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Abstract 

The growth performance and digestive enzymic responses of early postlarval 
Penaeus monodon to four dietary groups including live, acid-treated and frozen 
Artemia salina nauplii and a compounded di.et with a chemical composition similar to 
that of Artemia were studied. The growth of postlarvae fed live or acidified Artemia 
which had the highest protease activities was significantly greater than with the other 
two diet groups. Levels of dietary amylase activities did not cause differential growth 
results. The growth of shrimp could not be related directly to the digestive enzyme 
activities of the shrimp. 



Introduction 

There has been much effort to develop compounded larval or 
postlarval feeds comparable to live food organisms in both nutrition 
and availability. Live organisms, nonetheless, are still the food of 
choice in most hatcheries. One major nutritional difference between 
live food organisms and compounded feeds is the digestive enzymes 
in live food organisms. These enzymes of dietary origin (exogenous 
enzymes) play an important role in promoting the digestion and 
even growth of fish (Dabrowski 1979), especially in stomachless fish 
larvae or in larvae initially without stomachs (Dabrowski 1982). 
Jancarik (1964) found that the extract of food organisms activated 
digestive enzymes (endogenous enzymes) and thus supported the 
digestive process in fish. The contribition of exogenous enzymes in 
digestion was more significant in larval and juvenile fish than in 
adult fish (Dabrowski and Glogowski 1977a). The completely 
developed digestive system in adult fish may explain the age (size)
related difference. 
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Growth enhancement effects of exogenous enzymes in 
crustaceans have also been studied. Mangle et al. (1983) successfully 
enhanced the growth of 0.6-g Penaeus japonicus with diets 
supplemented with various levels of microencapsulated amylase and 
bovine trypsin. Dietary inclusions of P. monodon hepatopancreas 
acetone powder significantly promoted the growth of early postlarval 
(PL 7) P. monodon (Chen and Lin 1990). The growth and survival 
of 3-4-g P. japonicus given live short-necked clam, frozen clam or a 
compounded diet with a chemical composition similar to that of the 
clam (Mangle et al. 1982) were not significantly different. These 
past research results seemed to indicate a size (age)-dependent 
response for the growth enhancement effects of exogenous enzyme 
supplementation. 

The present study investigated the growth performance and 
digestive enzymic responses of early postlarval P. monodon fed live, 
acid-treated or frozen Artemia nauplii or a compounded feed with a 
chemical composition similar to that of Artemia nau plii. Growth, 
survival and midgut gland protease and amylase activities of the 
postlarvae fed the various test diets were compared. 

Materials and Methods 

P. monodon postlarvae from a single spawner were artificially

reproduced in a commercial hatchery in Kaohsiung, Taiwan. After 

being acclimatized in 34 ppt and 30°C seawater and being fed live 
Artemia nauplii for five days, the PL 7 postlarvae attained an 
average body length of 8.94 mm and an average body weight of 
0.38 mg. Eight-hundred postlarvae were randomly transferred to 

each of twelve 36-1 rectangular aquaria. Three aquaria were 

randomly assigned to one dietary treatment. Water temperature was 

maintained at 30±0.5°C. 

Four dietary treatments included: live Artemia, acidified 

Artemia, frozen Artemia, and a compounded diet called FFO. 

Artemia cysts used in the study were from a single batch (Ocean 

Star International Inc., Snowville, UT, USA). Live Artemia and 
acidified Artemia were prepared daily to ensure their nutritive 

value. Acidified Artemia were prepared by the method of Lauff and 
Hofer (1984) by incubating newly hatched Artemia nauplii in 0.1 N 

HCI for 5 minutes. The acid-treated nauplii were then neutralized 

by adding 0.1 N NaOH for another 5 minutes, then washed 5 
minutes with water. Acid-denaturation causes an irreversible 
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were individually measured and the survivals recorded. The midgut 

glands of the shrimp were removed, pooled, weighed and were 
homogenized in 0.85% NaCl solution for 3 minutes and centrifuged 
at 4°C and 10,000 rpm for 30 minutes. The supernatants of the 
homogenates were used as the enzyme solution and were preserved 
in liquid nitrogen prior to analyses. The compounded. diet FFO was 
also examined for residual enzyme activities. Procedures of enzyme 

extraction and quantification were carried out in a 4°C cold room. 
Amylase and protease activities of Artemia nauplii, FFO and 

shrimp postlarvae were studied. Amylase activity was assayed using 

the 3,5-dinitrosalicylic acid method (Rick and Stegbauer 1974) on 

soluble starch substrates. The reaction mixture consisted of 1 ml 
substrate solution in 0.02 M phosphate buffer at pH 6.9 and 0.05 ml 

enzyme solution. Digestion was stopped at different intervals 
between 3 and 60 minutes with 2 ml of 1 %, 3,5-dinitrosalicylic acid. 
The mixture was heated in a boiling water bath for 5 minutes and 
measured at 546 nm. For the evaluation of data, a maltose ca
libration curve was used. 

Proteolytic activity was assayed using 1.25% casein substrate 

(pH 7 .6). The hydrolysis of the substrate was monitored at 280 nm. 

A tyrosine calibration curve was used to evaluate the data. Total 
protein was determined according to the method of Lowry et al. 

Table 2. Total amylase and protease activities in 
Artemia nauplii and the compounded test diet 
FFO (n=3). 

Diet Amylasea Proteaseh 

Live Artemia 0.419 228 

Acidified Artemia 0.000 301 

Frozen Artemia 0.352 0 

FFo• 24.552 12 

• on dry weight basis 
amg maltose produced per minute per g wet 
tissue 
hµgtyrosine produced per minute per gwet tissue 

(1951) using bovine serum 

protein for calibration. 

The protease and amy

lase activities of Artemia

nauplii and FFO are listed 

in Table 2. No trace of 
amylase was detected in 

acidified Artemia. Frozen 
Artemia contained no pro
tease activity. There were 
amylase and protease acti
vities in the compounded 
feed FFO. 

Mean  final body 
weight, survival and midgut gland amylase and protease activities 
of the test postlarvae were analyzed for statistical significance 
(P<0.05) by analysis of variance. Individual differences between 

treatments were determined by Duncan's new multiple-range test. 
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Results 

The growth of postlarvae fed live or acidified Artemia was 

significantly (P<0.05) greater than those fed with frozen Artemia or 
FFO (Table 3). Shrimp fed FFO attained a significantly higher 

survival than those fed with any of the three Artemia diets. When 
growth results were compared with the types and levels of digestive 
enzymes in the foods, no correlation could be found for amylase 
activities and growth. The postlarvae attained better growth when 
their diets contained higher protease activities (Table 2). 

Table 3. Mean final weight and survival after 20 days of 
postlarvalPenaeus monodon fed various test diets.Values 
represent means± standard deviation.1

Mean 
Diet body weight (mg) 

Live Artemia 22.67±1 .538 

AcidifiedArtemia 20.10±1.738 

Frozen Artemia 15.03±2.65b 

FFO 9.33±1.53' 

Survival(%) 

28.6±6.88 

25.7±2.0• 
25.4±9.48 

37.3±4.Sb 

lMeans with different superscripts are statistically 
different (P<l).05; Duncan's new multiple range test). 

The total and specific activities of the midgut gland protease 

and amylase of the postlarvae are displayed in Table 4. Total 
activities and specific activities of the two enzymes showed 
consistent patterns in response to the dietary treatments. Protease 

activities of postlarvae fed frozen Artemia were significantly (P<0.05) 
higher than those of the other dietary groups. Frozen Artemia 

contained no proteolytic enzyme activities (Table 2). The postlarvae 
given diets containing the highest protease activities (live or 
acidified Artemia) had the lowest protease activities in their midgut 
gland. Postlarvae fed frozen Artemia or FFO exhibited amylase 
activities significantly (P<0.05) higher than those fed live or acidified 
Artemia (Table 4). On dry weight basis, FFO had the highest 

amylase activities (Table 2). The amylase activities of frozen 

Artemia were lower than those of live Artemia. 

There was no obvious correlation between enzymic response 

and growth performance of the postlarvae. The postlarvae fed live 
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Table 4. Midgut gland amylase and protease activities (means± standard deviation) after 
20 days of postlarval Penaeus monodon fed various diets.1

Protease2 Amylase3 

Total Specific Total Specific 
Diet activity activity activity activity 

Live Artemia 122±34" 63±14& 3.08±0.70• 1.46±0.25• 
AcidifiedArtemia 151±46" 72±15• 4.13±1.26& 2.10±0.54• 
Frozen Artemia 230±72b 124±48b 6.33±1.95b 3.48±1.64b 
FFO 167±668 55±27• 6.72±1.aoh 2.90±0.59b 

1 Activities in the same column with different superscripts are statistically different(P<0.05,
Duncan's new multiple range test). 
2µg tyrosine produced per minute per g wet tissue (n=12).
3mg maltose produced per minute per g wet tissue (n=12).

or acidified Artemia exhibited the lowest amylase and protease 

activities and attained the greatest growth (Tables 3-4). The 

postlarvae fed frozen Artemia had the highest amylase and protease 
activities in their midgut gland, but their growth was inferior to the 

other two Artemia diet groups. Shrimp fed FFO had the second 
highest midgut gland enzyme activities, the highest survival and 
the least growth (Tables 3-4). 

Discussion 

Reduction or elimination of digestive enzyme activities 

significantly affected the nutritive value of Artemia nauplii as 
shrimp food. Exogenous digestive enzymes, thus, are essential in 
presenting Artemia as a nutritive food organism. This implies that 
inclusion of some digestive enzymes in compounded diets for 
shrimp, especially for larval shrimp, is beneficial. In an intensive 

aquaculture system where natural foods are not readily available, 
the use of enzyme-supplemented compounded diets becomes more 
critical. Either protease or amylase seemed to yield some effective 
results, but the effectiveness is not conclusive. The use of food 
organism substitutes such as algae substitute and artificial plankton 
is becoming more popular. Effective supplementation of exogenous 
enzymes in these microparticulated diets would greatly enhance 
their nutritive values. In a preliminary study, we found that the 
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activities of unprotected exogenous enzymes in test diets reduced 
greatly (up to 75% in the case of protease) within 20 minutes after 
administration. Protective measures, such as microcoating or micro
encapsulation, are needed to ensure effective supplementation of 
digestive enzymes. 

The superiority of live food organisms in larval nutrition over 
existing compounded diets is partly derived from exogenous enzymes 
in the live organisms. Exogenous enzymes in diets jo in the 
endogenous enzymes of the animal in achieving the enzymatic 
processes. Dabrowski and Glogowski (1977b) investigated the 
proteases of 25 species of invertebrates which constituted a major 
portion of the diet in fish and found that enzyme characteristics of 
the invertebrate proteases such as activity and optimal pH value 
were similar to those of fish. This result was consistent with a 
previous finding that the extract of food organisms could activate 
digestive enzymes of fish (Jancarik 1964). Lauff and Hofer (1984) 
fed 8-day-old carp fry with live or acidified (to inhibit enzyme 
activity) Moina sp. and ,found that exogenous trypsin represented a 
high portion of the total tryptic activity. Young animals with less 
developed digestive systems benefit more from exogenous enzymes 
than do adults. Supplements of rotifer and Artemia in the larval 
feeding provide the source of exogenous enzymes. 

Although exogenous enzymes have been found to support 
digestion, supplementation of enzymes in diets of aquatic animals, 
especially crustaceans, has met with mixed results. Studies using 
larval (Maugle et al. 1983) and early postlarval penaeid shrimp 
(Chen and Lin 1990) showed positive growth enhancements with 
exogenous enzyme supplementation. The growth and survival of 3-4 
g P. japonicus, on the other hand, did not show any difference 
when fed live short-necked clam (Venerupis philippinarum), frozen 
clam or a compounded diet having similar chemical composition to 
that of the clam (Maugle et al. 1982). In the present study, shrimp 
fed live or acidified Artemia (no amylase activities) showed higher 
growth than those fed frozen Artemia (no protease activities) or the 
compounded diet FFO. Living Artemia did not result in significantly 
better growth than the nonliving acidified Artemia. The difference 
in amylase activities also did not yield differential growth. 
Significant differences in growth enhancement between the two 
nonliving Artemia diets might be caused by differences in the 
enzyme compositions or in nutritive values or both. Frozen 
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zooplankton were found to have a higher leaching rate of 

nitrogenous compounds such as free amino acids (Grabner et al. 
1981) than the live ones. Leaching decreases nutritive values. 

The relationship between digestive enzyme activity and growth 
performance of fish or shrimp is unclear. In the study with P.

japoni.cus (Maugle et al. 1982), shrimp given live short-necked clam 

(high in protease activity) showed a higher protease activity than 

those fed frozen clam or a compounded diet (both were low in 
protease activity). The shrimp fed those three diets, however, did 
not differ in growth. Recent studies with early postlarval P.

monodon (Chen and Lin 1990) and Coregonus lavaretus larvae 

(Segner et al. 1989) also indicated that growth cannot be related 

directly to digestive enzyme activities of shrimp or fish. 

The lack of correlation between growth and digestive enzyme 

activities in the present study also suggests that growth was 

affected by dietary variables other than digestive enzyme activities. 

Although digestive enzyme analysis is a useful tool to assess the 
catalytic abilities of marine shrimp, digestive enzyme activities 
alone do not forecast the growth potential of the shrimp. Enzyme 

activities appear to respond to dietary differences in less time than 
is required to express those differences in growth rate (Lee et al. 

1984). 
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