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(Murray et al., 1988)

16-26
(saturated fatty acids) (unsaturated fatty acid)
2 (stearic acid,
C18:0)
(cis) (trans)
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(extra caloric effect)
(Sibbald and Kramer, 1977
Sell et al., 1979 Mateos and Sell, 1980a)

(Renner and Hill, 1960 Young, 1961)
L eeson and Summers (1976)
(synergistic effect)

(Lall and Slinger, 1973 Sibbald and Kramer, 1978
Ketels and Groote, 1989) Mateos and Sell (1980a)
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and Summers (1976)

(Rao and Clandinin,

1970 Mateos and Sell, 1980b)

(non-lipid portion) (Polin and Hussein, 1982)

3,680
kcal/kg 9,870 kcal/kg 8,795 kcal/kg (NRC,
1994) (heat increment) (Dale

and Fuller, 1979 Maynard et al., 1979 Noblet et al., 1985)
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()
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(Roland and Edwards,
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(Menge et al., 1963)
(Menge and Richardson, 1968)
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(nonessential polyenoic acids)
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(eicosatrienoic acid)

(triene) (tetraene)
(Murray et al., 1988) Holman (1960)
0.4
1% Whitehead
(1984) NRC (1994)
1%
( , 1998)
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? (gastric lipase)
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2-monoacylglycerol

(Brindley, 1984)
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(water-oil interface)

(cholesterol esters)
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(passive
diffusion) (brush border)
(Krogdahl, 1985)

(Hurwitz et al., 1973; Gurr et al., 1989)
(stearic acid) (pamitic acid)
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(Krogdahl, 1985 Wiseman and Salvador, 1989
, 1998)
Carew et al. (1972) Krogdahl (1985)
Cera et al.
(1988a) Li et al. (1990)
Renner and Hill (1960) Krogdahl (1985) Jackson et al.
(1971) ?

Polin et al. (1980)
Polin and Hussein (1982) ?
Edwards (1962) Eyssen
et al. (1965) Garlich and Nesheim (1965)
Serafin and Nesheim (1967)
Gomez and Polin (1974 1976)

Noy and Sklan (1995)
? 4 21
(1998) 7
63.9 41.9% 21
90.0 85.5% Uni et al. (1995) 4-10
(morphology)
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(Golian and Maurice, 1992 Noy and Sklan, 1995 Uni et al .,
1995) Monson et al. (1950) Mateos and Sell (1981b)

Katongole and March (1980)
1-2 4

()

(Carew et al.,

1972 Wiseman and Salvador, 1989 , 1998)

(Summers, 1984)
Lloyd and Crampton (1957) Garrett
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(bile salt)
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phosphatidic acid (PA) (Wood and Allison, 1982)
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8.2%
15-20% (Gomez and Polin, 1976)

(Gomez and
Polin, 1974)
Gomez and Polin (1976)
12% (Katogole and
March, 1980)
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(lipase)
(Polin et al., 1980)
Polin et al. (1980) 4% 0.04%
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0-7
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(Polinet al., 1980)

7010 kcal/kg 78%
(Polinet al., 1980) Duckworth et al. (1950) Fedde et al. (1960)
Renner and Hill (1960) 3
4-7 14-19
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92% (Carew et al.,
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(Polin et al., 1980)
Freeman (1969) Borgstrom (1974)

Jones et al. (1992)

()
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0.25%
1
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2. (02 )

Table 2.The composition and price of experiment diet (week 0-2)

Diet Control  -3%ME+125g -6%ME+125g -6%ME+500¢g
_ Vol/t Vol/t Vol/t
Ingredient Price kg/ton kg/ton kg/ton kg/ton
NTD/kg
Yellow Corn 4.83 516.00 544.10 558.33 558.33
Soybean Meal 8.05 165.7 162.8 212.4 212.4
Full Fat Soybean Meal 9.00 59.3 159.3 117.0 117.0
Corn Gluten Meal 13.90 36.4 34.7 22.7 22.7
Salt 4.00 3.0 3.0 3.0 3.0
Fish Meal 26.00 4.8 44.8 44.8 44.8
Tallow . 15.00 39.8 16.2 7.0 7.0
Dicalcium phosphate 1.50 17.0 17.0 16.8 16.8
Limestone 2.00 9.4 9.5 9.3 9.3
Choline-Cl (75%) 30.00 1.0 1.0 1.0 1.0
DL-Methionine 150.00 1.10 1.10 1.17 1.17
Vitamin Premix® 240.00 1.0 1.0 1.0 1.0
Mineral Premix” 60 1.0 1.0 1.0 1.0
Volamel 800.00 0.0 0.125 0.125 0.500
Amprolium 450.00 15 15 1.5 15
Neomycin 320.00 15 15 1.5 1.5
CTC 180.00 1.5 1.5 1.5 15
Total 1000.0 1000.125 1000.125 100.500
Price, NTD 9721.7 9551.7 9342.3 9642.3
Calculated values
Crude protein, % 23 23 23 23
Crude fat, % 9.10 6.95 5.36 5.36
ME, kcal/kg 3192 3096 3000 3000
Ca, % 1.0 1.0 1.0 1.0
AP, % 0.45 0.45 0.45 0.45
Methionine + cystine, % 0.9 0.9 0.9 0.9

®Provide per kilogram of diet: vitamin A, 15,000 IU; vitamin Ds, 2,500 IU; vitamin E, 40 mg; vitamin
ks, 3 mg; thiamine, 3 mg; riboflavin, 6 mg; pyridoxine, 4 mg; vitamin By, 0.04 mg; pantothenate,
16 mg; niacin, 30 mg; folate, 1 mg; biotin, 0.12 mg.

®Provide per kilogram of diet: Cu, 15 mg; Fe, 70 mg; Zn, 100 mg; Mn, 80 mg; I, 2 mg; Se, 0.15 mg;
Co, 0.5 mg.



3. (24 )

Table 3. The composition and price of experiment diet (week 2-4)

Diet Control -3%ME+125g -6%ME+125g -6%ME+5009g
_ Vol/t Vol/t Vol/t
Ingredient Price kg/ton kg/ton kg/ton kg/ton
NTD/kg
Yellow Corn 4.83 565.12 593.15 609.61 609.61
Soybean Meal 8.05 204.2 222.0 275.0 275.0
Full Fat Soybean Meal 9.00 123.0 95.2 42.1 42.1
Corn Gluten Meal 13.90 8.1 8.1 0.0 0.0
Salt 4.00 3.0 3.0 3.0 3.0
Fish Meal 26.00 29.9 29.9 29.9 29.9
Tallow . 15.00 33.2 15.2 7.0 7.0
Dicalcium phosphate  11.50 14.3 14.3 14.2 14.2
Limestone 2.00 11.0 11.0 11.0 11.0
Choline-Cl (75%) 30.00 0.9 0.9 0.9 0.9
DL-Methionine 150.00 1.08 1.05 1.09 1.09
Vitamin Premix® 240 0.7 0.7 0.7 0.7
Mineral Premix” 60 1.0 1.0 1.0 1.0
Volamel 800.00 0.0 0.125 0.125 0.500
Amprolium 450.00 15 15 15 1.5
Neomycin 320.00 15 15 15 1.5
CTC 180.00 1.5 15 15 15
Total 1000.0 1000.125 1000.125 1000.500
Price, NTD 8946.3 8799.5 8595.1 8895.1
Calculated values
Crude protein, % 21 21 21 21
Crude fat, % 7.89 5.79 4.13 4.13
ME, kcal/kg 3129 3035 2914 2914
Ca, % 0.95 0.95 0.95 0.95
AP, % 0.40 0.40 0.40 0.40
Methionine + cystine, % 0.81 0.81 0.81 0.81

®Provide per kilogram of diet: vitamin A, 10,500 IU; vitamin Ds, 1,750 IU; vitamin E, 28 mg; vitamin
ks,2.1 mg; thiamine, 2.1 mg; riboflavin, 4.2 mg; pyridoxine, 2.8 mg; vitamin B,, 0.028 mg;
pantothenate, 11.2 mg; niacin, 21 mg; folate, 0.7 mg; biotin, 0.084 mg.

®Provide per kilogram of diet: Cu, 15 mg; Fe, 70 mg; Zn, 100 mg; Mn, 80 mg; |, 2 mg; Se, 0.15 mg;
Co, 0.5 mg.

37



4, (46 )

Table 4. The composition and price of experiment diet (week 4-6)

Diet Control -3%ME+125g -6%ME+125g -6%ME+500g
_ Vol/t Vol/t Vol/t
Ingredient Price kg/ton kg/ton kg/ton kg/ton
NTD/kg
Yellow Corn 4.83 597.15 631.13 623.74 623.74
Soybean Meal 8.05 123.3 130.9 176.6 176.6
Full Fat Soybean Meal 9.00 149.5 125.6 130.6 130.6
Corn Gluten Meal 13.90 30.4 34.7 0.0 0.0
Salt 4.00 3.0 3.0 3.0 3.0
Fish Meal 26.00 29.9 29.9 29.9 29.9
Tallow 15.00 37.4 15.3 7.0 7.0
Dicalcium phosphate 11.50 12.2 12.3 11.8 11.8
Limestone 2.00 114 115 114 11.4
Choline-Cl (75%) 30.00 0.8 0.8 0.8 0.8
DL-Methionine 150.00 0.25 0.17 0.46 0.46
Vitamin Premix® 240 0.7 0.7 0.7 0.7
Mineral Premix” 60 1.0 1.0 1.0 1.0
Volamel 800.00 0.0 0.125 0.125 0.500
Amprolium 450.00 15 15 15 1.5
Neomycin 320.00 15 15 15 1.5
Total 1000.0 1000.125 1000.125 1000.500
Price, NTD 8629.5 8457.0 8265.0 8565.0
Calculated values
Crude protein, % 20 20 20 20
Crude fat.% 8.86 6.47 5.69 5.69
ME, kcal/kg 3250 3152 3055 3055
Ca, % 0.9 0.9 0.9 0.9
AP, % 0.35 0.35 0.35 0.35
Methionine + cystine, % 0.72 0.72 0.72 0.72

®Provide per kilogram of diet: vitamin A, 10,500 IU; vitamin Ds, 1,750 IU; vitamin E, 28 mg; vitamin
ks, 2.1 mg; thiamine, 2.1 mg; riboflavin, 4.2 mg; pyridoxine, 2.8 mg; vitamin Bi,, 0.028 mg;
pantothenate, 11.2 mg; niacin, 21 mg; folate, 0.7 mg; biotin, 0.084 mg.

®Provide per kilogram of diet: Cu, 15 mg; Fe, 70 mg; Zn, 100 mg; Mn, 80 mg; I, 2 mg; Se, 0.15 mg;
Co, 0.5 mg.
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Income:
Feed cost :
Chick cost :
Other cost :

Total cost : feed chick other cost

Profit : income total cost
Profit / chick started : profit 96
)
1.
( )
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3.
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)
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? (Pond et al.,
1995)
(Van de Kamer et al., 1949)
(Van de Kamer et al., 1949)
(
)

( 1)

2 ( 2)

Williams et al. (1962)

Atomic Absorption Spectrophotometer (Hitachi 170-30, Tokyo, Japan)

, %=

% x %

100 — 100 x

% x %

SAS (2002)
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(Duncan’ s New Multiple Range Test)
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(1) (2 (3) (4)
(5) (6) (1) (P 005
6 125g 500 g /

2-4

(1) (2) (3) (4)
(5) (6) (1) (P 0.05
1259 500 g /

4-6

(1) (2 (3) (4)
1) (P 0.05)

(5) (6)



5. 02 )
Table 5. Growth performance of broilers fed regular or ME-reduced volamel supplemented diet (week

0-2)
Treatments Control 3%ME 6%ME 3%ME 6%ME 6%ME SEM
125g Vol/t 125g Volit 500g Vol/t

Groups (1) (2) 3) 4) (5) (6)

Initial wt, g 41.8 41.4 41.6 41.4 41.0 41.0 0.32
Final wt, g 376.2%  338.9%°  340.8% 360.9 % 328.3 330.1° 1259
Weight gain, g 334.5%  297.5%® 2992 319.50%° 287.4° 289.2° 1253
Feed intake, g 373.2 365.3 383.8 372.9 393.8 386.0 12.87
Gain/feed 0.90° 0.82%°  0.78*° 0.86% 0.73° 0.75™  0.038
Mortality, % 1.04 0 0 0 0 1.04 0.62
culling, % 0 0 0 0 0 0 0
Survival, % 98.96 100 100 100 100 98.96 0.62

aCData in the same row with different superscripts differ significantly (P 0.05).



6. 24 )
Table 6. Growth performance of broilers fed regular or ME-reduced volamel supplemented diet (week

2-4)

Treatments Control 3%ME 6%ME 3%ME 6%ME 6%ME SEM
125g Vol/t 125g Vol/t 500g Vol/t

Groups 1) (2) 3) 4) (5) (6)
Initial wt, g 376.2° 338.9%° 340.8%®  360.9% 328.3° 330.1° 1259
Final wt, g 1082.4° 966.5%" 971.7%  1035.4% 935.0° 940.6°  39.00
Weight gain, g 706.2° 628.1%" 631.6% 674.5% 606.6° 610.5°  26.45
Feed intake, g 1213.9 1129.7 1207.7 1199.7 1175.4 1182.8  30.84
Gain/feed 0.58 0.56 0.52 0.56 0.52 052  0.020
Mortality, % 0 1.04 1.04 0 1.04 0 0.72
Culling, % 0 0 0 0 1.04 0 0.43
Survival, % 100 98.96 98.96 100 97.92 100 0.79

Data in the same row with different superscripts differ significantly (P 0.05).



7. 46 )
Table 7. Growth performance of broilers fed regular or ME-reduced volamel supplemented diet (week

4-6)
Treatments Control 3%ME 6%ME 3%ME 69%0ME 6%ME SEM
1259 Vol/t 125g Vol/t 500g Vol/t
Groups (1) (2) 3) 4) (5) (6)
Initial wt, g 1082.4° 966.5°  971.7%° 1035.4% 935.0° 940.6°  39.00
Final wt, g 19775 1897.9 1885.3  1942.8 1883.8 1899.6 49.94
Weight gain, g~ 895.2 931.4 861.5 907.4 936.7 959.0 41.89
Feed intake,g 1924.9°  1927.8°  1964.0° 1920.2% 1930.1° 1965.8° 59.87
Gain/feed 0.46% 0.48% 0.44" 0.47% 0.49° 0.49°  0.015
Mortality, % 1.09 1.04 0 2.08 0 2.13 0.89
Culling, % 1.09 0 0 0 1.04 1.09 0.74
Survival, % 97.83 98.96 100 97.92 98.96 96.78 1.38

®Data in the same row with different superscripts differ significantly (P 0.05).



8. 06 )
Table 8. Growth performance of broilers fed regular or ME-reduced volamel supplemented diet (week

0-6)

Treatments Control 3%ME 6% ME 3%ME 6% ME 6% ME SEM
125g Vol/t  125g Vol/t 5009 Vol/t

Groups 1) @ 3 “4) (5) (6)
Initial wt, g 41.8 41.4 41.6 41.4 41.0 41.0 0.32
Final wt, g 1977.5 1897.9 1885.3 1942.8 1883.8 1899.6 51.12
Weight gain, g 1935.8 1856.5 1843.7 1901.4 1842.8 1858.6 51.01
Feed intake, g 3512.0 34228  3555.5 3492.8 3499.3 3534.5 91.15
Gain/feed 0.55% 054  052° 0.54% 0.53" 0.53"  0.006
Mortality, % 2.08 2.08 1.04 2.08 1.04 3.13 1.40
Culling, % 1.04 0 0 0 2.08 1.04 0.79
Survival, % 96.88 97.92 98.96 97.92 96.88 95.83 1.97

®°Hata in the same row with different superscripts differ significantly (P 0.05).
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3 125 g /

(3) (5) (6) (1)
(P 0.05) 6

0-2 24 4-6 6%

02 24 4-6

3% / 6%

Lesson et al. (1996)
6 12 18% 7

Summerset al. (1992) 6.5 7.5%
0-3 3-6

/
Polin and Hussen (1982) Al-Marzooqi and S. Leeson (1999)



9
MDA @
3% 125 g /
@ O
(P 0.05) (3) (1) 125
g 500 g /
D@ @
3%
125 g / (3) (5 (1)
(P 0.05) 6%
1259 /
500 g / (1)
5009 /
6%
Lesson et al. (1996) 6 12
18% 7
Jackson et al. (1982)
56 111 167 222 27.8% 7
3% 125 git
6% 125 g/t 500 g/t

6 ) 10
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9. 6 )
Table 9. Carcass characteristics of broilers fed regular or ME-reduced volamel supplemented diet

(week 6)
Treatments Control 3%ME 6%ME 3%ME 6%ME 6%ME SEM
125g Vol/t 125g Vol/t 500g Vol/t

Groups 1) ) 3 4 ®) (6)

Live body wt"., g 19775 1897.9 1885.3  1942.8 1883.8 1899.6  51.12
Breast wt’., g 20479  284.04°  295.44%° 300.05% 201.31%"°  285.62° 431
Thigh wt®., g 351.08°  346.71% 339.02%" 34828  338.63°°  334.34° 463
Abdominal fat wt., g 44.31% 40.52% 32.04° 43217 31.88° 37.70°  2.10
Breast, % 14.91° 14.97° 1567 1544 1546  15.04% 0.23
Thigh, % 17.75 18.27 17.98  17.93 17.98 1760  0.24
Abdominal fat, % 2.24° 2.14° 1.70° 2.22° 1.69" 1.98% o011

a°DHata in the same row with different superscripts differ significantly (P 0.05).
L2330t = weight
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Table 10. Carcass characteristics of male and female broilers (week 6)

Sex Male Female SEM
Breast weight, g 2878.00 295.76 2.49
Thigh weight, g 348.34 337.68 2.68
Abdominal weight, g 33.88 42.68 1.21
Breast, % 15.0° 15.5° 0.13
Thigh, % 18.2° 17.6° 0.14
Abdominal fat, % 1.77° 2.23° 0.06

® Data in the same row with different superscripts differ significantly (P 0.05).
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(P 0.05)

(P 0.05)
(P 0.05)
Sonaiya (1988)
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9.10 883 863 893 873 9.03 (2) ~ (6)
(1) 0.27 0.47 017 0.37 0.07
(1) (2) ~(6)
(1) 0.0/ 0.08 003 0.09 0.06
(4) (1)
(1) (4) 182
K g 3 % 125 g [/
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11.

Table 11. The feed and production costs of broilers fed different diets

Treatments Control -3%ME -6%ME -3%ME+ -6%ME+ -6%ME+
125g Vol/t 125g Vol/t 500g Vol/t
Groups 1) 2 ©) 4) ) (6)
Feed price, NTD/kg
starter 9.71 9.44 9.23 9.54 9.33 9.63
grower 8.95 8.70 8.50 8.80 8.60 8.90
finisher 8.63 8.36 8.17 8.46 8.27 8.57
Final weight, kg/chick 1.97 1.90 1.89 1.94 1.88 1.91
Sale weight, kg 183.21 178.60 179.55 182.36 174.84 175.72
Income, NTD" 6778.8 6608.2 6643.4 6747.3 6469.1 6501.6
Feed cost, NTD 2892.3 2763.6 2835.8 2853.8 2765.8 2860.3
Chick cost, NTD? 1536 1536 1536 1536 1536 1536
Other cost, NTD? 1344 1344 1344 1344 1344 1344
Total cost, NTD 5772.3 5643.6 5715.8 5733.8 5645.8 5740.3
Profit, NTD 1006.5 964.6 927.6 1013.5 823.3 761.3
Profit, NTD/chick started 10.48 10.05 9.76 10.56 8.58 7.93

137 NTDI/kg final weight.
?16 NTD/chick.

314 NTD/chick (medicine, water, electricity cost).
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12.

Table 12. The production costs of breast and thigh meat in broilers fed different diets

Treatments Control -3%ME -6%ME -3%ME+ -6%ME+ -6%ME+
1259 Vol/t 125g Vol/t 500g Volit

Groups 1) ) ©) 4) ©) (6)

Breast production

cost, NTD/kg 2115 210.7 202.8 202.9 208.3 217.8
Thigh production

cost, NTD/kg 177.0 1727 176.9 174.7 179.4 185.6
(Breast+Thigh) production

cost, NTD/kg 96.4 94.9 94.5 93.9 96.4 100.2




(3)

0-6

G (©) (1)
6%
(4) (1)
(4) 2.5 1) ~ 3
1@ G
3 G (6
(6) 6%
3% 125 ¢
3% 125 g /
0.17
0.08
2.5
(24-26
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Fig. 1. Fat digestibility of broilers fed regular or ME-reduced volamel
supplemented diet (day 24-26)°.
4Group (1) : Control
(2) : - 3% ME
(3):-6% ME
(4) : - 3% ME + 125 g Vol/t
(5) : - 6% ME + 125 g Vol/t
(6) : - 6% ME + 500 g Volft.
PSEM = 4.561.

“Treatment effect not significant (P 0.05).
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Study on emulsifier (Volamel) in reducing dietary metabolizable

energy and production cost in broilers

Ding-Er Chen

Abstract

The purpose of this study was to investigate whether 3 or 6%
metabolizable energy (ME)-reduced volamel-supplemented diets
could maintain anormal rate and efficiency of growth, and reduce the
production cost in broilers. 576 1-day-old Arbor Acres broilers were
randomly assigned to six treatments, four replicates with 24 chicks
per treatment. Chicks were fed (1) control, (2) -3% ME, (3) -6% ME,
(4) -3% ME + 125 g volamel/ton, (5) -6% ME + 125 g volamel/ton,
or (6) -6% ME + 500 g volamel/ton diet for 6 weeks. The ME of
control diet were 3192, 3129, and 3250 kcal/kg in starter, grower, and
finisher period, respectively. Growth performance, mortality, fat
digestibility, production cost, breast and thigh production and their
costs were calculated. Results found that no differences in weight
gain, feed intake and feed efficiency were observed between group (1)
and (4), indicating that reducing 3% and supplementing 125 g
volamel/ton could maintain normal growth performance in broilers; a
worse feed efficiency was observed in groups (3) (5 and (6),
indicating 6% ME reduction was too much and even volame

supplementation could not restore it. A similar trend was observed in



breast and thigh production. There was no differences in fat
digestibility in al groups, indicating that reducing 3 or 6% ME and
supplementing 125 or 500 g volamel/ton could not improve the fat
utilization. The feed price in group (4) was 8.93 NTD/kg which was
0.17 NTD/kg cheaper than the one in group (1) (9.10 NTD/kg).
Income for producers was highest in group (4). The profit was also
highest in group (4), an extra of 0.08 NTD per chick started was
found as compared with group (1). Production costs of breast and
thigh were lowest in group (4) among other groups. In summary,
supplementing 125 g volamel/ton in 3% ME-reduced diet (group 4)
could reduce the feed price and production cost while maintaining
normal growth performance and breast and thigh production in

broilers.

Key words Broiler, Emulsifier, Volamel, Metabolizable energy, Fat
digestibility, Production cost.
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Weyers. 1949. Rapid method for the determination of fat
in feces. J. Biol. Chem. 177:349-355.

KOH Ethanol
HCI

. 1. Ethanol 99.5% + 0.4% Amy! alcohol

2. Ethanol 99.5% (netral to thymol blue)

3. KOH 33%

4. HCl 25% ( specific gravity 1.13)

5. Petroleum ether

6. NaOH 0.1N

7. thymol blue 2% in 50% ethanol (as indicator)

1 19 150 mL 10 mL
33% KOH 40 mL ethanol 99.5% + 0.4% amyl
alcohol

2. (80 )20 (

3. 17 mL 25% HCI

I



4, 50 mL petroleum ether

5. 20 mL petroleum ether
N>

6. 10 mL 99.5% ethanol

7. 0.1IN NaOH micro burrette

(  thymol blue )

8. (g)/100¢g

A x284x1.04x%x25x%x100
10,000 Q

284 : C18:0

1.04: 1%
3%

25: 50 20
100: 100 ()

10000Q (
0.1N 1N )



- Williams, C. H., D. J. David and O. lisma. 1962. The
determination of chromic oxide in feces samples by
atomic absorption spectrophotometry. J. Agric. Sci.
59:381-385.

atomic absorption spectrophotometry

. 1. 10% manganese sul phate (w/v)
2. 85% phosphoric acid (w/v)
3. phosphoric acidmanganese sulphate: 30 mL 10%
manganese sul phate 1L 85% phosphoric acid
4. 4.5% potassium bromate (w/v)

5. calcium chloride solution ( 4000 ppm)

1. 1g 600 1.5
2. 3 mL phosphoric acid-manganese sul phate

solution 4 mL potassium bromate solution

4. 25 mL calcium chloride

solution 200 mL
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200 mL

atomic absorption spectrophotometer (

170-30)
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