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Effect of different shares of protein feeds in diets and of cold storage time
on the physical properties of broiler chicken’s meat
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ABSTRACT

The study aimed at evaluating the effect of feeding broiler chickens with diets containing faba bean and cold storage

time on the physical properties of m. pectoralis major. The study material comprised 24 muscles from chickens split into 3
feeding groups. Birds from the control group (I) were fed with compound feeds containing soybean meal as the only high-
protein component, whereas the starter/grower diets administered to experimental chickens contained faba bean in the
proportion 8/15% - group Il and 16/22% - group lll, as a partial substitute for soybean meal. No effect of the feeding
method on acidity and water absorption capacity of the muscle was observed. Muscles of chickens fed with mixes with
a higher share of faba bean were characterised by higher yellow saturation, colour intensity and hue in comparison to
other groups. The storage time had no effect on their physical properties; a decrease was only recorded in pH,, of the
evaluated muscles, which testifies to the correct course of glycolytic transformations. To sum up, it must be stated that
a higher share of faba bean in chicken diets modifies muscle colour only, but cold storage time has no impact on the
evaluated physical characteristics of muscles.
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STRESZCZENIE

Celem przeprowadzonych badan byto okreslenie wptywu zywienia kurczat brojleréw mieszankami zawierajgcymi
$rute bobikowa oraz czasu przechowywania w warunkach chtodniczych na cechy fizyczne m. pectoralis major. Materiat
badawczy stanowity 24 miesnie pochodzace od kurczat rzeznych z 3 grup zywieniowych. Kurczeta grupy kontrolnej (1)
zywiono mieszankami, w ktérych jedynym surowcem wysokobiatkowym byta poekstrakcyjna $ruta sojowa, natomiast
do mieszanek starter/grower kurczat doswiadczalnych w miejsce czesci $sruty poekstrakcyjnej sojowej wprowadzono
srute z bobiku w udziale 8/15% - grupa Il lub 16/22% - grupa Ill. Nie stwierdzono wptywu zastosowanego zywienia
na kwasowo$¢ i wodochtonnos$é miesni. Wiekszym nasyceniem barwy zéttej, intensywnoscia i odcieniem cechowaty
sie miesnie kurczat zywionych mieszankami z wyzszym udziatem bobiku w poréwnaniu do pozostatych grup. Czas
przechowywania mie$ni w warunkach chtodniczych nie miat wptywu na ich wtasciwosci fizyczne, odnotowano jedynie
spadek pH,, ocenianych migsni, co swiadczy o prawidtowym przebiegu przemian glikolitycznych. Reasumuijac, stwierdzic
nalezy, ze wprowadzenie wyzszego udziatu bobiku do mieszanek dla kurczat modyfikuje jedynie barwe miesni, natomiast
czas przechowywania w warunkach chtodniczych pozostaje bez wptywu na oceniane cechy fizyczne miesni.

Kljucne rijeci: cechy fizyczne, czas przechowywania, kurczeta brojlery, m. pectoralis major, zywienie
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INTRODUCTION

Over the past dozen or so years the highest (among
all species of meat received from farm animals) upward
trend both in production and consumption has been
noted for poultry meat (Windhorst, 2017; Tallentire et al.,
2018). The continuing growth of consumption is due to
the nutritional and dietary value of the meat as well as its
easy preparation for consumption. The increasing demand
of broiler chicken meat forced the producers of poultry
to look for ways of enhancing their efficiency. Thanks to
intensive breeding works and the development of the feed
industry, the birds’ rearing time was considerably reduced
while the rate of growth and weight as well as the share
(in particular) of breast muscles in the carcass increased
concurrently (Tallentire et al. 2016). Unfortunately,
improvement in the production performance of chickens
resulted in new problems. Through excessive genetic
selection internal organs of broiler chickens are on the
functional limit. The incidence of damage and quality
conditions of muscles (mainly the breast muscles) of
chickens such as PSE (pale, soft, exudative), WH (white
stripping), SM (spaghetti meat) increased several times
(Kuttappan et al., 2016; Maiorano, 2017; Petracci et al.,
2015; Soglia et al., 2018). From the point of view of meat
processing plants, defective meat is of limited processing
quality, whereas from the consumer’s perspective -
culinary quality (Magdelaine et al., 2008; Zdanowska-
Sasiadek et al., 2013). Major characteristics of the quality
of meat are its physical characteristics such as: acidity,
colour and water holding capacity (WHC). The reaction
of meat (pH) reflects the rate of post-mortem glycolysis.
Gardzielewska et al. (2003) recount that 15 minutes after
slaughter the pH of normal muscles ranges from 5.8 to
6.3, whereas in muscles showing DFD and PSE defects
itis 26.4 and <5.7, respectively. Generally, low pH values
(PSE meat) are accompanied by more drip loss and lighter
colour, while this is opposite for high pH values (DFD
meat) (Swatland, 2008; Garcia et al., 2010). Studies (Dal
Bosco et al., 2013; Osek et al., 2013; Lipinski et al., 2019)
showed that the physical characteristics of muscles
depended on how the chickens were fed. A dominant
protein component of broilers’ diet is soybean meal. For

various reasons attempts are made to substitute it with
other high-protein feeds. Faba bean enjoys considerable
interest among nutritionists as it contributes to the good
effects of rearing and slaughter value (Shargh and Azari,
2010; Laudadio et al., 2011; Osek et al., 2013; Usayran et
al., 2014). However, when introducing it into the diet of
birds, the effect on physical properties of meat must be
taken into account (Laudadio et al., 2011; Dal Bosco et
al., 2013; Usayran et al., 2014; Rubio and Molina, 2016).
Dal Bosco et al. (2013) write that a 16% addition of faba
bean to the diet significantly increases the pH of breast
muscles but it has no effect on the water holding capacity
and colour of meat, whereas Laudadio et al. (2011) and
Osek et. al. (2013) did not observe any effect of faba bean
on the reaction of muscles.

The study aimed at evaluating the effect of feeding
broiler chickens with diets containing faba bean and cold
storage time on the physical properties of breast muscles
(m. pectoralis major).

MATERIAL AND METHODS

Research material

The study material comprised 24 breast muscles from
Ross 308 broiler chickens split into 3 feeding groups (I, II,
II). Over the first 21 days of rearing the chicks received
starter diets and over the following 14 days - grower
diets. The compound feeds were prepared from corn
meal, post-extraction soybean meal, oil and mineral and
vitamin additives. The experimental factor was faba bean
meal added to starter/grower diets as follows: group |
(control) - without faba bean, group Il - 8%/15% of faba
bean meal, and group Il - 16%/22% of faba bean meal
(Table 1).

On the final day of the feeding experiment 8 birds
were selected from each group with a body weight
representative for the specific group. Next, they were
slaughtered. During simplified slaughter analysis breast
muscles were sampled for evaluation of their physical
properties. The muscles were stored in foil bags in a cold
store (temp. 0-4°C).
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Table 1. Ingredient and nutrient composition of diets

Starter Grower
Ingredients, %
corn 49.92 44.59 39.37 55.285 45.245 41.22
faba bean - 8.00 16.0 - 15.00 22.00
soybean meal 41.50 38.00 34.50 36.00 29.50 26.00
rapeseed oil 4.70 5.50 6.20 5.00 6.50 7.00
L-lysine HCI, DL-methionine, limestone,
1- Ca phosphate, NaCl, premix starter/ 3.88 3.91 3.93 3.715 3.755 3.78
grower*
Nutritive value per 1 kg of diets
ME, MJ 12.7 13.0
raw protein, % 22 20
lys, % 1.29 1.17
met + cys, % 0.93 0.88
Ca, % 0.98 0.93
P available, % 045 0.40
Na, % 0.16 0.17

*premix starter in starter diets, premix grower in grower diets

Physical analyses

The concentration of hydrogen ions (pH) in breast
muscles (m. pectoralis major) of each bird was measured
using a Testo 205 Set pH-meter after 15 minutes and
then 24 and 72 hours after slaughter.

The water holding capacity (WHC) of breast muscles
was determined post mortem after 24 and 72 hours. WHC
was determined using Grau and Hamm’s method (1953),
as modified by Pohja and Ninivaara (1957), based on the
amount of free water (expressed in %) lost by a sample
of meat placed on blotting paper and pressed constantly
between two glass plates. The surface of the drip (cm?)
was measured by means of a planimeter and the amount
of free water was calculated assuming that 1 cm? of
the drip binds 10 mg of muscle juices absorbed by the
blotting paper.

Meat colour was evaluated post mortem after 24
and 72 hours using a trichromatic colorimeter. The
colour was described based on the L*a*b* system. In the
applied measurement system L* stands for lightness,
that is a spatial vector, while a* and b* are tri-chromatic
coordinates, where a* as a positive value corresponds to
red, as a negative value to green, positive b* to yellow,
and negative b* to blue (CIE 1976).

Based on the results of analysis (L*a*b* colour
parameters) the psychometric saturation, i.e. intensity
(C*) and hue (H*) of the colour were calculated from the
following formulas (ISO 11037:2011):

C* = [(a")? + (b*)1°s
H* = log(b/a).

The change in meat colour during storage was
calculated using the Clydesdale (1976) formula:
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AE*= [(AL")? + (Aa*)? + (Ab*)?]°%)

L* describes lightness, a* - red-green chromaticity, b* -
yellow-blue chromaticity.

Statistical analysis

The results were analysed by statistical methods using
two-way analysis of variance: pH, WHC and colour as well
as one-way analysis of variance - AE*. The significance
of differences between mean values was verified using
Duncan’s test at the significance level a=0.05 (Stat. Soft.
Inc. 2015).

RESULTS AND DISCUSSION

Replacement of part of the soybean meal with faba
beans (group Il and Ill) in diets for broiler chickens did not
affect their final body weight (1.87 - 1.92 kg), feed intake
(2.90 - 3.00 kg) and feed conversion ratio (1.59 - 1.60
kg) on the 35" day of rearing.

The addition of different amounts of faba bean to
diets had no effect on the post mortem concentration of
hydrogen ions in the muscles of broiler chickens after 15
minutes, 24h and 72h (Table 2).

The post-mortem glycolysis was slower than described
by Gardzielewska et al. (2003) for normal meat post
mortem after 24h. Mehaffey et al. (2006) indicate that a
rapid decrease in pH can result in the paleness of meat
and reduce its capacity to hold water.

Table 2. Acidity changes of breast muscles of broiler chickens
during storage

The lack of effect of mixes containing faba bean on
the acidity of breast muscles confirms the results of
studies obtained by Laudadio et al. (2011) and Osek et al.
(2013). Dal Bosco et al. (2013) write that a 16% addition
of faba bean to the mix significantly increases (5.73 vs
5.86) pH,, of breast muscles. Also Osek et al. (2017)
demonstrated a significant effect of soaked faba bean
included in broiler chickens’ feed mixes on the acidity of
their breast muscles post mortem both after 15 minutes
and 24 hours. 15 minutes after slaughter the lowest
(P<0.05) pH, was noted in the muscles of birds receiving
mixes containing faba bean soaked in water for 12 hours,
while it was slightly higher in birds from the control group
and from the group fed with faba bean soaked in water
for 24 hours. The fastest rate of glycolysis was recorded
in the muscles of chickens fed with mixes containing faba
bean soaked in water for twenty-four hours. After 24h of
cooling their pH was 0.74 lower and it was significantly
(P<0.05) lower than in the muscles of birds from the
control group, but the recorded values demonstrate that
the meat was free of quality defects.

Another evaluated physical parameter was the water
holding capacity of broiler chickens’ breast muscles (Table
3).

Table 3. Water holding capacity (WHC) of meat during storage
in cooling conditions

Value of pH
Feeding group (F) Mean
pH, pH,, pH,,
| 6.33 5.81 5.67 5.94
Il 6.19 5.79 5.78 591
I 6.22 5.80 5.78 5.93
Mean 6.24 a 5.80b 574b -
T P<0.05
Influence F 0.903
TxF 0.113
SEM 0.031

a, b - values in rows with different letters differ significantly (P < 0.05)

. Storage time (T)
Feeding group (F) — — Mean
| 11.55 11.83 11.69
I 10.32 11.02 10.67
1 11.42 11.89 11.66
Mean 11.10 11.58 -

T 0.352

Influence F 0.267

TxF 0.506

SEM 0.085

No effect of the feeding method and cold storage
time on the water holding capacity of breast muscles
was identified. Similarly, Dal Bosco et al. (2013) write
that a 16% addition of faba bean to the broiler chicken’s
feed mix has no effect on the water holding capacity of
breast muscles, whereas Laudadio et al. (2011) showed a
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significant decrease in that parameter in the muscles of

chickens fed with the mix containing 31% of faba bean.

The addition of faba bean (irrespective of the share)
to mixes fed to broiler chickens had a significant effect on
the colour parameters of breast muscles (Table 4).

Muscles of chickens fed with mixes with a higher share
of faba bean showed higher (P<0.05) yellow saturation
(b*), colour intensity (C*) and hue (H*) in comparison to
muscles of birds from other groups. However, no effect
of muscles’ cold storage time on the evaluated colour
parameters was found.

L* parameter values measured are typical of normal
muscles, since according to Qiao et al. (2001) the colour
lightness L* of a normal breast muscle ranges from 48 to
53; values above 53 mean the colour of the muscles is
lighter, and below 46 - it is darker. Barbut (1997) claimed
the optimal lightness range of chicken and turkey fillets
was around 49-50. A significant decrease (44.62 vs 46.77)
in the lightness of breast muscle colour after adding 31%
of faba bean to the mix fed to broiler chickens was shown
by Laudadio et al. (2011). According to Kirkpinar et al.
(2001), the colour of poultry meat desired by consumers
is characterised by lower L* values and higher a* and b*
values, which is also connected with adequately high and
low pH15.

Garcia et al. (2010) demonstrated that breast muscles
free of quality defects, in comparison to those classified
as PSE, were of significantly darker colour L* (47.38 vs
52.53), and were more (P<0.05) red-saturated (3.78 vs
2.42), but they did not differ (4.93 vs 4.82) in terms of
parameter b* (P>0.05).

Dal Bosco et al. (2013) write that breast muscles of
chickens receiving a feed mix containing 16% of faba
bean were slightly darker (55.25 vs 57.10), and were more
red-saturated (5.54 vs 4.42) and yellow-saturated (2.93
vs 2.20) compared to control groups (P>0.05).

The measured L, a and b parameters were used for
calculating the colour change ratio (AE*) for meat during
storage (Figure 1).

Table 4. Parameters of meat colour during storage in cooling
conditions

Storage time (T)
Feeding group (F) Mean
T24 T72
I 49.20 48.12 48.67
I 48.05 48.38 47.97
I 50.09 49.52 49.11
. Mean 49.10 48.77 -
: T 0.529
Influence F 0.167
TxF 0.706
SEM 0.345
I 2.81 3.36 3.09
I 3.33 3.50 3.38
1 3.07 2.99 2.69
. Mean 3.11 3.27 -
2 T 0.134
Influence F 0.068
TxF 0.191
SEM 0.075
I 3.07 3.08 3.07b
I 2.93 3.43 3.18b
I 4.38 4.24 4.31a
, Mean 3.46 3.58 -
b T 0.704
Influence F P<0.05
TxF 0.694
SEM 0.173
I 4.27 4.67 447 b
I 4.54 5.05 479 b
1 5.46 5.32 53%a
, Mean 4.75 5.01 -
¢ T 0.252
Influence F P<0.05
TxF 0.442
SEM 0.122
I 0.80 0.72 0.76 b
I 0.71 0.74 0.73b
1 0.93 0.92 0.92a
, Mean 0.81 0.79 -
3 T 0.741
Influence F P<0.05
TxF 0.713
SEM 0.030

a, b - values in column with different letters differ significantly (P < 0.05)
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Figure 1. Absolute colour difference (AE*) of breast muscles (a,
b - values with different letters differ significantly)

A significantly larger colour change (AE*) was found
in m. pectoralis major of broiler chickens fed with diets
containing more faba bean meal compared to muscles of

birds from other groups.

CONCLUSIONS

To sum up, it should be stated that a higher share of
faba bean in chicken diets modifies muscle colour only,
while cold storage time has no impact on any of the

evaluated physical characteristics of muscles.

ACKNOWLEDGMENTS

This study was financed by the funds of the Ministry
of Science and Higher Education of Poland (statutory
research fund of the Siedlce University of Natural
Sciences and Humanities No 212/04/S).

REFERENCES

Barbut, S. (1997) Problem of pale soft exudative meat in broiler chickens.
British Poultry Science, 38 (4), 355-358.

DOI: https://doi.org/10.1080/000716697084 18002

CIE (1976) Commission Internationale de 1’Eclairage. CIE Publication
36. 18™ Session, London, England, September 1975.

Clydesdale, F.M. (1976) Instrumental techniques for color measurement
of foods. Food Technology. 10, 52-59.

Dal Bosco, A., Ruggeri, S., Mattioli, S., Mugnai, C., Sirri, F., Castellini, C.
(2013) Effect of faba bean (Vicia faba var. minor) inclusion in starter
and growing diet on performance, carcass and meat characteristics
of organic slow- growing chickens. Italian Journal of Animal Science,
12 (4), 76, 472-478. DOI: https://doi.org/10.4081/ijas.2013.e76

Garcia, R. G,, Freitas, L. W. de, Schwingel, A. W., Farias, R. M., Caldara,
F. R, Gabriel, A. M. A,, Graciano, J. D., Komiyama, C. M., Almeida
Paz, I. C. L. (2010) Incidence and physical properties of PSE chicken
meat in a commercial processing plant. Brazilian Journal of Poultry
Science, 12 (4), 233-237.

DOI: http://dx.doi.org/10.1590/51516-635X2010000400003

Gardzielewska, J., Jakubowska, M., Buryta, B., Karamucki, T,
Natalczyk - Szymkowska, W. (2003) Relationship between pH1
and the quality of broiler meat. Medycyna Weterynaryjna, 59
(5), 426-428. Available at: http:/www.medycynawet.edu.pl/
archives/11-contents/contents-2003/2807- contents-medycyna-
wet-59-5-369-460-2003 [Accessed 24 April 2019].

Grau, R., Hamm, R. (1953) Eine einfache Methode zur Bestimmung der
Wasserbindung im Muskel. Naturwissenschaften, 40, 29-30.

DOI: https://doi.org/10.1007/BF00595734

ISO 11037 (2011) Sensory analysis - Guidelines for sensory assessment
of the colour of products, Geneva, Switzerland, International
Organization for Standardization, 1-18.

Kirkpinar, F., Bozkurt, M., Erker, R. (2001) The effect of dietary dried
alfalfa meal on skin pigmentation and performance of broiler.
In: R. W. A, W., Mulder, S. F., Bilgili, Proceedings of XV European
Symposium on the Quality of Poultry Meat. Kusadasi, Turkey, 9-12
September 2001, WPSA. Turkish Branch, 199-204.

Kuttappan, V. A., Hargis, B. M., Owens, C. M. (2016) White striping and
woody breast myopathies in the modern poultry industry: a review.
Poultry Science, 95 (11), 2724-2733.

DOI: https://doi.org/10.3382/ps/pew216

Laudadio, V., Ceci, E., Tufarelli, V. (2011) Productive traits and meat fatty
acid profile of broiler chickens fed diets containing micronized fava
beans (Vicia faba L. var. minor) as the main protein source. Journal of
Applied Poultry Research, 20 (1), 12-20.

DOI: https://doi.org/10.3382/japr.2010-00173

Lipinski, K., Antoszkiewicz, Z., Kotlarczyk, S., Mazur-Kusnirek, M.,
Kaliniewicz, J., Makowski, Z. (2019) The effect of herbal feed
additive on the growth performance, carcass characteristics and
meat quality of broiler chickens fed low-energy diets. Archives
Animal Breeding, 62 (1), 33-40.

DOI: https://doi.org/10.5194/aab-62-33-2019

Magdelaine, P., Spiess, M. P., Valceschini, E. (2008) Poultry meat
consumption trends in Europe. World’s Poultry Science Journal, 64
(1), 53-63. DOI: https://doi.org/10.1017/50043933907001717

Maiorano, G. (2017) Meat defects and emergent muscle myopathies
in broiler chickens: implications for the modern poultry industry.
Roczniki Naukowe Polskiego Towarzystwa Zootechnicznego, 13 (3),
43-51. DOI: http:/rn.ptz.icm.edu.pl/index.php/pl/archiwum/

Mehaffey, J. M., Pradhan, S. P., Meullenet, J. F., Emmert, J. L., McKee, S.
R., Owens, C. M. (2006) Meat quality evaluation of minimally aged
broiler breast fillets from five commercial genetic strains. Poultry
Science, 85 (5), 902- 908.

DOI: https://doi.org/10.1093/ps/85.5.902

Osek, M., Milczarek, A., Klocek, B., Turyk, Z., Jakubowska, K. (2013)
Effectiveness of mixtures with the Fabaceae seeds in broiler chicken
feeding, Annales UMCS, sec. EE, Zootechnica, LXVIII (4), 77-86.

Osek, M., Milczarek, A., Pachnik, M. (2017) Impact of soaking of faba
bean seeds on their nutritive value in broiler chickens. Zeszyty
Problemowe Postepéw Nauk Rolniczych, 588, 73-82.

DOI: https://doi.org/10.22630/ZPPNR.2017.588.7

Petracci, M., Mudalal, S., Soglia, F., Cavani, C. (2015) Meat quality in
fast-growing broiler chickens. World's Poultry Science Journal, 71
(2), 363-374. DOI: https://doi.org/10.1017/50043933915000367

Pohja, M. S., Ninivaara, F. P. (1957) Die Bestimung der Wasserbindung
des Fleisches mittles der Konstantdriickmethode. Fleischwirtschaft,
9,193-195.

Qiao, M,, Fletcher, D. L., Smith, D. P., Northcutt, J. K. (2001) The effect
of broiler breast meat color on pH, moisture, water holding capacity,
and emulsification capacity. Poultry Science, 80 (5), 676-678.

DOI: https://doi.org/10.1093/ps/80.5.676

JOURNAL

Central European Agriculture
ISSN 1332-9049

12


https://doi.org/10.5513/JCEA01/21.1.2516

Original scientific paper

DOI: /10.5513/JCEA01/21.1.2516

Milczarek et al.: Effect of different shares of protein feeds in diets and of cold storage...

Rubio, L. A., Molina, E. (2016) Legumes in animal nutrition. Arbor, 192
(779), a 315. DOI: https://doi.org/10.3989/arbor.2016.779n3005

Shargh, M. S., Azari, M. A. (2010) Determination of the optimum
inclusion level of faba beans in diet of broiler chicks. The Indian
Journal of Animal Sciences, 80 (9), 940-942.

Soglia, F., Mazzoni, M., Petracci, M. (2018) Spotlight on avian pathology:
current growth-related breast meat abnormalities in broilers. Avian
Pathology, 48 (1), 1-3.

DOI: https://doi.org/10.1080/03079457.2018.1508821

StatSoft Inc. (2015) Statistica (data analysis software system), version
12.5. Tulsa, OK: StatSoft Inc.

Swatland, H. J. (2008) How pH causes paleness or darkness in chicken
breast meat. Meat Science, 80 (2), 396-400.

DOI: https://doi.org/10.1016/j.meatsci.2008.01.002

Tallentire, C. W., Leinonen, ., Kyriazakis, I. (2016) Breeding for
efficiency in the broiler chicken: A review. Agronomy for Sustainable
Development, 36, 66.

DOI: https://doi.org/10.1007/513593-016-0398-2

Tallentire, C. W., Leinonen, |., Kyriazakis, I. (2018). Artificial selection for
improved energy efficiency is reaching its limits in broiler chickens.
Scientific Reports, 8, 1168.

DOI: https://doi.org/10.1038/s41598-018-19231-2

Usayran, N. N., Sha'ar, H., Barbour, G. W.,, Yau, S. K., Maalouf, F,, Farran,
M. T. (2014) Nutritional value, performance, carcass quality, visceral
organ size, and blood clinical chemistry of broiler chicks fed 30%
tannin-free fava bean diets. Poultry Science, 93 (8), 2018-2027.
DOI: https://doi.org/10.3382/ps.2014-03872

Windhorst, H. W. (2017) Dynamics and patterns of global poultry-meat
production. In: Petracci, M., Berri, C. ed. Poultry quality evaluation.
UK: Woodhead Publishing.

DOI: https://doi.org/10.1016/B978-0-08-100763-1.00001-5

Zdanowska-Sasiadek, Z., Michalczuk, M., Marcinkowska-Lesiak, M.,
Damaziak, K. (2013) Factors determining the sensory quality of
poultry meat. Bromatologia i Chemia Toksykologiczna, XLVI (3),
344-353. Available at: http:/ptfarm.pl/wydawnictwa/czasopisma/
bromatologia-i-chemia- toksykologiczna/117/-/15028 [Accessed
24 April 2019].

JOURNAL

Central European Agriculture
ISSN 1332-9049

13


https://doi.org/10.5513/JCEA01/21.1.2516
http://www.tcpdf.org

