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ABSTRACT

The tiger shrimp (Penaeus monodon Fabicius, 1798) is a popular Indonesian
fishery product with high market value both domestically and internationally. Its
high nutritional value makes it a valuable product that is in high demand. Along
with increased production, various challenges appeared in management and feed
quality aspects. Multi-enzymes are one method for increasing the tiger shrimp
productivity. This study aimed to identify the dose of multi-enzymes in the feed
that leads to an optimal growth performance, and optimum activity of digestive
enzymes (amylase, protease, lipase), as well as improving the essential amino
acids index in the shrimp body. This study used a completely randomized design
(CRD) with 4 treatments and 3 replications each, thus 12 experimental units were
applied. The treatments used were A at 0%/kg feed, B at 40%, C at 60%, and D at
80%/kg feed. The experimental animal was the tiger shrimp with a mean weight
of 0.07¢g/ ind. The shrimps were reared in the hatchery laboratorium of the Marine
Science and Fishery Faculty, Hasanuddin University, Makassar. The parameters
examined were essential amino acid index (EAAI), essential amino acid score
(EAAS), enzyme type activity, specific growth rate (SGR), relative weight gain
(RWG), survival rate (SR), and protein efficiency ratio (PER). The results showed
that feed with 80% multienzyme/kg provided the highest EAAI compared to other
doses, namely 2.64. In addition, the most EAAS deficiency occurred in
methionine EAA, namely 9.29 in multi-enzyme feed with a dose of 40%/kg.
SGR, RWG, and PER were not significantly different (P> 0.05), but SR showed a
significant difference (P< 0.05). The activity of amylase, protease, and lipase
enzymes in the tiger shrimp also increased with the addition of multienzyme
doses to the feed.

INTRODUCTION

Penaeus monodon Fabricius, 1798 is an original Indonesian shrimp, with high
demand in domestic and international markets due to its high nutritional value reaching
55.94% proteins of meat (Liu et al., 2021). As an eminent commodity, shrimps assist in
promoting the country's foreign exchange (Rachmawati et al., 2021). To increase shrimp
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production, management, and feed quality are required. Therefore, it is vital to make
various attempts to increase feed quality, e.g. multi-enzyme approaches. The rationale is
the availability of enzymes in feed boosting, feed digestibility, and nutrient absorption,
allowing feed to be absorbed efficiently and increasing shrimp growth.

Shrimp growth is encouraged by the use of quality feed, which consists of protein,
fat, carbohydrates, vitamins, and minerals according to the dietary requirements of the
shrimp. Additionally, nutritional requirements should be balanced in order to support
physiological and metabolic processes (Ngoc Anh et al., 2023). The tiger shrimp develop
optimally on feed containing 35- 40% protein (Islam et al., 2024). According to Lalopua
et al. (2022), shrimp protein requirements are impacted by environmental factors, and
feed prices are currently high. Farmers commonly employ commercial artificial feed,
which is manufactured from specific raw materials and is distributed in large (Jannah,
2020). However, commercial feed provides limited protein and is costly if it contains
high protein. Garcia-rodriguez et al. (2021) suggested that integrating multi-enzymes
into commercial feed may improve its quality significantly.

Arlini (2022) found that using various enzymes in the tiger shrimp feed improved
the protein and carbohydrate content of the shrimp body. Furthermore, multi-enzyme
supplementation increases the performance and nutrition value reaching 90% of the
protein, 48.88% of the essential amino acid index, and 69.82% of the essential amino acid
score of feed. Previous research has demonstrated that administrating several enzymes to
feed will improve the catfish fry growth (Jayanti, 2019). The abundance of enzymes in
the shrimp digestive system is considered to promote feed digestibility, making nutrient
absorption better (Felix et al., 2018). To improve enzyme quality, multi-enzyme products
should consist of a variety of enzymes such as xylanase, glucanase, protease, cellulase,
amylase, and mannanase that should be added.

Multienzymes given to diet may increase the digestive enzyme activity,
consequently, shrimp development was accelerated (Cahyadi, 2020; Rachmawati et al.,
2020). The digestive enzyme activity of diverse shrimp species is linked to their feeding
behavior. Beneficial proteins for shrimp growth are distinguished by their relationship to
enzyme activity in the shrimp body. Moreover, the digestive enzyme activity is higher in
the hepatopancreas compared tothe stomach or intestines. In addition, the tiger
shrimp digestive enzyme activity was discovered to be related to growth due to enzymes
improving feed digestibility in the digestive tract and improving amino acid absorption
(Xiao et al., 2023).

Protein is a complex compound consisting of amino acids. Protein is composed of
two types of amino acidic substances essential and non-essential (Tomici¢ et al., 2020).
Enzyme activity and amino acid concentration are useful to assess feed quality
by employing criteria including the chemical score (CS) and the essential amino acid
index (EAAI). The chemical score is based on the concept of EAA utilization which is
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indicated by the lowest amino acid score. In contrast, the lowest proportion of amino acid
requirement reflects the most deficient CS value.

According to Sefer et al. (2021), the nutritional value of protein is determined by
all necessary amino acids, rather than just one (as in CS calculations). It is because each
amino acid is unique and essential. Therefore, determining the nutritional value of a
protein requires calculating the integration of all essential amino acids known as the
essential amino acids index (EAA-Index). Based on these hypotheses, the enzyme
activity, growth, score, and essential amino acid index of the tiger shrimp fed a multi-
enzyme feed is extremely important to evaluate.

MATERIALS AND METHODS

1.  General description and design experimental

This study was conducted from October to December 2023 at the Hatchery
Laboratory, Faculty of Marine and Fisheries Sciences, Hasanuddin University, Makassar.
The juvenile shrimps were reared in 12 aquariums with 30L volume measuring
40x36x32cm? equipped with a recirculation system. The tiger shrimp samples with a
mean weight of 0.07g/ ind were collected from UD Pembibitan Udang Mitra Sejahtera,
Barru Regency, and stocked at a density of 1 individual/L making it 30 Individuals in
total. The enzyme used is the Biogreen Juara Multi Enzyme obtained from CV. Arjuna
Brawijaya was mixed in feed with different doses, namely: 0, 40, 60, and 80cc/ kg.
Essential amino acid analysis was carried out at the Integrated Laboratory of the Bogor
Agricultural Institute, West Java, while proximate analysis was examined at the Animal
Food Chemistry Laboratory, Faculty of Animal Husbandry, Hasanuddin University,
Makassar. Enzyme activity evaluation was performed at the Biochemistry Laboratory,
Faculty of Mathematics and Science, while ammonia measurement was conducted in the
Water Productivity and Quality Laboratory at the Faculty of Marine and Fisheries
Sciences, Hasanuddin University, Makassar.

This study used a complete randomized design (CRD) with 4 treatments and 3
replications each, thus 12 experimental units were applied. Feeding (5% v/v) was
performed every day with a frequency of 4 times a day. Weighing using analytical scales
and length was measured using a ruler. Water quality measurements included
temperature, salinity, dissolved oxygen, and pH as supporting data. Enzyme activity and
essential amino acids in the tiger shrimp were analyzed at the end of the rearing period.

2.  Essential amino acid index (EAAI)

The protein quality of a food composition is determined by the essential amino acid
index (EAAI). According to Muchtadi (2013), EAAI is calculated using a formula as
follows:

'100a 100, 100c 100,
EAAl =n | * * W s M —
W Te b, Ce Te
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Where,

a,bc..,j = Percentage of essential amino acids in the feed;
ae, be, ce, ..., je = Percentage of essential amino acids required;

n = Number of essential amino acids.

3. Essential amino acid score (EAAS)

The essential amino acid score (EAAS) represents the lowest proportion of the
required total essential amino acid content for protein synthesis. According to Muchtadi
(2013), the score for each EAA is expressed as a percentage of the concentration
contained in the standard protein, using the formula as follows:

: EAA concentration of the sample
EAAS (%) =

EAA concentration requirement

4.  Amylase enzyme activity

Amylase activity was determined via the method of Bernfeld (1955). An amount of
0.5mL of the enzyme solution was taken, then added to phosphate buffer pH 7, 0.5mL of
1% starch, and 1.5mL of DNS, and then incubated at 37°C for 30 minutes. Then, the
solution was heated for 10 minutes, cooled, and measured for absorbance at the
maximum wavelength using a UV-Vis spectrophotometer. The maltose standard and
blank used are phosphate buffer pH 7. Enzyme activity is expressed in units (U) and
defined as the amount of enzyme required to liberate 1umol of maltose per minute.
5. Lipase enzyme activity

Lipase activity was assessed using the tititation method of Lindfield et al. (1984).
The amount of 1g of palm oil, 0.5mL of enzyme solution, and 2mL of phosphate buffer
solution pH 7.5 were homogenized using a magnetic stirrer for 1 hour at 37°C. Then,
5mL of acetone-alcohol (1:1) was added and stirred until getting homogeneous. 2-3 drops
of phenolphthalein indicator were added and titrated using 0.005 N alcoholic KOH until
the color turned to pink and disappeared. Then, the titration volume was recorded. The
blank solution was prepared in the same way as the sample but the acetone-alcohol
solution (1:1) was added at hour O before stirring to stop the enzyme activity. Enzyme
activity is expressed in units (U), and it is defined as the amount of enzyme that releases
1umol of fatty acid per minute.
6.  Protease enzyme activity

Protease activity was analyzed based on the modified method of Kwan et al.,
(1983). 1mL of Tris-HCI buffer pH 7 and 1ml of 20mg/ mL casein were added to 0.2ml
of enzyme solution sample, then incubated at 37°C for 30 minutes and 1ml of 0.1 M TCA
was added. Controls were made using the same procedure, but without the direct
incubation process, and TCA was added to stop enzyme activity. Each filtrate of the
sample and control solutions was centrifuged at 10,000rpm for 5 minutes. 1.5ml of the
protease enzyme filtrate was taken, then added to 2.5ml of 0.4 M Na.COs and 1mL of
50% follin, and stored for 30 minutes. The absorbance was measured at the maximum



Growth, Enzyme Activity, Score, and Essential Amino Acid Index of the Asian Tiger Shrimp
Supplemented with Multi Enzyme
559

wavelength using a UV-Vis spectrophotometer. Tyrosine standards and tris-HCI pH 7
buffer blanks were prepared using the same procedure as the hydrolysis filtrate. Enzyme
activity is expressed in units (U) defining the required amount of enzyme needed to
liberate 1umol of tyrosine per minute.
7. Spesific growth rate (SGR)

According to Effendie (1997), growth represents the length and weight increase of
shrimp over a certain period. According to Opasola et al. (2013), the specific growth rate
of shrimp is calculated using the following formula as follows:

LnWt—LnWo

SGR (%) = T x 100
Where:
SGR = Specific growth rate (%/day);
Wit = Final mean weight of shrimp (g);
Wo = Initial mean weight of shrimp (g);
T = Rearing duration (days).

8.  Relative weight gain (RWG)
Relative weight gain is the difference in shrimp weight at the end and initial of
rearing divided by the initial weight. The weight gain was calculated using the Effendi

(1997) equation as follows:

) Wt —Wo
RWG (%) = ———x 100
Wn

Where,

RWG = Relative weight gain (%);
Wt = Final weight of shrimp (g);
Wo = Initial weight of shrimp (g).

9.  Survival rate (SR)
Survival assessments were carried out by counting the number of shrimp at the
initial of rearing and the number of survived shrimp at the final rearing. The SR value of

shrimp was calculated using the formula according to Effendie (1979) as follows:
Nt — No

SR (%) = W X 100
Where,
SR = Sintasan (%);
No = Number of shrimp at the initial of rearing (ind);
Nt = Number of shrimp at the final of rearing (ind).

10. Protein efficiency ratio (PER)
The protein efficiency ratio was determined using the Tacon (1987) formula as
follows:
Wt—Wo

1

PER (%) =

x 100
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Where,
PER = Protein Efficiency Ratio (%);
Wo = Shrimp biomass at the initial of rearing (Q);
Wt = Shrimp biomass at the final of rearing (g);
Pi = Weight of consumed feed x feed protein content (g).
11. Data analysis

The data obtained were tested statistically using the analysis of variance (ANOVA)
to determine the effect of treatment and the W-Tukey further test to identify the
appropriate treatment. Calculation data for essential amino acid scores and index as well
as water quality were described and tabular presented.

RESULTS

1.  Digestive enzyme activity

The enzyme activity in the digestive tract of the tiger shrimp increased with the addition
of the multi-enzyme dose. The activities of amylase and protease were found to be similar
following the multi-enzyme treatment. This suggests that the administration of multi-
enzymes does not affect the activity of the amylase and protease enzymes. In contrast, the
lipase enzyme increased to 1,209U as the dose of multi-enzyme increased in treatment D.
The results of measuring the digestive enzyme activity of the tiger shrimp given various
doses of multi-enzyme are presented in Fig. (1).

m Amylase ®Protease M Lipase

2.000 1.848 1.884 1.886
@ 1.800
1.600
2 1.400 1200
2 1.200
g 1.000 0.875
2 0.800 o
2. 0.600 0-538
5 0400 1 0221, 0175 0.204 0.214 0247
0.200 _. :
0.000
0 40 60 80
Doses (%/Kg)

Fig. 1. Enzyme activity in shrimp given multi-enzyme doses in feed

Fig. (1) demonstrates that the amylase, protease, and lipase enzyme activities in
treatment A (without multiple enzymes) showed a lower value compared to the mean of



Growth, Enzyme Activity, Score, and Essential Amino Acid Index of the Asian Tiger Shrimp
Supplemented with Multi Enzyme
561
amylase, protease, and lipase enzyme activity of shrimp in treatment D with a dose of

80%.

2. Essential amino acid index (EAALI) and essential amino acid score (EAAS)

The assessment of the essential amino acid index in feed given various doses of
multi-enzymes is shown in Table (1). The results also indicate a linear correlation
between multi-enzyme doses and increases in essential amino acid index and essential
amino acid score.

Table 1. Essential amino acid index (EAAI) and essential amino acid score (EAAS) in
feed

Dose of multi-enzyme

The quality of EAA A (0%) B(40%) C(60%) D (80%)

EAAS 03.48 09.29 10.00 10.00
Deficiency* 96.52 90.71 90.00 90.00
EAAI 00.92 01.85 01.91 02.64

Note: "Deficiency EAA = 100%-EAAS (%).

3. Specific growth rate (SGR), relative weight gain (RWG), survival rate (SR),
and protein efficiency ratio (PER)
Specific growth rate (SGR), relative weight gain (RWG), survival rate (SR), and
protein efficiency ratio (PER) in the tiger shrimp given various multi-enzyme doses to
feed are presented in Table (2).

Table 2. Mean of SGR, RWG, SR, and PER on tiger shrimp given various doses of
multi-enzymes in feed

Mean of SGR Mean of
[0) 0)
Dose (%) (%/Day) RWG (%) Mean of SR % Mean of PER

0% Multi-enzyme 1.07 £ 0.09% 1.58 + 0.307 90.00 + 5.00° 2.55+0.30
40% Multi-enzyme  1.25+0.12% 1.24 +0.42° 95.00 + 5.00° 2.21+0.42
60% Multi-enzyme  1.42 +0.322 1.45+0.47% 81.67 + 7.64% 2.54 +0.39
80% Multi-enzyme ~ 1.47 + 0.05% 2.12 £ 0478 70.00 £+ 5.00% 3.09 +0.47

Note: Different letters indicate significant differences between treatments at the 5% level (P<0.05).

The results show that the mean of SGR during the study ranged from 1.07+ 0.09 -
1.47+ 0.05 %/day, while the mean RWG of 1.45+ 0.47 - 2.12+ 0.47 %, the mean SR of
70.00+ 5.00 - 90.00+ 5.00, and mean PER of 2.21+ 0.42 - 3.90+ 0.47 were recorded.
These results show that the SGR, RWG, and PER values decreased at a dose of 60% but
subsequently increased significantly at a dose of 80%.

DISCUSSION

1.  Digestive enzyme activity (amylase, protease, and lipase)
The results showed an increase in the activity of the amylase, protease, and lipase

as the multi-enzyme dose was improved. This is likely because the addition of multi
enzymes affects the digestibility of protein in the feed consumed. Food undergoes a
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hydrolysis process by protease enzymes in the digestive tract (stomach, small intestine)
into its constituent units, namely amino acids. The small intestine absorbs these amino
acids, which are then transported to the liver and dispersed throughout the body's tissues
(Muchtadi, 2013). Amylase, protease, and lipase are well-known hydrolytic enzymes
responsible for breaking down carbohydrate, protein, and fat macromolecular
compounds.

Assessment of digestive enzyme activity provides data regarding feed digestibility
(EI-Shenawy et al., 2020). The activity of digestive enzymes such as amylase, protease,
and lipase is measured to indicate organisms' ability to digest carbohydrates, proteins, and
lipids (Susilo et al., 2015; Ramadhani, 2021). Digestive enzyme activity is a key
biological aspect that affects feed utilization and shrimp growth (Muttharasi et al.,
2021). As a digestive enzyme, protease degrades proteins into peptides and amino acids,
which are absorbed by erythrocyte cells in the inner wall of the intestine and eventually
delivered to the blood for shrimp growth and development. Shrimp's ability to utilize feed
nutrients is highly dependent on its digestive system, which is represented in enzyme
activity (Sankar et al., 2014).

High amylase activity in shrimp indicates an efficient starch digestion, which can
be attributed to the high carbohydrate content of the feed. Amylase activity in shrimp is
influenced by feed protein levels, namely high protein levels contributing to low enzyme
activity, accessibility, and nutrient utilization (Xiao et al., 2023). In addition, during
rearing, the digestive system may undergo an anatomical development which is
associated with the creation of digestive enzymes. According to Bakkara et al. (2015),
changes in enzyme activity in the digestive tract are influenced by changes in the
digestive tract as well as the quality and quantity of feed provided.

The high activity of this protease enzyme is assumed to be linked to shrimp's higher
attempt to digest protein to maximize feed protein utilization (Paria et al., 2017).
Increasing protein levels in the intestine to a certain extent will promote the expression of
regulatory enzymes in synthesizing protease enzymes and conversely, synthesis will
decrease when substrates are reduced. In this case, the presence of feed protein seems to
play a role in activating the expression of the enzymes which contribute to the synthesis
of protease enzymes (Komari & Susilo, 2021). Optimum protein content improves
protease enzyme activity and digestibility of the shrimp juveniles (Xiao et al., 2023).

Based on its physiological function, lipase has an important role in hydrolyzing fats
and oils into fatty acids and glycerol which in metabolic processes are required (Komari
& Susilo, 2021). Lipase commonly functions in hydrolysis triacylglycerols (triglycerides)
to produce long-chain fatty acids and glycerol. Each enzyme has the maximum activity at
a certain temperature and will increase with increasing the temperature until the optimum
temperature is reached. After that, exceeding the optimum temperature threshold causes
the enzyme activity to decrease (Sholeha & Agustini, 2021).

2.  Essential amino acid index (EAAI) and aessential amino acid score (EAAS)
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The EAAI and EAAS test results indicate that adding multiple enzymes to feed
improves digestibility at varied doses. The prevailing assumption is that the crustaceans
require a balanced essential amino acid supplementation rather than a specific amount of
protein (Rosyida, 2007). Protein quality is determined by the completeness and balance
of key amino acids, which optimize shrimp protein absorption, particularly
methionine and lysine (Lante et al., 2015). In producing feed, the protein and essential
amino acid content must be adequate. According to Suprijatna et al. (2005) and
Muhsafaat et al. (2015), the essential amino acid deficit reduces protein use efficiency,
particularly for body tissue formation and egg production.

The EAAI and EAAS values are used to evaluate protein in fish feed (Bunda et al.,
2015). Protein is a required nutrient for the growth and survival of cultured animals and
feed is a source of protein. Consequently, its use must be proportionate to dietary
requirements to guarantee optimal growth rates (Xing et al., 2023). EAAI in this study
showed that EAA in shrimp increased with the addition of multi-enzyme doses. The
results of Xiaoqing et al. (2022) show that the addition of a multi-enzyme complex
improves growth and the availability of exogenous digestive enzymes. Additionally,
multi enzymes help aquatic animals break down anti-nutritional compounds, increase
feed digestibility, and increase cultivar growth.

EAAS is defined as the lowest ratio of the essential amino acid content in a protein
to each amino acid in the protein or to the level required for EAA (Bunda et al., 2015).
The results showed that the feed's EAAS was obtained from EAA methionine. According
to Sumitro et al. (2022), methionine deficiency causes limited growth and low feed
efficiency. Methionine promotes bone growth and restores damaged body tissue.
Methionine is one of the EAA for protein formation and is needed by the body for growth
(Rohchimawati et al., 2022). Methionine and phenylalanine are two of the 10 EAA that
can be replaced by non-essential amino acids due to their sparing effect (Guo et al.,
2020). According to Puspita et al. (2015), feed utilization efficiency should be >50% or
close to 100%. Besides, amino acid deficiency causes a limited growth and a weak feed
conversion thus the appetite decreases.

The amino acid methionine is important for the assembly of proteins in cells
because formylmethionine RNA is required in the initial phase in the nucleus. Protein
synthesis in the body is impaired when methionine levels are low (Andri et al., 2020).
Shrimp growth is regulated not only by dietary protein concentration but also by amino
acid requirements. When low-quality feed is used, a large proportion of protein is broken
down to fulfill the requirement for energy, with only a tiny portion being used for growth
(Yao et al., 2019). Methionine is an important amino acid utilized in shrimp growth since
it is a precursor to nucleic acids, proteins, carnitine, and choline. In addition to growth,
methionine is also associated with immunological responses in particular species of fish
(Zannah, 2019). Furthermore, limited methionine results in the body's protein formation
not taking place optimally (Azwar & Melati, 2012; Rohchimawati et al., 2022).
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3. Growth perfomance

Specific growth rate (SGR) measurements showed that the administration of multi-
enzymes at certain doses had no significant effect (P>0.05). The 80% multi-enzyme dose
provides a specific growth value of 1.47%, and the 60% dose is 0.32%. This is because
the shrimps require additional nutrients to grow and perform other body functions. Table
(2) illustrates the findings for each treatment. The highest specific growth rate for the
tiger shrimp was 1.47%/day at a multi-enzyme dose of 80%, followed by 1.25%/day at a
dose of 40%, and the lowest was 0.32%/day at a dose of 60%. Amalia et al. (2022) stated
that the growth rate of the tiger shrimp is 46.9%/week and tends to decrease as they grow.
According to Biswas et al. (2020), the shrimp growth rate is influenced by several factors
including environmental aspect and the availability of quality feed.

However, the analysis of variance revealed that all multi-enzyme doses (0, 40, 60,
and 80%) resulted in similar specific growth rates (P>0.05). These results assume that the
shrimp growth varies significantly between replications in each treatment, leading to a
larger standard deviation. Furthermore, the tiger shrimp fed in indoor recirculating tanks
require artificial feed with a complete macro and micro nutritional content, even though
the amount of protein in the test feed is adequate..

Feeding containing multi-enzymes had no significant effect (P>0.05) on shrimp
RWG. However, adding a multi-enzyme dose to the feed increases the optimum weight
gain at a dose of 80%, namely 2.12%. These findings are consistent with those reported
by Sundu and Dingle (2003), who found that adding multi enzymes to the ratio
increased RWG. This is hypothesized to be ascribed to the potential of the multienzymes
to optimize nutritional digestion and absorption thereby improving RWG and protein
ingestion (Berliana et al., 2022). This finding is supported by Igbal et al. (2012), who
postulated thatthe amount of protein consumed determines body weight gain resulting
from the body's protein synthesis.

According to Garcia-rodriguez et al. (2021), shrimp weight varies with feeding
frequency. As a result, feeding frequency and quantity may have an impact on biomass
production. However, energy levels obtained from frequent feeding are critical for
immunological performance and other energy-dependent shrimp metabolic functions that
aid in shrimp survival (Wahjuni, 2013). Shrimp's ability to digest feed is highly
dependent on the completeness of their digestive organs and the availability of digestive
enzymes. The digestive tract develops gradually, and after reaching a specific size/age, it
achieves completeness (Yu et al., 2021).

The results of survival observations showed that multi-enzyme supplementation in
feed had a significant effect (P> 0.05) on the average SR of the tiger shrimp. This shows
that multi-enzyme supplementation in feed affects the tiger shrimp survival. Treatment D
was much lower than the other three treatments, with treatment A at 90%, treatment B at
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95%, and treatment C at 81.67%. Excess enzymes in the feed are considered to contribute
to the low SR in treatment D. Excess enzymes cause excessive monosaccharides to be
produced and released, which may inhibit development and disturb the shrimp health
including hyperglycemia. Hyperglycemia is a condition characterized by high glucose
levels, which inhibit insulin secretion and increase insulin retention. This exacerbates
hyperglycemia, resulting in less insulin (Nimrat et al., 2013). Hyperglycemia is one of
the most important neural peptides produced by the immunological neuro-endocrine
regulation network, which plays a vital role in different biological processes, particularly
immune function and stress response (Xu et al., 2019).

The observations of shrimp survival rates revealed that the treatment without multi-
enzyme administration (control) had a higher percentage than the other treatments.
Pressure interventions and stresses influence survival rates. The percentage of the shrimp
survival appears to be low as the multi-enzyme dose increases, which is consistent with
data on shrimp growth findings. Survival remains in the common category for the shrimp
because it is in the range of more than 50%. According to Situbondo Brackish
Aquaculture Fisheries Institute (2021), the good category has a survival rate >70%, the
moderate category is 50-60%, and the low category is less than 50%. Shrimp length
increases with age. Shrimp digestive enzymes grew and functioned similarly among
treatments. Additionally, administering multi enzymes to shrimp has a major impact on
SR. The survival rates for treatments A, B, C, and D were 90, 95, 81, and 70%,
respectively.

Table (2) shows the mean protein efficiency ratio (PER) of feed using various
multi-enzyme doses. The research treatment showed a statistically insignificant result
(P>0.05). Wiratmo et al. (2013) found a low PER value of 1.25 + 0.05 in growing the
tiger shrimp with a feed protein level of 39%. Protein efficiency describes the amount of
protein used and indicates how well the protein source is absorbed to fulfill the
requirements for vital amino acids in shrimp (Singh et al., 2011). Furthermore, Hardy
and Barrows (2002) defined protein efficiency as the increase in weight of the tiger
shrimp following the addition of multiple enzymes. Commonly, multienzymes may
improve protein utilization, resulting in better feed efficiency. The use of multi-enzymes
Is better than utilizing a single one due to their contribution to the capability of breaking
down several nutrients simultaneously (Balcazar et al., 2006). Supported by
the statements of Zamini et al. (2014) and Puspitasari et al. (2018), the higher feed
efficiency value represents the higher feed quality level.

CONCLUSION

This study concluded that an 80% multi-enzyme dose produced the optimum
value in terms of digestive enzyme activity, essential amino acid index (EAAI), essential
amino acid score (EAAS), survival growth rate (SGR), relative weight gain (RWG), and
protein efficiency ratio (PER). However, adding multienzymes to feed leads to a low
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survival rate. A more comprehensive study is required to compare the effects of
multienzymes to those without multienzymes as well. Furthermore, multi-enzyme
application in feed requires a renewal through multiple methods.
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