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The Green Liver Syndrome Is Caused by Taurine Deficiency in 
Yellowtail, Seriola quinqueradiata Fed Diets without Fishmeal
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Abstract: The causes of both green liver syndrome and inferior growth performance of yellowtail 
fed diets without fishmeal (FM) were evaluated in relation to dietary taurine concentration 
and activity of the hepatic taurine biosynthesizing enzymes. Juvenile yellowtail were fed for 
41 weeks on non-FM diets based on 58% soybean protein, supplemented with graded levels of 
taurine. A reference diet based on 53% FM was also tested. Fish fed non-FM diet without taurine 
supplementation resulted in inferior growth performance, low feed conversion, higher mortality 
and anemia, and also greater incidence of green liver. The liver of this had significantly the lowest 
level of taurine and the highest concentrations of bile pigments among the dietary groups (P＜
0.05). However, taurine supplementation to non-FM diets dramatically improved the situation. 
Furthermore, the hepatic taurine biosynthesizing enzyme activities in all the dietary groups 
were quite low irrespective of the dietary treatments and hepatic taurine concentrations. These 
observations indicate the necessity to supplement taurine to non-FM diets, since yellowtail 
cannot synthesize taurine sufficiently. The appearance of green liver in fish fed non-FM diets is 
possibly due to impaired excretion of bile pigments from liver into bile, and hemolytic biliverdin 
overproduction linked to dietary taurine deficiency.
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The use of alternative protein sources as a 
substitute for fishmeal (FM) in fish feeds has 
been recommended (Watanabe 2002). However, 
growth  performance  and  feed  conversion 
were negatively affected in general when large 
amounts of alternate proteins were incorporated 
into  diets.  Yellowtail  Seriola quinqueradiata 
(Watanabe et al. 1998; Aoki et al. 2000) and red 

sea bream Pagrus major (Takagi et al. 1999, 
2000a,b), the two major mariculture species in 
Japan, fed a non-FM diet had inferior growth, 
low feed conversion, high incidence of anemia, 
and the green liver syndrome in which the liver 
becomes green in color. It has been established 
that green pigment in the liver originates from 
biliverdin, a heme metabolic product and one of 
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the bile pigments (Kikuchi et al. 1987). In fish, 
the bile pigments are conjugated with taurine 
and are excreted from the liver into the bile 
(Sakai et al. 1987; Sakai 1990). Contrary to FM, 
alternative protein sources were poor in tau-
rine (Yamamoto et al. 1998). Therefore, dietary 
taurine content decreases when the FM com-
ponent in the diet is increasingly replaced with 
alternative protein sources. Taurine has many 
important physiological roles such as conjuga-
tion with bile pigments (Sakai et al. 1987; Sakai 
1990) and bile salts (Haslewood 1967), osmo-
regulation (Assem and Hanke 1983), membrane 
stabilization (Aizawa et al. 1987; Timbrell et al. 
1995), etc. Hence, the anemia and green liver 
condition caused by dietary taurine deficiency 
could influence bile pigments excretion, blood 
osmoregulation and membrane stabilization 
of erythrocyte. To develop non-FM diets, it is 
necessary to elucidate the cause of both anemia 
and green liver in fish fed such diets.

We have reported previously that the occur-
rence of green liver in red sea bream fed low 
and non-FM diets  is  related to  hepatic  tau-
rine and biliverdin levels (Goto et al. 2001a). 

However, such a relationship is not yet estab-
lished in yellowtail, including an explanation 
for the appearance of green liver. Therefore, we 
analyzed the concentrations of hepatic taurine, 
bile pigments and biliary bile pigments to elu-
cidate the mechanisms leading to the develop-
ment of the green liver of yellowtail. We also 
tested if taurine supplementation to non-FM 
diets alleviated the green liver syndrome in the 
fish. In addition, the hepatic taurine biosynthe-
sizing enzyme activities (Yamaguchi 1985) were 
examined to elucidate the ability of the fish to 
synthesize taurine.

Materials and Methods

Experimental diets
The formulation and proximate composition 

of the experimental diets are shown in Table 1. 
Soybean protein concentrate (SBP; Danpro A, 
Aarhus Olie) and FM (Chilean horse mackerel 
meal) were used as the protein sources. Diets 
based on 58% SBP were supplemented with tau-
rine at levels of 0% (NTS), 0.13% (LTS) and 3.0% 
(HTS). A diet containing 53% FM was also used 

Table 1. Formulation and proximate composition of the experimental diets

Diet : NTS LTS HTS FM 
(g / kg)

Fish meal (Chilean horse mackerel meal) 
Soybean protein concentrate (Danpro A)
Wheat flour 
Feed oil
Vitamin mixture1

Mineral mixture2

Taurine 
L-Lysine hydrochloride
DL-Methionine
Feeding stimulant3

Chromic oxide mixture
α-Cellulose

0
580
157
150
30
20
0

10
5
4

10
34

0
580
157
150
30
20
1.3

10
5
4

10
32.7

0
580
157
150
30
20
30
10
5
4

10
4

530
0

210
110
30
20
0
0
0
4

10
86

Proximate composition (g/kg on dry basis)
Crude protein 
Crude fat
Crude sugar 
Crude ash
Methionine (mg/g)
Cystine (mg/g)
Taurine (mg/g)

469
137
200
64
10.2
7.77
0.73

487
109
214
59
10.0
7.99
2.50

499
105
207
57
9.61
8.13

21.4

444
141
165
117
11.8
5.27
4.08

1  Supplied the following (mg/kg diet): thiamine HCl, 60; riboflavin, 200; pyridoxine HCl, 40, nicotinic acid, 800; Ca panthothenate, 
280; inositol, 4000; biotin, 6; folic acid, 15; ρ-aminobenzoic acid, 400; choline chloride, 16000; cyanocobalamin, 0.6; L-ascorbyl-2-
phosphate-Mg, 216; α-tocopherol, 400; menadione, 40; retinyl palmitate, 11 (2000 I.U.); cholecalciferol, 0.045; α-cellulose, 7531.355.

2  Supplied the following (g/kg diet): ZnSO4・ 7H2O, 13; MgSO4・ 7H2O, 150; NaH2PO4・ 7H2O, 250; KH2PO4, 320; Ca(H2PO4)2・ 2H2O, 
200; Fe citrate, 25; Ca lactate, 32; MnSO4・ 4H2O, 1.62; CuSO4・ 5H2O, 0.31; CoCl2・ 6H2O, 0.01; KIO3, 0.03; α-cellulose, 8.03.

3 Supplied the following (g/kg diet): proline, 354; alanine, 232; 5’-inositol mono phosphate, 414.
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for reference. The supplemental level of 0.13% 
taurine was based on the calculated taurine 
concentration of the FM diet. The non-FM diets 
were also supplemented with DL-methionine 
and L-lysine hydrochloride based on the levels 
contained in the FM diet. These diets were 
prepared as extruded pellets, and were stored 
at －20℃ until use. Crude protein (N×6.25) 
and crude sugar concentrations of the non-FM 
diets were slightly higher than that of the FM 
diet. Methionine and cystine concentrations of 
the non-FM diets were 9.61－10.2 and 7.77－
8.13 mg/g, and the concentrations of the FM 
diet  were  11.8  and  5.27 mg/g,  respectively. 
Taurine concentrations of the experimental diets 
were 0.73 (NTS), 2.50 (LTS), 21.4 (HTS) and 
4.08 (FM) mg/g.

Fish
Juveniles of yellowtail were obtained from a 

fish farm (Uwajima, Ehime, Japan). Fish with 
an initial mean body weight of 240 g were allot-
ted to 3×3×3 m floating net cages, with each 
dietary treatment being assigned 95 fish. They 
were fed the experimental diets to satiation, 
once a day, 5 days per week for 41 weeks from 
September 1999 to June 2000. The water tem-
perature during the period was in the range 
12.8－27.4℃.

Sampling and analytical methods
Fish were starved for 48 h prior to sam-

pling and were anesthetized with 400 ppm 
2-phenoxyethanol at the time of sampling. Five 
fish from each dietary group were sampled 
in September (initial),  November (1st stage) 
and January (2nd stage), and 10 fish in June 
(3rd stage). Heparinized syringes were used 
to draw blood samples through cardiac punc-
ture. Bile samples were collected from the 
gallbladder into syringes. Anatomical observa-
tions were made to check for the presence of 
green liver, a positive case judged by the green 
color, irrespective of the area and the intensity. 
Hematological variables and plasma metabolite 
concentrations were measured as previously 
described (Takagi et al. 1999). Plasma bilirubin 
was measured by enzyme linked immunosor-

bent assay as described by Izumi et al. (1988). 
Taurine and bile pigments concentrations of 
liver and gallbladder bile were also measured 
as described by Sakai and Tabata (1988), Sakai 
and Nagasawa (1992). Histological examina-
tion of the liver and spleen of 5 fish from each 
group were also conducted at the end of the 
feeding trial. Liver samples were stained with 
hematoxylin-eosin (Saitoh 1988) to look for 
the parasite in the bile duct (Maita et al. 1997) 
and the stagnation of bile in the tissue. Spleen 
samples were stained with Berlin blue to check 
for hemosiderin deposits in the tissue (Shinoda 
1988), which indicate increased hemolysis. 
Dead fish were checked for signs of internal 
disease and bacteriological isolation tests were 
conducted. The activities of taurine biosynthe-
sizing enzymes; cysteinsulfinate decarboxylase 
(CSD) [EC4.1.1.29] and cysteamine dioxygen-
ase (CAD) [EC1.13.11.19] in liver of 5 fish from 
each group were measured at the end of the 
experiment by the same methods described 
in our previous reports (Goto et al. 2001b, c, 
2003).

Statistical methods
Mean body weight, hematological variables, 

plasma metabolite concentrations, hepatic tau-
rine concentrations, hepatic and biliary bile pig-
ments concentrations were analyzed by ANOVA 
and the statistical significance of dif ferences 
between treatment groups was assessed at the 
5% level of probability by Tukey-Kramer test 
(Kramer 1956).

Results

Growth and feed performance
The growth and feed performances of feeding 

trial are shown in Table 2 and Fig. 1. Mortality 
of the NTS group was markedly high (66.3%) 
among the dietary groups at the end of the 
experiment. The dead fish were thin and anemic 
with a high incidence of green liver. However, 
pathogenic bacteria were not detected in the 
kidney, spleen, liver or brain of the dead fish. 
The mortality rates of the other dietary groups 
were less than 7.4% at the end of the feeding 
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experiment.
The growth performance of the NTS group 

was significantly the lowest among the four 
treatment groups. By the third stage of this 
experiment, the weight gain for this group was 
negative because many fish became thin and 
died, although the mean body weight of sur-
vived fish increased slightly in this stage. In 
contrast, the performances of the LTS and HTS 
groups were significantly better than that of 
the NTS group, and that of the HTS group was 
similar to the FM group. The feed gain ratio of 
the NTS group was markedly inferior compared 
to the other groups. The ratios of the LTS and 
HTS group were improved markedly by dietary 
taurine supplementation, and were similar to 
that of the FM group.

Hematological and hemochemical variables
In the NTS group, red blood cell count (RBC), 

hemoglobin concentration (Hb), and hematocrit 
value (Ht) tended to decrease with the progress 
of the feeding experiment, and the variables of 
this group were significantly lower than that 

Fig. 1.  Changes in mean body weight of yellowtail fed the 
experimental diets for 41 weeks from Sept., 1999 to Jun., 
2000. Dietary group were NTS (●), LTS (▲), HTS (■) 
and FM (◆). Values with different superscripts are signifi-
cantly different (P ＜ 0.05).

Table 2. Growth performance and feed utilization of yellowtail fed the experimental diets for 41 weeks

Diet
Mean body weight (g)1 Weight gain 

(%)2 Feed gain ratio3 Daily feed 
intake (%) Mortality (%)

Initial Final
Stage 1 (Water temp. 15.0−27.4℃ )4

NTS
LTS
HTS
FM

245±35a

234±36a

235±30a

240±30a

564±68bc

582±59bc

646±66d

547±67b

120
141
169
113

2.69
2.33
2.13
2.91

1.46
1.34
1.36
1.47

11.6
2.1
1.1
7.4

Stage 2 (Water temp. 12.8−15.1℃ )
NTS
LTS
HTS
FM

564±68bc

582±59bc

646±66d

547±67b

542±53b

555±63bc

606±52cd

570±57bc

－4.30
－4.39
－5.75

3.59

-
-
-

5.24

0.37
0.10
0.07
0.45

3.8
0.0
0.0
0.0

Stage 3 (Water temp. 13.5−21.2℃ )
NTS
LTS
HTS
FM

542±53b

555±63bc

606±52cd

570±57bc

598±82bcd

787±85e

915±90f

886±90f

－10.4
42.0
50.9
55.5

-
2.32
1.81
2.10

0.59
0.82
0.75
0.93

69.0
0.0
0.0
0.0

Whole period (Water temp. 12.8−27.4℃ )
NTS
LTS
HTS
FM

245±35a

234±36a

235±30a

240±30a

598±82bcd

787±85e

915±90f

886±90f

94
218
270
229

4.40
2.47
2.14
2.60

1.37
0.92
0.87
0.97

66.3
2.1
1.1
7.4

1  All values are means±SD of 30 fish each, except for NTS group at the end of the 3rd stage that is 19 fish. Means with different 
superscripts are significantly different (P ＜ 0.05).

2  100× (final total body weight - initial total body weight + sampled fish weight + dead fish weight) / (initial total body weight).
3 g feed/g gain.
4  Rearing periods are indicated with stage 1, Sep. 1999－Jan. 2000; stage 2, Jan. 2000－Mar. 2000; stage 3, Mar. 2000－Jun. 2000; and 
whole period, Sep. 1999－Jun. 2000.
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of the FM group at the end of the feeding trial 
(Table 3).  Furthermore,  mean  corpuscular 
volume (MCV), mean corpuscular hemoglo-
bin (MCH) and mean corpuscular hemoglobin 
concentration (MCHC) of the NTS group were 
lower than those of the FM group. The NTS 
group became anemic upon prolonged feeding of 
the non-FM diet that was not supplemented with 
taurine. These variables significantly improved 
in the LTS and HTS groups that were fed the tau-
rine supplemented diets, and generally similar 
to those of the FM group.

The activities of the plasma enzymes; glu-
tamic oxaloacetic transaminase (GOT), glu-
tamic pyruvic transaminase (GPT), γ-glutamyl 
transpeptidase (GGT) and alkaline phospha-
tase (ALP), did not show any particular trend 
among dietary treatment groups throughout 
the feeding term (Table 4). The plasma bili-
rubin concentration of the NTS group tended 
to be high among the groups throughout the 
feeding experiment. In contrast, bilirubin con-
centrations of the LTS and HTS groups were 
at low levels similar to that of the FM group. 
Although the plasma taurine concentration 
of the NTS group tended to be low markedly 
throughout the feeding experiment, the taurine 
concentrations of the non-FM groups increased 

significantly corresponding to the dietary tau-
rine concentrations. The concentration of the 
HTS group was similar to and not significantly 
different from that of the FM group.

Histological studies
In none of the dietary groups we detected 

parasitic mucosporozoa Myxobolus sp. in the bile 
duct (Maita et al. 1997) or a stagnation of bile 
in the hepatic tissues (Fig. 2, a-d). In the spleen 
samples of the NTS group, marked hemosid-
erin deposition was observed. However in the 
LTS and FM groups there was a reduction in its 
deposition while in the HTS group no hemosid-
erin deposits were found (Fig. 3, a-d).

Green liver  syndrome,  taurine concentrations 
and bile pigments

Green liver was observed in all samples of 
the NTS group by the 2nd stage (21st week of 
the feeding experiment) (Table 5). In contrast, 
the LTS and HTS groups had a markedly low 
incidence of green liver and this was inversely 
related to the taurine concentration of the diets. 
The  symptom was  not  detected  in  the  FM 
group through the course of this study.

Hepatic taurine concentration of the NTS 
group was significantly the lowest among the 

Table 3. Hematological variables of yellowtail fed the experimental diets for 41 weeks

Diet no. n1 RBC 
(104/mm3)

Hb
(g/100 ml) Ht (%) MCV

(μm3)
MCH
(pg)

MCHC
(%)

Initial (Sep. 1999) 5 373±26bcd2 12.0±0.6bcd 42.1±1.7abcd 113±5ab 32.2±1.2a 28.5±0.3ab

Stage 1 (Nov. 1999)3

NTS
LTS
HTS
FM

5
5
5
5

351±23bcd

359±24bcd

352±31bcd

316±22ab

12.2±1.1bcd

12.8±0.4bcd

12.9±1.2bcd

11.8±0.8b

39.4±3.7abcd

39.5±1.9abcd

40.2±4.0abcd

37.3±3.1ab

112±4ab

110±4ab

114±4abc

118±4bc

34.8±0.8abc

35.6±1.3bcd

36.5±0.8cd

37.5±1.1cde

31.0±0.5cde

32.3±0.9e

32.0±0.5e

31.8±0.8e

Stage 2 ( Jan. 2000)
NTS
LTS
HTS
FM 

5
5
5
4

365±21bcd

404±33d

400±33cd

362±45bcd

12.0±1.1bc

14.3±1.2bcd

14.7±0.8d

14.7±1.9cd

38.1±3.4abc

46.5±4.0cd

47.8±3.7d

42.4±6.8abcd

104±5a

115±4bc

120±3bc

117±4bc

32.8±1.4ab

35.3±0.9bc

36.8±1.1cd

40.5±1.7e

31.5±0.8de

30.7±0.6bcde

30.8±0.8cde

34.7±2.3f

Stage 3 ( Jun. 2000)

NTS
LTS
HTS
FM

10
7

10
10

287±55a

348±19bcd

340±21abc

352±22bcd

9.3±2.1a

12.6±0.7bcd

13.0±0.9bcd

14.1±0.9bcd

34.1±6.9a

43.0±2.4bcd

44.3±3.7bcd

47.0±3.2d

119±6bc

124±4cd

130±4de

134±6e

32.3±1.8a

36.1±1.1cd

38.2±0.9de

39.9±1.7e

27.2±1.4a

29.2±1.1bc

29.4±0.7bc

29.9±0.5bcd

1 Number of fish.
2  Values are means ± SD for the number of fish indicated. Means with different superscripts within the same column are significantly 

different (P ＜ 0.05).
3 Data are the values at the end of each stage.
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Fig. 2.  Photomicrographs of histological sections of liver in yellowtail fed the experimental diets: NTS (a), LTS (b), HTS (c) 
and FM (d). Hematoxylin and eosin stain. Neither the parasitic mucosporozoa Myxobolus sp. in the bile duct nor a stagnation 
of bile in the liver tissue was detected in any of the dietary groups.

Table 4. Plasma metabolite concentrations of yellowtail fed the experimental diets for 41 weeks

Diet no. n1 GOT
(IU/l)

GPT
(IU/l)

GGT
(IU/l)

ALP
(IU/l)

Protein
(g/100 ml)

Bilirubin
(μg/ml)

Taurine 
(μg/ml) 

Initial (Sep. 1999) 5 NT2 NT NT NT 3.2±0.5ab NT NT

Stage 1 (Nov. 1999)3

NTS
LTS
HTS
FM

5
5
5
5

2±2a1

3±3a

5±4a

7±6ab

1±1a

1±2a

3±3ab

1±2a

3±3a

2±3a

2±2a

2±3a

56±11
54±11
43±5
44±5

3.4±0.3ab

3.2±0.3ab

2.9±0.3a

3.2±0.2ab

392±187
0±0

62±95
122±80

0.2±0.3a

5.8±2.6ab

51.8±8.8abcd

26.9±24.3ab

Stage 2 ( Jan. 2000)
NTS
LTS
HTS
FM 

5
5
5
4

9±7ab

12±4ab

35±27c

27±22bc

2±3ab

4±3ab

10±15b

4±3ab

5±1a

6±6ab

16±19ab

20±10b

44±8
48±4
51±27
49±16

3.1±0.5a

3.2±0.3ab

3.3±0.3ab

3.2±0.4ab

795±341
59±19
58±35
0±0

0.6±0.5a

33.8±14.1abc

97.6±34.1de

138.5±101.7e

Stage 3 ( Jun. 2000)

NTS
LTS
HTS
FM

10
7

10
10

3±4a

6±10a

12±7ab

11±13ab

0±0a

0±0a

0±0a

0±0a

14±13ab

4±4a

5±4a

6±1ab

45±9
44±5
43±10
56±12

3.0±0.2a

3.1±0.2a

3.1±0.4a

3.7±0.2b

1088±2167
12±14
6±18
0±0

1.7±1.8a

14.1±7.0ab

84.4±18.4cd

55.4±6.4bcd

1 See the footnote of Table 3.
2  Not tested.

a b

c d
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Fig. 3. Photomicrographs of histological sections of spleen in yellowtail fed the experimental diets: NTS (a), LTS (b), HTS 
(c) and FM (d). Berlin blue stain. The blue part indicates the macrophage center of hemosiderin deposition.

Table 5. Incidence of green liver, hepatic taurine and bile pigments concentrations of yellowtail fed the experimental diets 
for 41weeks

Diet no. n1
Green
Liver
(%)

Taurine
(mg/g)

Bile pigments concentration (μg/g)

Total bile 
pigments Biliverdin

Bilirubin2

Free Di-
glucuronide

Mono-
glucuronide

Initial (Sep. 1999) 5 0 10.4±1.1h1 0.19±0.14a NDa3 0.19±0.14a NDa NDa

Stage 1 (Nov. 1999)1

NTS
LTS
HTS
FM

5
5
5
5

0
0
0
0

0.5±0.3a

3.5±0.7c

8.7±0.3g

6.4±1.0ef

0.38±0.06a

0.27±0.19a

0.14±0.10a

0.65±0.53a

0.14±0.04a

0.13±0.09a

0.05±0.08a

0.31±0.45a

0.24±0.05a

0.14±0.11a

0.09±0.08a

0.34±0.12a

NDa

NDa

NDa

NDa

NDa

NDa

NDa

NDa

Stage 2 ( Jan. 2000)
NTS
LTS
HTS
FM 

5
5
5
4

100
60
20
0

0.4±0.1a

2.9±0.2bc

7.3±0.3f

6.6±0.4ef

14.5 ±5.8bc

2.65±2.41ab

0.62±0.43a

1.35±1.00ab

5.73±4.31ab

0.81±0.86a

0.11±0.13a

0.33±0.27a

3.25±2.77c

1.84±1.59abc

0.52±0.31ab

1.02±1.04abc

0.40±0.40ab

NDa

NDa

NDa

5.12±5.46b

NDa

NDa

NDa

Stage 3 ( Jun. 2000)

NTS
LTS
HTS
FM

10
7

10
10

100
70
20
0

0.3±0.3a

2.4±0.4b

5.2±0.3d

5.8±0.4de

18.4 ±18.5c

0.78±0.21a

0.21±0.06a

0.48±0.31a

14.2 ±16.3b

0.73±0.21a

0.20±0.06a

0.41±0.22a

2.32±1.89bc

0.05±0.04a

0.01±0.03a

0.07±0.12a

0.51±0.65b

NDa

NDa

NDa

1.43±0.91a

NDa

NDa

NDa

1 See the footnote of Table 3.
2 Tauro-bilirubin was not detected in any of the groups.
3 ND: not detected and ND was calculated as zero in the statistical analysis.

a b

c d
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four treatment groups throughout the feeding 
trial (Table 5). The taurine concentrations of 
the LTS and HTS groups increased significantly 
corresponding to the dietary taurine concentra-
tion.

Hepatic biliverdin and bilirubin concentra-
tions of the NTS group tended to increase with 
the progress of the feeding trial, and were 
significantly the highest among the four treat-
ment groups at the end of the feeding trial 
(41st week). In addition, bilirubin di- and mono-
glucuronide were detected in the NTS group 
after the 21st week in January. These two bile 
pigments were not detected in the other dietary 
groups throughout the feeding trial.

The gallbladder of the NTS group atrophied 
remarkably with the progress of the feeding 
trial. Furthermore, in gallbladder bile of the 
NTS group,  the  bilirubin  concentration was 

markedly higher, whereas the tauro-bilirubin 
concentration was significantly lower than those 
of the other dietary groups after the 2nd stage 
(Table 6). Besides, bilirubin mono-glucuronide 
concentration of the NTS group tended to be 
high among the four dietary groups throughout 
the feeding trial. As for bile pigments in gall-
bladder bile of the NTS group, about 50% were 
composed of bilirubin mono-glucuronide. In 
contrast, as for the LTS, HTS and FM groups, 
about 50% were composed of tauro-bilirubin.

Taurine biosynthetic enzyme activity
CSD, CAD and cysteate activities were quite 

low or negligible in all the dietary groups includ-
ing the FM group (Table 7), although hepatic 
taurine levels dif fered significantly among 
dietary treatment groups as shown in Table 5.

Table 6. Concentrations of bile pigments in gallbladder bile of yellowtail fed the experimental diets for 41 weeks

Diet no. n1
Total bile 
pigments
(μg/ml)

Biliverdin
(μg/ml)

Bilirubin (μg/ml)

Free Tauro- Di-
glucuronide

Mono-
glucuronide

Initial (Sep. 1999) 5 1003±359abcd1 111±64 0.44±0.17a 691±328ab 122±35ab 80±36a

Stage 1 (Nov. 1999)1

NTS
LTS
HTS
FM

5
5
5
5

753±574ab

310±203a

594±208ab

928±547abc

25±17
40±19
18±11

337±655

1.12±0.77ab

0.36±0.15a

0.47±0.18a

3.58±6.50ab

99±92a

202±156a

476±163ab

499±170ab

166±88ab

32±24a

69±41a

49±27a

462±532ab

35±20a

30±14a

39±22a

Stage 2 (Jan. 2000)
NTS
LTS
HTS
FM 

5
5
5
4

4261±2795ef

3529±1363def

4966±2533f

2814±1267bcdef

181±142
532±378
384±265
289±312

27.0 ±21.1c

2.42±4.26ab

1.29±1.18ab

0.61±0.53a

199±74a

1790±560c

3155±1323d

1473±637bc

1621±1177c

673±419ab

934±721bc

648±248ab

2232±1687c

532±389ab

491±268ab

404±122ab

Stage 3 (Jun. 2000)

NTS
LTS
HTS
FM

10
7

10
10

2381±1202abcde

2202±731abcde

2547±660bcde

3140±686cdef

440±314
311±77
322±364
308±166

12.3 ±8.82b

2.94±3.20ab

0.90±1.55a

0.27±0.43a

218±167a

1048±433bc

1324±462bc

1611±404c

488±298ab

358±146ab

489±177ab

713±227ab

1222±941bc

482±185ab

412±141ab

508±163ab

1 See the footnote of Table 3.

Table 7. Taurine biosynthesis activities in the liver of yellowatil fed the experimental diets

Diet: NTS LTS HTS FM

Biosynthesizing enzyme activities; nmol/(min.mg protein)1

Cysteinsulfinate decarboxylase (CSD)
Cysteamine deoxygenase (CAD)
Conversion of cysteate

tr2

0.20 ± 0.07ab3

0.01 ± 0.03

0.05 ± 0.11
0.12 ± 0.05a

0.06 ± 0.04

tr
0.33 ± 0.21b

0.12 ± 0.08

0.05 ± 0.07
0.14 ± 0.13ab

tr
1 Activities are expressed as taurine and hypotaurine formed.
2 Trace.
3 Values (means ± SD, n = 5) with different superscripts within the same line are significantly different (P ＜ 0.05).
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Discussion

In the taurine unsupplemented non-FM diet 
group, the growth performance and feed conver-
sion efficiency were markedly inferior, besides 
high mortality and anemia were noted. The inci-
dence of green liver was at the same high per-
centage level as reported previously (Watanabe 
et al. 1998; Aoki et al. 2000). However, differing 
from these reports, we did not find either any 
parasitic mucosporozoa in the bile duct (Maita 
et al. 1997) or any bile stagnation in the hepatic 
tissues  in  the  present  study.  Furthermore, 
dietary taurine supplementation to non-FM diets 
dramatically improved the situation. Taurine 
and bile pigments concentrations in the tissues 
were markedly dif ferent among the dietary 
treatments. Here we try to elucidate the patho-
logical issues related to green liver occurrence 
in yellowtail fed non-FM diet, based on taurine 
and bile pigment levels and anatomical observa-
tions in the tissues, and the necessity of dietary 
taurine supplementation to the non-FM diet, in 
relation to the activity of the hepatic taurine bio-
synthesizing enzymes.

The causes of green liver syndrome
Several causes have been attributed to the 

occurrence of green liver in fish. It could be 
either bile stagnation due to the occlusion of 
the bile duct by parasites (Maita et al. 1997), 
an increase in hemolysis caused by phenylhy-
drazine (Endo and Sakai 1990; Ito et al. 1999), 
or a physiological disorder due to low water 
temperature (Sakaguchi and Hamaguchi 1979). 
In the present study, green liver was observed 
in all fish fed the non-FM diet without taurine 
supplementation. However, neither a decline 
of hepatic function nor any cholestatic hepato-
biliary obstructions was observed as indicated 
by hepatic enzyme (GOT, GPT, GGT, and ALP) 
activities in plasma. On the other hand, dietary 
taurine supplementation to the non-FM diets 
dramatically reduced the incidence of green 
liver, and improved the growth performance. 
These results indicate that a prime cause of 
green liver occurrence in fish fed non-FM diet 

is dietary taurine deficiency and this is per-
haps the first report on green liver syndrome 
induced by taurine deficiency. We inferred that 
the green liver occurred due to two reasons: 1) 
a decrease in the bile pigments excretion from 
liver into bile, and 2) overproduction of the bile 
pigments by hemolysis.

Examining the first reason, at the end of 
the 1st stage in November, plasma bilirubin 
concentration of the NTS group had already 
tended to be high compared to the other groups 
prior to anemic status and green liver appear-
ance. Plasma taurine concentrations of the 
NTS group was markedly low compared to the 
other groups, and hepatic taurine concentration 
of the NTS group was significantly the lowest 
among the four groups at the same stage. In 
addition, biliary bile pigments of the NTS group 
were composed mainly of bilirubin mono- and 
di-glucuronide instead of tauro-bilirubin. The 
polarity of bilirubin conjugated with glucuronic 
acid has been reported to be low compared to 
tauro-bilirubin (Sakai 1990). Hence, it can be 
considered that bilirubin conjugated with gluc-
uronic acid was not effectively excreted, as it 
would have been in the case of tauro-bilirubin. 
Therefore, the first step leading to the green 
liver occurrence is judged to be a decrease of 
the bile pigments excretion, and consequently 
the content of hepatic bile pigments in fish fed 
taurine deficient diet increase.

Considering the second reason, fish fed the 
NTS diet were judged to be anemic based on 
the hematological variables measured at the 
end of the feeding trial. Hemosiderin deposition 
in spleen that is an indicator of an increased 
hemolysis and hyperbilir ubinemia (Endo 
and Sakai 1990; Ito et al. 1999) were noted in 
fish fed the taurine deficient diet (NTS diet). 
These observations suggest that the anemia is 
caused by an increase of hemolysis rather than a 
decrease of myelopoietic function (Dan 1990). In 
contrast, the incidence of green liver, as well as 
the hematological and hemochemical abnormali-
ties, along with the hemosiderin deposition in 
spleen was markedly reduced by taurine supple-
mentation to non-FM diet. Hence, the second 
step of green liver occurrence is considered to 
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be hemolytic biliverdin overproduction caused 
by the dietary taurine deficiency.

Is it necessary to supplement taurine to non-FM 
diets?

In mammals, it has been established that 
taurine is biosynthesized from sulfur-amino 
acids (Yamaguchi 1985). In fish, the taurine 
concentration of rainbow trout Oncorhynchus 
mykiss tissue was elevated by feeding a sulfur-
amino acid supplemented diet (Walton et 
al. 1982; Cowey et al. 1992; Yokoyama and 
Nakazoe 1992, 1998). In the present study, 
methionine and cystine concentrations of all 
the dietary groups were almost similar, but 
the hepatic taurine concentration of the NTS 
group was significantly the lowest among the 
four dietary groups. The taurine concentration 
in the liver corresponded to the dietary taurine 
levels. Moreover, the hepatic taurine biosyn-
thetic enzyme activities of all the dietary groups 
including the FM diet group were quite low or 
negligible. These observations suggest that yel-
lowtail cannot synthesize taurine sufficiently.

It has been established that taurine concen-
tration is very high in fish tissue (Hujita 1988). 
In general, yellowtail are fed raw fish or diets 
containing high amounts of FM which are rich 
in taurine, thereby the dietary taurine content 
would possibly meet the requirements of the 
fish. On the other hand, taurine contents of 
alternative protein sources are extremely low 
compared to FM (Yamamoto et al. 1998), and 
consequently fish fed diets based on such ingre-
dients have markedly low taurine levels. These 
results indicate that it is necessary to supple-
ment taurine to low or non-FM diets, because 
yellowtail cannot synthesize taurine sufficiently. 
It is well documented that kittens require dietary 
taurine (Knopf et al. 1978). Among fish, it has 
been reported recently that juvenile Japanese 
flounder Paralichthys olivaceus require dietary 
taurine (Park et al. 2001).

In conclusion, the inferior growth perfor-
mance, low feed conversion, higher incidence 
of green liver and anemia of yellowtail fed the 
non-FM diet without taurine supplementation 
can be attributable to dietary taurine deficiency. 

Taurine supplementation to the non-FM diets 
markedly relieved the situation. The cause for 
the green liver syndrome is established as a 
reduction in excretion of bile pigments, and the 
hemolytic biliverdin overproduction resulting 
from the deficiency of taurine.

Taurine has several important physiologi-
cal roles. But only few have been elucidated in 
fish. Further studies are necessary to clarify 
the physiological roles and requirement of this 
amino acid in order to develop high quality 
feeds less dependant on FM.
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無魚粉飼料給与ブリにおけるタウリン欠乏による緑肝の発症

高木修作・村田　寿・後藤孝信・市來敏章・マデュラ ムナシンハ
延東　真・松本拓也・櫻井亜紀子・幡手英雄・吉田照豊・境　　正

山下浩史・宇川正治・倉本戴寿

ブリの無魚粉飼料給与による緑肝の発症原因を，タウリン補足量の異なる無魚粉飼料で41週間飼育
したブリ稚魚における，飼料タウリン含量と体内のタウリン含量，胆汁色素含量および肝臓のタウリ
ン合成酵素活性の関連から調べた。タウリン無補足区では，飼育成績は劣り，貧血と緑肝が高率にみ
られ，肝臓のタウリン含量が低く，胆汁色素含量が高かった。タウリン補足区では，これら劣悪な状
況は著しく改善した。肝臓のタウリン合成酵素活性は，全区で著しく低かった。ブリのタウリン合成
能は著しく低く，無魚粉飼料にはタウリン補足が必要であり，無魚粉飼料給与による緑肝はタウリン
欠乏に伴う胆汁色素の排泄低下と，溶血による胆汁色素の過剰産生により発生することが分かった。
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