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Effect of Shortenings Containing Stearic Acid on Blood Lipids
and Fat Digestibilities in Hamsters
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Tristearin (TS), a stearic acid-rich hard fat, and soybean oil (SO) were
blended in different ratios to produce four functional shortenings (blends)
for use in foods. Groups of hamsters were then fed diets containing TS, SO,
and the four blends for four weeks. After four weeks, serum total choles-
terol (CH) levels were measured: the group fed SO had 219 ± 19 mg/dL, and
the groups fed four blends had a range of 214 ± 14 to 222 ± 15 mg/dL. Thus,
TS in the blends exerted no hypercholesterolemic effect; it even lowered serum

triglycerides (SO vs. blends). Liver CH levels were significantly lower only
in the group fed the blend containing the highest level (60%) of TS. While
SO was nearly completely digested (97.7%), digestibility of TS in the blends
was low with a range of 10.2–26.3%, which was inversely related to the
level of TS in the blend. Thus, functional shortenings produced by blending
TS with edible oils may not only not raise blood CH levels, but they would be
free of trans fatty acids and may be classified as reduced-calorie fats.

Shortenings and margarines, partially hydrogenated vegetable
oil products, are important ingredients in many grain-based and
other foods. They are also the major source of trans fatty acids in
our diet (Hunter and Applewhite 1991). The trans fats are now
implicated as adversely affecting blood lipid profiles (Mensink and
Katan 1990, Troisi et al 1992, Judd et al 1994, Almendingen et al
1995, Hernandez and Lusas 1997). A recent study, which involved
80,082 women, reported that the replacement of 2% of energy from
trans fats with energy from unhydrogenated, unsaturated fats would
reduce the risk of coronary heart disease by 53% (Hu et al 1997).

Unhydrogenated oils are usually less functional in processed
foods and, thus, less desirable as ingredients when compared to
partially hydrogenated vegetable oil products. However, func-
tional shortenings and margarines free of trans fatty acids may be
produced by interesterification and transesterification of oils (Maj-
umdar and Bhattacharyya 1986, Miller et al 1991, Hernandez and
Lusas 1997), by use of nonisomerizing catalysts during hydrogen-
ation of oils (Ariaansz and Okonek 1995), and by other means.
Blending fully hydrogenated (hard fats containing no trans fatty acids)
oils with edible oils such as soybean, canola, or corn oil may be a
more practical approach, however.

Because they are usually hypercholesterolemic, most hard fats
may be unsuitable for such blending. A stearic fat (tristearin [TS]) may
be an exception. It apparently does not raise blood cholesterol (CH)
(Kritchevsky 1994) and provides fewer calories than traditional fats
and oils because of incomplete digestibility (Ranhotra et al 1998).

We recently showed a blend of 30% TS and 70% SO to be as
functional as regular baker’s shortenings when tested in three bak-
ery products (Ranhotra et al 1997). This blend did not raise blood
CH in hamsters. In expanding the scope of this study, we have now
prepared four blends of TS and SO. The focus was to examine the
effect of increasing levels of TS (in the blends) on blood lipid pro-
file and TS digestibilities. A subsequent study will evaluate func-
tional attributes of these blends.

MATERIALS AND METHODS

Fats and Blends
A stearic hard fat (91.3% stearic acid), an edible SO (no preserv-

atives), and four blended fats were tested. Blends were prepared
by adding stearic fat (TS) to SO at increasingly higher levels: 15,

30, 45, or 60% (Table I). The 30:70 and 45:55 blends matched
textural characteristics of commonly used baker’s shortenings. The
15:85 blend, a somewhat free-flowing blend, may be suitable for use
in bread-type products, while the harder blend (60:40) may find appli-
cations in icings, glazes, and fillings.

Test Diets
The six fats were used to make test diets (Table II). All diets

contained the same level (16.9%) of fat. Thus, only the source of
fat differed. At the level used, fat provided 35% of total calories.
An additional 1% SO was added to ensure adequacy of essential
fatty acids (NRC 1987), especially in the all TS-based diet (diet F).
All diets contained the same levels of protein (15%), fiber (5%),
and added CH (0.25%). Their sources did not differ.

Test Animals
Sixty-five three-week-old male Syrian hamsters (Harlan Sprague-

Dawley, Indianapolis, IN) were housed in suspended mesh-bottomed
cages in a controlled environment (24°C, 60% rh, 12-hr light and dark
cycle). After four days on a CH-free diet, these animals were weighed
and assigned to six groups of 10 animals each, and one group of five
animals, with a mean weight of 57 ± 4 g. The smaller group was sac-
rificed on day 0 to obtain baseline serum lipid and liver CH values.

Feeding and Sampling
All groups of hamsters were fed test diets for four weeks, with

fresh diet offered daily. Their food intake increased gradually as the
study progressed, but this intake was equalized (pair feeding) among
groups. Deionized water was provided ad libitum. All cages were
fitted with slide-in trays underneath to allow total fecal collection
for the entire four-week period. Animals were weighed weekly.

After four weeks, animals were fasted overnight, lightly anesthe-
tized (under ether), and 2 mL of blood was withdrawn by cardiac
puncture. The clotted blood was centrifuged (8 min) to obtain serum
for lipid analyses that were run over the next two days. Livers were
excised, rinsed, blotted dry, weighed, homogenized, the volume
recorded, and the samples frozen until needed for CH determin-
ations. The dried fecal matter was finely ground, pooled for each
animal separately, bagged, and stored frozen until analyzed for
total fat.

Analytical and Statistical Procedures
SO, TS, and the four blends were analyzed for fatty acid com-

position (Table I) by gas chromatography as described earlier
(Ranhotra et 1996). Feces were analyzed for fat by AOAC method
922.06 (AOAC 1995). Serum total CH and triglyceride (TG) val-
ues were determined enzymatically using kits 352 and 336, respec-
tively, from Sigma Chemical Co., St. Louis, MO. High-density-
lipoprotein (HDL) CH was determined (using kit 352) after phos-
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photungstic acid precipitation of other lipoproteins. Total CH in
liver was determined by the method of Abell et al (1952). The data
were analyzed statistically by analysis of variance using the Tukey
test for means separation (SigmaStat Statistical Software, Jandel
Scientific Software, San Rafael, CA).

RESULTS AND DISCUSSION

Fat Blends
The four TS and SO blends prepared (Table I) were all judged,

based on textural characteristics, as suitable for use in baked goods
and other foods. This study was, however, aimed at assessing the
effect of progressively higher TS levels in the blends on the blood
lipid profile and stearate digestibility. One blend (30:70) had lowered
serum total CH in hamsters by 15.4% in an earlier study (Ranhotra
et al 1997). The lowering effect in that study, however, was com-
pared to a hypercholesterolemic (high lauric) fat tested.

Fatty Acid Profile
Although TS was quite high in the saturated fatty acid stearic acid, it

also contained 8.7% nonstearic acids (Table I). Oleic and linoleic
acids, reported to lower elevated blood CH levels (Chan et al 1991,
Nydahl et al 1994, Fukushima et al 1996), were the predominent fatty
acids in SO. As analyzed, the fatty acid profile of the four blends
reflected the profile of the two fats blended, with the level of stearic
acid steadily increasing as more TS was used in the blend (Table I).

Fat Intake and Weight Gains
Diets tested differed only in the source, and not the level, of fat.

Thus, differences observed in serum lipid profile may be attributed to
differences in fatty acid profiles of these fats, especially since total fat
intake among groups of hamsters was nearly identical, and body weight
gains differed minimally except in the group fed diet F (Table III).

Serum CH
In comparison to the baseline level (94 ± 7 mg/dL), serum total CH

levels were quite elevated, likely in part due to feeding the CH-con-
taining diet, in all but one group of hamsters including the group
fed SO (Table III). SO and other unsaturates have repeatedly been
shown to lower CH (Chan et al 1991, Nydahl et al 1994, Fuku-
shima et al 1996), and this effect due to SO probably occurred in spite
of CH elevations observed in this group. CH levels in man and
animals usually increase with age, regardless of moderating influ-
ences of some dietary components.

Serum CH levels in hamsters fed SO (diet A) averaged 219 ± 19
mg/dL (Table III). This level closely matched CH levels observed
on diets B–E, even though these diets contained increasingly higher
levels of TS (Tables II and III). This is strongly suggestive that TS
is not hypercholesterolemic, irrespective of the use level in the diet.
This may be particularly so since body weight gains of animals fed
diets B–E differed minimally and, thus, were not a significant con-
tributory factor affecting serum CH levels. There are some
indications that stearic acid may even lower serum CH. This was not

observed, probably because a known hypercholesterolemic fat was not
included as a control. The aim was to compare TS with SO, a non-
hypercholesterolemic fat. A significant (P < 0.05) lowering of CH was
observed on diet F where TS was the only source of fat. This, how-
ever, may have resulted from the poor growth response of this group
of animals and not necessarily due to a CH-lowering effect of TS.

Irrespective of the use level of TS in the blends tested (diets B–E),
HDL CH levels in TS-fed groups tended to be somewhat lower,
and the non-HDL CH somewhat higher, as compared to levels in
the SO-fed group (Table III). This slight shift in HDL versus non-
HDL CH ratios, but without affecting total CH levels, may be a
meaningful observation. However, additional studies are needed to
validate this observation and, if confirmed, to assess its physio-
logical significance with regard to cardiovascular disease.

Serum TG
Elevated serum TG levels are viewed by some as an independ-

ent risk factor in cardiovascular disease (Austin 1991, McNamara
1992, Stensvold et al 1995, Hu et al 1997). Like serum CH, serum TG
levels were also elevated in most groups (Table III). However,
levels were most elevated in the group fed SO, with levels being
lower on other diets, significantly so (P < 0.05) on diets D–F (Table
III). Thus, while TS showed no CH-lowering effect in comparison
to SO diet, it did show a noticeable TG-lowering effect.

Liver CH
Like serum CH and TG levels, liver total CH levels were also

quite elevated in most groups of animals (Table III). Compared to
the SO diet (diet A), liver CH concentrations were not signifi-
cantly (P > 0.05) different in groups fed diets B–D, while diet E
did show a significant (P < 0.05) lowering effect. No elevation was
observed in the group fed just TS (diet F), but physiological signi-
ficance of this is difficult to assess because of the poor growth
response of animals in this group.

Fat Digestibility
In a recent study with rats, we reported stearate digestibility of 37%

(Ranhotra et al 1998). When hamsters were used as the test model,
apparent digestibility of an all-stearate fat was 16.2% (Ranhotra et
al 1997). In this study, stearate digestibility ranged between 9.4
(diet F, the all-stearate diet) and 26.3% (15:85 blend), and it was
inversely related to the level of stearate in the diet (Tables I and IV).

TABLE I
Fatty Acid Composition (%) of Test Fats and Blends

Test Materialsa

Fatty Acid Tristearin Soybean Oil 15:85 Blend 30:70 Blend 45:55 Blend 60:40 Blend

16:0 (palmitic) 4.8 10.8 10.0  8.9 8.2 7.4
18:0 (stearic) 91.3 4.4 16.9 31.8 43.6 55.6
18:1 (oleic) . . . 21.2 18.2 14.6 11.8 8.8
18:2 (linoleic) . . . 55.0 47.0 37.6 30.3 22.6
20:0 (arachidic) 2.4 0.4 0.6 1.0 1.3 1.6
20:1 (gadoleic) . . . 1.0 0.9 0.7 0.1 . . .

18:3 (linolenic) . . . 6.7 5.7 4.6 3.7 2.8
22:0 (behenic) 1.0 0.4 0.5 0.6 0.7 0.8
24:0 (lignoceric) 0.5 0.1 0.2 0.2 0.3 0.4

a Numbers preceeding blends represent percentage of tristearin and soybean oil, respectively.

TABLE II
Composition (%) of Test Diets

Blends

Soybean Oil
A

15:85
B

30:70
C

45:55
D

60:40
E

Tristearin
F

Fat source 16.9 16.9 16.9 16.9 16.9 16.9
Constantsa 83.1 83.1 83.1 83.1 83.1 83.1

a Contained (%): casein, 17.75; cellulose, 5; soybean oil, 1; mineral mix (Hegsted
mix), 4.0; vitamin mix (ICN 904654), 2.2; dl-methionine, 0.3; choline chloride,
0.16; cholesterol, 0.25; and pregelatinized cornstarch, 52.44.
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Even at the higher level of intake, no anal leakage of TS was ob-
served. SO was nearly completely digested (97.7%).

Because of a variety of influencing factors, it may be difficult to
arrive at a precise digestibility value for incompletely digested fats such
as stearic fat. However, it may logically be presumed that stearate digesti-
bility would likely be low and inversely related to use level in the diet.

CONCLUSION

The nonhypercholesterolemic effect of stearic fats may or may
not be related to their poor digestibility characteristics. However,
the use of stearic fats in producing functional shortenings and
margarines may have many health advantages, including the
absence of trans fatty acids and reduced caloric density. Utilizing
fat blending technologies more effectively than attempted here,
would further enhance the functional characteristics of these fats.
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TABLE III
Blood Serum and Liver Lipid Responsesa

Fat Source and Diet

Soybean Oil 15:85 Blend 30:70 Blend 45:55 Blend 60:40 Blend Tristearin
A B C D E F

Diet intake, g 171 ± 2 172 ± 0 172 ± 1 172 ± 0 172 ± 0 172 ± 0
Fat intake, g 30.6 ± 0.4 30.8 ± 0.1 30.7 ± 0.1 30.8 ± 0.1 30.8 ± 0.0 30.8 ± 0.0
Body weight gain,b g 29 ± 3a,b 31 ± 3a 29 ± 5a,b 25 ± 3b,c 24 ± 4c 4 ± 3d
Liver weight, g 4.3 ± 0.3a 4.0 ± 0.2a 3.0 ± 0.2b 2.9 ± 0.4b 2.5 ± 0.2c 1.4 ± 0.1d
Serum cholesterol (CH)c

Total CH, mg/dL 219 ± 19a 215 ± 16a 222 ± 15a 214 ± 14a 220 ± 23a 106 ± 19b
HDL CH,d mg/dL 184 ± 13a 161 ± 15a,b 166 ± 23a,b 149 ± 12b 157 ± 16b 91 ± 10c
Non-HDL CH, mg/dL 35 ± 10b,c 54 ± 9a,b 56 ± 24a,b 65 ± 12a 64 ± 17a 14 ± 14c

Serum triglycerides (TG),c mg/dL 136 ± 52a 118 ± 25a,b 102 ± 34a–c 91 ± 18b,c 86 ± 14b,c 70 ± 22c
Liver CH,c mg/g 76 ± 16a 77 ± 8a 83 ± 8a 83 ± 18a 35 ± 8b 7 ± 1c

a Averages ± standard deviation of 10 hamsters per diet. Values followed by the same letter in the same row are not significantly different (P < 0.05).
b Initial body weight: 57 ± 4 g.
c Baseline (day 0) values: serum total CH, 94 ± 7 mg/dL; serum HDL CH, 54 ± 4 mg/dL; serum non-HDL CH, 40 ± 6 mg/dL; serum TG, 51 ± 20 mg/dL; and

liver CH, 24 ± 2 mg/g.
d High-density lipoprotein CH.

TABLE IV
Digestibility of Soybean Oil and Tristearina,b

Soybean Oil
Stearate in Diet

in Diet A B C D E F

Fat source consumed, g 28.9 ± 0.3 4.0 ± 0.0 8.0 ± 0.0 12.0 ± 0.0 16.1 ± 0.0 26.8 ± 0.0
Apparent digestibility,c % 97.7 ± 0.5a 26.3 ± 6.1b 16.3 ± 7.5c 14.4 ± 5.2c 10.2 ± 3.9c 9.4 ± 5.8c

a  Values are averages ± standard deviations of 10 hamsters per diet. Values followed by the same letter are not significantly different (P < 0.05).
b All diets contained some soybean oil; digestibility for soybean oil was, however, calculated for the all-soybean oil diet (diet A) only.
c  Stearate digestibility values are calculated for all tristearin-containing diets (diets B–F), but considering only the stearic acid component (91.3%).


