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SUMMARY

CEXTES

This study was to investigate a relationship between dietary isoflavones(IF)
and developoment of fatty liver hemorrhagic syndrome (FLHS) in laying hens.
The IF, a weak estrogenic compound present abundant in soybean meal, were
hypothesized as risk factor for development of the FLHS inlaying hens by the
authors. No other definite factors have been proposed yet as dietary ingredients
resulting into development of the syndrome.

We developed FLHS models in laying hens by forced-feeding extra
amount(about 35% more) of the diets for a month. Purified-type diet for laying
hens was also developed to simplify phytochemicals in the diets and to exclude
any undesirable phytochemicals in the diets. Young growing chicks were also
used in studying the basic mechanism involved in accumulation of liver lipids
when daidzein was added to a low protein diet. The effect of daidzein(DE) on
the liver lipid content was also compared with those of estradiol (E2) in laying
hens and in yvoung chicks. E2 was injected intramuscularly every other day at a
level of 2 mg/ kg body weight.

DE added to the purified or semipurified layer diets at level of 1,000 ppm
tended to increase liver lipid accumulation. Howerever, the effects of DE on liver
weight or total lipid content was weaker than those of E2 (in every experiment).
Lower level (LP, 11% crude protein) of dietary protein than normal (22% c. p.)or
higher proteins (33% or 44% c. p.)was more effective in accumulating liver lipid
in voung chicks. The effects of low dietary protein on liver lipid content were
more apparent when DE was added to the diet in young chicks.

The chicks of LP+DE group showed significantly lower FAS mRNA
transcription, apo-B mRNA transcription, than those of the chicks of LP or

LP+E2 groups. HMG-CoA reductase mRNA transcription was also lower in



LP+DE chicks than that of the LP group. THese measurements suggest that
higher lipid accumulation in the liver and lower plasma lipid profiles VLDL from
the liver into blood circulation even though hepatic fatty acid synthesis rate was
not activated.

Biomarkers to predict early stage of fatty liver development have been
investigated throughout the study. Serum levels of alanine aminotransferase(ALT)
shown rather than aspartate aminotransferase(AST), and the ratio of AST/ALT
have consistent relationships to the extent of hepatic lipid accumulation in laying
hens and in young chicks. Serum level of gamma glutamyl transferase activity
needs to be investigated further in relation to fatty liver diseases in the birds.

In conclusion, IF could be one of the factors causing fatty liver in the birds.
The If effects on the liver were more apparent when dietary protein supply was
not enough or there is any limiting amino acid, particularly menthionine, in the

diets.
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o Ar@A A A EE A WZHELHS)S 419 A W7H(fatty liver and kidney
syndrome, FLKS)®} 2A 7] A o] tt21t} (Leeson ¥ Summers, 1991).

o FLHS®| AR kel ofstl Aol ola] ko] wij9- 714 a, A4S
o Ao g@¥o] FHsto] BAAY] e FEUF HuA Edubio] o
Bt}

- .
o FEluE FAl ARG 98 A L FEC] v, L2 g 2

29 5A4E& 23 17| wEel =5d vigAtR e Ass arelstiA At
A A E 9k A7) o] Foj A of gt

o B dAgzle] FHolsty = U7 isoflavones®] estrogenic &£3+&= 159+
A BEY] FEE AFdA hasstE Foke]™, isoflavone?] &

@ 220 Al=e wxie] etdle] FLHS 241 slde] Anlalzt 2 4 9

o FLHS T2 Abgto] &&stA dojrbal Sl Aol AT

o o] TFTE HAF AsH AEAANA LA AdFEA e} HALE doZ
T Aot

o FLHS® 2™ AL AbdEo] A A38](10-40%) AstH A Ateh 3= =
gabA] Febe, AlFe 20-25% FEIA AL Stsh FEE oAl &
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ARA AT BEE Ay e 5 modMe olF ey mudMs dF o

FEuE 9l A 2 RS A9 FHEHJASAE Eskal oF2] FLHS 349
2270 d9as 221 Jv} (Leeson ¥ Summers, 1991).

A 1A A AFA AWz LA A R

o el A duk A7k Bl FLHS @G oy FLHS #AE #% oW A=

@]

ByuE v gioh F7ke] FHAQ e oshy Azt HA) AdeE sk 4 Zhst
Folth
Aol FLHS 249 2
713 matd disis &
Art. = SFAEE A A A= B
IF= estrogend At F2E Zty lo] AUl A weak estrogenic &35
ehllvh= Bk Bol Slo] & A= AW IF A& 5] 58 A 1
A= Gl dis) A4Sz A

oe]l A AR 23 ARE T IF AF7F 4@ FLHSS F2 99]

g % ogvks A MR BANYI, o8 AT gel B AT 5y

)

ﬂl

AT 54 isolated soy protein ® 438 IF (genistein, daidzein)s <

85HUA estrogenic Tk Mokl mAE e, AsEA %L ATl

3o, gfdtel) do xFe) IF w9 24& 9% HPLC 7|&5 S8

A9 BHom e ZAARE B AFgelq A gelesh 4% A5e) 4

de s A5 wedd dde 2ta vk ARAE ARl s 2hA
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WAt g ] 4 = wel FLHSe A AxrF =2ve 1art g
Asel FEA AW AR oA B wolw FLHS wAle] 75l
ool Abmel A Bwd §F, peluA, ohuweite] B7d Fo 42

T 7] wel .

A= 9] lipotropic 221, & methionine, choline, vitamin B2 % H#-Zo 2
3 zto 2 Aure] infiltration©] F7Fs o] A#zle] dAvkeE FHE o

i)

ol dut FAe Azhe] WAl AL A8 A P
Chelated mineral®] Folo] ¢l8] FLHS 2Alo] =715 Y (Branton %,
1995).

b

&8 % glucosinolate $F#Fo] =2 £&9 49 FLHSE Fi3sid= &
A7F sl a8y canola ¥FE0] FLHSE doflts= AL v
(Akiba &, 1982).

APE W moldHt mold toxin= ©] FFw& dolvh= Hark glon 9l

#AZ FdAsHA ks FEE A th(Leeson # Summers, 1991).

A4 FLUOS 98 Aslecl 2 oy
Aol A 1980 d ol FRkRel 1 A 10del vl g7k Aol B
AgE BFor) I olfE ZET (Leeson ¥ Summers, 1991).
W gtAl 29 biotin, niacin® H7}= FLHS WAd] =20] HA &k
FLHS 2AA] AR 23 60 g 4%, 500 g choline, 3 mg vitamin Bio,
5000 iu vitamin E ¢ 500 g DL-methionines #A7}E A3l 21} o)A
o] FLHS#Z & B dstA= Rerh
At g S 1-2% S EEE FUIE sk A BAE e of
.
Atz H7be AEAd Aol kol HYE sy F awA= ogn 7
oM BraEzFY AL g4 FEE dolF= Aol Ego] "va A

g
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= A7FE A FLHSO| Ewrol e @4k o] oo Adisti 3tk

EAs dRe S dal 2e, &9 55 AR W FLHS Ao A
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>
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i
_E
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ol
1>

(refeeding) < 7+ A WAF Ao 2 32 n]x ofd A9
A 247t AA3E AFAd 9sl fatty acid synthetase A o] 42wy =7}
At (Wilson 5, 1986).

kAl gAde) FA4  Add rate limiting  enzyme?l  acetyl-CoA
carboxylase= citrate®] 2]3] &35 long chain fatty acyl CoAd| ¢
a dAA

Zboll A 22 AL o]2] hormoned] 9 & #H-$-H vt (Fischer 9+ Goodridge,
1978).

Stearyl CoA desaturase= TGW oleic acid ¢ palmitoleic acid %2 7}
A7, 9] &4 estradioldl] 93 X HY} (Pageaux 5, 1992).
Estradiol-17B% 12F# 9 4F FFAA F12¢7 12 mges &5 FALE
o 7F Aol dlzTtel Ful AR FUMEHY Sk A adipose
tissuedl A FHE Aol ofir  ZHAES  cytoplasmel] EA5E=
intracellular origin®] 2t} EAlo] 7+ %39 total RNA, RNA/DNAH] & 9]
A 719 (Yu ¢ Marquardt, 1973).
Estradiol-178% 1159 9] ok = &Fd A 2 mg/AF ke 22 2147 FA}
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skl FLHS7F #xs9la, zle]l | dristA &tttk (Polin 3t
Wolford, 1977).

9] 7oA lipoprotein B4 S estrogen =A<l diethylstilbesterolel]l <]
3l VLDLe| 4009, LDL 3t7de] 708t =ZA F7bstdvh (Kudzman <,
1979).

et estradiol Ag]7b Ab&AAN A 7he] AL FUFAIA v FLHS=
WA )R] Bttt 2% At (Pearce ¢ Johnson, 1986).

7o A lipogenesis®] 2 23 NADPH+= glucose-6-phosphate
dehydrogenase E.T} malic enzyme(ME)®] A 9 a4 FF ¥} (Pearce,
1977).

ol A malic enzyme activity:= lipogenic activity® WE W= £L& X HE o
W, ok @F VLDLEFA = vl £2 A4#AAAE 3 (Whitehead 5,
1984).

A 2 R A s I AR 4ol A gl wel 2A #ZHg
H A0 W Mourot &, 2000), AF&AANM = FH4 829 zpolrt AA] ek
vt Al v S ME €4, €% VLDL =7k £ a7t

Ao o]d kg0l ALe wFo] meh DR,

5. AbdA Azte] 94 = 2 FE Y
AbEA A ek A 116-120% A= 7
(forced-feeding) 3} FLHSS A3do=z MAAZH ¢ qvp= Aol Hia
H A} (Polin 3 Wolford, 1977).

T AFARrEe] Bal ¢ ¥ g 7FA] WS Estradiol-17B-& & FAFsEH

R ot

rir

6. 51 1IF9 estrogenic &3
IF+= polyphenolic A5 ¢ EZ2A, glycosidic form® genistin, daidzin}

aglycone form®] genistein % daidzein ©] W34 A &o]u},
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2 AARE HEE A gelo] .Sttt
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Aol Ax BZE 5 e} (Finley 5,1996).
=

FLHS# estradiol¥}9] #AE ¥3l Polin ¥ Wolford(1977)9]
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® 7} cholesterol &% - Folch ®% (1957)0] &) 7te] A3 F=3F &

g % cholesterol 3} 722

Agatel 2439

il

o HAM kit (Wako Pure Chemicals Co.)

Table 1. HPLC condition for daidzein analysis in plasma

Item Analytical conditions
Pump 60F , Waters Co. (Milford, MA)
Controller 600 series, Waters Co.

Detector L-ECD 6A, Shimadzu Co. (Japan)

Injection module

Data processing module

Column

Column temperature

Mobile phase

Flow rate

Electrode potential

717 plus autosampler, Waters Co.,
equipped with 200 ulL sample loop

Peak simple 202, SRI Instrument (USA)

Mightysil C18, 250 X 45 (L XOD, mm), Cica®
Kanto Chemical Co. (Tokyo, Japan)

30°C

Methanol/0.1 M ammonium acetate (pH 6.0)/25 mM
EDTA = 40/50/1

1 ml/min

075V

- ARAG e

& isoflavone?]

Ao wet Fd9 CP 2 dA FEE 9

skako] w9 AL Aow FAH corn gluten

meal, cotton seed meal % rape seed meal® UlA sl uHFSF

(Table 2)
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Table 2. Dietary formulations for layer

Ingredients SBM 0% SBM 8% SBM 16%
Corn, large size, China 26.000 26.000 26.000
Corn, medium size, China 18.766 21.943 21.872
Corn, small size, China 3.000 3.000 3.000
Wheat, soft, large size 8.000 8.000 8.000
Wheat, soft, small size 1.000 1.000 1.000
Corn gluten meal 4.080 3.291 1.034
Corn germ meal 5.000 5.000 5.000
Coconut meal - 0.294 2.000
Cotton seed meal 10.000 2.000 0.518
Rape seed meal 10.000 5.000 2.000
Soybean meal, domestic - 8.300 16.600
Limestone 6.094 6.969 6.439
Opyster shell 3.000 3.000 3.000
DCP 0.477 0.608 0.668
Salt - 0.046 0.170
NaHCO3 0.430 0.333 0.166
dl-Met, 100% 0.064 0.067 0.093
Lysine 0.194 0.108 -
Tallow 2.964 2.000 2.000
Vitamin mixture 0.060 0.060 0.060
Mineral mixture 0.130 0.130 0.130
Choline chloride, liquid, 50% 0.050 0.050 0.050
Natuphos, 500G 0.060 0.060 0.060
Kemglo, dry 0.140 0.140 0.140
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Table 3. Performance of laying hens'

Items SBM 0% SBM 8% SBM 16%
-——= g/day -—---
Feed intake 1132 + 6.6 1147 + 7.0 1132 £ 6.0
Egg production rate -—= -—=
1st week 93.08 = 1.68 93156 = 2.87 96.65 + 4.34
2nd week 90.18 + 3.18b" 91.07 + 4.73ab 95.53 + 2.82a
3rd week 9330 = 2.68 93.16 = 3.38 95.76 + 2.86
4th week 91.74 + 3.04b 93.15 = 4.22ab 94.87 + 3.12a
Sth week 90.40 = 2.35 9226 + 3.14 9149 + 412
6th week 88.39 = 2.82b 90.18 = 2.68b 95.09 = 2.78a
7th week 89.73 = 4.16 91.67 + 4.58 94.20 + 368
8th week 91.74 + 3.60b 89.58 = 2.72b 95.09 = 2.13a
9th week 8750 = 1.72¢c 90.10 = 1.81b 96.09 = 2.71a
All period 90.67 + 2.12b 9159 = 1.64b 9497 + 2.72a
———= glegg -
Egg weight 594 + 0.5a 60.5 + 0.9ab 62.0 = 1.2b

L Values are means + SD.

2 Means in a row without a common superscript differ, P < 0.05.
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Table 4. AST, ALT, total cholesterol and isoflavones content of plasma in

laying hens!

Items SBM 0% SBM 8% SBM 162
————— U/ml ———--

AST 13750 + 24.35a° 10760 = 4259 10461 £ 11.29b

ALT 20655 £ 6.28a 328 £ 1.90b 553 = 1.86b

AST/ALT 696 = 1.28b 3376 + 1091a 1993 £+ 422a
————— mg/100 ml -——--—-

Total cholesterol 1271 = 26,7 109.1 = 168 1328 £ 243
————— ug/100 ml -———-

Daidzein 0287 £ 0317c 3.822 = 1.7797b 7549 = 1.458a

Glycitein 0.012 £ 0.038c 1.113 = 0.834b 1.927 £ 0.376a

Genistein 0297 £ 0.298c 3.266 = 1.064b 7760 = 1.356a

L Values are means + SD.

2 Means in a row without a common superscript differ, P < 0.05.
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Table 5. Total lipid, TG and cholesterol levels in liver of laying hens!

Items SBM 0% SBM 8% SBM 16%
Total lipid, % 7.80+1.33a” 6.48+1.67ab 6.16+0.79b
Triglyceride,
64.31+17.67 53.49+19.13 46.63+9.43
mg/g liver
Cholesterol,
2.84+0.21 2.73+0.42 3.04+0.27
mg/g liver

L Values are means = SD.

% Means in a row without a common superscript differ, P < 0.05.
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Figure 1. Photography of abnomal liver of laying hens (&% 1)
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Table 6. Purified diet formulation of Laying hen

1

Ingredient Inclusion rate
g/kg diet
Glucose 612.1
Soy protein concentrate (70% CP) 210.0
Soy bean oil 10.0
Cellulose 30.0
Calcium phosphate, dibasic 20.0
Calcium carbonate 79.0
NaCl 3.0
DL~-Methionine 1.9
Vitamin premix’ 2.0
Mineral premix’ 30.0
Choline chloride 2.0
Calculated values
Metabolizable energy, kcal/kg 2980.00
Crude protein, 2% 14.26
Methionine+Cystine, % 0.60
Methionine, % 0.39
Ca, % 3.92
P, % 0.41

Vitamin premix provided the following in mg/kg or IU/kg diet: thiamin HCI,
20; riboflavin, 10; calcium panthothenate, 30; niacin, 50; pyridoxine HCI, 6;
folacin, 4; biotin, 0.6; vitamin Bl12, 0.04; inositol, 100; para-aminobenzoic acid,
2; ascorbic acid, 250; menadione sodium bisulfite, 2; a-tocopherol acetate
(source 500 1U/g), 20; retinyl palmitate (source 1,000,000 IU/g), 5200;
cholecalciferol (source 5,000,000 IU/g), 600.

Mineral premix provided the following in g/kg; CaCQs; 3; Caz(POss 28;
MgS04-TH20, 3.5; KHoPO4, 9; MnSO4-HyO, 0.650; ZnCOs 0.1; ferric citrate, 0.5;
CuSO4-5H0O, 0.02; NaxSeQs, 0.0002; KI, 0.04;, CoSO47H-0, 0.001; HsBOs, 0.009;
Na:MoO4-2H>0, 0.009.
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Table 7. Performance of Laying hens during experimental period

Treatments Ad libitum Ad libitum+DE Forced Forced + DE

Feed intake,
124.8+10.9b° 137.1+ 6.0b 1744+ 2.1a 173.8+ 3.6a
g/day

Egg production
34.8+ 7.3 91.3+ 4.8 92.1+ 5.2 87.4% 6.7
rate, %

Initial BW, g/b  1954.1+1264 1948.7+152.1 1968.2+143.1 1953.9+147.2

Final BW, g/b  2089.0+149.0b  2096.6£165.2b  22482+1324a  2290.6+152.6a

Liver weight,

g/100g BW

1.84+0.29b 1.87+0.29b 2.20+0.25a 2.32+0.24a

L Values are means + SD.

2 Means in a row without a common superscript differ, P < 0.05.

Table 8. Total lipid, triglyceride and cholesterol content in liver of laying hen'

Treatments Ad libitum  Ad Libitum+DE Forced Forced + DE
Total lipid, % 5.60£0.78h> 6.17+0.66h 19.25+1.34a 21.47+1.69a
Triglyceride,

51.24+5.98h 58.47+5.47h 187.42+£1547a  192.44+15.48a
mg/g liver
Cholesterol,
3.04+0.17¢ 4.29+0.28ab 3.58+0.21bc 4.49+0.20a
mg/g liver

L Values are means + SD.

2 Means in a row without a common superscript differ, P < 0.05.
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Table 9. Diet composition for laying hens

Ingredients %

Glucose 61.11
Soy protein concentrate 2.0

Corn gluten meal 8.0

Fish meal (75%) 45

Casein (92%) 5.0

Soy oil 3.0

Cellulose 3.0

Dicalcium phosphate 14

Limestone 8.0

NaCl 0.3

DL-methionine 0.19
Lysine—-HCI 0.1

Vitamin mixture' 0.2

Mineral mixture' 3.0

Choline-HCI 0.2

Nutrient contents,

calculated

AME, kcal/kg 3,150
Crude protein, % 149

1 Scott’s Nutrition of the Chicken (4th ed., 2001)
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Table 10. Performances, liver weight and liver lipid contents of laying hens

Items Control Control + DE  Control + E2
Body weight, g/b

Initial 2,114 + 95 2,073 £ 75 2,105 £ 135

Final 2,330 £ 106 2,289 = 77 2,318 = 134

BW gain 216 + 21 215 + 14 213 + 13
Feed intake, g/b 175 £ 15 175 £ 13 175 = 1.1
Liver weight, g/100 g BW 249 £ 022a 259 £ 023ab 2.89 £ 0.23b
Liver total lipid, % fresh wt. 243 = 25a 264 = 18ab 288 £ 2.7b
Egg production, % 74+ 6 73 £ 5 68 £ 5

Mean + SD.
a, b P<0.05.
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malic enzyme 3} isocitrate dehydrogenase activity — Malic enzyme
[L.-malate-NADP" oxidoreductase (decarboxylating), E.C. 1.1.1.40, ME] <}
isocitrate dehydrogenase [L-isocitrate-NADP' oxidoreductase
(decarboxylating), E.C. 1.1.1.42, ICDH] &4 X% 4294 NADP’} NADPH=Z
dAdE £52 340 nmol A spectrophotometerE AF&3te] =431
(MacDonald, 2002).

Apo-B 100 mRNA % fatty acid synthase mRNA 4 - Total RNAE TRIzol

reagent (Invitrogen, Carlsbad. CA)E AF&3ste] #8l3F931, RNA quantity+
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spectrophotometer®  ©]-&3fo A3 H ¢DNA+ Random Primers

(Invitrogen, ~ Carlsbad, CA) ¢  SuperScript™ IIRNase H  Reverse
Transcriptase (Invitrogen, Carlsbad, CA)S Ah&38le] wH=tk Z gene
sequence™ GenBankol| A, primer (Table 11)5-2 Primer 3 softwaredl] A 41€H
ST

7z} ¢cDNA¥ PCRolA TakaRa Ex Tagq™ (TaKaRa Korea Biomedical Inc.,
SeouD® SE3F9 0. AlEE agarose geldld £381%, ethidium bromide®
visualize A1# T} Band® Image Quant™TL (Amersham Biosciences) & AH&3}

o #4159

Table 11. Primers employed for RT-PCR

Gene Primers (5'-3") Predicted size
bp
FAS 282
Left gagctgceatcttcgtggata
Right gctatcaagacagcggtcaa
APO-B 320
Left agctgtacaaggacgcaatg
Right tgtgaggcgtgtaaccaagt
Fructose diphosphatase 284
Left gcacatgcgttattgtgtca
Right acagttgacacctccagecag
B —Actin 209
Left gcaagcaggagtacgatgaa
Right actgctgctgacaccttcac

_39_



7+ AW %A

rint

A% 4-1. ot A wmd S uf
Qg Wi

AbE @A F 3ol Woelgle I AW 44 mA = FIFS A
FA A AR A BeldE a4 d&A4 e W3l apolipoprotein B fatty

acid synthase mRNA expression 5% =334

ol
>
off
i
s
e
ot
r >
o} N
T

yline Brown, <=3 o}g] 367
Alg A AR BE RS 11% LP), 22% (NP) 2 44% (HP)Y 3 52
2 stal, AAR YEAIRE ol &stivk 72 Agld 3whEE FaL
ol 4rbe] A5 wj A8k

AE AtED APALE W|F3E= Table 129149 2o} AR A=A =

o

=

2 1444 MJ/kg o2 AAH SR isocaloric 3tA "HEUY. B2
£ AbEolA dl-methionine, l-arginine % glycines #7}sto]
g T depoln et HlE (%)W elA NRC (1994) &% 7|

o] wRAT AANRS S5t ASEA AARS T

_40_



Table 12. Composition of diets containing three different protein levels

(4% 4-D
Ingredientl) Low protein diet Normal protein diet High protein diet
g/kg diet

Casein 100.0 200.0 400.0
Glucose, monohydrate 762.2 644.7 409.7
Corn oil” 30.0 30.0 30.0
a-Cellulose 30.0 30.0 30.0
DL-Methionine 2.5 5.0 10.0
L-Arginine 5.0 10.0 20.0
Glycine 10.0 20.0 40.0
Choline chloride 2.0 2.0 2.0
Vitamin premix” 2.0 2.0 2.0
Mineral premix” 56.3 56.3 56.3
Calculated value

Crude protein, % 10.95 21.90 43.80
Metabolizable energy, 14.44 14.44 14.44

MJ/kg

L Casein was obtained from NZMP Ltd. (Wellington, New Zealand) and contains
92% crude protein. Glucose and corn oil were from Daesang Company (Seoul,
Korea). a-Cellulose was from Sigma chemical. DL-Methionine were from
Degussa Company. L-Arginine was from Lancaster (Morecambe, UK). Glycine
and choline chloride were form Junsei Chemicals Company (Tokyo, Japan).

- Corn oil stabilized by adding butylated hydroxy toluene at a level of 0.0125%
of added oil.

 Vitamin premix provided the following in mg/kg or IU/kg diet: thiamin HCI,
20; riboflavin, 10; calcium panthothenate, 30; niacin, 50; pyridoxine HCI, 6;
folacin, 4; biotin, 0.6; vitamin B12, 0.04; inositol, 100; para-amincbenzoic acid, 2;
ascorbic acid, 250; menadione sodium bisulfite, 2; a-tocopherol acetate (source
500 1U/g), 20; retinyl palmitate (source 1,000,000 IU/g), 5200; cholecalciferol
(source 5,000,000 1U/g), 600.

4 Mineral premix provided the following in g/kg; NaCl, 8.8; CaCQs, 3; Casz(POu)s,
28, MgSO4+7Hx0O, 3.5 KHaPO4 95 MnSO4+HxO, 0.650; ZnCOs; 0.1; ferric citrate,
0.5; CuSO4-56H-0, 0.02; NasSeQs;, 0.0002; KI, 0.04; CoSO4 7H:O, 0.001; HsBOs,
0.009; NasMoO4 Z2H-0, 0.009.
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Table 13. Growth performance and totalcholesterol, triglyceride, ALT and AST of

plasma, total lipid, triglyceride, enzyme activities of liver in chicks fed various

levels of protein in experiment 1

Low protein

Normal protein High protein

Body weight, g/bird, n = 6

Initial 61.6
Final 74.0
Gain 12.5
Food intake, g/bird/day, n = 6  13.12
Food/gain ratio, n = 6 211
Plasma, n = 10?

Triglyceride, mmol/L 7.28
Cholesterol, mmol/L 457
ALT, IU/mL 3.59
AST, TU/mL 28.97
Liver, n = 10°

Total lipid, % 20.76
Triglyceride, umol/g 238.74
ME, nmol/min/mg protein 42.05

ICDH, nmol/min/mg protein  313.49

+0.3 61.2
+0.7% 77.3
+0.7° 16.2
+0.83 12.88
+0.04% 1.59
+0.35% 6.59
+0.17 3.87
+0.40° 1.66
+1.94 22.82
+1.48° 9.07
+14.81°  106.46
+4.95 48.76

+10.04> 37659

+0.2 609 +0.3
+ 0.9 731 +1.2°
+ 0.8 12.2 + 1.0°

+ 0.85% 772 £ 0.75°
+ (.04 1.27 +0.05°

+ 0.43° 448 + 022
+0.15° 3.80 £ 0.22°
+ 0.38° 1.30 =026
+ 2,01 26.73 + 093

+ 0.50° 469 £021°
+ 478" 3650 t 4.17
+ 5.86 4877 +7.11
+ 2444 51034 = 42.19°

L Values are means +SEM. Means in a row without a common superscript

differ, P < 0.05.

2 ALT: alanine transaminase AST: aspartate transaminase

5 ME: malic enzyme; ICDH: isocitrate dehydrogenase
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Cholesterodl, ng/g liver
H

0_
LP NP HP

Figure 3. Hepatic cholesterol levels in chicks fed with diets containing 10.95%
(LP), 21.9% (NP) and 43.8% (IHP) protein for 48 hours. Data are means for n = 5
or 6 chicks and bars represent S.E.M. Different letters indicate a significant
difference by Tukey's Studentized Range (HSD) test hetween treatments
(P<0.05).
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Figure 4. Effects of dietary protein level on transcriptions of FAS (A), and
APO-B (B). All data are normalized by the intensity of B-actin band. The levels
are the percentage of the LP dietary group (LP = 100). Data are meanszSEM,

n=4. Bars in a panel without a common letter differ, P < 0.05.
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Table 14. Growth performance and total cholesterol, triglyceride, ALT, AST and daidzein of plasma, total lipid, triglyceride, enzyme activities of liver in
chicks fed various levels of protein with or without daidzein in experiment 2

ANOVAY

Low protein Normal protein High protein

Low protein + DE? Normal protein + DE High protein + DB P bE L P.
Level eﬁ%X

Body weight, g/bird, n = 3
Initial 984 +02 989 + 0.2 983 + 05 979 + 03 986 + 0.1 982 + 04 - - -
Final 117.7 +25 1162 + 04 1203 + 06 1227 + 04 1209 + 13 1183 + 24 005 NS NS
Gain 19.32 +251% 17.32 + 0.16° 2195 + 0.71% 2480 + 0.09* 2233 + 1.41% 2007 + 1.95% 005 NS NS
Food intake, g/bird/day, n = 3 194 +1.8° 186 + 0.3® 172 £ 05®° 171 £ 0.1%* 149 = 10% 140 + 04° 00l NS NS
Food/gain ratio, n = 3 2.02 +0.08* 214 + 0.04° 157 + 0.09° 1.38 + 0.01° 1.33 £ 001° 142 + 012° 001 NS NS
Plasma, n = 5%
Triglyceride, mmol/L 6.80 +027* 568 + 0.32% 598 + 056% 559 + 0.11% 549 + 0.34% 505 + 021° 0.05 005 NS
Cholesterol, mmol/L 507 +0.28° 532 + 0327 429 + 019° 428 + 0.32® 365 + 022° 379 + 017 001 NS NS
ALT, TU/mL 178 +0.34 161 + 0.40 0.75 + 0.23 185 + 0.8 108 + 027 107 + 042 NS NS NS
AST, TU/mL 30.72 +3.28 2547 + 1.07 2365 + 2.85 23.77 + 156 2855 + 272 2557 + 1.01 NS NS NS
Daidzein, nmol/L 287 +187¢ 7229 + 88.0P 157 + 157° 7071 + 64.2° 216 + 13.6° 12354 + 103.9* 0.01 001 001
Liver, n = 5°
Total lipid, % 7.82 + 053 762 + 030® 583 + 0.69® 504 + 063° 567 + 05420 510 + 0.40° 005 NS NS
Triglyceride, umoll/g 53.74 + 4.87* 50.27 + 2.30° 4516 + 7890 4204 + 813 3740 + 3.90° 3202 + 234 005 NS NS
ME, nmol/min/mg protein 4928 & 7.14% 7218 + 817 37.44 + 1061° 5338 + 6.35® 5348 + 3.24% 4999 + 499 NS NS NS
ICDH, nmol/min/mg protein 230.73 + 8.28" 209.00 + 13.56° 350.81 + 29.34° 27358 + 22.25% 347.44 + 21.41* 28053 + 22.19%® 001 001 NS

! Values are means = SEM. Means in a row without a common superscript differ, P < 0.05.
% DE: daidzein. Daidzein was added to each protein level diet at 1000 mg/kg diet.
% P. Level: dietary protein level. * ALT: alanine transaminase; AST: aspartate transaminase. > ME: malic enzyme; ICDH: isocitrate dehydrogenase
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-DE +DE
Figure 5. Hepatic cholesterol levels in chicks fed diets containing 10.95% (LP),
21.9% (NP) and 32.85% (HP) protein with or without DE for 48 hours. Data are
means for n = 5 chicks and bars represent S.E.M. Different letters indicate a
significant difference by Tukey's Studentized Range (HSD) test between
treatments (P<0.05) (A). Hepatic cholesterol levels with different dietary protein
levels. Data are means for n = 10 chicks and bars represent S.E.M. Different
letters indicate a significant difference by Tukey's Studentized Range (HSD) test
between treatments (P<0.05) (B). Hepatic cholesterol levels with or without DE.
Data are means for n = 15 chicks and bars represent S.E.M. The symbol indicate

a significant difference by t-test (P<0.05) (C).
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Table 15. Growth performance and total cholesterol and triglyceride of plasma

and total lipid, triglyceride and enzyme activities of liver

experimental diets in experiment 4-3'

in chicks fed

Low protein

Low protein

Low protein

+DE’ + E2
Body weight, g/bird, n = 6
Initial 759 + 12 770 + 09 772 + 10
Final 1251 + 16 1362 + 43 1380 * 4.1
Gain 492 + 13 503 + 45 608 *+ 39
Food intake, g/bird/day, n 179 + 04 191 = 12 187 + 06
Food/gain ratio, n = 6 256 + 0.10° 228 + 0.06% 218 + 0.09°
Plasma, n = 5
Triglyceride, mmol/L 661 + 039 660 + 0.36" 837 + 0.42°
Cholesterol, mmol/L 535 + 022% 480 + 0.11° 6.13 + 0.32°
Liver, n = 4°
Total lipid, % 522 + 035 1282 + 1827 1150 + 1.28°
Triglyceride, umol/g 969 + 562° 12502 + 1913 11472 + 11.26°
ME, nmol/min/mg protein  27.24 * 6.55 2519 + 1093 1835 + 589
ICDH, 98061 + 1288° 24716 + 1397 19890 + 1680

nmol/min/mg protein

L Values are means +SEM. Means in a row without a common superscript differ,

P < 0.05.
% DE, daidzein; E2, 17B-estradiol

5 ME, malic enzyme; ICDH, isocitrate dehydrogenase
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Cholesteral, ng/g liver
-

LP |PHDE P2

Figure 6. Hepatic cholesterol levels in chicks fed the LP diets with or without
DE (1000mg/kg diet) or administration of E2 (2 mg/kg body weight) for 7 days.
Data are means for n = 5 or 6 chicks and bars represent S.E.M. Different letters
indicate a significant difference by Tukey's Studentized Range (HSD) test

between treatments (P<0.05)
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Figure 7. Effects of the administrations of DE and E2 in the LP diet on
transcriptions of FAS (A), APO-B (B) and Fructose diphosphatase (C). The
upper panel shows a representative photograph stained by ethidium bromide. The
levels are the percentage of the LP diet (LP = 100). Data are meanstSEM, n=4.
Bars in a panel without a common letter differ, P < 0.05.
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P LPDE LPHE2

Figure 8. Effects of administrations of DE and E2 on transcription of HMG-CoA
reductase mRNA. All data are normalized by the intensity of B-actin band. The
levels are the percentage of the LP dietary group (LP = 100). Data are means *

SEM, n=4. Bars in a panel without a common letter differ, P < 0.05.
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Table 16. Pearson product moment correlation of chicks in experiment 4

Liver Plasma
Total lipid ~ Triglyceride  Triglyceride  Cholesterol AST ALT ALT/AST
Liver
Total lipid 1.000 0,985 0.767 0.258 0.353 0.912 0.862
P value 0.000 0.016 0.503 0.351 0.000 0.003
Triglyceride 1.000 0.742 0.135 0.244 0.905 0.881
P value 0.022 0.730 0.526 0.001 0.002
Plasma
Triglyceride 1.000 0.456 0.253 0.680 0.626
P value 0.217 0.511 0.044 0.035
Cholesterol 1.000 0.262 0.321 0.282
P value 0.497 0.399 0.462
AST 1.000 0.365 0.163
P value 0.334 0.675
ALT 1.000 0.975
P value 0.000
ALT/AST 1.000
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Az A= APO-B mRNA expression® Z47F 213

ARt & Aol A= APO-B mRNAZE 23] 1 o] Bd s = slom Hol gy

= o) AHd F dvkar AN =9 FASY B9= A

g Az oA WA AbR ATt vl B IS uEhd Ao® e
ool ek FiLek Atk Baste]er AzbEo] ATh

A9 4-2= AY 4-19 FdE AEmAd, AAdE gl aud Abg] 74zt

daidzein (DE)& #7beh +¢} HrbelA] @& A2 vhro] sttt DE9 #

ZFFL 1000 mg/kg diet Stk A7bFe] A9 dukabsol isoflavone®] o] &
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Figure 9. Liver color comparison in laying hens of 15— and 55-week old ages

Table 17. Age, body weight, liver weight and liver weight index of laying hens

Age Body weight Liver weight Liver wt index

weeks g/bird g/liver g/100 g BW
15 10304 = 109.8 205 £ 12 2.0 0.2
35 17438 = 1327 27 = 32 1.5 0.2
55 20439 £ 1619 213 = 27 1.3 0.2
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Table 18. Chromameter analysis of liver color

Age Lightness a(Redness) b(Yellowness)
15 342 = 21 97 + 18 -0.17 = 071
35 323 = 36 134 = 35 219 + 115
55 318 = 38 197 £ 42 550 = 378

Figure 9ol A ¢} o] 7 F& ] A=A Tkl M o] AqZxtol 5 E938 ¢ + 3
NS Az 72 A8 A3} lightnesst® F FEIE 9 Zolzl gl A

Hol ¢ F2 M8 e Aow EAHAUY (Table 17). Yellowness

ot 2At5 2 A

g9 ®AZI= Table 18 oA vk Ik AbAe] dof w447
cholesterol 2 AF&EQl 5578 & AA&AZE §452 16578 AAdAd v Hf-5-
skttt o] Al W& cholesterol & A% 0% FH ¥ cholesterol®] #4&
Trof) mEkrbA] B Ao A= g e Qog AZE AT
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Table 19. Biochemical analysis results of serum in laying hens

Age Cholesterol ALT AST AST/ALT ¥-GT

weeks - mg/100 ml - -— IU/ml --—- - mlU/ml -
15 104.2 + 15,6 206 £154 9772 £ 899 663 £386 3659 = 7.63
35 547 = 59 1.27 2053 10549 +10.34 831 +39.7 4341 + 7.84
55 576 + 64 1.38 £0.74 11651 +11.02 111.0 +57.8 4500 + 10.95

g% cholesterol X7} AF@A Ao =235 Atgdo] AlZEW 238 ZFA4d = 4

AE FHEE A
Cholesterols A 9]gk ALT, AST 2 y-GT9 A% & ¥His oA AEikes
ols 7T & HAksh: ASHA dAAR = AAEIVE ] oleE Al
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Table 19. Total lipid content of liver in laying hens

Age Total lipid

weeks - % -
15 411 = 041
35 485 + 0.34
55 485 + 0.81

2) A=A FEAA HAAAL B dg
100
X
g &1
-
% B
@ 20 —8— Egg production rate
~-O- Motdlity?

Figure 8. Egg production rate and mortality of laying hens on a commercial farm
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