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The use of extruded chickpeas in diets of broiler turkeys
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ABSTRACT: In an experiment with 200 one-day-old broiler turkeys, the effect of partial and total replacement of
soybean meal with chickpeas (Cicer arietinum L.) on productivity and meat composition was determined. In the
12-week experiment, turkeys were allocated to five dietary treatments: ECKP0, ECKP200, ECKP400, ECKP600 and
ECKP800 of 40 birds each, and received a diet ad libitum. The diet for ECKPO treatment contained no chickpeas
(control), while those for treatments ECKP200, ECKP400 ECKP600 and ECKP800 included 200, 400, 600 and
800 kg/t of wet extruded (at 120°C for 20 s) chickpeas, respectively. Replacement of soybean meal with extruded
chickpeas, at inclusion levels up to 200 kg/t of diet, resulted in similar productive performance. At the end of the
experiment, the body weight (BW) and the feed conversion ratio for ECKPO treatment were 7 782 g and 2.46 g of
daily feed consumption per g of BW gain, respectively. However, the replacement of soybean meal with extruded
chickpeas at higher inclusion levels (400, 600 and 800 kg/t of diet) decreased body weight by 7.7% (P < 0.05) and
increased feed conversion ratio by 14.9% (P < 0.05) compared to the control. Moreover, carcass yield traits were
not affected (P > 0.05) by feeding diets with increasing levels of extruded chickpeas. Thus, extruded chickpeas
can be used as an alternative protein source to replace soybean meal in broiler turkey diets, at inclusion levels

up to 200 kg/t.
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The chickpea (Cicer arietinum L.) is one of the
world’s most important grain legumes (FAO, 1993).
Although most chickpeas are produced for human
consumption, they provide the livestock industry
with an alternative protein and energy feedstuff.
The crude protein (CP) content of chickpeas ranges
from 124 to 306 g/kg of dry matter (DM), and the
sulphur amino acids are the first limiting, followed
by valine, threonine and tryptophan (Chavan et
al.,, 1989). Chickpeas, like other legumes, contain
a variety of anti-nutritional factors (ANF), such as
protease and amylase inhibitors, as well as lectins,
polyphenols and oligosaccharides, which impair nu-
trient absorption from the gastrointestinal tract and
can result in detrimental effects on animal health
and growth (Chavan et al., 1989; Perez-Maldonaldo
et al.,, 1999). In order to improve the nutritional

value, and to provide effective utilization of chick-
peas to a maximal level in diets of broiler turkeys, it
is essential that ANF activity is removed and that a
higher protein and energy digestibility is obtained
(Van der Poel, 1989). Many ANF in raw chickpeas
are inactivated by heat treatment, the effective-
ness of which depends, among other factors, on a
combination of process temperature and heating
time (Van der Poel, 1989).

Intensive poultry production is based on diets
high in cereal grains and a protein supplement,
with soybean meal (SBM) being the most common.
However, the need to lessen the impact of imported
and therefore high SBM prices on poultry produc-
ers has led to research on local protein sources,
such as chickpeas, as animal feeds. Although chick-
peas have been reported to be suitable as a protein
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concentrate for broiler chickens (Farrell et al., 1999;
Viveros et al., 2001; Christodoulou et al., 2006), no
information is available on the nutritional value of
extruded chickpeas for broiler turkeys. Extrusion
improves the utilization of starch, fat and protein
contained in legumes by poultry (Spais, 1997), and
also offers very good results in destroying ANF of
legumes (Van der Poel, 1989). Our objective was
to evaluate extruded chickpeas as a protein and
energy replacement for SBM in diets of broiler
turkeys relative to performance and carcass char-
acteristics.

MATERIAL AND METHODS

Chickpeas

Chickpeas (variety ‘Serifos, Table 1) were used in
an experiment with broiler turkeys, at the Animal
Research Institute, National Agricultural Research
Foundation (N.AG.RE.F.), in Giannitsa (Greece).
Chickpeas were obtained from the Fodder Crops
and Pasture Institute (N.AG.RE.F.) in Larissa
(Greece). Cultivation practices of these chickpeas,
as well as five other Greek chickpea varieties were
reported by Iliadis (2001).

Extrusion of chickpeas

Chickpeas were extruded to reduce ANF levels as,
among the various available processing techniques,
it was judged that extrusion offered the best pos-
sibilities to inactivate chickpea ANF (Saini, 1989;
Van der Poel, 1989; Vooijs et al., 1993).

Chickpeas were ground to pass a 2 mm screen us-
ing a hammer mill. Ground chickpeas were wet ex-
truded at 120°C (i.e. the barrel temperature near the
exit) for 20 s using a Berga model ME-103 extruder
(Berga, Impianti Cereali S.p.A., Treviso, Italy). The
extruded chickpeas were reground to pass a 2 mm
screen before mixing into the diets. The combina-
tion of process temperature and heating time was
based on reports of Van der Poel (1989) and Vooijs
et al. (1993).

Experiment: broiler turkeys

Two hundred day-old male broiler turkeys from
a commercial strain (B.U.T. 9) were randomly allo-

Table 1. Chemical composition (g/kg, as fed basis) of
extruded chickpeas and soybean meal

Extruded Soybean

chickpeas meal
n 3 3
Dry matter 923.0 892.0
Crude protein 239.0 424.0
Crude fat 51.0 15.0
Crude fibre 38.0 59.0
Ash 39.0 55.0
Arginine 20.7 31.1
Glycine + serine 15.9 20.8
Histidine 7.0 12.3
Isoleucine 10.7 20.6
Leucine 19.0 30.1
Lysine 17.8 28.8
Methionine 1.8 6.0
Methionine + cystine 6.2 12.3
Phenylalanine 12.2 23.1
Phenylalanine + tyrosine 19.5 38.9
Proline 6.9 9.3
Threonine 8.9 19.1
Tryptophan 3.2 5.9
Valine 11.3 19.7

cated to five dietary treatments (ECKP0, ECKP200,
ECKP400, ECKP600 and ECKP800) after individual
weighing. Turkeys of each treatment were divided
into five subgroups (replications) of 8 birds each,
and accommodated to 5 floor pens/treatment. All
25 pens were identical; with the same direction,
the same covered area (0.5 m?/turkey), and were
equipped with similar troughs for diets and water.
During the 84-day experimental period, all turkeys
in the five treatments received two types (starter
and finisher) of an optimal diet (Table 2); starter
from 1 to 42 days of age, and finisher from 43 to
84 days of age, according to nutrient requirements
of turkeys as given by Spais et al. (2001). Both diets
for ECKPO treatment had no chickpeas (control),
while those for treatments ECKP200, ECKP400,
ECKP600 and ECKP800 included 200, 400, 600 and
800 kg/t of extruded chickpeas, respectively. All
diets in each type were isonitrogenous and iso-
energetic (12.7 MJ of metabolisable energy/kg of
the diet), having the same level of the amino acids
lysine, methionine and cystine, according to NRC
(1994) nutrient composition values.

417



Original Paper

Czech ]. Anim. Sci., 51, 2006 (9): 416423

During the experiment conventional manage-
ment procedures were employed, natural and ar-
tificial light was provided on a continuous basis,
ambient temperature was controlled and birds were
fed and watered ad libitum. All birds were vacci-
nated at 15 days of age against Newcastle Disease
with B1-Hitchner (Intervet®). Turkey body weights
(BW) were measured individually at 1, 42 and
84 days of age. Daily feed consumption (DFC) within
each subgroup was recorded during these time inter-
vals and the feed conversion ratio (FCR) was subse-
quently calculated. Mortality was recorded daily.

Atthe end of the experiment, ten turkeys, randomly
selected from each treatment (2 from each subgroup),
were fasted for 18 h (water was allowed), weighed,
and euthanized. After dressing, the carcases including
heart, liver and gizzard (i.e. commercial carcass) were
weighed. The weights of the right breast muscles (.
pectoralis superficialis and m. pectoralis profundus),
and the right leg muscles, as well as heart, liver, and
gizzard were measured separately. Additionally, car-
cass yield and relative weights of the breast muscles,
leg muscles, heart, liver, and gizzard, expressed in
g/100 g of BW, were calculated.

All birds used in the experiment were cared for
according to applicable recommendations of U.S.
National Research Council (NRC, 1996).

Chemical analyses

Extruded chickpeas, SBM and diets were ana-
lyzed for DM by drying at 102°C for 16 h in a
forced air oven, and for CP, crude fat, crude fi-
bre and ash according to methods 976.06, 920.39,
978.10 and 942.05, respectively, of AOAC (1990).
Extruded chickpeas, SBM and diets were also ana-
lyzed for amino acids (AA) with an AAA400 AA
analyzer (INGOS, Czech Republic). All AA, ex-
cept methionine, cystine, and tryptophan, were
determined after hydrolysis with 6 M HCI, while
methionine and cystine, and tryptophan were de-
termined after oxidative and alkaline hydrolysis,
respectively.

Statistical analysis

Performance and carcass characteristics of the
broiler turkeys were statistically analyzed by one-
way analysis of variance, while significant differ-
ences between treatment means were tested using
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Duncan’s multiple range test at the 0.05 probability
level (Steel and Torrie, 1980). Mortality was ana-
lyzed by chi-square test (Remington and Schork,
1970). The statistical analysis was undertaken with
the SPSS Statistical Software Package (Release 10.0,
1999), and the Microsoft Excel (2000).

RESULTS

The results for BW, DFC and FCR are presented in
Table 3. At the end of the experiment, BW and FCR
were similar in treatments ECKPO and ECKP200,
and DFC was similar in all treatments. However,
final BW was lower by 7.7% (P < 0.05) and FCR was
higher by 14.9% (P < 0.05) in treatments ECKP400,
ECKP600 and ECKP800, compared to treatment
ECKPO. Additionally, FCR was higher by 13.0%
(P < 0.05) in treatment ECKP400, by 9.7% (P < 0.05)
in treatment ECKP600, and by 17.3% (P < 0.05) in
treatment ECKP800 compared to treatment ECKPO
till 42 days of age. No differences were observed
in broiler turkey performance between treatments
ECKP400, ECKP600 and ECKP800. Mortality was
not affected by the treatments. The mortality
rate for ECKP0, ECKP200, ECKP400, ECKP600
and ECKP800 was 3/40 (7.5%), 2/40 (5.0%), 1/40
(2.5%), 2/40 (5.0%), and 1/40 (2.5%), respectively.
All deaths occurred within the first week of age
and were attributed to stress due to transporta-
tion. Moreover, fasted BW was similar in treat-
ment ECKP200, but lower (P < 0.05) in treatments
ECKP400, ECKP600 and ECKP800, compared to
treatment ECKPO (Table 4). Broiler turkeys’ carcass
yield traits were not affected by feeding diets with
increasing levels of extruded chickpeas.

DISCUSSION

In this experiment, partial replacement of SBM
with extruded chickpeas (i.e. 200 kg/t of diet) re-
sulted in similar performance of broiler turkeys.
The diets containing higher inclusion levels of
extruded chickpeas (i.e. 400, 600 and 800 kg/t of
diet) did not affect DFC at the end of the experi-
ment, but negatively influenced final BW and FCR,
compared to the control diet. There are no reports
to compare about the use of extruded chickpeas in
poultry; however, there are several studies on the
use of raw and heated chickpeas. Christodoulou
et al. (2006) showed that raw chickpeas can par-
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Table 3. Body weight (BW), daily feed consumption (DFC), and feed conversion ratio (FCR) of male broiler turkeys

from 1 to 84 days age

Treatment!
SEM
ECKPO ECKP200 ECKP400 ECKP600 ECKP800

BW (g)
1% day of age 55.0 54.3 53.5 53.3 53.9 0.28
42 day of age 2.012% 2.126° 1.8743¢ 1.785¢ 1.805¢ 33.7
84 day of age 7.782° 7.803? 7.168° 7.191° 7.183° 90.7
DEC (g/day)
1-42"! day of age 85.9 87.1 90.1 83.7 90.5 1.15
1-84% day of age 225.7 229.0 237.6 240.4 241.0 3.58
FCR (g DFC/g BW gain)
1-42™ day of age 1.85° 1.77° 2.09° 2.03° 2.17° 0.04
1-84™ day of age 2.46° 2.48° 2.81° 2.83° 2.84° 0.06

'ECKPO = control treatment, ECKP200 = treatment with 200 kg/t extruded chickpea, ECKP400 = treatment with 400 kg/t
extruded chickpea, ECKP600 = treatment with 600 kg/t extruded chickpea, ECKP800 = treatment with 800 kg/t extruded

chickpea

“means within each row with different superscripts are significantly different (P < 0.05)

tially replace SBM at inclusion levels of 120 kg/t of
diet without affecting final BW, DFC and FCR of
broiler chickens compared to the SBM diet, whilst a
higher inclusion level (240 kg/t of diet) adversely af-
fected productive performance. Farrell et al. (1999)
and Viveros et al. (2001) also found a negative ef-
fect on BW, DFC and FCR of broiler chickens fed
diets containing raw chickpeas up to 450 kg/t of
diet. Additionally, Viveros et al. (2001) reported

that feeding autoclaved chickpeas up to 150 kg/t
of diet increased BW gain and DFC, and did not
change FCR compared with those fed the control
diet. Moreover in laying hens, chickpeas supported
excellent production when included at 250 kg/t of
diet (Perez-Maldonaldo et al., 1999).

In comparison with other legumes, such as soy-
beans, chickpeas contain relatively small amounts
of trypsin and chymotrypsin inhibitors (Saini,

Table 4. Carcass characteristics of male broiler turkeys at 84 days of age

Treatment!?

ECKPO ECKP200 ECKP400 ECKP600 ECKP800 SEM
Fasted body weight (BW, g) 7 860° 7 900° 7 234° 7 350° 7 290P 82.90
Carcass weight (g) 6 061 6033 5700 5601 5584 64.20
Carcass yield (g/100 g BW) 77.1 76.3 78.8 76.2 76.6 0.56
Right breast muscles (g/100 g BW) 10.1 10.8 10.7 10.1 10.2 0.21
Right leg muscles (g/100 g BW) 8.6 8.1 8.6 8.0 8.4 0.09
Heart yield (g/100 g BW) 0.51 0.50 0.54 0.55 0.52 0.01
Liver yield (g/100 g BW) 1.44 1.40 1.54 1.45 1.47 0.03
Gizzard yield (g/100 g BW) 1.34 1.47 1.51 1.43 1.42 0.03

1ECKPO = control treatment, ECKP200 = treatment with 200 kg/t extruded chickpea, ECKP400 = treatment with 400 kg/t
extruded chickpea, ECKP600 = treatment with 600 kg/t extruded chickpea, ECKP800 = treatment with 800 kg/t extruded

chickpea

Znumber of turkeys/treatment = 10
a,b

means within each row with different superscripts are significantly different (P < 0.05)
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1989). However, Chavan et al. (1989) reported
similar ANF contents for chickpeas and soybeans,
and Chavan et al. (1989) and Saini (1989) showed
the possibility to reduce effects of ANF by vari-
ous cooking and processing methods. Van der Poel
(1989) reported that, among the various processes
for heat treatment, extrusion offers very good re-
sults in destroying ANF of legumes. The combina-
tion of process temperature and heating time used
in our study was based on Van der Poel (1989), who
reported that trypsin inhibitor and haemagglutina-
tion activity of grain legumes (i.e. phaseolus bean)
decreased, after extrusion at 145°C for 16 s, to 2 to
22% and 2 to 7%, respectively, of that determined in
raw beans, and on Vooijs et al. (1993), who reported
that trypsin inhibitor activity of grain legumes (i.e.
phaseolus bean) decreased, after extrusion at 100°C
and 130°C for 10 s, to 6 and 3% respectively, of that
in raw beans.

In our study, carcass yield traits were not af-
fected by the inclusion of extruded chickpeas in
diets of broiler turkeys. Huisman and Van der
Poel (1989) showed that some organs might be-
come hypertrophic in chickens due to ANF con-
tained in legume seeds. Feeding raw chickpeas to
broiler chickens at inclusion levels up to 450 kg/t
of diet resulted in increased weights of gizzard,
liver and pancreas, and feeding autoclaved chick-
peas at inclusion levels up to 150 kg/t of diet re-
sulted in increased weight of the gizzard, and
decreased weight of the liver, compared with those
fed the control diet (Viveros et al., 2001). Carcass
yield traits and internal organ weights of broiler
chickens were not affected when raw chickpeas
were incorporated at the inclusion level of 120 kg/t
of diet, but they were negatively influenced by
the higher inclusion level of 240 kg/t of diet
(Christodoulou et al., 2006).

CONCLUSIONS

Replacement of SBM with extruded chickpeas, at
inclusion levels up to 200 kg/t, in diets of broiler
turkeys resulted in similar productive perform-
ance. However, replacement of SBM with extruded
chickpeas at higher inclusion levels (400, 600 and
800 kg/t of diet) decreased BW by 7.7% and in-
creased FCR by 14.9% compared to the control.
Thus, extruded chickpeas can be used as an alterna-
tive protein source to replace SBM in broiler turkey
diets at inclusion levels up to 200 kg/t.

422

Acknowledgements

The authors thank ELVIZ S.A. (Plati Imathias,
Greece) for extrusion of chickpeas and the staff of
Animal Research Institute, N.AG.RE.F. (Giannitsa,
Greece) for help provided during this study.

REFERENCES

AOAC (1990): Helrich K. (ed.): Official Methods of Anal-
ysis. 15" ed. Arlington.

ChavanJ.K., Kadam S.S., Salunkhe D.K. (1989): Chickpea.
In: Salunkhe D.K., Kadam S.S. (eds.): CRC Handbook
of World Food Legumes: Nutritional Chemistry, Pro-
cessing Technology and Utilization. Vol. I. CRC Press,
Inc. Boca Raton, FL, USA. 247-288.

Christodoulou V., Bampidis V.A., Hucko B., Iliadis C.,
Mudtik Z. (2006): Nutritional value of chickpeas in
rations of broiler chickens. Arch. Gefliigelkde, 70,
112-118.

FAO (1993): FAO Yearbook. Production 1992. FAO,
Rome, Italy, 46, 105-115.

Farrell D.]., Perez-Maldonado R.A., Mannion P.F. (1999):
Optimum inclusion of field peas, faba beans, chick peas
and sweet lupins in poultry diets. II. Broiler experi-
ments. Brit. Poult. Sci., 40, 674—680.

Huisman J., Van der Poel A.E.B. (1989): Comparison of
effects of antinutritional factors (ANFs) in different
animal species. In: Huisman J., Van der Poel T.E.B.,
Liener L.E. (eds.): Recent Advances of Research in An-
tinutritional Factors in Legume Seeds. Pudoc Wage-
ningen, The Netherlands. 317-327.

Iliadis C. (2001): Evaluation of six chickpea varieties for
seed yield under autumn and spring sowing. J. Agric.
Sci., Cambridge, 137, 439-444.

NRC (1994): Nutrient Requirements of Poultry. 9" rev.
ed. National Academy Press, Washington DC, USA.
NRC (1996): Guide for the Care and Use of Laboratory
Animals. National Academy Press, Washington DC,

USA.

Perez-Maldonado R.A., Mannion P.F, Farrell D.]. (1999):
Optimum inclusion of field peas, faba beans, chick peas
and sweet lupins in poultry diets. I. Chemical compo-
sition and layer experiments. Brit. Poult. Sci., 40, 667—
673.

Remington R.D., Schork M.A. (1970): Statistics with Ap-
plication to the Biological and Health Sciences. Pren-
tice-Hall, Inc., Englewood Cliffs, New Jersey, USA.

Saini H.S. (1989): Activity and thermal inactivation of
protease inhibitors in grain legumes. In: Huisman J.,
Van der Poel T.E.B,, Liener L.E. (eds.): Recent Advances



Czech |. Anim. Sci., 51, 2006 (9): 416—423

Original Paper

of Research in Antinutritional Factors in Legume
Seeds. Pudoc Wageningen, The Netherlands. 249-
253.

Spais A.B. (1997): Feedingstuffs and Rations (in Greek).
2™ ed. Sinchroni Paedia, Thessaloniki, Greece.

Spais A.B., Florou-Paneri P., Christaki E. (2001): Basic
Animal Nutrition (in Greek). 1% ed. Sinchroni Paedia,
Thessaloniki, Greece.

Steel R.G.D., Torrie J.H. (1980): Principles and Proce-
dures of Statistics. A Biometrical Approach. 2" ed.
McGraw-Hill Book Co., New York, NY, USA.

Van der Poel A.FE.B. (1989): Effects of processing on an-
tinutritional factors (ANF) and nutritional value of
legume seeds for non-ruminant feeding. In: Huisman
J., Van der Poel T.F.B., Liener LE. (eds.): Recent Ad-
vances of Research in Antinutritional Factors in Leg-
ume Seeds. Pudoc Wageningen, The Netherlands.

213-229.

Viveros A., Brenes A., Elices R., Arija L., Canales R. (2001):
Nutritional value of raw and autoclaved kabuli and desi
chickpeas (Cicer arietinum L.) for growing chickens.
Brit. Poult. Sci., 42, 242-251.

Vooijs A.]., Beumer H., Van der Poel A.F.B. (1993): Eval-
uation of heat treatments to improve the protein digest-
ibility of Phaseolus vulgaris beans in pigs. In: Van der
Poel A.F.B., Huisman J., Saini H.S. (eds.): Recent Ad-
vances of Research in Antinutritional Factors in Leg-
ume Seeds. Wageningen Pers, Wageningen, The
Netherlands. 473-476.

Received: 2006—-02-16
Accepted after corrections: 2006—-05-05

Corresponding Author

Dr. Vladimiros F. Christodoulou, Animal Research Institute, National Agricultural Research Foundation (N.AG.RE.F.),

581 00 Giannitsa, Greece

Tel. +30 2382 031 700, fax +30 2382 032 332, e-mail: vchristodoulou.arig@nagref.gr

423



@ INSTITUTE OF AGRICULTURAL AND FOOD INFORMATION

o Slezska 7, 120 56 Prague 2, Czech Republic
Tel.: + 420 227 010 111, Fax: + 420 227 010 116, E-mail: redakce@uzpi.cz

In this institute scientific journals dealing with the problems of agriculture and
related sciences are published on behalf of the Czech Academy of Agricultural
Sciences. The periodicals are published in English with abstracts in Czech.

Number Yearly subscription
Journal of issues per year in USD
Plant, Soil and Environment 12 285
Czech Journal of Animal Science (Zivo¢i$na vyroba) 12 285
Agricultural Economics (Zemédélska ekonomika) 12 285
Journal of Forest Science 12 285
Veterinarni medicina (Veterinary Medicine — Czech) 12 285
Czech Journal of Food Sciences 6 150
Plant Protection Science 4 85
Czech Journal of Genetics and Plant Breeding 4 85
Horticultural Science (Zahradnictvi) 4 85
Research in Agricultural Engineering 4 85
Soil and Water Research 4 85

Subscription to these journals be sent to the above-mentioned address.




