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Abstract
Background and Objective: Spinach extract (Amaranthacea tricolor) is a very prospective feed raw materials to stimulate the molting
and growth of crab female broodstock. The purpose of this study was to evaluate the quality of broodstock females, Portunus pelagicus
(Linnaeus, 1758) at different levels of spinach extract based on physical, organoleptic and chemical tests. Materials and Methods: Four
different treatments of spinach extract (0, 250, 500 and 750 ng gG1 crab, respectively) were used in this study. The female crab samples
were collected from coastal region of Padang, West Sumatera and placed randomly in four concrete tanks (200×100×100 cm). Each
concrete tank consist of five units of plastic box (45.5×32.5×16.5 cm) with the maximum density was one crab per box. Results: The
organoleptic test showed that formulated diets enriched with spinach extract (0, 250 and 500 ng gG1 crab) had a smooth texture, pungent
aroma and brown. Whereas from the physics test results obtained good water stability (rupture velocity ranged from 89.20-105.40 min
and solids dispersion ranged from 4.97-7.17%), hardness (92.66-98.07%) and sinking velocity (3.88-5.88 cm secG1) (p<0.05). The results
also showed that formulated diet enriched with spinach extract doses of 250-750 ng gG1 crab gave a value of delicacy of feed
(0.195-0.386 g crabG1 weight/day) which was significantly different (p<0.05) with 0 ng gG1 crab (0.445 g crabG1 weight/day). The chemical
test shows the moisture content were 11.60%, ash 9.31%, protein 44.38%, fat 7.64% and carbohydrate 14.46%. Conclusion: It was
concluded that there was a linear relationship between dose of spinach extracts in formulated diet and rupture velocity and a quadratic
relationship between dose of spinach extracts in formulated diet and solid disperse, hardness and sinking velocity and delicacy of feed.
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Padang
and
the Laboratory of Animal Physiology,
Department of Biology, Padang, West Sumatera from
April-July, 2018.

INTRODUCTION
Commodity demand for crab is increases every year, while
the supply of this commodity is still depending on nature
fishing1-4. The efforts are needed towards controlled
cultivation, but the constraints of this effort are still difficult to
obtain the right amount and time, because seeding
technology is needed. To anticipate this problem, it need a
technique to ripen the gonads of the mother crab which is the
initial determinant of hatchery success. To stimulate the
process of gonadal maturation, it is usually carried out by
hormonal manipulation, feed and environmental
manipulation5,6. Improvement of nutrients in artificial feed for
the gonadal maturation process has been carried out on
various types of fish7. In mangrove crabs, Scylla serrata has
also been carried out by several researchers8,9. According to
Millamena and Quinito8, for the maturation process of gonadal
crabs, the balance diet of Omega-3 and Omega-6 is needed.
Feed tested on crustaceans (Penaeus japonicus) containing a
mixture of soybean oil (Omega-6 source) and squid liver oil
(Omega-3 source) with a ratio of 3:4% is better for the gonad
maturation process compared to feed containing soybean oil
or squid liver oil only10. Likewise, the conclusions of several
other researchers stated that feed which is quality is feed with
a protein content, fat, carbohydrates, minerals and vitamins
that are balanced8,9,11.
The development of the next crab cultivation technology
is quite promising with the emergence of soft shell
production, with selling prices reaching twice as high as
hard-shelled ones12. The introduction of soft shell production
technology to induce molting using spinach extract
(Amaranthus tricolor) was discovered by Aslamyah and
Fujaya13. The artificial feed enriched spinach extract (vitomolt)
with protein content of 30.62 and 41.72% carbohydrate
effectively stimulated the molting of mangrove crabs, with a
percentage of molting14 (100%).
Recently, there is no research which is related to the
application of spinach extract (A. tricolor) to improve the
nutritional quality of formulated diets for molting and growth
of crab female broodstock. Therefore, this study was aimed to
investigate the formulated diets enriched with spinach extract
to find the best formula for molting and growth of crab female
broodstock.

Experimental design and formulated diet: The method used
in this study is completely randomized design (CRD) with four
treatments and five replications of dietary with spinach
extracts. They were treatment with Fdiet 1, formulated diet
without spinach extract 0 ng gG1 crab; Fdiet 2, formulated diet
enriched with spinach extract 250 ng gG1 crab; Fdiet 3,
formulated diet enriched with spinach extract 500 ng gG1 crab;
and Fdiet 4, formulated diet enriched with spinach extract
750 ng gG1 crab. Formulated diet15-17 is a modified formulation
(Table 1) for the broodstock of mud crab, Scylla serrata8.
Spinach extract was dissolved with 80% ethanol with the ratio
1:1 then homogenized. The solution was added 80% ethanol
to 20 mL kgG1 of feed and sprayed evenly into the test feed,
then the feed was dried. The test feed is stored until it is ready
for use13.
Organoleptic test: Organoleptic testing includes texture,
odour and color of feed. The texture of the feed can be seen
from the surface of the feed is smooth, fibrous or perforated.
The odour of feed determines the quality of the feed as it is
closely related to the recipient or the allure of the crab to the
feed. The odour of the feed is determined by making the
category not pungent, pungent and quite pungent. Feed color
depends on the type of raw materials used 18.
Physical test: Physical tests include the stability of the feed in
water, the level of hardness, the sinking velocity and the
delicacy of feed18.
Stability of feed in water: The stability test in water is a test
of the endurance level of feed in the water or how long it
takes until the feed is mushy and crumble. The stability of
Table 1: Modified composition of broodstock formulated diet for females blue
swimming crab, P. pelagicus in g/100 g dry diet
Ingredients
Fish flour
Clam flour
squid flour
wheat flour
Seaweed
Cod liver oil
Lesitin (lecithin)
Cholesterol
Vitamin mix
Mineral mix
Dicalcium phosphate
Vit. E (IU kgG1 feed)

MATERIALS AND METHODS
Time and site: The study was conducted at Balai Benih Ikan
Pantai (BBIP) Teluk Buo, Balai Benih Ikan (BBI) Bungus,
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Diet (g/100 g)
20
20
20
17
4
5
3
1
3
4
3
600
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feed in water including rupture velocity and dispersion of
solids. The crash test measures how long it takes until the feed
is destroyed in the water. This rupture test was observed
visually. Included feed 10 bars into a beaker filled with 1 L of
water, observations made every 5 min to know the feed was
soft or not. Observation continues until the feed is
broken/destroyed. The solid dispersion is carried out by
feeding 10 g inserted into a 6×6×6 cm gauze box with pores
of about 1 mm, then immersed in the aquarium for 2 h then
lifted and dried under the sun. After that, it is weighed to a
constant weight. The solid dispersion is calculated using the
formula:

Chemical test: Chemical test of feed includes determination
of quantity and quality of nutrition in feed which is
determination of proximate composition of protein, fat, ash,
water, coarse fiber and NFE content in test feed21. This method
refers to the test method of BSN22.
Data analysis: The Organoleptic data were analyzed
descriptively by comparing the results obtained between
treatments with supporting literature. While the data physical
and chemical tests were analyzed by using one way ANOVA
and then Duncan's test to know the difference between
treatment23. The standard deviation of each parameter and
treatment was determined and expressed as the Mean±SE.
The treatment effects were considered to be significant at
p<0.05. Arcine transformation is performed before analyzing
data in percentage form. The relationship between dose of
spinach extracts in formulated diet and physical tests were
analysed using statistical computer software (version 19.0 for
Windows, SPSS Inc., Chicago, IL), for significant correlation
between them.

Dry weight of initial feedDry weight of final feed
Solid dispersion (%) =
 100
Dry weight of initial feed

Hardness level test: The feed hardness rate test was
measured by feeding 5 g of feed into a paralon pipe with a
height of 1 m. Then the feed is loaded with a weight of a
weighing 500 g. Feed that has been loaded then sieved
using a sieve of 0.5 mm. The level of hardness is
calculated in the percentage of non-destructive feed using a
sieve.

RESULTS
Organoleptic test: Based on the organoleptic test, the results
have showed that different texture of diet treatment. The
texture treatment of Fdiet 1 has a smooth texture, while
the treatment of Fdiet 2, 3 and 4 has a fibrous texture.
Organoleptic observations of feed odour also showed
differences. The odour of treatment Fdiet 1 has a strong
odour, Fdiet 2 and 3 smell quite stinging, while Fdiet 4
treatment has a non-stinging odour. Furthermore, the
3rd organoleptic test is the color of the feeds test. The results
showed that the same result for all samples which the color is
brown (Table 2).

Sinking velocity test: The sinking velocity test is performed by
measuring the length of time it takes for feed to move from
the water surface to the bottom of the maintenance medium.
Feed five pellets put into a beaker glass with a bottom height
of the container 20 cm from the surface of the water. The
stopwatch is executed just as the feed is dropped into the
water surface. The sinking speed is the distance in the feeding
time until it is based on the measuring cup.
Delicacy feed test: The delicacy feed test was measured
from the amount of feed consumed per crab body weight19.
The female crab samples were collected from coastal region
of Padang, West Sumatera and placed randomly in four
concrete tanks (200×100×100 cm) which each put five units
in a plastic box (45.5×32.5×6.5 cm) at maximum density of
one crabs per box. Tanks were provided with substrate of
around 15 cm thick layer of sand and adequate aeration2,11,20.
The crabs were maintained in monitored water depth of 25-30
cm with the salinity of 30-32 ppt, pH 7.77-7.96, temperature
26-27EC and DO 7.00-7.30 ppm. Each crab was provided with
a shelter made of PVC pipe: 13 cm in diameter and 40 cm in
length to serve as a refuge during molting. Formulated diets
made from food wastes enriched by spinach extracts were fed
daily at 3% biomass (1700-1800 h) and uneaten food was
removed every morning.

Physical test: Observations of physical tests include: (a) The
stabilization of feed in the water (rupture velocity and solid
dispersion), (b) Level of feed hardness, (c) Velocity of feed
sinking and (d) Delicacy of feed.
Stabilization of feed in the water
Rupture velocity: The rapture velocity at different doses of
spinach extract was generally longest ranging from
89.20±3.63 to 105.40±3.55 min. The rapture velocity (min)
decreased with increasing dose of spinach extract
(p<0.05). The longest rapture velocity was achieved at 0 and
250 ng gG1 crab, whereas the lowest (p<0.05) rapture velocity
occurred at 750 ng gG1 crab with 89.20±3.63 min (Table 2).
The relationship between dose of spinach extracts in
285

Pak. J. Biol. Sci., 22 (6): 283-290, 2019
Table 2: Organoleptic and physical tests of formulated diets made from food wastes enriched by spinach extracts for the broodstock females blue swimming crab,
Portunus pelagicus (Linnaeus, 1758)

Parameters of the test

Treatments (n = 5)
---------------------------------------------------------------------------------------Fdiet 1
Fdiet 2
Fdiet 3
Fdiet 4

R2

Regression equation

Organoleptic test
Texture
Odour
Color
Physical test

Smooth
Pungent
Light brown

Fibrous
Quite pungent
Light brown

Fibrous
Quite pungent
Light brown

Fibrous
No pungent
Light brown

105.40±3.55a
6.69±0.37ac

100.20±2.95ab
6.01±0.40ab

94.20±1.64b
4.97±0.22b

89.20±3.63c
7.17±0.52c

92.66±1.25a

95.54±0.57b

98.07±0.36c

93.04±1.06a

3.88±0.36a

5.20±0.19b

5.88±0.16c

4.97±0.17b

0.445±0.273b

0.195±0.075a

0.129±0.024a

0.386±0.141a

Stabilization of feed in water
Rupture velocity (min)
Solids disperse (%)
Hardness (%)
Sinking velocity (cm secG1)
Delicacy of feed (g crabG1 weight/days)

RV = -0.0218DSE+105.44 (Linear)
DS = 1×10G5 DSX2-0.0085DSX+6.8732
(Quadratic)
H = -3×105 DSE2+0.0252DSE+92.299
(Quadratic)
SV = -9×10G6 DSE2+0.0083DSE+3.8288
(Quadratic)
DF = 2×10G6 DSE2-0.0016DSE+0.4518
(Quadratic)

0.5563
0.4431
0.5636
0.7313
0.1724

Means within a given column with different superscripts were significantly different (p<0.05). Values are means±standard errors (SE). n = Replication,
Fdiet 1: Formulated diet without spinach extract 0 ng gG1 crab, Fdiet 2: Formulated diet enriched with spinach extract 250 ng gG1 crab, Fdiet 3: Formulated diet enriched
with spinach extract 500 ng gG1 crab and Fdiet 4: Formulated diet enriched with spinach extract 750 ng gG1 crab
Table 3: Proximate composition of formulated broodstock diet for females blue
swimming crab, P. pelagicus without spinach extract on a dry matter
basis
Proximate composition (%)
Moisture
Ash
Crude protein
Fat
Carbohydrate

(92.66±1.25%), 250 ng gG1 crab (95.54±0.57%) and
750 ng gG1 crab (93.04±1.06%). A quadratic relationship of
H = -3×105 DSE2+0.0252DSE+92.299; R² = 0.5636; p<0.05) was
found between dose of spinach extracts in formulated diet
and hardness.

Formulated diet (%)
11.60
9.31
44.38
7.64
14.46

Sinking

velocity:

The

sinking

velocity

of

Fdiet

3

1

(5.88±0.16 cm secG ) revealed the increase (p<0.05) at
doses of spinach extract 500 ng gG1 crab, whereas the lowest
(p<0.05) sinking velocity occurred at 0 ng gG1 crab with
3.88±0.36 cm secG1 (Table 2). The relationship between dose
of spinach extracts in formulated diet and sinking velocity was
found to be quadratic (SV= -9×10G6 DSE2+0.0083DSE+3.8288;
R² = 0.7313; p<0.05).

formulated diet and rupture velocity was linear with an
equation of RV = -0.0218DSE+105.44. This relationship was
found to be highly significant (R² = 0.5563; p<0.05).
Solids disperse: The doses of spinach extract (0, 250 and
500 ng gG1 crab) significantly influenced (p<0.05) the
percentage of solid dispersion in formulated diet. The highest
percentage of solid dispersion was achieved at spinach extract
levels of 0, 250 and 750 ng gG1 crab (6.01±0.40 to
7.17±0.52%), whereas the lowest percentage of solid
dispersion is found at 500 ng gG1 crab (4.97±0.22%). The
relationship between dose of spinach extracts in
formulated diet and solid disperse was found to be quadratic
(DS = 1×10G5 DSX2-0.0085DSX+6.8732; R² = 0.4431; p<0.05)
(Table 2).

Delicacy of feed: Data (Table 2) showed that doses of
spinach extract in formulated diets (p<0.05) affected
delicacy of feed. The lowest dose of spinach extract
(0 ng gG1 crab) resulted in the highest feed delicacy
(0.445±0.273 g crabG1 weight/days). Regression analysis
showed the relationship to be quadratic (DF = 2×10G6
DSE2-0.0016DSE+0.4518; R² = 0.1724; p>0.05).
Chemical test: Based on the results of chemical testing with

Hardness level: Treatment of different doses of spinach

the proximate analysis of the test feed in Table 3. The results
showed that the nutritional composition of the test feed were
containing 11.60% moisture content, 9.31% ash, 44.38%
protein, 7.64% fat, 14.46% carbohydrate and which is a fairly
balanced percentage with the needs of blue swimming
crabs.

extract (0, 250, 500 and 750 ng gG1 crab) showed different
effects on hardness level in formulated diet (Table 2). The
highest (p<0.05) percentage of hardness level was achieved
by spinach extracts in formulated diet at 500 ng gG1 crab
(98.07±0.36%) compared to hardness level at 0 ng gG1 crab
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(4.97±0.22-7.17±0.52%) compared to the Aslamyah and
Karim24 studies who produced solid dispersions above 10%
(11.14-11.87%).
In the present study, the results indicated that the highest
level of hardness was found in the Fdiet 3, which was 98.07%
because its caused of the fineness of the feed and the
composition used were balanced. The level of hardness of
feed is influenced by the fineness of the particles and the level
of density of particles as often as the constituent ingredients
of feed19. The lowest percentage level of hardness in the
Fdiet 1 was 92.66%. The difference may be due to feeding of
spinach added which made the feed a little more compact.
Therefore, it can be concluded that low percentage was
included in the level of good hardness as the level of hardness
of treatment above 80% was definitely high24. Meanwhile,
other studies showed that good pellets are harder than usual
pellets28. The range of levels of feed hardness obtained in this
study was almost same as that obtained from tiger shrimp
feed containing several types of seaweed flour as adhesive19,
namely 92.27-94.67%.
Throughout the monitoring period, the treatment
of Fdiet 3 with the addition of spinach extract as much as
500 ng gG1 crab had the highest and best sinking velocity of
5.88 cm secG1, followed by Fdiet 2 and 4, respectively. Spinach
extract may directly inclusion increased the specific gravity of
the feed so that the feed will sink faster. Specific gravity of
feed has been reported by Mudjiman28, feed buoyancy has to
do with it, the greater specific gravity of the feed compared to
the specific gravity of water the faster it will sink. It was also
reported that shrimp, catfish and demersal fish pellets
should sink faster than usual. The Fdiet 1 treatment has the
longest sinking velocity of 3.88 cm secG1. Therefore, it can be
concluded that effect of spinach are increase in volume of
feed composition28.
In the short term study reported that the delicacy test of
feed is increased by attractants and odours by it contains19.
The findings of current study were also supported by previous
reports that good quality food has a distinctive odour that is
favored by culture. The low tasty power in the Fdiet 1
treatment with a value of 0.445 g was thought to be without
additives which spinach extract had a pungent odour not liked
by the crab, so that it had low tasty power25, 26.
Current study showed the result of proximate
composition of the formulated diet. The result showed that
the nutritional composition of the test feed contains a fairly
balanced percentage with the needs of crabs. The formulated
diet has lower moisture content. Moisture content is within
the recommended value (<12%)18,31. Moisture content of
formulated diet is an important parameters of their

DISCUSSION
The application of spinach extract on formulated diets
have an effect on the textures and odour of diet. Then, the
composition of the raw materials and appearance also have an
effect on the texture of feed. The surface texture of feed
showed smooth, fibrous or perforated24. Furthermore, the
fineness of the raw material, the amount of fiber and the
binder used in the composition have an effect on the texture
of formulated diet. The texture of feed and the level of
fineness of the raw material have affected the compactness
and flatness22. The different of feed odour has related to the
composition of raw materials such as; spinach extract doses.
According to previous report, the type and amount of spinach
extract added to the process making of feed has effect to
odour24. Furthermore, the good formulated diet has natural
scent odour and taste7,25. The colour level of the formulated
diets (Table 2) was within the acceptable limits (light brown).
There was no different colour in each diet, because, the
different of spinach doses extracts has no effect on feed
composition. Similar results with previous study, the colour of
formulated diet has related or depends on the type of raw
material24.
The rupture velocity of formulated diet is strongly
affected by the fineness of raw materials26. Furthermore, the
rupture velocity of pellets can be greatly improved by proper
selection of feed ingredients, processing techniques and the
use of proper processing equipment27. The lowest value of
rupture velocity (Fdiet 4) is found at doses spinach extract
750 ng gG1 crab. The lower rapture velocity at high doses
spinach extract may be due to the feed raw material to be less
bound or less compact which results in accounting for the
difference in water stability. The rapture velocity of feed is
influenced by several factors, such as the amount and type of
raw material28. The results from this study showed spinach
extract to be water stable pellet than those by Solomon et al.29
studies who produced a water stability of around 56-57 min
on feed made from local carbohydrate sources and added
with Saccharomyces cerevisae yeast. However, it is still lower
than the general requirements of crustacean feed. According
to a report, the stability of feed in water ranges28 from 3-5 h.
The high doses of spinach extract 750 ng gG1 crab
provided the highest percentage of solid dispersion
(7.17±0.52%), while the lowest value (4.97±0.22%) was
observed at doses of spinach extract 500 ng gG1 crab. The
level of solid dispersion should be no more than 10%, because
it greatly affected the quality and quantity of nutrients
contained in the feed30. In general, all the formulated diets in
this study already have good solid dispersion values
287
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susceptibility to microbial spoilage. When the moisture

needed further study regarding formulated diet which

content is on the high side, it encourages the growth of

substitute with vegetable materials that could be used for

micro-organisms7. Ash content of the formulated

stimulated the molting and growth of blue swimming crabs.

diet

was relatively low (9.31%). The BSN recommended (<13%)
ash contents for the formulated diet18.

In
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ACKNOWLEDGMENTS

Piedecausa et al.32 and Ayuba and Iorkohol33 recommended
ash content of fish formulated diets are lower than

This study was supported by research grant Research

recommended value by BSN18. This might be due to the ash

and Community Service Institution, Andalas University

effect on digestibility and growth34-36.

(No. 38/UN.16.17/PP.PGB/LPPM/2018). The authors wish to

High protein content of diet is thought to be due to the

thank all the staff at Balai Benih Ikan Pantai (BBIP), Teluk Buo

high protein content of the raw materials for the formulated

and Balai Benih Ikan (BBI) Bungus, Padang, Department of

diet used, such as fish meal, squid and shellfish8,37. Protein

Maritime and Fisheries Affairs and the Laboratory of Animal

content of diet is within the recommended (40-50% in dry

Physiology Department of Biology, Faculty of Math and

form for crab growth)2,8,17,38. The fat content of the diet was

Science, Andalas University, Padang, West Sumatera for

obtained 7.64%, this contents are within the recommended

technical assistance rendered.

18

value of BSN of >5%. Low fat content of formulated diet may
be necessary to prolong its shelf life also by avoiding lipids

REFERENCES

peroxidation. Furthermore, the high fat content will cause side
effects that decrease food consumption, growth and liver
degeneration10. Thus, the optimal

1.

FAO, 2000. FAO Yearbook: Fisheries Statistic. Food and

2.

Efrizal, A.A., M.S. Kamarudin, C.R. Saad and S.M.N. Amin, 2015.

fat requirement of

Agriculture Organization (FAO), Rome, Italy, pp: 713.

39

omnivorous cultivation group is 6-8%. Carbohydrates, just

Some aspects of reproductive biology of blue swimming crab

like fats are needed for energy. Carbohydrates content of
the

formulated diet was

recommended value

relatively

lower

(Portunus pelagicus (Linnaeus, 1758)) under laboratory

than

conditions. J. Fish. Aquat. Sci., 10: 77-91.

40

by Alava and Pascual (25-30%). The
3.

carnivorous group cultivation needs around 10-20%

Hassan, A., T.N. Hai, A. Chatterji and M. Sukumaran, 2011.
Preliminary study on the feeding regime of laboratory reared

carbohydrates39.

mud crab larva, Scylla serrata (Forsskal, 1775). World Applied
Sci. J., 14: 1651-1654.

CONCLUSION

4.

Romano, N., M.A. Safee, M. Ebrahimi and A. Arshad, 2016.
Fatty acid compositional changes during the embryonic

Based on organoleptic, physical and chemical tests on

development of the swimming crab, Portunus pelagicus

evaluated feed, it was showed that the enrichment of spinach

(Portunidae: Decapoda). Invertebr. Reprod. Dev., 60: 112-117.

extract in different formulated diets have produced different

5.

feed quality. The proximate analysis showed that the nutrients

Lockwood, A.P.M., 1967. Aspect of the physiology of
crustacean. The Aberdeen University Press.

of feed tests were within the range requirement blue

6.

Primavera, J.H., 1985. A review of maturation and

swimming crab. There was a linear relationship between dose

reproduction in closed thelycum penaeids. Proceedings of

of spinach extracts in formulated diet and rupture velocity and

the 1st International Conference on the Culture of Penaeid

a quadratic relationship between dose of spinach extracts in

Prawns/Shrimps, December 4-7, 1984, Iloilo City, Philippines,
pp: 47-64.

formulated diet and solid disperse, hardness, sinking velocity
7.

and delicacy of feed.

Watanabe, W.O., M.S. Alam, A.D. Ostrowski, F.A. Montgomery,
J.E. Gabel, J.A. Morris Jr. and P.J. Seaton, 2016. Live prey
enrichment and artificial microdiets for larviculture of atlantic

SIGNIFICANCE STATEMENT

red porgy Pagrus pagrus. Aquacult. Rep., 3: 93-107.
8.

Formulated diet is an alternative media application of

Millamena, O.M. and E.T. Quinitio, 2000. The effects of diets
on reproductive performance of eyestalk ablated and intact

spinach extract (SE) which is known containing molting

mud crab Scylla serrata. Aquaculture, 181: 81-90.

stimulant. However, the utilization of the formulated diet is an

9.

Aslamyah, S. and Y. Fujaya, 2009. Formulasi pakan buatan

expensive fed with a very high protein concentration and itʼs

khusus kepiting yang berkualitas murah dan ramah

mainly produced from fish based materials. Therefore, it is

lingkungan. Sains Teknol., 9: 133-141.

288

Pak. J. Biol. Sci., 22 (6): 283-290, 2019
10. Alava, V.R., A. Kanazawa, S.I. Teshima and S. Koshio, 1993.

22. Badan Standarisasi Nasional, 2002. SNI 01-2891-1992 cara

Effect of dietary phospholipids and n-3 highly unsaturated

perlakuan makanan dan minuman. Badan Standar Nasional,

fatty acids on ovarian development of kuruma prawn. Nippon

Jakarta. https://www.slideshare.net/Fitrijasmineandriani/sni01-28911992-cara-uji-makanan-minuman

Suisan Gakkaishi, 59: 345-351.

23. Steel, R.G.D. and J.H. Torrie, 1980. Principles and Procedures

11. Efrizal and Rusnam, 2017. The influence of dietary vitamin e
on the gonad development of

blue

swimming

of Statistics: A Biometrical Approach. 2nd Edn., McGraw Hill

crab

Portunus pelagicus (Linnaeus, 1758). Aust. J. Basic Applied

Book Co., New York, USA., ISBN-13:

Sci., 11: 7-15.

Pages: 633.

9780070609266,

12. Fujaya, Y., 2011. Growth and molting of mud crab

24. Aslamyah, S. and M.Y. Karim, 2013. Organoleptic, physical and

administered by different doses of vitomolt. J. Akuakultur

chemical tests of artificial feed for milk fish substituted by
earthworm meal (Lumbricus sp.). J. Akuakultur Indones.,

Indones., 10: 24-28.

11: 124-131.

13. Aslamyah, S. and Y. Fujaya, 2011. Effectiveness of artificial diet

25. Saenz de Rodriganez, M.A., B. Gander, M. Alaiz

enriched by spinach extract on molting stimulation to

and

produce soft shell crab. J. Akuakultur Indones., 10: 8-15.

F.J. Moyano, 2011. Physico chemical characterization and

14. Aslamyah, S. and Y. Fujaya, 2012. Stimulasi molting dan

in vitro digestibility of commercial feeds used in weaning of
marine fish. Aquacult. Nutr., 17: 429-440.

pertumbuhan kepiting bakau (Scylla sp.) melalui aplikasi
pakan buatan berbahan dasar limbah pangan yang diperkaya

26. Murdinah, T., S. Suwarno and P. Sumpeno, 1991. Mempelajari

dengan ekstrak bayam. ILMU KELAUTAN: Indones. J. Mar. Sci.,

jenis bahan pemikat untuk pakan udang. J. Penelitian
Pascapanen Perikanan, 70: 29-36.

15: 170-178.

27. Lim, C. and G. Cuzon, 1994. Water stability of shrimp pellet: A

15. Efrizal, 2013. Perkembang gonad induk rajungan, Portunus

review. Asian Fish. Sci., 7: 115-127.

pelagicus (Linnaeus, 1758), dengan manipulasi pakan alami

28. Mudjiman, A., 2009. Makanan ikan. Penebar swadaya. Jakarta.

dan buatan. Proceedings of Seminar Nasional Biodiversitas

29. Solomon, S.G., G.A. Ataguba and A. Abeje, 2011. Water

dan Ekologi Tropika Indonesia (BioETI) Universitas Andalas,

stability and floatation test of fish pellets using local starch

September 14, 2013, Padang, pp: 45-51.

sources and yeast (Saccahromyces cerevisae). Int. J. Latest

16. Efrizal, E., 2017. Effects of stocking density on survival rate and

Trends Agric. Food Sci., 1: 1-5.

larval development of blue swimming crab, Portunus

30. Lim, C. and G.W. Dominy, 1991. Performance of binders in

pelagicus (Linnaeus, 1758) under laboratory conditions.

pelleted shrimps diet. Proceedings of the Aquaculture Feed

Aquacult. Aquarium Conserv. Legislation-Int. J. Bioflux Soc.

Processing and Nutrition Workshop, September 19-25, 2005,

(AACL Bioflux)., 10: 217-226.

Thailand and Indonesia, pp: 149-157.

17. Efrizal, E., I.J. Zakaria, R. Rusnam, S. Suryati and N. Yolanda,

31. ADCP., 1983. Fish Feeds and Feeding in Developing

2018. Studies on biological test of formulated diets

Countries. Aquaculture Development and Coordination

supplementation of vitamin E for the broodstock of females

Program, FAO., Rome, pp: 97.

blue swimming crab, Portunus pelagicus (Linnaeus, 1758).

32. Piedecausa, M.A., F. Aguado-Gimenez, B. Garcia-Garcia,

F1000 Res., Vol. 7 10.12688/f1000research.15885.2.

G. Ballester and T. Telfer, 2009. Settling velocity and total

18. Badan Standarisasi Nasional, 2006. SNI 01-4266-2006 Tepung
ikan/bahan baku pakan. Badan Standarisasi Nasional, Jakarta.

ammonia nitrogen leaching from commercial feed and faecal
pellets of gilthead seabream (Sparus aurata L. 1758) and

https://www.scribd.com/document/372992348/259098711-

seabass (Dicentrarchus labrax L. 1758). Aquacult.

Pakan-Buatan-Bagi-Ikan-Mas-Cyprynus-Carpoi-L-Pada-

40: 1703-1714.

Budidaya-Intensif-pdf

Res.,

33. Ayuba, V.O. and E.K. Iorkohol, 2013. Proximate composition of

19. Saade, E. and S. Aslamyah, 2009. Uji fisik dan kimiawi pakan

some commercial fish feeds sold in Nigeria. J. Fish. Aquat. Sci.,

buatan untuk udang windu Penaeus monodon fab. yang

8: 248-252.

menggunakan berbagai jenis rumput laut sebagai bahan

34. Dale, N., 1997. Metabolizable energy of meat and bone meal.
J. Applied Poult. Res., 6: 169-173.
35. Mendez, A. and N. Dale, 1998. Rapid assay to estimate calcium
and phosphorus in meat and bone meal. J. Applied Poult.
Res., 7: 309-312.
36. Wang, X. and C.M. Parsons, 1998. Effect of raw material
source, processing systems and processing temperatures on
amino acid digestibility of meat and bone meals. Poult. Sci.,
77: 834-841.

perekat. Torani (J. Ilmu Kelautan Perikanan), 19: 107-115.
20. Efrizal, 2015. Effects of salinity on survival rate and larval
development of blue swimming crab Portunus pelagicus
(Linnaeus, 1758) under laboratory conditions. Aust. J. Basic
Applied Sci., 9: 557-563.
21. Balazs, G.H., E. Ross and C.C. Brooks, 1973. Preliminary studies
on the preparation and feeding of crustacean diets.
Aquaculture, 2: 369-377.

289

Pak. J. Biol. Sci., 22 (6): 283-290, 2019
39. Creswell, R.L., 1993. Feeding and Nutrition.
In:
Aquaculture Desk Reference. Creswell, R.L., (Eds.). Springer,
Boston,
MA., New York, ISBN: 978-1-4684-7115-1,
pp: 102-146.
40. Alava, V.R. and F. Pascual, 1987. Carbohydrate requirements
of Penaeus monodon (Fabricius) juveniles. Aquaculture,
61: 211-217.

37. Oniam, V., L. Chuchit and W. Arkronrat, 2012. Reproductive
performance and larval quality of blue swimming crab
(Portunus pelagicus) broodstock, fed with different feeds.
Songklanakarin J. Sci. Technol., 34: 381-386.
38. Ding, L.Y., M. Jin, P. Sun, Y. Lu and H.N. Ma et al., 2017.
Cloning, tissue expression of the fatty acid-binding protein
(Pt-FABP1) gene and effects of dietary phospholipid levels on
fabp and vitellogenin gene expression in the female
swimming crab Portunus trituberculatus. Aquaculture,
474: 57-65.

290

