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modifies body composition and plasma lipids in rats
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bstract

The present study examined effects of a selectively hydrogenated soybean oil (SHSO) containing about 21% CLA on body composition,
dipose depots and organ weights, and plasma lipid profiles in rats. Male Sprague Dawley rats were fed for 6 weeks a purified diet containing
%, 1%, 3%, and 5% of SHSO. Different levels of SHSO supplementation did not significantly affect growth performance, although there
as a trend toward decreased body weight gain with increasing dietary SHSO levels. The weights of inguinal, epididymal, and

etroperitoneal adipose depot, but not mesenteric, were significantly influenced by dietary SHSO supplementation (P � 0.05, P � 0.01 and
� 0.001, respectively). Although the absolute weight of body protein in the control rats was higher in SHSO-fed rats, the effect on absolute
eight of body protein is diluted and eliminated when the data are adjusted for eviscerated carcass weight as a percentage base. Therefore,

s dietary SHSO level increased, body protein as a percentage of carcass weight increased (P � 0.05), although as dietary SHSO level
ncreased, body fat proportion in carcass decreased (P � 0.01). Plasma triglycerides (TG) and total cholesterol (TC) concentrations were
eneficially decreased, and HDL-cholesterol (HDL-C) to TC ratio was also beneficially increased by SHSO supplementation (P � 0.05, P � 0.001,
nd P � 0.01, respectively). However, plasma HDL-C concentration undesirably decreased with dietary SHSO supplementation (P � 0.05). The
resent study observed that body composition and plasma lipids were beneficially modulated by SHSO supplementation at least 3% levels (0.6%
f CLA), and suggested that SHSO is a useful fat source because of the high level of CLA. © 2004 Elsevier Inc. All rights reserved.

eywords: Selectively hydrogenated soybean oil; Conjugated linoleic acid (CLA); Body composition; Antiobesity; Plasma lipid
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. Introduction

Conjugated linoleic acid (CLA) is a collective name for
he mixture of positional and geometric isomers of linoleic
cid (c-9, c-12-octadienoic acid) and has been reported to
xert various beneficial effects. CLA has been reported to
educe body fat in humans [1], pigs [2], mice [3,4], rats [5]
nd broilers [6], and it was suggested that CLA has an
ntiobesity effect in various animal models and in humans.
n addition, CLA decreased plasma lipid levels and reduced
he development of atherosclerosis in rabbits [7] and ham-
ters [8].

Therefore, there is increasing interest in producing CLA
s a food ingredient and health supplement because of the

* Corresponding author. Tel: �82-33-248-2133; fax: �82-33-244-
738.
bE-mail address: hkshin@hallym.ac.kr (H.-K. Shin).

955-2863/04/$ – see front matter © 2004 Elsevier Inc. All rights reserved.
oi:10.1016/j.nutbio.2003.12.002
ossible health benefits associated with its consumption.
ietary CLA predominately originates from dairy products
ia biohydrogenation of polyunsaturated fatty acids by ru-
en bacteria [9,10]. Chin et al. [10] reported that dairy

roducts such as milk, butter, cheese, and yogurt as well as
eef contained 3–8 mg of total CLA per gram of fat. The
ommercially available CLA are manufactured by alkali
somerization of linoleic acid or linoleic acid rich oils such
s safflower oil and sunflower oil. Jung and Ha [11] origi-
ally reported that a large quantity of CLA (98 mg /g oil)
as formed during a selective hydrogenation of soybean oil

11]. Jung et al [12,13] reported that catalyst type and
mounts, temperature, hydrogen pressure, and agitation rate
reatly affected the quantity of total CLA and individual
somers as well as the time to reach the maximal quantity of
LA in the hydrogenated soybean oil. Although it has been

eported that SHSO contained high level of CLA, its health

enefits have never been studied.
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The objectives of the present study were to estimate
ffects of feeding SHSO containing CLA to rats on their
rowth performance, weights of organs, and abdominal ad-
pose depots. Also, potentially hypocholesterolemic effects
f CLA on plasma lipid profiles were determined.

. Methods and materials

.1. Animals and diets

A total of 48 Sprague-Dawley rats were obtained from
ung-Ang Laboratory (Seoul, Korea) at 6 weeks of age and
abituated to individual housing in hanging stainless steel
etabolic cages in a room maintained at an ambient tem-

erature of 22° � 2°C with 12:12-h light–dark cycle. Ini-
ially, the rats were maintained ad libitum on purified AIN-
6A diet for 7 days. After the adaptation period, the rats
ere placed on the experimental diets with 0%, 1.5%, 3%,

nd 5% of SHSO. The supplementation of SHSO levels
ere 0%, 1.5%, 3%, and 5%, and soybean oil was added to
ake 5% of total fat level in the diet. The composition of

xperimental diets is shown in Table 1. The SHSO was
btained by 20 minutes hydrogenation of soybean oil with
% selective type catalyst (Pricat 9908, Unichema) under
he condition of reaction temperature of 230°C, hydrogen
ressure of 0.25 kg/cm2, and agitation rate of 300 rpm
12,13]. The total CLA contents and their isomeric distri-
ution, and fatty acid profiles in SHSO were analyzed by
as chromatography with a 100-m highly polar fused silica
apillary column (cyanopripyl siloxane phase, SP2380,
00 m � 0.25 mm, 0.25 �m thickness (Supelco Inc., Belle-
onte, PA, USA) [12–14]. Total CLA content in SHSO was
08 mg/g oil. The distribution of CLA isomers in SHSO is
hown in Table 2, and the actual supplementations of CLA
o the experimental diets were 0%, 0.31%, 0.62%, and 1.04

, respectively. The fatty acids composition of SHSO is
hown in Table 3. The defined powdered diets were placed

able 1
omposition of experimental diets

Control SHSO Diet, %

1.5 3 5

asein 200 200 200 200
L-methionine 30 30 30 30
orn starch 150 150 150 150
ucrose 500 500 500 500
ellulose 50 50 50 50
oybean oil 50 35 20 —
HSO (CLA) — 15 30 50
ineral mix, AIN-76A 35 35 35 35
itamin mix, AIN-76A 10 10 10 10
holine bitartrate 2 2 2 2

Data are given as g/kg diet.
n the bottom of the cages and replaced with fresh diet on
very 2 days. The rats were weighed three times each week
nd food intake (corrected for spoilage and measured to
.3 g) was also measured at these times. To ensure a ho-
ogenous mixture, SHSO was mixed with soybean oil

efore adding to the basal diet, keeping the total fat at 5
/100 g. Diets were mixed weekly and stored at 4°C.

.2. Adipose depots, organs, muscle, and blood sampling

After completing 6 weeks of the experimental period,
ats were fasted overnight (12 h) and anesthetized with
iethyl ether, and selected adipose depots and organs were
emoved and weighed. The liver, left and right kidney, left
nd right testis, heart, and spleen were removed and
eighed to 0.0001 g. Similarly, the left and right inguinal,

pididymal, retroperitoneal adipose depots, and mesenteric
dipose depot were removed and weighed. For body com-
osition analyses, gut contents were removed to obtain
mpty carcass weight, and the carcasses were frozen at
20°C until analysis.

.3. Analytical methods

Frozen carcasses were chopped, ground, and freeze-dried
o determine water content. Total nitrogen was analyzed by

able 2
istribution of CLA isomers in SHSO

LA Isomer Oil (m

rans-7, cis-9/cis-9, trans-11/trans-8, cis-10 42.07
is-10, trans-12/trans-9, cis-11/cis-11, cis-13 16.08
is-12, trans-14/trans-10, cis-12 8.45
rans-11, cis-13/cis-9, cis-11 27.44
rans-12, cis-14/cis-10, cis-12/cis-11, cis-13 12.08
rans-12, trans-14 8.45
rans-11, trans-13 5.0
rans-10, trans-12/trans-9, trans-11/trans-8, trans-10/trans-7,

trans-9
89.04

able 3
atty acid composition of selectively hydrogenated soybean oil (SHSO)

atty Acid Proportion (%)

almitic acid 11.53
tearic acid 6.13

rans Isomer of oleic acid 5.53
leic acid 19.28

is Isomers of oleic acid 2.30
nconjugated isomers of linoleic acid 7.48
inoleic acid 20.70
rachidic acid 0.42

somers of linolenic acid 0.65
inolenic acid 1.07
ehenic acid 0.77
onjugated linoleic acids 22.97
nknown 1.06
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he Kjedahl method [15]. Carcass fat content was measured
y extraction with diethyl ether overnight using a Soxhlet
pparatus. Total ash content was determined by incineration
500–600°C, overnight). Water content of the carcass was
alculated by subtracting the dried carcass weight from the
riginal weight of the eviscerated carcass. An adiposity
ndex was calculated by dividing the summed weight of the
even excised adipose depots by the weight of the eviscer-
ted carcass that includes all organs without the gastroin-
estinal tract and the seven adipose depots [16]. Blood was
ollected by cardiac puncture, and plasma samples were
eparated by low-speed centrifugation (1500 � g for 15
inutes). Total plasma cholesterol (TC), triglycerides (TG),

nd HDL-cholesterol (HDL-C) were determined by enzy-
atic assays using kits (ASAN Pharmacy, Co., Korea).

.4. Statistical analysis

Statistical differences were determined by an analysis of
ariance, with mean separations performed by the Duncan
ultiple range test using the general linear model procedure

f the SAS statistical software [17]. The results are ex-
ressed as mean � SE.

able 4
ffect of dietary selectively hydrogenated soybean oil (SHSO) on growth

Control

nitial body weight (g) 215.6 � 4.8
inal body weight (g) 405.4 � 12.8
ody weight gain (g/d) 5.43 � 0.26
ood intake (g/d) 24.86 � 0.78
ood conversion efficiency 0.22 � 0.017

Data are presented as mean � SE.

able 5
ffect of dietary selectively hydrogenated soybean oil (SHSO) on body c

Control SH

1.5

ody composition
Eviscerated
carcass (g)*

323.13 � 3.60ab 329

Fat (%)† 14.31 � 0.44a 14
Protein (%)‡ 21.73 � 0.18b 21
Water (%)‡ 61.32 � 0.39ab 60
Ash (%) 3.52 � 0.02 3

diposity index§ 0.08 � 0.01a 0

Data are given as mean � SE. Mean values in a row with different sup
* P � 0.001.
† P � 0.01.
‡ P � 0.05.
§ Adiposity index is calculated by dividing the sum of the adipose depots
epots.
. Results

.1. Animal performance and body composition

Effect of dietary SHSO on animal performance of rats is
hown in Table 4. There were no significant effects of
ietary SHSO on initial and final body weights, daily body
eight gain, food intake, and food conversion efficiency
etween treatments. Although there was a trend to decrease
he final body weight, daily body weight gain, and food
ntake in 3% and 5% SHSO treatments (0.6% and 1.0% of
LA, respectively). Effects of dietary SHSO supplementa-

ion on body composition of rats are shown in Table 5. The
viscerated carcass weights of rats was decreased by 3%
nd 5% SHSO supplementations, but was increased by
.5% SHSO supplementation (P � 0.001). The proportion
f body fat in 5% SHSO-fed rats was significantly lower
han with other treatments (P � 0.01), but the proportion of
ody protein increased with the increased level of dietary
HSO supplementation (P � 0.05). Body protein content
as more effectively modified by relatively lower level of
HSO (1.5%, 3%, and 5%) than body fat changes. It should
e clarified that the absolute weight of body protein in the
ontrol rats was higher in CLA-fed rats. In addition, final

ance of rats

, %

3 5

� 4.2 213.0 � 2.9 214.9 � 3.3
� 9.4 394.7 � 8.2 395.8 � 8.2
� 0.17 5.21 � 0.19 5.20 � 0.18
� 0.53 23.65 � 0.68 24.02 � 0.52
� 0.014 0.22 � 0.013 0.22 � 0.018

tion of rats

3 5

.30a 308.25 � 2.43b 288.58 � 6.95c

.24a 13.30 � 0.15a 10.97 � 0.04b

.04ab 21.90 � 0.17ab 22.45 � 0.23a

.37b 62.10 � 0.28a 62.33 � 0.49a

.09 3.59 � 0.04 3.49 � 0.04

.00a 0.07 � 0.00ab 0.06 � 0.00b

t letters differ significantly (P � 0.05)

ts by the weight of the eviscerated carcass minus the weight of the adipose
perform

SHSO

1.5

214.2
409.0

5.58
25.67

0.22
omposi

SO, %

.95 � 4

.14 � 0

.85 � 0

.53 � 0

.43 � 0

.08 � 0

erscrip

weigh



b
c
i
d
c
f
b
T
S
m
b
T
s
t
(

3

s

c
H
p
t
a
t
0
s
a
t
t

3

7
t
w
d
c

T
E

O

A

T
E

T
T
H
H

414 N.-J. Choi et al. / Journal of Nutritional Biochemistry 15 (2004) 411–417
ody and eviscerated carcass weight were higher in the
ontrol rats in comparison to the CLA-fed rats. This may
ndicate that the effect on absolute weight of body protein is
iluted and eliminated when the data are adjusted for evis-
erated carcass weight as a percentage base. Therefore,
rom this point of view, the change of body protein can be
etter expressed by the percentage, rather than weight itself.
he water proportion in the body was decreased in 1.5%
HSO treatment, but increased in 3% and 5% SHSO treat-
ents compared with control (P � 0.05). The proportion of

ody ash was not significantly different between treatments.
he adiposity index in 1.5% SHSO treatment group was
imilar to the control, but those in 3% and 5% SHSO
reatment groups were significantly lower than the control
P � 0.05).

.3. Adipose depots and organ weights

Weights of inguinal and epididymal adipose depots were
ignificantly lower in 3% and 5% SHSO treatments than in

able 6
ffects of dietary selectively hydrogenated soybean oil (SHSO) on weigh

Control SH

1.5

rgan Weights (g)
Kidney* 2.40 � 0.13b 2
Heart 1.13 � 0.05 1
Testis† 2.85 � 0.18b 3
Liver 12.41 � 0.55 13
Spleen 0.68 � 0.03 0

dipose Depot Weights (g)
Inguinal‡ 8.02 � 0.81a 8
Epididymal‡ 8.90 � 0.74a 8
Retroperitoneal† 3.59 � 0.39a 3
Mesenteric 6.11 � 0.81 5
Total†§ 26.62 � 2.22a 26

Data are given as mean � SE. Mean values in a row with different sup
* P � 0.05, and
† P � 0.001.
‡ P � 0.01.
§ Total adipose depot was sum of inguinal, epididymal, retroperitoneal

able 7
ffects of dietary selectively hydrogenated soybean oil (SHSO) on plasm

Control SHSO,

1.5

G* 222.80 � 19.55ab 233.61
C† 114.85 � 10.02a 102.28
DL-C* 52.17 � 3.78a 41.85
DL-C/TC‡ 0.47 � 0.03b 0.42

Data are given as mean � SE (mg/dL). Mean values in a row with dif
* P � 0.05.
† P � 0.001.
‡ P � 0.01.

TG � triglyceride; TC � total cholesterol; HDL-C � HDL-Cholesterol; HDL
ontrol (P � 0.01 and P � 0.01, respectively) (Table 6).
owever, weights of inguinal and epididymal adipose de-
ots in 1.5% SHSO supplementation group were similar to
hose in control. The weights of retroperitoneal and total
dipose depots were decreased by 5% SHSO supplementa-
ion, as compared with other treatments (P � 0.001 and P �
.01, respectively). The weights of kidney and testis were
ignificantly increased by dietary SHSO supplementation,
s compared with control (P � 0.05 and P � 0.001, respec-
ively). However, the SHSO supplementations did not affect
he weight of heart, liver, and spleen.

.4. Plasma lipid profiles

Plasma TG, TC, and HDL-C of rats are shown in Table
. Plasma TG concentration was increased in 1.5% SHSO
reatment, but decreased in 3% SHSO treatment compared
ith control. However, plasma TG was not significantly
ifferent between rats receiving 5% of dietary SHSO and
ontrol. Plasma TC concentration was decreased with in-

ans and adipose depots of rats

3 5

.09ab 2.66 � 0.07ab 2.78 � 0.08a

.03 1.10 � 0.02 1.14 � 0.05

.06a 3.40 � 0.07a 3.41 � 0.04a

.40 12.39 � 0.46 13.59 � 0.45

.04 0.68 � 0.03 0.74 � 0.10

.59a 6.91 � 0.41ab 5.36 � 0.42b

.46a 7.49 � 0.30ab 6.23 � 0.64b

.24a 2.81 � 0.16a 1.90 � 0.09b

.39 6.53 � 0.39 5.27 � 0.41

.46a 23.73 � 1.11a 18.76 � 1.21b

t letters differ significantly (P � 0.05).

senteric fat depot.

of rats

3 5

a 158.98 � 10.92b 206.97 � 26.20ab

b 87.44 � 6.35b 63.96 � 5.06c

49.08 � 3.65ab 40.80 � 2.24b

0.57 � 0.02ab 0.70 � 0.09a

uperscript letters differ significantly (P � 0.05).
t of org

SO, %

.59 � 0

.13 � 0

.47 � 0

.16 � 0

.75 � 0

.39 � 0

.99 � 0

.17 � 0

.94 � 0

.49 � 1

erscrip

and me
a lipids

%

� 23.99
� 5.42a

� 1.95b

� 0.02b

ferent s
-C/TC � HDL-Cholesterol to total cholesterol ratio.
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reasing level of dietary SHSO (P � 0.001). Plasma HDL-C
oncentration was unfavorably decreased with dietary
HSO supplementation (P � 0.05). HDL-C to TC ratio was
eneficially significantly increased with dietary SHSO level
n 3% and 5% SHSO treatments, but was not affected in
.5% SHSO treatment compared with control (P � 0.01).

. Discussion

The main measurements in the present study involved
ffects of SHSO supplementation with 0%, 1.5%, 3%, and
% levels (0%, 0.3%, 0.6%, and 1.0% of CLA, respectively)
n changes in animal performance, body composition, adi-
ose depot and organ weight, and plasma lipid profiles in
ats.

The observation that SHSO fed as a useful fat source
ontaining CLA did not significantly affect growth perfor-
ance of rat is consistent with previous reports that body
eight and daily body weight gain was not significantly

nfluenced by 0.5% [3] and 1.0% CLA [18] of diet to mice.
n addition, this study observed that body fat content was
ecreased, but body protein content was increased without
hange in growth performance by SHSO feeding, and these
esults were consistent with the observation of DeLany et al.
16]. The changed body composition therefore caused re-
uction of adiposity index. West et al. [18] suggested no
hange in body weight by dietary CLA supplementation,
ndicating an increase in lean mass as well as a reduction in
at mass in the CLA-supplemented mice. Similarly, no sig-
ificant changes in body weight reflected that body fat
ontent and adipose depot weights were significantly de-
reased, but increased body protein content by SHSO feed-
ng in this study. Previous studies reported that body fat and
rotein were significantly changed by CLA, particularly at
he supplementation level higher than 0.5% of diet to mice
3,4,16]. In our present study, we also observed that body
rotein was significantly affected by a relatively low dose of
HSO (1.5–5.0% SHSO, which correspond to 0.3–1.0%
LA). On the other hand, the present result was contrasted
ith the previous findings, which showed the reduction of
ody protein in mice [4], and which reported no significant
hanges in body protein in mice by CLA feeding [16,19].
his discrepancy may be due to different experimental con-
itions such as animal model, diet composition, and level
nd isomer of CLA.

There are several possible mechanisms for the reduced
ody fat accumulation in response to CLA feeding. Two in
itro studies suggest that CLA might impact body compo-
ition in part by increasing lipolysis and �-oxidation of fatty
cids, and reducing the deposition of fatty acids in adipose
issue [3], and different isomers of CLA might have differ-
nt effects on body composition [20]. Park et al. [21] ob-
erved that the trans-10, cis-12 CLA isomer stimulated
ipolysis, whereas, the cis-9, trans-11 and trans-9, trans-11

LA isomers were ineffective in cultured adipocytes from o
ice. In addition, some in vivo studies have reported that
ffects could involve a reduction de novo lipogenesis, a
eduction in use of preformed fatty acids for lipid synthesis,
n increase in rates of lipolysis or some combination of
hese in pigs [19,22], and/or an increase in fat oxidation in
ice [4]. Two studies demonstrated that adipose tissue mass

ecrease by CLA was mainly due to apoptosis of adipose
issue cells in mice [23], and that the reduction in adipose
issue mass in response to dietary CLA was accounted for a
ecrease in cell size rather than a change in cell number in
ats [24]. In addition, it is implying that CLA inhibits lipid
lling of adipocytes, and other studies have demonstrated
n inhibitory effect of CLA in vitro on proliferation of
T3-L1 preadipocytes [25,26].

The reduced body fat content associated with reduced
egional adipose depot weights was found in the SHSO-
upplemented groups of this study. The reductions in adi-
ose depot weights from different sites, except for mesen-
eric, in response to supplementation of SHSO containing
LA were consistent with previous observations [4,16,18].
est et al. [4] showed that the reductions in adipose tissue

n mice subsequent to CLA feeding were regardless of total
at levels in the diet. The authors also observed that different
egional adipose depots responded differentially to the ef-
ects of CLA, and the weight of retroperitoneal depot was
ost sensitive to CLA [4]. In this study, weights of inguinal

nd epididymal depots were decreased 14% and 16%, 33%
nd 30% by 3% (equivalent to 0.6% CLA) and 5% (equiv-
lent to 1.0% CLA) SHSO dietary supplementation, respec-
ively. Similarly to the result of West et al. [4], retroperito-
eal depot was decreased by dietary SHSO.

Unlike the results of West et al. [4], there was a signif-
cant increase in the weight of kidneys of rats fed the 5%
HSO. They only observed that the weight of mice was

ncreased by high-fat diets compared with low-fat diets (1%
s 1.2% by weight). However, the present experimental
iets were formulated to iso-oil, and then required further
esearch for investigation. The increased testis weight in this
tudy is contrasted to previous studies that found that the
estis weight was not changed by dietary CLA supplemen-
ation [4,16]. This interesting finding may suggest that CLA
s associated with spermatozoa, and further study on this
ubject is required. Previous works observed that CLA
eeding caused increase in liver weight [4,16,23,27] due to
iver fat accumulation [4,16]. This could be due to the
ncreased delivery of fatty acids to the liver in response to
LA feeding [16]. In our present study, however, no sig-
ificant increase in liver weight by dietary SHSO with CLA
as seen with all treatments. Therefore, the present study

uggested that dietary SHSO is not related to a potential
egative effect on enlargement of liver.

Plasma TG, TC, and HDL-C/TC ratio were beneficially
hanged by dietary SHSO. Similar favorable modifications
n plasma lipid profiles by CLA feeding were observed in
everal studies [7,8,28,29]. Particularly, CLA as 0.5–1.0%

f the dietary feeding showed a beneficial effect in retarding
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therosclerosis [7,30]. Park et al. [3] suggested that the
educed serum TG may be related to CLA supplementation,
hich enhanced fatty acid �-oxidation in skeletal muscle

nd fat pad. Therefore, reduced plasma TG may be associ-
ted with reduced adipose depot weights in this study.
owever, Griffin [31] reported that serum TG is an inde-
endent risk factor for atherosclerosis. Although the HDL-
/TC ratio beneficially increased, plasma HDL-C concen-

ration unfavorably decreased by SHSO supplementation.
educed HDL-C concentration in this study is consistent
ith previous studies that showed that HDL-C was de-

reased by CLA feeding [32]. However, other studies have
reviously reported that HDL-C was not significantly
hanged by CLA feeding [7,8,28,33–35].

In conclusion, the findings of this study indicates that
ietary SHSO containing about 21% of CLA isomers de-
reased content of body fat and adipose depots, but in-
reased body protein content without growth performance
hanges. The reduced body fat is partially explained by the
educed adipose depot weight associated with SHSO treat-
ent. In addition, the liver weight was not negatively in-

reased by SHSO feeding. The present data also suggest that
HSO caused favorable plasma lipid levels reflecting de-
reased TG, TC, and HDL-C/TC ratios, although it induced
n undesirable decrease in HDL-C. Finally, it should be
mphasized that beneficial effects on the incidence of obese
nd atherosclerosis from SHSO with CLA were observed at
s low as 3% dietary levels of SHSO (0.6% of CLA). The
resent data suggest that SHSO containing high CLA could
e a useful fat source for the reduction of body fat accu-
ulation and for the prevention of atherosclerosis.
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