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Identification of Feeding Stimulants
in the Krill Extract for Common Japanese Goby
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Abstract :   Feeding stimulants for the common japanese goby Acanthogobius flavimanus were 
examined by omission test using the synthetic krill Euphausia pacifica extract, based on a daily 
feeding of casein diet with various test solution. The complete synthetic extract of krill possessed 
a remarkable feeding stimulant activity. Subdivision of the synthetic extract showed that the group 
of neutral amino acids plus nucleotides was highly active. However, the individual amino acids, 
nucleotides and other bases groups as well as the groups of amino acids plus other bases and 
nucleotides plus other bases were inherently lower active. Therefore, the feeding stimulant activity 
of synthetic extract of krill for the fish was considered to be due to the synergistic effect of neutral 
amino acids plus nucleotides.
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By the present, the feeding stimulants for 
various fish have been identified from the 
extract of defferent feed organisms, and amino 
acids, nucleotides, and betaine are reported as 
an effective substance (Carr et al. 1976; Carr 
1976; Carr et al. 1977; Pawson 1977; Adron et 
al. 1978; Mackie et al. 1978; Ohsugi et al. 1978; 
Mackie et al. 1980; Fuke et al. 1981; Mackie et 
al. 1983; Takeda et al. 1984; Ikeda et al. 1988a; 
Ikeda et al 1988b; Takaoka et al. 1990; Takaoka 
et al. 1995). However, there is no paper on the 
feeding stimulants of common japanese goby, 
which is an important species in coastal zone. 
The goby mainly feed on small benthoses such 
as sand worm and crustacea (Okiyama 1989). 
Therefore, the feeding stimulants of the goby 
seems to exist in the extract of these feed 
organisms. From the feeding organisms of 
goby, krill was chasen in this study because the 
extract composition is well known, and effective 
substance was searched using krill synthetic 
extract by omission test.

Materials and Methods

Fish and rearing conditions
The goby was obtained by fishing in the bay 

and river mouth around Yoshimi, Shimonoseki, 
Yamaguchi, during September 11～22, 2000. In 
acclimation to experimental conditions, the goby 
were given cut sand lance Ammodites personatus 
for about 2 weeks. Initial body weight of fish was 
29.9～42.3 g. Each 210 l FRP rectangular tank 
(55×90×45 cm deep) was stocked with 10～
20 goby, and a source of running seawater was 
maintained at 3 l/min with vigorous aeration. 
Water temperature during the trial was 12.0～
21.5℃.

Test solutions
The synthetic extract of krill (Hosokawa et 

al. 1978) (Table 1) was prepared by mixing ana-
lytical grade chemicals. The prepared chemi-
cal mixture was dissolved into deionized water 
and filled up to 95 ml after ajusting the pH at 
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6.5 with 1 N NaOH or 1 N HCl. The aqueous 
extracts of jack mackerel Trachurus japonicus, 
antarctic krill Euphausia superba, and sand 
worm Perinereis aibuhitensis were taken by 
centrifuging (10,000 rpm, 5 min) homogenates 
of meet (about 300 g) with 3 times volume of 
deionized water. Test solutions were stocked at 
－20℃ immediately after preparation.

Test diet
Test diets were prepared by mixing the 

ingredients and test solution based on the for-
mulation shown in Table 2, and by pelleting the 
mixture using a pellet machine, 2～4 mm in 
diameter.

Feeding test
Test diets were fed to the fish twice a day at 

10 :00 and 16 :00, for 7 days. The feeding activ-
ity for the added test solution was determind by 
the daily feeding rate of test diet :  feed intake / 
100 g of body weight / day, as reported previ-
ously (Ikeda et al. 1988a). 

 F
 ──────────  × 100
 W1 + W2 N1 + N2
 ──── × ────
 2 2

where F, W1, W2, N1, N2 are feed intake (dry 
basis) in 7days (g), average body weight 
(initial) (g), average body weight (final) (g), 
number of fish (initial), number of fish (final), 
respectively.

In this study, the goby was obtained by fish-
ing, which caused size variations and mortali-
ties during the rearing period.

To reduce errors in the calculation of actual 
feed intake, the following equation was used in 
stead of the previous one.

 F
──────────────── ×100

 n
Σ(Dk×Sk/B)+(N2 /N1×T1+T2 )/ 2

 k = 1

where F, Dn, Sn, B, N1, N2, T1, T2, n are feed 
intake (dry basis) in 7 days (g), body weight of 
the death fish (g), survival days of the death 
fish, rearing days , number of fish (initial), 
number of fish (final), Total body weight  (ini-
tial) (g), Total body weight (final) (g), number 
of death fish, respectively.

The relative magnitudes of feeding activity 
for test solutions were expressed as percent-
ages of that for the control diet.

Results and Discussion

Feeding stimulant activity of aqueous and syn-
thetic extract

As shown in Table 3, aqueous antarctic krill 
extract had the most potent feeding stimulant 
activity, but the aqueous extracts of jack mack-
erel and sand worm showed lower activities. 

Table 1. Composition of synthetic extract of krill (mg/95 ml )＊1

Amino acids (A) Nucleotides (N)
L-Alanine 171.0 Hypoxanthine 57.4
L-Arginine・HCl 241.9 Inosine 137.0
L-Asparticacid・Na・H2O 37.5 IMP 2.1
L-Glutamic acid 7.4 AMP・Na2・6H2O 4.8

Glycine 328.0 ADP・Na2・2H2O 5.9
L-Histidine・HCl・H2O 31.5 A T P・Na2・3H2O 7.1
L-Isoleucine 50.3
L-Leucine 52.5
L-Lysine・HCl 203.7 Other bases (O)
L-Methionine 39.8 Betaine・HCl 524.5
L-Phenylalanine 46.8 NH4Cl 26.8
L-Proline 261.0 TMA・HCl 9.5
L-Serine 103.0 TMAO・2H2O 492.7

Taurine 772.0
L-Threonine 59.6
L-Tryptophan 27.2
L-Tyrosine 39.3 pH 6.5
L-Valine 68.3
＊1 The content of each constituent corresponds to that in extract 
of 100 g of krill (Hosokawa et al 1978).

Table 2. Composition of test diet

Vitamin-free caseine 69 g
Pollack liver oil 14
White dextrin 3
Mineral mixture＊1 8
Vitamin mixture＊1 3
Carboxymethyl cellulose・Na 3

100
25% NaOH solution 5 ml
Test solution 95
Total 200 g

＊1 Takeda 1985.



Feeding Stimulants of  the Goby 221

Feeding stimulant activities of aqueous ant-
arctic krill and synthetic krill extract are shown 
in Table 4. Synthetic krill extract had a high 
feeding stimulant activity, but aqueous antarctic 
krill extract showed lower activity.

From these results, it was found that the 
synthetic krill extract was preferable as feeding 
stimulants for the goby.

Feeding stimulant activity of 3 major groups
Feeding stimulant activities of amino acids, 

nucleotides, and other bases of the synthetic 
krill extract are shown in Table 5. The 3 major 
groups showed individually lower activities. 
Especially, the other bases group showed the 

lowest activity. The synthetic extract without 
the other bases group showed higher feeding 
stimulant activity than that of synthetic extracts 
without the amino acids and nucreotides 
groups.

From these results, the feeding stimulant 
activity of the synthetic extract of krill was due 
to the synergistic ef fect of amino acids plus 
nucleotides. On the other hand, it was sug-
gested that the other bases interfered with the 
feeding stimulant activity of the synthetic krill 
extract.

Feeding stimulant activity of amino acids 
Feeding stimulant activity was measured by 

dividing the amino acid groups into neutral, 
acidic and basic group. The results are shown 
in Table 6. The neutral amino acids group had 
a high feeding stimulant activity, but the acidic 
and basic amino acids groups had lower activity.

From these results, the feeding stimulant 
activity of the amino acids was due to the neu-
tral amino acids group. It was suggested that 
the neutral amino acids made the active core of 
the synthetic krill extract in goby.

Feeding stimulant activity of neutral amino acids 
plus other chemicals

Tables 5 and 6 were suggested that the feed-
ing stimulant activity of synthetic krill extract 
was due to the synergistic ef fect of neutral 
amino acids plus nucleotides. Feeding stimulant 
activities of neutral amino acids group plus other 
chemicals are shown in Table 7. And, it is known 

Table 3. Feeding stimulant activity of aqueous extract

Extracts Diet eaten (g) Relative
activity(%)Total Per 100 g fish

None＊1

 J・AE＊2

A・AE＊3

 S・AE＊4

0.0
25.6
86.7
21.5

0.0
5.5

17.8
4.7

0
31

100
26

＊1 Diet without extract.
＊2 Aqueous extract of jack mackerel.
＊3 Aqueous extract of antarctic krill.
＊4 Aqueous extract of sand worm.

Table 4. Feeding stimulant activity of synthetic extract of 
krill

Extracts
Diet eaten (g) Relative

activity(%)Total Per 100 g fish

A・AE＊1

K・SE＊2

None＊3

28.1
38.4
0.0

5.4
7.3
0.0

100
135

0
＊1 See Table 3.
＊2 Synthetic extract of krill.
＊3 See Table 3.

Table 5. Feeding stimulant activity of amino acids, 
nucleotides and other bases

Compounds
Diet eaten (g) Relative

activity(%)Total Per 100 g fish

SE＊1

A＊2

N＊2

O＊2

SE-A＊3

SE-N＊3

SE-O＊3

28.5
8.8
8.3
2.5
8.9
8.8

23.4

5.3
1.7
1.6
0.5
2.2
2.6
4.6

100
32
30
9

42
49
87

＊1 See Table 4.
＊2 See Table 1.
＊3 Synthetic extract without amino acids (nucleotides, other bases).

Table 6. Feeding stimulant activity of three amino acids 
groups

Compounds
Diet eaten (g) Relative

activity(%)Total Per 100 g fish

SE＊1

A＊2

A1 (Acidic amino acids)＊3

A2 (Neutral amino acids)＊4

A3 (Basic amino acids)＊5

28.5
8.8
2.4

16.9
0.8

5.4
1.7
0.4
3.3
0.2

100
32
8

60
3

＊1 See Table 5.
＊2 See Table 1.
＊3 Mixture of L-aspartic acid and L-glutamic acid.
＊4 Mixture of L-alanine, glycine, L-isoleucine, L-leucine, 
L-methionine, L-phenylalanine, L-proline, L-serine, taurine, 
L-threonine, L-tryptophan, L-tyrosine and L-valine.
＊5 Mixture of L-arginine, L-histidine and L-lysine.
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that betaine and amino acids show synergistic 
effect for the demersal fish (Takeda 1980).

Neutral amino acids plus nucleotides as well 
as synthetic krill extract had the most potent 
feeding stimulant activity , but the neutral amino 
acids and nucleotides alone showed lower activi-
ties. From these results, it was found that feeding 
stimulant activity of synthetic krill extract was 
due to the synergistic effect of neutral amino 
acids plus nucleotides.

Neutral amino acids plus other bases, and 
betain had lower feeding stimulant activities, 
and betaine alone had no activity. Therefor, it 
was found that other bases interfered with the 
feeding stimulant activity of neutral amino acids. 
It was especially remarkable that the activity of 
neutral amino acids decreased in the presence of 
betaine.

The present study demonstrates that the feed-
ing stimulant activity of synthetic extract of krill 
for the goby is due to the synergistic effect of 
neutral amino acids plus nucleotides. The syn-
ergistic effect of amino acids plus nucleotides 
has also been identified in Japanese eel Anguilla 
japonica (Takeda et al. 1984), and jack mack-
erel Trachurus japonicus (Ikeda et al. 1988b). In 
future, it is necessary to determine the optimum 
levels of nucleiotides and amino acids as feeding 
stimulants for goby.

Although betaine has previously been identi-
fied as a feeding stimulant for a number of fish, 
such as pinfish Lagodon rhomboides (Carr et al. 
1976), pigfish Orthopristis chrysopterus (Carr 
1976), panther puffer Fugu pardalis (Ohsugi et 
al. 1978) and dover sole Solea solea (Mackie et 
al. 1980). It has no effect as feeding stimulant for 
goby. The synergistic effect, between betaine 
and neutral amino acids such as L-alanine and 
glycine in the extract of feed organisms has also 
been reported in these fish. A similar synergistic 
effect showed in tiger puffer Takifugu rubripes 
(Takaoka et al. 1995). Otherwise, the juvenile 
dover sole showed a high feeding activity for the 
mixture of betaine plus L-alanine or glycine, while 
the adult dover sole showed positive feeding 
activity for betaine only. However, betaine is not 
effective as a feeding stimulant from this study 
for goby. 

Betaine is a main component in the small 
benthoses. Betaine was feeding deterrent for 
the goby in spite of mainly feeding the small 
benthos such as sand worm and crustacea. It is 
assumed that the goby has manipulated theis 
feeding preference in order to provide them 
one means for overcoming struggle for survival 
which is generated between other fish species. 
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ツノナシオキアミエキス中のマハゼに対する摂餌刺激物質の検索

池田　至・高桑史明・青木邦匡

ツノナシオキアミ合成エキスのマハゼに対する摂餌刺激活性は中性アミノ酸群と核酸関連化合物群
との協同効果によることが明らかになった。また，マハゼに対してベタインはそれ自身が活性を示さ
ないばかりでなく，中性アミノ酸群の活性を著しく低下させ，摂餌阻害物質としての作用が示唆され
た。
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