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MATERIALS AND METHODS

a) Fish and tank setup
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b) Pellet manufacture and amino acid content 
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D)'-#)'"#(%8#A)'?"/#.(#D!.*"5# !"#+.B"#%A#8!"#)7)'#
-"**"8+#&+"/#<)+#.(0'")+"/#)00%'/.(7*95#i)+&?9)(#
)(/# L%'+.# G122aH# &+"/# -"**"8+# %A# Y5e# ?.**.?"8"'+#
.(#*"(78!#)(/#15e#?.**.?"8"'+#.(#/.)?"8"'5#\"#)*+%#
&+"/#8!'""#0)'-#-"'#8)(P#<!.*"#%8!"'#)&8!%'+#&+"/#
.(/.>./&)*#@+!#A%'#8!"#8'.)*+5# !.+#<)+#,"0)&+"#0%?=
?%(#0)'-#)'"# +!%)*#@+!# G`.**)'/:# 1222H# )(/# .(#%&'#

%-.(.%(:# 8!"#-'"+"(0"#%A# 0%(+-"0.@0+#?%'"#0*%+"*9#
'"-'"+"(8"/#8!"#()8&')*#+.8&)8.%(5#

K//.8.%()**9:#%8!"'#)&8!%'+#&+"/#)#0%(8'%*#-"*=
*"8#<.8!%&8#)(9#)?.(%#)0./+#.(0%'-%')8"/5# !.+#<)+#
,"0)&+"#8!"9#<"'"#">)*&)8.(7#,%8!#+8.?&*)8%'9#)(/#
/"8"''"(8#)?.(%#)0./+5#I(#%&'#0)+":#+.(0"#c=09+8".("#
)(/#c=-'%*.("#!)/#,%8!#)*'")/9#,""(#"+8),*.+!"/#)+#
+8.?&*)8%'9# .(# ")'*."'# ";-"'.?"(8+# )(/# c=09+8".("#
!)/#)*'")/9#,""(#A%&(/#8%#,"#?%'"#+8.?&*)8%'9#8!)(#
c=-'%*.(":# %&'# 0%(8'%*# A%'# 0%?-)'.+%(+# ,"8<""(#
0%?,.()8.%(+# )(/#/"8"'?.()8.%(#%A# +9("'7.+8.0# "A=
A"08#<)+#8!"#-"**"8#<.8!#8!"#*%<"+8#0%(0"(8')8.%(#%A#
c=09+8".("#G-"**"8#wD9+]M'%#Z]1ZZH5

c) Gustatory response trials

_"+-%(+"#8'.)*+#,"7)(#1e#?.(&8"+#)A8"'#8!"#@+!#!)/#
'"0".>"/# 8!".'# /).*9# A%%/# ')8.%(5# ^("# -"**"8# 89-"#
<)+# ')(/%?*9# +"*"08"/# )(/# )# -"**"8# )//"/# 8%# 8!"#
@'+8#8)(P5#U">"')*#-)')?"8"'+#<"'"#'"0%'/"/]#1H#8!"#
(&?,"'#%A#8.?"+#8!)8#8!"#-"**"8#<)+#.(7"+8"/#G0)-=
8&'"/H# ,9# 8!"# @+!# /&'.(7# )# -"'.%/# %A# aZ# +"0%(/+:#
YH#8!"#*"(78!#%A#8.?"#8!)8#8!"#-"**"8#<)+#P"-8#.(#8!"#
@+!t+#?%&8!#A%**%<.(7#.(.8.)*#.(7"+8.%(:#3H#8!"#8%8)*#
/&')8.%(#%A#8!"#-"**"8#<.8!.(#8!"#?%&8!+#%A#8!"#@+!#
A%'#8!"#aZ#+"0%(/#8'.)*:#)(/#oH#8!"#0%(+&?-8.%(#')8"#
%A# -"**"8+:# ?")(.(7# <!"8!"'# 8!"# -"**"8# <)+# +<)*=
*%<"/#%'#(%8#/&'.(7# 8!"# 8'.)*5#K#/.7.8)*# +8%-<)80!#
GU)?+&(7:#E)-)(H#<.8!#)#*)-#8.?"#A&(08.%(#<)+#&+"/#
8%#'"7.+8"'#8.?"+#)(/#-"'.%/+5# !"#'"+&*8+#%A#8!"#>.+=
&)*# %,+"'>)8.%(+#<"'"# '"0%'/"/# %(# )# +-'")/+!""85#
F%**%<.(7# 0%?-*"8.%(# %A# 8!"#@'+8# 8'.)*:#<"# 0%(8.(=
&"/#<.8!# 8!"#%8!"'# 8)(P+# .(# 8&'(:# '"8&'(.(7# 8%# 8!"#
@'+8#8)(P#8%#0)''9#%&8#8!"#+"0%(/#8'.)*#<.8!#)(%8!"'#
-"**"8# 89-"# )(/# '"-")8.(7# 8!"# +"J&"(0"# &(8.*# ")0!#
8)(P#!)/#'"0".>"/#%("#-"**"8#%A#")0!#%A#8!"#+.;#89-"+5#

 !"#-"'0"(8)7"#%A#")8"(#-"**"8+#<)+#/"8"'?.("/#
)00%'/.(7#8%#8!"#8%8)*#(&?,"'#%A#-"**"8+#+<)**%<"/#
0%?-)'"/#<.8!#8!"#8%8)*#(&?,"'#-'"+"(8"/#A%'#")0!#
-"**"8# 89-"5#\"#)*+%# 0)*0&*)8"/# 8!"# .(/";#%A#-)*)8=
),.*.89#&+.(7#8!"#+)?"#A%'?&*)#&+"/#,9#i)+&?9)(#
)(/#L%'+.#G122aH]

Table 1. Proportions of L-cysteine and L-proline included in each gel. All values are in M as concentrations of the 

agar gel

(/012345/
6')789-:;

YZZ]Z 1ZZ]Z [e]Ye eZ]eZ Ye][e Z]1ZZ
&<=78/>05> Z51ZZZ Z5ZeZZ Z5Z3[e Z5ZYeZ Z5Z1Ye Z
&<?:;305> Z Z Z5Z1Ye Z5ZYeZ Z5Z3[e Z5ZeZZ
+;/43 Z51ZZZ Z5ZeZZ Z5ZeZZ Z5ZeZZ Z5ZeZZ Z5ZeZZ



D'%)8.)(#E%&'()*#%A#F.+!"'."+:#YZ13:#[1:#1=1Z
E5#65#\%%/#"8#)*5]#X&+8)8%'9#'"+-%(+"#.(#0%??%(#0)'-

#

\!"'"# ,%--)*# .+# 8!"# .(/";# %A# -)*)8),.*.89# %A# 8!"#
+&,+8)(0"# G.(# 8!.+# 0)+":# 8!"# 0%?,.()8.%(# %A# )?.(%#
)0./+H:#_#.+#8!"#0%(+&?-8.%(#%A#-"**"8+#<.8!#8!"#+&,=
+8)(0"#GwH:#D#.+#8!"#0%(+&?-8.%(#%A#0%(8'%*#-"**"8+#
GwH5

 !"#"(/#%A#-"**"8#'"8"(8.%(#.(#8!"#%')*#0)>.89#<)+#
/"8"'?.("/#,9#0%?-*"8.%(#%A#?)+8.0)8.%(5#F%'#&+#8%#
'"0%'/# +<)**%<.(7:# 8!"# 0%?-*"8.%(# %A#?)+8.0)8.%(#
!)/#8%#%00&'#<.8!.(#8!"#aZ#+"0%(/#-"'.%/5#K*+%:#.(#
8!"#">"(8#%A#)#-"**"8#(%8#,".(7#.(7"+8"/#,9#)#@+!#/&'=
.(7#8!"#aZ#+"0%(/+:#8!"#8'.)*#<)+#(%8#0%(+./"'"/#.(#
8!"#0%(+&?-8.%(#0)*0&*)8.%(5# I(#%8!"'#<%'/+:#%(*9#
-"**"8+# 8!)8#<"'"# .(7"+8"/#)8# *")+8#%(0"#/&'.(7#8!"#
8'.)*#<"'"#0%(+./"'"/#.(#8!"#0)*0&*)8.%(#%A#0%(+&?-=
8.%(# ')8"5#f(")8"(#-"**"8+#<"'"# '"?%>"/# A'%?# 8!"#
8)(P#)8#8!"#"(/#%A#")0!#aZ#+"0%(/#8'.)*5

d) Statistical analysis

F%'# 8!"# +8)8.+8.0)*# )()*9+.+# %A# 8!"# '"+&*8+# <"# &+"/#
8!"#U8)87')-!.0+#D"(8&'.%(#bV#>5#1e515ZY#G?)(&A)0=
8&'"/#,9#U8)8M%.(8#I(05:#fUKH5# !"#8%8)*#(&?,"'#%A#
8'.)*+#<)+#a2Z#%>"'#)#-"'.%/#%A#Y3#/)9+5#

F%'#8!"#0)*0&*)8.%(#%A#)>"')7"#(&?,"'#%A#.(7"+=
8.%(+:# )>"')7"# /&')8.%(# %A# 8!"# @'+8# .(7"+8.%(# )(/#
)>"')7"#8%8)*#/&')8.%(#%A#.(7"+8.%(+#.(#aZ#+"0%(/+:#
<"#0)''."/#%&8#8<%=8).*"/#8=8"+8+#)8#8!"#2e#)(/#22w#
0%(@/"(0"#.(8"'>)*+#,"8<""(#8!"#0%(8'%*#>)*&"+#)(/#
")0!#%A#)?.(%#)0./#0%?,.()8.%(+5#

RESULTS

a) Ingested and non-ingested pellets

 !"# 7"("')*# '"+&*8+# %A# 8!"# a2Z# 8'.)*+# )'"# +!%<(# .(#
 ),*"#Y#.(/.0)8.(7#8!"#8%8)*#(&?,"'#%A#8'.)*+#0)''."/#
%&8#)(/#8!"#(&?,"'#%A#8'.)*+#8!)8#'"+&*8"/#.(#.(7"+8=
"/#)(/#(%(=.(7"+8"/#-"**"8+#A%'#")0!#-"**"8#89-"5

Table 2. General results of the gustatory response trials 

for the six pellet types used

->33>/'@6'
)789-:;A

-4:41>/>:8';B'/48/>':>8?;58>

 %8)*#8'.)*+#
0)''."/#%&8

C%(=
.(7"+8"/#
-"**"8+

C&?,"'#%A#
8'.)*+#<.8!#
.(7"+8"/#
-"**"8+

CDD9D 11e e 11Z
EDD9D 11e [ 1Z4
FG9CG 11e [ 1Z4
GD9GD 11e 2 1Za
CG9FG 11e 1Z 1Ze
D9EDD 11e 1o 1Z1
+;/43'521H>:'
@6A

a2Z#G1ZZH eY#G[5eH a34#G2Y5eH

^A# 8!"# 8%8)*# (&?,"'# %A# a2Z# 8'.)*+:# [5ew# %A# 8'.)*+#
GeYH#'"+&*8"/#.(#8!"#-"**"8+#(%8#,".(7#.(7"+8"/#)8#)(9#
8.?"#/&'.(7# 8!"#aZ# +"0%(/#-"'.%/+5# !"#(&?,"'#%A#
(%(=.(7"+8"/#-"**"8+# .(0'")+"/# )+# 8!"# 0%(0"(8')8.%(#
%A# 09+8".("# .(# 8!"#-"**"8#/"0'")+"/# )(/# 8!"# 0%(0"(=
8')8.%(#%A#-'%*.("#.(#8!"#-"**"8#.(0'")+"/5# !"#!.7!"+8#
')8"#%A#(%(=.(7"+8"/#-"**"8+#<)+#A%'#8!"#-"**"8#),+"(8#
%A# c=09+8".("# )(/# 0%(8).(.(7# %(*9# c=-'%*.(":# 0%''"=
+-%(/.(7#8%#1Y5Yw#%A#8!"#8%8)*#(&?,"'#%A#-"**"8+#&+"/5

a) Number and duration of ingestions per trial

 !"# 8%8)*# (&?,"'+# %A# .(7"+8.%(+# A%'# )**# 8!"# 8'.)*+#
&+.(7# ")0!#-"**"8# 89-"# )'"# +!%<(# .(# ),*"# 35#K*+%#
+!%<(# )'"# 8!"# )>"')7"# (&?,"'# %A# .(7"+8.%(+# 0)*=
0&*)8"/#,9#/.>./.(7#8!"#8%8)*#(&?,"'#%A#.(7"+8.%(+#
,9# 8!"#(&?,"'#%A# 8'.)*+#<!"'"# .(7"+8.%(#%00&''"/5#
F%'#8!"#)>"')7"#(&?,"'#%A#.(7"+8.%(+:#8!"#)>"')7"#
/&')8.%(#%A#8!"#@'+8#.(7"+8.%(#)(/#8!"#)>"')7"#8%8)*#
/&')8.%(#%A#.(7"+8.%(+:#>)*&"+#8!)8#)'"#+.7(.@0)(8*9#
/.d"'"(8#A'%?#8!%+"#%A#8!"#0%(8'%*#)'"#";-'"++"/#&+=
.(7#+&-"'+0'.-85

\.8!#8!"#";0"-8.%(#%A#-"**"8#89-"#1ZZ]Z:#,%8!:#8!"#
8%8)*#(&?,"'#%A#.(7"+8.%(+#)(/#8!"#)>"')7"#(&?,"'#
%A#.(7"+8.%(+#-"'#8'.)*:#/"0'")+"/#.(#)#/.'"08*9#-'%=
-%'8.%()*#?)(("'#<.8!# .(0'")+"/# 0%(0"(8')8.%(# %A#
c=09+8".("#)(/#'"/&0"/#0%(0"(8')8.%(#%A#c=-'%*.("#
.(#8!"#-"**"85# !"#89-"#1ZZ]Z#-"**"8#<)+#8=8"+8"/#)(/#
+!%<(#(%8#8%#,"#+.7(.@0)(8*9#/.d"'"(8#8%#8!"#YZZ]Z#
)(/#[e]Ye#-"**"8+#'"7)'/.(7#)>"')7"#(&?,"'#%A# .(=
7"+8.%(+#-"'#8'.)*5# !"#!.7!"+8#(&?,"'#%A#.(7"+8.%(+#
-"'#8'.)*#<)+#A%&(/#8%#,"#1Y:#0%''"+-%(/.(7#8%#,%8!#
8!"#Z]1ZZ#)(/#Ye][e#-"**"8+5# !"#*%<"+8#>)*&"#A%'#8!"#
!.7!"+8# (&?,"'# %A# .(7"+8.%(+# -"'# 8'.)*# <)+# e# A%'#
8!"# 1ZZ]Z# -"**"8+5#K**# 8!"# -"**"8+#<"'"# A%&(/# 8%# ,"#
+.7(.@0)(8*9#/.d"'"(8# A'%?# 8!"# 0%(8'%*# )8# 8!"# 22w#
0%(@/"(0"# *">"*# '"7)'/.(7# 8!"#)>"')7"#(&?,"'#%A#
.(7"+8.%(+#-"'#8'.)*5

 !"#!.7!"+8#'"8"(8.%(#8.?"#A%'# 8!"#)>"')7"#@'+8#
.(7"+8.%(#<)+#A%'#8!)8#%A#8!"#1ZZ]Z#-"**"85# !"#'"8"(=
8.%(#8.?"+#A%'#8!"#8!'""#-"**"8#89-"+#<.8!#8!"#!.7!"+8#
0%(0"(8')8.%(+#%A#c=09+8".("#)(/#*%<"+8#0%(0"(8')=
8.%(+#%A#c=-'%*.("#GYZZ]Z:#1ZZ]Z#)(/#[e]YeH#<"'"#+.7=
(.@0)(8*9#!.7!"'#8!)(#8!%+"#%A#8!"#%8!"'#-"**"8+5# !"#
*%<"+8#)>"')7"#@'+8#'"8"(8.%(#<)+#A%'#8!"#-"**"8#<.8!#
8!"#!.7!"+8#0%(0"(8')8.%(#%A#c=-'%*.("#G0%(8'%*H5#I(#
7"("')*:# 8!"#)>"')7"#@'+8# '"8"(8.%(# 8.?"#/"0'")+"/#
<.8!#/"0'")+.(7#.(0%'-%')8.%(#%A#c=09+8".("#)(/#.(=
0'")+.(7#.(0%'-%')8.%(#%A#c=-'%*.(":#)*8!%&7!#8!"'"#
.+#)#+.7(.@0)(8*9#7'")8"'#/.d"'"(0"#,"8<""(#8!"#'"=
)08.%(#%A#0)'-#'"7)'/.(7#8!"#.(.8.)*#.(7"+8.%(#%A#8!"#
YZZ]Z:#1ZZ]Z#)(/#[e]Ye#-"**"8+#0%?-)'"/#<.8!#8!%+"#
%A#8!"#eZ]eZ:#Ye][e#)(/#Z]1ZZ#-"**"8+5

K# +.?.*)'#-)g"'(# 0)(#,"#%,+"'>"/#<.8!# 8!"# '"=
+&*8+#%A#)>"')7"#8%8)*#/&')8.%(#%A#-"**"8+#.(#8!"#%')*#



D'%)8.)(#E%&'()*#%A#F.+!"'."+:#YZ13:#[1:#1=1Z
E5#65#\%%/#"8#)*5]#X&+8)8%'9#'"+-%(+"#.(#0%??%(#0)'-

$

Table 3. Total and average number of ingestions, average duration of $rst ingestion and average total duration of 

ingestions for each pellet type, showing signi$cant di%erences where appropriate.

->33>/'@6')789-:;A

-4:41>/>:8';B'/48/>':>8?;58>

 %8)*#(&?,"'#%A#
.(7"+8.%(+

K>"')7"#(&?,"'#%A#
.(7"+8.%(+#-"'#8'.)*

K>"')7"#/&')8.%(#%A#
@'+8#.(7"+8.%(#G+"0+H

K>"')7"#8%8)*#/&')8.%(#
%A#.(7"+8.%(+#-"'#8'.)*#

G+"0+H
CDD9D 121 15[o, 3o5[Z, o[5oa,

EDD9D 1[o 15a1, 32511, oe5Y2,

FG9CG YZ4 1523, 3Y5ae, oe53o,

GD9GD Yoa Y53Y, Yo52Z 3e52Y)

CG9FG Y3o Y5Y3, Yo52o 3[5[2,

D9EDD'@=;5/:;3A 3Y2 35Ya 125eY Y25ao
+;/43 134Y = = =
)#+.7(.@0)(8*9#/.d"'"(8#)8#2ew#0%(@/"(0"#*">"*#<.8!#'"+-"08#8%#8!"#0%(8'%*
,#+.7(.@0)(8*9#/.d"'"(8#)8#22w#0%(@/"(0"#*">"*#<.8!#'"+-"08#8%#8!"#0%(8'%*

0)>.8."+#/&'.(7#aZ#+"0%(/+5# !"#/&')8.%(#.+#+!%'8"'#
A%'#*%<"'#c=09+8".("#)(/#!.7!"'#c=-'%*.("#.(0%'-%=
')8.%(5#K**#-"**"8+#+!%<#)>"')7"#8%8)*#/&')8.%(+#8!)8#
)'"#+.7(.@0)(8*9#/.d"'"(8#A'%?#8!%+"#%A#8!"#0%(8'%*#
)(/#A%&'#%&8#%A#@>"#-"**"8+#)'"#+.7(.@0)(8*9#/.d"'"(8#
)8#8!"#22w#0%(@/"(0"#*">"*5#I(#)**#8!'""#-)')?"8"'+#
?")+&'"/:# 8!"# -"**"8#<.8!%&8# c=09+8".("# .(/.0)8"/#
8!"#*%<"+8#8)+8"#-'"A"'"(0"#%A#0)'-5

c) Pellet consumption

 !"#0%(+&?-8.%(#%A#-"**"8+#A%**%<"/#)#+.?.*)'#8'"(/#
8%#8!"#-'">.%&+#-)')?"8"'+5#M"**"8#0%(+&?-8.%(:#)+#
)#-"'0"(8)7"#%A#8!"#8%8)*#(&?,"'#%A#-"**"8+#.(7"+8"/:#
/"0'")+"/#A'%?#4Y5[w#.(#8!"#0)+"#%A#8!"#YZZ]Z#-"**"8#
8%#o15aw#.(#8!"#0)+"#%A#8!"#0%(8'%*#-"**"85#m%<">"':#
8!"# '"*)8.%(+!.-# ,"8<""(# )?.(%# )0./# 0%?,.()8.%(#
G";-'"++"/# )+# c=09+8".("# 0%(0"(8')8.%(H# )(/# 0%(=
+&?-8.%(# ')8"#<)+#%(*9#-)'8.)**9# *.(")':# )+# 0)(#,"#
+""(#.(#F.7&'"#15

Figure 1. Relationship between L-cysteine 

concentration of pellets and consumption rate.

d) Palatability

M)*)8),.*.89#<)+#/"8"'?.("/#&+.(7#8!"#A%'?&*)#-'"=
+"(8"/#,9#i)+&?9)(#)(/#L%'+.#G122aH5# !"#'"+&*8+#
)'"#+!%<(#.(# ),*"#o5

Table 4. Palatability indices of the pellets compared 

with the control pellet (0:100)

->33>/'@6')789-:;A -434/4H030/7'05I>J'@6A

CDD9D x33:1
EDD9D xY4:1
FG9CG x3Z:3
GD9GD x14:o
CG9FG xYY:e
D9EDD Z

M)*)8),.*.89#A%**%<"/#8!"#+)?"#8"(/"(09#+!%<(#
.(#F.7&'"#1#A%'#0%(+&?-8.%(#')8"5# !"#*%<"+8#>)*&"#
)-)'8#A'%?#8!"#0%(8'%*#<)+#8!)8#%A#8!"#eZ]eZ#-"**"8:#
<!"'")+# 8!"# !.7!"+8# -)*)8),.*.89# <)+# 8!)8# %A# 8!"#
YZZ]Z#89-"#-"**"8#<!.0!#0%(8).("/#8!"#!.7!"+8#0%(=
0"(8')8.%(#%A#09+8".("#%A#)**#8!"#-"**"8+#&+"/5#

DISCUSSION AND CONCLUSIONS

D9+8".("# )(/# -'%*.("# !)>"# '"0".>"/# )g"(8.%(# .(#
+8&/."+# %(# )g')08.%(# )(/# 8)+8"# -'"A"'"(0"# .(# 0)'-#
)(/#,%8!#!)>"#,""(#A%&(/#8%#+!%<#!.7!#+8.?&*)8%'9#
"d"08.>"("++#.(#8!"#+-"0."+#&+.(7#"*"08'%-!9+.%*%7.=
0)*#?"8!%/+# GL)'&.# "8# )*5:# 1243H# )(/# .?-'"7()8"/#
)7)'#-"**"8+# Gi)+&?9)(#)(/#L%'+.#122aH5# I(>)+.>"#
"*"08'%-!9+.%*%7.0)*#?"8!%/+#!)>"#)*+%#,""(#&+"/#
%(#%8!"'# +-"0."+# G"575# ').(,%<# 8'%&8#.%)+#/!%)/&'(
0!1$'':#y)?)+!.8)#"8#)*5:#YZZaH5#C%(=.(>)+.>"#?"8!=
%/+#)--")'#8%#,"#?%'"#"d"08.>"#8!)(#.(>)+.>"#8"0!=
(.J&"+#.(#">)*&)8.(7#+8.?&*)8%'9#+&,+8)(0"+#%(#8!"#
0!"?%+"(+%'9#+9+8"?#<.8!#8!"#&+"#%A#-"**"8+#0)&+=
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%

.(7# .(8')%')*# ')8!"'# 8!)(# ";8')%')*# '"+-%(+"+# 8!)8#
0)(#,"#?")+&'"/#&+.(7#,"!)>.%')*#8"0!(.J&"+5# !"#
?"8!%/+#&+"/#.(#8!.+#+8&/9#<"'"#"d"08.>"#.(#+!%<=
.(7#8!"#7&+8)8%'9#')8!"'#8!)(#%*A)08%'9#'"+-%(+"#8%#
8!"# 8<%# A'""# )?.(%#)0./+#&+"/#)(/# 8!"# +"(+.8.>.89#
%A#8!)8#'"+-%(+"#8%#/.d"'"(8#0%(0"(8')8.%(+#%A#8!%+"#
+&,+8)(0"+5

`)+"/# %(# 8!"# 8'.)*+# 0)''."/# %&8# !"'":# .8# .+# 0*")'#
8!)8# 7&+8)8%'9# +9+8"?# %A# 0)'-# .+# "+-"0.)**9# +"(+.=
8.>"# 8%# )?.(%# )0./+5#  !.+# !)+# ,""(# /"?%(+8')8"/#
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