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Effects of Dietary w-3 and w-6 Polyunsaturated Fatty Acids on Fatty Acid Composition
of Immune Organs in Young Chicks

B. K. Ahn, J. Y. Youn’ and K. M. Chee

College of Life Sciences and Biotechnology, Korea University,
"Kunkuk University, “CKF

ABSTRACT : Effects of various combinations of corn oil (CO) and perilla oil (PO) as respective dietary sources of w-6
and ©-3 polyunsaturated fatty acids on fatty acid profiles of immune organs were studied in young chicks. Seventy-five
1-day-old male (ISA Brown) chicks were assigned to five treatments with three replications. Semi-purified-type diets containing
glucose and soybean meal as major ingredients were added with 8% CO, 6% CO+2% PO, 4% CO+4% PO, 2% CO+6% PO
and 8% PO and fed for 7 weeks. There were no significant differences in body weight gain, feed intake and relative weights
of liver and immune organs (g/100g body weight) among dietary groups. Dietary fatty acid patterns were generally reflected
in the fatty acid compositions of all immune organs such as spleen, thymus and bursa of Fabricius. The levels of a-linolenic
acid (LNA), eicosapentaenoic acid (EPA) and docosahexaenoic acid in various immune organs increased with increasing levels
of perilla oil in the diets, whilet the levels of linoleic acid (LA) and arachidonic acid (AA) decreased. Thymus appeared to
have capacity to retain remarkably higher (P<0.05) levels of LA and LNA up to 37 and 22%, respectively, compared to the
other organs. Thymic tissue contained -3 fatty acid and -6 fatty acid 10~36 times and 3~35 times higher than the other
organs, respectively. Spleen tissue was specifically higher (P<0.05) in the levels of AA and EPA and the ratios of AA/LA
and EPA/LNA, compared to the other organs, suggesting that the tissue might have high desaturase activity to convert LA
or LNA to AA or EPA, respectively. BSA antibody production tended to increase by 18~32% with higher levels of perilla
oil in diet, although the increase was not statistically significant.

In conclusion, faftty acid compositions of immune organs vary depending on the lipid composition of the diets and each
organ appears to respond differently for its fatty acid profile to dietary lipids. Considering AA and EPA are precursors of
many important eicosanoids, further studies are required to clarify the responses of the immune organs to the dietary fatty
acids.

(Key words: dietary fatty acids, fatty acids in immune organs, w-6/w-3 ratio, perilla oil, chicks)

M 2 boxanes®} 2 eicosancidse] A LM EAM A XAl (cell-me-
diated) B3} A B4 (humoral) B o] 83 24 4L

A dpato] Wod M Fo| ZHE5te] HeIukgd] ke n)R rHKinsella et al, 1990; Fritsche et al., 1991a).
e AL & 43 Utk w6 © 0-3419] trtEzERH o] F 71| Alge] AHARE A oA AJelF, Ayset
“Hpolyunsaturated fatty acid, PUFA)-> AH|WjollA] L= 4 Ao 2 ANE g 7]5& Yl F e, 1 olf= o8
© 2x¢] 71% o]9)¢] progstaglandins, leukotrieneso] L} throm- £ HAFAR st FHEOIA= eicosanoidse] 7]F0] M E A

of A7+ Tty 5E A7) o8 FRHAS.
" To whom correspondence should be addressed : cheekm@korea.ac kr



290 AT 5 4R AW 24

ke ALY Fxe] Aolrt e ABo] ®@r] mEot)
1989). A& E0] w-3 AL Aakel EPA
(eicosapentaenoic acid, C20: 5 @-3)25E FAE = eico-
sanoids= w-6 Al A4kl AA (arachidonic acid, C20:4 o
6)ZRE FAHE RS v inflammation mediator 24
o] 7]%e] Hojzlth oj& xwpite] M uvigo] delx
AAYE = eicosanoids®] £77) 24 A3 A, HEA
o2 A9 He vhgol J&E wa 4= JcKelly, 2001).

SA Wolz] AV WA E(Friedman?} Sklan, 1995;
Fritsche®} Cassity, 1992), AF&+A] (Sijben 5, 2002), Az
(Friedman} Sklan, 1997) % 914 (Calder 9} Grimble, 2002)
NN BXA A HH FFolu 4] H]&o] Al
e} old TR o3 g4 ¥hgo] gabythe Bavl
Ut} o9k o] FH3 AR A ¢-3/w-6 At
H)gol| et A9 whgol Gt & e AL 7o AW
off thgh A wo] Fol|dt Ty ALgA| ke ofn|7}

g AUz F99 AYE do 1 ooz Fe8d
T &L =3k

Fritsche 5(1991b)-2 43 Belz]olA] HdF & A4t &
Az 9] At 24 d) Bl G ZAIEEA Ay 2
2o met A hake] 2447} PUFA &2 o] gt & B
stttk S, obilg, FhEERe) o 58 39
o v, Fd 3 A9 At 240 GERd, B3 o &
o} olulRlf MH o] WPz EPA} DHA (doco-
sahexaenoic acid, C22: 6 ¢-3) g§&Fo] ZA SIEl92S B
Ak o] T 7HA Akt FEFL ofulelf AF oA ofF
ol Hlg) Autel o EHsiih

£ A7l A= Fritsche $(1991b)e] A9} <2t o 4
AAA ] o3 AFR A A 2 0] WA Fe] A kil 24
o mAE FFE 2A=A stch Abrel] Hrbg AWk
FEE G AlA w-3 A FYOE ol o4l £
gluietel] FH3 $-2] XA Be] E4HD JEE
AFE AHHAL 06 A} FYL SFFFE a2
ARSI of T 7ER] Ao A7 &S delsldA AR
W 0-3/w-6 AWA &S Al F o g HatA ot @A
2o @r3lE da2 IvTE, Uiy Y52 ExE gF
uhg AMgEtd ALE 9ge] A AAate2REle IS
#3} stk

(Simopoulos,

AT |

Mz X gy

1. AE MA|, MEHAIR Y SASE

HAPEER 1Y% ISA-Brown $3Ho}] 7548 A&a
th Holele] A&e fAdEe 2sle] 7t vtE g g Wt
Aol BLEE sl SHHe) e A 3uts,
RHE 549 Uspo] wffE]eld Alojx|oll o ofulAl st
APAgE diFy e 42 & ukya(semi-
purified) Al2.$4. 2.0, £5<=f{com oil, CO)2} S F(perilla
oil, POYE Zau| 2 2+2} 83} 0% (CO 8%E), 63} 2%(CO
6%+PO 2%%), 48} 4% (COA%HPO4A%T), 29+ 6% (CO
2%+P0O 6%T), 03} 8% (PO 8%y Arksict.

o] AIBE 1YHFE Y F8 A7 1327 FAE
ok At R o 2hlA | vl gk -F2 NRC 8
T (1994)0]] gt5-o] mjga}ict. 48 ALE2A-& Table 1
Aot gt AF7ITke] AMSHEl e Ayt meroH,
AW LA AAENT AE Algs Ee A
fEA HAES 9k

2. X2 o g

D ARMEZ, BHE, 2 o Hedvln 2
AERAYH AFE B71H0e 2RHA dYER
Aol 22 2 W1 (1, FH, P A sl T
AT, AF 1005 FNH FFo2 Pasial 1)
ok AR A AR 2 S A7) 99 2

A7 -30ToHAN 52 BEHAC

D ok

2) 2| "o AL

AP AR o 2535 Z NiEE R HaA S oD
3l A 34 & A Edted bovine serum albumin (BSA)#
Freund's Adjuvant (complete type)E T3 £ 92 I ml
# B8 290 35} FASIIT (Friedmans} Sklan, 195).
FAL 3 25 s 4R 0] e el AW WelolA @
A& FEal%ar, 8% W anti-BSA antibody o BB =
Bt

A7} AL Leiter 5(1989)9] whdol 9]3tt). Blo-
cking buffer2 1,0008] 3]48l YAH-L BSAE FYs) F
Maxisorp ELISA plateol] 150 p2] 39135t} Washing buffer
2 2~3x}# A2 3 3 peroxidase-labeled rabbit anti-chicken
[gG antibodyZ F<3ke] A 2] anti-BSA antibodys} 2
A1 Y. o-Phenylene- diamine WHg-9-& Fl3lo] HhagA|7]
% A3 anti-BSA antibody] &2 %& ELISA reader 405
nmoll 4] Zgaled A7k epdn,



Chee et al.: Fatty Acid Compositions in Diets and Immune Organs

291

Table 1. Composition of semi-purified type experimental diets to provide various ratios of -3 and «-6 polyunsaturated fatty acids

Ingredients and Dietary groupsl
Nutrient contents CO 8% CO 6%+ CO 4%+ CO 2% PO 8%
PO 2% PO 4% PO 6%
%
Corn oil 8.00 6.00 4.00 2.00 -
Perilla oil - 2.00 4.00 6.00 8.00
Glucose 41.70 41.70 41.70 41.70 41.70
Soybean meal 43.20 43.20 43.20 43.20 43.20
a-Cellulose 191 1.91 191 1.91 1.91
Dicalcium phosphate 1.80 1.80 1.80 1.80 1.80
Limestone 1.00 1.00 1.00 1.00 1.00
NaCl 0.38 0.38 0.38 0.38 0.38
Vitamin mixture’ 0.20 0.20 0.20 0.20 0.20
Mineral mixture’ 1.50 1.50 1.50 1.50 1.50
Choline chloride 0.20 0.20 0.20 0.20 0.20
DL-methionine 0.11 0.11 0.11 0.11 0.11
Total 100 100 100 100 100
Nutrients contents, calculated

AME,  kcal’kg 3,064 3,064 3,064 3,064 3,064
Crude protein, % 19.0 19.0 19.0 19.0 19.0
Linoleic acid, % fatty acid 56.7 45.5 34.4 23.2 12.1
Qi;'g"lemc acid, % fatty 0.4 16.8 33.1 495 65.8

' CO, com oil; PO, perilla oil.

? Vitamin mixture provides the followings per kg of diet: vitamin A, 10,000 IU; vitamin Ds;, 600 IU; vitamin E, 20 mg;
menadione 5 mg; vitamin B;, 100 mg; vitamin B, 16 mg; vitamin Be, 6 mg; vitamin By, 0.02 mg; niacin, 100 mg; Ca-
pantothenate, 20 mg; biotin, 0.6 mg, folic acid, 4 mg; inositol, 100 mg; PABA, 2 mg; vitamin C, 250 mg.

* Mineral mixture provides the followings per kg of diet: K, 2.0 mg; Fe, 80 mg; Zn, 40 mg; Mn, 55 mg, Mg, 600 mg;
Cu, 4.0 mg; I, 0.35 mg; Mo, 3.9 mg; Se 0.1lmg; Co, 0.21 mg; B 1.58 mg.
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Table 2. Effects of diets containing various ratios of -3 and -6 polyunsaturated fatty acids on thymus fatty acid composition

in chicks at 7 wk of age’

Dietary groups

Fatty acids CO 8% CO 6%+ CO 4%+ CO 2% PO 8%
PO 2% PO 4% PO 6%
----------------------- % total fatty acids = --~------meememm-
C14:0 04£0.1° 0.440.1 0.4+0.1 0.4+0.1 0.6+0.5
C16:0 156+04 15.7+0.1 16.1+1.1 15.8+0.6 150412
Cl6:1 -7 0.9+0.3 12404 1240.7 12405 14404
C18:0 83+13 6.5+3.1 8.4+29 9.0+2.4 78%19
Cl18:1 w-9 277417 297412 21.9+9.1 26.6+1.0 30016
C182 -6 37.0+3.9° 31.8+1.7° 251419 20240.3° 13.7+£0.7
C18:3 w-6 0240.1 0240.1 0.2+0.1 0.240.1 0.140.1
Cl183 w-3 0.6+0.1° 55+02° 10.542.6° 163 +4.3° 22.5+4.3°
€20:0 0.340.1 0.240.1 02+0.1 02+0.1 0240.1
C20:1 w-9 0.5+0.1 0.540.1 0.4+0.1 0.4£0.2 0.4+0.1
C20:3 w-6 0.3%0.1 020.1 03£0.2 0.3+0.1 0.240.1
C20:4 w-6 1.6+0.7" 0.8+0.1° L1£0.7° 0.6+03" 03+02°
C20:5 w-3 0.1£0.1° 0240.1% 05+0.2" 0.6+04™ 0.6+0.4°
C22:5 w-3 0.1£0.1° 02+0.1° 0.5+0.3° 0.6£0.2° 0.5£0.2°
C22:6 w-3 0.1£0.1 0.1%0.1 02+0.1 0.140.1 0.1%0.1
Total SFA 250418 228435 254+3.9 25.8+2.9 23.8+3.6
Total MUFA 293420 315414 237494 283+13 32.1+17
Total PUFA 402+3.1 39.1+15 385+3.1 39.0+3.5 38.1+39
Total 6 394+3.1° 331415 268+1.3° 214403 14.54+0.6°
Total w3 0.8+0.1° 6.0+0.3° 11.6+2.0° 17.6+3.8° 237437
w6/ w3 ratio 53.3 5.6 2.3 1.3 0.6
! CO, com oil; PO, perilla oil; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated
fatty acid.

> Mean+SD of three replicates consisting of three birds each.

** Means within each row with no common superscripts differ significantly(P<0.05).
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Table 3. Effects of diets containing various ratios of -3 and w-6 polyunsaturated fatty acids on fatty acid composition in bursa

of Fabricius of chicks at 7 wk of age'

Dietary groups
Fatty acids CO 8% CO 6%+ CO 4%+ CO 2% PO 8%
PO 2% PO 4% PO 6%
---------------------- % total fatty acids = -----------ecr--

C14:0 0.9+0.1° 1.0+0.1 1.0+0.1 09+0.1 0.9+0.1
C16:0 192433 21.0+16 21.0+1.0 19.8+0.5 202403
Cl6:1 -7 43420 35405 3.1+0.6 33+12 2.8+0.7
C18:0 219435 23.842.0 23.7+2.1 21.740.5 241424
Cl81 w-9 11.8+1.1 134424 13.1+1.1 14.740.9 13.6+2.3
C182 w-6 11.9+1.0* 123424 9.140.5 9.0+0.9° 59404
Ci83 w-6 0.1+0.1° 01402 0.6+0.2° 0.4+03" ND
Ci83 @-3 0.5+0.1° 0.8+03% 23+03° 57409 49+1.7
C20:0 03+0.1 0.1£0.1 0.2:+0.1 0.2+0.1 0.2+0.1
C20:1 -9 0.5+0.1 0.5+0.1 04400 04+0.1 0410.1
C20:3 ©-6 0.4+0.1 03+0.1 03+0.1 03+0.1 0.210.1
C20:4 @-6 1.5+0.5 0.9+0.1 0.8+0.3 0.6+03 0.4+03
C20:5 w-3 0.1+0.1 0.2+0.1 0.4+0.1 0.6+0.2 0.7+0.4
C22:5 w-3 0.1£0.1 02+0.1 0.4+0.1 0.6+0.2 0.5+0.2
C22:6 w-3 ND 0.140.1 0.2+0.1 0.2+0.1 0.2£0.1
Total SFA 432+6.6 474429 477426 457406 493430
Total MUFA 167432 177+19 17.5+09 194116 172+1.8
Total PUFA 194+1.7 177£1.6 151405 175412 14.0+4.1
Total w6 17.0+1.5 162+1.7° 125408 11.6+13° 73402
Total w3 22403 1.6+0.7* 26404 59+0.7" 6.6+4.0°
w6/ w3 ratio 7.7 12.3 5.0 2.0 14

! CO, com oil; PO, perilla oil; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated

fatty acid.

? Mean+SD of three replicates consisting of three birds each.

*¢ Means within each row with no common superscripts differ significantly(P<0.05).
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Table 4. Effects of diets containing various ratios of w-3 and w-6 polyunsaturated fatty acids on spleen fatty acid composition in

chicks at 7 wk of agel

Dietary groups
Fatty acids CO 8% CO 6%+ CO 4%+ CO 2% PO 8%
PO 2% PO 4% PO 6%
----------------------- % total fatty acids — -=-------memmm-

C14:0 0.4+0.1° 0.4+0.1 03+0.1 030.1 0.240.1
C16:0 25.543.1 27+13 20.1£3.6 235420 220409
C16:1 -7 02402 0.4+0.1 03+0.1 03+0.1 0.440.1
C18:0 164+1.1 17.8422 157+1.8 179403 18.0+14
Ci81 w-9 15.7+1.4 146+1.1 13.4423 17.0£1.0 173+1.6
Cl182 w-6 177427 15.0£1.6 1434338 146407 9.940.6
C183 w-6 0.1+0.1 0.140.1 08+13 0.120.1 0.9+13
C18:3 -3 0.1+0.1° 1.0+0.4° 0.6+09° 33+1.8° 51405
C20:0 0.140.1 0.140.1 0.1£0.1 0.140.1 0.1%0.1
C20:1 w9 0.1+02 02402 02402 03404 04402
C20:3 w-6 04403 0.6+0.1 0.6+0.1 0.2:£0.4 0.740.1
C20:4 -6 7.940.8 7.0£1.6° 6.7+1.9" 52+1.0% 29404
C20:5 -3 ND 03403 08+0.7° 17404 3.0402°
C22:5 w-3 ND 05405 0.7+0.6" 0.8+0.7° 1.940.2°
C22:6 w-3 ND 03403 03+03 02403 03%0.4
Total SFA 424436 409+32 362454 41.7£19 40.1%23
Total MUFA 159412 154+13 14.0+2.1 17.540.7 18.1+1.8
Total PUFA 26.6+4.0 254444 25.4+35 26.1+3.2 24.6+2.0
Total w6 265439 23243.0° 23.0+5.5° 201 £1.1% 17.7+1.8°
Total @3 0.1£0.1° 22414 24+2.0° 6.0+2.1° 144420
w6/ w3 ratio 186.2 16.1 659 3.6 14

' CO, comn oil; PO, perilla oil; SFA, saturated fatty acid; MUFA, monounsaturated fatty acid; PUFA, polyunsaturated

fatty acid.

> Mean+SD of three replicates consisting of three birds each.

"¢ Means within each row with no common superscripts differ significantly(P<0.05).

otk EARe] AdF el wet dAAs) IRt
P o] AAE 224 (Table 3)i FAdol A<} vp7x| 2
AHT AP 2Ado] 23 A Frkel JEFE viHTH
70 A7t &0l Sl wel LA vj&e] Zasii,
INAgHES Z71819T) (p<0.05). BB -6 R AR H]
< B0 A7t FEe] ol wet gidte 7
At e o By 7] Al 23 ozt
Al Fid9] ©-37] PUFAS] &2 2.2%c0 A 6.6% = AW

o)
%

:.:_%:m[o
o

7

T F7tell 1A

ujge] AHRAE 2 (Table 4)2 FAlolAel npriA =
CO 8%l vig] E7f A7l &0l ot met LA g
o] 17.7%A A 9.9%2 HAH o7 ZHAd = Ado] 29
t}h wiHo] LNA &3 vl &2 E70F 7ol wat 0059
A 5.08%= Z7FIAA EARFE 6% o % H7He Ad ol
A §<lgt zlo]7t GERGTHp<0.05). LAY thARFESQ! AA
o & CO 8% ol 78 Wsta whdel S74% 43



Chee et al. : Fatty Acid Compositions in Diets and Immune Organs 295

huf

o

o] BolXHA M} HAadtth IHLNAZYE FAH
v A4 DHAE A|ej gt EPA9F DPA ko] E70+3
b &S Skl whib o] Eolxe o] TAEHLH
Table 59X o5 Al 7K AG7|# ) F8 A4t
24 vwatlt). ANtH o g Wz nel £ Xy

Ake] ghekol A AW, FUE AlEe] EX IR
A &= elongation?} desaturation =+ H =7} o} & Z o g2 Vet
Wt FAZF ) A9 LA (13.7-37%) 2 LNA(0.6~22.5%)
o] o] & A KBt A8 wekon, 433 BE A
HhHke] 2/do] 2 BkdE] 1 Ik ANkR ez 2 LA,

5

il

N

Table 5. Effects of diets containing various ratios of -3 and -6 polyunsaturated fatty acids on composition of major fatty acids in

immune organs of chicks at 7 wk of age'

Dietary groups
Fatty acids CO 8% CO 6%+ CO 4%+ CO 2% PO 8%
PO 2% PO 4% PO 6%
----------------------- % total fatty acids = ---------emereeem
Linoleic acid (C18:2 ¢-6)

Thymus 370+39° 318417 25.1+1.9° 202403 13.7+0.7
Spleen 17.7+2.7 15.0£1.6 143+3.8 14.6+0.7 9.94+0.6
Bursa 11.9+1.0° 123424 9.1+0.5 9.0+0.9 59+04°

w-Linolenic acid (C18:3 ©-3)
Thymus 0.6+0.1° 55+402° 10.5+2.6° 16.3+4.3° 25443
Spleen 0.1£0.1° 1.04+04" 06409 33+1.8° 51+05°
Bursa 0.540.1° 0.84+03" 23403 57409 49+1.7

Arachidonic acid (C20:4 «-6)
Thymus 1.6+0.7° 0.8+0.1" 1L1+0.7* 0.6+0.3° 03402
Spleen 79408 70+16" 6.7£19% 52410 29404
Bursa 15+0.5 0.9+0.1 08403 0.6+0.3 04403

EPA (C20:5 ¢-3)

Thymus 0.1£0.1° 0.240.1" 0.540.2" 0.6+0.4 0.6+0.4°
Spleen - 03+03° 0.840.7° 1.7404° 3.0£02°
Bursa 0.140.1 02+0.1 042+0.1 0.6+0.2 0.7+0.4

Arachidonic acid/Linoleic acid
Thymus 0.04 0.02 0.04 0.03 0.02
Spleen 045 0.47 047 035 0.29
Bursa 0.12 0.07 0.09 0.07 0.06

EPA/ w-Linolenic acid

Thymus 0.10 0.03 0.04 0.03 0.03
Spleen - 031 1.26 0.50 0.58
Bursa 0.12 021 0.16 0.11 0.15

' €O, com oil; PO, perilla oil; EPA, eicosapentaenoic acid.
*Mean=SD of three replicates consisting of three birds each.

* Means within each row with no common superscripts differ significantly (P<0.05).
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Table 6. Effects of diets containing various ratios of w-3 and -6 polyunsaturated fatty acids on anti-BSA antibody production in

chicks at 4 and 6 wk of age’

Dietary groups
Age CO 8% CO 6%+ CO 4%+ CO 2%+ PO 8%
PO 2% PO 4% PO 6%
4wk, Ags nm 1.0620.11 1.0240.20 12340.14 1.08+0.24 1.25+0.14
% of control 100 9% 116 102 118
6 wk, Aws nm 0.89+0.15 0.94+0.18 1.0240.15 1.0740.12 1174025
% of control 100 106 115 120 132

' €O, com oil; PO, perilla oil.
Mean+SD of 7 birds.
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