/ (Polyunsaturated/ Saturated fatty acid
ratio; P/S)

2 (PIS 06
2.4 x 2 ( ( ) (
) ) 120
4 6 S
37 38
0.2 33 A (
) ( ) 33 28
0.3 27 22
0-3 (P <0.01)
(P<0.01) (P<
0.02)( ) (P < 0.01)(
) PIS 0-3
P/IS
P/S

P/S






(Van Es, 1977; Beynen and Ketan, 1985) Mercer and
Trayhurn (1987) Jones and Scheeler (1988)

Shimomuraet al. (1990) Takeuchi et al. (1995)

P/S( polyunsaturated
| saturated fatty acid; P/S) 5-17 (
) 0-42 ( )(

1992)
(Macleod et al., 1979;
Wiernusz and Teeter, 1993; Zhou and Y amamoto, 1997)
(Zhao, et al., 1995; Zhao, et
al., 1996) PIS

P/S



()

1. (smple lipids)
(D (fat and oil) (Triglyceride)
(neutral fat)
(fat) (ail)
(2)  (wax)
(monohydric acohal)
2. (complex lipids)
(1) (phospholipids)
(2) (glycolipids)
(sphingosine)
3)

(sulfolipid) (lipoprotein)



(steroids) (prostaglandins)

(straight-chain)
(branched chain)
(Mahler and Eugene,
1966)
( 2-6)
( 8-12) ( 12)
(saturated fatty acid)
(unsaturated fatty acid)
(monounsaturated fatty acid)
(polyunsaturated fatty
acid)
(1

1996)
(cholecystokinin, CCK)



Table 1. Fatty acid composition of different fats

fatty acid composition

fat varieties saturated monounsaturated polyunsaturated
%
rapeseed oil 6 62 32
safflower oil 6 13 77
sunflower ail 10 16 71
corn oil 13 25 62
olive ail 14 77 9
soybean oil 15 27 61
peanut oil 17 49 34
lard oil 41 47 12
beef tallow 52 44 4
. Mattson (1989).

(pancrestic lipase) (colipase)



(micelle)

(passive diffusion)
(brush border) (fatty acid binding
protein)
(re-esterification) (chylomicrons)
(portomicron) (very low

density lipoprotein; VLDL)
(Bensadoun and Kompiang, 1979; Krogdahl, 1985; Sklan et al.
1989)

Hurwitz et al. (1973)

(linoleic acid) (oleic
acid) (palmitic acid) (Hurwitz et
al., 1973; Brindley, 1984)

(exocytosis)
(Krogdahl,

1985)



(Krogdahl, 1985)

(lipoprotein)

1.
(chylomicron) 095g/mL 2. (very
low density lipoprotein, VLDL) 0.95-1.006 g/mL 3.

(intermediate density lipoprotein, IDL)

1.006-1.019 g/mL 4. (low density lipoprotein,
LDL) 1.019-1.063 g/mL 5. (high
density lipoprotein, HDL2 HDL3)
1.063-1.125g/mL  1.125-1.21 g/mL (Converse and Skinner,
1992) 90%

VLDL
IDL LDL
VLDL (lipoprotein lipase, LPL)
HDL
50% (Brody,
1994)(  2)

(lipoprotein lipase, LPL)
(Henry, 1984)
90%

2.

Table 2. Components of various lipoproteins

8



Weight %

Lipoprotein Protein  Phospholipid  Triglyceride Free cholesterol Cholesteryl ester
Chylomicron 1-2 3-8 80-95 1-3 2-4
VLDL 10 15-20 55-65 10 5
IDL 18 22 31 7 23
LDL 25 20 4 9 42
HDL 42-55 25-30 1-2 35 16-20

: Brody (1994)

B - (B -oxidation)

9



(albumin)
(Mead et al., 1986)
(glyceral kinase) -3-
(glycerol-3-phosphate)
(glyceride)(Mead et al., 1986)
VLDL

(chylomicron remnants) IDL
(chylomicron remnants receptor)

LDL- ( B/E )
IDL (LDL receptor)
IDL
IDL
( LDL)(Norum, 1992)
VLDL LDL
LDL
LDL
LDL HDL
(nascent HDL) (lecithin:
cholesterol acyltransferase, LCAT ) HDL
LCAT HDL
HDL HDL
(Brody, 1994) HDL

(Stryer, 1988)

1C



(Epstein,

1989)
SREBP(sterol
regulatory element binding protein)
LDL LDL
LDL
L DL -cholesterol
SREBP

(oleic acid, C18:1)
ACAT(acyl-CoA :cholesterol
acyltransferase)
(John, 1998)

/
Hulan et al.(1984)

Zollitsch et al.(1997)

Pinchasov and Nir(1992) (
1 1) 32~70
9/100g

11



Skylan and Ayal(1989) Olomu and Baracos (1991)

Sanz et al.(1999)

/
(polyunsaturated/ saturated fatty acid ratio; P/S)

(synergistic effect)

(Ketels and Groote, 1989)
Dvorin et
al.(1998)

(Van Es, 1977; Beynen and Ketan,
1985) P/S
Sanz et al.(1999)

12



Shimomura et al.(1990)  Takeuchi et al. (1995)

(1992) (1995) Hulanet
al.(1984) Olomu and Baracos (1991) Pinchasov and Nir
(1992) P/IS Zollitsch
et al.(1997)

(Leveille et al, 1975)

T3
Chopraet al. (1985)
T, T3
Wiersinga et al. (1988) T3 T3
receptor Clake and Hembree (1990)
LE
/
(Freeman, 1984)

(Wiseman and Savador,
1991; Blanch et a., 1995) Garrett and Young (1975)

q
13
3



Sibbald and Kramer(1978) Ketelsand Groote (1989)

(Ketels
and Groote, 1989)
Beynen and Ketan(1985)

VLDL

VLDL LDL Mercer and Trayhurn (1987)

Jones and Scheeler(1988)

Shimomura et al.(1990) Takeuchi et al. (1995)

P/S 5-17 ( )
42 ( ), 1992)

14



(therma neutral zone TNZ)
(upper critical temperature  UCT)
(lower critical temperature LCT)
LCT
UCT

(Van Es et al.,,
1973) VanDer Hd et al. (1991) 24
30.3~38.8
36~37 Meltzer(1983)
0-3 LCT
UCT 0 350 370 21
25 315
3
3.
Table 3. Values of LCT in broiler (B) and pullet (P)
Agein weeks
References 1 2 3 4 5 6
Barott and (B) 35 35
Pringle(1949)

Romijn(1950) (B) 35 35

1t



Freeman(1963) (P)
Kampen Van et
al. (1978) (P)
in light

in dark

Have Ten and(B)
Scheele(1980)
Henken et al.(P)
(1982)

Fed ad libitum: At day

At

night
Fed restricted: At day

At

night

Meltzer et al.(P)
(1982)

Meltzer (1983) (B)
Misson (1982) (P)
Nichelman et (P)
al. (1983)

35

33

32
28

31-35 30-33 26-31

27-29

31 29
295 275
26.7 265

29.9
23.1-23.2

27.0-30.5
25.6-27.6

2[5 26 24.5

260 245 23.5

25.4

32
27.5

23

23

Scheelg, et al. (1987)

(homeostasis)

Zolman, 1970)

40-43 (Moreng, 1951)

(Romijn, 1954; Wekstein and

1€

(Oshaldiston, 1968;



Freeman, 1976)
32-34 0.5 32 19
(Barrot and Pringle, 1949; 1950)

Zhou et al.(1997) 5

( (insensible)) ( (sensible))
(radiation) (conduction) (convection)
75%



(Daghir, 1995)
(Van Kampen, 1974; Belay and Teeter,
1993; Belay et al., 1993; Wiernusz and Teeter. 1993)

(1)

(Van
Kampen et al., 1978)

(Donkoh; 1989; Cooper and Washburn, 1998) Zhou et

al.(1997) 22 32 36
Teeter et al.(1992) 35
24 3
35
35
(442 446 ) 24 (42.3
412 )

(standing-lying)

1€



(Skyes and Fataftah, 1986; May et al., 1987; Teeter et al.,
1992) Zhouetal.(1997) A 5 33
24 B 30
33 3 33

(Daghir, 1995)

(Yunianto et al., 1997)

(2)

(thermogenesis)

(Hoffman and Shaffner, 1950; Joiner and Huston, 1957
Heninger et al., 1960; Huston and Carmon, 1962; Yunianto et al .,
1997) Freeman(1970)

(Y ousef, 1985)
(Geraert et al., 1996b)
(Williamson et al.,



1985) Yahav and Hurwitz (1996)  Yahav and Plavink(1999)

36 24 5 T3
; 15
(16~34 ) (Yunianto et al., 1997) Fox(1980)
DL-thyroxine 3
(May, 1987; Bowen et al., 1984)
(corticosterone)

(Eden, 1978) (Eden and Siegd,
1975)
3)

(plasma volume)
(Meiri, 1991)
(Senay et al., 1976; Gillen et al., 1991)
(Whittow et al., 1964; Yahav et al., 1997)

(Marder
and Arad, 1989) (hematocrit)
(Deaton et al., 1981; Yahav et al., 1997) Zhou et

al.(1997) 5 33 3

2C



pH

(Mongin, 1968 ) (Richards, 1970; Teeter
etal.,1985) Darre et al.(1980) pH

Parker and Boone (1971)

pH Kohne and
Jones(1975) (acute hyperthermia)

pH ;  Segd e

al.(1974) 35 pH

pH
(Daghir, 1995) Belay and
Teeter(1993)
41
44.5~45.0
(Ait-Boulahsen et al., 1989) Smith and Teeter (1987)

Belay et al.
(1993) 24 35

21



()

(Teeter et al., 1985; Yahav and Hurwitz, 1996; Bonnet et al,
1997)
(Li et al., 1992)
(Wiernusz and Teeter,
1993; Zhou and Y amamoto, 1997)

(Y ahav and Hurwitz, 1996)

(Tecter et al.,
1992)
Garagert et al. (1996) (pair-fed)

()
(Yahav and

Hurwitz, 1996; Bonnet et al., 1997)
(Howlider and Rose, 1987; Mckee and
Harrison, 1995) Smith and Teeter (1987)
16%
Frankel et al. (1967)



(Brake, 1987)

()

(21 )
(Bottje and Harrison, 1985; Suk and Washburn, 1995; Geraert et
al., 1996b; Cooper and Washburn, 1998)

(Geraert et

al., 1996b) 20 10

17% (Augtic, 1985)
(Howlider and Rose, 1987) Hurwitz et al. (1980)
29 Bonnet etal. (1997)
33
22 4~6

22 Wallisand

Balnave (1984) Zuprizal et al.(1993)

(Savory, 1986; Mitchell and Carlide,
1992)
Stilborn et al. (1988)
Deaton et al. (1968)
(32 )



(Deaton et al.
1972)

(Cahaner and Leestra, 1992;
L eestra and Cahaner, 1992; Suk and Washburn, 1997; )

(Yunianto et al., 1997) Ain Baziz et al.(1996)
22 32

Geraert et al. (1996b) 32
22
(Chwalibog and Eggum, 1989; Ain Baziz et al.,
1993)
Kleiber and Dougherty (1934)
32
(Kleiber and
Dougherty, 1934)
(Olson,
1972; Chwalibog and Eggum, 1989)
(Olson, 1972) Olsonetal. (1972)
Geraert et al. (1996b) 22 32

32 22

24



22 Ta

Kubena, et al. (1972)
Sonaiya (1989)

21 30
Adams et al. (1962) 211 294
Koh and Macleod (1999)
Geraert et al. (1996b) 2 32
32
22 22
Husseiny and
Creger(1980) 22 32

32

Y unianto et al.(1997) 19 28

28 16 19



Zhou et al.(1997)
Kampen van (1974)
(Kampen van, 1981; Chawlibog
and Eggum, 1989; Chwalibog, 1990; Li et al., 1992; Wiernusz
and Teeter, 1996; Zhou et al., 1997)

Have Ten and Scheele (1980) 25 37 1
7 7
14 28 34
Yunianto et al.(1997) 16~31 15
31~34

P/S
(Mercer

and Trayhurn, 1987; Jones and Scheeler, 1988; Shimomura et al .,
1990; Takeuchi et al., 1995) ( ., 1992)

P/S

P/S

Zhaoetal.(1996) 18 28

2€



Jorgensen et al. (1996)

(Zhao et al., 1995)

2(P'S 06 24 “2( (
) ( ) ) 120
(Arbor acres)
6 5 12

27



PIS 06 24
0.25%
( 38%)

P/S ( 4

(F-328S )

37 ( ) 38 ( )

4. ( )
Table 4. Experimental diet composition

/
Dietary polyunsaturated /saturated

, % fatty acid ratio
Ingredient, % 0.6 24
Y ellow corn 45.62 44.41
Soybean meal (44%) 38.74 42.30
Corn gluten med 3.12 0.76
Limestone, pulverized 1.46 142
Dicalcium phosphate 152 154
Salt 0.40 0.40
Butylated hydroxytoluene (BHT) 0.01 0.01
DL- DL-methionine 0.16 0.19
Choline chloride (50%) 0.10 0.10

a

Vitaminand mineral premix® 0.12 0.12

Cr0s 0.25 0.25

28



> Soybean oil® 1.58 4.74
® Qlive cil® 0.43 3.60
° Talow® 6.49 0.16
100.00 100.00
Caculated values
, % Crude protein, % 22.56 22.62
,% Crudefat, % 11.00 11.00
: / ME, kca/kg* 3200.00 3200.00
Analyzed values
, % Crude protein, %
Exp.1 20.19 19.69
Exp.2 21.07 21.66
, % Crudefat, %
Exp.1 9.91 10.39
Exp.2 10.22 10.29
: / ME, kcal/kg
Exp.1 3185 3200
Exp.2 3209 3285

a

(Provide per kilogram diet): vitamin A, 9,600 IU; vitamin D, 1,920 IU; vitamin E, 24 IU;
vitamin K3, 2.4 mg ; vitamin B;, 12 mg; vitamin B,, 3.6 mg; vitamin Bg, 12 mg; Vitamin B,,, 0.018 mg; niacin,
24 mg; pantothenic acid, 14.4 mg; folic acid, 0.24 mg; biotin, 0.012 ng; I, 12 mg; Fe, 120 ng; Cu, 18 ny; Zn,
126 mg; Mn, 48 mg; Co, 0.36 mg; Se, 0.180 mg.
b ME 8,800 keal/kg (NRC, 1984)
® ME values of soybean oil, olive cil and tallow are 8,800 keal/ kg (NRC, 1984)

5.
( )
Table 5. Fat content and fatty acid composition in yellow corn, soybean
meal,
corn gluten meal, soybean ail, olive oil and tallow
Item Yellow corn Soybeanmeal  Corngluten Soybean Olive Tallow
Med oil oil
EXp. 1 2 1 2 1,2
%0 3.13 3.00 1.97 1.38 0.97 100.00 100.00  100.00
Fat content, %
, %
Fatty acid, %
C14:0 0.71 0.07 1.62 2.23 3.89
C16:0 1490 1523 1822 17.09  16.29 11.20 9.97 27.25
Ci16:1 0.75 0.38 1.09 1.05 0.53 3.07
C18:.0 1.00 0.94 3.26 3.60 14.01 4.69 3.69 22.04
C18:1 2537 2448 1654 1813 1093 21.55 79.21 40.82



C18:2 5706 58.18 5393 5142 5435 5414 400 1.69
C18:3 020 073 534 252 2.29 0.46 0.40
C20:0 0.49 0.18 0.12
C20:1 2.41 0.81 0.36
C22:0 2.65 3.25
c22:1 131 201
C24:0 2.41 1.14
Total 99.99 10001 10000 10000 10000 10002  99.99  100.00

1661 1624 231 2557 3271 1963 1498  53.66
SFA?

5726 5891 5927 5394 5435 5643  4.46 2.09
PUFA?

26.12 2486 1763 2049 1294 2396 8055  44.25
MUFA?

/

345  3.62 257 211 166 2.87 0.30 0.04

P/ S

8SFA=Saturated fatty acid; PUFA=Polyunsaturated fatty acid;
MUFA=Monounsaturated fatty acid; P/S=Polyunsaturated/Saturated fatty acid ratio.

---Undetectable.
6. ( )
Table 6. Fatty acid composition of diet (Exp. 1 and 2)
/
Polyunsaturated/ Saturated fatty acid ratio
ltem 0.6 2.4
EXp. 1 1 2
, %
Ft content, % 9.91 10.22 10.39 10.29
, %
Fatty acid, %
C14.0 2.45 2.99 0.58 0.52
C16:.0 22.27 21.45 12.84 13.01
Cl6:1 2.56 1.87 0.41 0.42
C18.0 13.52 13.59 4.20 4.38

3C



C181 32.86 34.11 39.23 40.83
C18:2 22.27 23.31 37.80 36.76
C18:3 2.45 2.18 4.24 3.49
C20:.0 0.24 0.11 0.27 0.23
C20:1 0.24 --- 0.11 ---
C22:0 1.14 0.40 0.33 037
Totdl 100.00 100.01 100.01 100.01
AR 39.62 38.54 18.22 18.51
PUEA? 24.72 25.49 42.04 40.25
P S / 0.62 0.66 2.31 2.17

8SFA=Saturated fatty acid; PUFA=Polyunsaturated fatty acid;

MUFA=Monounsaturated fatty acid; P/S=Polyunsaturated/Saturated fatty acid ratio.

31



17:00

32

(

)

2

8:00

0.3
)



5:00 100-200

(Stoppering tray Dryer 12, Labconco Instrument Company)

(AOAC, 1984)
(Parr-1261, Parr Instrument Company)

2.

Sukhija and
Palmqui st(1988) benzene methanolic HCI
K,COs3

(Hitachi G-3000, Tokyo, Japan)
SP-2330(Supelco fused silica
capillary) ( 30 0.2 )
170-210 (2 /min) 240
20,20, 25 mL/min( 1)

p
33
3



William et al. (1962)

1 600 1.5 3 mL
Phosphoric acid-manganese sulphate solution 4 mL potassium
bromate solution 25 mL calcium
chloride solution 200 mL
Atomic absorption Spectrophotometer (Hitachi 170-30)

( 2

()
(Stoppering tray
Dryer 12, Labconco Instrument Company))
(AOAC, 1984)
(Parr-1261, Parr Instrument Company)
William et al. (1962)

()

0o ( )%(  keal/kg)

100-100%
%ox ( )%(  keallkg)

34



()

(Least squares means)
SAS(1988) GLM

()

P/S
.
1~2(P<0.05) 2~3(P<001) 0-3(P<
0.01) 2-3  0-3 (P <
0.01) 0~1 1~2
1~2 (P < 0.05)

(0-3 )



P/S

PIS 0~1(P=0.01)
1~2 (P < 0.01) 2-3
PIS24 (2
130 ) PID6 (3 /30 )
P/S
PIS
()
PIS

3€



8. P/S
)

Table 8. Body composition and nutrient deposition of broilers under different

ambient temperature and dietary P/S ratio (Experiment 1)

Temp. highT moderate T significance
P/IS 0.6 2.4 0.6 2.4 SE T D TD
Body composition
0
.’A) 68.5 68.9 69.3 70.2 1.0 0.335 0.523 0.808
Moisture, %
0
_’A) 14.7 15.2 14.3 159 0.5 0.790 0.056 0.309
Protein, %
0
Y0 12.8 11.8 12.4 10.7 0.6 0.190 0.024 0.553
Fat, %
: / 2097.4 2063.1 2043.6 18952 69.7 0.127 0.205 0.422

Body Eenergy, kacl/kg



Nutrient deposition
,
Protein, g/bird
,
Fat, g/bird
: / 1237.1 1229.1 1332.0 11985 469 0.521 0.168 0.218
Energy retention, kcal/ bird

85.7 89.6 94.1 1004 3.8 0.028 0.217 0.776

76.3 70.5 80.4 672 3.6 0910 0.022 0.337

PIS (P < 0.05)

(P < 0.05)
P/S (P < 0.05)

()
P/S

3€



(P<0.01)
P/S
(P < 0.01) (P < 0.05)
(P < 0.05)
P/S
P/S
()
P/IS
10
(P<0.05) (P <0.01)
Q. P/S ( )

Table 9. Nutrient digestibility of broilers under different ambient temperature
and dietary P/S ratio (Experiment 1)

Temp. highT moderate T significance
P/S 0.6 24 0.6 24 SE T D TD
%
: 52.2 54.6 51.4 56.0 1.5 0.818 0.028 0.470
Protein
Fat 86.2 90.3 89.5 949 1.1 0.002 0.003 0.572

74.6 74.2 73.3 754 0.5 0946 0.145 0.038
Energy




10.

P/S ( )

Table 10. Energy metabolism of broilers under different ambient temperature
and dietary P/S ratio (Experiment 1)

Temp.
PIS

high T moderate T significance

0.6 2.4 0.6 2.4 SE T D TD

: /
Metabolizable energy,
kcal/kg

ME intake!

Energy retention

3204.3 3181.0 3165.0 3218.8 22.1 0.975 0.518 0.113

/ kcal / bird

2590.6 2565.3 2815.6 2692.2 58.5 0.010 0.241 0.435

1237.1 1229.1 1332.0 11985 46.9 0.521 0.168 0.218

4C



2

., 1353.5 1336.2 1483.6 1493.6 46.8 0.009 0.941 0.783

Heat production
%

3
Energy retention 47.7 47.9 47.4 445 1.4 0206 0.365 0.295
efficiency®

4

. 52.3 52.1 52.6 55.5 1.4 0.206 0.365 0.295
Heat production rate'
1 =
'ME intake = ME "~ Feed intake.
2 = -
?Heat production = ME intake - Energy retention.
3 - /
% Energy retention efficiency = Energy retention / ME intake.
4 — /
* Heat production rate = Heat production / ME intake,

P/S
P/S
()
P/S

11

0~1(P<0.01) 1~2(P<0.01) 2-3(P<

005) 0-3

41

0~1(P<005) 1~2(P



<001) 2~3(P<0.01) 0-3(P<0.01)
0~1(P<0.05) 1~2(P<0.01) 2-3(P<0.01)
0~3 (P <0.01) 0~1
(P <0.01) PIS 12 2-3

0~1
(P<0.05)  1-2 2-3

P/S

()
PIS

12
(P <0.01)
(P<0.05) (P <0.01)



12.
)

PIS

Table 12. Body composition and nutrient deposition of broilers under different
ambient temperature and dietary P/S ratio (Experiment 2)

Temp. highT low T significance
P/IS 0.6 2.4 0.6 24 SE T D TD
Body composition
.’% 67.6 68.2 69.3 69.6 04 0.001 0.284 0.676
Moisture, %
: % 16.3 15.9 16.5 16.7 0.2 0.038 0.606 0.233
Protein, %
%o 13.3 12.9 10.7 10.2 0.3 0.001 0.156 0.853
Fat, %
: / 2111.8 2070.1 1959.1 1885.3 35.2 0.001 0.116 0.653

-
42
2



Body energy, kacl/kg

Nutrient deposition
,
Protein, g/bird
,
Fat, g/bird
: / 1093.8 1137.2 1257.8 1090.4 62.0 0.356 0.329 0.104
Energy retention, kcal/ bird

83.1 86.2 105.1 955 3.8 0.005 0.526 0.219

704 7249 69.7 60.0 3.7 0.091 0.314 0.124

P/S

(P < 0.01)
P/S

()
PIS

13

44



(P<0.05) (P <0.01)

PIS
(P <
0.01)
()
P/S
14
(P < 0.01)
P/S (P < 0.01)
(P < 0.01)
(P < 0.01) P/S
13, PIS (

)
Table 13. Nutrient digestibility of broilers under different ambient temperature
and dietary P/S ratio (Experiment 2)

Temp. highT low T significance
P/IS 0.6 2.4 0.6 24 SE T D TD
%
: 51.8 57.5 49.6 56.9 1.1 0.194 0.001 0.464
Protein
Fat 85.8 905 88.6 93.2 10 0.015 0.001 0.971

72.2 75.1 74.3 76.1 04 0.001 0.001 0.196
Energy




14. PIS ( )
Table 14. The effect of dietary P/S ratio on energy metabolism of broilers under
different ambient temperature and dietary P/S ratio (Experiment 2)

Temp. highT low T significance

PIS 0.6 2.4 0.6 2.4 SE T D TD

L,
Metabolizable energy, ~ 3163.5 3261.9 32553 3307.7 17.1 0.001 0.001 0.192
keal/kg

/ kcal / bird

4¢€



ME intake 2342.6 2418.6 3291.2 3016.9 105.3 0.001 0.358 0.112
: 1093.8 1137.2 1257.8 1090.4 61.95 0.356 0.329 0.104
Energy retention
2
. 1248.8 1281.4 2033.4 1926.4 64.1 0.001 0.568 0.289
Heat production
%
3
Energy retention 46.6 471 382 360 1.2 0.001 0.477 0.289
efficiency’
4
53.4 52.9 61.8 640 1.2 0.001 0.477 0.289

Heat production rate’

1 —

'ME intake = ME "~ Feed intake.

2 —

?Heat production = ME intake - Energy retention.

3 —

/

% Energy retention efficiency = Energy retention / ME intake.

4 —

/

* Heat production rate = Heat production / ME intake.

(homeotherm)



(catabolism)

(lower critical temperature; LCT)

(upper critical
temperature; UCT)

LCT UCT (thermoneutral
Zone)

(Freeman, 1976; Meltzer et al., 1982; Meltzer, 1983,
Schedle, et al, 1987) Meéeltzer(1983)

1-21 LCT UCT Kuenzd
and Kuenzel (1977) Misson (1982) Nichelman et al.(1983)

48



LCT( ) UCT( )
0 35.0 - - 37.0
7 32.0 32.0-35.0 28.0 35.0
14 29.5 29.5 26.7 33.0
21 275 26.5 26.5 315
Kuenzel and Misson (1982);
Meltzer Kuenzel Nichelman et al.  Méltzer
(1983) (1977) (1983)
0 33.0 37.0 28.0 38.0
7 31.2 36.8 26.2 37.8
14 29.1 35.4 24.1 36.4
21 27.0 33.0 22.0 34.0
Meltzer(1983)
0-3
Kuenzel and Kuenzel (1977) Misson (1982) Nichelman et
al.(1983)
(
)

()



1~2
2~3
37
UCT
UCT
UCT
(Bennett et al., 1990, Wiernusz and Teeter,
1993)
(Schedle, 1987, Y ahav and Hurwitz,
1996)
( 1~-2 P <
0.05)

5 (28vs. 33 ) (
1 38vs 37 )
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Hurwitz et al. (1980) 28 4-8

28
()
(P < 0.05)
(P<0.01) (P < 0.05)
(P <
0.01) (P=0.091)
(Chwalibog and Eggum, 1989; Ain Baziz
et al., 1993) (Kletber and Dougherty, 1934,
Olson et al., 1972, Yunianto et al., 1997) (5
)
(Valerand et al., 1999)
Geraert et al. (1996b) 32 4
7 22
22 22
(pair-fed) 22 32
Husseiny and Creger (1980)
Perrault and Leeson (1992) 22 32

15.5 23.9
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Kubena (1972)
32

()

) ( )
Bonnet et al. (1997)

(1993) 4 21
3P

52

Husseiny and Creger (1980)

(22 )

(32 )

Zuprizal et al.
32 6

(Wolfenson, 1986)



Bonnet et
al. (1997) 32 22 4~6

(Van Kampen , 1981; Chawlibog
and Eggum, 1989; Chwalibog, 1990; Li et al., 1992; Wiernusz
and Teeter, 1996; Zhou et al., 1997)

(P < 0.05, . P <0.01, )
(P <0.01)
LCT



P/S

(Van Es,
1977; Beynen and Ketan, 1985)
( b- TCA cycle
) (
)
P/S Mercer and

Trayhurn (1987) Jones and Scheeler (1988 )

Shimomuraet al. (1990) Takeuchi et al.(1995)

PS 517
( ) 0-42
( ) (1, 1992)

()
Hulan et al.(1984)

Skylan and Ayal (1989) Olomu and Baracos(1991)
3~7
Sanz et al.
(1999)
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PIS 0~1(P < 0.01,
) 12  (P<001, )

PIS24 0~2
1 2
(Carew et al., 1972)
( ,1992; ,1996; Gerrett and Young, 1975;

Sibbald, 1978)

(Carew et al., 1972) PIS 03 )

()
P/S ( )

( , 1992
. 1996; Sbbad and Kramer, 1978; Ketels and Groote,
1989)

(1996)



()

(Van Es, 1977, Beynen and Ketan,
1985) P/S
Sanz et al.(1999)

Shimomura et al.(1990)
Takeuchi et
al. (1995)

( 1992) Hulan et
al.(1984) Olomu and Baracos (1991) Pinchasov and
Nir(1992) P/S
Zollitsch et al.(1997)

P/S

P/S

5€



(Freeman, 1984)

(Wiseman and Salvador, 1991; Blanch et al.,
1995) Garrett and Young (1975) Sbbald and Kramer
(1978) Ketelsand Groote (1989)

(synergistic
effect)
(Ketels and Groote, 1989)
PIS
PIS
P/IS (P <
0.01)
P/S
P/S
P/S
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P/S

( Comparative slaughter technique)
P/S 5-17 ( )
0-42 ( ),
1992)
Mercer and Trayhurn (1987)
(thermogenic activity)
Shimomuraet al. (1990) Takeuchi et al. (1995)
Jones and Scheeler(1988)
(Van Es, 1977; Baynan et al. 1985)
(Takeuchi
et al., 1995) (Wahle, 1983)

(uncoupling) (Locke et al.,1982ab)

(Saarelaet al., 1991)
PIS

P/S (5-17
) ( . 1992) (0-42

5€



1992 0-21 )

(spare)

(Macleod, 1997)

( ) ( )

(Mercer and

Trayhurn, 1987; Shimomura et al., 1990, Takeuchi et al.,
1995)

P/S

()

P/S

P/S P/S

5-17 (

1992) (Mercer and  Trayhurn,  1987)

5¢



(Shimomura et al., 1990; Takeuchi, 1995) (Jones and
Scheeler, 1988)
P/S
P/S

P/S
P/S

Zhao et al. (1996)
Jorgensen et al. (1996)

Zhao
et al. (1995)
(Garaert
et al., 1990; Macleod et al., 1997)
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The Effect of Dietary Polyunsaturated/Saturated Fatty Acid Ratio on
Growth Performance and Energy Metabolism
of Broiler at Varying Ambient Temperature

Hsao-Yun Chen

Abstract
Two trials were conducted to investigate the influence of dietary
polyunsaturated/ saturated fatty acid ratio (P/S) on growth performance
and energy metabolism of broilers at varying ambient temperature. The

procedures for two trials were the same except the temperature setup. In
78



each trial, 120 Arbor Arces 1-day old male chicks were allotted to 2 ( P/S
0.6 or 24 ) ° 2 [high or moderate temperature (trial 1); high or low
temperature (trial 2)] factorial design with 6 replicates of 5 chicks each
treatment. Chicks were reared in wire-floored metabolism cages in two
temperature-controlled chambers, and were exposed to high ambient
temperature (37 and 38 at the first day for trial 1 and 2, repectively,
and decreased 0.2 / day) or moderate and low temperature (33 and 28

at the first day for trial 1 and 2, respectively, and decreased 0.3 / day),
for 3 weeks. Chicks were fed ad libitum during the trial and body weight
and feed intake were recorded weekly to determine the feed efficiency.
Excreta were collected for the determination of digestibilities of energy
and nutrients. At the end of each trial, chicks were sacrificed and their
body composition were analyzed. Energy retention was measured by the
comparative slaughter technique, heat production was calculated as the
difference between metabolizable energy intake and body energy
deposition.

The results showed that high ambient temperature decreased weight
gain (P < 0.01) and feed intake (P < 0.01), improved gain/feed in trial 2
(P < 0.01) and decreased heat production rate in trial 2 (P < 0.01) of
chicks during 0-3 weeks of age. Increasing dietary P/S did not affect the
performance and heat production of chicks during 0-3 weeks of age. No
ambient temperature ~ dietary P/S interaction among growth performance
and heat production in chicks was observed.

In summary, increasing dietary P/S could not affect the heat
production of chicks, therefore, it neither is detrimental to the growth of
chicks under high ambient temperature nor is beneficial to the growth of
chicks under low ambient temperature.

Key words: Broiler, P/S ratio, Growth performance, Heat production,
Ambient temperature
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2. 2mL benzene 3mL methionolic

HCI (5%)
3 : 70 2
5. 5mL 6% K,COs 2mL benzene
pH
6. 312*g S
7. anhydrous sodium sulphate
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( )

1.10%manganese sul phate(w/v)

2.85% phosphoric acid (w/v)

3.phosphoric acid-manganese sulphate: 30 mL10%
manganese sulphate 1L 85% phosphoric acid

4.4.5% mL potassium bromate (w/v)
5. calcium chloride solution( 4000ppm)

1. 1g 600 1.5
3mL phosphoric acid-manganese
sulphate solution 4mL potassium bromate
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4, 25 mL cacium chloride
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200 mL



