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ABSTRACT

A feeding trial was conducted to detennine the optimum protein: energy (PIE) ratio for

tiger shrimp Penaeus monodon under seawater rearing conditions. Two dietary protein

levels, 40 組d 36% 組d six energy levels, 280, 300, 320, 340, 360, 個d 380 kcal/lOO g diet

at each protein level, were employed. Carbohydrate (dextrin) was used to adjust the dietary

energy level. After an initial 8 week conditioning period, the experimental diets were fed for

8 weeks to triplicate groups of 10 shrimp having average weights of 0.82 士 0.10 g stocked

血 aquarium of which salinity was maintained at 32-34 ppt. The weig

conversion ratio (FCR), and protein ga 垣 of shrimp in 耳proved as dietary energy level was
raised up to around 330 kcal/lOO g when 36% protein diet was fed and up to around 320

kcal/ 1 00 g when 40% protein diet was 例 ,respectively. Further elevation in diet 的 energy

content had no beneficial effect in either prote 血 level. These data suggest 由 at when the

energy level of the diet increased to 330 kcal/l00 g, the dietary protein level for tiger shri 宜p

reared in seawater can be lowered £rom 40 to 36%.

t

INTRODUCTION

In a previous study, we demonstrated that tiger shrimp Penaeus monodon required

40% protein level producing maximum growth when reared in seawaterl). Protein is the

largest part of the cost of prepared feeds. 叮旭m伍cient non-protein energy is available

(excess amount of protein in relation to the amount of energy), the excess protein is not

used for growth but as an energy source2,3). Several studies have shown that an adequate

energy supply with dietary lipid can minimize the use of more costly protein as an energy
4,5) ...1.. hereas excess energy may reduce feed consumption and thus reduce total

protein intake3,7-l0)

*2 To whom reprint requests should be addressed
*1 Department of Marine Food Science, National Taiwan Ocean University

、 Keelung 202, Taiwan
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most economical production of shrimp.

reduce the amount of ammonia being excreted by the 曲nmp.

In Taiwan, P. monodon is c 叫個red in brackish water (around 16 ppt salinity) pond.

However, due to recent increased conflict over the use of limited freshwater for aquaculture,

也e import 組 ce of seawater rearing practices for aquatic species including P. monodon has

Therefore, it is critical to obtain the proper protein energy (PIE) ratio in a diet for the

Reduction of excess protein 血也 e diet will also

emerged.

This study was desi. 伊 ed to determine the optimum protein to energy ratio (PIE) for

向前師時間
suboptimum{ 36% ).

andISwhenseawaterred

MATERIALS AND METHODS

四卸y 位x glass aquaria (45 X 60 X 60cm- H X L X W) were used in 也is feeding trial.

Three rows of wooden stand wi 也 three layers were constructed to contain the glass

aquarium. Eac. 也 aquarium was provided wi 也 continuous aeration by 組 air stone connected

to an air pump ﹒ Two 由irds of the water 扭曲e aquaria was exchanged every week to

remove impurities and maintain the water quality. The dissolved 0 月'gen level was checked
every week and was k 叩 t at least 7.0 ppm tllroughout 也e experimental period.

temperature r組ged from 26 to 290C, salinity was ranged from 32 to 34 ppt.

was kept on a 12 h light/dark (08: 00-20: 00) cycle.

P. monodon juveniles obtained fr(

acclimated to laboratory conditions for two months in a plastic tank (74 X 95 X 45cm-W X L

X H). During this period, shrimp received a commercial diet. At the beginning of the

experim 側 , 36 glass aquaria were each stocked with 18 也rimp with an average individual

weight of 0.82 士 0.10 g.

Two dietary protein levels, 40 組d 36 %, were used 血 the study. For each protein

leveL six energy contents of 280, 300, 320, 340, 360, and 380 kcal/l00 g diet were included

to formulate 12 experimental diets. Each diet was fed to triplicate groups. The composition

of the experimental diets and the proximate analysis of these diets are shown 血 Tablel 1 and

2, respectively. The moisture, crude protein, ether extract, ash, and fiber were determined

by standard AOAC methodsll). Energy levels were adjusted by va ηring the ratio of
carbohydrate to cellulose in the diets. The physiological values used for calculation of the

energy level were 5 kcal/g protein
可 9 kcal/g lipid, and 4 kcal/g carbohydrate.

The diets were prepared and handed as previously described l). 訂閱 shrimp were fed

twice daily (half ofthe ration at 10: 00-11: 00 and the other half at 17: 00-18: 00) at a rate

of8% of the body wight per day. Each morning, before feeding, feces and other detritus in

each aquarium were siphoned out and mortality was recorded. Whenever the shrimp were

Water

Photoperiod

werea1m

4



5

-PLSOS

包
可

SSA

〈
。
但
叫
白
宮
。

ooenO

語
皂
白
白

EGgs-zsohg

買
皂
白
胃
口
33
門

b

﹒
叫
它QA
守

nSE

可

hgeg

泊
＼
苟
且
失
還
站

heoAmdsg

也
已
。
可

$23530-

呵
。
這
偉

(SSA)

詣

bgo-A
羽

NZZeZEY

-om.

。
悅
。
可
詞
。
。
宮
。
詛
咒
。
。

-NAUEU)

。

SSEg--

盲
目
旨
。

Ahgd
。

-NRFOE

賢
明
白

-soEE

仆
。
。-N

扒

PE--EE

日
自

3:
一

om-od

。
ho
白
。
一
。

gJS
﹒
守
們

-EEgd

卜
.
。
nH

呵
。
回
品
可
。
。
一
。
。

.
。�
杧

苟
且
『
胡
石
。

-SJSE

【
閏
月ZH
喝
一
。
。
-0
月
月

SE

苟
明
一
。
。

-mJS

自

SOAEF

婷

。
N

吶
。-
。
� 團

"
� 司

"
圖司

{

。

AUKV

【
【

。
。
.
叭
鬥
【

。
們
們
們

{

。
∞.N
也
可
-

。
kv.
守
。

。
。
.
。
。-
。
∞
.
吶
。-
。
叭
-N
門
【

。
。
。
N-

。
m.
∞
N-

(

宮
。
若
曲
目)

。

2
呵
』
凶
＼
月
卅

。
。
。
∞
們

。
。
.
。
叩
門

。
。
.
。
寸
們

。
。

-ONm

。
。
.
。
。
們

。
。
-O
∞
N

。
。
。
∞
們

。
。
.
。
。
們

。
。
.
。
可
們

。
。
。
Nm

。
。
.
。
。
們

。
。
-O
∞
N

(

∞
。
。

-hguA)

?h
凶
』
ω
白
山

。
0.
。
。-
。
。
。
。
門

。
。
.
。
。
【

。
。
.
。
。
【

。
。
.
。
。-
。
。
.
。
。-

。
。
。
。-
。
。
。
。
【

。
。
。
。-
。
。
.
。
。-
。
。
。
。
【

。
。
.
。
。-

{

呵
呵
。H

∞
∞
.
。
可

∞
∞
。
寸

∞
∞
。
寸

∞
∞
。
寸

∞
∞
.
。
寸

∞
∞
.
。
可

∞
∞
.
。
寸

∞
∞
。
寸

∞
∞
。
寸

∞
∞
.
。
可

∞
∞
。
可

∞
∞

.AW

可

<11

囡囡
。。
自苟
S

(I)

u .S

內

{{

N-

。

N{

【
【

N
一
句

{

N--N

N
一
。
N

mho

們

hm

們
戶
。
戶

們K

γ.
叭
【

叭

KV.ON

們
缸
片
們
鬥

ω
吶
。
一SZ
ω

UV

。
。
.
叭N

。
。

-ON

。
。
.
叭
【

。
。
.
。
-

。
。
.
叭

。
。
.
。

。
。
.
。
們

。
。
叭
N

。
。
.
。N

。
。
叭-
。
。
-o-

。
。
.
們

自
』-u
自
己

。

0.KUN

。
0.
卜
N

。
。

-KUN

。
。.
卜N

。
0.
卜
N

。
。

-hN

k

γ
們
.NN

KV

們

,NN

hm.NN

krm.NN

k

γ
門
.NN

kh

們

.NN

gosu

N-

.-
.-

0
.-

。、

。。

p 、

。

‘r 、

'<:t

P 門

N

的
科
目
ω
一
可
。
』
叫
回

]{

旦
旦
。
占
泣
。
由1

gs
。
占
去
。
們

扭
扭
甘
苦
旨
。
自
它
ω
舍
。
徊
。
因25
。
也
目
。
υ
一
。
-A
嗯,
同



“
可N.
卜
。-

。k

「.
。
kum

。
一
們
N

k

γ
可.-v

-0.
。-

可
∞
.
∞

。
戶
。
們

N
∞
.
們
【

f 喝-
。
心
。
。
【

。
可
.
。
叭
叭

。
。
.
。一

-
一
∞

叩
門
.0
月

。
kr.

∞

叭
叭.
。
們

叭
叭
-N
【

-呵-
。
一
守
-
門

N
。
.
∞
守
們

叭

NKV
月

卜
。
.-H

們
戶
。-柄

。
∞

們
KV.
。
所

。
』
尸.--

c
‘

叭
叭.
∞
向
自

。
叭
。
叭
叭

寸
。
.
可
月

。
。.
可
【

們
寸
。-【

』
尸.
∞

叭
向.
。
們

N
們
.N{

。、

gs
。
記
訣
。
守

們
內
心
.-N
向

們
∞

-mN

們

。
。-N
自

叭
寸
∞
自

們
寸
。
由

。
∞
.
∞

們
』
尸.
。
們

k

γm.
。
目

。。

例
。
.
。
們
【

∞
叭
.
吶
。
例

。

0.KV

。
可

NN

向
一
叭.。-mh

∞

們

hhw

們

k

「
』
尸.--

f"

﹒
(

草
司
凶
。
。
同
意OA)

函

hog

ω

-AR

呵
。
起
芯
目
可

OEDO-C

自

EU

發

。
。.
海
內
心

們
∞.
叭KV

們

才
叭
.
∞一

吶
。
.
們

時
可
』
γ

.RF

們
∞.
∞

可
寸
。
們

。
可
.N
【

\0

。
。
.
。
。
同

NGC

心
們

N
。
.
叭一

-ykhh
‘

。
。.
。

問
∞.
∞

自
們.
。
們

適
可

.N-

W可

∞
寸
問
。
由

。
N.
。
叭
叭

k

「
【

-mN

也
∞

.c-

k

γ
可.
。

kv

∞
.
∞

守
叭
叭
叭

。
。-N
【

�

可
∞
.
。
。-

kr

寸
叭
叭
們

NO.
。-∞

心
.
可
-

。
叭
.
。

間
。.
∞

可
∞

-mm

叫
wa--{

【

F叫

gs
。
﹒
占
訴
法

mm.-N--

∞

m-Nm

。
。
.
們
【

們
N
∞
【

們
0.
。
【

∞
。.
∞

。
一
。
所

mN.

【
【

r 、4

-N
∞
--

寸
。
.
寸
。mu

。
可
一-∞

寸
{N

。
寸
。

們
巳
∞

-
。.
。
們

們
∞
∞
向

。

ZMNH

凶
＼
肉
同

LEU

古
巴
賢
ω
ω
ω
面-z

h

ω
晶
晶

EU

同
白
的
〈

耐
心
何
泣

uSIE

』
AF

凶

呵
呵
ω

HOH

肉
同

ω
誼
右
。2

mHB

苟
ω
嵐
回
回

2
ω
苟

-sgugbaM

ω
穹
的
功

KOmg

ω
盲
目
詞
。
占

.NSAmh

6



Water
removed for weighing, the aquaria and the air stone were de 個ed thoroughly.

temperature and salinity readings were taken daily before the shrimp were fed.

11\C shrimp were fed test diets for 8 weeks and the weight gain (%), feed conversion

ratio (FCR) ‘ protein e伍ciency ratio (PER), 個d protein gain were calculated as previously
1)

described". TIle apparent protein digestibility was detennined using diets containing 0.5%
-

'-'

企om
the water and th的 of each diet 的 group were pooled. The fecal material was 企eeze-dried

and ashed at 550vC. A sample of the ashed material was used for chromium analysisI2).

The digestibility was also calculated as described previouslyl). All data were 組 alyzed using

analysis of variance (SPSS/PC program). Multiple comparisons among means were made

with Duncan New Multiple Range Test13).

RESULTS AND DISCUSSION

The characteristics of general performance in diffe
一一一。---r� ��-

They seemed to improve as the dietary energy level was raised until

:rent
Table 3.presented in

The effect of protein and energy levels on weight gain (%), feed conversion
ratio (FCR), protein e血ciency ratio (PER), and protein ga 血 (g) of shrimp 門 .2

Table 3.

Protein gamPERFCR在海r OOg) 也眉目�)
Wei 吵t gain (%)Diet ∞de

2.79 士 O.l1ab 0.86 土 0.66ab 0.33 士 0.02 bc

2.60 士 0.18b 0.91 士 O.lOab 0.35 :to.03b

2.83 士 O.03ab 0.87 士 0.04b 0.34 士 0.01 bc

2.30 士 0.01 c 1.06 士 O.Ola 0.47 士 0.04a

2.52 士 0.30ab 1.00 士 O.13a 0.39 土 0.04b

3.18 士 0.20a 0.78 士 0.05b 0.29 士 0.02C

272.39 士 18.36bc

291.01 士 20.62a

296.99 士 3.32b

375.99 士 28.22a

291. 73 士 36.19b

248.69 士 9.85c

128.5

120. 。

112.5

105.8

100.0

94.7

280

300

320

340

360

380

36 % Protein

2

4

3

5

2.83 士 0.43ab 0.90 士 0.28ab 0.39 士 O.OSb

2.80 士 0.33ab 0.90 士 O.l1ab 0.40 士 0 06ab

2.41 士 0.15c 1.00 士 O.lOa 0.47 ::to.02a

3.12 土 0.16a 0.76 ::to.08b 0.36 士 0.07b

3.18 土 O.lOa 0.70 士 0.03b 0.31 士 0.03 bc

3.22 士 0.55a 0.62 士 0.06bc 0.26 土 0.03c

262.45 士 55.21 bc

296.52 士 39.16b

382.38 士 14.85a

264.16 士 50.87bc

254.62 士 25.72c

206.07 士 25.32cb

142.8

133.3

125.0

117.6

111.1

105.2

280

300

320

340

360

380

6

40 % Protein

7

9

10

11

8

12

車
�Mean 士 S.D
叫

Figures in the same column having the same superscript are not significantly different
會> 仗。 5).

7



The effect of protem and energy levels on the apparent digestib 溫可 (%) of
prote 姐姐 d survival rate of shrimp

Table 4.

Survival
rate (%)

Protein
digesti bility

PIE ratio
(mglkcal)棚。Og)

Diet ∞de

68.33 I 12.S8a

63.33 I 2.89a

70.00 I 10.00a

70.00 士 8.66a

68.33 I 2.89a

6S.00 I S.OOa

98.14 士 0.S2a

98.28 士 0.02a

98.00 士 0.21a

98.06 IO.OSa

97.33 IO.64a

97.49 IO.20a

128.S

120.0

112.S

10S.8

100.0

94.7
nunununununuooo2468

勻

,BqJ

令

JtJ

句

32J

36 % Protein

2

4

5

3

61.67 土 1O.41a

71.67 I 7.64a

66.67 土 2.89a

71.67 土 7.64a

66.67 i: 1O.41a

6S.00 I 8.66a

98.79 土 0.17a

98.S9 i:0.36a

98.60 士 0.19a

98.53 IO.26a

98.39 士 0.19a

98.17 士 0.28a

142.8

133.3

12S.0

117.6

111.1

10S.2

280

300

320

『
3戶u....AKuauTFBabLVmanm

p
δ

-
司
�

勻

,B-1h
-A-*

340

360

380

6

40 % Protein

7

10

11

8

9

reac 凶ng a plateau, and declined thereafter. In 36% protem diet groups, the 也rimp fed a

diet contammg energy of 340 kcal/lOOg showed si 伊通candy 峙er (p 豆 0.05) weight ga 血 ,

FCR, and protem ga 旭 than those of the remammg groups. PER also showed a similar

In 40% protem diet grou 阱 , the shrimp fed diet contammg energy of 320 kcal/lOO

g achieved the best performance. The protem digestib 過ty and survival rate was not a 宜ected

(p 孟 0.05) by various level of PIE ratio m the diet as shown 姐 Table 4.

The relationship between growth and dietary energy level of the present study is best

expressed statistically by a second order curve (polynomial quadratic equation)
18). When

the growth rate (Fig. 1) and protem gam (Fig. 2) were plotted agamst the dietary energy

level
勻 a growth peak was reached when dietary energy level was around 320 kcal/lOOg 血

the 40% protem diet. Whereas, m the 36% protein diet, a peak was reached when the

energy level was around 330 kcal/lOOg. Figures of 324% (weight gam) and 0.42g (protem

ga 血 ) and 330% (weight ga 血 ) and 0.41g (protem gam) were obtained in the 40% and 36%

protein di 剖 , respectively. When the FCR was plotted against the dietary energy level (Fig

3), the best FCR value was reached when the dietary energy level was around 3 10 kcal/ 1 00

g in the 40% protein diet. Whereas, in the 36% protein diet 、 the best FCR was reached

when the energy level was around 327 kcal/ 100g. Figures of 2.72 and 2.47 were obtained

in the 40 and 36% protein diet, respectively.

Utilization of lipid in shrimp seem to be low.

shrimp were fed lipid higher than the normal amount they can tolerate

pattern.

Many workers have sho 叭m that when

lipids may

8



accumulate rapidly. Thl 時 , the dietary lipid would not provide th energy value as it should be

and this would in turn cause an imbalance in the PIE ratio. This could adversely affect

IncreasednOlTIlal metabolic function and result in decreased growth or death of the shrimp.

fat in the hepatopancreas is synonymous with the "fatty liver" condition a 的ociated with

nutritional deficiencies ofanimals14). Andrews et aI15). reported that the addition of 10%

lipid

adverse

supplemental

had

2

丫
2

O 一一一-.36% PROTEIN

an.一一 -40% PROTEIN

growth

survival.
16)

oneffect

and.
400

380
O

360

that

叭las

showed

lipid

detrimental

also

的%

theto

growth of Palaeman

Deshimaru

Kuroki
17)

serratus.

that

and

reported

I 且有provements in the

growth
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for the carbohydrate nutrition of shrir 坤 19,20). The type and level of carbohydrate 扭曲 e diet

havebeen shown to affect tile growth of P. japonic ω
21,22)

組 15)

monodon, Pascual et al. 23\ observed si 伊通cant difference between the 可pe and level of

carbohydrate in the diet on the survival of juveniles. Alava and Pascual
24)
血dicated th 剖 P.

utilizedmonodon2

2
。一-.36% PROTEIN

andtrehalose
﹒ -一一 40% PROTEIN

訊江cose better 也m

r叩 orted

the protein content

of the diet could be

Bautista25)

that

glucose.

has

/

/

﹒ /
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/

/
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蛋白質與能量問之關係對海水飼育草蝦之影響

蕭錫延﹒周本善

摘 要

為測定海水養娃草蝦之適當蛋白質與能量比 , 以兩組蛋白質含量 ; 40% 及 36

% ' 每組蛋白質含量分別給予六組能量含量 ; 280, 300, 320, 340, 360, 380 仟卡 /l00 克

飼料口飼料中以碳水化合物 ( 糊精 ) 調整飼料的能量 D 餵飼經過八週身 II 養後之草蝦 , 實
驗於水族缸中進行八週 ' 每缸十尾蝦

, 三重覆 , 平均體重為 0.82 士 0.1 旬
, 鹽度為 32-

34 ppt 0 結果顯示 : 當餵以 36% 蛋白質之飼料其能量提高至 330 仟卡 /100 克飼料及餵

以 40% 蛋白質之飼料能量為 320 仟卡 /l00 克飼料時 , 蝦體之增重百分率、飼料轉換
率、及蛋白質效益可獲得改善。而不論蛋白質為 36% 或 40% ' 其飼料中能量再提高
並無更多的助益 D 此結果建議飼養於海水的草蝦 , 當其飼料能量提高至 330 仟卡 /l00

克飼料時 , 則飼料中的蛋白質比例可從40% 降至 36% ' 而不影響草蝦之成長 D
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