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Effectiveness of mixtures with thefabaceae seeds
in broiler chicken feeding

Efektywnai¢ mieszanek z udziatem nasiorglio bobowatych stosowanych
w zywieniu kurczt brojleréw

Summary. The studies were conducted on four groups ofsérae number of broiler chickens
ROSS 308 (each of 50 birds). The birds were fed&tanixtures (12.8 MJ ME, 217 g total pro-
tein) for the first 21 days, and then Grower miggi(13.1 MJ ME, 202 g total protein) for the next
3 weeks. Extracted soybean meal was used as thephitein feed in mixtures for chickens in the
control group, while bean, pea and lupine seedthénamount that corresponded to the same
protein content (Starter — 15%, Grower — 33%) vagplied in experimental mixtures instead of
the soybean meal. The body weight gain, feed intdiessing percentage, carcass musculature and
fatness, the content of basic nutrients in breagtcies, phk and pH, in the muscles as well as
gustatory value of meat were analysed in the éxjgert. It was concluded that the introduction of
Fabaceaeseeds (regardless of species) into mixtures foildsrchickens significantly improved
body weight gain (& 0.01) and dressing percentage<(P.05) in birds with similar carcass mus-
culature and fatness, and simultaneously sensaitg tf meat were better £20.05), compared to
chickens that were fed mixtures, in which the ested soybean meal was the only protein feed.
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INTRODUCTION

The Fabaceaeseeds such as: bean, pea and lupine are an uedescurce of pro-
tein for farm animals. The extracted soybean medeéd rations for monogastric ani-
mals (especially poultry) cannot be totally repthéxy the seeds, without the worsening
productive results. The seeds, however, could kd as a partial substitute that might



78 M. OSEK, A. MILCZAREK, B. KLOCEK, Z. TURYK, K. JAKIBOWSKA

give a possibility to stop purchasing some amodrhe extracted soybean meal. Ac-
cording to Poultry Nutrition Standards [2005], nuivets for broiler chickens should not
contain more than 10% of lupine as well as 15%ezfrbor pea. Research from the last
ten years showed that larger contents of the semdd be used in mixtures for chickens,
without any negative effects on their rearing ress[farrellet al 1999, Oselet al. 2003,
Arija et al. 2006, Emiolaet al. 2007, Olkowski 2009, Gous 2011]. TRabaceaeseeds
cannot be introduced into mixtures on the samel,ldacause they differ not only in
protein and fibre contents, but also in the contdrantinutritional factors [Osek 1996,
Sobotka 2004, Olkowski 2009].

The aim of the studies was to determine the effiéeipplying bean, pea and yellow
lupine seeds in the amount that corresponded t@dhee total protein content in mix-
tures for broiler chickens.

MATERIAL AND METHODS

200 one-day-old broiler chickens ROSS 308, whichewdivided into 4 groups of
the same number of birds (K, B, G, L), were usedm®xperimental material. There
were 5 subgroups (each of 10 birds) in particutaugs and the birds were reared for 42
days in metal cages in the standard environmeantalitons. They were fedad libitum’
and had a constant access to water. The chickamsfegthe Starter mixture for the first
3 weeks, and then — the Grower mixture for the Bexteeks. Birds in the control group
(K) were fed mixtures that contained the extracteglbean meal as the protein feed,
however, in mixtures for the experimental chickeame amount of the soybean protein
was replaced by bean seeds (B), pea seeds (Q)ioelseeds (L).

Different levels of thd=abaceaeseeds were introduced into mixtures (Tab. 1), but
the total protein content was the same in the ligtles of mixtures (Starter — 15%,
Grower — 33%). Before the recipes were composed;dbaceaeseeds, which were the
experimental factor, were chemically analysed (bto determine the contents of the
basic nutrients according to AOAC [1990]: Ca, K aal contents by flame photometer,
P content by the colorimetric method according d#/R-64781. The results of the
analyses related to the contents of protein, cfilmle and the basic macroelements were
used to compose mixtures, following the requireméhat are shown in Poultry Nutri-
tion Standards [2005]. Moreover, the contentshaf mmost important antinutritional
factors were analysed: tannins — by BN-90/91160ph2tates — by the Oberleas method
[1971], trypsin inhibitors — by the Korol and Pradigska’s method [1994], alkaloids —
by the Hermann-Nevdamm'’s method [1983].

The body weight of chickens (1, 21 and 42 days)thedeed intake in each rearing
period were controlled during the experiment. Thée, body weight gain (BWG), feed
conversion ratio (FCR) and European Index of Prtdity (EIP) were calculated. EIP
were calculated according following formula:

averagebody weight (kg) x mortality (%)
feed conversionratio (kg) x daysof rearing

EIP = x100
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Table 1. Composition components (g) and nutritiieeaf mixtures
Tabela 1. Sktad surowcowy (g) i wadtégpokarmowa mieszanek

Wyszczegolnienie Starter Grower

Item K B G L K B G L
Maize/Kukurydza 515.0420.0| 400.0 485.0 | 551.p431.0{416.0|523.0
Bean/Bobik - | 135. - - - | 1950 - -
Pea/Groch - - 155.( - — -  225.0—
Yellow lupine/t ubinzoity - - - 85.0 - - —| 122J0
Soybean meatuta p. sojowq 400.0| 350.0| 360.0 340.0 | 360.0270.0| 275.0| 255.0
Soybean oil/Olej sojowy 45. 55.0 45.0 50.0 50.05.0 45.0| 60.0
L-Lysine HCL/L-Lizyna 0.3 — _ 0.6 0.6 0.1 - 1.7
DL-Methionine/DL-Metioning 2.3 25 25 25 22| 25 24 25
Limestone/Kreda pastewna 6.8 7)0 7.0 6.4 r.4 7.6.9 [77.3

Dicalcium phosphate
Fosforan 2-Ca

220 22.0 22.0 22.0 20.p0 200 200 20.2

Salt/Sél pastewna 3.6 3.5 3.5 3.5 3.8 3.8 8.7 3.8
Premiks/Starter 5.0 5.0 5.0 5.0 - —+ + -
Premiks/Grower - - - - 5.4 5.0 50 5/0

Nutritional value/Warté pokarmowa (energy/energia, MJRgcomponents/sktadniki, g- kb

Metabolizable energy L
Energia metaboliczna 12.86| 12.77| 12.84 12.74 | 13.1513.12|13.11{13.10

Crude protein/Biatko ogolne| 217 | 217 | 219 217 203 202 202 202
Crude fibre/Wiokno surowe | 23.1%9.40| 28.28 | 31.46 | 22.4131.13|29.50| 33.95
Lysine/Lizyna 12.8213.11| 1358 | 12.99 | 12.0811.98|12.35|11.99
Methionine/Metionina 579 577 5.86 5.81 551 5/48.40| 5.45

Methionine + cystine
Metionina + cystyna

9.66 | 9.53| 9.72 9.92 9.16 8481 892 935

Threonine/Treonina 8.97 8.98 9.17 8.81 8/35 8§.09258 7.83
Thryptophan/Tryptofan 284 2.77 2.84 2.71 2162 3214247 | 2.33
Ca 9.57| 9.60] 9.60 9.45 9.25 9.21 98 923

Available phosphorus
P przyswajalny
Na 1.67| 1.60 1.60 1.61 1.74 170 1p6 1|70

443 | 4.53| 4.48 4.46 405 4.16 4.08 4j0

At the age of 42 days of life, 5 hens and 5 codkthe body weight, which repre-
sented the group and sex, were chosen from eaclp,gamd after that the birds were
slaughtered by decapitation. After bleeding, plagkand roping, pk# was measured in
the left breast musclen pectoralis majgrand in the left thigh musclen( iliotibialis)
by pH-meter with the stiletto type electrode. Théwe carcasses were chilled in refrig-
erator for 24 hours at temperature %&4and after the chilling the acidity of the muscle
(pH,4) was measured and the simple slaughter analysisamied out according to Zio-
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tecki and Doruchowski [1989]. Samples of breast atass were collected during the
carcass cutting in order to analyse the contebtsic nutrients according to AOAC [1990]
and to estimate the sensory values of meat in Erifgb-point scale [1957]. The estimation
was conducted by 6 people who applied the methedepted by Barytko-Pikielna [1975].

The results obtained in the experiment were si@dist analysed by one-factor
analysis of variance, and the significance of déffeees at leved = 0.05 andu = 0.01
between means in groups were tested using Dunoaritiple range test

RESULTS AND DISCUSSION

The analysis of the chemical composition of Hadaceaeseeds, which were used as
an experimental factor (Tab. 2), showed lower tptaltein content in pea seeds, com-
pared to the values presented in Poultry Nutri§tendards [2005], however, the content
was larger by above 10 g in the experiment thatests conducted by Sobotka [2004],
and similar to the values showed in the Tables lidriical Composition and Nutritive
Values of Domestic Feeds [2010]. The bean seedsiced less total protein by about
2% than in works mentioned above, whereas sligimtye total protein content was
found in yellow lupine seeds. Moreover, the seenlstained less crude fat, but more
nitrogen free extracts than the average conterth@fnutrient in seeds of the species
proved by other researchers [Sobatkal 1995, Osek 1996 and Micek al 2012] and
presented in Poultry Nutrition Standards [2005].

Table 2. Chemical composition of legume seeds
Tabela 2. Sktad chemiczny nasiorgsikowych

Iltem Bean Pea Yellow lupine
Wyszczegblnienie Bobik Groch tubin zoky
Basal nutrients/Sktadniki podstawowek@®)
Crude ash/Popi6t surowy 3.60 2.81 4.03
Crude protein/Biatko ogoine 24.51 21.29 39.13
Crude fibre/Wtdkno surowe 7.18 5.54 12.86
Crude fat/Ttuszcz surowy 1.11 0.88 4.64
N-free extractives/Zwizki bez-N wycigowe 52.92 60.14 31.24
Macroelements/Makroelementy~Kg‘l)
Ca 1.11 0.88 2.68
P 5.82 4.23 7.80
K 11.56 10.81 11.04
Na 0.10 0.08 0.11
Antynutritional factors/Substancje antygwcze
Tannins/Taniny (%) 1.02 1.09 -
Phytates/Fityniany (gg™) 10.83 9.77 7.82
Trypsin inhibitor/Inhibitory trypsyny 20.34
1 |a: = . -

(mgg ™ biatka)
Alkaloids/Alkaloidy (%) - - 0.10
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Apart from the nutrients, there are also many amtitional factors in the tested
seeds, and phytates, tannins, trypsin inhibitocs akaloids are the most important sub-
stances. The phytates content in 1 kg of the seedgd from 7.82 g in lupine to 10.83 g
in bean seeds. According to Matyka [2007] thereless (by 1.37 g) of the chemicals in
pea seeds, but more in bean and yellow lupine bgds07 g and 6.88 g, respectively).
Olkowski [2009] proved much more phytates (15.391$kg™ dry matter) in four varie-
ties of yellow lupine seeds. The tannin contentpaéa and bean seeds were larger than
presented by Sobotket al [1995], Osek [1996] and Emiokt al. [2007], whereas the
content was lower than proved by Osek and Milcz§2€k5]. The large tannin content
in pea seeds might indicate that it was pea wilbr@scences of colourful flowers (field
pea). The results obtained by MaciejewiczRy al. [2000] showed that there are large
differences in the tannin content also between heaieties. The authors analysed 9
varieties of bean seeds and found that the vasietmtained from 0.36 to 1.32 mg of
catechin per gram. Thus, different results of #rin content in bean seeds were mainly
the result of the variety, and also the analytinathods that were applied in the analyses
[Gatelet al 1994].

Apart from tannins and phytates, the trypsin irleibicontent was tested in pea
seeds, as well. The content amounted to 20.345of total protein. In studies by
Matyka [2007] the trypsin inhibitor content in pseeds was 11.5 Ttag* of total pro-
tein, whereas Sobotka [2004] found that it amoutde®l84 TUImg™ of dry matter.

Alkaloids are the most dangerous substances indupeeds. The alkaloid content in
most varieties of Australian sweet lupine amourite@00-500 mdxg™ and it was found
that the content was not a threat for chicken hg&letterson 2000]. Considerably larger
alkaloid content in the presented study was foundKg™), however, it was similar to
the results showed by other Polish researchers yRdat2007, Olkowski 2009,
Kasprowicz-Potockat al. 2013]. Olkowski [2009], who analysed 4 varietidsyellow
lupine seeds, proved large differences in the aldadontents between the varieties (0.62
—1.55 gkg™ of dry matter).

TheFabaceaeseeds were used in the contents that introdudedriixtures the same
amount of total protein, and positive effects oplgmg the seeds in chicken feeding on
the body weight gain were found (Tab. 3). After fhist rearing period no statistically
significant differences in chicken body weight wen@ved in particular groups, how-
ever, after the second period, when the chickeme Yeel the Grower mixture, the differ-
ences were statistically significant. An averagéybweight of chickens in the experi-
mental groups after 42 days of rearing was aboQtd.targer than the body weight of
chickens in the control group, and the differenaese highly statistically proven. In
other researchers’ studies, either no effects aefidal effects of different contents of
leguminous seeds in mixtures on the production rpaters were found. Osedt al
[2003] showed a significant effects €20.01) of mixtures with bean seeds (Starter —
10%; Grower — 20%) on body weight gain in chickearsd no effects on the feed con-
version ratio was also found. Sgcét al [2010] replaced 1/3 or 2/3 of soybean protein
with yellow lupine protein and did not find any féifences in chicken body weight at the
age of 42 days. No effects of mixtures with 40%pe#& seeds on the body weight gain
and feed conversion ratio in broiler chickens wade® proved by Laudadio and Tufarelli
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[2011]. On the other hand McNeét al [2004] after the introduction of 100 g of peas to
the mixture obtained the same average body weigbxmerimental chickens as control,
while the increase of peas in the mixture to 208hifcantly reduced the body weight,
but also reduced feed conversion per unit of g&ime results indicated that thea-
baceaeseeds could partly substitute extracted soybea meliets for broiler chickens.
In the presented studies no effects of differenti&iof mixtures on feed conversion ratio
were found, which was confirmed by earlier studi@seket al. 2003, Nalleet al. 2010,
Laudadio and Tufarelli 2011] that tested the usefss of on coarse-grained leguminous
seeds in chicken broiler feeding.

Table 3. Rearing results and slaughter value oféarohickens
Tabela 3. Wyniki odchowu i wargé rzezna kurcat brojleréw

Item Groups/Grupy
Wyszczegolnienie K B G L SEM
Body weight (g) in day/Masa ciata (g) w dniu
21 828 824 802 824 14.81
42 224% 2339 2332 2343 22.54
Body weight gain /Przyrost masy ciata (g)
1-21 786 781 760 783 13.21
22-42 1413 1515 1530 1519 19.8
1-42 2198 2296' 2290 2302 20.55
FCR (kg)
1-21 1.4% 153 1.47° 1.47° 0.02
22-42 1.92 1.89° 1.82 1.83 0.03
1-42 1.72 1.76 1.71 1.70 0.06
EIP* (pkt) 296 316® 326 326 9.30
Dressing percentage b b b
Wydajnic rzena (%) 78.1 78.8 78.7 79.8 0.45
Share in cold carcass/Udziat w tuszce schtodz@e)j
Muscles total/Mésni ogétem | 43.79 | 4363 |  43.83 | 4424 |  0.74
including:/w tym:
breast/piersiowych 23.37 23.02 23.53 23.72 0.71
thigh/udowych 11.88 12.03 11.77 12.00 0.3
drumstic/podudzi 8.51 8.58 8.53 8.53 0.25
Skin with subcutenous fat 1131 | 1172 12.82 1326 | 0.60
Skéry z thuszczem podskoérnym
Thuszczu sadetkowego 2.45 2.38 2.25 2.38 0.20
Abdominal fat

* European Index of Productivity/Europejski Indékodukcyjny
A, B,C-P<0.01;a,b,c-R0.05

Dressing percentage, musculature and fatness etgalic parameters that characterize
the slaughter value in broiler chickens. The ldrgesssing percentage (79.8%) in chickens
fed mixtures containing the lupine meal was found the parameter differed significantly
(P< 0.05) only from the control group (78.1%). Thedkof protein feeds in mixtures had no
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statistically significant effect on both musculat#3.63% — 44.23%) and fatness of chicken
carcasses. The lack of effects of the protein ssun the carcass traits in broiler chickens was
also found by Masoeret al. [2005] and Laudadio and Tufarelli [2010]. The @&se in the
dressing percentage and in the total muscle cohtgirthe slight decrease in fatness (P > 0.05)
in broiler chickens fed mixtures with bean seedalafrd variety (10% Starter; 20% Grower)
were proved in Osek et al. studies [2003]. Swethal. [2010], however, stated lower dressing
percentage and lower breast muscle content inssgaf chickens that were fed mixtures
with yellow lupine. Nallest al [2010], who applied the same amount of beanewWbiiine or
pea seeds in mixtures for broilers from 1 to 7 afdife and from 8 to 35 day of life (15% and
20%, respectively) did not find any significanteefs of leguminous seeds on the dressing
percentage in chickens.

The composition of mixtures could affect, not otthe production parameters, but
also the meat quality characteristics (nutritiveugapH, gustatory value). Mixtures used
in chicken feeding significantly influenced all chateristics mentioned above (tab. 4).
More mineral contents (R 0.05) in breast muscles of birds fed mixtures Wighine or
bean seeds than in the muscles of other chickeres fwend. The increase in crude ash
content in breast muscles of chickens fed mixtaasaining yellow lupine seeds was
also proved by Sugh et al [2010]. Less protein but more fat contents weatesl in
breast muscles of chickens fed mixtures with pealseThe fat content in muscles of the
chickens was similar to that in the chickens frdm tontrol group, which could be
caused by slightly larger metabolizable energyhefmixtures. Different results (signifi-
cant decrease) concerning the fat content in nfeatiokens fed mixtures with pea seeds
were found by Laudadio and Tufarelli [2011].

Table 4. Basal nutrients content, acidity and segresealuation of breast muscles
Tabela 4. Zawartg sktadnikdw podstawowych, odczyn i ocena sensorycaisni piersiowych

Item Groups/Grupy SEM
Wyszczeg6lnienie K ] B | G | L
Basal nutrients/Sktadniki podstawowe (%)
Dry matter/Sucha masa 27°%8] 26.53° 26.26° 26.51° 0.14
Crude ash/Popi6t surowy 159 1.27%2 1.19°P 1.30°% 0.01
Crude protein/Biatko ogdlne 246 | 23.97%2 23.25° 23.73% | 0.20
Crude fat/Ttuszcz surowy 184 1.24 1.67 1.43° 0.09
Acidity/Odczyn
pHis 6.27 6.47° 6.51% 6.64 0.06
PH24 5.92 5.92 5.95 5.91 0.06
Sensory scores (points)/Ocena sensoryczna (pkt)
Flavour/Zapach 4.P1 4.56° 4.46° 467 0.16
Juiciness/Soczysté 4.11 4.56 4.56 4.67 0.19
Tenderness/Kructié 4.17 4.33° 4.56° 4.78 0.19
Palatability/Smakowité 4.28 4.33 4.39 4.67 0.19
Mean of trials b b
&rednia dla 4 cech 418 4.4F 4.46 4.68 0.15

A B, C-P<0.01;a,b-R0.05
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Acidity is another meat quality characteristic. &lrdurable influence of leguminous seeds
on meat quality that was measured 15 minutesthfteslaughter (ptd) was proved. The pil
acidity in breast muscles of the experimental amskranged from 6.47 (group B) to 6.64
(group L), whereas it amounted to 6.27 in the obgiioup. According to classification Trojan
and Niewiarowicz [1971] pH measured 15 minutesratte slaughter in normal meat
amounted to 5.9-6.2, DFD meat has pH > 6.4 andri®&E— pH < 5.7, so pH of breast mus-
cles of experimental birds should be estimatedR3 [@ark, firm, dry). It should be noticed,
however, that there are many factors (apart fradifg) that have an effect on meat acidity.
Genetic lines or conditions before the slaughtersame of the factors. Debett al. [2003]
measured pH in meat of fast- and slow-growing @risk as well as in chickens that were
under thermal stress and under stress causedidmgdiftransport conditions. They found that
both breast and thigh muscles of fast-growing @niskwere characterized by significantly
larger pHs (6.60) than those of slow-growing birds (6.31 &&b, respectively). The acidity
of meat was not affected by the kind of stress tthathirds were exposed to, and meat pH
amounted to 6.44-6.59. The average value of fibt the whole population (N = 178)
amounted to: 6.45 in breast muscles and 6.58gh thuscles. The results are similar to previ-
ous works of the paper authors and they showegbkhatvas frequently larger (regardless of
the experimental factor) than that in normal mesgat without faults). The next measurement
of acidity breast muscle, made after 24 hours dlirghcarcasses did not show significant
differences between the mean values of pH in gratmsresults obtained ranged from 5.91 to
5.95 and were characteristic for normal meat.

The organoleptic evaluation showed the best gustdtaits (4.68 points) in breast
muscles of chickens fed mixtures with lupine seedwreas the worst traits in birds of
the control group (4.18 points) were found. Thdedénces in the traits between the
groups were statistically significant £€20.05). An average estimation of muscles in other
groups amounted to 4.45 points and the musclesdidiffer from muscles of the con-
trol group and chickens of the L group in relatiorsensory traits. The favourable effects
of the Fabaceaeseeds (bean) on the meat sensory traits in broilekens were also
found in previous studies [Osek al. 2003]. The authors stated that better estimatfon o
all gustatory traits (average by 0.5 points) wereved in chickens fed mixtures with
bean seeds than in birds of the control group.

CONCLUSION

Leguminous seeds (regardless of species) introdiméeanixtures for broiler chick-
ens in the amount of 15% (Starter) and 33% (Growktfe total protein content signifi-
cantly improved body weight gains, dressing pe@gatand meat sensory characteristics,
while carcass musculature and fatness remainethsitoithose in chickens fed mixtures
with extracted soybean meal as the only proteid.fee
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Streszczenie Badania przeprowadzono na 4 réwnolicznych (po 0 grupach jednodniowych
kurczt rzeznych ROSS 308. Przez pierwsze 21 dni pigkiiono mieszankami starter (12,8 MJ
EM, 217g b.og.), a przez kolejne 3 tygodnie gro¢l&,1 MJ EM, 202 g b.og.). W mieszankach
dla kurcat grupy kontrolnej paszwysokobiatkovg byta poekstrakcyjndruta sojowa, natomiast
do mieszanek dwiadczalnych w miejsce e&ci $ruty sojowej wprowadzono nasiona bobiku,
grochu lub tubinu w udziatach wnagzch jednakow (starter — 15%, grower — 33%) dtobiatka
ogodlnego. W déwiadczeniu oceniono: przyrosty masy ciata ptakowryeie paszy, wydajni
rzezng, umisnienie i ottuszczenie tuszki, zawaitosktadnikow podstawowych w gginiu pier-
siowym, jego phki pH,4 oraz walory smakowe. Wykazana nasiona rdin bobowatych (nieza-
leznie od gatunku) wprowadzone do mieszanek dla ktiemjlerow pozwalagj na uzyskanie
istotnie lepszych przyrostéw masy ciata<F0,01) i wydajnéci rzeznej ptakéw (P< 0,05) przy
podobnym umisnieniu i otluszczeniu tuszek oraz lepszych cechtemisorycznych resa (P<
0,05), w poréwnaniu z kuretami zywionymi mieszankami, w ktérych jedyrpasa biatkowg
byta sruta poekstrakcyjna sojowa.

Stowa kluczowe kurczta brojlery, bobik, groch, tubin, wyniki produkcgn poubojowe



