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Changes of Fatty Acid Compositions in Brain Phospholipids of
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ABSTRACT

This study was to investigate the effects of dietary linoleic acid(18:2w6,LA) and alpha-linol -
enic acid(18:3w3, a-LNA) levels on brain development and fatty acid compositions of various
lipid classes in the chicken embryo brain tissues. Thirty two ISA Brown layers, 52 weeks-old,
were divided into four groups. Birds of each group were given corn-soybean meal based diets
added with 1) safflower oil 8%, 2) safflower oil 6% + perilla oil 2%, 3) safflower oil 2% +
perilla oil 6%, or 4) perilla oil 8%. After 15 days fed the diets, the layers were artificially
inseminated to obtain fertile eggs. During the incubation, embryonic brains were sampled at
15th and 21st days. Fatty acid contents were quantitated by using heptadecanoic acid (17:0)
as an internal standard. No significant differences in brain weight and in contents of various
lipids such as phospholipid, triglyceride, cholesterol, cholesterol ester and free fatty acid in the
tissues were found among the dietary groups (P<0.05). The ratios of AA/LA in the brain lipid
classes were lowered as the dietary levels of perilla oil were increased. Higher LA was found in
phosphatidylcholine(PC) than arachidonic acid (20:4w6, AA), meanwhile the level of LA was
less than AA in phosphatidylethanclamine(PE). Docosahexaenoic acid(22:6w3, DHA) was the
major fatty acid in the tissue and its content in PE was 2.5~3 times higher than in PC. DHA
level in the phospholipid reached at a peak (1.7~1.8 mg/brain) in dietary groups added with
6% or 8% perilla oil, suggesting that no more increase in that fatty acid level in the brain
tissue could be obtained by consuming more ¢-LNA, the major precursor of DHA.
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Table 1. Diet Formulation

Ingredients %
oil! 8.0
Corn, yellow 44.0
Soybean meal 20.0
Wheat bran 16.7
Calcium phosphate, dibasic 1.0
Limestone 9.5
Vit.-min. premix® 0.2
Choline chloride® 0.1
NaCl 0.3
DL-methionine® 0.3
Total 100.0

Calculated values
Crude protein, % 14.99
Metabolizable energy, kcal/g 2.92

! Stabilized by adding BHT at 0.0125% of added oils.
Treatment 1: safflower oil 8%
Treatment 2: safflower oil 6% + perilla oil 2%
Treatment 3: safflower oil 2% + perilla oil 6%
Treatment 4: perilla oil 8%

% Vitamin and mineral premix supplied followings per kg diet: vit. A 40 IU, vit. D3 10 IU, vit. E 60 IU, vit. K3 8
mg, vit. Bz 1 mg, vit. Be 120 zg, vit. Bi2 3.2 mg, vit. C 4 mg, pantothenic acid 1.2 mg, niacin 3.2 mg, Fe 6 mg,

Mn 10 mg, Cu 1 mg, 1 120 ug, Zn 4 mg.
8 Koking Korea Co., purity 50%,

ddxgs 3 S5, g5 2718 AT
2 st FEAR vgRl F9EL NRC
(1984) 87%E T8 F U=EE Aok
(Table 1). @719 ¥3}5(safflower oil)$} €7
fr(perilla oil) GECZ L ¥l 8% +F
o= HrlslA 4714 HEle] APAtaE WEUT
e 1& 34T 8% (SOT), He 2& £3h
6% +EMN5 2% (SO+POT), A7 3& %3
2%+E7M 6% (PO+S0T), A& 4= &7
9 8% (POT) FEoz Hrlelde. Zakzle
2 2 AHdE Aol Hrkg ARt J1EE o
% B33 A FFF 0-3 AN g b &
& Ao A8 0, 17, 48 € 62%7F HA.
22 uFgAE 489 S5y A o &
HEAA -3 APIF vEL oleh ZHEpxA
AABANANE 7188 o) 42 1.6, 174, 45 &
64.7%7F ATk AZIA AHER F3R9 EAR

(o]
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(e}
Eis

o] At 2442 Table 20149 2,

23 ALATY AFE ASAM FLEA
I, EMGE A4dEeE AH AR Aot
ColEE AYR olfe IR LAY ol
80%° 778 HAEZ L& Wb -3 AWAlo]
AF glon, EAfe A&7 FM «-37L,
53] o-LNASY @] 60% o2 717 B
7] WEolc}. o] FriA| Atgdg AP &R
st AIRW -3 Ao §FH &S dske
ZAT + Ut

AParae AT FFo) 8%U HE AW AR
o2 A WA E s FEA (butylated hy-
droxy toluene)& H7FA¥9] 0.0125% FF2-
Arketg o, wia AN wigtsled -20TCe Y%
310l BASFHA Fosldn).

APAE FAF 154ARE wF 23] AF5FF S
AN e ®3r) JdEd AR
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Table 2. Fatty acid compositions of fat sources added to diets
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Fatty acids

Safflower oil*

Perilla oil*

14:0 0.08 £ 0.0° ND?
14:1w5 ND ND
16:0 5.45 + 0.0 6.39 ¢ 0.2
16:1 T ND ND
16:1w7 0.13 + 0.0 0.17 £+ 0.1
18:0 5.84 + 0.1 1.84 1 0.1
18:109 8.60 ¢ 0.2 17.47 + 0.6
18:20w6 7765+ 1.1 18.61 ¢ 0.3
18:306 0.16 £ 0.0 ND
18:303 ND 54.94 + 1.6
20:0 ND 0.19 ¢+ 0.0
20:1w9 0.33 £ 0.0 0.23:0.1
20:2w9 ND ND
20:3w6 ND ND
20:4w6 0.18 + 0.1 ND
20:5w3 ND ND
22:0 ND ND
22:1w9 ND ND
22:6w3 ND ND
24:0 ND ND
24:6w9 ND ND
Totalw3 ND 58.94 + 1.6
Total w6 77.99 + 1.0 18.61 + 0.3
Total w9 8.931 0.2 17.69 + 0.5
SFaA* 11.87 + 0.1 842+ 0.2
MUFA?® 9.06 + 0.2 17.86 + 0.5
PUFA® 77.99 £ 1.0 7755+ 1.9

! Cheil Foods & Chemicals Inc.,(Seoul).

% Mean * SD.

3 Not detected.

* Saturated fatty acids.

® Monounsaturated fatty acids.

® Polyunsaturated fatty acids.

A 7ol FRBe ARz 2 FIg
HFe] 2E, FEE BE 2 wt ¥
t} (North 1978, 283 1988).

F3k 7A 15, 17, 199 2 2194 43 HA
HE71E AHS3ld §at A 3T ot Aol

UES FAT F 7T AP 448 M=, SPAA

~20C ¥zl Yol ¥FAHY. H AEE ¥3
159% ¥ AAT ol o vo] o ¥ 2o
o2 HEYs) FEY & & A= 30 9F
olt}.
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&, 4% 5% 3o o] dataw FNEFES
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N, 7k} $45 XA FAE AU Hz3F 9
224& Hera®t Radin ¥ (19749)& ¥A¥g
Fletcher %(1984)2] *gell €]3)] hexane} iso -
prophyl alcohol® &3t}

%% % A1AoA Thin layer chromatogra -
phyZ <A|ZA(PL)# cholestrol ester, choleste -
rol, free fatty acids, triglyceride & ¥&ls}
93 (Christie 1989), PL22%¥] t}A] subcla -
ss?l PC ¥ PEE Easigch. ol A su-
bclasss= EFEEA (TLC-reference standard, 18
-5-A, NU-CHEK-PREP,Inc.)& o] A7
gelstd. TLC plated A3 1x AAdA=
diethyl ether:petroleum ether:acetic acid®
20:80:1(v/v/v)&l Hl&Z EIF AL o]&3lo
PLE Ealsidzm, 23 AeA AR &)
chloroform:methanol :acetic acid:water (100:
75:7:4)% ol&3la] PCS} PEE &3t o]
2A g AL 10% FAEHCZ charring®
% TLC Scanner (Shimadzu CS-9000)Z 540
nmelA] scanning 3t th.

Atg 2z QA AkE FEEAE] A
Lepagest Roy(1989)¢] ®H-E& WA CheeT
(1990)¢] ol <98l A|EE methylationAF
o}, FID7} #A ¥ Shimadzu GC-9A gas liquid
chromatography®l 50m#Z°]9 fused silica cap
illary column(0.25 mm L[.D., 0.25 u film
thickness)ol carrier gas® He& Al&siod]
initial temperature 90C. final temperature
220CE programdld #4353t} Internal sta-
ndard2 heptadecanoic acid(17:0)& A183
Al 7z Ak ddiEg S & A4F
o] »E 4g ZAA= One Way Analysis of
Variance®l 98] £ 24t 2 H@E &
o]4734L Duncan’s Multiple Range Testel

ogtd AAEYer RE Ay 5% FIAA H]
252} Steel and Torrie, 1960).

4

B3z B2t wiRle] HEAeh HzAe FAA
kel HEE Table 3904 He uieh Zo 53}
154939 mizlelA Ho FAle ZE Aol
0.34~0.43g I3, 1997 7x)9] Aleld|
o F oule) BAR FUkech F3 1949389 o
27 FAe 2Ad219#)d B8 85~95%¢l
=gsiach. $8de] ¥ H FAw 0.85~0.87
g FFo Antdoz n) ¢ H=3Ath Ho FA
t 4 s dEHdA At felg Aozt B
o]x] Yt

deo] 2xAFe BE A oA Tt
uwet F71sRs Aol FIisiden, F3 159%
(9.4~11.7 g)oll v&ll AU (39~43g)ol= 44
7i7kel Z71BlAed F3F 15YelA 179 Aleld
Aoz 71 & Wiyt dojwnt. HxF e A
whslako] Zylele AL 27 o) 7A F/HET ohy
2 A B0t S7HE e vz vIQ1gth &% 7
gkl HzAe] FAEET HE 2.6%14
4.8% FFo2 Z715I9tHTable 3). 9 FA
ko u W F= G HelEgtel fold Apolzt
ek, ol 2 AL HZ5(1992)9] Al
Az AT

Mzl FAEAF oY AA FTFH
Table 4°lA¢} 2ch. §3} 154A19] HzAd &
e A9 64%7}) AAAolH, 1 thEed ¥
& Aol FH2HE (21~27%)F ZHZHE o
2E(CE, 8~11%)tt. A% %L 0.5%
ulgtola, FEASARE Al UehA 3ttt
olge] FFe HIAYT 3l HYF o)} A
o 2% 21479 HiRMe dAE e ¥
7} Qe whd ZY2HE 520t 27%004 22%
SFoz A 20% TAsNn, ZYzEHE =
H 5% nlIRR 20~40% AU o
o fAWY FE7F BAF FrlEl 5~8% F
Fo2 JEistoy, ST FFS R3] Avry

e



36 A 5 Az AAAe] A 24

Table 3. Change of brain Weight and total lipid contents of embryo brains during incubation

Chick Diets containing
embryo
incubation so! SO+PO! PO+50* PO!
Days = memmmmmmmmmmmeeo o Brain weight, g
15 0.42:0.08?2 0.43:0.07 0.39:0.10 0.34:0.05
17 0.76£0.03 0.62:0.10 0.69:0.04 0.7520.10
19 0.74+0.16 0.82:0.04 0.810.03 0.87+0.04
21 0.87:0.04 0.87+0.05 0.87+0.03 0.85:0.02
————————————————— Brain total lipids, mg/brain ————----——=--———
15 9.38+1.08 11.67+1.18 9.38:2.07 10.38£2.36
17 24.38+2.07 22.5023.06 23.13+2.07 24.38:4.10
19 37.50+2.50 37.50£3.95 36.67+£3.12 33.75¢1.25
21 43.1314.80 41.25¢3.75 41.67+3.12 39.17+3.12
-------------------- Brain total lipids, % ----——-—--———————————-
15 2.26:0.21 2.79+0.37 2.49t1.06 3.0420.48
17 3.23t0.41 3.64:0.30 3.36:0.56 3.22:0.17
19 3.65:0.33 4.58+0.27 4.79:0.75 3.88:0.19
21 5.03:0.93 4.71+0.13 4.69+0.23

' SO = 8% safflower oil
SO + PO = 6% safflower oil + 2% perilla oil
PO + SO = 6% perilla oil + 2% safflower oil
PO = 8% perilla oil

4.70:0.28

2 Mean+SD. Means of 4 embryos. No significant differences were observed among dietary groups in all rows

(P>0.05).

o u$ vujsAT. A4 A 7 AAE
ZoN EAHZ FoJF Aol YT

3 1598 se o) H2y XA 2 pC
o} PES] A4t ZAL Table 59149} 2t} %91

A2e] LASH a-LNA F32 H2)F3lel 88 2ol

7F Sk 28y AA BEE SOFH SO+POT
< B3 £ v SARe AvlyFe) Be
dETeg 4945 1 w57 @A pFisio
EPA &#e JAdz EMA7 ol H7te 43
TUTE Fste Aol FR6% 2, DHAE SO
=i folEiA ¥g B SO+POFE, PO+SOT 2
POTAME SOFY 4ulu e B2 34 A
2 H&g FEE BHT (P<0.05). Mukdoz
DHARES EPAEZ ®la] 15~384] 3oz

e wgtow, S7hfe WAool Be AyTds

. 5 DHA/EPAH]€°] 38, 26 2 15 (SO+PO,

PO+80, POT9] €)2 Yolxle Aot}
QAAZF PCE FAAAWN Aate] 40~60%
€ A3 PE (10~30%) ®la] dA3) o] B
Aok FAAA vizs SAAA R w-649D
A LA/AAS] ¥l ge] FAAAME 0.3
~1.0572Udl Hg] PColMe 2.0~5.028 AP
A AAte] FF Hlgol o Erhe Holth w-3
ABelMe 583 2 Ao Holx] gsirt
PES] AE 24e PCell vl o2} AWAE o
Hla n27 225 IUch. PEW LA AA9)
Hl&2 0.5~0.724 FRIAAojA g v|£3 AP
< E3Ith. DHASH EPARS ¥1&2 10~25 A%
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Table 4. Lipid class distribution in total lipid of embryonic brains during incubation®
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Diets containing

Embryo Lipid
incubation classes® s0° SO + PO’ PO + 80O° PO’
Days 0 —mmmmmmmmmmm———em——————oeo % e mmmmmmm——m e —mm—em
15 PL 64.1+2.2 64.2+1.4 63.6:1.6 64.4t5.43
CL 27.3:0.5 27.9¢2.0 25.2:1.5 21.0¢2.1
FFA ND* ND ND ND
TG ND ND 0.3:0.4 0.5:0.7
CE 8.6:2.7 7.913.2 11.0:1.8 8.216.8
21 PL 67.1¢1.9 64.4:2.9 64.4+1.3 64.4¢1.5
"CL 22.30.9 22.7¢3.0 21.2:0.3 21.9¢1.0
FFA 5.40.6 7.1¢1.0 7.7:0.5 6.2:1.7
TG 0.2:0.2 0.1:0.2 ND 0.1£0.2
CE 4.7:0.8 5.3t1.2 0.2:0.9 0.4:0.5
UN® 0.3:0.2 0.4:0.4 0.2:0.2 ND

! Means of 3 embryonic brains, expressed as mean + SD.

2 PL = phospholipid, CL = cholesterol, FFA = free fatty acids,

TG = triglyceride, CE = cholesterol ester.
% Refer to Table 3.
4 ND = not detected.
5 UN = unknown.’

2 DHA##o] ggton o|x dA] & Q1A|Z A
o] ¥]&F vl AgolUnt.

B3} 219% F wAde] iz H2AY F A
A At g3 PC ¥ PEY AHME @S
Table 69l 2® wle} @t} ojme] wHZAY A
WAl g wlab 1597 o] W) HRtgoez 6
~7d o BolHth F A LA #Fe AA
Hog APFI H|g FEOIUTH 2B AA
e SOT vl POTol #stA o AHIJS
M (P<0.05), SO+P0Os} PO+SOTL L &3t
olit}. «-LNASH EPA %2 E70471 ©l Bel
7l AFTYFE ¢ BoAle Aoy 1
ke vu)F sFoldek. e vs) DHA &2
AqH ez AA F7IIYARE SOTRE 430 pg
o E3s) i APzl vsl 1/2 WA 1/49) &
o2 o)§ AHck o7 F83 AL PO+SOE
3} PO2] DHA%Ze] A3 zol7t gided, ©

£ POTH o] E7if 4%l o guin 3
A PO+S02d wa =37 XA DHAY
o] A& © BolAle Aol ofla, o= dFFE
(1,590~1,760 wpg)ol =8t © ol Z78A
oskthe Aotk AA w-3 At FFE ol9)
2L AL HYD, F 0-6 A FFe olg
w2 BRG] A7l $Eol FMEel wat Hx)
7t

PCU AA At Bz wfzte] veld] =
AAE FIT. LA AAEHS ALY SR
9] H7KpFol EoldFE AR e APl FHE
FaL. AA/LA ¥IE€E "RIIXZ 48T <Ad=
84, 60, 58, 32%= Az FAsAt WEd «
-LNAS} EPASES 9 i wW&ko g A& &
7¥ste Al 28y PCY DHAE 2 %
o] 714 HE SOTE Adta thE Al ddTel
e felsid E2(P<0.05) 69~75 pg M9l
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Table 5. Major fatty acid composition of the embryonic brains at 15th day of incubation

Diets containing

Fatty acids
in lipid 0% SO + PO! PO + SO PO
classes

——————————————————————————— Hg/brain ———----==-=———-——m———m
Total phospholipids
C18:2w6 58.4248.242 77.92¢17.402 67.11:12.612 53.41:4.082
C18:3w3 1.3:1.84 ND 4.98:1.68 2.44+1.73
C20:4w6 160.90+2.57* 155.87+29.44° 123.95+49.36%° 66.96+12.62°
C20:5w3 ND 6.03:1.71° 8.01£1.91% 11.50+1.84°
C22:6w3 52.95+5.66° 233.93:19.05 212.16+87.20° 173.45¢44.10°
Total 3 54.255.56° 239.97+19.98" 225.15+89.81° 187.38+44.18"
Total w6 236.37+11.86° 258.42+46.11° 215.16+69.45% 133.09¢8.79°
Total w9 322.96:2.58 361.27+51.51 355.19:108.36 274.57+50.37
Phosphatidylcholine
C18:2w6 25.26+7.65 38.76+9.06 40.29:5.27 32.45:11.56
C18:3w3 ND ND 1.63:0.75 ND
C20:4w6 11.815.37 8.67:2.15 15.59+1.24 6.21+2.68
C20:5w3 ND ND 1.62£0.75 ND
C22:6w3 1.12+0.33 6.55:4.23 9.97+1.35 3.87+0.70
Total w3 1.12+0.33 6.55:4.23 13.22:2.84 3.87+0.70
Total w6 37.63£13.57 53.82¢12.02 59.20+7.01 38.71+14.24
Total w9 297.82+71.64 362.00£38.00 387.94:168.43 248.69:54.13

Phosphatidylethanolamine

C18:206 6.06:0.45 12.79:4.90 12.57+5.56 7.67+0.77
C18:3w3 0.30£0.30 1.72:0.28 1.81:1.20 0.28:0.28

C20:406 8.25+4.72 28.42:2.78 23.90:12.05 16.01:2.46
C20:5w3 0.33:0.33 1.70:0.03 1.99:0.84 4.04+2.21

C22:6w3 2.83:2.33 35.05+1.34 48.68+30.70 45.22:24.40
Total w3 3.46+2.96° 38.47+1.59° 52.47+32.74° 49.53:26.34°
Total w6 18.27+6.90° 47.20+1.55° 42.31:23.03° 28.9416.33%
Total w9 35.99:10.69 88.28+46.00 60.01:32.05 48.35:14.69

! Refer to Table 3.

% Means of 3 embryonic brains, expressed as mean = SD.

ab 5005,

A LAY $2E FAAAT. F 0-3AWN TR

tHl, % 06 AW T
FRSAT. F 0-9 APV
e WA 482 f@ Aol7t feict.

PES] AA At F= 1543 9) izl H]s)
5~108) & 3718kt PCollA ¢ upil7kr 2 At
W S7F H7bol Bold+E LAY AATHE @
A3 Aastgict. 22y PColM< @2] AA 7F LA
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Table 6. Major fatty acid compositions of the embryonic brains at 21st day of incubation

Fatty acids Dietary groups
121;;2155 So! SO + PO! PO + SO PO!
————————————————————————— T T R —

Total phospholipids

C18:2w6 353.92+37.332
C18:3w3 3.85t5.45°
C20:406 852.69:105.14°
C20:5w03 ND
C22:6w3 430.81+134.01°
Total w3 434.67+136.40°
Total 6 1236.78+108.90
Total w9 1964.81+64.29%
Phosphatidylcholine

C18:206 184.21426.86™
C18:3w3 2.50:2.11°
C20:4w6 156.28+21.56°
C20:5w3 ND
C22:6w3 46.75+6.73°
Total w3 49.24+4.83°
Total w6 358.41+45.56a
Total @9 1477.10£419.72
Phosphatidylethanolamine
C18:2w6 64.5615.64%
C18:3w3 7.39+1.08°
C20:406 340.555.73°
C20:5w3 9.92:2.69
C22:6w3 160.12¢19.91°
Totalw3 177.44£19.49*
Total w6 418.75+4.68*
Total @9 355.23:25.18

360.41¢34.152
3.72+2.69°
697.89:53.71%°
10.03+2.06°
1012.16:23.00%
1025.91:22.62°
1111.17+88.86
1747.85:64.68°

200.77+13.71°
2.61:0.02°
121.53:2.10°
1.41:2.00°
70.98:8.59°
75.00£10.59°
334.80+13.15°
1621.41:407.30

69.66£15.25°
5.63+1.32%
265.17+40.46°
9.52:2.05
363.84:84.00°
378.99:84.78°
349.59:50.93
321.93:32.42

326.82+30.352
14.99:2.93%
755.85:146.27%°
25.11£20.22°
1759.94+251.90°
1800.04:234.16°
1160.67+195.29
2226.47+207.55°

151.03+12.39°
5.29:+1.36%
87.05:8.77°
3.59+2.89%
74.98+11.66°
83.86115.89"
254.93+22.37°
2108.14:112.35

46.08+6.46"
5.760.64%
141.83£29.44°
8.76+3.87
179.79:69.26
194.30£72.26°
200.24+36.99°
313.12+12.90

331.94+27.39*
24.56:8.62"
547.26+126.38°
68.98:16.48"
1588.66:471.94
1682.19:493.21°
941.11+170.65
2205.37+109.58°

147.18t4.76°
8.01:0.89°
47.66£1.59*
7.14:0.68°
68.909.31°
84.05:8.96°
212.4046.40°
2208.95:227 .68

38.5616.88°
© 4.71:0.57°
90.84128.42°
16.01£2.93
163.24t45.09°
183.96:45.69°
141.40+36.31°
329.72+22.28

! Refer to Table 3

% Means of 3 embryonic brains, expressed as Mean * SD.
“* Means in the same row without common superscripts differ significantly (P<0.05)
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