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Thc availability of various dictary carbohydratc sources for juvcnilc giant frcshuatcr praun, 
dtacrohracliiiu~t roscnhcrgii, \vas cvaluated according to bveight gain and body composition. 1)iffcrcnt 
carbohydratc sources, r-potato starch, solublc starch, dcxtrin, sucrosc, glucosc and glycogen werc 
scparritcly includcd in a purificd diet. Aftcr 60 days the grcatcst wcight gain \vas achicvcd in the 
groups fcd potato starch or solublc starch. The group rcccibing glucosc as the carbohydrate sourcc 
had low wcight g i n .  Food conversion clllcicncy and the protcin cfficiency ratio werc higher in the 
group rcccibing solublc starch as the dietary carbohydratc source. Musclc lipid consistcd mainly of 
phospholipids and partial glyccridcs; midgut gland lipids wcrc composcd of triglyccridcs and phospho- 
lipids. A change in dictary carbohydratcs had ü minor influcncc on musclc lipid lcvcls but caused 
variations in lipid class composition of the midgut gland. Comparativcly high lcvcls of frcc fatty acids 
and phospholipids wcrc found in thc midgut gland of groups fcd solublc starch and potato starch, 
respcctivcly. No major diffcrcnccs in fatty acid compositions werc apparent. Solublc starch and potato 
starch werc cfficicntly utilizcd by thc pmvn as dictary carbohydnitc sources. 

licynordç : .Ilucrobrucliiiu?t roseribcrgii, giant frcshw.atcr prawn, nutrition, crirbohydratc requircmcnts, 
grolb th, lipid composition. 

L2cros ikk hiùrutne di. curbutzo r.n cl pit~nso sohrcp cl crt~cir~rit~rito y lu conposici<in quit~iicu corporal de 
bt~gostitios jiiïcni1t.s. Xlacrobrachium roscnhcrgii. 

La disponibilidad dc varios hidratos dc carbono en cl picnso para Iangostinos juvcniles (.ltucrohracl~- 
iirt~i rost*tihcrgii) fui invcstigada y comparada cn tirminos dc crccimicnto y composition quimica 
corporril. Como fucntcs de hidratos dc carbono SC incluqcron cn cl picnso almidon dc patata, 
almidon soluble, dextrina, sacarosa, glucosa y glichgcno dcrivado de ostras. Los langostinos 
fucron alimentados durante (>O.dias. En los grupos alimentados con picnso suplcmcntado con 
almidon de patata y almidbn solublc, cl crccimiento fui. mcjor, y por otra partc la gludosa 
rindio cl mcnor crccimicnto. La eficicncia dc convcrsibn dc alimcnto y la eficicncia dc conversion 
dc protcina fucron rncjorcs en el grupo alimcntado con almidon solublc. La composiciCn dc 
lipidos cn cl mUsculo abdominal consistio principalmcntc dc fosfolipidos, mono- y diglictr- 
idos; en tanto quc los Iipidos dcl hepatopincrcas cstaban compucstos principalmcntc por triglictr- 
idos y fosfolipidos. La diferente compoUcibn dc hidratos de carbono cn cl picnso aparcntcmcntc 
tuvo poca inilucncia cn cl nive1 dc lipidos del mtisculo; sin embargo provocb variacibncs en 
la composicibn dc los Iipidos dcl hepatopincrcas. III nive1 dc licidos grasos en cl hepritopin- 
crcas fuC caractcristicamentc alto cn el grupo alimcntado con almidon solublc, micntras que en 
cl grupo alimentlido con almidhn dc piitata cl contcnido de fosfolipidos fui dominante. No SC 

hallaron difcrcncias notables cn la composicibn dc icidos gnisos dc las distintas classcs dc 
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lipidos. Los rcsultridos sugieren que el almidon solublc CS utilizado elicientemente por el langostino 
como fucntc de hidratos de carbono. 

I'alabras clam : ,Ifacrobracliium rosenhergii, langostino, nutricion, hidratos de carbono, crecimicnto, 
composition de Iipidos. 

Although many practical diets are currcntly used 
for culturing giant frcshwater prawn, IIIacrohracltiwîi 
rosenbergii, the complcte nutritional requiremcnts 
rcmain undefined (Sandifer and Smith, 1985). In par- 
ticular, the carbohydrate requirements for the species 
are not fully understood. Deshimaru and Yone (1978) 
reported that sucrose and glycogen are desirable car- 
bohydra te sources for kuruma prawn Penaeus japon- 
icus; moreover Abdel-Rahman et al. (1979), found 
that di- and polysaccharides are morc suitable for the 
growth of this species. Carbohydrate rcquircments for 
larvac were invcstigated by Teshima and Kanazawa 
(1983). Pascual et al. (1983) obtaincd the highest 
survival of P. ntonodon when diets contained 10% 
sucrose. hlore rccently Alava and Pascual (1987) 
found that both trehalose and sucrose-containing 
diets promoted growth and protcin deposition in 
P. nronodon. 

Gbmez et al. (1988) dctcrmincd the optimum 
dietary proteinlstarch ratio for AI. rosenbergii using 
a-potato starch 3s a carbohydrate source. Accord- 
ingly, the purpose of the present work is to dctermine 
the nutritional value of various dietary carbohydrate 
sources for this spccies. The quality of the carbohy- 
drrite sources was judgcd according to growth, food 
cfficiency and body composition, especially lipids 
which are an indicator of cncrgy rcserve. 

Rearing and frceding conditions 

Giant frcshwater prawn, Alacrobracl~itrtîi rosenhcr- 
gii, were acclimatcd to laboratory conditions for one 
weck in an indoor tank and werc fed with short- 
necked clam, Rurlitapes pliilippinarut)r, mea t prior to 
the experiments. In cach experimcnt 20 prawns rang- 
ing from 1.8 to 2.3 cm in total body length were 
assigned to a 45 1 aquarium, equippcd with a sand 
filter recirculating systcrn and plastic-covcrcd chicken 
wire as the habitat to rninimize cannibalism. Dupli- 
cate aquaria were set up for each test group. 10 to 
20% of the water was removed daily and rcplaced 
with frcsh tapwater. Watcr temperature was kcpt con- 
stant at 28°C throughout the experiments, but photo- 
period was kcpt undcr natural light conditions 

without artificial control. The purificd diets were prc- 
parcd with a fixcd protein/carbohydrate ratio of 1 : 1 
as shown in table 1, according to the method of 
Gbmez et al. (1988). Potato starch, soluble starch, 
dextrin, sucrosc, glucose and glycogcn were added to 
each diet as the exclusive carbohydrate source. The 
mixture was inserted into a sausage packing and 
boilcd at 80-85°C and subsequently stored at -20°C 
until fecding. This method of diet preparation (saus- 
age type dict) minimizcs loss of nutrients during fccd- 
ing, and residual (uncatcn) diet weight can be morc 
accurately determincd. Clam meat, Ruditapes pltilippi- 
narum, was a referencc diet. Prawns were daily fed 
an amount of diet equivalent to 10% of the body 
weight and residual food \vas wcighcd. Duration of 
the experimcnt was 60 days. Food eficiency (FE) 
and protein cfficiency ratio (PER) were calculatcd as 
follo\vs: 

FE=(wcight gainlwcight of food eaten) x 100 
PER=weight gainldry wcight of protein eaten 

Chernical analyses 

At the cxperiment's end, the abdominal muscle 
and midgut gland tissue were obtaincd from about 
10 prawn from cach treatment, which tvcrc poolcd 
and submitted to biochemical analyses. Care \vas used 
to select only prawns in intermolt stage C, and of 
similar size. hlolt stage was idcntified following Peb- 
blcs (1977). Proximate analysis kvas performed by the 
methods of Gbmez et al. (1988). Lipid extraction 
was pcrformcd according to Bligh and Dycr (1959). 
Lipid classes wcre isolated on Chromarod-S iï with 
n-hexaneldiethyl ethcr/acetic acid (80 : 20 : 1, v/v/v) as 
the developing solvcnt, and the composition was 
analyzed using an Iatroscan TII-IO (Iatron Labor- 
atones). 

For analysis of fritty acid composition, phospholi- 
pids (PL), partial glycerides (PG) and triglyccrides 
(TG) were isolatcd by thin layer chromatography on 
Kieselgel 60-F 253 S plates (hlerck Darmstadt) using 
n-hexane/diethyl cthcr/acetic acid (80: 20: 1, vlvlv) as 
the developing solvcnt. Saponilication and mcthyla- 
tion were performed using 2 N NaOII-methanol and 
2 N IICI-methanol, rcspcctively. Fatty acid composi- 
tion was determincd by gas-chromatography using a 
Hitachi 263-30 Gris Chromatograph with a 2 m 
column packed with Unisol 3000 at a temperature of 
230"C, and a Hitachi D-2000 Chromato-Integrator. 
Identification was done by comparing retension time 
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Carboh~dratc rcquircmcnts for lllacrobrachium rosenbergii 

Table 1. - Composition of experimental diets for .Ifucrobrachium roscnbcrgii. 

Dietary group 
Ingredient (So) 

1 2 3 4 5 6 7 

Protein " 40 40 40 40 40 40 - 
Potato starch 40 - - - - - - 

Soluble starch - 40 - - - - - 
Dcxtrine - - 40 - - - - 

Sucrose - - - 40 - - - 
Glucose - - - - 40 - - 
Glycogen - - - - - 40 - 

Others * 20 20 20 20 20 20 - 
Clam meat - - - - - - 100 

Total ' 100 100 1 O0 1 O0 100 100 100 
Energy (kca1/100 g) 43 1 43 1 439 451 443 443 387' 
Carbohydrate f 32 32 33 35 33 33 - 
Proximate 

composition 
(% dry weight): 
Crude protein 
Lipid 
Ash 
hloisture 

" Casein, 30; gelatin, 5; gluten, 5. 
CallPO, 2 (11,O). 5; Spirulina powdcr. 2.5; pollack liver oil. 5; cholesterol, 1; minera1 mixture No. 2 (1CN 
Biochemicals). 2; vitamin mixture (Ilalver premix), 2; sodium carboxy meth~lcellulose, 2.5. 
Contains trimethjlamine hydrochloride as an attractant. 
Gross energy, measured by bomb calorimctry. 
Calculated. assuming calorific equivalent of 4 kcal,'g of protein and 9 kcal,'g of lipid. 

f Percentage of gross energy supplicd by wrbohydrates. 

with authentic fatty acid standards, including 18 : 3 
(n-3), 20:3 (n-3), 18:3 (n-6) and 20:3 (n-6). 

Gross energy \vas estimated from the energy value 
of cach dictary ingredient, measured by bomb calori- 
mctry. Estimatcd digcstiblc cncrgy valucs for the short 
necked clam meat wcrc calculatcd on the basis of the 
standard physiological fuel values of 9 kcal/g for 
lipids and 4 kcal/g for proteins (hlaynard and Loosli, 
1956). 

Statistical analyses 

Thc data wcrc subjcctcd to a t-test to determine if 
différences among mcans wcrc significant. Data on 
growth, survival, FE and l'ER wcrc analyzcd for 
significance using Duncan's multiple rangc tcst. Simi- 
Iarity the patterns of lipid classes and fatty acid com- 
positions \vas cvaluatcd by the method of Tamura and 
Osatva (1969), \\hich is bascd up on the correlation 
between linear regrcssion lincs for cach composition. 
Probabilities of 0.05 or less wcrc considcrcd statisti- 
cally significant. 

RESULTS 

In al1 dictary groups, survival excceded 70% 
(table 2); the groups fcd with dcxtrin and glucose 

wcre relatively high in survival. IIowever, high ~vcight 
gain was not always accompanied by high survival, 
bccause low survival is occasionally due to cannibal- 
ism. Results of wcight gain, FE and PER associated 
with the different treatments arc prcscntcd in table 2. 
Initial body \veight of each group is somewhat dif- 
fcrcnt, but the percentage of body weight gain \vas 
not corrclatcd with initial body weight. Weight gain 
of thc groups fcd eithcr potato starch or soluble 
starch was highcr than that of groups fcd glycogen 
and clam meat. Kclativcly high values for both FE 
and PER were found in the soluble starch-fcd rroun. 
Polysaccharides, including glycogcn, yieldcd hiih FE 
and PER. 

Midgut gland ratio (MGR) ranged from 2.9 to 
3.8% (tuhle 2). Somc diffcrences uere observed among 
the groups. Dextrin or sucrosc-fcd groups were some- 
what higher compared to othcr groups. Thcre [vas 
littlc difference in protein or  lipid compositions for 
abdominal muscles between the prawn groups fcd 
artificial dicts; hotvever, the clam meat-fcd group \vas 
characterizcd by a low lipid content (table 3). 

Lipid class composition of the muscle and midgut 
gland arc presented in tuhle 3. Frcc fatty acids wcrc 
found only in small amounts in the abdominal muscle. 
Diffcrcnces in the source of dictary carbohydrate did 
no1 significantly influence proportion of stcrols, par- 
tial glyccridcs (PG) or phospholipids (I'L) in this 
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Table 2. - Effcct of carbohjdrates on grouth, food eficicncy (FE) and protein ellicicncy ratio (PER) of juvcnilc praun. dfucrohruchiun~ 
ro.scnher~ii. 

Initial 
Weight 

Midgut 
1)ictary body gain Sun-ival FE PER ' gland 

Carbohydratc 
group weight (%) 2 +  ' (%) ' (%) ' ratio 

(E) ' (O/o) L. 

1 Potato starch O. 13 10.04 692 " 77.5 ". 25.3 " 1.01 " 2.9f 1.2 
2 Soluble starch 0.17 IO.05 659 " 90.0 " de 30.0 1.10" 3.3* 1.2 
3 Dcxtrin 0.15k0.06 573b 97.5 '. ' 26.8 1.07 " 3.8I  1.0 ". 
4 Sucro4e 0.14f 0.07 550 85.0 " '* 20.9 ". 0.83 b. ' 3 .6 i  1.3 
5 Cilucose 0.16I0.08 431' 95.0 Cd. 19.3 0.77 ' 3.5f 1.5 
6 Glycogcn 0.20k0.08 410' 85.0 *. C. 23.3 0.90 b' 2.9 f 1.2 
7 Clam meat 0.27 rt 0.14 389 ' 72.5 ' 14.7 0.97 '. 3.2f 1.0 

' Mean 81 SI). 
Body wcight gain (g),'initial body wcight (g) x 100. 

' values in the same column followed hy different lctters are significantly different (p<0.01). 
Midgut gland ratio = (midgut gland weight;body ueight) x 100. 

" different (p<0.01) to groups 1 and 6. 
differcnt (pc0.05) to groups 1 and 6. 

' difirent @<O.OS) to group 7. 

Table 3. - Lipid class composition of abdominal musclcs and midgut gland in prawn Macrohruchium rosenhergii fcd diets containing 
different sourccs of carbohydrates. 

Dictary group 

1 2 3 4 5 6 7 

Abdominal muscle: 
Lipid content (%) * 2.5 2.2 2.3 2.5 2.4 2.3 1.1 

Lipid class composition (%): 
Sterol esters tr. tr. tr. tr. tr. tr. tr. 
Triglyccridcs tr. tr. tr. tr. tr. tr. tr. 
Frcc fatty acids tr. tr. tr. 0.6 tr. tr. 1.1 
Stcrols 4.3 3.5 3.0 2.1 2.5 2.5 3.2 
Partkal glyccrides 23.9 24.8 20.4 20.9 22.7 23.3 21.5 
Phospholipids 71.8 71.7 76.6 76.4 74.8 74.2 74.2 

u a u a a u a 

Midgut gland: 
Lipid content (%) * 

Lipid class composition (%): 
Stcrol esters 
Triglyceridcs 
Frce fatt y acids 
Stcrols 
Partial glyccrides 
Phospholipids 

tr. tr. tr. tr. 
36.0 61.8 74.5 66.8 

5.9 15.1 2.7 3.5 
5.4 3.6 2.5 3.5 
tr. tr. tr. Ir. 

52.7 19.5 20.3 26.2 
b u a a,  d 

Ir. 
57.4 

5.6 
3.3 
tr. 

33.7 
d 

tr. 
60.9 
7.0 
4.2 
11. 

27.9 
a ,  d 

- --- 

* Wet basis. 
a ,  h, c, d Figures uith different subscripts are sipificantly dificrcnt (p<0.05). 

tissue. However, lipid class coniposition of the midgut 
gland showed some statistical difierences bctwccn the 
groups fcd with differcnt dictary carbohydrates. 

For total lipid content, the potato starch-fed group 
showcd a comparatively low value (5.6%), whereas 
the highcst content was obsenrcd in the group fed 
the dietary trcatment that containcd soluble starch 
(12.6%). Also, lipids of this latter group were charac- 
terizcd by very high percentagcs of frce fatty acids 
(15.1%); the group fed glycogen followed the soluble 
starch fed group in lcvcls of total lipids and frcc fatty 

acids. However, the pcrcentage of frce fatty acids was 
only half that of the former group. The proportions 
of sterols, T G  and PL wcrc fairly distinct bctwcen 
the groups. The group fed with potato starch was 
relativcly low in TG amounts but high in PL, whercas 
a rather low PL perccntage was characteristic of the 
soluble starch-fcd group. 

Table 4 shows fatty acid composition of PL and 
PG in the muscle. Most of the fatty acids in the PL 
and PG were reprcscnted by I6:0, 18: 1, 18:2, 20:5 
and 22: 6.  Fatty acid composition found bctween the 
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Table 4. - Fatty acid composition * in musc-le lipids of prawn, ,Iiacrohracliiun~ rosrnhrrgii. 

Phnspholipids Partial glyccridcs 

1 2 3 4 5 6 7  1 2 3 4 5 6 7  

14:O 
16:O 
18:O 
16: 1 
18: 1 
20: 1 
18:2 
18:3 n-3 
18:3 n-6 
20:4 
20:5 
22: 5 
22:6 
Others 

2.1 2.1 1.6 1.5 1.6 2.0 1.2 
17.8 21.6 19.2 17.3 18.5 21.2 17.6 
6.9 7.3 7.4 7.3 7.2 7.7 8.8 
6.4 7.3 6.7 7.2 5.7 5.8 6.1 

21.4 21.7 23.9 23.3 23.0 22.2 15.9 
3.6 3.7 3.7 3.4 3.7 3.6 1.4 
7.7 7.6 7.4 9.5 8.0 7.8 1.5 
- - - - - - - 
0.6 tr. 0.9 0.8 0.9 0.8 tr. 
2.0 1.4 2.8 2.1 2.3 2.0 5.1 

18.9 15.5 17.2 18.1 19.1 17.4 18.6 
0.6 0.7 0.9 0.8 0.9 0.9 1.0 
7.9 7.0 8.0 8.2 8.6 8.0 16.0 
1.1 1.1 0.5 0.6 0.5 0.6 6.8 

2.2 
19.1 
6.0 
6.8 

29.1 
3.9 
7.2 
tr. 
tr. 
I .O 
7.5 
tr. 
12.9 
4.3 

2.3 3.8 2.4 3.1 2.7 1.1 
21.3 25.9 22.5 22.2 25.2 22.5 
6.7 8.8 7.0 6.2 6.9 9.2 

10.9 8.7 9.4 9.9 10.6 12.0 
31.0 18.7 28.8 20.3 23.1 22.4 
3.9 1.5 3.3 1.8 2.0 2.0 
9.5 10.8 11.2 10.3 11.3 1.8 
tr. 1.2 0.5 0.9 1.0 - 
0.6 1.5 0.9 1.1 1.3 - 
1.2 1.6 1.4 1.2 1.0 4.5 
7.5 12.7 9.8 14.4 9.1 9.3 
tr. 0.7 tr. tr. 0.8 0.6 
2.1 3.6 2.8 3.6 3.0 7.9 
- 0.5 - 2.9 2.0 6.7 

* Data cxpressed as percentagcs of the total fatty acids present. 

groups fed purificd dicts. 1:atty acid composition of 1986) and P. tttono(1otr (Bautista, 1986) corrclated to 
prawns fcd clam mcat \vas slightly different from that dictary energy content. Growth of P. r~zorrotlon incrc- 
of the othcr groups, being characterizcd by lotvcr ascd as long as dictary cncrgy was maintained tvithin 
amounts of 18 : 2 and higher in amounts of 20 :4 and certain limits (Alava and I'ascual, 1987). In Our cxpcr- 
22:6. Fatty acid composition of midgut gland lipids imcnt, the total dictary energy contcnt and calorific 

Table 5. - Fatty acid composition * of midgut gland lipids of prawn, dlacrobrachiun~ rosrnhergii. 

I'hospholipids Triglycerides 

1 2 3 4 5 6 7  1 2 3 4 5 6 7  

14:O 
16:O 
18:O 
11: 1 
16: 1 
18: 1 
20: 1 
18:2 
18:3 n-3 
20:4 
20:s 
22:5 
22:6 
Othcrs 

3.0 4.7 4.1 3.5 2.1 3.9 
14.4 16.2 16.2 16.0 14.4 15.6 
8.3 7.2 7.6 8.4 10.3 8.5 
tr. 0.9 1.1 0.6 - 0.6 
6.9 9.6 8.6 9.0 6.9 7.7 

20.2 21.7 19.2 21.6 21.0 19.9 
5.0 4.9 4.5 4.5 3.8 5.1 
6.2 5.9 5.9 6.5 7.1 7.3 
0.5 0.5 tr. 0.6 0.7 0.7 
2.3 1.4 2.0 2.6 2.4 1.5 

19.2 11.2 17.1 16.1 18.3 16.6 
1.2 0.7 0.9 0.7 0.9 0.8 

10.9 9.3 11.0 9.1 11.1 10.1 
1.7 1.1 1.8 0.8 1.0 1.0 

3.1 
15.5 
8.1 
0.9 

11.6 
19.5 
2.3 
2.0 
tr. 
5.0 

12.4 
tr. 
15.7 
3.9 

6.7 8.0 5.8 
22.1 29.1 25.1 
6.6 5.4 8.1 
1.2 1.2 1.2 
5.9 13.9 9.6 

21.2 26.2 25.8 
12.6 5.7 10.5 
3.2 4.4 3.4 
1.0 tr. - 
- - 
9.5 3.6 8.3 
tr. tr. - 
1.2 2.5 1.1 
3.8 - 0.5 

6.9 6.7 6.7 5.9 
25.1 24.3 25.8 26.3 
6.0 6.7 8.4 7.1 
1.1 0.6 0.8 tr. 

12.7 8.3 8.9 13.8 
27.1 24.6 21.2 19.8 

8.4 12.8 10.7 7.9 
4.4 3.4 4.6 1.8 
tr. tr. - 
- - - - 
5.0 10.4 8.6 - 
tr. tr. tr. 0.6 
1.1 1.3 1.4 4.7 
- - - 9.1 

* Data cxpresscd as pcrccntage oî the total fatty acids prcscnt. 

is shown in t ~ ~ h l c  5. Fatty acid composition of PL for 
the midgut gland \vas similar to that of musclc, but 
proportions of the 16 : 0, 18 : 1 and 20 : 1 in PL tvcrc 
slightly lotvcr than thosc in TC;. 

DISCUSSION 

Growth was rclatively high in the prawns fcd diets 
containing potato starch, soluble starch or dcxtrin. 
Soluble starch fccding, in particular, showcd high PE 
and PER. Additionally, prawns fcd a dict liaving 
soluble starch as the carbohydratc source had lcss 
tvcight variation. Grotvth of crayfish (IIubbard ct al., 

amounts supplicd by carbohydratcs tvcrc similar 
bcttvccn dicts. Thcrcforc, thc differcnccs in tvcitlit 
gain cannot bc ascribed to dictary cncrgctic contcnt, 
but most probably are the rcsult of the nutritive value 
of the carbohydratc source. 

Sunival kvas not dircctly influcnccd by the type of 
carbohydratc. The low survival causcd by cannibalism 
might not bc rclatcd to poor nutritional value, 
bccause high cannibalism occurrence is associatcd 
tvith physiologically active pratvns. In our expericncc, 
higli sunival could be obtaincd from groups reared 
tvith dicts known to bc of low nutritional value. 

Abdcl-Ilahman ct al. (1979) found that polysacch- 
arides tvcre nutritionally supcrior to monosaccliaridcs 
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for P. japonicus; however, Deshimaru and Yonc 
(1978) reported that diets containing starch and dcx- 
trin were associated with high mortality of this spe- 
tics. Sucrose was reported as a desirable dietary car- 
bohydrate source for P. japonicus (Deshimaru and 
Yone, 1978) and P. r>tonodon (Alava and Pascual, 
1979). Our results indicate that soluble starch is the 
most suitable carbohydrate source for the giant fresh- 
water prawn. Thus species spccific differcnces in the 
quality of diffèrent carbohydrate sources can be 
attributcd to feeding habits. The prawn can ingest a 
lot of plants. While Fair er al. (1980) suggested that 
cellulose might contribute to the nutritional require- 
ment of the prawn, the prawn could not utilize cellu- 
lose as a carbohydrate source (Gomez et al., 1988). 
Cellulose may contribute to eficient utilization of 
dietary proteins. 

Eîfècts of the dietary regime on the body composi- 
tion of illacrohrachiurii roscnhergii have not becn 
satisfactorjly investigated. The results of this study 
and of Alava and Pascual (1987) both indicate that 
difirent types of dietary carbohydrates can influence 
the proximate composition of muscle and the hcpato- 
pancrcas of prawn. Lipid Icvcls of the prawn secm to 
be unaffectcd by the types of carbohydrate. Low body 
weight gain of the clam fed group accompanied by 
low muscle lipid scemed to be attributcd to a dietary 
energy deficiency. Lipid content of the whole body 
of freshwater prawn ranged from 1.63 to 3.2% (Reddy 
er al., 1981; Chanmugam et al., 1983). Ililton et al. 
(1983) reported that carcass lipid content significantly 
increased uith increasing dietary lipids in prawn, but 
their results also showcd the possibility of cxccss 
dietary lipids and/or energy content causing a slight 
growth retardation. 

Lipid class composition of muscles and midgut 
glands were markcdly difirent. The bulk of the lipids 
in the midgut gland tissue was composed of TG. 
Absence of TG in the muscle would imply a special- 
izcd lipid metabolism. Teshima and Kanazawa (1978) 
found a rclatively higher proportion of TG than PG 
in midgut glands and more DG than TG in muscles. 
Therefore, lipid metabolism in crustaceans appcars to 

be similar. The group fed a diet containing soluble 
starch had a higher frec fatty acid content than the 
other groups. This high Icvel of free fatty acids may 
be an indicator of active metabolism and a high 
degree of lipolysis as suggcsted by Ota and 
Takagi (1977) for young sweet smelt, Plccoglossus 
alriz-clis. The midgut gland is an important encrgy 
stock in crustaceans and can sene as a sensitive 
indicator of nutritional condition. Ingested carbohy- 
drates should be assimilated as an encrgy stock in the 
form of glycogen and lipids. The groups tvith high 
growth did not altvays show a high midgut gland 
wcight nor a high lipid level and no relationship was 
obvious. 

Chanmugan cf ul. (1983) and Sandifcr and Joseph 
(1976) reported that the tissue of freshwater prawns 
had comparatively greater pcrcentages of 16:0, 18: 1 
and 18: 2, and lesser amounts of n - 3  polyunsatu- 
rated fatty acids. In Our experimcnt, polyunsaturated 
fatty acids tvere found in place of low amounts of 
18:2. Reddy er uI. (1981) reported high amounts of 
16:0, 18: 1, 18:2, 22: 1 and 20:5 in nhole lipids of 
the prawn. These results imply that the fatty acid 
composition is likely to be rcsponsive to dietary 
regime and rcaring conditions. The fatty acid compo- 
sition was not highly differenciated by dietary car- 
bohydrate sourccs, but the clam meat-fed group \vas 
characteristic in low 18: 1. As to 18: 1 in muscle 
PL, the proportion dccreased as growth dccrcascd. 
Accumulation of fatty acid in the muscle PL probably 
relatcd to growth. 

A feeding trial using potato starch, soluble starch, 
dcxtrin, sucrose, glucose and glycogen as carbohy- 
dratc sources was performcd using freshtvater prawn, 
illacrobracliiutti rosenhcrgii. Potato starch and soluble 
starch werc judged to be utilized most cfficiently as 
carbohydrate sources through evaluation of growth, 
food eficiency and body components responscs. 

We wish to thank Dr. S. Kasahara for providing valuable suggestions and Rikcn Vitamin Co., Ltd. for kindly supplying 
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