
                                  VOL. 6, NO. 6, JUNE 2011                                                                                                                    ISSN 1990-6145 

ARPN Journal of Agricultural and Biological Science 
 

©2006-2011 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 

EFFECT OF REPLACING FISHMEAL WITH Spirulina ON 
CARCASS COMPOSITION OF RAINBOW TROUT 

 
Y. Ahmadzadenia1, K. Nazeradl1, S. Ghaemmaghami hezave2, M. A. Hejazi3, 

S. Zamanzad Ghavidel1, S. Hassanpour1 and M. Chaichisemsari1

1Department of Animal Science, Shabestar Branch, Islamic Azad University, Shabestar, Iran 
2Department of Veterinary Medicine, Shabestar Branch, Islamic Azad University, Shabestar, Iran 

3Agriculture Biotechnology Research Institute, Northwest and West Branch, Tabriz, Iran 
E-Mail: y-ahmadzadeh56@yahoo.com 

 
ABSTRACT  

The aim of this study was to investigate replacing soybean meal with Spirulina, at 0, 20, 40, 60 and 80%, on body 
length, carcass mean weight (CMW) and Chemical analysis of carcass in rainbow trout during first 50 days of feeding. 
Four hundred-fifty Rainbow trout mean body weight 30 ± 3 gr were randomly allocated into fifty 1.5×1.5 meter fiberglass 
tanks (30 fish in each tank). The tanks received aerated well water with a flow rate of 5-7 Lit. min -1. The temperature, pH 
and dissolved oxygen values of the water were 12.2 ± 0.1ºC, 6.9, and 10.2 ± 0.3 mg/Lit., respectively and monitored daily. 
Experimental diet was formulated according to nutrients requirements of rainbow trout using suggested standards. 
Spirulina was replaced with soybean meal of diets in five different levels, T1: kept for control and replacing Soybean meal 
with 0% Spirulina, T2: replacing Soybean meal with 20% Spirulina, T3: replacing Soybean meal with 40% Spirulina, T4: 
replacing Soybean meal with 60% Spirulina, T5: replacing Soybean meal with 80% Spirulina which fed the experimental 
diets twice daily for 50 days. Data were processed in excel and statistical analysis was performed using SAS (ver/ 9.1). Our 
results indicated that there was a significant difference between the groups in body length, CMW, carcass CP, CF and Ash 
levels (P <0.01). replacing different levels of Spirulina increased body length, CMW, CP and ash and decreased CF in T2, 
T3, T4 and T5 groups compare to T1 group (P <0.01). 
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1. INTRODUCTION 

The population of Iran is increasing and the need 
for food and protein sources, aquaculture and optimum 
utilization of available water resources are more obvious 
in recent years. Considering the importance of this role in 
providing healthy fish meat and its use more reveal 
compared to the developed countries. One of the branches 
of aquaculture is fish culture, which are divided into two 
categories: freshwater and seawater. Many fishes were live 
in freshwater, which one of the most popular of them is 
Rainbow trout. 

Mainly, one of the fish species for acceptable 
taste, aroma, and white flesh farmed in worldwide 
countries such as Iran is rainbow trout [1, 2]. To 
achievement the high quality gill and production of 
rainbow trout needs to be technological advances [3, 4]. 
There is two important factors in fish culture: water and 
diet. Moreover, Iran is a semiarid region; Water quality is 
determines to success fish culture [5]. Therefore, water is 
one of the essential factors and percentage of fish culture 
success are depends on quality and quantity of water [6]. 

Furthermore, presence food with high quality and 
low cost is one of the important factors in aquaculture [7]. 
Common protein sources which are used in Iran 
aquaculture include: fishmeal (FM) and soybean meal 
(SBM). Since many years ago, FM is used to as a protein 
sources in the aquaculture, poultry and pigs production 
[8]. There are about more than 300 fin fish species and 30 
species of shrimp that are commercially cultivated world 
wide [9] for which fish meal, in varying inclusions forms 
the basis of intensively and some semi-intensively cultured 

aquatic species. However, the FM one of the rich protein 
sources in aquaculture diets. The method of FM 
production is a multistep process involving (catching, 
processing and testing the fish gill) for nutrient value. 
Recently, in many countries such as Iran government 
constraints protecting against over-fishing because of 
overthrowing, thus, demand for FM increasing and, 
availability of FM is decreasing and its price is increased 
[10]. 

In terms of economy and availability of 
nutritional value, first candidates to Rather than FM in 
aquaculture diets is SBM. Less attention has been paid to 
other plant proteins and although they offer considerable 
potential they are also associated with negative qualities 
such as low protein content, less than ideal amino acid 
balance and the presence of anti-nutritional factors. Their 
use in high-protein high-energy extruded salmon feeds is 
likely to be limited to processed ingredients with a high 
protein and lower carbohydrate content [11]. 

However due to an imbalance in the price of 
soybean meal to Iran is a need for alternative protein 
sources for aquaculture. Soybean meal has several 
antinutritional factors such as phytic acid contain in 
Soybean. This component can reduce protein digestibility 
and zinc availability in salmonid diets. Extensive research 
has been conducted on the usefulness of SBM alternative 
feedstuffs to decrease the production costs [12, 13, 14]. 

Recently, Spirulina (blue-green alga) is becoming 
a health food worldwide. It is a multicultural, filamentous 
Cyan bacterium belonging to algae of the class 
Cyanophyta. Also, Spirulina is one of the natural 
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resources which contain high protein, amino acids, 
vitamin, minerals, essential fatty acid, B-complex and β-
carotene [15]. 

Previous researchers demonstrated that Spirulina 
capable to breaking down indigestible feed components 
and due to improves the intestinal flora in fish [16]. 
Additionally, it stimulates the production and releasing of 
enzymes that transport fats for growth instead of storage in 
fish. Also, β-carotene in Spirulina firmly maintains the 
mucous membrane and thereby prevents the entry of toxic 
elements into the body. Chlorophyll in Spirulina acts as a 
cleansing and detoxifying factor against toxic substances 
[17]. Researchers have reported the therapeutic effects of 
Spirulina as a growth promoter, probiotic, and booster of 
the immune system in animals including fishes [18, 19]. 

The main propose of this study was to investigate 
the effect of replacing different levels of soybean meal 
with Spirulina on carcass composition in rainbow trout. 
 
2. MATERIALS AND METHODS 

Four hundred-fifty Rainbow trout mean body 
weight 30 ± 3 gr were randomly allocated into fifty 
1.5×1.5 meter fiberglass tanks (30 fish in each tank). The 
tanks received aerated well water with a flow rate of 5-7 
Lit. min-1. The temperature, pH and dissolved oxygen 
values of the water were 12.2 ± 0.1ºC, 6.9, and 10.2 ± 0.3 
mg/Lit., respectively and monitored daily. Spirulina 
prepared in Agriculture Biotechnology Research Institute, 
Northwest and West Branch, Tabriz, Iran. Five different 
diets were prepared and fed to each group. 

T1: replacing Soybean meal with 0% Spirulina as 
a control diet, T2: replacing Soybean meal with 20% 
Spirulina, T3: replacing Soybean meal with 40% Spirulina, 
T4: replacing Soybean meal with 60% Spirulina, T5: 
replacing Soybean meal with 80% Spirulina in 
commercial rainbow trout diet was formulated according 
to nutrients requirements of rainbow trout [20] in Niro 
Sahand factory, East Azerbaijan, Tabriz, Iran. The proper 
amounts of Spirulina were added into the basic diets, 
mixing part by part using mixer. Then, the feed was air 
dried under sterile conditions for 12 h and stored at 20°C. 

Body length and mean body length of 1 kg of the 
fishes in each group was measured in five interval periods: 
1-10, 11-20, 21-30, 31-40 and 41-50 days. After 50 days 
10 percent of each group was selected and their carcass 
mean weight (with head and with out peripheral organs; 
without head and peripheral organs) and chemical analysis 
of carcass including crude protein (CP), crude fat (CF) and 
Ash levels were determined using standard procedure [21]. 
Data were statistically analyzed using SAS statistical 
software [22] and differences among groups were 
determined using Duncan’s multiple-range test. 
 
3. RESULTS AND DISCUSSIONS 

Biochemical composition of Spirulina used in 
present study is shown in Table-1. Also, Ingredients and 
chemical composition of the basic diets used during the 

study is shown in Table-2. Effects of Spirulina replacing 
on rainbow trout body length is shown in Table-3. 
According to the results, replacing different levels of 
Soybean meal with Spirulina increased fishes body length 
in T2, T3, T4 and T5 groups compared to T1 group (P 
<0.01). A significant difference was found between 
treatment groups compared to control group where 
maximum body length was observed in T4 (replacing 
Soybean meal with 60% Spirulina). Effects of different 
levels of replacing soybean meal with Spirulina on carcass 
mean weight (with head and with out peripheral organs; 
without head and peripheral organs) after 50 days is 
presented in Table-4. Finally, Effects of replacing different 
levels of soybean meal with Spirulina in CP and CF in 
rainbow trout for all diets is shown in Table-5. 

In the present study, there was a significant 
difference in carcass mean weight between the groups 
after 50 days (P <0.01). Replacing different levels of 
Spirulina increased carcass mean weight (with head and 
with out peripheral organs; without head and peripheral 
organs) compare to control group. Also, there were 
significant differences in carcass parameters such as Cp, 
CF and Ash levels in all groups compare to control group 
(P <0.01). This result indicated replacing different levels 
of soybean meal with Spirulina had significant increased 
CP and Ash and decreased CF levels in T2, T3, T4 and T5 
groups compare with T1 group. 

In the present study, we found that feeding and 
growth parameters significantly improved in fish fed 
Spirulina supplemented diets. In this study use of 
Spirulina in Rainbow Trout diets was evaluated and it was 
found that increasing level of it in diet provide better 
growth performance comparing to the commercial feeds. 
Previous findings demonstrated the effect of dietary 
Spirulina level on growth performance and feed intake in 
red swordtail and they reported that intake and mean body 
weight increased with increasing level of Spirulina [23]. 
Also, according to our previous report replacing different 
levels of soybean meal with Spirulina increased feed 
conversation and body weight gain in rainbow trout [24]. 
We believe increase performance in fish is primarily due 
to muscle protein deposition and it therefore follows that 
the flow of amino acids (A.A) from food to growing 
biomass. Research conducted by [25] found that Spirulina 
alga was a good source of protein for animal feed, as well 
as containing high amounts of e.g. B-complex vitamins, 
minerals, good quality proteins, gamma-linolenic acid 
(GLA) and the super antioxidants, beta-carotene, vitamin 
E and trace elements. Besides this, the cellular structure of 
Spirulina alga is easily digestible and does not contain 
cellulose. Different levels of Spirulina alga can be mixed 
with feeds according to the eating behaviors of the fish 
and differing abilities to digest the protein from plant 
sources. Spirulina contains a wide spectrum of nutrients 
that include Spirulina is fast emerging as a whole answer 
to the varied demands due to its impressive nutrient 
composition which can be used for therapeutic uses [26]. 
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Table 1. Biochemical composition of Spirulina. 
 

Component Percent (%) 
Crude  Protein 58-73 
Carbohydrate 8-19 
Fat 5-11 
Ash 5-8 
Moisture 3-7 
Fiber 4-7 
Digestible energy(Kcal/kg) 3500 

 
Table 2. Ingredients and chemical composition of the basic diets used during the study. 

 

Ingredients of 
diets per 
gram 

T1 T2 T3 T4 T5

Spirulina 0 23 46 69 92 
Fish meal 270 268.5 267 265.5 274 
Soybean meal 180 144 108 72 36 
Corn 105 119.5 134 148.5 153 
Wheat 117 117 117 117 117 
Meat meal 150 150 150 150 150 
Yeast 50 50 50 50 50 
Molasses 30 30 30 30 30 
Soybean oil 30 30 30 30 30 
Fat 10 10 10 10 10 
DCP 7 7 7 7 7 
Enzyme 7 7 7 7 7 
Vitamin 
premix 30 30 30 30 30 

Mineral 
premix 7 7 7 7 7 

NaCl 3 3 3 3 3 
Met 2 2 2 2 2 
Lys 2 2 2 2 2 
CP (%) 38.86 38.79 38.81 38.82 38.87 
Digestible 
Energy 
(kcal/kg) 

3558 3553 3559 3561 3563 

 

T1: replacing Soybean meal with 0% Spirulina as the control diet, 
T2: replacing Soybean meal with 20% Spirulina, 
T3: replacing Soybean meal with 40% Spirulina, 
T4: replacing Soybean meal with 60% Spirulina l, 
T5: replacing Soybean meal with 80% Spirulina in commercial rainbow trout diet. 
DCP: Di calcium phosphate; Met: Methionine; Lys: Lysine; CP: Crude Protein. 
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Table 3. Effects of different levels of replacing soybean meal with Spirulina 
on body length of rainbow trout (cm). 

 

Period (days) 

Treatment 1-10 11-20 21-30 31-40 41-50 
T1 48.3 a 52.5 c 57.1 d 62.1 d 68.3 d

T2 48.7 a 53.5 b 58.7 c 64.6 c 71.5 c

T3 48.9 a 54.1 ab 59.4 bc 65.5 bc 72.8 b

T4 49.2 a 54.6 a 60.4 a 66.9 a 74.5 a

T5 49 a 54.3 ab 59.9 ab 66.2 ab 73.6 b

 

T1: replacing Soybean meal with 0% Spirulina as the control diet, 
T2: replacing Soybean meal with 20% Spirulina, 
T3: replacing Soybean meal with 40% Spirulina, 
T4: replacing Soybean meal with 60% Spirulina l, 
T5: replacing Soybean meal with 80% Spirulina in commercial rainbow trout diet.  
* There are significant differences between groups with different codes 
    in a column (superscript letters a, b, c and d; P<0.01). 
cm: centimeters 

 
Table 4. Effects of different levels of replacing soybean meal with Spirulina 

on carcass mean weight after 50 days. 
 

Treatment T1 T2 T3 T4 T5

CMW with head and 
without peripheral organs 105.11 e 105.46 d 107.32 c 109.06 a 108.18 b

CMW without head and 
peripheral organs 91.26 e 91.88 d 93.09 c 94.98 a 94.23 b

 

T1: 0% replacing Soybean meal with Spirulina as the control diet, 
T2: 20% replacing Soybean meal with Spirulina, 
T3: 40% replacing Soybean meal with Spirulina, 
T4: 60% replacing Soybean meal with Spirulina, 
T5: 80% replacing Soybean meal with Spirulina in commercial rainbow trout diet. 
* There are significant differences between groups with different codes 
   in a column (superscript letters a, b, c, d and e; P <0.01). 
CMW: Carcass means weight. 

 
Table 5. Effects of replacing different levels of soybean meal with Spirulina 

on chemical analysis of carcass. 
 

Treatment T1 T2 T3 T4 T5

CP 21.47 e 21.88 d 22.38 c 22.95 a 22.54 b

CF  5.02 a 4.91 b 4.78 c 4.27 e 4.64 b

Ash 24.81 b 24.84 b 24.86 b 24.92 a 24.89 b
 

T1: replacing Soybean meal with 0% Spirulina as the control diet, 
T2: replacing Soybean meal with 20% Spirulina, 
T3: replacing Soybean meal with 40% Spirulina, 
T4: replacing Soybean meal with 60% Spirulina l, 
T5: replacing Soybean meal with 80% Spirulina in commercial rainbow trout diet.  
* There are significant differences between groups with different codes 
    in a column (superscript letters a, b, c, d and e; P <0.01). 
CP: Crude protein. CF: Crude fiber. 
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Previous researchers have demonstrated that there 
were no significant differences in flesh-weight, weight and 
length of intestines, weight of the stomach and standard 
length of the M ekong Giant Catfish fed with Spirulina. 
Also, they demonstrated there were no significant 
differences in protein and crude fat in Mekong Giant 
Catfish flesh for all diets [24]. Another study was 
conducted in which 10-15% Spirulina alga replaced 
crushed fish in the feed given to Red Tilapia fish in order 
to bring the protein level up to 30% and this yielded the 
highest average daily growth rate and specific growth rate, 
as well as an increase in the carotenoid levels in the 
Tilapia meat [27]. Similar research was done by [28] in 
which Spirulina and Cladophora algae were fed to Fancy 
Carp fingerlings. We believe our different result compare 
to previous researchers may because of levels of 
Replacing Fishmeal with Spirulina. Additionally, reported 
that Replacing Fishmeal with Spirulina increased fish Ash 
[23]. As aforementioned, overall a lot of factors e.g. levels 
of Spirulina, production system, physiological status and 
endogenous factors such as nutritional status and 
composition involved in inconsistent of our results with 
the other previous reports in fish. 

In this study we didn’t work on degradability and 
digestibility parameters but according to our previous [5] 
and present results, we believe that because of nutritional 
benefits of Spirulina it could improve performance of 
fishes and increased retention of n in the body, due to 
increase carcass CP. Additionally, caused to increase body 
length and carcass mean weight (with head and with out 
peripheral organs; without head and peripheral organs) and 
decrease carcass CF. we suggested Spirulina can be used 
as a high quality protein source in rainbow trout industry. 
The increase in the world’s population is accepted as the 
most important factor accelerating the development of the 
aquaculture industry. Thus, it seems possible to use of 
Spirulina as a protein source in aquaculture industry. 
 
4. CONCLUSIONS 

The results of this study indicated that there was 
significant difference in body length, carcass mean weight 
(with head and without peripheral organs; without head 
and peripheral organs), crude protein, crude fat and ash in 
rainbow trout for all diets which replaced different levels 
of soybean meal with Spirulina. Also, we observed 
replacing 60 percent soybean meal with Spirulina may 
better affect on rainbow trout. 
 
ACKNOWLEDGEMENTS 

This research was carried out as a M.Sc thesis at 
the Department of Animal Science, Islamic Azad 
University- Shabestar Branch, Iran. 
 
 
 
 
 
 
 

REFERENCES 
 
[1] Food and Agriculture Organization. 2010. Cultured 

Aquatic Species Information Programme 
Oncorhynchus mykiss. Food and Agriculture 
Organization, Fisheries and Aquaculture Department, 
FAO Publication series. 
 

[2] Iranian Fisheries Organization. 2009. Iranian 
yearbook Fishery and Aquaculture Statistics. Iranian 
Fisheries Publication. 
 

[3] Johansen K.A. and K. Overturf. 2005. Sequence, 
conservation, and quantitative expression of rainbow 
trout Myf5, Comparative Biochemistry and 
physiology. Part B. Elsevier Publishers, USA. 
 

[4] Cohen J., T.M. Samocha, J.M. Fox, R.L. Gandy and 
A.L. Lawrence. 2005. Characterization of water 
quality factors during intensive raceway production of 
juvenile Litopenaeus vannamei using limited 
discharge and biosecure management tools. Aquacult. 
Engineer. 32: 425-442. 
 

[5] Piper R.G., I. B. McElvain, L.E. Orme, J.P. 
McCraren, L.G. Flower and J.R. Leonard. 1982. Fish 
hatchery management. U. S. Fish and widelife 
Service, Washington, D. C. USA. 
 

[6] Summerfelt R.C. 2000. Water Quality Considerations 
for Aquaculture. Department of Anim. Ecol. pp. 2-7. 
Iowa State University. Ames, USA. 
 

[7] Cho C.Y. and S.J. Slinger. 1979. Apparent 
digestibility measurement in feedstuffs for rainbow 
trout. In: Finfish Nutrition and Fish feed Technology, 
(J.E. Halver and K. Tiews eds). Heenemann gmbH, 
Berlin. 2: 239-248. 
 

[8] Hardy R.W. and A.G.J Tacon. 2002. Fish meal: 
Historical uses, production trends and future outlook 
for sustainable supplies. Responsible Marine Cult. pp. 
311-325. 
 

[9] Hertrampf J.W. and F. Piedad-Pascual. 2000. 
Handbook on Ingredients for Aquacult. Feeds. Klumer 
Academic Publishers, MA, USA. 
 

[10] Dadgar S., C.R. Bin Saad, A.R. Alimon, M.S. 
Kamarudin and M. Nafisi Bahabadi. 2010. 
Comparison of Soybean meal and Cottonseed meal 
variety Pak (CSMP) on growth and feed using in 
rainbow trout (Oncorhynchus mykiss). Iranian J. 
Fisheries Sci. 9(1): 49-60. 

 
[11] Carter C.G. and R.C. Hauler. 2000. Fish meal 

replacement by plant meals in extruded feeds for 
Atlantic salmon. Salmo salar L. Aquacult. 185: 299-
311. 

   70 



                                  VOL. 6, NO. 6, JUNE 2011                                                                                                                    ISSN 1990-6145 

ARPN Journal of Agricultural and Biological Science 
 

©2006-2011 Asian Research Publishing Network (ARPN). All rights reserved. 

 
www.arpnjournals.com 

 

 

[12] Robinson E.H. and W.H. Daniels. 1987. Substitution 
of Soybean meal with Cottonseed meal in pond feeds 
for channel catfish reared at low densities. J. World 
Aquacult. Soc. 18: 101-106. 
 

[13] Smith R.R. H.L. Kincaid J.M. Regenstein and G.L. 
Rumsey. 1988. Growth, carcass composition, and 
taste of rainbow trout of different strains fed diets 
containing primarily plant or animal protein. 
Aquacult. 70: 309-321. 
 

[14] Barros M.M., C. Lim and P.H. Klesius. 2002. Effect 
of soybean meal replacement by Cottonseed meal and 
iron supplementation on growth, immune response 
and resistance of channel catfish (Ictalurus puctatus) 
to Edwardsiella ictaluri challenge. Aquacult. 207: 263-
279. 
 

[15] Tongsiri S., K. Mang-Amphan and Y. Peerapornpisal. 
2010. Effect of Replacing Fishmeal with Spirulina on 
Growth, Carcass Composition and Pigment of the 
Mekong Giant Catfish. Asian J. Agric. Sci. 2(3): 106-
110. 

 
[16] Ramakrishnan C.M., M.A. Haniffa, M. Manohar, M. 

Dhanaraj, A.J. Arockiaraj, S. Seetharaman and S.V. 
Arunsingh. 2008. Effects of probiotics and Spirulina 
on survival and growth of juvenile common carp 
(Cyprinus carpio). Isr. J. Aquacult. Bamidgeh. 60(2): 
128-133. 
 

[17] James R. 2010. Effect of Dietary Supplementation of 
Spirulina on Growth and Phosphatase Activity in 
Copper-Exposed Carp (Labeo rohit'a). Isr. J. 
Aquacult. Bamidgeh. 62(1): 19-27. 
 

[18] Venkataraman L.V. 1993. Spirulina in India. In: Proc. 
Natl. Seminar Cyanobacter Res. The Indian Scene. 
Natl. Facility for Marine Cyanobacteria, 
Bharathidasan Univ. Tiruchirapalli, India. pp. 92-116. 
 

[19] James R., K. Sampath, R. Thangarathinam and I. 
Vasudhevan. 2006. Effect of dietary Spirulina level on 
growth, fertility, coloration and leucocyte count in red 
swordtail. Xiphophorus helleri. Isr. J. Aquacult. 
Bamidgeh. 58: 97-104. 
 

[20] NRC (National Research Council). 1981. Nutrient 
Requirements of Coldwater Fishes. National 
Academic Press, Washington D.C.  
 

[21] Association of Official Analytical Chemists (AOAC). 
1990. Official Method of Analysis. 15th edition. 
Washington DC, USA. pp. 66-88. 
 

[22] 2003. Statistical Analysis System. User’s Guide: 
Statistics, Version 9.1, SAS Institute, NC, USA. 
 

[23] Sudaporn T., K. Mang-Amphan and Y. 
Peerapornpisal. 2010. Effect of Replacing Fishmeal 
with Spirulina on Growth, Carcass Composition and 
Pigment of the Mekong Giant Catfish. Asian J. 
Agricult. Sci. 2(3): 106-110. 
 

[24] Ahmadzadenia Y., K. Nazer Adl, S. Ghaemmaghami 
hezave, M.A. Hejazi, S. Hassanpour, M. 
Chaichisemsari and S.R. Riyazi. 2011. Effect of 
replacing different levels of Spirulina with soybean 
meal on performance in Rainbow Trout. Annals of 
Biol. Res. In Press. 
 

[25] Duncan P.L. and P.H. Klesius. 1996. Effects of 
feeding Spirulina on specific and non-specific 
immune responses of channel catfish. J. Aquat. Anim. 
Heal. 8: 308-313. 
 

[26] Venkataraman L.V. 1998. 4th International Food 
Convention. p. 175. 
 

[27] Promya J., P. Hongwittayakorn and C. Chitmanat. 
2003. Developing Spirulina platensis Alga for Local 
Use to Improve Coloring of Red Tilapia Fish. 
Academic Seminar during the 3rd Agriculture and 
Technology Day. Held at the Faculty of Agricultural 
Technology, Mahasarakham University, Thailand. 
December 5-6, 2003. 
 

[28] Promya J. and P. Hongwittayakorn. 2003. Using 
Spirulina platensis Alga to Improve Coloring of Fancy 
Carp Fish. The First Alga and Plankton Academic 
Conference, Meeting Hall 10, 50 years IT Building, 
Kasetsart University, Bangkok, Thailand. March 20-
21, 2003. 
 
 

   71 


