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Comments on content or utilization

Species Optimum protein content (%) Lipid Carbohydrate Reference

Japanese flounder 55–65 Commercial diets contain  6–12%. Inefficient. No protein sparing effects Kichuchi and
Paralichthys olivaceus Inefficient as  energy source Takeuchi 2002

Yellowtail >50 Optimum 9% Inefficient. Low amylase activity Masumoto 2002
Seriola quinqueradiata

Red sea bream 52 (optimum  performance when Optimum 15%;  20% reduces performance Inefficient Koshio 2002
Pagrus major 60% energy comes  from protein)

Gilthead sea bream 55 Commercial diets  contain 12–24% Inefficient. Low amylase activity Koven 2002
Sparus auratus

European sea bass 43–52 Up to 19% beneficial; 30% detrimental Contents above 30%  reduce growth Kaushik 2002
Dicentrachus labrax

Barramundi 40–45 Optimum 15–18% for fingerlings Inefficient Boonyaratpalin and
Lates calcarifer Williams 2002

Altantic halibut 56–60 Commercial diets contain up to 27% Inefficient. Low amylase activity Grisdale–Helland
Hippoglossus hippoglossus and Helland 2002

Eel 45–47 Efficient. 20% spares protein Inefficient Satoh 2002
Anguilla spp.

Summer flounder 48–56 Commercial diets contain 10–15% Daniels and
Paralichthys dentatus and Gallagher 2002
Southern flounder
Paralichthys lethostigma

Winter flounder 40–45 Commercial diets contain 10–15% Daniels and
Pseudopleuronectes americanus Gallagher 2002

Atlantic salmon 35–55 Very efficiently. Commercial diets Inefficient. Low  amylase activity. Storebakken 2002
Salmo salar contain up to 40% Commercial diets contain 6–15%

gelatinised starch
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Rainbow trout Practical diets Practical diets contain 16–24% Hardy 2002
Oncorhynchus mykiss contain 42–48

Sturgeon 40–50 Efficient. Up to 36% Hung and Deng 2002
Acipenser spp.

Hybrid striped bass 41 Efficient Efficient. Up to 25% utilized Webster 2002
Morones saxatilis x M. chrysops

Red drum 35–45 7–11% produced maximum weight gain. Not adversely affected Gatlin 2002
Sciaenops ocellatus 28% led to excess lipid deposition in body by up to 35%

Milkfish Practical diets Optimum 7–10% Efficient. Commercial diets  Lim et al. 2002
Chanos chanos contain 23–27 can contain >45%

Common carp 30–35 Increasing lipid from 5–15% did not Efficient. 30–40% optimum Takeuchi et al. 2002
Cyprinus carpio improve growth but increased

lipid deposition

Indian major carps Practical diets 7–8% Efficient. 22–30% optimum Murthy 2002
Catla Catla catla;  contain 25–28
Rohu Labeo rohita;
Mrigal Cirrhinus mrigala

Tilapia 28–35 5% satisfactory; 12% optimum. Efficient. Up to 40% used Shiau 2002
Oreochromis spp. Practical diets >12% reduced growth

contain 24–28

Channel catfish 25–35 Practical diets contain 5–6% lipid. Additional Efficient. Practical  diets Robinson and Li 2002
Ictalurus punctatus lipid led to excess lipid deposition in body contain 25–31%

Silver perch 25–29 Practical diets contain 6–10%. Additional lipid Efficient. Up to 30% utilized Allan and Rowland 2002
Bidyanus bidyanus led to excess lipid deposition in body
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Apparent digestibility coefficient (%)

Ingredient Gross energy MJ/kg Silver perch1 Barramundi2

Raw wheat starch 16.9 83.4 7.6

Gelatinised wheat starch 16.9 93.4 –6.5

Dextrin 16.9 95.7 56.2

Glucose 13.1 92.5 40.0

Pea starch 16.5 69.9 36.9

Table 2 Energy digestibility coefficients for ingredient inclusion at 30% in the same fishmeal based reference diet for silver
perch and barramundi.

1
Data from Stone et al. 2003b

2
Data from McMeniman 2002
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Utilization of carbohydrates for growth

5���� 	�� �������������� ���� �	������� ���� ��������

����	����	�������������"�����	����	��������������	��
��� �����	����	���� ������� �	��� �������������4��"��
����	��
� ���������� ���"��� ��� �����	�� ��� �������
������	�	��
���������������&����	������������	������	��
������	�� ��� ��������������� !��� �	���� ������ ���
���������	
��	���"�����������	���������������������
�	������������	��������	������"	����	�����(6������7���
"�������������8�������	�
����������������	�����	��������
�	���	�����	����������������	����"����	����	����.����
���� ����� �	����9���	���"�	���� ��	�� 	�� ���������� 	�
!	��������#���	�����������	���	�����"���������������	
��������	���"��������	������"	���"������������	������
��	�����������"������������������������	�����"	�����
	��	���	���������������	������	������������:����������

"	��� �	���� �����
�"�	���� ��	��"��� ���� �	��	�	�����
�������������	�����(6������7�"�������������������	��
�������	����������������	������	����������

Conclusion
;�		���	������ ������������� ���� ������� 	�� �����	����
���������	��	����������&�������������	������	��������	���
������������������������	�����������������������	�����
��� 	�	�
� ���������� �.����	������������	����� ����
��������������

�	���������
�������	������������"������	��
�	�����
������	�	�������		�����������������������������	��	�����
��� �	��� �	����	�		��
� ���	�� ����0�� ���� ��������� ��
���������������������������������	�����������������
������������ ��� �����������	�� 	�����"�������	����#�	�
	�������	��� ���� ����� ����	�� 	�� ���� ����������� ��

Figure 1 Plasma glucose concentration in silver perch and barramundi following
an intraperitoneal injection of glucose at a dose rate of 1 g glucose/kg
body weight (data for silver perch from Stone et al. 2003a and for
barramundi from McMeniman 2002).
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Figure 2 Relative weight gain of silver perch and barramundi fed the same
fishmeal-based reference diet (0% wheat starch inclusion) or that diet
substituted with either 15 or 30% wheat starch (for silver perch from
Stone et al. 2003c and for barramundi from McMeniman 2002.)
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