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ABSTRACT

A feeding trial was conducted to determine the optimum protein: energy (P/E) ratio for
tiger shrimp Penaeus monodon under seawater rearing conditions. Two dietary protein
levels, 40 and 36% and six energy levels, 280, 300, 320, 340, 360, and 380 kcal/100 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 =0.10 g stocked
in aquarium of which salinity was maintained at 32-34 ppt. The weight gain, feed
conversion ratio (FCR), and protein gain of shrimp improved as dietary energy level was
raised up to around 330 kcal/100 g when 36% protein diet was fed and up to around 320
kcal/100 g when 40% protein diet was fed, respectively. Further elevation in dietary energy
content had no beneficial effect in either protein level. These data suggest that when the
energy level of the diet increased to 330 kcal/100 g, the dietary protein level for tiger shrimp
reared in seawater can be lowered from 40 to 36%.

INTRODUCTION

In a previous study, we demonstrated that tiger shrimp Penaeus monodon required
40% protein level producing maximum growth when reared in seawater ). Protein is the
largest part of the cost of prepared feeds. If insufficient 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 source>). 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)

source "~’. whereas excess energy may reduce feed consumption and thus reduce total

protein intake> 719
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Therefore, it is critical to obtain the proper protein energy (P/E) ratio in a diet for the
most economical production of shrimp. Reduction of excess protein in the diet will also
reduce the amount of ammonia being excreted by the shrimp.

In Taiwan, P. monodon is cultured in brackish water (around 16 ppt salinity) pond.
However, due to recent increased conflict over the use of limited freshwater for aquaculture,
the importance of seawater rearing practices for aquatic species including P. monodon has
emerged.

This study was designed to determine the optimum protein to energy ratio (P/E) for

tiger shrimp reared in seawater when dietary protein is optimum (40%)1) and
suboptimum( 36% ).

MATERIALS AND METHODS

Thirty six glass aquaria (45X 60X60cm-HX L X W) were used in this feeding trial.
Three rows of wooden stand with three layers were conmstructed to contain the glass
aquarium. Eacth aquarium was provided with continuous aeration by an air stone connected
to an air pump. Two thirds of the water in the aquaria was exchanged every week to
remove impurities and maintain the water quality. The dissolved oxygen level was checked
every week and was kept at least 7.0 ppm throughout the experimental period. Water
temperature ranged from 26 to 29°C, salinity was ranged from 32 to 34 ppt. Photoperiod
was kept on a 12 h light/dark (08: 00-20: 00) cycle.

P. monodon juveniles obtained from a commerical propagation company were
acclimated to laboratory conditions for two months in a plastic tank (74 X 95 X45cm-W XL
XH). During this period, shrimp received a commercial diet. At the beginning of the
experiment, 36 glass aquaria were each stocked with 18 shrimp with an average individual
weight 0f 0.82 +0.10 g.

Two dietary protein levels, 40 and 36 %, were used in the study. For each protein
level, six energy contents of 280, 300, 320, 340, 360, and 380 kcal/100 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 in Tablel 1 and
2, respectively. The moisture, crude protein, ether extract, ash, and fiber were determined
by standard AOAC methods! V. Energy levels were adjusted by varying the ratio of
carbohydrate to cellulose in the diets. The physiological values used for calculation of the
energy level were 5 kcal/g protein, 9 kcal/g lipid, and 4 kcal/g carbohydrate.

The diets were prepared and handed as previously described!. The shrimp were fed
twice daily (half of the ration at 10: 00-11: 00 and the other half at 17: 00-18: 00) at a rate
of 8% 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
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removed for weighing, the aquaria and the air stone were cleaned thoroughly. Water
temperature and salinity readings were taken daily before the shrimp were fed.

The shrimp were fed test diets for 8 weeks and the weight gain (%), feed conversion
ratio (FCR), protein efficiency ratio (PER), and protein gain were calculated as previously
described"). The apparent protein digestibility was determined using diets containing 0.5%
chromic oxide as indicator'®. To determine diet digestibilities, feces were collccted from
the water and those of each dietary group were pooled. The fecal material was freeze-dried
and ashed at 550°C. A sample of the ashed material was used for chromium analysislz).
The digestibility was also calculated as described previouslyl). All data were analyzed using
analysis of variance (SPSS/PC program). Multiple comparisons among means were made
with Duncan New Multiple Range Test'®.

RESULTS AND DISCUSSION

The characteristics of general performance in different dietary protein groups are
presented in Table 3. They seemed to improve as the dietary energy level was raised until

Table 3. The effect of protein and energy levels on weight gain (%), feed conversion
ratio (FCR), protein efficiency ratio (PER), and protein gain (g) of shrimp '~

Diet code 5(’2-%?'0 o) &E gﬁ(ag?) Weight gain (%) FCR PER Protein gain
36 %Protein

] 280 1285  272.39+18365¢ 2.79+0.112b 0.86+0.662b 0330 g2bc
2 300 1200  291.01+20622 2.60-+0.18% 0.91+0.103b 0.35+003b
3 320 1125 296.99% 332b 283-+0.032b 087+0.04b 034+001bC
4 340 105.8  375.99+28222 230+001¢ 106+0012 047+0 042
5 360 1000 291.73+36.19b 2.52+0302b 100+0.132 0.39+0.04b
6 380 947 24869+ 985 3.18+0.202 078+0.05> 029+002¢
40% Protein

7 280 1428  262.45%55215¢ 2.83+0.433b 0.90-+0.282b 039+ 0 0gb
8 300 1333 296.52£39.16® 2.80+0.333b 0.90+0.112b 0 40 +0 06ab
9 320 1250  382.38+14.852 241 +0.15 100+0.102 047+0022
10 340 117.6  264.1650.87°¢ 3.12+0.162 0.76+0.080 036+0.070
11 360 1111 254.62+2572¢ 3.18+0.102 070+0.03b 031+003bc
12 380 1052 206.07+£25.32¢b 32240552 0.62+0.06b¢ 026 +0.03¢
*lMeant S.D.

Figures in the same column having the same superscript are not significantly different
(p>0.05).



Table 4. The effect of protein and energy levels on the apparent digestibility (%) of
protein and survival rate of shrimp

Diet code Ener, P/E ratio Protein Survival
(kcaﬁ{OOg) (mg/kcal) digestibility rate (%)
36 % Protein
1 280 128.5 08.14+0.522  68.331+12.582
2 300 120.0 98.28+0.022  63.33+ 2892
3 320 112.5 98.00+0.212  70.00+10.003
4 340 105.8 98.06+0.052  70.00+ 8.662
5 360 100.0 97.33+0.642 6833+ 2892
6 380 94.7 97.49+0202  65.00% 5002
40%Protein
7 280 142.8 98.79+0.172  61.67+10.412
8 300 133.3 98.59+0.362  71.67+ 7.642
9 320 125.0 98.60+0.192  66.67+ 2.892
10 340 117.6 98.531+0.262  71.67% 7.642
11 360 111.1 98.39+0.192  66.67*10412
12 380 105.2 98.17+0.282

65.00 8.662

1.2 Same as Table 3.

reaching a plateau, and declined thereafter. In 36% protein diet groups, the shrimp fed a
diet containing energy of 340 kcal/l00g showed significantly higher (p=0.05) weight gain,
FCR, and protein gain than those of the remaining groups. PER also showed a similar
pattern. In 40% protein diet groups, the shrimp fed diet containing energy of 320 kcal/100
g achieved the best performance. The protein digestibility and survival rate was not affected
(p=0.05) by various level of P/E ratio in the diet as shown in 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) 19 When
the growth rate (Fig. 1) and protein gain (Fig. 2) were plotted against the dietary energy
level, a growth peak was reached when dietary energy level was around 320 kcal/100g in
the 40% protein diet. Whereas, in the 36% protein diet, a peak was reached when the
energy level was around 330 kcal/100g. Figures of 324% (weight gain) and 0.42g (protem
gain) and 330% (weight gain) and 0.41g (protein gain) were obtained in the 40% and 36%
protein diet, 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 310 kcal/100
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% protem diet, respectively.

Utilization of lipid in shrimp seem to be low. Many workers have shown that when

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



accumulate rapidly. Thus, the dietary lipid would not provide th energy value as it should be
and this would in turn cause an imbalance in the P/E ratio. This could adversely affect
normal metabolic function and result in decreased growth or death of the shrimp. Increased
fat in the hepatopancreas is synonymous with the "fatty liver" condition associated with
nutritional deficiencies of animals'®. Andrews et al'>, reported that the addition of 10%

2 supplemental  lipid
O-——36% PROTEIN Y=-2.987X“+1.966X—2.905

® ———40% PROTEIN Y=~3.547X%+2.266X—3.296 had  an  adverse

effect on growth

#00 and survival.

jzg _ * o Forster and Beard'®

< 3401 also showed that

z 3201 15%  lipid  was

§ 300 ¢ detrimental to the

S 280 1 growth of Palaemon

= 260+ serratus. Deshimaru

Zg and Kuroki!”

200 —— : — 9 reported that

200 220 240 260 280 300 320 340 360 380 400 improvements in the

ENERGY LEVELS ( Kcal/100qg ) growth of Penaeus

Fig. 1. Weight gain (%) of P. monodon fed diets containing Jjaponicus with the

various levels of protein and energy. inclusion of polluck

liver oil up to 6% of

) the diet, but

O-——36% PROTEIN Y=-3.928X"+2.600X~-3.894 inhibition occurred

@® ———40% PROTEIN Y=-3.482X"+2.151X-2.900 at the 12% level. In

8::28_ the present study,

0.500 + the lipid content was

E 8::38 kept below 10% in

Z 03507 each  experimental

= 020 ] diet (Table 1) and

5 02004 dextrin was used to

& 0.150+ , adjust the energy
8:;28 1, / level of each diet.

0.000 J/ } ¢ ; . ' ; 4 . ; Carbohydrate

200 220 240 260 280 300 320 340 360 380 400 is the most

ENERGY LEVELS ( Kcal/100gq ) economical energy

. Th i
Fig. 2. Protein gain (g) of P. monodon fed diets containing = ere 1s

various levels of protein and energy. little  information

— 0 -



for the carbohydrate nutrition of shﬁmplg’zo). The type and level of carbohydrate in the diet
havebeen shown to affect tile growth of P. japonicuszl’zz), and P. aztecus'. For P.
monodon, Pascual et al. 23), observed significant difference between the type and level of
carbohydrate in the diet on the survival of juveniles. Alava and Pascual 2 indicated that P.
2 monodon utilized

36% PROTEIN Y=1.879X" —1.223X+2.239

o
® ———40% PROTEIN Y=9.598X°~5.792X+1.147 trehalose and

surcose better than

. >800 glucose.

S 3.4001 Bautista®>

o 32007 has reported that
’g‘: 3.000 the protein content
& 2800+ of the diet could be
5 2.600 + reduced from 50 to
§ 2400 4 40 %  while
Q 2200 4 maintaining an
~ 000 \ energy level of 330

200 220 240 260 280 300 320 340 360 380 400  kcal/ 100 g diet. Tn

ENERGY LEVELS ( Kcal/100g ) his study, sucrose

. . . .. was used to adjust
Fig. 3. Feed conversion ratio of P. monodon fed diets containing !

various levels of protein and energy. the dietary energy

level. From the
results in our study, the non-significant change in growth, FCR and protein gain shrimp
reared in seawater despite reduction in dietary protein content from 40 to 36% while
maintaining energy level of around 330 kcal/100 g, suggests that protein may be spared by
carbohydrate (dextrin) as long as the caloric requirements are met, thus permitting more

efficient utlization of protein.
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