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　　Abstract: The dietary protein requirement of wuchan fish, 名和galobrama amblycepんala,

was examined by feeding test diets containing vitamin-free casein and corn oil as protein and

lipid sources, respectively. With an increase of dietary protein level from 25 t0 35%,･weight

gain and feed efficiency increased remarkably, but no further increase was observed at higher

protein levels. Increasing the dietary lipid level from ４ to 8％did not increase growth rate but

did increase the feed efficiency slightly. The carcass protein content tended to increase, whｅＴ６-

as carcass fat decreased with increasing dietary protein levels. The carcass fat was higher at

the high lipid level. The optimum level of dietary protein for growth was estimated to be about

33％ｏｎ dry matter basis. The daily protein requirement was estimated to be ｇ g/kg fish/day.

The lack of influence of the dietary lipid on the protein requirement may be related to the her-

bivorous food habit of this fish.

Introduction

　　Wuchan fish, Megalohrama amblycepんala (Family:Cyprindae), is a herbivorous bream

that occur in some lakes in the mid-lower Yangtze River basin in China. They are regarded as

an excellent food fish. They are cultured throughout China because of their favorable features

for aquaculture such as rapid growth, herbivorous food habit, deliciousness and strong resist-

ance to bacterial diseases. Although there are some report on the reproductive biology and cul-

ture techniques,'^' information on their nutritional requirements, especially protein require-

ment, is sparse.

　　Since the work of Delong ｄ �.3）ｏｎthe minimum amount of dietary protein producing op-

timum weight gain in Chinook salmon, many fish nutritionists have used various semipurified

and purified test diets to estimate the protein requirements of various fish ｓｐｅｃｉｅｓ.4-21）ＴｈｏＳｅ

studies using mainly carnivorous or omnivorous fishes indicate that higher percentages of pro-

tein are required by fishes than by birds and omnivorous ｍａ耳imals. As wuchan fish mainly

feed on aquatic plants and algae in nature, their protein requirement is assumed to be lower

than in the other fishes.　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　　コ

　　This paper deals with the protein requirement of wuchan fish. The effect of dietary lipid

levels on the protein requirement was also investigated.　　　　ご
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Materials and Methods

Test diets　Vitamin-free casein was used as the protein source. Based on the results of a pre-

liminary experiment, corn oil and the mixture of alpha-potato starch and dextrin were used

as the lipid and carbohydrate sources. respectively. The composition and ingredients of the test

diets are shown in Table 1 . Two lipid levels were designed by adding 5 C)ｒ10% corn oil into

the diets. In each lipid level, 6 protein levels from 25% to 53% were achieved by adding ap-

propriate amounts of casein. The differences in protein levels were adjusted by carbohydrate

mixture and cellulose to produce isoenergetic diets. The composition of the mineral and vita-

min mixtures were as described by Ogino ｅt al？)ａｎｄHalver ２３).Ｔｏpromote the feeding ac-

tivity, a 1 % amino acid ｍｉχture(alanine, glycine and proline) was also added to every diet｡

　　　　Table l . Percentage composition and nutrient Contents of the test diets

Ingredient & nutrient

Vitamin-free casein

Corn oil

Carbohydrate mix'

Mineral mix''

Vitamin ｍｉｘ･

Amino acid mix''

Cellulose

Protein･
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Carbohydrate・

Ash'
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　8.8

17.1
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3.73

　ａ　a-Potato starch: dextrin = 1:1.

　ｂ　Ogino ｅtal.＾)

　ｃ　ＨＡＬＶＥＲ２３).

　d　Ala: Glｙ: Pro=28.5 : 50.8 : 21.7.

　ｅ　％ｏｎ dry weight basis.

　ｆ　Digestible energy calculated using the following values:protein, 4.5; fat, 8.5; carbohydrate,

　　　3.5kcal/g (WANG ｅtal.＾)).

　　The ingredients were mixed thoroughly with addition of about 30% water, and pelleted into

ｌ mm moist pellets using a laboratory mill. The pellets were stored at －20°C until used. The

proximate analyses of the test diets were conducted as described below. The caloric contents

of the diets were calculated using the following values: 4.5, 3.5 and 8.5 kcal/ ｇ for protein,

carbohydrate and lipid, ｒｅｓｐｅｃtiｖely.21)Ｔｈｅcalculated available energy values of Diets　1 －6

were 3.4 kcal/ ｇ ，and those of Diets 7 -12 were 3.7 kcal/ ｇ (Table 1 ).

Fish and feeding procedures　Fingerlings of wuchan fish，　ＭｅｇａｌｏｂｒａｍａａｍｂｌｙｃｅｐＪｉａｌａ，weigh-

ing about 8 9 ，were obtained from Oriental Yeast Co., Tokyo, Japan. They were maintained

on ａ commercial diet for carp in freshwater aquaria at 25-27°C for one week prior to the ex-



　　　１０　　　　２０　　　　３０　　　　　　　　０　　　　　１０　　　　　２０

　　　　　　　　　　　　　　Feeding　period　　(days)

Fig. 1 . Percent weight gains of the fish fed on test diets 1 -12.

３０
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periment. Then they were divided into 12 groups of 18 fish each. Each group was kept in an

aquarium (60×35×30 cm) with a circulating water system. The experiments were conducted

during August to September, 1986. Fish were fed on these test diets twice daily at about 3 ％

of their total body weight for 30 days. Fish were weighed at 10-day intervals and the amount

of diets fed was adjusted accordingly.

Measurement and determination　At the end of the experiment, 3 fish were randomly select-

ed from each group, and the blood was taken from the caudal vessels in heparinized syringe.

All the fish were killed immediately by ａ knife and stored at － 20でuntil analyzed. Hemato-

crit value was determined by the microcentrifugation method, and hemoglobin concentration

by cyanmethemoglobin method. Red blood cells were counted using the hematocytometer. The

moisture of the diet and fish was analyzed by desiccation at 105 °C.Crude protein was analyz-

ed by semimicro-KjELDAHL method, crude fat by extraction with ether and crude ash by igni-

tion at about 550°Ｃ. The digestible carbohydrate of the diets was determined by the phenol

sulfuric acid method.

Statistical analysis　Differences among the groups were tested for significance (p＜0.05)by

Duncan's new multiple range test. The protein requirement was estimated by the broken line

analｙｓiｓ.9)

　　　　　　　　　　　　　　　　　　　　　　　　　　Results

　　Fig. 1 shows the growth curves of the 12 groups of fish. All the fish gｒｅｉＮ　ｎormallyduring

the experimental period, but a slight growth retardations were found in groups 1 , 2, 7 and

8 , which were fed on the lower protein ･diets. As shown in Table 2 ，no significant difference

was recognized in the daily feeding rates of the 12 groups. At the end of the experiment, the

average body weight of groups 1 ，2，7 and 8 appeared lower than those of the other groups,

but these differences were not significant. No significant difference was seen in the hematolo-

gical characteristics among these groups at the end of the experiment (data not shown).
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　　Fig. 2 shows the relation between growth rates and dietary protein levels. In both low and

high lipid levels, the growth rates increased linearly as the dietary protein level increased up

to 34 %, and reached ａ plateau thereafter. Increase in the dietary lipid level from ４ to 8％

did not promote the growth rates. Based on broken line analysis, the regression equations are

as follows:

　　　　　At 4 % dietary lipid level, Y = -41.26 + 4.42χ

　　　　　　　　　　　　　　　　　　　Ｙ＝　106.3　　　　　　　　I

　　　　　　　　　　　　break point Ｒ＝　33.4 (MSE = 2.00)

　　　　　At 8 % dietary lipid level, Y = -22.56 + 3.84χ

　　　　　Y= 102.6　　　　1･

　　　　　　　　　　　　break point Ｒ＝　32.6 (MSE = 1.93)

　　Thus, the optimum dietary protein level was evaluated to be 33.4% at 4 % lipid level, and

32.6%･at 8 % lipid level (Fig. 2).　　　　　　　　　　　　　　犬
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　　Fig. 2 . Relationship between dietary protein lev-

els and percent weight gain of fish. The open and

closed circles indicate those obtained from dietary

lipid level of 4 and 8 %, respectively. Short arrow

indicates the optimum dietary protein level evaluat-

ed by broken line analysis at 4 % dietary lipid level;

long arrow indicates that at 8％ dietary lipid level.

2５　３０　３５　４０

　Dietary　protein

45　50　55

level (%)

　　The proteinintake was calculated according to the quantity of diet consumption, and was

proportional to the dietary proteinlevel(Table 2 ).The minimu㎡amount of daily protein in-

take producing ｍａχimum growth was estimated to be 9.2 and 8.9 g/kg fish/day when the di-

etary lipidlevel was 4 and 8 %, respectively｡

　　Table 2 . Growth,feeding rate and feed efficiency of the fish fed test dietsfor 30 days

Diet

No.

1
2
3
4
5
6
7
8
9
1
0
1
1
1
2

　　　Average

body weight （ｇ）

Initial

8.18

8.03

8.11

8.16

8.11

8.14

8.11

8.14

8.17

8.12

8.06

8.09

Final

13.84°

15.27°

16.55°

16.87c

16.77°

16.38c

14.06c

15.47"

16.42°

16.46°

15.27°

16.53°

Average
　weight

　gain
　（ｇ）

5.66

7.24

8.44

８.70

8.66

8.44

5.95

7.28

8.25

8.33

7.65

8.44

Percent

weight

　gam

　69.2

　90.0

104.0

106.0

106.9

107.8

　73.4

　89.5

100.9

102.5

　94.9

104.3

　Daily

feeding

　rate ・
　（％）

2.74

2.76

2.71

2.64

2.71

2.64

2.74

2.74

2.62

2.51

2.43

2.49

Feed

　Daily　　Protein

protein　efficiency
efficiency'' intake　　　ratio

62.4

75.0

84.2

87｡7

85.6

89.7

65.3

75.1

85.4

90.2

88.4

91.8

(g/kg/day)

　6.94

　8.19

　9.21

10.2

11.8･

13.7

　6.85

　8.01

　9.11

　9.67

10.7

13.2

2.53

2.48

2.27

1.98

1.71

1.67

2.61

2.57

2,45

2.34

２.00

1.73

a　Means of 18 fish.　ｂ　％ｏｎ dry matter basis.　Ｃ　Values within a given column
followed by the same letter are not significantlydifferent(P‘く０.05).
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　The trend of feed efficiency was very similar to that of growth rate in both lipid levels

(Fig. 3 ).
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Fig. 3 . Effect of ditary protein level on the feed efficiency.

　　　　　　The symbols are the 肺ｍｅ as those in Fig. 2.

　　At both dietary lipid levels, the protein efficiency ratio declined as the protein level increas-

ed from 25 to 53%. Increment of lipid level in the diets elevated the protein efficiency ratio

slightly (Table 2). At either dietary lipid level, the percent protein retention (100 ｘ body pro-

tein gain/dietary protein intake) was poor at low protein levels, and increased with increas-

ing dietary protein levels, reaching ａ peak at 34 or 38 % and then dropped quickly at higher

protein levels (Fig. 4 ).
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　　Table 3 shows the proximate composition of the fish at the end of the experiment. There

was ａ tendency of decline in carcass fat and increase in carcass protein contents when the diet-

ary protein level increased from 25 to 53%. The ash content was not i�luenced by the dietary

protein level. High dietary lipid level resulted in higher carcass fat contents｡

　　　　　Table 3 . Proximate composition of fish carcass at the end of the experiment

Diet

No.

-

　１

　２

　３

　４

　５

　６

　７

　８

　９

　１０

　１１

　１２

　Crude

　Protein

　（％）

13.2 (52.4)･

13.5 (56.0)

14.2 (56.7)

14.5 (57.4)

14.4 (61.1)

14.6 (65.4)

13.8 (49.5)

14.0 (52.2)

14.6 (56.0)

15.3 (58.1)

15.0 (56.9)

15.0 (60.3)

Crude

　fat

　（％）

8.5（30.0）

6.9 (27.2)

5.9 (25.3)

5.3 (22.6)

5.1 (21.9)

4.1 (18.2)

9.1 (32.5)

7.9 (29.8)

7.3 (27.7)

6.9 (26.3)

7.1 (26.8)

5.4 (21.8)

Crude　　　　　　　.

　　　　　　　　　　Moisture
　ash

　（％）

3.1 (11.1)

3.2 (12.6)

3.0 (12.9)

3.4 (14.7)

3.4 (14.4)

3.0 (13.4)

3.3 (11.8)

3.5 (13.2)

3.5 (13.4)

3.3 (12.4)

3.1 (11.7)

3.3 (13.1)

a Values in parentheses refer to ％ｏｎ dry weight basis.

Discussion

(％)

71.9

74.7

76.6

76.6

77.5

77.5

72.2

73.3

73.6

73.7

73.6

75.1

　　The protein requirement of fingerling wuchan fish, expressed as ａ percentage of the diet,

was 33 % on dry matter basis when casein was used as the sole dietary protein source. This

value was similar or slightly lower than those of common carp*ナ"", channel ｃａtfiSh18)，･rain-

bow tｒｏｕt5･9.10)，ａｙｕ゛))ａｎｄtilapiaS14.17.21)，bｕtｍリch lower than those of the Japanese eel", chi-

nook ｓａｌｍｏｎ３)，ｃｏｈｏｓａｌｍｏｎ８)，chｕｍsalmon"", plaice"'', milkfish'*-', smallmouth bass*, large-

mouth bass'°',red sea bｒｅａｍ１２)ａｎｄyellowtair"レ

　　Values expressed as ａ percentage of the diet, however, do not provide detailed informations

on the efficiency of protein utilization. Ａ low value may mean that either the fish utilize the

protein more efficiently or consume more feed. Ogino" has reported that when the feeding

rate was changed from ２.5 t0 3.5 %, the dietary protein level for maximum protein retention

in carp decreased from 50 t0 35％｡

　　In the present study, the amount of protein required for maxin!um growth for fingerling

wuchan fish was evaluated to be about g g /kg fish/day, which is considerably lower than those

of carp*･5)，ｒａｉｎｂｏｗtｒｏｕt5.10)，ａｎｄayu^'. However, a similar value (8.8 g) was reported for

another herbivorous fish, ７汲2pia nilo£ic a*'', suggesting that the protein requirement of the

herbivorous fish is lower than those of the carnivorous or some omnivorous species｡

　　It is well known that the nonprotein energy contents in diet,･ or the dietary lipid and carbo-

hydrate contents affect the protein requirements of fish. Akiyama et al."^ reported that the
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protein requirement of the carnivorous chum salmon decreased from 43 t0 38%, when dietary

lipid level was elevated from ５ =t0 10％.ln the present study, the dietary lipid･levels had little

effect on the protein requirement of wuchan fish. The results suggest that unlike carnivorous

fish, herbivorous wuchan fish perhaps are unable to utilize efficiently ａ large amount of lipid｡

　　Itis generally considered that fish, like the･other vertebrates, do not have･an absolute pro-

tein requirement but require ａ well-balanced mixture of essential and dispensable amino acids.

Therefore, the amount of dietary protein required by fish is directly influenced by theトａ耳lino

acid composition of the dietary ｐｒｏtein.24)Since the quantitative requirements of individual es-

sential amino acids of wuchan fish are unknown, it is difficult to ｋｎｏｗﾄwhether the contents

of the individual amino acids in the diets were sufficient in the presむnt experiments. However,

levels of certain amino acids in casein seem to be insufficient for some fishes. It has been also

found in salmon that ａ casein diet supplemented with amino acids simulating the essential

amino acid pattern of fish body protein resulted in better growth than ａdiet containing casein

ａ１０ｎｅ.25.ｓ)Thｕｓfurther experiments are desirable to confirm the dietary protein requirement

of wuchan fish by feeding the casein diets supplemented with certain amino acids to simulate

the essential amino acid pattern of the whole body protein of this fish｡

　　As is むvident from this study, when casein was used as a dietary protein source,･the protein

requirement of finぼerling wuchan fish for maximum growth was about g g /kg fish/day. When

expressed as a percentage of the diet, the protein requirementﾀﾞwas about 33% at ａ feeding rate

of 2.5-2.8% and dietary lipid level of 4－ 8 ％ . Since increased dietary lipid levels had little

effect on the protein requirement, such ａ large amount of dietary lipid may not be utilized ef-

ficiently by this herbivorous fish.ニ
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