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ABSTRACT. Correct management of the feeding regime in shrimp aquaculture has been beneficial. Still, when
looking for improvement in shrimp performance, the results have been contradictory, and the limits between
better growth and independent growth as a function of the feeding regime are not clear. In this study, trypsin
and a-amylase activity, as well as an interpretation of the energy utilized for enzyme production, were evaluated
in shrimp weighing 1 g. Four feeding groups were set to feed one, two, four, or eight times per day over a month,
after which trypsin and a-amylase activities were evaluated during 29 h. Results indicated that the group fed
once per day ingested 90% of the feed, whereas the other groups ingested 100%. The a-amylase was not
consumed during the daytime in all groups, unlike trypsin. Total trypsin activity was not significantly different
between feeding groups, but a-amylase was significantly different. Shrimp fed eight times had an elevated a-
amylase activity level that was 2.6 times greater than those fed only once, and 0.8 and 0.5 times greater than
those fed four and twice per day, respectively. Feeding more frequently generates a higher use of energy that
may or may not be reflected in growth but could be essential for all the energy-dependent metabolic processes

required by shrimp.

Keywords: Penaeus vannamei; feeding frequency; trypsin activity; a-amylase activity; aquaculture

INTRODUCTION

One of the approaches for optimizing feeding in shrimp
ponds involves the feeding frequency and the circadian
rhythm of the animals' digestive enzyme activity.
Studies on feeding frequency and its effects on shrimp
growth are conflicting. Some works showed a positive
effect on shrimp growth when feeding frequency
increased (Sedgwick 1979, Robertson et al. 1993,
Tacon et al. 2002); however, others found no direct
relationship between these two factors (Velasco et al.
1999, Smith et al. 2002, Carvalho & Nunes 2006). It is
known that shrimp can vary their diet from vegetal to
animal sources and utilize bacteria and algae of the
water as food. Information on the diet, feeding habits,
and ecological niche of the shrimp (Rodriguez-Viera et
al. 2014) are necessary to understand the strategy of
obtaining nutrients.

Carbohydrate hydrolysis has been studied in crusta-
ceans to help understand what role it plays in nutrition.

Corresponding editor: Sandra Bravo

Studies on the performance of a-amylase regarding age
and as a function of ingested feed-in semi-intensive
aguaculture revealed that a-amylase activity in Penaeus
vannamei weighing 2 g was significantly lower
compared with larger organisms. Simultaneously,
smaller shrimp were more dependent on protein,
whereas P. vannamei decreases the ingestion of protein
but increases carbohydrates' intake during growth
(Gamboa-Delgado et al. 2003). An increase in a-
amylase activity with age is related to the rise of a-
amylase isoforms (from 7 to 10) revealed by sodium
dodecyl sulphate-polyacrylamide gel electrophoresis
(SDS-PAGE) (Castro et al. 2012). Trypsin isoform
patterns of two or three remain during all ages of P.
vannamei (Sainz-Hernandez et al. 2005, Aguifiaga-
Cruz et al. 2017).

Different factors have been observed to influence -
amylase and trypsin activity, like the molt cycle
(Gaxiola et al. 2005) or whether the organisms are
grown in aquaculture systems versus in nature (Castro
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et al. 2012); total amylolytic activity in farmed shrimp
was three times as high as that of wild shrimp.
According to these works, this phenomenon occurs
because the commercial feed components contain many
carbohydrates. They postulated that a-amylase activity
depends on the species' natural diet, with herbivores
and omnivores exhibiting significantly higher activity
than carnivores (Johnston & Freeman 2005, Simon
2009). In fish, production of a-amylase is neither fed
dependent nor of reflex origin (Hofer et al. 1982).
Soares-Pontes et al. (2006) and Santos et al. (2016)
described P. vannamei behavior during the day and at
night and concluded that swimming occurred
predominantly at night. They proposed that inactive
shrimp during the daytime use limited stored energy
and, therefore, food is transformed into biomass.

Trypsin found in P. vannamei is a polymorphic
molecule composed of three isotrypsins synthesized as
a zymogene (Klein et al. 1998, Sainz-Hernandez et al.
2004b). There have been several studies on the trypsin
activity of P. vannamei in which the organism was fed
different diets and at different ages and physiological
states. Trypsin's nucleotide sequence is known (Klein
et al. 1996), as well as its genomic arrangement (Klein
et al. 1998), its modulation (Sainz-Hernandez et al.
2005, Aguifiaga-Cruz et al. 2019), and its biochemical
characterization (Sainz-Herndndez et al. 2004a).
Trypsin activity dominates in penaeid shrimp larvae
and is altered when the organisms change from
herbivorous to carnivorous (Kumlu & Jones 1995,
Hernandez-Cortes et al. 2017). P. vannamei undergoes
this critical change in trypsin activity and becomes
carnivorous during an earlier developmental stage than
other penaeids (Puello-Cruz et al. 2002).

The selection of phytoplankton as a primary source
of diet by small larvae of P. vannamei (Le Vay et al.
2001) results in high trypsin activity and low a-amylase
activity related to the low protein and high
carbohydrate content in phytoplankton (Harris et al.
1986, Harms et al. 1991). At the protozoea 2 (PZ2)
stage, P. vannamei changes from its phytophagous state
to being carnivorous and starts feeding on zooplankton.
At this point, its trypsin activity decreases, and its a-
amylase activity increases because zooplankton
contains a pool of readily digestible protein and low
carbohydrate content (Hernandez-Cortes et al. 2017).
However, changes in the protease and a-amylase
activity rate during ontogeny are not directly associated
with diet alone and appear to be genetically controlled
(Lovett & Felder 1990, Hernandez-Cortes et al. 2017).
Due to the range of digestive enzymes and their activity
levels, they appear to define the feeding strategy, and
the type of prey consumed and are correlated with the
development of the secretory digestive gland (DG)

tissue (Lumasag et al. 2007). Dietary plant protein
results in higher trypsin activity than dietary animal
protein (Le Moullac & Van Wormhoudt 1994, Le
Moullac et al. 1997).

Trypsin activity has been proposed to be an
excellent biochemical marker of digestive system status
because proteases are synthesized as inactive
precursors or zymogens (Sellos & Van Wormhoudt
1992). In several studies, trypsin activity has been
observed to increase before ingestion in P. vannamei
(Hernandez-Cortes et al. 1999, Sainz-Hernandez et al.
2005, Santos et al. 2016) and Litopenaeus schmitti
(Diaz-Granda 1997), and to decrease after ingestion.

From the enzymatic point of view, the immediate
research goals were to describe how the kinetics of
enzymatic activity concentration (EAC) decrease or
increase with different feeding rates and interpret how
the energy is used to catalysis protein and carbohy-
drates in the P. vannamei shrimp.

MATERIALS AND METHODS

Experimental design

The Penaeus vannamei shrimp were obtained from a
postlarvae production laboratory in Sinaloa, Mexico,
and cultured in the farm "Acuicola Cuate Machado",
North-Guasave, Sinaloa, Mexico. The shrimp were
cultured indoors in a 100 m® container equipped with
water filters (10 um) and continuous flow. The air was
supplied with a one HP blower and diffused by air
tubes; a greenhouse controlled the temperature at 28 +
2°C, and shrimp were fed 10% of their biomass with
Azteca shrimp feed® (35% protein, 6% fat, 5% crude
fiber, 10% moisture, 10% ash, and 34% NFE) twice a
day, at 8:00 and 20:00 h.

When the average shrimp weight was 1 g, the
organisms were transferred to 12 containers of 78 m®
equipped with water filters (10 um) and continuous
water flow. Shrimp were arranged for a completely
randomized design as follows. Four groups were
stocked at the same shrimp density (320 ind m), a total
of 25,000 individuals per tank. Four different feeding
regimes were set in triplicate: group A was fed once
during the day; group B, two times; group C, four times;
and group D, eight times, as indicated in Figures 1 and
2. At the beginning of the experiment, the feeding
groups were fed at 10% of their biomass per day to
finish with 5% in different fractions for a month.

Biological performance

Weekly growth was monitored, and the biomass (%)
was adjusted to feed. The feed was applied in trays, and
the amount of ingestion was recorded. The survival =
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Figure 1. Effect of different feeding rates. a) Group A, feeding once: 24 h, b) group B, two times: 12 h, c) group C, three
times: 6 h, and d) group D, eight times: 3 h, on a-amylase activity in the digestive glands of shrimp sampled during a feeding
cycle. Vertical black lines indicate the feeding hour. Different lowercase letters indicate statistical significance (o = 0.05; n

= 5),

final number of shrimp - initial number of shrimp x100.
Feed conversion ratio (FCR) = F / (Wf - WO0), where F
is the weight of feed supplied to the shrimp during the
assay, Wf: final weight, and WO: initial weight (Ziaei-
Nejad et al. 2006).

Sample preparation

After one month, samples of five shrimp in molting
stage C were collected every hour per treatment and
replicated over 29 h, as shown in Figure 1. Shrimp were
euthanized by freezing, and then the DG was extracted
and collected in 1.7 mL Eppendorf tubes and kept at
-70°C. Each DG was homogenized (1:2) in distilled
water in a Waring® blender. The homogenate was
centrifuged three times for 30 min at 10,000 g, and the

agueous extract was separated from the lipids and the
sediment.

Trypsin and a-amylase activity assays

Trypsin activity was quantified individually per shrimp,
using 1 mM benzoyl-arginine p-nitroaniline (BAPNA)
in 20 mM TRIS-HCI and 20 mM CacCly, with a pH of
7.5 as the substrate (Erlanger et al. 1961). The amount
of p-nitroaniline liberated from BAPNA at 35°C was
calculated by increasing absorbance at 410 nm
(extinction coefficient = 8800 M cm™). One enzyme
unit was defined as the amount of enzyme that
hydrolyzes 1 mM BAPNA per minute under the
conditions described above. Total activity was
expressed as enzyme units per volume of sample or
EAC.
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Figure 2. Effect of different feeding rates. a) Group A, feeding once: 24 h, b) group B, two times: 12 h, ¢) group C, three
times: 6 h, and d) group D, eight times: 3 h, on trypsin activity the digestive glands of shrimp sampled during a feeding
cycle. Vertical black lines indicate the feeding hour. Different lowercase letters indicate statistical significance (o = 0.05; n

= 5),

The a-amylase activity was evaluated individually
per sample, utilizing 50 uL of crude enzyme extract that
was incubated for 15 min at 30°C with 650 pL of
sodium citrate (50 mM; pH 5.0) containing 10 mM
NaCl, 20 mM CacCl,, and 500 pL of a solution of
0.125% soluble starch in 50 mM sodium citrate with a
pH of 5.0. The reaction was stopped by the addition of
5.0 mL of iodine/iodide (0.5% 1% and 5% KI). The
absorbance of the blue color was determined at 580 nm.
Total activity was expressed as micromoles maltose
enzyme delivered per minute, per volume of sample or
EAC.

Estimation of relative energy use

Relative energy use was calculated about the EAC.
Although it was not possible to quantify the actual
consumption and the EAC increase, the data were
analyzed to describe the relationship between the total
elevations and decreases of EAC per feeding regime,
with the following equation: Y El / }’De = d EAC. El:
EAC elevations, De: EAC decreases, d EAC: EAC
balance. Relative percent of activity was calculated
considering the highest total activity elevation as of
100%. Relative energy use estimate for EAC was
calculated considering that in a system similar to that of
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the DG of P. vannamei, more activity requires more
conversion of zymogen to the active enzyme and more
transcription and translation of enzymes to cover the
enzymatic activity demand. For the enzyme translation,
four to six molecules of ATP are needed per peptide.
Thus, the amount of EAC is proportional to the ATP
consumed to translate the enzymes.

Statistical analysis

A sign test evaluated differences in activity among the
different sampled hours of each feeding regime for
dependent samples and a posteriori Wilcoxon matched
pairs test. The level of significance was set at 0.05. To
evaluate the significance among treatments on the
variables: survival, final weight, weekly growth, feed
intake, and feed conversion rate, a Kruskal-Wallis test
was carried out.

RESULTS

Biological performance

Survival, final weight, weekly growth, feed intake, and
feed conversion rate are depicted in Table 1. No
significant difference (P > 0.05) was detected among
treatments in any variable.

Enzymatic activity concentration at different
feeding frequencies

Trypsin and a-amylase activities concentration
during a diurnal cycle

Feed intakes were 100% for groups B, C, and D, and
90% for group A. The five shrimp collected every hour
per group were processed to determine the kinetics of
the trypsin and a-amylase activities during a diurnal
cycle. During the night hours, more fluctuations in a-
amylase EAC were registered in the regimes with
higher numbers of feedings, and a tendency to be
stabilized at maximum activity during the day was
found with all regimes (Fig. 1). The maximum a-
amylase activity was approximately 0.03 units in all
regimes, but the minimum was lower when the feed
was offered more frequently (Table 2). Total elevation
in a-amylase activity was high when feeding eight
times per day and was significantly lower (P < 0.05)
when feeding frequency decreased.

Fluctuations in a-amylase activity were observed in
all feeding groups. Group A, which was fed once during
the day, showed the lowest fluctuations, followed by
groups B and C; group D showed the most fluctuations
in a-amylase activity. Not all a-amylase activity
fluctuations were statistically significant. Group A
showed two significant elevations and decreases.
Group B one significant elevation and one reduction.

Group C, three significant elevations and four
decreases, and group D, with its higher fluctuation, had
four significant elevations and five decreases (Fig. 1).

Similar significant differences were detected among
the four groups in the total elevation or decrease of a-
amylase EAC. Group A showed a significantly lower
a-amylase activity elevation and reduction than groups
B, C, and D. No significant differences were detected
between groups B and C. Group D was found to have a
significantly higher total elevation decrease in a-
amylase activity than all other groups. The a-amylase
activity balance was approximately 1.

Fluctuations in trypsin activity were observed in all
feeding groups and reached a maximum during fasting
periods and decreased to a minimum after feeding (Fig.
2, Table 2). More fluctuations were registered when
increasing the feeding regime: group A, which had only
one feeding during the day, showed the lowest
fluctuations, followed by groups B and C, whereas
group D had the most fluctuations in trypsin activity.
Not all trypsin activity fluctuations were statistically
significant. Group A showed two significant elevations
and decreases; group B five significant elevations and
four decreases; group C three significant elevations and
decreases; group D, with its higher fluctuations, had
three significant elevations and decreases (Fig. 2).
There was no significant difference among the four
groups in the total elevation or decrease in trypsin
activity, and similar results occurred with the trypsin
activity balance (Table 2). The decrease of trypsin
activity was associated with feeding time in all groups,
and stability in trypsin activity was observed in groups
B and C during the morning after 07:00 h.

Maximum trypsin activity was approximately 2.0
units when feeding one, two, or four times daily and
decreased to 1.8 units when the feed was offered eight
times per day. Minimum trypsin activity (0.5 units) was
registered in the regime with only one intake, and 0.9
units of minimum activity were found for the other
regimes (Table 2). Total elevation and an overall
decrease of trypsin activity during the analyzed period
showed no significant differences among the groups.

DISCUSSION

Shrimp (Penaeus vannamei), recently brought from the
field and fed ad libitum in tanks had a natural cycle of
trypsin activity that coincided with the maximum
physical activity period after dusk. Although several
small trypsin activity peaks were observed, shrimp
appeared to starve during the day. This observation
suggests an internal modulation of the digestive system
ina 24 h cycle in nature (Hernandez-Cortes et al. 1999).
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Table 1. Biological performance of Penaeus vannamei subjected to four different feeding rates. Group A: feeding once per
day, group B: two times, group C: four times, and group D: eight times (o = 0.05).

Feeding Survival Final Weekly Feed intake  Feed conversion
group (%) weight (g) growth (g) (%) rate

A 64.44 +13.79  4.605+0.268 0.721+0.033 902 1.309 + 0.195
B 66.89+564  4.800+0.156 0.760 = 0.020 100 1.224 +0.060
C 64.22+891  4.890+0.237 0.778+0.029 100 1.307 £ 0.215
D 69.00+£10.74 4.795+0.571 0.759 +0.065 100 1.183 + 0.308

Table 2. The activity of trypsin and a-amylase in the digestive gland of Penaeus vannamei subjected to four different
feeding rates. Group A: feeding once per day, group B: two times, group C: four times, and group D: eight times. Different
letters in the same columns indicate a statistical significance (o = 0.05). EAC: enzymatic activity concentration.

Feeding Range Total EAC  Total EAC Enzymatic Relative percent
group of EAC elevation decrease EAC balance of EAC

A 2.03-05 2.87 2.51 1.04 77.7
Trypsin activity B 1.96 - 0.99 3.69 3.52 1.14 100
(abs t* vol™) C 2.03-0.89 3.68 3.32 1.10 100

D 1.80-0.89 3.24 2.87 1.12 88

A 0.029 - 0.021 0.019% 0.018* 0.90 47
a-amylase activity B 0.029 - 0.018 0.037Y 0.037Y 1.01 53
(abs t* vol ™) C 0.028 - 0.010 0.045Y 0.049Y 1.08 71

D 0.029 - 0.009 0.068* 0.070? 1.02 100

In aquaculture, shrimp are fed several times during
the day to avoid starvation and maximize feed
retention. Still, it was uncertain whether P. vannamei
would take advantage of the feed supplied more
frequently and at times other than after dusk. Previous
results had been contradictory, but it was clear that feed
intake and digestion by P. vannamei could be modu-
lated by culture procedures for better management
(Sainz-Hernandez et al. 2005).

In the present study, shrimp that were offered feed
several times throughout the day over a month did not
ingest the feed similarly. The group with the most
spaced feeding times, group A, ingested 90% of the
feed during the day. This result agrees with other
authors (Soares-Pontes et al. 2008), who mention that
spaced feedings over the day may stimulate the animals
to search for and ingest feed but does not necessarily
stimulate more ingestion during a circadian period.

Fluctuations in enzymatic activity have been found
in various studies, and trypsin activity usually
fluctuates after ingestion (Hernandez-Cortes et al.
1999, Sainz-Hernandez et al. 2004b). Those results
almost fit the feeding regime in the present study, but
this relation is not strict when fed once or twice during
the day. No fluctuation in trypsin activity was seen at
noon in the group fed four times, and there was a lower
level of activity fluctuation in the group fed eight times
per day; these small fluctuations did not have a strict

relationship with ingestion. In contrast, a-amylase
activity appeared to increase after ingestion in all
groups. It was not modified during the daytime in all
regimes remaining constant around the highest level.
Shrimp are nocturnally active, and although they were
continuously fed during the day, most of their activity
occurs during the night (Soares-Pontes et al. 2006,
Santos et al. 2016). The natural behavior associated
with the shrimp metabolism may be part of the enzyme
activity, not demanding o-amylase during the day
because the shrimp is resting. Energy for shrimp
activity mainly comes from carbohydrate catabolism,
although they can use protein to obtain energy (Rosas
et al. 2001, 2002). The results showed an apparent halt
in the use of a-amylase, which is responsible for the
hydrolysis of a-D (1,4) glycoside linkages in
polysaccharides starch, amylopectin, and glycogen, to
produce energy (Van Wormhoudt & Favrel 1988,
Parameswaran et al. 2018). There is an interesting
similarity in the expression of digestive enzymes (a-
amylase, glucosidase, and total hexokinase activity)
during the intermolt period, which could be explained
if enzymes were produced expelled in a batch as a
whole, including proteases. However, a-amylases show
remarkable resistance to that expression (Cuzon et al.
1980, Asaro et al. 2018).

More fluctuations in a-amylase and trypsin activity
were registered during the night hours when the feeding
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frequency increased. The maximum a-amylase activity
was approximately 0.03 units in all regimes, and the
minimum activity was observed to decrease from 0.02
to 0.005 when the feed was offered more frequently,
which suggests that more energy is required to translate
more a-amylase. In contrast, trypsin activity was shown
to be more stable during different regimes. Feeding
activity is related in different ways to the production
and release of trypsin and a-amylase enzymes. When
there were more feeding events during the day, the total
trypsin activity appeared to be relatively constant. Still,
a-amylase exhibited more than twice the overall o-
amylase activity when feeding more frequently. Protein
synthesis is expensive, needing four to six molecules of
ATP per peptide link (Racotta-Poulieff 2002). The a-
amylase gene encodes a mature protein of 495 amino
acids in the DG, meaning that 2.475 kcal are utilized to
construct one molecule of a-amylase. The results
showed an elevation in the activity that was 2.6 times
greater in shrimp fed eight times per day than in those
fed only once, and 0.8 and 0.5 times greater when fed
four and two times per day compared to being fed only
once, respectively. If the increment in enzyme activity
indicates an increase in enzyme translation, then the
applied energy is in the same dimension, and it is not a
negligible amount of energy. Sedgwick (1979),
Robertson et al. (1993), and Tacon et al. (2002)
mention that feeding frequency influenced the weight
of shrimp, whereas other authors state that there is no
influence (Velasco et al. 1999, Smith et al. 2002,
Carvalho & Nunes 2006). Thus, feeding frequency and
amount may or may not influence biomass. Still, the
energy levels resulting from the feeding frequency are
essential for the performance of immunity and other
energy-dependent shrimp metabolism functions, which
help the shrimp survive against pathogens or environ-
mental hardships and make aquaculture reliable
(Pascual et al. 2004).

For P. vannamei, studied here, both trypsin and a-
amylase activity showed a balance close to 1.0, which
means a rapid activity reconstitution required to
continue their daily participation in catabolism health
keeping.

Results from this study support the findings of
Soares-Pontes et al. (2008). They found that feeding
three times per day assumes lower labor costs, and it is
a more efficient use of the feed. Peixoto et al. (2018)
concluded that feeding three times a day provided the
highest enzymatic activity and the best zootechnical
performance of P. vannamei during the nursery phase
in a biofloc system. We can also conclude that feeding
two or four times per day utilizes a lower amount of
energy than feeding more frequently, saving energy for

other energy-dependent metabolic processes aside from
the practical management of feeding less frequently.
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