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Acorns and wild pistachio (Pistacia atlantica and Pistacia khinjuk) seeds that are
provided by the forest are new and unconventional energy sources. Acorn is the fruit of
oak trees and wild pistachio seeds are the fruit of the Pistacia species. The oak or
Quercus contains 200 species. Four species of oak (=����������
����=��������

���	����
=�����������
� and =�������������) grow in the Zagrossian region, but Quercus branti is
dominant among them (�������� �((+). This investigation was carried out on Quercus
branti, which is a famed Iranian oak, or the Zagrossian oak, and grows on the Zagros
mountain chain in Iran, in an area of about 4 million hectares. This plant grows 650 to
2700 metres above sea level, where the temperature varies between -31°C and +45°C
and the rainfall between 250 and 900 mm. Pistacia atlantica and Pistacia khinjuk are two
major species that grow in the Zagrossian region with the Quercus species. Pistacia
atlantica grows 600 to 3000 metres and Pistacia khinjuk 700 to 1900 metres above sea
level (���������((+).

Acorn contains considerable amounts of tannin and other anti-nutritional
substances. Given in large amounts they may be toxic. (Poisoning of cattle has been
recorded). Rations with above 25% acorn meal produced eggs with coloured yolks and
low hatchability (;�� >	��� �
�� >������� �())). Few laboratory analyses have been
performed on acorns. Proximate analyses have revealed that the chemical composition of
acorn is similar to that of chaffy cereals (>����������(++?�@�
�	��
���	�������(+�?).
A
������ and >��
 (�(!�) have reported the result of a trial on chemical and physical
properties of selected acorns in Texas. Acorn varieties within twelve species were
analysed for chemical and physical attributes. The kernels were evaluated for moisture,
ether extract, crude fibre, ash, crude protein, tannin, nitrogen-free extract (less tannins),
texture and surface colour. It was reported total phenolics in acorns from different
species of oak trees in conjunction with acorn poisoning.

In accordance with the facts outlined above the objective of this investigation in the
first stage was to determine the apparent and true metabolisable energy of acorns,
Pistacia atlantica and Pistacia khinjuk seeds and in the second stage to determine the
tannin content and urease activity of acorns, Pistacia atlantica and Pistacia khinjuk seeds.

5�162/�#!
�0�
56173�!

Nine samples including three diets from three different climates (3 samples of dehulled
acorn, 3 samples of Pistacia atlantica and 3 samples of Pistacia khinjuk seeds) were used
in the experiments for the determination of apparent and true metabolisable energy.
Fifty-five 107-week-old cockerels (Rhode Island Red) were used in the experiment. For
every feed from each climate, five cockerels in five replications were used. The
cockerels were placed in individual cages with individual water facilities. Room
temperatures fluctuated between 18 and 20°C. After the beginning of the experiment all
the cockerels were fasted for 24 hours to remove previous feed intake, and then about 30
g experimental diet was fed by force feeding to each bird. Endogenous losses were
obtained from 15 fasted birds and 40 birds in total were force-fed three feedstuffs.
Excreta samples were collected after 48 h, and after being stored in a freezer and were
gradually dried at 60°C. The gross energy content of the feedstuff samples and excreta
samples was determined by means of a bomb calorimeter.

The gross energy of excrement was corrected to zero nitrogen balance using a
factor of 34.4 kJ/g nitrogen (B���� �
�� #
����	
�� �(-)). Using data from this study,
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AME, TME, the nitrogen-corrected apparent metabolisable energy (AMEn) and the
nitrogen-corrected true metabolisable energy (TMEn) values of the feedstuffs were
determined according to ������� (�()().

For determination of tannin and urease activity of feedstuffs, experiments were
carried out by sampling seeds from three different climates in the south-west of the
Zagros mountain chain in Kohkiloie Boyerahmad province in Iran. In each of the
climates 5-10 samples containing about 1-2 kg of these seeds from different places were
collected and dehulled, in the case of the acorns, and then mixed together to make a
representative diet for that climate; therefore 3 samples of acorn, 3 samples of Pistacia
atlantica (P.at) and 3 samples of Pistacia khinjuk (P.kh) were provided for determination
of tannin and urease activity.

The tannin content of the samples was measured according to European Standard
No. E2507/1987. In this method the tannin is dissolved from the sample with dimethyl-
formamide, and after centrifugation of the sample ammonium-iron(III)-citrate and
ammonia solution is added to the supernatant, and the colour obtained is measured by
means of a photometer at 525nm.

Urease enzyme activity in the feedstuffs was determined according to Hungarian
Standard No. 6830/34-81. The samples were milled as fine as flour and were put into
two different phosphate buffer solutions of pH 7.5. The first solution contained urea,
while the second solution did not. After 30 minutes at constant 35°C, the pH of the two
solutions was measured, and difference in the pH was calculated. Based on the
differences in the pH, urease activity was calculated.

The data were analysed by one-way analysis of variance. Significant differences
among the treatments were determined by Duncan’s new multiple range test (;�
��
�
�(--). Statistical analysis of the experimental results was performed by means of
STATGRAPHICS software (Statistical Graphics System) Version 5 and Excel version 5.

26!4#1!
�0�
�/!(4!!/30

The results for gross energy, AME, AMEn, TME and TMEn content of dehulled acorns,
Pistacia atlantica and Pistacia khinjuk seeds collected in three different climates in the
Zagrossian region are given in �������.

From the results it can be seen that all these new feedstuffs from different climates
had individual characteristic apparent and true metabolisable energy values, which are
compatible with those of cereal grains in poultry diets.
 There were no significant
differences in AME and TME of dehulled acorns in the different climates. There were
significant differences in gross energy at P<0.01 level between acorns from the tropical
climate and from the cold climate, and at P<0.05 level between those from the
Mediterranean and from the cold climate, and between those from the tropical and from
the Mediterranean climate. AMEn of acorns was affected significantly, with a difference
at P<0.01 level between the acorns from the tropical and from the cold climates. TMEn
of dehulled acorn showed significant differences at P<0.01 level between the tropical
and the cold climates, and also at P<0.05 level between the acorns from the
Mediterranean and the cold climates.

These results could be due to the higher crude fat content (8.7%) and also the lower
tannin content (4.4%) of the acorns from the cold climate in comparison the lower crude
fat content (6.5%) and higher tannin content (4.9%) of those from the tropical climate.
These results agree with those who reported that the MEn content of low-tannin sorghum
was not different from that of yellow corn. However, the MEn of the high-tannin
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sorghum proved lower (P<0.05) than that of yellow corn and low-tannin sorghum
varieties, and also agree with the findings of E���	
� ��� ��� (�(!-), F���� �
�� E���	

(�()G) and B������������ (�()H), who reported increase in MEn as the tannin content of
the sorghum grain decreased. These results are also in agreement with the data of >�����
�����, (�()+) who reported that tannin causes binding and precipitation of dietary proteins
and digestive enzymes, and may reduce the digestibility of both amino acids (#�����	
�
���������(!+?�E���	
����������(!-) and energy (I	������������()G) of the diet.

1����
 

8�	��
�������
�56�
�56��
156�
156�
.�����
	�
��	����
��������
���������
���
��������
�������
�����
�5&9���

:���������� � 8�	��
6������$�

�56 �56� 156 156�

Acorn-C1(3) 18.27�� 13.00 14.58� 15.29 12.97�
Acorn-C2 18.46� 12.86 14.25 15.11 12.47�
Acorn-C3 18.63�� 13.33 13.43� 15.64 14.45b�
Mean(4) 18.51 13.06 14.08 15.35 13.30
±SD 0.18 0.24 0.59 0.27 1.03

Pistacia atlantica-C1 25.98 7.68� 11.74� 13.54 16.22
Pistacia atlantica-C2 26.40 8.76 13.54 14.44 16.49
Pistacia atlantica-C3 26.11 12.50� 15.24� 17.12 17.75
Mean 26.16 9.65 13.51 15.03 16.82
±SD 0.22 2.52 1.75 1.86 0.81

Pistacia khinjuk-C1 26.21 14.23 17.80 18.87 21.35
Pistacia khinjuk-C2 26.52 10.73 16.89 15.27 20.75
Mean 26.37 12.48 17.33 17.07 21.05
±SD 0.22 2.47 0.67 2.54 0.42
C1: climate 1 or tropical climate (��6��� ��� ����� ��9����� ��6��), C2: climate 2 or
Mediterranean climate (��6���G���������������3
���6��), C3: climate 3 or cold climate
(��6��� ,�� ����� ������ ��6��), SD: standard deviation (�19�3�), Significant differences
between the data being in the same column (�1��
�
��3
�� �4�5
��8���� ����
����
� �1
	�1�	���
��8� �8��8�����515��): P<0.05: a-b, c-d, P<0.01: e-f

��� �3��31��:� #������� �� ��������� ����
����� 8�� �� ��������� ���
���� �����9� �
�������� #$%�
#$%
��&$%�8��&$%
����������'�./��*

&�����3
�'�*��>����9��
�����'G*��$���',*��J����'+*

From ������G it can be seen that the AMEn of dehulled acorns (14.08±0.59 MJ/kg) is
higher than all cereal grain values, but much closer to that of corn (14.02 MJ/kg). The
AMEn of Pistacia atlantica (13.51±1.75 MJ/kg) is a little lower than that of corn but
higher than that of the others. In the case of Pistacia khinjuk AMEn is 17.33±0.67
MJ/kg. This value is higher than the cereal grains and other feeds shown in ������ G.
These high and individual apparent and true energy values of acorns, Pistacia atlantica
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and Pistacia khinjuk may be due to individual characteristic values for the nitrogen free
extract (NFE), starch and crude fat content of acorns and the high content of crude fat,
and also NFE and crude protein, of Pistacia atlantica and Pistacia khinjuk seeds.
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1��������
�A�

2��
�B�

3��
�;�

�56� 14.08 13.51 17.33 14.02 13.76 12.59 11.05 13.23 10.99 10.67
156� 13.30 16.82 21.05 14.52 14.13 13.25 12.13 13.15 12.26 10.98

G�� �3��31��:� #� �3
�	��� ������ �� ��������� ����
����� '����*� 8�� �� ��������� ���
���� '����*
#$%
�8��&$%
��������3
������	
�6�3��������	
�
8�8���1�'EKL��((+��$./��*

&�����3
�	�'�*�� $���'G*�� C��	����',*�� L��	�'+*�� >71�'-*�� J���'H*�� &�����3�8'!*�
K�1�')*��M��'(*

The results for tannin content and urease enzyme activity determined in dehulled acorns,
Pistacia atlantica and Pistacia khinjuk from different climates in the Zagros area are
given in ������,.

1����
'

����
�������	���
����	��
�	�����
	�
��	���
��������
���������
���
��������
�������
�����
�C�

���������

��	���
�$�

:���������
� �

acorn
C. 1

Acorn
C. 2

Acorn
C. 3

Mean
±SD

P.at
C. 1

P.at
C. 2

P.at
C. 3

Mean
±SD

P.kh
C. 1

P.kh
C. 2

Mean
±SD

Tannin 4.90 4.80 4.40
4.70

±0. 26
1.42 1.50 1.37

1.46
±0.07

1.60 2.26
1.82

±0.35
Urease
activity (3)

0.01 0.03 0.01
0.02

±0.01
0.01 0.03 0.01

0.02
±0.01

0.01 0.01
0.01

±0.002
C1: climate 1 or tropical climate, C2: climate 2 or Mediterranean climate, C3: climate 3
or cold climate (���� ��� �3��31��), Mean: average values in a climate (C4�5
�51
8�������	��3������), SD: standard deviation (��������3��31��)

,���3��31��:�#����������������������
�����8����������������
�����
��
�����6���
������'0*

&�����3
�	�'�*���
��
�����6���
���	�'G*��N��31��������3�',*

The results indicate that there are considerable levels of tannin content in dehulled acorn
seeds, with a mean value of 4.7%. The tannin content of acorn seeds from different
climates were very close to each other. The tannin content of the acorns from the tropical
climate was the highest (4.9%) and that of those from the cold climate the lowest (4.4%).
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These values could lead to limitations and negative effects in animal nutrition. The
tannin content of Pistacia atlantica (1.43%) and Pistacia khinjuk (1.93%) is lower than
that of acorns, but may also exert certain anti-nutritional effects.

Urease enzyme activity in dehulled acorns, Pistacia atlantica and Pistacia khinjuk
seeds from different climates was almost negligible, between 0 and 0.2. These feedstuffs
were raw, but the value of urease enzyme activity was similar to that of soybean after
good heat treatment; therefore, with respect to urease enzyme activity these raw
feedstuff samples are good and suitable for human and animal consumption.

(30(#4!/30!

According to the results obtained in this study it can be seen that all these new feedstuffs
from different climates had individual characteristic apparent and true metabolisable
energy values, which are compatible with those of cereal grains in poultry diets. The
mean value of AMEn for acorn was 14.08, Pistacia atlantica 13.51 and Pistacia khinjuk
17.33 Mj/kg. The tannin content of acorn was 4.7%, Pistacia atlantica 1.43% and
Pistacia khinjuk 1.93%, which are considerable for poultry diets. The rate of urease
activity in these seeds was very low.
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