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Backfat Characteristics of Barrows and Gilts Fed on Tuna Oil
Supplemented Diets during the Growing-finishing Periods
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ABSTRACT : This study was conducted to evaluate the effect of supplementing tuna oil to diets of growing-finishing pigs (barrows
and gilts) on backfat characteristics when slaughtered at different weights. Four hundred and eighty crossbred (Large WhitexLandracex
Duroc) pigs averaging 30 kg were allotted to 12 treatment combinations (40 pigs/treatment combination) in a completely randomized
design with a 2x2x3 factorial arrangement of treatments. The treatments were: dietary tuna oil supplementation (0 and 2%); sex
(barrows and gilts); and slaughter weight (90, 100 and 110 kg). As pigs reached their slaughter weight, they were randomly selected (8
pigs/treatment combination; 96 pigs in total) and slaughtered. Backfat colour, hardness and fatty acid profile were assessed. There were
significant (p<0.05) differences in colour (L* and a* values) among treatments. Backfat of the control group was harder than on the tuna
oil (p<0.001) and that of barrows was harder than of gilts (p<0.05). In addition, the thiobarbituric acid reactive substances (TBARS)
values of fat from the tuna oil group stored for 3 days were higher (p<0.001) than the control group. The TBARS values of gilts tended
to be higher than those of barrows and increased with increasing slaughter weight in the tuna oil group. The cholesterol and triglyceride
levels were not affected by diet and sex but the triglyceride level increased with increasing slaughter weight (p<0.01). The tuna oil group
had higher polyunsaturated fatty acid (PUFA) content, ratio of PUFA: saturated fatty acid (SFA) and total n-3 fatty acids but lower
monounsaturated fatty acids content and n-6:n-3 fatty acids than the control group (p<0.01). Gilts had higher PUFA and n-6 fatty acids
in backfat than barrows (p<0.05). The backfat from both 90 and 100 kg slaughter-weight groups had a lower ratio of n6:n3 fatty acid
than the 110 kg slaughter-weight group (p<0.05). However, this was more pronounced in the tuna oil group. The PUFA: SFA was also
increased while the n-6:n-3 ratio tended to reach the recommended levels for healthy eating in human beings of <5. However, due to
oxidative susceptibility, barrows should not be slaughtered at more than 100 kg for the meat to be acceptable to consumers. (Key
Words : Tuna Qil, Backfat, Fatty Acid, Pig)

INTRODUCTION Khosla, 2000). The ratio of n-6:n-3 fatty acid in food is

recommended at 5.0 (Simoupoulos, 1991; Wood and Enser,

Worldwide, people are concerned of the danger of
developing atherosclerosis and coronary heart diseases
when consuming food of animal origin. Nutritionists
recommend that fat content in the diet should not contribute
more than 30% of energy intake and saturated fatty acids
should not exceed 10% of the total fat content (Gupta and
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1997; Raes et al., 2004). Significant research studies have
been conducted with the objective of increasing the omega-
3 fatty acid in foods of animal origin so as to minimise the
risk of heart diseases (Harris, 1997; Holub, 2002). Fatty
acid composition in pig meat can be mediated in pork
through backfat quality. Marine fish oils are rich in omega-3
fatty acids. These are presumed to reduce the risk of
coronary heart diseases and atherosclerosis (Harris, 1997;
Simopoulos; 2001; Holup, 2002; Morel et al., 2006). Earlier
work by Jaturasitha et al. (2002) demonstrated the
feasibility of enriching pork and pork products with omega-
3 fatty acids by feeding tuna oil to pigs. Adoption of this
feeding strategy by the pig producers would be better,
however, if tuna oil could be supplemented over a limited
period during fattening only. Previous research work has
also established that fatty acid pattern of backfat depends on
the pig diet (Fontanillas et al., 1998; Hoz et al., 2003). The
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goal of the present study was, therefore, to test the
hypothesis that polyunsaturated fatty acids (PUFA), once
consumed and deposited in the body of the animal, will
remain there as was shown earlier for C18 PUFA (Wenk et
al., 1990; Bee and Wenk, 1994; Morel et al., 2006). This
should improve the omega-6: omega-3 fatty acid ratio in
backfat from a given amount of tuna oil in feed, irrespective
of the time when the tuna oil is supplemented. The
objective of this study was to evaluate the effect of
increasing omega-3 fatty acid content through tuna oil
inclusion in pig diets on growing-finishing pigs backfat
characteristics. Opportunity was also taken to evaluate if
barrows and gilts were affected differently.

MATERIALS AND METHODS

Animals, housing and diets

A total of 480 crossbred pigs (Large WhitexLandracex
Duroc; 240 each of barrows and gilts) with average initial
weight of 30 kg were selected for the study. Ten pigs each
were housed in pens with concrete floors measuring 3x5 m.
The pens were equipped with feed troughs and nipple
drinkers.

Three types of diets were compounded. These varied in
crude protein content from starter (fed from 30 to 46.5 kg),
grower (46.5 to 81.5 kg) to finisher (81.5 to slaughter
weight of 90, 100 or 110 kg) stages. For the three phases,
the crude protein contents were 18, 16 and 14 percent,
respectively. The gross energy content averaged 3.9
Mcal/kg DM across diets as recommended by NRC (1998).
Within each feeding phase, tuna oil was included either at 0
(control) or 2% of the whole diet. Tuna oil was added as a
premix using a filler (3% of bone meal) and then mixed
with ground maize. The ingredient and chemical
compositions of the diets are given in Table 1.

Experimental design

The pigs were randomly divided into 12 groups
balanced for sex. There were 40 pigs per group, 20 each of
barrows and gilts. The treatments were: tuna oil in diet (0
and 2%), sex (barrows and gilts) and slaughter weight (90,
100 and 110 kg). The treatments were therefore arranged in
a 2x2x3 factorial arrangement in a completely randomised
design.

Feeding, slaughter and data collection

Feed intake per pen was recorded daily and individual
pigs were weighed once every two weeks. Within treatment
combination group, 8 pigs (4 barrows and 4 gilts) per
treatment were slaughtered as they reached their slaughter
weight (either 90, 100 or 110 kg). Prior to slaughter, pigs
were fasted for 12 h before being transported for 7 km to
the abattoir of the National Meat Technology and Training
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Centre (Chiang Mai). The pigs were slaughtered after 2
hours of resting. The carcasses were chilled for 24 h at 4°C
and the backfat over the 10"-14" rib was collected. The
backfat located on top of the 10" and 11" rib was removed
and sealed in polythene bags and chilled at 4°C for 24 h.
Following 1 h after removal of polythene bags and at
refrigerator temperature, the backfat colour (luminosity,
redness, and yellowness) measurements were carried out
using the Chroma Meter (CR-300, Minolta Camera Co.,
LTD., Osaka, Japan).

Shear force of backfat was determined using a Warner-
Bratzler shear force device attached to an Instron universal
testing machine  (model 5565, Instron  Ltd.,
Buckinghamshire, UK). A crosshead speed of 200
mm/minute and a 5 kKN load cell calibrated to read over the
range of 0 to 50 N were applied for that purpose.

Chemical and physical analysis

Feed samples were analysed for dry matter, nitrogen,
ether extract, ash, neutral detergent fibre and gross energy
as outlined in AOAC (1990) procedures.

The backfat was analysed for fatty acid profile using gas
chromatography (GC 14B, Shimadzu, Tokyo, Japan)
according to Neumann and Basler (1983). Fatty acid methyl
esters (FAME) were prepared according to Morrison and
Smith (1964). Thiobarbituric acid reactive substances
(TBARS), cholesterol and triglyceride contents were
analysed from backfat stored for 0, 3, 6 and 9 days at 4°C
according to Rossell (1994), Jung et al. (1975) and Biggs et
al. (1975), respectively.

Statistical analysis

Data were analysed by fitting a completely randomised
design model allowing for two-way interactions. Means
were separated using the Tukey’s test in SAS version 8.2 for
windows (SAS, 2001).

RESULTS

Diets

The diets within each phase did not differ in dry matter,
organic matter, crude protein and crude fibre contents
(Table 1). As intended, adding tuna oil to the basal diet
increased the ether extract and energy contents and
influenced the profile of fatty acids (Table 1). The most
notable increases were in the proportions of C20:4n-6,
C20:5n-3 and C22:6n-3 and a decrease in the proportion of
C18:2n-6 when tuna oil was included in the diet. The n-6:n-
3 ratio was also reduced significantly by the inclusion of
tuna oil in the diet in each phase.

Fat colour and hardness
Backfat colour in terms of luminosity, redness and
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Table 1. Composition (as-fed basis) and nutrient content of experimental diets (%)

Fattening period (kg) 30-46.5 46.5-81.5 81.5-slaughter
Tuna oil addition - + - + - +
Ingredients (g/kg)
Tuna oil* - 20 - 20 - 20
Maize 407 338 528 531 419 417
Extruded maize 133 133 - - - -
Wheat bran extract 38 38 87 28 223 199
Wheat bran 133 166 166 173 232 232
Soybean meal 236 247 169 194 777 79
Molasses 10 10 10 10 13 13
Monodicalciumphosphate 11 11 7 8 0 2
Limestone 18 23 19 22 23 25
Sodium chloride 4 4 4 4 4 4
Vitamin-mineral premix 9 9 9 9 8 8
L-lysine HCI? 1 1 1 1 1 1
Analyzed chemical composition (g/kg)
Dry matter 891 896 897 895 890 875
Organic matter 940 932 939 936 926 935
Ether extract 47 57 49 64 43 60
Crude protein 187 181 162 167 147 141
Crude fibre 31 36 40 37 48 39
Gross energy (Mcal/kg) 3.9 4.0 3.9 4.0 3.8 3.9
Fatty acids (% of total analyzed fatty acids)
C14:0 0.23 2.07 0.29 2.01 0.49 1.66
C16:0 17.87 15.76 18.54 13.86 21.79 19.77
Cl6:1 0.32 2.36 0.34 2.01 0.35 1.90
C18:0 3.07 371 2.93 3.64 3.02 3.17
C18:1n-9 cis 28.61 24.86 28.62 25.37 28.87 25.05
C18:1n-9 trans 0.83 1.39 0.92 1.23 0.79 1.22
C18:2n-6 45.83 34.88 44.74 38.01 41.83 37.55
C18:3n-3 2.45 2.38 2.73 2.89 1.88 2.54
C20:4n-6 ND 0.68 ND 0.64 ND 0.37
C20:5n-3 ND 2.45 ND 2.23 ND 1.17
C22:6n-3 ND 5.99 ND 4.76 ND 3.43
Short chain fatty acids 21.64 23.51 22.24 21.57 25.82 26.37
MUFA 30.08 30.11 30.29 29.90 30.47 28.57
PUFA 48.28 46.38 47.47 48.53 43.71 45.06
PUFA:SFA 2.23 1.97 2.13 2.25 1.69 1.71
Total n-6 45.83 35.56 44.74 38.65 41.83 37.92
Total n-3 2.45 10.82 2.73 9.88 1.88 7.14
n-6:n-3 18.71 3.29 16.39 391 22.25 5.31

! Added as a premix using a filler (3% of bonemeal) and then mixed with ground maize.
2 Additionally 0.3 g DL-methionine/kg; ND = Not detected; MUFA = Monounsaturated fatty acids; PUFA = Polyunsaturated fatty acids.

yellowness values were significantly (p<0.05) affected by
feeding regime and slaughter weight (Table 2). Luminosity
tended to be highest at a slaughter weight of 100 kg.
Redness increased with increasing slaughter weight while
yellowness did not vary with diet and slaughter weight.
There was significant (p<0.05) interaction between diet and
slaughter weight on yellowness of meat only.

Backfat of tuna oil supplemented group was
significantly (p<0.05) softer than the control group. This
was the same whether measured in terms of penetration or
adhesive forces. Backfat of the gilts was softer than that of
barrows (p<0.05) and heavier pigs resulted in harder
backfat as well. There were significant (p<0.01) interaction

effects between diet and slaughter weight and diet and sex
for softness, energy of penetration and energy for adhesion.

Thiobarbituric acid reactive substances
cholesterol and triglyceride contents in backfat
The TBARS data from backfat stored for 0, 3, 6 and 9
days at 4°C is shown in Table 2. After 3, 6 and 9 days of
storage, the TBARS from the backfat of pigs fed diets
supplemented with tuna oil was significantly (p<0.05)
higher than the control group. Over the same period, this
was more pronounced at 100 and 110 kg slaughter weight.
Gilts had lower TBARS compared to barrows in every
period of storage except only at 3 days post-storage.

number,
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Table 2. Effects of tuna oil (TO) on quality traits of backfat in barrows and gilts slaughtered at different weights

Tuna oil - + - + p-values'
Slaughter . : SEM
weight/sex 90 100 110 920 100 110 Barrows Gilts Barrows Gilts TO TOxSW TOxSex
Color
Luminosity 79.24° 80.09° 79.01° 79.06° 79.34® 79.09° 7925 79.64 79.18 7915 0124  0.25 0.11 0.47
Redness 480 4.40° 497 435" 493* 550° 461 484 487 498 0118 040 0.06 0.75
Yellowness 5927 589 549® 487" 580° 6.14° 568 586 550 571 0103 043 0.01 0.70
Hardness
Force (N) 293" 375" 447° 1189 149 2.11% 421° 322° 204" 147" 0184 0001 0001 0.001
Energy 1 (MJ)  39.97° 50.47® 59.39° 19.79 21.47% 27.98% 56.89° 42.99° 27.00° 19.13" 2477 0001 0.001 0.001
Energy 2 (MJ)  10.68° 11.34* 1371* 523 551° 652°  1344° 1038" 6.95° 4.60° 0445 0001 0.001 0.001
Thiobarbituric acid reactive substances number (mg of malondialdehyde/kg fat)
Day 0 213 203 262 277 258 211 248 197 282 249 0210 017 074 075
Day 3 2.68° 252 261° 536° 529° 528 274° 2339 455" 593 0174 0.001 0.001 0.01
Day 6 277°  3.44°  342° 528 607" 733 406" 2370 6.22° 596° 0161 0.001 0001 0.01
Day 9 3.93° 371° 3.46° 4.78° 6.20° 8.30° 418" 322" 6.42° 586 0200 0.001 0001 0.01
Triglycerides 86.48° 89.59° 90.90° 78.50° 88.50*° 93.12° 89.74 8824 8873 8468 1190 034 005 051
(9/kg)
Cholesterol 7559 7977 8030 7521 76.82 8223 80.13 7743 7911 7781 1102 089 031 083
(mg/100 g)

*d Means of tuna oilxslaughter weight without common superscript row are significantly different at p<0.05).
#9 Means of tuna oilxsex without common superscript row are significantly different at p<0.05).
1 TOxSW = Tuna oilxslaughter weight interaction; TOxSex = Tuna oilxsex interaction.

Energy 1 = Energy of penetration. Energy 2 = Energy of adhesion.

Table 3. Effects of tuna oil (TO) on fatty acid profile in backfat (% of total analyzed fatty acids) in barrows and gilts slaughtered at

different weights

Tuna oil - + - + SEM p-values®
SW/Sex 90 100 110 90 100 110 Barrows Gilts Barrows Gilts TO TOxSW TOxSex
C14:0 1.62 1.61 1.64 1.65 1.56 1.62 1.74 151 1.63 159 0034 084 099 0.12
C16:0 2512 26.05 26.09 2472 2447 2494 26.64° 2485 2516 24.16" 0232 005 025 001
C16:1 2.14 2.18 2.28 2.41 2.22 2.15 2.25 2.15 231 221 0034 063 028 052
C18:0 1537 1206 11.27 11.90 1219 12.20 1196 1378 1227 1189 0523 041 029 056
C18:1n-9 cis 33.45%° 3551° 34.81" 32.84™ 32.28° 33.49® 3508 34.13° 3308  3258" 0270 001 005 0.5
C18:1n-9 trans 165 1.45° 1.75® 195° 1.89° 1.94° 165" 157"  1.94° 1.92° 0.030 0.001 0.001 0.001
C18:2n-6 cis 17.77 1783 1896 19.43 19.14 18.05 17.60" 18.82°" 18.01" 19.95 0229 012 023 001
C18:3n-3 0.92 0.85 0.88 0.92 0.92 0.88 086" 090 088" 095 0012 026 048  0.09
C20:4n-6 0.2 0.13% 0.09° 019®° 021* 0217 010" 013" 019 0.22° 0011 0001 0.01 0.001
C20:5n-3 (EPA) 0.00° 0.00° 0.00° 027 023 028 0.00° 0.00° 024" 029 0.007 0.001 0.001 0.001
C22:6n-3 (DHA)  0.01° 0.04" 003" 118 1.24° 129 001" 005" 122 125 0016 0.001 0.001 0.001
Total SFA 2744 2859 2866 27.82 2790 28.14 29.26° 27.19" 2849 2732" 0251 059 075 0.05
Total MUFA 36.18" 38.41*° 37.77® 36.05™ 35.33° 3645 37.97° 36.97° 36.20° 3561 0283 005 005 0.05
Total PUFA 19.36° 19.49° 20.55® 22.00° 22.45° 20.99®  19.16° 20.49% 20.87" 22.97° 0259 0.001 001  0.001
PUFA:SFA 071 0.69° 0.72%¢ 0.80® 0822 075" 066° 076" 074" 086° 0013 001 005 0.001
Total n-6 17.89 1798 19.05 1933 19.66 18.26 17.70" 18.95 18.19" 20.18° 0.235 0.09 022 001
Total n-3 093" 0.92° 091° 238 242° 248 0.88° 0.96° 235" 251° 0028 0.001 0001 0.001
n-6:n-3 19.27° 19.63° 21.20° 8.14° 824°  7.46° 20.21° 19.89° 7.85" 811" 0.154 0001 0.001 0.001

“dMeans of tuna oilxslaughter weight without common superscript row are significantly different at p<0.05.

“9Means of tuna oilxsex without common superscript row are significantly different at p<0.05.

1 TOxSW = tuna oilxslaughter weight interaction; TOxSex = tuna oilxSex interaction.

EPA = Eicosapentaenoic acid; DHA = Docosahexanoic acid; SFA = Saturated fatty acids; MUFA = Monounsaturated fatty acids; PUFA = Polyunsaturated

fatty acids.

Heavier pigs also tended to have higher TBARS compared
to lighter pigs, but this was not significant (p>0.05). On the
tuna oil dietary treatment this was only significant (p<0.05)
at 110 kg slaughter weight. Interaction effects were
significant (p<0.05) between diet and slaughter weight and
between diet and sex only. Triglyceride content increased
with increasing slaughter weight (p<0.05) on the tuna oil
treatment. Cholesterol content was not significantly
(p>0.05) different across treatments.

Fatty acid profile

The fatty acid profile by treatment combination is
presented in Table 3. Pigs offered diets supplemented with
tuna oil resulted in higher omega-3 fatty acid especially
eicosapentaenoic acid (EPA; ¢20:5n3) and docosahexaenoic
acid (c22:6n3) compared to those on the control diet. The
omega-6 in terms of ¢18:2n6 and c¢20:4n6 was similar
across slaughter weights and sex. Therefore, the ratio of n-
6:n-3 decreased on average 2.5 times within sex across diets.
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In addition, gilts had lower subcutaneous adipose tissue but
higher polyunsaturated fatty acids and the ratio of n-6:n-3
fatty acid of heavier pigs was higher than those slaughtered
at a lighter weight.

DISCUSSION

The main objective of the present study was to establish
whether feeding long-chain n-3 fatty acids from tuna oil to
barrows and gilts slaughtered at different weights would
result in changes in backfat characteristics and composition.
The diets fed changed substrate supply to the animal.
Supplementing diets with tuna oil increased the n-3
polyunsaturated fatty acids, especially eicosapentaenoic
acid (EPA) and docosahexaenoic acid (DHA).

The long chain n-3 polyunsaturated fatty acids (PUFA),
EPA and DHA have a wide range of biological effects
which are believed to be beneficial to human health
(Kromhout, 1989; Barlow et al., 1990). These fatty acids
are found in significant amounts in fish oil, fish meal and
some algae products (Nettleton, 1991; Givens et al., 2000).

The backfat colour of pigs on tuna oil diet was
significantly lighter, redder and less yellow than from the
pigs on the control group. The higher slaughter weight led
to an increase in colour intensity. Results from this study
are in agreement with those obtained by Karrick (1990)
who found that supplemental fish oil in pig feed would
produce slightly darker fat and that gilt backfat resulted in
higher values of luminosity, redness and yellowness than
barrows. The redness value increased with increasing
slaughter weight. Backfat of tuna oil supplemented group in
the current study was significantly (p<0.05) softer than the
control group in terms of penetration and adhesive force.
These results are similar to those reported by Irie and
Sakimoto (1992). In their work, inclusion of tuna oil in feed
of growing-finishing pigs increased the polyunsaturated
fatty acids and as a result affected the hardness and melting
point of the backfat. Backfat of the gilts was softer than that
of barrows and heavier pigs resulted in softer fat tissue as
well. This can be explained by the fatty acid composition in
backfat (Wood et al., 2003; Lo Fiego et al., 2005). Similarly
in the work of Morel et al. (2006), inclusion of a mixture of
soybean and linseed oils which contain PUFA in pork diets,
led to a more favourable ratios of SFA and PUFA and C18:2
to C18:3 in the pork in terms of human health
considerations.

Gilts had lower TBARS than barrows and heavier pigs
also resulted in higher TBARS compared to lighter pigs.
This is because of the polyunsaturated fatty acids in backfat
that are easily oxidised (Jaturasitha et al., 2002; Lo Fiego et
al., 2005). Work by Sun Jin Hur et al. (2007) show that
TBARS value of belly in pork could also be meditated
through inclusion of dietary glycine betaine, an amino acid
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which serves as a methyl donor. In addition to increasing
TBARS value, glycine betaine also increased the ratio of
SFA and decreased unsaturated fatty acids in loins of pork
meat. Glycine betaine could also therefore be used to
achieve the same results as those obtained through tuna oil
inclusion in the current study. Triglyceride content
increased with increasing slaughter weight. The cholesterol
content was not affected by feeding regime, sex and
slaughter weight because cholesterol does not depend on fat
deposits but increases with age. Since fat accretion is
mostly influenced by energy intake and not by dietary fat
type. These results are in agreement with those of
Bragagnolo and Rodriguez-Amaya (2002).

Pigs offered tuna oil resulted in higher omega-3 fatty
acids. The omega-6 in terms of c18:2n6 was lower but
c20:4n6 was higher. This can be explained through the
replacement of saturated fatty acids with polyunsaturated
fatty acids in tuna oil (Jaturasitha et al., 2002; Kouba et al.,
2003). In addition, gilts had lower subcutaneous adipose
tissue but higher polyunsaturated fatty acids and the ratio of
n-6:n-3 fatty acid of heavier pigs was higher than those
slaughtered at a lighter weight. Mourot et al. (1995)
explained this effect as being due to the increase in
lipogenic enzymes with increasing age.

CONCLUSION

The present study demonstrated that the ratio of omega-
6:0mega-3 fatty acid of the backfat of pigs decreased with
inclusion of 2% tuna oil in their feed by a magnitude of 2.5
times tending to ratios which would be more favourable in
meeting consumer requirements. At higher slaughter weight
however, the backfat showed superior fatty acid profile but
also higher TBARS, cholesterol and triglyceride contents
which lower the quality. Therefore, the results indicate that
feeding 2% tuna oil and slaughtering the pigs at about 90 kg
will be beneficial in meeting the consumer requirements.

ACKNOWLEDGMENTS

The research team thanks the Thailand Research Fund
(TRF) for financial support. The collaboration of the
Sinkaset Industrial Pokphand CO., LTD and Betagro
Northern  Agro-Industry CO., LTD., is gratefully
acknowledged.

REFERENCES

AOAC. 1990. Association of Official Analytical Chemists.
Official Methods of Analysis, 15" Edition, Arlington, VA.

Barlow, S. M., F. V. K. Young and I. F. Duthie. 1990. Nutritional
recommendations for n-3 fatty acids and the challenge to the
food industry. Proc. Nutr. Soc. 49:13-21.

Bee, G. and C. Wenk. 1994. Einfluss einer Sojadl- und



Jaturasitha et al. (2008) Asian-Aust. J. Anim. Sci. 21(8):1214-1219

Rindertalgzulage in der Mastration auf das Fettsdurenmuster
der Lipide im Korper von wachsenden Schweinen. J. Anim.
Physiol. Anim. Nutr. 71:277-288.

Biggs, H. G, J. M. Erikson and W. R. Moorehead. 1975. Annual
colorimetric assay of triglycerides in serum. Clin. Chem.
21:437-441.

Bragagnolo, N. and D. B. Rodriguez-Amaya. 2002. Simultaneous
determination of total lipid, cholesterol and fatty acids in meat
and backfat of suckling and adult pigs. Food Chem. 79:255-
260.

Fontanillas, R., A. Barroeta, M. D. Baucells and F. Guardiola.
1998. Backfat fatty acid evolution in swine fed diets high in
either cis-monounsaturated, trans, or (n-3) fats. J. Anim. Sci.
76:1045-1055.

Givens, D. I, B. R. Cottrill, M. Davies, P. A. Lee, R. J.
Mansbridge and A. R. Moss. 2000. Sources of n-3
polyunsaturated fatty acids additional to fish oil for livestock
diets-a review. Nutr. Abstracts Rev., Ser. B. Livestock Feeds
Feed. 70:1-19.

Gupta, S. V. and P. Khosla. 2000. Pork fat and chicken fat
similarly affect plasma lipoprotein metabolism in cynomolgus

monkeys fed diets with adequate levels of linoleic acid. J. Nutr.

130:1217-1224.

Harris, S. W. 1999. Nonpharmacologic treatment of
hypertriglyceridemia: Focus on fish oils. Clin. Cardiol. 22
(Suppl. 11):11-40-11-43.

Harris, W. S. 1997. n-3 Fatty acids and serum lipoproteins: human
studies. Am. J. Clin. Nutr. 65:1645-1654.

Holub, B. J. 2002. Clinical nutrition: 4. omega-3 fatty acids in
cardiovascular care. Can. Med. Assoc. J. 166:608-715.

Hoz, L., C. J. Lopez-Bote, M. I. Cambero, M. D’Arrigo, C. Pin, C.
Santos and J. A. OrdOfiez. 2003. Effect of dietary linseed oil
and a-tocopherol on pork tenderloin (Psoas major) muscle.
Meat Sci. 65:1039-1044.

Irie, M. and M. Sakimoto. 1992. Fat characteristics of pigs fed fish
oil containing eicosapentaenoic and docosahexaenoic acids. J.
Anim. Sci. 70:470-477.

Jaturasitha, S., Y. Wudthithumkanaporn, P. Rurksasen and M.
Kreuzer. 2002. Enrichment of pork with omega-3 fatty acids
by tuna oil supplements: Effect on performance as well as
sensory, nutritional and processing properties of pork. Asian-
Aust. J. Anim. Sci. 15:1622-1633.

Jung, D. H., H. G. Biggs and W. R. Moorehead. 1975. Colorimetry
of serum cholesterol with use of ferric acetate uranyl acetate
and ferrous sulfate/sulfuric acid reagents. Clin. Chem. 21:
1526-1530.

Karrick, N. L. 1990. Nutrition value of fish oil as animal feed (Ed.
E. Maurice). Standby (Chapter 9). Fish oils in nutrition. Van
No Strand Reinhold. NY, USA.

Kouba, M., M. Enser, F. M. Whittington, G. R. Nute and J. D.
Wood. 2003. Effect of high-linolenic acid diet on lipogenic
enzyme activities, fatty acid composition, and meat quality in
growing pig. J. Anim. Sci. 81:1967-1979.

1219

Kromhout, D. 1989. Fish (oil) consumption and coronary heart
disease. In: (Ed. C. Galli and A. P. Simopoulos), Dietary -3
and -6 fatty acids. Biological effects and nutritional
essentiality. Plenum Publishing, New York, USA, pp. 273-282.

Lo Fiego, D. P,, P. Santoro, P. Macchioni and E. D. Leonibus. 2005.
Influence of genetic type, live weight at slaughter and carcass
fatness on fatty acid composition of subcutaneous adipose
tissue of raw ham in the heavy pig. Meat Sci. 69:107-114.

Morel, P. C. H., J. C. Mclntosh and J. A. M. Janz. 2006. Alteration
of the fatty acid profile of pork by dietary manipulation. Asian-
Aust. J. Anim. Sci. 19(3):431-437.

Morrison, W. R. and L. M. Smith. 1964. Preparation of fatty acid
methyl esters and dimethyl acetals form lipids with boron
fluoride-methanol. J. Lipid Res. 5:600-608.

Mourot, J., M. Kouba and P. Peiniau. 1995. Comparative study of
in vitro lipogenesis in various adipose tissues in the growing
pig (Sus domesticus). Comp. Biochem. Physiol. 111:365-379.

Nettleton, J. A. 1991. »-3 fatty acids: comparison of plant and
seafood sources in human nutrition. J. Am. Diet. Ass. 91:331-
337.

Neumann, K. and R. Bassler. 1983. Methodenbuch. Band IlI. Die
chemische untersuchung von futtermitteln. Neumann-
Neudamm, Melsungen, Germany.

NRC. 1998. Nutrient Requirements of Swine 10" Ed. National
Academy Press, Washington, DC. USA.

Raes, K., S. De Smet and D. Demeyer. 2004. Effect of dietary fatty
acids on incorporation of long chain polyunsaturated fatty
acids and conjugated linoleic acid in lamb, beef and pork meat:
a review. Anim. Feed Sci. Technol. 113:199-221.

Rossell, J. B. 1994. Measurement of rancidity. In: Rancidity in
Foods (Ed. J. C. Allen and R. J. Hamilton), Blackie Academic
and Professional, London, UK. pp. 22-53.

SAS. 2001. Institute Inc., SAS/STAT Software: Changes and
Enhancements, Release 8.2, Cary, NC.

Simopoulos, A. P. 2001. The importance of the ratio of omega-
6/omega-3 essential fatty acids. Biomed. Pharmacother.
56:365-379.

Simoupoulos, A. P. 1991. Evolutionary aspects of diet, essential
fatty acids and cardiovascular disease. Eur. Heart J.
Supplements. 3:D8-D21.

Sun Jin Hur, Han Sul Yang, Gu Boo Park and Seon Tea Joo. 2007.
Effects of dietary glycine betaine on pork quality in different
muscle types. Asian-Aust. J. Anim. Sci. 20(11):1754-1760.

Wenk, C., A. Hauser, D. Vogg-Perret and A. L. Prabucki. 1990.
Einfluss mehrfach ungeséttigter Fettsduren im Futter auf die
Qualitat von Schweinefleisch. Fat Sci. Technol. 92:552-556.

Wood, J. D., R. I. Richardson, G. R. Nute, A. V. Fisher, M. M.
Campo, E. Kasapidou, P. R. Sheard and M. Enser. 2003.
Effects of fatty acids on meat quality: a review. Meat Sci.
66:21-32.

Wood, J. D. and M. Enser. 1997. Factors influencing fatty acids in
meat and the role of antioxidants in improving meat quality. Br.
J. Nutr. 78:49-60.



