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Lipid Metabolism and Fatty Liver in Poultry

Yang Soo Moon'

Department of Animal Science and Biotechnology, Gyeongnam National University of Science and Technology,
Jinju 52725, Republic of Korea

ABSTRACT A great progress in genetic selection, nutrition and management practices has contributed to the improved
growth rate of broilers and egg production in laying hens. For the increased productivity of modern poultry, a healthy chicken
liver needs to cope with the increased metabolic demands. The liver is the major site of de novo fatty acid synthesis; therefore,
hepatic lipogenesis is crucial for producing better quality meat and eggs. When de novo lipogenesis exceeds the capacity of
lipid metabolism and secretion, large amounts of lipids accumulate in the liver of broilers, leading to a fatty liver. Upon onset
of egg-laying in hens, lipids including free fatty acids, triglycerides, and phospholipids are dramatically increased in blood
plasma for the synthesis of yolk precursors in oocytes. Productive hens with fatty liver often have hemorrhagic syndrome and
sudden death due to the heavy demands of yolk synthesis, which burdens the liver. Understanding the lipid metabolism and

hepatic lipid disorders is a key point in the improvement of the

growth and production of chickens. This review focuses on

the recent studies on lipid metabolism, the hepatic lipid disorders, and the prevention or reduction of fatty liver in poultry.

(Key words: liver, lipid metabolism, fatty liver, poultry)
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1. aZol|M X[LE5

FfrolM AREFE FHE SEAAES S92

AN F-EA Fal7E o] Folxl F AR ATl &
oJutal chyromicrons g/4dsle] FZAZ S8 T
FHE 53 £3A 9 7o g2 S0tk Butler et al., 1975;
Wang et al., 2013). /A E AlRE FFH o] AWt
o e ZAFO Zo| F2 LA dojdt). &%
A A A lipaseol] o3l FE4 Eall7} o] Fzl F 7<Hffl
ol o|7o1A 2HANS BT olF] FrAGL
friet 27/ 1ol Apol7} Atk Ef-F+= chyromicrons &4
sto] AZAZ FUE o] $HE RN 27 protomicrons
gAsle] 23 A2 Y3tk (Bensadoun and Rothfeld,
1972)(Table 1). Z&7F2] 25, L7 22 HZAV 2
ol Al &7 Wl Alme] Aol Al FE
lipoprotein e 2 IHE(hepatic portal vein; ¢ 3ol A
e golo] 7to® Sojrk= dyhow niE f4¥ e,
o] & “protomicron”°] 2} g+l Bensadoun and Rothheld, 1972).
Protomicron®] Z7|(H T A& <F 150 nm)= EF7< A

9] chylomicron(¥3 A& 2F 350 nm; Ruf and Gould, 1999)

'l

Hoh 2o, 22 80~90%2] F3A)S ARt frAkst
CHGriffin et al., 1982). Griffin 5(1992)° 2]3l4 proto-
micronZ} VLDL S/3A|We] 6~7%%ke] §A|e] HERX]H)
ZA oA FFEta ol g F-52] protomicron¥} VLDL
o] AR lipoprotein lipasedl] 2|8 7Fi-8l =] o] lipo-
protein receptor-mediated endocyt051s(11poprotem 24 )
A AZW el ofsf oM FE F AEe S9AY
o2 A HRKSato et al., 1997)(Fig. 1).

2. 2+t X|Y=Z{ol|M o X|UTHA

2579 A A A3 d(de nove fatty acid synthesis, lipo-

genesis)-= ol A] Tt dojupm, Az oA = A gh4
o8 g3 dhdME dojux] gEtiSaadoun and

Leclercq, 1987). 7N&E 448 8412 7% 10% ©]ske] A
o] gt ALRE AFH s el Al Bagk A
oA B5stES YR sto] AHAE A shofok o
o} AtEE A3 A MRS lipoprotein lipase(LPL)ol ]3] 7}
FEAE s, &7 4T M oA protomicrons 343
oz f99 o AWEAd ol o] g\ th(Fig. 1). A7golA
2ol g Atg Ao 2 HE] 4% protomicrone wi-§- W
9] ggol7] wiFol hllA 34, WEH VLDLA| 9%t

Table 1. Comparison of de novo fatty acid synthesis (lipogenesis), fat deposition, and lipoproteins in various species

Species
Items Poultry Monogastric animals Rodents Ruminants Primates
(chicken) (pigs) (rats, mice) (cattle) (humans)
Major site of lipogenesis Liver Adipocytes Liver/Adipocytes Adipocytes Liver
Second: ite of . .
ecqn ary s1.e © - Liver - - Adipocytes
lipogenesis
Pri bstrate fi
roaty substrate ot Glucose Glucose Glucose Acetate Glucose

lipogenesis

Visceral and
abdominal fat,
oocytes (laying hens)

Major site of
fat deposition

Visceral, subcutaneous
and intramuscular fat

Visceral and
subcutaneous fat

Subcutaneous and
intramuscular fat

Visceral and
subcutaneous fat

Lipoprotein Protomicron

Chylomicron

Chylomicron Chylomicron Chylomicron

(protomicron/chylomicron)  [ntestine to blood

Intestine to lymph

Intestine to lymph  Intestine to lymph Intestine to lymph

Lipoprotein(VLDL) Liver to periphery

Liver to peripheral

Liver to peripheral ~ Liver to peripheral Liver to peripheral

and ovary tissues tissues tissues tissues
. o Mammary gland is
Lipogenesis 1is . Y 'g
. major site of
Others important for egg - -

formation.

lipogenesis in lactating
ruminants.
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Protomicrons and glucose VLDL

transported via hepatic
portal vein to liver

Dietary carbohydrate and fat
in Proventriculus
[

Proventriculus ,.F‘-‘
(true stomach)<

E== ‘ |
, |
\‘.\‘- Hepatic poha\ system
|
| |
| |
Small intestine |\_~ _\\
\\_
Triglycerides in protomicrons
and glucose in small intestine
transported to hepatic portal vein

e

(triglycerides transported
to adipocytes and oocytes
via blood circulation)

/ . |
/ Liver |‘ /
/ [ |
| \, \
f \ R
L - \

. . 7N
1. De nove lipogenesis of I \
fatty acids from glucose \ |
2. Formation of lipoproteins for VLDL N4
Qocytes

(laying hens)

Fig. 1. The fate of dietary carbohydrate and fat in lipid metabolism in poultry.

o
o
e €% VLDLEY

, 1992). 7tol|A] VLDL®] &
Zol| whet Aol 7}k it
P2 Al kA &7] Wi
, 279 A5 1t
dojubr] SR o]
U]-(Pullen et al., 1990). &
st o] 83 ?l"’ﬂ/ﬂ-‘q A] Hc]' ol %"39‘ FfrEEd AR
zl acetyl-CoA &5

HArt. ghrsiEol] A
2| Q<% WA & Ax(fatty  acid
synthase; FAS)®} malate dehydrigenase(MD)2] &4lo] o}
ZtHHillgartner et al., 1995). 7F=2] AWl A5+ 2%
o] fiFiEe BsERRE fHE 3R g
(glycolysis)®} NADPHS] A2 Ml EAo| A 2 ike] gt
of A ol7] wel A4t S AR TEH drslE
o] FF glycolytic system®| &4 F=ol A Z-$-Hcth
AolAl S5 71 2AM RS nEFSES 277 Ak
SHA| = A AR Aol olelf 3ke] FAIZE oF 1M = 5
Z¥eHAl E1, ol AT °oF 10%°l 2ot drta ot
1994). 7}5<9] 7% oA Atk S
¢3 NADPHS| &H2 glucose 6 —phosphate dehydrogenase
(G6PDH)7} obd MD2] 2ol o3& Al-gHTthMourot et
al., 2000). AFHA| 9] e ST Fo AdFaT) =
=4, F&3d(vitellogenesis) L7-Fol| FE37] 15k
estrogen®] Z}-8-of ]sto] 1he] AWk o] FASHA S
7}t Hermier, 1997). ZtollA X4k Ao ol 0

Aure] 2

A FE&F= mA /\1%}%6‘}‘5%01] g9 S

=

on X

ol
b
i
1o
ol
ol
e og‘{,
3
ol
—{O F\O [

(¢}

=

Hr

(

of
oX

(Hermier et al.,

e Aol A R, FulzEE AAAE o Y
AHEo|th THA FAEE AWELS ThlA fﬁ/‘é% lipo-
protein 73 Y4 K apolipoprotein) 3} VLDL-S , &

EA 9} SAAE A UAA AFE(vesicles)oll ERE O] AlE
tro g HEujEc) EHld VLDLS 3-8 ga AxF o
)]

= e, Az FHd gl LPL ojs) A

FE ZelETFig ). FAEE Ak FRAER

7kl Hol FHA7IE fFE o] o SH A, ATAE
u

9] "h(adipocyte membrane)s B2}t T A WA ol A
THA] o ~H] 2 3Kreesterification/ resynthesis)”} Loy F49
A Hpo 2 A vkzA o A7FHErth(Nguyen et al., 2008). T4
LPL-Z A 2o Aaks F7sh7] 9s 24490 &
27t Ank 2Rl A A2 Ak glyceride®] 2 9
3} glycerol®] A8 SWelA 1eja e F8 AFALR
A 1 F 83 onE 7Ktk LPL2 AMA| et A XS
F33 T8 A M= o] HAT Bt EHlE o E
H AEH FAE o] gl Aot a4 S48 zhett
(Hermier, 1997). 5, Ztoll A 3d¥ A" lipoprotein2] &
HZ HE o] Xxz]e] FH| e AR ad <
aff e R ZejEa, Ak APRAIE oA o
Al A dEo] dFE B oA Z& 2EY 2o whgale] o]
229 w711 2=}k Glucagon¥} ACTHe| 2J&] cAMP7}
S7FHAl EW A ol Q) w2 A Xz A
A Aol w7t dojdth el AR 954l o
YR FFYPCZA 2314, plasma albumin®l] &J3f 2z} =
Zlo 2 e} mEF | ofolA B-’x‘l@rﬂ'@g‘ AAA 2
ThPugh and Sidbury, 1971). AF&HA|2] 735, Ef 2] oA 2]
o] &< AAIsl] flste] & oA VLDL«] kil =
o $- 2| g2 © 2 o] FoI X M(Griffin et al., 1982), A= VLDL



112 Topas

of o8] enkE FAA ML o)FE JHoocytes)i i

A Bl Aol aabHow Yol AtkFig 1) At
A9l VLDLo &= B2 k2] apoVLDL-1I7} g&o] le

estrogen®] J&F o}fj ol A %‘*JEJOVLL
T3 LPLE] AJAALZA] 7|5 = 3FCKSchneider et al., 1990).
FGEEAE Aalal F2] = ook 2Ho| 9sle] LPL
F FA

o] apolipoprotein-

o &do] ZAHAR, ZRolA AEA £ LPL-E
Fejoll A FgS =T Hermier et al., 1984). 2270l A]

224 A e Hae BA] FARE Az
oAl Ql&d-& LPLe] E4& F3I38ta(Borron et al,, 1979),
dibutyryl cAMPE ©] &429] 24d-& A A|3tc}a 3tk Bensa-
doun and Rothfield, 1972).

A WA plasmadl] £t AA Aol o 5% 4
o)Xk o] 52| A 3H&(turnover rate) 1-$- o} thALA
o2 wg- Fasith o] AL T2 S ol
S/ A ol A Ee]¥ T plasma albumin®l| 938 Z} 23]

2 $553, 2R vETE ol o5 pAstYE

7% A Fok ZFol|A Az o aRE AWk S8l
cyclic AMPe| 2] &k x| HH-& é‘HE S .46]] JojuA|qE TH
Tar% catecholamine©] ©]9} Z& 71%< tjalgt) a2

Foll A& glucagono]| &gk = ] R s2Eo s 288}
Uﬂ(Freeman and Manning, 1974), A7¢lA41<] glucagon®] &
= 3 XHF9} vlwsked eF 108 o] ®2™, Insuline
BA o R wlg- grol /o] thatell A= HlwA e o

< 3t Ao 2 HOltHazelwood et al., 1973).

3. Zte| X|ECHAL ofat

Zroll A 2Ake] & eshE AFHdd HE
(glycolysis)@} A-5=7] wfFol| Frfet ghrstEe] 443
= A ApstERe] S71E st dRle] Hrklvy
and Nesheim, 1973). {Fo.2RE] Ae] AA=
8 =93], 7k lipoproteing AJsk=d] 22
vtl; R O}U]—‘T—/& ol HA om Fho|A A H
A Al Ech(Flores et al., 1970). AflatoxinE A
o] FEE ‘%}oﬂ S (Tung et al., 1972), 28, o|w=AE 5
o] whZ phospholipidse] A H=, dUdas =

dagh v ed, 94k HIER B, 59 F5f ¢

“ WRAS = Q)THButler, 1975). &, THE A
WRE A1e] 712 A Eelleo] ghAald], HE(dl, 2
BEZehou n|ggEA(d, H)e] AP p-atstol] o
she A5 HERIxted 93 vlA ARt i €
olo] & 4= 2)ti(Scott and Krook, 1972; Amine and Hegsted,

g

lipoprotein

o

s A TiAReE ARt

1971). 7P Al A7 §A19] o= HellA
Rom, 8 AR ARl A YERdT SA oA
W] =FE dols BE 10~309 FolA%t ¢ o
T WY = Qdrh A ERke] AAbe oF 20% % =olH,
e Fe AL, A A, Al Sl o3 ~EH AT}
9 Y<lo|tkButler et al., 1975). 2Je] AW 2k 417
Soll F= AHa, A2 AL AL ddsd 9
S TR PANE Vet W A Al 4T
A3 Fhol|A 2 &Y Fo] #EETI|E K Butler et

-
al, 1975). At&HA|e] 284 APk o Aldel 1AS
FE9 AlolA] AMSA] B3] 2 ¥ shoi(Wolford and Polin,
1972). AW (steatosis) S ItollA &8-& FRke| = sk
tl, Algh -5 HAtel] o] 27| % shw, Fio A|o] IEs)
Al FAE7 % gt A Y] Al AAE AT = st
ARE HAPE doAur] A7pR] BAQl S-S HolA| &
= o}k B2 k] AH>100 mg/g fresh weight)©] 7“1]
of FAEW 2te] Y Fxo] Wgo] dojuh=d| F

& ZA AWl triglyceride, oleic acids®} palmitic acids %
o] WtHlIvy and Nesheim, 1973).

o R

4. Rwzhel ol W oiXIE RSt AT
se] 2ol Qe Al F8
Aol AFE A, B0t

fru
ER
e,
3%
o
o= o
E?‘.f [
ok 2
i o
R
ok
o BN

fru
=y
F{
rl
kv
A
ol
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N -
o,
k)
&)
)
)
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ey
o9
30,
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1) o AEHA

ujZoA dAE A Q3 Aol £ A7 <k
16921 ~2369] el FAks]n, 7h AglellAn 1.
~1.79 @& 9] 22lo] 9= Ao A3} rkSt-Pi
et al,, 2003). F-2lueloll ] D2Ed 2ol o] 4k
Ao gzt Hue AT vl=e] A& -
s AR A TtERE %EJ?&ES_ 273 s}o] 7t

E
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i)
i)
In

ool
i,
&‘j oH g

3] d 2Ed| 2ol e, A AREE I e N
FTES dHET o A Z4o] ot AE A4
3t BTH(Deeb and Cahaner, 2002). SAA] THX

gl ZhollA A AP L] HXo o AW 4 F

773, AEE] AAIeE ofn)iedt Eale S7HAIRIT

(Geraert et al., 1996). ©]|& 3t ~E#| 2= ACTHS} glucagon
] 9]5]] CAMPQ] xg/ﬁ_o_ 7]._:_331_-5].134 ;q H]—z;ﬂ /{-ﬂﬁi x]ﬁl—

R =

S #sl=d] T3l lipoprotein lipase?] 442 A5}
a1, AE2 Aol A9 lipase®] 248 Al ~HlE 23] 7
std o= Z]“‘*ﬁ"ﬂ’ﬂ—% Aol ket el 5
7¥elA Ent. 2y el wel SAA dAEAE
Mor ALEAAT] Badhn, ol AL 95E

nx ) 3 SR ki) FeaH B SUME
©7) A WK Moraes et al., 2003), EF-21] 7} Folz 7t
ANFEE T7M71 BHE A Th(Shim et al. 2006).

NQ

2) CHEHEDLE ofo| At

gollA Adfde] TR AIRE FAE Ag, FET
YRS FH7] 98l AW A7k FAY ol 55
21T B ERRE A S FAJste]of gt Algd] E
o A A A z2A o2 o|FElo] AE I AR B
F3HES FrA] Ao R FAdE o] T 202 b
Hrh AtRo] 4 aa F Als T ke B5x
Hho] ZAeko A& wh]dshsd|, B Al vhl A siere
Hrzute] 2% /A1t Collin et al., 2003). ©]& %

malic enzyme®] 24 F7lol 23t Az}etar ICHRose-
brough et al., 2002). SAIIA] b= Tl o] S5
AW F-HA S (malic enzyme, FAS, acetyl coenzyme
carboxylase)®] o] 7HAFTH(Choi et al., 2006; Rose-
brough et al., 2011). Z2{v} 99} 22 Tl FegEo ofgh
A Fagdvte =2 FE0G0% S| e Et
Foll oJgk AUS gARbEoF gttt 54 ofn]ieihE Alge]
A7kste He BRAM £42 A Al ES AR,
methionine< SAAME ] H7lgh Ao &4
74229} hormone sensitive lipase(HSL)2] &4 S7}e 2]k
AHEe)] 2R o7 HRXuhg 7F40A)Z 4= )oK Takahashi
and Akiba, 1995). SAAIE 0.25% 2| arginineS 37}
sto] 33 Folalls Wl % AN FYaH S
TS AaAIF S B of e, ghellA AR Bl
AxpE el oA ek Aake] pakste] Frtel] oal] EHH-A|
©

o] 43S 7FHAA|ZthH(Fouad and El-Senousey, 2014).

l‘

(]

l:o{ il

A% A B

%43 2zlol NRC(1994) AlFEFHT} 1% B 39
arginineS 313t S W malate dehydrogenaseﬂ— FAS©] &
A AR BRapstee] fgAasiitial dth(Wu et al,
2011). Lysine®= 35 l"@rEi 4737 SAAIEA 0.7%5E
1L4%7HA] H71etA2 o lysine $&=7F obd 5 o &3}
Ao g BHAe] 245 A Z thal K Grisoni et al.,

1991). Atk e] A% 3722} methionine, arginine,

lysine 5] 574 ofn|izqte] F71HQ1 FH-2 el 1A
A2 JAlsta, HFH o B FAHe A7t
A pagro 24 Ak oAWE ¢ Jles Hojerh
Betaine> o}1] =41 glycine®] F=AZ 3702 WE]
(—CH)E ZHE & ded, $A9 As7/HR 0.1%
betaine S 22FHFE] F 657+ FF3HA =W HSLe] &4
57t EF-Aell A FAS 3 LPLO| 2/ A o3t H5-4]

W 24 8395 B 4 9lvha 3tk(Xing et al, 2011). Betaine
< 250 mg/kgHE 1,000 mgkgZHA FEZ Dlslo] 42
B SA ol A3, Al 9 jlol st 571
ol wpel B-xA| o] vy A o7 ksl on, 3 2
2HE, FAANE ZAast i dtkLeng et al., 2016).
o] gt A} betained] A7} F=ol whgl vlglH oz x|Hk
ate] pAteldhA A EAHUAFE(PPARe, CPT-1, HADH)<|
mRNA W= P A E A A A(FAS, HMGR)E 9]
e ghae] 7

3) A[YLte| SFet HE)

270 AEAe 7 Al A g7l e,
ol= A Alg T 7hoA o] AHMAF SHA o F kS W=
o} weba S 7}3A}JL/] AMEEIL AW ZH ) o

e PA F dom, Alse BESAAEI A A,
)2 1HellA Aedaae] @& JAge =N 2

SAPHE Rl Blste] AR A4S 9A gt
(Sanz et al., 2000; Wongsuthavs et al., 2008). ©|&{3t A3}+=
| Aol A d Bl &4 A B Ao A A HHLEe]
p-Ak3le} BHE EAE(CPTI, HADH))2 E4Z7}ol 71¢1
sy, EsALkE T BRI o B A &
A= ol EXsAMbe] FiiA o R o pAaksirt &
%]7] wj&Eo]tiBeynen and Katan, 1985; Newman et al., 2002).
BT ER03 vs w6)d] T st £71 F
2 AR g 4o &4 Aol 93t 28U Aolx
A% = Stk &, obnA f(flaxseed oil)9] -5, T 23}
] =2 linolenic acidS 3H-3F w-3 A|HHAF 224

ARt A pusE &

el A E st
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Garcia, 2002). SA A 2lo]Ad -3 AAEE BH XA HRo
A g A e] 2718 AaAT7| o, APgLte] Abske S
7N Ztka 3K Gonzalez-Ortiz et al., 2013).

A FR(ESYEESHERE ot Ak
A AEA A dFS vl
ot SAALES] CLA #H7l= F371el Hlste] &
A5 A1) 2™ (Szymezyk et al., 2001), ©]2 g+ 7
plasma®] LPL #7ta 2 B2 2z 2] PPARy
mRNAS] & 3A|(Zhou, 2008) ol &3t Aoz L&A
oh A5H ZHE B 95kl oF 557 AR
o] i AAAE YR FolAE 24573 5oid 4
3}, FH53) -3 AW flavonoids So] @] he] = HEZE
S Davis et al., 2016). 218} &34
A7rE =g AFAIE AR oluR & AkRE AR
B 3978712 7|t gl A¥, 84 A 24

Aoz ERA ] 43 A gKCrespo and Esteve-
2o]
1

(fatty acid isomers)=

A

‘1ru>£
fi'{)_u

fr 1o 30 N

O[N

I o

QS n|X| A F34%] 0 (Schumann et al., 2003), T3 30

[elre]
FH o] AAE thd o= 27|17 CLAS o}a’i% o o
38 2t SR Ftel| <3 &34 %l el e T

= %= AtK(Cherian and Goeger, 2004). e}
olm] YA AWzte] fE A, = 04 Al A =
AR A7 YEpAIRE AT S8 ST fdE
Jd AN et BRI AR O]%Zﬂ' FLA A=

of g AF= gle Aoz Hlth
Butyric acid= AFE3 74| 2 sodium buyrate <2 butyrate
glycerides®2 FHE™, &3} A7l A butyric acidZ F2]¥
TH(Vanhoutvin et al., 2009). SAAF=l 3,000 ppm= 47}
Sto] 21U e 419 B 7] Fold A, o7t of
Yl AEsE ARE7HA] A Ew 4 nAAl FSkA

BT A7) Bl BRAE] 44, 45 Zul e
A Tol Aasidivia gt olH g B3l AgTiAlel

Iz Q)= 39 FA(FAS, LPL )9
gd 7+4-9} PPAR-u signaling pathway’d2] -2} (MMP-1,
FABP-2, LPL, APOAS 5)52] T& xs}e] 2|3t 2"g1ke]
B-2ks} o] 711" Aolga ITHYin et al, 2016).
Butylic acid®} €2] butyrate glycerides= HA ol 417} &L
7] 7] wEel AL RA o] 87 stk
THNamkung et al., 2011).

4) ElrstE REA|
A= A4Y drshEe] g el inulin-type fructan
= SAAEC 10 gkg 5 HA7A 5 FezEEY 5

s A TiAReE ARt

Fx|fo] 744349 © W (Yusrizal and Chen, 2003), inulinS:
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(Beylot, 2005).
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