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Abstract

A comprehensive trial was conducted with three different protein sources such as Spirulina, earthworm
and shrimp head meal for their cost-benefit analysis in the growth and maturation of goldfish was
conducted. Troughs (45 | cap) were used for stocking and maintaining goldfish in replicates. Each
ingredient was supplemented with two different concentrations (10% and 15%) and control diet was also
made without any special ingredients. Sampling on biogrowth and gonad development parameters was
done once in 10 days and 30 days, respectively. The highest feed conversion (75.89%) was observed with
the diet containing shrimp head meal at 15% level (Ts1) and highest GSI (31.54%) was observed in fishes
fed with diet containing Spirulina at 10% level (T12). This was found positive when cost-benefit analysis
was done. Statistical analysis of data also revealed significant difference at 99% level in the GSI of the
fishes fed with different diets and control feed.
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Introduction

Goldfish is one of the most important ornamental fishes for trade in international market 2%
with high economic value in Japan 24, The breeding and production of young ones remain as
an attractive enterprise. Maturation of adults and use of suitable maturation diets are important
for the development of gonads.

The dietary requirements of broodstock are different from those of rapidly growing juvenile
fishes as stated by Leboulanger (1977). The role of nutrients and supplementary feeds on
regulating the reproductive physiology of broodstock is well documented by Pavlov et al.
(2004). According to the available reports, it is understood that nutrient requirements vary
depending on species, size, developmental status, sex, and gonad and maturation process (9.
Influence of feed on growth, gonad maturation and reproduction in ornamental fishes was also
well highlighted %1, Reduction in feeding rate caused an inhibition of gonadal maturation in
several fish species including goldfish 28, Also it was observed that gonadal maturation,
fecundity, fertilization, embryo development and quality of larvae are greatly affected by the
absence of certain nutrients in the feed (%, Therefore, Optimum nutritional support is essential
for fish to get maturation in confined waters.

In formulated feeds, selection of ingredients is a major task to arrive at an economically viable
to feed for application in the field. Fish meal remains as a major source of protein. Excessive
use of such protein rich ingredients leads to water pollution which may lead to fish death.
Further availability of fish meal is also in critical situation due to stagnation in capture
fisheries and increased price [** %, Therefore, there is a need to select an alternative protein
source for preparing commercial feeds for ornamental fishes.

There are two types of alternative protein sources for fish meal such as plant origin and animal
origin. Spirulina is a plant protein source which has no anti nutritional factors and cellulose in
the cell wall. It has mucoprotein which can enhance the digestibility of fishes consequently
increases growth of fishes.

Earthworm is a cheap animal protein and can effectively compensate the protein requirements
of fishes '3, Many researchers have reported that earthworm is a possible alternative additive
and also a fish meal replacer in aqua feeds 1. Earthworms can also provide a substantial
nutrition to the animals consuming them 221,
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In shrimp processing plants, the cephalothorax portion of
shrimp is considered as a waste. But, it is as an excellent
animal protein additive in aquaculture due to its rich protein,
cholesterol, free fatty acids and mineral contents 1,

These three non-conventional feed additives were taken for
the present study and cost-benefit of the ingredients was
calculated in the light of growth and maturation.

Materials and Methods

Juveniles of goldfish, Carassius auratus with body weight
ranging from 3 to 5 g were purchased from an ornamental fish
breeding farm near Thoothukudi. They acclimatized for a
period of 15 days with control feed and then individuals with
an average body weight of 5.79+0.91g were stocked at a
density of 4 numbers per trough in replicates. They were fed

with experimental diets to 4% of their body weight per day
with experimental diets [*7). The feeding frequency of fishes
was three times a day viz., 9 am, 1 pm and 5 pm. The body
weight was recorded once in 10 days for 60 days and the
quantity of feed was adjusted at each sampling based on the
weight of the fishes. Once in 30 days, one fish from each
treatment was sacrificed to harvest the gonad for histological
sectioning and observation.

Experimental feed preparation

The experimental feeds were prepared based on the procedure
of Cho et al. (1985). Spirulina flakes were purchased from a
Spirulina production farm (Rs. 400/Kg). The Spirulina flakes
were ground well and sieved to get uniform size particles for
the feed preparation [,

Table 1: Feed formulae and the list of ingredients used in experimental diets

Sl. No Ingredients Tn Ti2 Ta T2 Ta Ta2 C
1 Ground nut oil cake 20 20 20 20 20 20 20
2 Rice bran 35 40 40 35 40 35 50
3 Wheat bran 5 5 5 5 5 5 5
4 Maize flour 7.5 75 7.5 75 7.5 75 7.5
5 Salt 0.1 0.1 0.1 0.1 0.1 0.1 0.1
6 Vitamin & mineral mix 0.1 0.1 0.1 0.1 0.1 0.1 0.1
7 Fish meal 15 15 15 15 15 15 15
8 Fish ail 2 2 2 2 2 2 2
9 Yeast 0.1 0.1 0.1 0.1 0.1 0.1 0.1
10 Vitamin E 0.2 0.2 0.2 0.2 0.2 0.2 0.2
11 Spirulina meal 15 10 0 0 0 0 0
12 Earthworm meal 0 0 15 10 0 0 0
13 Shrimp head meal 0 0 0 0 15 10 0

Total 100 100 100 100 100 100 100

Fresh earthworm was procured from KVK Vermifarm (Rs.
1600/Kg). The earthworms were washed with running water
to remove the adhering soil and other matters. The cleaned
earthworms were weighed and they were depurated in
freshwater for 30 minutes to clean their intestinal load from

the gut 2. The live earthworms were killed in an ethical way
by blanching in moderate salt water containing 10g/l for 30
minutes. The dead earthworms were once again weighed and
dried in air. Then they were ground in a dry grinder to powder
(191 and sieved for preparation of earthworm meal.

Table 2: Cost details of the different ingredients used in the experiment

Si. No | Experimental additive included & Treatment Code Inclusion Ie(\ézl) of additive | Cost 0Ié2§;5d'tlves COSEI'QZ;ES)feed

1 Control (C) 0 0 0

2 Spirulina (T11) 15 Rs. 400 Rs. 60/-
3 Spirulina (T12) 10 Rs. 400 Rs. 40/-
4 Earthworm meal (T21) 15 Rs. 1600 Rs. 240/-
5 Earthworm meal (T22) 10 Rs. 1600 Rs. 160/-
6 Shrimp head meal (T31) 15 Rs. 120 Rs. 18/-
7 Shrimp head meal (T32) 10 Rs. 120 Rs. 12/-

Shrimp head wastes were collected from processing plant (Rs.
120/Kg) and dried under sun after thorough washing. The
unwanted shrimp appendages and detritus were removed and
the dried shrimp head wastes were then ground in a dry
grinder to make the powder and sieved to get uniform sized
particles [*41,

Proximate composition such as moisture, crude protein, crude
fibre, ether extract, total ash content and gross energy of
experimental diets were determined by using standard
analytical methods ™. The proximate compositions of
experimental feeds are given in Table 3. The feeds were
isoproteinecious (32.69+1.38) and isocalorific (3948+47.14).

Table 3: Estimated proximate composition of experimental feeds

Proximate composition Tu Ti2 Ta T2 T Ta2 C Mean+SD
Crude protein (%) 32.76 32.88 32.00 31.82 32.22 31.93 32.43 32.72+1.38
Crude fibre (%) 4.25 4.69 3.66 3.76 11.26 9.99 6.28 6.27+3.12
Ether Extract (%) 5.52 5.75 8.25 8.87 6.48 5.16 4.32 6.33+3.12
Gross energy (kcal/kg) 3990 3957 3436 3485 4011 3924 3897 36174579
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Estimation of bio-growth parameters

Bio-growth parameters such as growth, survival, feed
consumption rate, weight gain (g), weight gain percentage and
specific growth rate were estimated based on the body weight.
The mean weight gain was calculated as the difference
between initial and final weight of fishes in each trough 2°1,
Sample fishes were sacrificed to observe Gonado Somatic
Index before starting the experiment. The further development
of gonad was observed at 30" and 60" day of the experiment.
The GSI was calculated using the formula given by Billard et
al. (1993). The collected gonads were preserved in 10%
formalin 13, The preserved gonads were then mounted in
slides at a pathology lab. The histological sections of gonad
were observed under microscope to study the development of
gonads at 30 days interval period during the experiment.

The collected data and the estimated parameters were
subjected to ‘F’ test for finding out statistical significance.
The growth parameters were detailed using Regression
analysis and compared using ANOVA.

Bio-growth parameters such as growth, survival, food
consumption rate/day, weight gain (g), weight gain
percentage and specific growth rate were estimated based on
the data recorded Y which are given below:

Feed consumption / day (g) = feed given on dry matter/day-
faecal matter excreted as dry matter /day (g)

Feed consumption rate / day = Total feed consumed / No. of
days

Weight Gain (g) = Final wet weight (W,) -Initial wet weight

(Wo) (9) o S
Mean weight gain (%) = Final weight (Wt) — Initial weight (Wo) % 100

Initial weight (Wp)

In Wi-In W % 100
T

Specific Growth Rate (SGR %) =

Where,
Wo — initial wet weight of fishes (g); Wt — final wet
weight of fishes (g); T — days of culture of fishes

Weight of gonad (g)
Body weight of fish (g)

= 100

Gonado Somatic Index (GSI) =

Results

Analysis of cost of feeds when incorporated with different
feed additives reveals that there was a great influence on the
cost due to the inclusion of the selected feed additives. As it
can be observed, the feed additives did not have uniform cost
and therefore there was a variation of cost of the feeds (Table
2).

It has been identified from Table 4. that the diet contained
earthworm meal at 15% showed highest cost of feed, which
was 246% higher than control feed cost followed by 10%
earthworm meal containing diet (176%).

Table 4: Cost-benefit analysis of different diets with regard to the control diet.

S. No Treatment CvsTuin | CvsTiz | CvsTar Cvs T2 CvsTar | CvsTa2
1 Cost-benefit on feed conversion rate (%) | +23(T11) | +24(T12) | +31(T21) | +64(T22) | +171(Ts1) | +9(Ts2)
2 Cost-benefit on cost of feed production (%) | +63(T11) | +42(T12) | +246(T21) | +176(T22) | +16(T31) | +11(T32)

Besides the control feed, the next lower cost was found with
diet containing shrimp head meal at 15% followed by 10%
(16% and 11% higher than the control feed respectively).
However, the feed conversion rate of fishes fed with diet
containing shrimp head meal at 15% and 10% had 171% and
9% higher than the control feed, respectively indicating a
wider difference in the effect of the feed additives.

In the present experiment, the fishes fed with control diet
showed the lowest GSI (4.22%) indicating the effect of
special ingredients incorporated diets on the maturation also

(Table 5). As seen in Table 5, average cost of feed was
observed with diets containing Spirulina at 10% (Rs.127/-)
and 15% (Rs.146/-) which had 1.5 times higher feed cost than
control diet (Rs.89/-). But, the highest GSI was observed in
fishes fed with diet containing Spiriulina at 10% (31.54%),
which was seven times higher GSI than control fishes
followed by Spirulina at 15% (23.75%), which was five times
higher GSI than control fishes. The difference of GSI between
the control group and the experimental diets fed groups was
statistically significant at 99% level.

Table 5: Observations on the Gonado Somatic Indices (GSI) of the C. auratus when fed with feeds incorporated with three different feed
additives at two different inclusion levels

SI. No | Experimental additive included & Code | Inclusion level of additive (%) | Cost in the feed (Rs./kg) | MeanGSI+SD (%)
1 Control (C) 0 89.545/- 4.22+0.34
2 Spirulina (T11) 15 146.545/- 23.75+1.24*
3 Spirulina (T12) 10 127.545/- 31.54+5.06*
4 Earthworm meal (T21) 15 326.545/- 13.64+2.14*
5 Earthworm meal (T22) 10 247.545/- 12.69+2.26*
6 Shrimp head meal (Ts1) 15 104.545/- 8.04+0.35*
7 Shrimp head meal (T32) 10 99.545/- 9.97+0.11*
*P<0.01
Discussion while all the experimental feeds showed higher feed

As seen in Fig. 1, the cost of control feed was the least when
compared to other experimental diets, which means that the
special feed ingredients were greatly influenced the cost of
feeds in the experiment. As it is evident from fig. 2, the
lowest feed conversion was observed in control group fishes

conversion than the control feed, which signals the positive
influence of special feed ingredients on the feed conversion
rate of fishes.
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Fig 2: Flesh conversion (%) using different feeds in the experiment

The diet containing shrimp head meal at 15% is adjudged as
the cost effective feed in the present experiment. This is in
accordance with the studies of Akiyama et al. (1991) on the
cost effective growth in aquatic animals. They described that
shrimp head meal is low cost meal which contains higher
quantity of lysine and arginine and the diet with 15% shrimp
head meal had the ratio of lysine and arginine closer to the
recommended ratio for growth of aquatic animals. It probably
might have improved the amino acid profile in the diets and
enhanced the growth in animals.
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Fig 1: Cost of production of different feeds in the experiment

They also reported that less than 15% shrimp head meal
contained diet reduced the protein availability to fishes
consequently reduced the growth of fishes. The same result
was observed in the studies done by Barbarito et al. (2009),
who reported that 10% shrimp head meal containing diet did
not give better growth for juveniles of Litopenaeus schmitti.
However, high inclusion level of shrimp head meal in the fish
feed would increase the cost of feed and forced to reduce the
digestibility in fishes as observed by Nwanna (2003). This
was reported due to the presence of exoskeleton, chitin and
ash content. It was also confirmed by Barbarito et al. (2009)
who reported that inclusion of shrimp head meal greater than
25% in feed increased the cost of feed and reduced growth
through low feed utilization in L. Schmitti juveniles.
Therefore, care should be taken in the inclusion of shrimp
head meal in fish diets.

Olele et al. (2014) pointed out the highest cost of feed due to
incorporation of earthworm meal when he worked with
fingerlings fed with diet containing fish meal replaced with
earthworm meal at 100% level. However, the earthworm meal
incorporation did not high give high growth as observed by
Zakaria et al. (2012). They reported reduced growth of fishes
when Catfish was fed with feed containing 15% earthworm
meal and opined that it was due to the reduced protein
availability to fishes when Catfish was fed with feed
containing 15% earthworm meal. It is falling in line with the
observed in Heterobranchus longilifilis fingerlings, when they
were fed with feed containing earthworm meal at 15 - 25%
level, which increased the cost of feed production 21,

James et al. (2006), who examined the cost effective
maturation of fishes observed four times greater gonad weight
in Swordtail when fed with 8% Spirulina diet at average feed
cost. This attributed to due to greater availability of protein

and gonad stimulatory substances from Spirulina. When
Spirulina concentration is further increased in feeds in the
present study, it was found to increasing feed cost and also
decrease feeding efficiency consequently reducing growth and
gonad development. The same result was also reported by
Allen (2016) in Nile Tilapia fed with diet containing Spirulina
at 15% which caused better growth and maturation in fishes.
Though, diet containing shrimp head meal at 15% had low
cost of production (Rs.104/-) but the experimental fishes fed
with the same diet produced only very marginal two times
increment of GSI than the control feed (8.04%). So, it is
assumed that the diet containing shrimp head meal did not
have suitable ingredients for maturation of goldfishes. The
same result was reported by the author Akiyama et al. (1991)
who, reported that shrimp head meal at 15% containing diet
have suitable nutritional quality only to improve the growth in
juveniles of Litopenaeus schmitti at lesser cost and it has no
influence on maturation of animals.

In the present experiment, the highest cost of feed production
(Rs. 326.55/ kg) was observed in diet containing earthworm
meal at 15%, which was 246% higher than the control feed,
when fishes fed with the feed produced only three times
higher GSI (13.64%) than control feed. Hence, the diet
containing Spirulina at 10% level is adjudged suitable low
cost of feed for setting higher maturation in goldfish.

Conclusion

From the present study, based on the observation of cost and
benefits, the highest feed conversion (72.89%) was observed
in fishes fed with diet (Ts1) containing shrimp head meal at
15% level and the highest GSI (31.54%) was observed in
fishes fed with diet containing Spirulina at 10% level. So, it is
concluded that the diet containing shrimp head meal at 15% is
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a low cost and high beneficial feed for growth and diet
containing Spirulina at 10% is a low cost and high beneficial
feed for maturation of goldfish.

Acknowledgement

Tamil Nadu Fisheries University is greatly acknowledged for
their financial support. This paper is a part of M.F.Sc. thesis
submitted to Tamil Nadu Fisheries University.

Reference

1.

10.

11.

12.

13.

14,

15.

16.

17.

Akiyama DM, Dominiy WG, Lawrence AL. Penaeid
shrimp nutrition for the commercial feed industry.
Agquaculture Feed Processing and Nutrition Workshop,
held during 19-25 Sept. at Thailand and Indonesia, 1991
Akpodiete OJ, Okagbere AL. Feed accessories from
animal production. In: Omeje SI. (Ed.), A compendium
of ideas, fact and methods in the science and technology
of Animal Agriculture Ran Kennedy. Anim. Sci, 1999,
71-82.

Allen K. Evaluating Spirulina as a protein source in Nile
Tilapia (Oreochromis niloticus) grow-out diets. Queen’s
University Kingston, Ontario, Canada, 2016.

AOAC. Official Methods of Analysis. 14th Edn., The
William Byrd Press, Richmond, VA., USA.

Barat A, Montano R. Shrimp heads — a new source of
protein. Info fish Market. Digest. 1984; 4:21-22.
Barbarito J, Jaime-Ceballos, Iliana Fraga-Castro, José
Galindo-Lo6pez, Susana Alvarez — Capote J. Effect of
shrimp head meal inclusion level in Litopenaeus schmitti
juveniles diet. Rev. Invest. Mar. 2009; 30:71-78.

Billard R, Cosson J, Crim LW. Motility of fresh and aged
halibut sperm. Aqua. Living Resour. 1993; 6:67-75.

Cho CY, Cavey CB, Watanable T. Methodological
approaches to research and development. Fin Fish
Nutrition in Asia, 1985. IRDC-233e, 35p.

Edwards CA. The use of earthworms in the breakdown
and management of organic wastes. In: Edwards, C.A.,
(Eds.), Earthworm Ecology. Boca Raton, FL: CRC 1998,
327-376.

Edwards CA, Niederer A. The production and processing
of earthworm protein. In: Edward, C.A., Neuhauser, E.F.,
(Eds.), Earthworms in waste and environmental
management. SPB, Academic Publishing. The Hague,
Netherland. 1988, 169-179.

FAO. The State of World Fisheries and Aquaculture.
Fisheries and Aquaculture Department, Food and
Agriculture Organization of the United Nations. Rome,
Italy, 2008.

Gabriel UU, Akinrotimi OA, Bekibele DO, Onunkwo
Anyanwu DN. Locally produced fish feed: potentials for
aquaculture. African J Agri. Res. 2007; 2:287-295.

Green SJ, Akins JL, Jr. Morris. Lionfish dissection:
Techniques and applications. NOAA  Technical
Memorandum NOS NCCOS. 2012; 139:124.

Hertrampf JW, Farooq A. Judging the attractability of
aquafeeds. International AQUAFEED. 2001; 4:34-36.
Jame R, Sampath K. Effect of feed type on growth and
fertility in ornamental fish, Xiphophorus helleri. Israeli. J.
Aqua. 2004b; 56:264-273.

James R, Sampath K, Thangarathinam R, Vasudhevan I.
Effects of dietary Spirulina on growth, fertility,
coloration and leucocytes count in red swordtail,
Xiphophorus helleri. Israeli J. Aqua. 2006; 58:97-104.
Jean F, Yi-Theng T, Ndong, Shin-Shyn D. The effects of

18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

31

32.

~334~

replacement of soybean meal by shrimp shell meal on the
growth of hybrid tilapia (Oreochromis niloticus x
Oreochromis aureus) reared under brackish water. Int. J.
Fish. Aqua. 2012; 4:85-91.

Jourdan P. Manual of small scale Spirulina culture.
Anten. Tech. 2001; 2:23-31.

Leboulanger J. Les vitamines.Biochemie-Mode da’ction-
Inte’re"tthe rapeutique. Ed. Roche, Neuilly-sur- Seine,
France, 1977, 194.

Livengood EJ, Chapman FA. The ornamental fish trade:
An introduction with perspective for responsible
aquarium cooperative extension service. Institute of food
and agricultural science. University of Florida
Gainesville FL. 2009, 32611.

Matsuda Y. History of fish marketing and trade with
particular reference to Japan. IIFET. 2000, 1-8.

Mattson DJ, French MG, French SP. Consumption of
earthworm by Yellowstone grizzly bears. Ursus. 2002;
73:105-110.

Meyers SP. Agquaculture feeds and chemo-attractants.
Fish feed formulators and fish farmers can benefit from
study of scientifically assessed attractants to stimulate
feeding. Infofish Marketing Digest. 1987; 87:35-37.
Nwanna LC. Nutritional value and digestibility of
fermented shrimp head waste meal by African
catfish Clarias gariepinus. Pakistan J Nutr. 2003; 2:339-
345

Olele NF. Growth responses of Heteroclarias fingerlings
fed on Earthworm Meal in Hactchery Tanks. Journal of
Life Sciences. 2011; 3(2):131-136

Olvera — Nova MA. The dietary Protein requirement of
Cichlasoma synspilum fry. Aquaculture Research. 1996;
27:167-173.

Pavlov D, Kjorsvik E, Refsti T, Anderson O. Brood stock
and egg production. In: Moksness, E., Kjorsvik, E.,
Olsen, Y., (Eds.), Culture of Cold-Water Marine Fish.
Blackwell, Oxford. 2004, 129-203.

Sasayama Y, Takahashi H. Effect of starvation and
unilateral astration in male goldfish, Carassius auratus,
and a design of bioassay for fish gonadotropin using
starved goldfish. Bull. Fac. Fish., Hokkaido Univ. 1972;
22:267-283.

Sogbesan AO, Ugwumba AAA. Nutritional Evaluation of
Termite (Macrotermes subhyalinus) Meal as Animal
Protein Supplements in the Diets of Heterobranchus
longifilis (Valenciennes, 1840) Fingerlings. Turkish. J.
Fisheries. Aquatic Sci. 2008; 8:149-157.

Tacon AGJ. Broodstock nutrition: Boost diets for better
nutrition. Global Aquaculture alliance. Hawaii, 2000, 32-
33.

Vasudhevan I, Asokan K, Rinna Hamlin S, Rama Devi P.
Feed utilization, Growth parameters and Coloration of
Different Feeds in Gold Fish, Carassius auratus.
International Journal of Research in Biotechnology and
Biochemistry. 2013; 4:1-5.

Zakaria Z, Salleh NHM, Mohamed AR, Anas ANG, Idris
SNA. Optimization of Protein Content in Earthworm-
based Fish Feed Formulation for Catfish (Clarias
gariepinus), Sains Malaysiana. 2012; 41:1071-1077.



