4| MW>8.0x10° L ellulose FI
Hemicellulose FI 0-5) Hemicellulose FX
0.4
0.3
g § 0.3
= 4 <
§ 0.2 MW.=2.0X10 8
B 2
2 z
< 0.2
0.1
0.1
30 40 50 60 70 8- 90 100 30 40 50 60 70 80 90 100
Fraction number o Fraction number
——®—— Carbohydrate (phenol,/sulfuric ‘acid method, absorbance at 480 nin)’
——O~—— Protein (absorbance at 280nm) :

Fig.3 Gel filtration profile of FI and FII preparations on Sepharose CL—4B.
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Table 6 - Composition of hemicellulose F.I
and FII preparations fractionated
from SH hemicellulose preparation.

(% of dry matter)

SH hemicellulose.

, FI | FIL
Cellulose® 0.2 0.1
Non-cellulosic , .

. polysaccharides® 75.5 29.1
Arabinose 15.6 5.2
Xylose 3.1 2.6

b{ Mannose * 9.6 5.5
Galactose 18.2 5.7
Glucose 14.9 2.0

Uronic acid® 14.0 5.8

Lignin® 0.9 0.4

Toal nitrogen 3.3 8.2

Ash 7.7 8.7

a,b,c:See footnotes of Tablé 5.
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Table 7 Effects of soybean hull (SH) SH hemxcellulose and wheat bran on body weight,
feed intake and relative welght of liver to eviscerated carcass in cholesterol-fed

rats.(Exp.l)

MeanzxS.E.
Soybean SH Wheat bran
Standard Control hull (SH) hemicellulose |  (hard)

Initial weight (g) 134.2+2.9 135.3+1.7 134.2+1.2 134.3i1_7.5 134.1%2.1
Final Weight (g) 205.2+5.0 202.6+4.3 205,5%1.3 198.7+3.8 ' 209.9+8.1
Weight gain (g) 71.042.9 | 67.3%3.0 71.3+1.3 | 64.4%2.9 75.7+6.3
Feed intake  (g) . 158.1£3.6 153.2+4.8 160.24+2.0 150.1+4.3 163.4+9.1
Feed efficiency” 0.45+0.01 0.44i0.01 0.45+0.01 .0.43+0.01 0.41i0.01
Eviscerated carcass () | 150.043.7 | 145.6+3.7 | 144.0%1.1 | 139.9+3.3 147.1£6.0
Carcass Body ' a a a e .
weight/welght 77-9i0_-6 75.410.6 7.5.5i0.27 75.0+0.6 74.8%0.6
Liver’ Carcass (o . a ac ab,el a
weight /- weightg'/’) - ,4.45i0.12 . 5.96+£0.072 |. 5.811‘_0.10 5.73i,0>..06 b 6.26+0.15

a : Significantly different from the standard group(p<0.05).

b : Significantly different from the control group (p<0.05).

¢ . Significantly different from the wheat bran group (p<0 05).

* Weight gain/Feed: intake . .
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RREF - KH - BRI - TEH 5 v P DIV AT u—LRBENCKRIZT ATHE (Soybean hull)

Table 8 Effects of soybean hull (SH), SH hemicellulose and wheat bran on serum

and liver cholesterol levels In cholesterol-fed rats.(Exp.1)

Mean £ S.E.
Standard | Control. | . }Slgl}lll()giﬁ hemi(:SeIl{1u105e Wh(%a;tr(%ran
Ingested cholesterol (mg) (A) ——— 11,532+48 | 1,602+20 1,501+43 1,634+91
Serum: e :
Total cholesterol (mg/dl)
5 days on diet ' | 903 | 345£37 | 319450 237+22%¢ | 466+31%
9 days on diet 99+2 4364390 | 362438 | 309122 | - 498+17¢
10 days(at sacrifice) | 804 | 391+d6s | 2374259 | 267£20% | 275+29°
HDL-cholesterol (mg/dl) 47.1+2.3 | 13.6+1.1°° 18.142.0° | ‘17.6+0.8%¢ | 14.5+1.1¢
Arteriosclerotic index* <0.7£0.1)°29.6%£5.1°| 13.1+2.1% | 14.6+1.6% |- 19.0+3.2¢
Liver:
~ Cholesterol (mg/ g tissue) 5.240.6 | 59.042.0° | . 60.3+1.6° | 59.6£0.6% .| 64.0+4.60
Cholesterol (mg/liver) (B) . _345813.9 512:6+24.6° 504.1+13.3% | 477.3+13:0% 602.3+74.2
_B/A™(%) —— | 3.5+1.2 | 31 540.7 | '31.830.2 | 36.1+2.6

a. Slgmfxcantly dlfferent from the standard group(p<0 05)

[

b. Slgmflcantly different from the control group(p<0 05)

c.
*:
Kk |

(Total chol.—

Slgmflcantly dlfferent from the. wheat bran (hard) group(p<0 05)
HDL- chol. )/HDL chol. ,
Apparent accumulgtlon ratio of liver :cho]esterol to ingested chole'sterol. e S

* Table 9 Effects of hemicellulose FI and FII preparatidris on body weight,
feed intake and relative welght to ev1scerated carcass in cholesterol-

fed rats.(Exp. II) - Mean*S.E.
L SH hemicellulose
y Standard Control
' , - FI W FI
Initial weight ~  (g) | 111.7£3.4 | 112.0£1.9 | 112.0£1.9 | 112.0+1.3
Final weight *~  (g) | 179.5%4.9 | 172.045.9 | 176.046.8 | 177.1+4.3
Welght gain (g} | 68.2+3.2 | 60.0+4.5 | 64:0£5.4 |. 65.1+3.3
- Feed intake - (@ 145. 014.3' 137.6+7.7 | 142.4+8.0 | 148.8+6.2
" Feed efflaency* ©C0.4640.01 | 0.42+0.01| 0.44+0.01 | 0.4340.01
Eviscerated carcass (g) 130.5+3.7 | 122.6£4.7 126 04, 8 | 12 3+3 3
~ Carcass ~Body oy |~ e a*' '
szlght/Weight %) | - 76.6.i0.5‘ 75.1£0.20 | 75.740.4 | 74. 9+0 4
Liver Carcass (o} 1 a " qra -
weight / weight %) | 4 66+0.‘1_2 6.09%0.07| 5.95£0.15 | 6.48:0. ey
a Slgmﬁcantly dlfferent from the standard group: (p < O 05). "

@ﬁﬁuﬁﬁﬁtw&,%@%Tﬁ%%én,t(m«
ST — ABRINEE, NE7RACBELOMIEES
BiRE(LiES ek 5 &, SH 131,
NI XVT— AR 14:6 T, TIREIGNERE 296 128 L,

BRD SNz,

b . Significantly different from the control group

* Welght gain/] Feed intake

- (p<0. 05) .

BRICEVCERR UL, Fa v 27 o0—vid, SH B,
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CAEZRRAD S hizh o708, m§7XVﬁuﬁmw
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Table 10 Effects 6f hemicellulose FI énd FII preparations on serum -
cholestérol levels in cholesterol-fed rats.(Exp.II)

MeanzSE.
SH hemicel]uiose ‘
Standard Control
: FI FII
Ingested cholesterol (mg) — 1,376 £77 1,424+80 | 1,488+62 .
Serum total cholesterol (mg/dl) , o
5 days on diet ' 105+3 454 £+ 31° 351 +482 413i48"’
10days (at sacrifice) 89+5 - | 322+45° 978+47* | 309+34°
HDL-cholesterol_ (mg/dl) 43.7+2.3 [ 13.8+1.5* | 13.3£1.6* | 12.8+0.8°
Afteriosclerotic index. 1.1£0.1 | 25.0+6.4* | 21.7+6.1* | 23.6+3.3°

a . Significantly different from the standard group (p<0.05).

Table 11 Effects of hemicellulose FI and FII pre-
parations on body weight, feed intake
and relative weight to eviscerated car-
cass in rats fed cholesterol-free diet.

(Exp.IO) ~ MeantSE.
SH hemicellulose
Control
- FI FII
Initial weight (g) 103£1 103+1 103+1
Final weight (g) 18742 19313 186+3
Weight gain (g) 84£2° 90+2> 83ij3"
Feed intake (g) 19044 | 202+4° | 194130,
Feed efficiency 0.44£0.01{0.44£0.0110.42%0.01
Eviscerated carcass (g). | 134+2*" 138+2° | 133£1°
Carcass /Body (o ~ . ,
e oitht (%9 52802 | TR1£0.1) T5.0£04
Liver Carcass (o
weight ~ weight (7o) |3-61%0.10/5.5420.07 5.74£0.13

The values not sharing the identical alphabetical letter
are significantly different.

Table 12 Effects of hemicellulose FI and FII pre-
parations on cholesterol, glucose and in-
sulin levels in serum of rats fed chole-
sterol-free diet.

(Exp. I .

S Mean=*S.E.

Cholesterol| Glucose Insulin

(mg/dl) | (mg/d)" | («U/ml)

"Control S.5412.0% | 55.545.6° | 2.8+1.6°

SH hemicellulose . ’ '
FI 50,9£7.9* 71.4£9.9* | 25.1£1.6%0 -

FII 71.745.1° 106.048.1° | 28.4%1.5°

The values not sharing the 1dent1ca1 alphabetlcal letter
are significantly different.
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