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ABSTRACT

An experiment was carried out to determine the effect of the proportion of soybean oil and
tuna oil in corn-soybean meal-based diets on laying hen performance and omega-6/omega-3 fatty
acid ratio in egg yolk. Three hundred 30-wk-old ISA Brown laying hens were randomly assigned to
1 of 5 dietary ratios of soybean oil to tuna oil: 100:0, 75:25, 50:50, 25:75, or 0:100, respectively.
Each treatment was represented by 4 replications containing 15 birds each. The experiment was
conducted for 12 weeks. The results showed that egg production was decreased (P<0.05) by 0:100
ratio of dietary soybean oil to tuna oil as compared with the ratios of 100:0, 75:25, 50:50, or 25:75.
Dietary ratios of soybean oil to tuna oil did not affect egg weight (P>0.05). Additionally, yolk
weight was also decreased (P<0.05) by 0:100 ratio of dietary soybean oil to tuna oil as compared
with the ratios of 100:0, 75:25, or 25:75, whereas dietary ratios of soybean oil to tuna oil did not
affect albumen weight, shell thickness and yolk color (P>0.05). The proportion of omega-3 fatty
acids in egg yolk was higher (P<0.01) and the ratio of omega-6 to omega-3 fatty acids was lower
(P<0.05) in 0:100 ratio of dietary soybean oil to tuna oil. These data indicated that feeding 25:75
ratio of dietary soybean oil to tuna oil increased the proportion of omega-3 fatty acids and reduced
the ratio of omega-6 to omega-3 fatty acids in egg yolk without any negative effects on productive

performance and egg composition of laying hens.
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and Calder, 2005) ¥4 EPA Hunumdingaemsiesnunsgaduveuduinon gofunisiaiu
o

%’ LY =) A 1 " v ' 9 %’ =} v
wninlareziimaiy EPA uaz DHA Tu'lylnlageniimsldiniuislugasemsiiesedis

=S
ONlg]

d‘ J @ J v Aa @ a 9
M1919N 2.1 mmJszﬂmJﬂjaaﬂm"lmuummmaq"lwumﬂm"lwuwﬂiamms g (% of total

fatty acid)
Types LA ALA EPA DHA References
Linseed 16.30 54.40 - - Glasser et al. (2008)
Rapeseed 20.80 9.20 = -
Marine fish oil 1.58 0.57 7.50 21.30  Garcia-Rebollar et al. (2008)

LA = Linoleic acid; ALA = ({-linolenic acid; EPA = Eicosapentaenoic acid; DHA = Docosahexaenoic acid

=) :’ U \l Y ) \l
waveamsasinulamzadeanssouzmslvinananlylnly
E4 1 T =) H
wan1sasuiudaimzmluemslnlideanussousmsnda uaaaluaisian 2.2
[ a ¥ o [ 1 =
wunmsasuihiudamzalugaseoninsln lvawnsoasu1ane 7.5 % (Baucells et al., 2000)
[ 1 =Y a 9 a ] %’ % ] g‘/ dy d’ d’d
Tag liaawaaetsuaunisnu'la wanda la uaziisinly neilidiesninlugaserisiiinig
a %’ ] =\ [ [ [V Y Y =" [
sminiudaezgasommsniuan ImsdSuszaunasnulugasonns i indifesnu 39

TS unamsnuld uaznanaa lalunanaianu



4 a %‘ Y 1 [ a ]
M3197 2.2 wamimsuumuﬂmmm“lumms%"lm maﬁmiauzmiwam%

Fish oil Age Feed intake Egg production Egg weight References
(%) (weeks) (g/b/d) (%) (®
0 36-39 98 93.8 60.0 Lawlor et al.
2 97 93.1 57.9 (2010)
4 101 98.6 57.6
6 99 96.9 58.9
0 19-55 109 92 63.5 Gonzalez-
2 107 90 63.9 Esquerra and
4 100 86 62.0 Leeson (2000)
6 105 89 62.1
0 20-34 96.09 83 59.36 Baucells et al.
2.5 96.77 84 57.93 (2000)
5.0 97.25 84 57.61
7.5 95.73 82 57.98

wamsasuiniulamzalueisinly dessaisznouvedlaln
a %‘ Y 1 [ o 1 l d‘
wamsasuuniudamezmluemslnly dessddlsznovvedlvln uaaslumsnan 2.3
[ a 901 o 1 [ .
wuneusaasuiiulamzialans 3.5% lagligawansznuae Albumen weight 1a2 Shell

thickness 11l Yolk weight 118% Shell weight 4 lsianansnagalIdiilesandeyadsladlulilu

G

a Y 1

= [ 4 1 L= [ d' 9 t:' (% [
NANINUAYINY IﬂEJﬂmﬂTWLLﬂgﬂﬂﬂﬂigﬂﬂ‘]_l"'l]ﬂ\illallllﬂ Inareavennuunedved uatledevian

)Y

@ 1

Y a 1 ' ] Y 1 1 =
AD FUNIN WUTNTIY uawaqmﬂwwawammuu”lﬂ TﬂEJGLHGB’NLLiﬂGUBQﬂﬁGLW[lGU llslﬁlxll“'IJLl"lﬂ

2 A

1 1 Y
raneieuny 'y Ini 1dnnu Tnddiengnis 14 liundu (Cherian, 2008)



H = Y o [ [ 1 [
M3191 2.3 wamsasuindudarlue s 1l dessaiszneuwedla'ln

Fish oil Age Yolk Albumen Shell Shell References

(%) (weeks)  weight (g) weight (g) weight (g) thickness

(mm.)
0 34-42 15.71 41.18 6.32 0.41 Basmacioglu
1.5 15.76 40.38 6.32 0.42 et al. (2003)
1.75 26-62 18.81° 36.43 6.90° 0.42 Cherian
3.50 17.38" 35.75 6.44" 0.42 (2008)

**Means within columns with different superscript letters are significantly different (P<0.05).

2’ Ly Jd Ly
wamstasniulamzialueivislnly aessnilszneuvasnsalusfululaln
a %’ @ 1 [ 4 1y ] v
wamstasuiiiulamezalue1s 1n'lv dessrdszneuveansaluiiulu'ly'le naaq
{ ' ~ ¥ o A ) ' 9
luas19i 2.4 wunmaasuiniulamzaaunsomumsazaunsa lviulungu Tewd-3
9y dal 9 é 9 [ [ d' 1 [ 4
(EPA, DHA) 1¥ge3u 14 sgoandosnunannisniina lnnmisduasiziuaznisazaunsa
] [ o’dy (Y] a ) a g’/ A o Yo < A I
lusiuludafvuegnusiauazlszinnvensa lviuriaiug ndadldsunnems sededu
= é [ U ] a YA Y
onuuamanilslunmsdSulgsnaame lnyuinsves linn@uldinsazauvoansa ludu
1 Y A d’! 1 Y v [ ) a Y Y
ngu Towm-3 gy tazanalioasdiuvesnsa lusiuriia Town-6 uaz Totwai-3 anas
oglurrsimunzay Tainu 5:1 (Hoz et al., 2004; Wijendran and Hayes, 2004) §ad1UAING12

H 1 a 1 g’/ ) <3
FIWITDAAANVUTYIAONILNA LTAAIIE TINNILIAN 1D tag T5ANLIS



3 a %’ @ 1 1 [ o [ v
M99 2.4 wamaasmiiudamzalueinglnly aessrlsznounsaluiululy’la @ of

total fatty acid)

Parameters Age ALA EPA DHA n-3 n-6 n-6/n-3 References
(weeks)

Control 34-42 0.62° - 0.65° 1.54° 19.47 12.64"  Basmacioglu

1.5% FO 071° 018 329" 453" 1737  3.83°  etal (2003)

432%FS 349" 006" 1.70° 558" 1954  3.50°

0% FO 20-34 154 0.10°  0.89° 2.72° 17.00  14.11°  Baucells et

2.5% FO 122 023 1.81° 354" 1593"  5.60° al. (2000)

5.0% FO 0.87 048" 241" 412" 1453"  3.80°

7.5% FO 0.67 0.64" 275 4.49" 13.36° 3.05"

0% FO 19-55  0.52° Nd 052 1.04° - - Gonzalez-

2% FO 0.52° 026 1.71° 2.64° - - Esquerra

4% FO 076" 0.62° 246" 413" - - and Leeson

6% FO 116" 121" 390"  6.83° - - (2000)

0% FO 07  01° 062" 141° - - Lawlor et al.

2% FO 36-39 0.65 0.12°  0.92° 1.82° - - (2010)

4% FO 073 024"  129° 245 - -

6% FO 0.70 040"  1.62° 299" - -

ab,c,d

Means within rows with different superscript letters are significantly different (P<0.05).

LA = Linoleic acid; ALA = (X-linolenic acid; EPA = Eicosapentaenoic acid; DHA = Docosahexaenoic acid; FO =

Fish oil, FS = Flaxseed
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1%1n liaeu§n1ansd1 (Isa Brown) 018 30 da1 117w 300 §1 gudhanunaany
AUUAUAITNARBIVUFUAADA (Completely Randomized Design, CRD) Taeuaialneeniflu s
nNgua az 4919 15 6 @oaliuuns e Faluusaznsawssa lnsmau 3 1 ndqumsnaaeudi
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N

=le
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Y

v v

WUSANADY 100%

ﬁo&

1
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90’ v 1

WusAMABY 75% $auiuiisiuaimui 25%
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]
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NUDAKADY 50% FNVITUYa MU 50%

u

]
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w
RKe
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ow
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u
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1
1
1
1
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ow

q
q
qu
q
nqud 5 ldiniulainii 100%

01137 19 lunsnaneais 5 gas 18gndaaliiiseduTusiu vazndanuile
sz Tomila (ME) M0 U (Isonitrogenous and isocaloric) Aotszau Tl 17% uazliszau ME
2,900 keal/kg #211/52n0UVBIgATOINIINAADY Hazoanllsznoun1a Tnrus dwdasluasig

Yy 1a 3 s A o [ 4 '
3.1 611’1Ulﬂﬂu’f]'lﬁ']il!agu']llﬂﬂlﬁn‘ﬂ (ad libitum) AQDATLYLLININITNARDY 12 dianvi (’f]']qvlﬂ 30

84 41 d1lasd)

s Y a d =
mMsfudeya tazmsIASIZHMaUAd
o v K =Y ~ a @ ¢ A o @ A I
1 hmstuinlSnaeisi Innunnddand emuiamsanimalasue iy
.
vvain o @ail
1.1 5mnaomsnnul@ (Feed intake, FI) (5W)

v 9
= 5 msnaunIvua (M)

[) 1 g’/
S lananua

o { <3 %’ Y] v . .
1.2 oasimanlasuemaithnimiin'la (Feed conversion ratio, FCR)

WSuaervisnnuld (nsy)

y 1 { =) -
min linwaa 18 (nFu)
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o o a [ 1 1 @ 4 o 4 ] %’ @ [
2. mstiufineanas 14 10 luuaaz e 19 lumsaivnan oS 1o ¥a1imiinla
U [ dli Y o % ] 1 d' 1
Tanniwie 1 lumsmuianimin limaoaeos
2.1 wawaala (Hen day egg production) (%)

= gnululureamsnaans x 100

UIUTU x uuln

2.2 thmin lumasaees (Egg weight) (n51)

¥ ) !93‘1 s
= umuﬂ“lmmwm ("3N)

12U oy

o % 1 1% P [ 1o
3. mimsdananinla ludila1sii 4, s uaz 12 vesnisnaass Tasnsgulusiuau 3
1 %’ A [ ] Y 1 % o 1 . 90; o ]
Wosnosi o danaainla 1aun siniinlainas (Yolk weight), 1i1m1in 1411 (Albumen
weight), AU U1ve9)aon 14 (Ege shell thickness) a1t dvo 19uag (Yolk color) Tag

MEUNUNAT 15% (Roche color fan)

o a3 @ ] ] o oA ° U [
4. Mnsnuaae1 liuas Tudilain 4, s uaz12 vesmsnaaes Tagriinisgu'la
o v %‘ Y v I 1 1 o < [ 1 [ Y
$1uau 8 Wesaod udautiveanilu 2 nqgu 4 Weoungu) imanu linasvesuaaznguudn
' Yy ¥ o A o a ' w !
nay luuaainaeny e lumszinga lviiulu luuas
o a 4 @ a,
MMsiasznsa luiua138n15904 Folch et al. (1957) 1A Metcalfe et al. (1966)
: ' o ! Q'J %’ 9 3 ) 1 3 a
Fanr08199zgnii1 1 ogugiuos Methyl ester Tagn13ara1iniinaaee19 lunag 15 nfu 1@y
Chloroform-Methanol (2:1) U5u1a5 90 wa. Tudlrenseq Homogenize U 1U 2 U 1M 1A
Chloroform 30 3. tazJudn 2 1A NTBIAIBATZAILNTOY LAY Deionize water Y3110 30 wa.
a =Y [l o 2 Y 1< Y @ 1
1A 0.58% NaCl Y5105 5 wa. warliidrduudinaned 1 aulduensu inusuveslvsiula
2 1 S 3 A g o . o v o 1 Y
wadnaed (Heleed) 1NUH -20°C FuABUNTT Methylation M 3Fadloee lusiutlsvana
25 un. laaslunaoanaans Tasnsgadledinldnasanaaswazih T ldudesdae N, gas
(% Y A o 1 o o %’ Y A U o (J ' o
wamsazateuie maemwiznsa lviiueg 1h lddaimminme Il umssunudeda luiu
1A 0.5N NaOH/MeOH 151103 1.5 ua. 11013 1ae1nadae N, gas 1iaudou 100°C wiu s
9 Y
1 v A < a . = 1
WA e uaaane 131918u 18y 14% BF, in methanol U511a35 2 wa. lae1nade N, gas 1187
a1 1@u C17:0 (2.0 un./ua. 11 Hexane) Y1105 1 wa. lae1nisaie N, gas udrtlan 14
9 v
] v A < a a . . =3
Aanudou 100°C w1 5 WiH we udraane 31iau War A Deionize water Y5103 10 wa.
9 )
1182 Hexane Y5u103 5 wa. Jaduvarldidnundaa 13 1% uensu én Na,s0, Uszuuilare

@ J <} 1 4 2 g 1
%@u@lﬂﬁﬁ laasluviasanaassvuiadnvaon lnl Lﬁemﬁaxmmmwu AN Hexane laas
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Tuvia vial 3315018 1 wa. e 1A un3ed Gas chromatography 51105 1 1ulasans

(Hewlett Packard, HP 6890 series GC system)

a J aa
NITUAINCHNINADA
o ¥ Sy a ¢ 1 . .
uwagaw"lﬂmamiwwmmmmuﬂsﬂznu (Analysis of Variances, ANOVA) 114
J o

HAUNITNAADIUVDFUANY I (Completely Randomized Design, CRD) wazifSeuneundu
v 1 1 A J o Y as . 9
uanasenINaRae luuaaz99un15NAA09A 2975 Duncan’s new multiple range test Tag 1

Tulsunsuadaduiagi SPSS version 13.0 (SPSS, 2004)

szgzamazan Uil uinsIvg
a o A v 4
T¥szeznarlunsive 17 Taeisuninfougainy 2553 D9 nueten 2554 m sy
a o a oA v 4 4 a 4
v Imedema Tuladgsuis uazowlfiamsemmsdad (F3) exmnsgudniosiioinemans

wazma Tulad vrinmendema lulaggsuis
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H 1 s
3197 3.1 ﬁ?uﬂigﬂﬂﬂﬂlﬂﬂq@ﬁ?ﬂWTiV]ﬂaﬂﬂl!ﬂ%@ﬂﬂﬂi%ﬂﬂﬂﬂ1ﬂjﬂ‘]ﬁu3

Ingredients (%) Soybean oil : Tuna oil

100:0 75:25 50:50 25:75 0:100

Corn 46.76 46.76 46.76 46.76 46.76
Rice bran 10.00 10.00 10.00 10.00 10.00
Soybean meal 25.75 25.75 25.75 25.75 25.75
Fish meal 2.00 2.00 2.00 2.00 2.00
Soybean oil 5.00 3.75 2.50 1.25 0.00
Tuna oil 0.00 1.25 2.50 3.75 5.00
Calcium carbonate 8.97 8.97 8.97 8.97 8.97
Dicalcium phosphate 0.80 0.80 0.80 0.80 0.80
DL-methionine 0.12 0.12 0.12 0.12 0.12
Salt 0.35 0.35 0.35 0.35 0.35
Mineral-vitamin premixl/ 0.25 0.25 0.25 0.25 0.25

Calculated chemical composition

ME (kcal/kg) 2,900 2,900 2,900 2,900 2,900
Available phosphorus (%) 0.35 0.35 0.35 0.35 0.35
Lysine (%) 0.81 0.81 0.81 0.81 0.81
Methionine + cystine (%) 0.58 0.58 0.58 0.58 0.58

Analyzed chemical composition

Dry matter (%) 89.84 89.75 90.57 90.25 90.17
Crude protein (%) 17.84 17.39 17.04 17.70 17.12
Crude fiber (%) 4.02 3.90 3.92 3.90 4.00
Calcium (%) 3.90 3.89 3.89 3.88 3.85
Crude fat (%) 7.01 7.20 7.43 7.61 7.19
n-6 fatty acid (%) 49.72 42.66 36.91 26.88 20.94
n-3 fatty acids (%) 4.77 12.31 20.68 27.47 33.29
n-6/n-3 ratio 10.42 3.47 1.78 0.98 0.63

"Provided (per kilogram of diet): Vitamin A, 15,000 IU; Vitamin D,, 3,000 IU; Vitamin E, 25 IU; Vitamin K3, 5 mg; Vitamin B1,
2.5 mg; Vitamin B2, 7 mg; Vitamin B6, 4.5 mg; Vitamin B12, 25 [lg; Pantothenic acid, 35 mg; Folic acid, 0.5 mg; Biotin, 25 g;

Nicotinic acid, 35 mg; Choline chloride, 250 mg; Mn, 60 mg; Zn, 45 mg; Fe, 80 mg; Cu, 1.6 mg; I, 0.4 mg; Se, 0.15 mg.



a
unn4

Namimamgmﬁmm‘i

wavesFadausynhaiudmdewazihifidamiluens deawssouzmsndnvedldly

wavesdadiusznaihiudandewazdhuiudamilugase s a1 fidadau
100:0, 75:25, 50:50, 25:75 1% 0:100 A0133IN01MTHAY (Feed intake), sasmsalasueving
L‘]dJ‘Ll ﬁ”l?iﬁﬂllﬂj (Feed conversion ratio, FCR), W@ Hag v (Egg production) Lmzﬁl”lﬁﬁﬂ]l“ﬂ (Egg

weight) taadluasen 4.1

H 1 1 90’ b4 Q'J g b4 1 |
13199 4.1 waﬂlmﬁﬂmuizmnumuaamﬁmuazumuﬂamuﬂummi ADTUIIDUSNIT

nanueqln lu

Parameters Age Soybean oil : Tuna oil P-value SEM
(weeks)  100:0 75:25 50:50 25:75 0:100

Feed intake (g/b/d) 30to33 11148  109.74 111.11 111.36 105.51 0.120 0.850
341037 110.06° 108.39"  109.97°  110.06° 101.99° 0.040 0.940
38t04l 11038 105.01°  106.56° 109.54"  99.81° 0.018 1.040
30to41 110.86" 107.35"  109.14"  110.49" 102.42°  0.020  0.060

Feed conversion ratio, 30 to 33 1.91 1.95 1.99 1.96 1.96 0.570 0.020

FCR 34 to 37 1.86° 1.91% 1.99" 1.97° 1.96" 0.021 0.020

B

38t041  1.89"°  1.84 191 1.98" 2.10" 0.003  0.020

b b ab ab a

30 to 41 1.89 1.90 1.96 1.97 2.01 0.040 0.001

Egg production (%) 30033 9631  95.98° 96.63° 95.89°  93.87°  0.049  0.570
341037  96.61" 9624  96.65%  9339% 923" 0.009  0.710
38to41  94.85% 9347  9523*  9259*  81.25° 0002  1.100

30to41  9592° 9523  96.17" 9398  88.12°  0.001  0.060

Egg weight (g) 30t033  60.60  59.22 58.53 59.26 57.59 0.120  0.380
341037 6143 6021 59.08 59.81 58.44 0.120  0.390
38t041  62.11°  61.21°  59.93° 6020  58.93° 0.040  0.330

30to41  61.38 60.21 59.18 59.76 58.32 0.070 0.350

***Means within rows with different superscript letters are significantly different (P<0.05).

*PMeans within rows with different superscript letters are significantly different (P<0.01).
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Parameters Age Soybean oil : Tuna oil P-value SEM
(weeks)  100:0  75:25  50:50  25:75  0:100
Yolk weight (g) 33 1494 1443 1459  1467° 1367 0.02 0.12
37 1525% 1517 1452%  15.03% 963 00001  0.14
41 1555"  16.00"  1431° 1561 14.75°C  0.008 0.15
Albumen weight (g) 33 37.67 3677 3471 3645 37.25 0.07 0.35
37 3829 3826 3698  36.81 34.11 0.10 0.36
41 3799 3833 3690  36.70 35.93 0.29 0.41
Shell thickness (mm.) 33 0.44 0.47 0.43 0.45 0.43 0.56  0.001
37 0.42 0.41 0.41 0.41 0.40 0.10  0.001
41 0.40 0.39 0.37 0.40 0.37 0.35 0.001
Yolk color 33 5.29 5.29 4.92 5.33 4.83 0.33 0.11
(scale 1-15) 37 4.79 5.00 4.52 5.00 5.00 0.42 0.10
41 4.79 4.83 4.79 4.88 4.79 0.91 0.04

n = 12 per group

**Means within rows with different superscript letters are significantly different (P<0.05).

ABMeans within rows with different superscript letters are significantly different (P<0.01).
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Y (3 ! ' %’ % o 90’ LY 1 1 4
9197 4.3 Nammﬁﬂmmzmnumummﬁmuazumuﬂmuuﬂummﬁ foodAlsznou

voansa lvaiululuuaq
Age fatty acid Soybean oil : Tuna oil P-value SEM
(weeks) (% of total fatty acid) 100:0 75:25 50:50 25:75 0:100

33 LA 27.09° 2243 2172  18.66° 14.69°  0.0001  0.13
ARA 284" 206" 1.68 1.40° 1.14°  0.0001  0.02

ALA 0.84"  091° 093  0.62°  0.50° 00029 0.03

EPA nd° 0.19° 033 054 0.70°  0.0001  0.001

DHA 373 867" 10465 13.19°  1539°  0.0001  0.12

Total n-6 30.53"  24.99"  23.87°  2046° 16.24°  0.0001  0.14

Total n-3 457 977"  1L.72° 1435 1659"  0.0001  0.12

n-6/n-3 6.69" 2.56" 2.04° 1.43" 0.98° 0.0001  0.03

37 LA 26.68"  23.90° 2228° 17.97° 1485  0.0001  0.11
ARA 288" 201 1.60° 1.26° 120°  0.0001  0.02
ALA 0.92° 086"  0.82° 0.63° 0.49°  0.0001 0.006
EPA nd° 0.12° 039 0.55 0.80°  0.0001  0.006

DHA 424° 868 1026° 12.79°  14.68*  0.0001  0.11

Total n-6 30.13"  26.17°  2434°  19.64" 1645  0.0001 0.1

Total n-3 516° 9.61" 1147 13.97° 1596°  0.0001  0.11

n-6/n-3 584" 272" 212° 141 1.03°  0.0001  0.02

41 LA 2648  24.61° 2205 19.60° 15.65°  0.0001  0.16
ARA 265 2.17° 163 1.49° 1.29°  0.0001  0.02
ALA 0.97°  087°  0.79°  0.66° 0.49°  0.0001  0.007
EPA nd° 0.12°  032° 047 0.74  0.0001  0.007

DHA 6.24° 880"  10.89° 12.19° 1548  0.0001  0.14

Total n-6 29.63"  27.34"  24.08° 21.40° 17.23°  0.0001  0.19

Total n-3 7.21° 9.72°  11.99° 1331° 16.70°  0.0001  0.14

n-6/n-3 411 2.81" 2.01° 1.61° 1.03° 0.0001  0.04

n = § per group

nd = not detected

a,b,c,d,e-

Means within rows with different superscript letters are significantly different (P<0.01).

LA = Linoleic acid; ARA = Arachidonic acid; ALA = (X-linolenic acid; EPA = Eicosapentaenoic acid; DHA =

Docosahexaenoic acid
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