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Adaptation of digestive enzymes to dietary protein, carbohydrate
and fibre levels and influence of protein and carbohydrate
quality in Penaeus uannamei larvae (Crustacea, Decapoda)
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Abstract

Activity of digestive enzymes (trypsin, chymotrypsin and amylase) was studied in relation with food in
Penaeus vannamei larvae first stages. Microparticles containing casein involved the decrease of soluble
protein content and enzyme activities. Specific trypsin activity but not chymotrypsin was correlated
( p < 1 %) to casein level between 10 and 60% in microparticles. Cellulose fibres in food seemed to
have little effect on digestive enzymes. Starch, between 1 and 20% in microparticles, had no influence
on specific amylase activity. The effect of different feeding conditions were also tested on growth. No
clear relationship between growth and enzyme is established since only trypsin is concerned in the
case of a casein dose effect in the food. The protein source (casein, gelatin, squid meal or fish protein
soluble concentrate) as well as the carbohydrate quality (soluble starch, standard corn starch, amylopectin
corn starch or pregelatinized corn starch) were tested. Squid meal stimulated significantly chymotrypsin
activity @ < 2 %) while trypsin activity decreased with fish protein soluble concentrate @ < 5 %). Source
of carbohydrate seemed very important, amylase activity increased significantly (p < 2 %) with corn starch.
These adaptations are not correlated to growth performances since squid meal or fish protein soluble
concentrate improved lama1 development until zoe 3 substage. These results suggest a specific induction
of digestive enzymes to the food quality in larvae independent of growth performances.
Keywords : Penaeus vannamei, larvae, food, digestive enzymes, trypsin, chymotrypsin, amylase.
Adaptation des enzymes digestives à la teneur en protéines, en glucides et en jîbres :injtuence de la qualité
des protéines et des glucides dans l'aliment chez les larves de Penaeus vannamei (Crustacea, Decapoda).

Résumé

Aquat. Living

L'activité des enzymes digestives (trypsine, chymotrypsine et amylase) au cours des premiers stades
larvaires de Penaeus vannamei est étudiée en relation avec l'alimentation. Les microparticules 2 base de
caséine diminuent le contenu protéique soluble et les activités enzymatiques. L'activité spécifique de la
trypsine est corrélée (p< 1%) au taux de caséine entre 10 et 60% dans les microparticules, mais pas
la chymotrypsine. L'amidon, entre 1 et 20% dans l'aliment, n'a aucun effet sur l'activité spécifique de
l'amylase. De même, les fibres de cellulose semblent avoir peu d'effet sur l'activité des enzymes digestives.
Les effets de différentes conditions d'alimentation sont aussi testés sur la croissance. La relation entre la
croissance et les enzymes n'est pas clairement établie alors que seule la trypsine est concernée par un effet
dose de caséine dans l'aliment. L'origine des protéines (caséine, gélatine, farine de calmar et concentré
protéique soluble de poisson) ainsi que la qualité de l'amidon (amidon soluble, amidon de maïs standard,
amidon de maïs riche en amylopectine et amidon de maïs prégelatinisé) sont testées. La farine de calmar
stimule significativement (p<2%) l'activité de la chymotrypsine alors que l'activité de la trypsine est
significativement plus faible @ < 5 %) avec le concentré protéique soluble de poisson. La source de glucide
semble importante, l'activité de l'amylase augmente significativement @ < 2%) avec l'amidon de maïs.
Ces adaptations ne sont pas corrélées aux performances de croissance alors que la farine de calmar et le
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concentré protéique soluble de poisson accélèrent le développement larvaire, le gain à zoé 3 est de 1 jour.
Ces résultats suggèrent une induction spécifique des enzymes digestives liée à la qualité de l'aliment chez
les lames, indépendamment des performances de croissance.

Mots-clés :Penaeus vunnumei, larve, alimentation, enzymes digestives, trypsine, chymotrypsine, amylase.
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INTRODUCTION
Larval feeding is traditionally composed of a
mixture of algae and Artemia nauplii given empirically
(Mock and Murphy, 1969). Research findings on
larval shtimp nutrition have advanced sufficiently to
permit development of microparticles as substitutes
for live food (Jones et al., 1979; Teshima and
Kanazawa, 1983) and similar growth has been
measured at zoe substages, in groups receiving live
and microparticulate seeds (AQUACOP et al., 1990).
The relationship between larval growth and protein or
carbohydrate level in diet has been studied by Teshima
and Kanazawa (1984) who have determined the
optimum of proteins around 50% and of carbohydrates
between 15 and 20%. Growth becomes more efficient
when larvae are fed diets containing fish meals and
squid meal (Cuzon and GuilIa~me,~l986;
Koshio er
al., 1992).
The ontogenetic changes in digestive enzymes
have been used to adjust diets to the crustacean
digestive activity (Laubier-Bonnichon et al., 1977;
Hirch and Anger, 1987; Lovett and Felder, 1990;
Fang and Lee, 1992). The relationship between food
substrate and digestion in crustaceans has been also
investigated in small crustaceans but mainly in adults,
and contradictory results were obtained according to
the species, the size of animals and the nature of
food constituents. A repressive regulatory mechanism
for enzymes under saturating food conditions has been
shown for Arternia salina (Samain et al., 1985) and the
copepod Calanus helgolanclicu.~(Harris et al., 1986),
whereas has been shown to for Calanus hyperboreus,
no specific induction of digestive enzymes occur (Head
and Conover, 1983). In larger crustaceans such as
Penaeus japonicus, starvation involves a decrease in
specific activity of amylase but not of trypsin (Cuzon et
al., 1980). However, adaptation of digestive enzymes
level to the composition of experimental diets in
Pahemon serratus (Van Wormhoudt et al., 1980) and
in Homarus gammarus (Lucien-Brun et al., 1985) has
been measured. For Penaeus vannamei, Lee et al.
(1984) have shown an adaptation of digestive enzymes
according to the shrimp size, the protein sources and
the protein level in the diet, whereas in Penueus
setiferus, enzyme activities varied inversely to the
protein level in diet (Lee and Lawrence, 1985).
This study, reports, for the first time, the limits of
adaptation of digestive enzymes of Penueus vannumei
larvae, mainly at zoe substages, to different protein,

Table 1. - Microparticle formula\ (for 100 g) according to Teshima

and Kanarawa (1984).
Ingredients

Protein and cellulose
levels (Yi)

Carbohydrate and
cellulose levels (%)

Casein a
Cod liver oil
Lecithin
Cholesterol
Starch
Glucose
Saccharose
Glucosamine
Minerals
Vitamins
Arginine
Methionine
Alanine
Cellulose

Vitamin-free Casein, Merck.
Soluble starch, Sigma.
Cd Kanazawa et al., 1977.

carbohydrate and cellulose levels and different protein
sources and starch qualities in microparticulate diets.
The absence of apparent effect of cellulose in food
was reported.

MATERIAL AND METHODS
Larvae were obtained from captive breeders and
reared according to the standard established by
AQUACOP (1982) for control larvae fed unicellular
algae and Artemia salina nauplii, and by AQUACOP
et al. (1990) for the microparticle fed experimental
larvae. Larvae were reared in filtered seawater
(37 ppt salinity, 27°C) in 200 liters cylindroconical
tanks under artificial light. Initial density was
180 naupliilliter.
Control larvae were fed with a cocktail of unicellular
algae composed of Isochrysis galbana given at
zoe 1 (Zl) substage (15000 cellslml), Chaetoceros
calcitrans at zoe 2 (22) and zoe 3 (23) substages
(50000 cellslml) and Artemia salina nauplii at mysis
substages, 101mysis 1 (Ml), 25lmysis 2 (M2) and
35lmysis 3 (M3) per day. Microparticles containing
50% casein and 10% starch were made according to
Teshima et al. (1983). They were given every four
hours with the help of automatic feeders from Z1
Aquat. Living Resour., Vol. 7. no 3
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Table 2. - Proximal analysis of shrimp larval livc food: unicellular
algae and Artemia sulina nauplius (% dry basis).
Constituent
Cnide protein
Cnide fat
Ash

"

Isochrysis
galbana a

Chaetoceros
calcitrans

37
12
23

25
10
37

Artemia salina

55
20
10

Rubio Rincon, 1993.
Aujero et al., 1983.
Sun Pan et al., 1991.
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compared: soluble starch A l , standard corn starch
A2, corn starch with a high amylopectin content
A3 and pregelatinized corn starch A4. Soluble starch
was supplied by Sigma Chemicals Corporation, corn
starches (A2, A3 and A4) were provided by Roquette.
Formulas were ballasted with cellulose. Each treatment
were conducted in duplicate. Experiments were
stopped at day 8.

Enzyme analysis

to 2 3 in the experimental batches, 6 x 0.64 g/day at
Z1, 6 x 1.00 g/day at 2 2 and 6 x 1.20 g/day at 23.
Microparticle size was less than 125 Pm. Composition
of the microparticles is given in table 1, and algae and
Artemia salina nauplius proximate analysis is given
in table 2.

Effect of live food and artificial diet

Larvae (around 100) were caught on plankton mesh,
frozen and freeze-dried. The freeze-dried larvae were
homogenized in phosphate buffer 10 mM pH 7 using
a tissue grinder. Homogenates were centrifuged at
13000 rpm for 10 min at 4OC and the supernatant was
collected and stored at -70°C. Soluble protein content
was measured by the Lowry method (1964) using
bovine serum albumin (BSA) as standard. Trypsic
activity was estimated using N-Benzoyl-L-Argininep-Nitroanilide (BAPNA) as substrate in Tris buffer

The effects of feeding algae or microparticles at
zoe stage and Artemia nauplii at mysis stage were
compared. In this experiment, animals were taken at
each new substage in each treatment from a single
observation. Experiment was stopped at M3.

Effect of protein and carbohydrate levels
At zoe stage, the effect of three levels of casein
as protein source in microparticles (10, 50 and
60% of casein) and three levels of soluble starch
as the carbohydrate source in microparticles (1, 10
and 20%) were determined (table 1). Formulas were
ballasted with cellulose. Treatments were conducted
in duplicate. Experiments were stopped at day 8.

Protein and carbohydrate quality
The effects of casein (CAS), gelatin (GEL), squid
meal (CAL) and soluble fish protein concentrate
(CPSP) as protein sources at constant protein level
(50%) in microparticulate diets in zoe larvae were
detennined. GEL, CAL and CPSP were incorporated
in formula in relation to their proximal composition
(table 3). Lipid and carbohydrate were respectively
incorporated to 6 and 10%. Effect of starch quality
were determined on zoe larvae. Four starches,
incorporated into the control formula at IO%, were
Table 3. - Proximal analysis of gelatin, squid meal and protein fish
soluble concentrate (%) incorporated in microparticles.
F'rotein sources
Gelatin
Squid meal
Fish protein soluble
concentrate a
a

F'rotein

Lipid

Ash

88
71
85

O
6
5

2

Solatlante CPSP90, SANOFI.
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6

Moisture
10
, 9
4

Figure 1. - Penaeus vannamei larval growth, comparison between
zoe substages fed with algae and microparticles, rnysis substages were
fed with Anemia nauplii. (a) Larval length, each point represents the
average of 10 observations. Larval length is the distance between
telson and rostmm base. (b) Individual soluble protein content
of P. vannamei larvae. Each point represents the mean of two
observations.

0.1 M pH 8 (Erlanger et ah, 1961). Chymotrypsin
zrtivity was assayed with Succinyl-(Ala)2-ProlinePhvnylalaline-p-Nitroanilide (SAPPNA) as substrate in
Tris buffer 0.1 M pH 8 (Delmer et al., 1979). Amylase
zrtivity was estimzted after glycogen hydrolysis at
37°C with the Bernfeld mrthod (1955). One unit
arternio

1

of trypsin and chymotrypsin activity cc)rresponded
to 1 pmole of p-Nitroanilide liberated in one minute
and amylase activity was defined as mg of maltose
liberated in one minute at 37°C.

Larval growth, trypsin, chymotrypsin and amylasc
activities wcre mcasured in each tank. Data from each
tank were pooled hetween the late zoe 2 and the zoe 3.
Dose-response experiments were computed by simple
regresrion. Compariaon experiments were computed
with ANOVA.

crt -,pic

,,LIJ

F i s r e 3. - Effect of protcin lcvcl (1, 50 and 60% casein) in diet
on specific trypain (a) and chymotrypsin (b) activitics. Vertical bars
represcnt standard deviation ( 7 1 =4).

Elkrt of Iive fccd zsd zstiCclel diet
zro;~l:r exi iIgcs:ive c::zyKrs
Fi-re 2. - Cornparison of specific activities of some digestive
enzymes in zoe substages fed with algae and microparticles and in
mysis sübstages were fed with Artemia nauplii. Spccific trypsin (a),
chymotrypsin (b) and amylase (c) activities. Each point reprcsents the
mean of two observations.

03

Survival from nauplius to 23 of control larvae
was 75 and 71% for experimental larvae, between
M l and M3 survival was 90%. Figure 1a shows the
increase in length of laboratory-reared P. vannarnei
Aquat. Living Rcsour., Vol. 7, no 3
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Table 4. - Effect of protein and starch level on larval development.
Results are expressed in % of 2 3 at day 8. Each result is the mean of
two observations of each treatment with standard deviation.

Table 5. - Effect of protein source and starch quality on larval
development. Results are expressed in term of days to reach 23. Each
result is the mean of the two observations of each treatment.

Protein level (% of
casein)

Protein source

23

Carbohydrate level (%
of starch)

(%)

23

23

Starch quality

23

8
8

A1
A2
A3
A4

8
8
8
8

(%)

Casein
Gelatin
Squid meal
Fish protein soluble

larvae. Sizes of larvae were not different for zoe larvae
fed algae or microparticles. Soluble protein content
in developmental stages of P. vannamei increased
regularly between Z1 and M3 substage (fig. 1 b).
Zoe larvae fed microparticles contained less soluble
protein than larvae fed algae. A same pattern of
ontogenetic change in specific enzyme activity was
observed with trypsin, chymotrypsin and amylase.
Specific trypsin and chymotrypsin activities increased
during zoe substage development but less so for
larvae fed microparticles (fig. 2 a, b). Amylase activity
remained low and did not change during zoe stage
when larvae were fed microparticles. At mysis stage,
specific enzymatic activities slowed down.

7
7

Influence of protein and carbohydrate quality
CAL and CPSP stimulated the best growth, at
day 7 al1 zoe fed microparticles containing CAL or
CPSP were 2 3 but larvae fed diets containing CAS
or GEL were 23 only at day 8 (table 5). CPSP gave
the lowest trypsin activity @<5 %) (/ïg. 5 a). CAL
induced the highest specific chymotrypsin activity
(p<2%) (fig. 5b).
The starch quality has no effect on larval
development (table 5), larvae were 2 3 at day 8.
Specific amylase activity was significantly higher
(p<2%) when larvae were fed microparticles

Effect of protein level and carbohydrate level
Best growth was obtained with a diet containing
60% casein (table 4),at day 8, 100% of larvae fed with
this diet were 23, whereas only 75% of larvae were
2 3 with microparticles containing less casein. Specific
trypsin activity was positively (p< 1%) correlated to
the casein level in diet fig. 3 a). Specific chymotrypsin
was not correlated to the dietary casein level (fig. 3 b).
At day 8, al1 larvae fed microparticles containing
10 % and 20 % starch were 2 3 whereas larvae fed diet
containing 1 % starch were only 20% 2 3 (table 4).
Starch between 1 and 20% in microparticles had no
influence on specific amylase activity fig. 4).

I

O

5

15

1O

20

25

Figure 4. - Effect of starch level (1, 10 and 20 % soluble starch)
in diet on specific amylase activity. Vertical bars represent standard
deviation (n = 4).
Aquat. Living Resour., Vol. 7, no 3
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CAS

GEL

CAL

CPSP

CAS

GEL

CAL

CPSP

Figure 5. - Effect of protein sources on specific trypsin (a) and
chymotrypsin (b) activities. Bars represent mean values (n =4). CAS:
casein; GEL: gelatin; CAl: squid meal; CPSP: fish protein soluble
concentrate.
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Figure 6. - Effect of starch qualities on specific amylase activity. Bars
represent rnean values ( n = 4 ) . A l : soluble starch; A2: standard corn
starch; A3: arnylopectin corn starch; A4: pregelatinized corn starch.

containing corn starch (A2, A3, A4) compared to
soluble starch (Al). No significant differences were
observed between different quality of corn starches
(fig.

6).

DISCUSSION
Our results show that the increase of the total
soluble protein content is correlated to larval growth as
described by Laubier-Bonnichon et al. (1977), Lovett
and Felder (1990). Tt corresponds to an increase of
the digestive gland volume, described for Penaeus
setiferus by Lovett and Felder (1989), and measured
for P. monodon larvae by Abubakar and Jones (1991)
also found in this study. Moreover, our results
show that variations in soluble protein content in
P. vannamei larvae are also correlated with the food
quality. Specific enzymatic activities follow the same
pattern as soluble protein content with regard to larval
growth and food.
Such factors as moulting, time of day and
temperature may influence enzyme activities and at
least four feed-related factors can be the source of
variations: food type (living or inert), size, density
and quality. Opposition between live food (algae)
and inert particles may lead to chemically mediated
food attraction. Algae (3-4 pm) are smaller than
microparticles (< 125 pm) which have a large range
of size. Several studies on small crustaceans like
copepods show that no species selects food with
respect to particle size (Frost, 1977; Poulet, 1978).
Food density is a factor regulating ingestion: ce11
ingestion rate increases until a maximum and a
saturation response to ce11 concentration is observed in
P. indicus larvae (Emmerson, 1980) and in copepods
(Frost, 1972). Food quality is the major determinant of
ingestion rate in zooplankton in particular the protein
content of phytoplankton (Cowles et al., 1988).
Cellulose used as ballast in our experimental diets
do not seems to have any influence on growth and

enzyme activities. Akiyama et al. (1989) have shown
that dietary fibres, such as cellulose, were poorly
digested by P. vannamei. In these conditions, it cannot
influence directly digestive enzyme synthesis as shown
by our experiments. The fact that chymotrypsin and
amylase did not Vary while trypsin varied with protein
level suggest also that the cellulose, we have used, has
no chromatographic effect on enzymes, by adsorption
in the digestive tract.
The results presented indicate that larval growth
depends on adjustment to the nutritional needs:
the highest larval growth was obtained with diet
containing 60% casein and 10% starch in artificial
diet confirming the results obtained by Teshima and
Kanazawa (1984). Trypsin varied with the protein level
in microparticles at zoe stage whereas chymotrypsin
did not Vary in the same conditions. For Paluemon
serratus and Homarus gammarus juveniles (Van
Wormhoudt et al., 1980; Lucien-Brun et al., 1985),
specific trypsin activity is correlated to protein level
in the diet up to a maximum, respectively 45 and 37%,
and decreases beyond that. In Penaeus setiferus adults,
however Lee and Lawrence (1985) have detected a
repressive regulatory mechanism of enzyme activity
with regard to substrate level in food.
In fact, the choice of ingredients is an important
parameter to accelerate penaeid growth (Cuzon and
Guillaume, 1984) and also to influence digestive
enzymes (Van Worrnhoudt et al., 1986). Lee et al.
(1984) have shown that the protein source (animal and
plant protein) as well as size of shrimps influences the
level of protease activities: animal protein induces a
high level of enzyme activities in small shrimps but
not in larger shrimps. Our conclusions confinn these
results: CAL and CPSP accelerated larval growth in
companson to casein and gelatin and it is admitted that
squid meal contains a factor promoting shrimp growth
(Cruz-Rique, 1987; Revol-Mendoza, 1992). Previous
results, obtained in P. japonicus juveniles, show that
this growth effect is accompanied by an increase of
specific amylase, protease and trypsin activities when
squid meal is incorporated at 10% into the formula in
addition to the other protein sources (Van Wormhoudt
et al., 1986). Our results confirm that protein quality
seems to be one of the factors regulating specifically
the enzyme activities in larvae: we report here that
with CPSP, the levels of trypsin and chymotrypsin
activities are the lowest and may be the consequence
of hydrolysate preparation. Chymotrypsin is stimulated
significantly when protein source is CAL. However
these changes are not correlated with growth at least
during the early stages of development.
Concerning carbohydrates, starch level influences
growth but not amylase activity; at 1% starch in
food, growth is slowed down. As suggested by Van
Wonnhoudt et al. (1980), low levels are sufficient and
induction has to be determined at these levels. Glucose
in larval food (3%) rapidly assimilated, is probably a
factor restricting amylase activity and could explain
the absence of response of amylase at the different
Aquat. Living Resour., Vol. 7, no 3
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rates of starch. In rat, glucose level in blood is one
of the factors determining amylase secretion (Ben
Abdeljlil et al., 1963). Other experiments have to be
done to determine the role of glucose in haemolymph
of inducing amylase secretion in shnmps. Yet, glucose
is probably not involved alone in the regulation of
amylase activity. The importance of starch origin
is also shown because it is a factor of amylase
variation in Penaeus vannamei larvae. This may be
due, according to Gray (1992), to digestibility of
starch depending on its origin and on its structure.
Technological treatments (cracking, cooking) enhance
starch digestion by converting it from a crystalline to
a gel structure.

209

In conclusion, it appears that during the first stages
of lama1 development an adaptation of trypsin to the
casein level in food and of trypsin, chymotrypsin
and amylase to the food quality exists as in adults.
The increase of trypsin, but not chymotrypsin is
correlated to the casein level in the diet and is
parallel to the growth. This specific induction may
be due to the protein quality and is different according
to the protein quality. Squid meal or fish protein
soluble concentrate improved larval growth while
they have contradictory effects on digestive enzymes.
These adaptations however does not seem to have an
immediat effect on growth and long term experiments
should be done to confirm these results.
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