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Frederick 237 5 RO IREHEE & INE RS
B oB#EMZL2BEL T 5. Feldman? i2f
%, BIRFOARHEIRE DS 21T - T hatch HRTIX
cholesterol esters HEL { FRET 52BN T
3. Sgoutas® M ¥ Nakamura' ZFidt 3 3fFD
M EASEOBRASI B O ZAL 2 B0 K okl
BT CEREPITL>TVW5. X Moore® F ¥ Nob-
le® ZRIBROEERERLEE Y T BuRZ,EE
ROF 2L T 5.

EEZIAMBL S L REDOHBED hatch B H
51H, 2H, 48, 7BRCISHOIHA®EAT
2L biiL, FHIEE, vV o EERFEZOLLOM
SEEEOEHR CEEF21T->T, BEBREL
OEEICDOWTER AT

EBRMHRURRAE

1. %R

B L 7k % hatch EHED & 4R EEE
B (LA 4hEER) 2BV TEHEBE L. hatch E#, 1
A%, 284, 48%, TESRCIBHSO%E%
ZI5PFE L — 7 VR L DR L, L{EMELD
ThbTa0bItH%2E b L. B5RTIFE,
WEBNREK Tk, BEGEL TORERIC
it .

HARRF I L T, #920/5E D CHCl,—MeOH

(211, V/V) #2A, BRIEKT=73F 972
2= 5 —TEELaB Lot ET> 2. ¥4 B
Fic & b st % 38k L, i CHCL,—MeOHD
AER2MARR T KAHL 21T 5. AROL %R
A 53TC TRt EERS " EHERIIFET
Ty aZNEL — 4~ CEHBICES L CEEL,
Folch BEBHE® it L 2 3EEFIC L » THE LK
B (total lipid) %1§1:.

0. AEIEERYY CIRESE

KB L 72 total lipid # Van Beer DT ARE
BREY 1T - THHERE (neutral lipid) By
> B88 (phospholipid) iZ53E L 12. 72 b total
lipid ®#I500mg % benzene-petroleum ether (1
19, V/V) i220mg/mlic/s B X 5 ISR L, BEXE
LIza v K — aERANTIERORERICH LT
BB CASEEBET Uiz, MKIT neutral lipid
M IZ phospholipid L FEINBD T, Zh ZNHEFR
HEY 5.

M. B2 o~ +r7357 4 (TLC) itd 2 #57E MK
UERE

Neutral lipid i Silica gel G-TLC L -+ %
A4, n-hexan-aceton-acetic acid (89 :11:3,V/V)
B C—R TR 21T - 12, Zh ZHE#HBEODRE
& i X% Liebermann—Bruchard FIGETH R
Foy NORERT-T. 22Xy FAKRKBOIH
ICi320% H, SO, K »"EEZEL, 1207C 2 ~ 3 BERY 3k
U1z. ZD 7 — k% Atago Densito-Master Oz-
umor- 8 ILTHEIEL, HAX» POFDRLEHL
iz.

Phospholipid $ ®i2 b Silica gel G-TLC Fv
—h AV, ~RTEHEHOHEIE CHCls—MeOH-
H,0(70 : 25 : 4,V/V) i TEBAL, Nynhidrin %,
Dragendorff ¥ ¢¢ Dittmer fEICTFta X 1380
WIE & Ri% il U TRE 21T - 1o TR 5
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&3 FERRAB I T—RTEITV, i CHCI,-Me-
OH-7N NH,OH (60:35: 5, V/V) K TZRTE
B%iT-1. RERRICTERARX Y b BEALIZE
THEE L b, Allen HD Kates X AEHEYTY v
ER2IT->TERIOEBIRLEH LI
V. fsiBD A=z e<= 457 ¢+ (GLC)
Neutral lipid 5 ¢¥ phospholipid ®10mg% F \»
HEIEE ~ 4 / — VT T interesterification %
T-7. Bont 5B F LT R F VIZASH R
o235 7K3 (RFBHEHE, 2mD10% pol-
ydiethylene glycol succinate on diasolid L& 5
L, #7LBEEI93C, F » V) 7 — H R IEN, T30ml/
min) I THH L] ZAEBETRRIOEIRER
B U X ARG 12 Kates & Baxter Mt
B eEB U™

£ R K H

1. FEERUIEEIIDW\T

Hatch H#%, 188, 288, 488, 7THEX
CISHB ¢ B 3 10KELBNER (B8
g2) oKk %PETHIL, Table TiZ/RUTZ. hatch
#1EMice 3 3 0ERIIRDT 3 »HERRELD
THCERLLEREMT 3. 2 30EBERNT S
FEE0F G127 BT CIIBML TV 321884

TABLE [

122 DEIE B LTI,

Zh 5 BEFHDIF % CHCl,-MeOH THIHL TH
1z total lipid R *Z 1% E L THEL: neutral li-
pid A2 ¥ phospholipid D3 EIfE 2 HAE TR LIz
@5 Table 1 Té 5. total lipid i& hatch % %%
Wb LTuvva. X neutral lipid & phospholipid
D& 3HE 2R LI2HE, hatch B, 90%
& - 12 neutral lipid I8 HIT/2 % &£37.7% iTH,
L, M phospholipid iZ10% D & D H562.3% & ¥
fEiIEmL, ZohRIEPET IER 2B,
BE—EEDFY b @ neutral lipid A& I* phosph-
olipid DN EDOHB % Fig. 1. IWRLIZ. T4
D5 neutral lipid IZH2E 2Lz ->TRER
B> % 7R U 12 53, phospholipid (3287 2 Rd
T ElEELI.

. HHEREEOBEREIICNT

Neutral lipid @945 *EREIZ—GT Silica g-
el G-TLCiz X -12. neutral lipid OF BRI
cholesterol esters, cholesterol Bz ¥ glycerides
(mono, di K triglycerides) TH-12. Zh b
BRAD neutral lipid HTH» 58| &5DEFEIL
& Table MiZ/R L 7. cholesterol esters i hatch
B, ¥B0%LLEEDTHY, THSE CIEHEER
-1z HI8AES TRIKEA U25% & 72 512, cho-

AVERAGE WEIGHT OF CHICKEN AND THOSE LIVERS AT VARIOUS STAGES OF GRCWTH

Age of chicken

1 2
(days) 0 »4 7 18
Chicken weight 47.59 43.1 44,25 44.8 60.5 128.3
(g)
Liver wet
) 1.04 1.15 1.09 1.42 2.09 3.13
weight (g)
Percentage of
liver (%) 2.19 2.68 2.46 3.17 3.46 2.4
TABLE 1

THE PERCENTAGE OF TOTAL LIPID, NEUTRAL LIPID AND
PHOSPHOLIPID OF LIVER AT VARIOUS STAGES OF GROWTH

Age Liver dry Total lipid Neutral lipid Phospholipid

weight (mg) % in the dry matter % in the total lipid

0 360.0 37.4 90.0 10.0

1 360. 0 38.5 83.3 16.7

2 406. 6 32.6 83.2 16.8

4 486.6 32.3 83.9 16.1

7 673.3 21.2 78.9 21.1
18 946.6 12.9 37.7 62.3
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TABLE [

COMPOSITION OF NEUTRAL LIPID OF CHICKEN LIVER AT DIFFERENT

STAGES OF MATURITY

Results are expressed as percentage in the neutral lipid.

Age - (days) 0 11 2 4 7 18
Cholesterol esters 59.8 64.7 62.4 51.6 51.0 25.3
Cholesterol 29.2 24,9 23.8 24.7 19.3 17. 4
Monoglycerides 3.4 3.1 4.6 5.4 6.8 10.5
Diglycerides 7.6 7.3 9.2 8.3 10.1 25,2
Triglycerides trace trace trace 11.5 12,9 18.0
Free fatty acid trace trace trace trace trace 3.5
400 r

300

200

NEUTRAL LIPID

.
100 PHOSPHOLIPID

mg NEUTRAL LIPID AND PHOSPHOLIPID / g OF DRY LIVER

012 4 7 18
DAYS AFTER HATCH

Fig.1. Contents of neutral lipid and phospholipid
in liver as function of maturity

lesterol & hatch [EH#%, 29.2% 5% T\ 12 § O
B2 D U, 18RS CILT. 4% 1078 1. glyce-
rides ZBEL TIZ LE2D cholesterol esters KX
cholesterol & {Xi¥ficH 28 5 1> CiIL .
LNHBEDO—EFERY b DR ROBERYE
{t#Fig. 2icE &b, FHBAD neutral lipid
ixFig, 1 TRUTZE ST, BT 3 itit - TERE
R T 5. 2heRELTHEDRSIKE
VI A H % D3, T cholestero]l esters & ¥ ch-

~
(=3
o

— -
(=] o
(=] (=)

2
o

mg OF LIPID / g OF LIVER DRY WEIGHT

o2 4 7 18
DAYS AFTER HATCH
Fig.2. Quantitative distribution of the neutral
lipid classes of chicken liver at different

stages of maturity
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: Cholesterol esters
¢ Cholesterol

¢ Triglycerides

* Diglycerides

¢ Monoglycerides

¢ Free fatty acid

olesterol i3MRIfG/2H/%27~"d. L L monoglyc-
erides B {fdiglycerides I3E» LT 2D AHT
9B L 25, Wiriglycerides DA id hatch [HE
BELBDLNLD ST 6D, 4~ 7 BSE—6
MicEELZ0%e sHWA L.
I. Y vBEEOBREDICTONT

Phospholipid DR E—RTTRFZIT Si-
lica gel G-TLC TRBEAL, AE%2{T->1. 20k
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TABLE N

COMPOSITION OF PHOSPHOLIPID OF CHICKEN LIVER AT DIFFERENT

STAGES OF MATURITY

Results are expressed as percentage in the phospholipid.

<<\\\~Agggig“ 0 1 2 4 7 18
Phosphatidylcholine 40.9 43.5 4.2 441 32.6 949
Phosphatidyl-

ethanolamine 28.6 26.1 26,2 27.3 26.7 33.7
Cardiolipin
' -2 : : .2 22.2
Phosphatidylserine 8.9 7 5.0 6.6 7
plus phosphatidyl- 13.4 13.7 143 139 s s
inositol
Unknown 8.3 9.5 10.3 8.1 16.2 8.4

&, FFEica N 5 phospholipid iX phosphatid-
yleholin, phosphatidylethanolamine, cardiolipin
phosphatidylserin, phosphatidylinositol Xz OF K%
#78 (sphingomyelin B Flyso K& EZ 5B %215
TW3) TH-12. Ch G BRODERELEEY &~

FREHIC D 3RS THELIOPTable NTH 3.

phosphatidylcholin i& hatch H# Ci3F d L HE
PEDEIBATHEIPBERE->THD2RUIL. X
phosphatidylethanolamine 2% B4\ T20~30
%% b, ZOEEIHE HKEL P12, cer-
diolipin % hatch H#8.9% D b DT L A EEE)
b - Tohs, 18AS TIRBEICIEML22.2%ic7s
-7z,

L% VIEERSO—EFEREY h OENE
DEEE LT Fig. 3icE & iz, phospholipid I&
Fig. 1 T2 M FHIEL 2L, > #EmL
Ttz UIzh-> T S DRSS & ZEfic e
PEMTAEETH-12. EHEINSDIL cardio-
lipin A% hatch EH&ICHE~ISAS CIdHiEcish,
phosphatidylethanolamine 1&2. S{EFEE ICHEINT %
DEAEDI.

V. BHEIEERT) B OB HEAR

Neutral lipid OHRASHEEER (trace BD §
DITBEL) & C 14 : 0 (myristic acid),C16 : 0

(palmitic acid), C16 : 1 (palmitoleic acid),
C18 : 0 (stearic acid),C18 : 1 (oleic acid),
C18 : 2 (linoleic acid) K&7*C20
donic acid) X bk H, TN HDESTD neutral
lipid A CA®» 2HEDERNIZEILIE Table VITR
Uiz, 2BB%2BLEDZNEDIECI8 : 1 TH-
tz. 2 MC18 : 13 hatch E#» &5EHMIZ50~60
%% 5D THBBIEZNDBTHES»S&IEP L, 18

: 4 (arachi-

BSTI329.3% & 7212, ZHICRLTCI6 : 04
Cl18 : 1t -~THROHTESHLBHEL, 20% LU
iU, X, 185 TICI4 10, C18 : 0K
UC18 : 2HIBINL TV 2R 2B,

T 5 BERAEE AR S O TABEFNASASEE D 5 A &l
4% Kates & Baxter OFEY CHRELIZE T A,
4 AL £ Tl 0 A THRA EXENL 2 > 1205 %
NUBIBAWET T 2@ 2 R

Phospholipid D% A A5 BGEEMEAE (Table VI) §
Cl4 : 0 (myristic acid),C16 : 0 (palmitic ac-
id), C16 : 1 (palmitoleic acid), C18 : 0 (ste-
aric acid) , C18 : 1 (oleic acid) , C18 : 2
(linoleic acid) B XC20 : 4 (arachidonic acid)
& neutral lipid @Zzh e 2{@ALThH-1. 1
UZ ORHIEIER LR ) BEDE N AOER
ﬁu%?:o,cw:o&UCm:zﬁ%n%nﬁ

PE

20
PC
CL

10 ¢
PS+P1

UNKNOUWN

mg OF LIPID / g OF LIVER DRY WEIGHT

012 18

4 7
DAYS AFTER HATCH

Fig.3. Quantitative distribution of the phosphelipid
classes of chicken liver at different stages
of maturity.
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TABLE V

FATTY ACID COMPOSITION OF THE NEUTRAL LIPID ISOLATED FROM
THE CHICKEN LIVER AT VARIOUS STAGES OF GROWTH

Days after hatch

Acid 0 1 2 4 7 18
1:0 16.8 110 14.6 6.9 6.3 15.0
16: 0 6.2 4.7 5.1 8.9 25,5 22.3
16: 1 2.3 2.2 2.3 2.9 8.3 3.8
18: 0 48 3.5 3.6 7.0 6.5 10.5
18: 1 55,2 66. 8 62. 1 58. 8 44,2 29.3
18: 2 1.9 10.2 10.7 1.8 5.4 16.6
20 4 2.8 1.6 1.6 3.7 38 2.5
* A, mole 104 1.02 0.99 1.15 0. 94 0. 86

Data are expressed as percentages of the total acids.
% Calculated thus | A/ mole= 1 x(% monoene/100)+ 2 x (%diene/100)
+ 4 x{% tetraene/100)

TABLE V]

FATTY ACID COMPOSITION OF THE PHOSPHOLIPID ISOLATED FROM
THE CHICKEN LIVER AT VARIOUS STAGES OF GROWTH

Days after hatch

Acid
0 1 2 4 7 18
14:0 3.8 2.6 2.3 2.4 2.4 4.1
16: 0 23.6 21,1 22.7 20.9 45.0 49.0
16:1 0.7 0.7 1.0 1.9 5.8 1.6
18: 0 23.7 17.6 15.7 12.5 21.7 29.7
18:1 9.2 9.9 7.9 11.6 16.8 9.6
18: 2 21.2 25.3 26.2 30.5 5.1 6.1
20: 4 17.3 22.3 23.6 19.7 3.2 trace
* A_~mole 1.91 2.40 2.50 2.32 0.58 0.23

Data are expressed as percentages of the total acids.
* Calculated thus | &/ mole=1x(% monoene/100)+ 2 x (% diene/100)
+ 4 x(% tetraene/100)

208 % 25T, ZD55C16:0i34 8BS %
TETHLRHBCHBML, 18ES Tid 2ED49% 1T
EUtz. C18:031B5~4 B50MicE»ICHE
D¢ A0RFHIZ. C18 : 213C16 : 0 & IITLHD
HE 2R, 4 BSLUBBHICED L5 %&/8-
1z. hatch EEDLHBEITEHNTC20 : 4 H520%Fili%
FAET AEid neutral lipid iIKBIF 5 Z2h & idk
KRB HTH-12. LHLC2 : 4127 HEU
BRIFEALED N RCEBEICED LIz
FEIFAE B sy L& 2 A, C18 : 2 ROt
C20 : 4 OHBHPREHELT, 1~-4HSTIR
2.0l EOEERRU 205, Z DEEBTET 2R U
TI8AH T120.23 & 72 b REJFNFRRSEE 2B T 72
(gt

£ £3

T TRGR TR REHORERM Ick T
AEBEEHOLE » @A ERSICOVTETLL B
BLIPIIFRAERE S . EFBIZZDSiIEon
T hatch %> 5188 iCH 3 IERE#OIFIC>NTH
HLU, SBEL0EL, FlAILENERPREME
YRR OE LR OB A O FRERHgEL 120
ZATERZIT-1LLDTHB.

Z bz R\ RS T2, TRRORE
126115 b DIZZDFIMBZ N 29013 52 FAEINAHS
e it > THEIRHFIC phosphatidylcholin % pho-
sphatidylethanolamine HS1EMIL, triglyceridesid
trace B THADILL T cholesterol esters 3
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ERCERLTRI|ME I END .

B DFT- 12 REBRRIE T hatch HEROHF T3
total lipid Bi3308( % L FERICH L D5, Th 5B
%D Noble ® Moore OEENS L IERICL { —F
LZhsRFR>hTESLTIEL.
neutral lipid A ¢* phospholipid ~®D 7 EEER D
R & B TZOAEST X neutral lipid £ h7g3
S DTHbY, neutral lipid BEBILH>N TRBIC
BWOLTITL T E MR -1 T/4DE hatch BTt
II¥ Z Dfbd 6 DHEDREE 2 KE|IFE & L THRESIC
A DbA3bDOTYHLRCNOBERICLZ DT
»H355. ChitRLUTHBERES T2 ) v RE
RIZBEELZ A {E» BT 20ATH 5.

Neutral lipid OIS ERS PR ZvDid ch-
olesterol esters, T& » hatch E#i350% LI L7
FELTWVAMNINIE Wood® DERE T 4 IFED ne-
utral lipid b cholesterol esters 1390%LL L% 5
¥, Zhbs hatch BEOERICZOT SKEINT
WEETHEHEL I —H,TA. O cholesterol
esters PEBUHL EPREZCLIZLOWEL X
{ —F4 5 H3¥'3 cholesterol BEEZDERTIX
BB 28 2RERET, Wood” OEE LR
Z2ORAROEBVICLZEDEEALLNS. trigly-
cerides i hatch BE#iIc2£{ BH o520 (IIFD
1%UTEET50ATH3) »2 BHED» M
U —BIZ { > T Z DL L T—ERICHE
BN, Thid#H LORRIIBIGT 5 12 H—Bic
BinL, JASLzgic LT st EA 6N Y

Phospholipid OB TCIXZ DAk & LTid Sg-
outas? DMEL I —HT 26D TH5H, ZOR
HAOD % B BT DV TR 1T L1873\ O THBE
H3E7zh> - 12. B4 3T phospholipid ZMEICE
WTIRMBEER T b2 K 7EOFERS TH
BRHREFICE b/s-> THEMICS KRS BES 2R
SRVOBYREEZELONS. I3 b2 FY 7
[Eic D AFET % cardiolipin A3 hatch HED b4
MUY, 18BESTREIC6ET 5 DI3, HilR
DHE, RBFIRE 25T ha L FY TOEEIL
ADEEALNS.

IS D RERiEE T OBENIFER LS <, neutral
lipid % 7¥ phospholipid Xi2Zh 6D MBI TH
BLT, 2hZhOBmAsEICoLTid Noble
Sgoutas? ® Nakamura® EO®REMSHB. Thb
DA, RIERF IZDNTORE & Lk U 72384, neutral
lipid, phospholipid 3£ ICFE A HE AR D FE By O0 4L AR 3

REMNIRECADBLLE > TV BRERE. 1012
VES PRESRE 2 O TRICERSE 2 Dk 4R e
=A5. ‘

Neutral lipid D fatty acid $85% ¢, Nakamura®
LRRZEDEFN 2 LCUM 1 0 $30.4%,C16 : 0
%528.3%, C16 : 154.2%,C18 : 0 237.4%,C18
:1452.6%, C18 : 2 $33.3% M FC18 : 3 $33.8
% LTS BRBERELTVABC Y : 0BREDA
TOEOMER L hatch EED D E X L LT
5.

Phospholipid 2351} % fatty acid R TR H
quamura"%;biﬂﬂﬁlcot‘fﬁﬁ% LTW5.
Cla:00.5%,C16 : 0440.1%,C16 : 1 H31.8
%, C18 : 0#4520.7%, C18 : 1 »32.6%, RUC
18 : 2H%4.7% &FH A DA LIZ hatch HEDD D
BRERZOBEEBISELULTWE. —Hhs
fatty acid HIROFEBITE 7252 E LTid No-
ble® EMEITIT» TV AEET, REDHOFIX
IIFEOMBEE R & 1T TV 508, FEHE
I D WTARERNAERSE D LSO T 5 L %
BEL TV 3, EESD hatch BOFEBILED LS
L 2B U 123 Rk b RESRAEIE I LT
740, COREKRIMELRAS.

% @

Bl & & L REOHE#D hatch B> 51 H,
20, 48, TARCIBEHSORE2RBATH 2
hHHL, FHEREE (neutral lipid), Y »BEE (ph-
ospholipid) R *%h & OMDEISE DEMR OFE
BN eiT-T, REAREL OBIEISNWTEES
mare.

1. hatch % 1BMice 2 3aDERIIRL T 5 055F
EERWRIEMT 5. BIEHE (total lipid) i3 ne-

-utral lipid Bz 7* phospholipid T& b, neutral I-

ipid 1$H 282 10> TR 2R U 1Y, ph-
ospholipid BB EALZRTC & BB LI.
2. neutral lipid ®FEK S 12 cholesterol este-
rs, cholesterol ¥ glycerides (mono, di R T¥
triglycerides) Td b cholesterol esters K ch
olesterol X hatch HE HIz-Th LRI LI,
glycerides iZ cholesterol esters Bz Tfcholeste-
rol iz B 283 e EIML L.

3. phospholipid it phosphatidylcholin, phosp-
hatidylethanolamine, cardiolipin, phosphatid-
ylserine, phosphatidylinositol & OREI¥HE C &
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b, ThoidEBRELELLZ S BNMOER 2R
L7:. {BL, cardiolipin ®#A»318 HS Ti hatch
EEOHEIK2BL L 2EDI.

4. neutral lipid OWAISRFEEAR DR T, &8
BB U THEHIZODIZC18 : 1 (oleic acid) T
HEVRELEL LB T H. HicC16 : 0 (pal-
mitic acid) K FC18 : 0 (stearic acid) DEIM
Belilkiz B 2% 5 i eV EioEm 2R U 1.

X

5. phospholipid O AER5EEMAR & neutral lipid @
2hELLEETH - 1255, EkEid hatch B T
C16 : 0,C18 : 0 /&% 7*C20 : 4 (arachidonic acid)
DIBOEDMBERITH-T2. ZORREFICL S
7t>TC16 : 0 AME L 12, X hatch HHED LT
BWTC20 : 455F { FET 5 T & i neutral lipid
ERARWICER IR TH T,
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Alteration of the Lipid Composition in the White Leghorn
Chicken Liver at Various Stages of Growth

By
Kazuya AKATSUKA, Tieko TAKATSU,
Yasuhiro KANEMASA and Jutaro TAWARA

Department of Microbiology,
Okayama University Medical School

The effects of growth on the lipid composition of liver fromthe white leghorn were studied.
The studies were designed to determine liver dry weight, per cent total lipid, per cent neutral
lipid, per cent phospholipid, neutral lipid class composition, phospholipid class composition and
fatty acid composition at 0, 1, 2, 4, 7 and 18 days after hatch.

1. Neutral lipid content abruptly decreased but phospholipid slightly increased with ages
after hatch.

2. Neutral lipid was fractionated further into cholesterol esters, cholesterol and mono-,di
and triglycerides. The chicken just after hatch showed considerably high levels of cholesterol es-
ters and cholesterol which decreased dramatically with growth, while it showed low level of gi-
ycerides which increased slightly.

3. Phospholipid was composed of phosphatidylcholine, phosphatidylethanolamine, cardiolipin,
phosphatidylserine and phosphatidylinositol. Cardiolipin and phosphatidylethanolamine increased al-
ong with growth while hardly and difference could be seen in the composition of phosphatidylch-
oline, phosphatidylserine and phosphatidylinositol.

4. The principal fatty acids of neutral lipid as well as of phospholipid were myristic, pa-
Imitic, palmitoleic, stearic, oleic, linoleic and arachidonic acids. The unsaturation degree of fa-
tty acids constituting both lipids were found to be decreased with growth. The greater part of the
decrease in unsaturation degree of neutral lipid could be accounted for by the decrease in oleic
and the increase in palmitic acid.

The decrease in unsaturation of phospholipid was mainly due to the decrease in arachidonic ac-
id.



