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Cholesterol-Lowering by Rice Bran
and Rice Bran Oil Unsaponifiable Matter in Hamsters
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ABSTRACT

Unsaponfiable matter (U) was prepared from both raw and extrusion
stabilized (130°C) rice bran and tested for cholesterol-lowering activity
in hamsters by addition to diets containing cellulose, raw rice bran, or
stabilized rice bran at either the level found in the rice bran diet (0.4%,
1X) or twice that level (2X). All diets contained 0.3% cholesterol, 10%
total dietary fiber, 10.1% fat, and 3% N (same plant-to-animal N ratio).
After 21 days, plasma cholesterol was significantly reduced by rice bran
diets containing added U compared to the cellulose control diet, while
the high density lipoprotein cholesterol-to-low density lipoprotein cho-
lesterol ratio remained unchanged in all treatment groups. Liver choles-
terol was significantly reduced by all rice bran-containing diets and with
cellulose diets containing 2X added U when compared to the control
diet. Rice bran diets plus added U resulted in cholesterol values lower
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than cellulose diets containing the same level of U. Stabilization of rice
bran did not appear to affect the plasma and liver cholesterol responses
to the unsaponifiable matter prepared from the extracted oil. There
appears to be a dose response to rice bran unsaponifiable matter in
plasma and liver cholesterol reductions. After 2 weeks, fecal fat and
neutral sterol excretion were significantly greater with all treatment diets
compared to the control diet. Fecal fat was negatively correlated with
liver as well as plasma cholesterol (r =-0.97, P < 0.0001 and -0.91, P <
0.0006, respectively). Under the conditions of this study, cholesterol-
lowering activity of rice bran is present in its unsaponifiable matter in
addition to other components. Increased fecal excretion of fat and neu-
tral sterols appears to be a possible mechanism for cholesterol-lowering
by rice bran.

Hypocholesterolemic effects of rice bran and some of its frac-
tions (neutral detergent fiber, hemicellulose, rice bran oil, and
unsaponifiable matter) have been observed (Suzuki and Oshima
1970; Ayano et al 1980; Ishibashi and Yamamoto 1980; Suzuki
1982; Sugano et al 1984; Sharma and Rukmini 1986, 1987;
Seetharamaiah and Chandrasekhara 1988, 1989; Raghuram et al
1989; Hegsted et al 1992; Nicolosi et al 1991). We have previ-
ously reported plasma and liver cholesterol-lowering with stabi-
lized full-fat rice bran, and liver cholesterol-lowering with defat-
ted rice bran when combined with rice bran oil or degummed-
dewaxed rice bran oil (Kahlon et al 1990; 1992a,b) in cholesterol-
fed hamsters.

In the study reported here, male hamsters were fed 0.3% cho-
lesterol diets to evaluate the cholesterol-lowering activity of raw
vs. extrusion-stabilized (130°C) rice bran and of unsaponifiable
matter (U) prepared from raw or stabilized rice bran and added to
diets at two concentrations. Raw rice bran and its U were investi-
gated to determine the effects of the stabilization process on cho-
lesterol-lowering properties.

MATERIALS AND METHODS

Male, 25-day-old weanling Syrian golden hamsters (Sasco,
Inc., Omaha, NE) were housed individually in wire bottom cages
in a controlled environment (20-22°C, 60% rh, 12-hr light and
dark cycle) and fed ad libitum for the 21-day study. On arrival,
each animal was weighed and assigned to one of nine treatments
by selective randomization (blocked by weight, one animal per
treatment from each block), 10 animals per treatment. Total feed
consumption was measured, fresh feed was provided twice
weekly, and animals were weighed once a week. All the proce-
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dures described were approved by the Animal Care and Use
Committee of the Western Regional Research Center, USDA,
Albany, CA, and conformed to the principles in Guide for the
Care and Use of Laboratory Animals (Committee on Care and
Use of Laboratory Animals 1985).

Rice bran was obtained from a local mill, and unsaponifiable
matter (U) was prepared from either raw or extrusion stabilized
(130°C) rice bran. Oil was extracted from the rice bran by slurry-
ing with four volumes of hexane at room temperature for 1 hr, a
total of four times. Extracts were combined and hexane was
evaporated in a rotary evaporator (40°C under 200 torr vacuum).
Unsaponifiable matter was obtained from the oil by alcoholic
potassium hydroxide saponification (AOCS Ca 6a-40 1988). Pea-
nut oil (No. 403440), casein (No. 400625), and soy protein (No.
400050) obtained from Dyets, Inc., Bethlehem, PA were addi-
tional sources of fat and protein.

Unsaponifiable matter (U) was 0.4% (1X) in the diets contain-
ing rice bran. Diets were: cellulose control; cellulose diet plus U
prepared from either raw or stabilized rice bran added at 1X or
2X levels; raw rice bran; stabilized rice bran; and stabilized rice
bran plus 1X U (total 0.8%) prepared from either raw or stabi-
lized rice bran. All diets contained 10% total dietary fiber, 0.3%
cholesterol, 10.1% fat, 11.8% casein, and 3.0% nitrogen. Soy
protein was added to the cellulose diets to keep the ratio of ani-
mal to plant nitrogen constant (56:44). Total neutral sterol content
of each diet was calculated based on the neutral sterol analysis of
all dietary ingredients, using the same procedure described for
liver cholesterol. Composition of the diets is given in Table I.

After two weeks of feeding the treatment diets, total feces were
collected for 72 hr (days 13-15) and samples were analyzed for
dry matter at 70°C under vacuum for 16 hr (AOAC method
934.01, 1990), crude fat (AOAC method 20.39C, 1990), and total
neutral sterols (same procedure described later for liver choles-
terol). At the end of the 21-day feeding period, all animals were
fasted for 16 hr and anesthetized with CO, for tissue sample col-
lection. Blood was drawn by cardiac puncture into plastic tubes
containing anticoagulant (ethylenediamine tetraacetic acid, dipo-
tassium salt, 0.8 mg/ml of blood) and centrifuged at 1,500 x g for
30 min at 4°C to obtain plasma. Livers were excised, rinsed,
blotted, weighed, and kept on dry ice. Liver and plasma aliquots
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were stored at —70°C until analysis. Plasma samples were ana-
lyzed by an enzymatic colorimetric procedure for cholesterol
(diagnostic kit 352, Sigma Chemicals, St. Louis, MO) and
triglycerides (diagnostic kit 23422, Gilford Systems, Oberlin,
OH). Plasma cholesterol and triglycerides values were determined
using standard curves obtained by running several concentrations
of standards provided with the respective kits.

Fresh plasma pooled samples were prepared (two animals per
pool) using an equal volume of plasma from each animal. Prote-
ase inhibitor (epsilon-amino caproic acid, ICN Biomedicals, Inc.,
Costa Mesa, CA, 1.3 mg/ml of plasma) and antimicrobial agent
(garamycin 50 mg/ml, Schering Corp. Kenilworth, NJ, 10 ul/ml
of plasma) were added to stabilize the plasma. Lipoproteins were
fractionated using density gradient ultracentrifugation (Havel et al
1955). After adjusting the background density of 1 ml of plasma
to 1.019 g/ml with 5 ml of NaCl solution (1.0214 g/ml), plasma
was centrifuged in an L8 Beckman ultracentrifuge (Beckman Inc.,
Palo Alto, CA) at 40 K for 18 hr at 17°C in a Beckman 50.3 rotor.
The top 1 ml was removed as the very low density lipoprotein
(VLDL) fraction, and another 1 ml was removed as background.
The subnatant density was adjusted to 1.067 g/ml and centrifuged
similarly for 24 hr. The top 1 ml was removed as the low density
lipoprotein (LDL) fraction, and another 1 ml was removed as
background. The subnatant contained the high density lipoprotein
(HDL) fraction. With each ultracentrifugation two salt solution
tubes with similar density were run, and the densities of their

fractions were monitored with a DMA-48 Density Meter (Anton
Paar, Inc., Richmond, VA). Lipoprotein fractions were analyzed
for cholesterol and triglycerides by the procedures described for
plasma.

Each liver was individually thawed, minced, and thoroughly
mixed to obtain a homogeneous 1-g sample for extraction of total
lipids by the procedure of Folch et al (1957). Liver total lipid was
determined by drying an aliquot of the extract that appeared to be
free of protein contamination. Liver cholesterol was determined
in aliquots (30 pl) of extract after evaporation under nitrogen and
solubilizing with Triton X-100 (Carlson and Goldfarb 1977),
using the same enzymatic kit as with plasma. Liver cholesterol
values were determined from standard curves obtained by running
National Bureau of Standards reference material for cholesterol
(SRM 911b) through the procedure as described for the samples.

All analyses were conducted in triplicate. Data were statisti-
cally analyzed using analysis of variance and Duncan’s new mul-
tiple range test (Steel and Torrie 1960). A value of P < 0.05 was
considered the criterion of significance.

RESULTS AND DISCUSSION

Initial body weight (64 + 1 g, mean + standard error mean),
final full-fed body weight (107 + 1 g), fasting body weight (101 +
2 g), total weight gain (43 + 2 g/21 days) and feed intake (8.7 +
0.3 g/day) in hamsters fed treatment diets were similar to those of

TABLE I
Composition of Diets (% dry matter)*<
Unsaponifiable
Stabilized Matter (U)
Diets Cellulose Rice Bran Raw Rice Bran [Total U] Peanut Oil Soy Protein
Cellulose 10 s 10.1 8.1
Cellulose + raw U (1X) 10 0.4 [0.4] 9.7 8.1
Cellulose + stabilized U (1X) 10 0.4[0.4] 9.7 8.1
Cellulose + raw U (2X) 10 0.8 [0.8] 93 8.1
Cellulose + stabilized U (2X) 10 s 0.8 [0.8] 93 8.1
Raw rice bran cee s 45 -+ [0.4] 0.9 0.5
Stabilized rice bran I 48 e <+ [0.4] 0.4 s
Stabilized rice bran + raw U (1X) cee 48 0.4 [0.8] cee
Stabilized rice bran + stabilized U (1X) s 48 0.4 [0.8]

2 All diets contained: casein, 11.8%; mineral mix, 3.5%; vitamin mix, 1%; DL-methionine, 0.3%; choline bitartrate, 0.2%; cholesterol, 0.3%; corn starch for

balance of matter as needed.

b Composition of rice bran oil (Kahlon et al 1992a): unsaponifiables, 4.1%; saturates, 19.4% (palmitic, 17.0%; stearic, 1.7%; arachidic, 0.6%); monounsaturates,
40.9% (oleic, 39.4%; vaccenic, 0.9%; gadoleic, 0.6%); polyunsaturates, 35.6% (linoleic, 34.3%; linolenic, 1.3%).
¢ Composition of rice bran oil unsaponifiables: sterols, 42%; higher alcohols, 24%; ferulic acid esters, 20%; hydrocarbons, 10%; unidentified compounds, 2%

(Akiya 1962).

4 Composition of peanut oil (data provided by Dyets, Inc.): unsaponifiables, 0.4%; saturates, 17% (palmitic, 10.9%; stearic, 2.3%; arachidic, 0.7%; behenic,
2.3%; lignoceric, 0.8%); monounsaturates, 51.8% (palmitoleic, 1.0%; oleic, 50.8%); polyunsaturates, 30.8% (linoleic, 30.8%).

TABLE II
Effect of Stabilized Rice Bran, Raw Rice Bran, and Rice Bran Oil Unsaponifiable Matter (U) Diets Containing 0.3% Cholesterol
on Feed Intake, Weight Gain, Body Weight, and Feed-Gain in Hamsters*<

Apparent Dry
Feed Intake Weight Gain Final Weight Matter
Diets (g/day) (g/21 days) Fasting (g) Digestibility (%)4 Feed/Gain
Cellulose 8.6 £ 0.3ab 43 + 3a-c 102 + 3ab 85.1+1a 43+0.1b
Cellulose + raw U (1X) 9.2 +0.4a 44 + 2ab 102 + 3ab 84.7 + lab 4.4 +0.2ab
Cellulose + stabilized U (1X) 8.5+0.2ab 42 +2a—c 100 + 2ab 84.2 + la—c 43+0.1b
Cellulose + raw U (2X) 8.2+0.2b 37+2c 95 +2b 832+ 1c-€ 4.8 +0.2a
Cellulose + stabilized U (2X) 8.5 +0.2ab 38 +2bc 97 + 2ab 83.1 + 1c-e 4.7+0.2a
Raw rice bran 9.0 £0.2ab 45 + 2ab 104 +2a 834+ 1b-d 43+0.1b
Stabilized rice bran 8.8 £ 0.2ab 45 + lab 103 + 1a 83.8 +1a-d 4.1+0.1b
Stabilized rice bran + raw U (1X) 8.3 +0.4ab 42 + 3a-c 99 + 3ab 81.8+1e 4.2+0.2b
Stabilized rice bran +stabilized U (1X) 8.9 +0.3ab 47 +2a 104 £ 3a 82.5 + 1de 4.0+0.1b

# All diets contained 10% total dietary fiber, 10.1% crude fat, and 3% N with the same animal-to-plant nitrogen ratio (56:44).
® Mean + standard error mean. Values with different superscript letters differ significantly (P < 0.05).
¢ Initial and final full-fed body weights were similar among all treatments (64 + 1 and 107 = 1 g, respectively).

4 Based on feed intake and fecal excretion data for 72 hr on days 13-15.
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