
ABSTRACT: This study evaluated the effectiveness of antioxi-
dants, such as BHA, BHT, TBHQ, propyl gallate (PG), α-tocoph-
erol (α-T), green tea extract (GTE), and rosemary extract (RE) on
oxidative stability of CLA concentrate. Stability of CLA concen-
trate stored in air at 45°C up to 44 d was assessed by PV. During
the storage period, the PV of the control CLA concentrate sample
increased from 0.20 (fresh oil) to 1654 meq/kg (oxidized oil). On
the other hand, the PV for CLA concentrates treated with 200
ppm of the single synthetic antioxidants, BHA, BHT, TBHQ, and
PG, increased from 0.20 to 81, 107, 78, and 101 meq/kg, respec-
tively. Also, the PV of CLA concentrate with the addition of 200
ppm single natural antioxidants α-T, GTE, and RE lowered the
final PV to 122, 140, and 110 meq/kg, respectively. Under our
experimental conditions, the protective effect of 200 ppm antiox-
idant was in the order of TBHQ > BHA > PG > BHT > RE > α-T >
GTE. These results suggest that the appropriate use of antioxidants
prolongs the oxidative stability of CLA concentrate. 
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CLA is a mixture of geometric (cis,cis; cis,trans; trans,cis; and
trans,trans) and positional (C7,C9; C8,C10; C9,C11; C10,C12;
C11, C13; and C12,C14) isomers with two double bonds that are
conjugated and that are not separated by a methylene group
(–CH2–), unlike linoleic acid (LA, 18:2n-6) (1). Among the
isomers, cis-9,trans-11, trans-10,cis-12, trans-9,trans-11, and
trans-10,trans-12 CLA account for more than 89% of total
CLA in dairy products, especially cheeses (2). 

The report that CLA reduces skin carcinogenesis in mice in-
duced with 7,12-dimethyl-benz(a)anthracene (3) led to numer-
ous studies on the anticarcinogenic activity of CLA. CLA in-
hibited (i) benzo(a)pyrene-induced forestomach neoplasia in
mice (4), dimethylbenz(a)anthracene-induced mammary tumor
in rats (5), and (iii) growth of human lung adenocarcinoma,
malignant melanoma, colorectal, (6,7), and breast cancer cells
(8,9). In addition to anticarcinogenic activity, CLA has potent
fat-to-lean repartitioning (10) and improves feed efficiency
(11), stimulates the immune system (12), protects against arte-

riosclerosis (13), and reduces cardiovascular risk factors (14)
in animal models. A recent publication indicated that the per-
centage of body fat and fat mass in CLA-supplemented human
subjects was significantly reduced (15).

The current human intake of CLA by dietary sources, which
is estimated at 1 g CLA/d in the United States (2), seems insuf-
ficient to exert the aforementioned potential beneficial effects.
Ip et al. (16) estimated, on the basis of a rat model, that a 70-kg
human should consume 3 g CLA/d to obtain its health-promot-
ing capabilities. These needs could be met by designing veg-
etable oils that are rich in CLA as a dietary source of CLA iso-
mers. These would be produced under alkaline isomerization
of vegetable oils (i.e., safflower oil) containing a high concen-
tration of LA (17). Presently, CLA supplements containing ap-
proximately 70% of CLA content are being marketed as nu-
traceuticals.

Although the pro-oxidative property of CLA remains con-
troversial, CLA in the FFA form is reportedly extremely unsta-
ble, like DHA, (18), and is more vulnerable to autoxidation
than LA, linolenic acid, and arachidonic acid (19,20). There-
fore, the oxidative stability of CLA products should be consid-
ered before they are consumed. A few investigations have con-
sidered how to protect CLA against oxidative instability. The
addition of 200 ppm green tea extract (GTE) or BHT to CLA
decreased the O2 uptake as compared with the control CLA
sample during incubation for 4 h at 90°C (20). However, to the
best of our knowledge, there has been no study on preserving
the oxidative stability of CLA at longer storage times and lower
temperatures. We assess here the oxidative stability of CLA
concentrate with four synthetic and three natural antioxidants
under such conditions.

EXPERIMENTAL PROCEDURES

Antioxidants and reagents. α-Tocopherol (α-T), BHA, BHT,
TBHQ, and propyl gallate (PG) were purchased from Sigma
Chemical Co. (St. Louis, MO). GTE and rosemary extract (RE)
were donated by the Nongsim Company (Seoul, Korea). Saf-
flower oil was purchased from a retail store in Korea. All FA
standards including CLA isomers were purchased from Ma-
treya (State College, PA). Other chemicals used in this study
were purchased from Sigma (Chemical Co.), and were analyti-
cal grade unless otherwise mentioned.
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Preparation of CLA concentrate by alkaline isomerization.
CLA concentrate was prepared from safflower oil by alkaline
isomerization according to the slightly modified method of
Chin et al. (21). Briefly, 150 g of safflower oil was slowly
added to 150 g of diethylene glycol and 22.5 g of sodium hy-
droxide, and the reaction mixture was refluxed for 2 h as a
stream of nitrogen was bubbled slowly through it. The isomer-
ized FA were isolated by dissolving the reaction mixture in two
parts of water, acidifying with 10 N sulfuric acid, and extract-
ing with n-hexane. The hexane extract was washed four times
with distilled water for neutralization, filtered through anhy-
drous sodium sulfate, evaporated at 30°C, and used as the CLA
concentrate in this study. The recovered CLA concentrate was
stored at −20°C under nitrogen prior to use.

FA composition. The CLA concentrate was esterified ac-
cording to a modification of our previous method (22). FAME
were extracted with hexane. Then 1-µL aliquots of the extracts
were injected into a gas chromatograph (Varian 3800) equipped
with a SUPELCOWAX 10 fused-silica capillary column (30 m
× 0.32 mm i.d.; Supelco, Bellefonte, PA), and an FID was used.
The column was held at 190°C for 2 min, and programmed to
increase to 220°C at the rate of 2°C/min. The carrier gas was
helium, and the total gas flow rate was 20 mL/min. The injec-
tor and detector temperatures were 240 and 260°C, respec-
tively. FAME were identified by comparison with the retention
times of standards.

Preparation of samples and oxidation. Samples of CLA
concentrate (100 g) were accurately weighed into a 500-mL
beaker, and each antioxidant, dissolved in ethanol, was added
at a 200 ppm level based on the CLA concentrate amount. After
addition of the antioxidants, the oils were mixed for 10 min
using a stirring bar. Then samples, 10 g each, were weighed into
50-mL beakers for the oxidative stability test. Before the oil
was weighed, ethanol was removed under vacuum with a ro-
tary evaporator to remove any possible effects of ethanol on
the oxidative stability. For GTE, total phenolic content was de-
termined according to the Folin–Ciocalteu colorimetric method
(23). The amount of GTE added was based on total phenolic
compounds. Oxidation was carried out for 44 d in the dark at
45°C, and the oxidative stability was evaluated by PV (24). 

Statistical analysis. All measurements were replicated three
times. The results obtained for PV were statistically analyzed
by ANOVA and Duncan’s multiple range test. Statistical sig-
nificance was accepted at a level of P < 0.05.

RESULTS AND DISCUSSION

The CLA concentrate prepared by alkaline isomerization in this
study had a CLA content of 74.6% (Table 1). The ratio of CLA
to total linoleic acid in this concentrate was 98.7%, and the con-
tents of the cis-9,trans-11 and trans-10,cis-12 CLA were 32.7
and 34.9%, respectively. To assess the oxidative stability of CLA
concentrate in the presence of seven commonly used synthetic
and natural antioxidants, each at a concentration of 200 ppm, the
reaction mixtures were exposed to air at 45°C for up to 44 d. The
addition of 200 ppm of an antioxidant is generally allowed in fats

and oils for human consumption in most countries (25). The sta-
bility of each mixture was expressed in PV. Over 44 d, the PV of
the control CLA concentrate sample increased from 0.20 (fresh
oil) to 1654 meq/kg (oxidized oil). The PV of CLA concentrate
samples containing antioxidants are presented in Figures 1 and
2. PV for CLA concentrates treated with 200 ppm BHA, BHT,
TBHQ, and PG increased from 0.20 to 81, 107, 78, and 101
meq/kg, respectively (Fig. 1). Although BHA, BHT, TBHQ, and
PG are widely used as antioxidants in food lipids, possible safety
concerns with these phenolic synthetic antioxidants have been
expressed for many years (26). The effect of BHA on biotrans-
formation of ingested material into toxic substances is related to
increased activities of microsomal enzymes (27). BHT report-
edly BHT causes forestomach cancer in rats (28). In addition,
TBHQ has not been authorized for use in food in Europe and
Canada. Furthermore, Miyauchi et al. (29) reported that PG
is carcinogenic in rats. As a result, natural antioxidants have
gained popularity in recent years. Figure 2 shows the PV of CLA
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TABLE 1
FA Compositiona (wt%) of Safflower Oil and CLA Concentrate

CLA
FA composition Safflower oil concentrateb

14:0 0.1 0.1
16:0 6.4 7.4
16:1 0.1 0.1
18:0 2.6 2.6
18:1 14.4 14.2
18:2 76.4 1.0
c9,t11 CLA NDc 32.7
t10,c12 CLA ND 34.9
c9,c11; t11,t13 CLA ND 2.4
t8,t10; t9,t11; t10,t12 CLA ND 4.6
Total CLA — 74.6
aValues are the means of three determinations. 
bCLA concentrate was prepared from safflower oil by alkaline isomerization.
cND, not detected. 

FIG. 1. Effect of 200 ppm synthetic antioxidants on oxidative stability of
CLA concentrate during 44 d at 45°C: hydroperoxide formation. (SD for
each point was within ±1% of the mean value; n = 3). (●) Control, (●●)
BHT, (▼) BHA, (▼▼) TBHQ, and (■) propylgallate.



concentrates with added single natural antioxidants. Added at
levels of 200 ppm, α-T, GTE, and RE lowered the final PV after
44 d from 1654 meq/kg (control sample) to 122, 140, and 110
meq/kg, respectively. 

Our results showed that the addition of 200 ppm BHT to
CLA concentrate was more effective than 200 ppm GTE after
the reaction mixtures were held at 45°C up to 44 d of storage.
On the other hand, Yang et al. (19) reported that headspace-
oxygen depletion by CLA with 200 ppm green tea catechins
(GTC) or 200 ppm BHT in airtight glass tubes, which were re-
acted with oxygen at 90°C for 4 h, was significantly decreased
compared with CLA alone, and GTC addition was more effec-
tive than 200 ppm BHT in protecting CLA from oxidation.
This discrepancy may be due to the different GTE preparations,
substrate concentrations, O2 partial pressures, reaction times,
and temperatures. On the other hand, RE and α-T were quite
effective at 200 ppm in protecting CLA concentrate from oxi-
dation, and gave a slightly higher PV than RE-treated CLA
concentrate. However, α-T has either weak antioxidant activity
or pro-oxidant activity, depending on its concentration and the
physical state of the oils being reacted (30). In the experiment
of Huang et al., on the basis of PV, 200 ppm α-T in corn oil had
maximal antioxidant activity, and at levels >250 ppm α-T
showed slight, initial pro-oxidant activity. For α-T (200 ppm)
in our system using CLA concentrate, an antioxidant effect was
observed that was comparable to that of 200 ppm RE. How-
ever, the present results do not take into consideration the dif-
ferences existing in the molecular ratio of the antioxidants em-
ployed. 

Under the conditions of the test, after 44 d of storage at
45°C, the protective effect of 100 ppm antioxidants was in the
order of TBHQ > BHA > PG > BHT > RE > α-T > GTE. CLA
concentrate was not stable under our experimental conditions.
The oxidative instability of CLA should not be overlooked
when it is prepared as a concentrate for use as a dietary supple-

ment, stored, and transported for general consumption. There-
fore, the appropriate use of antioxidants will prolong the bio-
logical effects of CLA. 

ACKNOWLEDGMENT

This work was supported by a Korea University Grant. 

REFERENCES

1. Sehat, N., M.P. Yurawecz, J.A. Roach, M.M. Mossoba, J.K.
Kramer, and Y. Ku, Silver-Ion High-Performance Liquid Chro-
matographic Separation and Identification of Conjugated
Linoleic Acid Isomers, Lipids 33:217–221 (1998)

2. Ha, Y.L., N.K. Grimm, and M.W. Pariza, Newly Recognized
Anticarcinogenic Fatty Acids: Identification and Quantification
in Natural and Processed Cheeses, J. Agric. Food Chem.
37:75–81 (1989).

3. Ha, Y.L., N.K. Grimm, and M.W. Pariza, Anticarcinogens from
Fried Ground Beef: Heat-Altered Derivatives of Linoleic Acid,
Carcinogenesis 8:1881–1887 (1987). 

4. Ha, Y.L., J. Storkson, and M.W. Pariza, Inhibition of
Benzo(a)pyrene-Induced Mouse Forestomach Neoplasia by
Conjugated Dienoic Derivatives of Linoleic Acid, Cancer Res.
50:1097–1101 (1990).

5. Ip, C., S.F. Chin, J.A. Scimeca, and M.W. Pariza, Mammary
Cancer Prevention by Conjugated Dienoic Derivative of
Linoleic Acid, Ibid. 51:6118–6124 (1991).

6. Schonberg, S., and H.E. Krokan, The Inhibitory Effect of Con-
jugated Dienoic Derivatives (CLA) of Linoleic Acid on the
Growth of Human Tumor Cell Lines Is in Part Due to Increased
Lipid Peroxidation, Anticancer Res. 15:1241–1246 (1995).

7. Shultz, T.D., B.P. Chew, W.R. Seaman, and L.O. Luedecke, In-
hibitory Effect of Conjugated Dienoic Derivatives of Linoleic
Acid and β-Carotene on the in vitro Growth of Human Cancer
Cells, Cancer Lett. 63:125–133 (1992). 

8. Durgam, V.R., and G. Fernandes, The Growth Inhibitory Effect
of Conjugated Linoleic Acid on MCF-7 Cells Is Related to Es-
trogen Response System, Cancer Lett. 116:121–130 (1997).

9. Visonneau, S., A. Cesano, S.A. Tepper, J.A. Scimeca, D. San-
toli, and D. Kritchevsky, Conjugated Linoleic Acid Suppresses
the Growth of Human Breast Adenocarcinoma Cells in SCID
Mice, Anticancer Res. 17:969–973 (1997).

10. Park, Y., K.J. Albright, W. Liu, J.M. Storkson, M.E. Cook, and
M.W. Pariza, Effect of Conjugated Linoleic Acid on Body Com-
position in Mice, Lipids 32:853–858 (1997). 

11. Chin, S.F., J.M. Storkson, W. Liu, K.J. Albright, and M.W.
Pariza, Conjugated Linoleic Acid (9,11- and 10,12-octadeca-
dienoic acid) Is Produced in Conventional but Not Germ-Free
Rats Fed Linoleic Acid, J. Nutr. 124:694–701 (1994). 

12. Sugano, M., A. Tsujita, M. Yamasaki, M. Noguchi, and K. Ya-
mada, Conjugated Linoleic Acid Modulates Tissue Levels of
Chemical Mediators and Immunoglobulins in Rats, Lipids
33:521–527 (1998).

13. Nicolosi, R.J., E.J. Rogers, D. Kritchevsky, J.A. Scimeca, and
P.J. Huth, Dietary Conjugated Linoleic Acid Reduces Plasma
Lipoproteins and Early Aortic Atherosclerosis in Hypercholes-
terolemic Hamsters, Artery 22:266–277 (1997). 

14. Lee, K.N., D. Kritchevsky, and M.W. Pariza, Conjugated
Linoleic Acid and Atherosclerosis in Rabbits, Atherosclerosis
108:19–25 (1994).

15. Mougios, V., A. Matsakas, A. Petridou, S. Ring, A. Sagredos,
A. Melissopoulou, N. Tsigilis, and M. Nikolaidis, Effect of Sup-
plementation with Conjugated Linolic Acid on Human Serum
Lipids and Body Fat, J. Nutr. Biochem. 12:585–594 (2001). 

OXIDATIVE INSTABILITY OF CLA WITH ANTIOXIDANTS 809

JAOCS, Vol. 80, no. 8 (2003)

FIG. 2. Effect of 200 ppm natural antioxidants on oxidative stability of
CLA concentrate during 44 d at 45°C: hydroperoxide formation. (SD for
each point was within ±1% of the mean value; n = 3). (●) Control, (●●)
green tea extract, (▼) rosemary extract, (▼▼) α-Tocopherol.



16. Ip, C., M. Singh, H.J. Thompson, and J.A. Scimeca, Conjugated
Linoleic Acid Suppresses Mammary Carcinogenesis and Prolif-
erative Activity of the Mammary Gland in the Rat, Cancer Res.
54:1212–1215 (1994). 

17. Ackman, R.G., Laboratory Preparation of Conjugated Linoleic
Acids, J. Am. Oil Chem. Soc. 75:1227 (1998).

18. Chen, Z.Y., P.T. Chan, K.Y. Kwan, and K.Y. Zhang, Reassess-
ment of the Antioxdant Activity of Conjugated Linoleic Acids,
Ibid. 74:749–753 (1997). 

19. Yang, L., L.K. Leung, Y. Huang, and Z.-Y. Chen, Oxidative
Stability of Conjugated Linoleic Acid Isomers, J. Agric. Food
Chem. 48:3072–3076 (2000).

20. Zhang, A., and Z.Y. Chen, Oxidative Stability of Conjugated
Linoleic Acids Relative to Other Polyunsaturated Fatty Acids,
J. Am. Oil Chem. Soc. 74:1611–1613 (1997). 

21. Chin, S.F., J.M. Storkson, Y.L. Ha, and M.W. Pariza, Dietary
Sources of Conjugated Dienoic Isomers of Linoleic Acid, a
Newly Recognized Class of Anticarcinogens, J. Food Compos.
Anal. 5:185–197 (1992).

22. Kim, I.-H., C.-J. Kim, J.-M. You, K.-W. Lee, C.-T. Kim, S.-H.
Chung, and B.-S. Tae, Effect of Roasting Temperature and Time
on the Chemical Composition of Rice Germ Oil, J. Am. Oil
Chem. Soc. 79:413–418 (2002). 

23. Singleton, V.L., R. Orthofer, and R.M. Lamuela-Raventos,
Analysis of Total Phenols and Other Oxidation Substrates and
Antioxidants by Means of Folin–Ciocalteu Reagent, Methods
Enzymol. 299:152–178 (1999).

24. American Oil Chemists’ Society, Official Methods and Recom-
mended Practices of the American Oil Chemists’ Society, 4th
edn., edited by D. Firestone, American Oil Chemists’ Society,
Champaign, 1990, Method Cd 8-53.

25. Botma, Y., Antioxidants in Food in 85 Nations, Jen Dekker In-
ternational BV, Naarden-Bussum, Holland, 1990, 107 pp. 

26. Branen, A.C., Toxicology and Biochemistry of Butylated Hy-
droxyanisole and Butylated Hydroxytoluene, J. Am. Oil Chem.
Soc. 52:59–63 (1995). 

27. Wattenberg, L.W., Protective Effects of 2(3)-tert-Butyl-4-
hydroxyanisole on Chemical Carcinogenesis, Food Chem. Toxi-
col. 24:1099–1102 (1986).

28. Ito, N., A. Hagiwara, M. Shibata, T. Ogiso, and S. Fukushima,
Induction of Squamous Cell Carcinoma in the Forestomach of
F344 Rats Treated with Butylated Hydroxyanisole, Jpn. J. Can-
cer Res. 73:332–334 (1982). 

29. Miyauchi, M., H. Nakamura, F. Furukawa, H.Y. Son, A.
Nishikawa, and M. Hirose, Promoting Effects of Combined An-
tioxidant and Sodium Nitrite Treatment on Forestomach Car-
cinogenesis in Rats After Initiation with N-Methyl-N′-nitro-N-
nitrosoguanidine, Cancer Lett. 178:19–24 (2002). 

30. Huang, S.-W., E.N. Frankel, and J.B. German, Antioxidant Ac-
tivity of α- and γ-Tocopherols in Bulk Oils and in Oil-in-Water
Emulsions, J. Agric. Food Chem. 42:2108–2114 (1994). 

[Received February 10, 2003; accepted April 24, 2003]

810 J. LEE ET AL.

JAOCS, Vol. 80, no. 8 (2003)


