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Abstract

The objectives of this experiment were to investigate the coflects of conjugated linoleic acid
{CLA) supplementation with various levels in other fat sources in animal feed on physicochemical
propertics and oxidation of meats and chicken eggs and food products made from animal products
supptemented with CLA. Three main experiments were performed as followed:

1) Supplementation of CLA with the concentrations of 0.5, 1.0 and 1.5% in 5.0% sovhean
oil in broiler feed. Chicken meatballs were separately made from chicken breast and
thigh,

2) Supplementation of CLA with the concentrations of 0.5 and 1.0% in 2.0% palm oil in
pig feed. Traditional sausages, kunchiang sausages, were made from the meat of whole
ham portion.

3) Supplementation of CLA with the eoncentrations of 1.0, 2.0, 3.0 and 4.0% in 4.0%

soybean oil in laying hen feed. Spay-dried cgg powders were made from whole eggs.

Effects of CLA supplements on broiler meat quality and chicken meathalls products

Breast and thigh meats were collected from chickens fed soybean oil and CLA supplemented
and analyzed for proximate composition, fatty acids, cholesterol and collagen. TBARS and hexanal
contents were analyzed for oxidation stability. The meat color in terms of Hunter coler L, a, b
values and shear force were measured. ‘The oxidized odor of meat samples were analyzed by
sensory evaluation. It was found that chicken meats, both breasts and thighs, contained higher (p <
0.05) moisture, while the fat and unsaturated fatty acid contents decreased (p <0,05) as the levels of
CLA mcreased. However, the amounts of cholesterol had a tendency 1o increase. Moreover, the
ratios of n-6:n-3 and PUFA:SFA of CLA supplemented meats were lower (p < 0.05) than those of
the meats fed soybean oil only. The breast meats had these ratios of lower than 4.0 and higher than
0.4, respectively. The chicken meats which contained higher amounts of CLA had lower oxidation
{p < 0.05) determined in terms of TBARS and hexanal conients for both raw and cooked state.
However, thigh meats contained higher CLA than breast meats. The twe most isomers of CLA
found in CLA supplemented chicken meats were ¢is-9 trans-11 and frans-10,cis-12 CLA which
have health benefits, It was found that CLA supplemented meats showed lighter color and more

tender (p < 0.05) than those fed soybean oii only.



When the chicken meatballs were made from breast and thigh meats it was found that
meatballs from CLA supplemented meats contained higher (p < 0.05) CLA contents for all levels of
CLA supplementation. [n addition, the thigh meatballs contained higher CLLA than breast meatballs.
Throughout the storage at 4 &£ 1 °C for 12 days, the lower oxidation was found for the meatballs
from CLA supplemented meats and higher oxidation was found for breast meatballs than thigh

mcatballs.

Effects of CLA supplements on pork guality and kunchiang sausages

Pork samples containing meats of the loin (mid portion of m. longissimus dorsi} and hams
(whole of m. semimembranosus) were collected from pig fed palm oil and CLA supplemented and
analyzed for physicochemical property. It was found that pork fed CLA supplements contained
higher (p < 0.05) moisture conient but lower {p < 0.05) fat content and ratics of MUFASEA,
PUFA:SFA and n-6:m-3. Changes of the loin fatly acids were observed when CLA contents of the
meats increased bui not observed in ham meats. The CLA contents of the meats increased with
increasing levels of CLA supplemented in the pig feed. The highest CLA isomer found in pork was
the ¢fs-9,rans-11 CLA. The loin meats from pig supplemented with CLA was lighter in color than
those of supplemented with palm oil only while meats of the hams were darker (p < 0.05). Shear
forces of cooked ham supplemented with CLA were lower {p < 0.05) in spit of higher shear forces

were observed in raw meats.

When kunchiang sausages were prepared from the whole ham meats it was found that
kunchiang made from CLA supplemented pork contained higher {p < 0.05} cis-9 trans-11 and trans-
10,cis-12 CLA than those made from pork fed palm oil only. However, a decrease of trans-9,trans-
11 CLA was observed in kunchiang made from pork fed CLA supplements but an incrcase was
found in those made from pork fed palm oif only. In addition, during storage at 25 °C for 12 days,
the oxidation analyzed in terms of TBARS, hexanal and oxidized scores of kunchiang made from

CILA supplemented pork was lower (p < 0.05).

Effects of CLA supplements on egg quality and spray-dried whole egg powder

Chicken eggs from the laying hen fed soybean oil and different levels of CLA supplemented

in soybean oil were collected. Egg albumen, yolk and whole eggs were analyzed for proximate



compeosition, fatty acids and cholesterol. It was found that no significant differences (p < 0.05) of
moisture, protein, and ash contents in CLA supplemented egg albumen at all levels of CLA used.
Similarly, the moisture and protein contents of the egg yolk were not significantly different but the
ash contents were lower (p < 0.05) while theirs fat contents increased (P < 0.05) with increasing
CLA levels In the feed. In addition, the SFA of egg yolk increased with increasing CTLA levels but
lower MUFA, PUFA and chelesterol contents were observed, Higher (p < 0.05) amounts of C16:0,
C18:0, Cl6:1, Cl18:1n%¢, C18:2n6c, C18:3n3, C20:4n6 and C22:6n3 fatty acids in cgg yolk were

found.

The egg yolk was prepared from whole eggs by spray drying process at 150 "C, The egg
powder prepared from all levels of CLA supplemented whole egys contained higher (p < 0.05)
ameunts of CLA than those prepared from eggs fed soybean oil only. The heat of spray drying was
found to induce an iﬁéreasing of CLA contents compared with the starting raw eggs. The increasing
of 1.54 - 1.74 fold of dry weight basis or 3.32 -~ 3.75 fold of wet weight basis were observed for cis-
Surans-1] and rans-10,ci5-12 CLA in spray-dried egg powder prepared from CLA supplemented
cggs while only 1.30 — 1.33 fold of dry weight basis or 2.86 ~ 3.00 fold of wet weight basis were

observed in those prepared from eggs fed soybean oil only.

The oxidation of spray-dried egg powders were monitored every 6 days for 30 days during
storage at accelerated temperature of 30 °C. It was found that oxidation in terms of TBARS and
hexanal contents of the CLA supplemented spray-dried cgg powders were lower (p < 0.05) than
those prepared from soybean oil fed eggs. The rates of increasing of TBARS and hexanal were also

lower.
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{Raw meat = stored at 4 °C, 48 h; Stored, cooked meat = raw meat stored

at 4 °C, 48 h, cooked: Cooked, stored meat = cooked meat stored at 4 'C, 48 h).

TBARS and hexanal contents of thigh meats affected by 5.0% soybean oil, ................ 30
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then stored at 4 "C for 48 h.

{Score: | == no oxidation, 2 = slight exidation, 3 = moderate oxidation,

4 = strong oxidation, 5 = extreme oxidation).
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whole epg powder affected by 4% soybean oil, and 1, 2 and 3% CLA

supplemented in laying hen diets. SBO = soybean oil, CLA = conjugated
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linoleic acid. Means (4 SD) with different letters are significantly

different (p <0.05) within CLA isomer (n = 6}.
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Table 1.1 CLA content of sclected foods

Faod Total CLA (mg/g fat) Cis-G,trans-11 isomer (%)
Dairy ;’roducts o

_i{01n0g011izcd milk - 5,5 92
;u_;ter N R R 88 N
Seur ¢ream ] 4,0 90
_P”]ain yoghurt _ 4,8 84
Nonfat yoghurt P 1,7 83
Ice cream 36 | 86
Sharp cheddar cheese 3,6 93
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American processed cheese 5,0 93
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Beef round 2.9 79
Veal 2.7 84
Lamb - Yldat 5,6 92
-Pork 0,6 N 82
Poultry (uncooked)

Chicken 0,9 ” 84
Fresh ground turkey 25 76
Seafood (uncooked)

Salmon 0.3 -
Lake trout 0,5 -
Vé_l'lrimp 0,6




Table 1.1 (Continued)

Vegetableols | o S i
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Conjugated linoleic acids {CLA) WU mjwum fatty acid ‘ﬁll lngeasadny s
positional conjugated dienoic 1somers V0¢ lineleic acid (C18:2) ﬁﬁuiﬁzﬂ'ﬁmmiaﬁ g unw 10,9
uaz 11 10 4aE 12 M50 11 18 13 (Culitz et 2l 1999) 1a795319 isomers 11013 18 isomers 714
PIALRD 1Az WU CLA 2 isomers Tiddamu luonisuasTinadesoqunwia ldun cis-o,

trans-11 C18:2 1A trans-10, cis-12 C18:2 (Iur et al., 2007) (310 1)

Figure 2.1 Chemical structures of lmoleic actd and conjugated linoleic acid, A= trans-10, cis-

12 C18:2, B = ¢is-9, trans-11 C18:2, C = cis-9,¢is-12 C18:2, {Bawman et al., 199%)

1 P2 = Il oy y
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luﬁ’ﬁglﬁﬂjigﬁlﬂ {ruminant) fr3ade cLA lumadueisdaonszuaunTg hydrogenation Y93
linolcic acid 111 CLA (317 2) Bauman et o, 1999) Iﬂﬂﬁ?@@ﬁu%?&ﬂwm% Gram-positive
bacteria 1ALA Butyrivibrio fibrisolvens, Ruminococcus albus 10% Fubacterium sp. (Kepler et al,,
1967) ton el iniin TavaBuw3 dazdon luiiu (hydrolysis) taznaa lu3is linoleic acid (C18:2) 9
gﬂn%muﬂu conjugated linoleic acids TanszuIUNg isomerization LAY biohydrogenationhlﬁ

3| & EA ’ EglL
NS a stearic acid (C18:0) Fegnaaduuaziuiuszgaioou lydma 9 lussuy desaturase

- SO G as ¥ 3 . . . .
system (’glhﬂ 3) uag AQ-desaturase Tsnitade Tydu 1l conjugated linoleic acid

Rumen Tissues

| Dietary Fat e.g. Linoleic Acid
| cis-9,¢i5-12C .,

b

| cis-9,trans-11 C,,, (CLA) || ———3=1  €is-9,trans-11 C.y; (CLA)

$ T ANdesaturase

can? cis-9,cis-12C, .,

trans-11 C,, {(vaccenic acid),| =3 trans-11 G,q,
| C,q.0 (Stearic acid) w1 G20 »Cis-9 Cig

A-desaturace

Figure 2.2 Pathways of CLLA biosynthesis (¢is-9, frans-11 C18:2). (Bauman ct al., 1999)

NAD(P)H Cyt by Reductase 2 Cyt by - cis-9, trans-11 C 3..-CoA + H,0
(FAD) Fe®*
NAD(P)* Cyt by Reductase 2 Cyt by trans-11 €, -CoA + O,
{FADH,) Fe®"
Acyi-CoA
Synthetase

trans-11 C,g.

Figure 2.3 Putative biochemical pathways for the A9-desaturase system involved in the

endogenous synthesis of ¢is-9, trans-11 conjugated linoleic acid. (Bauman ct al., 1999)
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Arbor Acres 814 1 Ju §1uau 600 a5 1deelulsaTeuda e 1m13m19n1587 (starter) &3]
= ar H ¢ =y 1 Iy ar (= ]
Tsmu 23% waserun M se Tomt1d 3000 Alanaaoison1ms 1 A lansy 11 InAuemisedi
4 A ar ¥ ¥ al r 1 = . [} :“
AUA (ad libimm) 900A 21 TU siio o1y 21 Ju nslnesmihs 4 ndunisnanss ngies 6 41 9
av 20 47 Wawns lndsenoude 410 Tue mindaunde dardu mamusziu lauadow staz
oo 'l ar oot e ar BER o ¥ o A
wWinnd gasosdn i Tdsdiu 20% naz wasailese Teasila 3267 filaunasineoims 1
=) o q’j c!yn) [} o =1 T @ 4 3 ar .
Alandu Nailiasmnsdau lusfuihi 4 gasarsduie gasii 5% ihdudundo (5% SBO) uaz
J oo A ) , . . =
gaTNaLNU SBO 420111170 conjugated linoleic acid (CLA) 0.5%, 1.0% 1oz 1.5% 19 CLA &3
¥
. . e ar = <
18910 BASE (Thatfand) Limited (Bangkok, Thailand) 1ugﬂu1uu UCLA 60% (29% (11 cis-
I . s gy ' e 1 G A
9,trans-11 UAY 28% 11U rans-10,¢is-12 isomers) (Ao4 10 lasldAuo1msedrafuniveny 6

s ¢2 o o o I'd ~ at
AUA 19RINsendn) & v uuuInoau
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2 3 ¥

ar " W & I ) wor a 1 o o o o = o e
WRINITHUIEN ”lﬂqncmﬂ“!ﬂmﬂ 1n 2 mmmmqmmmmmmmumiﬁﬂyﬂumw

o ¥ t o o w w ] § o o =
wuile lnauan (breast) UOZ @2 IWN (thigh) dMTuMsAnHI fredrailodimiumsingew
Fel < .:f ar = =3 = o @ i o o ! &
IR mu“lugﬂumﬁu 1|iﬁiﬂuqmmmm BUUBLYIN -18 C MIDINTIHITUMTIATUALIUD

W ow = 3 = o 9} A r o
’ETIJWffLﬂ‘UClu'H’ENLUH 410 VIHAUNDUNTTIATLN TN
=y d d = .:"{ 3/ . .
3.3.2 Mymsizriosnisneuniiile nis (Proximate Analysis)

Y e v g @ © @ A o r's A ::J =N L4 o ~t
1%913’8E’JNLME]ET“Uﬁ?ﬂﬁ‘l,ﬂm3'\51’1’?Nﬂﬂﬁ%f]@ﬂ’b‘]'iﬁmw’ﬂﬂﬁhﬂ ’JLﬂ‘i"i:iHE]\iﬂiJSé‘jﬂ@‘l,Hﬂii
" .
]

i Y I . ¢ (=2 r—‘? 9 kg Y . -
1T19AUMUIT ACAC (1997) TinniznTinannudu lageunialudeuandau 105 °C U1 24
o o = ¢ ja 9 @ ' g ] a - | WU Y e
%7104 W5 1EHUTINaA Tasr 1967 U E 600 °C 1154 6 19109 ¥ paun ez TAd
¥ = = o A 5 Sred = o
faunIoavu1d A1 HUTINw TUTAUT YA (N x 6.25) 49873 Kiedah! method tazdinsizH

8 ¥ L
= w qs @ W “ =y o
U3l uianys Ao@aaasoa ARAATIANINNA NTa 1T LHIRYA LRSI IZH CLA

MWL 4 isomers {cis-9, trans-11; trans-10,cis-12; eis-9,cis-11: trans 9 trans-10 CLA)
a ¢ .
3.3.3 M3 AATIeH Fatty Acid Methylesters

ada L lui1081901595099 Foleh et al. (1957), Metcalfe et al. (1966) uazdiuilsa
Fearrhasiidndes ﬂummjé‘f’,}aﬁim 15 ¢ 11 chloroform-methanol (2:1, V/V) 90 mi u1u 2
win Tu homogenizer (Nissei AM-8 tomogenizer, Nihonseiki Kaisha, Ltd., Japan}) N703
homogenizer Talu scparating funnel 1#1 chloroform 30 ml 151 (deionized water) 30 ml 18y 0.58%
NaCl 5 ml wanlddidunazildosliusnda dioti chloroform uazsprmauialy rotary
evaporator (BUCHI Rotavapor R-200, BUCIHI Labortechnik AG, Switzerland) “?I 40 °C AU
Wi anunain luiiadald

w33 fatty acid methylesters (FAMEs) 199 transmethylation A8 14% boron trifluoride Ty
methanol ‘ﬁ 100 °C ¥ 30 Y9 115U CLA methylesters (CLAMEs) 911 transmethylation At
0.5 M sodium methoxide 11 methanol 'Icf’l 50 °C 17 30 W 19 ¢t methylester (1.00 mg/ml in
hexane) ﬁJu internal standard

3695129 FAMEs 4ay CLAMEs 37810303 pas  chromaiography 820712880 Tusi
(HEWLET PACKARD, HP 6890 Scrics GC system, USA) 1% fused silica capillary column
(SP2536, Supelco Inc., Bellefonte, PA, USA) 94U 160 m x 0.25 mm x 0.2 um 8 flame

¥ v
ionization detector (FID) AA9UNNI injector 1A detcctor 1 240 Uag 260 °C MUAIAY 1150071

<

o

NI gunnITuAUR 70 °C uAURNAIWEATT 13 °C/min §13 175 °C 1@Y 4 °C /min D9 240
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°C 14 helium 111 carrier gas ©A57 1 ml/min 20 FAMEs #5358 CLAMEs L‘i’ﬁm%im GC Ui 1
ul T split ratio 1:10

SuntazinaSun fatty acid Tpon/SouiBon relative retention time ¢ FAMEs
peaks 193828819010 FAME Standard {Supelco 37 component FAME mix, No. 47885-U) a1y

CLA isomers (9, t11; 110,123 ¢9,¢11; 19.411; Matreya LLC, USA) d s udnun cLA Tudaos
3.3.4 MIIMATIZH Cholesterol

afauarAuINLTII cholesterol Tau1l511)539175903 Rowe et al. (1999) 35120613 5

¢ U flat bottom flask 13 ethanol-methanol-isopropanol (90:5:5 V/V/V) 4 ml/g $178473 uagdy

'
=1

60% KOH 1 mlg a70813 Ianuioulan refx wiu 199 Tu shiliisuiiomngives @y
¥ ¥ ¥
hexane 100 ml Laziit 25 mldweuidniaosuonsu 1dveamandu hexane 25 ml arola
P Y . 3 9 e
flask LAITLIMYTUUT IAIY nitrogen ALRIVBIEVINIY hexane 2 mi 1 SC-cholestance 0.1 mg/ml
I = ¢ a ¥ oA o ¥ N A R .
1T1% internal standard UATIEH lAUAA 1 pl I UATed GC A9 split ratio 1:100 19 fused silica
3
capillary column HP 19091A-112 column (25 m x 0.32 mm x 0.52 pm) OI9MUHL injector UAT
= o . L.
detector (FID) % 260 Lnig 300 °C 1% helium 10U carrier gas A8 flow rate 1 mlimin $144UN

qn‘
cholesterol 1ABREUNY relative retention time peak 111 cholesterol YINT (Fluka, USA)
@ d
3.3.5 MIUATIZH Collagen

T3 1z3Tunal total collagen 976 soluble UD% insoluble collagen AI1IF YD Woessner
(1961) 1aY Bailey and Light (1989} cl%ﬁ?ﬂfj"lﬂl‘f}}’i)ﬁ}ﬂ 6g T centrifuge tube &alllil'l 20 ml weru v
i melusaihit 80 «c w30 iR wimauudtulundeailui 2000 g w15
WA nyeadnla’ld volumetric flask YUIA 300 ml A AUAN 6 M HCI 30 ml daunInalonsly
flask V47@ 250 mi 1A 6 M HCL S0 ml Mefaetatavaalunzuznsodaud 150 °c S1dy
i amnmateondniunasdaniuagnsos 1 filwae 10 ml asli fask ¥1IA 50 ml 131
oH 1 1d pH 6 70 1 N NaOH Y3udSnasdaeit 1ansazaof 10613 2 ml waud) oxidizing
agent (0.79 g chloramin T in 5 ml deionized water WEYH AY citrate-acetate buffer, pl 6 151185 45
ml) 1 ml 113 20 1w 1A NAY color reagent (4 g U4 4-dimethylaminobenzaldehyde Tu propanol
20 ml W11 60% perchloric 9 ml ) 1 mi 1]11&’3661\1‘?; 60 °C w1y 15 Wi Ml¥idu 5w gﬂhl%

25 U1 LA TARINANAULT 1D hydroxyproline ¥ 560 nm A1/ W194 collagen 971

calibration curve 984 hydroxyproline Tm@mﬁ W 7.25
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d
3.3.6 M3IATIEANTINADONTAY HVDIDA

immﬁﬂ?mm meliondialdehyde (MDA) #1853 thicbarbituric acid reactive substances
method (TBARS) g1l 10.00 g Susiniindi 5o ml Samnes homogenizer (Nissei AM-8
Homogenizer, Nihonseiki Kaisha,LTD., Japan) 1 win Usuaa pH clﬁjrv‘hﬁﬂ 1.5 ig]}?EJ 4.0 M HCl
iedn i lduinndunomin 1.5% BIIA 500 ul 1ay antifoam 3 oA naudI0d19d037
direct distillation TattAw distillate 9341815115 25 mi W1 color reaction o nsizrl3unm
MDA Teold disillate 5 ml MURATeuETazate TBA (fudu 0,02 M Fresanty
Trichloroacetic acid 15%) 5 ml ud21iulu water bath 90 °C 30 w1fl Wdafaliiuani
gungiled ’3@%ﬁf]'l‘§@@ﬂ§luliﬂﬁ 532 nm- lawdaumia NI AsUNY standard curve
VIE1TALHAY MDA (0.25 — 4.00 pg/ml)

m'%'ammiaza.ja standard MDA IQEJ%)Q 1,1,3,3 Tetracthexypropane (Fiuka, USA) 100 mg
wdatfusnandu 10 ml 420 0.1 N HEL fuliivdon s waf edamIEdueiusnda e
Aeni1gon larm 1218 MDA Stock solution @t 10 mg/m!

Fins1evF ) Hexanal 42675 headspace analysis GC{’JEJEJNL&@ 1.5 ¢ Talu vial auia 22
il (B30 deionized water 3 ml udash dmmiadaun Sy Tasiou s1niuiladildaiin e
Frodralalundaaundendind e headspace autosampler (Teledyne Tekmar HT3™, UsA) Tdanu
2w 70 °C 30 WH wdvduitenaudieiiadung 2 1d 1AM pressurize 8728 helium
0.30 117 110 headspace ¥ 3IAFIBE 10z nRA 1T loop Bluan 030 w1 g
(1394 gas chromatography (HEWLET PACKARD, HP 6890 Series GC system, USA) 1auldim
Tunsiia 1 u1h goigives Injector 220°C split ratio 10:1 Tauldfnodusl fused silica capillary
column (CPR924, 30 m =(L32 mm ID x 0.25 pm film thickness) BA151N17 1M UDS carrier gas
(1Y 2.0 mbmin o 153970 35 °C, 5 AT HE AT 45 °C (8 °C /min) Az 200 °C (40°C
fmin, 6 W) gaqmwgﬁmm FID detector #1250 °C Tausamanududuuns Hexanal Tu
§19819910 Standard curve {0.05 - 7.5 mg/l) V84 standard hexanal (H900§, Sigma-Aldrich Co. St.

Louis, USA)

3.3.7 MIdaauasitoa Nl e

o o § 4 1 2 ~ o q ¥ v ﬂy g b W
Fwfuilogn weniosnuazdeansrylugawaradiin S ligadae Tt lundedu Tui
i

¥ ¥

I's a0 A o ~ A Y o W o v Ada A
"1]1!ﬂﬂﬁfuﬁﬂﬁﬂi%@ﬂ%ﬂi%ﬂﬂ@iﬂﬂgm 85 °C mimvuuazmﬂuwmwu (541 °CY IWPAVHIUDUUD

¥ ¥ ¥
ﬁ@ilﬁ&%ﬁ@f}’ﬂ 12 7190070819 1 9 é’mm%’mmﬂ CR-300 Minolta Colorimeter {Minolta Camera
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Co.,, Ltd., Osaka, Japan) J0a T Hunter L, a, b @5 UAM819 Guns uey Fnie
ALAINY

’?ﬂ!‘f@ﬁ) e ﬁ’wm?m Texture Analyzer (TA-TX2, texture Analyzer, Stable Micro System,
UK) 390331001 Warner-Bratzler shear force NOUMGIARINTS msmﬂfﬂﬁméwﬂuqawmﬁ@ﬂ
Boludesin @ & 1°0) daswdaliimidarnadulondnnio 1.0x 10 om uagdou
Auinioada %15 FanTmnve it o gaanveslulla 9a parameters msdadoudad
cross head speed 2 mm/s 10 load cell 25 kg 33&135@1&513%6\3%}3?@&3413@@Hlﬁﬂ 40 mm AN
shear force AdanRndUdlendnnio 4 Furofiade 14 Jad1 shear (gram) A11IUA

¥ Ed
sheer #DATINGINTNARFUIND (g/mm) 41375 Lyon and Lyon (1998)
3.3.8 msdszmiumadszanduda

v ¥
dmsszdugamwmalszmmdudadmiuniy oxidized  voIdI0t UTBA0TT
. q WY a8 A o A -3 y o @ A . .
scoring test MUszRIUNFHIUMIARADANAYANIATY § AL UIzAUNLIIUAR 1 = no oxidation, 2=
slight oxidation, 3= moderate oxidation, 4 = strong oxidation Qi 5 = extreme oxidation #1119

Ed W
Wizl 3 rmesin1snaad
o §/ oy Jd = e
3.3.9 MINUTIUTINVOYANAZN T NATIEHVO AN D

3
SRTINADAAY randomized completely block design 14 SAS {1993) program fodaiia
¥

s @ B o a = o : 15 = o .

2 mmqmmmmmﬂu block NTUATITHNTUANNT 3 BINDEINITNANDS UATITH variance
3 = 1 3 . . = 1 '

iz Souiioun means 999 Duncan’s Multiple Range Text AUITHIAIINUANA1IDE195)

@t o o

voddyh p < 0.05 naztduetayanIuAI mean L1ALA1 standard error

a d
3.4 HamINAnsINas I

I3 = ey d“!} H
3.4.1 psndlszneumamiliazdilnveaiten
< I ey g ' PrYy 4 vy =4 Y o @
pandsznouaiinaratlaveuils innsenaii lanastos Indegare sl szneudieiniu
’ ] i '
dandipasazgasonmsnvaunhtudasied v luiy cLa Awssdnarssuduanly

P o & A T AR Yo =t ) & ]
M3 3.1 nadloenuaziffors Twnvas 1ai a5 uo1m1shl cLA  Danwinannndt (p <
.df N 1A o ¥ ~ :} Y N =1 1 o = ' =t é}
0.05) ilelafAesdrsormsihduiimdoutluunaslviudioeniufion uazruiuves
b4 12

¥ 1 3 v v ¥ k4 3
domniueun e CLA Amuiiu Nellanuduvoudfio 1nogsend13 74.40 - 75.79% el
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Table 3.1 Chemical composition {mean + SE) of chicken breast and thigh meats affected by 5.0%

soybean oil, and 0.5%, 1.0% and 1.5% CLA supplemented of chicken diets

Compaosition 5.0% SBO 0.5% CLA 1.0% CLA 1.5% CLA
Brca;tm h -

VMoisturc {%) 74.94£029b - 74.89£0.18b 7552+ 0.21 ab 7_5;79-&024 a a
Prrioﬁrzin (%) 22.06 03(;£> 23212029 22,41 % 0.:‘37 23.5;.-.1-:-“()-.61. |
Fat (%) 1.99 £ 0.18 1.72 £ 0.05 1.38 t70.03 1.76 + 00’, o
Ash (%) 1.41+0.15 1.28 +£0.06 1.30+£0.21 .30 +0.06
Cholesterol (mg/g} 0621004 0.64 3: 0.04 0.68 +0.01 0.68 +0.04
Collagen (mg/g) 2384013 243 £ 0,08 2—"?:7 +0.00 2.46; ()0‘4 . i
SFA{Eé;g) 4.42:£0.41 _ ”:1.272i0,}5 375 +0.04 4.49 j—OIS |
MUFA (mg/g) 48540392 325+£0.11b ‘ 262+0.040 2.92+£0¢.10 bi |
PUFA (mg/g) 483+£041 3 3.88+0.12b 35120050 3.;37;0.()9 b
Total UFA (nzé/g) 9.68+0.79a L 713023 b 6.13+007b 644019
PUFA:SFA 110+£0.02a 092+£0.01b 0.93+£0.01 b 0.7£0.0] ¢
n-6:n-3 567+0.48a 459+£015b 3481 0.12¢ 332x00 ¢
Thigh
Moisture (%) 7448 £ 025b 75.06 4+ 0.28 ab 74400300 7559 +030a -
Protein (%) 13.22 £ 042 18.6520.36 19.01 036 18.43 ().;2

‘“Fat (%) 7.33 £0,87 5.06£045 6.12£0.26 5.66+0.45
Ash (%) 1.03+£0.04 0.96 £ 0.02 .96 + 0.03 0.99 +0.03
Chelesterol {mg/g) 0734+ 0.11 0.86:£0.15 0.93 £0.02 0.2 £0.02
Collagen {mg/g) 4.67:£0.15ab 527+065a 3480350 4124015 ab

h SFA (mg/y) 15,72+ 1.82 13.124 1.39 16.46 £0.71 15.93 + 1.64
MUFA (mg/g) 1967+242a 12.634£1.53b 1537 £0.66ab 13.13:: 134 b |
PUFA (mg/g) 1654+ 148 11.37+£0.93 b 13.“13 +£0.46b 1090+ 0.86b N
Total UFA (mg/g) 36213864 2402+245b 28504 1.12 ab 24.03+£220b
PUFA:SFA 1L.06+£003a 0,88 +0.03b 0.80£0.01¢ O.E;;iU.UZd
n-6:n-3 - 6,73 & (].2.2 a 5._83 +0.09b

7.17+032a

6.60+0.25a

Different letters within a row are significantly different (P < 0.05}, n = 4, SBO = soybean o1,

CLA - conjugated linoleic acid, SUF = saturated fatty acid, MUFA = monounsaturated fatty acid,

PUFA = polyunsaturated fatty acid, and n-6:n-3 = omega-6:omega-3.
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I =, s 3 1 1 Qs ua.: cg AT T 1 =1

Ui Tty 17 nazaoaneu biwananadu (p > 0.05) Hudleanuaziiors Tun uaetalsn
= = W w - ° v A A A s W ¥ e

ATUIZIHUIINTITTHDINT 1ﬂﬂ'JfJ CLA ‘mGi“Hmmaammzmaﬁﬂwmﬂﬁmmllﬂmuuammm

]

A Ay cA Y v W N S T oW o
nyuitefi ldnn ldifvsd o luiunminiudundeafivsedraden lumsassduduadsg 1]
o ]
uANATUNAEE (p > 0.05) dingufialafidainnianawmu CLA nnszduanuutul
= t A’l’ = 9 Ao e 3} o W M o 9}
15110 cholesterol gananiialnnldnangasemstimesiniugumasaaniey
= o A ar df lg =3 [} v ar 1 t Asf 1 )k
PSinansa ludududvoadia 1A 2 siia luuena1eiu ( > 0.05) uddsingiuieldd
n ¥ ¥ : v a 2 w s (e ar =) Vs w 3 =
|dannnis 14 cLa  nawnmshiudanaesmnrzduilSuansa luduaiia lusudmiaviis
' -4
monounsaturated (MUFA) 18% polyunsaturated fatty acid (PUFA} dniuidelnldninns 14

]
(==

5 v
PRI U AR 5% tas luheuRyiiudas wduvesnia lwiuyiia Towd 6 Aewila
_y P ’ s o‘c'; r 3 1t 9 : Y
Tomidn 3 (-6:n-3) voutia 1 Hannis 1y cLa luomnsdaddiniuiie lnfi 1danns Tdiaiy
u‘; =) =) 1 =
DUNAD U0 1UAY)
dy 3 ny ar 4 = [=¢ (! o W § W o e =) ar q 3
mydelAdehindunans 5o Wunna s lwiundn luenidad wiSeumeununis 14
uy w c:/ P} o 1 ; IE:; b 3 1 gl) d{
CLA naunuhiudamidosedu 0.5, 1o taz 1.5% dsnginiie lad ldnsdiiesnuaziiio
= o = g kY y .. o P Y o
az Innfrosailszneinaiifioadys (proximate composition) 1azvsnliznouvesatahnaieny
d? 3 A:J w di‘ o A 9 q) - : o & 4
Wegnsadloduuaniaziionndai ldnnkansnaaeals cLa naumniniuihdulueims
1 3/ 8/ v
ansTumInAaoIunil 2 (ntarapichet et al, 2008) WenanHiswyiludmvoutelndweni
3 0 [ 1
140 ld cLa naunuifudumaoslusyduiigandn 1.0% Mldensdamued n-6m-3 A1
1 & g ar 1 PR 3 o o o g 1
a1 4.0 Fususard il asnusinuziimes Wood et al. 2003) dwiduiloduas Tun
b

3 A ' 1 qy nora 3 o q &1 o
ufazfian a-6n-3 qani1 4.0 wdnaides lndron1s 14 cLa dildmsasidiianadlduazanas

37
1N daa )

kY = 3 r_sy = e o z-‘? s ar 1 A J
llﬂil’lﬂﬂ'ﬂﬂ!@ﬁﬂﬁ {(UNn2) ‘ﬂduLﬂumm’mﬂumnuaﬁmwmm@mm’su n-6:n-3 NAINI1 4.0

q

¥ ]
A A ! ]

o =} = 4 = ' = = A
dlufleffiquardensui Tna osminaannuidvinamsifinlinuzifaaz lsnnasation
w o . o ar = d;‘l} v o =t @ dg.‘ ety 4
#2lagad (coronary heart disease) d1vFumius Inaiodn? nasluiuoudvaduie 1nh 14
var o [ 1 1 4 o
vinnsld cLa  TueslAdailddas1dinues PUFASSFA 9900 0.4 anunamuuzii
Yiw - T T 4 yadyy daw g w4
(Wood et al, 2003) HU9ATIAIUUITAIN (p < 0.05) youiinlnn Manemsn ldiuiud)
=1 = 1 =5 \::‘ d%l) d:’
mdeafivengafivd viudloanuaziors Tnn
o o Qs . - r:;!lJ d?l, s
saflsznourinveana i (fatty acid profiles) vouivanuanions Inndsuaaaly
Ci Q a’ ] cj’ I = o :j d? g
M19190 3.2 nay 3.3 mwddy asalviudwunisaunnidhudesnuaviions Tun
¥ Ey
PYsenoude palmitic acid (C18:0), oleic acid (C18:1n-9) 1aZ linoleic acid (C18:2n-6) NI
Lauridson et al. (2005) wudmsaiu cLa luewisges nsagundnis)douudaanlu
vy A L o | g A& & 4
ARMITIE M. Jongissimus dorsi A0 C18:0 pe1elsnaiwmsnenostinuhuiloonuaziiionz Ina

l.:{ dy E =Y ==Y I o 3 =3 :l) ' .df ldl. 3
wo3 R RIEgId0e 151y CLA ShlSuamnse luiuis 4 ¥iiadinan (p < 0.05 ) e inilden



Table 3.2 Fatty acids profile of fresh breast (mg/g meat)
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Treatment
Fatty Acid
5.0% SBO 0.5% CLA 1.0% CLA 1.5% CLA
Cl12:0 0.009 + 0.0062 a. ”“0.008 +0.001 ab 0.007 £ 0.001 b 0.008 + 0.001 ag "
Cl4:0 ” 0.084 4 0.015 0.0;,’5 +0.005 (.073 £ 0002 (;)821 ﬁOtOOS
Cl15:0 (0.017 £ 0.003 a 0.013£0001b 0.013 £0.000 b wf).()l3 = (001 b
Cl6:0 315340553 a 2.770£0.192 ab " 2441 +0.063 b 2811 +£80.183 ab “
le 0 0.040 £ 0.006 a 0.036 £ 0.006 ab 0.030£0.0020b 86;% + 0003 b
| C18:0 1.094 + 0.246 1.246 £ 0,097 1.074 = 0.024 1.330 £ 0.105 .
-"(;20 0 0016i 0003 ” 0.015 £ 0.001 0.012 = 0.000 - O..OIIS + O;JOI—
C21:0 00154 0001 N 0.051 £0.006 N (.092 £0.005 N 0179+ 0012 N
Cld4:1 0014 4 0.002 N 0.009 £ 0.001 Nm 0.104 = 013_(:N nd
Clé: 1 0.455+0.081 a 0261 +0.015b 0.200 £ 0.006 b 0.207 £0.013b
Cl17:1 0.055+£0.011 N nd 0.042 + 0.002 N 0.037 £ 0.001 N
CIS-;- 1n9¢c 4,302::0.702 a 2956+ 0.199 b 2,350+ 0.080b 2641 £ 0183 b
C20:1 0035;0006 a 0.026+0.002 b 0.022+0.001 b 0.024 £0.003 b
Clg 22160 3,707+ 0.620 a 2.785+0.184 b 2360+ 0.067 b 2363+0.1420
CI&:3né 0.021 £0.004 a 0016i“EJOE)4ak; 0.014 £ 0.001 ab 0.012+£0.002b
C18;3113 02650043 a 0.182+£0.015b 0.150£0.008b 0.132£0.006 ¢
C20:2 0.048 +£ 0.0068 0.046 + 0.004 0.050 £ 0.001 0.046 +4: 0.002
C20 : 3n6 0.073+0.017 a 0.058 = 0.005 ab 0.050+0.003 b 0.048 + 0.003 b
—‘(;20 1 4n6 0.263 £ 0.052 0.287 £ 0.015 0.260 +0.018 0,24;; 0.037
E&:j‘}'l‘;""“ 0.053+£0.010b 0.054 £ 0.004 b 0.054+£0.002b 0.068 £ 0.002 a
C22:6n3 0.402 £ 0.086 ¢ 0.453 £ 0.050be | 0.570 £ 0.060 ab 0.606 £0.016 a
Total CLA 0.060 £0.017 d 0.233+0.016 ¢ 0.372+£0002b 0.790 £ 0.034 a

Different letters within a row are significantly different (P < 0.05), n =

4, N = not statistically

comparcd, nd = not detected, SBO = soybean oil, CLA = conjugated linoleic acid.

3 3

¥ [

Tnhdesdnesiiud undeafissedafouing

) 9 oy v W A ' ; ' =S o
isunaunulnihiuduraes A anes 10awmsasy CLA lusmsaimsani 1 14

W o ' 3
= at L =T a
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Table 3.3 Fatty acids profile of fresh thigh (mg/g meat)

Treatment o 7
Fatty Acid — B -
5.0% SBO 0.5% CLA 1.0% CLA 1.5% CLA
C12:0 0.0412 £ 0.013 (}.033; 6.007 0.043 + 0.003 0.038 £ 0.008
Cl4:0 0.322+0.076 07.267 +0.059 0.362 £ 0.028 ”' (.332 £ 0.078
Ci5 O | i 0.0659 +0.012 0.045 + (.008 0.0560 £ O.{]Og 0049 + (.01 im.__
Ci6: 0 -11.379 + 2.743l 8.90; + 2.007 _ 11.072 % 0.957 161 M4+ 2.}756__
_617 10 0.138 £ 0.025 0.103 £0.015 0.142 £ 0,010 0.122 -}-.:MO.O27
C18:0 7 3.681£0.732 3.515 £ 0.637 4.356;: 0.438 4.520j:0.81(7)w“1
C20:90 0.057 £0.013 0.045+0.010 0.0560 £ E).OOG 6.0550 £0.011
C21:90 ' 0.029 N 0.158+0.007N | 0381:4£0.028N | 0.505+£0.057N
Cl4:1 0.065+0.016a | 0.033+£0008b | 0.045+0.004ab | 0.031+:0.010b
Clo:1 2.207 £0.544 a 1.218+(0.287 b 1.395+£0.114 0 1.113+0.250b
Ci7 1 0.0868 N nd nd '" ndv
C18: ln9; 17.236 £ 4.288 - 11,29 £2.749 13,8284 1,191 11.887 £2.403
T‘C2O 11 0.136£0.033a | 0.087£0.019b | 0.106£0.008ab | 0.0899+0.019b
C18 :Znéc 13.638 = 2.70_1 a 9.];5 +1.68lb | 10.665+0.880ab | 8.653+1.480b
C18:3n6 0.073+£0.003a | 0.052+0.006b 0.075 £ 0.009 a 0.050+0.007 b
C18:3n3 1.003£0.203a | 0.634+£0127b | 0.737:0.063ab | 0.543+0.115b
C2(0:2 0.124 1+ 0.017 0.100 = 0.011 0131 £06.007 0.120 £ 0.021
C20: 3n6 0177£0016a | 0.109+£0.014b 0.113+0.063 b —0.0909:0.013(:
C20 : 4n6 0.600£0.092a ; 0495:0055ab | 0460+0.0609b 0410 £0.020 b
CZO:S;_? ‘0.13§ £0.016a | 0.098+£0.012b | 0.113+0.003ab | 0.112£0.014ab
C22 : 6n3 0.794 £ 0.098 0.764 £ 0.075 0.835 £ 0.039 0.925 £ 0.084
Total -CLA 0311 +£0053¢ | 0681£0.035¢ 1.686 = 0.054 b 2.967x0373a

Different letters within a row are significantly different (P < 0.05), n = 4, N = not statistically

compared, nd = not detected, SBO = soybean oil, CLA = conjugated linoleic acid.
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Figure 3.1 CLA contents in breast and thigh meats affected by 5.0% soybean oi}, and 0.5, 1.0 and
1.5% CLA supplemented in chicken dicts. SBO = soybean oil, CLA = conjugated linoleic acid,

Means (= SE) with different letters are significantly different (P < 0.05) within CLA isomer (n = 4).
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Figure 3.2 TBARS and hexanal contents of breast meats affected by 5.0% soybean oil, and 0.5, 1.0
and 1.5% CLA supplemented in chicken dicts. SBO = soybean oil, CLA = conjugated linoleic acid.
Means (= SE) with different letters are significantly different (P < 0.05) within CLA isomer (n = 4).
(Raw meat = stored at 4 "C, 48 h; Stored, cooked meat = raw meat stored at 4 °C, 48 h, cooked;

Cooked, stored meat = cooked meat stored at 4 “C, 48 h).
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Figure 3.3 TBARS and hexanal contents of thigh meats affected by 5.0% soybean oil, and 0.5, 1.0
and 1.5% CLA supplemented in chicken diets. SBO = soybean oil, CLA = conjugated linoleic acid.
Means (£ ST) with diffcrent letters are significantly different (P < 0.05) within CLA isomer (n = 4).

(Raw meat = stored at 4 'C, 48 h: Stored, cooked meat = raw meat stored at 4 °C, 48 h, cooked;

Cooked, stored meat = cocked mcat stored at 4 °C, 48 h).
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Figure 3.4 Oxidized flavor score of breast and thigh meats atfected by 5.0% soybean oil, and
0.5, 1.0 and 1,5% CLA supplemented in chicken diets. SBO = soybean oil, CLA = conjugated
linoleic acid. Means (+ SE) with different letters are significantly different (P < 0,05) within
CLA isomer.

Raw meat = stored at 4 "C for 48 h; Stored, cooked meat = raw meat stored at 4 ‘C for 48 h,
then cooked: Cooked, stored meat = cooked meat, then stored at 4 °C for 48 h.

{Score: 1 = no oxidation, 2 = slight oxidation, 3 = moderate oxidation, 4 = strong oxidation,

5 = extreme oxidation).
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Figure 3.5 Color of raw and cooked breast meats affected by 5.0% soybean oil, and 0.5, 1.0
and 1.5% CLA supplemented in chicken diets. SBO = soybean oil, CLA = conjugated lincleic

acid. Means (& SE) with different letters are significantly different (P < 0.05).
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Figure 3.6 Color of raw and cooked thigh meats affected by 5.0% soybean oil, and 0.5, 1.0
and 1.5% CLA supplemented in chicken diets. SBO = soybean oil, C1LLA = conjugated linoleic

acid. Means (3 SE) with different letters are significantly different (P < 0.05).
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Figure 3.7 Texture of raw and cooked breast and thigh meats affected by 5.0% soybean oil, and
0.5, 1.0 and 1.5% CLA supplemented in chicken diets. SBO = soybean oil, CLA = conjugated
linoleic acid. Means (£ SE) with different letters are significantly different (P < 0.05).
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74. CLA AND OXTDATIVE COMPARISON OF MEATBALLS FROM BREAST AND
THIGH OF BROILERS FED SOYBEAN OIL AND CLA SUPPLEMENTS
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Sehool of Foeed Techuology, Instivute of Agriculiural Teclmplogy
Suranarce University of Technology, Nakhon Ratchasime, 30000, Thailand
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Intreduction

Rusceptibility of meat products to oxidation can be retarded by the presence of antioxidants. Many natural
antioxidams have heen used for many years to delay the auroxidation process of lipids (Hen and Bhee, 2005).
Conjugated linoleic actd (CL.4) has been shown 0 have antioxidant activity. Improvement of oxidative stability
of beef and chicken meat had been reported when fat sources were supplemented with CLA (Hur et al., 2004;
Zanini ot al., 2008). Thercfore, this study was designed to differentiate oxidative stabilities of chicken meatballs
made from breast and thigh meat of broilers fed soybean il and supplemented with CLA st different levels.

Materials and Methods

Three weeks old broflers (Arbor Acres) were adapred to the diets containing 5% sovbean o1l (§BO) only and
SBO subszitmed with 0.5 and 1.5% CLA for 3 weeks at the Suranaree University of Technelogy Farm. After
slanghtering, breast and thigh mests were separately used 0 make chicken meatballs. The meathall batter
comtained 77.6% chicke: gmeat, 15.5% fce, 3.5% tapioca flowr, 2.0% salt, 0.27% phosphare, 0.15% MSG, 0.62%
pepper powder, and (.3% sugar. All ingredients were chopped in a meat chopper, formed o mesatballs in 65 °C
water then cooked in 70 °C water for 20 min. The meatballs were packed in plastic bags and kept in a cold room
(4 2 1°C) for 12 days. The eatball samples were taken for apalyses every 3 days,

The lipid of meatballs was extracted using chloroformimethanol (2:1, VIV sobvem, completely methylated
uging 0.5 M godjum methoxide in mettanol at 50 °C for 30 min. The CLA muthyl estars ware analyzed vsing a
jzas chromabograph (GC). Four specific isomers of CLA (c9.413; 110.012: ¢9.011; and 0,641 1; Matreya LLC, US5A)
were used for identification. The hexanad was analyzed by Stathe Headspace GC. Ouxidized flavor of the
meatballs were evajaated by cight trained panetists using scoring method. The scores were assigned from 1 for
no oxidized flavor to 5 for extremety oxidized.

Statistical apalysis was evaluated by rondomized complete Biock desiga. Analysis of varlapee wiss analyzed
and comparison of means was done by Dupcan's Multiple Range Test, Two replicates of meatballs were
performed with 3 chemical analyses for each replication.

Results and Discussien :

CUA contents in chicken meatballs. As shown ‘
in Figere 1, CLA concentrations sigmificantly higher . BN G (i el
(P<0.05) in the meatballs by substitution of CLA in ]
animal diets. In additon, The thigh meatballs
contaiped higher (P<0.05) CLA concentraions
compared with breast meatbalis, particularly high i
the: two health benefit isomers, £9,611 and 110,012,
This could be due o higher far content in thigh meat
and maore absorption of CLA in fatty tssue (Park et

., 19993 As 2 result, total CLA was highest in am Nl el Tl
ngh meatbals. However, very smuall amounts of the
cis,ciz and fransfrans womers were found ip the [WERSHOR: 055 (OO/TH KR4S LA SA5% CLATH W E8% CLARY B1E% CLATE

meatball products, The ¢is,cir isomer has been found . ) o
to have no health benefit while the transrrans js  Ligure 1. CLA contents in breast and thigh meatballs

reporied 10 associate with increased risk to health  from broilers fed 3% soybean oil and 0.5 and 1.5% CLA

(Stender ¢t al, 2006), particularly coronary beart supplemented in the diets; SBO = soybean oil, Bt =
disease. breast meatball, Th = thigh meatbail,

Lipid oxidation of chicken meathalls. Oxidative stability of the chicken meatballs in terms of hexanal
concentrations measured by G and oxidized flavor evaluated by trained panelists are shown in Figure 2A and
TH. Although hexanal contents of all of the meatballs increased as the storage tme increased, differcnves
{P<0.03) were found among sources of oil used in asimal diets. i was obviously that the supplements of 1.5%
CLA oil in the feed provided the highest oxidative stability, followed by the feed with 0.5% CLA substiinted and
only soybean il used. During day O to day ¢ of storage, the breast meatballs from the chickens fed SBO only
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seemed to have slightly more susceptible 1 oxidation than thigh meatballs made from the same growp of
ehickens. On the contrary, on prolong storage {after day 6 towards the snd of storage), increasing of oxidation in
the thigh meatballs made from the meat fed SBO-were noticeably observed higher than in breast meatballs due to
higher fat content of thigh meat {Zanini et 1., 2006) and low amounts of CLA o prevent oxidation (Figure 1),
However, the meatballs made from thigh mest fed with substitmizd CLA produced Jower concentrations of
hexanal than those made form breast meat, 23 the higher CLA was substitoted, the lower hexanal concentrations
observed, This could be because of the protective effect of both antioxidative CLA isomers, ¢9.011 and 1icl2,
in the meat self (Pigure 1).
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Figure Z, Hexanal contents and oxidized flaver seoses of chicken meatballs affected by 5.0% soybean oil and
0.5 and 1.5% CLA supplemented in the diets; SBO = Sovbean oil, Br = breast meatball, Th = thigh meatball,

Similar trends 1o the hexanal observation, oxidation of the chisken meatbally evaluated by the trained
panelists were found o be different (P<0.05) among the chicken meatballs made from soybean il and different
levels of CLA substitoted except for day 12 of storage (Flgure 28). During day O to day 9 of storage, the
meathalls made from breast of all weatments had higher oxidized scores (P<0.45) than the ones made from thigh
meat. At the last day of storage, since the seasory scores of ail samples evaluated by the panelists wers quite
Righ due to high intensity of oxidizéd favor, the panelists could nor differentiare (P>0.05) the off-Navor of
rnzatballs from 4}l ol sources fed to the brodlers.

Conclusions

Regardless of ofl sources fed to the broflers, higher concentrations of CLA were observed in the meatbulls
made from thigh meat than those made from breast meat. The health benefnt somers, ¢9,211 and rlllel2, were
found higher in the thigh mestballs compared 10 those made from breast. From the results of hexanal contents
and sensory scores, it was suggested that more oxidetion occurred in the meatbatls made from the broiler meat
fed with soybean eil only than those from the meat fed with substitueed CLA, In general, Jegs exidation opcurred
in thigh meatballs, possibly due to the protective effect of high CLA.
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ARTICLE INFO ABSTRACT

The experiment was conducted to determine chemical and physical characteristics of pork fed palm oil in
the diets and with two levels of CLA (0.5% and 1.0%} supplementation. Chemical compositicns and CLA
contents were analyzed from raw loins and ham portiens. Color and shear force values were measured
in raw and cooked meats. The poik fed CLA suppiements contained higher (P < 0.05) moisture, less fal,
and lower MUFASFA, PUFAISEA and n—6:n-3 ratios. Fatty acid compositiens were noticeably changed
in the loin meats when palm oil was suppiemented with CLA in the pig diets, but not in the hams, The
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’;Ey“'"’ds" CLA contents of meats increased (P < 0.05) with increasing amounts of CLA in the diets, with the c9,111

ork CLA i he highest concentration. The loins from pigs fed CLA supplements had ligh
Conjugated linoleic acid isomes was the highest concentraticn. The lvins from pigs fe supplements had lighter
Palm oil (P < 0,05) color while the ham portions showed darker color. Cooked loins from pigs fed CLA supplements
Shear force gave higher (P < 0,05} shear forces compared with that fed palm oil only, while cooked hams had lower
Color forces in spite of higher forces were cbserved in raw state.

© 2008 Elsevier Ltd. All rights reserved.

1. Introduction

The term conjugated linoleic acid (CLA) refers to a group of posi-
tional and geometric isomers of octadecadienoic acids with conju-
gated double bonds. CLA was discovered in 1979 (Pariza, Shoor,
Chu, & Lund, 1979; Pariza, Loretz, Storkson, & Holland, 1983) and
first identified in fried ground beef {Ha, Grimm, & Pariza, 1987),
It is naturally occurring in ruminant fats by the ruminal biohydro-
genation of polyunsaturated fatty acids (Kelly et al., 1998) and par-
ticularly found in beef and dairy products (Shantha, Ram, O'Leary,
Hicks, & Decker, 1995; Shantha, Crum, & Decker, 1994; Lin, Boyl-
ston, Luedecke, & Shultz, 1998; Ma, Wierzbicki, Field, & Clandinin,
1999). CLA draws much attention for its anticarcinogenic proper-
ties (Ip, Chin, Scimeca, & Pariza, 1991; Ha, Storkson, & Pariza,
1980)}. In recent years many studies reported its ability to inhibit
cancer cell growth and proliferation such as in the evident studies
on colon, breast and prostate cancer cells (Bocca, Bozzo, Gagriel, &
Miglietta, 2007; Miglietta et al, 2006; Kim, Hubbard, Ziboh, &
Erickson, 2005; Ohtsu, Ho, Huang, Chuang, & Bray, 2005). In addi-
tion, CLA was reported as having protective ability against heart
disease, diabetes, improving insulin sensitivity and ability to re-
duce adiposity and increase lean hody mass (Ha et al., 1987; Pariza
& Hargraves, 1985; Cook & Pariza, 1998; Flintoff-Dye & Omaye,
2005; Park & Pariza, 2007). Despite the numerous health benefits,
adverse health effects of CLA have been reported. Some studies in

* Corresponding auther. Tel,: +66 44 22 4265; fax: +66 44 22 4387.
E-mail address. ikanok-orn@sut.acth (K-0. Intaragichet).

0309-1740/% - see [ront matter @ 2008 Elsevier Ltd. All rvights reserved.
doi:10.1016fj.meatsci.2008.03.023

animal model revealed that t10,c12 CLA isomer could induce
hyperinsulinemnia and fatty liver in the animals but the adverse ef-
fects were not reported with 50:50 isomer mixture of 110,¢12 and
€911 isomers {Clément et al,, 2002; Macarulla et al., 2005).
Because of there are many major positive effects of CLA to hu-
man health benefits, extensive research has been conducted to in-
crease CLA content in muscle foods. CLA in foods could be derived
or partially derived by manipulation of dietary supplementation of
CLA in animal feeds, particularly for the monogastric animals. Die-
tary fats in monogastric animals, such as pigs, are unmodified prior
to digestion and abserption. Thus, the diet has to contain substrate
for endogenous CLA or CLA itself to promote the tissue with CEA
content. Most the studies have performed using vegetable oils or
seed meals andfor supplemented with synthetic CLA to investigate
the effects of CLA on carcass performance and quality of muscie o
adipose tissue of pigs (Ramsay, Evock-Clover, Steele, & Azian, 2001}
Bee, 2001; Eggert, Belury, Kempa-5teczkao, Mills, & Schinckel, 2001;
Lauridsen, Mu, & Henckel, 2005; Joo, Lee, Ha, & Park, 2002), The
vegetable oil sources were from sunflower, rapeseed, safflower,
corn and soyhean meal. Moreover, beef tallow was also used in
the pig diets (Demaree, Gilber, Mersmann, & Smith, 2002; King
Behrends, Jenschke, Rhoades, & Smith, 2004}, Although effects of
various fat diets and supplementation on CLA contents and muscle
quality of pigs have received much attention, little is known about
the effects of palm oil incorporated with CLA on quality character
istics of pig meat and liver. In addition, many studies revealed the
effects of CLA in animal diets on meat quality pasticularly on raw
state of meat, while heat during food processing and storage could
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increase arnounts of CLA the products (Shantha et al., 1995, Das,
Holland, Crow, Bennett, & Manderson, 2005; Pakdeechanuan, Inta-
rapichet, & Tongta, 2007), Therefore, the present study was con-
ducted to compare physicochemical properties as affected by the
diets enriched with palm oil and different levels of CLA supplemen-
tation. Since the meat is not consumed raw and some are sold in
ready-to-eat products, color and texture of cooked meat could af-
fect the consumer preference. The ceolor and texture of cooked
meats were also measured.

2. Materials and methods
2.1. Animals and diets

The selection and handling of the animals used in the study was
done by the School of Animal Production Technology, Suranaree
University of Technelogy, Nakhon Ratchasima, Thailand. Briefly,
forty-eight pigs |[Duroc x (Landrace x Large White)], haif males
and half females (mean initial weight of 60 + 0.33 kg} were equaily
divided into three groups for different feeding treatments, 16 ani-
mals in each. The pigs in each treatment were housed in four
separated pens, two males and two female in each pen. The ani-
mals were adapled 1o a rice, ricé;})ran, soy meal and fish meal
based diet containing approximate 16% crude protein, metaboliz-
able energy of about 3,300 Kcat. Three feeding treatments were
employed; diet with 2.0% palm oil, and palm oil supplemented
with 0.53% and 1.0% CLA. The CLA power containing 30% CLA {con-
tained 29% of ¢9.t11 and 28% of t10.c12 isomers) was obtained
from BASE (Thai) Limited (Bangkok, Thailand). The animals were
fed ad libitum for six weeks.

After slaughtering, the meats of one female pig each from two
random replications of each treatment were randomly collected
for this study, The meat cuts from loin {middle portion of longissi-
mus dorsi), and ham (whole semimembranosus) were ground, pack-
aged in plastic bags, sealed and kept frozen at —18 & 2 °C until use
for chemical analyses. The meat samples for color and texture mea-
surement were Kept in a cold room {4 +1°C) over night before
measurement.

2.2, Chemical analysis

2.2.1. Proximate analysis

All chemical compositions were analyzed on fresh ground sam-
ples. Moisture, ash and protein contents were determined accord-
ing to ADAC (1997) methods. The moisture content was
determined by oven-drying at 105°C for 24 h, The ash content
was determined by ashing at 600 °C in a muffle furnace {Carbolite,
England) for 6 h or until light gray or white ash was obtained. Total
protein {N x 6,25} content was determined by the Kjeldahl meth-
od. Ali meats were analyzed for total fat, cholesterol, total collagen,
total fatty acids, and four specific CLA isomers.

2.2.2, Preparation of fatty acid methylesters

For fatty acid and CLA analyses, lipid of sample was extracted
according to Folch, Lees, and Stanley (1957), Metcalfe, Schmitz,
and Pelka (1966) methods with slight modification, Sample
(15 g) was homogenized (Nissei AM-8 Homogenizer, Nihonseiki
Kaisha, Ltd., fapan} with 90 mL of chleroform-methanol (2:1, V/
V) sotution for 2 min, The homogenate was filtered into a separat-
ing funnel. Then 30 mL of chloroform, 30 ml of deionized water
and 5 mL of 0.58% NaCl were added to the filtrate, shaken and al-
lowed to separate. The chlorofortn layer was evaporated at 40°C
in a retary evaporator {BUCHI Rotavapor R-200, BUCHI Labortech-
nik AG, Switzerland). Total fat content of the sample was calcutated
from the extracted lipid.

Fatty acid methyl esters (FAMEs} were prepared by transmeth-
ylation using 14% boron trifluoride in methanol at 100°C for
30 min. CLA methylesters (CLAMEs} were separately prepared by
transmethylation using 0.5 M sodiurn methoxide in methanal at
50°C for 30 min. C17 methylester (1.00 mg/mL in hexane) was
used as internal standard.

The FAMEs and CLAMEs were separately anatyzed using a Hew-
lett Packard gas chromatograph (GC) with autoinjection (HEWLET
PACKARD, HP 6890 Series GC systern, USA) equipped with a
100 m x 0,25 mm x 020 um fused silica capillary column (SP
2560, Supelco Inc., Bellefonte, PA, USA) and flame ionization detec-
toy (FID). Injector and detector temperatures were set at 240 and
260 °C, respectively. The initial column temperature was at 70 °C
then, increased at 13 °C/min to 175 °C and 4 °C/min to 240 °C. Car-
rier gas was helium with the flow rate of 1 mlfmin. An aliquot of
1 pL of the FAMEs or CLAMEs was injected with the split ratio of
1:10. 1dentification and quantitation of fatty acids were made by
comparing the relative retention times of FAME peaks from sample
with standards (Supelco 37 component FAME Mix, catalog No,
47885-U), Four specific isomers of CLA (c9,t11; (16,c12; ¢9,c11;
and t94,£11; Matreya LLC, USA) were used for CLA identification.

2.2.3. Cholesterof analysis

Extraction and quantification of cholesterol were carried out by
the method of Rowe, Macedo, Visentainer, Souza, and Matsushita
(1999) with slight modification, A sample of 5 g was placed in a flat
bottom flask. An equivalent amount of 4 mtfg sample of ethanol-
methanol-isopropanol (90:5:5 vfvjv) and 1 mL/g sample of 60%
KOH were added to the sample and refluxed for 1 h. After cooling
the digest to room temperature, 1060 mL of hexane and 25 mL of
detonized water were added, stirred and let stand til! separation
occurred. An aliquot of 25 mL of hexane layer was transferred to
a flask and evaporated to dryness with nitrogen. The residue was
dissolved with 2 mL of hexane containing 0.1 mg/mL of 5«-choles-
tane {Sigma, USA) as an internal standard. An aliquot of 1 al. was
injected, with the split ratio of 1:100, into the GC (HEWLET
PACKARD, HP 6890 Series GC system, USA} equipped with an HP
19091A-112 column {25 m x 0.32 mm x ©.52 pm fused silica cap-
illary cotumn) and FID. Injector and detector temperaturgs were
set at 260 °C and 300 °C, respectively. Separation was carried out
isocratically at 300 °C with helium gas flow rate of 1 mL{min. Cho-
lestercl identification was made by comparing the relative reten-
tion time peak of the sample with pure cholestersl (Fluka, USA).

2.2.4. Collagen determination

Total collagen content from soluble and insoluble collagen was
determined according to the method of Woessner {1961) and Bai-
ley and Light (1989). Finely minced meat was weighed (6 g) into a
centrifuge tube, 20 mL of deionized water was added, mixed and
put in a 80°C water bath for 30 min. The tube was cooled and
homogenized for 20 s then, centrifuged at 2000g for 15 min, fil-
tered into a 100 mL volumetric flask. To the supernatant, 30 mL
6 M HCl was added. The sediment was transferred to a 250 mL
flask and mixed with 50 mL 6 M HCl. The samples were placed in
a sand bath at 150 °C overnight. After hydrolysis, the samples were
adjusted to the volume with defonized water and filtered. An ali-
quot of 10 mL filtrate was transferred to a 50 mL flask, adjusted
pH to 6 with 1 N NaOH then, adjusted to the volume with deion-
ized water, A 2 ml portion of sample soluticn was mixed with
1 mL oxidizing agent (0.79 g chloramin T in 5 mL deionized water
and mixed with 45 ml citrate-acetate buffer, pH 6} and kept for
20 min. After adding 1 mL of color reagent (4 g of 4-dimethylami-
nobenzaldehyde in 20 mL propanol and mixed with 9 mL of 60%
perchloric acid), the sample was incubated at 60°C for 15 min,
cooled for 5 min and let stand for 25 min then, the absorbance of
hydroxyproline was measured at 360 nm. Collagen contents were
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calculated from the calibration curvé of pure hydroxyproline and
multiplied by the factor of 7.25.

2.3. Color and texture measurement of raw and cocked meat

For measurement of color and texture of the meat, the subpri-
mal meats were cut inte 2.5 cm steaks. One steak was analyzed
raw and one steak was analyzed cooked. For cooked meat, the meat
was put in plastic bag, cooked in an electric streamer with boiling
water until the internal temperature reached 75 °C, then cooled in
a cold room {5 + 1 °C),

The surface color of raw and cooked meat of 12 measures per
replication was made for each replication using a CR-300 Minoita
colorimeter Minolta Camera Co., Ltd., Osaka, Japan. The color val-
ues were expressed in Hunter L, a, b values for lightness, redness
and yellowness, respectively.

Warner-Bratzler shear force measurements were performed
using a Texture Analyzer (TA-TX2, Texture Analyzer, Stable Micro
Systems, UK). Before sample cutting, both raw and cooked meat
samples were put in plastic bags and kept in a cold room
{5 +1°C). The meat samples were cut to the size of 1.0 x 1.0cm
across muscle fiber, where thickness at the point of shear was mea-
sured before custing, The operating parameters consisted of a cross
head speed of 2 mmy/s and a 25 kg load cell. The bottom edge of the
biade was set to 40 mm above the base plate. The shear force of 12
measures per replication was made perpendicular to the axis of
muscle fibers. Shear values {grams) were measured and shear
valuefheight (grams/millimeters) of samples were expressed
according to the method of Lyon and Lyon (1998},

2.4, Statistical analysis

Statistical analysis was evaluated by randomized completely
block design with statistical analysis system (SAS, 1993). The meat
samples of two replications per diet treatment were taken as
blocks for analyses, Chemical analysis of each replicate was
performed in triplicate samples, Analysis of variance was analyzed
and comparison of means was done by Duncan’s Muitiple Range
Test. Differences were considered statistically significant at
P<0.05 Mean values and standard error of the means are
presented.

3. Results and discussion
3.1, Chemical composition and CLA content

Proximate and lipid compositions of pork loin and ham as af-
fected by palm oil and different levels of CLA supplemented are
shown in Table 1. Moisture contents of the pork significantly
(P <0.05} increased when palm oil was partially supplemented
with CLA in the pig diets. Corino et al. (2003) reported that increas-
ing levels of CLA supplemented in sunflower oil caused increasing
in water contents of rabbit meats. In contrast, no differences of
water contents were found by Ramsay et al. (2001) in pigs and
Andreoli, Scalerandi, Borel, and Bernal (2007) in rat when different
levels of CLA were supplemented in the animal diets.

Supplementation of CLA for corn, corn oil or sunflower oil was
found no effect on protein content of rats, rabbits as well as pigs
(Andreoli et al., 2007; Corino et al., 2007; Corine et al., 2003;
Thiel-Copper, Parrish, Sparks, Wiegand, & Ewan, 2001). Similarly,
no effects (P> 0.05) of CLA on protein content were observed in
our study, CLA supplementation for palm oil in pig diets had no sig-
nificant influence on collagen content of pork. However, Corino
et al. (2003) found differences of collagen contents in meat from
mature rabbits, but not from younger animals. Slightly lower

Table 1
Chemical composition {mean + SE) of pork loin and ham affected by 2.0% palm oil, and
0.5% and 1.0% CLA supplemented in pig diets

Different letters within a row are significantly different (P < 0,05), n=6. PO = palm
oil, CLA = conjugated linoleic acid, SFA = saturated fatty acid, MUFA = monounsat-
urated fatty acid, PUFA = polyunsaturated fatty acid, and n-6:n-3=omega-
Hromega-3,

amounts of ash were observed, but differences {P<0.05) were
found only [oin portion.

CLA substitution for fat in animal diets provides reduction in
bedy fat mass of experimental animals (Mersmann, 2002; Rainer
& Heiss, 2004; West et al,, 1998; Takahashi, Kushiro, Shinohara,
& lde, 2002). CLA induces apoptosis in adipose tissues causing
decrease of fat mass and adipocyte numbers in animal tissues (Tsu-
boyama-Kasaoka et al., 2000). Thiel-Copper et al. (2001), Tischen-
dorf, Schine, Kirchheim, and Jahreis (2002) and Ramsay et al.
{2001) also reported that fat contents of both subcutaneous and
intermuscular fat of the loin from pig fed CLA supplemented for
corn in the diets were lower than control treatment, However, re-
cently Martin, Muriel, Gonzalez, Viguera, and Ruiz (2008) revealed
that increasing levels of CLA fed to pig increased the intramuscular
fat content in loin meat depending on the level of CLA supplemen-
tation, but not following a linear behavior and higher dose CLA did
not imply a higher fat content. Partial substitution of CLA for palm
oil in animal diets could possibly reduce fat content in the meat. it
was observed in our study that loin meats from pork fed 0.5% and
1.0% CLA supplements contained lower (P < 0.05) amounts of fat
than that fed 2.0% palm oil only. Although difference was not found
in the ham portion, lower amounts of fat in the ham from pig fed
with CLA were observed. The effect of CLA on fat content of pork
meats from the ham cut has not been elucidated since many stud-
ies were done on loin portions. From our results, it could be sug-
gested that animal diet supplemented with CLA produced
significant effect on decreasing total muscular fat in loin meat
but not in ham cut, However, no significant differences were found
for chelesterol content of both pork cuts, and relatively close
amounts {0.51-0.65 mg/fg) in the cuts were observed, These results
were in agreement with those reported by Lauridsen et al. (2005)
and Migdall et al. (2004) for pork from barrows and stress suscep-
tible fatteners, respectively,
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The fatty acid composition of pork loin and ham is shown in Ta-
ble 1, Individual fatty acids and their concentrations (mg/g meat)
for loin and ham are shown in Tables 2 and 3, respectively. Both
loin and ham meats contained high amounts of palmitic acid
(C16:0), stearic acid (€18:0), linoleic acid (C18:n-9) and linoleic
acid (C18:2n-6). Lauridsen et al. (2005) observed that changes in
the muscle lipids of M. longissimus dorsi were mainly at the ex-

Table 2
Fatty acid profile of lein muscle tissue (mgfg meat, mean % SE) as affected by 2.0%
palm oil'and €.5% and 1.0% CLA supplemented in pig diets

M = not statistically compared, Different fetters within a row are significantly dif~
ferent (P < 05), n = 6. PO = palm oif, CLA = conjugated licoleic acid,

Table 3
Fatty acid profile of ham muscle tissue (mg/g meat, mean * SE) as affected by 2.0%
palm oit and €.5% and 1.0% CLA supplemented in pig diets

T

¥ = not stafistically compared, Different letters within a row are significantly dif-
ferent (P < 05). n=6. PO = paim oil, CLA = conjugated {incleic acid.

pense of C18:1. Similar to this results, we found that partiat sup-
plementation of CLA for palm oil in pig diets provided the loin
meat with significantly loewer (P < 0.05) amounts of C16:0, C18:0,
C18:1 and C18:2 fatty acids, and other minor fatty acids as well,
but no changes were observed for the meat from ham cuts, CLA
has been reperted to alter fatty acid composition in pigs. Changes
of fatty acid compositions in loin meats were in consistent with
those reported by others studies (Corino et al, 2007; Migdall
et al., 2004; Ramsay et al, 2001) that saturated and unsaturated
fatty acids were significantly lower (P<0.05) in the meats from
pigs fed CLA supplements, It was interesting that the influence of
CLA supplements on all types of fatty acid composition of the meat
from ham poertions was not found in this study. However, signifi-
cantly decreased (P < (.05) ratios of MUFA:SFA and PUFA:SFA were
cbserved in both loin and ham euts. In addition, the ratio of PU-
FA:SFA of meats from pork fed CLA substituted for paim oil rela-
tively closed to the recommended ratic of 0.4 (Wood et al,
2003). The fowered MUFA and PUFA contents and increased SFA
in the meat frem animal fed CLA supplement could be due to the
fact that CLA depresses the activity of stearoyi coenzyme A desat-
urase enzyme {also known as A9 desaturase) (Evans, Brown, &
McIntosh, 2002; Smith et al,, 2002; Mersmann, 2002), A significant
decrease (P < 0.05) of MUFA, PUFA and ratio of n—6:n-3 in meats
from pigs fed CLA supplements was in consistent with the study
of Migdatl et al. {2004). Although, the ratio of n—6:n~3 of pork
fed CLA supplements in our study was by far larger than the rec-
ommended ratio of 4.0 (Wood et al, 2003), but it was (6.76-
7.81} relatively similar to that reported (7.22 for pork) by Enser,
Haliett, Hewitt, Fursey, and Weod {1996) for pork.

3.2. CLA contents

Four specific isomers of CLA contents in pork lein and ham are
shown in Fig. 1. The CLA contents of the meat increased (P < 0.05)
with increasing levels of CLA substituted for palm oil. These results
were in agreement with those presented by Ramsay et al, (2001)
who substituted different levels of 0 to 2% CLA for corn oil in pig

A Luin

CLA (mg/g)

cfedl

o0l 1H0,e12 i, Total CLAs
CLA isomers
B Ham
*4 2
0.35
- 03
025
E 02
- 0I5
P
5o
0.05 o
] Bl N —— i
1T t1G,ci2 91t 9401 Total CLA3
CLA isomers
| D20%P0  m05S% CLA  @10%CLA |

Fig. 1. CLA contents in loin and ham affected by 2% palm oil, and 0.5% and 1.0% CLA
supplemented in pig diets. PO = palm oil, CLA = conjugated lingleic aci¢. Means
(£SE) with different letters are significantly different (P < 0.05) within CLA isomer
{n=6).
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diets. Significant differences (P < 0.5) of the two health benefit CLA
isomers, ¢9,t11 and £10,c12 were found in both loin and ham cuts,
with the £9,£11 isomer was the highest one (Park, Storkson, Alb-
right, Liu, & Pariza, 1999; Rainer & Heiss, 2004; Bissonauth et al.,
2006). Moreover, consistent increasing amounts of health benefi-
cial isomers and total CLA were observed, when the concentrations
of CLA supplemented for patm oil were double in pig diets (Fig, 1,
Tables 2 and 3). CLA has been shown to be metabolized like other
fatty acids via p-oxidation to other fatty acids, and elongation and
desaturation were also reported in animal tissues fed CLA (Séhédio
et al, 1997; Ringseis et al,, 2006; Mitler et al,, 2006). It was possi-
ble that each CLA isomer could not be equivalently metabolized
although equal amount of the two active isomers were added in
animal diets in our study. However, it has been reported that
€9,111 CLA is the most active form which makes up 80 to 90% of
the isomers found in animal fat {(Cook & Pariza, 1998). In addition,
very small amounts of ¢is,cis and trans,trans CLAs were observed in
both loin and ham cuts. These two isomers were not reported to
provide health benefit for consumption.

3.3. Color and texture

Color is considered the major factor of meat appearance, and it
could be modified by color producing ingredients in animal diets
(Corino et al, 2007; Migdall et al, 2004). Dunshea, P'Souza,
Pethick, Harper, and Warner (2005) revealed the resuits of their
cgllated*data that, in general, dietary CLA significantly increased
L and a values of longissimus dorsi indjcating an increase in light-
ness and redeess but not affected the b value. Similar effects were
also reported by Migdatl et al. {2004). On the contrary, Joo et al.
(2002), Tischendorf et al, (2002) and Martin et al. (2008) revealed
tt}at CLA supplementation in pig diets had no significant effects on
L, a and b values of pork leins, The color values of raw and
cooked pork observed in both loin and ham cuts are shown in
Figs. 2 and 3. Supplementation of CLA for palm oil in pig diets sig-
nificantly influenced color L, @ and b values, In raw state, the loin
cuts from pig fed CLA supplements in both levels showed lighter
color (L values of 52,41-54,67 vs 50.90) and slightly less redness

A Loin, raw

&0

60
5
3
40
o
=]
© 2

0=+ T — —

L-value B-vakue b-value
Hunter L, a, b-value

B Loin, cooked

20
2 60
E
w40
=1
3 20 a b

2 ¢ b b
6 . Sy
L-value a-value b-value
Hunter 1., a, b-value
[ D202 r0 05%CLA M 10%CLA |

Fig. 2. Color values of raw and cooked loin affected by 2% palm oil, and 0.5% and
1.0% CLA supplemented in pig diets. PO = palm oil, CLA = conjugated linoleic acid.
Means (25E) with different letters are significantly different (P < 0.05} within color
value {n =24}
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Fig. 3. Color values of raw and cocked ham affected by 2% palm oil, and 0.5% and
1.0% CLA supplemented in pig diets. PO = palm oil, CLA = conjugated linoleic acid.
Means {+5E} with different letters are significantly different (P < 8.05) within coler
value (n=24).

(o values of 7.00-7.56 vs 8.68) than those from pig fed palm oil
only, and lighter color were observed in cooked loin. The ham cuts
from pigs fed higher concentration CLA of 1.0% exhibited slightly
darker and redder color than those fed palm oil and 0.5% CLA sup-
plement (L values of 50.44 vs 51.90-51.97 and a values of 11,16 vs
9.68-9.69, respectively). Similar trend of change of color values
was observed in cooked meats of both loin and ham cuts.

Several studies reveated that shear forces of meat cuts were not
affected by feeding regime (Lorenzen et al., 2007; Tischendosf
et al, 2002; Marriott, Garrett, Sims, Wang, & Abril, 2002). In our
study, there was an agreement with the above studies that the
shear forces of the raw loins from pigs fed CLA supplement were
not different from that fed palm oil only (Fig. 4). But the shear
forces of cooked loins from pigs fed CLA supplements appeared
to be higher (P <0.05). In addition, Dunshea et al, (2005) revealed
the result of their meta-analysis of data collated from some studies
of the effect of dietary CLA on pork longissimus muscle quality that
decrease in tenderness was in consistent with an increase in shear
force, although there was no effect of CLA on firmness of the meat.
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Fig. 4. Shear force values of raw and cooked loin and ham affected by 2% palm oil,
and 0.5% andl 1.0% CLA supplemented in pig diets. PO = palm oil, CLA = conjugated
Itnoleic acid. Means (2SE} with different letters are significantly different (P < 0.05]
within meat cut (n = 24).
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Most of previous studies extensively used loin cuts for the experi-
ment, there are very few studies made on other parts of meat cuts.
In our study, raw hams from pigs fed CLA exhibited higher
{P<0.05) shear forces compared with the one fed palm oil. On
the contrary, after cooking, cooked hams fed CLA had lower shear
force (P < 0.05) than did the meat from pig fed paim oil. This could
be due to the fact that higher content of CLA and the finer grain
meat produced greater retention of water in meat during cooking
causing lower shear force (Wood et al., 2008; Warriss, 2000).

4. Conclusions

In the present study, substitution of 0.5% and 1.0% CLA in 2%
palm oil in pig diets provided the meats from loin and ham with
higher water, less fat and slightly less cholesterol contents partic-
wlarly in loin meat. In addition, lower ratio of MUFA:SFA, PUFA:SFA
and n-6:n-3 in both meat cuts were obtained. It was noticed that

-substitution of CLA in animal diets influenced the changes of fatty
acid compositions in loin meat, but not in meat from ham cut, Pig
meats could be modified to contain the health benefit CLA by sup-
plementation of synthetic CLA in the diets. The CLA contents of the
meat increased with increasing levels of CLA substituted for palm
oil. Approximately twice as much increasing of CLA contents in
the meats were obtained by doub[g_addition of CLA supplements
in the pig diets. Supplementation of CLA in pig diets significantly
influenced color of pork. The loins from pigs fed CLA appeared to
have lighter and less red color while color of the ham was darker
and redder, Although ne significant difference of shear forces were
observed in raw loins, higher forces were observed in cooked loins
from pigs fed CLA. On the contrary, CLA substitution provided high-
er forces in raw hams but lower forced observed in the cooked
ones.
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75. CLA CONTENTS AND OXIDATIVE STABILITY OF KUNCHIANG SAUSAGES
FROM PORK FED PALM OIL AND CLA SUPPLEMENTS
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Sehool af Food Technology, Institate of Agriculiyral Technology,
Suranaree University of Technology, Nakhon Ratchasima 30000, Thailand
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Itrodoetion

The terty conjugated linolele acid (CLA) refers to a group of positional and geometric isomers of
octadecadienoic ackds with conjugated. double bonds. CLA draws much attention in tecent years for is
anticarcinogenic properties (Ip et al., 1991) as well as being protective against heart disease, diabetes, improving
insulin sensitivity and ability to reduce adiposity and increase lean body mass (Park and Pariza, 2007). Extensive
research has been conducted to increase CLA content in foods from both ruminant and nenruminant origing,
Heat provess has been found to induce isomerization of Hooleic acid to CLA (Pakdeechanuan et al., 2007).
Thetefote, the present study was conducted to investigate the CLA contents and oxidative stability of semi-dry
pork smasages or kunchiang made from meat of pigs fed pelm oil and supplemented with different levels of CLA,

Materials and Methods

The pige (=60 kg) FDuroe 1 (Landrace x Large White)] were adapted to the diets containing 2.0% palm oil
(PO} only and PO supplemented with 0.5% and 1L.0% CLA for 6 weeks ot the Suremarge University of
Teahnology Farm. The ham portiens of two female pigs of cach treatment wore used o make kunchiang
sausages. The sausage batter contained 65% ground lean meat, 20% pork back fug, 3% water, 10% sugar 1.83%
salt, 0.01% nitrite, and §.16% erythorbate. All ingredients were mixed, swiffed in pig casings, oven dried ai 60°C
ovetnight then, packed in plastic bags and kept at 25 °C for 12 days. The sausages were sampled at 3 day
intervals for elyemical and sensory aalyses.

Lipid of the sumple was exivacted using chlgroformunethanol (21, V/V) solvent, completely methylated
using 0.5 M sodivm methoxide in methanol at 50 C for 30 min, The CLA methyl esters were analyzed using 2
gas chromatograph (GC). Four specific isomers of CLA (c911; 110,012 o901l and 19,011 Mameya LLC, USA)
were used. for identification. The hexanal was anslvzed by Static Headspoce G, TBARS was determined by
- distillation methed, Oxidized flavor of cooked sausages were evaluated by eight rained panelists nsing scoring
method. The scores were assigned from 1 for no oxidized flavor 1o 5 for extiemely oxidized.

Statistical analysis was evaluated by randomized complete block design. Analysis of variance was snalyzed
and comparison of meang was done by Duncan’s Multiple Range Test. Bach apimal within the same Geatment
were treated as a réplicate. Chemieal analysis of each replicats was performed in triplicate saraples,

Results and Biscussion

CLA contertt in batter and kunchiang sansags. Four specific isomers of CLA contents in batter and
kunchiang are shown in Figure 1. Significant differences (F < 0.5) of the two heaith benefit CLA isomers, 91l
and 110,012, were found in both batier and kinchiang and highest b kamchiang made from pork supplemented
with 1.0% CLA. Increasing of ¢9,011 and 110,12 In the saugages were more thait one fold in both sources of the
il usad. Shightly change of cis.cis CLA occurred during heating, However, this Isomer has no health benefit.
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Figure 1. CLA contents in batter and kunchiang sausages made from pig meat fed 2.0% palm oil and 0.5,
and 1.0% CLA sopplemented in the diets,

MNoticeable increasing in rrans,rrans snd woiaf CLA were observed in kunchiang made from pork fed with
2.0% palm oil while decreasing was found in the seusages made from pork fed with both CLA levels. Thi
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suggested that Jower lempersiure heating (60 °C) could cause changes of trans,rrans CLA isoer 1o cisorans or
trans,cis one. This is similar w ihe finding of Shantha et al. {1994) who reporred that beking beef at 60 °C
obtpined ligher ¢6,411 CLA isomer than at 80 °C. 1o addition, palm oif was more readily changed {0 transarans
farm.

Lipid oxidation. Oxidative sabilities as measured by hexapal and TBARS contents are shown in Figure 2.
Repaniless of time of storage, the sausage made from pork fed with 1.0% CLA supplemented hiad the lowest (P <
0.035) amounts of hexanal and TBARS compared with shose of pork fed 2.0% PO and 0.5% CLA supplemented.
In genersl, hexanal and TBARS formation became more vapid during day 3 1o day 6 of storage. The hexanal
contents werg noticesbly different in day 9 1o day 12 while the TBARS values were found significandy different
in day 12. Oxidation of the sansage could be influenced by the CLA comtents in the pork raw materials. In this
study, pork fed with higher CLA had better oxidative stability. This could be due to the higher initial CLA
contents in the baner, which in tern conld provide better oxidative protection during storage.
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Figure 2. Hexanal and TBARS values of kunchiang sausages affected by 2.0% paln oil and 0.5 and 1.0%
CLA supplemstnted in the diets, during stornge at 23°C.

These regults were in agreement with these of Joo et al.
{2002} who reported thet dietsry CLA could reduce
Hipid axidation in pork lion,

Oxidized flavor by sensory svelugtion. Oxidized
fluvor of kunchiang sousages evaluated by § wained
panelists are shown In Figure 3. In genersl, significant
differences of flavor spores were not found amoig fl
sausages in the same duy of sworage. However, the
intensity of oxidized fiavor increased towards the end

of sorage. Alihough significant differcaces were not
obzerved, the sausages made from pork fed with 0.5
and 1.0% CLA substitated resulted in superior sensory
scopes. The sausage made from pork fed 1.0% CLA
digt haad the kewest soore at the end of storage,

Conclasions

ey
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Figure 3, Owidiped Hlavor seore of -kmxfeiﬁwgag.ws;gges
affected by 2.0% pabm oil, and 0.5 and 10 % CLA
supplemented in the dists, during storage at 25 °C.

The findings sugpested that CLA sopplementation in animal diets conld top up the bealth beneficial isomers
of CLA (9,711 and £10,212) in kunchiang sausages and provide better oxidative stability to the sausages doering
storage. Low heat process (6D °C) of kunchiang sausage provided lower ameunts of harmful isomers (transrans)
of CLA. In this study, single use of palm oil in the diets, high increasing of trans, frans Tatty acid was observed,
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7.3.2 myamsierHesalszneumaniivesivan

s r ' ] o a o ' o 3 a
LLEJFW]TJElEJ’N"l"’U"UTJLiﬁﬁVl‘llltﬂﬁﬁ'lﬁ’iﬂ’.)mﬂﬁiﬂﬂﬂﬂﬂi&‘ﬂ@‘UﬂNLﬂfJ‘VNﬂ‘JJﬂ Lmzcl%’mwwzm
I r o ar o & = ar 3 ar 3
E‘BUNU["ULLQW’IW‘E‘UQ"I‘i’Jmﬂ%ﬁ'ﬂﬂilﬂﬂ&%ﬂﬁﬂﬂﬂhﬂ [RGRIGIEERE] ﬂﬁﬂvl"’UiJuYNﬁl!ﬂ LA
= o
WA CLA W12 4 isomers (cis-9prans-11; trans-10,cis-12; cis-9,cis-11; trans-9,trans-10

CLA)
a ¢ d o Ay . .
7.3.2.1 P15 amsizresalseneumiiiosny (Proximate Analysis)

=, o 3 - A . L. = =y '
Jin31e¥ 04y ne1nliiiead (proximate composition) ANIT AOAC (1997) WA 1Y
o g o = & opea
S nuiu lasouuisludorauion 105 °C wwm 24 $lus Gnsredd3nandi lasn
w ' & 4 t Y oY e ' A a - e
Frotnaluaun 600 °C w6 ¥alue wisdunMaee laddmisouniodu wasiniey

3
T Tals@rianua (N x 6.25) #2075 Kjedahl method
7.3.2.2 M3ANT1=H Fatty Acid Methylesters

ana v udeod a5 ved Folch et al. (1957) tiag Metealfe et al. (1966) taz))suili
FEnsTinssiiantos d1swazduany 40 3,33 Undi 3

1956y fatty acid methylesters (FAMEs) T transmeihylation #78 14% boron trifluoride Tu
methanol “71 100 °C 1 30 119 151 CLA methylesters (CLAMEs) 1 transmethylation fe
0.5 M sodium methoxide 114 methanol fi 50 °C 111 30 117 14 €23 methylester (1.00 mg/ml in
hexane) 111 internal standard LasHAT 131:{ FAMEs L6% CLAMEs ﬁ’awﬂ‘%"m gas chromatography
Frwazidoamude 3.3.3 UnA 3

Swnnuaziulanliine fatty acid TpoidSoumoy relative retention time Y84 FAMEs
peaks V04A190190Y) FAME standard {Supelco 37 component FAME mix, No. 47885-1)) uasld
CLA isomers (cis-9trans-11; trans-10,cis-12; cis-9,cis-11; trans-9,frans-10 CLA; Matreya LLC,

USA) dmiusmun cLa ludqnena
7.3.2.3 M5IA31ZH Cholesterol

afanazmuInySuIer cholesterol Taonl§u1/3991035U89 Rowe et al. (1999) @9

2 an a o 3 A
FTHWOLBUAIDNTUATIEHA YD 3.3.4 UNN 3
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msnaassisonuuuiefnyIWaYed CLA  senfineendnduveindasod [
H = 9 =y r . =4 oo
HoananR 13T WUHBY (spray-dried whole egg powder) Uazinunildanizgampiinondags
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WaIMABs e YRTTMISIASNAY 1%, 2% 1az 3% CLA esnn v lnilduinmsifesdae

"
gn301m3 4% CLA 5 hiiftsswedmSuminaaes
=Y 4 v 2/ '
7.3.3.1 mswan lWeademssuvamiauuvurlos

"v‘iwm‘smaamgﬁm%ﬁmmxﬁu (optimal conditions) FmFuMInszUIUMTHAs Tk
unUwUHes (spray-drying) Aemaniizguugiaaniulumal (nlet temperature) #azdn3INIg
Boulima (feed rate) WunSoavudon IR Wnaf T diusszn 9 nhBass (water
activity) M3INABONTIATY (TBARS value) Uazd (A10a219 Hunter L value) Az o
Joyamsnanosmsieh 7.1 amaziivnizaudmivaszuunisean laedae i nurdosi 13

¥ 13 . ]
9INNIINANDY 71D A4 inlet temperature N 135 °C 470 feed rate 11 24 ml/min

Table 7.1 Mcan value of water activity, TBARS and L values of whole egg powder

Temperature (°C)/ ' TBARS value
Water activity {a,) L value
Feed rate (ml/min) (mg MDA/ kg)
114/14 0.399 0.597 38.92
120/9 0.237 0.861 91.15
120/21 (.335 0.606 89.66
135/6 0.212 1.069 91.40
135/14 0.229 0.900 90.31
135/24 0.372 B 0.564 89.19
156/9 0.150 1.311 92.56
150/21 0.223 0.933 90.31
156/14 0.186 1.083 92.14
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WUNTIZHANAAIY randomized completely block design 1% SAS (1993) program ®70813 2
:J 1 o = o = c‘;v ' g’ = a .
WIRDLNTOINT {treatment} NINTTUATIEHN WA 3 HINDHINITNANDY NUATIEY variance LAY
s ‘:i

WSu1Ro1a means 30 Duncan’s Multiple Range Test WIITUIANNLARAIEE NN B N

[ 3 1 ¥ P
A1 P < (.05 mua%yjamﬂm mean {02 A1T standard deviation

o=y 4
7.4 HANINANDINRSIDITNU

d A Y P '
7.4.1 sanlsznoumaniitesdutazatlaveldan

£
= ¥

g o ' o 1 :)‘ (] []
aenUlsznaumiitiosdu (proximate composition) vod laanalvvuay Tiuag uanslu
P dy % ] @ a1 o I Y e o o =] t
M5199 7.2 mMsaes lndrsunasorvs lduiaiesu bildm v esdilsenoumuaiives 1uvn
1 Qs F - =y g =l U ] ] 3 Q
A1fu (p > 0.05) aafe YTwwnnudy Tdsau uazussgueslivinaalinandedunn
o { @ o f I o 1Al 1 ' o
szaUYed CLA Alsluamisda) luvthieandszneuluvos o it uunasazou Tuiu
Qs =1 o § 1 3 = 4 1
Ao i lwiuamioo Taosssura maglasszuin 0.03% iy YSuimanusu Tsau nazug
[ 1 [ 9 A . Aa ¥ oA d%! -
s19vee 14un ogluseduIndResduifineaut e anwdudszinu g6 - 88 % Td3Au 9.7 -

10.6% 150213519 0.05 — 0.06% (Li-Chan ct al., 1995)
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Table 7.2 Chemical compositions of fresh egg albumen and egg yolk affected by 4% soybean oil,

and 1.0%, 2%, 3% and 4% CLA in laying hen diets (mean + SD)

Compuosition 4 % SBO 1% CLA 2% CLA 3% CLA 4% CLA
Egg albumen
Moisture (%) | 8728 £047 | 8783113 |8757+086 |8729+044 |R86.64+0.92
Protein (%) 10.14 £0.53 | 9.78 + 1.0} 9.83 +0.53 10.41 £ 0.68 10.56 £0.,71
Ash (%) 0.62£0.11 0.57+0.10 0.63 £ 0.09 0.73 £0,07 0.71 £0.13
Egg yolk
Moisture (%)} | 49.21+0.13 | 48.89+0.19 [ 48.77+£0.16 |4944+0.19 |49.27+0.55
Protein (%) 16,47 £0.53 16.59 % 0.35 16,54 £0.32 16.66 £0.44 17.19 £ 0.97
Ash (%) 1.74+:0.04b | 1.82+£007a | 1.83+004a | 1.68+0.09b |1.77+0.14ab
Fat (%) 29.84£246b [ 2936+ 1.55b | 377243632 | 36.39+4.19a | 3755+ 5.11 a
Cholesterol

1095=033a | 1235+1.03a | 115541652 1 8.06=1.28b |734+£3.070b
(mg/g )
SFA (mg/g) 5512£320d | 6884391 ¢ | 87.55£6.07b | 90.04 + 11.89 Hl02.07£7.85a
MUFA

66.06 +3.73a | 55.67+£317b | 5270+3.66b 1 53.30+£7.06b | 5634423 b
(mg/g)
PUFA (mg/g) | 4823+ 1.68a | 4552+2.64b | 43.44+£3.06bc| 38.92+506¢c | 28.12+2.324d

Different letters within a row are significantly different (P < 0.05), n = 6, SBO = soybean oil,

CLA = conjugated linoleic acid, SUF = saturated fatty acid, MUFA = monounsaturated fatty acid,

PUFA = polyunsaturated fatty acid.

3
AL EATACITEE %ummzﬂsmm"lmﬁu‘lumﬂ13ﬁ’ﬂﬂuﬁmﬁﬂﬁmm%uumTﬂﬁ%’m

] a
uanandu (p > 0.05) uazilSuaeglugrisenuPidmiulaln feo Sanuduslszum 49%

1 ] 1 f=1 1 & r 1 =y 1
waz TsRusendng 16 - 17% uisig luliuasilssn e 1.74 - 1.83% dalsing hganinlSuad

1, q = o o ] =y ] 1 =)
71091 1310 Li-Chan et al. (1995) w118 1.1 duddunain)Sunanssigues Wuasiiunn Ty

Y e A A 2 4 = . 4 4 i e
anauliodimm cLA s uluemsminiu dsunveslNuaainiv o < 0.05) WerlSinm

) ¥ ¥ W 1 ¥ v
cLA Tuomnssivdwsudy  AaiivTa lodululdunsn 1dnnrs i iudamae s 4%
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AN 29.84%  worzd luaad 18 nmsiasy CLA DA152na19 29.36 - 37.72%  A15 19LMB4
Tusfaluemrseravin Il ann luiiu lu Tiuasdraru 18 Watkins et al. (2003) M3 1% CLA 15
o &
unnlu safflower oil Y5210 66% (540 g CLA oil + 280 g safflower oil TUDIHISHAT 19.2 kg)
3 r r
wuInlFua lesiuianualu yolk plasma oend (p < 0.05) 1§10 140111395 safflower oil 1fiog
1 3 )
adreder TuvueiuSma lviiuianualy yolk piasma w9410 @9 1nn5 18 cLa Trudy
DHA Tiuanaieiu
MueudvunsdulSuin cLa Tuemis Inluvi 1 1R 185U nmnse lusfusiie
A o . . &£ - 44 4 &
UM (saturated fatty acid, SFA) T3UU {p < 0.05) auilTun cLA MnnAuiue s
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i VAl v o g T o3 = a0
fatty acid (PUFA) 304 1 ldnino1misaIuaae CLA Hd3inuanns (p < 0.0sndufinsiuiumn
¥
[ 3 & o =1
CLA fudsmitnuaoaeu Tyl stearoyl coenzyme A desaturase (A9 desaturase) W liinge
ar = . Lﬂ‘ . = Y r:‘- g dﬁ’ Y] d'd' 2 ~
Tuduaiin MUFA (tae PUFA aand ugh SEA T1lSmaudinvy Tuiledain ldnnmsaiu
@ &
cLa luawnsdaan (Evans et al., 2002; Smith et al., 2002; Mcrsmann , 2002) Tamame CLA
o o as o y = ¥ |
isomer trans-10,ci5-12 CLA (Park et al,, 2000) uaziusudoanuilsrngmssithiaiuldiuly
1 4 w o Y o 1 ar dv
19 msemandoudis cLa Judad 1d0nmamaoudennd DIFuNL LazHan s Naana s
. : [ v 4
AOANABIAUNANITNARDY Watkins et al. (2003) nae Stangl (2000) AwuhiSum CLA HiRniy
o ] § a o dy 1
#1157 1Uiael MUFA tas PUFA anadluiiloda)  uenainil Latour et al. (2000) 51891531013
14 cLa Tuowns IS oufsudums1a safflower oil Bazoinish s ldasulvdueinuvasla
(awaauny) Jimatuiurialddudatu lduash 183nms 14 cLa dindlSum cLa ves
Taiuasii Idvianqudumitiy uaz Yang et al. (2002) 31w913nU31 Mty CLA Tuamisla
Tai B11% lauaalSuinsa 1yt oleic  acid (18:1n-9), arachidonic acid (20:4n:6) LAY
docosahexaenoic acid (22:6n-3) 8@ ua S linoleie acid (18:3n-3), stearic acid (18:0) Uay
A ¥ :,’ c:’ <34 i LYY q’:
palmitic acid (16:0) mnin viivailulilldd cLA Snmauiaduds As uaz A9 desaturase
enZymeS
= 1 I o o a+ ' { o [
Mstasy CLA  Juens bl Tdseandsenon Tusiulu Tunaa)dounilasld dmsy
2y ] cd'. 9t ) Ic) =2 a{u 1 "o L=
1J337% cholesterol T Miumaf 1da1nmsasy CLA Tuoms  Usisaunisanyings hiuudadnil
3 ¥ »
NAR O3 CLA TRaniznuAel3unm cholesterol 199l Raes et al. (2002) 3104714797 410
= ~ 9t 1 v Qs 1 A‘I 2 . .
wisufeuns ¥ cLa Tueims e lady Tudueinuvasdu @0 soybean oil, rendered animal fat
. 16 LT 1 1 at A ; o a
ay flaxseed oil TM1H S cLA TulUnaaasdy  Famamsnaaosildonndeadunanis

NAADIVDY Szymezyk and Pisulewski (2003) deld cLa wsuluemis lnseay 0 - 20 kg
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Table 7.3 Fatty acids profiles (mg/g) of fresh egg yolk affected by 4% soybean oil, and 1.0%, 2%,

3% and 4% CLA in laying hen diets (mean + SD)

Fatty acid 4 % SBO 1% CLA 2% CLA 3% CLA 4% CLA
C14:0 04342£003d | 0.601£003¢c | 0.829%0.06b | 0.886+0.12b | 1.110+£0.082a
Cl15:0 01192001¢ | 0.130£001c [ 0139001 be | 0.153£0.02ab! 0.163+£0.01a
C16:0 39469+227b | 46.230+2.67b | 55.586+£3.86a | 55914+£737a 61.729+4.60a
C17 —:—O 0.60;;0—.05; ¢ 1 070840.05bc | 0.815+0.06ab | 0.9004£0.13a | 0.926+0.08a
Cl18:0 14486 £0.86d | 20.853 ;1.140 28.840+2.01 b | 29.282 i;g;b 33.006+261a
C21:0 nd 0219+ 001N | 1.151+0.08N | 2.693 037N | 49102041 N
82—:0 nd 0.102£00IN | 0.189+0.01N | 0.213+0.03N | 0222+0.03N
Cle: 1 “2.472:t0.16a 1.644+£0.10b | 1.2594+0.0%¢ | 0.892+0.12d | 0.876£0.064d
C18:1n%9t nd nd nd 0.682 £ 020N | 1.342+0.10N
_;318:1'190 63.285+3.56a | 53.636+3.12b | 51.164£3.55b | 51.440+6.78b| 54.066 +4.04 b
C20:! 0.298+£0.02be | 0.389+£006a 0.2l47 +£0.02¢ | 0.290+0.04 be; 0.339+0.03 ab
Cl18:2n6c | 43.467£2.544a | 38.053+£2.23b | 36.951+2.60b | 33.330 %_4.34b 23.171+1.79 ¢
C18:3n6 0243+ 0.02N | 0208+ 0.02N nd nd nd
C18:3n3 1748011 a | 1.504%0.09b | 1450£010b | 1.263+£0,17¢ | 0.6444£005d
C20:2 0480 +£003¢ ; 0450£002¢ | 0621 £004b | 0.694+0,09b | 1.1404£0.10a
C20:3n6 | 0.362+003a | 0307+£0.0lab; 0300+£0.04ab | 0.268=0.03bc| 0.196+£0.10¢
C20:4n6 | 3323+021a | 3.002+0.16a | 2.610+£0.18b | 2.126 £0.27 ¢ I.702i0.1’fd
C22:6n3 | 2.916+0,184a | 2.000+£0.11b | 1515=0.11c | 1.240+0.16d | 1.110+0.11d
Total
CLA 0.138+0078d | 2661 £0.418d | 12428 £1.149 ¢ 22,441 £2.967 b 35.057+3.169a

Different letters within a row are significantly different (P < 0.05), n = 6, N = not statistically

compared, nd = not detected, SBO = soybean oil, CLA = conjugated linoleic acid.
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Figure 7.1 CLA content in fresh egg yolk affected by 4% soybean oil, and 1, 2 and 3% CLA

supplemented in laying hen dicts. SBO = soybean oil, CLA = conjugated linoleic acid. Means

(+ SD) with different letters are significantly different (p <0.05} within CLA isomer (n = 6).

Table 7.4 CLA contents (mg/g) of fresh whole egg affected by 4% soybean otl, and 1.0%, 2%

and 3% CLA in laying hen diets {(mean + SD)

CLA isomer 4% SBO 1% CLA 2% CLA 3% CLA
0.07+0.04d 082 +0.15¢ 2.00+0.18b 385+064a
c9,til
0.15) (1.76) (4.27) (8.27)
0.03+£002d 022+004c¢ 0.63+0.06b 1.41+0.23a
t10,c12
(0.07) {0.48) (1.36) (3.03)
0.01 +0.01d 0.03+£001¢ 0.07+0010b 0.11+002a
c9.cll
(0.0 (0.07) (0.14) (0.23)
0.01+£0.01d 0.04+001¢ 007+001b 0.11£0.02a
t9,t11
(0.02) (0.08) (0.16) {0.23)
0.12+0.02d 1.11+£005¢ 276 £0.07b 547+023a
Total CLA
{0.25) (2.39) (5.93) (11.77)

Different letters within a row are significantly different (P < 0.05), n = 6, SBO = soybean oil,

CLA = conjugated linoleic acid; CLA content as mg/g dry weight is in parenthesis.
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Table 7.5 CLA contents {mg/g) of spray-dried whole egg powder affected by 4% soybean oil,

and 1.0%, 2% and 3% CLA in laying hen diets (imean + SD)

CLA isomer 4% SBO 1% CLA 2% CLA 3% CLA
B 0.20+0.11 d 3.00£032¢ 717+ 1.38b 127741528
N (2.68/1.33) (3.66 / 1.70) (3.59/1.65) (3.32/1.54)
0.09 +0.03 d 0.75 £ 0.08 ¢ 236+0.40b 46940582 |
012 (3.00/1.30) (3.41/1.56) (3.75/1.74) (3.33/1.55)
0.03 0.0 d 0.12+0.02 ¢ 0.25+0.04 b 037+0.05a
el (3.00/1.50) (4.00/1.71) (3.57/1.78) (3.36/1.61)
0.03 £ 0.01 d 0134003 ¢ 027+0.04 b 0.40 + 0.08 a
ol (3.00/1.50) (3.25/1.63) (3.86 /1.69) (3.64/1.74)
0.34 4 0.04 d 3.99 £ 0.03 ¢ 10054047b | 18230564
Total CLA
(2.83 /1.36) (3.60 /1.66) (3.64/1.77) (3.33/1.55)

Different letters within a row arc significantly different (P < 0.05), n = 6, SBO = soybean oil,

CLA = conjugated linolcic acid; CLA content as fold of increasing is in parenthesis (wet

weight/dry weight),
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Figure 7.2 CLA content in fresh whole egg and spray-dried whole egg powder affected by 4%
soybean oil, and 1, 2 and 3% CLA supplemented in laying hen diets. SBO = soybean oil, CLA
= conjugated linoleic acid. Means (+ SD) with different letters are significantly different (p

<0.05) within CLA isomer (n = 6).
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Figure 7.3 TBARS (mg MDA/kg) and hexanal (mg/kg) contents of spray-dried whole egg
powder affected by 4% soybean oil, and 1, 2 and 3% CLA supplemented in laying hen diets.
SBO = soybean oil, CLA = conjugated linoleic acid. Means (& SD) with different letters are

significantly different (p <0.05) within CLA isomer (n = 6).
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