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ABSTRACT

Background. The study aimed to evaluate the effect of feed rations with a different share of pea seed meal on
the slaughter value, physicochemical and organoleptic characteristics of breast muscles in broiler chickens.
Material and methods. A growth experiment was carried out involving 120 Ross 308 broiler chickens allo-
cated randomly to three feeding groups each consisting of 40 birds of both sexes. Each group was divided into
five subgroups each consisting of eight chickens. Until the 21* day of life the birds were fed ad libitum with
loose starter rations, and from day 22 to day 35 with grower rations based on corn, post-extraction soybean
meal, soy oil and mineral and vitamin additives. In starter and grower rations in experimental groups (Il and
IIT) post-extraction soybean meal was replaced with pea seed meal in the amount of 10% and 20% (II) and
15% and 25% (III). On day 35 the chickens were slaughtered, and their meat was analysed. Samples of breast
muscles were collected in order to determine their dietary value and physical and sensory characteristics.
Results. Pea seed meal in feed rations for experimental chickens had no influence on the body weight and
dressing percentage, but it increased their muscularity and decreased the fattening grade in comparison to
chickens fed with rations in which the only protein feed was post-extraction soybean meal. The breast muscles
of chickens receiving feed rations containing pea (group II and III, respectively) contained significantly (P <
0.05) less crude fat —about 30% and 27% less. Pea added to feed rations significantly (P < 0.05) increased (by
about 19% and 27%) the share of linoleic acid C , , , in the lipids of the breast muscle. The lowest (P < 0.05)
content of saturated fatty acids (23.43%) and at the same time the highest (P < 0.05) content of unsaturated
fatty acids (76.42%) was noted in the breast muscles of chickens receiving feed rations containing 15/25%
of pea seed meal. More hypocholesterolemic acids (DFA) and less hypercholesterolemic acids (OFA) were
found in the muscles of chickens from groups II and IIT (P < 0.05). After 24 hours of cooling the carcasses,
it was demonstrated that the pH in the muscles of chickens fed with rations containing pea was significantly
(P < 0.05) higher than in chickens from the control group. Irrespective of the share of pea in the diet, the
muscles of these birds were of a significantly lighter colour (51.37 and 52.45 vs 44.18). In addition, muscles
of birds from groups II and IIT were characterised by less (P < 0.05) redness (a*) and yellowness (b*). The
values of psychometric colour saturation (C*) lower by 29% and 48% were identified in the muscles of chick-
ens from groups IT and IIT in comparison to the muscles of birds fed with corn and soy rations. The breast
muscles of chickens fed with rations containing a smaller share of pea were characterised by the highest (P <
0.05) water holding capacity (WHC) in comparison to others. The muscles of chickens from group III scored
the highest for all flavour traits, but a statistically significant difference was noted only for tenderness.
Conclusion. Considering the slaughter value and quality of the breast muscles of chickens, the results pro-
vide a basis for recommending pea seed meal as a partial substitute for post-extraction soybean meal in
feed rations for broilers. An improvement in muscularity and fattening grade was noted in comparison to
carcasses of birds receiving corn and soy rations. In addition, the breast muscles of chickens fed rations with
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peas contained less intramuscular fat with a more favourable, healthy fatty acids profile (significantly more

C

18:3n-3>

PUFA and DFA). In terms of the physical properties of muscles no deterioration in their quality was

noted depending on the feed. Also, the results of sensory evaluation provide a basis for recommending peas

as a component of broiler feed rations.
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INTRODUCTION

In recent years poultry farming has been one of the
fastest developing branches of animal production.
According to Augustynska-Prejsnar and Sokotowicz
(2014), the main drive for developing broiler chicken
production is the growing demand for poultry meat,
which is mainly due to its high nutritional value and
favourable price ratio in comparison to other types
of meat. Thanks to its dietary value, culinary appli-
cations and properties (physical, chemical, sensory),
poultry meat is more valuable than the meat of other
species of farm animals. Such a high value of poultry
meat is a result of a relatively higher content of pro-
tein and lower content of fat, and thus energy (Kuna-
chowicz et al., 2017; Martinez et al., 2011; Poulta
et al., 2010).

Other studies (Banaszkiewicz et al., 2018; Milcza-
rek and Osek, 2019; Milczarek et al., 2020; Zonen-
berg i Drazbo, 2018) demonstrated that the quality of
bird meat is modified due to the choice of feed’s raw
materials in diets based on domestic cereal products
and imported post-extraction soybean meal. Depend-
ence on imports of the main protein material, that is,
post-extraction soybean meal, poses a problem for
the domestic feed industry and a threat to the stability
and economic efficiency of poultry production in Po-
land. On an annual basis, about 2—2.2 million tonnes
of post-extraction soybean meal must be imported for
the production of industrial feed in which 65% of the
total production is poultry feed (Urban, 2015). A sig-
nificant share of the feed on the worldwide market is
constituted by GMO varieties from South American
countries and the USA (Davison and Ammann, 2017).
In this context, alternative sources of feed protein of
plant origin are sought (Biesek et al., 2020; Hejdysz
et al., 2017; Milczarek and Osek, 2019; Niwinska et
al., 2019). Developing the cultivation of legumes,
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including peas, could contribute to improving the
self-sufficiency of European agriculture in the area
of protein feeds (Laudadio et al., 2011; Osek et al.,
2013; Palander et al., 2006). The cultivation of leg-
umes and their share in feed production depends on
a number of factors. One of them is the price of post-
extraction soybean meal and other oil plants. Another
is agricultural policy of the specific country and, in
turn, payments for the production of crops increas-
ing the profitability of legumes. A significant element
determining their suitability as feed is the nutritional
value following from the content of both nutrients and
anti-nutrients. The main anti-nutrients in pea seeds are
inhibitor trypsin and chymotrypsin as well as tannins
(Osek et al., 2013). The seeds of legumes, at the level
of both plant species and variety, have a diverse chem-
ical composition, so it is necessary to carry out studies
aimed at determining the efficiency of their use in feed
rations for various species and production groups of
poultry (Laudadio and Tufarelli, 2011; Laudadio et al.,
2012; Milczarek et al., 2019; Moschini et al., 2005;
Osek et al., 2013; Usayran et al., 2014). Pea seeds
are characterised by a lower content of total protein
and the highest level of metabolic energy among the
seeds of legumes (Czerwinski et al., 2010; Laudadio
and Tufarelli, 2010; Osek et al., 2013). As regards ef-
ficient animal nutrition, a big advantage of pea seeds
is their relatively low content of anti-nutrients, thanks
to which peas can be used to a larger extent than other
species of legumes (Milczarek and Osek, 2016; Nalle
etal., 2010).

Therefore, studies were commenced to evaluate
the effect of feed rations with a different share of pea
seed meal on the slaughter value, physicochemical
and organoleptic characteristics of muscles in broiler
chickens.
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MATERIAL AND METHODS

A growth experiment was carried out involving 120
Ross 308 broiler chickens allocated randomly to three
groups (I, II, III) each consisting of 40 birds of both
sexes (1:1). Each group was divided into five sub-
groups of eight chickens each. The chickens were
reared in metabolic cages for 35 days. For the first five
days the temperature in the poultry house was 31°C
and was then gradually decreased as recommended by
the supplier. Until the 21 day of life the birds were
fed starter rations, and from day 22 to 35 — grower

rations. All feed rations were based on post-extraction
soybean meal, soybean oil and mineral and vitamin
additives. In starter/grower diets of chickens from ex-
perimental groups (II and III) post-extraction soybean
meal was replaced with pea seed meal in the amount
of 10/20% (11) and 15/25% (III). The nutritional value
of rations was calculated according to nutritional rec-
ommendations and indicated in Table 1.

On the 35th day of the birds’ life, 10 birds (five §
and five &) with a body weight representative of a spe-
cific group and sex were selected from each group and
slaughtered (Journal of Laws, 2020). Plucked and

Table 1. Composition, %, and nutritive value of 1 kg rations of broiler chickens

Starter — Groups

Grower — Groups

Item
I 11

I11 I II M1

Maize meal 47.70 41.00 37.70 53.70 40.20 36.80
Soybean meal 44.00 40.70 39.00 38.00 31.50 29.90
Pea seed meal - 10.00 15.00 - 20.00 25.00
Soybean oil 5.00 5.00 5.00 5.00 5.00 5.00
DL-methionine 99% 0.21 0.23 0.23 0.21 0.24 0.24
L-lysine - - - 0.08 - -
Limestone 0.67 0.65 0.65 0.74 0.81 0.81
Salt 0.12 0.12 0.12 0.15 0.15 0.15
Calcium-sodiumphosphate 1.80 1.80 1.80 1.62 1.60 1.60
Mineral-vitamin premix* 0.50 0.50 0.50 0.50 0.50 0.50
Nutritive value of 1 kg diets
Metabolizable energy, MJ 12.93 12.89 12.86 13.16 13.10 13.09
Crude protein, g 2259 2254 225.0 203.8 203.3 203.5
Crude fibre, g 26.4 29.7 313 34.1 39.2 39.9
Crude fat, g 6.98 6.87 6.82 7.10 6.88 6.82
Lysine, g 13.6 14.0 14.2 12.0 12.3 12.5
Methionine, g 5.8 5.9 5.9 5.3 5.4 5.3
Total Ca, g 9.8 9.8 9.9 9.3 9.4 9.5
Available P, g 4.5 4.6 4.6 4.1 4.1 4.2
Na, g 1.6 1.6 1.6 1.7 1.7 1.7
*Mineral-vitamin premix starter in starter rations and grower in grower rations.
www.food.actapol.net/ 267
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gutted carcasses were analysed in a laboratory for
qualitative parameters. The reaction (pH ;) of their
breast muscles (m. pectoralis maior) was measured
15 minutes after the slaughter. Next, the carcasses
were cooled over 24 hours at a temperature of 4°C
and afterwards the reaction (pH,,) of the muscles was
measured again. In order to calculate the dressing
percentage, the weight of cooled carcasses was deter-
mined and they were subject to simplified dissection
analysis using a procedure described by Ziotecki and
Doruchowski (1989). During dissection samples of
breast muscles were taken for evaluating their phys-
icochemical and organoleptic characteristics.

The dry matter, total ash, crude protein and crude
fat contents were described by the AOAC (1990) ac-
cording to their method number: dry matter (930.15),
total ash (942.05), crude protein (990.03), crude fat
(991.36). The energy value of meat was calculated on
the basis of the content and physical equivalents of
calorific values of protein (5.65 kcal/g) and fat (9.45
kcal/g). The share of respective fatty acids in the lipid
fraction of meat was estimated by gas chromatography
in a GCMS-QP210 Ultra chromatograph (Shimadzu,
Kyoto, Japan).

The concentration of hydrogen ions (pH,, and pH,,)
in pectoralis maior muscles was measured using a Tes-
to 205 pH-meter with a dagger electrode (Sparta, NJ,
USA).

Water absorption expressed as water holding ca-
pacity (WHC) was determined by Grau and Hamm’s
filter-paper press method described by Jurczak (2005)
based on the surface of meat juice on the filter-paper.
The colour of breast muscles was determined using
a Minolta Chroma Metters CR 300 (Konica Minolta
Osaka, Japan) instrument according to the L*, a*, b*
system (CIE, 2007). Also applied were two illuminant/
observer combinations, i.e., illuminant C (average day
light) and standard observer 2° as well as illuminant
D65 (day light) and standard observer 10°, recom-
mended for measurements of meat colour (Honikel,
1998). In the used measuring system L* denotes psy-
chometric colour saturation being a spatial vector. On
the other hand, a* and b* are trichromatic coordinates,
where a* as a positive value corresponds to red, and
as a negative value — green; in turn, positive b* cor-
responds to yellow, and negative b* — blue. The colour
parameters a* and b* were applied to calculate chroma
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(C) and hue (H) with formulas used by Milczarek and
Osek (2019).

The right breast muscle was used for evaluating
the organoleptic characteristics on a five-point scale.
The muscles were cooked in a 0.8% NaCl solution
(1:2 meat to water ratio) up to a temperature of 80°C
in a geometric centre of the sample. The sensory
evaluation was carried out by a group of eight trained
people. The samples of muscles were evaluated in
terms of palatability, flavour, juiciness and tender-
ness. The preparation of samples and the criterion
of the above-described evaluation was based on the
recommendations of Barylko-Pikielna and Matusze-
wska (2009).

The results were elaborated by statistical methods
using one-way analysis of variance. The significance
of differences between mean values was verified using
Duncan’s test at the significance level o< 0.05. The re-
sults were elaborated using Statistica PL 13.1 software
(StatSoft Inc., 2019).

RESULTS

Peas added to feed rations for experimental chickens
had no significant influence on their body weight prior
to slaughter, the weight of carcass after cooling and
the dressing percentage (Table 2).

A significantly higher (P < 0.05) total muscle share
was characteristic of the carcasses of broiler chickens
fed rations with a lower share of pea (group III) com-
pared to other birds. Pea seeds added to feed rations
(groups II and III) significantly (P < 0.05) decreased
the fattening grade of the birds’ carcasses, which is
demonstrated by the content of abdominal fat (0.81 and
0.88 vs. 0.99%) and skin adipose tissue (9.06 and 9.07
vs. 9.61%) compared to the carcasses of control birds.

The applied chicken feeding scheme did not mod-
ify (P > 0.05) the content of dry matter, crude ash or
total protein, but had an effect (P < 0.05) on the level
of crude fat in the breast muscle (Table 3).

Significantly less crude fat (by about 30% and
27%) was noted in the breast muscles of chickens fed
with rations containing peas (respectively groups II
and III) compared to the muscles of birds receiving
feed rations with post-extraction soybean meal as the
only source of protein.

www.food.actapol.net/
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Table 2. Slaughter analysis of broiler chickens

Groups
Specification SEM p-value
I I I

Body weight before slaughter, g 1917 1996 1971 35.771 0.654

Cold carcasses weight, g 1505 1571 1527 30.692 0.688

Dressing percentage, % 78.49 78.71 77.49 0.364 0.352

Share in cold carcasses, %

Muscles total 46.44° 48.27° 46.87° 0.419 <0.05
breast 27.14 28.13 27.46 0.251 0.269
thigh 11.32%® 12.21# 10.40° 0.201 <0.05
drumstick 7.98 7.89 7.85 0.092 0.848

Abdominal fat 0.99° 0.81° 0.88° 0.041 <0.05

Skin with subcutaneous fat 9.61° 9.06° 9.07° 0.206 <0.05

Means in rows followed by different letters are significantly different at P < 0.05

SEM - standard error of the mean.

Table 3. Basic nutrients, g/100 g, and energy value, kcal/100 g
of muscles

Groups
Specification SEM p-value
I II III
Dry matter 2547 2529 2541 0.178 0.131
Crude ash 1.14 1.14 1.17  0.006 0.064
Crude protein ~ 22.96  22.31 22.68 0.198 0.145
Crude fat .27+ 0.89° 093" 0.063 <0.05
Energy value 142 134 137 0.530 0.354

Means in rows followed by different letters are significantly dif-
ferent at P < 0.05.
SEM - standard error of the mean.

Considering the dietary values of meat, careful at-
tention is paid not only to the amount of intramuscular
fat but primarily to the fatty acids profile of the lipid
fraction. From the data in Table 4 it follows that the
type of feed rations used had a significant effect on the
level of both saturated and unsaturated fatty acids in
the breast muscle.

As regards lipids building the muscles of chickens
from groups II and III, a decrease (by 1.21 and 1.72

www.food.actapol.net/

pp) was observed in the share of palmitic acid C, , and
an increased share of stearic acid C,;  compared to the
muscles of birds from the control group (P < 0.05).
Peas added to feed rations (II and III) for chickens sig-
nificantly (P < 0.05) increased (by about 19 and 27%)
the share of linoleic acid C , . classified as unsaturat-
ed essential fatty acids) in the lipid fraction of meat.
The lowest (P < 0.05) content of saturated fatty acids
(23.43%) and at the same time the highest (P < 0.05)
content of unsaturated fatty acids (76.42%) was noted
in the breast muscles of chickens receiving feed rations
containing 15/25% of pea seed meal. More hypocholes-
terolemic acids (DFA) and less hypercholesterolemic
acids (OFA) were found in the muscles of chickens fed
with rations containing peas (II and III) compared to
the muscles of birds from the control group (P < 0.05).

The type of feed rations used had no statistically
significant (P > 0.05) effect on the reaction of breast
muscles measured 15 minutes after slaughter (Table 5).

After 24 hours of cooling the carcasses, it was dis-
covered that the acidity in the muscles of chickens fed
with rations containing pea was significantly (P <0.05)
lower than in chickens from the control group.

Peas added to broiler chicken feed rations signifi-
cantly differentiated the colour parameters of breast
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Table 4. Fatty acids profile of breast muscles, % total fatty acids

Groups
Fatty acids SEM p-value
I I I

Coo 0.07° 0.10° 0.10° 0.004 <0.05
Cloo 18.68* 17.47° 16.96° 0.240 <0.05
C. 1.09 0.87 1.16 0.057 0.076
C.o 0.13 0.13 0.15 0.005 0.278
C., 0.05 0.05 0.05 0.003 0.762
Cieo 5.14¢ 6.92° 6.19° 0.208 <0.05
C., 30.76 31.62 31.96 0.501 0.637
Cio 41.82 39.59 40.23 0.577 0.284
Cs, 1.5° 1.81° 1.97* 0.057 <0.05
Cooo 0.01 0.02 0.02 0.002 0.534
(O 0.05 0.07 0.09 0.007 0.129
Chn 0.04° 0.10° 0.10° 0.008 <0.05
Cooa 0.05 0.05 0.06 0.003 0.298
Chos 0.41¢ 1.00* 0.77° 0.072 <0.05

20 0.02° 0.08° 0.02° 0.008 <0.05
Others 0.09 0.12 0.15 0.010 0.057
Saturated (SFA) 24.07® 24,728 23.43% 0.219 <0.05
Unsaturated (UFA) 75.84 75.16° 76.422 0.218 <0.05
Monounsaturated (MUFA) 31.96 32.61 33.27 0.530 0.637
Polyunsaturated (PUFA) 43.88 42.55 43.15 0.529 0.626
DFA (UFA+C,. ) 80.99° 82.08* 82.61° 0.229 <0.05
OFA(C,,+C,,) 18.75° 17.57° 17.05° 0.239 <0.05

Means in rows followed by different letters are significantly different at P < 0.05.

SEM - standard error of the mean.

muscles. Irrespective of the content of peas in a diet,
the muscles of birds from groups II and III were
characterised by a significantly lighter (51.37 and
52.45) colour compared to the muscles of chickens
fed with corn and soy feed rations (44.18). In addi-
tion, the muscles of birds receiving experimental feed
rations (groups II and IIT) were characterised by less
(P £0.05) redness (a¢*) and yellowness (b*). The vari-
ation in colour constituents a* and »* modified muscle
colour saturation (P < 0.05) and hue (P > 0.05). Values
of psychometric colour saturation (C*) 29% and 48%
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lower were identified in the muscles of chickens from
groups II and III in comparison to the muscles of birds
fed with corn and soy rations.

The breast muscles of chickens from group II, fed
with rations containing a smaller share of pea, were char-
acterised by the highest (P < 0.05) water holding capac-
ity (WHC) in comparison to the muscles of other birds.

Pea seed meal added to feed rations had a signifi-
cant (P <0.05) effect on meat tenderness only (Fig. 1).

The highest score (4.58 pts) for tenderness was ob-
tained by birds receiving feed rations with the highest

www.food.actapol.net/
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Table 5. Physical parameters of breast muscles

Group
Specification SEM p-value
I I I

pH,; 6.21 6.29 6.28 0.028 0.330
pH,, 5.78° 5.97¢ 5.942 0.034 <0.05
L* 44.18"8 51.37* 52.45° 1.030 <0.05
a* 433 3.60% 2.05° 0.258 <0.05
b* 3.36* 1.42° 2.01% 0.300 <0.05
C* =[(a*)* + (b*)1]*° 5.48° 3.87° 2.88° 0.262 <0.05
H =1log(b*/a*) 0.66 0.38 0.77 0.074 0.284
WHC, % 11.31° 15.40° 13.00% 0.586 <0.05

Means in rows followed by different letters are significantly different at P < 0.05.

SEM - standard error of the mean.

L* — lightness, a* — redness, b* — yellowness, C — chroma, H — hue.

WHC — water holding capacity.
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Fig. 1. Results of gustatory value of breast muscles, points

share of pea seeds. The muscles of these chickens
scored best for all flavour traits (smell, juiciness and
palatability).

DISCUSSION

The dressing percentage of birds fed with rations con-
taining pea seed meal, irrespective of its share in the
rations at respective rearing stages, corresponded to the
findings of Osek et al. (2013) and Dotas et al. (2014).
Dotas et al. (2014) showed that the dressing percentage

www.food.actapol.net/

was similar for broiler chickens fed with corn and soy
rations containing peas at 160 g/kg (starter), 240 g/kg
(grower) and 480 g/kg (finisher). Despite a similar
dressing percentage of chickens fed pea-containing di-
ets, Osek et al. (2013) did not observe any significant
effect of peas on the fattening grade and muscularity of
the birds’ carcasses. Also, Laudadio et al. (2012) did
not demonstrate a decrease in the dressing percentage,
muscularity and fattening grade of broiler chickens
when pea seeds were introduced into feed rations.

Many authors (Poltowicz and Doktor, 2012; Zda-
nowska-Sasiadek et al., 2013) claim that the quality of
meat is significantly affected by five basic traits, in-
cluding: sensory attributes (colour, taste) and texture
of meat (juiciness, tenderness), hygienic and toxico-
logical indicators (pH of the carcass), physicochemical
parameters (content of protein, carbohydrates and fat)
and technological traits (content of connective tissue).
Studies carried out by Nowak and Trziszka (2010)
indicate that the dietary value of meat is very often
the reason behind consumer choices and is mainly de-
termined by the amount of fat in the birds’ muscles,
which should not exceed 2.5%, as a higher content of
fat is unacceptable to customers.

Although the applied starter / grower rations were
iso-protein and iso-energetic, the supplementation of
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pea seeds significantly (P < 0.05) contributed to de-
creasing the content of crude fat in muscles compared
to the group of birds fed with corn and soy rations.
A similar content of fat in the breast muscles after
supplementing chicken feed rations with peas was ob-
served by Osek et al. (2013). Furthermore, Milczarek
and Osek (2017) also found similar amounts of intra-
muscular fat (and other essential components) in the
evaluated muscles of birds fed with rations contain-
ing the seeds of legumes compared to birds from the
control group.

Considering the dietary values of meat, careful at-
tention is paid not only to the amount of intramuscu-
lar fat but primarily to the fatty acids profile of the
lipid fraction, which according to Banaszkiewicz et
al. (2018) depends on the chickens’ diet. Fébel et al.
(2008) reported that the physiological capabilities of
poultry could help enrich the tissues of broilers with
polyunsaturated fatty acids (PUFA), since, in contrast
to mammals, their fat metabolism is different.

In our own studies the highest (P < 0.05) level
of neutral and hypocholesterolemic acids was found
in the muscles of chickens fed with rations contain-
ing pea seeds (Il and III) compared to birds receiv-
ing corn and soy rations. An increased share of DFA
was a result of a considerably higher (compared to
the control group) share of stearic and linolenic acid
in the lipid profile of the meat of birds receiving feed
mixtures containing peas. The high level of these
acids in the muscles is related to the lipid profile of
pea seeds (Khrisanapant et al., 2019; Rybinski et al.,
2013). The results are corroborated by the reports of
Laudadio and Tufarelli (2010). The authors, using pea
seed meal as a source of protein in feed rations for
slaughter chickens, showed its positive effect on the
fatty acids profile as they noted an increased content
of n-3 PUFAs in white muscles compared to soy-
containing diets. Also, Milczarek and Osek (2017),
having supplemented broiler chicken feed rations
with faba bean, noted an increased share of linoleic
acid C,g, ,and significant favourable changes in the
amount of SFA and UFA as well as DFA and OFA
in breast muscles. Kiczorowska et al. (2016) showed
that the substitution of micronized pea for post-ex-
traction soybean meal contributed to a significant re-
duction in the content of SFA and increase of MUFA
in the lipid fraction of breast muscles.
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The value of pH, that is, the level of muscle tissue
acidity is one of the most common criteria used in
the evaluation of poultry meat quality. The level of
acidity is an indicator of intensive glycolytic transfor-
mations taking place in the muscle accounting for dif-
ferences in meat quality, its technological suitability
and firmness (Zdanowska-Sasiadek et al., 2013). Our
own studies revealed that the type of feed rations used
had no effect on pH, of breast muscles but caused
a significant difference in pH,,. Many authors (Le
Bihan-Duval et al., 2008; Osek et al., 2010; Raach-
-Moujahed and Haddad, 2013) confirm the relation-
ship between the technological quality of meat and
the rate of decrease in the final pH. Namely, when
the pH falls rapidly, a PSE (pale, soft, exudative) de-
fect can occur in meat. In turn, high post-mortem pH
means that the meat is DFD (dark, firm, dry), which
is also not desirable in terms of technological suit-
ability. The optimum pH,, of broilers should oscil-
late around 5.6—6.1 (Berri et al., 2005; Pietrzak et al.,
2013), which corresponds to the results obtained for
breast muscles. Osek et al. (2013) did not note any
significant effect of peas in the feed ration of muscle
acidity both 15 minutes and 24 hours after slaughter.
Similarly, Milczarek and Osek (2017; 2019), having
introduced different seeds of legumes into the diet of
birds, did not find any effect on the pH reaction of
muscles.

The water holding capacity of meat is one of the
most important indicators of the technological suit-
ability of meat for processing. It can have a positive
effect on the juiciness, shelf life, colour and texture of
the meat. The water holding capacity of meat is the
lowest at the isoelectric point of muscle proteins (pH
from 5.1 to 5.3). The further the pH from the isoelec-
tric point, the higher the water holding capacity of
muscle proteins is, which leads to increased thermal
drip and drip loss. In turn, larger meat juice drip in the
packaging increases microbiological contamination
since bacteria can grow better in such an environment
than on the surface. The larger the drip, the larger the
susceptibility of meat to dry out (Orkusz, 2015). Our
own studies corroborated the results of Milczarek and
Osek (2017; 2019) pointing to the lack of influence of
various protein feeds on the water holding capacity of
breast muscles.
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Colour is an important attribute taken into account
by consumers when buying meat, and an important
element of evaluating meat dishes during their con-
sumption. Magdelaine et al. (2008) report that meat
of a darker colour resulting from an increased share
of oxidised myoglobin is less desired by consumers.
Zdanowska-Sgsiadek et al. (2013) indicate a relation-
ship between meat colour and acidity — the higher the
pH, the darker the meat and vice versa. Extremely
high pH leads to DFD and low to PSE meat defect.
The breast muscles of chickens fed with rations con-
taining peas (irrespective of its share) were charac-
terised by a significantly lighter colour L* and less
redness (a*) and yellowness (b*) compared to mus-
cles of chickens fed with rations containing corn and
soy. In turn, Laudadio et al. (2012) showed that the
muscles of birds fed pea-containing diets had slightly
lower L* and b* values compared to the muscles of
chickens fed with wheat and soy. On the other hand,
Milczarek and Osek (2019) did not find any signifi-
cant effect of different protein feeds on L*, a* and H
parameters of meat colour.

Poultry meat available on the market should be
of an adequate quality and is perceived by consum-
ers as a collection of many subjective attributes, the
most important of them being: colour, tenderness,
palatability and nutritional value (Nowak and Trzisz-
ka, 2010; Tougan et al., 2013). In addition, Nowak
and Trziszka (2010) emphasize that for a consumer
buying meat its palatability and nutritional value are
equally important.

Their results were corroborated by those obtained
by Osek et al. (2013) showing a positive effect of ra-
tions containing the seeds of legumes, including peas,
on the sensory attributes and especially the tender-
ness and juiciness of breast muscles. In turn, Zonen-
berg and Drazbo (2018) gave a lower evaluation of
the flavour of the breast muscles of chickens fed with
rations containing post-extraction soybean meal, re-
spectively by 19% lower for palatability, by 17% for
juiciness, by 11% for smell and by 10% for tender-
ness. Similarly, in the studies of Osek et al. (2010)
a lower evaluation was given for the breast muscles
of chickens fed with cereal and soy rations. In turn,
Milczarek and Osek (2019) showed no significant ef-
fect of different protein feeds on the sensory attributes
of muscles.
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CONCLUSION

Considering the slaughter value and quality of the
breast muscles of chickens, the results provide a basis
for recommending pea seed meal as a partial substi-
tute for post-extraction soybean meal in feed rations
for broilers. An improvement in the slaughter value
of chicken carcasses, manifested in increased mus-
cularity and decreased fattening grade, was noted in
comparison to carcasses of birds receiving corn and
soy rations. In addition, the breast muscles of chickens
fed rations with peas contained less intramuscular fat
with a more favourable, healthy fatty acids profile (sig-
nificantly more C , ,, PUFA and DFA). In terms of
the physical properties of muscles, no deterioration in
their quality was noted depending on the feed variant.
Also, the results of sensory evaluation provide a basis
for recommending peas as a component of broiler feed
rations.

REFERENCES

AOAC (1990). Official methods of analysis (14th ed.). As-
sociation of Official Analytical Chemists. Washington,
DC, USA: AOAC International.

Augustynska-Prejsnar, A., Sokotowicz, Z. (2014). Czynniki
ksztaltujace jako$¢ sensoryczng migsa kurczat brojlerow
[Factors affecting the sensory quality of broiler chicken
meat]. Wiad. Zoot., 52, 2, 108116 [in Polish].

Banaszkiewicz, T., Biatek, A., Tokarz, A., Kaszperuk, K.
(2018). Effect of dietary grape and pomegranate seed
oil on the post-slaughter value and physicochemical
properties of muscles of broiler chickens. Acta Sci.
Pol. Technol. Aliment., 17(3), 199-209. http://dx.doi.
org/10.17306/J.AFS.2018.0563

Barytko-Pikielna, N., Matuszewska, 1. (2009). Sensorycz-
ne badania zywnosci. Podstawy. Metody. Zastosowania
[Sensory analysis of food. Basics. Methods. Applica-
tions]. Krakow: Wyd. Nauk. PTTZ [in Polish].

Berri, C., Le Bihan-Duval, E., Baéza, E., Chartrin, P., Pic-
girard, L., Jehl, N., ..., Duclos, J. (2005). Further pro-
cessing characteristics of breast and leg meat from
fast-, medium- and slow-growing commercial chickens.
Anim. Res., 54 (2), 123—134. http://dx.doi.org/10.1051/
animres:2005008

Biesek, J., Kuzniacka, J., Banaszak, M., Kaczmarek, S.,
Adamski, M., Rutkowski, A., ..., Hejdysz, M. (2020).
Growth performance and carcass quality in broiler

273


http://dx.doi.org/10.17306/J.AFS.2021.0914
http://dx.doi.org/10.17306/J.AFS.2021.0914
http://dx.doi.org/10.17306/J.AFS.2018.0563
http://dx.doi.org/10.17306/J.AFS.2018.0563
http://dx.doi.org/10.1051/animres:2005008
http://dx.doi.org/10.1051/animres:2005008

Janocha, A., Milczarek, A., taski, K., Gtuchowska, J. (2021). Slaughter value and meat quality of broiler chickens fed with rations
containing a different share of pea seed meal. Acta Sci. Pol. Technol. Aliment., 20(3), 265-276. http://dx.doi.org/10.17306/).

AFS.2021.0914

chickens fed on legume seeds and rapeseed meal. Ani-
mals, 10, 846. http://dx.doi.org/10.3390/ani10050846

CIE (2007). Draft Standard 014-4.3/E: Colorimetry — Part 4:
CIE 1976 L*a*b* colour space. Vienna, Austria.

Czerwinski, J., Hegjberg, O., Smulikowska, S., Engberg, R.
M., Mieczkowska, A. (2010). Influence of dietary peas
and organic acids and probiotic supplementation on
performance and caecal microbial ecology of broiler
chickens. Brit. Poultry Sci., 51, 2, 258-269. https://doi.
org/10.1080/00071661003777003

Davison, J., Ammann, K. (2017). New GMO regulations for
old: Determining a new future for EU crop biotechnol-
ogy. GM Crops Food, 8(1), 13-34. https://doi.org/10.10
80/21645698.2017.1289305

Dotas, V., Bampidis, V. A., Sinapis, E., Hatzipanagiotou,
A., Papanikolaou, K. (2014). Effect of dietary pea (Pi-
sum sativum L.) supplementation on growth perfor-
mance, and carcass and meat quality of broiler chickens.
Livest. Sci., 164, 135-143. https://doi.org/10.1016/j.
livsci.2014.03.024

Fébel, H., Mézes, M., Palfy, T., Herman, A., Gundel, J., Lu-
gasi, A, ..., Blazovics, A. (2008). Effect of dietary fatty
acid pattern on growth, body fat composition and an-
tioxidant parameters in broilers. J. Anim. Phys. Anim.
Nutr., 92(3), 369-376. https://doi.org/10.1111/j.1439-
0396.2008.00803.x

Hejdysz, M., Kaczmarek, S. A., Adamski, M., Rutkowski,
A. (2017). Influence of graded inclusion of raw and ex-
truded pea (Pisum sativum L.) meal on the performance
and nutrient digestibility of broiler chickens. Anim.
Feed Sci. Tech., 230, 114-125. https://doi.org/10.1016/j.
anifeedsci.2017.05.016

Honikel, K. O. 1998. Reference methods for the assessment
of physical characteristics of meat. Meat Sci., 49, 447—
457. https://doi.org/10.1016/S0309-1740(98)00034-5

Journal of Laws (2020). Ordinance of the Marshal of the
Sejm of the Republic of Poland. Journal of Laws. Item
638, 26 March 2020.

Jurczak, M. E. (2005). Towaroznawstwo produktow zwie-
rzgcych — ocena jakosci migsa (pp. 117-119). Warsza-
wa: SGGW [in Polish].

Kiczorowska, B., Samolinska, W., Andrejko, D. (2016).
Effect of micronized pea seeds (Pisum sativum L.) as
a substitute of soybean meal on tissue fatty acid com-
position and quality of broiler chicken meat. Anim. Sci.
J., 87, 1396-1406. https://doi.org/doi:10.1111/asj.12592

Koivunen, E., Tuunainnen, L., Rossow, L., Valaja, J. (2014).
Digestibility and utilization of fababean (Vicia fabaL.) di-
etsin broilers. Acta Agric. Scand., Anim. Sci., 64(4),217—
225. https://doi.org/10.1080/09064702.2015.1020857

274

Khrisanapant, P., Kebede, B., Leong, S. Y., Oey, 1. (2019).
A comprehensive characterisation of volatile and fatty
acid profiles of legume seeds. Foods, 8, 12. https://doi.
org/10.3390/foods8120651

Kunachowicz, H., Nadolna, I., Przygoda, B., Iwanow, K.
(2017). Tabele sktadu i wartoéci odzywczej zywnosci
[Food composition tables]. Warszawa: PZWL [in Pol-
ish].

Laudadio, V., Tufarelli, V. (2010). Growth performance and
carcass and meat quality of broiler chickens fed diets
containing mikronized-dehulled peas (Pisum sativum
cv. Spirale) as a substitute of soybean meal. Poultry Sci.,
89(7), 1537—-1543. https://doi.org/10.3382/ps.2010-
00655

Laudadio, V., Tufarelli, V. (2011). Pea (Pisum sativum L.)
seeds as an alternative dietary protein source for broil-
ers: influence of fatty acid composition, lipid and protein
oxidation of dark and white meats. J. Am. Oil Chem.
Soc., 88, 967-973. https://doi.org/10.1007/s11746-010-
1742-3

Laudadio, V., Ceci, E., Tufarelli, V. (2011). Productive traits
and meat fatty acid profile of broiler chickens fed di-
ets containing micronized faba beans (Vicia faba L. var.
minor) as the main protein source. J. Appl. Poult. Res.,
20(1), 12-20. https://doi.org/10.3382/japr.2010-00173

Laudadio, V., Nahashon, S. N., Tufarelli, V. (2012). Growth
performance and carcass characteristics of guinea fowl
broilers fed micronized-dehulled pea (Pisum sativum L.)
as a substitute for soybean meal. Poult. Sci., 91, 2988—
2996. https://doi.org/10.3382/ps.2012-02473

Le Bihan-Duval, E., Debut, M., Berri, C. M., Sellier, N.,
Sante-Lhoutellier, V., Jego, Y., Beaumont, C. (2008).
Chicken meat quality: genetic variability and relationship
with growth and muscle characteristics. BMC Genet-
ics, 18, 9-53. https://doi.org/10.1186/1471-2156-9-53

Magdelaine, P., Spiess, M. P., Valceschini, E. (2008).
Poultry meat consumption trends in Europe. Worlds
Poult. Sci. J., 64(1), 53-64. https://doi.org/10.1017/
S0043933907001717

Martinez, M. L., Anders, S., Wismer, W. V. (2011). Consum-
er preferences and willingness to pay for value-added
chicken product attributes. J. Food Sci., 76, 8, 469—477.
https://doi.org/10.1111/5.1750-3841.2011.02354.x

Milczarek, A., Osek, M. (2016). Pordwnanie wartosci po-
karmowej surowych, obtuszczanych i ekstrudowanych
nasion ro$lin bobowatych [The comparison of the nutri-
tional value of raw, dehulled and extruded the Fabaceae
seeds]. Acta Agroph., 23(4), 649—660 [in Polish].

Milczarek, A., Osek, M. (2017). The impact of faba bean
with high or low content of tannins on the results of

www.food.actapol.net/


http://dx.doi.org/10.17306/J.AFS.2021.0914
http://dx.doi.org/10.17306/J.AFS.2021.0914
http://dx.doi.org/10.3390/ani10050846
https://doi.org/10.1080/00071661003777003
https://doi.org/10.1080/00071661003777003
https://doi.org/10.1080/21645698.2017.1289305
https://doi.org/10.1080/21645698.2017.1289305
https://doi.org/10.1016/j.livsci.2014.03.024
https://doi.org/10.1016/j.livsci.2014.03.024
https://doi.org/10.1111/j.1439-0396.2008.00803.x
https://doi.org/10.1111/j.1439-0396.2008.00803.x
https://doi.org/10.1016/j.anifeedsci.2017.05.016
https://doi.org/10.1016/j.anifeedsci.2017.05.016
https://doi.org/10.1016/S0309-1740(98)00034-5
https://doi.org/doi:10.1111/asj.12592
https://doi.org/10.1080/09064702.2015.1020857
https://doi.org/10.3390/foods8120651
https://doi.org/10.3390/foods8120651
https://doi.org/10.3382/ps.2010-00655
https://doi.org/10.3382/ps.2010-00655
https://doi.org/10.1007/s11746-010-1742-3
https://doi.org/10.1007/s11746-010-1742-3
https://doi.org/10.3382/japr.2010-00173
https://doi.org/10.3382/ps.2012-02473
https://doi.org/10.1186/1471-2156-9-53
https://doi.org/10.1017/S0043933907001717
https://doi.org/10.1017/S0043933907001717
https://doi.org/10.1111/j.1750-3841.2011.02354.x

Janocha, A., Milczarek, A, taski, K., Gtuchowska, J. (2021). Slaughter value and meat quality of broiler chickens fed with rations
containing a different share of pea seed meal. Acta Sci. Pol. Technol. Aliment., 20(3), 265-276. http://dx.doi.org/10.17306/).

AFS.2021.0914

rearing and carcass quality of broiler chickens. Part II.
Meat quality of chickens. Ann. Univ. Mariae Curie-
-Sktod., sec. EE, Zootechnica, 35(1), 11-18.

Milczarek, A., Osek, M. (2019). Effectiveness evaluation
of use of various protein feeds for broiler chicken feed-
ing. Ann. Anim. Sci., 19(4), 1063—1081. https://doi.
org/10.2478/a0as-2019-0056

Milczarek, A., Osek, M., Horoszewicz, E., Niedziotka, R.
(2020). Effect of different shares of protein feeds in diets
and of cold storage time on the physical properties of
broiler chicken’s meat. J. Cent. Eur. Agric., 21(1), 7-13.
https://doi.org/10.5513/JCEA01/21.1.2516

Moschini, M., Masoero, F., Prandini, A., Fusconi, G., Mor-
lacchini, M., Piva, G. (2005). Raw Pea (Pisum sativum),
raw Faba bean (Vicia faba var. minor) and raw Lupin
(Lupinus albus var. multitalia) as alternative protein
sources in broiler diets. Ital. J. Anim. Sci., 4, 59-69.
https://doi.org/10.4081/ijas.2005.59

Nalle, C. L., Ravindran, V., Ravindran, G. (2010). Evalu-
ation of faba beans, white lupins and peas as protein
sources in broiler diets. Int. J. Poult. Sci., 9(6), 567-573.
https://doi.org/10.3923/ijps.2010.567.573

Niwinska, B., Szymczyk, B., Szczurek, W. (2019). Per-
spektywy krajowej produkcji pasz dla zwierzat gospo-
darskich oraz zywnosci pochodzenia zwierzgcego bez
GMO [Prospects for domestic production of animal
feeds and non-gm animal foods]. Wiad. Zoot., 57, 4,
107-120 [in Polish].

Nowak, M., Trziszka, T. (2010). Zachowania konsumentow
na rynku migsa drobiowego [Consumer behaviour on
the poultry meat market]. Zywn. Nauk. Technol. Jako$¢,
1(68), 114-120 [in Polish].

Orkusz, A. (2015). Czynniki ksztattujace jako$¢ migsa dro-
biu grzebigcego. Praca przegladowa [Factors affecting
the quality of gallinaceous poultry meat. A review].
Nauki Inz. Technol., 1(16), 47-60 [in Polish].

Osek, M., Milczarek, A., Janocha, A., Swinarska, R. (2010).
Effect of triticale as a partial or the whole substitute of
wheat and maize in mixtures on rearing results, slaugh-
ter value and meat quality in broiler chickens. Ann.
Anim. Sci., 10, 3, 275-283.

Osek, M., Milczarek, A., Klocek, B., Turyk, Z., Jakubow-
ska, K. (2013). Effectiveness of mixtures with the faba-
ceae seeds in broiler chicken feeding. Ann. Univ. Mariae
Curie-Sktod., sec. EE, Zootechnica, 31(4), 77-86.

Palander, S., Laurinen, P., Perttil, S., Valaja, J., Partanen, K.
(2006). Protein and amino acid digestibility and metabo-
lizable energy value of pea (Pisum sativum), faba bean
(Vicia faba), and lupin (Lupinus angustifolius), seeds for
turkeys of differentage. Anim. Feed Sci. Technol., 127(1),

www.food.actapol.net/

89—-100. https://doi.org/10.1016/j.anifeedsci.2005.
07.003

Pietrzak, D., Michalczuk, M., Niemiec, J., Mroczek, J.,
Adamczak, L., Lukasiewicz, M. (2013). Poroéwnanie
wybranych wyrdznikow jakosci migsa kurczat szybko
i wolno rosnacych [Comparison of selected quality at-
tributes of meat originating from fast- and slowgrowing
chickens]. Zywn. Nauka Technol. Jakos¢, 2(87), 30-38
[in Polish].

Pottowicz, K., Doktor, J. (2012). Effect of slaughter age on
performance and meat quality of slowgrowing broiler
chickens. Ann. Anim. Sci., 12 (4), 621-631. https://doi.
org/10.2478/v10220-012-0052-0

Poulta, E., Heikkila, J., Forsman-Hugg, S., Isoniemi, M.,
Makela, J. (2010). Consumer choice of broiler meat: the
effects of country origin and production methods. Food
Qual. Prefer., 21, 5, 539-546. https://doi.org/10.1016/j.
foodqual.2010.02.004

Raach-Moujahed, A., Haddad, B. (2013). Performance, livabil-
ity, carcass yield and meat quality of Tunisian local poul-
try and fast-growing genotype (Arbor Acres) fed standard
diet and raised outdoor access. J. Anim. Prod. Adv., 3(3),
75-85. https://doi.org/10.5455/japa.20130305122741

Rybinski, W., Starzycki, M., Rusinek, R., Bocianowski, J.,
Szot, B. (2013). Zmiennos¢ sktadu chemicznego nasion
roélin straczkowych i ich odpornoéci na obciazenia me-
chaniczne [Variation of legume seed’s chemical compo-
sition and resistance to mechanical damage]. Biul. Inst.
Hod. Aklim. Rosl., 268, 193-209 [in Polish].

Statistica PL. Ver. 13.1 (2019). StatSoft Inc. Statistica (data
analysis software system).

Tougan, P. U., Dahouda, M., Salifou, C. F., Ahounou, S. G.,
Kpodekon, M. T., Mensah, G. A., ..., Karim, [. Y. (2013).
Conversion of chicken muscle to meat and factors affect-
ing chicken meat quality: a review. Int. J. Agric. Res.,
3(8), 1-20.

Urban, S. (2015). Zmiany w produkcji pasz tre$ciwych
w Polsce [Changes on the concentrate feedstuff produc-
tion in Poland]. Rocz. Nauk. SERiA, 17(5), 307-311 [in
Polish].

Usayran, N. N., Sha’ar, H., Barbour, G. W., Yau, S. K.,
Maalouf, F., Farran, M. T. (2014). Nutritional value, per-
formance, carcass quality, visceral organ size, and blood
clinical chemistry of broiler chicks fed 30% tannin-free
fava bean diets. Poult. Sci., 93, 2018-2027. https://doi.
org/10.3382/ps.2014-03872

Wozniak, A., Soroka, M., Stepniowska, A., Makarski, B.
(2014). Chemical composition of pea (Pisum sativum L.)
seeds depending ontillage systems. J. Elem., 19(4), 1143—
1152. https://doi.org/10.5601/jelem.2014.19.3.484

275


http://dx.doi.org/10.17306/J.AFS.2021.0914
http://dx.doi.org/10.17306/J.AFS.2021.0914
https://doi.org/10.2478/aoas-2019-0056
https://doi.org/10.2478/aoas-2019-0056
https://doi.org/10.5513/JCEA01/21.1.2516
https://doi.org/10.4081/ijas.2005.59
https://doi.org/10.3923/ijps.2010.567.573
https://doi.org/10.1016/j.anifeedsci.2005.07.003
https://doi.org/10.1016/j.anifeedsci.2005.07.003
https://doi.org/10.2478/v10220-012-0052-0
https://doi.org/10.2478/v10220-012-0052-0
https://doi.org/10.1016/j.foodqual.2010.02.004
https://doi.org/10.1016/j.foodqual.2010.02.004
https://doi.org/10.5455/japa.20130305122741
https://doi.org/10.3382/ps.2014-03872
https://doi.org/10.3382/ps.2014-03872
https://doi.org/10.5601/jelem.2014.19.3.484

Janocha, A., Milczarek, A., taski, K., Gtuchowska, J. (2021). Slaughter value and meat quality of broiler chickens fed with rations
containing a different share of pea seed meal. Acta Sci. Pol. Technol. Aliment., 20(3), 265-276. http://dx.doi.org/10.17306/).
AFS.2021.0914

Zdanowska-Sasiadek, Z., Michalczuk, M., Marcinkowska- ~ Zonenberg, £., Drazbo, A. (2018). Wptyw zywienia kurczat

-Lesiak, M., Damiziak, K. (2013). Czynniki ksztattujace brojlerow mieszankami o zwigkszonym poziomie me-
cechy sensoryczne migsa drobiowego [Factors deter- tioniny na jako$¢ miesni piersiowych w réznym czasie
mining the sensory quality of poultry meat]. Bromat. przechowywania prozniowego w warunkach chlod-
Chem. Toksykol., 46, 3, 344-353 [in Polish]. niczych [The effect of increased methionine in broiler

Ziotecki, J., Doruchowski, W. (1989). Metoda oceny warto- chicken diets on the quality of breast muscles at differ-
$ci rzeznej drobiu [The metod of estimation of poultry ent times of vacuum storage under refrigeration]. Rocz.
slaughter analysis. Poznan: Wyd. COBRD [in Polish]. Nauk. PTZ, 14(2), 49-60 [in Polish].

276 www.food.actapol.net/


http://dx.doi.org/10.17306/J.AFS.2021.0914
http://dx.doi.org/10.17306/J.AFS.2021.0914

