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Effects of Dietary Conjugated Linoleic Acid (CLA) and Oil Containing Unsaturated Fatty Acid
Supplementation on Egg Production Rate and Quality in Laying Hens

H. J. Kim', J. S. Yoo', S. O. Shin', J. H. Cho", Y. J. Chen, Y. Huang', Y. J. Kin,
K. Y. Whang®, M. S. Yang®, D. J. Kim* and 1. H. Kim""

"Department of Animal Resource & Science, Dankook University, “Department of Food & Biotechnology, Korea University
*Division of Biotechnology, Korea University, ‘Unibiotech Co. Ltd.

ABSTRACT This study was conducted to investigate the effects of dietary conjugated linoleic acid (CLA) and oil containing
unsaturated fatty acid supplementation on egg production and quality in laying hens. Two hundred-eighty eight, 36 week old ISA
brown commercial layer, were employed in a 5 week feeding trial. Dietary treatments are 1) BO (basal diet + 1% soybean oil +
1% oat), 2) BS (basal diet + 1% safflower oil + 1% oat), 3) BF (basal diet + 1% free fatty acid + 1% oat), 4) CD (basal diet
+ 1% CLA containing diglyceride + 1% oat), 5) CT (basal diet + 1% CLA containing triglyceride + 1% oat) and 6) CP (basal
diet + 1% CLA by-product + 1% soybean oil). For overall period, hen-day egg production was not significant among treatments
(P>0.05). Egg shell breaking strength at 3 weeks in CP treatment was significantly lower than BS, BF, CD and CT treatments
(P<0.05) and that at 4 weeks in BO and CP treatments was significantly lower than others (P<0.05). Egg shell thickness at 3 and
4 weeks in CP treatment was significantly lower than BS, BF, CD and CT treatments (P<0.05). Egg weight at 3 and 4 weeks in
CP treatment was significantly lower than others (P<0.05). Yolk height at 4 weeks in BF and CT treatments was significantly
highest compared to BO, CD and CP treatments (P<0.05) and among BO, CD and CP treatments, that in BO and CD treatments
was significantly higher than CP treatment (P<0.05). At 4 weeks, yolk color in CP treatment was significantly higher than BO
and BS treatments (P<0.05). Haugh unit at 3 and 4 weeks in BO and CP treatments was significantly lower than others (P<0.05).
In conclusion, supplementing CLA and oil containing unsaturated fatty acid for laying hens improved egg shell breaking strength,
egg shell thickness, egg weight, yolk height, yolk color and haugh unit.
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Sol /- ok 2 5 7154 E2< conjugated A2 (Ostrowska et al., 1999), Thiel-Cooper et al.(2001)2
linoleic acid(CLA)= A2l &4 &9, &k &2 4 3ite} & SA ] Tt AR && WA, A A A, elH G
3} 5ol AFH Als H7HAIe A F H7FEEA 9 o] & < 94 S7ke] Eat ddvka Hasksich Al 9l
ol Eel A7 FeE 3 gl g Aldeo|u AlS oJA= CLA F99A] F3U CLA §Hge] dA)s] S7tsksith
CLA greFo] Z71gtel met RIS kel XAt 3 B %] ev(Jones et al., 2000), Ha et al.(1994)& CLA
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wAAl AlF Fo CLA 3 S71sIIAIRE S 28 &9
Tk oF 10~15% #Fasisittn Husiiich SAloA =
Ha et al.(1994)°] CLA HiA] Al59] A4S FgA1E
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(O-Quinn et al., 2000; Miner et al., 2001).
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1. Al s= & Algd A4

A2 3657 ISA Brown 247 28855 FAISIA L
], AbF AlE-2 4527 AAISIA T Al A 7= 1) BO(basal
diet + 1% soybean oil + 1% oat), 2) BS(basal diet + 1% saff-
lower oil + 1% oat), 3) BF(basal diet + 1% free fatty acid +
1% oat), 4) CD(basal diet + 1% CLA containing diglyceride +
1% oat), 5) CT(basal diet + 1% CLA containing triglyceride +
1% oat) 2! 6) CP(basal diet + 1% CLA by-product + 1% soy-
bean cil)= 67} 2|75 dto] A 2|7t 8wy, R 6
A e o wiRIeksl o, thfrok A2l el Al |

FEe fAsTa b sach

2. NE At=el AR 22|

7% AFRE NRC(1998)9] o7kl upgl S-<g=-u) 71t
9)5=0] A EA] 2,904 keal ME/kg, 15.45% CP, 0.70% lysine,
3.23% Ca, 0.61% P= SH-HES 3132 (Table 1), Algell A}
25 safflower oil¥} free fatty acid, CLA by-producte] =] w4k
2/4& Table 20 UebASIth AR AlRE 7HF FHE A
F ANES s, B2 As G718 ol &3t A2

Mg ¢ YES Hah F AE LS 9D 17417

AE S AL AR 7IRE T vl sl AR
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Table 1. Diet composition (as-fed basis)

Ingredient %
Corn 50.36
Soybean meal (CP 46%) 18.70
Wheat grain 10.00
Limestone 7.50
Wheat bran 5.00
Animal fat 4.44
Corn gluten meal 2.00
Tricalcium phosphate 1.40
Salt 0.30
DL-methionine 0.10
Mineral premix* 0.10
Vitamin premix’ 0.10

Chemical composition®

ME (kcal/kg) 2,904
Crude protein (%) 15.45
Lysine (%) 0.70
Methionine (%) 0.32
Calcium (%) 3.23
Phosphorus (%) 0.61
Available P (%) 0.35

! Provided per kg of premix: 25,000 mg Cu, 40,000 mg Fe, 60,000
mg Zn, 80,000 mg Mn, 1,500 mg I, 300 mg Co and 150 mg Se.
Provided per kg of premix: 12,500,000 IU vitamin A, 2,500,000
IU vitamin D;, 10,000 mg vitamin E, 2,000 mg vitamin K, 50
mg biotin, 500 mg folic acid, 35,000 mg niacin, 10,000 mg Ca
pantothenate, 1,000 mg vitamin Bg, 5,000 mg vitamin B,, 1,000
mg vitamin B; and 15 mg vitamin Bi..

® Calculated values.
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Table 2. Fatty acid composition of fat source

Table 3. Effects of dietary conjugated linoleic acid (CLA) and
oil containing unsaturated fatty acid supplementation

Fatty acid composition  Safflower  Free fatty CLA
(ppm) oil acid by-pruduct on egg production rate in laying hens

Palmitic acid (16:0) 62 393 4.49 ltems (%) BO' BS' BF CD' CT' CP SE
Stearic acid (18:0) 23 1.25 2.00 0~1 weeks 8120 8210 80.24 8224 8124 81.04 134
Oleic acid (18:1) 11.7 11.65 12.12 1~2 weeks 8208 81.22 8222 8232 80.76 81.74 212
Linoleic acid (18:2) 74.1 2.35 3.02 2~3 weeks 81.32 8228 81.28 8248 8212 8168 1.35
CLA (c9,t11) (18:2) 2151 26.82 24.56 3~4 weeks 8140 82.20 8232 8134 8120 8252 1.46
CLA (t10,c12) (18:2) 38.48 41.76 41.30 0~4 weeks 8124 81.84 8320 8270 8214 8248 1.04

Total CLA 75.41 79.73 77.20

3) M 5l 2 RA(Haugh unit)

Alghg 37 47 of] AR g 5 412 Yolk color fan
(Roche, Switzerland)< ©]-8-3t] e MEE AT
3% S (Haugh unit) OzakiAte] ] 2= ¢efo] zol
o} 2738 =430l Sauter et al.(1951)2] Wl o] sto] et
9] o] W] AP o7 o] ALbeiith

4. A Mel

EE A5 SAS(1996)2] General Linear Model Procedure
£ o]&-3}e] Duncan’s multiple range test(Duncan, 1955)% =]
gste] H7te] el A s

Zn g

AFAA ALEW CLASE B-323[AWHAE 3H5- oile] 717} AF
&l v)X= 9 Table 3o JeRASITE A A1d7|3H
oF, Abehgol loid A3kl 27l Ao] S Holx]
THP=>0.05). Chamruspollert and Sell(1999)] AF&HA] Al=.
Ul CLAE 7} 3993192 wf Ateh&olA] f292l 2ol &
Holx] egkth= B39} Alvarez et al.(2004b)o] AHeHA] ALE
W CLAS} o] -5 &3 Folstle wll Abah&elA] foll
2}o]Z HolA| goithe Hael AX| st} gk, Ahn et al.
(1999)©] AreHAl AFEU CLAE 5% X7t F7HA] F3k3
= o Aol fejAo g Fhagitty ¥ 313kglal, Shang
et al.(2004)& AHHA AFRW CLA 338 S/ Z24= 2
HEe HAMF o7 Aadtin Buslith A7 e oA

! Abbreviations: BO, basal diet + 1% soybean oil + 1% oat; BS,
basal diet + 1% safflower oil + 1% oat; BF, basal diet + 1%
free fatty acid + 1% oat; CD, basal diet + 1% CLA(DG) + 1%
oat; CT, basal diet + 1% CLA(TG) + 1% oat; CP, basal diet +
1% CLA by- product +1% soybean oil.

% Pooled standard error.

TEoM = CLA H7F Al Abghgol|A] thefdt A& Ho)
3 9Ed], o] CLAS 7} 3o} CLAS] Fodo] %
A7l whet vrdaiAl Uehde A o2 AlmEH, & AJE
A AHEE A Fo] £ FTheE S 7he] A
A e F71 A77F B esiva Alsd

2. Azt Z&

Al AbE ] CLASE B3k 3 oile] H 717t
7t E4|| n|x| = RS Table 49 YERNATE W2 wd
glo] A= 35=A o CP 2]~} BS, BF, CD, CT 2]} H]
wale] fo)A o g Ygkom(P<0.05), 457 <= BO%} CP
A 77F hE A FEH Bluste] fodos e A
£ HITHP<0.05). F7 FAlA = 379} 454 BFolA
CP #2]7-7} BS, BF, CD, CT A 2]¢} nlwslo] §-2o]2 o
2 9o A2 B THP<0.05). A17F (2005)S CLASH 0-3
AG A 3 FAst S wf I A=l A felFd
o] 2 Holx] eoftie Hustgon, Wzt Ao ] it
FrelFQl Aol & Kol Ygitha Husle] 2 Al Axe}
7ol &ttt Alvarez et al.(2004a)2 A Wlo] Shiu#] e
2HHA AFE Yol CLAE 37} - Fo8kal S o] 3z} FA9
A QI Atel & HolA] ggith= Halel 48] 5(2002)
o] CLAE 7} Fostds o &2t A4 fo4<1 2}
o] & Holx| the Kk B AT Ao} Aolsigit),
Zoll JJoIXE 359} 434 25 A CP A2l 77t thE A
2= vlwete] o4 o7 YeltP<0.05). Byon et al.
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Table 4. Effects of dietary conjugated linoleic acid (CLA) and oil containing unsaturated fatty acid supplementation on egg quality

in laying hens

Items BO' BS' BF cD' cT cp' SE?
Egg shell breaking strength (kg/cmz)
3 week 3.26" 347° 3.50° 3.47° 3.50° 3.17° 0.16
4 week 324 348 3.49° 3.46° 3.48° 3.20° 0.21
Egg shell thickness (mm)
3 week 0.337% 0.353" 0.349" 0.353" 0.348 0.323° 0.038
4 week 0.337% 0.361° 0.360" 0.355" 0.352" 0.324° 0.044
Egg weight (g)
3 week 64.98" 63.72° 64.73" 64.21° 63.24° 61.41° 0.96
4 week 63.69" 64.31° 63.42° 63.91° 64.36" 61.44° 0.84
Yolk height (mm)
3 week 8.09” 8.50° 8.82% 8.70® 9.33° 7.71° 053
4 week 7.93° 8.64% 8.96" 8.34° 8.96" 7.79° 0.45
Yolk color unit
3 week 8.56™ 8.56™ 8.42° 8.44° 8.44° 8.67° 0.15
4 week 8.21° 8.39° 857" 8.49® 8.50® 8.71° 0.22
Haugh unit
3 week 88.83" 91.44° 92.31° 91.29° 91.51° 87.47° 1.89
4 week 87.60" 91.79° %4.77° 91.14° 93.51° 88.16° 251

! Abbreviations: BO, basal diet + 1% soybean oil + 1% oat; BS, basal diet + 1% Safflower oil + 1% oat; BF, basal diet + 1% free
fatty acid + 1% oat; CD, basal diet + 1% CLA (DG) + 1% oat; CT, basal diet + 1% CLA (TG) + 1% oat; CP, basal diet + 1%

CLA by-product +1% soybean oil.
2 Pooled standard error.

47 Means in the same row with different superscripts differ (P<0.05).

(1996)2 2+tA A=W CLA FolA] WSl A fel89l =)
o2 Holx| ekgitia B a0, Ahn et al.(1999)S CLA
o] H7FEE YEA st Al Foista S wl d3ell
A e AQl AtelE Holx] ¥sktha Hi’?}"ﬂr/} T3
Raes et al.(2002)2 CLAS} A|H4HS Ak

o] el o2 Q1 Aol & Kol ?gg%ub_ Eﬂ%ﬁ’iﬂ,
Alvarez et al.(2004a) & #|Wo] 52| e Atk AR
o CLAE H7}ste] st o d3ollA fo4<1 Afo]
£ HolA| FUthe Ko Attt d&had] SlojA=
3FA el CT A2]57} BS<F CP A 2] 79} Hlwate] {-o]2 o
2 7 =3 om(P<0.05), BS A 2]7-= CP A g]7+<} vla
Sto] Feld o g Z=UTHP<0.05). T3, 4FA o= BFS} CT

#1g]5+7} BO, CD, CP A 2]¢} Hlmste] {24 o= 7H
=9}0 1 (P<0.05), BO9}t CD #2]7-&= CP 2| 2] ¢} v sl
FrelF o2 Ehti(P<0.05). dEA o glojA & 35 <l CP
A2]77} BF, CD, CT A 2|79} Hlmst] fFoH oz &3k
©1(P<0.05), 45Aoll= CP A 2]77} BO%t BS A 2] -} H]
wste] FelH oz =9 tH(P<0.05). Raes et al.(2002)°] CLA
oF AakE AHAlol] g8t S W G el glo] fol A
Sl 2}01 Ho|x] gtk Hai9k Ahn et al.(1999)°] CLA

2reHAloll Folsll S wf G el = Atol 7t glltka B
ﬂsﬂr Aolatsith &% 3 (Haugh unit)oll lolx = 359} 4
FA| RFA BO9E CP A +7}t th& A&7 Bl wst
o] frolz o2 YrItHP<0.05). Suksombat et al.(2006)°] CLA
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Z Al FoIsl S wl 2% 4 (Haugh unit)ell & o}
# JEFS mx)A] Yokths B3l 2175(2005)0] CLAS}

0-3A1E Ak E3F golstale wl 59 /4 (Haugh unit)

o] BAlo] B tige] WS
wzhate] A2l 710 dlald e wE A ult glo] mrt

E Al AkeA AR conjugated linoleic acid(CLA)<}
EFSAAE o oile] H7PF Areedt Al F-l A
© 9= gotaa AAEth AlE 52 36579 ISA
Brown Z417] 288F5 FAI8kA o, AFS Al 557 A
Aletsltt. A1& AA|= 1) BO(basal diet + 1% soybean oil +
1% oat), 2) BS(basal diet + 1% safflower oil + 1% oat), 3) BF
(basal diet + 1% free fatty acid + 1% oat), 4) CD(basal diet +
1% CLA containing diglyceride + 1% oat), 5) CT(basal diet +
1% CLA containing triglyceride + 1% oat), 6) CP(basal diet +
1% CLA by-product + 1% soybean oil)Z 671 x| & 3o A
2 8k, WHET 65 ¢bd 9lo] wix|sTh Abehgo|
o= Azt ol ApolS HolA] kP>
0.05). W7} el lejAl= 35Al o] CP X277} BS, BF,
CD, CT A 2|7} vlawste] f2o]2 0 & Bk o m(P<0.05), 4
FAjoll= BO% CP A 2|77t th& A&7 vlaste]
o)A o 7 ISItHP<0.05). F7 FAA = 37 47A] B
oA CP #2] 77} BS, BF, CD, CT 2|79} Blwslo] f
oH o & YrTHP<0.05). F5oll oAM= 3F} 454 =
FolA CP A= B A2FE3 Hlwste] felAe R
SITHP< 0.05). A3 4542 Waharol] 9lejAl= BFeF CT
#2157} BO, CD, CP A 2]7¢} Hlwato] FoA oz 7H
=942 (P<0.05), BO%} CD A 2]+& CP A &]7-<} vlust
o] fojAHo g =UTHP<0.05). 3, 4FA 2] Fahald] 9)
o]Al= CP A 277} BO9t BS A& 7-9} vl wste] fo] 4o
2 =3THP<0.05). &5 4 (Haugh unit)ol] $loixE 3¢}
477 w54 BOS} CP Hel 77t the Mg 7S} vl wst
o] f-o)4 02 YSITHP<0.05). ¥ Al@ Az} Ak AlRu
CLASH B2 3pA W4t & oilS 37} - FoJshd Abehgoll=
obf- J &S mIX|A] ko), Aldk FA4ol| oAM= g
= 2345 B3tk
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