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Effect of tannin source and pH on stability of tannin-
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A b s t r a c t

Quebracho (Schinopsis quebracho-colorado Schlecht) is the most extensively tannin extract explored in order to improve 
the use of protein in ruminant feed. The rock rose (Cistus ladanifer L.) and the grape seed (Vitis vinifera L.) are alternative 
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the results with those obtained with the  quebracho tannin extract. The results obtained show that the rock rose and 
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supports the concept of using these tannin sources in ruminant nutrition as additives to protect the protein feed from 
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R e s u m o 

O extrato de taninos de quebracho (Schinopsis quebracho-colorado Schlecht) é o extrato que mais tem sido estudado com 
o objetivo de melhorar a utilização da proteína dos alimentos para ruminantes. A esteva (Cistus ladanifer L.) e a grainha 
de uva (Vitis vinifera L.) são fontes alternativas de taninos condensados (CT). Foi objetivo deste estudo avaliar o efeito 
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bagaço de soja e comparar com a estabilidade dos complexos formados com os taninos de quebracho. Os resultados 
obtidos mostram que os taninos de esteva e da grainha de uva, tal como os de quebracho, têm a capacidade de se ligar à 
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que os taninos de quebracho.

Palavas-chave: Cistus ladanifer, �����������
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�������$���$�%�������.

INTRODUCTION

Tannins are phenolic compounds functionally de-
#
��������������������������������������������
(proteins and polysaccharides) and metal ions. 
Complexation with proteins is the basis of many 
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Traditionally tannins are grouped into two class-
es, hydrolysable and condensed tannins (CT) or 
proanthocyanidins. The CT are the most common 
type of tannins found in forage legumes, trees and 
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Tannin-protein complexes are established by 
non-covalent bonds (hydrogen and hydrophobic 
interactions, van der Waals forces) or covalent 
��
����9����������
��,�
��$�*77&������������
��
bonds are usually irreversible but the non-covalent 
bonds can be reversible depending on many fac-
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tein complexes is particularly interesting in rumi-
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of CT intake is associated with their capacity to in-
crease the digestive utilization of dietary protein. 
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the excessive microbial degradation of proteins. 
Tannin-protein complexes are dissociated in the 
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Quebracho is the most extensively extract explored 
to modulate ruminal fermentation and to improve 
protein utilization in ruminants (Frutos et al.$�*777=�
����G� et al.$�*778=�9�������
 et al.$�*77B=� Benchaar 

et al.$� *77'=� H�������� et al.$� *7;8��� ,��!� ����� �Cistus 
ladanifer L.) and grape seed are plants rich in tan-
nins and can be alternative tannin sources to im-
prove the digestive utilisation of dietary protein. 
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The objective of this study was to examine the 
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tannins from rock rose (Cistus ladanifer L.), grape 
seed (Vitis vinifera L.) and to compare with quebra-
cho (Schinopsis quebracho-colorado Schlecht) extract. 

MATERIAL AND METHODS

Three tannin extracts were used: grape seed (La 
J���

�
%��� K�H$� M�
���$� %�������� �N
��G
$�
Argentina) and rock rose (extract obtained in our 
laboratory, as described by Dentinho et al���*77B���

Preparation of soybean meal products and washing pro-
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M���� ������� �	� ;@7� "� �����
� ���� ������
�� ��-
������������RR7�"�!"/; of crude protein (CP)) were 
weighed into trays. One sample was treated with 
;'7�����	�B7V�%����������
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control. The remaining three samples were treated 
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cho and rock rose, respectively, in order to obtain 
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(TP) kg/; of soybean meal. The amount of extract 
added to soybean meal was computed using TP 
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relation with protein precipitation capacity, high-
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and soybean meal treated with grape seed extract 
(SG), quebracho extract (SQ) and rock rose extract 
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Control samples (4 samples) and treated soybean 
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Chemical analysis

The tannins extracts were analysed for TP and 
extractable CT. Treated and soybean meal control 
������������������	��������
"����������������-
tions were analysed for TP, extractable CT, protein 
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in four replicates, as described by Khazaal et al. 
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TP were analysed using Folin-Ciocalteu’s reagents 
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quebracho as standard. 
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Experimental design and statistical analysis

The experiment was a randomize complete block 
design with a 4 × 4 factorial treatment design, where 
����#����	������������������	��������������
�����
– no extract, grape seed, quebracho, rock rose and 
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two days (block) and in each day three replicates 
for each treatment were performed. For TP, total 
��$� ���������� ��$� ������
� 
�� #���� ���
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control treatment was excluded from the analysis, 
because only negligible amounts were detectable.
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according to the following model:

Yijk = μ + Ti + Pj + (T*P)ij + Bk + eijkl, 

where Yij = dependent variable, μ = overall mean, 
�����������	����������������;����R�$�>����������	�������
��;����R�$����>�ij����
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isons were conducted using the Tukey-Kramer test.

RESULTS

Total phenolic contents of quebracho, grape seed 
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g of tannic acid equivalent kg/;, respectively. Table 
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on TP and CT of tested soybean meals. The amount 
of TP, total CT, extractable and complexed CT (pro-
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Total phenolics were higher for SQ, followed by 
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For all extracts the highest values for extractable 
CT, expressed as g kg/; of total CT, were obtained 
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With all tannins extracts the protein bound CT 
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tannins remain unchanged in SG and SQ but in-
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DISCUSSION

In soybean meals treated with tannin extracts only 
&8V$� 8'V� 
�� *&V� �	� ���� ����� ���
���� ��>�� ��-
��� �&7� "� !"/; of soybean meal) were recovered in 
K�$�KJ�
��K,$�����������������������������������	�
�>��
���������
�X������������
������	�����������-
traction might explain the low recover of TP from 
treated soybean meals. It is well established that 
a variable but often important fraction of TP par-
��������� �
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�� ��� ������� ��� ����
�X����� ��-
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��K������$�;<<*=�����/������
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Table 1 - Composition on total phenolics, condensed tannins and nitrogen of soybean meal control (Control) 
or treated with extracts of grape seed (SG), quebracho (SQ) and rock rose (SR)

 Control SG SQ SR 

Total phenolics
1
  2.02 23.0 37.7 15.6 

Total condensed tannins
2
 ND 88.7 54.1 30.3 

Extractable condensed tannins 
3
 ND 567 795 475 

Protein bound condensed tannins
3
 ND 355 172 423 

Fibre bound condensed tannins
3
       ND 78 33 102 

N total (g kg
-1

 DM) 82.5 78.1 73.8 72.5 

N-soluble  (g kg
-1

 total N) 130 90.7 96.6 67.4 

Figure 1 - Effect of washing buffer pH and type of tannins on nitrogen solubility of the soybean meal control (listed column) and 
treated with tannic extracts of: grape seed (black column), quebracho (white column) and rock rose (grey column).  
A) Concentration of soluble N in the supernatants and B) Differences between N solubilised of control soybean meal 
and treated soybean meals.

A

2 4 6 8
0

10

20

30

40

50

60

70

a
ab ab

b
abb

b
b

bbb b b

c c

d

pH

m
g
 m

l-1

B

2 4 6 8-5
0

-4
0

-3
0

-2
0

-1
0

0

a
a

b

c c

c cd

c

d d
d

d

pH

m
g
 m

l-1

1 tannic acid equivalent in g kg-1 of DM; 2 quebracho equivalent in g kg-1of DM; 3 quebracho equivalent in g kg-1CT.



118 Revista de Ciências Agrárias, 2016, 39(1): 114-121

the insoluble matrix, proteins, polysaccharides 
and other polymers can decrease the solubility of 
tannins in the extractant, underestimating tannin 
content of feeds. In fact, the lowest recover of TP 
�������������
�K,$����������������
��������"�����
���������
� �	� ��� ���
�� ��� ������
� 
�� #����� :�-
trogen solubility was used as an indicator of soy-
bean meal protein degradability. Although many 
	�����$� ������ ��
� ����������$� ����� ����
� ��"-
radability of proteins, nitrogen solubility is a key 
factor determining the protein susceptibility to mi-
crobial proteases and thus its degradability (Bach 

et al.,�*77@���}����������"�������������
����������
between nitrogen degradability and solubility, this 
parameter has been used to predict degradability 
�
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which is fully consistent with data reported by 
9��!��;<<*���H������
"��������������$����������'7V�
of soybean meal protein can be extracted at neutral 
or alkaline conditions, and when acidity increas-
es, solubility rapidly drops and a minimum is ob-
served near the isoelectric region of soybean pro-
���
��������R�*����R�&���?
����������
�������$���
�����

:� ����������� 	��� ��
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ing from washing tannin treated soybean meals 
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������������������������ ���������-
ence relative to control soybean meal values (Fig-
����;9�� �
����������������&���� �
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������������
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�
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These results support the possibility of using pro-
tein treated with grape seed and rock rose tannin 
��� ������� ������
� ��"�����
� �
� ���� ����
� ����
@�@/B���H�� ���� ��������������������������	� �����
�
���� ������
� ��� ������ ���� 
�� 
�� ����� �������
are observed with tannin treatments. 

H������
����������$�������
�
��#�������
����$�
tended to increase and thus the extractable CT 
��
��������������$������"��������+��
���������
clearer for rock rose and less clear for quebracho. 

̀�����
� �
� ���� ��
��
"� ������� �	� ������
�� ���
�����������������
��������
�+�����������������	-
ferent chemical structure of tannins, namely the 

Figure 2 - Effect of pH and tannin extract on the concentration of total phenolics (A) and total condensed tannins (total CT) (B) 
expressed in g kg-1���������	�
��������
���������
�������	�������	���
�����	��������	
��
	���������
��
��
	�
in g kg-1 of Total CT of soybean meal treated with a tannic extract of grape seed (black column), quebracho (white 
column) and rock rose (grey column). Values are least square means with their standard error (n = 6). Differences 
between treatments are indicated by different letters (P < 0.05).
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degree of polymerization, stereochemistry and the 
number of phenolic hydroxyl groups (Xie and Dix-
�
$�*77@���}�����
�����
�������������	�������
���
-

�
��������������������:��
����"�����������������
by Salawu et al���;<<<��
������������������in vitro 
rumen degradability of protein were observed by 
Aerts et al. �;<<<�.

6!!�� 
�� 9��!��� �;<<&�� ��������� ���� �!��
��
������
����������������� ��� �
������� �

�
�� �
�
	����������������
����
"��������
���	�������-
ble CT. Our data indicate that, although at mild al-
!��
����
�����
������'��������������
"��	�������-
able CT is lowest, notably for rock rose tannins, 
����#����
��������
��

�
�������������
�������

�� :� ����������� ��������
� �������� ��� ��
�����
��� ��"������ 6�:��� et al.� �;<<'�� ��������� ���� ���
extracted from several forages (Rumex obtusifolius, 
Lotus corniculatus, Lotus pedunculatus, Onobrychis 
�	�		���	��� ��� ���������� ������	��) formed com-
�����������������������	�������
��,��������������
��������
������������������'��

CONCLUSIONS

The tannins of grape seed, quebracho and rock 
������������������������	������
��	��������
�-
ent complexes, mainly with proteins and to a less-
�������
�������#�����H�����"�������������

�
���-
������ �����
���� � ������
�� ���
��
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������ ��� �
"�$� ������ ������� ��� ��
�� ������
�� �
�
��������
"��&/'� ����
����
�����
������� ���� ��-
������
� �	� :� ������������ 6���� �	� ������ ����������
��� ����������� �� ��� *� 
�� ������� ������
�� �����
��
��
"��+��
����������������
������	������2���
�
of these tannin sources in ruminant nutrition as 
additives to protect feed protein from excessive 
����
� ��"�����
�� �������$� ������
�� ������
among tannin sources in the protection against 
rumen degradation must be considered. Our re-
sults suggest that rock rose and grape seed tannins 
��"���������������������
�������
"�����
�������
�
degradation than quebracho tannins, particularly 
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"����"��������
�����

REFERENCES

H����$�,�|�=�9���$���:��
��6�:��$�^���� �;<<<�� /�
>������
���� 
�� "����������� ��
�#���� �������
of proanthocyanidins in forages. Agriculture, 
Ecosystems and Environment$� ����� B@$� ��� ;/;*��

�+��XX���������"X;7�;7;&XK7;&B/''7<�<<�777&*/&
H��������$���K�=�9���$�H�K��
��H�/}����$�K�:���*7;8��/�

3������	����������������	�%���������

�
��
�����
growth performance of two Saudi Arabian sheep 
breeds. Asia Life Science$������**$�
��*$����R@</R&'�

9��$� H�=� �����"��$� K�� 
�� K���
$� 6�}�� �*77@�� /�
:����"�
� ���������� �
� ���� ����
�� Journal of 
Dairy Science$������''$���������
�$����3<�3*;��

� �+��XX���������"X;7�8;&'X����K77**/787*�7@�B8;88/B
9���$���:��
��6�:��$�̂ �����;<<<��/��������������
��

of condensed tannins on the nutritive value of 
temperate forages fed to ruminants: a review. 
British Journal of Nutrition,������';$�
��R$����*&8�*B*�

� �+��XX���������"X;7�;7;BXK777B;;R@<<777@7;
9���$���:�=�6
���$���,��
��}�
�
$�K�|�� �;<'&�� /�

The role of condensed tannins in the nutritional 
value of Lotus pedunculatus for sheep. 4. Site of 
�����������
��������
���"�����
����
���
����
by dietary reactive tannin concentrations. British 
Journal of Nutrition$������@@$�
��;$����;*8�;8B��

� �+��XX���������"X;7�;7B<X9|:;<'&77;&
9�������
$�\�H�=�6�J�

$�K�6�=�6���
�2$���M��
��

6�H�������$���H���*77B��/�N����	���
��
�����

�
�
extract from quebracho trees to reduce methane 
�������
�� 	���� �+���� Journal of Animal Science, 
�����'@$�
��'$���;<<7�;<<&��

� �+��XX���������"X;7�*@*BX���*77&/&'&
9�
���$� ��=� 6�H�������$� ��H�� 
�� �����
��$� >����

�*77'�� /� }�"�����
$� ����
�� 	����
����
$� �������
protozoal populations, and milk production 
from dairy cows fed cinnamaldehyde, quebracho 
condensed tannin, or Yucca schidigera saponin 
extract. Journal of Dairy Science$������<;$����RB&@�RBBB��

� �+��XX���������"X;7�8;&'X����*77'/;88'
9��!$� �$� �;<<*��� Technology of production of edible 

������ ��� ���
�	� ������
�� ����� �������� FAO 
Agricultural Services, Bulletin 97.  Food and 
H"������������"
�2���
��	�����N
�����:���
���
������*7;R/7B/7B���

� ����	����"X������X�7@8*�X�7@8*�7B������
9���������$� ��� 
�� ,�
��$� ��6�J���� �*7;*��

- Interactions between polyphenols and 
��������������� %�
��#����
� �������� 
��
mechanisms. Critical Reviews in Food Science and 
Nutrition$������@*$�
��*�����*;8/*R'��

� �+��XX���������"X;7�;7'7X;7R7'8<'�*7;7�R<<'7'
����/������
$� M�\�� 
�� \�

���$� |�H�� �*77'��

- Berry integrity and extraction of skin and 
seed proanthocyanidins during red wine 
fermentation. Journal of Agriculture and Food 
Chemistry$������@&$�
��;<$����<77&�<7;R��

� �+��XX���������"X;7�;7*;X�	'7;8'R�
}�
��
��$� 6���>=� 6�����$� ����=� >�����$� 6�K�� 
��



120 Revista de Ciências Agrárias, 2016, 39(1): 114-121

9���$� ,�|�9�� �*77B�� /� ���� ���� �	� � �

�
� ������
extract from Cistus ladanifer L. to protect soya-
bean protein from degradation in the rumen. 
Animal,������;$�
��@$����&R@�&@7��

� �+��XX���������"X;7�;7;BXK;B@;B8;;7B&'<BR@
}�����$� |�>�� 
�� }���%�����$� ��� �;<';�� /� >���������

particuliers aux ensilages In�� }���%������ ��� �3���
- Prévision de la Valeur Nutritive des Aliments des 
Ruminants��?:,H�>��������
�$� �̀�������$����';�;7R��

M�����$�>�=�����G�$�J�=�J��G���2$�M�|�=�M��
G
��2$�6��

��6
����
$�H�,���*777��/�}�"������������2���
�
of quebracho-treated soya bean meal in sheep. 
Journal of Agricultural Science$� ����� ;8R$� 
�� ;$� ���
;7;�;7'��

J���
$�H�H���;<88��/�������������
��	�������
��
��������� ������ �������
�� �	� !
��
� ��� 
��
ionic strength. Journal of the American Chemical 
Society$������@@$�
��&$����*88;�*88&��

� �+��XX���������"X;7�;7*;X�7;8887;'
�"���
$� H�3�� �;<'<�� /� ���������� �	� �

�
�

protein complexation. In������
"��$�,�^��
��
\�������$�|�|���3�����/�����	�
�������	�	������
of Condensed Tannins�� >��
��� >����=� :��� ���!$�
���87B�8**��

�
��
$� ,�{�=� �����$� 6�=� ��������
$� |�M�� 
��
}��
��$� 6���� �*7;7�� /� ,������� ��
��
����
tannin and grape cell wall interactions and 
their impact on tannin extractability into wine. 
Australian Journal of Grape and Wine Research, vol. 
;&$�
��;$����;B8�;''��

� �+��XX���������"X;7�;;;;X��;B@@/7*8'�*77<�777&'��
����G�$�J�=�M�����$�>�=�J��G���2$�M�|�=�6
����
$�H�,��


�� �����2$� 6���� �*778�� /� 3����� �	� ������
��
doses of quebracho tannins extract on rumen 
fermentation in ewes. Animal Feed Science and 
Technology$������;7<$�
��;$�����&@/B'��

� �+��XX���������"X;7�;7;&XK78BB/'R7;�78�77*7'/&
International Organization for Standardization 

�;<<B��/�H
����	����
"�������/��������
���
��	�
nitrogen content and calculation of crude protein 
��
��
�/�\�������������$�?K��@<'8��

|��!�
�
/���+�$�,���;<'@��/�>��
�������
������
����
�
the leaves of northern willows: methods for the 
analysis of certain phenolics. Journal of Agriculture 
and Food Chemistry, �����88$�
��*$����*;8�*;B��

� �+��XX���������"X;7�;7*;X�	777&*7;8
\�2�$� \�=� 6�!
��
���$� ��=� :����$� H�� 
��

���!��$� 3�,�� �;<<8�� /� ��
"��� ����� ��������
�
� #���� ����������
� 
�� ������� �	� ����������
�������
���� �
� "���!� �������� ������� �
� in 
vitro gas-production and in sacco� ���� �+���
degradation. Journal of the Science of Food and 
Agriculture$������&8$�
��*$�����*8B/*RR��

� �+��XX���������"X;7�;77*X��	�*BR7&87*;7
6!!�$���>�K��
��9��!��$�\���;<<&��/�3������	���$�

temperature, and time on inactivation of tannins 

�� ��������� ���������
�� �
� ���

�#����
�
studies. Journal of Agriculture and Food Chemistry, 
�����RR$�
��@$����;*<;�;*<@��

� �+��XX���������"X;7�;7*;X�	<@7&*'B
6!!�$� ��>�K�� �*778�� /� �������$� ������
�

precipitation and bioassays for tannins, tannin 
levels and activity in unconventional feeds, and 
������� 
�� 	��� �	� �

�
��� In: !��
	���
	�� ���
Tannins in Tree and Shrub Foliage. A Laboratory 
Manual. Kluwer Academic Publishers, Dordrecht, 
:������
��$����;/R*�

6!!�$���>�K���*778���/�3������
��	����	��

�
��
in ruminant animals, adaptation to tannins, 

�� �����"���� ��� ��������� �������
��� �������
of feeding tannin-rich feeds. Small Ruminant 
Research$������R<$�
��8$����*R;�*@&��

� �+��XX���������"X;7�;7;&XK7<*;/RR''�78�77;R*/;
6�:��$�^���=�>�����$�|�K�=�M��$�{���=�^"���
$�J����


�� |�!��
$� M�K�� �;<<'�� /� 3����� �	� ��
��
����
tannins prepared from several forages on the in 
vitro� �����������
� �	� ��������/;$@/������������
carboxilase (rubisco) protein and its digestion by 
������
� �3��*�R�*;�R�� 
�������������
�� Journal 
of the Science of Food and Agriculture$�����BB$�
��*$�
���*7;/*;*��

� �+��XX���������"X;7�;77*X�K?�?�;7<B/77;7�;<<'7&�BB
6�
$�9�,�=�9���$���:�=�H+����$�J����
��6�:��$�

^�����*778��/������������	���
��
�����

�
���
�
the nutrition and health of ruminants fed fresh 
temperate forages: a review. Animal Feed Science 
and Technology$������;7&$�
��;$����8/;<��

� �+��XX���������"X;7�;7;&XK78BB/'R7;�78�777R;/@
6������/�����$� ?�� �*77&�� /� N
������
"� ����

conundrum of tannins in animal nutrition and 
health. Journal of the Science of Food and Agriculture, 
�����'&$�
��;8$����*7;7�*78B��

� �+��XX���������"X;7�;77*X��	�*@BB
:,���;<'@��/�Ruminant Nitrogen Usage.�NK�:���
��

Academy of Science, Washington, DC, 
>���2/6���
��$� ,�H�� 
�� :����
$� 9�^�� �;<<&�� /�

������������	���
��
�����

�
��	����Desmodium 
intortum and Calliandra calothyrsus on protein 
and carbohydrate digestion in sheep and goats. 
British Journal of Nutrition$������B&$�
��R$����@;@/@88��

� �+��XX���������"X;7�;7B<X9|:;<<&77&7
�>�����$�{�|�=��������$�{�:��
����
$�9���;<'&��/�����

conversion of procyanidins and prodelphinidins 
to cyanidin and delphinidin. Phytochemistry, vol. 
*@$�
��;$����**8/*87��

� �+��XX���������"X;7�;7;&XK778;/<R**�77�<R@88/8



121Dentinho et al., Effects of pH on stability of tannin complexes 

>�����$�{�|���;<<*��/�K���������
���������������������
of the condensed tannins In������
"��$�,�^��

��{!�$�>�3���3����/�Plant Polyphenols - Synthesis, 
"����	�
	�����	�	�������>��
���>����$�:������!�

��{�
��
$����*R@/*@'��

K���$� 6�9�=� H������$� ��=� K�����$� ��K�=�
�������
�$����
��^�������"$�6�,���;<<<��/�����
�����	��

�
�������"��������������������
����"��
composition and mobile bag disappearance of 
�����+���
��������
��Animal Feed Science and 
Technology, vol. '*$�
��8/R$����*R8/*@<��

� �+��XX���������"X;7�;7;&XK78BB/'R7;�<<�77;7@/R
KHK��*77R� - SAS STAT 9.1 User’s Guide. SAS Institute 

Inc, ���$�:�� 

K������$� H�� �;<<*�� /� ��
�������� �������� 	��� ����
estimation of tannins. In������
"��$�,�^��
��
{!�$� >�3�� �3���� /� Plant Polyphenols - Synthesis, 
"����	�
	�����	�	�������>��
���>����$�:������!�

��{�
��
$����*@</*'7��

���$�}����
��}���
$�,�H���*77@��/�>��
�����
���
�
biosynthesis- still more questions than answers? 
Phytochemistry,������&&$�
��;'$����*;*&�*;R8��

� �+��XX���������"X;7�;7;&X������������*77@�7;�77'



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /CMYK
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV (Za stvaranje Adobe PDF dokumenata najpogodnijih za visokokvalitetni ispis prije tiskanja koristite ove postavke.  Stvoreni PDF dokumenti mogu se otvoriti Acrobat i Adobe Reader 5.0 i kasnijim verzijama.)
    /HUN <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


