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ABSTRACT

The enrichment of broodstock milkfish feed with Spirulina flour has been carried out at the Milkfish
Hatchery Unit, MCBA Jepara. This research aims to improve the reproductive performance and quality of
the milkfish's eggs. For every 10 kg of pellet feed is enriched with a mixture of 10 pieces of duck eggs, 100
mL of honey, 6 g of vitamin C, 3 g of vitamin E and Spirulina flour dosage of 0.6 g/ kg and 1.8 g / kg. These
materials are mixed and blended into an emulsion. The emulsion is sprayed evenly onto the pellet’s surface
and left to dry.. The amount of pellet feed for broodstock milkfish is 2-3% biomass / day both in the morning
and evening. The result shows that the enrichment of broodstock milkfish feed with Spirulina flour affected
on : (a) enhancement in the number of eggs (from normally 6.9 million eggs becomes 20 million eggs), (b)
frequency of lay eggs (from normally 10 times/month becomes 18 times/month), (c). fertilization degree
(from normally 48.5 % becomes 70.4 %), and (d) hatching degree (from normally 66.2 % becomes 79.2
%). However, the enhancement dosage of Spirulina up to three times (from 0.6 g/kg become 1.8 g/kg) does
not give significant results.
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Introduction

Marine fish including milkfish do not have an enzyme system like those in
freshwater fish, so marine fish urgently needs hufa long chain n-3 and n-6 from feed for
optimum growth [1] [2]. These much-needed essential fatty acids are eicosapentanoic acid
(EPA, 20:4n-6) and docososahexaenoic acid (DHA, 22:6n-3) as well as AA arachidonic
acid, 20:4n—6 [3] [4] [5]. Usually this unsaturated fatty acid is synthesized from the fatty
acid C-18. EPA and DHA are needed for cell membrane function, while DHA is essential
for the cell membranes of nerve tissue and as precursors to the formation of eicosanoate
i.e. several kinds of hormones. [5].

Deficiency of essential fatty acid will cause disturbance to fish health including
fecundity deficiency and the inability to form an embryo, larvae death and abnormal
growth, mal-pigmentation, deformed eyes, inability to eat at low light intensity, abnormal
behavior and decreased membrane function at low temperature [5]. Essential fatty acid
requirements for sea water species ranged between 0,5-2% from dry feed weight [6]. These
requirements also very dependent on natural fish ability to break down the essential fatty
acids both anabolic and katabolic [7]. Main source of essential fatty acids n-3 is fish flour
[8] [9] and sea water’s oil and other sources can be used as substitution of previous
materials [10] [11]. Fat content in fish feed ration usually 15 %, which t is highly
correlated with essential fatty acids content [12].

Essential fatty acids are very important lipid components of their nutritional value
that cannot be formed in sufficient quantities by animals and must be obtained from food
[ 6]. Its main components consist of phospholipids on membranes as well as on nerve
tissues. Larvae at first meals have a very high neurosmatic index that requires (n-3 HUFA)
high as well, so there will be no abnormalities in nerve formation. In addition to the two
types of fatty acids above, arachidonic acid (20:4n-6 ; AA) is also urgently needed by
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larvae. Both types of fatty acids namely AA and EPA are substrates needed for formation
of eicosanoate which plays a role in various physiological functions including ion
regulation and egg maturity in female broodstocks [13].

Spirulina is blue green algae (cyanobacteria) which widely used as raw material in
food industry because its contain of 60 — 71% protein, 8% fat, 16% carbohydrate, 1,6%
Chlorophyll-a, 18% Phycocyanin, 17% 3 Carotene and 20 — 30 % y-linoleaic acid from
total of fatty acids and vitamin [14]. High protein content in spirulina have great potency
to be used as feed composition source. Spirulina have some advantages compared with
others microalgae i.e fast reproduction, huge biomass and easy to harvest. It because of
the measurement of Spirulina’s biomass is bigger so it can be separated from its media
through filtration using filter sized 20 um. Spirulina is easily digested because it has thin
membrane not like cellulose which hard to digest. Those membranes are sugar chain
which easily digested and absorbed [15]. Spirulina is widely use in aquaculture as
additional supplement in to feed. Fish which is feed by additional 0,5-1% Spirulina show
high growth rate as much 17-25% and lower death rate as much 30-50%. Spirulina is also
used as immunostimulant for fish [6]. The research done by Hironobu [6] shows that there
is reduction number of Aeromonas hydrophila bacteria in the liver and heart of Cyprinus
carpio that is fed by additional Spirulina. This result shows that Spirulina has the ability
to stimulate natural immunity system in fish.

Feed enrichment for broodstock milkfish with the addition of vitamin C and vitamin
E which apparently does not provide fatty acid content. Thus, the addition of Spirulina as
feed enrichment is necessary so it can improve the broodstock milkfish reproductive
performance. The purpose of this test is to improve the reproductive performance of the
milkfish broodstock through Spirulina feed enrichment.

Materials and Method

Materials and tools

Total of 80 broodstock of milkfish with body weight 5-8 kg / pc, commercial pellet
feed (diameter 1 cm), Spirulina flour , and other feed additional materials such as duck
eggs , honey, vitamins C and vitamin E. Broodstock tub with diameter of 10 m and
capacity of 250 m?, broodstock tub cover net, water pump , blower, egg collector, basin,
set of blender, set of beaker glass.

Methods

Preliminary test of Spirulina dosis enrichment.

Spirulina flour that is used in this test comes from Laboratory of Live Feed, MCBA
Jepara. The broodstock milkfish pellets are enriched with Spirulina flour according to the
treatment dose. Before the test, fatty acid analysis was carried out on Spirulina-enriched
pellets at a dose of 0.6 g / kg of feed, 1.2g / kg of feed and 1.8 g / kg Feed. While waiting
for the results of fatty acid analysis the test was carried out with the addition
of Spirulina onto pellet/feed.
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Application of Spirulina.

The testing treatment is as follows: Treatment A: enrichment of spirulina flour as
much as 0.6 g / kg of feed, and Treatment B: enrichment of Spirulina flour as much as 1.8
g/ kg of feed. Pellet enrichment consist of mixture of 10 duck eggs, 100 mL of honey, 6
g of vitamin C, 3 g of vitamin E and Spirulina flour according to the treatment dose (0.6
g/ kg andl1.8 g/ kg) are blended until it becomes an emulsion. The emulsion is sprayed to
10 kg of pellets evenly and left until it dry. All pellets are then being analyzed for its DHA
| EPA fatty acids contents in the laboratory.

The test is carried out to 80 pcs broodstock milkfish with average weight 5-8 kg/pc.
The broodstock milkfish is maintained on a concrete tub with a depth of £ 2.5 m, equipped
with strong aeration at the bottom of the tub and covered with a net. water changes at least
200% per day while the leftovers dirts are cleaned on every week. The pellet feed is given
2 times per day (in the morning and evening) with the dose 23% of the weight of biomass
per day. Milkfish eggs are harvested after being collected in an egg collector which is in
form of net size 500 um. Egg harvesting is done in the morning before 7 am. Collected
eggs are being selected. The floating eggs are separated from settle eggs - then being
spread into the larval tub.

Collection of data testing

Observations are conducted on reproductive performance i.e degree of fertilization,
hatchability of eggs, egg diameter, composition of DHA/EPA fatty acids from Spirulina
enriched pellets and water quality of broodstock milkfish culture media.

Time and testing place

The test is carried out at the Milkfish Hatchery Unit of MCBA Jepara from February

to November 2021.

Results and Discussions

Spirulina dose trial
The results of Spirulina fatty acid analysis — at 3 different doses for broodstock
milkfish feed enrichment f is shown in Figure 1 and Figure 2).
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The fat content in Spirulina-fortified feed increases with the number of Spirulina
doses (Figure 2 and Figure 3). These results show that Spirulina is potential as feed-
growing agent that is capable to enhance feed. Fat is the fatty acid ester of glycerol - stored
as energy in the animal's body [ 6]. Fat is used for long-term energy needs, as well as for
movement or energy reserved during periods of food shortage. In the body, fat provides
twice energy more than protein [6].

The measurement result of fatty acids in Spirulina-enriched broodstock milkfish
feed are shown in Table 1.

Table 1. Results of fatty acids measurement in Spirulina-enriched broodstock milkfish feed.

Spirulina dosage treatment (Sp)

Parameters 0.6g/kgSp 1.2 g/kgSp 1.8 g/kg Sp
% (wiw) % (wiw) % (wiw)

Fat Content 7.47 7.73 9.94

Fatty Acids :
Caprilic Acid, C8:0 0.44 0.17 0.37
Capric Acid, C10:0 0.04
Lauric Acid, C12:0 0.11 0.12 0.11
Tridecanoic Acid, C13:0 0.03 0.03 0.03
Myristic Acid, C14:0 3.4 3.33 3.54
Myristoleic Acid, C14:1 0.03 0.03 0.02
Pentadecanoic Acid, C15:0 0.3 0.3 0.28
Palmitic Acid, C16:0 16.41 16.24 16.5
Palmitoleic Acid, C16:1 3.35 3.33 3.45
Heptadecanoic Acid, C17:0 0.39 0.39 0.36
Cis-10-Heptaecanoic Acid, C17:1 0.12 0.11 0.11
Stearic Acid, C18:0 3.68 3.69 3.64
Elaidic Acid, C19:n9t 0.12 0.13 0.12
Oleic Acid, C18:1n9c 14.87 14.86 15.13
Linolelaidic Acid, C18:2n9t 0.12 0.05 0.03
Linoleic Acid, C18:2n6c¢ 8.84 9.65 8.68
Arachidic Acid, C20:0 0.26 0.25 0.27
v-Linolenic Acid, C18:3n3 0.14 0.15 0.14
Linolenic Acid, C18:3n3 1.64 1.65 1.62
Heneicosanoic Acid, C21:0 0.08 0.1 0.05
Cis-11,14-Eicosedienoic Acid, C20:2 0.22 0.2 0.21
Behenic Acid, C22:0 0.14 0.15 0.15
Cis-8,11,14-Eicosetrienoic Acid, C20:2 0.22 0.14 0.15
Cis-11,14,17-Eicosatrienoic Acid Methyl Ester 0.14 0.14 0.16
Arachidonic Acid, C20:4n6 1.19 1.17 1.25
Tricosanoic Acid, C23:0 0.04 0.04 0.03
Cis-13,16-Docosadienoic Acid, C22:2 0.04 0.04 0.04
Lignoceric Acid, C24:0 10.15 10.54 10.86
Cis-5,8,11,14,17-Eicosapentaenoic Acid, C20:5n3 0.06 0.04 0.04
Nervonic Acid, C24:1 0.18 0.22 0.18
Cis-4,7,10,13,16,19-Docosahexaenoic Acid 4,79 5.01 4.86
Total Fatty Acid 71.45 72.55 72.68

Spirulina dose of 0.6 g/kg has 0.06 % (w/w) EPA content that higher than doses of
1.2 g/kg and 1.8 g/kg which are 0.04% (w/w) respectively. Spirulina dose of 1.2 g / kg
obtain high DHA content while the highest ARA content is obtained at dose of 1.8 g/ kg

(Figure 3).
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Figure 3. Percentage of Spirulina DHA, EPA and ARA contents

Based on the analysis result of the fatty acids at doses of 1.2 g / kg and 1.8 g / kg,
then dose of Spirulina 1.8 g / kg of feed is selected for broodstock milkfish feed
enrichment.

Egg laying frequency

The treatment of broodstock milkfish - feed enrichment with Spirulina dose of 0.6 ¢
/' kg and 1.8 g/ kg is able to increase the productivity of milkfish eggs twice every month
compared to no treatment feed without Spirulina (Figure 4).
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Figure 4. Egg production (million eggs) during testing

The average number of eggs that produced at dose of 0.6 g / kg or 1.8 g / kg does
not make a different results (Figure 5).
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Figure 5. Average of egg production (million eggs) among treatments.

Fatty acids are very important in broodstock milkfish reproduction’s process until -
embryo development. Nutrition has real impact to ovary’s development, number of egg
and larvae development [16], however it still needs more testing in nutrition for
broodstock fish [17]. Formula arrangement for broodstock feed needs lipid for
reproduction function of female broodstock, as well as embryo development, and the
survival at the time of yolk absorption [16]. Other information which can be used to
arrange feed formula for broodstock is life cycle, eating habit and the fish’s habitat [18],
as well as composition of fatty acids in fish egg can be guide to arrange broodstock fish
feed ration [19]. The lipids especially from group of PUFA i.e eicosapentaenoic acid
(20:5 n-3; EPA) and docosahexaenoic acid (22:6 n-3; DHA) have proven to be correlated
with fish reproduction success [20] [21]. Some study shows that the highest lipid
requirement is when vitellogenesis (egg yolk formation). The requirement of EPA is
started on previtellogenesis period until ovulation process. Thus, EPA and DHA are very
essentials to be added as additives in broodstock feed in order to gain normal larvae
growth and development. Additional essential fatty acids in broodstock feed can be done
through enriched life feed or commercial feed which formula has been decided [22]. Right
combination between DHA and AA can speed up the spawning rate and hatching rate; and
also increase larvae survival rate [23] [24] [25]. Spirulina enrichment into broodstock
milkfish feed can increase egg laid frequency at double in a month compare to feed
without Spirulina enrichment. Spirulina enrichment gives different effect compare to feed
without enrichment. However, enrichment dose of 0,6 g/kg and 1,8 g/kg does not give
different effect to egg laying frequency of broodstock milkfish (Figure 6).
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Figure 6. Frequency of egg laying from female broodstock milkfish (times /month)

Degrees of fertilization and hatching

The fertilization degree increase as high as the dose of Spirulina feed enrichment..
The highest egg fertilization degree (FR) value is 70.4% obtained from 1.8 g/kg dose,
while dose 0.6 g/kg obtain only 57.7%. Both doses of fertilization value are higher than
the dose of 0 g / kg (without Spirulina) which is at 48.5%. On hatching - degree of eggs
(HR), enrichment with Spirulina dose of 0.6 g / kg and dose of 1.8 g / kg give higher
degree of hatching than without Spirulina. Doses of 0.6 g/kg and 1.8 g/kg show no
different effect on fertilization degrees (Figure 7).
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Figure 7. Degree of fertilization (FR) and degree of hatching (HR)

Fertilized eggs in milkfish have characteristics such as transparent yellow, round
shaped and floating on the surface and in the water column. Unfertilized eggs are cloudy
white, orwhen it has transparent yellow there are still slight patches / stains of cloudy
white,eggs are not round and settle.
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Egg diameter

Eggs diameter measurement results shows that during 5 months Spirulina feed
enrichment at dose 0.6 g / kg and 1.8 g / kg did not give much difference in yield. (Figure
8).
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Figure 8. Egg diameter (mm)

Enrichment dose of 0,6 g/kg feed, has produced egg with diameter around 1,25 —
1,28 mm. Almost similar result also found in feed enrichment dose 1,8 g/kg feed, i.e 1,26
— 1,28 mm. Based on SNI [26], diameter of milkfish’s egg is 0,9 — 1,2 mm. This is related
with egg yolk contain in milkfish egg, where the bigger diameter has good quality of egg.

Conclusions

The result of feed enrichment with Spirulina flour are: (a) Number of eggs increase
from 6,9 million to 20 million; (b) Egg laying frequency increase from 10 time/month to
18 time/month; (c) Degree of fertilization increase from 48,5 % to 70,4 %; (d) Hatching
rate increase from 66,2 % to 79,2 %; (e) dose of 0,6 g/kg and 1,8 g/kg do not give different
result.

Suggestion

It needs further test to know the effect of Spirulina feed enrichment to milkfish
larvae performance especially in gonad and larvae stages development.
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