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AETAEA DL | PR SR (HF) SR FRART ¥ 5
(P<0.05) > = pH £ (DG)~»* p s & (DFI)~ &f»cs (FE) &=
PR g2 s TS (Glu) Hibfig (TG) & fifik (UA) %k
Bohd ez Byatpx i3 (P>005)-%a488%2 Glu-TG £ UA
PIFRAR ¢ 5K (P<O05) - tipsk= »16 & 11 Fdtagdit
WA e AUk B 8L/6D 2 mk @l (SD &) &
8L/7TD/1L/SD 2z # iz Lk ppl (SL %) ¥k % Biedrii 6 8 - 488
¥ 15 PR B SRS R > AT EMILRE g 2 -
m oo B%H7 SL k2 DG~ DFI~FE & UA %A ¥ > SD ¥
(P<0.05)> @ TG 2 Glu Pl e LB -SL 2 p3 LM

¥ 30 SD % (P<0.05) > H bRl S0y p 2 - dn S b g

E:0y

£8 -SD 22 HFl» &P r2 WS LB (P>0.05) - SL ot %p@



W2 HFBEFR e 2a P ¥ (P<0.05)-SL 2t 2ai 2 HFI &
F M SD g (P<0.05) e k2 HFI Rlaefl i ® o f2
Bz 016 R PR Re BE4g 6 E A EB ¥ 14L/10D
kg (C Ao2) 2 p pEisz 10D/M14L LB (R AJL) 14> b % &
24hr §8 22 25°C 2 NBHia ¢ o R Besrs §F PR A2 S 24
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B B L A MER TS S PF FRE o blde- P23 T
LHF - EZeFZ R o 0 REREORE A FMA2 Y ¢
BRI o 3 P “Thf]w 54 574 5% (biological rhythm) -

FEE B F R ERA AP

T,

P wPE& R LI RIRE

-nL

T s Bl ATRE BT RDE S EEE SRR o
B FL L EEEE I oA P ARES LAY F

ZHRGFEFEERERS S RFEFFP AP SR 7 (Bellieretal,
1995: Villalobos et al., 2008: Roberto et al., 2010; Weinert et al., 2005;
Brinkhof et al., 1998; Rashotte etal., 1995) = 4@ » % 8 £ &P ® & 2

WHl o AR PR E kAR R BT RE S AR o

AT EEF L 07,00 & 17:00 g 1 [ AA» A5 8 2
GRATEERS 0 Bl EE R 0 L AT 2P R 2 R

Fooplt A iy R 4%y 5 & (Luietal, 2010) - 5 =
A0 FTERM2Z e T EAE Y 7 B RE 2 e R E 4
FATF B FR T F P AT G0 T A ~' % (Hoetal,
2010) - p BT ABE 2 G YA LI EF - PR RE o AFTY
2Pz - ThiE- HHEFGIRIELRIRAIEF - P2
N2 TR R BT EZ £ 4 o

ERPPFF I fAEP (c4548) 2275 g/ B {3703
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EoMESEFEP LR 2 H i WAl
33 5%V k4% (Adam and Mercer, 2004; Boon et al., 1997;
Ebling and Barrett, 2008; Morgan et al., 2003; Tucker et al., 1984) - =+
FaZ o RKRPT RGERGE 2 0 FHE BRI AG 1005
PREO DM EZ PR EFAL I A - R AFET EEFIR 2-8 %
WAgL G EARE - HpHENRERRY LR e E PRGN
BrekRE AR o p 8 FERA HAGL AL R EREEERE
SEETRAFIELERF AR FLIE > L SL e (AL EE
oy Hp R k) 24 R k&AL m LS e (A EHEER
ey HpAEER) it 0oM E R EMMRS 3 EFRHESL B2

BRI R E R B (B F > 2009) 0 p E A

=y

J AR R REA A BRI IS g - AF LR T B

6-15 ¥ &AL A p Nt 17 ) P AsA AkR L ] FRERS

Pz kP o — 4ok KPR - A T LR AG2 st o AT
Ut E AR EERRPITILEROE- HIEF LB TR G E 2
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BALHOFIEE L RdmAR 2 PR R P2
$0 5 AASTREL Y o dek B P8 URA SRR 4 o BIA
2% 4 % & = (biological rhythm) # # # & (biorhythm)- @ p* &

FEEHRIAE S W & R (period) o & KR FET 24 PPEFFHS NP
& (circadian rhythm) 5 8 & & =t p & =545 p P iz
(ultradian rhythm) 5 3F# & A G p &S & FHS 4P & &
(infradian rhythm) » & 323% 8 - ¥ 2. 3% & 1= (circaseptan
rhythm) ~ k8 % 30 p 2 % 7 &= (circatrigrintan rhythm) ~ & 3 4

- #£2 & gt (circannual rhythm) % o 2 f&E2 Hixdpicd 1

N

v

IR E R Y D RERRG F SO ERENESE A



2 EEE N R

2L ¥ 25 E8E2 YR
Table 1 The period ranges of usual biorhythms

&= Rhythm ¥4 # & Range of period
(ultradian) t<20h
£ p (circadian) ABYgghs 28 h
4 p (infradian) g
£1% (circaseptan) Ve
£ g% (circadiseptan) . ¢
£)= A (circavigintan) i
=30+3d

£ ®  (circatrugintan)

= +
£ & (circannual) L= g A0

t = period (from Piccione and Caola, 2003)

tePFaE (Clock) o 4B 7o A T BR A P G TR L O
FAEER AR AR Y o L F 0 AR RR DR
ZAME (kB R 8F) RE oA RESHRR2 A EEG B

FEZ - PR EEER e R ATRBGUSL TR S R K




(Zeitgeber) -
(Z) HparL@|gh

NP aERLF NPT 2L SR AEF- AR
BBEAGEFRTA TR ERAG VR EBE R Lk im A4
(Dunlap, 1999; Bell-Pederson et al., 2005) - i€ _m +% 5 ‘w7 2. & F 3| #28
Earf S aEd o B BRI A PR O a2 4 P
&= (Yerushalmi and Green, 2009) - £ 5 & % > ¥ 3 2 3~ #0i¢ * «p
& BB CR BRI s - & 2o %1 (Imaizumi and Kay, 2006) - # 2 %
P&z & B (Oscillators) ¢ 7z 7 &4a % (Pacemaker) =~ % =it/
v 4 i (Bell-Pedersonetal., 2005) o &k p 3R 2 25 (dok &
BR- P RL) EIRBRETUREEA Y P BLREE
(Roenneberg et al., 2003) - #= 4~ & [l le g @ » 2 5 b % R B (b4
EER) o T RIRT BT AL - ) BT ARLE AR % (suprachiasmatic
nucleus) =4 5~ #rfe #p it (Greenet al., 2008) -

B FLREE S o AR R X BRI T re
(Okano and Fukada, 2003) - . & #5 > X p 453 ¢ 3 =22 9P &3
® (pacemaker) fr— it it gk X oz Ao 1 3 TE AT &
E2 R 2 gRiEs: £ & (Cassone and Menaker, 1984; Gwinner

and Brandstatter, 2001)- }* = 2 9 p &4p B (& 4 LpF48) & B 3R
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g f #p it (Golombek and Rosenstein, 2010) - #& @ » f & &5 PAR 3 950
PRI PP LG Bk A BRI AR S E

Es H-fi- p SRR a2 EE
Flhk b PRV EEZ AR 0 ¢ RATEEERZ AN GlhoiE s - N
B 0P N 2 kR B B R SRAE R s & 2 %1 (Challent
et al., 1997; Choi et al., 1998; Kalsbeek et al., 1998) - 7A@ » & {7 & “,f
Bz b s ZRBEHA G (dofS i) o Fpt o

&
7 fe 2o ¢k ngf‘?‘ﬁifé&# FRIEH A E N s o bk

8



3 2242°C =4 8L/16D 2k gy o o] BLE F &£ A2 EE

m

. é:_

-y

5 m by i o 2k (20lux) B o o] B iR

C"

FLAZLFETE LFRED T RENRELT O REER ST
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% (Fonkenetal., 2010) > % BLE #F £ B30 p LR 2 F/RT > BliF
%

- PEETFNA LY ERBCRELED TR K2 SRR S
~ (Deprés-Brummer et al., 1995) - M B iz & ™ - 2 a5 dp §
;IE:*/J\ ";«'A"/éb‘? ";\'A/—é'.af'%-ié‘jﬂ o /i"’""r:u < o

“4] & £ & (Siberian hamster) 4%t 21+1°C ~ =43

16L/18D 2 finT o EhEj PR &R AT s 0 F 0 o RKa o

- M\

PR s 8BL/6D i o mds s EMRE) 2 o oA L fRAR A
16L/8D s » B# 2.5 p X £ 5 4 (Warner et al,, 2010) o * 2 %
Mty P8 EH2 9 a1
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Al d go 4 (New Zealand White Rabbit)> = p  07:00-19:00 &
3 kP EET A T4 Hi s F 08:00-14:00 pFL - p ¢ oEig
2z pEg > @ 04:00-06:00 PFRYZ - P &8 2 FFEC (Bellieretal.,
1995) o ¥ — 725 % L > 7 08:00-19:00 2 kBEKE T > 3 4 (New
Zealand White Rabit) =42 > H3x a8 £ 24:.00 pF 5 - p 2 &8 » X
f6T% % 1200 FF'E 3 - p 2B ™Mo ffgf 2 (Villalobos et al.,
2008)

Bl (Wistarrat) > & @& 3¢ 12L:12D 2. kRiE 2 ™ » L4 T4
Pl ris e EE- P2BE > 2 SRl M aiEdd &
kR ieE I AN pFERFZ AHFaE 5 19.7% : 80.3%
(Roberto et al., 2010) -

LALFUFE o A ul & BT 23L:1D 2 8L:16D 2 7 I kpRiE 2
TR EA Bk 28LID EE o A& -GEOH-pIS
BN rfmdE 3R o T E B bRERA E -2 FE S
TR BERF CGF EN  Rnd - PRIZLBE KR

FlE- BRI HE2 752 o 8LI6D ¥ hEmE - &

)

o EERE-HRagEa »RisE- PHERIELFE D ARER
FoORFORBERIHERIFL ) 2 REFE - PHRIZBE KREZ
BPFER- BEFFT 97 52%2 (Bruininxetal., 2002) -
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L"'—'J‘ F’ v A Q%‘ﬁéqk 12L12D £ 6L18D ) PF’JD%]I %,

2% A 12L:12D 2 A r RisHFE I EF 4 2

- BEFEFeE- P
2B KRB - BRPFR T -2 %% 5 6L:18D &~

kisHEaE b - BREFERSE- p 2B

;‘4—1: | £4

Fagd o kRYP T2 aE P (Weinert et al., 2005) -

G4 B kB 12012D 2 kiR T > Ho p et S
B0 R LR T4 &£ PR P 5 4 (Brinkhof et al., 1998)
AEEF ARG 07:00 & 17:00 (AR 1 ] B AR 2

Il

ES

FHt o a2 P E B frpd (Lui
et al., 2010) -

(2) W& AP & &

B 24 F#L2 b F R (RFFEHZE) TZE 21C 2 BB R
B ~12L712D z %k

g P T (R RAE_08:00 1 20:00) 0 B A B

EERYP S m B4 ABEEH A 4 (0500 3 08:00) 2B %

573 X (20:00 3 22:00) % M- K BE @ LLERH P L (12:00

3 14:00) 5 v B AL Bt o P PE B ¥ K IRPERGKR L o 1 AR Siliew

o BB R R k2 ¢ & o d wR T (respiratory quotient

RQ) #4aip] » kA -kt EH2 L B 47 PRESDGD &E - A K p

Pa iRz g B AL R E P Rz K p &= (Ichikawa et al., 2000; Miyasaka

11



etal., 2004) -

TR R e Ay TR B 2 gk o LR GIRA
(Beagle) ‘4%t 12L/12D (8:00 R %) 2z kpeip¥r 21+2°C 2 4 &
T & p A 10:00 Ak4- ko0 RIH Rk X R B2 - poa R
hARADZ T T B A HEABEOARBPF 2P L LS
Ehga 60 | pFp ziR a2 % (Piccione et al., 2005) - d »t.ww pe
B A W R P AF S F RS- o AT

Sldez Fd B o praE (BN - KB B FHLL S RE) Ry

& G4 £ B (Siberian hamster) iz 42>t 21+1°C ~ 16L/8D 2 [+

MTFFAEESF D FUEMAIEFARA IR P ERPY

\

Z-PHEEI AT PERIE S A RELSED S R TE

A5 K= EL s
1 P E 5 £ &

QL kBB ALPERE P B s ¥ LB A 8L/16D »

—\\

Bz S EEE ) L 0 @ R MR 5 16L/BD & EE 2 9 p HER L
4 (Warneretal.,, 2010) - p &% & r kR 7 B Ba £ A H2 9P

45
o

—

4 E A A A Y 12L/12D ~ 22°C ~ & p 3t 11:30 v A Ak A- =X
ZERTOMAS LI PR - PEE ARESZFEERE R
BT R 0 A AR ET AL o R AR S 4 PP RS
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EEFEF > rEEBY R T4 (Chwalibog et al., 2004) -

* R iz 4 18-22°C ~ 16L/8D fFim T s (b F A p oE 2
TRATE AP N2 B D AR PR - PSR 4R
HEVBFERAGFERLFRT > AFHREFVAREG SR B
W2 B RER k- (Berman and Meltzer, 1978) o j* kg 7 % 3 &
LGP raEooa G EFTREREBIL o

#-J ¢ (house sparrow; Passer domesticus) 4 & s 21+1°C ~
12L/12D 2. g 3™ > e B AEF p R e B ApH e m A2 R
PFL BN EERR PRI - BE ISP & EHN 0 F kRS
8L/3D/IL/12D z % i3 & %@ (G¥# 5 24hr) & 105 L/10.5D -
13.5L/135D 2 2t 24 | p# (adhemeral) & ¥ 2p > i & 75 BE IR J14%
Kag it e dp it 25 2 )42 a2 (Wikelskietal., 2008) - pt &7 - &
PRV ® g 2w B ALaER I

= # ¢4+ (Columba livia) =473t 19-22°C ~ 12L/12D 2 % 8

gl

T3 EREsRE A AMBELBRETE A AR

i Ak

L4

=

FagFmrn kT rmataiEafie 8 piviks i (Rashotteetal,
1995) s Fgor e B AL S ET T REHIF S 2 aE o

% = 7 Bl (Mongolian gerbils; Meriones unguiclatus) % - p 71+
Fodr o R K AR R (leptin) F A G - pE RN WAL
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BB f? £ pFERE RpF 5 F  (Karakas etal., 2005) o okl & 2 7y st
A2 eE o Bop i 4 (N8R 2 17 (Gaetke et al., 2002) o Pt
FILRBEPHE- P EELALFF - o

(w) @ f3p g 82 590 &

1. &4

ER A

-
fe=

T o Y o ] P LS R  E
R T o ETEIL G R AL oG F IR fE R A TS
WATEREI U 2 MR L A WS G e BB w0 TR H A
WITRRIT Y ST BAEE CELT L E B AR H R R
oo RAPEGEF FAEE AR o F)P o 0 B R R ¢ a2k
B Rl ¥ Fa M 2 o (£ 2009) e

Bk T 0 SERRE AR ETRE 0 SRS B4 FBATE 2 0T

oo iDL Ve o ERE B e

%
T,

41 2 AR (£ 0 2009) -

iﬁﬂﬁgﬁkﬁi—ﬂﬁéiﬁ%%#@ AR S A
B g A 5 Mk R T F PR B4t 2 (Kalsbeek et al., 2010) -

LB 1E P Tioke 6% S L Y R R L
FHLGR BEFRAL A ARSI AL Y F Y
Wk R 2 & R aiF s T 4opFp e (Kalsheek et al., 2010) -

BEHIErPFET DAL A (HLApE) FpaEs Ky B
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%ﬂﬁgﬁkagiﬁ%@i%Jﬂ’iﬁ%$%§§4§:5+
PEom RS 6 T RS R ISR R
(Ortigues et al., 1996) -

ffs o % p AP & (06:00 - 18:00) 2 fiwT > R Y FF
MERE L 1 | FRETR% > 2L TR - Tk g
Bz g T Babz S EEREXE NIRRT
(Koopmans et al., 2005) -
2. BUN

Ay SR T O AT D9 WS RY fr2 K fRS £ )
A 2 MRS S R R o g AR B ST FOF AR AL 3R
EE R LS N RS SR s Ak -BU S I G S

kY 2
7

oy
A4

F0REPRNVEEES AR E BB F ve o AR I
o fkod MRGEAARIEL o a R D VRO B R
Bh A vef e vk Bk A A R EE (£ 0 2009) -

BABR BT el SRR ORAREZ 3 R RE o vep R 0%
FREL AN FIEIFRO LY GO - ORER Y hF FAEITA S (EF 2
FRA TR B R MR A AR B B F ABA o
73 RPPAF R TR R TR B At (£ 0 2009) -

Az g RPRE A B 0500 BRL - P2k 0 LR AT
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o A 17:00 pFE - p 2ok 0 RS B4 2 (Kanabrocki et al.,
2000) -

;Lﬁ]{ft‘ FREER R HIEF FT w2 (514 p &) H-p
2RI ARGERZRC AP I RELRRA- P LY TR

% (Ortigues et al., 1996) -

-

Ay & P A4S B (06:00 ~18:00) 2 T s Hg ’JJ{N‘ 2k
FER hARAZ (S €pbr b A As2 = | PRED| B TL

A APPE R PR R 20 %0 I (Koopmans et al., 2005) -

Db

A SR AT 8P AR TS A e P inlt R 2
by M RIRA N A SR R e e e N A
fmPe b iy v ;‘rﬁ’iﬂqﬁw]\ﬁ*, $ﬂ‘;¢~ Bﬁﬁ;x@.)\” B ¥ o B Fn
e P B A A S Y MR e kY B2 E
% f E T LR AR g amre P o e A R S Y 3-8
fho XSRS g A S A it T MR L F o e R TS
FEFg i IEd o AR T o n Y L 2 E TR T Bﬁ&%i
ERIRFFRL AT MRk N F b 2 s F AR R

2/,

ﬂﬁ‘*/r M’ R /ﬁ; ¢ o= ﬁ& /‘J’ ]ﬁq }\ﬁ*% 'ﬁ?v’%ﬁ-n Eﬁ}ﬁ’ﬁ. ’ 1E‘—)‘Jl./p’x"'} ’

MITE T B ko TR o SR kR (£ 0 2000) ¢

2 iy
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EEHIERFT L (AP #) FpaEa Ry Ha
ff]%r‘ R ARERBES T E 37T% 3 64% T AFFER
3 AT b B8 416 R HERELHRB ED
T RARGEEIEw - B2 PR BT AR - RERF ST
*# (Ortigues et al., 1996) -

A B kB 12L:12D 2o RREET 5 LS & E'Jﬁ;’ljif“ =
Fed oo gk B hfkAe(s 2 X R T g o2 15 F T (Manthaetal,
1999) -
() MEzZ9p 5

B AIAR ARG MR BT e R o 5
Bl T gd SRS ARMZA ST AEFHEN - RFFER LRI R

ZRERET AR - KA S MR R EF o ARF TR A AR o
B AERT O OMORRETIARARZREEG AC2H 4L B F

AP A2 AR o= A o TR WO E R

.E’.

RaFpHgs " MAFRDRE X HEFE (Piccione and Caola,
2008) c R LK IEBIERE FRCER o

Pirlddd s (ot 5 ~WEZ AH) 2R PP
3 ho- % > f 18:00-20:00 FF L - p 2 & B 0 @ 04:00-06:00 FF A

% — P 2 %™ (Leproult et al., 2005; Piccinoe et al., 2005) -
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LE A 12L/12D ke E 26-32°Cp Rp BT > & Pt RBRAE 4
PrakA - X QL E T SRR A P IR g kB
e ER e D s om AMES 2-3hr EI M o FEIEBTE > QA
BRERFER S NI AR HER > 288 4 P2p ARG
% (Piccione et al., 2003) = p* &g 71 2P 2_ Ak 5% 35 & 30 2L R0 08 )4 -
PR T o AR EPFAST > A FEEp kR (LL) & &
12L/12D kP2 7 b PFE A ET T o X 2 RR 7S aiF S0 -
Pt » B maLyd A tkéts 9-12 o) 5 (Piccione et al., 2003) -
AT AR R G AL I MR P &R E P (Zeitgeber) @
RERRAE R F o LS EHF LIME R LG P 2 9P
G TV RGP E L o

sk fe 4 % (Beagle) %> 12L/12D (8:00 B 4%) 2 %
g 2142°C2. F 8T 2 & p A 10:00 4xée— = > PIH R § P A
Z-Pate LFERE&ER s ARES A > A A ERFET B
o2 {8 ARRIEBTE o A% S 60 R o - FES R
% (Piccione et al., 2005) = s % & & &p o1 2P| 2 Ak 40T 2L f8 L R8I &
gt g oo

S E N (RFHEE ) & 23°C 12L/12D (0700-1900 * fB) 2
BT HME A KR B4 T E D B MER 2 (S
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Ao A R pFSFL 37 424 pFiE 3% (Deprés-Brummer et
al., 1995) -

& 15°C ~8L/16D -~ iz 42 %5 T - A B (Djungarian hamster) =

‘\'3

2 B)I“?’* - XEFRBEPIR G o pEREY2 TEF > g RHZWET
BiF DA 364C > A AkRIHPEFTET BS5C; §BEDFL > ARk
Mo EHE T dE 4 36.4°C 0 il kR (S > B SR BT
o T Ak (14:50) pEaE R AN (20.9C) 0 Ak » eBL{SRER
Ag P A s g Lhr $EF 2§ 088 (Heldmaier et al.,

_— -~

1999) o H E KB T ARA IR FIRT CHMEA- PR DG

d i A B B R e PR 2 R R S22 ¥
Lip & - £9 1 » Befinetti (1999) A7z & 7l dderw & p
Al 2 AR AR W F AR R R LA

— Ko Rm o FEREDPRESZIED LB FIRT o PR SR

* A K kg i (Depres-Brummer et al., 1995) o 2+ % 5 % B 7 Sk fRiE 4

"“‘J"’/\’Egn_l’—%/éf”i" P ;F%—L’l}fé_—;’ F] PE':E}J TL’E‘_J;;R _@f‘-ﬁ IS :I‘



a4F>r 24°C ~ 14L/10D ~ =402 £ ¢ £ & (golden hamster ;

=

Mesocricetus auratus) B&’X e B2 Ed i b o £ A 4 g EREE

«.r
%E

Fpd o SR TR SR AL AR AN HA S

¥

§4;8 + = (Brown and Refinetti, 1996) » £ =c &t 48 2 &2 ¥ 3 =

#-2 & 285 (Columbalivia) 4% % 19-22°C ~ 12L/12D ~ iz 472
I%\,i;’?;‘r s "‘/‘E,%;T'JQ:; é’—@)‘ 2 7‘ (LL EE\Z.» 3 %/i\ﬁ",és rﬁ;P‘ FE\) 2
o AR R AT 0 6 B RBE P AP P POBE s 2 RS

2 2 PP A X f R RS M AT R

Blo G G R T 2 F o MIEA RIPAREG - pEES Bk RE
AR, I azmdEon P HYgLigr d 3 R AT ,r:,—-ﬁga

(Rashotte et al., 1995; 1998) -

714 &% 2. & (Arvicanthis ansorgei) *t 23°C ~ 12L:12D =k

g™ HER AB X kRSB T > » am P48 > » (s
TR RMEL S TS k2 B (Rattus norvegicus) o B EEE B
KPR IS TR T Mgl N RS 4T % 2 5B 2 (Cuestaetal,
2009)

P TS g 2 T e i B 2 PR BT o L M2 T
il

5 A HP FARE MR § B



Ao -BRFERFSEIEAFE 26T LT

C Jus}
(w,
[

W

CRBEELZNESE
(—) #&=

BLLEH- AP ZERBPEROFHELF2Z AR P DENRES
Ao R RFH MR T T 7o 3 L S A ER-KH £ (total body
dry weight) 4z:& 20% (Dawson, 2006) o Flpt 4 £ 2 it £ 5 K+ A F
o fHpR L LA R TARFLBGELT AR s fiEF
FEPEL S UIHBZEFEE YR o

Z®P + /& f & (Djungarian hamster ; Phodopus sungorus)

P a2 e RBRET 0 ¢ BREHBAEL A T E LK

koo r g R e H 44k L (Hoffmann, 1978) -

BERET F2L 2P WX (Soay) FE AL FRF 0 € B4
TP &g 2 &< (Lincoln, 1990) -

%@ # 2 4 (Zonotrichia capensis) > & &t 10-12 * @i {7
Lo 3% 5 e Lier- 4L (Davis, 1971) -

P e irkBREEs Fill Bk g 5o
(Z) 98 ~ e B Az T &g
+ ¥ 8L (Woodchucks ; Marmota monax) A3k 38 B 20-23°C

ToHME ANE (kY 12/ ) mE M 2EFF R 20-34°C
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> ETIOE 268 Con ¥ 2 B (leptin) A% FHE- &2 5
BoRIAMERBBER R A MR At EYRED - £2 SRk
EHEkPRPEFR 2 ¥ Ea < F (Concannon et al., 2001) -

=1 %38 (Knot ; Calidris canutus) %% & (6-7 ") P2 k¢
Whg & (Basal metabolic rate; BMR) 2 — £ 2 8@ » 2 {6 — B 7 i@
T a4 (9410 7)) B4sF A 512 7 s E K EL s 3 30
PRt FEEEEFE (Piersmaetal., 1995) -

av E R (white-tailed deer; Odocoileus virginianus ) ~ & &

(moose; Alces alces) ~ & (roe deer; Capreolus capreolus) ~ £ wapiti

(Cervus elaphus nelsoni) z 7= 5 4p 41 & igdt & 4~ % & g VR IS N )
dF oA BEFLERAACHI L LA B2 FERALE
ARENHE S E SR RB LR L EF L AEH LA 12

iv wd 2 ¢ B (thermoneutral zone) & = ts & A i) = (Loudon,
1994) - £+ > A E P2 BEHERAr P BT 0 R AR
T IR oKT s RS AR E S (rutting season) 2 18 AT %
- P& 02 M-k (Arnold et al., 2004) -

Arnold et al. (2004) 4 3= B 2. i R 5 (1w ik 5 5 dp 1)
P HAGGRZESHRL Gt BN EPEEL AT SRR
40% > ™ % F i B AT E P BT R 20 A 3HE X (nocturnal
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hypometabolism) -

EREPIBEEZARER  L-FEE 3P ERY
BoEp2 b MARERICTAE A 2B 2B
16-17°C 2 &M@ » m & 11 ? i3 35°C 2 %% & (Arnoldetal,
2004) - B i B AR (FHASZHOER) BBAR- 22 8B TY 05°C
(39.1-386°C) » e v RE s A2 T £ THEM - a h T h
% (Turbill et al., 2011) -

£ 4°2_ barnacle geese (Branta leucopsis) H ik i % 8 5
(resting metabolism) - &2 & L5 %R o bk R F R R
L ggs 845 5 % (Portugal etal., 2007)

(Z) HsE 2 E - HE Hed THEPEN

Sherry, 1980) -

2 42°N> - BB EERERFY 15 B w9 /o &
& (Marmotamonax) 2 #€ b £ kBP L2 - B €E7]- &
P2 b REq hhEEBRYSL - B g - £ 2 Aoitghs ®

e E2 BRI APN > FPRRZBMERE G £41 (Concannon et
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al., 2001)

S E LRI R ARG E A BB RRYP
F] = 7

B

W2 EHF PN Y F AR 2 %14 (Concannon et al., 2001) -

%% 38 (Knot ; Calidris canutus) %% % (6-7 7 ) FFa € £ -

E2_ BB KSR E T E A 2w g b2 (Piersmaet al., 1995) -
BEAEFIARL O PRES EEMNMERT SR

(Loudon, 1994) o M = L & ] » B p ARFRT AR A E 2 2 #
B4 Mg oom R EFA % (Loudonetal., 1989) -

;;_E’] ';k,!,;p@‘r ISP N T vA v = v fopE L, %%/PIJ”‘L&’U#J

|

For- k2GR pich THSE (9K & 46 " 72
Ao h Il TRETRE, PR LA FERSEAT PRELR > R
Bz = | prgks £ 11 7 & F P &> (Sibbald, 1994) - &% = A
ZHRAEERAFZEFPRLESHLEN o

= & = A (red deer; Cervus elaphus) 2 & (Pere David's deer;

Elaphurus davidianus) 2 8 € 2 p EH a2 ¢ 53 - #2522 %

o e bz BV MR lﬁﬂ‘z:}iw (Loudonetal., 1989) - i*§ 355 &=



RE2Z $EFR R B %I EGHFL2Fpo

Fl* FREE T CRFAF L PR FE G PR SMEE
P HAFRYAS S o F P T FL RS A KB Y
ERIA e BT 1V ED B (6575 K/A) AR FHMET Ha
- ¢ BfciEd (50-60 =x/&) ARist 11 * RB4T > AR £
> 3 40 = /4 (Turbill et al., 2011) -

& 42_ barnacle geese (Branta leucopsis) it A4k't4| a4 » 2
MEFAER- FEH2 R0 TR a3 - B > @ a4 0

2 4EH T MERRT E D MBS (o B4 2 (Portugal et al.,
2007) o 433 P P2 R & T % CRE- S A NBRE 2 W A g B2
o TR ABRIFL G M FAR L PR R ERE YR
Pk Lo gk L 1o 50 (Portugal etal., 2007) -
(z) Btk

# > B (Ground Squirrels ; Spermophilus lateralis) =+ & 3% 10 *
I1IPFEC R CBEATRRET - AP 258 0 BB R
BRATH I RS A S ME A FIF S 0 5 1 b
=t (Barnes and York, 1990) -

Fetz it ® (Garden warbles; Sylvia borin) & &£ 7 ? § & (‘&k

BB) B odksi » i dts o3t 9 0 B4nEBA s 3 12 0 15

-~

)

ETTRS
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LEBNLRET RS 0 fh 3 T HARE (R kE) By R
Ak o By o (Gwinner, 1996) o

At 8 (Willow warbler ; Phylloscopus trochilus) »>& & 7 2
(EERR) PFmbndkal > #2300 2 8o a4k > 11 7 Flidifd
B 1 PR A I 3 ) B w R A BB R
BLE B T v I RELE S BE B4 T e (Gwinner, 1977) -

—am?%ﬁ%ﬁuﬂ’§%4{£@%ﬁ%“ii$%ﬂ

o~ kPR (7 S 2 U
(-) XBEOp FELBE

EER R EERE e~ H WAL aE2H 2 4 (Krieger and
Hauser, 1978) ¥ ¢t » 2 = 82 2 ERIHEZR T (E2 ~ R R H L
TEEBIF) P RAE2 JFEN 2 ER I b LR AT
2_ % % (Fonken etal., 2010) » 2 A k@ R F -k BIEH T » K2 5
Bt o~ zow i 3] (Refinetti, 2006) o s i kwg X FV R IC R
mlz - poatEo

PiEM k2 B A 12L:12D ek BRigi2 T 45 47 BIH Ak
RUF2ZHRSERBIF[HF L 500 RIS §2 Bk RE
ToRAa2adz e E s (Cuestaetal, 2009) o

B RERETP R EAREY > SHBEL L R LT
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%W”m’T%%ﬂﬁ&§7—BL&%Wﬁﬁﬁiﬁﬁwlk
(Krieger and Huaser, 1978) -
(=) ERHHEL 2 P

= S A RS BT 1 & PR &G L ERORE
TR CRRE ML ORT o (R § 3 4 H3 enfia; (Dawson et al.,
2001) - — A 3 0 LAEAIT KB L AP TR Her 2

% 4 (Dawson, 2007) -

- #2 % FpFREFiET (Dixitand Singh, 2011) - 22444 (Tree
Sparrow) - A %] g3 9L:15D -~ 121.:12D % 14L:10D %= &7 ke
2 KPR R T AR 2 R AL 2 B R A 121:12D
2 141:10D & ‘e mj2 gtg o B sl ad R Rl 2 33 L AT G
9L:15D 2 ¥ % & (Dixitand Singh, 2011) -

® i & (Starling) A &% &>t 18L-13L~8L~d 13 &% 5 18L
2d 13 HR: 8L FI 7 P ARAIL > H% 18L K30 % 59 p
B 4433 > 13L —*ﬂ““%v 87 p B4ndE3r > d 13 # % 5 18L —‘ﬁ*‘v’?“‘
TO P PR3 > m 8L 2 13 #% 5 8L & wpla A 24 33
(Dawson, 2006) -

ZfE A R TR S o £ v fE s 2 B 4f (stonechat) o H 33
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ZHFANL 4 B (RBall ) pF)-4 B0 (kpd 18 /) pFp
3 11 ppE) 2 1 B (Gkped 18 ) PERSC T O16 ) PF)
(Gwinner,2003) - £ 7 kB E B E » HiEn 12 4 ﬁ,;&,ﬁr_—p_ 0
(Z) EREFE ~ i & FHEME2 P

& j& & (Gray mouse lemur ; Microcebus murinus) 7% & =& g (141)
#FIEkp (10L) &> HRa & ddbd - ¥ A > 22 {5 ThgEk
it ez Htem Bip™ "ML gL P o Y 2 e fio B 4
R P A AR HRL G PR Pk BRI KR
o A e g A METHE S DY B RIER T A AR R B
X5 P &% 1 (Genin and Perret, 2000) -

& (Wistarrat) & & B (18L) @&k (6L) 2 =T » ##

ah PR AR

~
N
NN

LG AR I8l F 0 RS

B B RS L2hr wRAGEE  FFI L rEA A 6L 0 2

o273 - 10-12hr 2 EH P EHFF I B ES 1hroﬁfap [ES
fom 7 o 18L Fg 6L F 5 % o mpARELFERA 5 0 18L F i 6L

*‘%

Herowm-PLRFFELs LR FakFy iy (Boonetal,
1997) o #km - x4t 18L 2 B> HE p i Biy4c g ik L g o
BEAT 6L LR oA oA akRPLAI Y IBL B2 E
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WAL d g 6L =¥ 3 % (Boonetal, 1997) -

g
5|
—4
b
Rl
Bl

hEkpYy? o F2 HEPE (86.546.96 kl/d) i
PR E LA mRRPE > A EREEEAEC D E 61 P
F1EHE (73.026.77KId) > sc i 427 it R BRI 2 (5T

B ;‘E%B’v‘ﬁhﬁ@] 2 ¥ (Knopper and Boily, 2000) -

(r) £ER¥HESE -2 E ~WEZ PR

4 & ¢ 2 & (Wistar rat) = 47>t 18L 2% 6L - Ry# 5 2 4 £ & ¥

I

780 PRt FRIEE IR RABEEE L EBRE
PG AL GR I PEAR C18L A kR FEESE S
46.1% > @ 6L wiid 15%cidsidk iz e~ 47hir > 18L o

g 4

=7

=

LR E @ PR E g A TR ER A SRR
2R L3 (Boonetal,1997)¢ )t & 2 5 Baor » R R E R B2 BB
GE > RPEREZERA G 2 R F ok o

iz kA Zuckerrat B 1 sFESHEIUR 4L A &5 14L & 10L 2 sk
BT oRBE2HMERS s w2 AT RLE S KA bl
Zuckerrat > kP & 2 B4 £ (Larkinetal., 1991) - }t Bt Sk PR Ak
LR P

Gl L f Rt 16L 2 kR T A L AR
T e kR g S 8L 15 PIREEiE BT ' (Merceretal,
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2001) - W2 Bk a g2 7% 3 B (Knopper and Boily,

2000; Mercer et al., 2001) - 7 A&—“ﬁ v B A BUREEY R KR s
HCR R BT RERY F 2 MET Pl HE 3 4% (arcuate nucleus)
v 2G5 A7) (NPY ~ AGRP ~ CART ~ POMC) z £ L% 1 » &2
frJoﬁ@‘E—"zT%#BFE (Merceretal.,2001) - 4 £ &d & kPRiag &
kP2 15 AR EERBITEZ VU QIR E o TR - AR b T

oo F MR A PR E Lk b, (el ﬁ‘;é?]%"%é@ﬁi&;’ﬁf?i%

Z kT (Merceretal, 2001)o ¢t Bgom > K RIPF A G A& 2 K T 8o

£ 2 3t F LY F P8k 2 B4 (Fonken et al., 2010) -
B RO ERI TV IEER ST IR & BT 8LI16D 2
KB g Bt 281D KPR AR - &0 Al BEANYL
B A% -%>23L:AD w2 e €N F % 8LI16D &5 A F 2
o a € 0 23L1D kef R F R 8L:I16D =4 (Bruininxetal,
2002) o pEET R KPR T RAEF R EE o
#zer gppi @ 4 g & (Siberrian hamster) » 4 5 X R &
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(BL:16D) £ sk e i (16L:8D) @ f&% B AT » % 4 F fsef X up
o ikkRezHeE2METHFF LR EH (Wade and
Bartness, 1984) -

AWE > K BEGERY (16L:8D, 07:00-23:00 B %) &k Rk
# (8L:16D, 07:00-15:00 R *E) - Rl H & 9 ¥z TR S L F 5
Wk REE A e E SR EEFT LR )]*L»#B%ﬂ,i\f#ﬁv
% > 07:00-15:00 kEYF > ekl HagRELREH S T
15:00-2300 #p R » Kk e a E @R 2 3 ; 23:00-07:00 & &
RIE ekRiodk s ERRELRES S $ (Eisemannetal,
1984) -

heP L E ek (BL:16D)~ £ kPR (16L:8D) % ¥ iz £

P (7L:9D:1L:7D) 2

-

R EkRETIRL ERRILS B2 I

|l
o

\“1‘

A
=

7 N

ATop HE T RFF LR EE  (Schanbacher and Crouse,
1981) -

st Lk (16L8D) el 2k RAJLT P X2 REGE B

bl
=
'ﬁa

THFFF2ERAIL K (Peteretal, 1980)

% 4. (red sea bream) » 4 %]z 6L:6D ~ 12L.:12D ~ 16L:8D %
24L:0D 2w 67 I KB A > %% 24L0D 2 5 6 B ER
16L:8D %5 3% & ** 6L:6D % 12L:12D (P<0.05) (Biswas et al., 2005) -
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AR A Fw (17-203% %) 22 Fn i (2124 3% #) 1 2
FEDRRL AL BRI EE BT B A T 20 R
(DD) T » i aE v F gl Lpiage (LL) ¥ K (Hartini etal.,
2002) -

Ap s 16L:8D %2 23L:AD 2.3 * Bk AIE » FE A

23L:1D ez s &8

3 3t 16L:8D gﬂﬁ (P<0.05) (Sirri et al.,
2007) -

LA ek B (10 ) ) & Kk (18 [ ) 2
KPBAEIET » A AT L LRT BeF pRE R A ERF
kS e he T R 0 R ded p #E (G5 0 2009)

EERERNIOPREHEITLITSIPR RO LR Z T
B> Flu Al kBRI 2Z P HcEA06 B2 > M T2
BRI 6B FHEBEFOATTE | 2872 4 (Kay,
1979) - A4 A T 42 % (melatonin) 2 =B 0 p FE4F 8 £ 270 B

BFERERD bt FhE A At FRATEERIA 63 P

ke

» P K-d AT A5 6 % (Domingue et al., 1992) o pt 2 % kot &
PR L EGER G E L NSRS a Bk RT S D ARE F A PR e
R EUR

() At
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Refzte B (Sylviaborin) % 10L:14D ~ 10L:12D 2 16L:8D = &

PRk RIRET 0 B st 16L18D kBT H 0 A LE T F Gl

—\\

RETRATA IR AR JILEH S & @B EFe 7ind
HERE a2 £ A & 10L:14D 2 g2k > AR L E A1 F

BRI Y A R

—\\

sF A BANTZBERY R

(Gwinner, 1977) -

CAREPL G S H AR B

FEt 22°C~12L:12D ik T o % 8 4 % > PlH A 4T

a
%
=
&
>
3
o
N. 8
‘\’l ~
il
8
|
-
(S
==
R
e
TR
(@)
34
g
=1
b
ey
=
a\\
]
-
&5

GieB4nt 2 o m Bt ORI Sy LT kAR ARG 1S 0 AR
Lz F B4t 2 - RPEFFERbYHRAITE a2 KT > @ Py
ihE LT PIEASTE T 0o ;‘I}u{;‘ié 8w 2_-k-T (Chwalibog et
al., 2004b) -

£.22°C GRBT 0 A BT T ]

s
o
&y
i}
O
»
A

Go2%y (RQ) 8 8@y 1% 1 0.68-0.75; i 45+ 2

31088 & #

\“‘\ﬂ

N
‘\1\‘.
=
o3
A
B
T
a»
[
[
b
fen
&y
i
|
.
‘7“_.
Ju

(Chwalibog et al., 2004a) -

FEE R L WA 22°C 2 28°C 2B T o LA RS
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GO H I AR AR S F TR g F IR 2 40

GiEARY L3 P A% (Chwalibog et al., 2005) -

AERZBERT O R AEARTRT o MERLRF- P2 FE
MU ARAZ B AR R eE S S TR E o RES IR 2 38 S
MR B I TaREaSAE 3 3% (Krieger and
Hauser ,1978) o “ kgm Ak PP RF ¥ U S EIAEE 2 — p &2 o AL

DN T RAPERIRE T ARGE G 04 S TLPEELE 2

(Krieger and Hauser , 1978) -

&5
a

2R AR R e (E4)2 Bl Mo 5 RAR GBS A2

< A

% a @ 2 %8 (Severinsen and Munch, 1999) -

—\\
L

s FEPX W

=\
1-;4

DX 120012D0 2 BB TREFR S B SR 31 BAEFLE
(E=8r=0) ) HE S I | B ﬂ»?ﬁqﬁ§7 - PEERLRIXS %%-?3

(Piccione et al., 2003) -
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Rk A
- AR
AFEE R 2 BREEF > AT
(- ) #%-

1 3F#e BEAgorpizs 8 & B2 i R &2 C - 2o
Fleppsrt 4 8 HP 2 22 2 vpBuAR o Hep 2 2 2 ppple
G- o Bz e s 18mx 1.2m o

PERRB 5 - CRARRF 2 FT st B R ST K - BHIA

®
B ERBHRFE UL O RRFTRZIERB N AR 2 B REERE

& o

oy
3@‘

£33 BRI

Y & B 14L/10D 2o 4 1 B pREp - R R p RER
>120 Lux Z_ PP s B (Adgl 66cm 3 2 Ry 2 95 HP R E < Lux
2 2 d R C o2 RBEFR ZEP 0600 2 20:00> 7 R &2 %
PR L 18:00 1 08:00c ~iF#ragdtigspan — R > TS g
W2 AGL F A 12L/12D 2 kR o R Y - p LT R
PR o

% p 07:00 £ 19:.00 & &E B4 (F 8P e > 453) =
FABL A RS X ABRPEUTI X FIR 5 A4 p Bk
Pu4glrmag- ot FRpr FEHE > 7 awat 18:00
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PO e SRR R R R R AR 2 M 2

faZ FREEERR © BB — 2R H L 4eB 1 1T e

B 45 U & x 16

R & (18:00-08:00 #.7) T~ C . (06:00-20:00 3)
| A
[ ) ( \
i 1 1 1 4 1 1 1 1 4
( J { J
Y Vi
B itk e g BHigEKEE
%14 8
v v
#1518 | ’

oo (24055 > 54 NF—%)

B 1 k- 2 RE&E

() @&z

MR- bl - kdkd R ARED 16§ kML 2 PuA
raEkppie (SD )% FirL ke SLe) 528 8 (4
S04 wp) > AT AR (FP 2 A 2 pp) e

SD &2 i@m-bkmpie > & p k@i Bhr(GeppriF 5 06:00 2
36



14:00) - SL = 3 ﬁﬁ%%ﬁ’ﬁﬂ%%ﬁ@%éOMMEjﬁm
z_ ¢ A 21:00 = 2200 25 1 | PEFEALIKRB ZRHTS Y
B <lLux 2%¢ R ods%h - R FE%R- B2 &a oyt
R - PACRIERR o

# pt 07:00 pricis oo &l (R v D4 453) =d 488
pedfFEa T UTF A EE D A pR e il ESE -
ot 15 TR AR R E 2 B - o AR T ABE cAg E Ana
WL MR A e A SR B E R
ERFFodBHR F- 02 47 e B8 - 2 38% K A

Bl 2 5 o

B %

SD (8L:16D) - SL(SL:7D:1L:8D)
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ST FEM P R A6 T oopie it
P REFED REE BRI P REF2ZAJILE P 0500 %
19:00 2z 14 hr kpB o p REF/IL2 LBEFERF L 1700 £ ¥ p
07:00> % p L pFEF 7~ 5 14 hro-k 2 & (R wgis 4ol 4md) =
dABE A d e o R Bk R AR D (FY A R - ) PRI
7oL AR BINEHRBBI- T ] REETEBER BT
RBpEgha 4L L (T8 8 24hro B ARshpE o488 B 25°C 2
R E R 24hr u b ocedrH - F MEER CERE S bR FEHN
jo EERZ 2 AHKRETE I 4oB 3 im0 e

SREH 2 N A ] B T2x72x82cm o N B - A4k dE < ] 4
50x54x70 cm (4~ 4 #77) e = § i s b B2 d 5 R TR 5
2000 ppm -~ HFFE B 5 +3% FS.2& +2% Reading e« b i# 3+ 2 s rx t

0.05m/s -
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B 7R R 3 (3 — 8 o F) e 24 hr

(;£8 : 05:00-19:00) >
6 & iR 2 mlx CO, & A4
5 P AL AL
e g
= fuies
JR ik

] o L
A 4
< B R EA 5] R 12
T (GAB—#EM L) (F52 : 17:00-07:00)

6 %."%%}‘JIFL}EEE

@A 24 hr
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Fig. 4 The metabolism equipment used in this study. (A) The
photograph, (B) The drawing.
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Table 2 The composition of experimental diet (dry basis)

Composition Content
Dry matter (%) 90.0
Ash (%) 4.3
Crude protein (%) 18.9
Crude fat (%) 7.8
Crude fiber (%) 2.8

Gross energy (Kcal/kg) 4639

s A A 4
ik ARLNRRE AP e R e ML AL
(Fxp ~mL =3 x% MBS 20E F) R ;}i'ib‘ PR PR RN RR

2 €8> ¥y %;{;:3 o A fL3g ~ FERF AR N BRI A Gk S R

BT 2 TR I kit A 47k kv (Statistical Analysis System;
SAS8.1) 2 AHW BT AT Bk - - AR RE (General
Linear Model Procedure, GLM) & {7 % 3 A 45 » ¥4 £ MK ~ & Tf; s
Wi 1T R doadZ e B ¥ (P<0.05) o B2 Duncan MRS EJSE

22 AR oS ER M AR BH%EIHY (Cross-over design) iE {7
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Table 3 Effect of day reversing on the daily gain, feed intake and feed efficiency

in geese
Group
Item R (Day reversing) C (control) P value
Initial weight (kg) 3.8510.44 3.7910.56 0.6947
End weight (kg) 4.10+0.55 4.0510.51 0.7019
Daily gain (g/d) 17.5919.93 18.4817.49 0.8872
Feed intake (g/d) 208.43136.69 192.92124.08 0.5239
Feed efficiency 0.08310.045 0.094+0.031 0.7111

Group R: lighting from 18:00 to 08:00
Group C: lighting from 06:00 to 20:00
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Effect of light regimen on the plasma glucose level in geese.

Panel A shows the means from geese penned individually and deprived of
feed 12 hr before blood collection. Panel B shows the means from geese
penned in group and fed ad libitum during blood collection. Continuous
lines: Group R, lighting from 18:00 to 08:00; Broken lines: Group C,
lighting from 06:00 to 20:00.

48



160 - 160 -
3 150 S 150
= o)
£ 140 £140
S 130 2 130
§ 120 §120
2 110 2110
S 100 5 100
3 RN E
= 90 = _ / = 90
@ 80 e’ T T oo
E - e 9
& 70 - & 70 -
o o

60 60

06 10 14 18 22 02 06 08 12 16 20 00 04 08
O’ clock O’ clock

B 7 eRACTZHAGL R AW kAL RT . ARG B
ML B 12 P2 b Y @@z £ %1 B
LRI N EAT 20 frj%c‘ MR BRI R
P R Bpi§ e (18:00-08:00 B &) # @ AR 4R w

(06:00-20:00- B %)

Fig. 7  Effect of light regimen on the plasma triglyceride level in geese.
Panel A shows the means from geese penned individually and deprived of
feed 12 hr before blood collection. Panel B shows the means from geese
penned in group and fed ad libitum during blood collection. Continuous
lines: Group R, lighting from 18:00 to 08:00; Broken lines: Group C,
lighting from 06:00 to 20:00.
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Fig.8  Effect of light regimen on the plasma uric acid level in geese.
Panel A shows the means from geese penned individually and deprived of
feed 12 hr before blood collection. Panel B shows the means from geese
penned in group and fed ad libitum during blood collection. Continuous
lines: Group R, lighting from 18:00 to 08:00; Broken lines: Group C,
lighting from 06:00 to 20:00.
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Table 4 Effect of day reversingand fasting on the mean plasma levels of metabolites in
geese

GroupR Group C P value

Fasting Non-fasting Fasting Non-fasting  Day Fasting Time
reversing

Glucose 144.72124.14 170.96125.54 143.31£30.49 185.33£23.97 0.2002 <0.0001 0.7140
(mg/dl)
Triglyceride 93.76£22.94 107.08£47.89 88.74116.11 113.07£24.84 0.9310 0.0010 0.2032
(mg/dl)
Uric acid 3.5310.79 3.7610.96 3.331043  3.7810.61 0.5417 0.0102 0.2856
(mg/dI)

Group R: lighting from 18:00 to 08:00
Group C: lighting from 06:00 to 20:00
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Fig. 9. The intensive feed int take records of geese on day 8 after day
reversing. A. The individual records (R1-R4)and the mean of group day
reversing. B. The individual records (C1-C4) and the mean of group
normal day. The shading. marks dark phase. The feed intake were
recorded intervals of 5min.
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Table 5 Effect of day reversing and light-dark on the feed intake per hour (g/hr) in geese

Group R Group C P value
Light Dark Light Dark Day Light-dark Interaction
occasion hours hours hours hours Reversing

1st day 12.2812.06 14661266 13.85%12.04 740293 0.0407 0.1239 0.0046
2%t day  11.59£2.05 11.05£3.89 13.09£2.05 7.45£1.50 04194  0.0327 0.0680
3t day 10.84£2.38 9.70+2.35 11.72£0.27 6.33X0.80 0.1704  0.0031 0.0304
4t day 9.82£1.75 8.701408 11.28£1.04 6.84x1.17 0.8707 0.0452 0.2011
5 day 10.24£219 873412 10.8611.86 7.08t256 0.7375 0.1078 0.4666
6%t day 10.46%£1.76 6.60£1.61 9121243 6.2711.26 0.3909 0.0048 0.6030
7t day 9.69£0.86 7.05£3.03 8.95£1.95 6.70£1.15 06040  0.0368 0.8531
8% day 8.9811.56 5.6312.07 9.5812.89 4561142 0.8278 0.0022 0.4332
9t day 9.02£1.27 6981337 8441230 4.7111.34 0.2500 0.0330 0.4866
10hday  8.82+1.26 4.58+0.03 7.7412.56 3.9812.99 0.4938 0.0170 0.8608
11hday  8.0610.89 4.0242.32 7221274 3.89+2.14 0.6651 0.0071 0.7523
12hday  7.30£0.57 6.40+2.18 8.68£4.38 5.5112.01 0.8686  0.1883 0.4488
13hday 8.6910.96 5651196 8.991245 4131230 05882 0.0047 0.4247
14thday  7.80£1.45 7.67+227 9241123 4271169 0.2496  0.0098 0.0130
1St_7th

Average 10.70x1.65 9.50£3.02 11.26£1.08 6.87£1.39 03209 0.0179 0.1379
85t_14th

Average 8371072 6.024222 8551255 4444177 05112  0.0102 0.4077
1St_14th

Average 9.55£1.98 7.73£3.65 991280 35.65£2.19 0.0035 <0.0001 <0.0001

Group R: lighting from 18:00 to 08:00
Group C: lighting from 06:00 to 20:00
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Table 6 Effectof photoperiod on plasma levels of metabolitesin geese

Group
ltem SD SL P value
Glucose (mg/dl) 198.00£18.72 184.63£13.59 0.1293
Triglyceride (mg/dl)  224.75t81.93 142.831£32.57 0.0609
Uric acid (mg/dl) 6.36£1.43 451%1.13 0.0247
SD: shortday (8L:16D)
SL: skeleton long photoperiod (8L:7D:1L:8D)
37 CERYHAGL THPHE RS A E PR IELPY
Table 7 Effect of photoperiod on ADG, FE and feed intake per day in geese
Group SD SL P value
Initial weight (kg) 4.19%0.76 4.31£0.59 0.6342
End weight (kg) 4.5210.68 4.2910.69 0.3348
ADG (g/d) 11.83110.56 -0.84817 51 0.0461
Daily feed intake (g/d) 189.32145.59 162.56143.38 <0.0001
FE 0.064%0.031 -0.00910.029 0.0455

3D: short day (8L:16D)
SL: skeleton long photoperiod (8L:7D:1L:8D)
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Table 8 Effect of photoperiod on carcass traits in geese

Group SD SL P value
Live weight (kg) 45240 68 4.29+0 69 0.3348
Abdominal fat (g) 116.88159.04 146.25152.63 0.2903
Visceral fat (g) 198.13173.29 130.63150.53 0.0473
Liver (g) 116.25126.56 92.50£20.70 0.0640
Gl tract (g) 349.38140.48 320.00445.36 0.0995
Carcass weight (kg) 3.15£0.46 3.0910.53 0.7210
Abdominal fat (%) 2.6310.99 3.38%1.01 0.1679
Visceral fat (%) 4.3811.26 3.0010.88 0.0805
Liver (%) 2.6310.43 2.00£0.20 0.0150
Gl tract (%) 7.50£0.71 7.50%£0.95 1.0000
Dressing

percentage (%) 69.6312.55 72.00£2.18 0.0616

SD: short day (8L:16D)

SL: skeleton long photoperiod (8L:7D:1L:8D)

29 XRIPIAGNE e F
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Table 9 Effect of photoperiod on the composition of breast meat in geese

Group sSD SL P value
Dry matter (%) 26.6910.99 24.6811.06 0.0058
Ash (%) 1.2910.16 1.2310.14 0.4273
Crude protein (%) 21.6510.01 21.3610.01 0.3302
Crude fat (%) 2.6710.78 1.9710.93 0.1422

SD: short day (8L:16D)

SL: skeleton long photoperiod (8L:7D:1L:8D)
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Table 10 Effect of photoperiod on hourly feed intake in geese

Group and periods Short Days (SD) Skeleton long days (SL) P value
Whole-day 7.8611.69 6.7711.93 <0.0001
06:00~14:00 7.8012.48° 7.74+2.81° 0.8565
14:00~21:00 7.3912.19° 5.9812.40¢ <0.0001
21:00~22:00 13.22+6.632 13.32+5.812 0.8909
22:00~06:00 7.52+2.12° 5.7612.96¢ <0.0001
Light phase 7.8012.48 8.37£2.72 0.0661
Dark phase 7.9511.74 5.9012.29 <0.0001
P value 0.5403 <0.0001 <0.0001

a, b, c,d Means with different superscripts differ significantly in the same group (P<0.05).
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Fig. 10 The diurnal changes in feed intake of geese under the short
photoperiod and skeleton long photoperiod regimens. The curves are
means of pen records during whole experiment period (28 days). The feed
intake were recorded intervals of 1 min. Shading marks dark phase.
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Fig. 11 The diurnal changes in carbon dioxide production rates in
treatments normal day and reverse day. A and B shows the diurnal
changes of 2 representative individual in normal day and reversed day,
respectively. C shows diurnal changes of group means. Shading marks
dark phase.
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Table 11 Effect of photoperiod on CO, production (mL/min/kg®7%)in geese

ltem Normal day Day reversing P value
Whole day 10.54+0.90 9.37+0.82 0.0276
Light 10.66+0.92 9.3510.64 0.0226
Dark 9.92+1.22 9.40£1.11 0.3434
P value 0.0850 0.9249 0.1557
Maximal
Whole day 20.83£2.74 20.49+4.62 0.8620
Light 20.75£1.54 18.67+2.93 0.2339
Dark 14.29+1.08 16.01£1.07 0.3406
P value 0.0021 0.2320 0.1073
Minimal
Whole day 7.85:0.90 6.50:0.82 0.0046
Light 7.98£0.79 6.83:0.44 0.0096
Dark 8.111£1.08 6.74:1.07 0.0032
P value 0.6974 0.7758 0.3179

Normal day: lighting from 05:00 to 19:00

Day reversing: lighting from 17:00 to 07:00
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Effects of photoperiod on feeding, growth traits and metabolism in geese
Hung-Hsin Chu

ABSTRACT

Three trials were conducted to investigate the effects of photoperiod
on the feed intake, growth, metabolism and plasma levels of metabolites
in geese. In trial I, 16 9-wk White Roman goslings were subjected to the
regimen of either day reversing (group R; lighting from 18:00 to 08:00)
or normal day (group C; lighting from 06:00 to 20:00). Four geese in each
group were fed individually for intensive feed intake recording. At the
end of 2-wk of experimental period, geese which were fed individually
were fasted for 12 hr fallowed by blood sampling at intervals of 4 hr for
24 hr. In each group, four geese fed in group were collected blood also,
but allowed to access feed freely. Results showed that the hourly feed
intake (HFI) during lighting phase was significantly higher than during
dark phase in both groups (P < 0.05). Daily gain (DG), daily feed intake
(DFI), feed efficiency (FE) and the levels of plasma glucose (Glu),
triglycerides (TG) and uric acid (UA) at each time point were not
different between groups (P > 0.05). Glu, TG and UA in fasting geese
were significantly lower than in non-fasting geese (P < 0.05). In trial II,
16 11-wk goslings were randomly subjected to either 8L/16D (group SD)
or 8L/7D/1L/8D skeleton long days (group SL). Feed intake was recorded
intensively. At 15 wk of age, geese were sacrificed for the analysis of
carcass traits and proximate composition of breast meat. Results showed
that DG, DFI, FE, and UA'in group SL were significantly lower than in
group SD (P < 0.05). TG and Glu were not different between groups. The
visceral fat in group SL was significantly lighter than in group SD (P <
0.05). HFI was not different between lighting phase and dark phase in SD
group; however, HFI during lighting phase was significantly higher than
during dark phase in group SL (P < 0.05). HFI during dark phase in group
SL was significantly lower than in group SD (P < 0.05); however, HFI
during lighting phase was not different between groups. In trial Ill, 6
somatic mature geese were sequentially exposed to normal long days
(14L/10D, treatment C) and reversing long days (10D/14L, treatment R)
for the determination of carbon dioxide production rate. Results showed
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that the carbon dioxide production rates both during whole day and
during lighting phase in treatment C were significantly higher than in
treatment R (P < 0.05), but those during dark phase was not different
between treatments. In spite of treatments, both mean and minimal carbon
dioxide production rates were not different between day and night;
however, in spite of day and night, the minimal carbon dioxide
production rate in treatment C was significantly higher than in treatment
R (P < 0.05). In conclusion, day reversing lowers the rates of fasting heat
production during whole day and day time, but does not affect daily gain,
daily feed intake and feed efficiency; the minimal heat production rate is
not different between day and night; short day increases daily gain, daily
feed intake and feed efficiency; photoperiod affects the feeding behavior.

Key words : day reversing, feeding, geese, metabolism, photoperiod,

skeleton photoperiod
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