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Fish materials, fishmeals and experimental fish
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Table 1. Composition of experimental feeds
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RESULTS
Associations between �� ����� digestibility by
Atlantic salmon enzyme extract, SH content and
D-Asp concentration of fish materials
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Figure 1. Effect of reactive SH content in 27 fish
materials produced under different processing
conditions on in vitro digestibility (�mol DL-alanine
equivalent liberated reactive amino group of
peptides produced per 100�g fish material) by
Atlantic salmon pyloric caecal crude enzyme
extract having trypsin specific activity of 272�mol
p-nitroaniline produced h�1mg�1 protein. The
values of the fish meals FM1, FM2, FM3 and FM4
are also illustrated (not included in the regression).
The range of standard error of mean (SEM) for SH
content was 0.013–0.028mmol SH per 100g
sample, and for in vitro digestibility
0.004–0.010�mol DL-alanine equivalent liberated
reactive amino group of peptides produced per
100�g sample.
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Effects of different experimental feeds on �� �����

digestibility in comparison with feed conversion
efficiency (FCE) and specific growth rate (SGR) in
Atlantic salmon experiments
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Figure 3. Relationship between in vitro digestibility
(�mol DL-alanine equivalent liberated reactive
amino group of peptides produced per 100�g fish
material) by Atlantic salmon pyloric caecal crude
enzyme extract (having trypsin specific activity of
272�mol p-nitroaniline produced h�1mg�1 protein)
and D-Asp content (as ln[% D/(D�L)]) of 27 different
fish materials produced under different processing
conditions. The values of the fish meals FM1, FM2,
FM3 and FM4 are also illustrated (not included in
the regression). A single value of D-Asp content
was obtained for each sample. The range of
standard error of mean (SEM) for in vitro
digestibility was 0.004–0.010�mol DL-alanine
equivalent liberated reactive amino group of
peptides produced per 100�g sample.

Figure 4. Relationship between SH and D-Asp
contents of 27 different fish materials produced
under different processing conditions. The values
of four experimental fish meals, 12 experimental
fish feeds in Atlantic salmon experiments and six
experimental fish feeds (produced from fish meals
FM1 and FM2) for in vitro digestibility study of
rainbow trout and European seabass enzymes are
also illustrated (not included in the regression). A
single value of D-Asp content was obtained for each
sample. The range of standard error of mean
(SEM) for SH content was 0.53–1.27% SH/
(SH�S—S).

Figure 2. Relationship between in vitro
digestibility (�mol DL-alanine equivalent
liberated reactive amino group of peptides
produced per 100�g fish material) by Atlantic
salmon pyloric caecal crude enzyme extract
(having trypsin specific activity of 272�mol
p-nitroaniline produced h�1mg�1 protein) and
SH/S—S content ratio of 27 different fish
materials produced under different processing
conditions. The values of the fish meals FM1,
FM2, FM3 and FM4 are also illustrated (not
included in the regression). The range of
standard error of mean (SEM) for SH/S—S
content ratio was 0.007–0.011, and for in vitro
digestibility 0.004–0.010�mol DL-alanine
equivalent liberated reactive amino group of
peptides produced per 100�g sample.
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Table 2. Relationship between different quality parameters of experimental feeds expressed as content of SH group of cysteine and
S—S bond of cystine, % D/(D�L)-aspartic acid, mink digestibility and in vitro digestibility (�mol DL-alanine equivalent liberated reactive
amino group of peptides produced per 100�g feed), together with feed conversion efficiency (FCE), specific growth rate (SGR) and
protease activity ratio of trypsin to chymotrypsin (T/C) in growth trials. The values with an asterisk and with different letters are
significantly different (P�0.05)
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Comparison of �� ����� digestibility of experimental
feeds by enzyme extracts from different fish species
+�� A &?�/&?�&@&2 ���
��
 ��
 &?�&@& ��
�� �	


�� 	��
� 0!#�+ /#6 %*�5 6#A ��
 5 #)#�5 55%

������
�"���2 ��
 0!6�+ /- #:�5 #-A ��


5 5-.�5 556 ������
�"���2 ���
���
 	�� 
�� �������

���
� �� ������� 
���
 ��
 �������� ������� ����

������� 
� 
�� "����� �	 
�� 	��
� 	�� �
���
�� ������ ��

���������
 # /��� +���� 6 	�� ������2 <� 
�� �
���

���
' 
��A &? ���
��
 ��
 &?�&@& ��
�� �	 
�� 	��
�

0!%�+ /## #*�6 .)A ��
 5 #6-�5 5%: �������


�"���2 ��
 0!)�+ /) 6)�5 %%A ��
 5 5))�5 55)

������
�"���2 ���� ����� 
��� 
�� "����� �	 
�� 	��
� 	��

�
���
�� ������ �� ���������
 6 /��� +���� 6 	��

������2 +�� 
�		������� ��
���� 
�� 	��
� 0!%�+

��
 0!)�+ 	�� ������� 
���
 ��
 �������� �������

/: .%A ��
 5 5-)���
 ������
�"���2 ���� ���� 
���

��
���� 
�� �
���
�� ������ 	��
� /#5 %.A ��


5 #8���
 ������
�"���2 /��� +���� 6 	�� ������2 

�� ����� 
����
�����
� �	 
�� ���������
�� 	��
� �� 
��

���
� ��(��� ��
���
� 	��� ������� 
���
 ��


�������� ������� �� ���������� ��
� 
�� ���
�

��(��� ��
���
� 	��� �
���
�� ������ �� ���������


# ��
 ���������
 6 ��� ����� �� 0�� : &��������



�		������� �� 	��
 �����
� ���� 
�� 
� ��� ���� 
����

/0�� :/�22 ��
 ��
 
�� 
� ��
������ ���
�
���� /0��

:/>22 4������ 
���
 ��
 �������� ������� ��(����

����
 
�		����
��
� 
�� 	��
� 0!#�+ ��
 0!6�+

	��� 
�� 	��
� 0!%�+ ��
 0!)�+ //�5 582

��������� 
� �
���
�� ������' ��
 
��� ����
 ��



�		����
��
� ��
���� 
�� 	��
� 0!%�+ ��
 0!)�+

�� �
���
�� ������ ����
 /0�� :/�22 +��� ��� �� 
��


� 
�� 	��
 
��
 
�		������� ��
���� 
�� 	��
� 0!%�+

��
 0!)�+ 	�� ������� 
���
 ��
 �������� �������

�� 
�������
 �� 
�� �
��� �������� ��
��
� ���
 /&?

��
 ����� 
�
������
����2 ���� ���� 
��� 
����

�������
 	�� �
���
�� ������ 	��
� �� ��������


������� �� ����� 
����
�����
� �	 
�� 	��
 ����� 0!%�+'

0!)�+ ��� ���������
�� ����� //�5 582 
��� 
��
 �	


�� 	��
 ����� 0!#�+' 0!6�+ �� 
�� ��(���

��
���
� 	��� �"��� ��� ������� �
�
��
 /0��� :/�2 ��


Figure 5. Relationship between in vitro digestibility
(�mol DL-alanine equivalent liberated reactive
amino group of peptides produced per 100�g feed)
and trypsin and chymotrypsin specific activities
(�mol p-nitroaniline produced h�1mg�1 protein)
after feeding (at day 90) of Atlantic salmon, during
adaptation/steady growth phase, fed different
experimental feeds in both Experiment 1 and
Experiment 2. The same trypsin activity of 454�mol
p-nitroaniline produced h�1ml�1 was used for in
vitro assay. Each in vitro assay was run in triplicate
and determinations of trypsin and chymotrypsin
activities were performed on individuals. The range
of standard error of mean (SEM) for in vitro
digestibility was 0.006–0.019�mol DL-alanine
equivalent liberated reactive amino group of
peptides produced per 100�g sample, and for
enzyme specific activities 7–26 and 17–49�mol
p-nitroaniline produced h�1mg�1 protein for trypsin
and chymotrypsin respectively.ns, Not significant.
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Figure 6. Association of SH content and SH/S—S content ratio of different
experimental feeds with in vitro digestibility (�mol DL-alanine equivalent
liberated reactive amino group of peptides produced per 100�g feed) by
crude enzyme extracts from different fish species that had never been fed
experimental feeds before. The same trypsin activity (454�mol
p-nitroaniline produced h�1ml�1) in the dialysed enzyme extracts was used
for all species. (A) In vitro digestibility grouped by fish meal types. Within
species the bars with different letters are significantly different (P �0.05).
(B) In vitro digestibility grouped by extrusion conditions. The bars with
different letters are significantly different (P �0.05).
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