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Effects of Dietary 7 -Fatty Acids on the Fatty Acid
Composition of Pork and Plasma Lipids in Swine

Hwan Ku Kang and Byung-Sung Park’

Dept. of Animal Biotechnology, Kangwon National University, Chuncheon 200-701, Korea

Abstract

We report that the gamma linolenic acid content of pork is higher in finishing pigs fed diets containing
hemp seed oil, evening primrose oil or borage oil as the sources of gamma linolenic acid. Thirty-six three
crossing swines (Landrace X Yorkshire XDuroc), 80 kg in body weight, were randomly separated into four
treatment groups with three pens per treatment and three animals per pen. The finishing swines were fed
the experimental diets for 35 days until they reached the market weight of 110 kg. The animals were assigned
to the four experimental diets: control diet containing 5.00% tallow, T1 containing 5.00% hemp seed oil (hemp
seed oil 40:soybean oil 60), T2 containing 5.00% evening primrose oil (primrose oil 40:soybean oil 60) and
T3 containing 5.00% borage oil (borage oil 40:soybean oil 60). The plasma triacylglycerol and total cholesterol
content of the swine in the gamma fatty acids—fed groups were significantly (p<0.05) lower than those in
the control group. No gamma linolenic acid was detected in the plasma of the control group, while the level
of gamma linolenic acid treatment groups was significantly (p<0.05) higher than the control in the order of
T3, T2 and T1. Moreover, the level of gamma linolenic acid increased with increasing number of feeding days.
There was a significant difference between the treatment groups (p<0.05). There was a difference in the amount
of saturated fatty acid and polyunsaturated fatty acid accumulated in the pork according to the treatment groups
or the parts of the pork meat. The level of n-3 fatty acid of pork was highest in T1, which had been fed
the hemp seed oil, followed in order by T3 and T2 (p<0.05). The content of gamma linolenic acid in pork
was highest in T3, which had been fed the borage oil, followed in order by T2 and T1 (p<0.05). In particular,
the level of gamma linolenic acid in pork increased in the order of the back fat, pork belly, ham and loin.
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22X n-39% n-6A4ld E5A AR geko] E53 G213
o] FFeE FEY A o /) FAAYAY 248 A
fre=g 4 Aoh(15). kel Ealak AP f-ol 6~8%, @
1% FAfroll 7~10%, 7FL7FA T-Froll 15~209, A%
AtZArell 18~25%7} §Hr=lo] ot ey "o, & a7,
R 327, 5 2 A 2L AR Felle Ao g5
UA Gem® dakAal AAF I} o=l AR Th(3,10,14,16,
17). ¥ A= v527) A LR W) ME o2 Zhebx]aiik
F99 A7F A d9AA g wr)| 9 ghebelEast
9l gkl vixl= &ARE ZAVSHCH
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AA ZF 80 kg2l 3¥ 3AE(Landrace X Yorkshire X
Duroc) AAE#] 36ute] & o] &) AldAF4l 110 kg
=9 A7EA] 359 Bt AlHALRE FolEteich AgdAE
422] X HHE-(ibE 37) 25 A ]l e v stol L, 471 9
AP AT H2F$AD, TIGH F 40954 60), T2
(%"]‘O]EZ—Z]—%4O' ) Ff- 60) 18] 31 T3(A A} Z2-F 40:
W5 6002 TR o714 FhebA bt F49] AAA
+ 328 ste] ZhubA kil 3hf- 7153 TR 40609 Bl &
2 AV de e

o] $EL 5%E AAFAL GA Ae] FHAL AR o
24 wigtstgla, BE Ml AlEw =9 NRCel o
A A AR 9] FeFa aTH18)E FF e g
=7 vl gsidcH(Table 1). Al @A 2 HrlE e A&
52 B3] AbshR & $slA 715 =lE
3} A &4 BHT(butylated hydroxytoluene)S dukAal
2434 650 mgS Arbstd z, wigtse 28 AR ] =g
W2 (15.00%)3 =] (ME 3,180 kal/kg) 3HeFs $43 4+
Fo 2 ZAs gt AdALE Y Fulal ZA]L Table 29+
2o, A5 AN &= FIA AL 3162%, L=E
F 3R A 68.38% 5 AR SHH 1, AR5 st TS
EZ AU 11.49%, 2B E 3 A HAF 88519%, 7heke] &=l
Ab 0.29%, d2to| & FAHE i3l T2w EspA| 4t
8.08%, 3= B Z XA 91.92%, ZHete]E A4k 0.37%, A
FAZERFE -8t T3= E5XHMAE 1498%, 1 X & E 3}
A ubak 85.02%, Zete]lEdAk 064% 5 A3t} gk
AlE Az E AL Ahdd ndslgl o, B3 APAlEE
A4 (ad libitum)3 =5 39t} 52 ¥335 =& A4
HAz= Az A FE AFHS(SCT-wo4058) ]
A AAE ez e fEl el F4-& upgieh
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Table 1. Formular and nutrient content of experimental diets

for finishing swine (80~110 kg) (%)
Ingredients Control Tl T2 T3
Yellow corn, ground 6232 6232 6232 62.32
Wheat bran 9.80 9.80 9.80 9.80
Soybean oil meal 20.20 20.20 20.20 20.20
Tallow 5.00 - - -
HO mix oil” - 5.00 - -
EPO mix oil” - - 5.00 -
BO mix oil® - - - 5.00
Limestone flour 1.09 1.09 1.09 1.09
Tricalcium phosphate 0.78 0.78 0.78 0.78
Common salt 0.30 0.30 0.30 0.30
Vitamin-min. mix” 048 048 048 048
Choline chloride 0.03 0.03 0.03 0.03
Total 100 100 100 100
Calculated values”

Crude protein (96) 15.0 15.0 15.0 15.0

DE (kcal/kg)® 3,180 3,180 3,180 3,180

YHO mix oil: mixed oil (hemp seed oil 40:soybean oil 60).

EPO mix oil: mixed oil (evening primrose oil 40:soybean oil
60).

¥BO mix oil: mixed oil (borage oil 40:soybean oil 60).

“Contained per kg mixture: vitamin A, 5,500 IU; vitamin D3,
550 1U; vitamin E, 15 IU; riboflavin, 5 mg; pantothenic acid,
10 mg; niacin, 40 mg; vitamin B12, 0.01 mg; folic acid, 0.9
mg; biotin, 0.05 mg; pyridoxine, 3 mg; menadione sodium bi-
sulfate, 3 mg; thiamin, 3 mg; iodine, 1 mg, manganese, 60 mg;
zinc, 40 mg; copper, 4 mg; cobalt, 100 mg; iron, 40 mg; sele—
nium, 0.09 mg.

9Calculated from NRC (1998).

6)Digestible energy.

Table 2. Fatty acid composition of experimental diets"

Fatty acid Control T1 T2 T3
———————— % of total fatty acids——--—————
C14:0 1.25 0.56 0.30 0.12
C16:0 22.27 7.98 6.19 10.21
Cl16:1n-7 1.59 1.56 0.60 0.24
C18:0 8.10 2.95 6.50 4.65
C181n-9 39.01 16.48 16.47 26.68
C18:2n-6 27.78 4453 54.33 39.24
C18:3n-6 -2 0.29 0.37 0.64
C18:3n-3 - 2565 15.24 18.22
C22:1n-9 - - - -
C22:4n-6 - - - -
SFAY 31.62 11.49 12.99 14.98
PUFA? 68.38 88.51 87.01 85.02
Total 100 100 100 100

])Groupsi refer to Table 1.
“Not detected.

Y5aturated fatty acid.
4)Polyunsaturated fatty acid.
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Table 3. Effect of dietary 7 -fatty acids on feed intake,
body weight gain and feed efficiency in finishing swine
(80~110 kg)"

Item Control T1 T2 T3 PSEY
Feed intake (kg/day) 265 267 259 266 00123
Body weight gain (kg/day) 091 092 083 090 0.0843
FCR? 291 290 291 296 0.1310

1)Groupsi refer to Table 1.
FCR: feed convertion ratio, feed intake /body weight gain.
PPooled standard error of mean values (n=36).
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AHP<0.05). A9 Fd 100 mLg FZ 2 ke
FAAY kY] wiste) vl o Ayl Fods
7} Aol ek 9215 A A d2F7) F71eE vk o)
oA Al F4E& A AT f9AQ AR e
el S tHp<0.05). A8ALE F9 3044 $AE 43
27 g 100 mL% 11504 mgo 24 7FA E=gko )
zrobA ukal M2l HEFof wlasj e T1, T2, T37}
el 100 mL% 2H7+ 1974 mg, 19.74 mg, 2885 mg Yotzle
o o} 247} 17.15%, 17.16%, 25.07% w2 & el k4535
el $1 ok (p<0.05).
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Table 4. Effect of dietary 7 -fatty acids on plasma triacyl-
glyceride (TAG) and total cholesterol (T'C) concentrations

in finishing swine (80~110 kg)” (mg/dL)
Item Day Control T1 T2 T3  PSE?
10 5763 5221  4586° 4580° 1.9305
TAG 20 63.45°  4407° 4079 36.23° 3.3622
30 65.05° 3519 38.44° 37.29° 3.8827

10 11267*  11524° 109.25° 99.24°  2.2071
TC 20 113.87° 92.92* 9970 8821° 3.1667
30 11504* 9530 9595° 86.19° 3.3976

l)Groupsi refer to Table 1.

PPooled standard error of mean values (n=36).

“Values within the same row with different superscripts are
significantly different (p<0.05).
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Table 5. Changes in the composition of major fatty acid in
plasma from swine fed experimental diets'

Fatty acid Days Control T1 T2 T3  PSE’
————————— % of total fatty acids--—---—---

SFA? 10 39.01* 3752 37.36° 3754° 02819
20 40.88°  37.10° 3549° 34.40° 0.7658

) 30 4288  3599° 33.74° 3342° 06655
PUFAY 10  6099° 6248 6264° 6246° 02719
20 59.12° 6290° 6451°  6560° 07734

30 5712  6401° 6626° 66.58° 05765

GLA®Y 10 -9 098 321> 565 0.6909
20 - 1.02° 302°  571° 0.6959

30 - 1.25° 309" 501* 05375

YGroups: refer to Table 1.

“Pooled standard error of mean values (n=36).
Not detected.

S aturated fatty acid.

5)Polyunsaturated fatty acid.

®Gamma linolenic acid (18:3n-6).

*dyalues within the same row with different superscripts are

significantly different (p<0.05).

A5 AT 717 Bk AR 3
A} zA)2] W3} Table 59 22}

A7 o) AN A = A=Y, A W) 23R PALS) 73§
Agalge] A7) Aol utebd 215 A #% Oz
F7} 109, 209, 3025 22} 39.01%, 40.88%, 42.88%2 &
717 85 vheby ot ZhekA Al A FH = 104, 204, 30
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acide} W] o 7 -linolenic acid®] &3+ dihomo-7 -
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Table 6. Fatty acid composiwuun of loin from swine fed
experimental diets'

Fatty acid Control Tl T2 T3 PSE?

********** % of total fatty acids-————--——-—
Cl14:0 160  201° 125°  1.40°  0.1045
C16:0 2438"  2517*  21.82°  2315°  0.3822
C16:1n-7 2.85° 3.66° 266° 274> 01422
C18:0 1195°  1092° 1408 1360°  0.3453
C18:1n-9 39.89° 3928 4033 3880° 0.1831
C18:2n-6 1933 1585° 1612 1603  0.4409
C18:3n-6 - 0.53 1.03 122 01782
C18:3n-3 - 1.07° 0.20°  094* 0.1425
C22:1n-9 - - 123 101 01721
C22:4n-6 - 151° 128" 111° 01819
SFAY 3793  3810° 37.15° 3815°  0.1402
PUFA” 6207° 6190 6285° 61.85° 0.1352
Total 100 100 100 100 -

1)Groupsi refer to Table 1.

2Pooled standard error of mean values (n=36).

INot detected.

YSaturated fatty acid.

5)Polyunsaturated fatty acid.

29y alues within the same row with different superscripts are
significantly different (p<0.05).
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Table 7. Fatty acid composition of back fat from swine fed
experimental diets

i
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o
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Table 9. Fatty acid composition of ham from swine fed
experimental diets”

Fatty acid Control T1 T2 T3 PSE? Fatty acid Control T1 T2 T3 SEM?

—————————— 9% of total fatty acids————————-- ———~————-% of total fatty acids——~--———--—-
C14:0 1.52% 1.34° 151 172° 00638 C14:0 1.23 1.28 0.96 124 0.05%
C16:0 2507 1456° 1721 1684  1.1996 Cl16:0 21.46™  2092* 20365 2149° 01577
C16:1n-7 3.10° 281% 247 314  0.1096 Cl16:1n-7 2.68 2.93 275 296  0.0819
C180 1207° 1526°  1804°  11.41° 0.8038 C18:0 1144 1082°  11.39° 1127 0.1043
Cl&1n-9  3446°  3581°  3461° 3732 03539 Ci81n-9  3896°  4062°  3995° 37.82° 03270
Cl&2n-6  2064° 2363  2280°  2344° 0.3657 C182n-6  20.03° 18545  1939° 1930° 0.1756
C18:3n-6 - 0.54° 155 188 0.2310 C18:3n-6 = 0.13° 093  151* 01877
C18:3n-3 - 313 0.11° 190" 0.3962 C18:3n-3 - 1.75° 0.52° 0.98°  0.191
C22:1n-9 1.80° 156" 140" 147" 0.0670 C22:1n-9 0.45° 1.03° 071> 061° 00717
C22:4n-6 1.34 1.36° 0.30° 0.88°  0.1359 C22:4n-6 3.75° 1.98° 3.04°  282° 02023
SFA? 3866°  31.16° 3676° 2997 11058 SFAY 3413° 3302  3271°  34.00° 0.1986
PUFA® 6134°  6884°  6324° 7003 11015 PUFA” 6587°  6698°  67.29°  66.00° 01342
Total 100 100 100 100 - Total 100 100 100 100 -

YGroups: refer to Table 1.

PPooled standard error of mean values (n=36).

¥Not detected.

YSaturated fatty acid.

5)Polyunsaturated fatty acid.

adyalues within the same row with different superscripts are
significantly different (p<0.05).

Table 8. Fatty acid composition of pork belly from swine
fed experimental diets

Fatty acid  Control Tl T2 T3 PSE?
————————— % of total fatty acids---------
Ci4:0 1.30 1.39 151 1.35 0.0545
C16:0 26.09°  1806° 1950° 1823° 11110
C16:1n-7 276° 228" 226° 322" 0.1401
C18:0 10235 17.01° 1747 1232°  0.9306
C18:1n-9 37.23°  3356° 3538° 3754 04871
C182n-6 1950° 2295 2061  2259°  0.4341
C183n-6 -9 023 142 156 02125
C18:3n-3 - 2.81° 023 099" 03351
C22:1n-9 1.45 1.24 1.14 1.25 0.0597
C22:4n-6 054° 047" 048"  095* 00646
SFAY 3852°  3646° 3348 3190° 0.8160
PUFA® 61.48° 6354 6152 6310° 06180
Total 100 100 100 100 -

YGroups: refer to Table 1.

“Pooled standard error of mean values (n=36).

INot detected.

PSaturated fatty acid.

PPolyunsaturated fatty acid.

a9y alues within the same row with different superscripts are
significantly different (p<0.05).

T3} AP ghen T2, T1 22 49144 24432

A AEHA skt T2, T3 44 1.03%, 1.22% 5 24
= 51 3(Table 6), B2 W& A 245 433 T3 1.88%,
dukolZ A58 A AT T2 1.55%, X H-2 433 Tl
054%Z A (Table 7) 4 A&7 EA2 A $- =271 9ot
(p<0.05). A-Z A (Table 8)7} 3] (Table 9)ell 4] ZA+E 71v}
ety 242 47 T3 156%, 151%, T2 1.42%,
0.93%, T1 0.23%, 0.13%2A =A vebdz 2F e 72t

YGroups: refer to Table 1.

PPooled standard error of mean values (n=36).

INot detected.

YSaturated fatty acid.

5)IF’olyunsaturated fatty acid.

adyalues within the same row with different superscripts are
significantly different (p<0.05).
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1918 Asts AL oﬂ %= ZFvA9kAk(Table 2)o
2.2 o] E o)A (Table 5) A 379 A &g ukj
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d 5 7L BaAr}102526). o] g o] -2 ol AL

2 FU 24 Es}oq o) 282H ¢ n-3, n-6
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Fe Yo Rt} ¥ nEA 2445 Aty
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