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TABLE 6. Fatty acid profiles (% of total fatty acid) in palm, soybean and linseed oils

investigated in this study.

Source of plant oil Paim Soybean Linseed
Palmitic acid, C16:0 35.22 9.73 4,90
Stearic acid, C18:0 5.35 15.19 2.70
Oleic acid, C18:1 43.99 £23.86 20.82
Linoleic acid, €18.2 14.04 43.85 15.08
OL-linolenic acid, C18:3 - 6.08 56.50
Saturated fatty acid (SFA)” 4057 2492 760
Unsaturated fatty acid {UFA)"’ 58.03 73.79 92.40
Monounsaturated fatty acid 43.99 £23.86 20.82
Polyunsaturated fatty acid 14.04 4993 71.58
UFA/SFA 1.43 2.96 12.16
Totaln-6 1404 a3ss 1508
Total n~3 - 6.08 56.50
n-6/n-3 - 7.21 0.27

" Calculated from the fatty acids as show in this table only.



41

nsAnululald (msnaase? 1)

L4 ﬂ&li'iﬂﬂ'l‘l‘lﬂ"l‘iﬂﬁﬁltl.ﬂﬂﬂ mmw‘lwi

nmsinlgfinemiaaduainnasuns nialasifien luszsu 125, 250 wn./nn.
817115 WAz 200, 400 HN./A%EI¥1T MHATAU 1Wwaa1 168 T4 nauansliluaeien 7
Usingin maiaduudangisansaiialivinldanssannnsuan (wandald Ussingnm
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TABLE 7. Production performance of laying hens fed diets containing different sources of plant

oit and various levels of copper or chromium during 168 days.

Source of plant oil v Paim oil Soybean Linseed
Control Cu (ppm) Cr (ppb) oil oil S.EM
125 250 200 400
Egg production (% ) 80.8 81.3 825 826 816 857 81.9 1.0
Feed intake (g/day) 109.1° 107.1" 104.3" 108.4° 107.3%° 106.8° 105.3° 04
Feed/doz. egg (kg) 1.79 1.75 1.67 174 174 165 171 0.05
Feed/kg egg (kg) 2.50 2.43 2.31 2.35 245 231 2.37 0.05
Body weight gain (g) 177 127 123 200 193 170 127 15.9
Egg quality
Egg weight (g) 59.6 60.2 60.0 614 600 61.2 61.1 05
Haugh unit 89.7° 93.7° 94.3° 951° 945 029" 038 03
Specific gravity 1.090° 1.089" 1.0890™ 1.090° 1.087° 1.090° 1.091° 0.001
Shell thickness (mm) 0.341° 0.340° 0.335° 0.342° 0.321° 0.341° 0.341° 0.002
Yolk color (score}”’ 8.4 8.7 8.4 8.7 8.3 8.7 8.5 0.2
Egg grading (%)
No. 1 (>70 g) 5.7 3.4 3.5 8.1 8.9 6.5 4.4 1.1
No. 2 (66-70 g) 9.8 12.1 12.1 16.3 147  21.1 15.3 1.6
No. 3 (61-65g) 25.0 27.6 30.8 260 220 204 298 1.7
No. 4 (56-60g) 324™ 383" 36.2° 325 245" 206 300%™ 15
No.5 (51-55g)  24.6 17.8 15.6 154 179 109 9.2 1.9
No. 6 (<51 g) 2.6 0.9 1.9 1.7 0.9 0.5 0.2 0.3

*Values within a row with no common superscripts are significantly different (P<0.05).
" Used in the diets at the level of 3%.

# Roche yolk color fan.
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Wwan./vas szansnsaanmalasinasanasls 1.1-2.9% nSewinfy 2.5-6.6 un.sad

NaIRINLEIIEuN1IINAaallwIaT 168 Suuds IARARNLAZIBIRDLAE L ARTRAE
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TABLE 8. Serum and yolk cholesterol content of laying hens fed diets containing different
sources of plant il and various levels of copper or chromium during 168 days and
after changing to the control diets for 28 days.

Source of Level in diet ! Cholesterol

piant oil'’ Cu Cr ! In serum In egg

(ppm) (ppb) i(mg/dl) (wdecrease) (mg/g Yolk) (%decrease) (mg/egg ) vudecrease)
Fed with experimental diet (168 d)

Palm oil - - 11g28° - 13.43 - 228.2 -
Palm oil 125 - {100.8° 18.0 12.99 3.3 219.7 3.7
Palm oil 250 - § 88.8° 27.7 12.88 4.1 216.6 5.1
Palm oil - 200 | 112.2% 8.7 12.86 4.2 218.1 4.5
Palm oil - 400 {1051™ 145 12.84 4.4 216.5 5.1
Soybean ofl - - i 98.0" 203 13.18 1.9 2057 1.1
Linseed oil £ - i 927" 248 13.23 1.5 221.6 2.9
S.EM P 2.3 0.07 1.9
After changing to the control diet (28 d )2’

Paim oil c L 111.8 13.06 214.1

Palm oft 125 - 114.2 -2.1 13.17 -0.8 217.2  -1.5
Palm oil 250 L 126.0 -12.7 13.00 0.5 219.4 -2.5
Palm oil 200 | 109.2 2.4 12.47 4.1 217.0

Palm oil - 400 : 1350 -20.7 13.36 -2.3 216.8 -1.2
Soybean oil - - 1 .120.5 ~-7.7 13.71 -5.0 216.8 -1.2
Linseed oil \ - 11105 1.2 13.10 -0.3 217.1 -1.4
S.EM i 5.3 0.16 3.9

** Values within a column with no common superscripts are significantly different (P<0.05).

"Used in the diets at the level of 3%, “All birds fed with control diet (3% of paim oil in the diet).

e naplaululd

Han1siasausEianasunsrsalmsilenluamsiile wasnisldhindudumdns
niaaudanaunwinduihduronualugnsoimisdinng 168 T nauanslluasied o
WUl MsEsausaamasmuazlas e areeszau TailWesdusznaunasnsalosilu
ldunnldewudasfafieuiunguauga viefidmlwafifuiaansalaiuionun uas
Aaniasidwhansliune (ndnsalduss 100 n§w)

o

dnsunisunuimdulndudreksindundasdeinsaaluasn (C18:2) n3a
Wunsaladuaiialowd-6 USnnmain dewaldldunefinsalasfwaiai idemmiiv
wedifuduasnsnlaiuman gendnguauauuasnguiiadauisindunidadrediis
d1ARy (14.58 vs. 9.25-10.25%) aauztd @i wivinlwnsnlosiwuszianlawmnn-3 18w
nsadlulafin (C18:3, n-3) uasnsalalaasiangzdludn (c22:6, n-3) geduadreiine

as

dAnguin wszdundasinindluaingendnhuiuidn (an5199 6)
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TABLE 9. Fatty acid profiles in egg yolk of laying hens fed diets containing different

sources of plant oil and various levels of copper or chromium during 168 days.

Source of Palm oil Soybean Linseed
plant oil Control Cu (ppm) Cr {(ppb) oil oil S.E.M.
125 250 200 400
£ (% of total fatty acld) >

C16:0 18.47°  18.10° 16.86° 18.21" 17.49° 17.10° 15.67° 024
C16:1 0.95 1.03  0.99 1.20 1.03 1.09 1.08 0.03
C18:0 547"  5.24° 5.27° 5.34° 525  599° 559% 008
c18:1 35.12° 34.88° 34.54"° 36.28° 34.94° 2051° 2049 026
c18:2,n-6  10.17° 0.25° 0.75° 9.36° 10.25° 1458 11.63° 012
€18:3,n-3 0.21° 0.26° 0.31°  0.29"° 031" 0.02° 557" 007
C20:5, n-3 0.32 046  0.44 0.39 0.43 0.35 0.19 0.04
C22:6,n-8 0127 0150 009" 007 033 074 093 004
SEAY 23.9° 23.3° 22.1° 236" 22.7" - 231"  212° o025
UFA®’ 46.9"  46.0° 46.1°  47.6°  47.3° 472 489° o024

MUFA 36.1° 35.9° 355  37.5° 36.0" 30.6° 30.6° 024

PUFA 10.8° 10.1°  10.6° 10.1° 11.3° 16.6" 18.3° 047
UFA/SFA . 1.96 . 1.97 209 ____ 203 2.08 . 2.04 231 008
Total n-3 0.65"° 0.87° 084" 075 1.07" 2.01° 6.69" 0.08
Total n-6 10.17 9.25 9.75 9.36 10.25 1458 11.63 0.2
n-6/n-3 11.24°  12.76° 13.46° 12.60° 10.26° 7.61" 1.74° 095

P (g7 100g yoik) S

C16:0 8.59 9.05 052 9.36 9.83 7.78 8.71 064
C16:1 0.45 0.51 0.57 0.61 0.57 0.50 0.56 0.04
C18:0 2.57 262 289 2.75 2.96 2.72 3.01  0.18
C18:1 16.35 1745 19.17 1885 1982 1344 1613 123
c18:2,n-6  4.70 459 539 4.83 5.84 6.65 6.37 0.34
C18:3, n-3 0.11° 012" 0.22° 0.15" 047" 041" 3.05 004
C20:5, n-3 0.13 017  0.24 0.20 0.19 0.10 010 0.02
C22:6,n-3 005 005 008 _ 005 013" 026" 038 002
SFA% 11.16 11.67 1241 12.11 12.80 10.51 11.72 082
UFA® 21.78 2289 2566 24.69 26.72 21.37 2658 1.62

MUFA 16.79 17.97 1974 1946 20.80 1394 1669 1.26

PUFA 4.99° 493" 592° 523 6.33°  7.43° 989" 037
UFA/SFA . .1.84° 197 210" 203 208" 204" 227" 002
Total n-3 0.29° 0.34° 053 039" 049" o078 3.53° 0.05
Total n-6 4.70 4.59 5.39 4.83 5.84 6.65 6.37 0.34
n-6/n-3 16.02°  138.33° 1021 12.23° 11.84° 855" 1.81° 1.01

** Valyes within a column with no common superscripts are significantly different (P<0.05).

' Used in the diets at the level of 3%.

# Calculated from the fatty acids as show in this table only.

SFA = saturated fatty acid, UFA = unsaturated fatty acid, MUFA = monounsaturated fatty acid, PUFA =
polyunsaturated fatty acid, UFA = unsaturated fatty acid, n-3 = total n-3 fatty acid, n-6 = total n-6
fatty acid, C16:0=palmitic acid, C18:1=palmitoleic acid, C18:0 = stearic acid, C18:1 = oleic acid,
€18:2 = linoleic acid, C18:3 = Ol-linolenic acid, C20:5 = eicosapentaencic acid (EPA), C22:6 =
docosahexaenoic acid (DHA).
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TABLE 10. Copper content in visceral organs of laying hens fed diets containing different
sources of plant oil and various levels of copper or chromium during 168 days.

Source of Level in diet Heart Liver Gizzard Gastrointestinal
plant oil"’ Cu Cr tract®’
(ppm)  (ppb) (mg/kg fresh wt.)

Palm oil {control) - - 2.80 1.43 0.68 7.98°
Palm ol 125 - 3.02 1.48 0.75 121.97°
palm oil 250 - 3.53 1.69 1.15 252.39°
Palm ol - 200 2.97 1.43 0.58 7.90°
Palm oil - 400 2.65 1.39 0.83 8.15°
Soybean oil - - 2.70 1.40 0.82 7.94°
Linseed oil - - 2.95 1.43 0.92 7.58°
S.EM 0.12 0.06 0.15 0.25

** Values within a column with no semmen superscripts are significantly different (P<0.05).

' Used in the diets at the level of 304, ™ Gut eontent from small intestine to cloaca.
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(F3AUR 132-257 AN, Cu/An. 81w13) Avasunsgniusansniuyageann (280.5 uas
502.4 un./n. yaurs) luamziinguandelisusmisianasunssa (6.78 nn. cusnn.
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Tasiflen ﬂ%a'lﬁ'wfwai"u,ﬁﬁmnt'i"amﬁam%aﬁ%ﬁmmuﬁﬁnﬁuﬂnﬁu’lugmmmi na1IFe &
Ununistueanlugaszning 14.2-14.9 an./nn. gaure (815197 11) Foifiedmily
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USinnmasunefiazaslilusvwmednduineasaasSaaiiwdaly naunuImAng s
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TABLE 11. Copper content in excreta of laying hens fed diets containing different sources
of plant oil and various levels of copper or chromium during 168 days and

after changing to the control diets for 28 days.

Source of ‘Cu intake Cu in excreta Cu excretion Cu retention -
plant oil'’ (mgsd)  (mgrkg. fresh wt.) (mgrkg. ADY”  (mgsd)  (mgrd)™ (% of intake)
Fed with experimental diet (168 d)
Palm oil 0.74° 4.93° 14.42° 0.20° 0.54° 72.78
Palm oil +125 ppm Cu  14.12° 95.95" 280.48° 4.04° 1008  71.40
Palm oil +250 ppm Cu 26.79°  160.51° 502.42° 6.84° 19.95° 74.43
Palm oil +200 ppb Cr 0.74° 5.02° 14.42° 0.20° 0.53° 72.23
Palm oii +400 ppb Cr 0.73" 5.16" 14.85° 0.21° 0.52° 71.53
Soybean oil 0.72° 4.55° 14.20° 0.18° 0.54° 74.43
Linseed oil 0.71° 5.00° 14.31° 0.20° 0.52° 72.26
S.EM 0.10 0.75 1.63 0.04 0.11 0.42
After changing to the control diet (28 d)°’
Palm oil 0.74 4.94 14.35 0.20 0.54 72.50
Palm oil +125 ppm Cu  0.73 5.19 14.07 0.21 0.52 70.83
Palm oil +250 ppm Cu 0.73 4.39 14.44 0.18 Q.55 75.69
Palm oil +200 ppb Cr 0.74 5.23 14.87 0.22 0.53 71.02
Palm oil +400 ppb Cr 0.73 4.75 14.21 0.19 0.55 74.49
Soybean oil 0,73 5.07 14.32 0.21 0.53 71.78
Linseed oil 0.72 5.46 14.36 0.22 0.50 69.28
S.E.M 0.01 0.14 0.25 0.01 0.01 1.11

**Values within a column with no cammon superscripts are significantly different (P<0.05).

" Used in the diets at the level of 3%. ¥see Table 11. " AD = air dry at 60 °C for 48 hours.
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TABLE 12. Production performance of Japanese quails fed diets containing different

sources of plant oil and various levels of copper or chromium during 84 days

Source of Palm oil Soybean Linseed

plant oil '’ Control Cu (ppm) Cr (ppb) oit oil S.EM
125 250 200 400

Egg production (%) 76.8° 86.0° 82.8° 781" 74.7° 802" 790.0° 1.2

Feed intake (g/day) 24.6 255 24.4 249 246 253 250 0.3
Feed/100 eggs (kg) 3.22 3.00 2.99 3.21 3.24 3.20 3.16 0.08
Feedskg egg (kg) 288 243 244 273 267 2863 261 0.06
Body weight gain (g) 23.8 244 222 26.9 264 241 254 09

Egg quality

Egg weight (g) 11.20° 12.38° 12.25° 11.87° 12.14° 12.16° 12.14° 0.08
Shell thickness (mm)  0.209 0.208 0.213 0.214 0.209 0.208 0.209 0.001
Yolk color (score)® 7.5 7.6 7.4 7.4 7.7 76 7.5  0.05

® values within a row with no common superscripts are significantly different (P<0.05).

' Used in the diets at the ievel of 3%. ¥ Roche yolk color fan.

® RpaLadLAB59a 1ULY
INuANIAREY (AT 13) wausIngdn naENmeusanNIRasia nioms
ThiniuRefinsaladuwdszamlawin-6 wIa 3 g9 aasavildmaasinasealvwldunsan
adlsl 24-8.3% lnamaaSumelandanszsiu 200 sn/ewemns dasliraaamesosly.
"inu,mammmnmhnsjuﬁm dawmsldihawladsindedon aansoasls 5.1-6.7%

TABLE 13. Yolk cholesterol content of Japanese quails fed diets containing different sources

of plant oil and various levels of copper or chromium during 84 days.

Source of Levei in diet : Cholesterol

plant oil'’ Cu (ppm) Cr (ppb) | (mg/g yolk) (wdecrease) {mgregg) (%decrease)
Palm oil (control) - - i 14.29 - 50.98 -

Palm oil 125 - 1 1394 2.4 47.87 6.1
Palm oil 250 - . 13.50 5.5 48.06 5.7
Palm oil - 200 | 13.11 8.3 45.35 11.0
Paim oil - 400 | 13.44 5.9 48.75 4.4
Soybean oil - - 1 13.33 6.7 50.20 15
Linseed oil - - i 1356 5.1 46.82 8.2
SEM L 0.14 0.70

No significant difference was found among the groups.

' Used in the diets at the level of 3%.
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TABLE 14. Fatty acid profiles (% of total fatty acid) in egg yoik of Japanese quails fed diets
containing different sources of plant oil and various levels of copper or
chromium during 84 days.

Source of plant oil 7 Palm oil Soybean Linseed
Control Cu {ppm) Cr (ppb) oil oil
125 250 200 400
C16:0 26.03 27.73 32.11 27.91 28.20 27.21 28.88
C16:1 3.52 4.03 2.92 2.26 2.34 2.32 2.31
c18:0 16.98 16.62 15.18 18.14 19.38 18.11 20.20
c18:1 31.13 29.30 26.83 28.77 28.43 22.40 24.47
C18:2, n-6 18.84 19.26 19.57 20.15 18.61 24.97 18.53
C18:3,n-3 1.22 1.04 1.64 1.797 1.08 2.27 3.54
C20:5,n-3 0.19 0.14 0.10. 0.18 0.13 0.50 0.46
Cezen-s 023 019 019 021 019 059 076
SFAZ 43.01 44.35 47.28 45.04 47.58 45.33 48.08
UFA™ 55.14 53.85 51.25 53.33 50.73 53.04 50.08
MUFA 34.65 33.33 29.75 31.02 30.77 2473 26.78
PUFA 20.49 20.62 21.80 22.31 19.96 28.31 23.30
UPA/SFA ... 128 122 108 118 107 117 104
Total n-3 1.64 1.37 1.3 2.16 1.35 3.36 4,76
Total n-6 18.84 19.29 19.57 20.15 18.61 24.97 18.53
n-6/n-3 11.45 14.13 10.14 9.32 13.72 7.46 3.89
“Used in the diets at the level of 3%. #calculated form total fatty acid in this table.
SFA = saturated fatty acid, UFA = unsaturated fatty acid, MUFA = monounsaturated fatty acid, PUFA =

polyunsaturated fatty acid, UFA = unsaturated fally acid, C16:0 = palmitic acid, C16:1= patmitoleic
acid, C18:0 = stearic acid, C18:1 = oleic acid, C18:2 = linoleic acid, C18:3 = QL-linolenic acid,
C20:5 = eicosapentaenoic acid (EPA}), C22:6 = docosahexaenoic acid (DHA)

e
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Uszanm 45-61% wasfizaaliluiwnie 30-55% (1597 15)

TABLE 15. Copper content in excreta of Japanese gquails fed diets containing different

sources of plant oil and various levels of copper or chromium during 84 days.

Source of plant oil"’ Cu intake Cu in excreta Cu excretion Cu retention
(mgsd) (mgskg. fresh wt.) (mgskg. AD)  (mgrd) (mgsd) (% of intake)
Palm oil 0.226" 6.6° 19.0° 0.107°  0.119° 52.56
Palm oil + 125 ppm Cu  3.428° 126.4" 402.0° 2.001° 1.428° 41.49
Palm oil + 250 ppm Cu .6.327° 255.0° 844.7° 3.856° 2.471° 38.99
Palm oil + 200 ppb Cr  0.229° 6.7° 205 0.114°  0.115° 50.17
Palm cil + 400 ppb Cr  0.226" 7.4° 22.4° 0.121"  0.104° 46.18
Soybean oil 0.232° 6.6° 19.0° 0.1068° 0.126" 54.71
Linseed oil 0.229" 6.4° 20.0° 0.110° 0.119° 52.45
S.EM 0.034 2.6 17.5 0.04 0.05 2.23

** Values within a column with no common superscripts are significantly different (P<0.05).

’ Used in the diets at the level of 3%.



51

TABLE 16. Cost of production of laying hens and Japanese quails fed diets containing different
sources of plant oil and various levels of copper or chromium during 168 and 84

days, respectively.

Group Source of Level in diet Egg Feed/doz. Féed/kg Production cost
No. Plant oil'’ Cu Cr production egg egg (Bt) per”’

(ppm) (ppb): (%) (k) (kg) Doz egg kg Egg

Laying hen
1 Palm oil {control) - - | 808 1.79 2.50 1217  17.00
2 Palm oil 125 = 81.3 1.75 243 12.56 17.45
3 Palm oil 250 - 82.5 1.67 2.31 12.61 17.44
4 Palm oll = 200 82.6 1.74 2.35 11.92 16.10
5 Palm oil - 400 81.6 1.74 2.45 12.01 16.90
& Soybean oil - - | 857 1.65 231 1142 1508
7 Linseed oil - - 81.9 1.71 2.34 11.83 16.40

Japanese quail
1 Palm oil (control) - - | 76.8 3.2237/ 2.88  26.604, 23.79
2 Palm oil 125 - 86.0 3.00 2.43 25.92 21.00
3 Palm oil 250 - 82.8 2.89 2.44 26.94 21.98
4 Palm oil - 200 78.1 3.21 273 26.68 22.69
5 Palm oil - 400 74.7 3.24 2.67 27.09 22.32
6 Soybean cil - - 80.2 3.20 2.63 26.82 22.04
7 Linseed oil - - 79.0 3.16 2.61 26.76 22.11

" Used in the diets at the level of 3%.

# See Table 4 and 5. Price of ingredients {Btskg): Soybean oil = 22, Linseed oil = 2%, Bioplex-Copper
(1 0%) = 300, and Bio~Chrom = 1,250 Bt/kg. Feed price of laying hen diets of group 1-7 were 6.80,
7.17, 7.55, 6.85, 6,90, 6.92, 7.01, while those of Japanese quail diets were B.26, 8.64,- 8.01,
8.31, 8.36, 8.38, 8.47, respectively.

* Feed/100 eggs (kg) * Production cost (Bt) per 100 eggs
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