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ABSTRACT Cereal Chem. 73(1):69-74
Unsaponfiable matter (U) was prepared from both raw and extrusiothan cellulose diets containing the same level of U. Stabilization of rice
stabilized (130C) rice bran and tested for cholesterol-lowering activity bran did not appear to affect the plasma and liver cholesterol responses to

in hamsters by addition to diets containing cellulose, raw rice bran, dhe unsaponifiable matter prepared from the extradted@itere appears
stabilized rice bran at either the level found in the rice bran diet (0.4%p be a dose response to rice bran unsaponifiable matter in plasma and
1X) or twice that level (2X). All diets contained 0.3% cholesterol, 10%liver cholesterol reductions. After 2 weeks, fecal fat and neutral sterol
total dietary fiber, 10.1% fat, and 3% N (same plant-to-animal N ratio)excretion were significantly greater with all treatment diets compared to
After 21 days, plasma cholesterol was significantly reduced by rice bratte control diet. Fecal fat was negatively correlated with liver as well as
diets containing added U compared to the cellulose control diet, while th@asma cholesterolr (= -0.97, P < 0.0001 and —-0.91P < 0.0006,

high density lipoprotein cholesterol-to-low density lipoprotein cholesterokespectively). Under the conditions of this study, cholesterol-lowering
ratio remained unchanged in all treatment groups. Liver cholesterol wactivity of rice bran is present in its unsaponifiable matter intiaddo
significantly reduced by all rice bran-containing diets and with celluloseother components. Increaseecél excretion of fat and neutral sterols
diets containing 2X added U when compared to the control diet. Ricappears to be a possible mechanism for cholesterol-lowering by rice
bran diets plus added U resulted in cholesterol values lowebran.

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 a 1980; Ishibashi and Yamamoto 1980; Suzuki
1982; Sugano et a 1984; Sharma and Rukmini 1986, 1987;
Seetharamaiah and Chandrasekhara 1988, 1989; Raghuram et a
1989; Hegsted et a 1992; Nicolosi et a 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.

MATERIALSAND METHODS

Male, 25-day-old weanling Syrian golden hamsters (Sasco, Inc.,
Omaha, NE) were housed individually in wire bottom cages in a

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 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
(13C°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 q@0under 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 stabilized 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 animal to plant

controlled environment (20-22°C, 60% rh, 12-hr light and dark nitrogen constant (56:44). Total neutral sterol content of each diet
cycle) and fed ad libitum for the 21-day study. On arrival, eaclwas calculated based on the neutral sterol analysis of all dietary
animal was weighed and assigned to one of nine treatments mgredients, using the same procedure described for liver
selective randomization (blocked by weight, one animal pecholesterol. Composition of the diets is given in Table I.

treatment from each block), 10 animals per treatment. Total feed After two weeks of feeding the treatment diets, total feces were
consumption was measured, fresh feed was provided twigellected for 72 hr (days 13-15) and samples were analyzed for
weekly, and animals were weighed once a week. All the procadry matter at 70C under vacuum for 16 hr (AOAC method
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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 ,G@r 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;6@0for

30 min at 4C to obtain plasma. Livers were excised, rinsed,
blotted, weighed, and kept on dry ice. Liver and plasma aliquots

Vol. 73, No. 1, 1996 69



were stored at —7C°C until analysis. Plasma samples were anafractions were monitored with a DMA-48 Density Meter (Anton
lyzed by an enzymatic colorimetric procedure for cholesteroPaar, Inc., Richmond, VA). Lipoprotein fractions were analyzed
(diagnostic kit 352, Sigma Chemicals, St. Louis, MO) andfor cholesterol and triglycerides by the procedures described for
triglycerides (diagnostic kit 23422, Gilford Systems, Oberlin,plasma.
OH). Plasma cholesterol and triglycerides values were determinedEach liver was individually thawed, minced, and thoroughly
using standard curves obtained by running several concentratiomsxed to obtain a homogeneous 1-g sample for extraction of total
of standards provided with the respective kits. lipids by the procedure of Folch et al (1957). Liver total lipid was
Fresh plasma pooled samples were prepared (two animals mgtermined by drying an aliquot of the extract that appeared to be
pool) using an equal volume of plasma from each animal. Proteafiee of protein contamination. Liver cholesterol was determined in
inhibitor (epsilon-amino caproic acid, ICN Biomedicals, Inc.,aliquots (30ul) of extract after evaporation under nitrogen and
Costa Mesa, CA, 1.3 mg/ml of plasma) and antimicrobial agergolubilizing with Triton X-100 (Carlson and Goldfarb 1977),
(garamycin 50 mg/ml, Schering Corp. Kenilworth, NJulltnl of using the same enzymatic kit as with plasma. Liver cholesterol
plasma) were added to stabilize the plasma. Lipoproteins weralues were determined from standard curves obtained by running
fractionated using density gradient ultracentrifugation (Havel et aNational Bureau of Standards reference material for cholesterol
1955). After adjusting the background density of 1 ml of plasmdSRM 911b) through the procedure as described for the samples.
to 1.019 g/ml with 5 ml of NaCl solution (1.0214 g/ml), plasma All analyses were conducted in triplicate. Data were statisti-
was centrifuged in an L8 Beckman ultracentrifuge (Beckman Incgally analyzed using analysis of variance and Duncan’s new mul-
Palo Alto, CA) at 40 K for 18 hr at 1 in a Beckman 50.3 rotor. tiple range test (Steel and Torrie 1960). A valu€’af 0.05 was
The top 1 ml was removed as the very low density lipoproteionsidered the criterion of significance.
(VLDL) fraction, and another 1 ml was removed as background.
The subnatant density was adjusted to 1.067 g/ml and centrifuged RESULTSAND DISCUSSION
similarly for 24 hr. The top 1 ml was removed as the low density
lipoprotein (LDL) fraction, and another 1 ml was removed as Initial body weight (64 + 1 g, mean * standard error mean),
background. The subnatant contained the high density lipoprotefmal full-fed body weight (107 + 1 g), fasting body weight (101 +
(HDL) fraction. With each ultracentrifugation two salt solution 2 g), total weight gain (43 £+ 2 g/21 days) and feed intake (8.7 %
tubes with similar density were run, and the densities of theid.3 g/day) in hamsters fed treatment diets were similar to those of

TABLE |
Composition of Diets (% dry matter)ad

Unsaponifiable

Stabilized Matter (U)
Diets Cellulose RiceBran Raw Rice Bran [Total U] Peanut Oil Soy Protein
Cellulose 10 e e s 10.1 81
Cellulose + raw U (1X) 10 e e 0.4[0.4] 9.7 81
Cellulose + stabilized U (1X) 10 e e 0.4[0.4] 9.7 81
Cellulose + raw U (2X) 10 e e 0.8[0.8] 9.3 81
Cellulose + stabilized U (2X) 10 e e 0.8[0.8] 9.3 81
Raw rice bran s s 45 -+ -[0.4] 0.9 0.5
Stabilized rice bran R 48 s - [0.4] 0.4 s
Stabilized rice bran + raw U (1X) 48 0.4[0.8] s
Stabilized rice bran + stabilized U (1X) 48 0.4[0.8]

a 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 a 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).

d 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 11
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 Hamster s

Apparent Dry

Feed Intake Weight Gain Final Weight Matter
Diets (g/day) (9/21 days) Fasting (g) Digestibility (%)d 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 + 1ab 4.4 +£0.2ab
Cellulose + stabilized U (1X) 8.5+ 0.2ab 42 + 2a—C 100 + 2ab 84.2 + la—c 4.3+0.1b
Cellulose + raw U (2X) 8.2+0.2b 37+2c 95+ 2b 83.2+ 1c-e 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 83.4 + 1b—d 43+0.1b
Stabilized rice bran 8.8 £0.2ab 45 + lab 103 la 83.8 + la—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

a All diets contained 10% total dietary fiber, 10.1% crude fat, and 3% N with the same animal-to-plant nitrogen ratio (56:44).
b Mean + standard error mean. Values with different superscript letters differ signifidaatiy.Q5).

¢ Initial and final full-fed body weights were similar among all treatments (64 + 1 and 107 + 1 g, respectively).

d Based on feed intake and fecal excretion data for 72 hr on days 13-15.
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animals fed the control diet (Table I1). However, animals fed cel- ponents that act together with the unsaponifiable matter to
lulose with 2X raw U diet had significantly lower weight gain produce significant TC reductions.

than did four other treatment groups. Apparent dry matter Previously, we observed that intact full-fat rice bran was more
digestibility (digestibility = [intake — excretion]/intake) after two effective in lowering cholesterol than selected isolated rice bran
weeks was significantlyP(< 0.05) lower in all treatments con- fractions or their combinations (Kahlon et al 1992a,b). Other
taining 2X U (stabilized or raw) compared with those fed theresearchers have reported mixed results. Cholesterol lowering by
control diet, and significantly more feed was required per unitice bran and some of its fractions has been reported (Suzuki and
gain in hamsters fed cellulose diets with 2X added U compared ©shima 1970; Ayano et al 1980; Ishibashi and Yamamoto 1980;
those fed the control diet. All diets containing rice bran or celluSuzuki 1982; Sugano et al 1984; Sharma and Rukmini 1986,
lose with 1X U were similar in feed efficiency to the control. Feedl987; Seetharamaiah and Chandrasekhara 1988, 1989; Raghuram
intake, weight gain, feed efficiency, and apparent feeckt al 1989; Hegsted et al 1992; Nicolosi et al 1991), whereas no
digestibility were similar in animals fed diets containing eithercholesterol-lowering effects by rice bran or its fractions were
stabilized or raw rice bran or equivalent levels of theirobserved (Malinow et al 1976, Miyoshi et al 1986, Ranhotra 1989,

unsaponifiable matter. Kestin et al 1990). The different findings reported by other
investigators may be due to the level of rice bran or its fractions
Total Plasma Cholesterol fed, the level of hypercholesterolemia, and/or the species tested.

Total plasma cholesterol (TC) was significantly lower in ham-Results from the present study suggest that the cholesterol-
sters fed the two stabilized rice bran diets with added U comparddwering activity of rice bran may be influenced by the level of
to those fed the control diet (Table IIlI). Unsaponifiable matterunsaponifiable material in the lipid fraction in addition to other
from either stabilized or raw rice bran oil produced similar cho+ice bran components.
lesterol-lowering effects. All diets containing cellulose and
unsaponifiable matter from rice bran oil, as well as the stabilizedLDLc, LDLc, and HDLc
or raw rice bran diets, tended to produce lower TC values than theVery low density lipoprotein cholesterol (VLDLc) was signifi-
control, but differences were not significantPak 0.05. In previ-  cantly lower only in hamsters fed stabilized rice bran with 1X
ous studies we have reported significant TC reductions in hanadded U from raw rice bran oil compared to those fed the control
sters fed stabilized rice bran diets compared with those fed celldgliet, and low density lipoprotein cholesterol (LDLc) values were
lose control diet (Kahlon et al 1990; 1992a,b). In those studies, thet affected by any of the treatment groups compared with the
control diet had casein as the sole source of nitrogen, whereas tuntrol. When VLDLc and LDLc levels were calculated as per-
rice bran diets provided nitrogen from both rice bran and caseigent of pooled lipoprotein cholesterol (PC = VLDLc+LDLc
In the present study, the plant to animal (casein) nitrogen ratio wasiDLc), they were not significantly affected by any of the
kept constant by using soy protein in diets containing cellulose tieatments compared with the control group (mean values: 17.6
provide an amount of nitrogen equivalent to that supplied by ricand 23.6%, respectively), suggesting that VLDLc and LDLc
bran protein in rice bran diets. This addition of soy protein to th@roduction and clearance rates were not affected by any of the
control diet apparently contributed to a 15% lower level oftreatment diets. High density lipoprotein cholesterol (HDLc)
hypercholesterolemia (281 mg/dl) in the control animalsyalues were similar to the control in all treatment groups except
compared with 322 or 327 mg/dl in control groups in the previoushose fed stabilized rice bran with 1X added U from stabilized rice
studies. Cholesterol was fed at 0.3% of the diet in each case. Thign oil, where values were significantly lower. HDLc levels as
lower plasma cholesterol level in animals fed the control diepercent of PC ranged from 57 to 62% and were similar to the
might have resulted in the lack of significant TC reductions withcontrol in all treatments except for significantly higher values in
rice bran diets in the present study. Plant proteins have beamimals fed stabilized rice bran with added U from raw rice bran
shown to be hypocholesterolemic relative to animal proteingil. The HDLc to LDLc ratio was similar in all treatment groups
(Sugano et al 1984, Terpstra et al 1991). Others have algmean = 2.5 + 0.2). Newman et al (1992) reported significant
observed a similar relationship between the cholesterol-lowerinipwering of LDLc while HDLc increased in chicks fed full-fat rice
effect of a test substance and the degree of hypercholesterolerbian diet, and others reported that the ratio of HDLc to PC was
in test animals (Shinnick et al 1988, Newman et al 1992). Thsignificantly raised in subjects consuming rice bran (Kestin et al
nonsignificant TC-lowering effect with diets containing 1990). Differences in HDLc response may be related to the
cellulose and rice bran oil U suggests that intact rice braspecies studied or the methodology used for HDLc quantitation
contains additional cholesterol-lowering com- (precipitation vs. ultracentrifugation).

TABLE 111
Effect of Stabilized Rice Bran, Raw Rice Bran, and Rice Bran Oil Unsaponifiable Matter (U) Diets Containing 0.3% Cholesterol on Plasma Total
Cholesterol (TC), Very Low Density Lipoprotein Cholesterol (VLDLc), Low Density Lipoprotein Cholesterol (LDLc), High Density Lipoprotein
Cholesterol (HDLc), and Triglyceridesin Hamster s*

TC VLDLc LDLc HDLc HDL ¢/PCH Triglycerides
Diets (mg/dl) (mg/dl) (mg/dl) (mg/dl) (%) (mg/dl)
Cellulose 281 +8a 43+ 1a 58 + 10a 134 + 2a 58 + 2b 315+ 39a
Cellulose + raw U (1X) 275 £ 9ab 39+ 2ab 53 +4a 124 + 7ab 57 +1b 257 + 28a
Cellulose + stabilized U (1X) 276 + 12ab 37 £ 5ab 49 + 3a 131 + 7ab 61+ 1ab 299 + 38a
Cellulose + raw U (2X) 261 + 10a—c 36 + 5ab 51+3a 124 + 6ab 58 + 2b 235 + 32a
Cellulose + stabilized U (2X) 261 + 10a—c 44 + 3a 47 + 3a 122 + 4ab 57+1b 329 + 46a
Raw rice bran 267 + 6a—C 34 + 2ab 52 + la 132 + 4ab 60 + lab 238 + 26a
Stabilized rice bran 266 + 10a—c 42 *+ 5ab 51+4a 128 + 5ab 58+ 1b 303 + 47a
Stabilized rice bran + raw U (1X) 242 +12c 30+3b 46 + 3a 124 + 8ab 62 + l1a 214 + 25a
Stabilized rice bran +stabilized U (1X) 246 + 13bc 34 + 3ab 50 + 4a 112+ 7b 57+ 1b 263 + 43a

a All diets contained 10% total dietary fiber, 10.1% crude fat, and 3% N with the same animal-to-plant nitrogen ratio (56:44).
b Values with different superscript letters differ significanfy<0.05).

¢ Mean * standard error mean.

dPC = (VLDLc+LDLc+HDLc).
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Plasma Triglycerides

There were no significant differences in plasma triglycerides in
animals fed any of the treatment diets, compared with those fed
the control diet, in agreement with findings by Chochi et d
(1984), Fadel et al (1987), and Kahlon et al (1990, 1992a, 1993).
However, rice bran consumption has been reported to result in
significant plasma triglycerides reduction in animals (Suzuki
1982, Newman et al 1992, Kahlon et al 1992b) and in humans
(Kestin et a 1990, Hegsted et d 1992). The distribution of
triglycerides in the VLDL, LDL, and HDL fractions was not sig-
nificantly influenced by any of the treatments compared with the
control group (76, 11, and 12%, respectively).

Liver Weight and Liver Lipid
Although liver weights per 100 g of fasting body weight were

pared with those fed the control or cellulose with 1X U diets.
Liver lipids in animals fed rice bran with added U were signifi-
cantly lower than those in all other treatment groups. The data
suggest that rice bran unsaponifiable matter and other components
of rice bran may prevent fatty infiltration of the liver in
cholesterol-fed animals, in agreement with previous observations
(Kahlon et al 1992a).

Liver Cholesterol

As with total liver lipids, significantly lower cholesterol/g of
liver was found in hamsters fed cellulose diets with 2X added U
or any rice bran diet, compared with control or cellulose with 1X
U diets. Significantly greater liver cholesterol reductions were
observed in animals fed rice bran with 1X added U diets com-
pared with those fed all other diets. This agrees with our previous

within a narrow range (4.37-4.86 g) among all groups, animals observations of significant reductions in liver cholesterol with rice
fed stabilized rice bran with 1X added U or raw rice bran dietdran diets in hamsters (Kahlon et al 1990; 1992a,b; 1993). No
had significantly lower liver weights compared to those fed thesignificant liver cholesterol reductions were observed with 0.4%
control diet (Table V). Lower liver weights were not attributable U cellulose diets compared with cellulose control diet, in contrast
to lower feed intake or feed efficiency. Liver lipid per 100 g ofto the observations by Sharma and Rukmini (1987), who reported
liver was significantly lower in animals fed cellulose diets con-significant liver cholesterol reductions in rats fed 0.4% rice bran

taining 2X U and in animals fed any of the rice bran diets comeil

TABLE IV
Effect of Stabilized Rice Bran, Raw Rice Bran, and Rice Bran Oil
Unsaponifiable Matter (U) Diets Containing 0.3% Cholesterol on Liver
Weight, Lipid, and Cholesterol in Hamster <

Liver

Liver wt/100 g of Lipid (g)/ Cholesterol
Diets Fasting Body wt (g) 100g of Liver (mg/g)
Cellulose 4.86 + 0.12a 12.7 £0.3a 46 + 1a
Cellulose 4.64 £ 0.11a—c 12.1+0.3a 40 + 2a
+ Raw U (1X)
Cellulose 4,76 £ 0.12ab 12.6 £0.3a 42 £ 1a
+Stabilized U (1X)
Cellulose 4.52 + 0.08a—c 10.9+0.3b 32+2b
+Raw U (2X)
Cellulose 4.66 £ 0.11a—c 10.9+0.4b 32+2b
+Stabilized U (2X)
Raw Rice Bran 4.51 +0.09bc 10.9+0.3b 32+2b
Stabilized Rice 457 £ 0.07a—c 10.9+0.4b 32+2b
Bran
Stabilized Rice 437 £0.12¢c 9.4 +0.5¢ 26 £ 3c
Bran +Raw U (1X)
Stabilized Rice Bran 4.43 + 0.13bc 9.4 +£0.4c 25+ 2c

+Stabilized U (1X)

a All diets contained 10% total dietary fiber, 10.1% crude fat, and 3% N wit|

the same animal to plant nitrogen ratio (56:44).
b Values with different superscript letters differ significanfy<{0.05).
¢ Mean * standard error mean.

unsaponifiable matter and 1.0% cholesterol in 2%
cellulose diets.

Liver cholesterol reductions with rice bran diets were 1.5 to 3-fold
greater than reductions with cellulose diets containing equivalent
levels of unsaponifiable matter. Cellulose diets with 0.4%
unsaponifiable matter resulted in 11% liver cholesterol reductions
compared to 30% reductions with stabilized or raw rice bran,
while cellulose diets with 0.8% added U resulted in 30%
reductions compared to 45% reductions for rice bran with added
U. Liver cholesterol and liver lipid were highly positively corre-
lated ¢ = 0.98,P < 0.0001).

Fat and Neutral Sterol Digestibilities

Fat intake during the fecal collection period (days 13-15) was
similar in all treatments except for the group fed cellulose with 1X
raw U (Table V). Significantly higher fat intake (1,006 mg/day) in
that group appears to be the result of one animal that excessively
spilled the diet and made it difficult to measure actual feed intake.
Excluding intake data from this animal would bring mean fat
intake for this group to 941 mg/day, thus eliminating the
difference. Fecal fat excretion was significantly greater, and fat
digestibility significantly lower for animals fed all treatment diets
compared with those fed the control diet. In addition, animals fed
rice bran diet with added U had significantly higher fat excretion
and significantly lower apparent fat digestibility than all other

rireatments. Some of the increased fat excretion observed with the

rice bran diets may be related to differences in apparent fat
absorption of endogenous rice bran oil versus supplemented pea-

TABLEV
Effect of Stabilized Rice Bran, Raw Rice Bran, and Rice Bran Oil Unsaponifiable Matter (U) Diets
Containing 0.3% Cholesterol on Fat and Neutral Sterol Intake, Excretion, and Apparent Digestibilitiesin Hamster -4

Neutral Sterols
Diets Intake (mg/d) Excreted (mg/d) Digestibility (%) Intake (mg/d) Excreted (mg/d)
Cellulose 866 + 30bc 37 + 3f 96 + la 43 +2d 8+ 1d
Cellulose + raw U (1X) 1,006 + 68a 79 +3d 92 +1b 60 * 4a 21+2b
Cellulose + stabilized U (1X) 856 + 27bc 64 + 3e 93+ 1b 51 + 2bc 18 + 1bc
Cellulose + raw U (2X) 853 + 15bc 107 + 2c 87 + 1cd 59 + la 33+t1a
Cellulose + stabilized U (2X) 846 + 26¢ 99 + 6¢C 88+ 1c 59 +2a 34+2a
Raw rice bran 960 + 32ab 124 + 6b 87 + 1d NA NA
Stabilized rice bran 911 + 17a-c 106 + 4c 88+ 1c 47 + 1cd 15+ 1c
Stabilized rice bran + raw U (1X) 944 + 36a—c 150 + 7a 84 t 1e 57 + 2ab 344t 3a
Stabilized rice bran + stabilized U (1X) 947 + 30a—-c 147 + 5a 84 + le 58 + 2a 31+2

a All diets contained 10% total dietary fiber, 10.1% crude fat, and 3% N with the same animal-to-plant nitrogen ratio (56:44).

b Values with different superscript letters differ significanfy<{0.05).

¢ Based on feed intake and fecal excretion data for 72 hr on days 13-15. Values are means of three days. NA = not available.

d Mean+ standard error mean.
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nut oil. The data suggest that rice bran diets with endogenous U or
supplemented with isolated U result in greater interference with
fat absorption than cellulose diets supplemented with equivalent
levels of isolated U. The significantly greater fecal fat excretion in
animals fed rice bran with added U diets was reflected in
significantly greater plasma and liver cholesterol reductions in
these groups.

Neutral sterol intake with all treatments except the stabilized
rice bran group was significantly greater than that of the control
group during the fecal collection period. The lack of significant
difference with stabilized rice bran compared to the control diet
may be attributable to the similar total neutral sterol content of the
two diets (0.5%), whereas al other diets contained from 0.6—

0.7%. Neutral sterol excretion was significantly greater in ham

serum and liver in growing chicks. Jpn. J. Zootech. Sci. 55:964.
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excretion compared with all other treatments. The increased fecalrats. Kyushi Women’s Univ. 16:115.

excretion of neutral sterols probably included nondietary as wekAHLON, T. S., SAUNDERS, R. M., CHOW, F. I., CHIU, M. M., and
as dietary sources of neutral sterols. Other investigators haveBETSCHART, A. A. 1990. Influence of rice bran, oat bran, and
reported increased fecal fat and cholesterol excretion with dietary Wheat bran on cholesterol and triglycerides in hamsters. Cereal

plant sterols, due to interference by plant sterols with absorpti
of dietary fat and cholesterol as well as increased endogenous

Chem. 67:439.

oIQAHLON, T. S., CHOW, F. I, SAYRE, R. N., and BETSCHART, A. A.

1992a. Cholesterol-lowering in hamsters fed rice bran at various lev-

cholesterol excretion (Best et al 1954, Kudchodkar et al 1976, g5 gefatted rice bran and rice bran oil. J. NiB2:513.
Lees et al 1977). Fecal neutral sterols and fat were significantiyaAHLON, T. S., SAUNDERS, R. M., SAYRE, R. N., CHOW, F. 1.,

negatively correlated with liver cholesterol{ —0.89,P < 0.0014
and —-0.97P < 0.0001, respectively); but only fecal fat was sig-
nificantly negatively correlated with plasma cholestenol <

CHIU, M. M., and BETSCHART, A. A. 1992b. Cholesterol-lowering
effects of rice bran and rice bran oil fractions in hypercholesterolemic
hamsters. Cereal Chem. 69:485.

—-0.91, P < 0.0006), while fecal neutral sterols and plasmaKkAHLON, T. S., CHOW, F. I., KNUCKLES, B. E., and CHIU, M. M.

cholesterol had a nonsignificant negative correlatior (0.83,
P < 0.0052). The lipid and neutral sterol excretion data suggest

1993. Cholesterol-lowering effects in hamstersBajlucan-enriched
barley fraction, dehulled whole barley, rice bran, and oat bran and their
combinations. Cereal Chem. 70:435.

that possible mechanisms for cholesterol-lowering by rice brapestin M. MOSS. R.. CLIFTON. P. M.. and NESTEL. P. J. 1990.
and rice bran unsaponifiable matter in hamsters may be througncomparative effects of three cereal brans on plasma lipids, blood
diminished absorption-reabsorption of cholesterol and lipid from pressure, and glucose metabolism in mildly hypercholesterolemic
the digestive tract and interference with cholesterol metabolism by men. Am. J. Clin. Nutr. 52:661.

sterols from rice bran oil U.

KUDCHODKAR, B. J., HORLICK, L., and SODHI, H. S. 1976. Effects

In summary, liver cholesterol was significantly lowered by of plant sterols on cholesterol metabolism in man. Atherosclerosis
stabilized or raw rice bran diets with or without added unsaponi- 23:239.

fiable matter from rice bran oil (U = 0.8 or 0.4%), and by cellu-
lose diets with added rice bran oil U (0.8%). Plasma cholesterol
was significantly lowered in animals fed rice bran diets with

LEES, A. M., MOK, H. Y. I, LEES, R. S., McCLUSKEY, M. A, and
GRUNDY, S. M. 1977. Plant sterols as cholesterol-lowering agents:
Clinical trials in patients with hypercholesterolemia and studies of
sterol balance. Atherosclerosis 28:325.

added unsaponifiable matter while maintaining the ratio of HDLguaLINOW, M. R., MCLAUGHLIN, P., PAPWORTH, L., NAITO, H. K.,

to LDLc. Rice bran diets appeared to lower both plasma and liver and LEWIS, L. A. 1976. Effect of bran and cholestyramine on plasma
cholesterol to a greater extent than cellulose based diets withlipids in monkeys. Am. J. Clin. Nutr. 29:905.

equivalent levels of unsaponifiable matter, but differences werBlIYOSHI, H., OKUDA, T., Ol, Y., and KOISHI, H. 1986. Effects of rice
significant only for liver cholesterol. Fecal fat excretion was sig- fiber on fecal weight, apparent digestibility of energy, nitrogen and fat,
nificantly negatively correlated with liver and plasma cholesterol. and degradation of neutral detergent fiber in young men. J. Nutr. Sci.

The data suggest that unsaponifiable matter and other compone !
of rice bran have cholesterol-lowering activity, possibly through

increasing the excretion of fat and neutral sterols.
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