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The structured triacylglycerols SALATRIM 23CA lot A014 and SALATRIM 32CA lot A015 exhibit
lower caloric availability than corn oil. Acetate and stearate predominate in SALATRIM 23CA lot
A014 and propionate and stearate in SALATRIM 32CA lot A015. Rats were exposed for 13 weeks to
rodent chow or 10% (w/w) SALATRIM 23CA lot A014, SALATRIM 32CA lot A015, or corn oil. Cecal
contents were examined for changes in five variables associated with intestinal bacterial activity: (1)
bacterial morphotypes, (2) cecal pH, (3) conversion of primary to secondary bile acids, (4) conversion
of primary to secondary phytosterols, and (5) conversion of cholesterol to coprostanol. Fusiform rods
(diet-sensitive bacteria) were not detectably altered by the SALATRIM fats. No major pH differences
were detected. No biologically significant differences were seen in secondary bile acid levels as a percent
of total, nor did the ratios of cholesterol to coprostanol vary significantly, indicating that bacterial
conversions were unaffected. Whereas all four secondary phytosterols increased with corn oil, only one
(24a-methylcoprostanol) increased with SALATRIM 32CA lot A015. SALATRIM fats had less effect,
if any, on the intestinal microflora of rats than corn oil.

INTRODUCTION

The microflora of the human large intestine are part of
a complex ecosystem involving over 400 species. Each
animal species appears to have its own distinct flora.
Therefore, results from studies using a specific animal
model may not exactly mimic the potential changes in the
human intestinal microflora. However, such studies are
useful because any compound that causes major changes
in the microflora of an animal model could have the
potential to produce such changes in humans.

The intestinal bacterial flora depend, in part, on energy
derived from food ingested by the host. A change in food
patterns and/or composition may alter the species com-
position and/or metabolic profiles of the microflora. These
changes can range from a decrease or increase in certain
species to the alteration of the metabolic capabilities of
a single species. Determining the potential for dietary
changes to produce alterations in the microflora of animals
is difficult. Direct studies of the cecal bacterial flora of
animals can yield information that is misleading if
extrapolated tohumans. The speciesof bacteria that occur
in common animal models are different from those found
in humans, and it is currently not feasible to accurately
identify the bacteria at the species level. For example,
the fusiform rods that occur in the rat intestine are mainly
unnamed clostridia. They are difficult to grow on culture
media and have rarely been identified at the species level.

Since dietary fat may have the potential to alter the
intestinal bacterial flora, the potential for the SALATRIM
family of structured triacylglycerols to alter the flora has
been investigated. SALATRIM fats are mixed triacyl-
glycerols distinguished by their preponderance of short-
chain fatty acids and stearic acid esterified to glycerol.
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The specific SALATRIM fats investigated here are
SALATRIM 23CA lot A014 and SALATRIM 32CA lot
A015. These SALATRIM fats are composed of triacyl-
glycerols containing acetic, propionic, and stearic acids
esterified to glycerol. They are distinguished by SALA-
TRIM 23CA lot A014, containing a predominance of acetic
acid, while SALATRIM 32CA lot A015 contains a pre-
dominance of propionic acid.

The approach taken in the present study was to
determine if feeding rats each of the two SALATRIM fats
for at least 13 weeks altered a battery of characteristics
associated with intestinal bacteria and their metabolic
activity. These characteristics, among others, can be
termed microflora-associated characteristics (MACs).
MACs have been used to investigate the effect of diet on
the normal intestinal flora of humans (Mallet et al., 1988)
and animal models (Treon et al., 1989; Felix et al., 1990;
Rumney and Rowland, 1992). When mice fed laboratory
chow were switched to a diet free of cellulose, the
cellulolytic clostridia were eliminated (Wilkins, 1981). A
similar change in the microflora was reported when rats
were fed grain and meat diets (Weinstein et al., 1974).
Conversion to a meat diet induced higher levels of certain
bacterial enzyme activities, such as tryptophanase, in rats
(Chung et al., 1975). Comprehensive discussions of the
role of ingested compounds on the cecal and fecal ecology
of animal models and humans can be found in the reviews
of Hentges (1983), Hill (1986), Macfarlane and Cummings
(1991), and Rumney and Rowland (1992).

The MACs investigated in this study were (1) bacterial
morphotypes, (2) cecal pH, (3) bile acids and their
secondary bacterial metabolites, (4) phytosterols and their
secondary metabolites, and (5) the conversion of cholesterol
to coprostanol. Considerations used in choosing these
specific MACs included the following: (1) use of several
MACs increases the chance of detecting potential changes;
(2) previous use of a particular MAC in other studies; (3)
availability of the required methodology. Monitoring the
levels of bile acids and their bacterial metabolites and the
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Table 1. Total Fatty Acid Profile for SALATRIM 23CA
Lot A0Ll4+b
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Table 3. Selected Fatty Acid Profile for NIH-07 Rodent
Chows?

fatty acid fatty acid
name designation wt % name designation wt %
stearic (octadecanoic) C18:.0 57+1 stearic (octadecanoic) C18:0 2.69 £ 0.02
acetic C2:0 21.1x0.1 acetic C2:0 <0.10
propionic C3:.0 2.58 £ 0.03 propionic C3:0 <0.10
palmitic (hexadecanoic) C16:0 2.37 + 0.04 palmitic (hexadecanoic) C16:0 12.61 £ 0.12
arachidic (eicosanoic) C20:0 1.50 = 0.03 arachidic (eicosanoic) C20:0 0.21 £+ 0.00
behenic (docosanoic) C22:0 0.668 % 0.007 behenic (docosanoic) C22:0 0.14 £ 0.01
oleic (9-octadecenoic) C18:1 0.572 = 0.005 oleic (3-octadecenoic) C18:1 9.70 £+ 0.04
lignoceric (tetracosanoic) C24:0 0.335 £ 0.001 lignoceric (tetracosanoic) C24:0 2.08 £ 0.04
linoleic (9,12-octadecadienoic) C18:2 0.066 = 0.001 linoleic (9,12-octadecadienoic) C18:2 30.81 £ 0.25
lauric (dodecanoic) C12:0 0.007 & 0.000 lauric (dodecanoic) C12:0 <0.10

¢ Data represent the mean = standard deviation for triplicate
determinations. ? Data developed by EPL Bio-Analytical Services,
Inc.

Table 2. Total Fatty Acid Profile for SALATRIM 32CA
Lot A015%0

fatty acid

name designation wt %
stearic (octadecanoic) C18:0 51.6+ 0.4
propionic C3:0 211
palmitic (hexadecanoic) C16:0 3.39 +0.01
acetic C2:0 1.70 = 0.07
oleic (9-octadecenoic) C18:1 1.55 + 0.03
arachidic (eicosanoic) C20:0 1.43 £ 0.01
behenic (docosanoic) C22:0 0.583 £ 0.003
linoleic (9,12-octadecadienoic) C18:2 0.35 + 0.01
lignoceric (tetracosanoic) C24:0 0.306 £ 0.003
lauric (dodecanoic) C12:0 0.013 = 0.000

¢ Data represent the mean + standard deviation for triplicate
determinations. b Data developed by EPL Bio-Analytical Services,
Inc.

conversion of cholesterol to coprostanol seemed partic-
ularly important because dietary fats may influence the
host’s steroid metabolism. High dietary concentrations
of triacylglycerols conceivably could result in higher levels
of bile acids, their metabolites, and coprostanol reaching
the colon. Such aresult could be deleterious because high
concentrations of bile acids and secondary bacterial
metabolites have been associated with higher rates of
coloniccancer (Reddy et al.,1977a; Reddy and Maruyama,
1986). Monitoring the production of secondary products
from primary sterols also appears to be a sensitive indicator
of changes in the bacterial ecology, since the bacteria that
perform these reactions occur at only about 10%/g of
contents and represent only 0.0001% of the total micro-
flora.

MATERIALS AND METHODS

This study was conducted at TechLab (Blacksburg, VA) using
cecal contents collected during part of a rat 13-week subchronic
toxicity study at Hazleton Wisconsin, Inc. (Madison, WI).
Detailed information on the experimental design and methods
for the subchronic rat study can be found in the toxicology study
(Hayes et al., 1994).

Test and Control Materials. SALATRIM 23CA lot A014
and SALATRIM 32CA lot A015 were provided by Nabisco Foods
Group (NFG), East Hanover, NJ. Analytical determinations
show that SALATRIM 23CA lot A014 is a mixture of triacyl-
glycerols composed predominantly of diacetylstearoylglycerol and
that SALATRIM 32CA lot A015 is a triacylglycerol mixture
composed predominantly of dipropionylstearoylglycerol (Softly
et al., 1994).

Total fatty acid profile analyses for these two fats were
conducted at EPL Bio-Analytical Services, Inc. (EPL-BAS),
Decatur, IL, and the results are presented in Tables 1 and 2. A
selected fatty acid profile of the basal diet was analyzed by NFG
and is presented in Table 3. Total fatty acid profile data for the

¢ Data represent the mean *+ standard deviation for triplicate
determinations. Weight percent is based upon crude fat extracted
fromdiet. Crude fat was 4.96% of diet. ® Data developed by Nabisco
Foods Group, East Hanover, NJ.

Table 4. Free Fatty Acid and Peroxide Value Analyses for
Two SALATRIM Fatss?

SALATRIM
23CAlot A0O14  32CAlot AO15
free fatty acid (wt %) 0.86 £ 0.01 0.42 £ 0.03
peroxide value (mequiv/kg) 03+0.1 0.699 + 0.001

¢ Data represent the mean = standard deviation for triplicate
determinations. ® Data developed by EPL Bio-Analytical Services,
Inc.

higher molecular weight groups (=C12:0) were obtained by
saponification of the triacylglycerol mixture with methanolic
sodium hydroxide followed by esterification with methanolic
boron trifluoride. Methyl esters of the fatty acids were quantified
by gas chromatography. For lower molecular weight groups
(<C12:0), profile data were obtained by saponification of the
sample with sodium hydroxide followed by acidification with
concentrated hydrochloricacid. The fatty acids were quantified
by gas chromatography. Standard curves were constructed
bracketing the concentration level of the analyte.

Freefattyacid concentration (by titration) and peroxide value
analyses were conducted by EPL-BAS. Titratable acid values
were obtained according to the AOCS. Official Method Ca 5a—
40 (AOCS, 1990a). The peroxide values were obtained using the
AOCS Official Method Cd 8-53 (AOCS, 1990b). The free fatty
acid concentrations and peroxide values for the three triacyl-
glycerol mixtures were low. These results are presented in Table
4.

Dosing and Diets. Twenty male and 20 female rats were
exposed to either SALATRIM 23CA lot A014 or SALATRIM
32CAlot A015 at 10% (w/w) of the diet for at least 13 weeks. An
equal number of rats was exposed to corn oil at 10% (w/w) of the
diet to control for the highlipid content of the diets. Anadditional
20 rats per sex were fed the control chow diet. Test diets were
prepared weekly during weeks 1 and 14 and biweekly for all other
weeks of the study. When diets were prepared biweekly, they
were divided into two portions. The first portion was fed during
the first of the two weeks and the second portion frozen (-20 °C)
until fed during the second week. Both SALATRIM fats and
corn oil were mixed with NTH-07 Rat and Mouse Ration 5018
(Purina Mills, Inc.) and fed ad libitum. Water was provided ad
libitum. Homogeneity of the fats in the diets was demonstrated,
and the actual dosing concentrations of the SALATRIM fats
and corn oil were confirmed by analysis of each batch of prepared
diets.

Animals. Crl:CD BR VAF rats were from Charles River
Laboratories, Inc. (Portage, MI). Animal husbandry complied
with the Guide for the Care and Use of Laboratory Animals
(NIH Publication 86-23, 1985). Rats were identified by ear tags
and housed singly in stainless steel wire-bottom cages in an animal
room set to maintain 22 + 3 °C and 50 + 20% relative humidity,
with a12-hlight/12-hdark cycle. Randomization intotreatment
groups was unrestricted except the body weight of each rat could
not vary by more than 2 standard deviations from the mean body
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weight of all rats of the same sex. Group mean body weights
could not differ statistically (p < 0.05) before study initiation.

Sample Collection. At necropsy, following a 24-h fasting
period, the cecum was exposed and ligated with cotton thread
inthree places: atthe distal tip, prozimal to the ileocecal junction,
and distal to the exit into the colon. The cecal tip was removed
for histology, and the remainder of the cecum was removed and
frozen at —20 °C until use. Upon thawing of each cecum, its
contents were thoroughly mixed by kneading within the cecum
and then removed. Samples were analyzed without knowledge
of their group designation.

Scanning Electron Microscopy (SEM). A portion of the
cecal contents from five male rats from each dietary group was
examined for changes in the dominant bacterial morphotypes.
The methods for the preparation and examination of samples
for SEM were modifications of those described by Borriello et
al. (1986). A portion of the cecal contents (about 200 ug) was
suspended in phosphate-buffered saline (1 mL; pH 7.2-7.4) and
the larger particulate matter allowed to settle. Aliquots (150
wL) of the suspension were added to cacodylate buffer (1 mL, 0.1
M; pH 7.2-7.4) and centrifuged (15000g for 2 min). Bacterial
pellets were suspended in cacodylate buffer (1 mL) supplemented
with glutaraldehyde (8% by volume). The suspensions were
mixed with glycerol (4:1) and stored at —-10 °C. On thawing,
bacteria were washed in cacodylate buffer (1 mL), and 200 xL
of the suspension was placed on a polycarbonate Nucleopore
filter (Costar Corp., Pleasanton, CA). The filter was submerged
in fresh cacodylate buffer. The filter was postfixed for 1 h in
cacodylate buffer containing aqueous osmium tetraoxide (1%
by volume). Prepared filters were dehydrated successively
through 15, 30, 50, 70, 95, and 100% ethanol and critical point
dried in a Ladd 2800 (Ladd Research Industries, Burlington,
VT). Samples were examined in a JEOL-JEM 35C scanning
electron microscope (JEOL USA, Inc., Peabody, MA). Fivefields
from each animal were photographed and visually compared.

Cecal pH. A portion of the thawed cecal contents (100-200
mg) from each rat was placed into individual sterile tubes.
Following the general methods of Treon et al. (1989), the cecal
contents were diluted in sterile deionized water (9 volumes,
adjusted to pH 7.00 with 0.05 M sodium hydroxide) and vortexed
for 30 s. After being allowed to settle at room temperature for
5 min, its hydrogen ion activity was measured using an Accumet
610A pH meter (Fisher Scientific, Atlanta, GA).

Bile Acids. Analytical methods employed were developed
from those described by Setchell et al. (1983, 1987). Thawed
cecal contents from each rat were placed into individual sterile
containers and lyophilized. Known weights (200-300 mg) of the
lyophilized cecal contents were ground to a fine powder and
extracted four times with 80% ethanol (10 mL) at 70 °C for 20
min. Insoluble matter was pelleted and discarded. Approxi-
mately 2 mL of each aqueous ethanolic extract was acidified
with hydrochloric acid (1 M) to pH 2-4. The acidified extracts
were passed through an SP-Sephadex column (SP-Sephadex C-25,
exclusion limit 3 X 104 Da, Sigma, St. Louis, MO) to remove
pigments (Setchell et al., 1983). The eluent was collected and
dried at 60 °C under argon. The sample was resuspended in
sodium hydroxide (1 mL, 0.1 M) and extracted three times with
1 mL of methanol/diethyl ether (30/70 v/v) and twice with 1.6
mL of diethyl ether. Following low-speed centrifugation for 1
min, the two layers were separated. The lower methanolic phase
contained the bile acids and the upper (ether) phase the neutral
sterols.

The methanolic phase was acidified to below pH 2 using
hydrochloric acid (6 M). The solution was extracted three times
with ethyl acetate (1 mL), dried over anhydrous sodium sulfate
(0.5 g) and magnesium sulfate (0.05 g), and evaporated to dryness
under argon prior to derivatization. The dried residue was
redissolved in methanol (0.1 mL) and diazomethane (300 xL)
added. The mixture was incubated at room temperature for 10
min and then evaporated to dryness under argon. Trimethylsilyl
(TMS) derivatization reagent (300 pL), prepared according to
the procedure of Setchell et al. (1983), was added and the mixture
heated at 60 °C for 30 min. Excess reagents were removed by
evaporation under argon and the residue dissolved in chloroform
(250 uL). Cholesterol methyl ester (25 ug) was added as an

Scheinbach et al.

internal standard. The solution was transferred and sealed in
airtight vials.

Samples were analyzed with an HP 5890 gas chromatograph
fitted with an HP-1 capillary column (25 m X 0.2 mm X 0.33 um)
(Hewlett-Packard Co., Palo Alto, CA). Nitrogen (2 mL/min)
was the carrier gas; air (380 mL/min) and hydrogen (32 mL/min)
were used for flame ionization detection. The oven was pro-
grammed as follows: 100 °C for 1 min, 40 °C/min to 220 °C, 220
°C for 0.3 min, 10 °C/min to 280 °C, 280 °C for 0.3 min, and 2
°C/min to 300 °C, 300 °C for 7 min. The injector and detector
temperatures were 300 °C. Calibration was done with 13 steroid
nucleistandards obtained from Steroids, Inc., Wilton, NH; Sigma
Chemical Co., St. Louis, MO; and Aldrich Chemical Co.,
Milwaukee, WI.

To confirm the identity of the bile acids, two samples were
further characterized using GC/mass spectrometry (Setchell et
al., 1983, 1987). The following primary compounds were iden-
tified: cholic and «-, 8-, and w-muricholic bile acids. The
secondary metabolites deoxycholic, lithocholic, hyodeoxycholic,
and unsaturated w-muricholic acids were identified. Other
unidentified acids were sometimes present at such low concen-
trations compared to the other analytes that their contribution
to the total bile acid level was ignored.

Neutral Sterols. Following methanol/diethyl ether extrac-
tion (see above), the upper (ether) layer was removed and
dehydrated by passage through an anhydrous sodium sulfate
column (2-mL maximum bed volume). The ether phase wasdried
under a stream of argon prior to saponification.

One milliliter of sodium hydroxide (5% NaOH in 80 % aqueous
methanol) was added to each dried extract and heated to 60 °C
for 3 h. After saponification, methanol was removed by evap-
oration under argon. Water (1 mL) was added and the sample
acidified with hydrochloric acid (6 M) tobelow pH2. The sample
was extracted three times with ethyl acetate (3 mL). The upper
(organic) phase was dehydrated over anhydrous sodium and
magnesium sulfate, dried under argon, derivatized as described
above, and analyzed by gas chromatography.

To confirm the identity of the neutral sterols, two samples
were further characterized using GC/mass spectrometry. Com-
pounds of animal origin were cholesterol and its secondary
metabolite coprostanol. Primary phytosterols detected were 243-
ethylcholesterol (sitosterol) and 248-methylcholesterol. Sec-
ondary phytosterol metabolites detected were 24a-methylco-
prostanol (campestanol), 248-methylcoprostanol, 24a-ethyl-
coprostanol (stigmastanol), and 248-ethylcoprostanol (sitostanol).

Statistical Determinations. Statistical differences were
determined by analysis of variance (SAS PROC GLM) (SAS
Institute, 1990) and Dunnett’s (SAS Institute, 1990) two-tailed
t-test to compare the SALATRIM and corn oil groups to the
chow-fed control group and the SALATRIM groups to the corn
oil group. Data that differed by p < 0.05 were considered to be
statistically significant.

RESULTS

Chemical Characterization of SALATRIM Fats.
The total fatty acid profile of SALATRIM 23CA lot A014
is presented in Table 1 and that of SALATRIM 32CA lot
A015 in Table 2. As predicted, SALATRIM 23CA lot
A014 contains acetic and stearic acids as the predominant
fatty acids, while SALATRIM 32CA lot A015 contains
propionicand stearic acids as the predominant fatty acids.
Table 3 illustrates the corresponding fatty acid profile of
the chow control diet fed the rats. Peroxide values were
lowfor SALATRIM 23CA lot A014and SALATRIM 32CA
lot A015, 0.3 &+ 0.1 and 0.699 % 0.001, respectively (Table
4).

Dominant Morphotypes of Cecal Bacteria. Vari-
ability in the microflora between animals within the same
dietary group (data not shown) restricted the sensitivity
of this method to the detection of only major changes. No
dramatic differences were detected in the populations of
bacterial morphotypes in the five fields from each of the
five males from each dietary group. The predominant
morphotype was long, thin, tapered (fusiform) rods. A
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Figure 1. Scanning electron micrographs of the typical bacterial flora of rats fed for 13 weeks: (a, top left) chow; (b, bottom left)
chow with 10% SALATRIM 23CA lot A014; (c, top right) chow with 10% SALATRIM 32CA lot A015; (d, bottom right) chow with
10% corn oil. Magnification was 2400X. (Figure is reproduced here at 50% of original.)

Table 5. pH of Cecal Contents of Rats Fed SALATRIM Triacylglycerols and Corn Oil

control SALATRIM 23CA lot A014 SALATRIM 32CA lot A015 corn oil
males females males females males females males females
pH® 7.80 7.74 7.90 7.85 7.80 7.91%* 7.68 7.69
SD of pH?® 0.35 0.34 0.35 0.29 0.28 0.24 0.29 0.23

¢ Data represent mean pH and range of 20 cecal samples per treatment group. Values are statistically significant (p < 0.05) as compared
to chow control diet (*) or corn oil diet (**). ? Standard deviation of pH.

single field, typical of the flora associated with each diet,
is presented in Figure 1.

Cecal pH. Neither SALATRIM dietary regime resulted
in any significant changes in the pH of the cecal contents
when compared to rats in the control chow-fed group
(Table 5). The value for female ratsfed SALATRIM 32CA
lot A015 was statistically significantly higher than the
female rats fed corn oil, while no difference was noted in
either sex when SALATRIM 32CA lot A015 was compared
tochow controls. Becauseit occurred in only one instance,
this does not appear to be a physiologically significant
change and may be spurious.

Bile Acids. Table6 presents the primary and secondary
bile acids that occurred in the cecal contents of rats fed
either 10% SALATRIM 23CA lot A014,10% SALATRIM
32CA lot A015, 10% corn oil, or chow diets. The only
statistically significant changes in the primary bile acids
was a decrease in w-muricholic acid in males fed SALA-
TRIM 23CA lot A014 compared to males fed the chow
diet and a decrease in a-muricholic acid in females fed
either SALATRIM compared to corn oil-fed females. It
is difficult to assess the biological significance of these
changes due to the large interanimal variation. With
respect to the secondary bile acids, unsaturated w-muri-
cholic was significantly decreased in male rats fed SAL-
ATRIM 23CA lot A014 compared to male rats fed chow
diets and unchanged in female rats fed the same fat. This
decrease may be associated with the lower w-muricholic
acid noted in these males. Lithocholic acid was signifi-

cantly lower in both male and female rats fed either
SALATRIM compared to the 10% corn oil group but
unchanged when compared with the chow group. In
contrast, both male and female rats fed corn oil exhibited
significantly higher concentrations of lithocholic acid
compared with the chow-fed group. No other changes
were noted in the secondary bile acids. This indicates
that the SALATRIM fats did not produce a biologically
significant alteration in intestinal bacterial conversion of
primary bile acids to secondary bile acids.

The metabolism of primary to secondary bile acids is
further illustrated in Figures 2 and 3. Total cecal bile
acids are shown in Figure 2. There were no significant
differences between the three dietary fats and the control
diet with respect to total bile acids. Secondary bile acids
as a percent of total bile acids are shown in Figure 3. No
significant differences were noted in the secondary bile
acids, indicating that the dietary fats did not alter bile
acid metabolism by the intestinal microflora in either sex.

Conversion of Cholesterol to Coprostanol, Table 7
presents the concentrations of cholesterol and coprostanol
in the cecal contents of rats fed either 10% SALATRIM
23CA lot AO14, 10% SALATRIM 32CA lot A015, 10%
corn oil, or chow diets. Cholesterol increased to 160% of
the control in the corn oil-fed male rats. No statistically
significant changes were noted in any of the other dietary
groups. Coprostanol produced by the intestinal microflora
was statistically increased in male rats fed SALATRIM
23CAlot A014, SALATRIM 32CA lot A015, and corn oil as
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Table 6. Primary and Secondary Bile Acids in the Cecal Contents of Rats Fed SALATRIM Triacylglycerols and Corn Oil*

SALATRIM 23CA SALATRIM 32CA
control (mg/g)® lot A014 (mg/g) lot A015 (mg/g) corn oil (mg/g)
bile acid males females males females males females males females

primary

cholic acid 515+£529 10.60+17.20 848+9.16 10.50 £ 22,50 1570+ 3280 12.10£18.90 1540£19.90 13.20% 14.50

a-muricholic acid 6.80 £ 3.02 12.70 * 8.85 6.31 £ 3.20 8.67 £ 6.53** B.42 +5.59 997 £7.92* 932+£497 18.00£1090

B-muricholic acid 13.80 + 8.16 6.04 £418 11.18+8.11 432 + 3.48 13.75 £ 8.36 7.27 £8.32 14.40 £ 8.51 8.13 + 4.37

w-muricholic acid 28.70 £ 14.90 12.80 £ 11.50 16.20 = 7.24* 9.59 £ 6.86 23.10+13.10 10.30 £ 5.81 23.60 £ 15.30 14.00 + 6.60
secondary

lithocholic acid 5.47 £+ 1.80 7.99 + 3.70 4,08 £ 1.94**  7.70 & 3.63** 473 £ 1.66** T7.20 £ 3.14** 7.07 £ 2.36* 11.00 £ 3.65*

45.90 £ 13.30 33.90+17.20 44.20+18.20 30.00+£12.80 48.60+17.90 36.20+19.60 47.60+16.60 42.00+ 14.70
13.76 £7.15  20.23 £8.17 12.85 £ 6.01 20.61 £11.40 13.17+6.17
1.51+1.14 4.16 +£2.21 1.69 £1.12 4.64 £2.77 1.97+£1.32

deoxycholic acid
hyodeoxycholic acid 22.35 + 10.20 14.60 +6.80 16.60 + 9.43

unsaturated 5.82£3.00 208£171 2.96 + 1.51*
w-muricholic acid

¢ Data represent the mean + standard deviation of 20 rats per sex per group. Values are statistically significant (p < 0.05) as compared

to chow control diet (*) or corn oil diet (**). ® Units are mg/g dry weight of cecal contents.

200.0

Bl maces
B rsEvaes

134£27.7

150.0 =

50,0 -

TOTAL BILE ACIDS IN CECAL CONTENTS
(mg/g dry weight)

1384509 143+46.3

QR+46 f

SALATRIM 23CA LOT AO14

SALATRIM 32CA LOT AD1S
TREATMENT GROUP
Figure 2. Effect of 13-week dietary exposure to SALATRIM 23CA lot A014, SALATRIM 32CA lot A015, and corn oil on cecal total

bile acid concentrations in male and female rats. Data represent the mean + standard deviation for 20 rats per sex per group.
Statistically significant differences from the chow control diet (p < 0.05) are noted by an asterisk. The mean * standard deviation

for each sex is presented above the specific bar.

compared to the control group. Since all of these groups
had increased (although not statistically significant in the
SALATRIM-fed rats) concentrations of cholesterol in the
cecal contents, the increases in coprostanol could be due
to the higher substrate concentration available for mi-
croflora metabolism. The data do not differentiate
between increased metabolism associated with higher
substrate concentrations and changes in the microflora.
A truer picture of the effect of SALATRIM on microflora
activity with respect to cholesterol conversion may be
obtained by comparing the ratio of coprostanol to cho-
lesterol in the SALATRIM-fed rats with that of the
controls. No significant changes were observed, as shown
by the values presented in Table 7.

Phytosterols. Primary and secondary phytosterols in
the cecal contents of the rats fed the different dietary fats
and the chow-fed controls are presented in Table 8. In
cases where differences were significant, primary phy-
tosterols tended to be higher in the corn oil-fed rats and

lower in the SALATRIM-fed rats as compared to the chow-
fedrats. The SALATRIM-fed rats exhibited nosignificant
differences in 248-ethylcholesterol concentrations. In
contrast, concentrations were significantly higher in the
corn oil-fed rats. SALATRIM-fed females exhibited
significant decreases in 248-methylcholesterol, while males
tended to have higher concentrations than the chow-fed
group. However, the level of this primary phytosterol was
even higher for corn oil-fed males. Compared to the corn
oil-fed rats, all of the SALATRIM-fed rats tended to have
lower primary phytosterol levels. These results probably
arise from the higher primary phytosterol concentration
found in corn oil (Softly et al., 1994). A similar pattern
is evident when the concentrations of secondary phy-
tosterols are compared among dietary groups. All four
secondary phytosterol levels rose in rats fed corn oil; only
one (24a-methylcoprostanol) increased in rats fed SAL-
ATRIM 32CA lot A015. Ingeneral, SALATRIM-fed rats
of both sexes produced slightly less of the three remaining
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Figure 3. Effect of 13-week dietary exposure to dietary SALATRIM 23CA lot A014, SALATRIM 32CA lot A015, and corn oil on
total cecal secondary bile acid concentration in male and female rats. Data are expressed as the percentage of the total bile acids
metabolized by bacteria to secondary bile acids. Datarepresent the mean + standard deviation for 20 rats per sex per group. Statistically
significant differences from the chow control diet (p < 0.05) are noted by an asterisk. The mean % standard deviation for each sex

is presented above the specific bar.

Table 7. Cholesterol and Coprostanol in the Cecal Contents of Rats Fed SALATRIM Triacylglycerols and Corn 0il*

control SALATRIM 23CA SALATRIM 32CA corn oil
(mg/g)? lot A014 (mg/g) lot AO15 (mg/g) (mg/g)
sterol males females males females males females males fernales
cholesterol 13.5+ 3.3 152+ 4.6 15.8 £ 3.7 16.5 + 5.1 16.3 £ 5.6 150+ 5.4 216+ 13.0* 17.1+5.1
coprostanol 28789 31.8x1156 39.0x16.3* 38297 41.3+10.8* 37.0+103 38.6%103* 33.2%x111
coprostanol/cholesterol 2.25+09 216+0.67 262+1.24 258+1.18 2774101 2656091 229+£1.17 219%092

s Data represent the mean + standard deviation of 20 rats per sex per group. Values are statistically significant (p < 0.05) as compared
to chow control diet (*) or corn oil diet (**). b Units are mg/g dry weight of cecal contents.

secondary phytosterols than chow-fed rats, while rats in
the corn oil-fed group produced more.

Figure 4 illustrates the effects of the dietary fats on the
total phytosterols in the cecal contents. The total phy-
tosterols detected in rats fed SALATRIM 23CA lot A014
and SALATRIM 32CA lot A015 did not differ from the
chow-fed rats with the exception of a decrease in females
fed SALATRIM 23CA lot A014. However, male and
female rats fed corn oil had significantly higher concen-
trations compared to the controls. Figure 5 represents
the secondary metabolites of the phytosterols produced
by the intestinal microflora as a percent of total phy-
tosterols. These data indicate that the microflora in each
dietary group retained an equivalent capability to produce
secondary phytosterol metabolites compared to the con-
trol.

DISCUSSION

When compared to chow-fed rats, SALATRIM 23CA
lot A014- and SALATRIM 32CA lot A015-fed rats did not
exhibit changes considered to be biologically significant
in the MACs measured in this study. Also, the SALA-
TRIM fats did not produce biologically significant dif-
ferences compared to the corn oil group.

The SALATRIM fats caused no discernible loss of
fusiform rods in the cecum as determined by electron

microscopic scans of the cecal contents. The normal rat
cecal florais dominated by long, thin bacterial rods tapered
at both ends (fusiform rods), mainly clostridia (Wilkins,
1981). Dietary manipulation can cause dramatic alter-
ations to this component of the flora. When fed a defined
powdered diet supplemented with cornstarch, casein,
ground corn, kaolin, or cellulose, only mice fed the cellulose
retained their fusiform flora (Wilkins, 1981). To validate
the morphotype methods used in this study, the microflora
of rats fed either chow or ground beef were compared.
Only the chow-fed rats retained their original flora (S.
Scheinbach, J. R. Hayes, R. J. Carman, R. L. Van Tassell,
and T. D. Wilkins, unpublished observations, 1991).
Changes of this type were not seen in the studies of dietary
fats reported here. We conclude that SALATRIM tri-
acylglycerols did not affect the fusiform flora. Insupport
of this conclusion, a similar study with another repre-
sentative of the SALATRIM family (SALATRIM 4CA
lot A006) did not alter the fecal bacterial morphotypes
(Scheinbach et al., unpublished observations, 1992).
No biologically significant differences were noted be-
tween the pH of cecal contents from rats fed either
SALATRIM when compared to control rats fed chow.
When compared to the corn oil-fed rats, females fed
SALATRIM 32CA lot A015 exhibited a statistically
significantly higher cecal pH. Because the increase is
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Table 8. Primary and Secondary Phytosterols in the Cecal Contents of Rats Fed SALATRIM Triacylglycerols and Corn Qil®

control SALATRIM 23CA SALATRIM 32CA corn oil
(mg/g)t lot A014 (mg/g) lot A015 (mg/g) (mg/g)
phytosterol males females males females males females males females
primary
24.6‘-1?{1311- y 354£095 826061 249£049% 232+ 0.45% 2.95 £ 0.60** 2.87 £ 0.55** 6.99 + 2.58* 7.86 £ 5.09*
cholestero
248-methyl- 3.03+£1.00 4.01+405 555+ 3.39* 1.82 £ 0.79%** 402 £ 1.24** 212+ 1.04*** 603+£193* 321+1.24
cholesterol
secondary
248-methyl- l 366+£064 334056 3.26£0.63%* 3.08 £ 0.45%* 3.26 £ 0.45%* 282+ 0.45** 4524+092* 453 +0.81*
coprostano
24a-methyl- . 577T+£096 6.24%=1.16 599£1.01** 6.22£(.78%* T7.23 £ 1.01*,** T7.83 & 1.42*** 1233+ 2.64* 12.46 £ 3.55*
coprostano
243-ethyl- A 1456 £1.83 1570240 13.71£1.94*% 14.10 % 1.59%+ 15.54 £ 1.47%* 16.58 + 2.56%* 32.00 £ 7.04* 33.58 £6.07*
coprostano
24a-ethyl- 331+£0.70 353%£0.66 3.25=£0.75%* 343 £ (.53%* 3.13 £ 0.58%* 3.30 £ 0.75%* 479+ 1.30% 4.79 £1.08*
coprostanol

@ Data represent the mean =+ standard deviation of 20 rats per sex per group. Values are statistically significant (p < 0.05) compared to
chow control diet (*) or corn oil diet (**). ® Units are mg/g dry weight of cecal contents.
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Figure 4. Effect of 13-week dietary exposure to SALATRIM 23CA lot A014, SALATRIM 32CA lot A015, and corn oil on cecal
concentrations of total phytosterols in rats. Data represent the mean + standard deviation for 20 rats per sex per group. Statistically
significant differences from the chow control diet (p < 0.05) are noted by an asterisk. The mean + standard deviation for each sex

SALATRIM 32CA LOT AOLS Corn Chil

is presented above the specific bar.

limited to the females of one group and because the cecal
pH of the corn-oil fed rats appears to drop slightly, the
biological meaning of this result is unclear. Previous
papers describe either rat feeding trials for dietary
compounds other than fats or trials monitoring the effects
of fats using other animal species. Treon et al. (1989)
reported menhaden oil fed to mice significantly reduced
fecal pH compared to mice fed either coconut or safflower
oil at the same level. However, they presented no data for
the fecal pH of chow-fed mice. The degree to which any
of these values changed from its “normal” level was not
established. How closely the data reported here compare
with the study of Treon et al. (1989) is not clear; differences
exist. They were able to show a statistical difference
because the 95% confidence limits of their measurements
were not greater than about 0.2 pH units. The data
reported here had a larger variation within each group,
and in the one case where a difference was observed, it was

an increase. In their studies, groups were comprised of
only six mice and they reported fecal pH, not cecal content
pH. Also, Treon et al. (1989) fed their mice during the
fecal collection period. In the study reported here, the
rats were fasted for 24 h before sacrifice. Fasting of rats
may cause an elevation in cecal pH (Ward and Coates,
1987).

The two SALATRIM fats and corn oil neither increased
the amount of bile acids reaching the cecum nor affected
bacterial conversion of primary to secondary bile acids.
Although early studies reported increases in bile acid levels
inrats fed corn oil (Reddy et al., 1977a), the results reported
here are consistent with those of several more recent studies
that reported a lack of effect of corn oil on bile acid
concentrations in rats (Glauert and Bennink, 1983; Sato
etal., 1987; Schuette and Rose, 1986; Gallaher et al., 1992).
Regardless of the methods used by these workers, no
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Figure 5. Effect of 13-week dietary exposure to SALATRIM 23CA lot A014, SALATRIM 32CA lot A015, and corn oil on cecal
secondary phytosterols concentrations in male and female rats. Data are expressed as the percentage of the total phytosterols and
represent the mean + standard deviation for 20 rats per sex per group. Statistically significant differences from the chow control diet
(p = 0.05) are noted by an asterisk. The mean * standard deviation for each sex is presented above the specific bar.

significant changes in intestinal bile acid concentrations
and metabolism were observed.

Corn oil significantly increased the concentration of cecal
cholesterol in male rats, whereas no significant changes
were produced by either SALATRIM fat. Increased fecal
and serum concentrations of cholesterol and increased
biliary excretion of cholesterol have been observed by
others studying the effects of high corn oil diets in rats
(Reddy et al., 1977a; Bansal et al., 1978; Smit et al., 1991).
The results reported here using cecal material are con-
sistent with the effects observed in these studies. There
were no large differences among the controls, the SAL-
ATRIM fats, and corn oil, in either males or females, in
coprostanol as a percent of the control (135-144%).
Moreover, no significant differences in the ratio of
coprostanol to cholesterol were observed among the groups,
indicating the ability of the cecal microflora to metabolize
animal sterolsisunchanged in any of the treatment groups.
The total amount of phytosterols was highest in the cecal
contents of rats fed corn oil. This is not surprising since
corn oil normally contains about 1.1 wt% phytosterols
(Sonntag, 1979) compared to lower values for SALATRIM
fats (Softly et al., 1994). There were some very small but
statistically significant differences in the amounts of
secondary phytosterols in SALATRIM-fed rats compared
to the chow-fed control and corn oil groups. However,
these changes do not appear to be biologically significant.
Interpretation of the data concerning the conversion of
primary to secondary phytosterols is confounded by the
occurrence of secondary phytosterols in the diet (Mc-
Namara et al., 1981). In fact, the secondary phytosterols
24a-methylcoprostanol and 24a-ethylcoprostanol are found
in higher concentrations in SALATRIM than in corn oil
(Softly et al., 1994). These higher levels of secondary
phytosterols may account for the higher levels of these
phytosterolsin male rats fed either SALATRIM. Grundy

et al. (1968) have shown that phytosterols and animal
sterols are metabolized by the intestinal microflora to a
similar extent. In our study, we found that secondary
phytosterols represented approximately 80% of the total,
whereas secondary bile acids represented approximately
65% of the total and approximately 68 % of the cholesterol
was converted to coprostanol. The difference in our study
between phytosterols and animal sterol metabolism is
probably associated with the occurrence of secondary
phytosterols in the diet, which increases the percent of
secondary phytosterols as a percentage of total phytoster-
ols.

While each of the variables measured here has been
examined in other animal studies, most of the other studies
have used neither feeding periods as long as those reported
here nor such a large number of animals per experimental
group. The 13-week duration of this study was longer
than the vast majority of similar studies and was probably
sufficient to observe any potential perturbation in the
variables measured. Aside from being an indicator of the
health and stability of the colonic ecosystem, one variable,
bile acid concentration, has additional significance because
of studies linking secondary bile acid levels to the incidence
of colon cancer (Reddy et al., 1977b). Our finding that
SALATRIM fats do not increase the levels of either
primary or secondary bile acids when fed at 10% in the
diet for 13 weeks is therefore significant in its own right.
The combined results from this study indicate that
SALATRIM had little or no effect on the MACs measured
here and, in general, less effect on the intestinal micro-
ecology than did corn oil.
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