SHTANUIN 0.

asiiAsziaadsluRasfuins

ATNARUIA N 1. NITAlASITRRBLAGIRasealwiRanuazldun fre38nqsldianlas

(enzymatic methad)

uann1g .'ﬁl‘ﬁlﬂ%lﬁﬂﬂmﬁﬂmaiaﬂmﬂL‘Y]E]I.‘iﬂ EiﬂElﬁﬂLﬂﬂLﬁla'iﬂﬁLﬂﬂLﬂﬂﬂ%ﬁ')

agroliduroiadinosaadass wazean@lndralasdinasealilalalnsoulasaanlas

(H,0,) lnefilonlzineiasinasansandinminiaudsufizen samiulalnsewilad

sanlzdazluaandlng 4-amincantipyrin uazuoa Tﬁlﬂumm%qﬁauﬁﬁum (reddish-

pink) #8 quinoneimine Imaﬁta%"lmhﬂa%aanﬁmﬁLﬁuﬁaLéaﬂﬁﬁ%m Fadna

dl = J al 1 as = o ot or
quinoneimine fitiaawaziludndmlnenseiuuiinmoadmaseasin i luianimsy

FuzasdlaggArnsganAnuaianaganis 500 wilwuas (nm.; Pasin et al., 1998)

7

6117

msaaTwiludeald (AnudasniniBniseas Kim et af, 1997)

1.

smevsliadges 6 o nawaizden wWeadostuwnssuniuweinniseas
uaznsgAda

#8nwas 22 wizidwiRendfitn (wing vein) Uszanm 3 . ldlunass
nafastady (nsanedansinleSedmsneninesnainleSed uazlaasly
donlnaadlulunasnagnegh o tielaldidaGoauneunn)
pofieldltiBemuion Ussana 1 o, wdvi sl sesaeRde stlmniesuen
AznawfiaITn5 2,500 soUFaw T 1Tuwiaa1 10 wad FA9NazUENOBNIIN
LaRanung

amorEsunagduunldaclunasnnnaesngs udailuieseinawmsaasen
7835 enzymatic laald test kit 289US8N Diasys Diagnostic Systems Gmbh
& Co. KG MreiATasiiaszdansiaiilnidansnlnis (Automated chemistry
analyzer) (nndalalaialuSinszd maslanaenffdOaldann (Fud

gaungl 4% lsww 7 S niatfiufigungi ~20% Tiwin 4 15aw)
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msiasredlulduns (Arudasnininiseas Bitman and Wood, 19880)
1. vinlanavaludaludnion \Wwinan 7 wift udnanonldunasn valsen
fiw (mindalaiiiasned InldlugenanadinTaungeliusin Fulilugudus

grunnd -20 %7 waznaunsiasizimsfiolifommgfvenduom 1 7H.)

FolauneUssaim 0.4 n. adlwRaRAYIAGDY

(NS IHENEBY petroleum ether : ethanol (2:1) 9 wa. Umth e gIeiASas
i @ o B X v
vortex mixer (JlIa1 1 w17 AIN9LTUTENN 3 %N,

4. BRdInaw 3 wa. Yad Lagml81AT0d vortex mixer 10W3a7 1 W WS e
lngirSauniesfininisa 2,500 seu/us9 1 Huiian 10 w19 1ialvans
azan8Lantw

5. gRAIATA18Y04 petroleum ether NaEAWURNINNA Tdaslunasrnaaasdn

anits szmelwudosaelulnsianlu water bath angdl 60 %o

6. LB isopropanol 3 Na. LAEAIEILASEY vortex mixer 1 wT
AN NaCl 0.9% 1 H&. L¥E1528 vortex mixer 1 AT

8. Wlvimsedraiadinasaa aae3s enzymatic Taslfiadasiinszvatsiasl
\RonaRlwiE WwAeIiun1sIeTsiintan

ArAuuIn n 2. n1siiasisinaladuinlduns dre38udalasunlnns i (cas
chromatography ; GC)

WA NN15 : Glyceride L ¢ phospholipid 329 n vin ¥ 15 waylaenaniunag
(saponification) uaznsaladuazgnudasliilindass wazsmiuluanasnsueansaes lne
14 Boron trifluoride (BF,) WWluAauseUfAsen (A0AC, 2000) uaziiansnloiuudewdiu
(fatty acid methyl ester, FAME) W& 5mn‘m"[wai’m27'1"lﬂ1%ﬂaé’uﬁﬁm'ﬁqﬁ'm’fgmﬂﬂoﬁ
(stationary phase) aznaerduufafiusiandwunsasna i waziganALARawi (mobile
phase w38 carrier gas) azwinsmlasiwadoufiglulwaasug nsnlsinadiafiazareluiy
manAaudldanirluigniarifiezeansnenmadusiion Luaﬂ'ﬁm"[ﬂuw.tma"wmnnuﬂn
luradaniud azdeduluduniamsiatnans (detector) \ASastuiinug wazussuana
uwasnlswaiulasanlaunsa (chromatogram ; wiaeS uazlwlsesd, 2540)

asns:
1. anmlesiuoanainlduns aeld petroleum ether : ethanol BenARwIn 1 1.
2. W lzinAiainlanis 0.5 M NaoH 1% methanol 2 ua. Jarldadin



C18:3 linolenic acid, C20:4 arachidonic acid, 20:5 ¢is-5,8,1 1,14,17 -eicosapentaenoic acid
C22:6 cis-4,7,10,13,16,19-docosahexaenoic acid, )
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3. gulwiirdon 70 °¢ Hwaan 30 wifl udfal3lniEw
4. BN 20% boron-trifluoride 1% methanol 2 §3. L‘ZlEi’iET’JEILFl%aG vortex mixer 1 W9
5. gulwindau 70 °C Hwan 30 wit udanelilhiBy
6. LA Iso-octane 2 Na. Lﬁﬁiﬁﬁ'iﬁlkﬂ%iax‘i vortex mixer 1 Wi
7. \ANENTRzANE NaCl 860 5 Na. Wweme1A3e9 vortex mixer 1 WIT
8. iluminedisriounisrinnugs 2,500 sauwf st 10 wis
9. \fiudmiiasareludu iso-octane 1% vial 2w1m 5 w4,
10.gas15azaNEn A 1.0 W dAdiaSes GC llTirsreimuSinmnsalasiu Aadily
sz U wIanuSimnsalasiwlusaagau w fatty acid distribution Tae
Awnuildnswaasnsnlsduusaz e dadniasasaousumnsnlaiwima
NS5 ENTITIAN:
1. 0.5 M Methanolic NaOH : %9 NaOH 2 :n1. aza181% methanol 100 xa.
2. Saturated sodium chloride : Aza1e NaCl 36 n. Twindu 100 na.
nsalysiunnsg1u (standard of fatty acid methy! esters, FAMEs) : FAM.E. Mix
2 alltech :

Saturated fatty acid (C'l 4.0 myristic acid, C16:0 palmitic acid, C18:0 stearic acid, )

Unsaturated fatty acid (C16:1 palmitoleic acid, C18:1 olefc acid, C18:2 linoleic acid,

3

GC Condition :
Column : Famewax ' capillary column
- ID = 0.25 mm, Length 30 m, Film thickness 0.25 ym
Detector : FID (Flame lonized Detector)

Temperature program

column initial temperature 50 2y

- initial time 2 minute
—- program rate 8 °¢/minute

- final temperature 220 °c

- final time 15 minute

- injector and detector temperature 250 °C

- Injection volume 1.0 pl
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Carrier gas : Helium flow-rate 50 mi/min.

Split ratio ;. 100:1

AMAEUIN 0 3. F8IAszvinasuntlueisazaieln uarys FaeLATad Atomic absorption

spectrophotometer

HaNAT : gesFmd i uasBunsEaananietwamslaanisldnes 35 Has
finsgeydeuininussnlagnisssive (volatilization) LLazm'sﬁmﬁ’"mﬂaal,w'ﬁwy,ﬁaamnms
Lﬁﬂﬂﬁﬁ%ms:whmn’mc-qﬁuﬁmaai’ﬁmaem%aﬂﬁ' (retention) viae daifeda ldasnsonia
T lwdSsnusagwamisann uazansnfi nldasuaned idasseinse ol wiiaw uSiin
nesasaziasineszinglensaldd Insemzilofinsanlosanasa (Inses, 2537)

35n13: (ARUUAIINTENI9289 Anonymous, 1982)

dopterzniglulszana 10 nydeo ¥a 2 n. (Aadreue)

o §

2. 1naalw conical flasks 150 ® 8. LAN dIWNEHTE9 HNO,: H,S0,: HCIO,
(1:1:1) 15 wa. Aelifigrangfivias 1 Aw (e sl nitrogen dioxide szinelu
FeneiliAIINS o)

3. ud2971901%un hot plate AN TaWE anfinTwiznazes sulphur trioxide n15
d0839azITaaNY TRl

4. wnansazatefgesliasiu volumetric flask 2u41R 10 8. 158971982817
deionised WA 5 Y ﬁﬂﬂ%’mﬁh@ﬂnﬁmtaﬁﬁmm‘%m Atomic absorption
spectrophotometer AAITHEIARYW 324.8 wilwans Aflaazin U wIuna
Usanaumasunslugaede faf

USannmasumsluslagne (ppm) = (Cs-Cb) x vd
W
i ) o AT R INBILASIREITAEAIBAINNTINNIAIFIH (ppm)
b = AMAENTUINaLAILK blank 3INNTINNIATZIH (ppm)
Vd) | = Usamsansazanesiaogeiildeinnistassans (10 xa.)
W = Wmsthaage (n.)

PSS ENNTINNIRTEIY | ASNEITAZATININIFIWNDIUAIATHNLTNW 100 ppm
1. vheeuilesdams (Cuso,.5H,0) Aldlwandirmees iiloanninuiuaan
FompUlasiann 0.0387 n3w asanelwinnduusyanm 20 wa.
LNAIALWASIENEY (concentrated HNO,) USH1RS 1 Na.

Ll A

dsuuSanmsdaeinaunlitdu 100 na.
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1

5. Wiasazarefilaniasenldlamaadutu 1, 3, uas 5 ppm Wit TR
ABNAWUEIF18LATEY Atomic absorption spectrophotometer TIAITHETIA B
324.8 wilulums

6. MINAINTITHANARUAY URzAMNITNTUIBIAITAz A ENIRTFIH 2zsi T
ASINNIRNTF %
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Table Appendix B 1. Egg production (%) of laying hens fed diets containing different sources

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

Source of Palm oil Soybean Linseed
plant oil '/ Control Cu (ppm) Cr (ppb) oil oil S.EM
125 250 200 400

Period 1 78.91 76.11 73.47 78.65 79.51 77.91 76.36 0.80
Period 2 81.70 78.32 79.00 7917 78.91 79.32 76.27 0.75
Period 3 891.57 92.76 96.24 92,26 094.35 04.44 94.25 0.86
Period 4 76.71  80.36 84.20 83.13 79.76 87.70 80.37 1.29
Period 5 78.54 8384 8494 B85.94 7985 89.17 B86.31 1.29
Period 6 76.51 76.19 77.82 77.94 77.17 8212 77.99 0.84
Perod 1-3 8443  82.30 82.00 82.02 6426 6500 oess rog

Period 4-6 77.25 80.13"7 82.02 82.34" 7893 86.33° 81.55 0.86

Period 1-6 80.84 81.26 8246 82.63 8159 8569 81.92 1.00

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

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

Table Appendix B 2. Feed intake (g/day) of laying hens fed diets containing different sources

of plant oif and various levels of copper and chromium during 168 days.

Source of Palm oil Soybean Linseed
plant oil '’ Control Cu (ppm) Cr (ppb) oil oil S.EM
125 250 200 400

Period 1 109.9 1095 110.3 109.7 © 109.7 107.5 105.1 0.77

Period 2 110.1 109.9 105.6 109.2 108.89 108.3 109.4 1.05
Period 3 1103 107.2 103.9 107.2 109.7 108.9 107.1 0.91

Period 4 108.3 103.8 100.5 105;8 103.9 108.5 104.7 1.22

Period 5 107.2 106.1 102.5 107.5 1056.4 104.3 101.2 1.49
Period 6 108.9 106.2 103.1 111.1 106.3 105.3 104.3 2.49

Period 1-3 110.1 108.9 106.6 108.7 109.4 108.3 107.2 0.40
Period 4-6 108.2

Period 1-6  109.1 107.3” 106.8° 105.3° 041

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

" Used in the diets at the ievel of 3%,
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Table Appendix B 3. Feed used (kg)/doz. egg of laying hens fed diets containing different sources

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

Source of Palm oil Soybean Linseed

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

Period 1 1.67 173 1.81 1.68 165 1.66 1.66  0.02
Period 2 162 169 160 166 165 164 172  0.02
Period 3 1.64 162 148 1.62 163 153 1.61  0.03
Period 4 170" 156" 1.43° 152" 1.57° 146" 156" 0.03
Period 5 169 158 149 152 1.65 145 147  0.04
Period 6 230 235 222 245 232 216 224 005

Period 1-3 1.64 1.68 1.63 1.65 1.64 1.61 1.66 0.02
Period 4-6 1.93 1.83 1.71 1.83 1.85 1.69 1.76 0.08

Period 1-6 1.79 1.75 1.67 1.74 1.74 1.65 1.71 0.04

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

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

Table Appendix B 4. Feed used (kg)/kg. egg of laying hens fed diets containing different sources

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

Source of Palm cil Soybean Linseed

plant oil "/ Control Cu (ppm) cr (ppb) oil oil S.EM
125 250 200 400

Period 1 233 260 268 245 243 248 242 005
Period 2 2.33 244 235 216 246 241 260 0.06
Period 3 244 227 205 206 246 228 235 006
Period 4 227 224 1.92 200 188 210 210 0.05
Period 5 246 210 201 202 218 2038 1.92 007
Period 6 314 294 283 319 304 276 282 007
Period 1-3 236 244  2.36  2.20  2.45 280 246 005
Period 4-6  2.63 243 226 240 245 222 228 010

Period 1-6 2.50 2.43 2.31 2.35 2.45 2.31 2.37 0.05

No significant difference was found among the groups. {P>0.05)

" Used in the diets at the level of 3%.
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Table Appendix B 5. Body weight gain (g) of laying hens fed diets containing different sources

of plant oil and various fevels of copper and chromium during 168 days.

Source of Paim oil Soybean Linseed

plant oil '/ Control Cu (ppm) Cr (ppb) oil ail S.EM

125 250 200 400

Period 1-3 82.3 84.1 121.2 105.7 102.0 79.0

89.2 0.01
Period 4-6 100.0 70.0 6.7 96.7 90.0 100.0 53.0 12.1

Period 1-6 176.7 126.7 123.3 200.0 193.3 170.0 1286.7 15.0

No significant difference was found among the groups. (P>0.05)

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

Table Appendix B 6. Egg weight (g) of laying hens fed diets containing different sources of

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

Source of Palm oil Soybean Linseed

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

Period 1 59.88 55,47 586.85 56.87 56.68 56.09 5£7.14 0.84
Period 2 57.19 58.22 55.59 60.89 55.68 60.31 58.38 0.74
Feriod 3 58.35 59.51 60.06 59.11 58.91 58.57 60.33 0.48
Period 4 60.67 60.57 60.17 63.73 61.05 62,60 62.22 0.53
Period 5 5944 ©2.24 62.07 62.55 64.25 65.07 63.01 0.64
Period 6 62.79 6544 65.18 64.94 63.45 64.40 65.72 0.34

Period 1-3 58.47 57.73 57.50 58.96 57.09 58.33 58.61 0.37
Period 4-6 60.77Y 62.75 62.47 63.74 62.91 64.02 63.65 0.41

Period 1-6 58.62 60.24 59.09 61.35 60.00 61.17 61.12 0.47

No significant difference was found among the groups. (P>0.05)

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



77

Table Appendix B 7. Egg specific gravity of laying hens fed diets containing different sources of

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

Source of Palm oil Soybean Linseed
plant oil'” Control Cu (ppm) Cr (ppb) il oil S.EM
125 250 200 400

Period 1 1.091 1.087 1.085 1.090 1.087 1.088 1.085 0.001
Period 2 1.094  1.097 1.086 1.091 1.087 1.09t 1.090 0.001
Period 3 1.094  1.084 1.090 1.090 1.082 1.089 1.091 0.002
Period 4 1.088  1.090 1.090 1.091 1.090 1.090 1.094 0.002
Period 5 1.087 1.090 1.088 1.091 1.086 1.090 1.094 0.001
Period 6 1.088  1.091 1.089 1.092 1.089 1.090 1.092 0.004
Period 1-3  1.003°  1.087° 1.087° 1.080% 1.085° 1.089™ 1.080% 0.0007 .
Period 4~6  1.088"  1.090" 1.089 1.091° 1.088% 1.000™ 1.093° 0.0004
Period 1-6  1.000°  1.080% 1.088" 1.001° 1.087° 1.090% 1.091° 0.0004

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

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

Table Appendix B 8. Haugh unit of taying hens fed diets containing different sources of plant

oil and various levels of copper and chromium during 168 days.

Source of Palm cil Soybean Linseed
plant oil Control Cu (ppm) cr (ppb) oil oil S.E.M
125 250 200 400

Period 1 92.6 94.3 96.5 95.2 959  97.1 95.2  0.62
Period 2 90.1 92.8 97.0 959 951 922 89.8  1.11
Period 3 85.7° 95.0° 930" 97.2° 06.0° 030" 06.8° 1.31
Period 4 89.0 937 92.0 947 932 93.3 97.0  0.90
Period 5 90.7 92.3 93.0 93.3 933 89.0 89.3  0.91
Period 6 89.9 9338 945 946 938 931 94.3  0.78
Period 1-3  89.5° 04.0°  95.5° 906.1° 957° 941° 030" 068
Period 4-6  89.8° 93.3¥ 932" 942 0933®° 91.8° 0935 046
Period 1-6  89.7°  93.7° 943  951° 045 02.0° 088" 040

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

" Used in the diets at the leve! of 3%.
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Table Appendix B 9. Yolk color (score) of laying hens fed diets containing different sources of

plant oil and various levels of copper and 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

Period 1 6.6 6.5 6.2 6.7 6.2 6.7 6.3 0.07
Period 2 8.4 9.2 8.7 9.1 9.0 8.9 8.7 0.14
Period 3 9.2° 9.3" 8.8% 9.3° 8.3 9.2" 9.0  0.10
Period 4 8.5 8.2 8.8 9.0 8.7 9.2 9.0 0.08
Period 5 8.8 9.2 9.0 9.0 8.8 9.2 9.0 0.05
Period 6 8.7 9.1 9.0 9.0 88 9.1 9.0 0.05
Period 1-3 81 83 7.0 84 78 83 80 027
Period 4-6 8.7° 9.2 8.9" 9.0" 88° 92" 90" 004
Period 1-6 8.4 8.7 84 87 835 87 85 o045

abe

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

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

Table Appendix B 10. Egg shell thickness {mm) of laying hens fed diets containing different

sources of plant oil and various levels of copper and chromium during

168 days.
Source of Palm oil Soybean Linseed
plant oil '/ Control Cu (ppm) Cr (ppb) oil oil S.EM
125 250 200 400

Period 1 0.345 0.346 0.328 0.353 0.337 0.328 0.342 0.003
Period 2 0.353 0.335 0.338 0.337 0.337 0.343 0.337 0.003
Period 3 0.337° 0.315" 0.323" 0.325" 0.304° 0.325" 0.327® 0.004
Period 4 0.330 0.343 0.337 0.335 0.300 0.346 0.328 0.005
Period 5 0.341 0.353 0.342 0.353 0.324 0.357 0.366 0.005
Period 6 0.342" 0.350° 0.343™ 0.346" 0.323° 0.348" 0.344% 0.003
Period 1-3  0.345° 0.332" 0.330" 0.338% 0.326° 0.332% 0.335° 0.026
Period 4-6  0.338° 0.349° 0.341° 0.346° 0.316° 0.350° 0.345° 0.003
Period 1-6  0.341° 0.340° 0.335° 0.342° 0.321° 0.841° 0.841° 0.000

* Values within a row with no common superscripts are significantly different (P<0.D5).

' Used in the diets at the level of 3%,
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Table Appendix B 11. Egg grading (%) of laying hens fed diets containing different sources of
plant oil and various levels of copper and chromium during 168 days.

Source of Palm oil Sovbean Linseed

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

Period 1

No. 1 (>70 g) 0.00 0.00 0.00 0.00 0.00 0.35 .00 0.005

No. 2 (66-70g) 0.46 0.00 1.08 5.38 2.1 2.13 1.88 0.66

No. 3 (61-865g) 6.94 17.87 11.63 10.08 7.72 10.28 4,89 2.27
No. 4 (56-680g) 34.72 43.00 42.67 46.96 13.68 12.41 15096 4.52
No. 5 (51-55g) 55.09° 36.13° 39.98" 31.98"° 0.47° 7.45° 9.39° 4.58
No. 6 (<51g) . . 2.78 ... 3.01 .. 464 . 5.59 0.35 _____. 0.71. . 1.41 . 0.78 ___
Period 2

No. 1 (>70 g) 0.00° 0.00° 0.00° 1.23° 000" 2.34° 000 028
No. 2 (66-70g) 7.54 6.43 3.38 9.63 346 821 11.78 1.35
No. 3 (61-65¢g) 19.26 24.12 20.72 20.80 20.07 29.79 2229 1.78
No. 4 (56-60 g) 36.95 37.04 4950 46.14 36.30 35.66 43.20 2.10
No. 5 (51-55 g) 33.68" 30.12° 26.40™ 20.96° 37.90° 21.74% 22.73° 2.03
No. 6 (<B1g). . 2.06 . 2.30 .. 0.00 123 2827 ...226 000 053
Period 3

No. 1 (>70 g) 1.45 0.00 145 351 838 947 504 1.3
No. 2 (66-70g) 621 581 7.07 16984 18.07 21.95 1350 2.46
No. 3 (61-65g) 38.30 37.12 3998 34.35 35083 32.76 41.32 2.36
No. 4 (56-60g) 38.85 43.81 3998 27.33 23.95 21.69 35.39 3.06

No. 5 (51-55g) 1518 13.26 8.64 14.37 13.66 1413 475 1.68

No 6 (<51.g) ¢ 0.00 .. 0.00 290 351 0.00 000 . 0.00 _0.63 ___
Perlod 4
No. 1 (>70 g) 3.03 0.00 3.33 6.67 10.37 6.36 3.03 1.30

No. 2 (66-70g) 1090 9.76 10.37 23.33 2044 19.92 2013 1.56
No. 3 (61-65g) 27.86 3838 30.74 36.67 3057 31.59 36.93 1.90
No. 4 (56-60 g) 36,40 39.06 41.48 23.33 2552 21.89 20.83 2.95
No. 5 (51-55g) 18.10" 12.79 13.10" 20.23™ 10.07™ 1.41
No. 6 (<51.¢) __: 3.70_...000_ . 870000 . 0.00 ____ 0.00__.000 073 _
Period 5

No. 1 (>70g) 17.78" 12.52° 1457 18.25"° 30.63° 11.36° 5.04° 230
No. 2 (66-70g) 17.22 22.01 19.18 1555 26.56 26.95 13.50 1.70
No. 3 (61-65g) 23.89™ 21.06° 44.61° 19.31° 20.26™ 30.61™ 421.32° 300
No. 4 (56-60 g) 31.67 34.92 2056 36.06 14.07 22.08 3539  2.89
No.5(51-55g) 9.44 949 1.08 10.83 847 0.00 475  1.47
.No.8(<518) 000 | 0.00.....000_____ 0.00_____ 0.00___ 000 . 0.00 ____ 0.00
Period 6

No. 1 (>70g) 12.05° 8.10° 1.59° 19.05° 4.17" 0.24® 13.10® 1.86
No. 2 (66-70g) 16.21° 28.38™ 31.69™ 26.79™ 17.42° 47.14° 30.75° 3.01
No. 3 (61-65 g) 33.70° 26.72" 36.85° 34.52° 17.42° 32.16° 32.10° 1.91
No. 4 (56-60g) 15.58™ 32.05” 22.88™ 15.18% 33.52° ©9.71° 20.33™ 2.46
No. 5 (51-55g) 16.21™ 4.85° 6.99° 446" 24.69° 1.75° 3.71° 2.91
No. 6 (<51 g) 6.25 0.00 000 000 278 000 000 0.96
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Table Appendix B 11. Egg grading (%) of laying hens fed diets containing different sources of
plant oil and various ievels of copper and chromium during 168 days

{continue).
Source of Palm oil Sovbean Linseed
plant oil "/ Control Cu (ppm) Cr (ppb) oil oil S.E.M
125 250 200 400
Period 1-3
No. 1 (>70 g) 0.48 0.00 0.48 1.58 2.80 4.05 1.68 0.61

No. 2 (66-70g) 4.74 408 384 1065 7.88 1076 9.05 1.33
No. 3 (61-65g) 21.50 26.37 2411 21.50 21.24 2428 2277 2.60
No. 4 (56-60g) 36.84™ 41.28% 44.05° 40.15" 24.64° 23.25" 31.52" 2.39

No. 5 (51-55g) 34.65 26.50 25.01 22.44 20.34 14.44 1229 2.89

Period 4-6
No. 1 (370 g) 10.95 6.87 6.50 14.65 15.06 8.99 7.06 1.21

No. 2 (66-70g) 14.78° 20.05" 20.4% 21.89™ 21.47™ 31.33° 21.46™ 1.40
No. 3 (61-65g) 28.48™ 28.72% 37.40" 30.17% 22.75° 34.45" 36.78° 1.36
No. 4 (56-60g) 27.88™ 353" 28.3" 24.86" 24.37 17.89° 28.52" 1.66

No. 5 (51-55¢g) 14.58%° 0.04" 6.14 8.43" 15.42° 7.33 6.18° 1.06
No. 6 (<51 g) 332 0.00 1.23 0.00 0.93 0.00 0.00 0.40

Period 1-6

No. 1 (>70 g) 5.71 3.44 349 812 893 652 437 1.07
No. 2 (66-70¢g) 0.76 12,06 12.13 16.27 14.68 21.05 1526 1.61
No. 3 (61-65g) 24.99 27.55 30.76 2596 2200 29.37 2977 1.65
No. 4 (56-60 g) 32.36™ 38.30° 36.18" 32.50"" 24.51" 20.57
No. 5 (51-55g) 24.62 17.77 1558 1543 17.88 10.88 09.23  1.87

No. 6 (<51 g) 2.565 0.88 1.87 1.72 0.90 0.50 0.23 0.27
® vialues within a row with no common superscripts are significantly different (P<0.05).
' Used in the diets at the level of 3%.

Table Appendix B 12. Serum cholesterol {mgsdl) of laying hens fed diets containing
different sources of plant oil and various levels of copper and
chromium during 168 days.

Source of Palm oil Sovbean Linseed
plant oil"’ Control Cu {ppm) Cr (ppb) oil oil  S.EM
125 250 200 400

Period 1 126.83° 93.83" 102.17™ 100.50” 110.33* 84.33° 89.67" 4.96

Period 3 129.83° 97.50® 75.50° 120.83" 114.17% 100.17* 98.00° 5.83

Period 6 112.00 111.17 88.67 115.33 90.75 109.50 00.33 4.64

Period 7 . 111,83,114.17._126.00_102.50 13500 12050 11050 __5.20.

Period 1-3 128.33" 95.67° 88.83° 110.67” 112.25" 92.25° 8567  3.96
% decrease - 25.4 30.8 13.7 12.5 28.1 33.2

Period 1 -6 122.89° 100.83% 88.78° 112.22® 105.08"™ 98.00° 92.67" 3.12
% decrease - 3.3 4.1 4.2 4.4 1.9 1.5

2 values within a row with no common superscripts are significantly different (P<0.05).
' Used in the diets at the level of 3%.
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Table Appendix B 13. Cholesteroi content in yolk and egg of laying hens fed diets
containing different sources of plant oil and various tevels of

copper and chromium during 168 days.

Source of Palm oil Soybean Linseed

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

In yolk (mg/g yolk)

Period 1 12.78 12,97 1317 12.84 1266 1347 13.18 0.11
Period 2 13.12 13.10 13.51 13.04 1271 12.82 13.60 0.11
Period 3 13.61 12.53 12.32 12.20 12.71 12.80 12.63 0.16
Period 4 13.08 1251 1251 1242 1249 1276 12.68 0.13
Period 5 14.20 13.36 12.898 12.29 13.29 13.60 13.80 0.16
Period 6 13.77 1345 1276 13.70 1319 1361 13.50 0.13
Period 7 13.06 13.17 13.00 1247 13.36 13.71 13.186 0.16
Period 1-3 1317 12.87 1300 12.69 12.69 1308 1313 008
%decrease - 2.3 1.3 3.6 3.6 1.1 0.3 -
Period 4-6 13.69 13.11 1275 13.03 12989 13.32 13.383 0.11
%decrease - 4.2 6.9 4.7 5.1 2.6 2.6 =
Period 1-6  13.43 1299 12.88 12.66 1284 1818 1323 007
%decrease - 3.3 4.1 4.2 4.4 1.9 1.9 -

In whole egg (mg/egg)

Period 1 210.5 205.5 190.9 192.6 2039 2094 2194 332
Period 2 205.3 216.4 215.3 220.5 2109 216.2 2274 2.79
Period 3 248.4° 220.2" 210.3° 214.8° 217.6% 235.0"218.0% 4.46
Period 4 233.6 211.5 236.5 227.0 217.5 2236 207.3 4.01
Petiod 5 234.6 2329 2232 221.0 2199 2302 2251 3.34
Period 6 237.1 231.7 223.1 2324 2322 2400 2324 3.87
Period 7 214.1 217.2 2237 221.0 208.1 2209 217.1 3.25
Period 1-3  221.4  214.0 2055 209.3 2108 2202 221.6 278
% decrease - 3.3 7.2 5.5 4.8 0.5 -0.07
Period 4-6 235.1 2254 227.6 226.8 2222 231.3 2216 1.85
% decrease - 4.1 3.2 3.5 5.5 1.6 5.7
Period 1-6  228.2 219.7 2165 218.1 2165 225.7 221.6  1.01
% decrease - 3.7 5.1 4.5 5.1 1.1 2.9

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

" Used in the diets at the level of 3%.
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Table Appendix B 14. Fatty acid profiles (% of total fatty acid)} in egg yolk of laying hens
fed diets containing different sources of plant oil and various

levels of copper and chromium during 168 days.

Source of Palm oil Soybean Linseed
plant oil "/ Control Cu {(ppm) Cr {ppb) oil oil
125 250 200 400
Replication 1
Palmitic (C16:0) 18.75 17.41 17.88 20.37 17.79 17.43 15.34
Palmitoleic {C16:1) 0.84 0.96 1.07 111 1.04 093 1.15
Steric (C18:0) 5.40 5.47 497 5,14 5.33  6.48 5.81
Oleic (C18:1) 35.74 34.57 32,99 37.80 33.44 30.36 30.40
Linoleic (C18:2) 10.62 10.21 9.11 9.51 10.37 15.08 10.83
Linolenic {C18:3) 0.00 0.40 0.34 0.25 043 0.96 4.93
EPA (C20:5) 0.00 0.50 0.51 0.26 0.48  0.57 0.44
DHA(C22:8) . 0.00 004 027 022 047 074 107
SFAY 24.15 2288 2285 2551 23.13 23.92 21.16
UFA* 47.20 46.68 44.28 49.15 46.23 48.59 48.82
MUFA 36.58 3553 34.06 38.91 3447 31.29 31.55
PUFA 10.62 11.18 10.22 1024 1176 17.30 17.27
URA/SFA 195 204 194 193 200 203 231
n-3 0.00 0.94 1.11 0.73 1.39 2.27 6.44
n-6 10.62 10.21 9.11 9.51 10.37 15.03 10.83
n-6/n-3 0.00 10.85 8.17 13.10 7.49 6.63 1.68
Repllcation 2 .
Palmitic {(C16:0) 18.25 18.03 15.05 17.20 18.15 1714 14.89
Paimitoleic (C16:1) 0.92 1.07 0.88 1.43 1.15 1.24 1.29
Steric (C18.0) 5.70 5.06 5.38 585  5.40 5.58 5.09
Oleic (C18:1) 35.43 34.28 35.88 35.06 36.02 29.13 27.78
Linoleic (C18:2) 9.71 9.10 10.28 9.64 10.03 14.34  12.31
Linolenic {C18:3) 0.20 0.37 0.45 0.34 0.26 0.98 6.45
EPA {C20:5) 0.47 0.45 0.51 0.34 0.32 0.47 0.13
DHA(C22:6) 000 040 000 _ 000 053 083 079
SFA¥ 23.95 23.09 20.42 23.05 23.55 22.72 19.99
UFA® 46.72 45.67 48.01 46.82 48.32 46.98 48.76
MUFA 36.34 35.35 36.76 36.50 37.17 30.36 29.07
PUFA 10.38 10.32 11.25 10.32 11.15 16.62  19.69
UFA/SFA 185 198 235 208 205 207 244
n-3 0.67 1.22 0.96 0.68 1.12 2.28 7.38
n-6 9.71 9.10 10.28 9.64 10.03 14.34 12.31
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Table Appendix B 14. Fatty acid profiles (% of tota! fatty acid) in egg yolk of laying hens
fed diets containing different sources of plant oil and various
levels of copper and chromium during 168 days. (continue)

Source of Palm ail Soybean Linseed
Plant oil '/ Control Cu {ppm) Cr {pph) oil oil
125 250 200 400
Replication 3
Palmitic (C16:0) 1842 1885 17.65 17.06 1652 16.72 16.59
Palmitoleic (C16:1) 1.08 1.05 1.02 1.05 0.89 1.10 0.81
Steric (C18:0) 5.30 5.19 34.74 5.03 5.01 5.91 5.87
Oleic (C18:1) 34.18 35.78 9.87 35.99 35.35 2904 30.29
Linoleic (C18:2) 1017 8.43 9.87 8.94 1035 14.37 11.74
Linolenic (C18:3) 0.44 0.00 0.15 0.29 0.24 0.81 5.32
EPA (C20:5) 0.49 0.42 0.31 0.57 0.48 0.00 0.00
DHA(C22:8) . . 0.35 .. 0.00_ . 0.00 0.00 ¢ 0.00 064 094
SFAY 23.72 24.04 2310 22.09 21.53 92262 2247
UFA® 46.70 4569 46.09 46.83 47.31 4597 49.09
MUFA 35.25 36.83 35.76 37.04 36.24 3015 31.10
PUFA 11.45 886 10.32 9.80 11.08 1582 17.99
UFA/SFA 0197 .. 180 199 212 2.20 ¢ 2.03 218
n-3 1.28 0.42 0.46  0.85 0.72 1.45 6.25
n-6 10.17 8.43 9.87 894 10.35 1437 11.74
n-6/n-3 7.97 19.93 21.53 10.47 14.29 9.90 1.88
Average
Palmitic (C16:0) 18.47° 18.10° 16.86 18.21° 17.49° 17.10® 15.67°
Paimitoleic (C16:1)  0.95 1.03 0.99 1.20 1.03 1.09 1.08
Steric (C18:0) 5.47% 524" 527 534 525 509° 5.59%
Oleic (C18:1) 35.12° 34.88" 34.54° 36.28" 34.94° 2951° 2949
Linoleic (C18:2) 10.17° 9.25° 9.75° 9.36° 1025 1458 11.68
Linotenic (C18:3) 0.21° 026" 0.31" 020" 031" 0.92° 557
EPA (C20:5) 0.32 0.46 0.44 0.39 0.43 0.35 0.19
DHA(C22:6) 012" 015 009" 007 033 074 093
SFAY 23.94" 23.34" 22.13" 2355 22.74® 23.09" 21.21°
UFA* 46.87  46.01° 46.13° 47.60" 47.29° 47.19® 48.89°
MUFA 36.06" 35.80"° 35.53" 37.48° 35.06° 30.60° 3057°
PUFA 10.82° 10.11°  10.60° 10.12° 11.33° 16.58° 18.32°
UFA/SFA ... 1.86 197 . 206 203 2.08 204 2.31
n-3 0.65" 0.87° 084" 075° 1.07° 2.01° 6.69"
n-6 1017 9.25 9.75 9.36 10.25 1458 11.63
n-6/n-3 11.24° 12.76°  13.46° 12.60° 10.26° 7.61° 1.74°

**Values within a row 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.

C20:5 = eicosapentaenoic acid (EPA), C22:6 = docosahexaenoic acid (DHA), 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(C1 8:3+C20:5+C22:6), n-6 = total -6 fatty
acid (C18:2).
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Table Appendix B 15. Fatty acid profiles (g/100g yolk) in egg yolk of laying hens fed

diets containing different sources of plant oil and various levels of

copper and chromium during 168 days.

Source of Palm oil Soybean Linseed
plant oil Control Cu {(ppm) Cr {ppb) oil oil
125 250 200 400
Replicatlon 1
Palmitic (C16:0) 5.34 8.27 4.56 7.19 8.08 6.65 8.24
Palmitoleic (C16:1) 0.24 0.49 0.28 0.60 0.52 0.48 0.71
Steric (C18:0) 1.54 2.33 1.36 2.45 2.42 2.186 2.82
Oleic (C18:1) 10.18 15.79 8.94 14.65 16.08 11.30 15.37
Linoleic (C18:2) 3.03 417 2.56 4.03 4.50 5.56 6.81
Linolenic (C18:3) 0.00 0.7 0.11 0.14 0.12 0.38 3.57
EPA (C20:5) 0.00 0.16 0.18 0.11 0.11 0.14 0.06
DA (c22:6) 000 014 000 000 019 026 035
SFAY 6.88 10.60 5.92 9.63 10.50 8.82 11.05
UFA® 13.45 20.92 12.08 19.53 21.52 18.12 26.86
MUFA 10.42 16.29 9.22 15.25 16,60 11.78 16.08
PUFA 3.03 4.64 2.86 4.28 4.92 6.34 10.78
URAZSFA .85 197 204 203 205 205 243
n-3 0.00 0.47 0.30 0.25 0.42 0.77 3.97
n-6 3.03 417 2.56 4.03 4.50 5.56 6.81
n-6/n-3 0.00 8.89 8.55 16.21 10.75 7.20 1.71
Replication 2
Palmitic {C16:0) 9.14 B.21 7.90 8.68 9.42 6.88 8.72
Palmitoleic (C16:1) 0.53 0.45 0.46 0.47 0.55 0.37 0.52
Steric (C18:0) 2.63 2.58 2.83 2.20 2.82 2.55 2.98
Oleic (C18:1) 16.94 16.30 18.85 16.14 17.70 12.00 16.28
Linoleic (C18:2) 5.05 4.81 5.40 4.06 5490 5.96 5.81
Linolenic (C18:3) 0.22 0.19 0.24 0.11 0.23 0.38 2.63
EPA (C20:5) 0.18 0.18 0.20 017  0.19 017 0.23
DHA(C22:6) . 014 002 000 014 020 0238 039
SFAY 11.77 10.79 10.73 10.88 12.24 9.43 11.70
UFA® 23.06 21.94 25.16 21.10 24.36 18.12 25.87
MUFA 17.47 16.75 19.31 16.62 18.25 12.37 16.80
PUFA 5.59 5.19 5.84 4.49 6.11 6.75 9.07
UFA/SFA ... 196 203 234 194 188 203 221
n-3 0.54 0.38 0.44 0.42 0.62 0.79 3.26
n-6 5.05 4.81 5.40 4.06 5.49 5.96 5.81
n-6/n-3 942 12.60 12.27 9.58 8.85 7.56 1.78
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Table Appendix B 15. Fatty acid profiles (g/100g yolk ) in egg yolk of laying hens fed
diets containing different sources of plant oil and various levels of
copper and chromium during 168 days. (continue)

Source of Palm oil Soybean Linseed
Plant oil Control Cu (ppm) Cr (ppb) oil oil
125 250 200 400
Repllcation 3
Palmitic (C16:0) 11.29 10.68 16.10 12.21 12.00 9.80 9.71
Palmitoleic (C16:1) 0.57 0.59 0.96 0.75 0.65 0.65 0.45
Steric {C18:0) 3.53 2.94 4.48 3.60 3.64 3.46 3.24
Oleic (€18:1) 21.92 20.27 29.72 2576 2568 17.03 16.73
Linoleic {C18:2) 6.01 4.78 8.20 6.40 7.52 8.43 6.48
Linolenic (C18:3) 0.12 0.00 0.31 0.21 0.17 0.48 2.94
EPA (€20:5) 0.22 0.18 0.35 0.31 0.27 0.00 0.00
DHA(C22:6) . ... 0.00 ___..000 . 018 .. 0.00 ____| 000 ....030 041
SFAY 14.82 13.62 2058 15.81 15.64 13.27 12.41
UFA®’ 28.84 25.82 30.73 3343 34.29 26.88 27.01
MUFA 22.49 20.86 30.68 26.51 26.33 17.68 17.18
~ PUFA 6.35 4.96 9.05  6.91 7.96 9.20 9.83
MFA/ZSEA 00085 80 183 211 219 ....203 218
n-3 0.34 0.18 0.84  0.57 0.44 0.77 3.35
n-6 6.01 4.78 8.20  6.40 7.52 8.43 6.48
n-6/n-3 17.50 26.37 9.73 12.48 17.07 10.89 1.94
Average
Palmitic (C16:0) 8.59 9.05 9.52 9.36 9.83 778  8.71
Palmitoleic (C16:1)  0.45 0.51 0.57 0.61 0.57 0.50  0.56
Steric (C18:0) 2.57 2.62 2.89 2.75 2.96 272  3.01
Oleic (C18:1) 16.35 17.45 1917 1885 19.82 13.44 16.13
Linoleic (C18:2) 4.70 4.59 5.39 4.83 5.84 6.65  6.37
Linolenic {C18:3) 0.11" 0.12° 022" 0.5 017" 041° 3.05°
EPA {C20:5) 0.13 0.17 0.24 0.20 0.19 0.10 0.10
DHA(C22:6) __.....005 .. 005 006 005 013" 026" 038"
SFAY 11.16 11.67 1241 1211 12.80 10.51 11.72
UFA®’ 21.78 2289 2566 2469 26.72 21.37 26.58
MUFA 16.79 17.97 19.74 19.46 20.39 13.94 16.69
PUFA 4.99° 493" 592" 523 633 743" 089"
UFA/SFA .94 186 2107 208 209" 204" 227
n-3 0.29° 0.34° 053" 0.39° 049" 0.78° 3.53"°
n-6 4.70 4.59 5.39  4.83 5.84 6.65 6.37
n-6/n-3 16.02" 13.33°  10.21" 12.23° 11.84° 855" 1.81°

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

' Used in the diets at the level of 3%. 2’ Calculated from the fatty acids as show in this table only.
C20:5 = eicosapentaenocic acid (EPA), C22:6 = docosahexaenoic acid (DHA), 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 fafty acid(C18:3+C20:5+C22:6), n-6 = total n-6 fatty acid (C18:2).
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Table Appendix B 16. Fatty acid profiles in egg (g/egg) of laying hens fed diets
containing different sources of plant oil and varicus levels of
copper and chromium during 168 days.

Source of Palm oil Soybean Linseed
plant oil "/ Control Cu (ppm) Cr (ppb) oil oil
125 250 200 400
Repllcation 1
Palmitic (C16:0) 0.95 1.42 0.88 1.16 1.43 1.12 1.38
Palmitoleic (C16:1) 0.04 0.08 0.05 0.10 0.09 0.08 0.12
Steric (C18:0) 0.27 0.40 0.26 0.40 0.43 0.36 0.47
Oleic (C18:1) 1.81 2.71 1.72 2.37 2.85 1.89 2.58
Linoleic (C18:2) 0.54 0.71 0.49 0.65 0.80 0.93 1.14
Linolenic (C18:3) 0.00 0.03 0.02 0.02 0.02 0.06 0.60
EPA (C20:5) 0.00 0.03 0.04 0.02 0.02 0.02 0.01
DHA (C22:0) . 000 ..002 000 000 003 004 006
SFA* 1.22 1.82 1.14  1.56 1.86 1.48 1.86
UFA* 2.39 3.58 2.32 3.16 3.81 3.04 4.51
MUFA 1.86 2.79 1.77 2.47 2.94 1.98 2.70
PUFA 0.54 0.79 0.55 0.69 0.87 1.06 1.81
UFASFA o ..195 187 204 203 205 205 243
n-3 0.00 0.08 0.06 0.04 0.07 0.13 0.67
n-6 0.54 0.71 0.49 0.65 0.80 0.93 1.14
n-6/n-3 0.00 8.89 8.55 16.21 10.75 7.20 1.71
Replication 2
Palmitic (C16:0) 1.51 1.42 1.34 1.65 1.58 1.19 1.30
Palmitoleic (C16:1) 0.09 0.08 0.08 0.09 0.00 0.06 0.10
Steric (C18:0) 0.43 0.45 0.48 042  0.47 0.44 0.49
Oleic (C18:1) 2.80 2.82 3.19 3.07 2.98 2.07 2.56
Linoleic (C18:2) 0.83 0.83  0.91 0.77 092 1.03 0.91
Linolenic (C18:3) 0.04 0.03 0.04 0.02 0.04 0.07 0.41
EPA (C20:5) 0.03 0.03 0.03 0.03  0.03 0.03 0.03
DHA (C22:0) . 002 000 000 003 003 004 007
SFAY 1.94 1.87 1.81 207 2.06 1.63 2.05
UFA* 3.81 3.80 4.25 402 4.0 3.30 4.53
MUFA 2.89 2.90 3.27 3.16  3.07 2.14 2.94
PUFA 0.92 0.80 0.99 0.85 1.03 1.17 1.59
UPASEA o 188208 2384 194 199 208 221
n-3 0.09 0.07 0.07 0.08 0.10 0.14 0.57
n-6 0.83 0.83 0.91 0.77 0.92 1.03 1.02
n-6/n-3 9.42 12.60 12.27 9.568 8.85 7.56 1.78
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Table Appendix B 16. Fatty acid profiles in egg (g/egg) of laying hens fed diets
containing different sources of plant oil and various levels of

copper and chromium during 168 days. (continue)

Source of Palm oil Soybean Linseed
plant oil '’ Control Cu {(ppm) Cr (ppb) oil oil
125 250 200 400
Replication 3
Palmitic (C16:0) 1.96 1.84 2.63  1.91 2.11 1.85 1.59
Palmitoleic (C16:1)  0.10 0.10 016 0.12 0.11 0.12 0.08
Steric (C18:0) 0.61 0.51 0.73 0.56 0.64 0.65 =~ 0.56
Oleic (C18:1) 3.80 3.50 4.86 4.04 4.42 3.21 2.90
Linoleic (C18:2) 1.04 0.82 1.34  1.00 1.32 1.59 1.12
Linolenic (€18:3) 0.02 0.00 0.06 0.03 0.03 0.09 0.51
EPA (C20:5) 0.04 0.03 0.06 0.05 0.05 0.00 0.00
DHA (C22:6) . 000 ______ 000 _-. 0.08 . 0.00 | 0.00 .. _006 0.07 __
SFA* 2.57 2.35 3.36 248 2.75 2.50 2.15
UFAY 5.00 4.45 6.49 524 6.03 5.07 4.68
MUFA 3.90 3.60 5.01  4.15 4.63 3.33 2.98
PUFA 1.10 0.86 1.48  1.08 1.40 1.73 1.70
MFAZSEA ] 1.95 ... 180 183 211 i 219 ..203 218
n-3 0.06 0.03 0.14 0.08 0.08 0.15 0.58
n-6 1.04 0.82 1.34  1.00 1.32 1.59 1.12
n-6/n-3 17.50  26.37 9.73 1248 17.07 10.89 1.94
Average
Palmitic (C16:0) 1.47 1.56 1.62 1.57 1.71 1.39 1.42
Palmitoleic (C16:1)  0.08 0.09 0.10  0.10 0.10 0.10 0.09
Steric (C18.0) 0.44 0.45 0.49 0.46 0.51 0.48 0.51
Oleic {C18:1) 2.80 3.01 326 3.16 3.45 2.39 2.68
Linoleic {C18:2) 0.80 0.79 0.91 0.81 1.01 1.18 1.06
Linolenic (C18:3) 0.02° 0.02" 0.04"° 0.02° 003 007 051°
EPA (C20:5) 0.02”  0.03° 0.04° 003" 003" 0.02° o0.01°
DHA (c22i6) . 0.017 001" 0017 001" 002" 005 007
SFA® 1.91 2.01 210 2.08 2.22 1.87 1.93
UFA®/ 3.73 3.5 4.36  4.13 4.64 3.81 4.42
MUFA 2.88 3.10 3.36 3.26 3.55 2.49 2.77
PUFA 0.85" 0.85" 1.00° 0.87° 1.09° 1.32° 1.65
UFA/SEA 195 197 2107 208 208" 204" 227"
n-3 0.05° 0.06° 0.09° 0.06" 0.08° 0.14° 0.59°
n-6 0.80 0.79 0.91 0.81 1.01 1.18 1.06
n-6/n-3 16.31° 13.85° 10.18™ 12.07° 11.89° 8.55° 1.01"

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

' Used in the diets at the level of 3%. 2’ Calculated from the fatty acids as show in this table only.

€20:5 = eicosapentaenoic acid (EPA), C22:6 = docosahexaenoic acid (DHA), 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(C18:3+C20:5+C22:6), n-6 = total n-6 fatty
acid (C18:2).
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Table Appendix B 17. Copper content in excreta of laying hens fed diets containing different
sources of plant oil and various levels of copper and chromium during

168 days and after changing to the control diets for 28 day.

Source of Palm oil Soybean Linseed
plant oil '’ Control Cu (ppm) cr (ppb) oil oil S.EM.
1256 250 200 400
Fed with experimental diet (168 d)
Feed intake (g/d AD)¥ 109.1° 107.1% 104.3° 1084° 107.3” 106.8" 105.3° 0.4
Cu intake (mgsd ADY Q.74 14.12° 26.79° 074 073 073 071° 0.10
Excreta
(g/d fresh wt.) 409 421 426 408 403 40.7  39.6 0.51
(g/d AD)™ 141 144 136 141 14.0 13.1 13.9 0.25
(g/d DM) 136 138  13.1 136 135 126 134 024
Cu in excreta
(mgskg freshwt) 4.9 96.0° 160.5° 5.0° 5.2° 4.6° 5.0° 0.75
(mg/kg AD) ¥ 14.4° 280.5° 502.4° 144" 14.9° 142" 143 16
Cu excretion (mgsd)  0.20° 4.04° 6.84° 0.20° 021° 018 0.20° 0.04
Cu retention
(mgrsd) 054" 9.75° 20.30° 0538 053° 052" 0.50° 0.1
(%of intake) 72.78 71.40 74.43 7223 7153 7443 7226 042
After changing to the control diet (28 d)
Feed intake (g/d AD) 109.8 1079 106.8 109.7 108.3 108.1 106.9 0.93
Cuintake (mg/d AD) 074 073 073 074 073 073 072 0.01
Excreta
(g/d fresh wt.) 4149 4119 40.15 41.10 3949 41.08 4072 042
(g/d AD) ™ 1440 1529 1232 1445 1315 1443 1558 046
{g/d DM) 13.85 14.91 11.99 1400 1279 1405 1509 0.44
Cu in excreta
(mg/kg fresh wt.) 4.9 5.2 4.4 5.2 4.8 5.1 5.5 0.1
(mg/kg AD) = 141 141 144 149 142 143 144 0.2
Cu excretion (mgsd) 0.20 021 0.18 022 0.18 0.21 022 0.01
Cu retention
(mg/d) 0.54 052 055 053 055 053 050 0.01
(%of intake) 725 708 757 710 745 71.8  69.3 1.1

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

' Used in the diets at the level.

# dry at 60°¢ for 48 hours.
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Table Appendix B 18. Copper content (mg/kg) in visceral organs of laying hens fed diets
containing different sources of plant oil and various levels of copper
and chromium during 168 days.

Source of Palm oil Soybean  Linseed
plant oil '/ Control Cu (ppm) Cr (ppb) oil oil S.EM.
125 250 200 400

Heart

R1 2.52 2.78 3.32 3.15 3.20 3.46 3.38

R2 3.54 3.54 3.74 3.58 2.18 2.06 3.14

R3 2.34 2.74 3.54 2.18 2.58 2.60 2.34
Average  f £BNQ Y302/ 8.8 297 ...265 270 2985 o012
Liver

R1 1.24 1.34 1.85 1.18 1.20 1.46 1.42

R2 1.53 1.52 1,73 1.57 1.78 1.85 1.48

R3 1.51 1.57 1.48 1.53 1.18 0.90 1.40

Average 143 148 . 1.89 L. 1743 ‘o 189 ... 140 . 148 ..006
Gizzard

R1 0.47 0.66 0.50 0.40 0.58 0.32 0.77

R2 1.12 1.05 2.47 1.04 1.56 1.74 1.63

R3 0.45 0.53 0.48 0.30 0.36 0.40 0.36
Average | |\ 968 075 . s 0.58 _..083 082 082 015
Gastrointestinal tract”

R1 8.48 124.43 25077 8.40 8.58 8.32 6.77

R2 7.13 12095 254.09 7.05 7.57 7.74 7.65

R3 8.34 12053 252.31 8.26 8.21 7.76 8.33
. Average 7.98° 121.97° 252.39° 7.90° 8.15° 7.94° 7.58° 0.25

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

' "Used in the diets at the level of 3%. # Gut content from small intestine to cloaca,
NG .
** Japanese Quails

Table Appendix B 19. Egg production (%) of Japanese quails fed diets containing different
sources of plant cil and various levels of copper and chromium during

84 days.
Source of Palm oil Soybean Linseed
plant oil "/ Control Cu (ppm) Cr (ppb) oil 0il SEM
125 250 200 400
Period 1 72.43 81.60 79.63 79.07 79.53 72.03 75.25 1.48
Period 2 76.37 91.80 88.43 84.42 73.03 84.52 83.77 2.42
Period 3 83.72 84.46 80.81 73.57 79.17 84.12 79.43 1.63

Period 1-3 78.17 8596 82.95 79.02 77.24 80.22 79.48 1.17
No significant difference was found among the groups. {P>0.05)

' Used in the diets at the level of 3%.
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Table Appendix B 20. Feed intake (g/day) of Japanese quails fed diets containing different

sources of plant oil and various levels of copper and chromium during

84 days.
Source of Palm oil Soybean Linseed
plant oil Control Cu (ppm) - Cr (ppb) oil oil S.EM
125 250 200 400 o _
Period 1 26.12 26.93 25.54 26.59 25.13 26.86 26.80 0.44
Period 2 24.61 25.27 2490 24.36 25.59 25.24 24.42 0.26
Period 3 23.07 24.46 22.79 23.80 23.10 23.84 23.78 0.33

Period 1-3 24.60 25.55 2441 24.91 24.61 25.31 25.00 0.30
No significant difference was found among the groups. (P>0.05)

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

Tahle Appendix B 21. Feed used (kg)/100 egg of Japanese quails fed diets containing
different sources of plant oil and various levels of copper and

chromium during 84 days.

Source of Palm oil Soybean Linseed

plantoil ' Control Cu (ppm) Cr (ppb) oil oll S.EM
125 250 200 400

Period 1 3.66 3.31 3.27 3.39 3.19 3.74 3.55 0.07

Period 2 3.29 2.79 288 2.97 3.57 3.01 2.92 0.10

Period 3 2.72 2.90 2.81 3.29 2.95 2.83 3.02 0.07

Period 1-3 3.22 3.00 2.99 3.21 3.24 3.20 3.16 0.08
No significant difference was found among the groups. (P>0.05)

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

Table Appendix B 22. Feed used (kg)/kg. egg of Japanese quails fed diets containing different

sources of plant oil and various levels of copper and chromium during

84 days.
Source of Palm ail Soybean Linseed
plant oil / Control Cu {ppm) Cr (ppb) Gil oil S.EM
125 250 200 400
Period 1 3.17 2.63 2.65 275 2.66 3.13 2.80 0.07
Period 2 2.97 2.23 2.32 2.52 2.94 2.41 2.40 0.10
Pericd 3 2.49 2.42 2.34 2.93 2.41 2.36 2.62 0.07

Period 1-3 2.88 2.43 2.44 2.73 2.67 2.63 2.61 0.06
No significant difference was found among the groups. (P>0.05)

" Used in the diets at the level of 3%.
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Egg weight (g) of Japanese quails fed diets containing different

sources of plant oil and various levels of copper and chromium

during 84 days.

Source of Palm oil Soybean Linseed
plant oil "/ Control Cu (ppm) Cr (ppb) oil oil S.E.M

_ 125 250 200 400
Period 1 11.54° 1257° 12.31% 12.37" 12.02” 11.96® 12.70° 0.12
Period 2 11.15" 12.56° 12.10° 12.05° 12.18° 12.50° 12.17° 0.00
Perid3 1094 12017 12027 11.287 1222° 12.01 11.56™ 013
Period 1-3  11.20° 12.38° 12.25° 11.87° 12.14> 12.16° 12.14* 0.0

abc

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

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

Table Appendix B 24. Yolk color (score) of Japanese quails fed diets containing different

sources of plant oil and various levels of copper and chromium

during 84 days.
Source of Palm oil Soybean Linseed
plant oil '/ Control cu (ppm) Cr {(ppb) oil oil S.E.M
125 250 200 400

Pericd 1 7.44 7.56 7.44 7.33 7.67 7.44 7.56 0.05
Period 2 7.55 7.33 7.33 7.44 7.67 7.56 7.44 0.05
Peod 3 7.56 778 756 755 767 778 756 005
Period 1-3 7.52 7.56 7.44 7.44 7.67 7.59 7.52 0.03

No significant difference was found among the groups. (P>0.05)

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

Table Appendix B 25. Egg shell thickness (mm) of Japanese quails fed diets containing

chromium during 84 days.

different sources of plant oil and various levels of copper and

Source of Palm oil Soybean Linseed

ptant oil Control cu (ppm) Cr (ppb) oil oil S.E.M
125 250 200 400

Period 1 0.206 0.201 0.215 0.213 0.200 0.206 0.202 0.002

Period 2 0.210 0.215 0210 0.214 0.212 0.210 0.213 0.002

Period3 0211 0209 0215 0216 0214 0209 0211 0.002

Period 1-3 0.209 0.208 0213 0.214 0.209 0.208 0.209 0.001

No significant difference was found among the groups. (P>0.05)

' Used in the diets at the level of 3%.
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Table Appendix B 26. Cholesterol in yolk and egg of Japanese quails fed diets containing
different sources of plant oil and various levels of copper and chromium
during 84 days.

Source of Palm oil Soybean Linseed
plant oil '/ Control Cu (ppm) Cr {ppb) oil oil S.E.M
125 250 200 400 '

In yolk (mg/g)

Period 1 14.738" 14.52* 13.97* 13.74" 13.74™ 1361 13.84° 0.13
Period 2 14.53" 14.34" 1377 13.34° 13.89" 13.55° 13.75° 0.10
period3 1861 1297 1276 1225 1269 1285 1309 016
Period 1-3 14.28 13.94 1350 13.11 1343 13.33 1356 0.14
W decrease - 24 ] 95 .83 . 9.9 .. 6.7 BT

in whole egg (mg/egg)

Period 1 48.55 4B.42 47.92 46.91 48.97 47.24 47.42  0.02
Period 2 53.76 47.77 46.05 46.72 45.56 47.30 47.14  0.20

Period3 50637 47417 50227 4242° 51.727 56.06° 47.54” 047
Period 1-3 50.98 47.87 48.06 45.35 48.75 50.20 46.82 0.70
% decrease - 6.1 5.7 11.0 4.4 1.5 8.2 -

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

Y Used in the diets at the ievel of 3%,

Table Appendix B 27. Copper content in excreta of Japanese quails fed diets containing
different sources of plant oil and various levels of copper and

chromium during 84 days.

Source of Palm oil Soybean Linseed
plant oil '’ Control cu (ppm) Cr (ppb) oil oil  S.EM.
125 250 200 400

Feed intake (g/d) 24.6 25.6 24.4 249 246 25.3 25.0 0.3
Cu intake (mg/d) 0.226° 3.428° 6.327° 0.229° 0.226° 0.232° 0.229° 0.034
Excreta

(gsd freshwt.)  16.2 15.9 151 169 16.3 162 175 0.26
(g/d AD) 5.6 5.1 4.6 5.7 5.5 5.6 5.2 0.13
(g/d DM) 5.5 4.9 4.5 5.6 5.3 5.4 5.1 1.26
Cu in excreta

(mgskg fresh wt.)  6.68° 126.4° 255.0° 67" 7.4° 6.68° 64 26
(mg/kg AD) 19.0" 402.0° 844.7° 205° 224" 19.0° 22.0° 175
Cu excretion (mgsd) 0.107° 2.001° 3.856° 0.114° 0.121° 0.106° 0.110° 0.04
Cu retention

(mgsd) 0.119° 1.428° 2471° 0.115 0.104° 0.126 0.119" 0.05
(% of intake) 526 415 39.0 502 462 547 524 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%,
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Table Appendix B 28. Retention time, area peak and fatty acid profiles in egg yolk of
Japanese quails fed diets containing different sources of plant oil

and various levels of copper and chromium during 84 days.

Source of Palm oil Soybean  Linseed
plant oil"’ Control Cu {ppm) Cr (ppb) oil oil
125 250 200 400

Retention time (minute)

Palmitic {C16:0) 22.910 23.023 22.48B0 22.623 22.660 22.598 22.917
Palmitoleic (C16:1) 22.970 23.100 22.530 22.700 22.740 22.670 23.007
Steric (C18:0) 23.086 23.270 22.720 22.880 22.910 22.840 23.230
Oleic (C18:1) £3.202 23.430 22900 23.030 23.060 22.980 23.370
Linoleic (C18:2) 24.257 24.290 23.877 24.030 24.050 24.030 24.370
Linolenic {(C18:3) 25.075 25.203 25.263 25.443 25.320 25.370 25.590

EPA (C20:5) 28.370 28.630 28.883 28.470 28.460 28.580 28.620
DHA (c22:8) 32.030 32.250 32.470 32.057 32.210 32.280 32.430
Area peak

Palmitic (C16:0) 6325 7444 8168 6960 B298 8230 7425
Palmitoleic (C16:1) 856 1082 742 583 688 703 616
Steric (C18:0) 4125 4462 3861 4691 5702 5478 5379
Oleic (C18:1) 7563 7864 6827 7442 8367 6775 6517
Linoleic (C18:2) 4578 5170 4978 5213 5475 7550 4935
Linolenic {€18:3) 297 278 416 458 304 G686 - 943
EPA {Cc20:5) 46 38 26 47 40 152 123
DHA (c22:6) 57 50 49 54 55 175 204
Total 24297 26844 25441 25868 29425 30242 26632

Fatty acid (% of total fatty acid)
Palmitic (C16:0) 26.03 27.73 32.11 26.91 28.20 27.21 27.88

Palmitoleic (C16:1) 3.52 4.03 2.92 2.26 2.34 2.32 2.31
Steric (C18:0) 16.28 16.62 19.18 18.14 19.38 18.11 20.20
Oleic (C18:1) 31.13 29.30 26.83 28.77 28.43 22.40 24.47
Linotelc (C18:2) 18.84 19.26 19.57 20.15 18.61 24.97 18.53
Linolenic (C18:3) 1.22 1.04 1.64 1.77 1.03 2.27 3.54
EFA {C20:5) 0.19 0.14 0.10 0.18 0.13 0.50 0.46
DHA (c22:6) 0.23 0.19 0.19 0.21 0.19 0.58 0.76

' Used in the diets at the level of 3%.
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Table Appendix B 29, Cholesterol content in serum and egg (or yolk) of laying hen and
lapanese quails egg yolk from various reports during 1980-2003.

Serum Cholesterol Weight '
Source Added fat Method
(mgrdl) mgsgyolk  mgregg Yolk Egg
Laying hen (e)
#IL3A (2537) - 15.64 214.89 1374 - Tallow 3.0%
- 15.27 209.20 13.74 - Fish oil 1.5% = Enzyme
- 14.16 187.76 13.26 - Fish oil 3.0%

anae (2539) 155.2 1422 197.23 1387 5493 -
154.3 1385 197.64 1427 56.05 Palmoil 4%
160.1 13.50 193.05 14.30 55.25 Palm stearin 4%  Enzyme
1508  14.24 198.36 13.93 5575 Paim olein 4%
1452 1349 19291 1430 56.34 Soybean oil 4%

154.6 13.40 186.13 13.89 54.82 Tallow 4%

q3d (2541) - 11.21  157.0 14.0 - -
- 11.08  152.9 13.8 - Fish oil 1.5%
- 11.27 155.8 13.8 - Fish oil 3.0% GC
- 11.16  151.8 13.6 - Fish oil 4.5%
- 1049 136.5 13.0 - Fish oil 6.0%
paaden (2541) " - 26.8  308.1 1488 - - Color
Agtinazinlaa - 10.81 153.39 1419 - Palm oil 3%
(e542) - 11.21 15817  14.11 - Palm oil 6% Color
- 11,33 16043 14.16 - Palm oil g9
Japanese qualls T
#ea3en (2541) " - 28.00  100.1 3.58 11.63 - Color
Bitman and Wood
(1980) - 12.83  43.0 3.32  8.90 - GC
Mutia and Uchida
(1999) 11850 19.73 - 311 960 Soybean oil GC
Sahin et al.{2001) 237.40 - - 3.45 - - -
Choi et al.(2001)" - 12.96 4215 - - - Color

Bragagnolo and
Rodriguez-Amaya
(2z003) " - 12.1 39 3.2 0.8 - HPLC

"Egg from market.

¥GC = gas chromatography method, Color = Colorimetric method, Enzyme = Enzymatic method, HPLC
= High performance liquid chromatography method,
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Table Appendix B 30. Fatty acid profiles (% of total fatty acid) of laying hen egg yolk from

various reports.

Source of fat/oil NA"  Soybean® Soybean™ Soybean™ Linseed * Linseed ¥ Palm® Linseed *
Level in diet (%) - 4.0 5.0 10.0 5.0 10.0 3.5 5.0
C14:0 - - 0.29  0.23 0.27 0.23 - 0.21
C16:0 38.0 10.90 23.10 22.40 21.50 19.40 21.8 18.75
C16:1 1.5 - 206 144 306 213 2.8 2.41
€18:0 5.5 370 953 9.63 8.80 9.32 8.9 7.63
c18:1 44.3 28,91 37.50 34.00 38.80 36.40 434 37.90
€18:2 (n-6) 9.0 51.2¢ 2190 26.10 1290 14.20 10.8 16.81
€18:3 (n-3) - 5.20 1.39 1.64 10.30 14.90 7.5 9.96
C 20:0 - - 0.11 0.12 0.10 0.09 - 0.12
C 20:4 (n-6) - - 1.90 1.96 091 0092 0.7 0.80
€ 20:5 (n-3) ~ - <0.10 <010 0.27 0.31 0.3 0.16
¢ 22:5 (n-3) - - 0.16 0.20 028 0.37 0.3 0.26
C 22:6 (n-3) - - 128  1.43 157 1.53 2.1 1.61
SFA 435 1460 3303 92.36 30.67 2004 807  26.71
UFA 54.8 8540 66.29 66.87 69.09 70.76 67.9 69.9]
MUFA 458 28.91 3956 35.44 4386 3853 46.2 42.31
PUFA 9.0 5649 26.73 31.43 26.23 32.23 21.7 29.60
UFA/SFA 1.26 585  2.01 2.07 2.25 2.46 2.2 2.68
-6 0.0 5120 2380 28.06 1381 1512 115  17.61
n-3 - 520 2.93 337 1242 17.11 10.2  11.99
n-6/n-3 - 9.86 812 833 1.11 0.88 1.1 1.47

SFA = saturated fatty acid, UFA=unsaturated fatty acid, MUFA = monounsaturated fatty acid, PUFA

polyunsaturated fatty acid, n-3 = total n—3 fatty acid, n-6 = total n-6 fatty acid, C14.0

Myristic acid, C16:0 = Palmitic acid, C16:1 = Pamitoleic acid, C18:0 = Stearic acid, C18:1
= Oleic acid, C18:2 = Linoleic acid, C18:3 = Linolenic acid, C20:4 = Arachidonic acid,
C20:5 = eicosapentaenoic acid (EPA), C22:5 = Docosapentaenoic, C22:6 =
Docosahexaenoic acid (DHA)

" NRC (1994), NA = No data avilable.

“ guyy (2539)

* Grobas et al. (2001)

* Kang et al. (2001)

* Galobart et al. (2001)
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Table Appendix B 31. Fatty acid profiles (% of total fatty acid) of Japanese quails egg yolk

from various reports.

Source of fat/oil Tallow'’ Soybean'’ Corn'’ NA®
Level in diet (%) 5 5 5 -
C14:0 0.37 0.25 0.18 0.6
C16:0 30.61 31.76 30.85 27.4
C16:1 2.99 1.87 2.30 6.6
c18:0 15.63 18.27 17.61 8.3
c18:1 37.65 24.81 26.92 44,5
c18:2 (n-6) 10.89 21.68 20.30 9.1
€18:3 (n-3) 0.58 0.65 0.56 0.2
€20:4 (n-6) 1.28 0.72 1.28 1.7
C20:5 (n-3) - - - 0.4
Cc22:6 (n-3) - - < 0.4
st Taeer | soze | Tased TTTTaes T

UFA 53.39 49.73 51.36 62.9

MUFA 40.64 26.68 29.22 51.1

PUFA 12.75 23.05 22.14 11.8
UFA/SFA 1.15 0.99 1.06 1.7

e 1217 2240 2158 108

n-3 0.58 0.65 0.56 1.0
n-6/n-3 20.98 34.46 38.54 10.8

SFA = saturated fatty acid, UFA = unsaturated fatty acid, MUFA = monounsaturated fatty acid, PUFA =
polyunsaturated fatty acid, n~3 = total n-3 fatty acid, n-6 = total n-6 fatty acid, C14:0 = Myristic
acid, C16:0 = Palmitic acid, C16:1 = Palmitoleic acid, C18:0 = Stearic acid, C18:1 = Oleic acid,
€182 = Linoleic acid, €18:3 = Linolenic acid, CP0:4 = Arachidonic acid, €205 =
Eicosapentaenoic acid (EPA), C22:6 = Docosahexaenoic acid (DHA)

" Mutia and Uchida. {1999), NA = No data avilable.

* Choi et al. (2001)
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Table Appendix B 32. Fatty acids profiles of some plant oils compared with tallow

(g/100g fat).

Source of Linseed Soybean Palm Tallow
fat/oil 17 3/ 4/ 17 S5/ 2/ 5/ 1/ 2/
ci14:0 .07 0.10 0.2 0.06 0.1 1.91 1.2 3.59 2.55
C16:0 646 5.93 8.6 10.80 105 41.59 468 2£6.7 26.04
C16:1 0.12 004 - = - - ~ 1.74 3.18
C18:0 4.10 3.99 3.3 4.04 3.2 4.14 38 206 41.77
c18:1 22,10 17.90 158 24.10 223 42,00 37.5 37.7 2553
c18:2 (n-6) 14.30 1470 14.2 52.90 54.5 10.36 10.0 4.02 0.93
€18:3 (n-3) 52.40 55.44 57.5 749 83 - - 2.49 -
cz20:0 0.22 0.19 - 0.16 - - = 0.14 -
SFA 1085 1021 121 1506 13.8 47.64 51.8 51.08 70.36
UFA 88.92 88.08 875 8449 851 5236 47.5 4505 29.64

MUFA 22.22 17.94 158 24.10 22.3 42.00 37.5 3944 28.71

PUFA 66.70 7014 71.7 60.39 62.8 10.36 10.0 6.51 0.3
UFA/SFA 8.20 8.63 7.23 5.61 6.17 1.10 0.92 0.80 0.52
n-6 1430 1470 158 5280 545 1036 100 402 093
n-3 52.40 5544 575 7.49 8.3 4 - 2.49 -
n-6/n-3 0.27 0.27 0.26 7.06 6.6 ~ - 1.61 =

SFA = saturated fatty acid, UFA = unsaturated fatty acid, MUFA = monounsaturated fatty acid, PUFA =
polyunsaturated fatty acid, n-3 = total n-3 fatty acid, n-6 = total n-6 fatty acid, C14:0 = Myristic
acid, C16.0 = Palmitic acid, C16:1 = Palmitoleic acid, C18:0 = Stearic acid, C18:1 = Oleic acid,
€18:2 = Linoleic acid, C18:3 = Linolenic acid, C20:0 = Arachidic acid

“Grobas et al. (2001)

¥dnne (2539)

*Crepo and Esteve-Garcia (2002)

“Clandinin et al. (1997)

“{igen (2539)



Appendix C

& lild

Table Appendix € 1 ANOVA ! Egg production of laying hens for 168 days.

S0V df SS MS F-value Pr>F
Treatment 6 92913 15,485 0.366" 0.896
Error 35 1481.510 42.329
Total 41 1574.423
CV. =790 % S.EM. = 1.004 X =8234
Table Appendix C 2 ANOVA ! Feed intake of laying hens for 168 days.
Sov df S5 MS F-value Pr>F
Treatment 6 100.670 16.778 3.031 * 0.017
Error 35 193.768 5.536
Total 41 294,438
CV.=2.20 % S.E.M. = 0.363 X =106.92
T3 T7 T6 T2 T5 T4 T1
104.3 105.3 106.8 107.1 107.3 1084 109.1
a

b
Table Appendix C 3 ANOVA : Feed/doz. egg of laying hens for 168 days.
SOV df 55 MS F-value Pr>F
Treatment 6 0.08562 0.01427 0.161"™ 0.985
Error 35 3.004 0.0840
Total 41 3.180
CV.=16.81% SEM.=0045 X =1.72
Table Appendix C 4 ANOVA : Feed/kg egg of laying hens for 168 days.
Sov df SS MS F-value Pr > F
Treatment 6 0.198 0.03294 0.270 ™ 0.947
Error 35 4.269 0122
Total 41 : 4.466
CV.=14.63 % S.E.M. = 0.054 X =2.39
Table Appendix C S ANOVA [ Body weight gain of jaying hens for 168 days.
SOV df S5 . MS F-value Pr>F
Treatment 6 19961.905 3326.984 0.627 ™ 0.707
Error 14 74333.333 5309.524
Total 20 94295.238

CV.=4568 % S.E.M. = 15.901 X = 159.52
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Table Appendix C 6 ANOVA : Egg weight of laying hens for 168 days.

SOV df S8 MS F-value Pr>F
Treatment 6 17.537 2.923 0.288 ™ 0.939
Error 35 354.985 10.142
Total 41 372.522
CV. = 526% SEE.M. = 0.491 X =60.50
Table Appendix C 7 ANOVA : Haugh unit of laying hens for 168 days.
SOV df SS MS F-value Pr>F
Treatment 6 116.741 19.457 4,228 ** 0.003
Error 35 161.140 4.604
Total 41 277.882
CV. = 2.30% S.EM. = 0.331 X =93.42
T1 T6 T2 T7 T3 T5 T4
89.7 92.9 93.68 93.8 94.3 94.5 95.1
a___
b
Table Appendix C 8 ANOVA : Egg specific gravity of laying hens for 168 days,
sSov df SS MS F-value Pr>F
Treatment §] 0.0008857 0.000014786 2.468 * 0.043
Error 35 0.00020983 0.000005981
Total 41 0.0007979
CV.=0.22 % S.E.M. = 0.0004 X =1.09
15 T3 T2 T6 T T4 T7
1.087 1.088 1.089 1.090 1.090 1.091 1.091
&
b
Tabie Appendix C 9 ANOVA : Egg shell thickness of laying hens for 168 days.
S0V df SS MS F-value Pr>F
Treatment 6 0.002106 0.0003509 £2.389 * 0.049
Error 35 0.005141 0.0001468%
Total 41 0.007247
CV.=359% S.EM. = 0.002 X =034
15 T3 T2 T7 T6 11 T4
0.321 0.33% 0.340 0.341 0.341 0.341 0.342
a.___
b
Table Appendix C 10 ANOVA : Yolk color of laying hens for 168 days.
S0V df SS MS F-value Pr>F
Treatment 6 1.115 0.186 0.175 "™ 0.982
Error 35 37.261 1.065
Total 41 38.376

CV.=12.09% SEM. =0.159 X =853



Table Appendix C 11 ANOVA : Egg grading No. 5 (< 50 g.) of laying hens for 168 days.

100

s0v df S8 MS F-value Pr>F
Treatment 6 24.939 4.157 1.432 "™ 0.230
Error 35 101.557 2.902
Total 41 126.4986
CV.=137.7 % S.EM. = 0.263 X =1.24
Table Appendix C 12 ANOVA : Egg grading No. 4 (51-55 g.) of laying hens for 168 days.
SOV df S8 MS F-value Pr>F
Treatment 6 920.245 153.374 1.054 ™ 0.408
Error 35 5091.898 145.483
Total 41 6012.143
CV.=7579 % S.E.M. = 1.861 X =15.91
Table Appendix C 13 ANOVA ! Egg grading No. 3 (56—60 g.) of laying hens for 168 days.
SOV df S8 MS F-value Pr>F
Treatment 6 1410.442 235.074 2.446 * 0.044
Error 35 3363.553 96.102
Total 41 4773.895
CV.=32.00% SEM. =1.513 X = 30.63
T6 T8 T T4 T3 T2
20.6 24.5 30.0 32.4 32.5 38.2 38.3
a

b
Table Appendix C 14 ANOVA : Egg grading No. 2 (61-65 g.)} of taying hens for 168 days.
Sov df L35y M3 F-value Pr>F
Treatment 6 345.456 57.576 0.464 ™ 0.830
Error 35 4341.329 124.038
Total 41 4686.784
CV. =40.95 % SEM. =1.719 X =27.20
Table Appendix C 15 ANOVA : Egg grading No. 1 (66-70 g.) of laying hens for 168 days.
S0V df SS MS F~value Pr>F
Treatment 6 483.999 B0.666 0.714™ 0.640
Error 35 3952277 112.922
Total 41 4436.275
CV.=73.50 % S.EM. = 1.640 X = 14.46
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Table Appendix C 16 ANOVA : Egg grading No. O (>70 g.) of laying hens for 168 days.

S0V df 5SS MS F-value Pr>F
Treatment 6 171.880 28.647 0.554 ™ 0.763
Error 35 1809.354 51.696

Total 41 1981.235

CV.=124.03 % S.EM. = 1.109 X =5.80

Table Appendix C 17 ANOVA [ Serum cholesterol of laying hens for 168 days.,

SovV df S8 M3 F-value Pr>F
Treatment 6 2470.406 411.734 3.584 * 0.023
Error 14 1608.361 114.883

Total 20 4078.767

CV.=1041 % S.EM. = 2.339 X =102.92

T3 T7 T6 T2 T5 T4 T

88.78 92.67 98.00 100.83 105.08 112,22 122.89
a

" Table Appendix C 18 ANOVA ! Serum cholesterol of laying hens (after changing to the control diet)

S0V df S5 MS F-value Pr>F
Treatment 6 3276.33 546.056 0.4659 ™ 0.8288
Error 35 41025.50 1172.1587

Total 41 44301.83

CV. =28.97% SEM. = 5.282 X =118.17

Table Appendix C 19 ANOVA : Yolk cholesterol of laying hens for 168 days. (mg/g yolk)

SOV df 88 MS F-value Pr>F
Treatment 6 1.816 0.303 1.489 ™ 0.122
Error 35 7.114 0.203 ‘

Total 41 8.930

CV.=345% S$.EM. = 0.070 X =13.086

Table Appendix € 20 ANOVA : Yolk cholesterol of laying hens (after changing to the control diet

mg/g yolk)
SOV df 55 MS F-value Pr>F
Treatment 6 2.535 0.4225 0.749 ™ 0.620
Error 14 7.897 0.5641

Total 20 10.432

CV.=572% S.EM. =0.164 X =13.12
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Table Appendix C 21 ANOVA : Yolk cholesterol of laying hens for 168 days. (mg/egg)

sSov df S8 MS F-value Pr>F
Treatment 6 752,008 125.500 0790 "™ 0.584
Error 35 5558.785 158.822

Total 41 6311.783

CV.=5.70 % S.EM. = 1.945 X =220.91

Table Appendix € 22 ANOVA ! Yolk cholesterol of laying hens (after changing to the control diet,

mg/ege)
sov df SS MS F-value Pr>F
Treatment 6 42.738 7.123 0.022 ™ 1.000
Error 14 4532.009 323.715

Total 20 4574.747
CV.=8.29 % S.EM. = 3.822 X =216.91

Table Appendix C 23 ANOVA : Fatty acid profile of laying hens {C16:0, % of total fatty acid)

SOV df SS MS F-value Pr>F
Treatment 6 16.994 2.832 2431 * 0.080
Error 14 16.315 1.165

Total 20 33.308

CV.=6.20% S.EEM. = 0.24 X =17.4138

17 T3 6 T8 12 T4 T1

15.67 16.86 17.10 17.49 18.10 18.21 18.47
a

Table Appendix C 24 - ANOVA : Fatty acid profile of laying hens (C16:1, % of total fatty acid)

S0V df S8 MS F-value Pr>F
Treatment 6 0.119 0.01979 0.806 ™ 0.582
Error 14 0.344 0.02455

Total 20 0.462

CV.=14.90% S.EM. = 0.03 X =1.0514

Table Appendix C 25 ANOVA : Fatty acid profile of laying hens (C18:0, % of total fatty acid)

Sov df S8 MS F-value Pr>F
Treatment 6 1.328 a.221 1.957* 0.141
Error 14 1.583 0113

Total 20 2.911

CV.=6.17 % S.EM. = 0.08 X =5.4486

T2 T5 T3 T4 T1 T7 T6
5.24 525 5.27 5.34 5.47 .59 5.99

a

b
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Table Appendix C 26 ANOVA : Fatty acid profile of laying hens (C18:1, % of total fatty acid)

Sov df SS MS F-value Pr>F
Treatment 6 142.157 23.693 16.739** 0.000
Error 14 19.816 1.415
Total 20 161.973
CV.=355% S.EM. = 0.26 X = 33.5357
T7 16 T3 T2 TS T1 T4
29.49 29.51 34.54 3488 3494 35,17 36.28
a____
b
Table Appendix C 27 ANOVA : Fatty acid profile of laying hens (C18:2, % of total fatty acid)
sov df 58 MS F-value Pr>F
Treatment 6 63.582 10.597 32.038** 0.000
Error 14 4.504 0.322
Total 20 68.086
CV.=530% SEM. =012 X =10.7124
T2 T4 T3 T TS T7 T6
9.25 9.36 89.75 10.17  10.25 11.63 14.58
a
b

C
Table Appendix C 28 ANOVA : Fatty acid profile of laying hens {C18:3, % of total fatty acid)
SOV df S8 MS F-value Pr>F
Treatment 6 70.115 11.686 106.789** 0.000
Error 14 1.532 0.109
Total 20 71.647
CV.=2937 % S.EM. = 0.07 X =1.1243
11 T T4 5 T3 T6 T7
0.21 0.26 0.29 0.31 0.31 0.92 5.57
a

b

c
Table Appendix C 29 ANOVA : Fatty acid profile of laying hens (C20:5, % of total fatty acid)
S0V df SS MS F-value Pr>F
Treatment 6 0.156 0.02595 0673 "™ 0674
Error 14 0.540 0.03858
Total 20 0.696
CV.=5343 % SEM. = 0.04 X =0.3676
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Table Appendix C 30 ANOVA : Fatty acid profile of laying hens (022:6, % of total fatty acid)

Sov df SS MS F-value Pr>F
Treatment 5] 2.190 0.365 10.527** 0.000
Error 14 0.485 0.03467

Total 20 2.675

CV.=53.64 % S.EM. = 0.04 X =0.23471
T4 T3 T T2 5 16 T7
0.07 0.08 0.2 0.15 0.33 0.74 0.83

a

Table Appendix C 31 ANOVA : Fatty acid profile of laying hens {SFA, % of total fatty acid)

sov df SS MS F-value Pr>F
Treatment 6 15.637 2.606 2.043* 0.127
Error 14 17.861 1.276

Total 20 33.497

CV.=404 % S.EM. = 0.25, X =22.8543

17 T3 5 16 T2 T4 T1
21.21 22.12 22.74 23.09 23.34 23.55 23.94
a

Table Appendix C 32 ANOVA : Fatty acid profile of laying hens (UFA, % of total fatty acid)

S0V df SS MS F-value Pr>F
Treatment 6 16.994 2.832 19.123* 0.092
Error 14 17.128 1.223

Total 20 34.122

CV.=235% SEM =0.24 X =47.1386

T2 T3 T1 T6 75 T4 T7

46.01 46.13 46.87 47.18 47.29 47.60 48.89
a

Table Appendix C 33 ANOVA : Fatty acid profile of laying hens (MUFA, % of total fatty acid)

Sov df S5 MS F-value Pr>F
Treatment 6 141.166 23.528 19.123* 0.000
Error 14 17.225 1.280

Total 20 158.390

CV.=321% SEM. = 0.24 X = 34.5862

T7 6 T3 T2 5 T1 T4

30.57 30.60 35.53 35.90 3596 36.06 37.48
a
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Table Appendix C 34 ANOVA : Fatty acid profile of {aying hens (PUFA, % of total fatty acid)

S0V df SS MS F-value Pr>F
Treatment 6 208.986 34.831 56.792** 0.000
Error 14 8.586 0.613
Total 20 217.573
CV.=6.24 % S.EEM. = 0.17 X =12.5529
T2 T4 T3 T1 TS 76 T7
10.11 10.12 1060 10.B2 11.33 16.58 18.32
a
b

C

Table Appendix C 35 ANOVA ! Fatty acid profile of laying hens (UFA/SFA, % of total fatty acid)

S0V df SS MS F-value Pr>F
Treatment 6 0.249 0.04155 3.148* 0.036
Error 14 0.185 0.0132
Total 20 0.434
CV.=555% S.EM. = 0.03 X = 2.0695
T1 T2 T4 16 5 T3 T7
1.96 1.97 2.03 2.04 2.08 2.09 2.31
a
b____.

Table Appendix C 36 ANOVA ! Fatty acid profile of laying hens (n-3, % of total fatty acid)
s0v df S5 MS F-value Pr>F
Treatment 6 7.893 1.315 8.723*% 0.000
Error 14 2.111 0.151
Total 20 10.004
CV.=32.03 % S.EM. = 0.08 X =121323
T T4 T3 T2 5 T6 T7
0.65 0.75 0.84 0.86 1.08 2.00 2.31
a

b
Table Appendix C 37 ANOVA : Fatty acid profile of laying hens (n-6, % of total fatty acid)
10 df 55 MS F-value Pr>F
Treatment 6 63.582 10.597 32.038** 0.000
Error 14 4.504 0.322
Total 20 68.086
CV.=530% SEM. =0.12 X =107124
T2 T4 T3 T1 T5 T7 T6
9.25 9.36 9.75 10.17 10.25 11.63 14.58
a

b
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Table Appendix C 38 ANOVA : Fatty acid profile of laying hens (n-3/n-6, % of total fatty acid)

S0V df 88 MS F-value Pr>F
Treatment 6 303.740 50.623 2.B676* 0.065
Error 14 245917 18.917
Total 20 549.656
CV.=43.98 % S.EM. = 0.95 X = 9.8885
T7 T6 T5 T1 T4 T2 T3
1.74 7.61 10.26 11.24 12.60 12.76 13.46
a__

b
Table Appendix C 39 ANOVA : Fatty acid profile of laying hens (C16:0, g/100g yolk)
SOV df SS MS F-value Pr>F
Treatment 6 8.528 1.421 0.165™ 0.928
Error 14 120.481 8.606
Total 20 120.009
CV.=3268% SEM. = 0.64 X =8.9776
Table Appendix C 40 ANOVA : Fatty acid profile of laying hens (C16:1, g/100g yolk)
SOV df §S MS F-value Pr>F
Treatment 6 0.05351 0.008919 0279 "™ 0.938
Error 14 0.448 0.03200
Total 20 0.502
CV.=33.27 % S.E.M. = 0.04 X = 05376
Table Appendix C 41 ANOVA : Fatty acid profile of laying hens (C18:0, g/100g yolk)
Sov df SS MS F-value Pr>F
Treatment 6 0.524 0.08737 0.123™ 0.992
Error 14 0,915 0.708
Total 20 10.439
CV.= 3017 % SEM. = 0.18 X = 27886
Table Appendix C 42 ANOVA : Fatty acid profile of laying hens (C18:1, g/100g yolk)
S0V df 55 MS F-value Pr>F
Treatment 6 88.293 14.716 0.464" 0.464
Error 14 443.585 31.685

Total 20 531.878

CV. = 3225 % SEM. =1.23 X =17.3157
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Table Appendix C 43 ANOVA : Fatty acid profile of laying hens (C18:2, g/100g yolk)

S0V df SS MS F-value Pr>F
Treatment 6 12.375 2.063 0.835"™ 0.563
Error ) 14 34.584 2470

Total 20 46.959

CV.=28.68 % S.EM. = 0.34 X =5.4790

Table Appendix C 44 ANOVA : Fatty acid profile of laying hens (CT 8:3, g£/100g yolk)

SOV df SS MS F-value Pr>F
Treatment 6 21.042 3.507 90.331** 0.000
Error 14 0.544 0.03882

Total 20 21.586

CV.=3253% SEM =004 X =0.6057

71 T2 T4 15 T3 T6 T7
0.11 c.t2 0.5 0.17 0.22 0.41 3.05
a

Table Appendix C 45 ANOVA : Fatty acid profile of laying hens {C20:5, g/100g yolk)

S0V df SS MS F~value Pr>F
Treatment 6 0.05178 0.008630 0.976* 0.476
Error 14 0.124 0.008843

Total 20 0.176

CV.=57.90 % S.EM. = 0.02 X =0.1624

Table Appendix C 46 ANOVA : Fatty acid profile of laying hens (C22:6, g/100¢g yolk)

Sov df S5 MS F-value Pr>F
Treatment 6 0.316 0.05266 B.067** 0.001
Error 14 0.09140 0.006529

Total 20 0.407

CV.=57.31% S.EM. = 0.02 X =0.1410

T1 T4 T2 13 5 16 T?
0.05 0.05 0.05 0.06 0.13 0.26 0.38
a

Table Appendix C 47 ANOVA : Fatty acid profile of laying hens (SFA, g/100g yolk)

Sov df SS MS F-value Pr>F
Treatment 6 10.664 1.777 0.126™ 0.991
Error 14 197.087 14.078

Total 20 207.751

CV.=31.89% S.EM. = 0.82 X =11.7662
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Table Appendix C 48 ANOVA : Fatty acid profile of laying hens (UFA, g/100g yolk)

sov df SS MS F-value Pr>F
Treatment 6 89.746 14.958 o.272"™ 0.941
Error 14 760.439 54.860

Total 20 859.185

CV.=30.58 % S.EM. = 1.62 X =24.2424

Table Appendix C 49 ANOVA ! Fatty acid profile of laying hens (MUFA, g/100g yolk)

SOV df SS MS F-value Pr>F
Treatment 6 91.097 15.183 0.451"™ 0.831
Error 14 468.193 33.442

Total 20 559.290

CV.=32.39 % S.EM. = 1.286 X =17.8543

Table Appendix C 50 ANOVA : Fatty acid profile of laying hens (PUFA, g/100g yolk)

SOV df SS MS F-value Pr>F
Treatment 6 57.083 9.514 3.282* 0.031
Error 14 40.588 2.899

Total 20 97.671

CV.=26.65% S.EM. = 0.37 X =6.3881

T2 T1 T4 T3 T3 16 T7
4.93 4.99 5.23 592 6.33 7.43 9.89
a

b

Table Appendix C 51 ANOVA : Fatty acid profile of laying hens (UFA/SFA, g/100g yolk)

S0V df 55 MS F-value Pr>F
Treatment 6 0.215 0.03582 2.918* 0.046
Error 14 0.172 0.01228

Total 20 0.387

CV.=538% S.EM. = 0.02 X =2.0610

T T2 T4 16 15 13 T7

"1.94 1.7 2.03 2.04 2.08 2.10 2.27
a

b

Table Appendix C 52 ANOVA : Fatty acid profile of laying hens (n-3, g/100g yolk)

SOV df SS MS F-value Pr>F
Treatment 6 24.461 4.007 80.561** 0.000
Error 14 0.708 0.05060

Total 20 25.169

CV.=24.78 % S.EM. = 0.05 X =0.9076

Tt T2 T4 T5 T3 T6 T7
0.29 0.34 0.39 0.49 0.53 0.78 3.53
a

b
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Table Appendix C 53 ANOVA : Fatty acid profile of laying hens (n-6, g/100g yolk)

SOV_ df SS MS F-value Pr>F
Treatment 6 12.375 2.063 0.835* 0.563
Error 14 34.584 2470
Total 20 46,959
CV.=2868% S.EM. = 0.34 X =54790
Table Appendix C 54 ANOVA : Fatty acid profile of laying hens (n-6/n-3, g/100g yolk)
S0V df 55 MS F-value Pr>F
Treatment 5} 369.093 61.515 2.887* 0.051
Error 14 276.953 21.304
Total 20 646.045
CV.=52.96 % S.EM. = 1.01 X =10.5680
T7 T6 T5 T4 T2 T1
1.81 8.55 i0.21 11.84 12.23 13.33 16.02
a

b
Table Appendix € 55 ANOVA : Fatty acid profile of laying hens (C16:0, g/egg)
SOV df 55 MS F-value Pr>F
Treatment 6 0.230 0.03825 0.168"™ 0.981
Error 14 3.190 0.228
Total 20 3.420
CV.=31.12 % SEM. =0.10 X =1.5343
Table Appendix C 56 ANOVA : Fatty acid profile of laying hens (C16:1, g/egg)
Sov df sS MS F-value Pr>F
Treatment 6 0.001581 0.0002635 0.302 ™ 0.925
Error 14 0.01220 0.0008714
Total 20 0.01378
CV.=31.95 % S.E.M. = 0.01 X =0.09238
Table Appendix € 57 ANOVA : Fatty acid profile of laying hens (C18:0, g/egg)
SOV df 55 MS F-value Pr>F
Treatment 6 0.01465 0.002441 0.129" 0.990
Error 14 0.264 0.01885
Total 20 0.279
CV.=28.75 % S.EM. = 0.03 X =04776
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Table Appendix C 58 ANOVA : Fatty acid profile of laying hens (C18:1, g/egg)

SOV df S8 MS F-value Pr>F
Treatment 6 2.395 0.399 0.485"™ 0.809
Error 14 11.513 0.822
Total 20 13.908
CV.=3059 % S.EM. = 0.20 X =2.0643
Table Appendix C 59 ANOVA : Fatty acid profile of laying hens (C18:2, g/egg)
S50V df S8 MS F-value Pr>F
Treatment 6 0.417 0.06942 0.978* 0.475
Error 14 0.993 0.07095
Total 20 1.410
CV.=28.41 % SEM. = 0.06 X = 09378
Table Appendix C 60 ANOVA : Fatty acid profile of laying hens (C18:3, g/egg)
S0V df SS MS F-value Pr>F
Treatment 6 0.581 0.09683 B65.506%* 0.000
Error 14 0.62067 0.001476
Total 20 0.602
CV.=37.89 % S.EM. = 0.01 X =0.1014
T1 T2 T4 TS 13 T6 T7
0.02 0.02 0.02 0.03 0.04 0.07 0.51
a
b __

Table Appendix C 61 ANOVA ! Fatty acid profile of laying hens (C20:5, gregg)
S0V df S8 . MS F-value Pr>F
Treatment 6 0.001981 0.0003302 1.444* 0.266
Error 14 0.003200 0.0002286
Total 20 0.005181
CV.=54.74 % S.EM. = 0.003 X =0.02762
T7 T8 T1 T2 T4 15 T3
0.01 0.02 0.02 0.03 0.03 0.03 0.04
a

b
Table Appendix C 62 ANOVA : Fatty acid profile of laying hens {C22:8, g/egg)
sSov df SS MS F-value Pr>F
Treatment G 0.01 003 0.001671 B.775** 0.000
Error 14 0.002667 0.0001905
Total 20 0.001270
CV.=57.97 % S5.E.M. = 0.003 X =0.02381
T1 T2 T3 T4 75 T6 T7

0.01 0.01 0.01 0.01 0.02 0.05 0.07
a

b
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Table Appendix C 63 ANOVA ! Fatty acid profile of laying hens (SFA, g/egg)

S0V df S8 MS F-value Pr>F
Treatment 6 0.286 0.04760 0.128™ 0.991
Error 14 5.199 0.371
Total 20 5.485
CV. =494 % S.EM. = 0.25 X =2.0138
Table Appendix € 64 ANOVA : Fatty acid profile of laying hens (UFA, gregg)
S0V df SS MS F-value Pr>F
Treatment 6 2.098 0.350 0.242™ 0.955
Error 14 20.264 1.447
Total 20 22.362
CV. = 28.99 % S.EM. = 0.26 X =4,1490
Table Appendix C 65 ANOVA : Fatty acid profile of laying hens (MUFA, g/egg)
S0V df §S MS F-value Pr>F
Treatment B 2413 0.402 0.467™ 0.822
Error 14 12.069 0.862
Total 20 14.482
CV.=30.37 % SEM. =020 X = 3.0571
Table Appendix C 66 ANOVA : Fatty acid profile of laying hens (PUFA, g/egg)
Sov df SS MS F-value Pr>F
Treatment 6 1.580 0.263 3.161* 0.036
Error 14 1.166 0.0833
Total 20 2.746
CV.=26.42 % S.EM. = 0.06 X =1.0024
T2 T1 T4 T3 T5 T6 T7
0.85 0.85 0.87 1.01 1.10 1.32 1.64
a

b_____ .
Table Appendix C 67 ANOVA : Fatty acid profile of laying hens (UFA/SFA, g/egg)
SoV df SS MS F-value Pr>F
Treatment 6 0.208 0.03469 2.820* 0.051
Error 14 0172 0.01226

Total 20 0.380

CV.=537% S.EM. =0.02 X = 20624

T1 T2 T4 6 T5 T3 7
1.5 1.97 2.03 2.04 2.08 2.10 2.27
a




Table Appendix C 68 ANOVA : Fatty acid profile of laying hens (n-3, g/egg)

SOV df S8 MS F-value Pr>F
Treatment G 0.671 0.112 65.265%* 0.000
Error 14 0.024 0.001714
Total 20 0.695
CV.=26.92 % SEM. =001 X =0.1538
Tt T2 T4 T5 T3 T6 17
0.05 0.06 0.07 0.08 0.08 0.14 0.59
a

b

b

Table Appendix C 63 ANOVA : Fatty acid profile of laying hens (n-6, g/egg)
Sov df S8 MS F-value Pr>F
Treatment 6 0.417 0.06942 0.978* 0.475
Error 14 0.993 0.07095
Total 20 1.410
CV.=2841% SEM =006 X =0.9376
Table Appendix C 70 ANOVA : Fatty acid profile of laying hens (n-6/n-3, g/egg)
SQV df SS MS F-value Pr>F
Treatment 6 354.66 59.111 2.081* 0.121
Error 14 397.734 28.410
Total 20 752.400
CV. =52.96 % SEM. =1.16 X =10.0643
T7 16 T1 T3 5 T4 T2
1.81 8.55 8.97 10.18 12.22 12,76 15.95
a
b
Table Appendix C 71 ANOVA : Copper in heart of laying hens for 168 days.
SOV df S8 MS F-value Pr>F
Treatment 6 1.548 0.258 0.809™ 0.580
Error 14 4.468 0.319
Total 20 6.016
CV.=19.17 % SEEM.=0.123 X =2.9047
Table Appendix C 72 ANOVA : Copper in liver of faying hens for 168 days.
S0V df 8S MS F-value Pr>F
Treatment 6 0.195 0.03254 0.483" 0.810
Error 14 0.943 0.06738
Total 20 1.139
CV.=17.75 % S.E.M. = 0.056 X =146



Table Appendix C 73 ANOVA : Copper in gizzard of laying hens for 168 days.

2]

sov df SS MS F-value Pr>F
Treatment 6 0.599 0.09985 0.222" 0.963
Error 14 6.309 0.451
Total 20 6.908
CV.=82.06 % SEM. = 0.147 X =0.82
Table Appendix C 74 ANOVA : Copper in gastrointestinal tract of laying hens for 168 days.
SOV df Ss MS F-value Pr>F
Treatment 6 163246.034 27207.672 202186.375%* 0.000
Error 14 18.842 1.346
Total 20 163264.876
CV.=196 % S.EM. = 0.253 X =50.13
T5 T7 T4 T6 T T2 T3
8.15 7.58 7.90 7.58 7.98 121.97 252.39
a
B,
c
Table Appendix C 75 ANOVA : Copper in excreta of faying hens for 168 days. (fresh wt.)
S0V df 5% MS F-value Pr>F
Treatment 6 71401.533 11900.255 1000.916%** 0.000
Error 14 166.451 11.889
Total 20 71567.984
CV.=2.150 4 S.EM. = 0.752 X =40.16
16 T1 T7 T4 T5 T2 T3
4.55 4,93 5.00 5.02 5.16 9595 160.51
a
b
Co
Table Appendix C 76 ANOVA : Copper in excreta of laying hens for 168 days. (AD)
SOV df S5 MS F-value Pr>F
Treatment 6 683047.688 113841.281 2045.783** 0.000
Error 14 779.055 55.647
Total 20 683826.743
CV.=1.04 % S.EM. = 1.628 X =122.16
T6 T7 T1 T4 15 T2 T3
14.20 14.31 14.42 1442 14.85 280.48 502.42




Tahble Appendix C 77 ANOVA : Copper retention of intake of laying hens for 168 days.

S0V df S5 MS F-value Pr>F
Treatment 6 28.471 4.745 1.259™ 0.236
Error 14 52.777 3.770

Total 20 81.248

C.V. = 0.90 % S.E.M. = 0.424 X =7272

Table Appendix C 78 ANOVA : Copper in excreta of laying hens (after changing to the control diet, fresh wt.)

SOV df SS MS F-value Pr>F
Treatment 6 2.236 0.373 0.854"™ 0.550
Error 14 6.106 0.438
Totat 20 8.343

S.EM. = 0.144 X =5.00

CV.=7.59%

Tabte Appendix C 79 ANOVA : Copper in excreta of laying hens (after changing to the control diet, AD)

S0V df SS MS F-value Pr>F
Treatment 6 1.117 0.189 0.138"™ 0.989
Error 14 18.930 1.352

Total 20 20.047

CV.=351%  SEM = 0.254 X =14.37

Table Appendix C 80 ANOVA : Copper retention of intake of laying hens (after changing to the control diet)

50V df 55 MS F-value Pr>F
Treatment 6 236.002 39.349 1.519™ 0.243
Error 14 362.659 25.904
Total 20 508.751
CV.=1.49 % SEM.=1.111" X =70.93

L/

%* Japanese Quail
Table Appendix C 81 ANOVA : Egg production of Japanese quail for 84 days.
SOV df SsS MS F~value Pr>F
Treatment 6 165.238 27.540 0.925 ™ 0.506
Error 14 416.793 29.771
Total 20 582.031
CV.=6.78 % S.EM. = 1.191 X = 80.44
Table Appendix C 82 ANOVA ! Feed intake of Japanese quail for 84 days.
SOV df 5SS MS F-value Pr>F
Treatment 6 3.066 0.511 0.268"™ 0.943
Error 14 26.731 1.909
Total 20 29.797
C.V. =555 9 S.EM. = 0.302 X = 24901



Table Appendix C 83 ANOVA : Feeds/ 100 egg of Japanese quail for 84 days.

sov df 88 MS F-value Pr>F
Treatment 6 0.205 0.03412 0.282" 0.936
Error 14 1.683 0.121
Total 20 1.898
CV.=11.06 % S.E.M. = 0.076 X =315
Table Appendix C 84 ANOVA : Feed/kg of Japanese quail egg for 84 days.
sov df S8 MS F-value Pr>F
Treatment 6 0.457 0.07620 1.000 ™ 0.463
Error 14 1.067 0.07621
Total . 20 1.524
CV.=10.51 % S.EM. = 0.060 X =2.63
Table Appendix C 85 ANOVA : Body weight gain of Japanese quail for 84 days.
Sov df 5S MS F-value Pr>F
Treatment 6 47.083 7.839 0481 "™ 0.812
Error 14 228.327 16.300
Total 20 275.360
CV.=16.31 % S.E.M. = 0.881 X =24.75
Table Appendix C 86 ANQOVA : Egg weight of Japanese quail for 84 days.
sov df S5 MS F-value Pr>F
Treatment 6 2772 ' 0.462 3.335 * 0.030
Error 14 1.939 0.139
Total 20 4711
CV.=3.10 % S.EM. = 0.081 X =12.02
T1 T4 T5 17 T6 T3 T2
11.2 11.87 12.14 1214 12.16 12.25 12.38
a____

b
Table Appendix C 87 ANOVA : Egg shell thicknese of Japanese quail for 84 days.
Sov df S8 MS F-value Pr>F
Treatment 6 0.0001190 0.00001984 0.903"™ 0.520
Error 14 0.0003077 0.00002198
Total 20 0.0004267
CV.=223% S.EM. = 0.0001 X =0.21
Table Appendix C 88 ANOCVA : Yolk color of Japanese quail for 84 days.
50V df SS MS F-value Pr>F
Treatment 6 0.116 0.01931 1.196 "™ 0.364
Error 14 0.226 0.0614
Total 20 0.342

CV.=3.29 % S.EM. = 0.054 X =753
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Table Appendix C 89 ANOVA ! Yolk cholesteral of Japanese quail 84 days (mg/g yolk).

Pr>F

s0v df ] MS F-value
Treatment 6 2.819 0470 1.151 ™ 0.385
Error 14 9.715 0.408
Total 20 8.534
CV. =470 % SEM. = (0.139 X =13.60
Table Appendix C 90 ANOVA : Yolk cholesterol of Japanese quail 84 days (mg/egg).
Sov df SS MS F-value Pr>F
Treatment 6 66.389 11.065 1111 "™ 0.404
Error 14 139.485 0.063
Total 20 205.874
CV.=654% S.E.M. = 0.689 X =48.29
Table Appendix C 91 ANOVA . Copper in excreta of Japanese quail for 84 days (fresh wt.).
S0V df 88 MS F-value Pr>F
Treatment 6 169813.324 28302.221 204.539%* 0.00
Error 14 1937.188 138.371
Total 20 171750.512
CV.=2.70% S.EM. = 2.567 X =50.80
17 T5 T8 T T4 T2 T3
6.35 6.42 6.58 6.64 7.72 126.43 254.96
a,

b

c_

Table Appendix C 92 ANOVA : Copper in excreta of Japanese quail for 84 days (AD).
S0V df S8 MS F-value Pr>F
Treatment 6 1851114.260 308519.043 48.164** 0.00
Error 14 89677.952 6405.568
Total 20 1940792.212
CV.=217 % S.EM. = 17.465 X =192.80
T6 T1 T4 T7 T5 T2 T3
18,99 18.00 2047 22.02 22.38 402.02 844.68
a,

b

c______

Table Appendix C 93 ANOVA : Copper retention of intake of Japanese quail for 84 days.
Sov df SS o MS F-value Pr>F
Treatment 6 651.365 108.561 1.044 ™ 0.439
Error 14 1455.770 103.984
Total 20 2107.135

CV.=3.10 % SEM. =2.225 X =48.08
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