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ABSTRACT

The objective of this study was to determine the effects of dietary fish oil levels and
durations of dietary fish oil feeding on growth performance and fatty acid composition of meat in
Thai native chickens. Four hundred fifty mixed sex chicks at 3 wk of age were randomly allocated
into 10 experimental treatments as a result of the combination of 3 levels (1.5, 3.0, and 4.5%) and 3
durations of dietary fish oil feeding (3-12, 6-12, and 9-12 wk of age). The results showed that body
weight, feed intake, feed conversion ratio (FCR), carcass percentage, meat yields and abdominal fat
were not different among treatments (P>0.05). The proportion of total n-3 fatty acid in meat
increased mostly because of the rise in docosahexaenoic acid (DHA) when fish oil was supplement
in the diets compared with control (P<0.05). Moreover, the ratio of total n-6 fatty acid and total n-3
fatty acid decreased in the meat when fish oil was supplement in the diets compared with control
(P<0.05). There was no interaction between the level and duration of dietary fish oil feeding before
slaughter (P>0.05). It is suggested that the optimal meat n-3 fatty acid enrichment of Thai native
chicken was to feed 3.0 % fish oil for 3-12 wk of age (or 9 wk before the time of slaughter) which

it was not showed the detrimental effects on growth performance and carcass composition.
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Fish oil Final weight Weight gain Feed intake FCR References
(%) (® (g/d) (g/d)
0 2,005.33" - 138.90° 2.07° Chashnidel et al.
1.5 2,126.90° - 141.07° 1.99° (2010)
3.0 2,042.50" - 135.50° 1.98°
4.5 1,884.00° - 127.70° 1.93°
0 2,041° 55.30" 119.10 2.16 Navidshad (2009)
2 1,947° 53.50" 122.50 2.30
4 1,943 50.50° 116.90 2.33
0 - 61.22° 122.67 1.97* Farhoomand and
1 - 63.45° 122.80 1.93 Checaniazer
2 - 66.82" 122.88 1.84° (2009)
3 - 65.65" 122.83 1.87°
0 - 65.20 146.20 2.24 Mirghelenj et al.
1 - 66.60 151.30 2.27 (2009)
2 - 64.50 160.10 2.48
3 - 67.30 153.90 2.29
4 - 63.10 159.70 2.53
5 - 63.40 154.70 2.44
0 1,850 48.15" 82.10 1.71 Lopez-Ferrer et
2 1,970 51.24" 91.51 1.79 al. (2001)
4 1,940 50.67" 88.05 1.74

**“‘Means with different superscripts in a column are significantly different (P<0.05).
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M3197 2.3 wavesmstasuuiulamzaluems mamuﬂizﬂamm«mn”lmua

Fish oil Carcass Breast meat Thigh meat Abdominal fat References
(%) (%) (%) (%) (%)

0 82.28" 22.14 28.16" 2.15° Chashnidel et
1.5 82.99" 22.58 26.32° 1.45° al. (2010)
3.0 82.72° 23.06 26.73° 1.34°
4.5 82.98" 21.55 25.74° 1.28"

0 72.10 21.30" 27.40° 2.62 Navidshad

2 72.20 20.20" 27.40" 2.98 (2009)

4 73.20 23.70° 30.80° 2.94

0 66.30 32.00 36.20 1.88 Mirghelen;j et

1 67.50 33.20 35.70 1.76 al. (2009)

2 67.00 32.00 36.60 1.83

3 67.10 32.90 35.20 1.92

4 68.00 31.90 36.30 1.85

5 66.70 33.00 35.70 2.01

0 65.56 24 .47 32.90 1.17 Lopez-Ferrer et

2 65.26 25.16 32.60 1.31 al. (2001)

4 65.36 25.05 33.64 1.30

ab,c

"Means with different superscripts in a column are significantly different (P<0.05).
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M3197 2.4 waveosmstasuiiulamzaluems @aaﬂmummﬂm%uuiuma

Fish oil ALA EPA DHA  Totaln-6 Total n-3 n-6/n-3 References
(%) % of total fatty acid methy esters

0 159  1.04° 0.5 435 3.79° 1.14°  Farhoomand and

1 Breast 0.70° 5.84° 0.66° 6.68° 12.41° 0.53° Checaniazer

2 217" 853 239 8.66" 1627  0.53° (2009)

3 240" 10.54°  3.80° 1336 20.04"  0.66°

0 1.63° 0.20°  0.10° 12.77° 2.09° 6.11"  Lopez-Ferrer et al.

2 Thigh 246" 077  1.03° 12.43° 5.10° 2.50° (2001)

4 298  133a 242" 1404 8.14° 1.73°

mg/g

0 0.019°  0.014"  0.046° - - -

1 0.043"  0.042° 0.145% - - -

2 0.174°  0.041"  0.166" ! - -

3 Breast  0.032  0.039" 0.245% - - -

4 0.067°  0.090" 0.338" - - -

5 0.065°  0.083"  0.290° F - - Mirghelenj et al.

0 0353 0.028"  0.085° - - - (2009)

1 0.135  0.051° 0.160" - ;

2 0425  0.086° 0.270 - - -

3 Thigh 0325 0.165° 0.380" ' - -

4 0437 0232 0.531° : - -

5 0337 0.164° 0.578" - - -

ALA = O-linolenic acid; EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid

ab,c,d

Means with different superscripts in a column are significantly different (P<0.05).
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a . . a 1 Y 9 o 9 z:y
1509 1A deionize water USU10T 30 ¥a. 18N 0.58% NaCl Y5uas 5 wa. weldnunaieng
Y A q9 ¥ a3 @ q = ' /2 A o
131 Aulduensu inusuves lvinlaviadunaen (ieveed) nui —20°C
v ]
TUADUNIT N methylation ¥1n15F9A20819 lvafulszana 25 un. laasluvaea
( ' ! o o Yy Y 9 o Y
nAaed Iagn1sganlodaldrasanaaouaziin i liunedae N, gas audraisazatons
A Y] 1 o @ %’ @ d‘ 9 [ (2 1 @ a
masmwiznsa lvdued i lddaimidnie 19 lunisduaudlodisluiiu @y 05N
o ' v v ¥ a ' v ¥
NaOH/MeOH 131105 1.5 ua. ¥im3 lae1meaie N, gas 1¥audou 100°C 5 w1l e udand
< a . ' | a
131¥18u i@ 14% BF, in methanol 151105 2 wa. lae1manie N, gas uaatlarh @u C17: 0 (2.0
un./ua. 14 Hexane) 151105 1 wa. laomiaale N, gas ualtlardh Idanudou 100°C 5 w1
v
' (3 < ) a . . = a
et udaa131deu Wad A deionize water Y311@5 10 ua. 118¢ hexane U311a3 5 wa. Yarh

Y Y
wen lnnundane 13 uendu @n Na,so, Uszunatatetoudnais laaslunasanaass
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<3 A g g ' LA A
vanaoa 1y Weoasazaeensu ANYU hexane laasluvia vial #3150 1 wa. 1o
iRt unses gas chromatography YSuas 1 lulasans (Hewlett Packard, HP 6890 series

GC system)

MIAATIZHIMIaDA

TFumnuMsnAaDILFUANYTH 10890 treatment HUULYIANDF vATIMAUNGUAILAY
(3 x 3 Factorial Experiments in CRD + 1 control) ﬂﬂﬁ@ﬂﬂﬂhllﬂﬂ?ﬁﬁﬁ? RERIGERE ‘ﬁﬂﬂh
111)5139U (Analysis of variance; ANOVA) Tag 14 11/5unsudu5agal SPSS version 13.0 (SPSS,
2004) N3 0UIREVAIWUANAIITZH I treatment 49833 orthogonal polynomials Tasnaae L

FEAUANUFDIU 95%

szgzamazan Uil uinsIdg
a o 2 [ 4
Tdszeznarlun1sdve 17 Taeisunfougainy 2551 99 nuereu 2552 o sy
a o =) ~ Y a ua o 4 s A A
wrInerdema luladgsuls nazriel §1ian1501113dad (F3) 0113 udinT0dilo

a J = a @ = =
Mnmaasuazmalulag umIneraoma luTaggsuis
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M15199 3.1 ihHﬂﬁ%ﬂﬂﬂﬂlﬂﬂgﬂﬁﬂ1‘ﬂ1i‘ﬂﬂaﬂﬂ!!ﬁ%ﬂﬂﬂﬂi%ﬂ@ﬂﬂﬁiﬂ‘lﬁ—!%

Ingredients (%) 3-6 wk 6-12 wk

Control 1.5% FO 3.0% FO 4.5% FO Control 1.5% FO 3.0% FO 4.5% FO
Corn 50.55 50.55 50.55 50.55 54.90 54.90 54.90 54.90
Soybean meal 28.35 28.35 28.35 28.35 27.10 27.10 27.10 27.10
Fish meal 3.00 3.00 3.00 3.00 0 0 0 0
Rice bran 10.00 10.00 10.00 10.00 10.00 10.00 10.00 10.00
Fish oil 0 1.50 3.00 4.50 0 1.50 3.00 4.50
Plam oil 4.50 3.00 1.50 0.00 4.50 3.00 1.50 0
Salt 0.20 0.20 0.20 0.20 0.15 0.15 0.15 0.15
DL-methionine 0.15 0.15 0.15 0.15 0.10 0.10 0.10 0.10
L-lysine 0.05 0.05 0.05 0.05 0.05 0.05 0.05 0.05
Calcium carbonate 1.80 1.80 1.80 1.80 1.80 1.80 1.80 1.80
Dicalcium phosphate 0.90 0.90 0.90 0.90 0.90 0.90 0.90 0.90
Mineral-vitamin premix] 0.50 0.50 0.50 0.50 0.50 0.50 0.50 0.50
Analyzed chemical composition
Crude protein (%) 20.72 20.36 19.26 19.85 17.42 17.50 17.04 17.79
Crude fat (%) 8.34 7.56 7.71 8.42 7.79 7.71 8.31 8.96
Calcium (%) 1.06 1.14 1.11 1.07 1.14 0.97 1.05 0.94
Calculated chemical composition
ME ( kcal/kg) 3,100 3,100 3,100 3,100 3,100 3,100 3,100 3,100
Available phosphorus (%) 0.45 0.45 0.45 0.45 0.35 0.35 0.35 0.35
n-6 fatty acid (%) 3.39 3.27 3.16 3.04 3.34 3.22 3.11 3.03
n-3 fatty acid (%) 0.31 0.72 1.13 1.55 0.22 0.63 1.04 1.46
n-6/n-3 ratio 10.94 4.54 2.80 1.96 15.18 5.11 2.99 2.07

"Provided (per kilogram of diet): Vitamin A, 15,000 IU; Vitamin D,, 3,000 IU; Vitamin E, 25 IU; Vitamin K,, 5 mg; Vitamin B,, 2.5 mg; Vitamin B,, 7 mg; Vitamin B, 4.5 mg; Vitamin B ,, 25 Lg; Pantothenic acid, 35

mg; Folic acid, 0.5 mg; Biotin, 25 |Lg; Nicotinic acid, 35 mg; Choline chloride, 250 mg; Mn, 60 mg; Zn, 45 mg; Fe, 80 mg; Cu, 1.6 mg; 1, 0.4 mg; Se, 0.15 mg.
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Nﬁﬂ'l’i‘i’lﬂﬁ@ﬁ!m%%ﬂ"liiﬁ

wavesszaUihiulamzalue1rs tazyisszezaIMsiviems Aeanssauzmssaivla
¥ o A : ' { ) S 1w o
umummﬁ’umﬁamaﬂﬂmﬂam‘ﬁmq 3 dla mny 141.33£23.20 DTN WANIT
1 a ? o { Y '
°nﬂamw1Jmmﬁmiuumuﬂmmm‘ﬁimu 0,1.5,3.010% 4.5% Gll.lt;fﬁ'ﬁf)']ﬁ']i UagyIN
Y A =y %} @ ~ [ 4 (=} [
i$8$L3ﬁ1ﬂ1iﬁlﬁ®1ﬁ1’iﬂNﬂﬁm’ﬁuuﬁJuﬂﬁTﬂ%!ﬁ‘ﬂ’E]WEJ 3-12, 6-12 uag 9-12 dilant ulﬂJlJWEWI@
a a lg A g’/ A %’ v W 9
?flliiﬂu$ﬂ1ilﬂii‘gl@]ﬂjﬁﬂl®ﬂqﬂwum’EN (P>0.05) m“luwawmummmqwm (final BW)
¥ v o oA A dy = Aa Y @ A < ¥ v o
UIRUNAINNNIY (BWG) ‘l]'ill1ﬂl®1°l’ﬂi“l/]ﬂullﬂ (FD) tazons1mMsilasuermisiuiiviing?
Il a a J 1 o a ¥ o '
(FCR) !LﬁgleW‘U’E]ﬂ‘ﬁWﬁ'i’JiJ (interaction) JEnINTzAUMSEs NN N a Imzanaz w9
v =) o 1
5$8$L3a1ﬂ151ﬁ}91ﬁ15 (P>0.05) 31aazféEJWUaumazwwimmaiﬁlmmax treatment combination

uanaluasnan 4.1

$ E L] 1
M9191 4.1 wavesszavdiudamzaluomis LLE’I%%"JQ?%88L361ﬂ131ﬁ91ﬁ13 ADTUITTIDUL

a a A A A o -4
masanTaves Iniiudios Mty 12 da

Fish oil (%) Duration (wk) Final BW (g) BWG (g) FI (g/bird) FCR
0 (Control) - 1,080.00 938.67 3,119.22 3.32
1.5 3-12 1,113.97 947.56 2,941.22 3.11
6-12 1,088.89 947.56 3,009.78 3.18

9-12 1,091.11 925.33 2,961.89 3.20

3.0 3-12 1,143.81 976.44 3,113.44 3.19
6-12 1,106.67 965.33 3,016.56 3.13

9-12 1,097.78 956.44 3,145.67 3.29

4.5 3-12 1,133.33 992.00 3,043.78 3.07
6-12 1,103.97 914.22 3,004.44 3.29

9-12 1,088.89 947.56 2,934.78 3.10

Pooled SEM 0.419 3.632 65.746 0.188

P-value 0.717 0.848 0.287 0.070
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] = Y o 1 a a

NNMIATINBNAITHUIIHAVIM ST Uil ameia AodussouzmsiyayIa
! i‘ % £% % 1
vou lniiiedelidoyadandesnuog (Chashnidel et al., 2010; Navidshad, 2009; Farhoomand and
Checaniazer, 2009; Mirghelenj et al., 2009; Lopez-Ferrer et al., 2001) smqmdauiwqj”lajwumm
uana1eluiz oS u e 1113nAu 14 U Chashnidel et al. (2010) WuIYT 1o 1v1siauld
[ %’ o ~ 49! v A 90’ o a A

anasmuszaviulamezanganlugase s swilusariiownaminiulameaingu
o d' o Y 1A Y Y 1 1 < ?;’; dy 1 1 =Y d'
Jumzih i lnnuenis latlesas uaee1e lsnalumsnaaesnsell lununysuaemisi
a Y 1) %‘ o A dg! Y %’ ] ~ 9 I . o~
nuldaaasmuszanihdulamzengau wiinihiuldamezmanldeziu crude tuna oil ¥4

A o 1A o A v A E ° Y A A ~AY v
nausunzmwRenu madsuluszaungeulugasemsildonsiinau nisiluny
] I Y1 -i‘ A ~ A a [ a 2
anuuanaernvziiuldIdnlnvuiiodianuaimisolunisideniuingaueinis 14
1 1 &’ @ 3}; A 1A Y ~ [N @ 3}./ dy 2
wanvaren N lniie aariuie Ianwe1rns Ia ludsuah luseny Useneumsnaaseasail1a

= o Y o A o Aq ¥ MY 1w = Yo
ImslSugasermsIdiiszavvesTdsaunaznasnuildlss Tomi lamdu eaanalons
m3nsgavla naz FCR lifinnuuanaianu uiian Zolisch et al. (1996) 18510911 139110

%’ v = . é = a a 1 =R A 1
11 u1aImeiall unsaturated fatty acid g9 F9H1szaANTINMTd08 HAZNITRATUANIINTA
o A A =3 I o Y 1Y Yo a ? o s dé’
luiustiaou Jeorduaungiin 1 Innldsuennsiagsuiniulameaiin FCR @y lums
g‘/ dy Y 1 (=} 1 (% =) 9 d' 1 =

NAABIA5IHLIT1A1 FCR 32 1UTnnuuana1any (P>0.05) uaiuul Tduina1 FCR agiany

UANANNNUNA P = 0.07

v
% )

wavaIszaviniulamzaluerrins uaz¥iaszaznaInslnienns Aeadulszneuann
Ll =) 901 % H %
HAN1INAAOINDNNMSE VU mMzEanTzay 0, 1.5, 3.0 1ag 4.5% lugasoimis
1 Y A a %’ @ ~ [ 4 =
HagFNsTeznaIMI Inemsnimsasuiniulameaneny 3-12, 6-12 uag 9-12 dan il
1 1 ldy =} A a < d @ o %’ v Aaaa ?,‘,
nanedIulsznouwInved AN UEIBd (P>0.05) Weaadulesisudveatiiminlisia nalu
) 9 2
(399UDIB1N (carcass) 1HOON (breast meat) tHoV1 (leg meat) 1A I UBDIN D4 (abdominal fat)
1 A a ] ] @ a ¥ o 1
taz TUwudNIWasW (interaction) TxHINTEAUMTAT VNN U amzanazs19szeznaIns i
[ a 4 [ {
91115 (P>0.05) 51802108AVDILAAZTNITINIADST IULAAY treatment combination LAAITUA519N
4.2
g‘/ dy 9 [
HaNITNADDIATIUTDANADINY Mirghelenj et al. (2009) t1ae Lopez-Ferrer et al. (2001)
Y o . U d @ 4 o 1 Y Y Y o
HALEABAAA0IN Navidshad (2009) Tudruvean)esisudaan uag luiureanes uadaudanu
\ P o & X ) " A cd o 2 v ¥ o
Tuduvealefisudiioanuaziilon ldssnuniinlesisudgeuamuszaminiulameia
v 9Y Y 9 Y v

Ngaulugasoims uonnniinanisnaaeensaidaiaudeny Chashnidel et al. (2010) AN

s & A X sl oA v 1y o ¥ oo
Lﬂﬂiwuﬁmﬂmeﬂﬂmammu osiFuaiievianad LLax"lﬂmuﬂfammaﬂmmmzﬂuumu

44 X A o a & a . . A
oz Wesnrnludiulaimgadl PUFA FIFIVLAANIIING lipid synthesis HATINY
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4
aX ¥ o

- . . [ v 1 d 3 32 1

lipid oxidation (Clarke., 2001) %114 lvsiugesiosanas uazlinoddusnadu Nilyuegny

msnulduesln Tasarunaaniued Navidshad (2009); Mirghelen; et al., (2009); Lopez-Ferrer et

al. 2001) 1Tnsin1sau 18 luuanarany USua lviiun 1859109111599 lia1aiy w1 uves
. 1A a 9 A =\ [ L & = o A 1

Chashnidel et al., 2010 1nTin13nuldaaauiiefsunisnguaiuan Fuiludnmawaniian'ln

Yo ] Y [ [ A (=) = 90‘ o =2 o YA Y
185 Tusiuanemisdesniingui lulinnasuihdudamea 3ei 19 insaanay

@ 4 o 9 1 1 d' =i [ Y o 1 9
ﬁ\‘]iﬂi”lgWllelﬂ\luu@ﬂﬂ’nﬂqu@umﬁ\‘]Wﬂ‘11(711ﬂTiﬁ%ﬁquNuiu%ﬂﬂﬂﬂﬂﬂﬂﬂﬂ

Y
(2 ° @

15197 42 wavoaszaviulamzialue1nis tazyi1952e20a1n15 1919111 @0
9

' A A A o 7
ﬁjuﬂﬁgﬂﬂﬂcﬁ']ﬂell@qulﬂWUﬂJ@QV]@Tq 12 ﬁﬂ@n‘ﬁ

Fish oil Duration Carcass'  Breast meat’ Leg meat’ Abdominal fat
(%) (WK) (%) (%) (%) (%)
0 (Control) - 65.14 12.79 21.48 0.81
1.5 3-12 63.59 12.55 20.84 0.71
6-12 64.51 12.61 21.46 0.61
9-12 64.28 13.23 21.04 0.60
3.0 3-12 64.77 13.18 21.74 0.54
6-12 63.98 12.87 21.02 0.64
9-12 64.20 13.21 21.77 0.44
4.5 3-12 62.44 12.93 21.03 0.62
6-12 65.88 13.43 21.41 0.41
9-12 61.94 12.51 21.22 0.62
Pooled SEM 1.78 0.56 0.69 0.19
P-value 0.91 0.96 0.99 0.94

n = 6 per treatment combination

Calculated as a percentage of live body weight.
'Carcass without giblets, neck, and shank.
2Including pectoralis major and pectoralis minor.

3Including thigh and drumstick.
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WaveIszavinuaImzalue 11T HazrI93eZ1IA N3 101115 AodAa INYBINTA JUNU
- v g
rraloun-3 lwiie
a 4 1 a a 1 1 1% =Y %‘ @
MINNTAATIZHToYA IINUBNTWATIN (interaction) 53 1INTTAUM ST UITU A
1 9y A a g @ [ c’:‘/ = a v A
NLALAZFINTLILIAING 1D 1HT N VN U M@ (P>0.05) AquUIuenN1su1laden
1% A 1 = 3 a [ [ o =Y
AN (SAVMIATY, ¥95zezna N TaT N Iue1119) Wudaseaeny HaveIsLAUMIIETY
? o 1 T 1 ) A Y
Huiulamzaluems uaz$eszeznaims e aedaauueansa luiiusia lamai-3
2 2 A a4 vy 2 4
Tuiloanuaziiloas Tnnues lniwiiesfiony 12 diland uaasluasien 4.3
A =1 1 VoA a [ [ =Y %’ ) 1 VoA a
wenlseuieuszrienguingiuny luaSuduiulamealuems wunnquilasy
%’ Y] =\ [y} a Y 1 1 d’ 1 =Y g‘/ Li’ tg
uniudameialinsa lvduatiaTomd-3 ganangui TSy eluiiioon (P<0.01) naziile
: v A 2 2 d
azInn (P<0.001) Taswunsa lviiuriia EPA uaz DHA luileosnuaziiioas Tnnvoelan
Yo PR A %’ v = 1 @ Z‘, a dy 1 VoA nm v
lasuomshimsaiuiniulamzialidagiuvesnsa lviiunaessiaiigannngui lu'ld
A %’ o 1 [ 1 o a . . .
sviudameia (P<0.05) ualulinanenisazaunsa lvaiustia O-linolenic acid (ALA)
4 4
(P>0.05) Waﬂ”li‘ﬂﬂﬂ@ﬂﬁﬁﬂﬂﬂgaﬂﬂ‘uﬂﬁ‘V]ﬂaf’Nﬂ‘Oquﬁ‘ﬁGﬂ@Q Farhoomand and Checaniazer
. . ' . . 2 :
(2009); Mirghelenj et al. (2009); Lopez-Ferrer et al. (2001) &4'lasiinsdnulu lniienuiinsg
a %’ o = o Y o 1 ] 1 Y 49!
rFmhiulamezaluomsinai lidaaiuvesnsalviulungulew-3 gau Tasmme
1 A ?X’J d" d‘ %’ ] 1 I 1 v A o a F) =3
961989 DHA nibiiesainiiiudamin unvasvelviuniinsa ludusiaTomi-3 gads
30.7% 118 DHA g909 26.6% (Klinkesorn et al., 2004) HAN13ANIAOAARDINUHANNITNI
a Y] { [ Ja 3’; 1 1 a =Y
yiavazlSuaveansalviuluomsndainudn 1y sz dana lagaseaeriiatazlsuia
v A 1 v o X = g‘/ dy 9}%’ o 1R A ] a
yoansa lvdunazanluiumedad Falumsanwiasetildiniulaminaadinga lviiusiiale
v Q3 A A v & = A
wi-3 g9 Tasmwiz DHA iudiulszneuluenns Iniuiies asiudsamnsamunisdzay
] a Y 1 A a dy ' 4” = g’/ &' L&’
asa lviustialown-3 Taamnizog1989 DHA lumanaaiie lnudisanaluiioonuaziiie
9 d‘ 1 1 =Y %} Y = o Y o 1
azInn'ld vaziiosnin lununmsasuiniuldaimeznlusvisinai idadiuveansa
o U Y 1 [ [ ?,‘, 1 [ 1 U o
luiulunguTomi-6 innuuanaeni (P>0.05) auiudsdinalnoasidiusgrinensa lusiu
a Y kY Li’ 4911 ' Li’ A A o 1 A
wiiaTon-6 uaz Tamn-3 luiieenuazileas Innved lnuiisalionsiaiunanad (P<0.01)
T 9y
FIA0ANA0INVIIUNADINDUN I (Farhoomand and Checaniazer, 2009; Mirghelenj et al.,
2009; Lopez-Ferrer et al., 2001)

Y
v o o

d' a d' 9 J o a
LlJﬂW%WimWNﬁﬂJﬂiﬁ%ﬂUu1Nuﬂa1%$Lﬁﬂ1%ﬁlu@1ﬁ13ﬂﬂﬂﬁﬁ$ﬁhﬂiﬂllslmu“]fuﬂi’ﬂ

Y j‘ 1 2 ? o A v = o Y v 1 o
nI-3 lwiean wua1 MsE@suituYaImeanseay 3.0% uwamlﬂaﬂmmmmﬂhuu

a Y 1 A A o A A @ = o 9
BHaToIun1-3 ganIINEIuNTEAY 1.5% (P<0.05) 1azMIaTuNszal 4.5% unaniily
dadruveansa luiuriiaTowdn-3 Taemwiz EPA taz DHA gannmsta3ufisean 1.5% diu

A { @ [ 1 ] Aaa [ &’
MIATUNTLAY 3.0 1AL 4.5% MINUANVUANANDUNNADA (P<0.05) luaiuvsuiloas Tnn
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Ll =) 90’ (-9 %] o [ 1 [ =)
wunmsasuiiulamzaluszau 4.5% luemisiinai idadiuveansa luiuriialo

A3 gaN NI UNTZAY 1.5% (P<0.05) ua lutana19onmsia3uisga 3.0% (P>0.05)

9 9
v @ o  w

=< Y = ~ o S A o @
avindeansoaglIdnmsaiuhdulamezanszay 3.0% lugasemsnifisanedmiy
o Y &’ i‘ -i‘ = =\ 1Y) 1 d" 49!
myhliieenuazilods Innves Innuiesimsazaunsa lviulunguilgadu
8 A = %‘ ) 1 A {
WensuIwaveszeznamMsdsviniulamzaluoing wunmadiuiony 3-12
Y] 4 Y] Al o [ 1 ] a
Fant (9 dlavinewFon) TnavilddadiuvesnialuiusiiaTowii-3 Tagmwiz DHA lu
i‘ 49! d'i = % A ci Y] 4 [ g A
WeengIvn WeanfFsumeunuszeznainsasuieny 6-12 d1a1v (6 d1la1vineuiyea)
= d' (Y] 4 [} g A d'
(P<0.05) az M3 uieny 9-12 a1 (3 damneuren) (P<0.01) TuvaeNizoznaims
a d' [} 4 (Y] J [P=} 1 [ aa [ A a
i3uieny 6-12 dan wag 9-12 dlant lulianuuanaenuneada (P>0.05) uaiioNa1san
1 i‘ 1 Y d’d = g v d' 1 [ =
Tugruveaiioas InanuNIzezaImMi o1rsnimsasuuniudamzanuanaianu 1yl
[ o [ ] a 9 A dy g‘/ dy I Y1 A 1
wagodadIuveInsa lvaiuria Tomii-3 Anuluiie (P>0.05) natioradlu 'l 1diieann 1n
Li’ A =\ a A ' Y dy Ao o d a Li’
Wufelinganssumanaou lidegaasanawdnazgniaesluiiinanaiu uazusnuile
I U A A A 1 = o ] 9 A I [
azInnilludruninandeulniedaansanarddinisiner ludueeninldimedundsay
Y] g‘; = I ~ o Y a 901 o 12 [
auiudsorniuaungnildszeznamaaiuiniudamzaluems liinadensazan
) ' A ' ] A ' A ' 9 Y
T lugauiioas Tnn ed1elsnandonssluaiuveiio lnTassauudr ansaagyl 1dn
=y ~ 49! 1 YA ] a Y d’! =
madsuluszeznaiuuiuezdamaldimsazaunsa lvdurtiaTown-3 gy deluns
3’/ dyd Y A a %’ Y] A lzi’ A ] 4
NARBINTIHADIEZNAIMNST IH s NIMsET i ulamean Inwuiieseng 3-12 das

A @ A o A 1
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M99 4.3 HAVDITTAVLITU

1 1 o 1 @ j‘ |j’ { o 4 .
Hamzaluoms uazy¥iszeznams 1iemis mﬁﬂmuﬂjmﬂiﬂ”lwu“luma"lﬂwmﬁmﬁmq 12 dUa4 (% of total fatty acid)

Breast Thigh
Fish oil (%) Duration (wk)

ALA EPA DHA Totaln-3  Total n-6 n-6/n-3 ALA EPA DHA Totaln-3  Total n-6 n-6/n-3

0 (Control) - 0.32 0.00 1.08 1.40 17.94 12.81 0.39 0.00 0.87 1.26 16.96 13.77
1.5 3-12 0.52 0.86 8.24 9.62 17.50 1.82 0.42 0.60 7.25 8.26 17.32 2.12

6-12 0.87 0.38 6.74 7.99 17.61 2.20 0.50 0.52 7.21 8.26 17.07 2.08

9-12 0.72 0.20 6.22 7.14 17.13 2.40 0.38 0.51 6.74 7.63 16.05 2.12

3.0 3-12 0.53 1.82 12.46 14.81 15.67 1.06 0.56 0.85 8.84 10.25 17.25 1.72

6-12 0.93 1.36 8.53 10.82 18.34 1.70 0.53 0.70 6.43 7.66 16.03 2.12

9-12 0.51 0.64 7.60 8.75 16.41 1.88 0.30 0.63 7.62 8.54 15.02 1.77

4.5 3-12 1.04 2.38 13.86 17.28 18.81 1.09 0.36 1.20 9.11 10.67 17.75 1.67

6-12 0.77 1.86 9.43 12.06 18.43 1.53 0.32 0.77 6.95 7.63 17.32 2.19

9-12 0.60 1.41 7.68 9.69 17.23 1.78 0.35 0.70 7.51 8.57 17.33 2.20

Pooled SEM 0.223 0.541 1.730 1.735 2.854 0.459 0.011 0.034 0.194 0.190 0.395 0.139

P-value P-value

Control vs. oil 0.096 0.030  0.001 0.001 0.999 0.001 0.432 0.0001 0.0001 0.0001 0.875 0.0001
Oil 1.5 vs. 3.0% 0.799 0.168  0.087 0.028 0.796 0.082 0.214 0.006 0.215 0.086 0.459 0.207
1.5 vs. 4.5% 0.589 0.008  0.025 0.002 0.751 0.022 0.001 0.001 0.086 0.024 0.494 0.636

3.0 vs. 4.5% 0.428 0.175  0.579 0.280 0.565 0.551 0.004 0.011 0.577 0.514 0.164 0.416

Duration  3-12 vs. 6-12 wk 0.387 0.276  0.024 0.014 0.734 0.103 0.941 0.022 0.069 0.502 0.043 0.370
3-12 vs. 9-12 wk 0.643 0.089  0.003 0.001 0.862 0.127 0.001 0.057 0.274 0.898 0.164 0.269

6-12 vs. 9-12 wk 0.186 0.531  0.452 0.219 0.608 0.913 0.001 0.627 0.425 0.585 0.467 0.825

ALA = alpha-linolenic acid; EPA = eicosapentaenoic acid; DHA = docosahexaenoic acid



UNN 5

k4
Uﬂagﬂuazmmaummz

a 3 o ui‘ A 1A o Yo 1 Y
madsuihdulamealugasers Innwiles wuninailddadiuvensa Ty
a Y g v 49! [l A Y] a . .
wiiaTown-3 Tuiie lngevu Tasmnized19ginsa luiiuaiia Docosahexaenoic acid (DHA)
dl [P=} 1 a a 1 la&‘ A 1 a A
Tagh lifinameaussougmansydu Tauazdiulsznouminves Iniuiios uag lunudnina
1 % 1 % =) %’ v H 1 1
snusEaINIzaumMsETuiulamea uayszeznains1de11sNe19e1ga19 9 uay
Y1 a 3 o A @ I o oAl A '
awnsaaglldnasasuniniudameznnszay 3% fuszezna 9 dlaninewdon (319019
@ J. = 1 A o o a Y &' -49’ A A 1
3-12 dandd) vz limasomsmudadiuvensa luiuataTomi-3 Tuile Inwwiies Tagh 1T
4
HaNszNUAOANIIOUTMINI AL Tauazdauilsznouvessn Iniuiio
Doy g4 22y dnad a4 o d%
pga lsnauiiosninmanaaesluaseiiniui lniuiie shogdueiiming sz
a (% é v A @ dy ] [ ?,’, = ldy A ya %’ ]
1 flansu edslinmsazan laguluie lugaun duiuminiimsyulnnwded1viidmin
d’! Y A ~ %’ ] = J w a
g9 szeznaIms Idonsiidsuiniudameziaovrgiinadensdzdunsa luiuriale

Y v ¥ = = = Aau A A ! A
1unN1-3 Gluﬂ“’ﬂﬁ ﬂ\ilﬂ!%\‘]ﬂ?ﬁuﬂ?ﬁﬁﬂ‘]&l’l')%ﬂlwulﬂi\lGluﬁ?uuﬁﬂulﬂ



Y Aa
ONA1ID N

Anderson, G. J., Connor, W. E., Corliss, J. D. and Lin, D. S. (1989). Rapid modulation of the (n-3)
docosahexaenoic acid levels in the brain and retina of the newly hatched chick. J. Lipid
Res. 30: 443-441.

AOAC. (1996). Official of Methods of Analysis of Association of Official Analytical Chemists.
Arlington. VA.

Bou,R., Grimpa, S., Guardiola, F., Barroeta, A.C., and Cocony, R. (2006). Effects of various fat
sources, Ol-tocopheryl acetate, and ascorbic acid supplement on fatty acid composition and
Ol-tocopherol content in raw and vacuum-packed, cooked dark chicken meat. Poult. Sci. 85:
1472-1481.

Budowski, P. and Crawford, M. A. (1986). Effect of dietary linoleic acid and a-linolenic acids on
the fatty acid composition of brain lipidss in the young chick. Prog. Lipid Res. 25: 615-618.

Chashnidel, Y., Moravej, H., Towhidi, A., Asadi, F., and Zeinodini, S. (2010). Influence of
different levels of n-3 supplemented (fish oil) diet on performance, carcass quality and fat
status in broilers. Afr. J. Biotechnol. 9: 687-691.

Clarke, S. D. (2001). Nonalcoholic steatosis and steatohepatitis. I. Molecular mechanism for
polyunsaturated fatty acid regulation of gene transcription. Am. J. Physiol. Gastrointest.
Liver Physiol. 281: 865-869.

Crespo, N., and Esteve-Garcia, E (2001). Dietary fatty acid profile modifies abdominal fat
deposition in broiler chickens. Poul. Sci. 80: 71-78.

Deviglus, M.L., Stamler, J., Orencia, A.J., Dyer, A.R., Liu, K., Greenland, P., Walsh, M.K., Morris,
D., and Shekelle, R.B. (1997). Fish consumption and the 30-year risk of fatal myocardial
infraction. New Engl. J. Med. 336: 1046-1053.

El-Badry, A.M., Graf, R., and Clavien, P.A. (2007). Omega 3-Omega 6: What is right for the liver?
J. Hepatol. 47: 718-725.

Farhoomand, P. and Checaniazer, S. (2009). Effects of graded levels of dietary fish oil on the yield
and fatty acid composition of breast meat in broiler chickens. J. Appl. Poult. Res. 18: 508—

513.



23

Fernandes, G. (1995). Effect of calorie restriction and omega-3 fatty acid on autoimmunity and
aging. Nutr. Rev. 53: S72-S79.

Ferrier, L.K., Caston, L.J., S. Leeson, S., Squires, J., Weaver, B.J. and, Holub, B.J. (1995). O-
Linolenic acid-and docosahexaenoic acid-enriched eggs from hen fed flaxseed: Influence on
blood lipids and platrlet phospholipids fatty acid in humans. Am. J. Clin. Nutr. 62: 81-86.

Folch, J., Lee, M., and Stanley, G.H.S. 1957. A simple method for the isolation and purification of
total lipids from animal tissue. J. Biol. Chem. 226: 497-509.

Gerard, A., Florence, M., Pireer, W., Philippe, L., Jean-Marc, A., and Philippe, G. (2006).
Temporal changes in dietary fats: Role of n-6 polyunsaturated fatty acids in excessive
adipose tissue development and relationship to obesity. Prog. Lipid Res. 45: 203-236.

Hargis, P.S., Van Elswyk, M.E., and Hargis, B.M. (1991). Dietary modification of yolk lipid with
menhaden oil. Poult. Sci. 70: 874-883.

Haz, L., Arringa, M. D., Cambero, 1. and Ordonez, J. A. (2004). Development of an n-3 fatty acid
and Ol- tocopherol enriched dry fermented sausage. Meat Sci. 67(3): 485-495.

Huyghebaert, G. (1995). Incorporation of polyunsaturated fatty acids in egg yolk fat at varying
dietary fat levels and composition. Arch. Geflugelkd. 59: 145-152.

Kang, J.X, and Leaf, A. (1996). Antiarrhythmic effects of polyunsaturated fatty acid. Circulation
94: 1774-1780.

Klatt, L. (1986). The rule of omega-3 polyunsaturated fatty acids. Food Sci., Newsletter 16: 1-4.

Klinkesorn, Utai, Aran H-Kittikun, Pavinee Chinachoti, Pairat Sophanodora. (2004). Chemical
transesterification of tuna oil to enriched omega-3 polyunsaturated fatty acids. Food Chem.
87:415-421.

Kris-Etherton, P. M., Harris, W. S. and Appel, L. J. (2002). Fish consumption, fish oil, omega-3
fatty acids, and cardiovascular disease. Circulation 106: 2747-2757.

Lewis, N.M., Seburg, S., and Flanagan, N.L. (2000). Enriched Eggs as a Source of N-3
Polyunsaturated Fatty acids for Humans. Poultry Sci. 79: 971-974.

Lopez-Ferrer, S., Baucells, M.D., Barroeta, A.C., Galobart, J., and Grashorn, M.A. (2001). Omega-
3 enrichment of chicken meat. 2. Use of precursors of long-chain polyunsaturated fatty
acids: Linseed oil. Poult. Sci. 80: 753-761.

Metcalfe, L.D., Schmitz, A.A., and Pelka, J.R. (1966). Rapid preparation of fatty acid esters from

lipid for gas chromatographic analysis. Anal. Chem. 38: 514-515.



24

Mirghelenj, S., Golian, A., and Taghizadeh. (2009). Enrichment of chicken meat with long chain
omega 3 fatty acids through dietary fish oil. Res. J. Biol. Sci. 4: 604-608.

Murphy, M. G. (1990). Dietary fatty acids and membrane protein function. J. Nutr. Biochem. 1: 68-
73.

Navidshad, B. (2009). Effects of fish oil on growth performance and carcass characteristics of
broiler chicks fed a low-protein diet. Int. J. Agric. Biol. 11: 635-638.

Nam, K.T., Lee, H.A., and Min, B.S. (1997). Influence of dietary supplementation with linseed and
vitamin E on fatty acids Ol-tocopherol and lipid peroxidation in muscles of broiler chicks. J.
Anim. Sci. 66:149-158.

National Research Council. (1994). Nutrient requirements of poultry. 9th rev. ed. Natl. Acad. Press,
Washington, DC.

Nettleton, J.A. (1993). Are n-3 fatty acids essential nutrients for fetal and infant development? J.
Am. Diet Assoc. 93: 58-64.

Pandalai, P.K., Pilat, M.J., Yamazaki, K., Naik, H., and Pienta, K.J. (1996). The effects of omega-3
and omega-6 fatty acid on in vitro prostate cancer growth. Anticancer Res. 16: 815-820.
Scheideler, S.E., and Froning, G.W. (1996). The combined influence of dictary flaxseed variety,
level,form, and storage condition on egg production and composition among vitamin E-

supplemented hen. Poult. Sci. 75: 1221-1226.

Simopoulos, A.P. (2002). The importance of the ratio of omega-6/omega-3 essential fatty acids.
Biomed Pharmacother. 56: 365-379.

Siscovick, D.S., Raghunathan, T.E., King, I., Weinmann, S., Wicklund, K.G., Albright, Bovbjerg,
J., Arbogast, P., Smith, H., Kushi, L.H., Cobb, L.A., Copass, M.K., Psaty, B.M. Lemaitre,
R., Retzlaff, B., Childs, M., and Knopp, R.H. (1995). Dietary intake and cell membrane level
of long-chain n-3 polyunsaturated fatty acid and the risk of primary cardiac arrest. JAMA
274:1363-1367.

SPSS. (2004). User’s Guide, Version 13.0. SPSS Inc., Chicago, IL.

Temple, N.J. (1996). Dietary fats and coronary heart disease Biomed. Pharmacother. 50: 261-268.

Van Elswyk, ML.E., Hatch, S.D., Stella, G.G., Mayo, P.K., and Kubena, S. (1998). Poultry-
basedalternatives for enhancing the n-3 fatty acid content of American diets. Pages 24-37 in:
The Ruturn of n-3 Fatty Acid into the Food Supply. A.P. Simopoulos, ed. Karger, New York,
NY.



25

Zollitsch, W., Knaus, W., Aichinger, F., and Lettner, F. (1996). Effects of different dietary fat
sources on performance and carcass characteristics of broilers. Anim. Feed Sci. Technol. 66:
63-73.

Zuidhof, M. J., Betti, M., Korver, D.R., Hernandez, F.I.L., Schneider, B.L., Carney, V.L., and
Renema, R.A. (2009). Omega-3 enriched broiler meat: 1. Optimization of a production

system. Poult. Sci. 88: 1108—1120.



ﬂ vA v YAy
SZINUNE IV
o % awv

WThInsansIve
%0 - ana: WIEINTIY T (Mr. Wittawat Molee)

[ A

Ju eu dia: 9 woAIneu 2512

o ] [y o
dwrnafagiiv: 919138
] d’ ldla | %
I UNegNAnnD 1A:
a a v Jd o w A
v una lulagmsnanda) ainindvuna TuTagnsnyag
winIneaoma TuTadgsuis . 1e3 9. UATIIFTNI 30000

TNnIfne 044-224373 IN3013 044-224150 E- mail: wittawat@sut.ac.th

sz iamsanun

=~

a o a aa v o o 4
ﬂ?ﬂluiy"lﬂi AIN.U. INYIFTATUUNG (!ﬁﬂi@]uﬁm@u@ﬂ 2) @VEAIFANT
UHINeRIVO UL 1) W.A. 2534
a o a o 4 a o J
ﬂ?ﬂluiy"ljﬂ ANU. INIIFATATUHIUVUNG dVIFANIAITAT UK 1INY1Q8UDULLNU
A w.e1. 2537
ﬂ?mungmﬂ Ph.D. (Qualité et securité des aliments) 01171 Institut National Polytechnique de
Toulouse (INPT) Useinansaae U w.e1. 2549
a d‘d o I a
in‘lﬂ]‘lf17]3Jﬂ313J‘U1H1iUu!‘]JHW!ﬂH
J o ] dy dy o ..
1. Tnsuena a3 a7 liifeooq (Non-ruminant Nutrition)
a o .
2. MsHandnIUn (Poultry production)
3. ﬂ”liWﬁG]?jﬂi (Swine Production)

(Y] J

HaUIVBATNUN
Aav AAa [ ¥
AaN1H) ﬂﬁWWW?M§7H‘lIE)ZJﬁ Scopus
Molee, W., Bouillier-Oudot, M., Auvergne, A., and Babilé, R. (2005). Changes in lipid
composition of hepatocyte plasma membrane induced by overfeeding in duck. Comp.
Biochem. Physiol., B. 141: 437-444.
Khempaka, S., Molee, W., and Guillaume, M. (2009). Dried cassava pulp as an alternative

feedstuff for broilers: Effect on growth performance, carcass traits, digestive organs and

nutrient digestibility. J. Appl. Poult. Res. 18:487-493.



27

Ruthairat Thongkratok, Sutisa Khempaka, and Wittawat Molee. (2010). Protein enrichment of
cassava pulp using microorganisms fermentation techniques for use as an alternative
animal feedstuff. J. Anim. Vet. Adv. 9 (22): 2859-2862.

Khempaka, S., Chitsatchapong, C., and Molee, W. (2011). Effect of chitin and protein constituents
in shrimp head meal on growth performance, nutrient digestibility, intestinal microbial
populations, volatile fatty acids, and ammonia production in broilers. J. Appl. Poult. Res.
20:1-11.

Molee, W., Puttaraksa, P., Pitakwong, S., and Khempaka, S. (2011). Performance, Carcass Yield,
Hematological Parameters, and Feather Pecking Damage of Thai Indigenous Chickens
Raised Indoors or with Outdoor Access. World Academy of Science, Engineering and
Technology 80: 646-649

Khempaka, S., Okrathok, S., Hokking, L., Thukhanon, B., and Molee, W. (2011) Influence of
Supplemental Glutamine on Nutrient Digestibility and Utilization, Small Intestinal
Morphology and Gastrointestinal Tract and Immune Organ Development of Broiler
Chickens. World Academy of Science, Engineering and Technology 80:606-608

Paphapin Puttaraksa, Wittawat Molee, and Sutisa Khempaka. 2012. Meat quality of Thai
indigenous chickens raised indoors or with outdoor access. J. Anim. Vet. Adv. 11 (7): 975-
978.

a v

A A s’d’
AHANTHIEANNNOY 9
v

sy T 10auTo oua Lazms1 NoIgn. (2545). waveams e anaiiuluemsde
= 1 dy = =~
ﬁhiﬁﬂﬂWWﬂﬁWﬁﬂﬂlﬂxﬂﬂlH@. ’Jﬁﬁﬁ!“l/IﬂIuIaEthiUWi 9:190-196.
A A o J A [y} =} a < a A Y
TU IOAIINIA INGIY iNW uazqmm LUUNSN. (2552). NZ‘]“]J’ENﬂ"lilﬁilllﬂaﬂﬂﬂﬂﬂu‘luﬂ”lﬁ”li
9
ﬁ@ﬁhﬁiﬂuzﬂﬁlﬁ]im&ﬂﬂiﬂ ﬁ]ﬂ!ﬂWWcmﬂ uazmmauaumgmj”uﬂummllmﬁa. ANTNT
UAUINYAST. 37 (4): 331-338.
% a < a Y] = v J =1 [
DONA muw T;j;’“ﬂﬁ'] UUANSNT INDEIY IN‘W LULasInNg IH%WQQ. (2553). umm‘nmmﬂgmuum

v o a

amsaumwm@m)@uim mmauauawiagﬁé’uﬂu LASNTIINAUITSUUNNAUBDINT
NINGIUY. NTATUNWNBAST. 38 (1): 39-46.
Pudpila, U., Khempaka, S., Molee, W., and Hormta, C. (2011). Comparison of distillation methods

of Mentha cordifolia Opiz. essential oil on antibacterial activity for application use in

animal feeds. J. Agri. Sci. and Tech. A 1: 1336-1340.



28

A33M)n59m 3338 (1)

A <3 . .
9 - @na: UNANGNA WUNENI (Miss Sutisa Khempaka)

=D

[ A

Ju heu iba: 14 nueneu 2518

% 4

v‘hgmﬂaﬂmuu: 919138

Q
v

v A 1A 1 gy
wisnuiiediinane1é:
a =\ a v Jd o w A =
vy unalulagmswanda) d1indyuna lulagnsnyas
a (%] = ~ A =~
umIeaema luTaggauis 0. 1Wed 9. UATIIFAV 30000
19 I'd
TNSANN 044-224572 NS5 044-224150  E- mail: khampaka@sut.ac.th
sz iamsann

=~

a v A an v v o J
ﬂ?ﬂluﬂﬁﬂi INY. INIFTATUUNA (!ﬁﬂi@lufﬂl’ﬂuﬂﬂ 1) F1UFAIFANT
a % S A
HHTINGIAIYUATITDIU 1 w.e. 2541
a o a o 4 a @ v
']J%QJJ‘EIJ”IITI INY. ININTATUNIVUNA FIVIFAIFTAT UN1INYIAYUDULNY
1 w.e1. 2545

]
IS

‘]ﬁigiy”ll,’f)ﬂ Ph.D. (Agricultural Science) a911U Gifu University ‘]Jizmﬂﬂgﬂ‘u 3 w.f. 2549
a d‘d o | a
fmm“nmumm‘vmnysﬂuwmy
d o v dy tg . ..
1. Insumansdad liinendea (Non-ruminant Nutrition)
2. M3nandasiln (Poultry production)
3.9 Wamj N3 (Swine Production)
Ay AAa ¢
HANHIVUANNN
aAav Aaa 6 Y
NZN?H?@EIWWNW?H;@7H?I93JZT Scopus
Khempaka, S., Molee, W., and Guillaume, M. (2009). Dried cassava pulp as an alternative
feedstuff for broilers: Effect on growth performance, carcass traits, digestive organs and
nutrient digestibility. J. Appl. Poult. Res. 18:487-493.
Ruthairat Thongkratok, Sutisa Khempaka, and Wittawat Molee. (2010). Protein enrichment of
cassava pulp using microorganisms fermentation techniques for use as an alternative
animal feedstuff. J. Anim. Vet. Adv. 9 (22): 2859-2862.
Khempaka, S., Chitsatchapong, C., and Molee, W. (2011). Effect of chitin and protein constituents
in shrimp head meal on growth performance, nutrient digestibility, intestinal microbial

populations, volatile fatty acids, and ammonia production in broilers. J. Appl. Poult. Res.

20:1-11.



29

Molee, W., Puttaraksa, P., Pitakwong, S., and Khempaka, S. (2011). Performance, Carcass Yield,
Hematological Parameters, and Feather Pecking Damage of Thai Indigenous Chickens
Raised Indoors or with Outdoor Access. World Academy of Science, Engineering and
Technology 80: 646-649

Khempaka, S., Okrathok, S., Hokking, L., Thukhanon, B., and Molee, W. (2011) Influence of
Supplemental Glutamine on Nutrient Digestibility and Utilization, Small Intestinal
Morphology and Gastrointestinal Tract and Immune Organ Development of Broiler
Chickens. World Academy of Science, Engineering and Technology 80:606-608

Paphapin Puttaraksa, Wittawat Molee, and Sutisa Khempaka. 2012. Meat quality of Thai
indigenous chickens raised indoors or with outdoor access. J. Anim. Vet. Adv. 11 (7): 975-

978.

]
U

NaNUIDEATINTIOU 9
9581 Indvansd Ins 3y Tuit vazgiien iamym. (2552). wavesmsiasuldendalulueinis
ADANTIOULMIDIYAD A AUAIWEIN uazmma‘uaumgﬁﬁ’uﬁ’um@ﬂﬁgﬁa. N33
UAUINYAT. 37 (4): 331-338.
nna Wude gia iunem In53% Tuit nazdns Tuvina. (2553). UNUIMYBINGAILUAD
ANTTOULMI YAV TR NMIADVAUDIABYNANNY LAZMTWAITZVUNIAUDINIS
ANINGIUN. NITATUNUNBAT. 38 (1): 39-46.
Khempaka, S., Koh, K., and Karasawa, Y. (2006). Effect of shrimp meal on growth performance
and digestibility in growing broilers. J. Poult. Sci. 43: 250-254.
Khempaka, S., Mochizuki, M., Koh, K., and Karasawa, Y. (2006). Effect of chitin in shrimp meal
on growth performance and digestibility in growing broilers. J. Poult. Sci. 43: 339-343.
Pudpila, U., Khempaka, S., Molee, W., and Hormta, C. (2011). Comparison of distillation

methods of Mentha cordifolia Opiz. essential oil on antibacterial activity for application

use in animal feeds. J. Agri. Sci. and Tech. A 1: 1336-1340.



