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The effect of dietary oat and enzymes on chicken meat quality: colour, fat content, fatty acid composition of lipids and their oxidative stability was
evaluated. A total of 200 one-day-old chickens (Cobb) were randomly allocated to five dietary treatments. Experimental diets contained 300 or 500
g/kg (in starter and grower, respectively) of dehulled oat or naked oat cv. Polar. Diets were unsupplemented or supplemented with enzyme prepara-
tion. The control diet was based on soybean, maize and wheat and contained no enzymes. A higher concentration of polyunsaturated fatty acids and
lower content of monounsaturated fatty acids in breast muscle was found in chickens receiving naked oat as compared with birds fed with dehulled oat
(p<0.05). The results obtained in control chickens was similar to those in the group with dehulled oat (p>0.05). Enzymes supplement to oat based
diets decreased concentration of saturated fatty acids. Addition of enzyme caused a decrease of fat content in chicken meat (p<0.05) but no significant
differences in fat content between experimental and control birds were found. After 6-month storage of meat at —20°C TBARS level was lower in the
groups fed diets with the oats compared with control group (p<0.05). The cultivars of dietary oat and enzyme supplementation of diets did not cause
any significant changes in the colour of meat but the values of yellowness (b*) in broilers fed naked oat were significantly lower than in control chickens

(p<0.05).

INTRODUCTION

Many studies have shown that naked oat can satisfactory
substitute for other grains in broiler chickens diets [Kaminska
etal.,2003; Osek et al., 2003, Szymczyk et al., 2005]. Its com-
position can modify quality of chicken meat. Naked oats have
a relatively high concentration of fat reach in polyunsaturated
fatty acids [Svihus & Gullord, 2002]. In addition, oat is con-
centrated sources of antioxidants, include vitamins [vitamins
E, beta-carotene], trace minerals which are components of
enzymes performing antioxidant functions [selenium, cop-
per, zinc, and manganese], phytoestrogens, phenolic acids
and phytic acid. Several oat phenolics have been identified,
including ferulic acid, caffeic acid, p-hydroxybenzoic acid, p-
hydroxyphenylacetic acid, vanilic acid, protocatechuic acid,
p-coumaric acid and others [Peterson et al., 2001; Chen et
al., 2004]. Tt was found that the susceptibility to oxidation
of meat from broilers receiving 200 g/kg oats in the diet was
compared to the stability of meat from broilers receiving
200 mg/kg alpha-tocopherol acetate [Lopez-Bote et al., 1998].
On the other hand, the beta-glucans present in oat can reduce
nutrient utilization and have negative effect on growth rate.
The use of feed enzymes including beta-glucanase in oat-
based diets has in some experiments improved broiler per-
formance [Osek et al., 2003, Szymczyk et al., 2005]. Similarly,
Café et al. [2002] and Saleh et al. [2005], found significant
relationship between enzyme supplementation of broiler diets
and meat composition and abdominal fat level. The objective

of this study was to determine the effect of enzyme supple-
mentation of mixtures with different cultivars of oat on chick-
en meat quality: colour, fat content, fatty acid composition
and oxidative stability of fat.

MATERIAL AND METHODS

A total of 200 one-day-old chickens of a commercial strain
(Cobb) were randomly allocated to five dietary treatments
(four replications of ten birds) and kept in battery cages. They
were given a starter diet (22.2% CP and 12.5 MJ ME/kg) from
7 to 21 days and a grower diet (19.7% CP and 12.9 J ME/kg)
from 22 to 42 days. Diets contained 300 or 500 g/kg (in starter
and grower, respectively) of dehulled oat or naked oat cv. Po-
lar. Diets were unsupplemented or supplemented with enzyme
preparation (1 g/kg) which contained: 15 U amylase, 14 U
protease, 400 U beta-glucanase, 400 U xylanase and 600 U
cellulase per gram. The control diet was based on soybean,
maize and wheat and contained no enzymes. At 42 days of
age four birds from each replication were killed and the sam-
ples of breast muscles (pectoralis major and pectoralis minor)
were obtained from the carcass 24 h after slaughter. Chemical
composition of meat was determined by standard methods
[AOAC, 1995]. The total muscles lipids were extracted accord-
ing to the method of Folch e al. [1957]. They were saponified
in 0.5 mol/L KOH/Me-OH and then methylated in 14% BF,/
Me-OH [Morrison & Smith, 1964]. Fatty acid methyl esters
were identified by comparison of their retention times with
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standards purchased from Sigma-Aldrich. Lipid oxidation of
breast muscle was determined at 24 h post-slaughter and af-
ter 6-month storage at —20°C using Salih method described
by Pikul [1989] by assaying 2-thiobarbituric acid-reactive
substances (TBARS). Meat colour was measured in five lo-
cations of breast muscles and mean values were calculated
for color lightness (L*), redness (a*) and yellowness (b*) with
Minolta Chromometer CR-310. The results obtained in ex-
perimental groups were analyzed using two-way MANOVA
generated by the STATISTICA v. 5.1 package. Duncan’s mul-
tiple range test was used to determine the significance of dif-
ferences between means. The control group was compared
with experimental groups by means of linear contrasts of each
dietary treatment.

RESULTS AND DISCUSSION

Feeding broilers with different cultivars of oat resulted
in significantly different gross composition of breast muscle
(Table 1). In the case of birds receiving diet with dehulled oat
and control diet dry matter content in meat was significantly
higher than this observed in group fed naked oat. Addition of
enzyme to the oat based diets caused a decrease in fat content
in chicken meat (p<0.05) but no significant differences in fat
content between experimental and control birds were found.
The influence of enzymes was most effective in the case of
chickens receiving diet with dehulled oat (OxE). Similar re-
sults were obtained by Kondzielska & Pisarski [2001]. In their
study the enzyme preparation with a dominant proportion

TABLE 1. The effect of dietary oat and enzymes on quality of broiler meat.

of beta-glucanase used in mixture with barley decreased the
fat content of breast muscle. TBARS values, a measurement
related to oxidation of lipid, were all relatively low (Table 1).
No significant differences in TBARS values were found in the
meat of chickens receiving different cultivars of oats. It was
shown that after 6-month storage of meat at -20°C TBARS
level was lower in the groups fed diets with the oats com-
pared with control group (p<0.05). Lopez-Bote et al. [1998]
also observed lower TBARS level in breast muscle of broil-
ers fed with oat based diet in comparison to meat of chicken
receiving control diet without oat. Similarly, lower content of
lipid peroxidation products of carcass of broiler chicken fed
oat or dehulled oat had was observed in the previous study
of Cave & Burrows [1993]. Smaller changes in TBARS value
for oat based diets than for control diet indicated that the
oxidative stability of breast muscle lipids was improved by
natural antioxidants of oat. Recent reports indicated that
specific polyphenols play role as antioxidants inhibiting lipid
peroxidation, low-density lipoprotein oxidation and scaveng-
ing oxygen radicals [Sanchez-Moreno et al., 2000; Benvenuti
et al., 2004]. Handelman et al. [1999] and Brat et al. [2003]
demonstrated the antioxidant capacity of oat phenolics in in
vitro studies.

The cultivars of dietary oat and enzyme supplementation
of diets did not cause any significant changes in the colour of
meat but the values of colour redness (a*) and yellowness (b*)
in broilers fed naked oat were significantly lower than in con-
trol chickens (p<0.05). In addition, the value of b* in broil-
ers fed with naked oat was significantly lower than in control

Gross composition (%) TBARS Colour of meat after 6 month
Group! Dry matter | Crude protein |  Crude fat slﬁgflrter ﬁfcﬁrthﬁ L a b
1C 25.92 24.41 1.03 0.320 0.393 55.44 11.81 7.42
2D 25.80 23.68 1.11 0.318 0.368 55.58 11.83 6.86
3DE 25.74 24.00 1.01 0.308 0.356 55.57 11.76 6.97
4N 25.26 23.89 1.09 0.323 0.374 55.40 11.73 6.66
5NE 25.28 24.06 1.04 0.310 0.364 55.65 11.70 6.77
Contrasts
Cl(lvs2) NS * NS NS * NS NS NS
C2(lvs4 NS NS NS NS * NS NS NS
C3(1vs3) * NS NS NS * NS NS *
C4 (1vs5) * NS NS NS * NS NS *
Oat (O):
D 25.77a 23.84 1.06 0.313 0.362 55.57 11.79 6.91
N 25.27b 23.98 1.06 0.316 0.369 55.52 11.71 6.71
Enzyme (E):
- 25.53 23.79 1.10a 0.320 0.371 55.49 11.78 6.76
+ 25.51 24.03 1.02b 0.309 0.360 55.61 11.73 6.87
OxE NS NS * NS NS NS NS NS
SEM 0.490 0.488 0.110 0.098 0.016 1.230 0.116 0.121

!Groups: C — Control; D - Dehulled oat; DE -Dehulled oat + enzymes; N — Naked oat; NE -Naked oat + enzymes; 2Contrasts: C1 = Cvs D; C2 =
Cvs N; C3 = Cvs DE; C4 = Cvs NE; a, b - values in the same columns with different letters differ significantly (p<0.05); * - p<0.05; NS -p>0.05
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TABLE 2. Fatty acid composition (% of total fatty acids) of experimental
mixtures for broiler chickens.

Experimental mixtures'

Fatty acids Starter Grower/Finisher
c | p|[ N]c|pDp]|N

C14:0 005 009 010 005 009 0.08
C 16:0 626 852 835 625 841 1791
Cl16:1 0.14 015 014 012 012 0.10
C18:0 156 140 165 1.1l 1.23 1.28
C18:1 40.56 3797 39.50 39.90 3759 3839
C18:2 41.58 4371 41.87 41.81 4448 44.01
C18:3 750 604  6.04 825 623  6.03
C22:1 0.60 051 050 076 049  0.60
Total SFA? 8.63 10.67 10.10 8.14 1023  8.839
Total MUFA’ 4130 38.63 40.14 40.79 3821 39.10
Total PUFA* 50.07 50.70 49.29 51.07 5156 51.02

'Experimental mixtures: C-Control diet without oat; D-diet with dehu-
lled oat; N-diet with naked oat; > SFA — saturated fatty acids; * MUFA
— monounsaturated fatty acids; * PUFA - polyunsaturated fatty acids

chickens (p<0.05). It is thought that yellowness reflects the
intensity of the meat lipid autooxidation process [Wiegand et
al., 2002]. Lower value of TBARS and higher yellowness may
support the hypothesis about the higher oxidative stability of
meat of broilers fed naked oat.

The contents of the major fatty acids (C16:0, C18:1 n-9,
C18:2 n-6) in meat reflected the fatty acid profile of the di-
etary fat (Table 2). Fatty acid composition of breast muscle
lipids, expressed as a percentage of total methyl esters of
fatty acids was significantly altered by cultivar of oats (Ta-
ble 3). This results are in accordance to earlier findings of
Lopez-Ferrer ef al. [2001] and Ortiz et al. [2006]. A higher
concentration of polyunsaturated fatty acids (PUFA) and
lower content of monounsaturated fatty acids (MUFA) was
found in chickens receiving naked oat as compared with birds
fed with dehulled oat (p<0.05). The results obtained in con-
trol chickens was similar to those in group with dehulled oat
(p>0.05). Kaminska er al. [2003] found the higher level of
PUFA in lipids of broilers receiving both dehulled and na-
ked oat. The enzymes supplementation of oat based diets
decreased concentration of saturated fatty acids (SFA) but
there were no significant effects of enzymes on MUFA and
PUFA concentrations in meat.

CONCLUSIONS

It is concluded that feeding broilers with oat generally
improved the oxidative stability of chicken meat. Fat content
of breast muscles was modified by enzyme x cultivars of oat
interaction. The enzymes supplementation of oat based diets
significantly decreased fat content and saturated fatty acid
concentration in meat. In addition, naked oat might be used
in broiler feeding in order to increase PUFA content in intra-
muscular fat and to improve meat colour.

TABLE 3. The effect of dietary oat and enzymes on fatty acid composition (% of total fatty acids) of breast muscle in experimental chickens.

Fatty acid composition (% of total FA)

Group! CI40 | C16:0 | CI6:1 | CI80 | CIg:l | CI82 | CI83 | €204 | C22:1 | EPA | DHA | el | o | totdl
1c 021 1224 065 808 3372 3057 369 527 022 051 178 2054 3759 4182
2D 028 1326 LIl 755 3639 3099 294 449 020 043 128 2010 3771 4127
3DE 022 1325 LIS 768 3565 3009 274 522 013 053 216 2013 3802 4L13
4N 027 1425 118 768 3484 3126 277 444 010 043 140 2197 3475 4349
SNE 0.09 1152 049 869 3331 3181 254 671 019 045 286 1947 3507 4456
Contrasts’:

Cl(1vs2) +* NS * NS * NS *™ NS NS NS NS NS * NS
C2(1vs d) NS NS * NS NS NS * NS * NS NS NS NS NS
C3(1vs3) NS * NS NS NS % NS % NS NS NS  * .
C4 (1vs 3) NS NS NS NS NS “« NS NS NS * NS NS ¢
Oat (0) :

D 025 1325 150a 760 3604 3454 284 486 0.7 048 172 2062 3787a 4120a
N 023 1288 084b 821 3408 3153 266 557 014 044 213 2072 3531b 44.03b
Enzyme (E):

- 0284 13762 152a  7.62 3562 3113 286 447 015 043 135A 21548 3623 4238
+ 021B 1238b 0.84b 819 3450 3095 264 497 016 049 251B 1980b 3694 42.84
OXE NS NS * NS NS NS NS NS * NS NS NS NS NS
SEM 0051 1570 0413 0909 2111 1687 0050 0669 0015 0018 0014 2420 11410 2.169

!Groups: C — Control; D - Dehulled oat; DE -Dehulled oat + enzymes; N — Naked oat; NE —Naked oat + enzymes; *Contrasts: C1 = Cvs D; C2 =
Cvs N; C3 = Cvs DE; C4 = Cvs NE; a, b - values in the same columns with different letters differ significantly (p<0.05); A, B - values in the same
columns with different letters differ significantly (p<0.01); * - p<0.05; ** - p<0.01; NS - p=>0.05
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WPEYW OWSA I ENZYMOW PASZOWYCH W PASZY DLA KURCZAT BROJLEROW NA JAKOSC, PROFIL
KWASOW TEUSZCZOWYCH ORAZ STABILNOSC OKSYDACYJNA MIESNI PIERSIOWYCH

Beata Szymczyk, Piotr Hanczakowski, Witold Szczurek, Monika Frys-Zurek
Instytut Zootechniki — Paristwowy Instytut Badawczy, Dzial Zywienia Zwierzqt i Paszoznawstwa, Balice k/Krakowa

W doswiadczeniu na 200 kurczetach brojlerach (Cobb) badano wptyw dodatku owsa oraz enzymoéw paszowych na jako$¢ migsa drobiowego:
barwe, sktad chemiczny, sktad kwasow tluszczowych ttuszczu srodmigSniowego oraz jego stabilno$¢ oksydacyjng. Mieszanki zawieraly owies
oplewiony obluszczony lub owies nagi odmiany Polar w ilosci 300 (starter) lub 500 (grower) g/kg paszy, z dodatkiem lub bez dodatku 0,1% prepa-
ratu enzymatycznego o aktywnosci (U/g): amylaza — 15, proteaze — 14, beta-glukanaza — 400, ksylanaza — 400 i celulaza - 600. Kurczeta w grupie
kontrolnej (wytaczonej) zywione byly bez dodatku owsa i enzymdw. W probkach migsni piersiowych brojleréw oznaczano: sktad podstawowy,
sktad kwasow tluszczowych tluszczu oraz zawartos¢ aldehydu malonowego (TBA) po uboju i po 6 miesigcach przechowywania w temperaturze
—20°C. Oceniano roéwniez barwe migsa.

Wyzszy poziom kwasow tluszczowych wielonienasyconych i nizsza zawarto$¢ kwasow jednonienasyconych stwierdzono w miesie kurczat
zywionych z dodatkiem owsa nagiego, w poréwnaniu z grupa kontrolna i z grupa otrzymujaca owies obtuszczony. Dodatek enzymow do miesza-
nek z owsem spowodowat istotng redukcje udziatu nasyconych kwasow tluszczowych oraz zawartosci thuszezu w miesie. Wigkszg efektywnos$¢
enzymOw w redukgji ttuszczu stwierdzono w przypadku owsa obluszczonego w poréwnaniu z owsem nagim (OxE). W grupach z owsem wyka-
zano istotnie nizsza niz w grupie kontrolnej zawarto$¢ aldehydu malonowego w miesie po 6 miesiacach przechowywania w temperaturze —20°C.
Odmiana owsa oraz dodatek enzymow nie wplynely istotnie na barwe migsa.





