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CHAPTER 1. GENERAL INTRODUCTION 

Conjugated Iinoieic acid (CLA) has been shown to have a variety of biological effects. 

Modulating lipid metabolism seems to be the main effect of CLA in vivo. Other effects of 

CLA on health, such as anti-cancer, anti-artherosclerosis and improving immuno-responses, 

might be derived or partially derived from the alternated lipid metabolism after CLA feeding. 

Up to now, most of studies on the effect of CLA on fat metabolism are concentrated on rats, 

mice, pigs and other mammals, and there are seldom reports on birds. Considering the 

differences in lipid metabolism between birds and mammals, results from the studies of mice 

and other mammals cannot be safely extrapolated to birds. Thus studies on the effectiveness 

of CLA on lipid metabolism in birds are needed. In birds, liver is the principal site of lipid 

synthesis and has very high capacity for de novo lipid biosynthesis. And, unlike mammals, 

fatty acids (not glucose) are the main energy source for birds. All of these facts make birds a 

distinct model for studying lipid metabolism. Further, yolk lipid is directly derived from 

lipids exported from liver. Therefore, analysis of yolk lipid composition changes after CLA 

feeding can reflect the lipid metabolism in the liver of birds quite well. Therefore, we chose 

laying hens as a model to study the effect of CLA on the fatty acid status in vivo, mainly 

through analyzing the change in yolk fatty acid composition after CLA feeding. 

Several studies suggested that CLA could reduce fat accumulation in mammals. CLA 

was suggested to promote muscle growth and reduce fat deposition in mice (Delany et al., 

1999), improve feed efficiency in rats (Park et al, 1997; Chin et al, 1994), and loin quality in 

pigs (Dugan et al., 1999). There are no published reports about the effect of CLA on fat 

accumulation in birds. Thus, we studied the effect of dietary CLA on the growth and lipid 

status in chickens. 

CLA has been shown to inhibit the activity of stearoyl-CoA reductase (Park et al., 

1999b). CLA also reduced the content of arachidonic acid. Since arachidonic acid, and 

eicosapentaenoic acid (EPA) and docosahexenoic acid (DHA) are synthesized by different 

pathways, reducing the synthesis of arachidonic acid may not mean reducing that of EPA and 

DHA. We assessed this hypothesis by feeding hens with diets of different n-3/n-6 fatty acid 
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ratios. The biological effect of CLA could relate to its ability to alter the synthesis of 

arachidonic acid and EPA. 

Meats have pleasant flavor for most people. This is due to the highly desirable taste and 

aroma of meats. While the tastes of meats are relatively stable and constant, the aroma of 

meats is unstable and tends to form off-odors. Off-odors developed in meat products cause 

large losses in the meat industry, and are unsolved problems worldwide (Melton, 1983). 

Especially, in the USA, due to the application of irradiation in the meat industry, irradiation 

odor, which is a sweet, cooked-corn like off-odor, causes even more serious challenges. And 

thus many studies were conducted on identifying, illustrating, and preventing those off-odors. 

The off-odor formation in meats is closely related to lipid oxidation. Warmed-over flavor is a 

typical off-odor resulting from lipid oxidation. The progress and degree of lipid oxidation are 

correlated with unsaturated fatty acid content in meat. Poultry meat contains more 

polyunsaturated fatty acids (PUFA) than red meat, which exaggerates the problem associated 

with lipid oxidation. Dietary CLA has been reported to reduce the content of unsaturated 

fatty acids in lipids (Du et al., 1999; 2000a; 2001b). Therefore, poultry meats from birds fed 

CLA may be less susceptible to lipid oxidation. However, CLA itself may participate in the 

flavor or off-odor formation, and other aspects of meat quality, such as color and texture. Up 

to now, few studies were done in this area, none in poultry, and therefore it is important to 

analyze the effect of CLA on meat quality. 

Irradiation treatment has been proposed as an effective way to control bacteria 

contamination and lengthen the shelf-life of foods (Parkas, 1998). On the same time, ionizing 

radiation generates free radicals that may cause lipid peroxidation and other chemical 

changes, and influence the quality of meats (Ahn et al., 2000ab). The presence of CLA and 

also the reduced unsaturated fatty acid content in meat could alter the oxidative stability of 

meat, and thus influence irradiation induced changes in volatiles and color. However, no 

studies were reported on the effect of irradiation on the volatile profile, color and lipid 

oxidation in meats containing CLA. Therefore, we conducted several studies to assess the 

effect of irradiation on volatiles, color and lipid oxidation in chicken meat containing CLA. 
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Dissertation organization 

This dissertation is composed of a general introduction, literature review, 7 individual 

papers and a general conclusion. The literature review summarizes the recent progress in the 

research about the biological effects of CLA and the effect of dietary CLA and irradiation on 

poultry meat quality. Chapter 3 is concerned with the effect of CLA on the growth, fat 

accumulation and meat quality in boilers. Chapter 4 and 5 showed the effect of CLA on the 

fatty acid composition in eggs and tissues. Chapter 6 is on the influence of CLA and 

irradiation on the quality of breast fillets. Chapter 7 and 8 reported the influence of dietary 

CLA on the oxidative stability of cooked and raw chicken patties as influenced by irradiation 

and storage. Chapter 9 is concentrated on discussing the effect of CLA and irradiation on the 

quality of chicken meat product, chicken rolls. In the end, there is a general conclusion about 

the results. 
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CHAPTER 2. LITERATURE REVIEW 

Part I. Biological Functions of Conjugated Linoleic Acid 

Conjugated linoleic acid (CLA) is a mixture of octadecadienoic acids with different 

locations of conjugated double bonds and different cis, trans combination. Up to 8 CLA 

isomers are normally identified in commercially available CLA sources, with two main 

isomers (cis-9, trans-11 and trans-10, cis-12) that constitute about 80% of the total CLA. The 

possible CLA structures are shown in Table 1. 

Table 1 Possible structure of CLA isomers 

Possible CLA isomers Possible CLA isomers 

Cis-8, trans-10 isomer Cis-10, trans-l2 isomer* 

Trans-8, cis-10 isomer* Trans-10, cis-12 isomer* 

Trans-8, trans-10 isomer Trans-10, trans-12 isomer* 

Cis-9, trans-l 1 isomer* Cis-11, trans-13 isomer* 

Trans-9, cis-11 isomer* Trans-l 1, cis-13 isomer 

Trans-9. trans-l 1 isomer* Trans-l 1. trans-l3 isomer 

* CLA isomers may be detected in commercial CLA sources 

1. Conjugated linoleic acid (CLA) sources: 

1.1. Natural CLA sources: 

Milks and meats from ruminant animals are natural sources for CLA. Takenoyama et 

al. (1999) showed that meats from ruminant animals contained considerably more cis-9, 

trans-11 CLA than those from non-ruminant animals. The amount of CLA in goat meat was 

10-fold greater than that in pork and chicken. Dhiman et al. (1999) reported that the content 

of CLA in milk ranged from 7.3 to 9.0 mg/g of milk fat, depending on the diets fed to cows. 

By modifying the diet, the CLA content in milk can be increased significantly (Chouinard et 

al., 2001). Bauman et al. (2000) suggested that by feeding cows with sunflower oil, the CLA 

content in butter could be increased more than 7 fold. Although the normal foods derived 
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from non-ruminants are very low in CLA content, CLA content in those foods can be 

increased directly by feeding CLA to animals. Chamruspollert and Sell (1999) showed that 

eggs produced by hens fed 5.0% CLA will contain 310 to 365 mg of CLA per egg. Such eggs 

could provide a substantial amount of CLA in human foods. Aii et al. (1999) showed that 

when hens were given an experimental diet that consisted of 99 % conventional feed and 1 % 

CLA, the CLA concentrations in the serum and yolk lipids remarkably increased, together 

with the rise of the melting point of the yolk lipid. At low dietary level, Jones et al. (2000) 

showed that feeding hens with 1.0g CLA/kg diet produced eggs containing approximately 3 

mg CLA/g fat. This is about 3 times enrichment. Bee (2000b) reported that all major CLA 

isomers in the supplement were transferred to the tissue and milk fat, and the estimated 

transfer efficiency of dietary CLA isomers was 41-52% for the backfat and 55-69% for the 

milk. 

1.2. Commercial production of CLA: 

Alkali isomerization is the commonly used method for commercial preparation of CLA. 

The raw oil for CLA production must be rich in linoleic acid. The concentration of CLA in 

the final product is directly related to the level of linoleic acid in the starting oil. Safflower 

oil contains about 77% of linoleic acid, which is the highest level in any of the commonly 

used vegetable oils (Padley et al., 1994). Strong alkali catalysis can convert linoleic acid into 

conjugated linoleic acid (Nichols et al., 1950). Under alkali conditions, linoleic acid existes 

as linoleate. The conversion of linoleate into conjugated linoleate follows first-order kinetics. 

After that, conjugated linoleate is converted into CLA by acid neutralization (Ma et al., 

1999). Besides, the dehydration of ricinoleic acid can produce cis-9, trans-11 CLA isomer 

(Berdeaux et al., 1997). Castor oil is rich in ricinoleic acid. 

1.3. Production of CLA by microbial fermentation: 

Bacteria fermentation is another way to obtain CLA. Jiang et al. (1998) reported that 

two strains of Propionibacterium Jreudenreichii ssp. freudenreichii and one strain of 

Propiobacterium Jreudenreichii ssp. sheramnii were capable of converting free linoleic acid 

to extracellular CLA bases. Lin et al. (1999) reported that adding linoleic acid into skim milk 
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incubated with L. acidophilus was effective in promoting CLA formation. In 1999, Pariza 

and Yang patented the production of cis- 9, trans-l 1 CLA isomer by using Lactobacillus sp. 

fermentation. 

1.4. Esteriflcation: 

The CLA isomers in most commercial CLA source are in free fatty acid form. The 

function of those CLA isomers as free fatty acids may be different from those CLA existing 

in triglycerides. Ip et al. (2000) showed that CLA in butter fat (existed in triglycerides) has 

better anti-cancer effects compared with CLA fed as free fatty acids. Numerous methods 

were suggested to convert CLA free fatty acids into triglycerides. Garcia et al. (1999) 

reported that modified milk fats were produced via interesterification (acidolysis) reactions 

of butter oil and conjugated linoleic acid (CLA) in a packed bed reactor containing an 

immobilized lipase prepared from Candida antarctica. The optimum operating temperature 

was around 50 °C. Approximately 80-90% of the free CLA fed to the reactor can be 

converted to its esterified form. They further reported that corn oil and CLA could also 

achieve lipase mediated interesterification (Martinez et al., 1999). Arcos et al. (2000) 

reported that CLA free fatty acids could be esterificated in a packed-bed reactor containing 

an immobilized lipase from Mucor miehei, and as much as 90% of the fatty acid can be 

esterified when the molar ratio of fatty acid to glycerol is 0.33 or less. 

1.5. CLA isomer separation: 

Silver-ion high-performance liquid chromatography (Ag+-HPLC) was frequently used 

for CLA isomer separation. Eulitz et al. (1999) showed that Ag+-HPLC allowed the 

separation of CLA isomers with different conjugated double bond location and geometric 

cis!trans combinations. However, one of the cis-%, trans-10 isomer coeluted with the trans-9, 

cis-\ 1 isomer. Juaneda and Sebedio (1999) reported that reversed-phase high-performance 

liquid chromatography and Ag+-HPLC were successively combined for the separation of the 

longer-chain metabolites of CLA. 
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1.6. Purification of CLA isomers: 

Many efforts have been forwarded to purify the CLA isomers. Those lipase-catalyzed 

reactions provide a means for the preparative-scale production of high-purity cis-9, trans-

11CLA isomer, and the remaining CLA fraction mainly containing trans-10, cis-12 CLA 

isomer (Warwel and Borgdorf, 2000). Haas et al. (1999) reported that lipases produced by 

the fungus Geotrichum candidum were highly selective for cis-9, trans-l 1 CLA isomer. 

Using the same lipases, McNeill et al. (1999) prepared purified cis-9, trans-l 1 isomer at the 

kilogram scale. The ester fraction consisted of 91% cis-9, trans-l 1 isomer and an unreacted 

free fatty acid fraction consisting of 82% trans-10, cis-12 isomer, based on total CLA 

content. Each enriched fraction was then incorporated into palm oil triglycerides by 

interesterification with the non-selective lipase from R. miehei. Two triglyceride fats resulted, 

which were enriched in either cis-9, trans-l 1 isomer or trans-10, cis-12 isomer (McNeill et 

al., 1999). Chen et al. (1999) reported that cis-9, trans-11 isomer and trans-10, cis-12 isomer 

were separated from each other using the lipase from Aspergillus niger via stereoselective 

esterifr cation in 1-butanol, and could prepare gram quantities of cis-9, trans-l 1 isomer and 

trans-10, cis-12 isomer in their highly purified forms. 

2. Effect of CLA on eicosanoid synthesis: 

Eicosanoids are important chemical messengers derived from dihomo-linoleic acid, 

arachidonic acid and EPA. Arachidonic acid or other PUFA are oxidized by cyclooxygenases 

or lipoxygenases and produce prostaglandins, thromboxanes, leukotrienes or lipoxins. The 

derivatives of arachidonic acid by the action of cyclooxygenases are the prostaglandin 2-

series, which have pro-inflammatory and cancer promoting effects (Liu and Belury, 1998). 

EPA produces prostaglandin 3 series with anti-inflammation effects (Mooney et al., 1998). 

The elongated and desaturated products of CLA may also participate in the formation of 

eicosanoids. Sebedio et al. (1999) reported that two conjugated isomers were tentatively 

identified as cis-5, cis-8, cis-11, trans-13-eicosatetrenoic acid and cis-5, cis-8, trans-12, cis-

14- eicosatetrenoic acid, which could be formed by desaturation and elongation of the cis-9, 

trans-l 1 and trans-10, cis-12-octadecadienoic acid presented in the commercial CLA 
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mixture. However, there were no reports about finding eicosanoids which were synthesized 

from the CLA metabolites. 

Previous researches have shown that n-6 and n-3 polyunsaturated fatty acids have 

almost opposite effects on carcinogenesis and immune response (Badawi et al., 1998). N-6 

polyunsaturated fatty acid promoted while n-3 polyunsaturated fatty acid inhibited 

carcinogenesis (Craig-Schmidt et al., 1993). Petrik et al. (2000) showed that feeding 

stearidonic acid (18:4 (n-3)) and EPA in ApcMin/+ mice reduced the tumor incidence by 

50%, and suggested that this related to the change in prostaglandin synthesis. Peterson et al. 

(1998) showed that the production of prostaglandin E% (PGEz) increased in leukocytes of rats 

fed with an arachidonic acid-rich diet, and decreased in leukocytes of the EPA- or DHA-fed 

rats. Watkins and Seifert (2000) showed that CLA isomers possessed anti-inflammatory 

activity in bone by moderating prostaglandin formation. Our study indicated that, when there 

was plenty of linolenic acid in diet, CLA feeding in hens promoted the synthesis of DHA and 

EPA (Du et al., 2000b). This may change the synthesis of eicosanoids and be one of the 

mechanisms for the biological effects of CLA. 

The expression of cyclooxygenases can be influenced by dietary n-3 and n-6 

polyunsaturated fatty acids, with n-6 polyunsaturated fatty acids promoting the expression of 

cycloxygenase 2, and to some extent cycloxygenase 1. The increase in cyclooxygenase 

expression and its activity might relate to the cancer promoting effects of n-6 polyunsaturated 

fatty acids (Badawi et al., 1998). Antioxidants reduced cycloxygenase 2 expression and 

prostaglandin production, and inhibited colorectal cancer cell proliferation (Chinery et al., 

1998). In most tumors, the activity of both cycloxygenase 2 and 15-lipoxygenase increased. 

This up-regulation was associated with tumorigenesis (Ikawa et al., 1999). Chinery et al. 

(1998) reported that increased expression of cyclooxygenases and overproduction of 

prostaglandins was implicated in the development and progression of colorectal cancer. 

3. CLA and anti-cancer: 

CLA has been proven to have anti-cancer effects (Belury et al., 1996). Belury et al. 

(1996) showed that CLA inhibited the initiation and post-initiation stages of carcinogenesis 

in several experimental animal models. CLA was reported to inhibit mutagenesis in bacteria 
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and the initiation of epidermal carcinogenesis in mice by 7,12-dimethylbenz [ajanthracene 

(DMBA) (Ha et al., 1987). CLA was further proven to inhibit chemically-induced rat 

mammary tumorigenesis and forestomach neoplasia (Ha et al., 1990). Ip et al. (1991) 

reported that 1% CLA in the diet suppressed mammary carcinogenesis in rats given a high 

dose (10 mg/rat) of DMBA, and they further showed that CLA might have a direct 

modulating effect on the susceptibility of target organs to neoplastic transformation (Ip et al., 

1994). Further, CLA inhibits tumor promotion in a manner that is independent of its 

inhibition effects on cancer initiation. Ip et al. (1999a) reported that feeding CLA to rats 

during the time of pubescent mammary gland development reduced mammary epithelial 

mass by 22%, decreased the size of the terminal end bud population by 30%, suppressed the 

proliferation of terminal end bud cells by 30% and inhibited mammary tumor yield by 53% 

(P < 0.05). Hubbard et al. (2000) also demonstrated that CLA had a significant effect on the 

latency, metastasis, and pulmonary tumor burden of transplantable murine mammary tumors 

grown in mice fed 20% fat diets. Dietary CLA blocks both the local growth and systemic 

spread of human breast cancer via mechanisms independent of immune system (Visonneau et 

al., 1997). 

The anti-cancer effect of CLA could relate to alternated eicosanoid synthesis. 

Kavanaugh et al. (1999) suggested that dietary CLA modulated 12-O-tetradecanoylphorbol-

13-acetate induced tumor promotion through a mechanism involving PGE% production. Liu 

and Belury (1998) showed that CLA reduced the arachidonic acid concentration in 

phospholipids and subsequent arachidonate-derived PGE2 synthesis and provided insight into 

the anti-promotion mechanisms of CLA. Banni et al. (1999) suggested that the anti-cancer 

effect of CLA was working through inhibiting elongation of linoleic acid. They found that 

while there was no perturbation in tissue linoleic acid, the linoleic acid metabolites (including 

18:3, 20:3 and 20:4) were consistently depressed by up to 1% dietary CLA. Ip and Scimeca 

(1997) showed that CLA inhibited mammary carcinogenesis while linoleic acid enhanced it. 

Using a physiological model for the growth and differentiation of normal rat mammary 

epithelial cell organoids in primary culture, Ip et al. (1999b) found that CLA, but not linoleic 

acid, inhibited growth of mammary epithelial cell organoids. They further suggested that this 

growth inhibition was mediated both by a reduction in DNA synthesis and a stimulation of 
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apoptosis. When human breast cancer cells were incubated in a serum-free medium 

containing epidermal growth factor and supplemented with physiologic concentrations of 

linoleic acid or CLA, linoleic acid stimulated cancer cell growth, while CLA was inhibitory 

(Arcos et al, 2000). The growth inhibition by CLA was not mediated through phospholipase 

C, protein kinase C or PGEz-dependent signal transduction pathways (Arcos et al, 2000). 

Another mechanism associated with the anti-cancer effect of CLA could be due to the 

cytotoxic effect of CLA. Dietary CLA can induce apoptosis of cancer cells. Cantwell et al. 

(1999) incubating hepatocytes with CLA (5-20 ppm) for 3 h decreased the ability of 

hepatocyte plasma membranes to exclude trypan blue by approximately 25%, and caused 

leakage of cytosolic lactate dehydrogenase into the medium. The significant decrease (P < 

0.02) in hepatocyte viability was observed by measuring by lactate dehydrogenase leakage 

during cell incubation with 10 and 20 ppm CLA. O'-Shea et al. (1999) indicated that CLA-

induced cytotoxicity against MCF-7 and SW480 cancer cell lines was related to the extent of 

lipid peroxidation in CLA treated cells. Igarashi and Miyazawa (2001) tested the hypothesis 

by adding a-tocopherol into hepatoma cell culture and found that the inhibition effect of 

CLA on cancer cell was not related to peroxidation. Instead, changes in fatty acid metabolism 

was the main reason for the growth inhibition of hepatoma cells. Ip et al (2000) showed that 

CLA increased chromatin condensation and induced DNA laddering, both evidences of 

apoptosis, in a rat mammary tumor cell line. It also significantly reduced the expression of 

bcl-2 in these lesions, but it did not modulate the levels of bak or bax, which are cell factors 

associated with cancer cell apoptosis (Ip et al., 2000). In spite of all those positive anti-cancer 

reports, Petrik et al. (2000) showed that at 3g/100g in the diets of ApcMin/+ mice, dietary 

CLA was ineffective in attenuating tumorigenesis. 

4. CLA and immune function: 

CLA has been shown to have anti-inflammatory effects. Whigham et al. (2001) 

reported that CLA significantly reduced antigen-induced histamine and PGEz release and 

CLA appeared to decrease the release of some inflammatory mediators during type I 

hypersensitivity reactions. Sugano et al. (1998) illustrated that CLA mitigated the food-

induced allergic reactions and modulated immune responses in animals. Cook et al. (1993) 
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showed that dietary CLA changed the immuno-responses in chicken. Bassaganya-Riera et al. 

(2001) suggested that a 42-d dietary CLA supplementation preceding a disease challenge 

could have prevented disease-associated growth suppression. CLA reduced arachidonic acid 

content and PGE% synthesis, and this could be the main reason for mitigated immune 

response in murine keratinocytes (Liu and Belury, 1998). Turek et al. (1998) revealed that 

CLA modulated macrophage cytokine production, which was influenced by dietary n-6/n-3 

fatty acid ratio. CLA-supplemented young mice had significantly higher splenocyte 

interleukin-2 production and T-cell proliferation than those fed the control diet (P < 0.05). 

CLA had no effect on natural killer cell activities (Hayek et al., 1999). However, Kelley et al. 

(2000) showed that, in young healthy women intaking 3.9 g CLA/d for 63 d, none of the 

indices of immune status tested were altered. Turnock et al. (2001) provided evidence that 

feeding CLA for up to 4 wk does not alter host defense against Listeria monocytogenes in 

mice and suggested that dietary CLA did not affect cellular immunity to this intracellular 

pathogen. 

5. CLA and atherosclerosis: 

There are both positive and negative effects of CLA on the development of 

artherosclerosis. Lee et al. (1994) first reported that, after feeding rabbits with CLA (0.5 g 

CL A/rabbit per day) for 12 weeks, total and LDL cholesterol and triglycerides in serum were 

markedly lower in the CLA-fed group compared to the control group. The LDL cholesterol 

to HDL cholesterol ratio and total cholesterol to HDL cholesterol ratio were significantly 

reduced in CLA-fed rabbits. Examination of the aortas of CLA-fed rabbits showed less 

atherosclerosis (Lee et al., 1994). However, in pigs, Stangl et al. (1999) showed that the LDL 

cholesterol to HDL cholesterol ratio was significantly increased by CLA. Employing fifty 

hamsters which were fed up to 1.1 % CLA for 11 weeks, Nicolosi et al. (1997) reported that 

animals fed the CLA containing diets collectively had significantly reduced levels of plasma 

total cholesterol, non-high density lipoprotein cholesterol, and triglycerides, but with no 

effect on high density lipoprotein cholesterol. Morphometric analysis of aortas revealed less 

early atherosclerosis in the CLA treated group compared to the control group (Nicolosi et al., 

1997). Kritchevsky et al. (2000) reported that at dietary levels as low as 0.1%, CLA inhibited 
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atherogenesis in New Zealand white rabbits. At dietary levels of 1%, CLA caused substantial 

(30%) regression of established atherosclerosis which was induced by feeding 0.2 % 

cholesterol for 90 days. Stangl (2000) showed that feeding a CLA mixture with a level at 3 % 

and 5% of diet exhibited marked reductions of cholesterol in the low and high density 

lipoproteins relative to rats receiving no CLA. de-Deckere et al. (1999) also observed that 

CLA decreased fasting values of LDL- and HDL-cholesterol. However, dietary CLA 

increased the serum triglyceride level. After CLA feeding in rats, the HDL cholesterol/total 

cholesterol ratio was significantly (P < 0.01) increased. At the same time, serum 

triacylglycerate concentrations were significantly (P < 0.01) elevated, thus counteracting the 

potential antiatherogenicity of the improved HDL cholesterol/triacylglycerate ratio 

(Szymezyk et al., 2000). And the result was confirmed by de-Deckere et al. (1999) in 

hamster. In broilers, Du et al. (2001a) showed that both serum triglyceride and cholesterol 

levels increased after CLA feeding. Using rabbits, Du et al. (unpublished data) further 

showed that dietary CLA (2% of diet) increased the serum triglyceride content greatly when 

compared with rabbits fed with corn oil at the same level, but with no significant change in 

cholesterol level. 

6. Effect of CLA on insulin and diabetes: 

Houseknecht et al. (1998) provided the first evidence that CLA was able to normalize 

impaired glucose tolerance and improve hyperinsulinemia in pre-diabetic rats. Ryder et al. 

(2001) reported that glucose tolerance, insulin-stimulated glucose transport and glycogen 

synthase activity in skeletal muscle were improved by feeding 1.5% of CLA mixture to rats. 

Stangl et al. (1999) fed 16 adult female pigs with diets containing 0 or 1% of CLA for 6 

weeks and found that CLA-treated pigs exhibited a 37% higher concentration of fasting 

serum insulin than their controls receiving no CLA (P = 0.11). Serum concentrations of non-

esterified fatty acids were reduced by 38% in CLA-treated pigs relative to the controls, 

although this difference was not significant. In our study (Du et al., 2001a), however, no 

change in the content of serum free fatty acids was observed in broilers fed with CLA up to 

3% of diet. 
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7. Effect of CLA on fatty acid metabolism: 

7.1. Inhibition of fat accumulation in mammals 

The effect of dietary CLA on fatty acid metabolism is one of the main research 

interests to animal scientists because dietary CLA may reduce the fat accumulation in 

animals. Azain et al. (2000) reported that dietary CLA reduced retroperitoneal fat pad weight 

by 13,25 and 32% in rats fed 0.25,0.5% and 1.0% of pure CLA, respectively (P < 0.05). 

Similar effects were observed in the weight of the parametria! fat pad. Delany et al. (1999) 

showed that CLA feeding at a low level produced a rapid, marked decrease in fat 

accumulation and an increase in protein accumulation without any major effects on food 

intake. Park et al. (1999a) observed that a 0.5% CLA diet significantly reduced body fat, 

increased whole body protein, water, and ash in rats. Further, CLA repartitioned body fat to 

lean and improved feed efficiency in rats (Park et al., 1997; Chin et al., 1994). The reduced 

fat pad size was due to smaller adipocyte size rather than a reduced cell number (Azain et al., 

2000). However, in recent years, many reports suggested that CLA was not effective in 

inhibiting fat accumulation. Rats fed a diet containing up to 5% of CLA mixture did not 

influence growth and body fat partitioning significantly (Stangl, 2000). Using 70 kg weight 

pigs, Mueller et al. (2000) showed that dietary supplementation of CLA had no marked effect 

on fat accumulation. In a human study, Zambell et al. (2000) reported that 64 days of CLA 

supplementation at 3 g/day had no significant effect on body composition of adult women. At 

daily intake of 3.4 g CLA, the overall treatment effect of CLA on human body weight and 

Body-Mass-Index (BMI) was not significant (Berven et al., 2000). 

The exact mechanisms for the reduced fat accumulation after CLA feeding, if it occurs, 

are not clear yet, but this can be related to various aspects of lipid metabolism, including 

inhibition of lipid absorption, decrease of lipogenesis, promotion of lipid oxidation and 

others. West et al. (1998) suggested that CLA reduced body fat by several mechanisms, 

including a reduced energy intake, increased metabolic rate, and a shift in nocturnal fuel mix. 

7.2. Inhibition of fat absorption and feed consumption 

Inhibition of fat absorption could be a mechanism for the reduced fat accumulation in 

animals. However, no study indicated that there were differences in fat absorption after CLA 
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feeding. Martin et al. (2000ab) found that CLA isomers were equally absorbed by 

enterocytes. Du et al. (2001a) analyzed fat content in the feces of broilers fed with different 

levels of CLA and found no difference in extractable lipid content. This indicated that dietary 

CLA did not reduce the absorption of lipids in vivo. However, several reports did suggest that 

the feed intake of animals decreased after CLA feeding. Miner et al. (2001 ) observed that 

feed intake of mice was reduced by the supplement of 2% CLA. O'-Quinn et al. (2000) also 

showed that feeding CLA to finishing pigs reduced feed consumption compared with feeding 

tall oil. In broiler chickens, 2 and 3% of dietary CLA decreased the feed consumption of 

birds compared to control (Du et al., 2001c). However, Bee (2000a) reported that 2% dietary 

CLA increased the feeding consumption of piglets. 

73. Inhibition of lipogenesis 

Dietary CLA was reported to reduce lipogenesis in mammary gland of cows. Loor and 

Herbein (1998) reported that CLA appeared to be a potent inhibitor of de novo fatty acid 

synthesis and desaturation in the mammary gland. By analyzing the fatty acid composition of 

milk after feeding CLA to cows, Baumgard et al. (2000) also reported that de novo synthesis 

of fatty acids was extensively reduced. Bee (2000ab) suggested distinct involvement of CLA 

in reducing de novo fatty acid synthesis and desaturation process in adipose tissues and 

mammary gland of cows. However, Delany and West (2000) observed increased fat 

oxidation, but no decrease in de novo fat biosynthesis in AKR/J mice after feeding CLA. 

7.4. Promotion of fatty acid oxidation 

One mechanism by which CLA reduces body fat is increasing energy expenditure. 

The increased energy expenditure is sufficient to account for the decreased fat accumulation 

(Delany and West, 2000, West et al., 2000). Park et al. (1997) suggested that the effects of 

CLA on body composition appeared to be due in part to reduced fat deposition and increased 

lipolysis in adipocytes, possibly coupled with enhanced fatty acid oxidation in both muscle 

cells and adipocytes. Using isolated perfused rat liver, Sakono et al. (1999) found that livers 

from CLA-fed rats produced significantly more ketone bodies; and the ratio of p-

hydroxybutyrate to acetoacetate, an index of mitochondrial redox potential, tended to be 
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consistently higher in the liver perfusate of CLA treated mice. Conversely, cumulative 

secretions of triacylglycerol and cholesterol were significantly lower in the livers of rats fed 

CLA. Thus, dietary CLA appeared to exert its hypolipidemic effect at least in part through an 

enhanced P-oxidation of fatty acids at the expense of esterification of fatty acid in the liver 

(Sakono et al., 1999). However, by feeding 16 sows with 0 or 1% CLA for 6 weeks, Mueller 

et al. (1999) found that CLA had no effect on the digestibility and metabolizability of fat, nor 

had any evidence of CLA treatment having an effect on the animals' gas exchange, heat 

production, or energy retention. 

The increased P-oxidation of fatty acids after CLA feeding, if it occurred, could be 

related to the proliferation of peroxisomes. CLA was suggested to induce the expression of 

genes for peroxisome proliferator-activated receptor (PPAR), which might be associated with 

the peroxisome proliferation (Moya-Camarena and Belury, 1999). Moya-Camarena et al. 

(1999) reported that CLA was a high affinity ligand and activator of PPAR-a and induced 

accumulation of PPAR-responsive mRNAs in a rat hepatoma cell line. Using a scintillation 

proximity assay, CLA isomers were shown to be ligands for human PPAR-a with a rank 

order of potency of cis-9, trans-10> trans-10, cis-12> trans-9, trans-11 isomer (Moya-

Camarena et al., 1999). However, by feeding male Wistar rats with a semi-purified diet 

containing 0, 1.5 or 5.0 energy % CLA for 4 weeks, Jones et al. (1999) found that dietary 

CLA did not change the activities of hepatic palmitoyl-CoA oxidase, carnitine acetyl 

transferase activities and total cytochrome P450 levels, and suggested that CLA did not act in 

the rat as a classical peroxisome proliferator. In hamster, the markers of peroxisome 

proliferation, including palmitoyl CoA oxidase and carnitine acetyl transferase activities, 

were not increased by CLA (de-Deckere, 1999). Martin et al. (2000b) observed that none of 

the CLA-diets induced a hepatic peroxisome-proliferation response, as evidenced by lacking 

in the changes in activities of characteristic enzymes such as acyl-CoA oxidase and carnitine 

palmitoyltransferase-I, or in some enzymes affected by peroxisome-proliferators or 

glutathione S-transferase. In addition to liver, the activity of rate-limiting p-oxidation 

enzyme, carnitine palmitoyltransferase-!, in muscle, did not change by dietary CLA. 

Conversely, its activity in adipose tissue increased more than 30% of the control value when 
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animals were fed CLA-diets containing trans-10, cis-12 isomer, suggesting that CLA could 

increase fatty acid P-oxidation in adipose tissues (Martin et al., 2000b). 

7.5. Apoptosis of adipocytes 

Miner et al. (2001) observed that the apoptosis in adipose tissue was increased (p < 

0.01) by 2% CLA consumption in mice, but there were no changes in energy expenditure or 

feed intake after CLA feeding. Evans et al. (2000) also showed that CLA induced apoptosis 

and inhibited proliferation of 3T3-L1 preadipocytes. In their study, 100 pM CLA was used in 

cell culture medium. 

7.6. Effect on the stearoyl-CoA desaturase and A6-desaturase 

Previous studies indicated that oleic acid content in yolk lipid and muscle tissues of hen 

decreased after CLA feeding (Ahn et al., 1999; Du et al., 1999). This could be related to the 

decreased expression of stearyl-CoA desaturase. Lee et al. (1998) reported that the 

expression of stearoyl-CoA desaturase decreased when CLA was fed to rats. Choi et al. 

(2000) also observed that treating differentiating 3T3-L1 preadipocytes with fraws-10, cz's-12 

CLA isomer resulted in a dose-dependent decrease in the expression of stearoyl-CoA 

desaturase 1 gene. The result was further confirmed by Park et al. (2000). By separating rat 

liver microsomes, Bretillon et al. (1999) showed that the activity of A6 desaturation of 

linoleic acid decreased when the ratio of cis-9, trans-11 CLA isomer to linoleic acid 

increased. But trans-10, cis-12 CLA isomer exhibited little effect on desaturation. However, 

using CLA isomer mixture, no inhibition effect on A6 desaturation was observed (Du et al., 

2000b). 

7.7. Effects of CLA Isomers in lipid metabolism 

Different CLA isomers have been suggested to have specific biological effects (Park at 

al., 1999a). Du et al. (1999) reported that the incorporation rates of different CLA isomers 

into various classes of lipids were significantly different. Some CLA isomers may have lower 

incorporation rates into triglycerides and phospholipids than others and thus their 
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concentration in serum is higher than those CLA isomers with high incorporation rates 

(Martin et al., 2000b). 

Trans-10, cis-12 CLA isomer had different biological effects compared with cis-9, 

trans-X2 isomer. In hamster, de-Deckere et al. (1999) observed that CLA mix and trans-10, 

cis-12 CLA isomer decreased fasting values of LDL- and HDL-cholesterol, increased VLDL-

triacylglycerol, and reduced epidydimal fat pad weights, whereas cis-9, trans-11 CLA isomer 

had no significant effects. Park et al. (1999a) reported that trans-XO, cis-12 CLA was the 

active CLA isomer, which influenced body composition in mice. Choi et al. (2000) indicated 

that treating differentiating 3T3-L1 preadipocytes with trans-10, cis-12 CLA isomer resulted 

in a dose-dependent decrease in the expression of stearoyl-CoA desaturase 1 gene, but the 

expression of other adipocyte genes such as adipose P2, fatty acid synthase, stearoyl-CoA 

desaturase 2 and key adipogenic transcription factors, and PPAR y2 and CCAAT enhancer 

binding protein a, remained elevated. In contrast, cis-9, trans-l 1 isomer did not alter 

adipocyte gene expression (Choi et al., 2000). Bretillon et al. (1999) also suggested that the 

sole isomer that induced an inhibitory effect on the A9 desaturation of stearic acid was trans-

10, c/s-12 isomer. Cells treated with trans-10, czs-12 CLA exhibited smaller lipid droplets 

with reduced levels of major monounsaturated fatty acids, palmitoleate, and oleate (Choi et 

al., 2000). Park et al. (2000) showed that trans-10, cis-12 CLA isomer had strong inhibitory 

activities on stearoyl-CoA desaturase while cis-9, trans-X 1 and trans-9, trans-X X isomers had 

no effect. They further analyzed the effect of specific conjugated double bond structures on 

the activity of stearoyl-CoA desaturase and found that trans-10 octadecenoate was not 

inhibitory whereas cis-12 octadecenate was inhibitory. A cis-12 double bond appears to be a 

key structural feature for inhibiting stearoyl-CoA desaturase activity, especially when 

coupled with a trans-10 double bond, whereas a cis-11 double bond is less effective (Park et 

al., 2000). Although cis-9, trans-l 1 CLA isomer was not effective in inhibiting stearoyl-CoA 

desaturase activity, cis-9, trans-X 1 isomer was effective in inhibiting A6-desaturase (Bretillon 

et al., 1999). 
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7.8. Fatty acid metabolism in birds 

In birds, liver is the principal site for lipid synthesis. The capacity of de novo 

biosynthesis of lipid in the liver of birds is very high compared with that of mammals. Unlike 

mammals, fatty acids (not glucose) are the main energy source for birds. Stearyl-CoA 

desaturase is important for fatty acid metabolism in birds (Kameda and Goodridge, 1991). 

The synthesis of higher proportions of monounsaturated fatty acids (MUFA) facilitates the 

incorporation of MUFA into VLDL. A high plasma concentration of VLDL, in turn, leads to 

a high uptake of lipid by adipose tissue and accumulates more fat (Stevens, 1996). In hens 

and broilers, Du et al. (1999, 200lab) observed that the content of oleic acid and palmitoleic 

acid decreased after CLA feeding, revealing that the activity of A9 desaturase decreased after 

CLA feeding. This might influence fat accumulation in birds, but no reports about the effect 

of dietary CLA on fat accumulation in birds are available. In chicken embryos, Latour et al. 

(2000b) showed that enriching eggs with CLA alters relative yolk sac absorption and the 

composition of circulating VLDL particles during hatching. The metabolizable energy values 

for CLA seemed not different from linoleic acid in broilers, but the metabolizable energy of 

CLA sources varied with fatty acid composition and dietary concentration (Sell et al., 2001). 

8. Human study on biological effects of CLA: 

Due to the difficulties associated with human studies, far less experiments were 

conducted with humans than animals. To show the effect of CLA on human more clearly, the 

major human studies on CLA published up to now are summarized. 

Several studies were conducted to determine the effect of CLA on fat accumulation in 

humans: Employing seventeen women as study subjects, Zambell et al. (2000) reported that 

64 days of CLA supplementation at 3 g/day had no significant effect on body composition or 

energy expenditure in adult women, which contrasts with previous findings in animals. After 

CLA feeding, there were no changes in energy expenditure, fat oxidation, or respiratory 

exchange ratio at rest or during exercise (Zembell et al., 2000). With the daily intake of 3.4 g 

CLA, overall treatment effect of CLA on body weight and BMI was not significant (Berven 

et al., 2000). Medina et al. (2000) assessed the effects of CLA supplementation (3 g/day for 

64 days) on circulating leptin, insulin, glucose, and lactate concentrations in healthy women 
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and found that CLA supplementation significantly decreased circulating leptin 

concentrations, but no significant differences in fat mass, serum insulin, glucose and lactate 

concentrations were found. 

Dietary CLA can be absorbed by humans effectively. Jiang et al. (1999) reported that 

the amount of cis-9, trans-\ 1 CLA isomer in human adipose tissues was positively related to 

the milk fat intake containing CLA. Elias and Innis (2001) reported that infant plasma CLA 

content was related to maternal plasma CLA content, implying the efficient absorption of 

CLA in infants. In addition, Adlof et al. (2000) found that trans-11 octadecenoate (fed as 

triglyceride) was converted to cis-9, trans-11 CLA isomer by A9 desaturase in vivo, but no 

significant conversion of c/s-lO or trans-10 octadecenoate to 10,12 CLA isomers were 

observed. 

Dietary CLA did not show significant toxic effect in humans. Berven et al. (2000) 

conducted a controlled study including 60 overweighted or obese volunteers, and divided 

them into two groups receiving 3.4 g CLA or placebo daily for 12 weeks. No difference in 

adverse events or other safety parameters was found between the treatment groups. 

Moreover, no clinically significant changes in vital signs were observed in both groups. Basu 

et al. (2000) showed that daily intake of 4.2g CLA for 1 month increased both non-enzymatic 

and enzymatic lipid peroxidation in men with abdominal obesity. 

9. CLA and animal performance: 

The major effect of CLA on animal performance seems to be reducing fat accumulation 

and promoting muscle growth. In studies with mice, DeLany et al. (1999) found that CLA 

feeding induced a rapid, marked decrease in fat accumulation and an increase in protein 

accumulation at relatively low doses without any major effects on food intake. Further, CLA 

could repartition body fat to lean and improve feed efficiency in rats (Park et al, 1997; Chin 

et al, 1994). Park et al. (1999ab) observed that a 0.5% CLA diet significantly reduced body 

fat, and increased whole body protein, water, and ash in rats. In fish, Twibell et al. (2000) 

reported that the growth rate decreased as the CLA level increased, but feed efficiency 

improved after feeding CLA. However, Scimeca (1998) showed that food consumption and 

body weight in rats fed diet supplemented with 1.5% CLA for 36 weeks were unaffected by 
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CLA treatment. Stangl (2000) reported that feeding rats with a diet containing up to 5% of 

CLA mixture did not significantly influence growth and body partitioning. 

Several studies reported the effect of CLA on pig performance. Dugan et al. ( 1997) 

reported that pigs fed CLA reduced feed intake by 5.2%, improved feed conversion rate by 

5.9%, decreased subcutaneous fat accumulation by 6.8%, and gained 2.3% more lean than 

pigs fed sunflower oil. On the contrary, using 70 kg live-weight pigs, Mueller et al. (2000) 

showed that, supplementation of CLA under isoenergetic feeding conditions with a strongly 

positive energy balance had no obvious effect on total lipid metabolism, although slightly 

enhanced deposition of protein was evident. No reduction in fat accumulation, however, was 

observed (Mueller et al, 2000). Dietary CLA may also influence the quality of meat. Dugan 

et al. (1999) showed that dietary CLA improved pork composition by increasing marbling 

scores and intramuscular fat, while having no detrimental effect on the sensory 

characteristics of pork. Feeding CLA tended to increase belly firmness (P < 0.10) and carcass 

lean content compared with pigs fed control diet, and additionally improved some aspects of 

meat quality in growing-finishing pigs (O'-Quinn et al., 2000). 

Feeding dietary CLA to hens reduced the hatchability of their eggs. Many embryos of 

eggs from hens given the experimental diet died in the early stages of incubation, and the 

hatchability was 13.1 %, as compared with 92.8% in control eggs (Aii et al., 1999). But 

Latour et al. (2000a) indicated that the fertility and hatchability of eggs obtained from hens 

receiving 1 g CLA every other day did not change, nor the body weight of embryos and 

chicks. After 4 months of CLA feeding, hens exhibited an increase in body weight and egg 

size; however, there were no differences in feed consumption among the various treatment 

groups (Latour et al., 2000b). Ahn et al. (1999c) reported that egg yolk surface from hens fed 

CLA diets sometimes had relatively dark color with light spots after storage. Dietary CLA 

and storage of CLA eggs increased the firmness of hard-cooked egg yolk. The texture of egg 

yolk from hard-cooked CLA eggs was rubbery and elastic. Eggs from CLA-fed hens had 

greater iron, calcium and zinc concentrations and lower magnesium, sodium and chloride 

concentrations in albumen relative to those from hens fed com oil, presumably due to the 

disruption of vitelline membrane during cold storage, since CLA increased the level of 
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saturated fatty acids. Feeding olive oil, which is rich in monounsaturated fatty acids, 

improved the quality of eggs and also the hatchability (Aydin et al., 2001). 

Part II. Effect of Dietary CLA and Irradiation on the Flavor, Lipid Oxidation, and 

Color of Poultry Meat 

1. Flavor and lipid oxidation of poultry meat as affected by dietary CLA and 

irradiation 

1.1. Poultry meat flavor 

Volatiles contributing to odor and flavor are quite complicated. Both sulfur and 

carbonyl compounds in volatiles are considered important in cooked poultry meat flavor 

(Ram as warn y and Richards, 1982). Aroma compounds are mainly generated during the 

cooking process. During heating, meat flavor precursors, including free amino acids, 

peptides, sugars, nucleotides, organic acids, and fatty acids react with each other or degrade 

to produce large quantities of volatiles and form the typical flavor of cooked meat. Ang and 

Liu (1996b) indicated that more than 50% of volatiles increased linearly or quadratically as 

the end-point temperature of meat increased. Most of those induced-volatiles are related to 

the degradation of meat components as temperature increased. Imafidon and Spanier (1994) 

reported that at temperature above 77 °C, lipid oxidation is inhibited due to the antioxidant 

effect of Maillard reactions. Maillard reaction and other reactions during heating contribute 

significantly to volatile production, which forms the cooked meat aroma. Several hundreds of 

volatiles were detected by analyzing the headspace of cooked meat (Ramarathnam et al., 

1993). But most of them have high thresholds, and thus, might not contribute much to the 

aroma of poultry. 

The odor for raw chicken meat is quite weak compared with cooked meat. 2-propanone, 

hexane, propane, pentane, butene, ethanol, and other alkanes were the main volatiles in raw 

chicken (Du et al., 200 Id; Eilamo et al., 1998). 
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1.2. Poultry meat off-odor related to lipid oxidation and irradiation 

1.2.1. Warmed-over flavor 

Warmed-over flavor is most frequently used to describe unpleasant flavor of reheated 

cooked meat and is characterized as 'cardboard' and 'paint-like' odor (Love and Pearson, 

1971; Asghar et al., 1988). Warmed-over flavor is closely related to lipid oxidation. The 

speed of oxidation depends on the unsaturation of fatty acids and the presence of prooxidants 

and antioxidants in meat. Efforts to increase the amounts of n-3 polyunsaturated fatty acids in 

poultry in order to improve nutritional value exacerbate the problem of lipid oxidation. N-3 

PUFA in poultry meat can be increased by feeding fish oil, fishmeal, algae, or vegetable oils 

high in linolenic acid (Pinchasov and Nir, 1992). In meats, the concentration of unsaturated 

fatty acids in phospholipids is much higher than in triglycerides. Thus, phospholipids play 

major roles in lipid oxidation (Igene and Pearson, 1979; Igene et al., 1980). Lipid oxidation is 

much quicker in cooked meat due to damage in membrane structure and protein denaturation 

that exposes phospholipids to oxygen after cooking (Ahn et al., 1992). Wu and Sheldon 

(1988) suggested that warmed-over flavor in cooked meat is related to lipid oxidation and 

phospholipids are the main source of lipid oxidation. Additionally, any degree of lipid 

oxidation in raw meat accelerates the development of oxidized off-flavors in cooked meat, 

due to the nature of free-radical chain reaction in lipid oxidation (Rhee, 1989). 

Malonaldhyde is one of the secondary oxidation byproducts of polyunsaturated fatty 

acids. Thiobarbituric acid reactive substances (TEARS) measures malonaldhyde content in 

meat. TBARS analysis is the most frequently used method to determine lipid oxidation. The 

potential problem of TBARS test is that some other components in meat may interfere with 

the measurement. Warmed-over and rancid flavor correlated highly and consistently with 

TBARS values (Igene et al., 1985; Nolan et al.,1989). Hexanal, an oxidation product of 

linoleic acid, is also used as an indicator of lipid oxidation. Shu et al. (1995) suggested that 

hexanal and TBARS are highly correlated with warmed-over flavor of meat. Significant 

correlations were found between TBARS values and propanal, pentanal, hexanal, heptanal, 

and total volatiles (Su et al., 1991; Ahn et al., 1998ab). Lai et al. (1995) also showed that 

TBARS was related to hexanal and off-flavor development as judged by sensory panelists. 

Ang and Lyon (1990) illustrated that the intensities of cardboard, warmed-over, 
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rancid/painty, and overall off-flavor characteristics increased with the increase of TBARS 

and aldehydes content in headspace. 

1.2.2. Irradiation odor 

Irradiation has been showed to be very effective in controlling food-borne pathogens 

(Farkas, 1998). Irradiation is growing into an important or even mandatory process for the 

food industry to ensure the safety of foods in the near future. However, ionizing radiation 

generates free radicals that may cause lipid peroxidation and other chemical changes, and 

influence the quality of foods (Ahn et al., 1998ab; Patterson and Stevenson, 1995; Hashim et 

al., 1995). Patterson and Stevenson (1995) isolated those volatiles from irradiated raw 

chicken by gas chromatography in conjunction with olfactory assessment of the effluent 

carrier gas to locate compounds with strong smells, and found that dimethyl-trisulphide was 

the most potent and obnoxious compound, followed by cis-3, trans-6 nonenals, 1-octenone 

and bis (methylthio-) methane. Ahn et al. (2000ab) reported that dimethyl-disulphide was 

found in volatiles induced by irradiation and might relate to irradiation odor. Raw irradiated 

chicken meat had higher 'fresh chickeny' than nonirradiated samples, and cooked meat after 

irradiation had more chicken flavor (Hashim et al., 1995). The reason may be due to the 

increased sulfur compounds after irradiation. Since it has already been shown that sulfur 

compounds are important for the characteristic chicken flavor, increased sulfur compounds 

after irradiation strengthen chicken flavor. Ahn et al. (1998b) showed that irradiated patties 

had accelerated oxidative changes, and dietary a-tocopheryl acetate can minimize the 

oxidation and off-odor generation of meat, suggesting lipid oxidation induced by irradiation 

might also contribute to irradiation odor. 

1.2.3. Other off-odors 

Besides lipid oxidation and irradiation, other off-odors may be caused by bacteria, diet, 

sex, or contamination of environmental odor during storage. The intestinal microflora may 

influence the flavor of poultry meat. Harris et al. (1968) showed that broilers raised at germ-

free conditions had significantly different odor compared with chickens raised at 

conventional conditions. Mead et al. (1983) reported that birds had higher counts of E. coli 
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and faecal streptococci produced meats with 'richer', 'sweeter' and a stronger overall flavor. 

Feeding fish oils tend to cause a fishy taint in poultry meat (Poste, 1991 ; Leskanich and 

Noble, 1997). 

1.3. Mechanisms of off-odor formation: 

1.3.1. Lipid oxidation: 

The mechanism for lipid oxidation has been defined well (Gray and Pearson, 1994). 

Lipid oxidation is initiated when a hydrogen atom is abstracted from a methylene group of 

fatty acid by a reactive oxygen species. The presence of a double bond in fatty acid weakens 

the C-H bonds on the carbon atom adjacent to the double bond and so makes hydrogen atom 

removal easier. The abstraction of hydrogen atom leaves behind an unpaired electron on the 

carbon, making a lipid radical. The lipid radical initiates the formation of other radicals by 

abstracting a hydrogen atom from the double bond site of adjacent fatty acids and forms 

more radicals, which is called proliferation of radicals. Oxygen can react with radicals to 

form peroxyl radicals or hydroperoxides and greatly accelerate oxidation (Esterbauer, et al., 

1992; Halliwell and Gutteridge, 1989). As a result of lipid oxidation, complex mixtures of 

aldehydes, ketones, hydrocarbons, esters, lactones, and alchohols are produced and generate 

oxidative off-odor. Apparently, the proportion of polyunsaturated fatty acids in fat 

significantly influences the rate of lipid oxidation. 

Ionic iron can accelerate lipid peroxidation (Ahn et al., 1998ab). Iron or copper salts 

cause fission of relatively stable lipid peroxides to form alkoxyl or peroxyl radicals (Stohs 

and Bagchi, 1995) and accelerate oxidation. In the presents of Fe3+, the addition of low 

concentration of ascorbate may accelerate lipid oxidation (Kansci et al., 1997). Fe2+ and its 

complexes stimulate lipid oxidation more than Fe3+ does (Ahn et al., 1993ab). The 

prooxidant effect of iron was enhanced when ascorbate was added together in chicken 

muscle system (Sista et al., 2000). In oil emulsion and cooked meat homogenates, ferrous 

iron and hemoglobin had strong prooxidant effects, but ferritin became prooxidant only when 

ascorbate was present. The prooxidant effect of ferrous iron in oil emulsion and cooked meat 

homogenate disappeared in the presence of superoxide, H2O2, or xanthine oxidase systems 

(Ahn et al., 1998a). Hemoglobin and ferritin had no prooxidant effect in raw meat 
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homogenates (Ahn et al., 1998a). But ferrous and hemoglobin had strong catalytic effects on 

the oxidation of oil emulsion as shown by TBARS values (Ahn and Kim, 1998ab). Free ionic 

iron is more effective in inducing oxidation than bounded iron (Ahn et al., 1993b). Adding 

chelators with strong or weak chelation ability, such as diethylenetriaminepentaacetic acid, 

citrate and phosphate, was effective in preventing the formation of TBARS in meat 

homogenates (Ahn et al., 1993ab). Clove and Maillard reaction products were found to affect 

the extent of nonheme iron release during meat cooking and this should contribute in part to 

their antioxidant effects in meat (Jayathilakan et al., 1997). Bartov and Kanner (1996) 

showed that dietary supplement with a high level of iron did not affect the oxidative stability 

of turkey thigh meat, but injecting ferrous sulfate into meat reduced the stability. Ruiz et al. 

(2000) showed that the removal of iron and copper from the diet, however, reduced oxidation 

values in cooked broiler leg meat as measured by TBARS values. 

1.3.2. Degradation of amino acids and fatty acids by irradiation: 

The mechanism for the formation of irradiation odor is not fully understood yet. 

However, we found two main factors that contribute to the formation of irradiation off-odor: 

one dominant factor is the degradation of amino acids (Jo and Ahn, 2000; Ahn et al., 2000ab) 

and the other is the degradation of fatty acids by ionizing irradiation (Ahn et al., 2000a). Up 

to now, numerous volatiles induced by irradiation, which include methane thiol, dimethyl 

sulfide, dimethyl disulfide, carbon disulfide, 3-methyl butanal, 2-methyl butanal, 1-heptene, 

1-nonene, dimethyl trisulfide, and many others, have been identified. Irradiating amino acid 

in an oil emulsion can produce specific volatiles, which are associated with irradiation odor 

(Jo and Ahn, 2000). Irradiating leucine produced 3-methyl butanal and isoleucine produced 

2-methyl butanal. Dimethyl disulfide was formed when irradiating methionine, and carbon 

disulfide was formed when irradiating cysteine (Jo and Ahn, 2000). This result clearly 

showed that radiolysis of amino acids played an important role in volatile formation after 

irradiation. Since sulfur compounds have very low threshold for odor detection, sulfur 

compounds formed by radiolysis of sulfur-containing amino acids may be the major 

contributors for irradiation off-odor (Ahn et al., 2000b). The degradation of amino acids by 

oxidative deamination-decarboxylation via Strecker degradation may produce branched chain 
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aldehydes (Garcia et al., 1991). And this could be the mechanism for the formation of 3-

methyl butanal and 2-methyl butanal from leucine and isoleucine after irradiation. 

Beside the volatiles from radiolysis of amino acids, 1-heptene and 1-nonene should be 

the degradation products of fatty acids. Jo et al. (1999) showed that 1-heptene content in 

volatiles was positively related to irradiation dose. Du et al. (2001b) showed that the 

production of alkenes and alkanes are associated with irradiation. These reports suggested 

that irradiation induced fatty acid degradation. The mechanism for the radiolysis of fatty 

acids may be similar to lipid oxidation, especially when oxygen is available. 

Overall, irradiation off-odor is related to the radiolysis of amino acids and fatty acids. 

However, the mechanism for the radiolysis is largely unknown. More studies are apparently 

needed in order to prevent irradiation off-odor. 

1.3.3. Other reactions related to flavor and off-odor formation in meat: 

The Maillard reaction is a reaction between carbonyls and amines, and is very 

important for the flavor formation of cooked meat. Farmer and Mottram (1990) reported that 

the Maillard reaction formed numerous volatiles. Sulfur compounds formed through the 

reaction of sulfur-containing amino acids with reducing sugars apparently played an 

important role in the cooked chicken aroma formation (Farmer et al., 1989). Similar 

mechanism for the formation of sulfur compounds during irradiation may exist. However, the 

overall importance of the Maillard reaction in off-odor formation is questionable. 

The degradation of thiamine might also play a role in the off-odor formation in cooked 

meat. Buttery et al. (1984) showed that the thermal degradation of thiamine formed sulfur-

containing volatiles, of which 2-methyl-3-furanthiol was associated with meaty aroma of 

chicken. 

Enzymes, both exogenous and endogenous, may catalyze reactions associated with 

flavor and off-odor formation in meat. Exogenous enzymes, mainly from contaminating 

microorganisms, cause the degradation of amino acids, fatty acids and nucleotides, and thus, 

form unpleasant odor. 
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1.4. Effect of dietary CLA on lipid oxidation and off-odor formation: 

The adverse effect of fatty acids on the flavor of meat is mainly due to lipid oxidation. 

The higher the proportion of polyunsaturated fatty acid in meats, the more the meat tends to 

be oxidized. Poultry meat contains more PUFA than red meat, and thus, is more prone to be 

oxidized. Further, irradiation may induce the generation of more radiolytic products from the 

polyunsaturated fatty acids. 

Dietary CLA is reported to reduce the content of unsaturated fatty acids in meat (Du et 

al., 200lab). Further, dietary CLA reduces arachidonic acid, linoleic acid, and oleic acid 

content in fat, and shifts the whole fatty acid composition to the more saturated side (Du et 

al., 2001c). Therefore, meats from animals fed CLA may be less susceptible to lipid 

oxidation, color changes, and volatile production than those from control diet (Du et al., 

2000ab). Banni et al. (1998) indicated that there was no antioxidant effect for CLA. Using a 

pure CLA source, Yang et al. (2000) found that CLA as a whole oxidized rapidly and more 

than 80% was degraded within 110 h in air at 50 °C. Four cis, cis-CLA isomers were most 

unstable followed by four cis, trans-CLA isomers. In contrast, four trans, trans-CLA isomers 

were relatively stable under the same experimental conditions. However, CLA present in 

meat is quite stable and does not participate in oxidation because there was no change in 

CLA during meat storage while the content of other polyunsaturated fatty acids decreased 

during storage due to oxidation (Du et al., unpublished data). As dietary CLA levels 

increased, the TBARS values and hexanal content of meat patties after storage under aerobic 

conditions decreased. This indicates that dietary CLA improved the oxidative stability of 

chicken meat (Du et al., 2000ab). Altogether, chicken meat produced from broilers fed with 

CLA would be expected to have different flavor and color stability than normal meats, but 

little published data are available (Du et al., 2000ab). 

1.5. Other fatty acids on off-odor formation and lipid oxidation: 

Currently, most reports on dietary fatty acids and poultry meat quality are focused on 

fish oil and linseed oil (Hargis and van Elswyck, 1993). This is apparently due to economic 

reasons because feeding fish oil and linseed oil can increase the content of eicosapentanoic 

acid (EPA) and docosahexanoic acid (DHA) in poultry meat or eggs. While EPA and DHA 
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are good for health, they also can cause problems such as increasing lipid oxidation in meats. 

Poste (1991) showed that increasing fishmeal in the diet reduced the stability of cooked 

chicken meat. No difference in sensory characterisitcs of meat produced from different levels 

of fishmeal was rated immediately after cooking. As fishmeal content in diet increased, 

however, chicken flavor decreased and fishy off-flavor increased following overnight 

storage. Leskanich and Noble (1997) suggested that fish meal and fish oil in broiler diets 

should not exceed 12% and 1% of feed weight, respectively, in order to avoid fishy taints. In 

another study, they assigned broilers to diets containing 8% of three different fat sources 

(tallow, lard or sunflower oil) and found that a dietary fat source rich in linoleic acid 

produced a meat with moderately higher susceptibility to lipid oxidation compared to tallow 

or lard (Sanz et al., 1999). Ajuyah et al. (1993b) found a significant rancid off-odor presented 

in chicken meat as judged by sensory panel when the chickens were fed 150 g linseed oil/kg 

of diet, and the off-odor intensity increased further after 5 days of storage at 4 °C. Sarraga 

and Garcia-Regueiro (1999) reported that broiler thigh meats exhibited higher levels of 

oxidation than breast meat after feeding sunflower oil. Fat content also influences the 

oxidative stability of poultry meat. Ang and Young (1992) showed that cooked chicken thigh 

meat patties with high fat content had reduced oxidative stability as indicated by a higher 

TBARS value after storage. 

1.6. Antioxidants: 

Antioxidants can terminate the chain reaction of peroxyl or alkoxyl radicals by 

scavenging chain-propagating radicals, and thus, prevent lipid oxidation (Morel, 1989). 

Vitamin E can react with lipid peroxyl and alkoxyl radicals by donating labile hydrogen and 

protect meat from oxidation. The tocopheryl radical formed is insufficiently reactive to 

abstract hydrogen atom from fatty acids because the unpaired electron on the oxygen atom 

can be delocalized into the aromatic ring structure (Fukuzawa and Gebicki, 1983). However, 

when vitamin E is totally consumed, it may have a prooxidant effect and act as a chain-

transfer agent (Kontush et al., 1996). The supplement of tocopherol in diet to prevent 

oxidative off-odor, such as fishy taints and warmed-over flavor, has been well established. 

Bartov et al. (1983) found that adding vitamin E in diet inhibited the off-odor development of 
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frozen turkey drumsticks after 7 months storage at —18 °C. De Winne and Dirinck (1996) 

further reported that vitamin E supplement improved oxidative stability of chickens after 

freezing, thawing, and further refrigerated storage. Sheldon et al. (1997) illustrated that 

feeding vitamin E to turkeys improved the oxidative stability and sensory quality of both 

frozen and refrigerated breast meat. Descriptive flavor profiling analysis indicated that off-

odor notes decreased as the dietary vitamin E level increased. The stability of meat from 

birds fed linseed or linseed oil improved after dietary supplement with vitamin E (Ajuyah et 

al., 1993ab; Ahn et al., 1995). Morrissey et al. (1997) reported that a supplemental diet of 

200 mg a-tocopheryl acetate resulted in a saturation levels of a-tocopherol in plasma after 1 

week of feeding and in tissues within 3 to 4 weeks of feeding. The results show that feeding 

200 mg a-tocopheryl acetate/kg feed to chicks for at least 4 weeks prior to slaughter was 

necessary to optimize muscle content and to stabilize muscle against lipid peroxidation 

(Morrissey et al., 1997). Gal vin et al. (1998) pointed out that irradiation had little effect on 

lipid stability in a-tocopherol-supplemented meat following cooking and storage. Gatellier et 

al. (2000) reported that vitamin E supplementation significantly decreased radical production. 

Vitamin E also decreased protein oxidation, but the effect of vitamin E on protein oxidation 

was less pronounced than on lipid oxidation. 

Besides vitamin E, numerous other antioxidants are reported to be effective in 

preventing oxidative off-odor. Ascorbate can regenerate the chain breaking antioxidant, a-

tocopherol, in biological systems (Braughler et al., 1986). Vitamin C and vitamin E have 

cooperative effects in vivo. However, ascorbate itself is ineffective in preventing lipid 

oxidation in meats. Craig et al. (1997) reported that 0.1% of sodium ascorbate could reduce 

the oxidative changes of ground turkey slightly. Vitamin C supplementation appears to have 

little, if any, beneficial effects on meat stability (Morrissey et al., 1998, King et al., 1995). 

Bartov et al. (1997) reported that feeding retinyl acetate failed to reduce lipid oxidation in 

meat. Dietary carotene also was not effective in preventing oxidation in meats (King et al., 

1995). Nitrite has antioxidant effects in meat products. Han and Yamauchi (2000) indicated 

that the addition of 100 ppm nitrite to ground pork resulted in a remarkable antioxidant effect 

during refrigerated storage. 



30 

Carnosine exhibits antioxidant properties in meat products (Kansci et al., 1997). 

Carnosine was shown to inhibit lipid oxidation in chicken (O'Neill et al., 1998). Inclusion of 

2-10 raM carnosine in liposome model systems decreased all indices of lipid oxidation 

(Kansci et al., 1997). Therefore, post-slaughter carnosine addition may be an effective means 

of improving lipid stability in processed meats (Morrissey et al., 1998). 

Clove and Maillard reaction products exhibited very good antioxidant effects in 

preventing warmed-over flavor in chicken and were very effective in arresting the buildup of 

secondary oxidation products during refrigerated storage (Jayathilakan et al., 1997). Phenols 

and aromatic amines are also used as antioxidants. Dietary supplementation of tea catechins 

to chickens at levels above 100 mg/kg feed inhibited lipid oxidation in chicken breast meat 

(Tang et al., 2000). They further showed that tea catechins at 300mg/kg in diet were superior 

to vitamin E supplementation at a level of 200 mg/kg in preventing lipid oxidation (Tang et 

al., 2000). Flavonoids are suggested to have antioxidant effects, but study in our laboratory 

indicated that dietary isoflavone was not effective in preventing lipid oxidation of pork meat 

patties (unpublished data). 

Glutathione peroxidase and superoxide dismutase exist at high concentration in cells 

and are the main defense mechanism of cells to lipid oxidation. Considering these enzymes 

are still active in raw meat, they may also contribute to the oxidative stability of raw meat. 

1.7. Cooking, storage and reheating on the flavor and off-odor of poultry meat: 

Cooking, storage and reheating change the volatile profiles of poultry meat. Storage 

significantly increased the off-odor intensity of chicken thigh meat (Lyon, 1994). Su et al. 

(1991) compared the difference in volatiles and TBA values of chicken breast meat patties 

cooked in a water bath or oven and showed that more severe changes occurred in oven 

cooked patties, which might be due to lower moisture content in oven-cooked than water 

cooked patties. Ang and Lyon (1990) examined the effect of reheating method on the off-

odor of refrigerated chicken patties and found that chickeny and brothy notes decreased with 

storage time, but were more intense in microwave-reheated patties. Cardboard and 

rancid/painty notes increased with storage time. The overall off-flavor intensity was 

significantly higher in the conventional oven reheated samples than microwave, while there 
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were no differences in gas chromatography (GC)-headspace components between meats 

using microwave and oven reheating methods. Turner and Larick (1996) showed that rapid 

heating decreased sulfur-containing compounds, but did not influence other volatile 

concentrations. Storage resulted in a decline in fresh roasted or meaty flavor note and an 

increase in warmed-over flavor notes. The quantities of alcohols, aldehydes, ketones, 

hydrocarbons, and total headspace volatiles were also increased with storage (Turner and 

Larick, 1996). The end-temperature of cooking influenced volatile profiles greatly: when the 

central temperature of chicken increased from 60 to 80 °C, volatiles from lipid oxidation 

increased greatly. Those volatiles included propanal, pentanal, hexanal, heptanal and octanal 

(Ang and Liu, 1996ab). 

The pH values of meat also affected the yield of sulfur compounds produced during 

cooking. Rao et al. (1977) prepared blended broiler breast and thigh meat and cooked the 

meats at pH values of 2.4,4.0, 7.0, 9.0 and 10.0. Volatiles indicated that the production of 

sulfur compounds were the least under neutral pH and increased greatly as the meat pH 

increased. Carbonyls, however, were produced at the highest amounts at neutral pH and 

decreased as meat pH increased. 

1.8. Effect of packaging condition on the flavor of poultry meat: 

Packaging determines the availability of oxygen to meat, and thus, influences off-odor 

formation during storage. Poultry meat patties packaged and stored under vacuum conditions 

had significantly lower lipid oxidation than aerobic conditions during storage (Ahn et al., 

2000a; Du et al., 2000a). Dawson et al. (1995) examined the effects of oxygen transmission 

rate of packaging film on odor, color, aerobic plate count, and cooked volatile compounds in 

ground chicken after storage and found that packaging film with the lowest oxygen 

transmission rate was the lowest in off-odor formation. Ahn et al. (2000ab, 1998b) compared 

volatile profiles between meat patties irradiated at aerobic and vacuum conditions and found 

that there was significant difference in the volatiles of meat. Higher oxidation occurred for 

those meats irradiated at aerobic conditions, showing the importance of packaging in 

determining lipid oxidation. After one week of aerobic storage at 4 °C, however, irradiation 

odor disappeared due mainly to the evaporation of sulfur compounds (Ahn et al., 2000a). 
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Nolan et al. (1989) reported that samples stored under CO2 and were less oxidized, as 

indicated by sensory scores and TBARS values, than those stored in air, but were more 

oxidized than vacuum-packaged meat. 

2. Effect of dietary CLA on poultry meat color as related to lipid oxidation and 

irradiation 

2.1. Lipid oxidation and myoglobin oxidation 

Lipid oxidation may initiate the oxidation of myoglobin to metmyoglobin, and thus, 

change meat color from red to unattractive brown. Greene (1969) first reported that a 

correlation between lipid oxidation and metmyoglobin formation. The rate of meat 

discoloration is closely related to the rate of myoglobin oxidation induced by lipid oxidation 

(Yin and Faustman, 1993). Schaefer et al. (1995) proposed a relationship between lipid 

oxidation and metmyoglobin formation. The hypothesis is that products of lipid oxidation are 

more water-soluble than their parent compounds and can enter cytoplasm where they interact 

with myoglobin to hasten its oxidation. The improvement of the stability of myoglobin in the 

presence of vitamin E has demonstrated a possible link between lipid oxidation and 

myoglobin oxidation. Yin and Faustman (1993) used an oxymyoglobin and liposome model 

and showed that the oxidation of heme proteins increased as the unsaturation of fatty acid 

increased. The accelerated color change was mainly due to increased lipid oxidation 

associated with unsaturated fatty acids. Another mechanism between lipid oxidation and 

metmyoglobin formation is that increase in redox potential during lipid oxidation makes the 

myoglobin tend to be oxidized. 

2.2. Dietary CLA and color stability 

Dietary CLA can reduce the content of unsaturated fatty acid, and thus, improve the 

stability of lipid in meat. Since lipid oxidation and myoglobin oxidation to metmyoglobin are 

highly correlated, dietary CLA may improve the color stability of meat by slowing down the 

oxidative changes in lipids. Du et al. (2000a, 2001b) indicated that dietary CLA improved the 

oxidative stability and color stability of chicken meat patties during storage. Because dietary 

CLA increases the content of saturated fatty acid that increases the melting point of lipids in 
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meat, it may change the reflectance of light in meat surface. Cooked breast meat from 

broilers fed high levels of CLA produced lower color L*, a* and b* values, and sensory 

panelists judged the CLA meats darker than the control meats (Du et al., 2001c). 

2.3. Irradiation and color stability 

Irradiation increases pink color in poultry meat. The brown color of cooked meat is 

partially converted to red by ionizing radiation. The color change induced by irradiation is 

believed to be related to CO production during irradiation (Nam and Ahn, 200lab). Nam and 

Ahn (200lab) showed that irradiation increased the production of CO, which is correlated 

with the increased redness of irradiated meat. Dietary CLA reduced CO production in meat 

after irradiation, and the redness of meats containing CLA was lower after irradiation than 

meat without CLA (Du et al., 2001e). The mechanism for the reduced CO production during 

irradiation for those meats containing CLA is not clear. 

Irradiation also reduces the redox potential of meat, which may reduce metmyoglobin 

to myoglobin (Nam and Ahn, 200lab; Du et al., 200Id). However, irradiation also produces 

free radicals and initiates lipid oxidation. Therefore, irradiation accelerates color change 

during storage. The redox potential of meat was lower in irradiated meat than that of 

nonirradiated meat, but the redox potential of irradiated meat increased quickly during 

storage (Nam and Ahn, 200lab; Du et al., 200Id). This indicated that the oxidation of 

irradiated meat was faster than that of nonirradiated meat. Along with the changes in redox 

potential, the color of aerobically packaged irradiated meats fades faster than that of non

irradiated meats. 
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CLA: conjugated linoleic acid 
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DHA: docosahexenoic acid 

PUFA: polyunsaturated fatty acids 

Ag -HPLC: silver-ion high-performance liquid chromatography 

DMBA: 7,12-dimethylbenz [a]anthracene 

PGE2: prostaglandin E% 

PPAR: peroxisome proliferator-activated receptor 

MUFA: monounsaturated fatty acids 

GC: gas chromatography 

TEARS: thiobarbituric Acid Reactive Substances 

BHA: butylatedhydroxyanisole 

PC: phosphatidylcholine 

PE: phosphatidylethanolamine 

TG: triglyceride 

SAFA: saturated fatty acids 

GC/MS: gas chromatography/mass spectrometry 
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CHAPTER 3. EFFECT OF DIETARY CONJUGATED LINOLEIC ACID (CLA) ON 

THE GROWTH, FAT ACCUMULATION AND MEAT QUALITY OF BROILERS 

A paper submitted to Poultry Science 

Du. M. and D. U. Ahn 

Department of Animal Science, Iowa State University, Ames, LA 50010 

ABSTRACT: Two experiments were conducted to investigate the influence of dietary 

conjugated linoleic acid (CLA) on the growth, body composition, and abdominal fat 

accumulation in broilers. In experiment I, 50 three-wk-old broilers (total 200 birds) were 

assigned to one of the 4 diets containing 0%, 0.25%, 0.5%, or 1% CLA and fed for three 

weeks. In experiment II, 40 three-wk-old broilers (total 120 birds) were assigned to one of 

the 3 diets containing 0%, 2%, or 3% CLA and fed for five weeks. At the end of 3-wk 

feeding trial, the average body weight of broilers for Experiment I was about 2.20 kg per bird 

for all treatments. For experiment II, after 5-wk feeding trial, the average body weights of 

birds were 4.04kg, 3.99 kg, and 3.93 kg for control, 2%, and 3 % CLA groups, respectively, 

with a trend of reducing body weight as the levels of dietary CLA increased. There was no 

difference in abdominal fat weight, total body fat, and protein content in broilers up to 1% 

CLA level, but at 2% and 3% of dietary CLA, the total body fat content was reduced 

compared with the control group. Dietary CLA at 2 and 3% levels influenced meat quality. 

After cooking, the breast meat from 2 or 3% dietary CLA treatment was harder and drier, and 

the color was a little darker than that of the control. This could be caused by the decreased 

unsaturated fatty acid content in meat after CLA feeding, which increased the melting point 

of fat. 

Key words: conjugated linoleic acid, broiler, growth, fat, accumulation 

INTRODUCTION 

The major effect of CLA on animal performance is reducing fat accumulation and 

promoting muscle growth. Park et al. (1997) reported that CLA repartitioned body fat to lean 
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and improved feed efficiency in rats. In a mouse study, DeLany et al. (1999) found that CLA 

feeding induced a rapid and marked decrease in fat accumulation, and an increase in protein 

accumulation. Park et al. (1999) observed that 0.5% CLA diet significantly reduced body fat, 

increased whole body protein, water, and ash in rats. Dugan et al. (1997) reported that pigs 

fed with CLA reduced feed intake by 5.2%, improved feed conversion efficiencies by 5.9%, 

decreased subcutaneous fat accumulation by 6.8%, and gained 2.3% more lean than pigs fed 

sunflower oil. However, Scimeca (1998) found that in rats fed with a diet supplemented with 

1.5% CLA for 36-wk, feed consumption and body weight were not changed. Stangl (2000) 

reported that feeding a diet containing up to 5% of CLA mixture did not significantly 

influence growth and body partitioning in rats. Using 70 kg live-weight pigs, Mueller et al. 

(2000) showed that supplementation of CLA in isoenergy diets with a strongly positive 

energy balance had no marked effect on total lipid metabolism, but a slightly enhanced 

deposition of protein was evident. CLA supplementation at 3.0-3.4 g/d had no significant 

effect on body composition, body weight, and Body-Mass-Index (BMI) in human (Berven et 

al., 2000; Zambell et al., 2000). 

Several studies showed that CLA influenced meat quality. CLA improved pork 

composition by increasing marbling scores and intramuscular fat deposition, while having no 

detrimental effect on the sensory characteristics of pork (Dugan et al., 1999). Feeding CLA 

to pigs tended to increase the firmness of belly and increased lean meat content, and 

improved other aspects of meat quality in growing-finishing pigs (O'Quinn et al., 2000). In 

chicken meat patties, Du et al. (2001) found that dietary CLA improved the oxidative 

stability of cooked meat during aerobic storage. 

The objective of this study was to assess the effect of dietary CLA on the growth, 

abdominal fat accumulation, and meat quality in broilers. Since breast meat is the most 

valuable part in the chicken carcass, the quality of breast meat after CLA feeding was 

analyzed in this study. 
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MATERIALS AND METHODS 

Dietary treatments 

Experiment 1: A total of200, 3-wk-old broiler chickens were assigned to four dietary 

treatments containing 0%, 0.25%, 0.5%, or 1.0% of CLA (prepared by adding 0%, 0.43%, 

0.85% or 1.67% of commercial CLA source that contains 60% CLA). Broilers were allotted 

to 8 pens and randomly assigned to each dietary CLA treatment. Corn-soybean meal basal 

diet was used and energy was adjusted using soybean oil (Table 1). Feed consumption and 

body weight were recorded at the beginning and end of the feeding trial. At the end of the 3-

wk feeding period, broilers were slaughtered using the USDA guidelines. Eight birds from 

each dietary treatment were used for carcass composition analysis: whole broiler carcasses 

were ground three times each through a 2-cm, 9-mm, and 3-mm plates using a heavy-duty 

grinder. Protein, fat, water, and ash content of carcass were analyzed using the AO AC 

methods. Whole liver was collected during slaughter and weighed. Abdominal fat and 

carcass weight were also measured. Breast meat was separated from birds at 24 h after 

slaughter for sensory characteristic analysis. The pH of raw breast meat, and the texture and 

color of cooked breast meat were measured. 

Experiment 2: A total of 120, 3-wk-old broiler chickens were assigned to three dietary 

treatments containing 0%, 2.0%, or 3.0% CLA (0%, 3.3% or 5% of commercial CLA source, 

which contained 60% CLA). Broilers were allotted to 6 pens and 2 pens were randomly 

assigned to each dietary CLA treatment. Corn-soybean meal basal diet was used and energy 

was adjusted using soybean oil (Table 1). Broilers were weighed at the beginning and the end 

of feeding trial. Other measurements and analyses were the same as in Experiment 1. 

Lipid Extraction 

Approximately three grams of samples were accurately weighed into a 50-mL test 

tube. After adding 20 mL of Folch 1 (chloroform:methanol = 2:1, w/v, Folch et al., 1957), 

the sample was homogenized with a Brinkman polytron1 (Type PT 10/35) for 10 s at high 
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speed. Twenty-five micrograms of butylated hydroxyanisole (BHA, 10%) dissolved in 98% 

ethanol was added to each sample prior to homogenization. The homogenate was filtered 

through a Whatman #1 filter paper into a 100-mL graduated cylinder and 1/4 volume (on the 

basis of filtrate) of 0.88% NaCl solution was added. After the cylinder was capped with a 

glass stopper, the filtrate was mixed well. The inside of the cylinder was washed twice with 2 

mL of Folch 2 (3:47:48/CHCl3 zCHaOHzHzO), and the contents were stored until the aqueous 

and organic layers clearly separated. The upper layer was siphoned off, and the lower layer 

was transferred to a glass scintillation vial and dried at 50 C under nitrogen flow. 

Analysis of Fatty Acid Composition 

One mL of methylating reagent (anhydrous methanolic-HCl-3N)2 was added to the 

test tube containing 50 pL of total lipid and incubated in a water bath at 60 C for 40 min. 

After cooling to room temperature, 2 mL of hexane and 5 mL of water were added, mixed 

thoroughly, and left at room temperature overnight for phase separation. The top hexane 

layer containing methylated fatty acids was used for GC analysis. Analysis of fatty acid 

composition was performed with a gas chromatography3 (HP 6890) equipped with an 

autosample injector3 and flame ionization detector (FID). A capillary column7 (HP-5,0.25 

mm id, 30 m, 0.25 pun film thickness) was used. A splitless inlet was used to inject samples 

(1 pL) into the capillary column. Ramped oven temperature conditions (180 C for 2.5 min, 

increased to 230 C at 2.5 C/min, then held at 230 C for 7.5 min) were used. Temperatures of 

both inlet and detector were 280 C. Helium was used as a carrier gas, and a constant column 

flow of 1.1 mL/min was used. Detector (FID) air, Hi, and make-up gas (He) flows were 350 

mL/min, 35 mL/min, and 43 mL/min, respectively. Fatty acids were identified using a Mass 

Selective (MS) detector3 (Model 5973). GC-MS was performed with the same column and 

oven temperature conditions as described previously. The ionization potential of the MS was 

70 eV, and the scan range was 45 to 450 m/z. Identification of fatty acids was achieved by 

'Brinkman Instruments, Inc., Westbury, NY 11590-0207. 
2Sigma-Aldrich, St. Louis, MO 63178. 
3Hewlett Packard Co., Wilmington, DE 16808-1610. 
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comparing mass spectral data with those of the Wiley library3 and fatty acid standards. CLA 

isomers in meat lipids were identified by comparing with CLA standards purchased from 

Matreya4 and Nuchek5. The compositions of CLA isomers and fatty acids were reported as 

percentage composition of total lipids, and total peak area (pA*sec) was used to calculate 

fatty acid composition. 

Sensory evaluation 

For the sensory characteristics, the breast meats kept at 4 C for 2 d were cooked to an 

internal temperature of 74 C in a 250 C electric oven. The cooked breast meat was vacuum 

packaged within an hour after cooking and stored at 4 C overnight. Immediately before 

sensory analysis, breast meat was transversely sliced into thin pieces and presented to 

sensory panelists. Sixteen trained sensory panelists characterized attributes of breast rolls. 

Panelists were selected based on interest, availability, and performance in screening tests 

conducted with samples similar to those being tested. Training sessions were conducted to 

familiarize panelists with the odor, color and texture of cooked chicken breast meat, and the 

scale to be used. Fifteen-cm linear horizontal scales, anchored with descriptors at opposite 

ends, were used to rate the stimuli of color (white to dark), aroma (weak to strong), hardness 

(soft to hard), and juiciness (dry to juicy) of chicken breast meat. The responses from the 

panelists were expressed in numerical values ranging from 0 to 15. All samples presented to 

panelists were labeled with random three-digit numbers. 

Instrument measurement 

After storing at 4 C for 2 d, breast meat from Experiment 2 was used for instrumental 

analyses. The pH value of raw breast meat was measured by homogenizing 2 g of meat in 10 

mL of distilled water. Cooked breast meat stored at 4 C overnight was tempered at room 

temperature for 2 hours before texture measurement. Resistance was analyzed using an 

Instron6 equipped with a star probe. The cooked breast meats were transversely cut into two 

4Matreya, Inc., Pleasant Gap, PA 16823. 

^Nuchek, Elysian, MN 56028. 
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halves, and color L*, a* and b* of the new cut-surface was measured using a Hunter color 

meter7. 

Statistical analysis 

The effect of dietary CLA on the growth and feed consumption of live broilers, and 

fatty acid composition, chemical composition, and sensory attributes of breast meat were 

analyzed using the SAS software (SAS Institute, 1989). Student-Newman-Keul's multiple 

range test was used to compare differences among mean values (P < 0.05). Mean values and 

standard errors of the mean (SEM) were reported. 

RESULTS AND DISCUSSION 

There was no difference in the live weight of chicken after CLA feeding up to 1% 

level for 3 weeks (Table 2, Experiment 1). When the dietary CLA level increased to 2 and 

3%, and fed for 5 weeks (Experiment 2), however, the body weight of broilers and daily gain 

showed decreasing trends as the dietary CLA level increased. DeLany et al. (1999) showed 

that when the dietary CLA level in rats was low, dietary CLA did not influence the growth 

rate of rats. Twibell et al. (2000) also reported that the growth rate of fish decreased as the 

dietary CLA level increased. Stangl (2000), however, found that feeding rats a diet with up to 

5% of CLA mixture did not significantly influence growth. 

High levels of dietary CLA reduced the feed consumption in broilers (Table 3). Up to 

1.0% of dietary CLA had no effect on feed consumption, but 2.0 and 3.0% of dietary CLA 

reduced feed consumption of broilers slightly. The feed conversion rates were constant and 

were not influenced by dietary CLA. However, Twibell et al. (2000) found that the feed 

efficiency in fish was improved after feeding CLA. Dugan et al. (1997) also found improved 

feed conversion rates in pigs after feeding CLA diets. The difference in the effect of dietary 

6Instron Corporation, Canton, MA 02021 
7Hunter Associated Labs. Inc., Reston, VA 22090 
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CLA on animal performance could be related to the differences in animal species, dietary 

CLA levels, feeding duration and nutritional status of animals. 

No differences in carcass weight by dietary CLA treatments were found in either 

Experiment I or Experiment II. In Experiment 1,0.5% dietary CLA treatment significantly 

increased the abdominal fat content in broilers. However, there was no difference in 

abdominal fat content for Experiment II. Fat content in whole carcasses was not significantly 

influenced by dietary CLA level of up to 1%, but was decreased after feeding 2 or 3 % of 

dietary CLA. This result is different from the result of Delany et al. (1999) who showed that 

CLA feeding at a low level produced a rapid, marked decrease in fat accumulation and an 

increase in protein accumulation in mice. It seemed that birds were not sensitive to dietary 

CLA treatments. Moisture content of whole carcass was also not influenced by dietary CLA 

(Table 4). Protein content in carcass showed an increasing trend as the dietary CLA levels 

increased, but was not statistically significant. Several reports indicated increased protein 

content in animals after feeding CLA (Park et al., 1999; Delany et al., 1999), but the reason 

for the increased protein content after feeding CLA is not clear. The dietary CLA levels up to 

3% did not change the ash content of the whole carcass. 

Up to 1% of dietary CLA did not show any effect on the hardness, color, pH, and 

sensory characteristics of broiler meat (data not shown). When the dietary level of CLA was 

increased to 2 to 3% levels, however, dietary CLA had a significant effect on the quality of 

breast meat (Table 5). The resistance of breast meat to the penetration of star probe increased 

as the dietary CLA level increased, indicating dietary CLA increased the hardness of breast 

meat. In pork, Dugan et al. (1999) showed that dietary CLA did not affect the quality of 

meat. There was no difference in the pH of breast meats from broilers fed different levels of 

CLA. Dietary CLA significantly influenced the color of breast meat. The color L*, a* and b* 

values decreased as dietary CLA level increased (Table 5) showing that the darkness of 

breast meat increased after dietary CLA treatment. This is in agreement with the observation 

by our sensory panelists (Table 5). 

Sensory panelists recognized an increasing trend in the darkness of breast meat as 

dietary CLA level increased, but the increase was not significant (Table 5). There was no 

significant difference in chicken aroma, though data showed that aroma increased as the 
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dietary CLA increased. The reason for the increased aroma of meat from birds with high 

dietary CLA treatment could be due to a specific flavor compound that might be presented 

only in samples with high dietary CLA treatment. Several sensory panelists mentioned that 

they felt a special flavor existed in CLA treated breast meats, but could not describe it 

accurately. The hardness of breast meat increased as the dietary CLA level increased, while 

the juiciness decreased slightly. The increased hardness and decreased juiciness could be due 

to the changes in fatty acid composition of muscle lipids. Dietary CLA increased the 

proportion of saturated fatty acid (Table 6), and thus, increased the melting point of fat, 

which would make the meat drier and harder. Another reason could be due to the increased 

protein content (Table 4), which increased the hardness of breast meat after cooking. 

Table 6 showed the fatty acid composition of breast fillets after different dietary CLA 

treatments. Total saturated fatty acids increased greatly as dietary CLA level increased, while 

the total monounsaturated fatty acids and polyunsaturated fatty acids decreased. This was 

confirmed by many reports (Lee et al., 1998; Bretillon et al., 1999; Ahn et al., 1999; Du et 

al., 1999). The changes in fatty acid composition greatly increase the melting point of fats 

and can make meat taste tougher. Furthermore, CLA itself has a high melting point similar to 

saturated fatty acids. 
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TABLE I. Percentage composition of diets fed to boilers 

Ingredients Diet (1 to 3wk) Diet (4 to 6wk) Diet (1 to 8wk) 

Corn 51.15 50.34 51.94 

Soy meal 38.38 28.57 22.32 

Wheat middlings 22.85 10.26 15.35 

Meat and bone meal 3.00 3.00 3.00 

Limestone 1.05 0.96 0.87 

Dicalcium phosphate 0.85 0.85 0.59 

Mineral premix1 0.30 0.30 0.30 

Vitamin premix2 0.30 0.30 0.30 

DL-methionine 0.25 0.15 0.08 

Sodium chloride (iodized) 0.09 0.25 0.24 

Bacitracin methylene Disalicylate 0.025 0.025 0.025 

Soybean oil 4.61 5.0 to 03 5.0 to 0 

CLA source 0 0 to 5.03 0 to 5.0 

Calculated analysis 

Metabolizable energy, kcal/kg 3,100 3,100 3,100 

Protein 23.00 20.0 18.00 

Total sulphur amino acids (TSAA) 0.95 0.77 0.65 

Methionine 0.59 0.45 0.35 

Lysine 1.33 1.11 0.96 

Arginine 1.56 1.34 1.20 

Glycine + Serine 2.31 2.02 1.82 

Histidine 0.60 0.52 0.46 

Isoleucine 0.96 0.81 0.72 

Leucine 1.91 1.66 1.50 

Phenylalanine + Tyrosine 1.97 1.67 1.47 

Threonine 0.87 0.74 0.66 
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Tryptophan 0.31 0.26 0.23 

Valine 1.06 0.92 0.83 

Calcium 1.00 0.95 0.85 

Available phosphate 0.45 0.45 0.40 

Total phosphate 0.69 0.72 0.68 

Sodium 0.18 0.25 0.25 

'Mineral premix provides per kilogam of diet: Mn, 80 mg; Zn, 90 mg; Fe, 60 mg; Cu, 12 mg; 

Se, 0.147 mg; sodium chloride, 2.247 g. 
2Vitamin premix supplies per kilogram of diet: retinyl acetate, 8,065 IU; cholecalciferol, 

1,580 IU; 25-hydroxy-cholecalciterol, 31.5 fig; dl-a-tocopheryl acetate, 15 IU; vitamin 

Bi2, 16 gg; menadcre, 4 mg; riboflavin, 7.8 mg; pantothenic acid, 12.8 mg; niacin, 75 mg; 

Choline chloride, 509 mg; folic acid, 1.62 mg; biotin, 0.27 mg. 

^Experiment 1: 0% CLA group, soybean oil, 5.00%; CLA source, 0%. In 0.25% CLA group, 

soybean oil, 4.57%; CLA source, 0.43%. In 0.50% CLA group, soybean oil, 4.14%; CLA 

source, 0.86%. In 1.00% CLA group, soybean oil, 3.33%; CLA source, 1.67%. 

Experiment 2: 0% CLA group, soybean oil, 5.00%; CLA source, 0%. In 2.0% CLA group, 

soybean oil, 2.67%; CLA source, 3.33%. In 3.0% CLA group, soybean oil, 0%; CLA 

source, 5%. 
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TABLE 2. Growth of chicken as affected by dietary CLA treatment 

Treatment Weighting time Daily gain 

Exp. I 3 weeks 4 weeks 5 weeks 6 weeks 

0 % CLA 0.70 1.18 1.76 2.18 0.104 

0.25% CLA 0.70 1.18 1.77 2.21 0.105 

0.5% CLA 0.70 1.16 1.73 2.17 0.103 

1.0% CLA 0.71 1.19 1.74 2.19 0.104 

SEM 0.009 0.020 0.029 0.037 0.0017 

Exp. II 3 weeks 6 weeks 8 weeks 

0 % CLA 0.66 2.70 4.04 0.115 

2 % CLA 0.67 2.67 3.99 0.114 

3% CLA 0.67 2.64 3.93 0.112 

SEM 0.008 0.057 0.074 0.0021 

For experiment I, n=50; For experiment II, n=40. 
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TABLE 3. Feed consumption and efficiency influenced by dietary CLA levels 

0% 0.25% 0.5% 1.0% 2% 3% SEM 

Average feed consumption per bird (kg) 

Experiment l1 2.96 2.96 2.94 2.95 0.030 

Experiment 22 3.29 3.26 3.26 0.057 

Experiment 23 2.92 2.88 2.86 0.034 

Feed transversion rate 

Experiment 1 0.50 0.51 0.50 0.001 

Experiment 2 0.54 0.54 0.53 0.001 

'Average feed consumption starting from the beginning of 3rd week to the end of 6th week 
2 Average feed consumption starting from the beginning of 3rd week to the end of 6th week 
3Average feed consumption starting from the beginning of 7th week to the end of 8th week 

The feed consumption of each pen as one replication, n=2. 
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TABLE 4. Carcasses weight and abdominal fat content of broilers from different 

dietary CLA levels 

0% 0.25% 0.5% 1.0% 2% 3% SEM 

Carcasses weight (g) 

Experiment 1 1642 1684 1638 1635 36.7 

Experiment 2 2919 2924 2919 60.5 

Abdominal fat content (g) 

Experiment 1 30b 37b 41a 37ab 2.2 

Experiment 2 60 60 57 3.5 

Whole carcasses fat content (% of weight) 

Experiment 1 14.5 14.6 14.9 15.2 0.72 

Experiment 2 14.2= 11.9b 12. lb 0.40 

Whole carcasses moisture content (% of weight) 

Experiment 1 66.0 65.8 65.4 65.1 0.62 

Experiment 2 65.3 66.7 66.5 0.52 

Whole carcasses crude protein content (% of weight) 

Experiment 1 16.50 16.47 16.59 16.42 0.224 

Experiment 2 17.59 18.18 18.19 0.263 

Whole carcasses ash content (% of weight) 

Experiment 1 2.81 2.89 2.86 2.88 0.217 

Experiment 2 2.78 2.96 2.97 0.267 

a"bMeans within a column with no common superscript differ significantly (p<0.05). 
For experiment I, n=30; For experiment II, n=40. 
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TABLE 5. Effect of CLA on the texture and sensory characteristics of cooked breast 

fillet for experiment II 

Texture 0 % CLA 2 % CLA 3 % CLA SEM 

Instrument measurement 

Resistance (kg) 3.45" 3.62ab 3.81* 0.11 

pH2 5.82 5.81 5.81 0.09 

Color L* 80.70» 80.21= 79.08b 0.25 

a* 8.44= 8.28= 7.80b 0.14 

b* 22.11» 21.11" 19.22° 0.20 

Sensory measurement 

Color (darkness) 5.94 6.00 6.11 0.67 

Aroma 6.60 7.03 7.00 0.65 

Hardness 6.27 6.30 6.43 0.60 

Juiciness 5.22 5.12 5.06 0.61 
a"°Means within a column with no common superscript differ significantly (P < 0.05). For 

resistance and pH measurement, n = 30. For sensory evaluation, n=16. 
2measured before cooking 
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TABLE 6. Lipid content and fatty acid composition of breast fillets as affected by 

dietary CLA 

Fattv acid 0 % CLA 2.0% CLA 3.0% CLA SEM 

Tetradecanoic 0.38b 0.57* 0.64a 0.041 

Hexadecenoic 2.01a 1.19" 0.94" 0.136 

Hexadecanoic 20.47" 24.35a 23.16a 0.752 

Octadecadienoic 26.34= 18.10" 14.33e 0.643 

Octadecenoic 30.61s 22.13" 22.50" 0.606 

Octadecatrienoic 2.78a 1.88" 1.45e 0.045 

Octadecanoic 9.12" 13.73a I3.27a 0.431 

Cis-9, trans-11 0C 3.28" 5.37a 0.068 

Trans-10, cis-12 0C 4.10" 7.1 la 0.143 

Trans-9, trans-11 0C 0.85" 2.23a 0.084 

Other CLA isomers 0C 2.28" 3.04a 0.081 

Eicosatetrenoic 4.49a 4.05a 2.87" 0.358 

Docosahexenoic 0.90a 0.78a 0.47" 0.051 

Unconfirmed PUFA 2.93 2.67 2.11 0.320 

Total SFA 29.97 38.65 37.07 

Total MUFA 32.62 23.32 23.44 

Total PUFA(except CLA) 37.44 27.48 21.23 

Total CLA 0 10.51 17.75 
a-cMeans within a column with no common superscript differ significantly {P < 0.05). n=4. 
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CHAPTER 4. EFFECT OF DIETARY CONJUGATED LINOLEIC ACID ON THE 

COMPOSITION OF EGG YOLK LIPIDS 

A paper published in Poultry Science, 1999, 78: 1639-1645 

M. Du, D. U. Ahn, and J. L. Sell 

Department of Animal Science, Iowa State University, Ames, Iowa 50011-3150 

ABSTRACT Forty eight, 27-wk-old White Leghorn hens were assigned randomly to four 

diets containing 0, 1.25,2.5, or 5.0% conjugated linoleic acid (CLA). Hens were fed the CLA 

diets for 2 wk before eggs were collected for the study. Classes of egg yolk lipids were 

separated, and fatty acid concentrations in total lipid, triglyceride (TG), 

phosphatidylethanolamine (PE), and phosphatidylcholine (PC) were analyzed to determine 

the incorporation of dietary CLA isomers to different classes of egg yolk lipids. The amounts 

of CLA incorporated into lipid, PC, PE, and TG of egg yolk were proportional to the levels of 

CLA in the diet. However, more CLA was incorporated in TG than in PC and PE. The 

incorporation rates of different CLA isomers into different classes of lipids also were 

significantly different: cis-9, trans-l 1 and trans-10, cis-12 CLA were deposited more in TG, 

but cis-11, trans-\3 CLA deposition in TG was significantly less. There were large 

differences in the concentrations of trans-8, c/s-10 CLA in PC and PE. The inclusion of CLA 

into the diet influenced the metabolism of polyunsaturated fatty acids. The contents of 

5,8,11,14-eicosatetraenoic, 9,12-octadecadienoic, and 9,12,15-octadecatrienoic acids were 

decreased as dietary CLA increased. Three isomers of hexadecadienoic acid were found in 

egg yolk lipids from hens fed 5% dietary CLA. The detection of hexadecadienoic acid 

isomers in lipid indicates that the utilization of CLA as an energy source after the first round 

of p-oxidation may be less favorable than that of 9,12-octadecadienoic acid. 

{Key words: conjugated linoleic acid, egg yolk, fatty acid composition, lipid classes) 
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INTRODUCTION 

Results of several experiments show that dietary conjugated linoleic acid (CLA) has 

anticarcinogenic and antiartherogenic effects and enhances immune response in animals (Ip et 

al., 1995; Lee et al., 1995; Belury et al., 1996). Conjugated linoleic acid is found in many 

foods, especially in ruminant products, but its concentration in these products is low (Chin et 

al., 1992). On the basis of a rat model study, Ip et al. (1995) estimated that a 70-kg human 

should consume 3.0 g of CLA/d to obtain beneficial effects from CLA. This amount is about 

three times that of the daily CLA consumption of average adults in the US. Therefore, it is 

necessary to heighten the CLA level in foods. 

The content of CLA in foods can be increased by feeding animals with synthetic CLA 

sources, which contains more than 50% of various kinds of CLA isomers. The synthetic CLA 

sources can be prepared by alkali isomerization, and the contents of CLA isomers are 

influenced by isomerization conditions (Ackman, 1998). According to the bond location and 

trans/cis combinations, there should be 16 different forms of CLA isomers. Employing 

silver-ion high performance liquid chromatography, Sehat et al. (1998) identified 12 peaks of 

CLA isomers. However, the trans/cis or reverse cis/trans forms of CLA isomers could not be 

separated well (Sehat et al., 1998; Belury et al., 1995). Cis-9, trans-11 and trans-10, cis-12 

isomers are main CLA isomers existed naturally and also in synthetic CLA source. There is 

no difference between naturally existed CLA and synthetic CLA in CLA isomers itself. The 

relative abundance of CLA isomers are different because natural CLA isomers exist mostly in 

foods of animal origin, and those isomers which have high absorption and deposition rates 

are expected to have higher concentration in those foods. In synthetic CLA, however, 

composition of CLA isomers mainly depends on isomerization conditions (Ackman, 1998). 

The different absorption and deposition rates of CLA are also related to their different 

biological effects (Chen and Sih, 1998). Cis-9, trans-11 isomer was first suggested to be a 

bioactive isomer (Chin et al., 1992). But most recently, trans-10, cis-12 isomer was 

suggested to cause biological changes instead of cis-9, trans-11 isomers (Park et al., 

1999a,b). Both of the suggested biologically active isomers are main CLA isomers existed in 

foods and also in synthetic CLA sources, and expected to have high absorption and 

deposition rates. Feeding animals with synthetic CLA sources will be a good way to enrich 
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biologically effective CLA in foods.„Chamruspollert and Sell (1999) reported that feeding 

diets containing 5% CLA to laying hens resulted in 11% CLA content in egg yolk lipids. 

Thus, such eggs could be a valuable CLA source for humans. However, the incorporation 

rates for CLA isomers into different classes of lipids are not known. The objective of this 

study was to determine the concentration of CLA isomers in different classes of egg yolk 

lipids produced by hens fed CLA. 

MATERIALS AND METHODS 

Hen Feeding and Sample Preparation 

Twelve, 27-wk-old White Leghorn hens kept in individual cages were assigned to 

each of four dietary treatments that consisted of diets containing 0, 1.25, 2.5, or 5% CLA. 

Hens were fed the diet shown in Table 1 for 2 wk before collecting eggs for this study. The 

CLA source, which contained 62% CLA, was obtained from a commercial company1 (Table 

2) and was included at 2.05,4.10, or 8.2% of the diet to obtain 1.25, 2.5, or 5.0% of CLA, 

respectively. The control diet contained 8.2% soybean oil, and the CLA source was 

substituted for the soybean oil on a weightzweight basis. Fatty acid compositions of 

experimental diets are presented in Tables 1 and 2. Eggs were collected for 3 consecutive d 

and four eggs (from different hens) per treatment were randomly selected. Egg yolk was 

separated from white and used for lipid extraction. Fatty acid compositions of total egg yolk 

lipid and lipid classes were analyzed. Each egg was used as a replication, and the whole 

process was repeated after 3 wk. 

Separation of Lipid Classes 

Two grams of egg yolk from each egg was weighed into a test tube with 20 mL 

solvent (chloroformrmethanol = 2:1, vol/vol, Folch et al., 1957), and homogenized with a 

Brinkman polytron2 (Type PT 10/35) for 10 s at high speed. Twenty-five micrograms of 

butylated hydroxyanisole (BHA, 10%) dissolved in 98% ethanol was added to sample prior to 

'Conlinco, Inc. Detroit Lakes, MN 56502. 
2Brinkman Instruments, Inc., Westbury, NY 11590-0207. 
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homogenization. The homogenate was filtered through a Whatman No. 1 filter paper into a 

100-mL graduated cylinder and 5 mL of 0.88% NaCl solution was added. After the cylinder 

was capped with a glass stopper, the filtrate was mixed well. The inside of the cylinder was 

washed twice with 10 mL of Folch 2 (3:47:48/CHCl3:CH30H:H20), and the contents were 

stored until the aqueous and organic layers clearly separated. 

The upper layer was siphoned off, and the lower layer was moved to a glass 

scintillation vial and dried at 50 C under nitrogen. The dried sample was redissolved with 

chloroform to make final concentration of lipid at 0.2 g/mL. The lipid-chloroform solution 

(150 (iL) was loaded onto an activated (120 C for 2 h) silica gel plate3 (20 x 20 cm). The plate 

was developed first in solvent I composed of chloroform : methanol : water (65:25:4) until the 

solvent line reached the middle of the plate. The plate was air dried and then redeveloped in 

solvent II composed of hexanezdiethyl ether (4:1) until the solvent front reached 1 inch 

below the top of the plate. After air drying for 10 min at room temperature (22 C), the plates 

were sprayed with 0.1% 2',7'-dichlorofluororescein in ethanol. Lipid classes were identified 

under UV-light, and triglyceride (TG), phosphatidylethanolamine (PE), and 

phosphatidylcholine (PC), identified using standards3, were scraped into separate test tubes 

(Ahn et al., 1995) and methylated. 

Analysis of Fatty Acid Composition 

One milliliter of methylating reagent (anhydrous methanolic-HCl-3A04 was added into 

the test tube containing TG, PE, or PC, capped tightly, and incubated in a water bath at 60 C 

for 40 min. After cooling to room temperature, 2 mL of hexane and 5 mL of water were 

added, 

mixed thoroughly, and left at room temperature overnight for phase separation. The top 

hexane layer containing methylated fatty acids was used for gas chromatography (GC) 

analysis (Chin et ai, 1992). Analysis of fatty acid composition was performed with a GC5 

3Sigma-Aldrich, St. Louis, MO 63178. 
4Supelco, Bellefonte, PA 16823. 

^Hewlett Packard Co., Wilmington, DE 16808-1610. 
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(HP 6890) equipped with an autosample injector5 and flame ionization detector (FID). A 

capillary column5 (HP-5, 0.32 mm id, 30 m, 0.25 pm film thickness) was used. A splitless 

inlet was used to inject samples (1 pL) into the capillary column. Ramped oven temperature 

conditions (180 C for 2.5 min, increased to 230 C at 2.5 C/min, then held at 230 C for 7.5 

min) were used. Temperatures of both the inlet and detector were 280 C. Helium was used as 

a carrier gas, and a constant column flow of 1.1 mL/min was used. Detector (flame ionization 

detector) air, H2, and make-up gas (He) flows were 350 mL/min, 35 mL/min, and 43 

mL/min, respectively. Fatty acids were identified using a Mass Selective (MS) Detector5 

(Model 5973). The GC-MS was performed with the same column conditions as described 

above. The ionization potential of the MS was 70 eV, and the scan range was 45 to 450 m/z. 

Identification of fatty acids was achieved by comparing mass spectral data with those of the 

Wiley library5. Conjugated linoleic acid isomers in egg yolk lipids were identified by 

comparing with CLA standards purchased from Matreya6 and Nuchek,7 and also according 

to the report of Christie et al. (1997). The compositions of CLA isomers and fatty acids were 

reported as percentage composition. The area of each peak was integrated by using the 

ChemStation software,5 and total peak area was used to calculate fatty acid composition. 

Statistical Analysis 

The effect of dietary CLA on the fatty acid composition of egg yolk lipids was 

analyzed statistically by ANOVA using SAS® software (SAS Institute, 1989). Student-

Newman-Keuls multiple range test was used to compare differences among mean values (P < 

0.05). Mean values and SEM are reported. Regression analysis also was conducted to 

determine the relationship between dietary CLA and the concentration of CLA isomers in egg 

yolk lipids. The correlation coefficients between CLA treatment and eicosatetraenoic acid 

content of yolk lipid also were determined. 

6Matreya, Inc., Pleasant Gap, PA 16823. 
7Nuchek, Elysian, MN 56028. 
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RESULTS AND DISCUSSION 

Feeding CLA changed the fatty acid composition of total egg yolk lipid significantly 

(Table 3). The concentration of 9, 12, 15-octadecatrienoic acid was significantly decreased by 

dietary CLA. Its concentration was 0.12% in control, but was not detectable in 2.5 and 5.0% 

CLA treatments. There also were significant decreases in 9, 12-octadecadienoic acid and 9-

octadecenoic acid. The 5,8,11,14-eicosatetraenoic acid content markedly decreased with the 

increase of dietary CLA. This result indicated that polyunsaturated fatty acids of egg yolk 

lipids were more influenced by dietary CLA than monounsaturated fatty acids, and the degree 

of influence increased with the increasing degree of unsaturation. Because of the decreased 

concentrations of unsaturated fatty acids, the contents of octadecanoic acid and heptadecanoic 

acid increased as the dietary CLA level increased. Ahn et al. (1999) reported similar 

compositional changes of fatty acids in egg yolk lipids after feeding hens with diets 

containing CLA. 

In TG (Table 4), PC (Table 5), and PE (Table 6), there were similar decreases in 

unsaturated fatty acids as observed with total lipids. Several investigators have reported 

decreases of unsaturated fatty acids in tissue lipids after feeding a CLA diet. Lee et al. (1995) 

showed that the content of monounsaturated fatty acids in tissue decreased after CLA 

feeding. Thiel et al. (1998) reported that feeding CLA to pigs increased the hardness of fat in 

pork, which may be due to increased melting point of fat, because of decreases in 

polyunsaturated fatty acids and compensated increases in saturated fatty acids. Sugano et al. 

(1998) also reported a decrease in the concentration of 5,8,11,14-eicosatetraenoic acid and 

other unsaturated fatty acids after feeding CLA to mice. In the current study, the decrease of 

5,8,11,14-eicosatetraenoic acid in different lipid classes varied, with TG more influenced by 

dietary CLA than other lipid classes. The 5,8,11,14-eicosatetraenoic acid content decreased 

from 0.53% in TG of the controls to near zero in TG of the 5.0% CLA group. The correlation 

coefficient between dietary CLA and 5,8,11,14-eicosatetraenoic acid content in total lipid of 

egg yolk was -0.93. These observations suggest that dietary CLA, especially at a 5% level in 

the diet, interfered with the metabolism of polyunsaturated fatty acids through the inhibition 

of biosynthesis or deposition of polyunsaturated fatty acid to egg yolk lipids. Because there 

were only limited amounts of 5,8,11,14-eicosatetraenoic acid in the diets, most of the 
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5,8,11,14-eicosatetraenoic acid in yolk lipid should be produced by biosynthesis in vivo. 

Because 9,12-octadecadienoic acid is the precursor of 5,8,11,14-eicosatetraenoic acid 

biosynthesis, absorbed CLA may have competed with 9,12-octadecadienoic or 9,12,15-

octadecatrienoic acid for A6-desaturase, the rate-limiting enzyme for the conversion of these 

fatty acids into 5,8,11,14-eicosatetraenoic acids and 4,7,10,13,16,19-docosahexaenoic acid in 

liver microsomes (Belury and Kempa-Steczko, 1997). 

Another reason for the reduced amount of 5,8,11,14-eicosatetraenoic acid in egg yolk 

produced with CLA diets could be related to the lower 9,12-octadecadienoic acid content in 

the CLA diet than in the control (Table 2). The amount of 9,12-octadecadienoic acid in the 

CLA diet was lower than the control diet because soybean oil, high in 9,12-octadecadienoic 

acid, was replaced with a CLA source which contained much less 9,12-octadecadienoic acid. 

Therefore, the reduced substrate concentration (9,12-octadecadienoic acid) for the 

biosynthesis of eicosatetraenoic acid in CLA fed hens could have contributed to the low 

5,8,11,14-eicosatetraenoic acid concentrations in egg yolk lipids. If this is correct, then the 

biosynthesize of 4,7,10,13,16,19-docosahexaenoic acid should not be influenced. Our recent 

study indicated that CLA feeding did not inhibit the biosynthesis of 4,7,10,13,16,19-

docosahexaenoic acid (unpublished data). Therefore, CLA is not a competitive inhibitor of 

A6-desaturase that converts 9,12,15-octadecatrienoic acid to 4,7,10,13,16,19-

docosahexaenoic acid. 

Three isomers of hexadecadienoic acid also were detected in total lipid and TG. These 

hexadecadienoic acid isomers probably were derived from the CLA isomers after two 

carbons were removed by P-oxidation. In PC and PE, there also were small peaks 

corresponding to the hexadecadienoic acid isomers in the eggs from the hens fed a 5.0% CLA 

diet, but these data are not shown because they were too low to calculate accurately. The 

accumulation of hexadecadienoic acid isomers in lipid indicates that further catabolism of 

these isomers after the first round of P-oxidation was more difficult than that of 9,12-

octadecadienoic acid. Conjugated linoleic acid isomers might be unfit substrates for A6-

desaturase or elongase and catabolic enzymes. It also is possible that CLA is a competitive 

inhibitor of A6-desaturase or elongase, which might be the reason for the low content of 

polyunsaturated fatty acids in lipids after CLA feeding. The decreased amount of 5,8,11,14-
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eicosatetraenoic acid in egg yolk lipids suggested that liver synthesized less 5,8,11,14-

eicosatetraenoic acid, which would account for the modulation of immune and inflammatory 

responses because 5,8,11,14-eicosatetraenoic acid is a precursor of many cell factors involved 

in these responses. Sugano et al. (1997, 1998) reported that CLA feeding lowered the 

concentration of prostaglandin E2 and leukotriene 4 in serum and spleen of rats. Cook et al. 

(1993) and Miller et al. (1994) reported that CLA feeding reduced loss of weight in chickens 

and rats after catabolic immune stimulation with endotoxin injection. These findings could be 

interpreted as showing that CLA reduced the synthesis of immune related cell factors and 

made animals less sensitive to endotoxin. However, Sebedio et al. (1997) showed that CLA 

isomers could be elongated to 5,8,11,13-eicosatetraenoic acid because there were higher 

quantities of 5,8,12,14-eicosatetraenoic acid and 5,8,11,13-eicosatetraenoic acid in liver 

lipids of rats fed CLA than in liver lipids of controls. 

The total amounts of CLA transferred into egg yolk lipids were highly related to 

dietary CLA, and the dietary CLA was deposited in all three egg yolk lipid classes (PE, TG, 

and PC) with no preference. Regression analysis of four CLA isomers in egg yolk lipids 

showed that the concentration of CLA in egg yolk lipids was proportional to that of the diets 

(Table 7), with a slope of 3.49 for cis-9, trans-11 CLA and 3.18 for trans-10, cis-12 CLA in 

total yolk lipid. Chin et al. (1992) reported that only cis-9, trans-l 1 CLA was found in 

phospholipids, and suggested that this isomer was the biologically active form. However, we 

found four CLA isomers present in phospholipids of egg yolk. More recently, Park et al 

(1999a,b) suggested that trans-10, cis-12 was the biologically effective CLA isomer which in 

part supported this result. The results of Park et al. (1999a) and Chin et al. (1992) indicated 

that different CLA isomers might have different activity in vivo. Data presented in Table 7 

showed that cis-9, trans-11 CLA had higher but cis-l 1, trans-13 CLA had lower 

incorporation rate to TG than other lipid classes. Interestingly, trans-8, cis-10 CLA had a 

very high incorporation rate to PE, but had a low incorporation rate to PC (Tables 5 and 7). 

The reason for the large differences in incorporation rates of CLA isomers to various lipid 

classes is not known but could be related to their stereospecificity. Both PC and PE are 

positively charged. However, three methyl groups surrounding the positively charged 

nitrogen in PC make the charge weaker but spatially larger than the PE (Voet and Voet, 
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1995). The space limitation could make incorporation of cis-8, trans-10 CLA in PC difficult, 

but the strong positive charge of PE could attract electrically dense double bond of trans- 8, 

cis-10 CLA, and the trans-8 structure might provide a suitable distance for it to be 

incorporated in PE. Because of the structural differences among TG, PC, and PE, we 

hypothesize that CLA isomers have different preferences for the positions to be incorporated 

in glycerol backbone. In total lipids, the deposition of dietary cis-11, trans-13 CLA in egg 

yolk lipids is significantly less than that of other isomers. Kramer et al. (1998) fed CLA to 

pigs and found that the incorporation of different CLA isomers was different. But the isomer 

composition of back fat of pigs was similar to that of the diet, which corresponds to our 

observation with egg yolk lipids. Kramer et al. (1998) also showed that the proportion of cis-

9, trans-11 CLA in phospholipids from liver was higher than that of the diet. 

This study showed that dietary CLA isomers could be incorporated into various lipid 

parts in high efficiency. Diet containing 5% CLA resulted in about 15% of CLA in yolk lipid. 

Therefore, a large egg (60 g) from hens fed 5% CLA diet would provide over 1/3 of the daily 

CLA recommendation (3 g) for an adult human. The incorporation rates of CLA isomers into 

lipid classes were different and the catabolism of CLA was not as efficient as linoleic acid. 

Not much information on the metabolism of CLA isomers in vivo is available, and some 

results are conflicting. More research is needed to determine the metabolic pathways of CLA 

in vivo and their implications for human health. 
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TABLE 1. Percentage composition of diets fed to laying hens 

Ingredients Percentage 

Com 35.29 

Soy meal 18.17 

Wheat middlings 22.85 

Limestone 8.77 

Dicalcium phosphate 0.40 

Meat and bone meat 3.00 

Dehydrated alfalfa meal 2.50 

Mineral premix1 0.30 

Vitamin premix2 0.30 

DL-methionine 0.14 

Sodium chloride (iodized) 0.08 

Soybean oil 8.20 to 0 

CLA source 0 to 8.20 

Calculated analysis 

Metabolizable energy, kcal/kg 2,905 

Protein 17.00 

Total sulphur amino acids (TSAA) 0.70 

Methionine 0.40 

Lysine 0.90 

Calcium 3.85 

Nonphytate phosphorus 0.35 

Sodium 0.20 

Ether extract 10.31 

'Mineral premix provides per kilogam of diet: Mn, 80 mg; Zn, 90 mg; Fe, 60 mg; Cu, 

12 mg; Se, 0.147 mg; sodium chloride, 2.247 g. 
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2Vitamin premix supplies per kilogram of diet: retinyl acetate, 8,065 IU; 

cholecalciferol, 1,580 IU; 25-hydroxy-cholecalciterol, 31.5 ng; dl-a-tocopheryl acetate, 

15 IU; vitamin Bi2, 16 ng; menadcre, 4 mg; riboflavin, 7.8 mg; pantothenic acid, 12.8 

mg; niacin, 75 mg; Choline chloride, 509 mg; folic acid, 1.62 mg; biotin, 0.27 mg. 
3In control group, soybean oil, 8.20%; CLA source, 0%. In 1.25% CLA group, soybean 

oil, 6.15%; CLA source, 2.05%. In 2.5% CLA group, soybean oil, 4.10%; CLA source, 

4.10%. In 5.0% CLA group, soybean oil, 0%, CLA source, 8.20%. 

TABLE 2. The fatty acid composition of soybean oil and conjugated linoleic acid 

(CLA) source fed to hens 

Conjugated linoleic acid Percentage Sovbean oil Percentage 

Hexadecanoic acid 4.16 Hexadecanoic acid 14.64 

9,12-Octadecadienoic acid 6.65 9.12-Octadecadienoic acid 50.54 

9-Octadecenoic acid 16.97 9, 12,15-Octadecatrienoic acid 8.07 

Octadecanoic acid 2.10 9-Octadecenoic acid 21.56 

cis-9, trans-11 CLA 17.94 Octadecanoic acid 4.50 

6cw-10, trans-12 CLA 20.27 Others 0.63 

cis- 8, trans-10 CLA 4.41 

cis-11, trans-13 CLA 15.34 

Other CLA isomers 3.56 

Others 8.60 
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TABLE 3. Influence of dietary conjugated linoleic acid (CLA) on the fatty acid 

composition of the total lipid of egg yolk 

Dietary CLA 

Fattv acids 0% 1.25% 2.5% 5.0% SEM 

Hexadecanoic acid 23.18" 25.15" 24.85" 25.12" 0.424 

9-Hexadecenoic acid 1.25" 0.68" 0.63" 0.65" 0.038 

9,1 ̂ -Hexadecadienoic acid 0.24 0.38 0.23 0.38 0.040 

Heptadecanoic acid 0.28= 0.28" 0.29" 0.23" 0.012 

Hexadecadienoic acid (1)' 0.00d 0.05° 0.12" 0.27" 0.006 

Hexadecadienoic acid (2)' 0.00d 0.04c 0.13" 0.28" 0.005 

Hexadecadienoic acid (3)' 0.00c 0.00c 0.06" 0.18" 0.001 

9,12,15-Octadecatrienoic acid 0.12" 0.06" 0.002 0.002 0.007 

9,12-Octadecadienoic acid 20.08" 20.99" 19.25" 11.66" 0.400 

9-Octadecenoic acid 35.53" 27.66" 25.21e 26.30"c 0.478 

Octadecanoic acid 14.02" 16.57" 16.48" 15.56" 0.273 

cis-9, trans-l 1 CLA 0.00d 1.39c 2.74" 5.41" 0.092 

c/5-10, trans-12 CLA 0.00d 1.04c 2.54" 5.87" 0.084 

cis-8, trans-10 CLA 0.00d 0.33e 0.60" 1.24" 0.020 

cis-11, trans-13 CLA 0.00d 0.45e 0.94" 2.37" 0.028 

5.8.11.13-Eicosatetraenoic acid 5.19" 4.24" 3.91" 2.70e 0.156 

a-dMeans within a row with no common superscript differ significantly (P < 0.05). n=4. 

'Corresponding to three hexadecadienoic acid isomer peaks identified by GC-MS analysis. 
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TABLE 4. Influence of dietary conjugated linoleic acid (CLA) on the fatty acid 

composition of triglyceride (TG) of egg yolk lipid 

Dietary CLA 

Fatty acids 0% 1.25% 2.5% 5.0% SEM 

Hexadecanoic acid 19.80° 25.85" 26.26" 28.43" 0.512 

9-Hexadecenoic acid 2.34" 1.20" 1.16" 1.19" 0.061 

Hexadecadienoic acid (l)1 0.00d 0.07e 0.28" 0.83" 0.008 

Hexadecadienoic acid (2)' 0.00d 0.07e 0.26" 0.62" 0.008 

Hexadecadienoic acid (3)' 0.00d 0.02e 0.08" 0.23" 0.002 

Heptadecanoic acid 0.25e 0.32" 0.28" 0.23e 0.011 

9,12-Octadecadienoic acid 25.78' 26.01" 22.45" 12.74e 0.524 

9-Octadecenoic acid 45.32" 33.02" 30.88" 28.55" 0.791 

Octadecanoic acid 5.35" 10.04" 10.17" 9.90" 0.291 

cis-9, trans-11 CLA 0.00d 1.60e 3.17" 5.51" 0.062 

cis-10, trans-13 CLA 0.00d 1.40e 3.50" 7.64" 0.099 

cis-S, trans-10 CLA 0.00d 0.22e 0.57" 1.54" 0.024 

cis-11, trans-13 CLA 0.00d 0.32e 0.80" 2.20" 0.030 

5,8,11,14-Eicosatetraenoic acid 0.53" 0.28" 0.18e 0.05d 0.011 

a-dMeans within a row with no common superscript differ significantly (P < 0.05). n=4. 

'Corresponding to three hexadecadienoic acid isomer peaks identified by GC-MS analysis. 
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TABLE 5. Influence of dietary conjugated linoleic acid (CLA) on the fatty acid 

composition of phosphatidyl choline (PC) of egg yolk lipid 

Dietary CLA 

Fatty acids 0% 1.25% 2.5% 5.0% SEM 

Hexadecanoic acid 29.28" 29.46" 27.17"b 25.48b 0.765 

9-Hexadecenoic acid 0.49" 0.23 b 0.22b 0.29b 0.025 

Heptadecanoic acid 0.23" 0.26" 0.25" 0.19b 0.013 

9,12-Octadecadienoic acid 19.10" 18.79" 18.14" 12.31b 0.450 

9-Octadecenoic acid 30.54" 28.24b 26.45b 27.4 L B  0.540 

Octadecanoic acid 16.28 16.93 17.60 18.37 0.708 

cis-9, trans-l 1 CLA 0.00D 0.97° 2.l9b 4.78" 0.065 

C/J-10, trans-12 CLA 0.00D 0.66° 1.76b 4.01" 0.107 

cis-8, trans-10 CLA 0.00D 0.1° 0.36b 0.66" 0.026 

cis-11, trans-13 CLA 0.00D 0.44° 0.98b 2.67" 0.049 

5.8.11.14-Eicosatetraenoic acid 3.91" 3.14b 2.78b 2.03° 0.120 

a"dMeans within a row with no common superscript differ significantly (P < 0.05). n=4. 
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TABLE 6. Influence of dietary conjugated linoleic acid (CLA) on the fatty acid 
composition of phosphatidyl ethanolamine (PE) of egg yolk lipid 

Dietary CLA 

Fattv acids 0.00% 1.25% 2.50% 5.00% SEM 

Hexadecanoic acid 13.02" 16.37" 16.42" 17.58" 0.630 

9,12-Hexadecadienoic acid 0.77 0.65 0.69 0.67 0.038 

Heptadecanoic acid 0.30 0.42 0.45 0.31 0.043 

9,12-Octadecadienoic acid 13.44" 15.60" 15.41" 12.01° 0.385 

9-Octadecenoic acid 19.27" 19.15" 20.86"" 22.66" 0.634 

Octadecanoic acid 34.28" 31.01" 28.59° 23.18d 0.720 

cis-9, trans-l 1 CLA 0.00d 0.80° 2.16" 5.62" 0.072 

c/'s-lO, trans-12 CLA 0.00d 0.50° 1.50" 4.76" 0.058 

cis-8, trans-10 CLA 0.00d 0.20° 0.74" 1.55" 0.084 

cis-11, trans-13 CLA 0.00d 0.67° 1.32" 3.42" 0.075 

5,8,11,13-Eicosatetraenoic acid 17.14" 14.12" 11.34" 8.37° 0.703 
a-dMeans within a row with no common superscript differ significantly (P < 0.05). n=4. 

TABLE 7. The incorporation rate of dietary conjugated linoleic acid (CLA) isomers to 

egg yolk lipid 

Incorporation rate' Significance 

CLA isomers Linid PC PE TG of difference2 

cis-9, trans-l 1 CLA 3.49 3.10 3.74 4.23 f <0.01 

cz's-10, trans-12 CLA 3.18 2.24 2.84 3.30 f <0.01 

cis-8, trans-10 CLA 3.14 1.70 4.97 2.88 f <0.01 

czs-l 1. trans-13 CLA 1.77 2.00 2.87 1.09 P < 0.01 

'incorporation rate is expressed as the slope of the linear relationship between the content of 

CLA isomers in feed and their content in lipid classes of egg yolk. 

^Significances were determined by considering lipid types as split-plot treatments. 
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CHAPTER S. EFFECT OF DIETARY CONJUGATED LINOLEIC ACID (CLA) AND 

LINOLEIC/LINOLENIC ACID RATIO ON POLYUNSATURATED FATTY ACID 

STATUS IN LAYING HENS 

A paper published in Poultry Science, 2000, 79:1749-1756 

M. Du, D. U. Ahn, and J. L. Sell 

Department of Animal Science, Iowa State University, Ames, IA 50011-3150 

ABSTRACT A study was conducted to determine the effects of dietary CLA and the ratio of 

linoleic/linolenic acid on the biosynthesis of long-chain polyunsaturated fatty acids. Thirty-

two, 31-wk-old White Leghorn hens were randomly assigned to four diets containing 8.2% 

soy oil, 4.1% soy oil + 2.5% conjugated linoleic acid (CLA) (4.1% CLA source), 4.1% flax 

oil + 2.5% CLA, or 4.1% soy oil + 4.1% flax oil. Hens were fed the diets for 4 weeks before 

eggs and tissues were collected for the study. Lipids were extracted from egg yolk and 

tissues, classes of egg yolk lipids were separated, and fatty acid concentrations of total lipid, 

triglyceride, phosphatidylethanolamine, and phosphatidylcholine were analyzed by gas 

chromatography. 

The overall content of polyunsaturated fatty acids was reduced after CLA feeding. 

The amount of arachidonic acid was decreased after CLA feeding in both linoleic acid and 

linolenic acid-rich diets, but those of the eicosapentaenoic acid (EPA) and docosahexaenoic 

acid (DHA) were increased in linolenic-rich diet, indicating that the biosynthesis of n-3 fatty 

acids was accelerated after CLA feeding. The increased DHA and EPA biosynthesis may be 

compensation for the decreased arachidonic acid biosynthesis. Results also showed that CLA 

could not substitute linoleic acid for arachidonic acid biosynthesis. The effect of CLA in 

inhibiting biosyntheses of n-6 fatty acids and promoting the biosyntheses of n-3 fatty acids 

could be related to the beneficial health effects of CLA because n-6 fatty acids have been 

suggested to promote the growth of cancer cells while n-3 fatty acids inhibit it. 

Key words: dietary conjugated linoleic acid, biosynthesis, arachidonic acid, DHA 
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INTRODUCTION 

Dietary conjugated linoleic acid (CLA) has anticarcinogenic, antiartherogenic effects 

and modulates immune responses (Ip et ai, 1995; Ip, 1997; Lee et ai, 1995; Belury et ai, 

1996). Ip et al. (1997) reported that the CLA inhibited the post-initiation phase of 

carcinogenesis. Visonneau et al. (1997) found that CLA suppresses the growth of human 

breast adenocarcinoma cells. Nicolosi et al. (1997) showed that CLA reduced plasma 

lipoprotein content and early development of atherosclerosis in hamsters. Sugano et al. 

(1997, 1998) reported that CLA feeding lowered the concentration of prostaglandin E2 and 

leukotriene 4 in serum and spleen of rats. Li and Watkins (1998) also suggested that CLA 

changed fatty acid composition and reduced the prostaglandin E% production in rats. 

Prostaglandin E2 is suggested to have cancer-promoting effects. Lee et al. (1995) showed that 

the content of monounsaturated fatty acids in tissues decreased after CLA feeding. Sugano et 

al. (1998) reported a decrease in the concentration of arachidonic acid and other 

polyunsaturated fatty acids after feeding CLA to mice. Ahn et al. (1999) reported similar 

compositional changes in egg yolk lipids after feeding hens with diets containing CLA. 

Sugano et al. (1998) suggested that the reduced biosynthesis of arachidonic acid might be 

related to the modified immune responses of animals fed a CLA diet. 

Long-chain polyunsaturated fatty acids can be synthesized by either n-3 or n-6 

pathway. It was hypothesized that the decreases in unsaturated fatty acids may be due to the 

competitive inhibition of A6-desaturase by CLA (Du et ai, 1999; Belury and Kempa-

Steczko, 1997). If this is true, the biosynthesis of DHA, which follows the n-3 pathway, 

should not be inhibited. To test this hypothesis, linolenic acid- or linoleic acid-rich diets were 

used to analyze the biosynthesis of arachidonic acid and DHA after CLA feeding. 

Polyunsaturated fatty acids are precursors of eicosanoids, which tightly relate to immune 

response, cancer promotion, and atherosclerosis; analysis of the influence of CLA on the 

biosynthesis of polyunsaturated fatty acids will also help to illustrate the mechanism of 

beneficial health effects of CLA. In this study, diets rich in linoleic or linolenic acid were 

formulated using soy oil and flax oil to assess the effects of dietary CLA on the biosynthesis 

of polyunsaturated fatty acid in vivo. 
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MATERIALS AND METHODS 

Hen Feeding and Sample Preparation 

Thirty-two, 31-wk-old White Leghorn hens kept in individual cages were assigned to 

each of four dietary treatments that consisted of diets containing 8.2% soy oil, 4.1% soy oil + 

2.5% CLA (4.1% CLA source), 4.1% flax oil + 2.5% CLA, or 4.1% soy oil +4.1% flax oil 

(Table 1). The CLA source, which contained 62% of CLA, was obtained from a commercial 

company3 (Table 2). Soybean oil, flax oil, and CLA source were substituted on a 

weightzweight basis in different diets. Compositions of experimental diets are presented in 

Table 1. After feeding hens for three weeks, eggs were collected for four consecutive days, 

and four eggs (from different hens) per treatment were randomly selected and analyzed. After 

their eggs were collected, four hens from each group were sacrificed and liver and leg 

muscles were sampled for fatty acid composition analysis. Tissues were frozen in liquid 

nitrogen immediately after sampling. Lipid classes of egg yolk were separated by a thin layer 

chromatography. Fatty acid compositions of total egg yolk lipid and lipid classes were 

analyzed by gas chromatography (GC). 

Lipid Extraction 

Two-gram (egg yolk and liver) or four-gram (muscle) samples were weighed into a 

test tube with 10 volumes of Folch 1 (chloroform:methano 1 = 2:1, w/v, Folch et al., 1957), 

and homogenized with a Brinkman polytron4 (Type PT 10/35) for 10 s at high speed. 

Twenty-five micrograms of butylated hydroxyanisole (BHA, 10%) dissolved in 98% ethanol 

was added to each sample prior to homogenization. The homogenate was filtered through a 

Whatman #1 filter paper into a 100-mL graduated cylinder and 1/4 volume (on the basis of 

Folch 1) of 0.88% NaCl solution was added. After the cylinder was capped with a glass 

stopper, the filtrate was mixed well. The inside of the cylinder was washed twice with 10 mL 

3Conlinco, Inc. Detroit Lakes, MN 56502. 
4Brinkman Instruments, Inc., Westbury, NY 11590-0207. 
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of Folch 2 (3:47:48/CHCh rCHjOHzHzO), and the contents were stored until the aqueous and 

organic layers clearly separated. The upper layer was siphoned off, and the lower layer was 

moved to a glass scintillation vial and dried at 50 C under nitrogen. 

Separation of Lipid Classes 

The dried lipids of egg yolk and tissue were redissolved with chloroform to make 

final concentration of lipid at 0.2 g/mL. The lipid-chloroform solution (150 nL) was loaded 

onto an activated (120 C for 2 h) silica gel plate5 (20 x 20 cm). The plate was developed first 

in solvent I composed of chloroform:methanol:water (65:25:4, vol/vol/vol) until the solvent 

line reached the middle of the plate. The plate was air dried and then redeveloped in solvent 

II composed of hexane:diethyl ether (4:1, vol/vol) until the solvent front reached 1" below 

the top of the plate. After air drying for 10 min at room temperature (22 C), the plates were 

sprayed with 0.1% 2',7'-dichlorofluororescein in ethanol. Lipid classes were identified under 

UV light, and the lanes corresponding to triglyceride (TG), phosphatidylethanolamine (PE), 

and phosphatidylcholine (PC) were scraped into separate test tubes (Ahn et al., 1995) and 

methylated. 

Analysis of Fatty Acid Composition 

One mL of methylating reagent5 (anhydrous methanoiic-HCl-3N) was added into the 

test tube containing total lipid, TG, PE, or PC, capped tightly, and incubated in a water bath 

at 60 C for 40 min. After cooling to room temperature, 2 mL of hexane and 5 mL of water 

were added, mixed thoroughly, and left at room temperature overnight for phase separation. 

The top hexane layer containing methylated fatty acids was used for GC analysis (Chin et al., 

1992). Analysis of fatty acid composition was performed with a gas chromatography6 (HP 

6890) equipped with an autosample injector6 and flame ionization detector (FID). A capillary 

column7 (HP-5,0.32 mm id, 30 m, 0.25 film thickness) was used. A splitless inlet was 

used to inject samples (1 |iL) into the capillary column. Ramped oven temperature 

5Sigma-aldrich, 89552 Steinheim, Germany. 
6Hewlett Packard Co., Wilmington, DE 16808-1610. 
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conditions (180 C for 2.5 min, increased to 230 C at 2.5 C/min, then held at 230 C for 7.5 

min) were used. 

Temperatures of both inlet and detector were 280 C. Helium was used as a carrier 

gas, and a constant column flow of 1.1 mL/min was used. Detector (FID) air, H2, and make

up gas (He) flows were 350 mL/min, 35 mL/min, and 43 mL/min, respectively. Fatty acids 

were identified using a Mass Selective (MS) detector6 (Model 5973). GC-MS was performed 

with the same column and oven temperature conditions as described previously. The 

ionization potential of the MS was 70 eV, and the scan range was 45 to 450 m/z. 

Identification of fatty acids was achieved by comparing mass spectral data with those of the 

Wiley library6. CLA isomers in egg yolk lipids were identified by comparing with CLA 

standards purchased from Matreya7 and Nuchek8, and also according to the report of Christie 

et al. (1997). The compositions of CLA isomers and fatty acids were reported as percentage 

composition of total lipids, and total peak area (pA*sec) was used to calculate fatty acid 

composition. 

Statistical analysis 

The effect of dietary CLA on the fatty acid composition of egg yolk and tissue lipids 

was analyzed using SAS software (SAS Institute, 1989). Student-Newman-Keul's multiple 

range test was used to compare differences among mean values (P < 0.05). Mean values and 

standard errors of the mean (SEM) are reported. 

RESULTS AND DISCUSSION 

The control diet (8.2% soy oil) was rich in linoleic acid; the 4.1% soy oil + 2.5% 

CLA diet was high in CLA and linoleic acid; the 4.1% flax oil + 2.5% CLA diet contained 

CLA and supplemented with linolenic acid; and the 4.1% soy oil + 4.1% flax oil treatment 

was rich in linoleic and linolenic acids (Tables 1 and 2). After three weeks of feeding, there 

7Matreya, Inc., Pleasant Gap, PA 16823. 

^Nuchek, Elysian, MN 56028. 
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were significant differences in yolk lipid composition among 4 groups (Table 3). CLA 

feeding reduced unsaturated fatty acid deposition in chicken egg yolk and tissues. After CLA 

feeding, the content of arachidonic acid in egg yolk was reduced dramatically and was 

negatively correlated to the dietary levels of CLA (Du et al, 1999). Ahn et al. (1999) showed 

that the content of monounsaturated fatty acids in tissue decreased after CLA feeding. 

Sugano et al. (1998) also reported a decrease in the concentration of arachidonic acid and 

other unsaturated fatty acids after feeding CLA to mice. 

The concentration of linoleic acid in chicken egg yolk and tissues was on the order of 

8.2% soy oil > 4.1% soy oil + 4.1% flax oil > 4.1% soy oil + 2.5% CLA > 4.1% flax oil + 

2.5% CLA group, which appeared to be proportional to the content of dietary linoleic acid. 

The concentrations of linolenic acid in egg yolk lipids from hens fed diets containing 4.1% 

flax oil + 2.5% CLA and 4.1% soy oil + 4.1% flax oil diets were significantly (P < 0.01) 

higher than those of the 8.2% soy oil and 4.1% soy oil + 2.5% CLA treatments, which might 

be due to the addition of flax oil. Egg yolk lipids from hens fed diets containing 4.1% soy oil 

+ 2.5% CLA and 4.1% flax oil + 2.5% CLA had high amounts of stearic and palmitic acids, 

indicating the CLA feeding reduced the overall deposition of unsaturated fatty acid. There 

were significant differences in arachidonic acid concentration in egg yolk and tissues from 

the four dietary groups, and the amount of arachidonic acid was the highest with the 8.2% 

soy oil diet and was the lowest with the 4.1% flax oil + 2.5% CLA treatment. This 

concentration difference was related to the dietary linoleic acid, and could be related to the 

inhibition effects of CLA on unsaturated fatty acid synthesis. Egg yolk lipids from hens fed a 

diet containing 4.1% flax oil + 2.5% CLA contained significantly higher amounts of DHA 

than the 4.1% soy oil + 4.1% flax oil treatment in spite of the same dietary content of 

linolenic acid. The increase of DHA content in egg yolk indicated that CLA promoted 

synthesis of the long-chain polyunsaturated fatty acid via the n-3 pathway. The DHA 

contents of egg yolk from hens fed a diet containing 4.1% flax oil + 2.5% CLA and 4.1% soy 

oil + 4.1% flax oil were much higher than those of the 8.2% soy oil and 4.1% soy oil + 2.5% 

CLA, indicating that dietary linolenic acid enhanced the biosynthesis of DHA dramatically. 

Turek et al. (1998) fed a diet containing CLA or soybean oil (control) to rats and their results 

indicated that DHA content in rat tissue from CLA diet was significantly higher than that of 
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the soybean diet, but was not different in arachidonic acid between the control and CLA 

treatments. Li and Watkins (1998) also showed that the concentrations of n-3 fatty acids 

(EPA and DHA) increased after CLA feeding. 

The content of oleic acid in egg yolk from hens fed a diet containing 4.1% soy oil + 

2.5% CLA treatment was much lower than that of the 4.1% flax oil + 2.5% CLA, although 

the 4.1% soy oil + 2.5% CLA diet contained more oleic acid than that of the 4.1% flax oil + 

2.5% CLA treatmen (Tables 3,4 and 5). The reason for the discrepancy between diet and 

deposition is not clear. Li and Watkins (1998) speculated that CLA reduced the 

concentration of oleic acid by inhibiting liver delta 9-desaturase activity. They found that 

dietary CLA decreased the concentrations of palmitoleic and oleic acid, which agreed with 

this study. Lee et al. (1998) also showed that CLA inhibited stearoyl-CoA desaturase mRNA 

expression. 

Phospholipids, which mainly exist in the membrane system, were expected to have 

more important bio-function than neutral lipids. Therefore, egg yolk lipid was further 

separated into PC (phosphatidylcholine), PE (phosphatidylethanolamine), and TG 

(triglyceride) parts using thin layer chromatography. The content of arachidonic acid in PC 

was closely related to the dietary content of linoleic acid, which was the highest with 8.2% 

soy oil and the lowest 4.1% flax oil + 2.5% CLA treatment, and was consistent with the 

result of total lipids (Table 4). The DHA content in PC was higher in eggs from hens fed a 

4.1% flax oil + 2.5% CLA diet than in those from hens fed a 4.1% soy oil + 4.1% flax oil 

diet. 

PE of egg yolk contained much higher amount of arachidonic acid and DHA than 

other lipid classes (Table 5). However, their relative changes were still similar to total lipid 

and PC. The content of EPA in PC of egg yolk from hens fed a 4.1% flax oil + 2.5% CLA 

diet was very high compared with other groups. The concentration changes of arachidonic 

acid, EPA, and DHA in phospholipids might have significant physiological effects in vivo. 

Because these polyunsaturated fatty acids are the precursors for the biosynthesis of 

eicosanoids, they could be closely related to immune response and carcinogenesis in animals. 

The fatty acid composition of TG of egg yolk was different from those of the PC and 

PE (Table 6). Very low levels of arachidonic acid and DHA in TG indicate that the 
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arachidonic acid and DHA are mainly deposited to PC and PE. The contents of linolenic acid 

in TG from the 4.1% flax oil + 2.5% CLA and 4.1% soy oil + 4.1% flax oil diets were high 

compared with those from the 8.2% soy oil and 4.1% flax oil + 2.5% CLA diets. The linoleic 

acid content and other fatty acid compositions of TG were similar to those of the dietary 

sources. This similarity indicated that fatty acid composition of TG in yolk lipid mainly 

reflected the fatty acid composition of the diet. 

Both the 4.1% soy oil + 2.5% CLA and 4.1% flax oil + 2.5% CLA diets were added 

with the same level of CLA, but the amounts of linoleic and linolenic acids in the diets were 

different. The hens fed a linoleic acid-rich diet (4.1% soy oil + 2.5% CLA) had higher 

arachidonic acid content in egg yolk lipid than those fed a linolenic acid-rich diet (4.1% flax 

oil + 2.5% CLA), but in opposite, the content of DHA was higher in the linolenic acid-rich 

groups (Tables 3, 4 and 5). This result indicates that the biosyntheses of arachidoinc acid, 

EPA, and DHA are enhanced by the dietary enrichment of linoleic and linolenic acids 

respectively. Liu and Belury (1998) reported that adding linoleic acid in a CLA diet 

enhanced arachidonic acid synthesis. 

In the 4.1% soy oil + 2.5% CLA and 4.1% flax oil + 2.5% CLA treatments (Tables 3, 

4, and 5), high amounts of CLA isomers were incorporated into lipid. If CLA could substitute 

linoleic acid for arachidonic acid biosynthesis, yolk lipids should contain more arachidonic 

acid in the 4.1% soy oil + 2.5% CLA and 4.1% flax oil + 2.5% CLA treatment groups than 

that of the 8.2% soy oil and 4.1% soy oil + 4.1% flax oil treatments. However, the content of 

arachidonic acid decreased in CLA-treated groups. Therefore, CLA may not be a substrate 

for enzymes (desaturase and elongase) involved in the synthesis of arachidonic acid. Sebedio 

et al. (1997) showed that CLA isomers could be elongated to C20:4 because there were 

higher quantities of C20:4 delta-5,8,12,14, and C20:4 delta-5,8,11,13 in liver lipids of rats 

fed CLA than in liver lipids of controls. 

In liver (Table 7) and muscle (Table 8) lipids, the concentration of arachidonic acid is 

much higher in 8.2% soy oil and 4.1% soy oil + 2.5% CLA than 4.1% soy oil + 2.5% CLA 

and 4.1% flax oil + 2.5% CLA. This result should be caused by the high amount of linoleic 

acid in the diets added soy oil. In opposite, the concentration of EPA and DHA in liver and 

muscle of hens fed 4.1% flax oil + 2.5% CLA and 4.1% soy oil + 4.1% flax oil were higher 
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than those fed the 8.2% soy oil and 4.1% soy oil + 2.5% CLA diets. Significantly higher 

amounts of DHA in liver and muscle of hens fed 4.1% flax oil + 2.5% CLA than those of 

4.1% soy oil + 4.1% flax oil indicated that CLA promoted the biosynthesis of DHA and 

EPA. This well illustrates that CLA enhances the biosynthesis of long-chain polyunsaturated 

fatty acids via the n-3 pathway. Ward et al. (1998) showed that arachidonic acid and DHA 

could affect the level of each other. The increased DHA biosynthesis could be caused by the 

reduced arachidonic acid concentration, which might have some feed back effects and 

induced more DHA synthesis in compensation (Ward et al., 1998). 

This study indicated that CLA feeding reduced the overall unsaturated fatty acid 

content in egg yolk and tissue lipids. CLA inhibited the synthesis of arachidonic acid, and the 

decreased arachidonic acid biosynthesis was partly caused by lower dietary linoleic acid in 

CLA diet than in a control. The synthesis of DHA was increased by dietary CLA, which 

could be related to the decreased arachidonic acid biosynthesis. This result shows that dietary 

supplementation of linoleic or linolenic acid can enhance the biosynthesis of arachidonic acid 

or DHA dramatically. 

The finding of CLA inhibiting arachidonic acid, but enhancing EPA and DHA 

biosynthesis, could be related to the beneficial health effects of CLA. Enhancing biosynthesis 

of DHA and EPA would be related to the synthesis of various eicosanoids closely related to 

anti-carcinogenic, improved immune responses, and anti-atherosclerotic effects of CLA. 

Therefore, the beneficial effects of CLA on health might be through its ability to manipulate 

the biosynthesis of arachidonic acid, DHA, and EPA, which eventually influences the 

biosynthesis of eicosanoids. Peterson et al. (1998) showed that prostaglandin E% production 

was enhanced in rats fed a arachidonic acid-enriched diet, but decreased in EPA- or DHA-

enriched diet. Substituting dietary arachidonic acid with EPA resulted in reduced cell-

mediated immune response in vivo. Replacing arachidonic acid with DHA reduced ex vivo 

lymphocyte proliferation, but did not affect the cell-mediated immune response in vivo. DHA 

and EPA can produce prostaglandin 3 series, which have anti-inflammation effects (Mooney 

et al., 1998). More research is needed to analyze the physiological effects of changes in the 

contents of arachidonic acid, EPA, and DHA after CLA feeding. 
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TABLE 1. Percentage composition of diets fed to laying hens 

Ingredients Percentage 

Corn 35.29 

Soy meal 18.17 

Wheat middlings 22.85 

Limestone 8.77 

Dicalcium phosphate 0.40 

Meat and bone meat 3.00 

Dehydrated alfalfa meal 2.50 

Mineral premix1 0.30 

Vitamin premix2 0.30 

DL-methionine 0.14 

Sodium chloride (iodized) 0.08 

Soybean oil 8.20-03 

Flax oil 4.10-03 

CLA source 0-8.203 

Calculated analysis 

Metabolizable energy, kcal/kg 2,905 

Protein 17.00 

Total sulphur amino acids (TSAA) 0.70 

Methionine 0.40 

Lysine 0.90 

Calcium 3.85 

Nonphytate phosphorus 0.35 

Sodium (Na) 0.20 

Ether extract 10.31 

'Mineral premix provides per kg of diet: Mn, 80 mg; Zn, 90 mg; Fe, 60 mg; Cu, 12 mg; Se, 

0.147 mg; sodium chloride, 2.247 g. 
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2Vitamin premix supplies per kg of diet: retinyl acetate, 8,065 IU; cholecalciferol, 1,580 IU; 

25-hydroxy-vitamin D3, 31.5 \ig; dl-a-tocopheryl acetate, 15 IU; vitamin B\2, 16 pg; 

menadcre, 4 mg; riboflavin, 7.8 mg; pantothenic acid, 12.8 mg; niacin, 75 mg; Choline 

chloride, 509 mg; folic acid, 1.62 mg; biotin, 0.27 mg. 
3In A group, soy oil, 8.20%. In B group, soy oil, 4.10%; CLA source, 4.10%. In C group, flax 

oil, 4.10%; CLA source, 4.10%. In D group, soy oil, 4.10%; flax oil, 4.10%. 

TABLE 2. The fatty acid composition of soy oil, flax oil and oil and conjugated linoleic 

acid (CLA) source fed to hens 

Fattv acid CLA source Soybean oil Flax oil 

Palmitic 4.16 14.64 7.15 

Stearic 2.10 4.56 2.24 

Oleic 16.97 21.56 15.30 

Linoleic 6.65 50.54 14.83 

Linolenic 0 8.07 50.96 

Others 8.60 0.63 0.52 

CLA (cis-9, trans-11) 17.94 

CLA (trans-10, cis-12) 20.27 

CLA (trans-8, c/s-10) 4.41 

CLA (cis-11, trans-13) 15.34 

Other CLA isomers 3.56 



TABLE 3. Influence of dietary fat on the fatty acid composition of egg yolk lipid 

Fattv acid sov oil sov oil+CLA flax oil+CLA flax oil+ sov SEM 

Palmitic 22.82b 24.80" 25.11" 22.88b 0.256 

Palmitoleic 1.08b 0.49d 0.60e 1.13" 0.019 

Stearic 11.84= 16.25" 14.57b 11.78e 0.271 

Oleic 31.05" 23.22e 27.19b 31.86" 0.324 

Linoleic 23.56' 18.30e 11.98d 20.76b 0.321 

Linolenic 1.21b 0.82e 4.89" 4.87" 0.060 

CLA (cis9, transi 1) 0.00b 2.91" 2.80" 0.00b 0.040 

CLA (trans 10, cis 12) 0.00b 2.31" 2.33" 0.00b 0.065 

CLA (trans9, transi 1) 0.00b 0.50" 0.47" 0.00b 0.020 

CLA (cisll, trans 13) O.OOb 1.29" 1.30" 0.00b 0.060 

CLA (trans8, cis 10) 0.00' 0.49b 0.71" 0.00e 0.018 

Arachidonic 3.95" 2.96b 2.06e 2.97b 0.047 

EPA 0.22b 0.2 lb 0.32" 0.30" 0.010 

DHA 2.72' 1.37" 3.36" 3.18b 0.076 

a-dMeans within a row with no common superscript differ significantly (P  <  0.05). n= 4. 



TABLE 4. Influence of dietary fat on the fatty acid composition of phosphatidylcholine (PC) of egg yolk lipid 

Fattv acid sov oil sov oil+CLA flax oil+CLA flax oil+ sov SEM 

Palmitic 27.62" 25.69" 26.65" 26.64" 0.614 

Palmitoleic 0.45" 0.24d 0.33cd 0.70" 0.030 

Stearic 15.76" 18.69" 18.26" 15.42" 0.621 

Oleic 25.07' 22.55d 26.02" 28.57" 0.219 

Linoleic 20.76" 17.80' 12.42d 19.27" 0.383 

Linolenic 0.70" 0.10' 2.15" 2.09" 0.031 

CLA (cis9, transit) o.oo" 1.93" 1.96" 0.00b 0.042 

CLA (translO, cisl2) o.oo" 1.19" 1.27" o.oo" 0.038 

CLA (trans9, transi 1) 0.00' 0.34" 0.40" 0.00e 0.014 

CLA (cisll, transi3) o.oo" 1.59" 1.62" o.oo" 0.063 

CLA (trans8, cislO) o.oo" 0.69" 0.70" o.oo" 0.017 

Arachidonic 4.98a 3.58" 2.40e 3.28" 0.203 

DBA 3.20" 1.49' 3.88" 3.30" 0.188 

a-dMeans within a row with no common superscript differ significantly (P  <  0.05). n= 4. 



TABLE 5. Influence of dietary fat on the fatty acid composition of phosphatidylethanolamine (PE) of egg yolk lipid 

Fattv acid sov oil sov oil+CLA flax oil+CLA flax oil+ sov SEM 

Palmitic 12.41" 14.70" 15.54" 11.60" 0.472 

Stearic 30.27" 26.88" 26.63" 30.26" 0.661 

Oleic 15.71" 15.64" 18.37" 19.16" 0.423 

Linoleic 14.37" 16.17" 9.16' 13.14" 0.433 

Linolenic 1.28cd 1.19d 1.90" 1.46" 0.029 

CLA (cis9, transi 1) o.oo" 2.06" 1.95" o.oo" 0.085 

CLA (translO, cisl2) 0.00' 1.32" 1.15" 0.00' 0.040 

CLA (trans9, transi 1) o.oo" 0.51" 0.58" o.oo" 0.037 

CLA (cisll, trans 13) o.oo" 1.76" 1.64" o.oo" 0.064 

CLA (trans8, cislO) o.oo" 0.74" 0.68" o.oo" 0.033 

Arachidonic 14.02s 10.26" 7.10' 11.54" 0.412 

EPA 0.69" 0.88" 3.49" 0.84" 0.186 

DHA 9.39" 4.85' 11.24" 10.76" 0.260 

a-dMeans within a row with no common superscript differ significantly (P < 0.05). n= 4. 



TABLE 6. Influence of dietary fat on the fatty acid composition of triglycerides (TG) of egg yolk lipid 

Fattv acid sov oil sov oil+CLA flax oil+CLA flax oil+ sov SEM 

Palmitic 21.03" 26.43" 21.89" 18.82e 0.326 

Palmitoleic 2.28" 0.95" 1.20e 2.99" 0.050 

Stearic 4.6 Ie 9.08" 8.37" 3.61" 0.035 

Oleic 38.18= 23.99" 30.23' 32.70" 0.456 

Linoleic 31.37" 26.89" 13.71" 24.89e 0.475 

Linolenic 3.05° 1.22" 12.88" 15.15" 0.209 

CLA (cis9, transi 1) 0.00' 3.45" 3.24" 0.00' 0.043 

CLA (translO, cis!2) o.oo" 3.07" 2.94" o.oo" 0.073 

CLA (trans9, transi 1) o.oo" 0.78" 0.81" o.oo" 0.024 

CLA (cisll, trans 13) 0.00' 1.36" 1.63" 0.00e 0.025 

CLA (trans8, cis 10) 0.00' 0.72" o
 

bo
 

UJ
 so 0.00e 0.021 

Arachidonic 0.35" 0.12' 0.12' 0.21" 0.021 

DMA 0.23" 0.00e 0.45" 0.22" 0.017 

'""Means within a row with no common superscript differ significantly (P < 0.05). n= 4. 



TABLE 7. Influence of dietary fat on the fatty acid composition of liver tissues 

Fattv acid sov oil sov oil+CLA flax oil+CLA flax oil+ sov SEM 

Palmitic 20.79ab 22.32" 21.90" 19.98" 0.464 

Palmitoleic 0.73" 0.29e 0.57" 0.76" 0.046 

Stearic 18.12" 19.85" 17.06" 14.56e 0.368 

Oleic 53
 

bo
 

26.96" 26.89" 28.85"" 0.542 

Linoleic 19.43" 15.49e 12.78" 17.83" 0.350 

Linolenic 1.03' 0.72e 2.73" 3.58" 0.101 

CLA (cis9, transi 1) o.oo" 1.78" 1.86" 0.00" 0.044 

CLA (trans 10, cis 12) 0.00e 2.25" 1.99" 0.00e 0.069 

CLA (trans9, transi 1) 0.00e 0.45" 0.30" 0.00e 0.018 

CLA (cisll, transi 3) o.oo" 0.91" 0.75" o.oo" 0.060 

CLA (trans8, cis 10) o.oo" 0.38" 0.31" o.oo" 0.031 

Arachidonic 8.09" 6.13e 5.19" 7.29" 0.219 

EPA 0.17" 0.20" 0.52" 0.49" 0.025 

DBA 2.25e 2.01e 5.93" 5.19" 0.110 

a-dMeans within a row with no common superscript differ significantly (P < 0.05). n= 4. 



TABLE 8. Influence of dietary fat on the fatty acid composition of muscle tissues 

Fattv acid sov oil sov oil+CLA flax oil+CLA flax oil+sov SEM 

Palmitic 19.39 19.94 18.36 19.24 0.537 

Palmitoleic 1.56"= 1.02e 1.45" 2.06'" 0.189 

Stearic 12.25 12.20 10.60 9.96 0.580 

Oleic 34.24" 31.42" 30.50" 31.44" 0.587 

Linoleic 28.38' 23.22e 22.00e 25.89" 0.518 

Linolenic 1.40' 1.03d 2.79' 2.29" 0.109 

CLA (cis9, transi 1) 0.00c 1.84' 1.13" 0.00e 0.044 

CLA (trans 10, cisl2) 0.00e 2.20" 1.22" 0.00e 0.068 

CLA (trans9, transi 1) 0.00e 0.52" O
 

L
u
 cr
 

0.00e 0.041 

CLA (cisll, transi3) 0.00e 0.93" 0.55" 0.00e 0.044 

CLA (trans8, cis 10) 0.00e 0.44" 0.20" 0.00e 0.029 

Arachidonic 6.40" 4.79" 2.87e 3.58e 0.264 

EPA 0.19" 0.14" 0.39' 0.33" 0.030 

DHA 0.56e 0.46e 1.63' 1.06" 0.094 

'""Means within a row with no common superscript differ significantly (P < 0.05). n= 4. 
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CHAPTER 6. EFFECT OF DIETARY CONJUGATED LINOLEIC ACID, 

IRRADIATION, AND PACKAGING CONDITIONS ON THE QUALITY 

CHARACTERISTICS OF RAW BROILER BREAST FILLETS 

A paper submitted to Meat Science 

M. Du, K. C. Nam, S. J. Hur, H. Ismail, D. U. Ahn 

Department of Animal Science, Iowa State University, Ames, Iowa 50011-3150 

Abstract 

Skinless breast fillets were harvested from broilers fed with 0%, 0.25%, 0.5%, or 1.0% 

conjugated linoleic acid (CLA) for 3 weeks. Fillets were either vacuum or aerobically 

packaged, then irradiated at 0 or 3.0 kGy using a Linear Accelerator. Breast fillets were 

analyzed for thiobarbituric acid reactive substances (TBARS), volatile profiles, and color at 0 

day and 7 days of storage at 4 C. Results showed that dietary CLA reduced TBARS values, 

but had no effect on volatile profiles and color of breast fillets. Color a*-value of breast fillets 

increased after irradiation. Irradiation also induced production of many volatiles, mainly 

alkanes and alkenes, which could be the breakdown products of unsaturated fatty acids and 

amino acids. High amount of dimethyl disulfide was detected in the voiatiles of irradiated 

fillets. Low level of hexanal and pentanal in volatiles, together with low TBARS values, 

indicated that lipid oxidation of breast fillets after irradiation is not a big concern. Future 

studies should be directed to the irradiation-induced odor and color change in meat. 

Key words: conjugated linoleic acid, irradiation, volatiles, color, broiler breast meat, lipid 

oxidation 

1. Introduction 

Irradiation is effective in eliminating pathogens in foods and thus controlling food 

borne diseases (Rajkowski and Thayer, 2000; Serrano, Murano, Shenoy, & Olson, 1997). It is 
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suggested that 3 kGy irradiation is sufficient to eliminate most pathogens commonly 

presented in meats (Chung, Ko, & Kim, 2000; Thayer Boyd, Kim, Fox, & Farrell, 1998). 

Ionizing radiation, however, generates free radicals that may induce lipid peroxidation and 

many other chemical changes in meat (Branka, Branka, & Dusan, 1992; Wong, Herald, 

Hachmeister, 1995). Irradiation is reported to induce changes in color, volatile profile, and 

lipid oxidation of meat patties, meat homogenates, and pork loins (Ahn et al., 1998; Nanke, 

Sebranek, & Olson, 1998; Jo and Ahn, 2000). The reasons for the changes in volatile and 

lipid oxidation after irradiation are related to the degradation and oxidation of unsaturated 

fatty acids and amino acids in meat (Jo and Ahn, 2000). Irradiation generates free radicals 

and accelerates oxidation of unsaturated fatty acids via the free radical mechanism. 

Therefore, reducing unsaturated fatty acid content in meat may improve the stability of meat 

against free radical-induced changes. Dietary conjugated linoleic acid (CLA) has been 

suggested to reduce unsaturated fatty acid content in meat and improve oxidative stability of 

meat patties (Du, Ahn, Nam, & Sell, 2000). In chicken meat patties, the oxidative stability, 

color, and aldehydes content in volatiles were significantly altered by dietary CLA (Du et al., 

2000). However, results from meat patties may not reflect those of intact muscles because of 

structural damage and air incorporation in meat patties during grinding, which will increase 

lipid oxidation and other quality changes of meat patties during irradiation and storage. 

Although many irradiation works on meat quality are available, few reports on chicken breast 

fillets, especially with modified fatty acid composition, are available. The objective of this 

study was to determine the influence of dietary CLA, irradiation, and packaging conditions 

on the volatile production, lipid oxidation, and color change of chicken breast fillets during 

storage. 

2. Materials and methods 

2.1. Sample preparation 

Two hundred, 3-wk-old broilers were assigned to one of the four dietary treatments 

containing 0,0.25,0.5, or 1% CLA. The energy balance was maintained by substituting CLA 

source with soybean oil on a weight:weight basis. After three weeks of feeding the 
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experimental diets, broilers were slaughtered and whole breast fillets were harvested. Thirty 

two fillets randomly selected from each dietary treatment were divided into two groups and 

either vacuum- (9.3 mL C>2/m2/24 h at 0° C; Koch, Kansas City, MO) or aerobic-packaged, 

then irradiated at 0 or 3.0 kGy using a Linear Accelerator. Four breast fillets with different 

packaging and irradiation combination were sampled at 0 day and 7 days of storage at 4°C 

respectively, and analyzed for thiobarbituric acid reactive substances (TBARS), color, and 

volatile profile. 

2.2. TBARS analysis 

Three grams of meat were weighed into a 50-mL test tube and homogenized with 15 

mL of deionized distilled water (DDW) using a polytron homogenizer (Type PT 10/35, 

Brinkman Instruments Inc., Westbury, NY) for ÎO s at highest speed. One mL of meat 

homogenate was transferred to a disposable test tube (3 x 100mm), and butylated 

hydroxyanisole (50 |iL, 7.2%) and thiobarbituric acid/trichloroacetic acid (TBA/TCA) (2 mL) 

were added. The mixture was vortexed and then incubated in a boiling water bath for 15 min 

to develop color. Then sample was cooled in cold water for 10 min, vortexed again, and 

centrifuged for 15 min at 2,000 x g. The absorbance of the resulting supernatant solution was 

determined at 531 nm against a blank containing 1 mL of DDW and 2 mL of TBA/TCA 

solution. The amounts of TBARS were expressed as milligrams of malondialdehyde per 

kilogram of meat. 

2.3. Volatile analysis 

Precept II and Purge-and-Trap Concentrator 3000 (Tekmer-Dohrman, Cincinnati, OH) 

were used to trap volatiles, and GC/MS was used to identify and quantify the volatile 

compounds. Two grams of sliced meat were placed in a sample vial (40 mL), flushed with 

helium gas (99.999%) for 5 s at 40 psi, and capped tightly. Vials were placed in a refrigerated 

(4°C) sample-tray. The maximum holding time before volatile analysis was less than 10 h to 

minimize oxidative changes during the sample holding period (Ahn, Jo, & Olson, 1999b). 



106 

The meat sample was purged with helium gas (40 mL/min) for 15 min. Volatiles were 

trapped at 20°C using a Tenax/Silica gel/Charcoal column (Tekmar-Dorham) and desorbed 

for 2 min at 220°C. The desorbed volatiles were concentrated at -90 °C using a cryofocusing 

unit, then thermally desorbed (30 s) into a capillary GC column by increasing the temperature 

to 220°C. A combined column, a HP-624 (8 m, 250 pm i.d., 1.4 nm nominal) column with a 

HP-1 column (52 m, 250 nm i.d., 0.25 pm nominal, Hewlett-Packard Co.) using a zero dead-

volume column connector, was used for volatile analysis. Ramped oven temperature was 

used. The initial oven temperature was 0°C and was held for 2.50 min. After that, the oven 

temperature was increased 10°C @5°C/min, to 45°C @10°C/min, to 110°C @20°C/min, to 

210°C @10°C/min, and held for 0.25 min. The column pressure was 20.5 psi. A mass 

selective detector (MSD, HP 5973, Hewlett-Packard Co.) was used to identify and quantify 

volatile components. The ionization potential of the MS was 70 eV and scan range was 17.1-

350. Identification of volatiles was achieved by comparing mass spectral data of samples with 

those of the Wiley library (Hewlett-Packard Co.) and also the standards. The area of each 

peak was integrated by using ChemStation software (Hewlett-Packard Co.), and total ion 

counts x 104 was reported as an indicator of volatiles generated from meat samples. 

2.4. Color measurement 

The color of breast meat was measured in package using a Hunter LabScan 

Colorimeter (Hunter Laboratory, Inc., Reston, VA) and expressed as color L*- (lightness), 

a*- (redness) and b*- (yellowness) values. Same packaging materials were used to cover 

white standard plate in order to eliminate the influence of packaging materials on meat color. 

Color a*-value was reported. 

2.5. Statistical analysis 

The effect of dietary CLA, irradiation on the volatiles, TBARS, and color a*-value of 

chicken breast were analyzed statistically by the GLM using SAS® software (SAS Institute, 

1989). Student-Newman-Keuls multiple range test was used to compare differences among 
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mean values (P < 0.05). Mean values and SEM were reported. Tukey grouping analysis was 

employed to analyze the possibilities of storage and packaging effects. 

3. Results and discussion 

3.1. TBARS values 

As shown in Table 1, there were significant differences in fatty acid compositions of 

meat from four dietary CLA treatments. The concentration of monounsaturated fatty acids in 

broiler breast fillets decreased from 39.27% in control to 30.12% in 1.0% CLA diet, and the 

concentration of polyunsaturated fatty acids (excluding CLA) decreased from 32.46% to 

26.21%. This result was in agreement with our previous report (Du et al., 2000). 

The TBARS of breast fillets in vacuum packaging decreased as dietary CLA 

increased (Table 2). This decrease of TBARS in fillet from dietary CLA treatments could be 

related to the decreased unsaturated fatty acid content in the meat compared with the control. 

The TBARS values of irradiated breast fillets were significantly higher than that of the 

nonirradiated, but the level of overall difference between irradiated and non-irradiated 

samples was very small. Tukey grouping analysis showed that there was no significant 

difference in TBARS values between 0 day and 7 days of storage under vacuum packaging. 

This was similar to our previous result with chicken meat patties (Du et al., 2000). 

With aerobic packaging (Table 2), chicken breast fillets from dietary CLA had lower 

TBARS values than the control. Irradiated breast fillets had higher TBARS than the 

nonirradiated after 7 days of storage under aerobic conditions, but the differences were small. 

This indicated that the irradiation impact on the oxidation of breast fillets was minor. This 

result was different from our former report on chicken meat patties (Du et al., 2000). In meat 

patties, severe oxidation occurred after 7 days of storage under aerobic condition. The 

difference between breast fillets and meat patties in their susceptibility to oxidation might be 

due to muscle structural damage and air trapping during grinding and mixing. The increased 

surface area after grounding may also have accelerated oxidation during storage, since the 

availability of oxygen had a significant effect on lipid oxidation in meat (Katusin-Razem, 
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Mihaljevic, & Razem, 1992). The other reason was the higher fat content for meat patties, 

since both thigh and breast meat was used to make patties (Du et al., 2000). 

3.3. Volatile profiles 

There were no significant differences among the four dietary CLA treatments in 

volatiles of both vacuum- and aerobically-packaged fillets. Dietary treatment data, therefore, 

were pooled and re-analyzed for packaging, irradiation, and storage effects. Under vacuum 

packaging, not many volatiles were detected in nonirradiated breast fillets, but many more 

volatiles were detected in irradiated fillets (Table 3). Most of the volatiles from irradiated 

fillets were alkanes and alkenes. Dimethyl disulfide content in meat increased greatly after 

irradiation. Dimethyl disulfide and other sulfur compounds were derived from degradation of 

amino acids and were suggested to be the major volatile compounds imparting irradiation 

odor (Ahn, Jo & Olson, 2000; Ahn et al., 2000). Alkanes and alkenes could be produced by 

the radiolytic degradation of fatty acids and amino acids. Schreiber et al. (1994) reported that 

irradiation induced the formation of volatile hydrocarbons, including tetradecene, 

pentadecane, hexadecadiene, and heptadecene. They could not detect alkanes and alkenes 

with less than 10 carbons because of the volatile analysis method used. Jo, Lee & Ahn (1999) 

and Jo & Ahn (2000) showed that the content of 1-heptene and 1-nonene increased after 

irradiation. Hwang (1999) determined the hydrocarbons of irradiated pork by hexane 

extraction and found that several kinds of polyunsaturated hydrocarbons formed after 

irradiation. As shown in Table 3, we detected some alkanes and alkenes not found in the 

previous reports (Du et al., 2000; Ahn, Jo, & Olson, 1999b; Larick, Turner, Schoenherr, 

Coffey, & Pilkington, 1992). The reason for the differences in volatile composition could be 

from the differences in sample preparation and analytical methods used. Since alkanes and 

alkenes were formed from fatty acids when oxygen was not available, they might be difficult 

to detect if the meat was not fresh, ground, or oxidation in meat during analysis are not 

tightly controlled. In this study, the breast meat was freshly separated, and helium flush was 

used to minimize oxidative changes before and during volatile analysis. Thus, alkanes and 

alkenes were detected as the main volatiles in this study instead of aldehydes and ketones as 
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the main volatiles for former reports. Ahn, Jo and Olson (1999a) showed that in an 

automated purge-and-trap /GC analysis of volatiles, headspace oxygen in a sample vial 

significantly affects volatile production from meat. The volatile profiles of breast fillets under 

aerobic packaging showed similar profiles to those under vacuum packaging, where alkanes 

and alkenes were the main volatiles (Table 4). However, the content was much lower in 

aerobically packaged fillets than that in vacuum packaged. The reason for the lower amounts 

of alkanes and alkenes in aerobically packaged fillets was evaporation during storage. The 

lower levels of alkanes, alkenes, and sulfur compounds in aerobically packaged breast fillets 

might be the reason why the aerobically packaged meat had weaker irradiation odor than that 

of the vacuum-packaged. As shown in Tables 3 and 4, the volatiles of breast fillets did not 

change significantly during storage, and were different from those of the chicken meat patties 

(Du et al., 2000). For chicken meat patties, hexanal, pentanal, and other aldehydes were the 

main volatiles after 7 days storage under aerobic packaging. But in this study, only trace 

amounts of hexanal and pentanal were detected in the volatiles of breast fillets. The low 

hexanal and pentanal contents in volatile further showed that oxidation of irradiated breast 

fillets were minimal even under aerobic conditions. Hexanal and pentanal contents in 

volatiles were suggested to be good indicators of oxidation (Liu, Booren, Cray, & Crackel, 

1992; Shahidi & Pegg, 1994). The low hexanal and pentanal contents in volatiles were in 

agreement with the low TBARS values of breast fillets (Table 2). Ahn et al. (1998) suggested 

that TBARS values were correlated well with the aldehyde content in volatiles. 

3.4. Color a* values 

Dietary CLA treatment influenced color a*-value of broiler breast fillets (Table 5). 

Fillets from 0.5% CLA treatment had higher color a* value than other treatments under 

vacuum packaging. Further, for aerobic packaged fillets, color a* value lowered as the dietary 

CLA level increased. This result was different from our previous report on chicken meat 

patties where dietary CLA treatment improved color stability during storage (Du et al., 2000). 

The reason could be due to the difference in the severity of oxidation. In meat patties, severe 

oxidation occurred, and dietary CLA greatly reduced oxidation and thus improved color 
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stability. In this study, only mild oxidation occurred and color might not be influenced 

significantly by oxidation. Instead, the changes induced by dietary CLA in muscle itself 

might be the main factor influencing color. Irradiation significantly increased a*-value of 

breast fillets and irradiated fillets appeared redder than non-irradiated ones. Many other 

reports also suggested that the color a*-value of turkey breast and pork increased after 

irradiation (Du et al., 2000; Millar, Moss, & Stevenson, 2000; Nanke et al., 1998; Luchsinger 

et al., 1996). The mechanism for the color change after irradiation was not clear yet, but 

studies in our laboratory indicated that the irradiation-dependent color changes in poultry and 

pork were not caused by oxymyoglobin formation. 

4. Conclusion 

Results showed that the dietary CLA treatment, irradiation, and packaging have little 

effect on the TBARS values of chicken breast fillets, showing that oxidation is not a concern 

for irradiated intact broiler breast fillets. The volatile composition was not influenced by 

dietary CLA levels, but irradiation induced production of alkanes, alkenes, and dimethyl 

disulfide. Alkanes, alkenes, and dimethyl disulfide could be produced from fatty acids and 

amino acids by irradiation. No significant change occurred in volatile content in breast fillets 

during storage under vacuum. Irradiation increased color a*-value of breast fillet constantly. 
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Table 1. Fatty acid composition (%) of chicken breast fillets 

Fatty acids 0%CLA 0.25% CLA 0.5% CLA 1.0% CLA SEM 

Myristic acid 0.47d 0.57e 0.68" 0.77" 0.01 

Palmiletic acid 3.97a 3.80ab 3.38" 2.57e 0.14 

Palmitic acid 21.17" 24.02c 25.50" 27.03" 0.32 

Linoleic acid 28.05" 25.42" 25.60" 23.10e 0.51 

Oleic acid 35.30= 33.11" 30.47e 27.55d 0.30 

Linolenic acid 2.23 2.04 2.05 2.06 0.05 

Stearic acid 6.64d 6.51e 8.99" 11.20" 0.79 

Cis 9, trans 10 0.00d 0.40e 0.84" 1.58" 0.03 

Trans 10, cis 12 0.00d 0.37e 0.87" 1.68" 0.03 

Trans 9, trans 11 0.00d 0.12e 0.24" 0.50" 0.01 

Other CLA isomers 0.00d 0.13e 0.25" 0.43" 0.01 

Arachidonic acid 2.18= 1.88" 1.14" 1.05" 0.19 

MUFA 39.27 36.91 33.85 30.12 

PUFA 32.46 29.34 28.79 26.21 
a-dMeans within a row with no common superscript differ significantly {P < 0.05). n = 4. 

CLA, conjugated linoleic acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated 

fatty acid. 
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Table 2. TBARS values (mg/kg) of Irradiated chicken breast fillets with different 

packaging 

0 day 7 days 

Diet 0 kGv 3 kGv SEM OkGv 3 kGv SEM 

——— — malonaldehyde (mg/kg) — — 

Vacuum packaging 

Control 0.32y 0.40™ 0.01 0.36ay 0.42=* 0.01 

0.25% 0.28y 0.37" 0.02 0.32= 0.35=" 0.01 

0.5% 0.29 0.31" 0.01 0.32= 0.37" 0.02 

1.0% 0.26 0.28" 0.01 0.27" 0.31" 0.02 

SEM 0.01 0.01 0.01 0.02 

Aerobic packaging 

Control 0.33 0.39 0.03 0.43 0.45 0.02 

0.25% 0.3 ly 0.39* 0.02 0.42 0.44 0.03 

0.50% 0.31 0.35 0.02 0.39 0.41 0.02 

1.0% 0.30 0.34 0.02 0.37 0.40 0.02 

SEM 0.02 0.03 0.02 0.02 
a-dMeans within a row of same packaging with no common superscript differ significantly (P 

< 0.05). n = 4. 

xyMeans within a column of same storage time with no common superscript differ 

significantly (P < 0.05). n = 4. 
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Table 3. The effects of irradiation and storage on the volatile composition of chicken 

breast fillets with vacuum packaging 

0 day 7 day 

Volatiles 0 kGv 3 kGv SEM 0 kGv 3 kGv SEM 

1-butene 0b 1613= 72 72b 1091" 81 

2-butene 0b 308" 20 29b 168" 28 

2-methyl propene ob 861" 110 0b 201" 36 

1-pentene ob 315" 62 0b 165" 20 

pentane 661b 1678" 162 937 2677 664 

2-propanone 6587 13925 3670 9178b 17007" 1555 

+ thiobis methane 

2-methyl pentane 0 53 35 

JO 00 

221" 23 

3-methyl pentane 0 23 15 0 0 0 

1-hexene 3b 343" 45 2b 258" 30 

hexane 362b 1160" 83 447b 1245" 111 

methyl cyclopentane 2b 102" 5 10b 77" 9 

butanal 0 225 107 53b 128" 22 

pentanal 45b 566" 25 5b 381" 41 

hexanal 441 399 77 0b 393" 68 

1-heptene 10b 298" 16 

%
• 

00 

208" 27 

heptane 282 448 62 114" 312" 32 

methyl cyclohexane 69 105 21 0b 80" 13 

1-octadecan amine 290 332 46 0b 259" 40 

2,3,3-trimethyl pentane 543 515 73 4b 421" 65 

2,3-dimethyl hexane 722 688 92 42b 556" 84 

dimethyldisulfide 127b 9860" 1167 10b 8647" 1089 

methyl benzene 10b 871" 30 9b 612" 70 

1-octene 1655 1590 233 2b 1081" 179 
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octane 3711 3407 462 3b 2351a 350 

3-methyl butanal 0b 371a 44 0 0 0 

3-methyl 2-heptene 1348 1332 180 0b 997" 157 

2-octene 333 318 52 0b 167" 34 

Total volatiles 17201" 40883" 4767 11049" 39702" 3346 

a-dMeans within a row with no common superscript differ significantly (P < 0.05). n = 16. 

Table 4. The effect of Irradiation and storage on the volatile composition of chicken 

breast fillets with aerobic packaging 

0 dav 7 dav 

Volatiles OkGv 3 kGv SEM OkGv 3 kGv SEM 

1-butene 47b 777" 63 0b 133" 25 

2-butene 16 47 13 0 34 19 

2-methyl-propene 11 45 18 0 0 0 

1-pentene 0 107 43 0 0 0 

pentane 736b 1095" 55 809" 1216" 104 

2-propanone + 6526 5701 1166 3423" 9639" 1863 

thiobis methane 

2-methyl pentane 0 29 11 10 39 13 

3-methyl pentane 129 142 14 0 0 0 

1-hexene o" 

OO 

5 0 0 0 

hexane 572" 1393" 274 569" 372" 36 

methyl cyclopentane 94" 176" 194 8 0 5 

butanal 0 8 4 20 13 16 
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pentanal 0b 203" 7 0b 13" 4 

hexanal 0 10 4 0b 00
 

32 

1-heptene 0b 292" 20 0 0 0 

heptane 121b 328" 30 37b 127" 12 

methyl cyclohexane 0 4 2 0b 25" 6 

1 -octadecanamine 0b 34" 10 0b 103" 20 

2,3,3-trimethyl pentane 28 19 7 0b 198" 34 

2,3-dimethyl hexane 95 64 24 16b 290" 44 

dimethyl disulfide 0b 135" 15 0b 29" 8 

methyl benzene 27b 389" 18 8 0 3 

1-octene 56 38 18 0b 691" 142 

octane 1199" 518b 222 328b 1309" 224 

3-methyl-2-heptene 0 0 0 0b 484" 92 

2-octene 2 5 2 0b 54" 16 

Total volatiles 9659" 11647b 1509 5228b 14953" 2212 

"""Means within a row with no common superscript differ significantly (P < 0.05). n= 16. 
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Table 5. Hunter color a*-values of irradiated chicken breast fillets with different 

packaging 

0 day 7 day 

Diet OkGv 3kGv SEM 0 kGv 3 kGv SEM 

Vacuum packaging 

Control 9.27by 14.58" 0.59 9.50aby 12.50b* 0.54 

0.25% 10.64aby 14.00* 0.81 8.04by 13.72abx 0.55 

0.50% 12.39ay 14.73* 0.53 8.96aby 15.06* 0.57 

1.0% 10.58aby 14.14* 0.69 10.56ay 13.77abx 0.64 

SEM 0.80 0.50 0.47 0.63 

Aerobic packaging 

Control 11.68ay 13.44* 0.55 11.16y 14.01* 0.69 

0.25% 9.22by 11.63* 0.59 9.74y 13.01* 0.86 

0.50% 9.32by 13.38* 0.44 12.12 13.52a 0.74 

1.0% 9.60by 12.20* 0.61 10.75 11.08b 0.41 

SEM 0.49 0.60 0.71 0.55 
a-dMeans within a column of same packaging with no common superscript differ significantly 

(P<0.05).n = 4. 

xyMeans within a row of same storage time with no common superscript differ significantly 

(P < 0.05). 
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CHAPTER 7. INFLUENCE OF DIETARY CONJUGATED LINOLEIC ACID ON 

VOLATILE PROFILES, COLOR AND LIPID OXIDATION OF IRRADIATED RAW 

CHICKEN MEAT 

A paper published in Meat Science, 2000, 56: 387-395 

M. Du, D. U. Ahn, K. C. Nam and J. L. Sell 

Department of Animal Science, Iowa State University, Ames, Iowa 50011-3150 

Abstract 

Forty eight, 27-wk-old White Leghorn hens were a fed diet containing 0%, 1.25%, 2.5% 

or 5.0% conjugated linoleic acid (CLA) for 12 weeks. Boneless, skinless breast and leg meats 

were separated from carcasses, ground through a 9-mm and a 3-mm plate, and patties were 

prepared. Patties prepared from each dietary treatment were divided into two groups and 

either vacuum- or aerobic-packaged. Patties were irradiated at 0 or 3.0 kGy using a Linear 

Accelerator. Meat patties were sampled at 0 day and 7 day of storage at 4 C, and analyzed for 

thiobarbituric acid reactive substances (TBARS), volatile profiles, color and odor 

characteristics. Dietary CLA reduced the degree of lipid oxidation in patties during storage. 

The content of hexanal and pentanal in patties significantly decreased when dietary CLA 

level increased. The content of 2-propanone in meat increased with the increasing levels of 

CLA in diet (pO.OOOl), which might associated with lipid metabolism in vivo. Irradiation 

accelerated lipid oxidation, but its effect was not as significant as that of the packaging. Meat 

patties, packaged aerobically and stored for 7 days, developed severe oxidation. Dietary CLA 

treatment improved the color stability of chicken patties. Color a*-value of irradiated patties 

was higher than that of the non-irradiated. Dietary CLA treatments had effect on the odor of 

irradiated and nonirradiated meat patties. Results indicated that CLA in tissues was stable and 

did not contribute to volatile production and lipid oxidation. Dietary CLA decreased the 

content of polyunsaturated fatty acid in chicken muscles, which improved lipid and color 

stability, and reduced volatile production in irradiated and nonirradiated meat during storage. 
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1. Introduction 

Dietary conjugated linoleic acid (CLA) has been shown to have beneficial effects on 

human health (Ip, Scimeca, & Thompson, 1995; Belury et al., 1996), and products from 

CLA-fed animals can be valuable dietary CLA sources for human consumption. However, 

CLA may effect the sensory characteristics of meat, milk or egg. Loor & Herbein (1998) 

reported that CLA-fed cows produced milk with far less fat than control. Ahn et al. (1999c) 

found that hard-boiled eggs from hens fed CLA-enriched diet were rubbery and elastic, and 

were difficult to break using an Instron. In pork, CLA feeding improved the marbling of lion 

and reduced overall fat content (Dugan et al., 1999). However, the influence of dietary CLA 

on the volatiles, color and odor characteristics of meat has not been studied yet. 

Irradiation treatment is the best method to control bacterial load in raw meat (Farkas, 

1998). However, ionizing radiation generates free radicals that may cause lipid peroxidation 

and other chemical changes, and influence the quality of foods (Branka, Branka, & 

Dusan,1992; Wong, Herald, & Hachmeister, 1995). Poultry meat contains more 

polyunsaturated fatty acids (PUFA) than red meat does and is more susceptible to oxidative 

changes by irradiation. Dietary CLA is reported to reduce the content of unsaturated fatty 

acids in meat (Meynier, Genot, & Gandemer, 1999; Du, Ahn, & Sell, 1999). Therefore, meats 

from animals fed CLA will be less susceptible to lipid oxidation, color changes, and volatile 

production than those from control diet because of the resistance of CLA against oxidative 

changes (Decker, 1995; Van den Berg, Cook, & Tribble, 1995). Meat flavor is a critical 

factor influencing meat quality. Therefore, it is important to study the possible influence of 

dietary CLA on meat volatiles, color and odor characteristics. The objective of this study was 

to illustrate the influence of dietary CLA on lipid and color stability, volatile production, and 

odor characteristics of chicken meat with different irradiation and packaging conditions. 
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2. Materials and methods 

2.1. Sample preparation 

Forty eight, 27-wk-old White Leghorn hens kept in individual cages were assigned to each of four 

dietary treatments that consisted of diets containing 0, 1.25, 2.5, or 5% CLA. The energy balance was 

maintained by substituting CLA source with soybean oil on a weight:weight basis (Du et al., 1999). After 12 

weeks of feeding, hens were sacrificed and, breast and leg muscles were separated and stored at -20 °C, under 

vacuum packaging for six months. Meats of 3 birds from a dietary treatment were pooled and ground together 

through a 9-mm and a 3-mm plate, and used as a replication. Patties (-40 g) prepared from each dietary 

treatment were divided into two groups and either vacuum- or aerobic packaged. Patties were irradiated at 0 or 

3.0 kGy using a Linear Accelerator. Meat patties were sampled at 0 day and 7 days of storage at 4 C, and 

analyzed for thiobarbituric acid reactive substances (TBARS) and volatile profile. Odor characteristics and color 

were analyzed at 7 days of storage. 

2.2. Volatile analysis 

A purge-and-trap apparatus connected to gas chromatograph (GC) was used to analyze 

the volatiles from meat patties. Precept II and Purge-and-Trap Concentrator 3000 (Tekmer-

Dohrman, Cincinnati, OH) were used to trap volatiles, and GC/MS was used to identify and 

quantify the volatile compounds. Two gram of meat was placed in a sample vial (40 ml) and 

then added in one pack of oxygen absorber (Ageless type Z-100, Mitsubishi Gas Chemical 

America, Inc., New York, NY). The vials were flushed with helium gas (99.999%) for 5 s at 

40 psi, and capped tightly with a Teflon-lined, open-mouth cap. Vials were placed in a 

refrigerated (4 °C) sample-tray. The maximum holding time before volatile analysis was less 

than 10 h to minimize oxidative changes during the sample holding time (Ahn, Jo, & Olson, 

1999ab). 

The meat sample was purged with helium gas (40 mL/min) for 15 min. Volatiles were 

trapped at 20 °C using a Tenax/Silica gel/Charcoal column (Tekmar-Dorham) and desorbed 

for 2 min at 220 °C. The desorbed volatiles were concentrated at -100 °C using a 

cryofocusing unit, then thermally desorbed and injected (30 s) into a capillary GC column by 

increasing the temperature to 220 °C. Ramped oven temperature was used. The initial oven 

temperature was 0 °C and was held for 1.50 min. After that the oven temperature was 

increased to 20 °C at 4 °C per min, increased to 80 °C at 10 °C per min, and increased to 180 
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°C at 20 °C per min and then kept for 4.50 min. The column used was a HP-Wax (7.5 m) and 

HP-5 (30 m, Hewlett-Packard Co.) combined column. The column pressure was 12 psi. A 

mass selective detector (MSD, HP 5973, Hewlett-Packard Co.) was used to identify and 

quantify volatile components. The ionization potential of the MS was 70 eV and scan range 

was 33.1-450. Identification of volatiles was achieved by comparing mass spectral data of 

samples with those of the Wiley library (Hewlett-Packard Co.) and also the standards. The 

area of each peak was integrated by using ChemStation software (Hewlett-Packard Co.), and 

total ion counts x 104 was reported as an indicator of volatiles generated from meat samples. 

2.3. TBARS analysis 

Three grams of meat was weighed into a 50 mL test tube and homogenized with 

15mL of deionized distilled water using the Polytron homogenizer (Type PT 10/35, 

Brinkman Instruments Inc., Westbury, NY) for 10 s at highest speed. One mL of meat 

homogenate was transferred to a disposable test tube (3 x 100mm), and butylated 

hydroxyanisole (50 |xL, 7.2%) and thiobarbituric acid/trichloroacetic acid (TBA/TCA) (2 mL) 

were added. The mixture was vortexed and then incubated in a boiling water bath for 15 min 

to develop color. Then sample was cooled in cold water for 10 min, vortexed again, and 

centrifuged for 15 min at 2,000 x g. The absorbance of the resulting supernatant solution was 

determined at 531nm against a blank containing 1 mL of DDW and 2 mL of TBA/TCA 

solution. The amounts of TBARS were expressed as milligrams of malondialdehyde per 

kilogram of meat. 

2.4. Color measurement 

The color of meat patties were measured in package using a Hunter LabScan 

Colorimeter (Hunter Laboratory, Inc., Reston, VA) and expressed as color L* (lightness), a* 

(redness) and b* (yellowness) values. The same package materials were used to cover the 

white standard plate in order to eliminate the influence of packaging materials on meat color. 
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2.5. Sensory analysis 

The intensity and descriptive characteristics of the odor of meat samples were 

determined using 16 trained sensory panelists. Samples from hens fed with 4 different levels 

of CLA but with same packaging and irradiation treatments were presented as one set. Four 

sample sets, which include vacuum-packaged/nonirradiated, aerobic-packaged/nonirradiated, 

vacuum-packaged/irradiated and aerobic-packaged/irradiated, were prepared. Two sets of the 

samples were presented to sensory panels separately with a 30-min interval. Training sessions 

were conducted to familiarize panelists with the irradiation odor, the scale to be used, and 

with the range of attribute intensities likely to be encountered during the study. For 

evaluation of odor, samples in coded, capped scintillation vials (glass) were presented to each 

panelist in isolated booths. A 15cm linear horizontal scale, anchored with the words no 

irradiation odor' and 'very strong irradiation odor', and 'no oxidation odor' and 'highly 

oxidized odor' at opposite ends, were used to rate the samples on the intensity of irradiation 

odor and oxidized odor. The responses from the panelists were expressed in numerical values 

ranging from 0 (no irradiation or no oxidation odor) to 15 (strong irradiation or oxidation 

odor) to the nearest 0.5 cm. Sensory panels were also asked to characterize the odor by the 

words that best describe it. 

2.6. Statistical analysis 

The effect of dietary CLA on the volatiles, TBARS and sensory data of cooked meat 

were analyzed statistically by GLM using SAS® software (SAS Institute, 1989). Student-

Newman-Keuls multiple range test was used to compare differences among mean values (P < 

0.05). Mean values and SEM were reported. Tukey grouping analysis was employed to 

analyze the possibilities of diet, irradiation and packaging effects. 

3. Results and discussion 

3.1. TBARS values 

The basic chemical composition of meat patties was analyzed and there was no 

difference in total fat and water content, pH values. The fatty acid composition analysis 
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showed that dietary CLA reduced the polyunsaturated fatty acid (PUFA) (33.8% for control 

diet, 30.1% for 1.25% CLA diet, 25.6% for 2.5% CLA diet, 18.2% for 5.0% CLA diet) and 

monounsaturated fatty acid (MUFA) (34.3% for control diet, 30.8% for 1.25% CLA diet, 

27.7% for 2.5% CLA diet, 24.7% for 5.0% CLA diet) contents in meat patties, and increased 

saturated fatty acid (SAFA) (31.7% for control diet, 32.8% for 1.25% CLA diet, 36.4% for 

2.5% CLA diet, 39.3% for 5.0% CLA diet) content (Du et al., 2000). The difference in fatty 

acid composition of meat patties from these 4 different treatments might influence the 

oxidation stability. After packaging and irradiation, TBARS analysis indicated that there was 

a significant difference among these four diets with the control significantly higher in 

TBARS values and the 5.0% CLA diet lower. (Tables 1 & 2) These TBARS difference might 

be caused by the difference in unsaturated fatty acid content. Irradiation and packaging also 

had significant influences on the TBARS values. The significance for the interaction between 

diet and irradiation, diet and packaging showed that dietary CLA improved the lipid stability 

of meat patties during irradiation, and also under aerobic packaging conditions. Table 2 

showed the TBARS values after 7 days of storage. Those TBARS values of meat samples in 

aerobic packaging were much higher than those of 0 day indicating that there was significant 

oxidation during storage. The presence of oxygen had a significant effect on lipid oxidation 

(Katusin-Razem, Mihaljevic, & Razem, 1992). Data analysis suggested that there was 

significant difference for irradiation effect on lipid oxidation after 7 days of storage. 

3.2. Volatile profiles 

Tables 3 and 4 showed the volatiles from meat patties without irradiation. At 0 day 

under aerobic packaging, there were significant differences in hexanal, pentanal and propanal 

contents. This was in agreement with the results of TBARS analysis (Table 1). The lower 

aldehyde content in volatiles of CLA diets could be related to the reduced amount of 

unsaturated fatty acid available after CLA feeding, since unsaturated fatty acids were 

suggested to be the precursors for aldehydes (Meynier et al., 1999). Larick et al. (1992) 

reported that pork with higher linoleic acid content produced more aldehydes, especially 

hexanal and pentanal. The content of hexanal and pentanal detected in this study showed that 
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they were positively related to the unsaturated fatty acid content in meat (Tables 3-7). This 

indicated that the presence of high level of CLA did not participate in lipid oxidation, and 

suggested that CLA was inert in meat and did not have antioxidant effects, and was different 

from former reports that CLA was an antioxidant (Decker, 1995). The result was in 

agreement with Van den Berg et al. (1995) who reported that CLA did not act as an efficient 

radical scavenger and had no protective effects on lipid oxidation. There was not much 

difference in the volatile composition of vacuum packaged meat patties, indicating that 

oxygen was required for the formation of many volatiles. One interesting observation was 

that the content of 2-propanone in volatiles increased when the dietary CLA levels increased 

at 0 day (Table 3 & 4). Since there was not much lipid oxidation in 0 day, especially for 

vacuum packaging, this increased amount of 2-propanone might come from some precursors 

in lipid metabolism in vivo, and should be associated with dietary CLA level. The reason by 

this increased 2-propanone level in muscle tissue from birds fed CLA diets was not clear. 

Table 5 showed statistic test results of the possibilities of diet, irradiation and packaging 

effects. The results suggested that diet had significant effect on aldehydes and 2-propanone. 

Packaging had a more significant effect on volatiles than 3 kGy irradiation. There was 

significant difference for most volatiles between vacuum vs. aerobic packaging, but not much 

difference between irradiation and non-irradiation was significant. 

After 7 days of storage, more volatiles were produced when compared with 0 day 

(Tables 3-7). There were still significant differences in aldehyde contents among meat from 

different CLA diets. The concentrations of hexanal and pentanal were increased greatly after 

storage (Tables 6 & 7). Other aldehydes, propanal, butanal and heptanal, were also increased. 

Ahn et al. (1998) suggested that TBARS values were correlated well with the aldehyde 

content in volatiles. In this study, we also found that there were positive relation between 

aldehydes and TBARS values. Hexanal and pentanal contents in volatiles were suggested to 

be good indicators of oxidation (Liu et al., 1992; Shahidi & Pegg, 1994). The existence of 

large amount of aldehydes indicated that severe lipid oxidation occurred in aerobically 

packaged meat patties after 7 days of storage. For vacuum packaging, there was not much 

change in volatiles. Thus, volatiles were more stable under vacuum condition where oxygen 
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was not available. Table 9 showed the significance of irradiation and packaging treatments 

after 7 days of storage. The irradiation effect on most volatiles was not significant indicating 

3 kGy irradiation did not have much influence on the volatile composition after 7 days of 

storage. Packaging had significant effects on almost all volatiles, showing the importance of 

oxygen in forming volatiles of raw meat. Vacuum-packaging was better than aerobic-

packaging in preserving sensory characteristics of cooked meat patties. Dietary CLA 

improved the volatile stability of meat patties by decreasing the aldehyde content in volatiles 

produced during storage. 

3.3. Color change 

Dietary CLA treatment influenced meat color (Table 9). Diet had significant effect on 

L* and b* values. After 7 days of storage, compared with a control diet, the 5.0% CLA diet 

had a lower L* and b* value, higher a*, indicating less color changes during storage. 

Visually, the color of meat from the control diet appeared a little lighter and grayer than that 

of the 5.0% CLA diet (data not shown). Packaging and irradiation had significant effects on 

all L*, a* and b* values (Table 9). Irradiation increased a* and samples appeared redder than 

non-irradiated samples. This result agrees with that of the Nanke, Sebranek, & Olson (1998). 

The large difference in all L*, a* and b* values between vacuum and aerobic packaging 

indicated that vacuum packaging was very conducive for preserving meat color. Luchsinger 

et al. (1996) reported irradiated vacuum packaged chops appeared redder and more stable in 

storage. The significance for the interaction of diet and irradiation effects on L*, and a* 

values suggested that the irradiation induced change in meat color was different for meat 

patties from different CLA diets. Altogether, CLA dietary treatment improved the color 

stability of meat samples. 

3.4. Sensory analysis 

In order to illustrate if there was any sensory difference in meat patties, we further 

conducted sensory evaluation on the odor. The sensory results shown in Table 10. For aerobic 

packaged meat patties, panels were trained to differentiate any difference in oxidation odor, 
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and for vacuum packaged patties, panels were trained to differentiate if there was any 

difference in the characteristic irradiation odor. Panels were also asked to describe if there 

were any other odors. Judged by sensory panels, there was no odor difference among meat 

patties from different CLA diets. Statistic analysis noted that irradiation had significant effect 

on odor (p<0.0001, Table 11). Health et al. (1990) and Hashim, Resurreccion, & Mc Walters 

(1995) showed that irradiating raw chicken meat produced a characteristic bloody and sweet 

aroma and the result was in agreement with our results. This result indicated that although 

there was significant difference in TBARS and volatiles among 4 CLA diets, there was no 

distinguishable difference in odor after 7 days of storage as judged by panelists. 

4. Conclusion 

Results showed that the TBARS values of meat patties decreased while the CLA 

feeding level increased. The volatile composition was slightly influenced by increasing 

dietary CLA levels, with the content of hexanal and pentanal in volatiles negatively related to 

dietary CLA levels. The decreasing of aldehyde content in volatiles and TBARS values could 

be due to the reduced content of unsaturated fatty acid after CLA feeding, and CLA itself 

seemed quite inert and did not participate in the lipid oxidation and volatile produce. Dietary 

CLA also improved color stability. The sensory panels did not differentiate there were 

differences in the odor of meat patties from 4 different CLA diets after 7 days of storage. 

Irradiation induced lipid oxidation and changed color and volatiles produced. Vacuum 

packaging was effective in reducing lipid oxidation and improving volatile and color stability 

during storage for chicken meat. 
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Table 1. TBARS values (mg/kg) of raw chicken patties at day 0 

Nonirradiated Irradiated 

Diet Aerobic pke Vacuum pkg Aerobic pke Vacuum pke 

TBARS values (mg/kg) 

Control 2.88= 1.07= 3.61» 1.28= 

1.25% 1.58b 0.68b 1.6 lb 0.86b 

2.5% 1.22e 0.56c 1.46b 0.72' 

5.0% 0.73d 0.52c 0.77° 0.56d 

SEM 0.04 0.04 0.15 0.03 

Diet (D) 0.0001 

Irradiation (IR) 0.0002 

Packaging (P) 0.0001 

D x IR 0.004 

D x P  0 . 0 0 0 1  

IR x P 0.0001 

D x I R x P  004 

a-dMeans within a row with no common superscript differ significantly ( P  < 0.05), n = 4. 
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Table 2. TBARS values (mg/kg) of raw chicken patties after 7 days of storage 

Nonirradiated Irradiated 

Diet Aerobic pke Vacuum pke Aerobic pke Vacuum pkg 

TBARS values (mg/kg) 

Control 9.39» 0.65= 10.55= 1.22= 

1.25% 7.21" 0.58" 7.46" 0.90b 

2.5% 6.29" 0.54" 4.50c 0.74" 

5.0% 3.45e 0.47e 4.20e 0.56e 

SEM 0.304 0.02 0.26 0.05 

Diet (D) 0.0001 

Irradiation (IR) 0.06 

Packaging (P) 0.0001 

D x IR 0.0001 

D x P 0.0001 

IR x P 0.3 

D x I R x P  0.0001 
a-dMeans within a row with no common superscript differ significantly (P < 0.05), n = 4. 



Table 3. Volatile profiles of nonirradiated raw chicken patties after 0-day storage 

Volatile Aerobic packaging Vacuum packaging 

Compounds Control 1.25% 2.5% 5.0% SEM Control 1.25% 2.5% 5.0% SEM 

total ion counts x 104 total ion counts x 10* 

Acetaldehyde 49a 19b 13b 13b 7.7 4 3 4 5 1.0 

1-Heptene 34 14 17 10 10.5 0 0 0 0 0.0 

Propanal 133= 42b 28b 16b 17.8 0 0 0 0 0.0 

Octane 36 28 48 34 5.6 0 0 0 0 0.0 

2-Propanone 559b 791b 656b 1112" 90.2 732b 613b 645b 1047a 68.2 

1-Octene 0 0 0 0 0.0 21 20 17 20 2.1 

Pentanal 304" 213ab 119"b 73b 49.1 0 0 0 0 0.0 

Hexanal 3708" 1391b 1614b OO
 

°à
-

442 29 18 17 28 4.4 

Butanol 17 16 12 12 2.9 7 9 6 11 1.9 

l-Penten-3-ol 8a 4b 5ab 6ab 0.9 0 0 0 0 0.0 

Total volatiles 4848" 2518b 2512b 2062b 346.0 793b 663b 689b 1111" 73.7 

a-dMeans within a row with no common superscript differ significantly ( P  <  0.05), n = 4. 



Table 4. Volatile profiles of irradiated (at 3kGy) raw chicken patties after 0-day storage 

Volatile Aerobic packaging Vacuum packaging 

Compounds Control 1.25% 2.5% 5.0% SEM Control 1.25% 2.5% 5.0% SEM 

tntnl inn v 10^ tntnl «si»* z>ziijm/c v  7 /l^ 

Acetaldehyde 186a 119b 122b 103b 14.5 11 13 13 13 2.4 

1-Heptene 37 27 23 18 11.3 19 16 17 14 4.9 

Propanal 63a 30b 25b 18b 18.4 0 0 0 0 0.0 

Octane 53 50 65 55 7.9 0 0 0 0 0.0 

2-Propanone 770b 988ab 955ab 1351" 138 900b 1041b 889b 1269" 66.9 

1-Octene 24 26 38 16 7.4 31 28 26 23 4.7 

Pentanal 343= 256ab 188b 158b 40.6 27 33 25 24 4.3 

Hexanal 4029s 2663b 1301' 552d 233 505a 131b 98b 72b 36.7 

Butanol 26 19 14 17 2.8 7 7 10 12 1.4 

l-Penten-3-ol 15 7 6 6 2.8 0 0 0 0 0.0 

Total volatiles 5546= 4185b 2737e 2294e 469.9 1500 1269 1078 1427 101.7 

a-dMeans within a row with no common superscript differ significantly ( P  < 0.05), n = 4. 



Table 5. The possibilities of diet, irradiation and package effects on the volatile composition of raw chicken meat at day 0 

of storage 

Probability 

Volatiles Diet Irradiation Packaging 

Acetaldehyde 0.0001 0.0001 0.0001 

1-Heptene 0.2 0.005 0.0010 

Propanal 0.0001 0.7 0.0001 

Octane 0.09 0.0003 0.0001 

2-Propanone 0.0001 0.0001 0.9 

1-Octene 0.4 0.0001 0.0001 

Pentanal 0.0001 0.009 0.0001 

Hexanal 0.0001 0.09 0.0001 

Butanol 0.2 0.03 0.0001 

l-Penten-3-ol 0.01 0.04 0.0001 

Total volatiles 0.02 0.1 0.0001 

Probabilities less than 0.05 were considered as significantly different, n=8. 



Table 6. Volatile profiles of nonirradiated raw chicken patties after 7 days of storage 

Volatile Aerobic packaging Vacuum packaging 

Compounds Control 1.25% 2.5% 5.0% SEM Control 1.25% 2.5% 5.0% SEM 

total ion counts x 104 total ion counts x 104 

Acetaldehyde 142- 81ab 34b 9lab 21.0 21 8 11 7 3.3 

1-Heptene 27 35 46 30 6.3 18 27 34 28 11.8 

Propanal 975" 640ab 248b 173b 178 0 0 0 0 0.0 

Octane 133a 80b 53b 57b 8.7 30 32 32 26 7.1 

2-Propanone 992" 896ab 438b 871-b 130 438 611 581 629 71.8 

1-Octene 15 9 10 15 3.4 31 22 25 29 7.4 

Butanal 147 142 51 92 24.8 0 0 0 0 0.0 

2-Butanone 162= 130ab 81c 104bc 12.0 25 25 23 22 3.0 

3-Methylbutanal 50a 27b 20b 19b 4.4 0 0 0 0 0.0 

Pentanal 2168- 1784ab 500c 1110bc 247 0 0 0 0 0.0 

Pentane 267- 177ab 46b 34b 41.6 0 0 0 0 0.0 

Hexanal 21774- 14485b 4947d 8789' 1166 34 27 13 18 7.7 

Heptanal 102 136 59 97 19.3 0 0 0 0 0.0 

l-Penten-3-ol 335" 207b 67c 54° 24.6 0 0 0 0 0.0 

Octanal 43 33 19 28 9.4 0 0 0 0 0.0 

Hexanol 39 48 25 21 6.8 5 10 9 8 1.5 

Total volatiles 27371- 18910b 16644bc 

O
O

 

1636.0 602 762 728 767 92.0 
a-dMeans within a row with no common superscript differ significantly ( P  <  0.05), n = 4. 
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Table 7. Volatile profiles of irradiated (at 3kGy) raw chicken patties after 7 days of storage 

Volatile 

Compounds 

Aerobic packaging Vacuum packaging 

Control 1.25% 2.5% 5.0% SEM Control 1.25% 2.5% 5.0% SEM 

Acetaldehyde 390 235 196 147 60.4 9 11 11 13 2.1 

1-Heptene 39 28 42 48 18.7 19 26 35 31 7.7 

Propanal 1645a 764b 753b 122c 135 0 0 0 0 0.0 

Octane 186 101 138 102 20.6 36 48 37 34 6.0 

2-Propanone 1241 1253 1123 1216 174.2 477 497 541 720 71.6 

1-Octene 30 22 19 16 3.4 10 19 22 10 5.3 

Butanal 122 150 158 152 33.2 0 0 0 0 0.0 

2-Butanone 148 152 160 118 26.1 50 36 47 52 12.0 

3-Methylbutanal 114 58 96 65 26.0 27 18 15 15 3.4 

Pentanal 1630 1694 2119 1683 378 126a 100a 37b 19b 16.2 

Pentane 214a 145ab 

00 

56b 35.6 0 0 0 0 0.0 

Hexanal 23397" 12464b 13547b 9143b 1800 78 32 36 22 13.6 

Heptanal 364 138 164 164 130 0 0 0 0 0.0 

l-Penten-3-ol 245" 142b 110b 47b 29.8 0 0 0 0 0.0 

Octanal 45a 28ab 22ab 14b 6.6 0 0 0 0 0.0 

Hexanol 26 18 19 18 5.4 9a gab 6ab 4b 0.9 

Total volatiles 29836a 17392" 18749b 1311 lb 2402.4 841 795 787 920 100.9 

u> 
ON 

a-dMeans within a row with no common superscript differ significantly ( P  < 0.05), n = 4. 
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Table 8. The probabilities of diet, irradiation and package effects on the volatile 

composition of raw meat patties after 7 days of storage 

Volatiles 

Probability 

Volatiles Diet Irradiation Packaging 

Acetaldehyde 0.004 0.0001 0.0001 

1-Heptene 0.4 0.6 0.1 

Propanal 0.0001 0.007 0.0001 

Octane 0.0001 0.0001 0.0001 

2-Propanone 0.2 0.002 0.0001 

octene 0.7 0.6 0.1 

butanal 0.5 0.08 0.0001 

2-Butanone 0.2 0.004 0.0001 

3Methylbutanal 0.07 0.0001 0.0001 

Pentanal 0.2 0.04 0.0001 

Pentane 0.0001 0.98 0.0001 

Hexanal 0.0001 0.05 0.0001 

Heptanal 0.6 0.1 0.0001 

l-Penten-3-ol 0.0001 0.1 0.0001 

Octanal 0.02 0.5 0.0001 

Hexanol 0.04 0.002 0.0001 

Total volatiles 0.0001 0.1 0.0001 

Probabilities less than 0.05 were considered as significantly different, n=8. 



Table 9. Color values of raw chicken patties after 7 days of storage 

Nonirradiated Irradiated 

Diet 

Aerobic nke Vacuum nke Aerobic nke Vacuum nke 

Diet L* a* b* L* a* b* L* a* b* L* a* b* 

Control 58.5" 12.9ab 23.0a 53.6" 18.3 17.6a 58.8 13.8 22.7a 53.7 20.1 18.1 

1.25% 56.6b 13.3= 23.0a 51.0b 18.9 16.8a 57.2 14.1 22. lab 52.7 20.2 17.7 

2.5% 55.6b 12.3b 20.9b 50. lb 18.4 15.9b 56.3 14.3 21.5b 51.7 20.0 17.0 

5.0% 53.2' 13.6a 2i ?ab 49.8b 17.9 14.9e 56.6 13.6 20.1e 53.6 19.1 17.6 

SEM 0.65 0.23 0.40 0.69 0.28 0.30 0.73 0.37 0.33 0.65 0.36 0.27 

Probability 

Treatment L a* b* 

Diet (D) 0.0001 0.1 0.0001 

Irradiation (IR) 0.0001 0.0001 0.03 

Packaging (P) 0.0001 0.0001 0.0001 

Dx IR 0.004 0.03 0.2 

Dx P 0.0003 0.08 0.2 

I R x P  0.4 0.06 0.0001 

D x IR x P 0.9 0.3 0.0002 

a-dMeans within a row with no common superscript differ significantly ( P  <  0.05), n = 4. 
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Table 10. The off-odor of raw chicken patties after 7 days of storage 

Nonirradiated Irradiated 

Diet Aerobic pke' Vacuum pke2 Aerobic pke Vacuum pke 

Control 5.7 3.6 6.0 7.5 

1.25% 5.2 3.8 6.7 7.8 

2.5% 6.2 4.1 6.1 6.5 

5.0% 4.3 5.6 4.5 8.3 

SEM 0.76 0.76 0.70 0.80 

Diet (D) 0.99 

Irradiation (IR) 0.0001 

Packaging (P) 0.4 

D x IR 0.5 

D x P  0 . 0 0 7  

IR x P 0.0003 

D x I R x P  (X9 
a-dMeans within a row with no common superscript differ significantly (P < 0.05), n = 16. 

'Oxidation odor in case of aerobic package. 

^Irradiation odor in case of vaccum package. 
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CHAPTER 8. VOLATILE PROFILES AND LIPID OXIDATION OF IRRADIATED 
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M. Du, D. U. Ahn, K. C. Nam, and J. L. Sell 

Department of Animal Science, Iowa State University, Ames, Iowa 50011-3150 

ABSTRACT The objective of this study was to determine the influence of dietary conjugated 

linoleic acid (CLA) on lipid oxidation, volatile profiles, and sensory characteristics of 

irradiated cooked chicken meat. Forty eight, 27-wk-old White Leghorn hens were fed with a 

diet containing 0%, 1.25%, 2.5%, or 5.0% CLA. After 12 weeks of feeding trial, hens were 

slaughtered, and boneless, skinless breast and thigh muscles were separated. Meats of 3 birds 

from a dietary treatment were pooled and ground together through a 9-mm and a 3-mm plate, 

and patties were prepared. Patties were individually packaged and cooked in a water bath at 

85C for 15 min. After cooling to room temperature, patties were repackaged either in oxygen 

permeable or oxygen impermeable bags, irradiated either at 0 or 3kGy using an electron beam 

irradiator, and analyzed for lipid oxidation, volatile profiles, and sensory characteristics at 0 

and 5 days of storage at 4C. 

Cooked meat patties from hens fed CLA diets had lower thiobarbituric acid reactive 

substances values and produced less amounts of hexanal and pentanal than the control. 

Irradiation accelerated lipid oxidation, but its effect was not as significant as that of the 

packaging. Meat patties with aerobic packaging developed severe lipid oxidation during the 5-

day storage at 4C. No odor differences were found among the cooked meats from the different 

dietary CLA treatments. Tissue CLA was stable from oxidative changes and had minimal effect 

on volatile production in irradiated meat. The increased storage stability of cooked meat from 

hens fed CLA diets was caused by the reduced unsaturated fatty acid and increased saturated 

fatty acids in meat lipids after CLA feeding. 
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INTRODUCTION 

Dietary conjugated linoleic acid (CLA) is reported to have anticarcinogenic and 

antiartherogenic effects, and modulates immune response in animals (Ip et al., 1995; Belury et 

al., 1996). CLA fed to animal can easily be incorporated into tissue, milk and egg, and produce 

CLA containing foods, which have beneficial effects on human health. Du et al. (1999) 

reported that CLA feeding reduced the amount of polyunsaturated fatty acid in egg yolk lipids. 

Thus, CLA feeding may influence the stability of lipids and change the volatile profiles of 

meat. However, little information is available on the influence of dietary CLA on volatiles and 

sensory characteristics of irradiated cooked ready-to-eat meat products. 

Cooked read-to-eat products are generally safe but microorganisms can be introduced 

during packaging. For certain meat products, low temperature treatment in final cooking may 

not be sufficient to kill pathogens. Therefore, some cooked meat products are not always safe 

to be consumed directly by consumers. Irradiation of cooked ready-to-eat meat products can 

significantly improve the safety of cooked ready-to-eat meat products and elongate shelf-life of 

those products. Low dose (<10 kGy) irradiation is permitted for use in raw poultry and red 

meats to control pathogenic bacteria, but not in cooked meat. However, irradiation has huge 

potential to be used in cooked meat and improve the safety of cooked meat products. 

Ahn et al. (1998, 1999b) showed that ionizing radiation influenced lipid oxidation, 

volatile production and sensory characteristics of raw pork. Poultry meat contains more 

polyunsaturated fatty acids (PUFA) than red meat, and the effect of irradiation on cooked meat 

would be quite different from that on raw meat because cooked meat is highly susceptible to 

oxidative changes (Ahn et al., 1992). The objective of this study was to determine the influence 

of dietary CLA on lipid oxidation, volatile production, and sensory characteristics of irradiated 

cooked chicken meat with different packaging. 
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MATERIALS & METHODS 

Sample preparation 

Forty eight, 27-wk-old White Leghorn hens kept in individual cages were assigned to 

one of the four diets that contain 0, 1.25,2.5, or 5% CLA. The energy balance was maintained 

by substituting CLA source with soybean oil on a weight:weight basis (Du et al., 1999). After 

12 weeks of feeding with the CLA diets, hens were sacrificed, and breast and leg muscles were 

separated. Meats were vacuum-packaged and stored at —20C for 5 months before use. Breast 

and leg muscles of three birds from each diet group were pooled, ground twice through a 9-mm 

place and 3-mm plate, and used as a replication. 

Approximately 50g of ground meat were individually sealed in bags and cooked in a 

water bath at 85C for 15 min. After cooling to room temperature, patties were removed from 

the cooking bags and vacuum-packaged in either oxygen permeable or oxygen impermeable 

bags (C>2 permeability, 9.3 mL C>2/m2/24 h at 0C). The patties were irradiated either at 0 or 

3 kGy using an electron beam irradiator. Samples were stored at 4C up to 5 days. Volatile 

profile, lipid oxidation (TBARS), and sensory characteristics of meat were determined at 0 and 

5 days of storage. 

Volatile analysis 

A purge-and-trap dynamic headspace GC/MS was used to identify and quantify the 

volatile compounds from meat. A half-gram cooked meat sample was placed in a sample vial 

(40mL) and then one pack of oxygen absorber2 was added. The sample vial was flushed with 

helium gas (99.999%) for 5s at 40 psi, capped tightly with a Teflon-lined, open-mouth cap, 

and placed in a refrigerated (4C) sample-tray. The maximum holding time for samples before 

volatile analysis was less than lOh to minimize oxidative changes during the sample holding 

time (Ahn et al., 1999a). 

Samples were purged with helium gas (40 mL/min) for 15 min. Volatiles were trapped 

at 20C using a Tenax/Silica gel/Charcoal column2 and desorbed for 2 min at 220C. The 

'Koch, Kansas City, MO 64108. 
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desorbed volatiles were concentrated at -100C using a cryofocusing unit, and then thermally 

desorbed and injected (30s) into a capillary GC column. The column used was a HP-Wax (7.5 

m) and HP-5 (30 m)4 combined column. Ramped oven temperature was used. The initial oven 

temperature was 0C and was held at the temperature for 1.50 min. After that the oven 

temperature was increased to 20C at 4C per min, increased to 80C at 10C per min, increased to 

180C at 20C per min, and then kept at the temperature for 4.5 min. The column pressure was 

12psi. A mass selective detector_(MSD, HP 5973)* was used to identify and quantify volatile 

components. The ionization potential of the MS was 70eV and scan range was 33.1-450. 

Identification of volatiles was achieved by comparing mass spectral data of samples with those 

of the Wiley library4. Standards, when available, were used to confirm the identification by the 

MSD. The area of each peak was integrated by using a ChemStation software4, and the total ion 

counts x 104 was reported as an indicator of volatiles generated from the meat samples. 

TEARS analysis 

Five grams of cooked meat was placed into a 50 mL test tube and homogenized with 15mL 

of deionized distilled water by using a homogenized for 10 s at highest speed. One mL of meat 

homogenate was transferred to a disposable test tube (3x 100mm), and butylated 

hydroxyanisole (50 pL, 7.2%) and thiobarbituric acid/trichloroacetic acid (TBA/TCA, 2 mL) 

were added. The mixture was vortexed and then incubated in a boiling water bath for 15 min to 

develop color. Then sample was cooled in cold water for 10 min, vortexed again, and 

centrifuged for 15 min at 2,000xg. The absorbance of the resulting supernatant solution 1 mL 

of DDW was determined at 531nm against a blank containing and 2 mL of TBA/TCA solution. 

The amounts of TBARS were expressed as milligrams of malondialdehyde per kilogram of 

meat (Ahn et al., 1999a). 

2 Ageless type Z-100, Mitsubishi Gas Chemical America, Inc., New York, NY 10022. 
3 Tekmar-Dorham, Cincinnati, OH 45249. 
4 Hewlett-Packard Co., Wilmington, DE 19808. 

5Type PT 10/35, Brinkman Instruments Inc., Westbury, NY 11590-0207. 
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Sensory analysis 

Sixteen trained sensory panelists were used for sensory analysis. Four sample sets, 

vacuum/non-irradiation, aerobic/non-irradiation, vacuum/irradiation and aerobic/irradiation, 

were presented to panelists. Two sample sets with aerobic packaging were presented first at 30 

min interval for smelling, with a sequence of non-irradiated and irradiated samples. After 4 

hours of rest, sensory panels were reorganized to finish the remaining two sets with vacuum 

packaging. For evaluation of odor, samples in capped scintillation vials (glass) were presented 

to each panelist in isolated booths. A 15cm linear horizontal scale, anchored with the words 

'very weak' and 'very strong' at opposite ends, was used to rate the samples on the intensity of 

cooked chicken meat flavor, irradiation odor, and rancidity. The responses from panelists were 

expressed in numerical values ranging from 0 (very weak) to 15 (very strong) to the nearest 0.5 

cm. Sensory panels were asked to describe the odor characteristic, irradiation odor, and any 

other odor difference they found among the 4 different samples in each set. 

Statistical analysis 

The effect of dietary CLA on the volatiles, TEARS and sensory data of cooked meat 

were analyzed statistically by ANOVA using SAS® software (SAS Institute, 1989). Student-

Newman-Keuls multiple range test was used to compare differences among mean values (P < 

0.05). Mean values, SEM and probabilities for treatment effects were reported. Tukey 

grouping analysis was employed to compare to combined effects of irradiation and 

packaging. 

RESULTS & DISCUSSION 

The average moisture content for meat patties before cooking was 79.1%, fat 4.0% 

and pH5.9, with no significant difference among these chicken patties from different CLA 

dietary treatments. However, there were significant differences in fatty acid composition 

(Table 1). Control diet had the highest amount of linoleic, oleic and arachidonic acids, while 

5.0% CLA diet had the lowest levels of these fatty acids. The amount of total saturated fatty 
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acid (SAP A) in meat increased but that of total monounsaturated fatty acid (MUFA) 

decreased with the increase of dietary CLA. The amount of total polyunsaturated fatty acid 

(PUFA) was not influenced by the dietary CLA. However, CLA isomers constituted large 

proportions of total PUFA (approximately 1/8, 1/4, and 1/2 of total PUFA) in meats from 

dietary CLA treatments. The increase of CLA in PUFA will improve the storage stability of 

cooked meat significantly because the conjugated form of CLA structure distributes electrons 

more evenly than linoleic acid and makes it much less susceptible from free radical attack. In 

fact, the CLA isomers would behave like monounsaturated fatty acids and reduce lipid 

oxidation by minimizing the initiation step. 

At 0 day after cooking and irradiation, the meats from hens fed control diet had 

significantly higher TBARS values than that from CLA diets and meat from hens fed 5.0% 

CLA diet had the lowest TBARS among the treatments. The TBARS of meat during storage 

correlated well with the amounts of total unsaturated fatty acid and CLA in meat patties 

(Tables 1 -3). Meats with high proportions of PUFA and CLA had low TBARS. However, 

CLA did not act as an antioxidant but a less susceptible linoleic acid. Irradiated cooked meats 

with aerobic packaging had higher TBARS values but those with vacuum-packaged had 

lower TBARS than the nonirradiated (Table 2). The presence of oxygen has a significant 

effect on lipid oxidation. Ahn et al. (1992) found that vacuum-packaging shortly after 

cooking reduced the oxidation of turkey meat patties. The significance of interaction between 

irradiation and packaging effect showed that irradiation under vacuum prevented lipid 

oxidation. The significance for the diet and packaging interaction indicated that the 

effectiveness of packaging in preventing lipid oxidation differed with different dietary CLA 

treatments (Table 2). The TBARS values of aerobic-packaged cooked chicken meats after 5 

days of storage were higher than those at Day 0 (Tables 2 and 3). Irradiation effect on the 

TBARS of both vacuum- and aerobic-packaged cooked meats were not as significant and 

consistent as at Day 0 indicating that irradiation had only a minor impact on the lipid 

oxidation of cooked meat during storage. The effect of dietary CLA on the storage stability of 

cooked meat was maintained in vacuum-packaged, but was low or not present in aerobic-

packaged meats after 5-day storage (Table 3). 



146 

In vacuum-packaged nonirradiated cooked meat at Day 0, none of the volatiles except 

for nonanal was influenced by the dietary CLA. In aerobic-packaged cooked meat, however, 

the contents of hexanal and pentanal in cooked meat gradually decreased as the dietary 

content of CLA increased, and their amounts in meat from 5% CLA treatment were 

significantly lower than those of the control (Table 4 and 5). The amount of total volatiles in 

aerobic-packaged meat from hens fed CLA also was lower than the control (Table 4). The 

decrease in pentanal and hexanal content in meat could be related to the changes in fatty acid 

composition by the dietary CLA. As the dietary CLA increased, the content of linoleic acid 

suggested to be the major precursors of these aldehydes (Meynier et al., 1999). Larick et al. 

(1992) reported that pork with higher linoleic acid content produced more aldehydes, 

especially hexanal and pentanal. Pentanal, hexanal and total volatiles, good indicators of lipid 

oxidation in meat, were positively correlated with the TBARS values of meat. Although 

cooked meat from hens fed high levels of CLA had lower TBARS, aldehydes, and total 

volatiles than control, CLA itself could not prevent lipid oxidation and volatile produdction 

in aerobic-packaged meat. This suggested that CLA was less susceptible to oxidative changes 

in meat but had no antioxidant effect. This was different from former reports that CLA was 

an antioxidant (Decker, 1995), but in agreement with Van den Berg (1995) who reported that 

CLA did not act as an efficient radical scavenger and had no protective effects on lipid 

oxidation. As explained above, the improved storage stability of cooked meat from hens fed 

CLA were caused by the changes in fatty acid composition in meat and the unique structural 

characteristics of CLA that prevents it from free radical attack. 

In vacuum-packaged cooked meat after 5 days of storage, the aldehydes became the 

main volatiles of meat patties (Tables 6 and 7), and those compounds with unsaturated 

double bonds, which were detected in the volatiles of day 0 meat patties, disappeared. The 

concentrations of hexanal and pentanal were increased greatly after storage. Other aldehydes, 

propanal, butanal and heptanal were also increased. Ahn et al. (1998) suggested that TBARS 

values were correlated well with the aldehydes content in volatiles. In this study, we also 

found a positive relation between aldehydes and TBARS values. Since hexanal and pentanal 

were suggested to be indicators of oxidation (Liu et al., 1992; Shahidi and Pegg, 1994), the 



147 

existence of large amount of aldehydes indicated that severe lipid oxidation occurred in 

aerobically packaged meat patties after 5 days of storage. For vacuum packaging, there was 

not much change in volatiles. Volatiles were more stable under vacuum condition where 

oxygen was not available. Tukey group analysis indicated that irradiation influenced the 

volatile composition after 5 days of storage (Data not shown). Packaging had a more 

significant role on the volatile composition when compared with irradiation effects. 

In order to illustrate if there was any sensory difference in meat patties, we further 

conducted sensory evaluation on the odor of meat patties. Sensory results showed that, there 

was no difference in odor of meat patties from different CLA dietary treatments (Table 8). 

Dugan et al. (1999) also showed that 2% dietary CLA has no effect on the sensory 

characteristics of cooked pork. Statistic analysis showed that irradiation had significant effect 

on the odor. This was in agreement with the reports of Hashim et al. (1995) who showed that 

irradiating uncooked chicken meat produced a characteristic bloody and sweet aroma that 

remained after the meat was cooked. Some panelists described that there was a metal-like 

odor or vegetable oil odor for aerobic packaged meat patties, which should be caused by 

oxidation. 
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TABLE 1. Fatty acid composition of chicken patties prepared from laying hens fed with 

different levels of CLA 

Fatty Acid Diet CLA level (%) 

Composition Control 1.25% 2.5% 5.0% SEM 

% of total lipids — ——— 

Palmitic 20.0" 20.3" 22.8a 23.5a 0.36 

Palmitoleic 1.2a 0.8" 0.5C 0.4d 0.03 

Stearic 11.7" 12.5C 14.3" 15.8a 0.30 

Oleic 33.1a 30.0" 27.1° 24.3d 0.79 

Linoleic 26.3= 24.8a 20.6" 14.6e 0.87 

Linolenic 1.4= l.l" 1.0C 0.9e 0.04 

CLA (cis9, transi 1) 0.0d 1.2° 2.1" 4.9a 0.06 

CLA (trans 10, cisl2) 0.0d l.lc  2.3" 5.1a 0.07 

CLA (trans9, transi 1) 0.0d 0.6C 1.2" 2.3' 0.05 

Other CLA 0.0d 0.9° 1.6" 2.6a 0.08 

Arachidonic 5.6a 4.2" 4.0" 2.6e 0.23 

Total SAFA 31.7a 32.8" 36.4° 39.3e 0.73 

Total MUFA 34.3a 30.8" 27.7e 24.7d 0.51 

Total PUFA 33.8 33.9 32.8 33.1 0.53 

a-dMeans within a row with no common superscript differ significantly ( P  < 0.05), n = 4. 
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TABLE 2. TBARS values (mg/kg) of cooked chicken patties at day 0 

Diet 

Non-irradiated Irradiated 

Aerobic pke Vacuum pkg Aerobic pke Vacuum pke 

mg malondialdehyde/kg meat 

Control 3.16= 1.91= 4.33= 1.58= 

1.25% CLA 270 l.66=" 3.79= 1.18" 

2.5% CLA 2.40" 1.49"= 4.12= 1.14" 

5.5% CLA 1.58= 1.25e 2.52" 0.63e 

SEM 0.17 0.10 0.22 0.06 

Diet (D) 

Irradiation (IR) 

Packaging (P) 

D x IR 

D x P 

IR x P 

D x IRx P 

Probability 

0.0001 

0.0001 

0.0001 

0.09 

0.0003 

0.0001 

0.5 
cMeans within a row with no common superscript differ significantly (P < 0.05), n = 4. 
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TABLE 3. The TBARS values (mg/kg) of cooked chicken patties after 5 days of storage 

Non-irradiated Irradiated 

Diet Aerobic pke Vacuum pke Aerobic pkg Vacuum pke 

mg malondialdehyde/kg meat 

Control 10.45» 2.75= 7.37 2.77= 

1.25% CLA 8.51" 2.26" 8.14 1.85" 

2.5% CLA 8.48" 1.70e 7.65 1.51e 

5.0% CLA 6.28e 1.05d 7.21 1.03d 

SEM 0.25 0.15 0.63 0.08 

Diet (D) 

Irradiation (IR) 

Packaging (P) 

D x IR 

D x P  

IR x P 

D x IRx P 
a-dMeans within a row with no common superscript differ significantly (P < 0.05). n = 4. 

Probability 

0.0001 

0.007 

0.0001 

0.003 

0.5 

0.06 

0.001 



TABLE 4. Volatile profiles of nonirradiated cooked chicken meat patties at day 0 

Volatile Aerobic packaging Vacuum packaging 

Compounds Control 1.25% CLA 2.5% CLA 5.0% CLA SEM Control 1.25% CLA 2.5% CLA 5.0% CLA SEM 

total ion counts x 104 total ion counts x 104 

Acetaldehyde 856 913 392 699 127.4 154 86 96 116 18.9 

Propanal 226" 160= 216=" 86" 26.3 137 115 90 62 19.8 

Octane 79 62 89 60 10.7 143 86 90 84 14.2 

2-Propanone 327 335 274 435 60.0 737 732 818 752 99.9 

1-Octene 13b 12b 18= 10" 1.3 84 107 60 76 13.9 

2-Octene 9 12 14 12 1.5 48 37 25 28 9.1 

Butanal 176a 155=" 134=" 94" 16.8 76 72 55 71 10.2 

2-Butanone 84 84 59 71 12.2 256 250 277 278 18.0 

Pentanal 1150= 1060=" 838" 826" 77.0 586 696 704 638 106.0 

3-Methylbutanone 120a 91=" 56" 86=" 12.3 87 131 105 83 14.2 

Propanol 14 13 7 12 2.1 15 20 19 13 3.2 

2,3-Dimethyldisulfide 34 20 24 21 4.8 130 105 126 100 18.7 

Hexanal 4104= 3605=" 3441=" 3319" 181.4 3739 3548 3286 2846 219.8 

Heptanal 14 14 22 36 5.6 22 15 13 16 3.7 

l-Penten-3-ol 18 20 15 12 3.3 25 23 27 21 5.1 

Nonanal 8 6 5 5 0.9 6a 7a 7a 3b 0.9 

Hexanol 6 4 4 6 0.8 5 6 5 5 1.0 

Total volatiles 7238= 6566" 5608' 5790' 213.5 6250 6036 5803 5192 306.7 
a-dMeans within a row with no common superscript differ significantly ( P  < 0.05), n = 4. 



TABLE 5. Volatile profiles of irradiated (at 3kGy) cooked chicken meat patties at day 0 

Volatile Aerobic packaging Vacuum packaging 

Compounds Control 1.25% 2.5% 5.0% SEM Control 1.25% 2.5% 5.0% SEM 

total ion counts xlO4 total ion counts x 104 

Acetaldehyde 1314ab 1636a 1587a 1114b 120.2 222a 153b 

"O
x 

OO 

101b 17.2 

Propanal 135ab 164a 82ab 31b 27.6 160a 145a 168a 74b 12.7 

Octane 75ab 87a 54bc 31c 8.3 133 126 117 99 21.2 

2-Propanone 380b 615a 479ab 349b 53.0 357 425 412 405 39.3 

1-Octene 13 17 18 22 4.0 53 68 61 57 8.2 

2-Octene 9 10 11 12 1.7 33 38 37 31 7.5 

Butanal 82 110 85 70 12.7 42 75 54 51 10.2 

2-Butanone 92ab 123a 104ab 78b 10.5 133 118 166 123 19.4 

Pentanal 962 881 786 901 74.7 499 414 415 326 97.4 

3-Methylbutanone 56 62 62 75 9.1 72 68 89 84 9.7 

Propanol 9b 18a 10b 6b 2.1 29a 35a 13b 16b 3.7 

2,3-Dimethyldisulfide 61 83 70 63 8.1 42 49 21 30 7.4 

Hexanal 3989a 3136b 2725bc 2545= 168.5 3738a 3688° 2963ab 2614b 226.0 

Haptanal 14 29 18 19 3.9 14 29 23 24 4.2 

l-Penten-3-ol 22a 20ab 15ab 10b 2.7 24 26 24 14 4.5 

Nonanal 7b 10a 6b 4b 0.9 5 7 6 6 1.0 

Hexanol 20a 17a 6ab l l b  2.6 6 6 5 5 0.5 

Total volatiles 7240a 7018a 6118b 5341b 230.0 5562" 54708 4665ab 4062b 277.2 
a dMeans within a row with no common superscript differ significantly ( P  <  0.05). n = 4. 



TABLE 6. Volatile profiles of nonirradiated cooked chicken meat patties after 5 days of storage 

Volatile Aerobic packaging Vacuum packaging 

Compounds Control 1.25% 2.5% 5.0% SEM Control 1.25% 2.5% 5.0% SEM 

total ion counts x 104 total ion counts x 104 

Acetaldehyde 151 173 176 237 30.9 346 144 186 165 49.6 

Propanal 456 336 242 133 92.1 114" 143" 101" 41" 15.8 

Octane 119 92 75 106 23.7 63" 55"" 43" 48"" 4.7 

2-Propanone 118 188 220 174 37.5 157 200 247 241 42.4 

Butanal 95 129 127 186 35.2 85 85 102 122 14.6 

Ethylacetate 58 62 51 47 8.2 109"" 103"" 121" 82" 8.0 

Pentanal 2005" 1585" 1576" 1395e 51.3 522" 434" 349e 313e 26.0 

2,3-Dimethyldisulfide 45ab 20" 53" 22" 7.3 26 27 30 36 3.0 

Hexanal 10591" 8799" 8909" 8190" 379.7 4725" 4042"" 3392"= 3086e 240.9 

Heptanal 47 45 63 95 18.0 19 14 30 19 5.6 

Butanol 23 26 57 53 11.4 49" 20" 27" 22" 4.9 

Pentanol 48 31 34 36 7.8 10"" 8" 7" 13" 1.2 

Hexanol 25 23 38 29 7.0 50" 50" 27" 11e 4.6 

Nonanal 13 11 9 13 3.4 7 7 6 7 1.6 

Octenol 23 22 13 19 5.1 7 6 5 8 0.9 

Total volatiles 13817" 11542" 11643" 10735" 608.6 6289" 5338" 4673bc 4214e 27 
a"dMeans within a row with no common superscript differ significantly ( P  < 0.05). n = 4. 



TABLE 7. Volatile profiles of irradiated (3kGy) cooked chicken patties after 5 days of storage 

Volatile Aerobic packaging Vacuum packaging 

Compounds Control 1.25% 2.5% 5.0% SEM Control 1.25% 2.5% 5.0% SEM 

total ion counts x 104 total ion counts x JO4 

Acetaldehyde 1139 1385 1294 1073 148.1 155 127 87 118 25.5 

Propanal 588° 497" 514" 238" 60.2 255" 130" 128" 59" 33.5 

Octane 107 59 88 68 15.0 95" 52"" 68"" 36" 11.6 

2-Propanone 366 476 456 528 101 261 152 144 156 43.0 

Butanal 135 157 160 159 18.9 68 56 86 94 14.0 

Ethylactate 44 55 41 73 19.4 57 25 66 73 14.0 

Pentanal 2738 2308 2399 2101 158.2 899" 593" 703"" 522= 55.4 

2,3-Dimethyldisulfide 134 106 121 134 25.1 59 47 39 47 9.8 

Hexanal 10730" 8159b 8742" 8101" 509.2 5923" 3803" 3542"' 2770e 253.9 

Heptanal 18 41 38 44 9.6 20 21 30 20 3.8 

Butanol 100 118 115 95 21.8 44 51 51 24 6.9 

Pentanol 15 19 23 19 5.0 10" 9" 6" 9" 0.9 

Hexanol 18 18 28 30 5.6 11 6 6 11 1.9 

Nonanal 8 10 6 8 1.6 7 10 8 6 1.1 

Octenol 8 7 9 9 1.2 9 6 7 9 1.4 

Total volatiles 16148" 13415" 14034" 12680" 646.0 7873' 

OO O
O o

 4971" 3954e 261.4 
dMeans within a row with no common superscript differ significantly ( P  < 0.05). n = 4. 
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TABLE 8. Odor evaluation of cooked chicken patties after 5 days of storage 

Non-irradiated Irradiated 

Diet Aerobic pke1 Vacuum pke2 Aerobic pkg Vacuum pke 

Control 5.7 7.7 7.4 6.1 

1.25% CLA 7.6 7.5 6.5 6.0 

2.5% CLA 7.8 7.5 5.9 6.4 

5.0% CLA 7.2 5.8 6.7 5.2 

SEM 0.77 0.72 0.80 0.79 

Diet (D) 0.6 

Irradiation (IR) 0.03 

Packaging (P) 0.4 

D x IR 0.5 

D x P  0 . 4  

IR x P 0.3 

D x IRx P 03 
a-dMeans within a row with no common superscript differ significantly (P < 0.05), n = 16. 

'Oxidation odor in case of aerobic package. 
2Cooked chicken meat odor in case of vaccum package. 
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CHAPTER 9. QUALITY CHARACTERISTICS OF IRRADIATED CHICKEN 

BREAST ROLLS FROM BROILERS FED DIFFERENT LEVELS OF 

CONJUGATED LINOLEIC ACID 

A paper submitted to Journal of Food Science 

M. Du, K. C. Nam, S. J. Hur, H. Ismail, Y. H. Kim, and D. U. Ahn 

Department of Animal Science, Iowa State University, Ames, Iowa 50011-3150 

ABSTRACT: Dietary CLA treatment reduced color a*- and b*-values of cooked chicken 

rolls. Sensory panels rated the color of cooked chicken rolls with CLA treatments darker than 

the control. The production of CO in cooked chicken rolls increased dramatically after 

irradiation and was correlated with the increased redness of cooked chicken rolls after 

irradiation. Consumer test indicated that the color of cooked chicken rolls after irradiation 

was preferred to the nonirradiated, but no preference for the color among the three CLA 

treatments was found. Irradiation greatly increased volatile production and induced a metallic 

off-flavor in chicken rolls. Sensory evaluation indicated that the hardness of chicken rolls 

increased and juiciness decreased as the dietary level of CLA increased. 

Key words: chicken breast roll, irradiation, sensory characteristics, consumer test, conjugated 

linoleic acid 

Introduction 

Feeding conjugated linoleic acid (CLA) to animals could be a good method to obtain 

foods containing CLA for human consumption. However, CLA may affect the sensory 

characteristics of meat, milk or egg significantly. Ahn and others (1999b) reported that the 

yolks of hard-boiled eggs from hens fed dietary CLA were rubbery and elastic. In pork, CLA 

feeding improved the marbling of loin, but with no significant changes in sensory 

characteristics (Dugan and others 1999). Du and others (2000) reported that meat patties 

made from chickens fed CLA had improved oxidative stability. However, there is no report 

about the effect of CLA on the quality of further processed meat products. 
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Irradiation has been shown to induce quality changes in meats. The most obvious 

quality changes in meat after irradiation are flavor and color. Irradiation induced the 

formation of a characteristic off-odor (Ahn and others 2000b; Jo and others 2000; Patterson 

and Stevenson 1995), and increased the redness of raw and cooked meat (Nanke and others 

1998, 1999; Jo and Ahn 2000). Dimethyl disulfide and other sulfur compounds, which are 

derived from the radiolysis of sulfur amino acids, could be the major volatile compounds 

imparting irradiation off-odor (Ahn and others 2000a,b). Millar and others (2000) suggested 

that color changes induced by irradiation were related to carbon monoxide (CO) production 

during irradiation. CO-myoglobin has the characteristic pink color of irradiated meat (Nam 

and Ahn 2001). Although the impact of irradiation on the volatile production, color changes 

and sensory characteristics of raw or cooked meats is known, no studies on the quality of 

further processed products, especially meat from broilers fed dietary CLA, are available. The 

objective of this study was to determine the effect of irradiation and dietary CLA on the 

volatile, color, and sensory characteristics and the consumer acceptance of cooked chicken 

rolls. 

Materials and Methods 

Sample preparation 

One hundred twenty, 3-week-old boiler chickens were allotted to six pens, with two 

pens (40 chickens) assigned to one of the three dietary treatments containing 0, 3.3% or 5% 

of commercial CLA source (60% CLA, composed of approximately 1/3 cis-9, trans-11, 1/3 

trans-10, cis-12 and 1/3 trans-9, trans-l 1 CLA isomers). Corn-soybean meal basal diet was 

used, and energy was adjusted using soybean oil. After 5 weeks of feeding trial, chickens 

were slaughtered following the USDA guidelines. Twenty-four hr after storage at 4°C, breast 

muscles were separated from the carcasses and used to make breast rolls. Breast meats were 

ground through a 15-mm plate two times, and then mixed with 2.0% of NaCl and 0.5% of 

polyphosphate under vacuum for 3 min. The mixture was stuffed into 150 mm collagen 

casings and then cooked in an 85 °C smoke house with relative humility of 92% until the 

center temperature reached 74 C. After cooling to room temperature by a cold-water shower, 
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the rolls were cut into 15-mm thick slices and individually packaged in vacuum bags 

(nylon/polyethylene, 9.3 mL O^/m^/24 h at 0°C, Koch, Kansas City, MO, USA). Then 

chicken rolls received either 0 or 2.5kGy electron beam irradiation (Circe IIIR; Thomson 

CSF Linac, Saint-Aubin, France). 

Color measurement 

The surface color of chicken rolls was measured in the package using a Hunter 

LabScan Colorimeter (Hunter Laboratory, Inc., Reston, VA) and expressed as color L*-

(lightness), a*- (redness) and b*- (yellowness) values. The same packaging materials were 

used to cover white standard plate in order to eliminate the influence of packaging material 

on meat color. 

Gas measurement 

Minced chicken roll (10 g) was put in a 24-mL screw-cap glass vial with a 

Teflon*fluorocarbon resin/silicone septum (I-Chem. Co., New Castle DE, USA). The vial 

was micro waved for 10 s at full power (1200 watts) to release gas compounds from the meat 

sample. After 5 min of cooling at ambient temperature, headspace (200 p.L) was withdrawn 

using an airtight syringe and injected into a GC (HP 6890, Hewlett Packard Co., Wilmington 

DE, USA). A Carboxen-1006 Plot column (30 m x 0.32 mm id, Supelco, Bellefonte PA, 

USA) was used to analyze gas compounds produced by irradiation in chicken rolls. The 

initial oven temperature was 50°C, and was increased to 160°C at 25 C/min. Helium was the 

carrier gas at a constant flow of 2.4 mL/min. Flame Ionization detector equipped with a 

Nickel catalyst (Hewlett Packard Co., Wilmington, DE) was used as a detector, and the 

temperatures of inlet, detector and Nickel catalyst (Hewlett Packard Co.) were set at 250, 280 

and 375°C, respectively. Detector air, hydrogen and make-up gas (He) flows were 400,40 

and 50 mL/min, respectively. The identification of gas compounds was achieved using 

standard gases (CO, Aldrich, Milwaukee WI, USA; CH* and CO2, Praxair, Danbury CT, 

USA) and a GC-MS (Model 5873, Hewlett Packard Co.). The area of each peak was 

integrated using the Chemstation software (Hewlett Packard Co.). To quantify the amounts of 

gases released, each peak area (pA*s) was converted to a gas concentration (ppm or %) 
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contained in the headspace (14 mL) of 10 g meat samples using the concentration of CO2 in 

air (330 ppm). 

Thiobarbituric acid reactive substances (TBARS) measurement 

Five grams of meat were weighed in a 50-mL test tube and homogenized with 15 mL of 

deionized distilled water (DDW) using a Polytron homogenizer (Type PT 10/35, Brinkman 

Instruments Inc., Westbury NY, USA) for 10 s at highest speed. One mL of the meat 

homogenate was transferred to a disposable test tube (3 x 100 mm), and butylated 

hydroxyanisole (50 |iL, 7.2%) and thiobarbituric acid/trichloroacetic acid (15 mM TBA/15% 

TCA, 2 mL) were added. The mixture was vortexed and then incubated in a boiling water 

bath for 15 min to develop color. Then the sample was cooled in cold water for 10 min, 

vortexed again, and centrifuged for 15 min at 2,500 x g. The absorbance of the resulting 

supernatant solution was determined at 531 nm against a blank containing 1 mL of DDW and 

2 mL of TBA/TCA solution. The amounts of TBARS were expressed as milligrams of 

malonaldehyde per kilogram of meat. 

Volatile analysis 

A purge-and-trap dynamic headspace GC/MS system was used to identify and quantify 

the volatile compounds. Two grams of minced chicken roll were placed in a 40-mL sample 

vial, and the vial was flushed with helium gas (99.999%) for 5 sec at 40 psi. After capping 

with a Teflon-lined, open-mouth cap, the vial was placed in a refrigerated (4°C) sample tray. 

The maximum sample holding time in the sample tray before determination of volatiles was 

less than 10 h to minimize oxidative changes (Ahn and others 1999a). Samples were heated 

to 40°C and purged with helium gas (40 mL/min) for 11 min. Volatiles were trapped with a 

Tenax trap column at 20°C, desorbed for 2 min at 220°C, concentrated using a cryofocusing 

unit at -100°C and then desorbed into a GC column for 30 s at 220°C. A GC equipped with a 

mass selective detector (MSD) was used to separate, identify and quantify the volatile 

compounds in irradiated samples. An HP-624 column (7.5 m, 250 fim i d., 1.4 fim nominal), 

an HP-1 column (52 m, 250 p.m i.d., 0.25 pm nominal) and an HP-Wax column (7.5 m, 250 

pm i.d., 0.25 pm nominal) were combined using zero-volume connectors and used for 
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volatile analysis. A ramped oven temperature was used: the initial oven temperature was set 

at 0°C for 2.5 min, and then increased to 10°C @5°C/min, to 45°C @10°C/min, to 110°C 

@20°C/min, to 210°C @10°C/min, and held for 2.5 min). Liquid nitrogen was used to cool 

the oven below ambient temperature. Helium was the carrier gas at constant pressure of 20.5 

psi. The ionization potential of MS was 70 eV, and scan range was between 18.1 and 350 

m/z. The identification of volatiles was achieved by comparing mass spectral data with those 

of the Wiley library and authentic standards. The peak area was reported as the amount of 

volatiles released. 

Sensory evaluation by trained sensory panel 

Sixteen trained sensory panelists characterized sensory attributes of breast rolls. 

Panelists were selected based on interest, availability and performance in screening tests 

conducted with samples similar to those being tested. Training sessions were conducted to 

familiarize panelists with the irradiation odor, the scale to be used and with the range of 

attribute intensities likely to be encountered during the study. Fifteen-cm linear horizontal 

scales, anchored with descriptors at opposite ends, were used to rate the stimuli of color 

(white to dark), aroma (weak to strong), off-flavor (weak to strong), hardness (soft to hard) 

and juiciness (dry to juicy) of chicken rolls. The responses from the panelists were expressed 

in numerical values ranging from 0 to 15. All samples presented to panelists were labeled 

with random three-digit numbers. 

Consumer test 

For consumer acceptance test, each pack of chicken rolls from different dietary 

treatments was labeled with a different random three-digit number. Sixty seven consumers 

were selected based on the frequency of chicken consumption and willingness to participate 

in test. After reading the informed consent form, consumers who agreed to participate were 

asked to indicate their preferences of the color, flavor and overall acceptance of chicken rolls 

on 9-point hedonic scales ("dislike extremely = 1" to "like extremely = 9"). 
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Statistical analysis 

Data were processed by the General Linear Model (GLM) of Statistical Analysis 

System (SAS, 2000). Mean values and standard deviations were reported, and the differences 

in the mean values were compared by the SNK (Student-Newman-Keuls) multiple range test. 

RESULTS AND DISCUSSION 

Color changes and gas production of chicken roll 

Irradiation and dietary CLA treatment influenced the color of chicken breast rolls 

(Table 1). There was no difference in color L*-value between nonirradiated and irradiated 

samples, and among different dietary CLA treatments. However, color a*-value significantly 

increased and color b*-value decreased after irradiation. When the effect of dietary CLA on 

the color of chicken rolls was compared, both a*- and b*-values decreased as the dietary 

CLA level increased, which made the appearance of chicken rolls from CLA diets dark or 

gray. Sensory evaluation also supported this result, but the difference was not statistically 

significant (Table 5). 

Gas production after irradiation could be responsible for the color changes in chicken 

rolls after irradiation. Table 2 indicates that the production of CO, CH4 and CO2 in chicken 

rolls increased significantly after irradiation, but the amounts of gases were reduced as the 

dietary CLA level increased. Nam and Ahn (2001) reported that CO-myoglobin has a pink 

color, and increased CO production after irradiation contributed to the increased redness in 

meat after irradiation. The decreased gas (CO) production as the dietary CLA level increased 

should be related to the decreased redness of chicken rolls as dietary CLA levels increased 

(Table 1). 

TBARS values and volatile profiles 

There were no significant differences in TBARS between irradiated and nonirradiated 

chicken rolls (Table 3). As dietary CLA level increased, however, the TBARS values of 

chicken rolls decreased. The decreased TBARS with the increase of dietary CLA could be 
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caused by the reduced unsaturated fatty acid content in meat after dietary CLA treatments 

(Du and others 2000). 

Table 4 showed the volatiles of chicken breast rolls. Irradiation produced many 

volatiles not found in nonirradiated chicken rolls. After irradiation, the total amount of 

volatiles in chicken rolls doubled compared with that before irradiation. Volatiles induced by 

irradiation included alkenes, aldehydes and sulfur compounds. Butene, pentene, hexene and 

benzene were not detected before irradiation, but found at significant amounts after 

irradiation. Acetaldehyde increased dramatically after irradiation, from about 400 x 104 to 

about 30,000 x 104 ion counts. Other aldehydes increased only slightly. Among the four 

sulfur compounds detected, dimethyl disulfide increased more than twenty-fold after 

irradiation, and methylthioethane and methanethiol were detected only in irradiated chicken 

rolls. The production of these volatiles could be related to the irradiation flavor detected by 

sensory panelists. No hexanal and pentanal were detected in the volatiles of chicken rolls, 

which agrees with the low TBARS values (Table 3). There was no significant difference in 

total volatiles among the three dietary CLA treatments before irradiation. After irradiation, 

however, the total volatile in chicken rolls from 3% dietary CLA was significantly higher 

than that of the control and 2% dietary CLA treatments. This was mainly due to high 2-

propanone content in rolls from 3% dietary CLA treatment after irradiation. In our previous 

study, we also found that the content of 2-propanone in raw chicken meat patties increased 

when the dietary CLA levels increased (Du and others 2000). However, the reason for the 

increase in 2-propanone in meat from high CLA diets is not clear. 

Sensory analysis 

In agreement with Table 1, sensory panelists also detected significant color 

differences in chicken rolls before and after irradiation (Table 5). Significant differences in 

flavor and off-odor among the chicken rolls of three different CLA treatments were detected. 

Sensory panelists detected higher chickeny flavor in rolls from control diet, and the intensity 

of chickeny flavor decreased as the dietary CLA levels increased. Considering the decrease 

in the amounts of thiourea and propanal as the CLA level increased (Table 4), these two 

volatile compounds could be closely related to the chickeny flavor in chicken rolls. There 
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was no significant difference in flavor before or after irradiation among the three CLA 

treatments. 

The intensity of off-flavor was higher in CLA treated chicken rolls both before and 

after irradiation. Considering the volatile profiles of CLA chickens, this off-flavor could be 

related to the high acetaldehyde and 2-propanone contents in chicken rolls from CLA 

treatments. Other volatiles, such as hexane, butanal and dimethyl disulfide, may also have 

contributed to the off-flavor in the CLA rolls. Sensory panelists described the off-flavor as a 

metallic flavor, which coincided with the flavor characteristics of acetaldehyde. The reason 

for the increased acetaldehyde content as dietary CLA increased was not clear. This metallic 

off-flavor induced by irradiation in chicken rolls was different from that in breast fillets. In 

cooked irradiated breast fillets, intensive chickeny flavor was detected by sensory panelists 

(Du and others 2001). This significant difference in off-flavor between chicken roll and 

fillets could be related to phosphate and NaCl, the two additives added in chicken rolls 

during processing. Phosphate and NaCl could have contributed to certain reactions induced 

by irradiation, and thus, produced volatiles, which produce metallic off-flavor in irradiated 

chicken rolls. 

The texture of chicken rolls became harder and the juiciness decreased as the dietary 

CLA level increased. The changes in hardness and juiciness could be caused by the changes 

in fatty acid composition after feeding CLA. Dietary CLA reduced the proportion of 

unsaturated fatty acid, and thus, increased the melting point of lipids, which could make 

chicken rolls from high dietary CLA treatments taste drier than the control. The changes in 

texture of chicken rolls with dietary CLA treatments could be caused by the difference in 

protein content, because CLA has been suggested to increase protein content in muscle (Park 

and others 1997). This was the first report that dietary CLA influenced the sensory 

characteristics of meat products. Dugan and others (1999) showed that the sensory 

characteristics of pork loin were not influenced by dietary CLA, but the dosages of CLA they 

used were lower than those used in this study. 
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Consumer acceptance test 

Table 6 showed the consumer acceptance of the cooked chicken rolls. There were no 

differences in the flavor acceptance among the three dietary CLA treatments. However, 

irradiation reduced the acceptance of flavor significantly (Table 6). In general, consumers did 

not like the off-flavor induced by irradiation. However, consumer preference for color was 

improved after irradiation. The color of chicken rolls appeared redder after irradiation, and 

consumers preferred the red color. The overall ratings of the chicken rolls were lower after 

irradiation mainly because of deteriorated flavor and off-flavor produced by irradiation. 

Wheeler and others (1999) reported that hamburgers made from irradiated beef patties (3.0 

and 4.5kGy) were rated lower compared with those from nonirradiated beef, which support 

our results. 

Conclusions 

Dietary CLA had a negative effect on the quality of chicken rolls due to increased 

darkness in color, hardness in texture and reduced juiciness. Irradiation increased the redness 

of chicken rolls, and consumers preferred the color of irradiated chicken rolls. However, 

irradiation induced a metallic off-flavor in chicken rolls and had a significant negative effect 

on consumer acceptance. The color changes in chicken rolls could be related to the 

production of CO while off-flavor production might be related to the large increase in 

acetaldehyde after irradiation. 
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TABLE 4. Volatile profiles of nonirradiated cooked chicken meat patties at day 0 

Volatile Aerobic packaging Vacuum packaging 

Compounds Control 1.25% CLA 2.5% CLA 5.0% CLA SEM Control 1.25% CLA 2.5% CLA 5.0% CLA SEM 

total ion counts x 104 total ion counts x 10* 

Acetaldehyde 856 913 392 699 127.4 154 86 96 116 18.9 

Propanal 226' 160a 216ab 86b 26.3 137 115 90 62 19.8 

Octane 79 62 89 60 10.7 143 86 90 84 14.2 

2-Propanone 327 335 274 435 60.0 737 732 818 752 99.9 

1-Octene 13b 12b 18a 10b 1.3 84 107 60 76 13.9 

2-Octene 9 12 14 12 1.5 48 37 25 28 9.1 

Butanal 176= 155ab 134ab 94b 16.8 76 72 55 71 10.2 

2-Butanone 84 84 59 71 12.2 256 250 277 278 18.0 

Pentanal 1150" 1060ab 838b 826b 77.0 586 696 704 638 106.0 

3-Methylbutanone 120® 91ab 56b 86ab 12.3 87 131 105 83 14.2 

Propanol 14 13 7 12 2.1 15 20 19 13 3.2 

2,3-Dimethyldisulfide 34 20 24 21 4.8 130 105 126 100 18.7 

Hexanal 4104a 3605ab 344 lab 3319b 181.4 3739 3548 3286 2846 219.8 

Heptanal 14 14 22 36 5.6 22 15 13 16 3.7 

l-Penten-3-ol 18 20 15 12 3.3 25 23 27 21 5.1 

Nonanal 8 6 5 5 0.9 6a 7a 7a 3b 0.9 

Hexanol 6 4 4 6 0.8 5 6 5 5 1.0 

Total volatiles 7238" 6566b 5608" 5790e 213.5 6250 6036 5803 5192 306.7 
a-dMeans within a row with no common superscript differ significantly ( P  <  0.05), n = 4. 



TABLE 5. Volatile profiles of irradiated (at 3kGy) cooked chicken meat patties at day 0 

Volatile Aerobic packaging Vacuum packaging 

Compounds Control 1.25% 2.5% 5.0% SEM Control 1.25% 2.5% 5.0% SEM 

total ion counts x 104 total ion counts x 104 

Acetaldehyde 1314* 1636* 1587* 1114" 120.2 222* 153b 89b 101b 17.2 

Propanal 135ab 164* 82*b 31b 27.6 160* 145* 168* 74b 12.7 

Octane 75ab 87* 54bc 31° 8.3 133 126 117 99 21.2 

2-Propanone 380b 615* 479*b 349b 53.0 357 425 412 405 39.3 

1-Octene 13 17 18 22 4.0 53 68 61 57 8.2 

2-Octene 9 10 11 12 1.7 33 38 37 31 7.5 

Butanal 82 110 85 70 12.7 42 75 54 51 10.2 

2-Butanone 92ab 123* 104*b 78b 10.5 133 118 166 123 19.4 

Pentanal 962 881 786 901 74.7 499 414 415 326 97.4 

3-Methylbutanone 56 62 62 75 9.1 72 68 89 84 9.7 

Propanol 9b 18* 10b 6b 2.1 29* 35* 13b 16b 3.7 

2,3-Dimethyldisulfide 61 83 70 63 8.1 42 49 21 30 7.4 

Hexanal 3989* 3136b 2725bc 2545= 168.5 3738* 3688* 2963*b 2614b 226.0 

Haptanal 14 29 18 19 3.9 14 29 23 24 4.2 

l-Penten-3-ol 22* 20ab 15ab 10b 2.7 24 26 24 14 4.5 

Nonanal 7b 10* 6b 4b 0.9 5 7 6 6 1.0 

Hexanol 20" 17* 6ab l l b  2.6 6 6 5 5 0.5 

Total volatiles 7240* 7018' a 6118b 5341b 230.0 5562* 

"1 m
 4665ab 4062b 277.2 

a-dMeans within a row with no common superscript differ significantly ( P  < 0.05). n = 4. 



TABLE 6. Volatile profiles of nonirradiated cooked chicken meat patties after 5 days of storage 

Volatile Aerobic packaging Vacuum packaging 

Compounds Control 1.25% 2.5% 5.0% SEM Control 1.25% 2.5% 5.0% SEM 

total ion counts x 104 total ion counts x 104 

Acetaldehyde 151 173 176 237 30.9 346 144 186 165 49.6 

Propanal 456 336 242 133 92.1 114" 143" 101" 41b 15.8 

Octane 119 92 75 106 23.7 63" 55*b 43b 48* 4.7 

2-Propanone 118 188 220 174 37.5 157 200 247 241 42.4 

Butanal 95 129 127 186 35.2 85 85 102 122 14.6 

Ethylacetate 58 62 51 47 8.2 109* 103* 121* 82b 8.0 

Pentanal 2005a 1585b 1576b 1395° 51.3 522" 434b 349c 313c 26.0 

2,3-Dimethyldisulfide 45ab 20b 53" 22b 7.3 26 27 30 36 3.0 

Hexanal 10591" 8799b 8909b 8190b 379.7 4725* 4042* 3392bc 3086e 240.9 

Heptanal 47 45 63 95 18.0 19 14 30 19 5.6 

Butanol 23 26 57 53 11.4 49* 20b 27b 22b 4.9 

Pentanol 48 31 34 36 7.8 10"b 8b 7b 13" 1.2 

Hexanol 25 23 38 29 7.0 50" 50" 27b I I e  4.6 

Nonanal 13 11 9 13 3.4 7 7 6 7 1.6 

Octenol 23 22 13 19 5.1 7 6 5 8 0.9 

Total volatiles 13817" 11542b 11643" 10735b 608.6 6289* 5338b 4673bc 4214e 27 
a"dMeans within a row with no common superscript differ significantly ( P  <  0.05). n = 4. 



TABLE 7. Volatile profiles of irradiated (3kGy) cooked chicken patties after 5 days of storage 

Volatile 

Compounds 

Aerobic packaging Vacuum packaging 

Control 1.25% 2.5% 5.0% SEM Control 1.25% 2.5% 5.0% SEM 

tAM /«/ItJM/P x 104 Î/IH /•/IIIM/P V / 
i 

Vl/ltMl*» •* '  V 

Acetaldehyde 1139 1385 1294 1073 148.1 155 127 87 118 25.5 

Propanal 588" 497" 514" 238" 60.2 255" 130" 128" 59" 33.5 

Octane 107 59 88 68 15.0 95" 52"" 68"" 36" 11.6 

2-Propanone 366 476 456 528 101 261 152 144 156 43.0 

Butanal 135 157 160 159 18.9 68 56 86 94 14.0 

Ethylactate 44 55 41 73 19.4 57 25 66 73 14.0 

Pentanal 2738 2308 2399 2101 158.2 899" 593" 703"" 522° 55.4 

2,3-Dimethyldisulfide 134 106 121 134 25.1 59 47 39 47 9.8 

Hexanal 10730" 8159" 8742" 8101" 509.2 5923" 3803" 3542"' 2770c 253.9 

Heptanal 18 41 38 44 9.6 20 21 30 20 3.8 

Butanol 100 118 115 95 21.8 44 51 51 24 6.9 

Pentanol 15 19 23 19 5.0 10" 9" 6" 9" 0.9 

Hexanol 18 18 28 30 5.6 11 6 6 11 1.9 

Nonanal 8 10 6 8 1.6 7 10 8 6 1.1 

Octenol 8 7 9 9 1.2 9 6 7 9 1.4 

Total volatiles 16148" 13415" 14034" 12680" 646.0 7873" 5088" 4971" 3954e 261.4 

®"dMeans within a row with no common superscript differ significantly (P < 0.05). n = 4. 
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Table 3 TBARS values of chicken breast rolls after irradiation 

Irradiation dose (kGv) 

Dietary treatment 0 kGv 2.5 kGv SEM 

——————— TBARS (rng MDA/kg meat) 

0% CLA 0.6T 0.67* 0.04 

2% CLA 0.52by 0.603* 0.02 

3% CLA 0.39bz 0.49ay 0.02 

SEM 002 003 
a-dMeans within a row with no common superscript differ significantly (P < 0.05), n = 4 
x"yMeans within a column with no common superscript differ significantly (P < 0.05), n = 4 
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Table 5 Sensory characteristics of chicken breast rolls by trained sensory panels1 

Dietary CLA (%) 

Descriptor Irradiation 0% 2% 3% SEM 

Color 0 kGy 3.5y 4.1y 4.9 0.4 

2.5 kGy 5.6* 6.6* 6.6 0.6 

SEM 0.4 0.6 0.6 

Chickeny flavor 0 kGy 8.0= 6.0" 5.9" 0.6 

2.5 kGy 6.9 5.9 7.2 0.6 

SEM 0.5 0.5 0.6 

Off-odor 0 kGy 3.9 4.1y 4.9y 0.7 

2.5 kGy 5.3" 7.1"* 9.3** 0.7 

SEM 0.7 0.7 0.8 

Texture 0 kGy 4.5" 6.1*" 7.3* 0.6 

2.5 kGy 5.2" 6.2*" 7.4* 0.6 

SEM 0.6 0.6 0.6 

Juiciness 0 kGy 6.9= 5.9*" 4.7" 0.5 

2.5 kGy 6.8* 5.7*" 4.7" 0.5 

SEM 0.6 0.5 0.5 
a"dMeans within a row with no common superscript differ significantly (P < 0.05), n = 16 
x"yMeans within a column with no common superscript differ significantly (P < 0.05), n = 16 

'Color: 0 - white, 15 = dark; aroma: 0 — weak 15 - strong; off-odor: 0 — weak, 15 = strong; 

hardness: 0 = soft, 15 = hard; juiciness: 0 = dry, 15 = juicy. 
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Table 6 Consumer acceptance of irradiated chicken breast rolls' 

Dietary CLA (%) 

Descriptor Irradiation 0% 2% 3% SEM 

Flavor 0 kGy 5.7X 5.9X 5.T 0.2 

2.5 kGy 4.5y 4.0y 4.3y 0.2 

SEM 0.2 0.2 0.2 

Color 0 kGy 5.3y 5.2 5.4 0.2 

2.5 kGy 6.0X 5.7 5.8 0.2 

SEM 0.2 0.2 0.2 

Overall 0 kGy 5.9X 6.0" 5.9X 0.2 

2.5 kGy 4.8y 4.4y 4.8y 0.2 

SEM 0.2 0.2 0.2 
x"yMeans within a column with no common superscript differ significantly (P < 0.05), n = 67 

'"Dislike extremely = 1" to "like extremely = 9" 
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CHAPTER 10. GENERAL CONCLUSION 

Dietary CLA did not have significant effects on the growth rate and feed efficiency in 

broiler chicken. However, high levels of dietary CLA slightly reduced the whole body fat 

content. After feeding chicken with CLA, high levels of CLA were incorporated into meat 

and egg yolk. The incorporation rates of different CLA isomers into different classes of lipids 

were significantly different, with cis-9, trans-11 and trans-10, cis-12 CLA deposited more in 

triglycerides than in phospholipids. Dietary CLA influenced fatty acid composition in 

chicken. The concentrations of monounsaturated fatty acids decreased as the dietary CLA 

level increased. The concentrations of polyunsaturated fatty acids, including arachidonic 

acid, linoleic acid and linolenic acid, also decreased as the dietary CLA level increased. 

Since arachidonic acid, and DHA and EPA are synthesized by two different pathways, which 

start from linoleic and linolenic acids, respectively, the decrease in the synthesis of 

arachidonic acid would not influence the synthesis of DHA or EPA. To test this hypothesis, 

we fed chickens diets containing CLA and with different linoleic and linolenic acid ratio and 

found that CLA increased the level of DHA and EPA in vivo when the content of linolenic 

acid in the diet was high. This increase in the levels of DHA and EPA might directly be 

related to the biological effects of CLA. 

Since dietary CLA reduced polyunsaturated fatty acid content in muscle, feeding CLA 

to chickens could influence the quality of meat. Dietary CLA level up to 1% did not 

influence the quality of meat, while 2% and 3% of CLA treatments increased the darkness of 

breast meat after cooking. The cooked breast meat from broilers fed high levels of dietary 

CLA were also harder and drier. The changes in meat quality after high levels of dietary 

CLA treatments could be related to the decreased polyunsaturated fatty acid content and 

increased saturated fatty acid content in muscle. Up to 1% of dietary CLA had no effect on 

the volatile profiles and color of breast fillets. Feeding broiler chickens with CLA might 

improve the oxidative stability of meat, since dietary CLA reduced thiobarbituric acid 

reactive substances (TBARS) values in breast fillet. 

Due to the structural changes and air incorporation during grinding, meat patties 

become easily oxidized when compared with intact muscle. This is proven in the studies of 
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meat patties prepared from birds fed diets containing 0%, 1.25%, 2.5%, or 5.0% CLA. Both 

cooked and raw meat patties from birds fed CLA diets had lower TBARS values and 

produced less amounts of hexanal and pentanal than the control. Meat patties with aerobic 

packaging developed severe lipid oxidation after storage at 4C. Patties from CLA treated 

birds were significantly lower in oxidation. Dietary CLA also improved color stability and 

reduced the production of total volatiles in meat patties. The reason for the improved 

oxidative and color stability of meat patties from CLA treated birds during storage could be 

due to the decreased polyunsaturated fatty acid content in chicken muscles. Dietary CLA 

reduced color a* and b* values of chicken rolls. Sensory panelists indicated that the color of 

chicken rolls with CLA treatment was darker than that of the control. Irradiation greatly 

increased volatile production and induced a metal-like off-odor in chicken rolls. Dietary CLA 

had synergistic effect on the production of metal-like off-odor. Sensory evaluation indicated 

that the hardness of chicken rolls increased and juiciness decreased as the dietary level of 

CLA increased. However, no difference in consumer preference for the color of chicken rolls 

among different levels of CLA treatments were found. 

Irradiation significantly affects the quality of meat. Color a*-value of breast fillets 

increased after irradiation. Irradiation significantly increased lipid oxidation of chicken meat 

patties as indicated by significant higher TEARS values and higher contents of hexanal and 

pentanal. But the effect of irradiation on lipid oxidation was not as significant as that of 

packaging. Irradiation induces a characteristic irradiation odor, usually described as a sweet, 

bloody and sweet, or cooked-com like odor, in meats. Since high amounts of sulfur 

compounds, which have very low thresholds for odor detection, were detected in the volatiles 

of irradiated chicken meat, these sulfur compounds are related to strong irradiation odor. 

Irradiation odor may also be related to radiolysis of fatty acids and other components: the 

contents of alkanes and alkenes, which are the breakdown products of unsaturated fatty acids, 

increased significantly in chicken meat after irradiation. The production of CO increased 

dramatically after irradiation and was significantly correlated with the increased redness of 

chicken rolls after irradiation. Consumers preferred the color of chicken rolls after irradiation 

to nonirradiated rolls. However, the scores for the flavor of irradiated chicken rolls were low. 
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Discussions 

Many early reports indicated that dietary CLA was effective in reducing fat, but 

growing numbers of recent studies showed that dietary CLA had no significant effects on fat 

accumulation and body composition. The differences in results of CLA treatment on fat 

accumulation could vary depending on the dosage of CLA used, animal species, diet 

formulation, and duration of feeding. However, those reports suggested that the initial 

optimism about the great beneficial effects of CLA in animal performance and human health 

were undermined. So far, only a few studies on CLA in birds were reported. Our study 

suggested that dietary CLA had no significant effect on growth, fat accumulation, feed 

efficiency and body composition in chicken. However, dietary CLA did reduce the 

monounsaturated fatty acid content in chicken, which was in agreement with other reports 

that dietary CLA reduced monounsaturated fatty acids in animals. This seemed to be the only 

biological effect of CLA on fatty acid metabolism. 

Dietary CLA improved the oxidative stability of chicken meat, which mainly was due 

to decreased unsaturated fatty acid content (excluding CLA) in tissues. Further, CLA itself 

was quite inert in meat. While low levels (< 1%) of dietary CLA did not influence the texture 

of meat, high level of dietary CLA (>2%) increased hardness and decreased juiciness of 

meat. 

Irradiation induced a characteristic off-odor in meat products and consumer reactions to 

the irradiation odor in meat products were quite negative. Thus, it is important to reduce this 

off-odor from irradiated meat. More efforts are needed to develop methods that can reduce 

this off-odor production in irradiated meat. 
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