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ABSTRACT

One of the problematic factors in the cultivation of vannamei shrimp is the outbreak of bacteria and
viruses. One way to prevent infection is by strengthening the shrimp’s immune system. MOTIVTM is a
fermented corn protein concentrate that has been reported to possess probiotic properties that can
positively increase the disease resistance of shrimp. Therefore, this study aimed to determine the effect of
bioactive protein (MOTIVTM) on the total hemocyte count and shrimp survival rate. The study used an
experimental method with a completely randomized design with five treatments and three replications: A
(commercial feed), B (7.5% MOTIV add of 1.5% krill meal instead of 9% fish meal), C (7.5% MOTIVTM add of 1%
krill meal to replaces of 2% poultry meal and 6.5% fish meal), D (7.5% MOTIVTM to replaces of 3.5% poultry
meal and 4% fish meal), and E (7.5% MOTIVTM to replaces of 7.5% poultry flour). Feeding was done four
times/day based on shrimp biomass and weekly feed counts based on daily shrimp survival. The vannamei
shrimp used was one gram with a population density of 15 shrimps/aquarium with an aquarium volume of
100 liters.Total shrimp hemocytes, survival, and water quality were all measured. Treatment C had the
highest total hemocyte, averaging 4.1 x 107 cells/mL, whereas treatment B had the lowest, averaging 1.4 x
107 cells/mL. During the trial, only treatment C supported 100% survival.
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INTRODUCTION

Vannamei shrimp, Litopenaeus vannamei is cur-
rently in great demand by the aquaculture industry
for cultivation activities because this species has the
advantage of higher survival than tiger shrimp. The
cultivation of vannamei shrimp tends to require a short
time, and market forces and the price of vannamei
shrimp are also relatively high. The Indonesian Gov-
ernment has planned to increase vannamei shrimp
production since 2015 by 12% per year so that in 2019
the target was to reach 842 thousand tons (KKP, 2017).

One of the problem factors in vannamei shrimp
cultivation is the emergence of bacterial and virus
attacks, which are the leading causes of crop failure

to date. Vannamei shrimp culture that has been in-
fected with the virus cannot be cured, so prevention
before infection occurs is the best strategy. One of
the efforts to prevent disease is to increase the de-
fense system in shrimp. Increasing immunity in
shrimp can be achieved chemically, with drugs or other
ingredients to improve specific and non-specific re-
sponse mechanisms in fish (Putri et al., 2013).

The provision of immunostimulants in feed is
intended to activate the non-specific immune sys-
tem of cells such as hemocytes in invertebrates.
Hemocytes are part of the cellular defense system in
vannamei shrimp, responsible for phagocytosis, nodu-
lation, and encapsulation (Febriani et al., 2018).
Hemocytes can be used as a quantitative parameter
in measuring the stress response in shrimp. An in-
crease in total hemocytes indicates an improvement
in health status of the organism because it will form
phagocytic cells that play a role in defending them-
selves from attack by microorganisms (Ismawati et
al., 2019).
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MOTIVTM is a fermented corn protein concentrate
(CPC) made by enzymatically removing non-protein
components from corn. CPC is rich in lysine, con-
tains almost no ash and starch, and has high levels
and concentrations of lysine, methionine and other
essential amino acids. It includes crude protein, crude
fat, lysine, methionine, and has a much higher pro-
tein than the commonly used corn gluten meal (Khalifa
et al., 2016). The use of foods containing
beneficialfood ingredients can enhance the innate
defense mechanisms based on the non-specific im-
mune system required in response to invading patho-
gens. Fermented corn protein concentrate is reported
to contain probiotic properties that can proactively
increase disease resistance in shrimp (Galkanda et al.,
2021). Therefore, this study aimed to determine the
effect of bioactive protein (MOTIVTM) on total
hemocytes and vannamei shrimp survival.

MATERIALS AND METHODS

The test organism used as research material was
vannamei shrimp, Litopenaeus vannamei with a weight
of one gram. Vannamei shrimp were kept in aquaria
at a density of 15 shrimp/aquarium.

The aquaria used in the study were 50 cm x 50 cm
x 40 cm with a volume of 100 liters equipped with
aeration to supply oxygen. Each aquarium was washed
with soap until clean, dried, and filled with seawater
to about 80% of its volume. The research site was at
Marine Science Techno Park (MSTP), Jepara, Central Java.

The study used a completely randomized design
(CRD) consisting of five treatments and three repli-
cations. A completely randomized design is a type of
experimental design where the experimental units are
randomly assigned to the different treatments. The
various treatments in this study were:

A : control using a commercial feed
B : 7.5% MOTIVTM add 1.5% krill meal to replaces of

9% fish meal
C : 7.5% MOTIVTM add 1% krill meal to replaces of 2%

poultry meal and 6.5% fish meal
D : 7.5% MOTIVTM to replaces 3.5% poultry meal and

4% fish meal

E : 7.5% MOTIVTM to replaces of 7.5% poultry flour

Feeding was done four times/day based on shrimp
biomass and weekly feed counts based on daily shrimp
survival.

The hemolymph collection method for the L.
vannamei shrimp was based on the research of
Darwantin et al. (2016). The data displayed includes
total hemocyte count, survival rate, and water
qua-lity data.

Total Hemocyte Count

According to Arifin et al. (2014), total hemocyte
count (THC) is calculated by the formula:

Survival Rate

According to Ihsanudin et al. (2014), the survival
rate is calculated by the following formula:

where:
SR = survival rate (%)
Nt = number of shrimp at the end of rearing
No= number of shrimp at the initial stocking

Water Quality

Water quality measurements include temperature,
salinity, pH, and dissolved oxygen (DO) were con-
ducted every day and measured using the water qual-
ity checker (WQC). Ammonia levels were monitored
once a week.

RESULTS AND DISCUSSION

Total Hemocyte Count

Based on the research, total hemocyte count for
white shrimp (Litopenaeus vannamei) was determined
for 30 and 60 days of rearing. The results of the total
hemocyte count of vannamei shrimp are presented
in Figure 1.

The highest total hemocyte count occurred in
treatment C of 4.1 x 107 cells/mL, and the lowest value
was found in treatment B of 1.4 x 107 cells/mL. Analy-
sis of variance (ANOVA) showed that the MOTIVTM

feed significantly affected the total hemocytes of
white shrimp with rearing  period of 60 days.

Hemocyte cells consist of a granular (hyaline)
hemocytes, semi-granular and granular cells. The pur-
pose of seeing THC is to find out indicators of stress
levels and shrimp health. In the first hemocyte test,
it was found that the MOTIVTM feed had no signifi-
cant effect on hemocytes with ANOVA results
(P>0.05). The results of the ANOVA test showed that
MOTIVTM feeding had a significant effect on shrimp
hemocytes during 60 days of rearing (P<0.05).

MOTIVTM feed affected the THC of vannamei shrimp
with increasing yield at day 60. Treatment C indicated
the highest THC yield than A, B, D, and E treatments
with a feed composition of 7.5% MOTIVTM plus 1%

factordiluent  x 
volume

1
 x cells  totalof averageTHC 

100% x 
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krill flour replace 2% poultry meal and 6.5% fish meal.
Treatment C increased on day 60, with the average
number of 4.67 x 106 cells/mL to 4.10 x 107 cells/mL.
Likewise, in treatments A, B, D, and E, in treatment
A, there was an increase from the average number of
4.43 x 106 cells/mL to 1.80 x 107 cells/mL; in treat-
ment B, the average number was 3.13 x 106 cells/mL
to 1.4 x 107. cells/mL, in treatment D with an average
number of 5.27 x 106 cells/mL to 1.60 x 107 cells/mL,
and in treatment E with an average number of 3.27 x
106 to 2.3 x 107 cells/mL.

The increase in the total number of hemocytes is
closely related to foreign materials: fermented corn
protein concentrate containing active ingredients.
One of the active ingredients that play a role in in-
creasing the total number of hemocytes is phenol.
According to Prasiddha et al. (2016), phenolic com-
pounds are secondary metabolites produced by plants
involved in various special physiological functions such
as growth, development, and standard defense mecha-
nisms. Examples of phenolic compounds found in corn
are flavonoids such as quercetin, alcohol, simple
phenols such as p-coumaric acid, saponins, tannins,
anthocyanins, and protocatechins. Meanwhile, accord-
ing to Utomo et al. (2015), the active ingredients can
directly stimulate the formation of hemocyte cells.
One of the active ingredients that play a role in in-
creasing the total number of hemocytes is saponins.
Saponins contain a molecule of glysitinic acid, anti-
inflammatory, and anti-tumor activity. This study did
not examine whether the shrimp were infected with
pathogens during rearing.

THC results in this study said to be higher than
the research of Oktaviana & Febriani (2019), which
produced THC of 9.18 x 106 cells/mL while the results
of this study resulted in an increase of 4.1 x 107 cells/
mL in treatment C. Hemocytes are one of the de-

fense systems in white shrimp that are responsible
for against phagocytosis, nodulation, and encapsula-
tion. A high number of hemocytes indicates a good
level of shrimp health. According to Suleman et al.
(2019), changes in the number of hemocytes mean
stress and health status in shrimp. This increase in
total hemocytes indicates an increase in the body’s
defense reaction due to foreign particles entering
the shrimp’s body. The hemocyte cell receptors will
recognize foreign particles that enter the shrimp body
to produce cellular responses such as phagocytosis.
Phagocytosis is a defense mechanism carried out by
phagocytic cells by digesting foreign particles. The
number of shrimp hemocytes can decrease if envi-
ronmental conditions deteriorate, such as low dis-
solved oxygen content, temperature, and salinity or
the presence of pathogen attack. The number of
hemocytes obtained during the study ranged from
1.4 x 107 to 4.1 x 107 cells/mL. According to Febriani
et al. (2018), the number of hemocytes of healthy
shrimp weighing 11-12 g/head is 1.80 ± 9.28 x 107

cells/mL.

Survival Rate

The results of the measurement of the survival
rate of vannamei shrimp are presented in Figure 2.

The Figure 2 shows that there is no significant
difference in survival rate between of five treatments.
The results of the calculation of the vannamei shrimp
survival rate in Figure 2 show that the highest
vannamei shrimp survival rate was 100% in the shrimp
group with treatment C, the shrimp group that was
fed corn fermented feed added with 1% krill to re-
place 2% poultry flour and 6.5% flour fish. While treat-
ment A, B, and D results have a survival rate of 95.56%,
respectively. According to Saloko et al. (2015), the
high level of survival can be influenced by several fac-

Figure 1. The total hemocyte count of L. vannamei shrimp fed five different diets for
30 and 60 days reared.
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tors, including the temperature, which is always
stable, the water quality is always good.

Based on vannamei shrimp survival calculation re-
sults during the study, each treatment did not sig-
nificantly differ. This indicated that the fermented corn
protein concentrate feed had almost the same sur-
vival rate as the control. This suggests that feed with
fermented corn protein concentrate does not cause
many deaths, or it can be said that white shrimp can
accept the feed. According to Ni’mah et al. (2021), a
good survival rate indicates that immunostimulators
that enter the shrimp body can protect or be proac-
tive against external factors such as pathogens that
enter the shrimp body.

This increase in the survival rate indicates that
the immune system in the shrimp body can protect
(protective) white vannamei shrimp against external
factors that enter the shrimp body, for example, in-
fection by pathogens which is one of the leading
causes shrimp death. According to Utomo et al. (2015),
the survival of the tested shrimp is also suspected to
be closely related to the increase in THC because the
shrimp’s immune system is non-specific. Rohmin et
al. (2017) the immune system in shrimp is still primi-
tive, and unlike fish and mammals, which have immu-
noglobulins, the immunoglobulins in shrimp are re-
placed by prophenoloxidase activating enzyme (PPA).
The PPA is a protein located in the hemocyte granu-
lar cells.

Water Quality

Based on the research, the values of water quality
as supporting data include dissolved oxygen (DO),
hydrogen power (pH), temperature, salinity, and am-
monia, and the results are presented in Table 1.

The water quality results show that the water
quality during rearing was optimal for cultivation ac-
tivities and could support the growth of vannamei
shrimp (L. vannamei).

Water quality observations were carried out two
times a day in the morning and evening. The vari-
ables observed were temperature, DO, salinity, pH,
and ammonia. Ammonia observations were carried
out once a week. The value of water quality have
salinity levels ranging from 28 to 31 ppt. Salinity with
a 28-31 ppt value indicates that the salinity is quite
good. Nababan et al. (2015) stated that good salinity
for growth ranged from 10-30 ppt with optimal salin-
ity ranging from 15-25 ppt. This is reinforced by
WWF-Indonesia (2014), the ideal salinity for shrimp
growth is between 10-35 ppt.

The degree of acidity (pH) of water-based on mea-
surements ranges from 6.5 to 8.0. This pH range can
support the continuation of the shrimp farming busi-
ness. According to Sahrijanna & Septiningsih (2017),
a suitable pH value for shrimp culture is between 7.4
and 8.9, with the optimum standard value of 8.0. pH.

Dissolving oxygen for cultivation will have a good
effect on shrimp. Cultured organisms use oxygen for
metabolic processes. The DO results ranged from 5.3-
6.5 mg/L. According to Anas et al. (2015), a dissolved
oxygen content of fewer than 2 mg/L can cause shrimp
death, and the optimum limit is 4-7 mg/L.

Water temperature based on measurements rang-
ing from 28.2°C-29.5°C. According to Sahrijanna &
Septiningsih (2017), a suitable temperature value for
shrimp cultivation is 27°C-31°C. While the levels of
ammonia during the study ranged from 0.02-0.2 mg/
L. According to Chrisnawati et al. (2018), the opti-

Figure 2. The survival rate of L. vannamei shrimp fed five differ-
ent diets for 60 days of reared.
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Table 1. The average of water quality values on water reared of L. vannamei shrimp

mum ammonia level in vannamei shrimp rearing wa-
ter is 0.05-0.1 mg/L. Ammonia levels began to affect
growth by 50% at 0.45 mg/L levels and caused death
at 1.29 mg/L levels.

CONCLUSIONS

The use of feed with bioactive protein ingredient
(MOTIVTM) can increase the number of vannamei
shrimp hemocytes this can be used to indicate of
strengthening the shrimp’s immune system an.d
health status in shrimp. However, the use of bioactives
in feed from  different fermented corn protein con-
centrate did not significantly differ in survival rate. It
is suggested to use a feed composition with 7.5%
MOTIVTM add of 1% krill flour to replace 2% poultry
meal and 6.5% fish meal, which is the best result of
this study and can increase the total number of
hemocytes of L. vannamei shrimp.
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