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Summary

An experiment was conducted to assess the effect of supplying with fish orlinsced oils
on the performance, quality parameters and fatty acid (FA) composition of the meat of
broiler chickens. Besides, it aimed to test the relative stability ot the FA composition
after cooking of the chicken meat. A diet with 4% of tallow plus 4% linsced o0il (T1)
or 4% fish oil (T2) was fed to the birds throughout the 5 wk growth period. After
slaughtering of the animals, the FA profile of the raw samples was determined by
means of gas chromatography, and also after cooking in a convector oven (180°C, 35
min). Carcass yield, percentage of valuable parts, texture, juiciness and grill losses of
meat were determined as objective quality parameters.

Performance parameters were not significantly different among treatments, though a
tendency towards a better transformation index was found in T1 fed animals (p<0.09).
Objective quality meat parameters were not different when compared by treatments. As
expected, differences in the FA profile of the samples were found among treatments,
being the T1 samples the ones which scored with highern-3 FA levels, because of its
linolenic acid content, while T2 samples showed a higher proportion in n-3 long-chain
(LC) polyunsaturated FA (PUFA) in form of cicosapentaenoic acid, docosapentaenoic
acid, and docosahexacnoic acid. Processing of the samples had an important influence
on the FA profile of the meat. PUFA content was significantly lower in cooked
samples (p<0.01), thus affecting the relative percentage of saturated FA, which rose to
the highest values after cooking. Changes in monounsaturated FA were unnoticeable.
Losses in 0n-6 FA were mainly due to the fall of linoleic acid while almostall n-3 LC-
PUFA experienced significant losses after cooking of the meat.

Introduction

Many interests dealing with n-3 fatty acids (FA) increases in chicken meat have
enhanced the development of scientist research on the effect of different dictary FA
composition on the FA deposition in the animal tissues (Lopez-Ferrer et al., 1999).
The main source of n-3 long-chain polyunsaturated FA (LC-PUFA) are, undoubtlessly,
of marine origin, but its use is restricted because of the many undesirable odours
present in the final product (Hargis and Van Elswyck, 1993). Some terrestrianoils like
linseed and rapesecd oils can certainly increase the n-3 FA levels in meat, but mainly
as LNA, precursor of the whole n-3 family. However, all these n-3 FA have proved to
be less stable at certain temperatures than saturated FA (SAT) and monounsaturated
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lln/t (tI\LU FA) .lEL :'md they might certainly disappear or to be altered after cooking of the
cat, but no research has still been performed on that field. With the aim of studying
the increase in n-3 FA in the raw chicken meatand late FA changes :lﬂél'cooki}l r u);ltil*&
consumer conditions, the present experimentputs forward two diets on the b'm'éc flt‘ tlr
(FO) and linseed (LO) oils in a chicken growing period. ‘ oL

Material and Methods

A tnu.l \V'Ilh 100‘ unsexc_d 1-d-old Cobb chicks, arranged in 10 boxes (10 birds per box)
and distributed into 2 dietary treatments (5 boxes pgr treatment) was condtk?cd inl'
farm atthe Unterer Lindenhofresearchstation of the Univcrsilyot‘Holicnhcim Anin l‘l
were given ad libitum access to water and to the diets designed to cover all l]lf
nut(r)lllonul requirements in growth (N.R.C., 1994), consisting of extruded Q‘ b"“'
(36 n)., wheat (31%), starch (10%) and oat flour (5%) (CP: 25%: ME" 3200 k(y kh'm
The diets were formulated by adding 4% of tallow and 4% of linseed oil (LO z:’Tl)toz'
fish oil (FO, T2) to the described basal diet (0.02% BHT as onl~ antioxid: } TI(‘r
FA profile of the dicts is shown in Table 1. . & dand)- The
{\t the age of 5 wk, all the animals were weighed and sex-identified before being
slaughtered at the poultry slaughterhouse of the rescarch station. Weights of bled,
scalded, plucked, eviscerated, and air-chilled carcasses after cu(ti'ng off their heads,
nqcks, and feet, and after removing of abdominal fat pad, obtained as dCQCfibCLi by
Lopez-Ferrerer af. (1999) to obtain ready-to-cook carcasses were rccordéd( lAi birds )‘yr
treatment). Curcussgs were stored in a cool chamber at 0 to 2 C until the next Ad'llt
when cutting of their parts was performed into commercial cuts as back, two le ;-l|1i")|/l‘
two wings and breast and then calculated as percentage of the carcass "The o%‘ccli :
ﬂ]\LrllllIl:]Ll:l.stuot mcut(gtmlily :j\e}rlL conducted 48 h after sluuuhtcrins_vh.urhcw -n{-llysc:
i ¢ iciness (Grau and Hamm, 1933), by using the ific cthod of the
Braunschweiger Model’ (Grashorn, 1995). Grilyl lossc% wcrcn:l(z‘:t::;LilnE:iLll)l)‘lod(i'ﬂg:‘crlll‘L‘
’ot ;\;)c;ght on all the left breasts, before and after cooking them in a double-plated grilLI
dl”_. (C‘ S‘umplcs of meat were kept into the grill until 85 C of internal temperature
W d.s.ua.chgd. Tenderness of cooked samples of breast (maximum shear force and total
energy in cut) was measured using the Warner Brazler shear tool in an IN‘STRO‘N
Model 4301. 5 thighs per treatment (without skin) were cooked the same way and
p.rcwous.ly frecze-dried before the FA analyses were performed along ~\‘vilh t{vg ;*1\L\/
freeze-dried thigh samples. The lipid extraction and FA composition of diets 'ltnd
I:SSI.‘ICS were performed and determined as described by Lépez-Ferrer er al (1»9‘3‘))
Performance and analytical data were analysed using the ANOVA srocedure
(SAS,1996). For significant differences (P<0.05) means were compared b pq' s the
LSD method of the same statistical package. ‘ yusing fhe

Results and Discusion

Performance and Carcass yield parameters. Productive parameters (data not shown)
hardly presented differences among treatments, though a tendency il’< 10) towards a
better feed efficiency and higher final weights was observed in the animals fed T ill‘c
more polyunsaturated diet, as already remarked by Zollitsch ¢t al. (l‘)‘):/)A. Signiﬁ’cunl
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differences among, treatmentswere scarcely observed in the differentcuts of the carcasses
(Table 2), though still higher (P<0.05) thigh percentages were found in the animals fod
T2. As reported by Zollitsch et al. (1997), increasing levels in the polyunsaturation
of the dict and did not result in higher levels of the abdominal fat percentage, though
their fat pad percentages scored higher than ours (2.3 vs. 1.3%), perhaps because of a
longer growing period (43 vs. 38 d of age). Itis not surprisingthat carcass yield values
were greater for males than for females (M: 63.7 vs. F:64.3%, P<0.01), and difTerences
remained after cooling of the carcasses (P<(.05). Besides, the fat levels registered in
male were significantly lower than in female chicks (M: 0.88 vy. F: 1.75%, P<0.01).

Qualiry meat parameters. Different levels inthe grade and kind of polyunsaturation of
the diets did not result in significant differences among treatments or SCXes (data not
shown). Only slight differencesin juicinessamong sexes werc found: breasts of females
showed a higher value in that parameter (M: 0.78 vy. F: 0.88, <0.05).

Fatny acid composition. Tables 3 and 4 show the FA content of the chicken thigh
samples. The little changes observed in the SAT content confimied a certain
maintenance of the saturation of the poultry tissues no matter the SAT levels of the
intaken dicts. The monounsaturated FA (MUFA) content -mainly as oleicacid- of the
samples was foundas lower with the inclusion of LO, when comparedto the use of FO
as the added fat, thoughthe T1 diet showed similar levels in such FA when compared
to the T2 diet. The double origin of the oleic acid in meat (directdepot from dict and
e novo synthesis in liver and tissue) seems to be the main reason for such fact. The
high level in palmitic acid (C16:0) of the T2 treatment might have been the basis of
the higheramounts in oleic acid in T2 meat, through elongation and desaturation from
it. On the other hand, the total PUFA content increased (P<0.001) when using LO
(T1): both precursors of the n-3 and n-6 families, LNA and linoleic acid (LA),
respectively, rose then with the highest values in thigh, stll being LA the main PUFA
present in the chicken tissue no matter the treatment used. The main vise of the n-3
LC-PUFA was only present (P<0.01) when FO was used, reaching nearly 5% of the
total FA of the fats thigh, mainly in form of DHA and EPA (2.07 and 1.12 for DHA
and EPA, respectively).In contrastto the rise of the n-3 LC-PUFA when FO was used,
it must be remarked how little the differencesin the contentof the n-6 LC-PUFA found
among both treatments were. Arachidonic acid (AA), though proved as higher
(P<0.001) in the T2 samples, remained almost unchanged and all the rest of' n-6 LC-
PUFA (data not shown) scarcely reflected any variation according to the treatment.
Cooking of the meat had a significant effecton almost all the most important FA and
main groups reported. No works dealing with the effect of cooking on the FA changes
of poultry meat have been found, though some articles dealing with the cflect of
processing on lipid changes have certainly brought some interesting information. As
described by Warnants et al. (1996) after processing of pork meat into salami (drying-
smoking processes), the moststable FA have been provedto be the SAT group. Itis
not new that FA are oxidized during processing, butsome are more stabte than others
-or less destroyed- and they appear in a higher proportion in the total fat of the
processed product. This certainly seems to happen in the case of the SAT, always In
a higher percentage after processing (R: 38.6 vs. C: 41.6%, P<0.001). As expected,
cooking implied a great loss of the PUFA group, that resulted in a tall of'its proportion
in the total fat (R: 27.2 vs. C: 23.8%, P<0.001) of the processed meat. The most
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important losses among the PUFA were experienced by those FA with more double
binds: that is, DHA, EPA, DPA and C20:4 n3. Unexpectedly, LA (2 double binds)
experienced a higher loss than LNA (3 double binds) did, that remained unchanged
after cooking. That resulted in changes in the n6/n3 relationship according to the
treatment. The interactions found in the n6/n3 relationship can be explained because
of the different kinds of losses of FA present in the meat from different treatments. T2
experienced the most important losses among the n-3 LC-PUFA content and, in a
lesser extent, in the LA amount. Losses experienced in the LO samples were almost
restricted to LA, thus being the main cause of the different effect of processing on the
FA content of T1 and T2 samples.

Attention should be paid to what we really eat. PUFA are proved to be easily
introduced into the poultry products, but also to be rather susceptible to be destroyed
-and disappear- after processing, even under non-agressive processing techniques when

no antioxidants are added in the diets. Further research dealing with different kinds of

procedures still have to be performed on n-3 modified products (eggs, meat) in order
to guarantee the real intake in such nutritionally interesting FA.
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Table | - Fatty acid composition of experimenta.

dicts .
Fatty Acid Tl T2
C16:0 23.42 30.26
C18:0 17.00 17.15
Cl8:1n9 13.87 12.26
C18:2n06 15.84 9.81
CI8:3n3 28.08 1.37
C20:4n6 0.00 0.35
C20:5n3 0.00 3.35
C22:5n3 0.00 0.64
C22:6n3 0.00 5.49
SAT 41.16 51.03
MUFA 14.14 24.13
PUFA 44.37 22.21
no 16.07 10.33
nl 28.30 11.87
n6 / nl 0.57 0.87

VT 4% Linseed il + 4% tallow (T)
T2 46 hsholl+ 4% T

Table 2 - Carcass yicld paramecters according to treatment and sex cffects

Etfect Live Carcass  Abd. fat Cold thigh brcusll wings
weight, g yield Yo carcass %o 7o o
slaught. Yo yicld, Yo
Tt x Sex i

TIM 22348 64.81" 0.97 63.04 4 33.36 25.53 11.73
TIF 1796.0 64.46° 1.71 62.76 32.11 25.59 11.86
T2 M 2010.8 66.58 0.80 64,46, 33.89 25.60 12.20
T2F 1787.4 64.13° 1.79 062324 33.39 24.51 12,19
Pooled SEM  26536.26 1.22 0314 1.551 0.674 3.010 0.347
I rCilllll“C"t 2015.4 04.64 1.34 062.90 3273 23.3(_) 1179
T2 1899.1 65.36 1.30 63.39 33.04 25.05 12.20
Sex , 2557 o7
Male 21228 65.7 0.88 63.75 3}.()3 255 7
lemale v/ 04.3 17> 02.54 3275 25.05 12.02

Significance '
£ It + N.S. N.S. N.5. » Nb N.S
SCX * %k % Kk * % * * NS NS
Tt x Sex N.S. * N.S. + N.S. N.S. N.S

"T1: 49 linseed oil + 4% tallow (T); T2: 4%

tendency, P<.10 (+)
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fish oil + 496 T; M - Malc; F - Female

™4 Values within the same column and section with no common superscript are
significantly different, P<0.05 (*), 0.01 ("*),.or 0.001 (***) .

+heq Values within the same column and section with a common subscript show a



4,

Table 3 - Fatty Acid composition of samples of thighs

Etfect Cl6:0 CIB:0 CI8:1 n9  CI8:2 n6 CI8:3 03 C20:4 n6 C20:5 n3 C22:5 03 (22:6 nd

Tto x Proc

Tleraw  2958"%  4.41 25.95 ¢ 16.58 * 13,93 0.2% 0.39 * 0.24 0.25
Tl -cooked 32.55*  7.69  24.58° 13.27°" 13.43 0.23 0.34 0.22+ 0.25
T2 - raw 2899 854 29.26" 1287 " 2.9% 0.57 1.33 ¢ 0.93 h) 4;
T2-cooked 2995% 967  32.60° .72+ 308 0.46 0.91 " 0.74 " 1
Pooled SEM  0.474 0.155 1.505 0.848 0.165 0.002 0.005 0.002 0.012
mecm 31.07 7.05  26.27
3l 05 262 14.93 3.6+ 25 S
T2 29.47 901 30.93 12.30 I_i.'g; 3?3 ?:?; 832 Q(:;
’rocess
raw 2.2 1.4/ 17,01 14,73 B4 U344 V.50 U.5% [IRK
couked RE ] X.08 29.09 125t X,20 .44 0.62 U4 U:;;'I
Significances
T! LR RS LR R ] LA E re LR LER] aen LEN ] LER]
I)r‘)c e LE N ] LK ] LN NS. LN *rEw LE N ] LA RS
Tt x Proc s N.S . . N.S. NS .. *es

"T1 = 4% linseed oil + 3% wllow (T); T2 = 4% fsh ol + 490 T
Values within the same row with no common superscript are significantly difterent, P<.0S (%), .01 (*%)
or .Ul (***)

s Values within the same row with a commaon subscript show a tendeney, P10 (+)

Table 4 - Groups of main FA in samples of thighs

Ettect SAT MUFA PUFA™ a6 n3 no/ni

Ttx Proc
'"Tl-raw  37.44° 3027

3212 17107 1502 1.14°
Tl -cooked 41.43" 3012 2
2
|

,
8.09 13.79™ 1440 0,95

T2-raw  39.84"  37.60 22,18 14.04" 814 1.73°

9

0

T2 - cooked 41.81 %  38.50

Pooled SEM 0.466 1.047 2.
‘Treatment

A6 12.63° 681 1.84°
10 0.990 0.263  0.004

TI 39.43 30.19  30.11 1540 1471 1.04

T2 40.83 38.08 20.82 13.33 749  1.78
Process

raw 38.64 33.94 27005 1557 1158 1.43
cooked 41.62 3434 2378 1316 10.62  1.40

Significances

Tl * ¥k * ok ok Ak % ok %k & %k %k * % %k

Proc > xx N‘S' xxx »* x x xxx N-S'
Ttx Proc ** N.S. N.S. * N.S.  **x

'T1 =49 linseed oil + 4% tallow (M); T2=2%fishoil + 426 T

abcd crt -
Values within the same row with no common superscript

are significantly different, P<0.05 (*), 0.01 (**), or 0.00] (***)
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ALTERNATIVES TO ANTIBIOTIC GROWTH PROMOTORS: MANNAN
OLIGOSACCHARIDES AND ORGANIC ACIDS

R.A.H.M. ten Doeschate' and Stephen Kcnyon:

'Dalgety Feed Ltd., Springfield House, Springficld Business Park, Springficld Rd,
Grantham NG31 7BG United Kingdom

“Alltech United Kingdom, Alltech House, Ryhall Rd., Stamford, Lincolnshire PEO
ITZ United Kingdom

Summary

Two alternatives to  feed-grade antibiotic  performance  enhancers—mannan
oligosaccharide (MOS) and a mixture of organic acids—were compared to an antibiotic
(avilamycin) and an untreated control in broilers. The feed formulas contained low
concentrations of essential amino acids to amplify any effect of the performance
enhancers. Half of the broilers in each of the four treatment groups were raised on used
litter to give the birds a microbial pathogen challenge.

At 14 days of age, broilers fed avilamycin were heavier than those fed either the
untreated control, MOS, or the acid combination. However, by 35 days of age, the
liveweight difference between avilamycin, MOS, and the organic acids disappeared.
Compared to broilers fed the untreated control, all three additives improved feed
conversion to a similar degree. Mortality was lowest in MOS-fed birds. It was
concluded that MOS and avilamycin elicited similar improvements in broiler
performance. During the first two weeks of the study, waterintake was lowest for MOS-
fed birds and highest for the organic acid-fed birds. At 35 days of age, the litter
condition of the birds fed any of the additives was better than the control. Wet litter can
result in birds with dirty feathers, leg problems, and breast blisters. Wet litter also
increases the ammonia concentrationin growout houses. High ammonia concentrations
could cause respiratory problems in a flock leading to an increased carcase
condemnation rate.

Introduction
Consumers and government regulators are increasing the pressure on animal producers
to eliminate antibiotic performance enhancers in feed. Public fear is that the continued

use of sub-therapeutic concentrations of antibiotics in animal feed will result in
antibiotic resistant human pathogens. Recently, the European Union enacted a ban on
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