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A Methodological Study of the Quantitative Determination of
9-cis, 11-trans Octadecadienoic Acid and the Changes of
This Fatty Acid in Beef Cooked with Heat Treatment

Sanae OSADA*!, Fumiko TONOZUKA*! and FEiji ARAKI*2

Conjugated linoleic acids (CLA) are naturally occurring isomers of linoleic acid in which
the double bonds are in a conjugated formation. Numerous physiological effects including
anticarcinogenesis, body fat reduction and immune enhancement have been attributed, in animal
models, to CLA and based on those evidence CLA has been studied by many researchers as one
of the bioactive substances in food. In recent years, CLA has been proved to be a labile fatty
acid and may be easily isomerized or formed from endogenous precursors during various kinds of
physicochemical treatments. Remarkable increase in the CLA concentration has been reported in
grilled beef as compared to uncooked ground beef. However, most reports on the evaluation of
CLA concentration in cooked beef fail to describe the cooking procedure in detail. The objective
of the present study was to evaluate the cooking method of beef with heat treatment for the
concentration of 9-cis, 1l-trans octadecadienoic acid, the major isomer of CLA in beef, stipulating
the cooking procedure under the established instrumental conditions. For the quantitative
determination of CLA in raw and cooked beef, lipid extraction from specimens following vacuum
freezing dehydration and the method of methylation of fatty acids including CLA were evaluated.

Vacuum freezing dehydration of the specimens gave a higher yield of lipid extracted. In
comparison to the methylation methods for quantity of CLA, the 14% BF3/MeOH method gave
higher levels of CLA compared with those obtained from the 4% HCI/MeOH method. When
the beef was baked for 1 minute after reaching a central temperature of 75°C, no substantial
difference between the concentrations (mg CLA/g lipid) of 9-cis, 1l-trans octadecadienoic acid in
baked beef and uncooked beef was demonstrated. However, a relatively small but significant
increase of CLA was observed following 2% overloading of linoleic acid to the beef specimens
(w/w) before baking.

In conclusion, the endogenous CLA concentration due to baking of beef in this experiment
produced no significant changes, however, a small but significant increase of CLA concentration

occurred following the supplement of linoleic acid to beef before cooking.
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Fig. 1. GC chromatograms of quality control standard of CLAs

mixture methylesters each preparated with the 14% BFs3/
MeOH (30min, room temp.) method and the 4 % HC1/
MeOH (20min, 60°C) method.
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Fig. 2. Comparison with quantity and composition of quality control standard of CLAs mixture
methylesters each prepared with the 14% BF3/MeOH (30min, room temp.) method and the 4 %
HC1/MeOH (20min, 60°C) method. Values are presented as mean for 4 samples in each group.

* Significantly deferent from the 14% BF3/MeOH method at p<(0.05.
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Fig. 3. GC chromatograms of fatty acid methylesters in beef each preparated with the
14% BF3/MeOH method and the 4 % HC1/MeOH method.

Abbreviations; C18:2, Linoleic acid; C20:4, Arachidonic acid; C23:0, Tricosanoic

acid (internal standard).

Table 1. Fatty acid content in beef lipid esterified with the 14% BF3/MeOH method and the 4 % HC1/MeOH

method, and % of total fatty acid

Fatty acid content of beef lipid
(mg/g of lipid)

% of total fatty acid

t-test t-test
14% BFs/MeOH 4 % HC1/MeOH 14% BF3s/MeOH 4 % HC1/MeOH

Cl14:0 30.17+ 4.89 23.75+ 3 ns 2.3+0.4 2.4+0.4 ns
Cl16:0 263.3 + 8.35 221.27+ 36.86 ns 23.2+4.1 23.9+£3.8 ns
Cl6:1 48.2 £ 4.89 4021+ 6.5 ns 5.3+1.1 5.2+0.6 ns
Cl18:0 111.75+ 7.12 96.35+ 16.73 ns 9.1+£3.2 9.7+£29 ns
C18:1 471.18+34.22 393.29+ 62.21 ns 51.8+7.3 49.7+5.2 ns
C18:2 19.98+ 1.79 15.66+ 291 * 2.2+0.3 2 0.2 ns
9¢,11¢-CLA 3.7 £ 0.2 2.39+ 047 *k 0.4+0.1 0.3+0.1 ns
C20:4 6.33+ 2.18 3.89+ 0.98 ns 0.7+0.2 0.5+0 ns
Others 48.52+£12.91 40.74+ 12.08 ns 5.2+0.9 5.5%0.5 ns
Total 918.86+94.11 781.841+172.89 ns 100 100

Values are mean+SD of 5 samples in each group.

* ** are significantly different (¥p<0.05, **p<0.0! t-test). ns in not significance.

Abbrevistions; C14:0, Myristic acid; C16:0, Palmitic acid; C16:1, Palmitoleic acid; C18:0, Stearic acid; C18:1,
Oleic acid; C18:2, Linoleic acid; C20:4, Arachidonic acid.
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Table 2. Effect of vacuum freezing dehydration (uncooked beef)

Fatty acid content of beef lipid
(mg/g of lipid)

% of total fatty acid

t-test t-test
done non-done done non-done
Cl14:0 17.66+ 1.23 12.28+ 0.49 Hkk 2.14+0.2 1.94+0.2 ns
C16:0 257.01+ 9.84 172,67+ 5.8 Hkk 27.8+1.7 26.5+3.2 ns
Cl6:1 29.84+ 0.67 20.65+ 0.94 *axok 3.6+04 4 +0.8 ns
C18:0 100.91+ 2.08 67.77+ 2.32 Hokk 10.5£1.2 10.1+1.5 ns
C18:1 387.83+12.81 262.7 £11.02 Fokok 42.3+1.8 42.3+1.7 ns
Cl8:2 27.29+ 0.83 18.45+ 1.43 *% 3.1£0.1 3.1+0.1 ns
9¢,11¢-CLA 1.51+ 0.25 1.07+ 0.07 *ok 0.2+0 0.2+0 ns
C20:4 6.16+ 0.57 484+ 0.45 *k 0.7+0.1 0.8+0.1 ns
Others 60.61+ 1.58 41.47+ 2.34 ok 9.8+4.1 11.2+8 ns
Total 893.1 +23.95 608.69+24.01 Hkk 100 100
Values are mean®SD of 5 samples in each group.
¥, ®*, ®** are significantly different (*p<0.05, **p<0.01, ***p<0.00] t-test). ns in not significance.
Table 3. Effect of vacuum freezing dehydration (baked beef)
Fatty au?m(ig(}gtzrfl}li(;)fi(ilieef lipid e % of total fatty acid -
done non-done done non-done
Cl4:0 13.14+ 1.3 1149+ 2.26 ns 1.94+0.2 1.94:0.2 ns
Cl6:0 212.824+15.92 161.53+ 33.75 * 27.1+2.0 26.8+3.4 ns
Cl6:1 25.69+ 1.86 18.71+  5.52 * 3.64+0.3 3.71+0.6 ns
Cl18:0 81.33+ 4.87 64.61+ 14.86 * 10.3+£0.9 10.7£1.3 ns
C18:1 321.861+23.41 243.95+ 52.58 * 42.5%3.1 422429 ns
C18:2 19.8 = 1.49 16,03+ 6.03 *okk 2.7+0.3 2.94+0.4 ns
9¢,11¢-CLA 1.26+ 0.17 0.9 = 0.24 * 0.2+0.0 0.2+0.0 ns
C20:4 447+ 0.49 3.694 1.61 ns 0.6+0.1 0.7+0.2 ns
Others 67.26+27.25 35.08+ 13.69 * 11.24+4.6 10.94+6.9 ns
Total 745.71+44.81 555.1 +143.42 * 100 100

Values are mean=®SD of 5 samples in each group.

¥, *¥** are significantly different (*p<C0.05, ***p<0.00] t-test). ns in not significance.
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Table 4. Change in fatty acid content in beef using uncooked and baked

Fatty acid content of beef lipid
(mg/g of lipid)

% of total fatty acid

t-test t-test
uncooked baked uncooked baked

Cl14:0 17.25+ 1.4 17.34+ 1.64 ns 2.2+0.1 2.3+0.1 ns
C16:0 210.58+15.2 206.59+14.38 ns 27.5+£0.4 27.2+0.3 ns
Cl6:1 29.83+ 2.22 29.82+ 2.32 ns 3.9+0.1 4.0£0.1 ns
Cl18:0 99.89+ 7.45 96.52+ 5.67 ns 13.0+0.3 13.0£0.2 ns
Cl8:1 347.62+23.94 344.571+24.19 ns 45.4+0.6 45.54+0.6 ns
C18:2 12.44+ 0.89 12.15+ 2.1 ns 1.6%0.1 1.7£0.3 ns
9¢,11£-CLA 2.24+ 0.17 2,25+ 0.15 ns 0.3+£0.0 0.3£0.0 ns
C20:4 2.82+ 0.2 2,94+ 0.59 ns 0.4+0.0 0.4+0.1 ns
Others 44.02+ 543 45.1 + 3.58 ns 5.7£04 6.0%£0.3 ns
Total 766.68 £ 5.27 757.08+51.34 ns 100 100
Values are mean®SD of 5 samples in each group.
ns in not significance.
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Fig. 4. Change in linoleic acid and 9¢,11¢-CLA content in beef, in which addition to 2 % quality

control standard of linoleic acid, using uncooked and baked (for 1 minute after reaching a

central temperature of 75°C).

Values are presented as mean=ESD of 7 samples in each group.

* Significantly deferent from the corresponding value in uncooked at p<{0.05.
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