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ABSTRACT

This study was conducted to determine the effects of dietary microencapsulated n-3 fatty acid
supplementation at different concentrations on growth performance, nutrient digestibility, blood
profiles, carcass characteristics and fatty acids compositions of muscle and adipose tissue in finishing
pigs. Insufficient and unbalanced amount of essential fatty acids may cause a number of diseases
such as atherosclerosis, cardiovascular diseases but high consumption improves growth
performance, brain development and disease resistance. A total of 150 pigs with initial Body
Weights (BW) of 55.6641.42 kg were used in the 12 week experiment. Pigs were randomly allotted
to 3 dietary treatments with 10 pens per treatment and 5 pigs per pen. The three dietary
treatments included: (1) CON (basal diet), (2) FA15 (CON+1.5% n-3 fatty acid) and (3) FA30
(CON+3.0% n-3 fatty acid). Results of the whole experimental period showed that additions of 1.5
and 3.0% of n-3 fatty acid to the diet did not affect (p>0.05) growth performance, nutrient
digestibility and blood characteristics in finishing pigs. The Average Daily Gain (ADG) was 724,
743 and 754 g in CON, FA15 and FA30, respectively at the end of experiment. Figs fed the FA30
treatment diet had a decreased (p<0.05) Longissimus Muscle (LM) area compared with those fed
the FA15 treatment diets. Palmitic acid percentage of LM was decreased (p<0.05) by the FALS and
FA30 dietary treatments compared with the CON dietary treatment. Total n-3/m-6 ratio of
both LM and subcutaneous adipose (s.c. adipose), docosahexaenoic acid (DHA) and total n-3 of s.c.
Adipose in the FA1B and FA30 dietary treatments were greater (p<0.05) than those in the CON
dietary treatment. In conclusion, there were no observed effects on growth performance, nutrient
digestibility and carcass characteristics in finishing pigs associated with microencapsulated n-3 fatty
acid supplementation.
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INTRODUCTION

Essential fatty acids are molecules that cannot be synthesized by humans and animals body
but are vital for normal metabolism (Pellan, 2007). Essential fatty acids play a part in many
metabolic processes and there is evidence to suggest that low levels of essential fatty acids, or an
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essential fatty acid imbalance, may be a factor into a number of illnesses (Kruger and Horrobin,
1997). n-3 and n-6 fatty acids are the two families of essential fatty acids. The n-3 fatty acids which
are important in human nutrition are: ¢-linolenic acid (18:3 n-3, ALA), eicosapentaenoic acid
(20:5 n-3, EPA) and docosahexaenoic acid (22:6 n-3, DHA). The human body can convert ALA to
EFA and subsequently DHA, all of which are peolyunsaturated fatty acids (PUFA). According to
Dyerberg et al. (1975), atherosclerosis, blood pressure, heart rates and triglyeerides were low in the
member of Inuit tribe due to consumption of high level of n-3 fatty acids. Furthermore, n-3 fatty
acids have beneficial health effects on humans, especially in the control of cardiovascular diseases
{(Dewailly et al., 2001), support of normal brain growth and development (Kdwards et al., 1998) and
decreased inflammation of joint pain (Goldberg and Katz, 2007). High intakes of EPA and DHA
may improve disease resistance in pigs (Irie and Sakimoto, 1992; Calder, 1996; Jolly et af., 1997),
which may have beneficial growth performance effects (Abril ef al., 2003). It 1s suggested that
growth performance could be restricted by insufficient PUFA intake. Otherwise, Jaturasitha et al.
(2009) reported that n-3 fatty acids from tuna cil had no significant effect on the growth
performance of fattening pigs. Coates and Ayerza (2009) reported that growth performance was
not affected by dietary treatments in finishing pigs supplemented at levels of 10 and 20% of Chia
seed (Salvia hispanical). No effects on growth performance were observed in growing pigs by ALA
supplementation from whole crushed linseed (Kouba et al., 2008). Taken together, the effects of n-3
fatty acids on growth performance in pigs are not always consistent. Due to the important roles that
essential fatty acids play in our life, additional research needs to be conducted. Some studies
reported the method and effect of microencapsulation (Piva et al., 1997; Kierczynska, 1988;
Walz and Pallauf, 1988). Piva et al. (2007) stated that lipid microencapsulation blend reducing the
faster disappearance of active ingredients {organic acids and natural identical flavors) exciting in
the stomach. The objective of this experiment was to evaluate the effects of dietary
microencapsulated n-3 supplementation on growth performance, nutrient digestibility, blood
profiles, carcass characteristics and fatty acid compositions in finishing pigs.

MATERIALS AND METHODS
The experimental protocols used were approved by the Animal Care and Use Committee of
Dankook University.

Experimental design, animals and housing: A total of 150 crossbred
{(LandracexYorkshirexDuroe; 95 day age) pigs with an average initial Body Weight (BW) of
55.66+1 .42 kg were used in this 12 week experiment. At the beginning of the experiment, pigs were
allotted to one of 3 dietary treatments on the basis of initial BW. There were b pigs per pen and
10 pens per treatment. The dietary treatments were: (1) CON (basal diet), (2) FA15 (CON+1.5%
n-3 fatty acid) and (3) FA30 (CON+3.0% n-3 fatty acid). Microencapsulated n-3 fatty acid contains
929% «-linolenic acid from linseed oil, 5% DHA and 3% EPA from fish cil. Diets (Table 1) were
formulated to meet or exceed the requirements recommended by the NRC (1998). Pigs were housed
in an environmentally-controlled; slatted-floor facility in 20 adjacent pens (1.8x1.8 m), room
temperature was maintained at approximately 24°C. Each pen was equipped with a self-feeder and
nipple waterer to allow ad libitum access to feed and water throughout the experiment.

Sampling and measurements: Pig BW and feed consumption were measured at the end of week
6 and 12 to monitor Average Daily Gain (AD(), Average Daily Feed Intake (ADFT) and gain:feed
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Tahble 1: Composition of the experimental diets (as-fed basa)

Ingredients (%) Values
Corn 76.50
Soybean meal 16.40
Corn gluten 3.00
Tallow 231
Limestone 0.74
Salt 0.20
Tricalcium phosphate 0.49
L-lysine-HCl 0.01
Ethoxyquin 0.05
Vitamin premix® 0.20
Mineral premix® 0.10
Calculated composition

ME (keal kg 1) 3,400
CP (%) 15.0
Liys (%) 0.70
Ca (%) 0.50
Total P (%) 0.45

aSupplied per kg diet: 4,000 IU vitamin A, 800 IU vitamin D, 171 IU vitamin E, 2 mg vitamin K, 4 mg vitamin B,, 1 mg vitamin B,
16 mg vitamin By, 11 mg pantothenic acid, 20 mg niacin and 0.08 mg hictin, *Supplied per kg diet: 220 mg Cu, 175 mg Fe, 191 mg Zn,
89 mg Mn,0.3 mg I, 0.5 mg Coand 0.4 mg Se

ratio (G:F). Chromium oxide was added to the diets as an indigestible marker at 0.20% of the diet
for 7 days before fecal collection at 6 and 12 weeks for calculation of Dry Matter (DM), Nitrogen (IN)
and energy digestibility. Fecal grab samples were collected at random from at least two pigs in each
pen. All feed and fecal samples were stored at -20°C until analysis. Before chemical analysis, fecal
samples were thawed at 54°C for 72 h freeze-dried and then finely ground to pass through a 1 mm
screen. All feed and fecal samples were analyzed for DM and N (AOAC, 1995). Chromium levels
were determined via UV absorption spectrophotometry (UV-1201, Shimadzu, Kyoto, Japan).

At week 6 of the experiment, blood samples were collected at the cervical vein into both K. EDTA
vacuum tubes and nonheparinized vacuum tubes (Becton Dickinson Vacutainer Systems, Franklin
Lakes, NJ, USA) from two pigs in each pen; the same pigs were then sampled at week 12 of the
experiment. After collection, the serum samples from the nonheparinized vacuum tubes were
centrifuged at 2,000xg for 30 min at 4°C. The conecentrations of total cholesterol, High-density
Lipoprotein (HDL) cholesterol, Low-density Lipoprotein (LDL) cholesterol and triglycerides in the
serum samples were analyzed with an automatic biochemical analyzer (RA-1000, Bayer Corp.,
Tarrytown, NY) using colorimetric methods. Red Blood Cell (RBC), White Blood Cell (WBC) and
lymphocyte counts in the whole blood were analyzed using an automatic blood analyzer
(ADVIA 120, Bayer, NY).

At the end of the experiment, all of the pigs were transferred to a slaughterhouse. Carcasses
were chilled at 2°C for 24 h and a piece of the right loin was obtained through a perpendicular cut
between the 10th and 11th rbs. Before the meat quality evaluation was performed, meat samples
were thawed at room temperature. Sensory evaluation (color, marbling and firmness scores) was
evaluated according to National Pork Producers Council (NPPC, 1991) standards. At the same time,
duplicate pH values of each sample were measured by pH meter (Fisher Scientifie, Pittsburgh, PA,
USA). The color measurement of lightness (L.*), redness (a*) and yellowness (b*) values were
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determined by Minclta CR410 Chromameter (IKonica Minolta Sensing, Inc., Osaka, Japan). The
Water Holding Capacity (WHC) of Longissimus Muscle (LM) was measured according to the
methods of Kauffman ef al. (1986). A 0.2 g sample was pressed at 3,000xg for 3 min on a
125 mm-diameter piece of filter paper. The areas of the pressed sample and expressed moisture
were delineated and then determined with a digitizing area-line sensor (MT-10S; M.T. Precision
Co. Ltd., Tokyo, Japan). The ratic of water:meat areas was calculated, giving a measure of WHC
{the smaller ratio indicates a higher WHC). Drip loss was measured using approximately 2 g of
meat sample according to the plastic bag methoed, which was described by Honikel (1998). The
sample weight was measured at d 1, 3, b and 7 L.. Marea was measured by tracing the LM surface
at the 10th rib and this was accomplished using the above-mentioned digitizing area-line sensor.,
To determine the fatty acid composition of LM and subcutaneous adipose (s.c. adipose), tissue
samples collected were extracted using a chloroform: methancel (3:1, v/v) mixture according to
the method described by Folch et al. (1957). Next, 20 to 25 mg of the extracted fat was saponified
with 0.5 M methanolic sodium hydroxide and then methylated with borontrifluoride in methanol
using the method described by Metealfe ef al. (1966). The fatty acid methyl esters obtained were
then separated and analyzed by gas chromatography. The fatty acid content was determined using
a gas chromatographer, the HP8890 (Agilent, Waldbronn, Germany) equipped with a flame
icnization detector and an HP 19091 to 136 capillary column (60 mx0.25 mm internal diameter)
with a film thickness {0.25 um) of the stationary phase. Helium was used as a carrier gasat a follow
rate of 1.2 mL min~' Oven temperature was programmed as follows: from 140 to 160°C at
1.50°C min !, from 180 to 180°C at 0.50°C min ! and from 180 to 230°C at 2.50°C min . The other
chromatographic conditions were as follows: injector and detector temperatures, 280°C; sample
volume injected, 1 pLi. Fatty acids were identified by matching their retention times with those of
their relative standards, as well as through mass spectrometry (HP5973, Agilent) of each peak.

Statistical analysis: All data were subjected to the GLM procedures of SAS (1996) as a
randomized complete block design, with the pen being defined as the experimental unit. Differences
among all treatments were separated by Duncan’s multiple range test. A probability level of p<0.05
was considered to be statistically significant.

RESULTS

Growth performance and apparent total tract nutrient digestibility: The effects of dietary
n-3 supplementation on growth performance in finishing pigs are shown in Table 2. No effects
(p>0.05) of dietary treatments on ADG, ADFI and G:F were cbserved during O to 6 week, 7 to
12 week and the overall experiment period. The highest (F value (p>0.05) was observed in the
FA 30 treatment (0.397) that was followed by 0.374 and 0.368 in the FA15 and CON treatments,
respectively at 84 days. There were also no differences on Apparent Total Tract Digestibility (ATTD)
of DM, N and energy among the dietary treatments (Table 3).

Blood profiles: The total cholesterol, HDL cholestercl, LDL cholesteral, triglyceride, RBC, WBC
and lymphocyte counts were not affected during 0 to 6 week and 7 to 12 week by any dietary
treatments (Table 4). The total cholesterol (mg dL.™") in blood was 92.12, 90.356 and 87.00 in FAS30,
CON and FA1B, respectively (p>0.05). Table 4 showed that CON fed pigs had higher (p>0.05) HDL
cholesterol in blood (42.00 mg dL™") than FA30 and FA1S (40.75 and 37.756 mg dL™),

numerically.
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Tahle 2: Effects of dietary n-3 supplementation on growth performance in finishing pigs®

Items CON FAl5 FA30 SE*
0 to 6 week

ADG (g) 693 713 735 29
ADFI () 1,746 1,723 1,728 40
G:F 0.397 0.414 0.425 0.026
7to 12 week

ADG (g) 763 773 773 58
ADFI () 2,213 2,250 2,074 88
G:F 0.345 0.344 0.373 0.032
0 to 12 week

ADG (g) 728 743 754 45
ADFI () 1,980 1,987 1,901 69
G:F 0.368 0.374 0.397 0.029

3CON, basal diet, FA15, basal diet+1.5% n-3 fatty acid, FA30, basal diet+3.0% n-3 fatty acid, ®*Standard error

Tahble 3: Effects of dietary n-3 supplementation on nutrient digestibility in finishing pigs®

Ttems (%) CON FAl5 FA30 SE®
6 weeks

DM 73.38 72.93 73.84 212
N 71.23 70.83 71.81 2.71
Energy 72.55 71.37 71.11 2.32
12 weeks

DM 71.29 72.63 72.47 3.05
N 70.68 71.07 70.69 2.89
Energy 71.55 72.08 71.56 2.41

3CON, basal diet, FA15, basal diet+1.5% n-3 fatty acid, FA30, basal diet+3.0% n-3 fatty acid, ®*Standard error

Table 4: Effects of dietary n-3 supplementation on blood profiles in finishing pigs®

Ttem CON FAls FA30 SE®P
6 week

Total cholesterol (mg dL ™) 95.00 98.25 97.00 7.65
HDL cholesterol (mg dL—) 26.00 27.75 28.25 515
LDL cholesterol (mg dL %) 58.25 53.33 56.75 6.60
Triglyceride (mg dL %) 50.50 48.50 48.67 577
RBC (10° uLi™h 6.88 6.21 6.79 0.253
WBC (10° pL7Y 15.73 16.32 17.04 3.18
Lsmphocyte (%) 50.90 48.50 50.10 8.24
12 week

Total cholesterol (mg dL™%) 90.35 87.00 9212 6.79
HDL cholesterol (mg dL—) 42.00 37.75 40.75 3.62
LDL cholesterol (mg dL.=%) 52.50 50.00 55.25 611
Triglyceride (mg dLL. ™) 53.43 53.20 53.38 5.69
RBC (105 uL ™ 787 7.10 7.25 0.431
WBC (10° uIi™Y 15.78 18.34 17.32 2.03
Lymphocyte (%) 56.38 55.40 52.65 6.83

3CON, basal diet, FA15, basal diet+1.5% n-3 fatty acid, FA30, basal diet+3.0% n-3 fatty acid, *Standard error

Carcass characteristics: No differences were chserved on sensory evaluation, meat color, pH,
WHC and drip loss by the dietary treatments (Table 5). Pigs fed the FA30 treatment diets had
decreased (p<0.05) LM area compared with those fed the FALS treatment diets.
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Tahle 5: Effects of dietary n-3 supplementation on carcass characteristics in finishing pigs®

Ttem CON FAls FA30 SE®
Sensory evaluation

Color 1.56 1.68 1.54 0.090
Marbling 1.74 1.64 1.82 0.117
Firmness 1.68 1.72 1.94 0.119
Meat color®

Lightness (L*) 57.89 57.96 59.22 1.79
Redness (a*) 18.68 17.83 16.70 0.623
Yellowness (b*) 9.75 917 9.32 0.882
pH 5.21 5.31 5.29 0.029
Water holding capacity (%) 37.99 36.36 37.97 0.029
Drip loss (%)

1 days 7.99 8.65 6.02 1.56
3 days 14.68 16.97 13.16 2.33
5 days 18.64 19.21 16.75 1.92
7 days 19.24 19.44 17.84 1.99
LM area (cm?) 51.46% 58.38° 45.91¢ 3.16

**Means in the same row with difference superscripts differ (p<0.05), 2CON, basal diet, FA15, basal diet+1.5% n-3 fatty acid, FA30,
basal diet+3.0% n-3 fatty acid, *Standard error, Lightness: Measure of lightness to darkness (larger number indicates a lighter color),
Redness: Measure of redness (larger number indicates a more intense red color) and Yellowness: Measure of yellowness (larger number

indicates more yellow color)

Table 6: Effects of dietary n-3 supplementation on fatty acid composition of longissimus muscle in finishing pigs

Longissimus muscle

Fatty acid (%) CON FAl5 FA30 SEP
Cl4:0 1.47 1.45 1.44 0.09
C16:0 26.26° 24.99° 25.27° 0.02
C18:0 13.02 13.70 13.28 0.45
Total SFA 42.34 41.43 41.88 0.62
C16:1n-7 2.97 2.69 2.92 0.16
C18:1n-9 38.80 42.25 39.99 2.14
C18:2n-6 11.83 9.89 10.96 151
C18:3n-3 231 233 2.39 0.89
C20:6n-3 0.75 0.76 0.78 0.03
C22:6n-3 0.10 0.18 0.20 0.05
Total n-6 11.83 9.89 10.96 151
Total n-3 3.16 3.27 3.34 0.76
Total n-3:n-6 0.267 0.330° 0.300% 0.01
Total UFA 57.66 58.57 58.12 0.62
Total UFA/SFA 1.36 141 1.39 0.04*

Means in the same row with difference superscripts differ (p<0.08), 2CON, basal diet, FA15, baszal diet+1.5% 1n-3 fatty acid, FA30, basal
diet+3.0% n-3 fatty acid, *Standard error

Fatty acid composition of LM and s.c. adipose: Palmitic acid percentage of LM was decreased
(p<0.05) by the FA15 and FA30 dietary treatments compared with the CON dietary treatment
{Table 6). DHA and total n-3 percentage of s.c. adipose were improved (p<0.05) by the FA15 and
FAS0 dietary treatment diets (Table 7). Otherwise, the total ratio of n-2: n-6 of LM and s.c. adipose
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Tahle 7: Effects of dietary n-3 supplementation on fatty acid composition of subcutaneous adipose in finishing pigs®

Subcutaneous adipose

Fatty acid (%) CON FAlb FA30 SE®
C14:0 1.47 1.62 1.67 0.09
C16:0 23.57 26.62 2545 0.80
C18:0 12.03 11.08 9.72 1.65
Total SFA 38.49 40.62 38.13 2.53
C16:1n-7 1.83 2.04 1.95 0.14
C18:1n-9 39.47 35.38 33.84 3.561
C18:2n-6 17.87 18.08 19.10 0.78
C18:3n-3 0.10 0.12 0.11 0.10
C22:6n-3 0.04% 0.1z 0.1z 0.01
Total n-3 0.14* 0.24° 0.22° 0.01
Total n-6 17.87 18.08 19.10 0.78
Total n-3:n-6 0.008" 0.013° 0.0122 0.001
Total UFA 61.51 59.38 61.87 2.53
Total UFA/SFA 1.60 1.48 1.68 0.17

2*Means in the same row with difference superseripts differ (p=0.058), *CON, basal diet, FA15, basal diet+1.5% n-3 fatty acid, FA30, basal
diet+3.0% n-3 fatty acid, *Standard error

in the FA15 and FA30 dietary treatments was greater (p<0.05) than that in the CON dietary
treatment. There were no differences on other fatty acid compositions of LM and s.c. adipose among
the dietary treatments.

DISCUSSION

Previcus studies reported that ADG (linearly) and (:F ratios (quadratically) were increased
with increasing levels of Ascophyllum nodosum seaweed extract (ANODE) in young pigs at 24 day
of age (Turner et al., 2002). Abril ef al. (2003) reported that pigs receiving the highest level of
marine algae (.75 kg per pig over a 42 day trial period) showed improved ADG. However,
He et al. (2002) reported that ADFI, ADG and Feed Conversion Ratio (FCR) were not significantly
different when Laminaria digitata algae were supplemented. Gardiner et al. (2008) cbserved that
dietary supplementation of 3, 6 g and 9 g ANE kg ™! supplementation linearly decreased ADG while
having and no effect on FI orland FCR in grower-finisher pigs. In addition, Sardi ef al. (2006)
reported that dietary supplementation with DHA-rich marine algae (Schizochytrium sp.) on Italian
heavy pigs did not produce significantly different ADG or/fand FCR. In our study, no significant
differences were observed in growth performance at any period. Those results supported the body
of existing literature and research within the area mentioned above He ef al. (2002), Sardi ef al.
{2006), Gardiner et al. (2008), However, there were contrasting reports on growth performance.
Those differences may be caused by different experimental variables such as the resources of n-3
fatty acids, dosage of n-3 fatty acids, pig growth phases and environment conditions.

Gardiner et al. (2008) reported that a dietary supplementation of 2.5 g ANE kg™ had no effect
on the ATTD of DM, N and energy in grower-finisher pigs which was consistent with our results
on the ATTD of DM, N and energy with a dietary supplementation of n-3 fatty acid in finishing
pigs. However, Hintz et al. (1966) reported that when pelleted rations containing no Chlorella spp.,
6 or 10% Chlorella spp. were fed to barrows (40 to 46 kg), DM digestibility was higher in pigs not
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fed a Chlorella spp. diet than pigs fed a diet containing 6% or 10% Chlorella spp. We suggest that
n-3 fatty acid supplementation may have no effect on digestibility in finishing pigs.

Jaturasitha et al. (2009) reported that WHC and marbling of the loin as well as and firmness
remained unaffected and alighter, less red and less vellow backfat were observed in fattening pigs
by n-3 fatty acid supplementation derived from 1 or 3% of tuna o1l in lean and lipad tissues.
However, Sardi et al. (2006) reported that there were no significant differences on carcass
characteristics in heavy pigs whose diet was supplemented with 2.5 and 5% marine algae
(Schizochytrium). Corino ef al. (2002) also reported that the loin composition of heavy pigs fed diets
containing either tallow or/fand corn ail and rapeseed oil (all 2.5%) during the fimshing phase did
not vary significant. In our study, there were no observed differences in marbling, firmness,
lightness, redness, yellowness, pH, WHC, orfand drip loss which were agreed with the results of
Corino et al. (2002) and Sardi et al. (2006). However, our research indicated that LM area was
decreased with the increasing levels of n-3 fatty acid supplementation in our research.

Coates and Ayerza (2009) reported that significantly less palmitic acid was found in the s.c.
adipose tissue with Chia seed treatments at concentrations of 10 and 20% in finishing pigs and this
was supported by our study findings regarding palmitic acid. Additionally, the total n-3: n-6 ratio
of s.c. adipose increased in FAB and FA30 treatments compared with CON. Pigs with an initial
weight of approximately 78 kg who were fed an extruded linseed supplement diet displayed a
decreased n-6:n-3 PUFA ratio, although linseed was used as a n-3 fatty acid source (Corino et al,,
2008). The n-3:n-6 ratio has been relevant to the competition for synthesis of longer-chain FUFA
between each series. Irie and Sakimoto (1992) demonstrated that KPA and DHA of fat can be
elevated greatly by feeding fish oil to pigs for 2 to 4 week before slaughter. Jaturasitha ef al. (2002)
reported that 1% tuna oil in the diet was observed to have the effect of enriching total n-3 fatty
acid, EFA and DHA of lean and lipid tissue throughout fattening period. The increased total n-3
fatty acid and DHA of s.c. adipose were also found in our study. However, Bryhm et al. (2002)
demonstrated that the use of 0.2 to 0.4% fish oil had only minor effects. Taken together, the present
study results indicate that the n-3 fatty acid composition of s.c. adipose can be increased by
supplementing with n-3 fatty acid.

CONCLUSION

Results indicate that mmercencapsulated n-3 fatty acid supplementation potentially has no effect
on growth performance, nutrient digestibility or carcass characteristics in finishing pigs. Pigs fed
microencapsulated n-3 fatty acid supplementation diet had an increased n-3 fatty acid composition
of s.c. adipose. However, more research is needed to study the effects of microencapsulated n-3 fatty
acid supplementation on growth performance and determine the optimal amount of n-3 fatty acid
to improve the fatty acid in finishing pigs.
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