
ABSTRACT: The effects of types and amount of catalysts, hy-
drogen pressure, and kinds of vegetable oils on the formation of
CLA isomers were studied during hydrogenation. CLA isomers
were identified by using a silver ion-impregnated high-perfor-
mance liquid chromatograph and 100-m cyano-capillary col-
umn gas chromatograph. A selective catalyst (SP-7) produced a
considerably higher content of CLA in soybean oil than nonse-
lective catalysts. The maximal quantity of CLA produced in soy-
bean oil during hydrogenation increased greatly with increasing
amount of catalyst. By increasing the amount of selective cata-
lyst from 0.05 to 0.3%, the quantity of total CLA obtained was
about 1.9 times higher. Changes in hydrogen pressure also
greatly influenced total CLA formed. By decreasing hydrogen
pressure from 0.24 to 0.024 MPa, the quantity of CLA obtained
was about 1.3 times higher. With different oil species (soybean,
cottonseed, and corn oils), the time to reach the maximal quan-
tity of CLA was different under the same hydrogenation condi-
tions. However, the maximal quantity of CLA and proportion of
CLA isomers formed were almost identical, regardless of oil
species tested, under the same hydrogenation conditions.
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CLA are a group of naturally occurring isomers of linoleic
acid containing a conjugated double bond system. CLA have
been recognized for their ability to prevent or cure cancer
(1,2), atherosclerosis (3) and non-insulin-dependent diabetes
mellitus (type II diabetes) (4). CLA are reportedly also in-
volved in the regulation of cytokine production, resulting in
muscle and bone strengthening activity (5). Fat partitioning
activity of CLA also has been reported, resulting in fat reduc-
tion in pigs and humans (6).

CLA are abundant in dairy products and meats from rumi-
nant animals (7–9). Ha et al. (7) originally reported high lev-
els of CLA in cheeses and milk. Chin et al. (8) reported that
dairy products (milk, butter, cheese, and yogurt) and meats
from ruminant animals contained large quantities of CLA (ca.
3–8 mg total CLA/g fat). The authors also reported that veg-
etable oils contained very low levels of CLA, ranging from

0.1 mg CLA/g oil (coconut oil) to 0.7 mg CLA/g oil (saf-
flower oil).

By means of capillary GC-matrix isolation-FTIR spec-
troscopy, Mossoba et al. (10) found that cis-trans and trans-
cis isomers of linoleic acid were present in hydrogenated soy-
bean oil and margarine. Banni et al. (11) carried out a series
of HPLC/UV/MS analyses to characterize FA with conju-
gated dienes in a partially hydrogenated oil (mixture of par-
tially hydrogenated soybean oil and palm oil). The authors
concluded that the partially hydrogenated oil (mixture of hy-
drogenated soybean oil and palm oil) contained CLA isomers.
Banni et al. (12) reported that a partially hydrogenated veg-
etable oil contained 4.24 mg total CLA/g oil. Jung and Ha
(13) studied CLA formation during selective and nonselec-
tive hydrogenation processes and found that a large quantity
of linoleic acids in soybean oil was formed during selective
hydrogenation processes. Jung et al. (14) studied the effects
of temperature and agitation rate on the formation CLA in
soybean oil during hydrogenation and found that they greatly
affected (i) the quantity of total CLA and individual isomers
formed and (ii) the time to reach the maximal quantity of
CLA in the partially hydrogenated soybean oil. Even though
temperature and agitation rate are major variables for the hy-
drogenation process, other hydrogenation conditions, such as
types and amounts of catalysts, hydrogen pressure and types
of oils, reportedly greatly affect FA composition and physical
and chemical properties of hydrogenated oils (15,16). How-
ever, the effects of types and amounts of catalyst, hydrogen
pressure, and oil species on the formation of CLA in oils have
never been previously reported. 

Thus, the objective of this research was to study the effects
of catalyst types, catalyst amount, hydrogen pressure, and oil
species on the quantity of total CLA and CLA isomers in veg-
etable oils during hydrogenation processes.

EXPERIMENTAL PROCEDURES

Materials. Authentic CLA methylesters, stearic acid methyl-
ester, oleic acid methylester, linoleic acid methyl ester,
linolenic acid methylester, arachidic acid methylester, behenic
acid methylester, and heptadecanoic acid methylester were pur-
chased from Sigma Chemical Co. (St. Louis, MO). HPLC-
grade hexane and acetonitrile were purchased from Mallinck-
rodt Specialty Chemicals (Paris, KY). Sodium methoxide in

Copyright © 2002 by AOCS Press 501 JAOCS, Vol. 79, no. 5 (2002)

*To whom correspondence should be addressed at Department of Food Sci-
ence and Technology, Woosuk University, Samrea-Up, Wanju-Kun, Jeon-
buk Province 565-701, Republic of Korea.
E-mail: munjung@core.woosuk.ac.kr

CLA Formation in Oils During Hydrogenation Process 
as Affected by Catalyst Types, Catalyst Contents, 

Hydrogen Pressure, and Oil Species
Mi Ok Junga, Jin Woo Jua, Dong Seong Choib, Suk Hoo Yoonc, and Mun Yhung Junga,*

Departments of aFood Science and Technology and bBiotechnology, Woosuk University, Jeonbuk Province 565-701, 
Republic of Korea, and cKorea Food Research Institute, Seongnam, Republic of Korea



methanol was obtained from Aldrich Chemical Co. (Milwau-
kee, WI). Butter (Seoul Fresh Butter, Seoul Milk Ltd., Seoul,
Korea) and cream cheese (Soft Philadelphia Cream Cheese,
Kraft Foods) were purchased from a local grocery. Refined,
bleached, and deodorized (RBD) soybean oil, cottonseed oil,
and corn oil without any additives were obtained from Wellga
Oil and Fat Ltd. (Seoul, Korea). The PV of these oils were less
than 0.1 meq/kg oil. Selective (SP-7) and nonselective catalysts
(N-222, N-325, N-545, N-655) nickel catalysts were obtained
from Engelhard (Jackson, MS). Both the selective and nonse-
lective catalysts contained reduced nickel mounted on an inert
support. They were protected in fully hardened edible grade
vegetable oil and were supplied in pastille form. Only SP-7 cat-
alyst contained 1% sulfur; the others did not contain sulfur.

Hydrogenation conditions for the preparation of partially
hydrogenated soybean oils. The hydrogenation was performed
with a 1-L capacity hydrogenation reactor (Next Instrument,
Hwa-sung, Korea) equipped with hydrogen pressure, tempera-
ture, and agitation rate controllers. The hydrogenation was car-
ried out with a commercially available selective catalyst (SP-7;
Engelhard) and nonselective catalysts (N-222, N-325, N-545,
N-655; Engelhard), with different catalyst amounts (0.05, 0.1,
0.2, 0.3%), and at different hydrogen pressures (0.024, 0.049,
0.097, 0.24 MPa). The temperature and agitation rate used dur-
ing the hydrogenation process were 210 ± 2°C and 500 rpm.
To study the formation of CLA during hydrogenation of differ-
ent oils, three different vegetable oils (corn, cottonseed, and
soybean) were hydrogenated with a selective catalyst (SP-7) at
230°C, 0.024 MPa hydrogen pressure, and 300 rpm agitation
rate. The oil samples (10 g each) were collected at the pre-
determined interval during hydrogenation.

Preparation of FAME. For extracting fats from butter and
cheese, diethyl either (300 mL) was added to butter or cheese,
and the mixture was stirred with a glass rod. The diethyl ether
fraction was transferred to a 2000 mL-capacity separatory
funnel, and then 500 mL of saturated NaCl solution was
added to the funnel. After being shaken for a sufficient time,
the separatory funnel stood undisturbed until two layers were
clearly separated. The bottom water layer was discarded to
remove the water-soluble components in the sample. This
washing step was repeated two more times. The diethyl ether
was evaporated from the collected diethyl ether layer by using
a rotary vacuum evaporator at 35°C. The butter and cheese
oils thus obtained were used for the methylesterification. Soy-
bean oil samples were methylesterified without any pretreat-
ment. Methylesterification of the hydrogenated soybean oils,
butter, and cheese fat was carried out with sodium methoxide
(0.25 N) in methanol at 70°C for 20 min. FAME were ex-
tracted with 2,2,4-trimethylpentane containing an internal
standard (heptadecanoic acid). 

Silver ion-HPLC. Silver ion-HPLC separation of CLA
methyl esters was carried out using a high-performance liq-
uid chromatograph (Shimadzu, Tokyo, Japan) equipped with
a 20-µL injection loop (Waters, Milford, MA) and UV detec-
tor operated at 233 nm (17). Three ChromSpher 5 Lipids ana-
lytical silver-impregnated columns (each 4.6 mm i.d. × 250

mm stainless steel, 5 µm particle size; Chrompack, Bridge-
water, NJ) were used in series. The mobile phase was 0.1%
acetonitrile in hexane and was operated isocratically at a flow
rate of 1.0 mL/min.

GC. The isolation of CLA was carried out by GC. FAME
samples of 2–6 µL each were injected into a gas chromato-
graph equipped with an FID. The column used was a highly
polar fused-silica capillary column (cyanopropyl siloxane
phase, SP2380; 100 m × 0.25 mm, 0.25 µm thickness; Su-
pelco Inc., Bellefonte, PA). A 100:1 split injection was used
for sample injection. Helium was used as a carrier gas with a
head pressure of 300 kPa. Temperatures of the injector and
detector were 230 and 250°C, respectively. The initial oven
temperature of 170°C was held for 1 min and then increased
0.8°C/min to 200°C. Analytical results for FAME of CLA
isomers were expressed as follows: weight of CLA = peak
area of CLA/peak area of internal standard as normalized to
the weight of the internal standard. 

For the partially hydrogenated soybean oils and butter, the
CLA contents were calculated as mg/g of oil by using the fol-
lowing formula:

CLA (mg/g) = (Ax)(WIS)(CFx)/(AIS)(Ws)(1.04) [1]

where Ax = peak area of CLA, AIS = peak area of internal stan-
dard, CFx = theoretical correction factor for CLA calculated
based on internal standard, WIS = weight of internal standard
added to the sample (in mg), and Ws = sample weight (in g).
The conversion factor 1.04 was adopted from the previous
work (18) to express the results as mg FA/g fat rather than as
methylesters. Since CLA isomers have identical active car-
bon (detector-responding carbon) numbers and numbers of
unsaturations, all CLA isomers have the same theoretical de-
tector response (18). Thus, the same correction factor for dif-
ferent CLA isomers was used (18). The theoretical correction
factor (CFx) was calculated by using the theoretical detector
response of the internal standard (heptadecanoic acid) com-
pared to that of CLA (14,19). The relative theoretical detec-
tor responses for the same weight of methyl esters of C17:0,
C18:0, and C18:2 are 1.991:1:1.013. Thus, the calculated the-
oretical correction factor (CFx) is 0.991/1.010 = 0.978. 

Iodine value (IV). IV of the partially hydrogenated soy-
bean oils were determined by AOCS official method Cd
1c-85 (20).

RESULTS AND DISCUSSION

CLA identification. Soybean oil was hydrogenated for 20 min
with 0.1% of a commercially available Ni catalyst (SP-7) at
210°C and with a 500 rpm agitation rate. The resultant hydro-
genated soybean oil was subjected to Ag+-HPLC to isolate
and identify the individual CLA isomers. Figure 1 shows the
partial Ag+-HPLC chromatograms of authentic CLA, cheese
FAME, and hydrogenated soybean oil methylesters. The elu-
tion patterns of chromatographic peaks for the authentic CLA
methylesters and cheese FAME were exactly same as those
reported previously (21). The individual Ag+-HPLC peak of
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the hydrogenated soybean oil was identified by comparison
with those of authentic CLA standards and cheese CLA that
were previously reported in the literature (17,21). Two peaks
(peaks g and h), which were not present in authentic CLA and
cheese, were first assumed as 12t,14c and 12c,14t CLA iso-
mers, respectively, by the expected elution order as previ-
ously reported. The identification of these isomers (peaks g
and h) was reaffirmed as 12t,14c and 12c,14c isomers, re-

spectively, by the GC analysis of the collected fractions of
these Ag+-HPLC peaks (14,17,21). The isomers of Ag+-
HPLC peaks of the hydrogenated soybean oil were identified
as shown in the caption of Figure 1. 

In Figure 2 are gas chromatograms of hydrogenated soy-
bean oil and authentic CLA isomers. To identify the individ-
ual GC peaks of authentic CLA and hydrogenated soybean
oil, each fraction (of the Ag+-HPLC chromatographic peak of
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FIG. 1. Partial Ag+-HPLC chromatograms for (A) authentic CLA
methylesters, (B) cheese FAME, and (C) partially hydrogenated soybean
oil FAME. Peaks a–q represent 12t,14t (peak a); 11t,13t (peak b); 10t,12t
(peak c); 9t,11t (peak d); 8t,10t (peak e); 7t,9t (peak f); 12t,14c (peak g);
12c,14t (peak h); 11t,13c (peak i); 11c,13t (peak j); 10t,12c/10c,12t
(peak k); 9c,11t/9t,11c (peak l); 8t,10c (peak m); 7t,9c (peak n); 11c,13c
(peak o); 10c,12c (peak p); and 9c,11c (peak q) CLA isomers, respec-
tively.



authentic CLA and hydrogenated soybean oil) was collected
by repeated Ag+-HPLC runs, and the collected fractions were
injected into the gas chromatograph. Each GC peak was
identified, as shown in Figure 2. The GC elution order of the
CLA isomers was exactly the same as the one expected, as
suggested by Sehat et al. (17,21), indicating the correct iden-
tification of individual CLA isomers in hydrogenated 
soybean oil.

Effects of catalyst types on the CLA contents in soybean
oil during the hydrogenation process. The effects of different
catalysts (SP-7, N-222, N-325, N-545, and N-655) on the
total CLA contents in soybean oil during hydrogenation
processes under the same reaction conditions are shown in
Figure 3. The hydrogenations were carried out under condi-
tions of 0.1% catalyst, 210°C, 500 rpm agitation rate, and
0.049 MPa hydrogen pressure. The selective catalyst (SP-7)

showed a much lower hydrogenation rate than nonselective-
type catalysts (N-222, N-325, N-545, N-655), as was ex-
pected. IV of soybean oil hydrogenated for 60 min with SP-7,
N-222, N-325, N-545, and N-655 were 112.0, 103.8, 104.6,
106.3, and 104.2, respectively, indicating much lower activ-
ity of selective catalyst SP-7 (Tables 1,2; some data not
shown). Soybean oil before hydrogenation contained only
0.86 mg trans,trans CLA isomers (peak 9)/g oil. The CLA
content in soybean oil increased initially with hydrogenation
time, and after reaching a maximum, it decreased. Hydro-
genation with a selective-type nickel catalyst (SP-7) produced
especially high CLA contents, compared with nonselective-
type nickel catalysts (N-222, N-325, N-545, N-655) (Fig. 3).
The maximal CLA content obtained in soybean oil during hy-
drogenation with 0.1% SP-7 was 108.67 mg total CLA/g oil
(Fig. 3). The nonselective catalysts (N-222, N-325, N-545,
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FIG. 2. Gas chromatograms of (A) authentic CLA methylesters and (B) partially hydrogenated
soybean oil FAME. Peaks 1–9 represent 7t,9c/9c,11t/8t,10c (peak 1); 10c,12t (peak 2); 9t,11c/
11c,13t (peak 3); 12c,14t/10t,12c (peak 4); 11t,13c/9c,11c (peak 5); 12t,14c/10c,12c/11c,13c
(peak 6); 12t,14t (peak 7); 11t,13t (peak 8); and 10t,12t/9t,11t/8t,10t/7t,9t (peak 9) CLA
isomers, respectively.



N-655) produced much lower levels of CLA than the selec-
tive catalyst (SP-7). There were no major differences in max-
imal CLA contents produced with nonselective catalysts (N-
222, N-325, N-545, N-655) (Fig. 3).

The selective-type Ni catalyst (SP-7) contained 1% sulfur,
but the other tested nonselective Ni catalysts did not. Thus, the
higher production of CLA by selective-type catalyst (SP-7)
might be due to the poisoning effect of sulfur contained in the
catalyst. It is generally known that sulfur-containing Ni cata-
lysts promote the isomerization of the monoenoic FA to its trans
C18:1 isomers in hydrogenated vegetable oils. The present result

shows that sulfur-containing Ni catalyst also promotes the isom-
erization of linoleic acid to its conjugated isomers.

The time to reach the maximal contents of CLA was much
longer with the selective catalyst (SP-7) than with nonselec-
tive catalysts. The maximal CLA content in soybean oil was
obtained after 80, 40, 50, 50, and 40 min of hydrogenation
with 0.1% catalyst of SP-7, N-222, N-325, N-545, and N-655,
respectively (Fig. 3). We also analyzed the CLA content of
butter to check the accuracy of the determination of the CLA
contents in partially hydrogenated soybean oils. Our analyti-
cal result showed that butter contained 4.58 mg total CLA/g
oil (data not shown), which was very close to the previously
reported value of 4.70 mg total CLA/g oil for butter (8).

The profiles of CLA isomers produced during hydrogena-
tion differed with type of catalyst (selective- and nonselec-
tive-type). The identity of the biologically active CLA
isomers is not definitively known although it is generally as-
sumed to be c9,t11 isomer (peak 1) for anticarcinogenic prop-
erties and t10,c12 isomer (peak 4) for fat-partitioning activ-
ity. The selective-type catalyst (SP-7) initially produced
cis,trans or trans,cis isomers (peaks 1,4), but as the reaction
time increased trans,trans isomers (peaks 8,9) became the
predominant CLA isomers in the hydrogenated soybean oil.
The percentage of trans,trans isomers (peaks 8,9) reached
52.99% at 90 min hydrogenation with selective catalyst
(Table 1). However, it is interesting to note that nonselective-
type catalysts (N-222, N-325, N-545, N-655) produced con-
siderably lower levels of trans,trans isomers (peak 9)
(Table 2; some data not shown). For example, the percentage
of the trans,trans isomers reached only 35.61% of total CLA
isomers in soybean oil hydrogenated with nonselective cata-
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FIG. 3. Effects of different nickel catalysts on the quantity of total CLA
formed in soybean oil during the hydrogenation process. The hydro-
genation was performed with 0.1% catalyst under conditions of hydro-
gen pressure 0.049 MPa, reaction temperature 210°C, and agitation rate
500 rpm. All catalysts supplied by Engelhard (Jackson, MS); SP-7 is a
selective-type catalyst; the others are nonselective.

TABLE 1
Contents of Individual CLA Isomers in Partially Hydrogenated Soybean Oil Obtained During Hydrogenation 
with 0.1% SP-7 Catalyst Under Conditions of Hydrogen Pressure 0.049 MPa, 210°C, and 500 rpm

HTa CLA isomerb content in soybean oil (mg/g oil) t-C18:1
d

(min) 1 2 + 3 4 5 6 7 8 9 Total IVc (%)

0 Tracee NDe ND ND ND ND ND 0.86 0.86 132.1 0
10 7.81 2.00 7.09 1.64 1.36 0.27 0.27 8.90 29.35 127.4 2.47
20 11.99 4.91 10.63 3.27 2.45 1.09 5.72 15.90 55.97 124.3 5.21
30 14.54 7.45 12.27 4.18 3.27 1.64 7.00 25.90 76.23 121.0 7.98
40 15.72 9.09 12.36 4.91 3.63 2.27 8.27 33.35 89.59 117.9 10.72
50 16.63 10.45 12.27 5.36 4.00 2.63 9.45 38.71 99.49 115.4 13.33
60 16.35 11.08 11.81 5.45 4.27 3.00 7.36 43.89 103.22 112.0 16.08
70 15.45 11.90 11.54 5.82 4.72 3.36 8.36 45.70 106.85 108.4 19.01
80 15.08 12.36 10.63 6.09 4.45 3.73 8.81 47.52 108.67 107.5 21.94
90 14.54 11.45 9.18 5.54 4.09 3.00 9.36 44.52 101.67 104.5 24.09

100 14.08 11.54 8.27 5.36 4.27 3.82 8.27 43.07 98.67 102.8 26.25
110 12.72 10.27 7.27 5.27 3.72 3.63 7.81 40.43 91.22 99.6 29.16
120 11.18 9.45 6.18 4.72 3.63 3.45 7.18 36.89 82.67 96.1 33.37
130 9.81 6.45 6.91 4.27 3.09 3.09 6.36 31.80 71.78 93.8 34.51
140 8.09 6.81 3.91 3.54 2.54 2.63 5.09 26.53 59.15 92.8 37.06
160 4.54 2.91 2.91 2.09 1.54 1.54 3.00 14.63 33.16 87.3 44.05
aHT, hydrogenation time (i.e., referring to the hydrogenated soybean oil obtained after the specified hydrogenation time).
SP-7, selective catalyst (Engelhard, Jackson, MS).
bIdentity of each isomer is shown in Figure 2.
cIV, iodine value.
dt-C18:1, trans-C18:1 FA content (%).
eTrace, <0.1 mg/g oil; ND, not detected.



lyst N-325 as shown in Table 2. At this moment of hydro-
genation, the percentage of assumed active isomers (peaks 1
and 4) was 38.90%. 

Effects of catalyst amount on the CLA contents in soybean
oil during hydrogenation process. The effects of catalyst
amount on the total CLA contents in soybean oil during hy-
drogenation processes are shown in Figure 4. Tables 3–5 show
the contents of individual CLA isomers in soybean oil during
hydrogenation with 0.05, 0.2, and 0.3% selective catalyst
SP-7, respectively; data for 0.1% SP-7 are shown in Table 1.
The hydrogenation was carried out under conditions of 210°C,
500 rpm agitation rate, and hydrogen pressure 0.049 MPa. As
the catalyst amount increased, the hydrogenation rate in-
creased. The drops in IV per minute with 0.05, 0.1, 0.2, and
0.3% SP-7 catalyst during the first 60 min of hydrogenation
were 0.28, 0.34, 0.35 and 0.43, respectively (Tables 1,3–5). A
sixfold higher catalyst load (from 0.05 to 0.3%) increased the
hydrogenation rate by only 1.5 times. The result indicated that
the hydrogenations were performed under conditions of
gas–liquid mass transfer limitation.

The amount of catalyst during hydrogenation greatly af-
fected the quantities produced of total CLA and CLA isomers
as well as the time to reach the maximal quantity of CLA in
the partially hydrogenated soybean oil. The maximal CLA lev-

els obtained by hydrogenation of soybean oil with 0.05, 0.1,
0.2, and 0.3% catalyst were 84.86, 108.67, 137.74, and 159.28
mg CLA/g oil, respectively (Fig. 4). That is, by increasing the
catalyst from 0.05 to 0.3%, the quantity of CLA obtained was
1.9 times higher. The higher catalyst content seemed to induce
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TABLE 2
Contents of Individual CLA Isomers in Partially Hydrogenated Soybean Oil Obtained During Hydrogenation 
with 0.1% N-325 Catalyst Under Conditions of Hydrogen Pressure 0.049 MPa, 210°C, and 500 rpma

HTa CLA isomerb content in soybean oil (mg/g oil) t-C18:1
d

(min) 1 2 + 3 4 5 6 7 8 9 Total IVc (%)

0 Tracee NDe ND ND ND ND ND 0.86 0.86 132.1 0
10 6.18 1.27 5.18 1.27 0.73 0.00 0.82 3.45 18.90 125.4 2.54
20 7.00 1.45 7.09 1.18 1.09 0.64 1.36 6.72 26.53 120.0 4.81
30 7.36 1.82 7.54 0.00 0.00 0.00 2.00 9.09 27.80 115.9 8.25
40 7.00 1.91 7.09 0.09 0.00 0.00 2.36 10.81 29.26 111.8 10.91
50 6.63 1.91 6.54 1.45 1.45 1.09 2.27 11.81 33.16 108.3 12.49
60 6.81 1.73 6.27 1.54 1.18 1.09 2.18 11.81 32.62 104.6 12.92
70 6.27 1.54 5.45 1.36 2.18 0.09 2.09 10.99 29.98 101.5 15.23
80 4.91 1.27 4.27 0.91 1.36 0.73 1.64 9.45 24.53 97.6 18.00
90 3.36 1.09 2.82 0.82 1.18 0.00 1.27 7.54 18.08 93.1 20.73

100 1.82 0.55 1.64 0.00 0.00 0.00 0.914 4.63 9.54 88.9 24.21
a–eFor footnotes see Table 1. N-325, nonselective catalyst (Engelhard, Jackson, MS).

FIG. 4. Effects of catalyst amount (0.05, 0.1, 0.2, and 0.3%) on the quan-
tity of total CLA formed in soybean oil during the hydrogenation process.
The hydrogenation was performed with SP-7 catalyst under conditions
of hydrogen pressure 0.049 MPa, reaction temperature 210°C, and agi-
tation rate 500 rpm. For catalyst information see Figure 3.

TABLE 3
Contents of Individual CLA Isomers in Partially Hydrogenated Soybean Oil Obtained During Hydrogenation 
with 0.05% SP-7 Catalyst Under Conditions of Hydrogen Pressure 0.049 MPa, 210°C, and 500 rpma

HTa CLA isomerb content in soybean oil (mg/g oil) t-C18:1
d

(min) 1 2 + 3 4 5 6 7 8 9 Total IVc (%)

0 Tracee NDe ND ND ND ND ND 0.86 0.86 132.1 0
20 8.45 2.73 8.45 2.27 1.91 0.73 1.82 13.54 39.89 126.1 4.29
40 13.08 6.63 10.63 4.18 3.00 1.64 4.18 25.71 69.05 121.3 8.81
60 13.81 8.72 10.36 4.72 3.45 2.27 5.45 33.16 81.96 115.6 13.33
80 12.72 9.18 9.54 5.00 3.54 2.63 6.00 36.25 84.86 111.8 17.45

100 11.72 9.18 8.27 4.91 3.36 2.82 6.18 36.34 82.77 107.7 21.69
120 11.36 8.72 7.00 4.54 3.27 2.73 6.36 33.89 77.87 103.3 25.80
140 9.72 7.63 5.82 4.00 2.82 2.54 5.82 29.98 68.33 99.5 29.87
160 7.81 6.72 4.00 3.27 2.36 2.18 3.54 25.90 55.79 96.3 35.27
a–eFor footnotes see Table 1.



a lower hydrogen concentration near the catalyst surface and
thus promote the isomerization of linoleic acid to its conju-
gated isomers. It has been shown that an increase in catalyst
amount induces a decrease in hydrogen concentration near the
catalyst surface (15,16). It has also been reported that a lower
hydrogen concentration near the catalyst surface induces the
formation of trans fat (15). The contents of isomers (peaks 1
and 4) assumed to be active were also greatly increased with
the increased catalyst amount (Tables 3–5).

As the catalyst amount increased, the time to reach the
maximal CLA content decreased (Fig. 4). Maximal CLA con-
tent in soybean oil was obtained after 80, 80, 70, and 60 min
during hydrogenation with catalyst amounts of 0.05, 0.1, 0.2,

and 0.3%, respectively. Even though the total CLA content
increased with increasing amounts of catalysts, the composi-
tions of CLA isomers in soybean oil hydrogenated with dif-
ferent amounts was almost identical (Tables 3–5). 

Effects of hydrogen pressure on the CLA contents in soy-
bean oil during the hydrogenation process. The effects of hy-
drogen pressure on the total CLA content in soybean oil dur-
ing hydrogenation processes are shown in Figure 5. The indi-
vidual CLA isomer contents and IV in soybean oil obtained
during hydrogenation under hydrogen pressures of 0.024,
0.097 and 0.24 MPa are shown in Tables 6–8, respectively. As
the hydrogen pressure increased from 0.024 to 0.24 MPa, the
rate of hydrogenation increased. The IV drops per minute dur-
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TABLE 4
Contents of Individual CLA Isomers in Partially Hydrogenated Soybean Oil Obtained During Hydrogenation 
with 0.2% SP-7 Catalyst Under Conditions of Hydrogen Pressure 0.049 MPa, 210°C, and 500 rpma

HTa CLA isomerb content in soybean oil (mg/g oil) t-C18:1
d

(min) 1 2 + 3 4 5 6 7 8 9 Total IVc (%)

0 Tracee NDe ND ND ND ND ND 0.86 0.86 132.1 0
10 8.81 2.27 8.81 2.45 1.73 0.55 1.45 11.07 37.16 127.8 2.63
20 14.81 6.36 13.08 4.27 3.09 1.45 3.63 25.53 72.23 124.5 5.36
30 18.35 9.54 14.90 5.72 3.91 2.27 6.27 37.71 98.67 120.4 8.58
40 19.26 11.99 15.08 6.63 4.82 3.18 8.27 47.52 116.76 116.9 11.53
50 20.72 13.63 14.63 7.27 5.27 3.82 9.09 54.15 128.57 113.9 14.27
60 19.53 14.81 13.99 7.72 5.45 4.36 10.54 57.70 134.11 111.1 17.10
70 20.53 15.36 12.99 7.81 5.72 4.91 11.18 59.24 137.74 108.8 19.72
80 18.54 15.54 11.99 7.90 5.72 5.27 11.81 59.88 136.65 104.7 22.68
90 19.17 15.36 10.81 7.63 5.72 5.45 12.18 57.79 134.11 103.5 25.76

100 17.99 14.72 9.72 7.36 5.63 5.54 11.27 56.24 128.48 100.7 28.70
110 16.90 13.90 8.54 7.00 5.36 5.54 11.08 52.88 121.21 98.0 31.53
120 15.36 12.81 7.45 6.45 4.91 5.27 10.45 48.61 111.30 95.6 34.20
130 13.54 11.36 6.54 5.91 4.63 5.09 9.63 42.80 99.49 92.9 37.03
140 7.45 7.54 5.72 5.45 4.27 5.00 8.90 38.80 83.14 90.3 40.01
160 7.09 4.82 3.54 3.82 3.09 3.54 6.45 25.90 58.24 85.9 36.78
180 1.36 2.91 1.45 1.45 0.00 1.82 3.63 14.45 27.08 82.0 50.85
a–eFor footnotes see Table 1.

TABLE 5
Contents of Individual CLA Isomers in Partially Hydrogenated Soybean Oil Obtained During Hydrogenation 
with 0.3% SP-7 Catalyst Under Conditions of Hydrogen Pressure 0.049 MPa, 210°C, and 500 rpma

HTa CLA isomerb content in soybean oil (mg/g oil) t-C18:1
d

(min) 1 2 + 3 4 5 6 7 8 9 Total IVc (%)

0 Tracee NDe ND ND ND ND ND 0.86 0.86 132.1 0
10 11.08 3.18 11.18 2.63 1.18 0.91 2.18 15.81 48.16 125.6 3.5
20 15.90 7.36 15.54 4.82 3.82 1.91 5.45 36.62 91.41 120.6 7.0
30 21.35 12.81 17.26 7.27 5.00 3.27 8.18 51.15 126.30 117.3 10.3
40 23.71 15.45 16.99 8.36 5.91 4.27 10.90 60.97 146.56 114.2 13.5
50 22.35 17.54 15.54 8.90 6.36 5.36 12.08 67.15 155.28 110.6 16.9
60 22.08 17.90 14.54 9.18 6.72 6.00 13.72 69.14 159.28 106.5 20.9
70 22.35 17.72 12.81 9.00 6.54 6.27 13.63 67.60 155.92 104.7 23.1
80 20.99 17.26 11.18 8.54 6.63 6.63 14.45 65.51 151.19 100.9 27.4
90 19.53 15.99 10.18 8.18 6.36 6.63 13.54 60.97 141.38 98.8 28.8

100 17.99 14.81 8.63 7.54 6.09 6.54 12.72 56.24 130.57 96.5 33.2
110 16.17 13.17 7.36 6.81 5.63 6.27 12.18 49.70 117.30 93.7 34.8
120 14.08 11.81 5.36 6.00 5.00 5.72 11.18 41.80 100.95 91.7 38.0
130 11.81 9.54 4.91 5.18 4.45 5.18 9.36 36.07 86.50 88.2 42.7
140 9.36 7.63 3.45 4.00 3.63 4.27 7.72 27.80 67.87 85.8 42.9
150 7.09 3.73 4.36 3.09 2.91 3.36 5.54 21.35 51.43 83.1 48.4
a–eFor footnotes see Table 1.



ing the first 60 min of hydrogenation at hydrogen pressures of
0.024, 0.049, 0.097, and 0.24 MPa were 0.27, 0.34, 0.36, and
0.74, respectively. Especially in the region of hydrogen pres-
sure from 0.097 to 0.24 MPa, an increase in hydrogen pres-
sure promoted the hydrogenation rate greatly. An increase in
hydrogen pressure of 2.5 times (from 0.097 to 0.24 MPa) in-
duced a hydrogenation rate that was 2.1 times higher. This
suggested that hydrogen pressure below 0.097 MPa produced
gas–liquid mass transfer limitation in the system.

Hydrogen pressure also affected the formation of CLA in
soybean oil during hydrogenation (Fig. 5). As hydrogen pres-
sure decreased, CLA formation in soybean oil increased. The
maximal CLA contents in soybean oil obtained during hydro-
genation at 0.024, 0.049, 0.097, and 0.24 MPa hydrogen pres-
sure were 114.94, 108.67, 100.85, and 91.68 mg total CLA/g

oil, respectively (Fig. 5). That is, by decreasing hydrogen
pressure from 0.24 to 0.024 MPa, the quantity of CLA ob-
tained was 1.3 times higher. Gas–liquid mass transfer limita-
tion in the system apparently favors the production of CLA
during hydrogenation. It is known that lower hydrogen pres-
sure causes a decrease in dissolved hydrogen concentration
in the slurry, inducing a condition of gas–liquid mass transfer
limitation in the system (15,16). It has also been reported that
the lower hydrogenation favored the formation of trans FA
during hydrogenation (15). Our result also showed that lower
hydrogen pressure induced a greater amount of CLA.

As hydrogen pressure increased, the time to reach to max-
imal quantity of CLA decreased. To reach the maximal quan-
tity of CLA during hydrogenation under 0.024, 0.049, 0.097,
and 0.24 MPa required 90, 80, 60, and 30 min, respectively.
The formation of the isomers assumed to be active (peaks 1
and 4) was affected by hydrogen pressure. The maximal con-
tents of the isomers of peaks 1 and 4 under 0.024, 0.49, 0.097
and 0.24 MPa were 24.35, 21.99, 20.98, and 19.36 mg/g oil,
respectively (Tables 1, 6–8). The time to reach the maximal
quantity of an individual isomer was unique to each isomer
under the same hydrogenation condition. For example, the
maximal quantity of CLA isomers of peak 1 was obtained at
80 min, but that of peak 4 was obtained at 90 min during the
hydrogenation under the condition of 0.024 MPa hydrogen
pressure (Table 6). 

Effects of different vegetable oils on CLA formation dur-
ing the hydrogenation process. The production of total CLA
content from different vegetable oils during hydrogenation
processes are shown in Figure 6. The IV of corn, cottonseed,
and soybean oils were 126.7, 119.0, and 132.1, respectively
(data not shown). The hydrogenation rate of soybean oil was
the highest, followed by cottonseed oil and corn oil in de-
creasing order. The CLA maxima formed during hydrogena-
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FIG. 5. Effects of hydrogenation pressure (0.024, 0.049, 0.097, and
0.24 MPa) on the quantity of total CLA formed in soybean oil during
the hydrogenation process. The hydrogenation was performed with
0.1% SP-7 catalyst under conditions of reaction temperature 210°C and
agitation rate 500 rpm. For catalyst information see Figure 3.

TABLE 6
Contents of Individual CLA Isomers in Partially Hydrogenated Soybean Oil Obtained During Hydrogenation 
with 0.1% SP-7 Catalyst Under Conditions of Hydrogen Pressure 0.024 MPa, 210°C, and 500 rpma

HTa CLA isomerb content in soybean oil (mg/g oil) t-C18:1
d

(min) 1 2 + 3 4 5 6 7 8 9 Total IVc (%)

0 Tracee NDe ND ND ND ND ND 0.86 0.86 132.1 0
10 6.63 1.54 6.91 1.64 1.36 0.00 1.00 7.36 26.44 128.5 2.06
20 11.81 4.36 10.36 3.27 2.36 0.91 2.45 16.81 52.34 125.8 4.40
30 14.27 6.27 12.54 4.27 3.09 1.54 3.91 26.08 72.42 123.7 6.36
40 14.99 7.81 12.81 4.54 3.45 2.00 5.27 34.89 85.77 120.9 8.93
50 15.45 9.18 12.72 5.91 3.63 2.63 6.81 40.89 97.22 119.3 10.54
60 17.17 11.72 12.99 6.36 4.45 3.09 7.72 44.52 108.03 115.8 13.27
70 17.81 11.99 12.63 6.45 4.54 3.36 8.09 47.16 112.03 114.0 14.12
80 17.81 12.54 11.90 6.54 4.72 3.73 8.63 48.97 114.85 112.3 17.43
90 17.26 12.90 10.99 6.63 4.72 3.91 8.72 49.79 114.94 109.0 19.69

100 16.90 12.99 10.36 6.63 4.72 4.18 9.63 49.25 114.67 107.0 22.65
110 15.63 12.27 9.36 6.36 4.54 4.18 9.00 48.16 109.49 104.6 25.19
120 14.54 11.54 8.36 5.91 4.36 4.09 9.18 44.43 102.40 101.3 27.73
130 13.17 10.63 7.27 5.36 4.00 3.91 8.54 40.80 93.68 98.9 29.93
140 11.90 9.72 6.27 5.09 3.63 3.73 7.72 37.43 85.50 96.7 32.53
160 8.45 7.27 3.91 3.63 2.73 2.82 5.00 27.89 61.69 91.9 38.26
180 4.91 3.36 3.09 2.27 1.64 1.73 2.09 17.26 36.34 87.7 42.76
a–eFor abbreviations see Table 1.



tion of different vegetable oils was almost the same regard-
less of the type of oil. The CLA maxima in corn, cottonseed,
and soybean oils obtained during hydrogenation at 230°C
with an agitation rate of 300 rpm and 0.5% selective catalyst

(SP-7) were 232.33, 237.24, and 233.33 mg total CLA/g oil,
respectively (Fig. 6). The CLA isomer compositions of the
different vegetable oils were also very similar (data not
shown). The maximal contents of the isomers assumed to be
active (peaks 1 and 4) in soybean, corn, and cottonseed oils
were 50.16, 49.88, and 51.7 mg/g oil, respectively (data not
shown). However, the times required to reach maximal con-
tents of CLA in the oils differed with the vegetable oil
(Fig. 6), i.e., for corn, cottonseed, and soybean oils the times
were 140, 100, and 80 min, respectively. 

Hydrogenation reportedly can induce the formation of var-
ious t-18:1 positional isomers, and their contents depend on
the reaction times and conditions (16). These trans FA are as-
sociated with an increased risk of cardiovascular disease in
that they act like saturated FA in humans, raising the level of
LDL cholesterol and decreasing the level of HDL cholesterol
(22,23). Thus, the overall effects of hydrogenated soybean oil
on human health depend on the hydrogenation time and con-
ditions such as temperature and agitation rate, which deter-
mine the FA composition (saturated, trans, cis-monunsatu-
rated, cis-polyunsaturated, and CLA). As shown in Table 5,
hydrogenated soybean oil obtained after 10 min of hydro-
genation with the selective-type catalyst (SP-7) under condi-
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TABLE 7
Contents of Individual CLA Isomers in Partially Hydrogenated Soybean Oil Obtained During Hydrogenation 
with 0.1% SP-7 Catalyst Under Conditions of Hydrogen Pressure 0.097 MPa, 210°C, and 500 rpma

HTa CLA isomerb content in soybean oil (mg/g oil) t-C18:1
d

(min) 1 2 + 3 4 5 6 7 8 9 Total IVc (%)

0 Tracee NDe ND ND ND ND ND 0.86 0.86 132.1 0
10 7.81 2.18 7.90 2.27 1.73 0.55 1.36 10.27 34.07 127.4 3.08
20 12.54 5.45 11.18 3.82 2.73 1.27 3.18 21.99 62.15 124.3 6.05
30 13.63 7.36 11.99 4.63 3.36 1.82 4.91 31.44 79.14 120.1 9.45
40 13.99 8.81 11.81 5.09 3.63 2.36 6.09 37.62 89.41 116.7 12.43
50 15.26 10.54 11.72 5.72 4.00 2.91 7.18 41.52 98.86 113.9 15.40
60 14.72 10.99 10.81 5.82 4.27 3.27 7.90 43.07 100.85 110.8 18.38
70 11.90 9.90 9.54 5.54 3.91 3.27 7.90 43.79 95.77 106.1 22.66
80 12.45 10.54 8.36 5.45 3.82 3.45 7.45 41.07 92.59 104.7 24.68
90 11.99 9.99 6.72 4.82 3.54 3.27 6.36 37.71 84.41 101.3 25.45

100 10.09 8.18 5.36 4.09 3.09 2.82 5.91 31.53 71.05 97.6 32.58
110 8.00 6.54 4.18 3.45 2.45 2.36 5.18 24.99 57.15 93.1 35.69
120 5.27 4.54 2.54 2.36 1.64 1.64 3.63 16.81 38.43 90.6 36.25
130 2.82 2.27 1.45 1.36 0.91 0.82 2.27 8.54 20.44 86.8 43.43
a–eFor footnotes see Table 1.

TABLE 8
Contents of Individual CLA Isomers in Partially Hydrogenated Soybean Oil Obtained During Hydrogenation 
with 0.1% SP-7 Catalyst Under Conditions of Hydrogen Pressure 0.24 MPa, 210°C, and 500 rpma

HTa CLA isomerb content in soybean oil (mg/g oil) t-C18:1
d

(min) 1 2 + 3 4 5 6 7 8 9 Total IVc (%)

0 Tracee NDe ND ND ND ND ND 0.86 0.86 132.1 0
10 9.63 2.91 9.63 0.73 0.73 0.36 3.09 18.08 45.16 123.7 6.16
20 14.54 7.81 11.45 4.54 3.27 2.27 5.72 33.80 83.41 115.5 13.31
30 14.27 9.45 9.99 5.09 3.54 2.73 7.09 39.52 91.68 108.6 20.01
40 8.36 6.81 6.81 4.27 3.09 2.82 6.63 36.25 75.05 97.2 28.12
50 4.18 4.36 5.45 3.45 2.45 2.36 5.82 28.35 56.42 93.0 36.07
60 2.36 2.73 3.18 2.18 1.54 1.64 3.54 17.99 35.16 87.6 43.33

a–eFor footnotes see Table 1.

FIG. 6. Effects of different oils (corn, cottonseed, and soybean) on the
quantity of total CLA formed iduring the hydrogenation process. The
hydrogenation was performed with 0.5% SP-7 catalyst under conditions
of reaction temperature 230°C, 0.024 MPa, and agitation rate 300 rpm.
For catalyst information see Figure 3.



tions of lower hydrogen pressure (0.5 kg/cm2) and high cata-
lyst content (0.3%) contained a high amount of CLA (48.16
mg CLA/g oil), which was about eight times greater than lev-
els in major dietary sources for CLA such as dairy products
and ruminant animal meats (8,9). After 10 min of hydrogena-
tion the trans-C18:1 FA content of this oil was only 3.5%
(Table 5). This result suggested that healthful vegetable oils
containing high CLA but low trans FA can be produced by
controlling the hydrogenation times and conditions. The pres-
ent result showed, for the first time, qualitative and quantita-
tive information on CLA formation in vegetable oils during
hydrogenation as affected by catalyst types and amount, hy-
drogen pressure, and types of oil. 
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