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ABSTRACT

Effects of dietary protein sources and their amino acid compositions on the liver and plasma
cholesterol levels in growing Single Comb White Leghorn male chicks were studied. A diet
containing isolated soy protein (21% cp) was supplemented with 0.5% DL-methionine and 0.3%
L-glycine, and another diet containing casein(21% cp) was supplemented with 1.5% L-~arginine
HCl, 0.4% DL-methionine, and 1.0% L-glycine. Plasma cholesterol level was markedly lower in
groups force-fed the diets containing either soy protein or casein supplemented with amino acids
compared to those found in birds fed corresponding diets without amino acids supplementation.
The cholesterol lowering effect of the casein diet, when balanced with various supplemental
amino acids appeared to be due to arginine instead of methionine or glycine. It is likely that
amino acid balance rather than the composition of a specific amino acid is one of the major
factors determining the effect of dietary protein sources on the blood cholesterol levels in chicks.
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ozl 24 steroid ®wlAdZe] G 130
o ZY2HE P 4TS nRtke FHo|1,
E7, 9% 9¥A9] hypocholesterolemic o=
thyroid E22(T4)el FH|E ZAAFIo2H of
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8 Kritchevsky(1979)9} Czarnecki®} Kri-

tchevsky(1979)= ©Hd JYU  arginine:
lysine ®]&<] Abo] (diF <#d, 1.13:1: ca-
sein, 0.49:1)7F 89 ZH2EHE FFo 3¢S
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Table 1. Composition of diets (Experiments 1 & 2)

Soy protein diets

Casein diets

+1.5% Arginine

+0.5% Methionine ) +0.4% Methionine
Ingredients + None +0.3% Glycine + None +1.0% Glycine
%

Isolated soy protein' 25.0 24.0
Casein® - - 25.0 22.0
DL-methionine® - 0.5 - 04
L-glycine® - 0.3 - 1.0
L-arginine HCP® - - - 1.5
Glucose® 61.6 61.8 61.6 61.7
Choline chloride® 0.2 0.2 0.2 0.2
Corn oil® 4.0 4.0 4.0 4.0
a-Cellulose® 3.0 3.0 3.0 3.0
Mineral mixture® 6.0 6.0 6.0 6.0
Vitamin mixture’ 0.2 0.2 0.2 0.2

100.0 100.0 100.0 100.0

! Supra 620, Ralston Purina Co.{St. Louis).

2 New Zealand Dairy Board, Wellington, N. Z.
% sigma Chemical Co.(Seoul).

4 Mi-won Co.(Seoul).

® Sam-yang Co.(Seoul).

6 The mixture provides followings per kg of diet : Ca 9.0 g, P5.5 g, K 2.0 g. Na 1.5 g, Mn 55 mg,
Mg 600 mg, Fe 80 mg, Cu 4 mg, Zn 40 mg, 1 0.35 mg, Se 0.1 mg, Co 0.21 mg and B 1.58 mg.

" The mixture provides followings per kg of diet :

vit. A acetate, 10,000 IU: vit. D3, 600 1U:

alpha-tocopheryl acetate, 20 mg: menadione, 5 mg: thiamin HCIl, 100 mg: riboflavin, 16 mg:
pyridoxine HCI,6.0 mg: Ca-pantothenate, 20 mg: niacin, 100 mg: biotin, 0.6 mg: folic acid,
4 mg: vit. B2, 0.02mg: inositol, 100 mg: PABA, 2 mg: and ascorbic acid, 250 mg.

o oR&A Jehds (Chandler ¥, 1979) £
319] F2A Al ZHA|Fol7t 471 Wil el
A7t o AAF FE modelolgtn HEEHA7] o
Folt},

1) &8 1 XRFAZTHOM AlREYED} Of
o|-gtel BE0{7} MW FHAEHE =0l 0/l
= &3

o] A¥e AH-F4e ZANAM Guld FUH o}
At BEFAZ AU ZE2EE FE0 vAe
Gag BA3NY] Aot AAstATh AlrEAE F
goz 7149 (New Zealand Dairy Board,
New Zealand)® F#AE T @A (isolated
soyprotein, Purina Co.) %H& AME-31HA ZH

Ee B2R¥E opeabd Hrletd ojm|xAte] #

ot

2E ¢E A 2R YL EYuiEe] A& Hn
PaA 4709 Hel7E v dF 99 Als
ol DL-methionine 0.5%% L-glycine 0.3%
A& 7Rl L-arginine HCl 1.5%, DL-
methionine 0.4%, L-glycine 1.0%%& Z4Z #
7} 859t} (Table 1). L-arginine HCl2] 7}
2 A /¥ arginine® lysined] ¥ &&
NRC(1994)°14 9] 87 v]&(1.0:0.85) Y|
HEE 37 9% Aotk DL-methionine®
glycine®] #H7he ofnlxAte] 87%E THEr] 9
3 ok olnlicite] Hrlke T @¥AF st
A& FHH 2 x| s °]-‘7‘—°1351‘3} Ate gl
#E3 oA L 7et JFLFEEFS NRC(1994)
870 FEZHEE AT

AAlge] §e3lE FYo2 ITHFAY X
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Table 2. Composition of diets (Experiment 3)

Soy protein diets

Casein diets

+1.13% +1.5%
Lysine Arginine
+0.5% +0.5% +0.4% +0.4%
Methionine  Methionine Methionine  Methionine
Ingredients + None Efiﬁfﬁ E}Ll(;c??e +None élly}g?e élly'c??e
%
Isolated soy protein’ 25.0 24.0 23.0 - - -
Casein® - - - 25.0 23.5 22.0
DL-methionine’ - 0.5 0.5 - 0.4 0.4
L-glycine® - - 0.3 0.3 - 1.0 1.0
L-arginine HC!® - - - - - 1.5
L-lysine® - - 1.1 - -
Glucose® 61.6 61.8 61.7 61.6 61.7 61.7
Choline chloride® 0.2 0.2 0.2 0.2 0.2 0.2
Corn oil® 4.0 4.0 4.0 4.0 4.0 4.0
a -Cellulose® 3.0 3.0 3.0 3.0 3.0 3.0
Mineral mixture® 6.0 6.0 6.0 6.0 6.0 6.0
Vitamine mixture’ 0.2 0.2 0.2 0.2 0.2 0.2
100.0 100.0 100.0 100.0 100.0 100.0

"7 Refer to Table 1.

=9), 5 At F9o2 Ser)E a8
a-cellulose(Sigma Chemical Co.)5& A3}
o ZFA|X}1E.(purified diet)E THERTH A& o}
=AHES Sigma A AFECIUCE ©)E AR
£ o9d8Y HaE AT 10897 FEok(HE
FehelAl 1697F F<(ad-libitum feeding)
s, 2 A Fel 3wEg Fn wEY g

nheld wlR|slic) |

2) A8 2. 5L AIRE ZHZ0A| AIZEHY
23 olojzAtel BEZ0I} MU BHAHE ~F
0l 0|X= =31}

AR 20X ZAlgo] dhiel o3 A1 A}
23 33 T2 AlE(Table 1)& Fostnct. 43
HolE|g9] A|Fo] FL3IA7] wlEol FolFolA
AL zlo]& T4 ¥t A FoAd &L A

fr FAZAAL AR HHFE 71F8 ol 1Y
382 urol MY 4R Azt (oA 94, 2F 1
Al & gADel FAsdT ZAlFole Leung &
(1968)¢] WHE AMgsle HAEP o 50ml &
gt2g FAPd ulg] s 2 dT G AR
& Y3 ARFAS 22 2y E(1:1)& FA)
kel Esk] & 3T o FAPI 12 cm
=9 polyethylene tubeZ HZA3l Holzo
& (crop)dll AR FYHAT. AR FAHE 4
A7 AF Uk wet 1Y 10 g¥E 22 ¢
7 g FReH 7|15 19 HE F9%FE g
2l 17.5golUch. AE 1ore} o] Ty
H2E A% 1293 F3Holelg 4 AT 105
A w5l 13U AA3ATH

3) &# 3: HSEHEEG lysine 25807} |
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Table 3. Effects of feeding diets containing soy protein or casein, both supplemented with
or without amino acids on body weight gain., feed intake, liver weight and levels
of cholesterol, triglyceride, total lipids in liver and plasma of chicks fed ad

libitum (Experiment 1)°.

Soy protein diets

Casein diets

+1.5% Arginine

9 9
h;géfli/;nine I:-/I:e)tﬁi/gnine Standard
Items + None ggj:i + None ;&3:{; error
Body weight gain, g/bird 23.08° 98.17° 33.80° 139.87° 7.60
Feed intake, g/bird 115.0 257.4 187.2 281.7 11.9
Feed/Gain 4.98 2.62 5.54 2.01 0.35
Liver
Weight, g/100 g body weight 3.07 4.29 4.22 3.56 0.37
Cholesterol, mg/g tissue 4.21 4.40 4.09 4.54 0.15
Triglyceride, mg/g tissue 23.52 22.79 35.80 28.05 3.42
Total lipids. % 5.16° 5.89% 7.61° 7.29° 0.56
Plasma, mg/100 ml
Cholesterol 204.1% - 228 4% 2738.2° 200.0° 14.5
Triglyceride 416.62 414.25 478.93 430.58 24.07

! Initial average body weight per bird was 65.7 g

for 15 days.

* 1.2(SD). Mean values of 6 birds fed diets

*“Means with a common letter are not significantly different (P<0.05).

W S AEE E0) 0lxl= &=t

AE 32 4F 29 278 & 94 o ol AE
7] A% Ae®  JA AAFe] Wyez AAE
Act. AFEHALE A lysine-arginine Z&2
4 AHE s 3t A = v 2
9] lysine/arginine ¥]&°] SHEZE lysine
(1.13%)& #A7beich =8 kAol methi-
onine, glycine, arginine® F7}s9S W Yel
@ K ZE2EE mE &7 methioninedt
glycine W&<1A], R arginine A7l 2%
lysine-arginine Z¥389] H#x &3 wEz 2
7] A8 FHAIAY) arginine® A€1¥ methi-

onine(0.4%)3 glycine (1.0%) € A7 &L
Ztzte] iF SlAn FEAQIT EIAA At
At} (Table 2).

olu:x4k2 NRC(1984) 87%E 25T 4 ¢
=& uFd9ArE DL-methionine 0.5 %,
L-glycine 0.3%%} DL-methionine 0.5%, L-
glycine 0.3%, L-lysine 1.13%% 42+ 7181
or, JHAQYlE DL-methionine 0.4%, L-
glycine 1.0%$% DL-methionine 0.4%. L-
glycine 1.0%, L-arginine 1.5%%& zzt 37}
sttt BE oluiqle] Al 52 AF 204
% vRR7ERZ2 NRC(1984) L3 @izl A
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olt, Z} op|:Ate] Hrle dF “HiAD AU
< FHHE Uil ZE ALEY @A FEol
2% 3t olE AIRE Ui WA #H1E A
29} 238 He syoldAl 149zt FAlFs
Row, Z AMeld 1294 wiR)EHT. Al Eol
e A9 2049 BTt

ZE AN "HolglgL FiAlde] HAJYE
o] A batteryld AHSHAR, AH AR} A
7R AlE AARE AR Foslgen B2 ¢
AEA tHREE Sk Y AlR F99d 64
AR AR F AAER S S5 4
A8 T A¥ A AFo] 7hed Hls=sHA skl
}.

AREET Yolelg “HEAI7A &2 dH=E 4
olX dAE R F potassium oxalate N
€ AME (Y 1 cc? 1 mg ¥E) 8k 8 g1
g A3ty EH(plasma)e EeEATt AFZ
o o8 AL F 1 23S AFEe FF
< 93 843 go] 20T H#AsE. |

AL A OERY F 1~2g= AFHsHA
Folch 5(1957)e] Whddl ol&] A F2319
. o] F&8doz e XA, FH2HEHR F
AAAE 2Nt M e £ ZdsHESR
FAAEE 2T & FHAEES ferric
chloride-acetic acid A (ZlatkisT, 1953)°l
o3l Mo, F4AHL Neri®t Frings
o] ¥hH(1973) 2 At 3 239 FAA
ZFL Folchs(1957)9] Wil sl A=A
RE datax one way analysis®l] 93] #4HE4
F Tukey's testoll & 2] HaAe] fefA A
& AT Steel Torrie, 1960).

g 3 nE

1) A8 1: XNIFIAZ2H0M AlRCHYE o}
Djzdel 2EZ0{7} AU ZAHE =0 0Ix|
= &u

4% 19 A= Table 39 Yeht st diF
Sl ds} FAQ Algel op|matE: b ¥E

$ ZAgol HaF 30 g =l H[F, ofr|xAd
A7V E 44 100 g 2 140 g A=/ =HA
ol At Hrle] T b Hig| dAS] & F
AE JEIYTHP<0.05). A5 AF%ES opuxit
A7ko] 100~140 g& © AFHsld AlRa8TE
(Feed/Gain)® 5.0~5.5 F&F4 2.0~2.6 F
Foz AXMIAT. ol Z wEd ofuxitg
A7lsle] 259 79 LS o 4FET AR
g mxle 27t Adi@ds LT, olHE
@odo] BEY At AFdAlzm Foist A3
S v & 9eg A 4 AUt

g Fe 2 E FFL opr|xAt FHIRIET
718 vag w oF dfdFo] FAITET F<)
A o %z (P<0.05), olnlxitel Myt A+
e F @l AR Fl Aolrt gt ohv
Aol Artads ARz 53] @A e
U gy FH2EHE $FS 37%Y IA A
Zth. Kritchevsky (1979)%} Czarnecki®t Kri-
tchevsky(1979) 2 arginine:lysine?] H|&©]
5 Ao g FHA oM s o}
A (ST 0.95: FHAQL, 0.41), o]Ae] 7}
AQ AHA g ZAHE TFE mol: FQ
Aloleta AAPor diF Tde] o Fex
HE At Ede= 5 otnlx=AH(lysine)d H7t
o 98 Zaldcin 2SR At

Jarowski®} Pytelewski(1975)% lysined] 4
A7t Ao migipiE $xe] Y FH 2 HE TF
€ ¥FAda ek a8y Nagata 5(1981)
2 HolAH REF D] lysined AHrisled olm]
wAkel #8E 4EAFIAY, FHAIdel arginined
A7Vete] lysine:arginine Bl&E JjAXEle Y
Zel2ElE Il v olE wlE 29 5d
of W3yt gk &%tk Nagata$(1981)&
H 23 AE AHEE T2 A7AEe] Hael Hold
E AMES B AT ATl Aol AMEE A¥E
9] FH7E vEded  Zkikictm AzpEch
NRC(1978)o14 435 Fe  arginine®
lysine87%F 81§ (0.60: 0.70%)& Holzle] N
RC(1984) 7% H]&(1.00:0.85%)° Hl&] ¢
@] W&, el feldt Aojrt gllm, B4
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AdgEFe Az el FANT] B AF
& Bglov #AF #Fe Aole BolA &gk,
olulicatel H7lE T wld AlRE ot 2R
v A8 By a2y R E2X2 8
& FQEo] UF BMATd vlg dA8 o B
tom (P<0.05), @Al ofulicate] H7h H3ke B
o]A] ettt

2) M8 2 SOl AIRE LNMZAI AlZEMY
A 3} olojcAle] BEZ0ITL ALY SHAEE +F
ol o|xle &3t

A9 2¢] A3H= Table 49) BoiZm glon 7z
AgEEE 49710E Azt AL A AY F
A A& o A}o]7} AATHTable 4). ZAFol
of o8] AtE AHBS FA & A S opuwat
o] FHo] o]2)A AlRE AT ¥ AZF
Z7}eko) ¥ Egkow, FHAQlel obulwAke Hvkst
A ge ARE FAF wolge) AL AFe] uh)
A2 ¢ o] A Z7IA ok AW
ZHAAL THF FAA Fao| A Z7HEA
W Eolo} FhAQlEAA ofulxeit 2te) Al A
& (Kritchevsky, 1979)el 2lg wula tixle)
oz Bl YT Hoz PP 7ol
arginineS #A7}sle] lysinedte] Z3=HEE oW
& AS Wolglgl g ol TS Be £
o2 32 YrH(Table 4).

Py Ze2HE FTL oAt H7KEA
e A% U MATo] FAITRY o Weke
. o] £ A¥Fe Zeyl2HES e ofmwat A
2Ed) Hl& GJaA o EH(Table 4). 89
ule) FAAA 2 AR opul it M7t
A @& Algzo] the AgTol wls) @A) &3k
THP<0.05). o] ZE|2EE $5 Y P~
HE sa Ao gA1e A% BAw, W &
AL UF Ay FAAATNN EF opnlx
2 @rhgo] Bz wla) 1 gl ARE #
gtor 11 EIE AAAZOM W% T3
AN XA gEe oluled TasbEslel ¥lm
3 2w spclEo] F wulAFo) us) @3
H mgtou} ofmwile Hrld FoEM WE @

WATI v FEeF Rolrt (Table 4).

FAele T wldd] ulg 219l methi-
onine2 ¥&sta 9ot (NRC, 1984) ©] I+
g olpxAate T 7ix] SllEFANA BT A%
olm]=Ato] 7] W &Eo] Hamilton¥} Caroll (1976),
Gattist Sirtori(1977). Kim 5(1978)2 2oy
methionine ¥#<] te]7} 9 cholesterol ¥F
d mxe 9% 2AKY £, Kim $(1978)
£ 5 @ldd DL-methionines F7l8l= 21
ol dol do FYAEE At Aivt GEAA &
gitta glom, ¥ Hagemeister 5(1990)°vt
Sugiyama$(1987)2 ZZ miniature pigyt F
At methionine, cyst(e)ined] H7Vt 8% &
g2eE FFe Atk Bastdrt. W
Hamilton® Caroll(1976), Gatti®} Sirtori
(1977 & W5 2] methio nined 7}
g3 ZY2HES £ I F7HEG U
B AZoA ZAFeld o8 AlsAdHRS U
7l @ 7% methionine A7+2z FH712 B
go| Hjsgigen, ol 5 FEHERFS o
=l A + methionine@ol A FoldtA WttHp<
0.05).

Kritchevsky(1979)¢+ Czarnecki®t Kritche-
vsky(1979)& arginine:lysine®] H|&o] ¥ &
BAgME B2 AL @A E Yobx (W
Lol 0.95: 7HAIQL, 0.41), olFe] A A
AN g FY2HE FFE Bole F2 ol
3 AR T wide] Y FY 2 E A3}
EE ERY olulxAH(lysine)el FH7lol @ 2
sigckn AE8AAY. Jarowski®t Pytelewski
(1975)% lysine®l A7t FA<+ HiathimiE 4
o ¥ 2Y2HE FFE AU UG 2
21} Nagata 5(1981)& F oA oiF THZd
lysine& F7iste] olmjizite) @3 G3AFIA
1}, FHAIQlel arginine® 718t lysine:argi-
nine Hl€< AME ¥ FzEE T T
AE ol wMd Hajo] Azl Hiprl A
s9th.  Nagata$(1981)% H|EF FHE AR
T2 dAEe 2as #olglg e & dF
Aztele] Aoy AMEF APEES] FHVL HEH
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o 71Q1%ctn Azt NRC(1978)914 35
1 F9 arginine® lysineS7%F H®l& (0.60:
0.70%)< #olgle]l NRC(1984) S87%F v&
(1.00:0.85%)°l Hl&) ©] @7] wjiol, Thr| Hat
A arginine® 87% H]&o°] lysined] ¥3] 2o
22 He T olmigte] Azt galda Holg
Ho} duElx] Ealtin He o] st #d
2=

£ A% 2 (Table 4)°lA W% d@AFF opr]
ot B JriEzre) 89 SH2HE
HE2 1.4 : 191 v, FHARITIM= 1.6 © 1
oltt, o] A= FHAIRIZNA S lysinearginine
Zgztgo] dF whelzFoA methionine AH
A=rt riXe dFgET o AsA e FAG
Y ZY2HE Tl T2 VA & UFS
AATE 2o

3) &l8 3 ISEHYE| lysine 258071 A
W FYAEE =0 0|Xl= &0}

Ad 39 ZA#E Table 59 FE=eo] glod,
AF /M T dNAdEY FHI 2olM B
F AR oeAbe BE & Fol felsill &%
. FHAAFNA = methionine, glycine, argi-
nine< F7lElE d¥To] EA3 FA vebscHP
<0.05). oAt BHINE 729 vladAe 4
29 Aee 2 uF 2udLY AFFIPL
o EFReU(P<0.05), ole AFe] H=d Y
A% 4E5ES AHEEEdE Bt 27 o
E 713t AEgEEC] RAxlE NAE Ao]dA
2= 232 A7 e FAe JA 574
7} olv|xAt3 methionine, glycine®& 713l
T AE8TAA 7P AR, olvwit At
ol Ael7} gt

o Ze 2687 $AF FFL A +
T30l =43 methionine, glycine W& 3
71t oA dAF E%hoern(P<0.05), tFe
Axd e atol7t gisdth. P SR AR X
2 #F A opnlxAt 27} FHAIEH methi-
onine, glycine¥+& H718lE ol arginine &7}t
oo B A3 o @kew (P<0.05), hF &

WA ZA e 227t 2Fo)7b it

b A 3eAe] dwtAl AL oyt
FH7ke7E vl & o dgEFgego] A
ol vls) e FAZ W3, S iU E
davgs $4AA, FAATF T2 ©Wke,
olu|:=4t Ayt A3te diF S@NATELD FRQdE
oA Y53 A el ole 4F 29 A o
2%t} E3 FHA| 2ol methi- onine? glycinegt
< WhE ddTe ¥ ZH2HE FF A
Bt A YehdA] @2 ¥ arginineZA] 2
FAA A7sE AdPolMe o1 Bt @A =
A Jehd Aoz Hol ddelM &gt Kritch-
evsky §(1979)9] F43 o] FHARIAAME FA
lysine-arginine Z&ztgo] Holele] o Fyx
HE §3S Fole o] ¥Hsivia Addrt

FH g5 G FolM 9 lysine-arginine 2%
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Table 4. Effects of forced feeding the diets containing soy protein or casein, both
supplemented with or without amino acids on body weight gain, feed intake,

liver weight and levels of cholesterol,

plasma of chicks (Experiment 2)*

triglyceride, total lipids in liver and

Soy protein diets

Casein diets

+1.5%
Arginine
+0.5% +0.4%
Methionine Methionine Standard
0, 0,
Items + None +O’5.)é + None +1‘(.)4 error
Glycine Glycine
Body weight gain, g/bird 33.4 77.2 66.1 79.95 1.34
Feed/Gain 6.80 2.94 3.43 2.84 0.58
Liver
Weight, g/100 g body weight 3.31° 2.77° 4.23° 2.87° 0.18
Cholesterol, mg/g tissue 4.57 4.00° 5.28" 3.93% 0.18
Triglyceride, mg/g tissue 26.53° 15.62° 51.86° 16.14° 2.05
Total lipids, % 6.63° 5.64° 10.42° 5.47° 0.62
Plasma, mg/100 ml
Cholesterol 276.3° 199.3° 358.7° 223.4% 16.0
Triglyceride 377.47°  354.95°  551.61°  401.60° 22.11

! Initial average body weight per bird was 91.6

Z A¥ske Fo] wiEFsidn &

AF 17 29 HjmelA ofulicito] EXFFH AL

g ARFAANE Als AHFel ZA @A
(Table 3) 8% ZFH2HERF dFS "AE
F8 957 2 glon, wEA ojd dddMe
AR AHFE YA fAE et e ¢
T 3ot

ol el Ag AT E W thF Tjdo] FA
Qloj wlg) Fol Za2elE FFE AstIle E
7h AgE g o) AFAES] Asg dX A
EF opniat FHo] o] Foil FAIAF T T
A AR BE Hsd ¥ FH2HE FFE
Bl A Ao oju|elt o] B

g = 0.2(SD). Number of birds to provide the mean
value for each dietary group from left to right was, in the order, 6, 10, 7 and 10, respectively.
Each bird was fo rced-fed a total of 227 g of the corresponding diets for 13 days.

¢ Means with a common letter are not significantly different (P>0.05).

HE 33 7k WAse 8% 849S o
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Table 5. Effects of forced feeding the diets containing soy protein or casein, both
supplemented with or without amino acids on body weight gain. feed intake,
liver weight and levels of cholesterol, triglyceride, total lipids in liver and

plasma of chicks (Experiment 3)!.

Soy protein diets Casein diets

+1.13% +1.5%
Lysine Arginine
+0.5% +0.5% +0.4% +0.4% Standard
Methionine Methionine Methionine Methionine
+0.3% +0.3% +1.0% +1.0%
Items + None Glycine Glycine + None Glycine Glycine error
Body weight gain, g/bird  93.85* 128.75°  106.45° 32.80¢ 57.30° 116.90° 1.86
Feed/Gain 2.82% 2.06% 2.49° 8.10° 4.62° 2.27° 0.21
Liver
Weight, g/100 g body weight 2.69° 2.24% 2.10° 3.91° 3.80° 2.49% . 0.09
Cholesterol, mg/g tissue 4.55 4.92 4.45 5.10 4.78 4.46 0.24
Triglyceride, mg/g tissue ~ 19.01*°  20.55*  19.97°  26.67° 28.05° 18.09° 1.16
Total lipids, % 450  4.85% 4.8 5.99° 5.88" 414 0.32
Plasma, mg/100 ml
Cholesterol 252.74° 229.83° 257.87*  428.57° 548.72° 261.77"  16.76
Triglyceride 220.10*  251.50° 265.28% 329.35° 372.0° 256.28%  15.76

! Initial average body weight of bird was 112.9 g £ 0.37(SD). Mean values of 12
chicks forced-fed a total of 264.5 g of the corresponding diets per bird for 14 days.
*® Means with a common letter are not significantly different (P>0.05).
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