Use of alternative media and different types of recipients in a laboratory culture of Ankistrodesmus gracilis (Reinsch) Korshikov (Chlorophyceae)

Running title: Culture of Ankistrodesmus gracilis with alternative medium.
ABSTRACT. A laboratory culture of Ankistrodesmus gracilis algae was evaluated by studying the biology of the species and its chemical composition in a traditional medium (CHU12) and in two alternative culture media, NPK (20-5-20) and macrophyte (Eichhornia crassipes) + NPK, in three different types of recipients (fiberglass, carboy and plastic bag). First peak in the growth curve of Ankistrodesmus gracilis occurred on the ninth day in macrophyte + NPK medium (74.16 x 105 cells.ml-1) in a fiberglass recipient. However, highest density (P<0.01) was reported in medium CHU12 (122.87 x 105 cells.ml-1) in a plastic bag on the twelfth day. Cell density was over 70 x 105 cells.ml-1 starting on the twelfth day. Growth rate of A. gracilis was similar (P>0.05) in culture media in the three recipients. Protein and fiber were similar (P>0.05) in the treatments, but lipids were higher (P<0.05) in NPK. Nitrate, ammonia, total phosphorus and orthophosphate contents were over 1 mg.L-1 in NPK (P<0.01). Results show that alternative media, such as NPK and macrophyte + NPK, are possible for large-scale culture of A. gracilis cultured in three types of recipients. Costs are low, occupying less space when cultured in plastic bags and in the laboratory.
Key words: algae, macrophyte medium, NPK, CHU12, biochemical composition, growth.
Resumo. Utilização de meios alternativos e diferentes tipos de recipientes no cultivo de Ankistrodesmus gracilis (Reinsch) Korshikov (Chlorophyceae) em laboratório. O objetivo do estudo foi avaliar os aspectos biológicos e a composição química da alga Ankistrodesmus gracilis em laboratório utilizando um meio tradicional (CHU12) e dois meios alternativos, NPK (20-5-20) e macrófita (Eicchornia crassipes) + NPK em três diferentes tipos de recipientes (cuba de fibra de vidro translúcido, garrafões e saco plástico). O primeiro pico de densidade celular de Ankistrodesmus gracilis ocorreu no nono dia da curva de crescimento em meio macrófita+NPK (74,16 x 105 células.ml-1) no recipiente de fibra de vidro, porém a maior densidade (P<0.01) foi observada no meio CHU12 (122,87 x 105 células.ml-1) em saco plástico no décimo segundo dia, a partir do qual a densidade celular permaneceu acima de 70 x 105 células.ml-1. A taxa de crescimento de A. gracilis foi similar (P>0.05) nos três recipientes e meios de cultivo. Os teores de proteína e fibra foram similares (P>0.05) nos tratamentos utilizados, já os de lipídios foram mais elevados (P<0.05) no meio NPK. Os teores médios de nitrato, amônia, fósforo total e ortofosfato estiveram acima de 1 mg.L-1 no meio NPK (P<0.01). Os resultados obtidos neste estudo indicam a possibilidade do uso de meios alternativos como o NPK e macrophyte +NPK para o cultivo de A. gracilis em larga escala cultivados nos três tipos de recipientes, porém, em saco plástico o custo é baixo e ocupa menos espaço em cultivo de laboratório.
Palavras-chave: alga, meio de macrófita, NPK, CHU12, composição bioquímica, crescimento.

Introduction
Grown microalgae are widely used in aquaculture as a preferred natural feed for zooplankton and fish larvae. Despite the efforts made to replace microalgae with inert diets, aquaculture still depends on the production and use of live food for important aquatic animals. The fresh water microalgae Ankistrodesmus gracilis (Reinsch) Korshikov is one of the live foods most frequently employed in the aquaculture system.

Numerous algae species belonging to the Chlorophyceae family have been reported to contain high levels (25-50% dry weight) of neutral lipid. This fact suggests that this class of algae may represent a large pool of organisms from which initial feed for zooplankton and fish larvae could be obtained (SOUTO et al., 2008).

Laboratory culture of fresh water microalgae as feed for water organisms has been on the increase, even though certain problems still remain unsolved. These comprise production costs, nutritional value of live feed, adequate space-saving recipients for culture, appropriate management and production in the shortest time possible. 

The carboys or small bag system and fiberglass containers are recipients employed in culture systems that directly affect growth and production costs. Maximizing production while minimizing costs is of the greatest interest to all involved in algae culture.

In the case of production costs, the alternative culture medium, such as NPK (20-5-20), has been employed with great production of A. gracilis, featuring high nutrition rates (SIPAÚBA-TAVARES; ROCHA, 1993; HARDY; CASTRO, 2000; SIPAÚBA-TAVARES; PEREIRA, 2008).

The use of inorganic fertilizers is simple, since they are widely available, dissolve easily, feature a defined composition, high nitrogen and phosphorus rate, and trigger moderate pH in the medium (TEW et al., 2006). Ankistrodesmus gracilis grown in medium NPK (20-5-20) has high photosynthetic rates, with a protein content of approximately 47% dry weight (SIPAÚBA-TAVARES; PEREIRA, 2008).

Vitamins have also been added to alga culture and result in a significant increase. Complex B vitamins (thiamine, cobalamin and biotin) are essential for most microalgae, since vitamin B12 is required by approximately 70% of plankton algae (HOFF; SNELL, 1997).

Better alga yield with low production costs in large-scale culture is one of the aims of aquaculture worldwide. This is due to the fact that microalgae produce fatty acids, generally contain high levels of water soluble vitamins, source of carbohydrate and proteins to be used as food and feed for fish larvae and zooplankton (LIN et al., 2007; SOUTO et al., 2008). 

Three culture media (NPK, macrophyte + NPK, and CHU12) in different types of recipients (fiberglass, carboy, and plastic bag) were employed in the current study for the lab culture of A. gracilis. The current experiment evaluates the effect of culture medium and recipients in the growth of A. gracilis, with special reference to its biology, nutritional value and effect of culture water quality in the lab development of the microalgae.
Materials and methods

Algae culture
The strain of green algae Ankistrodesmus gracilis was obtained from the Algae Physiology Laboratory (005CH), Universidade Federal de São Carlos-UFSCar, originally isolated from Broa Reservoir, São Paulo, Brazil. Algae were batch-cultured in the laboratory at 22 ± 2ºC, in a light regimen between 51.2 and 78.1 (Ecm-2 s-1 provided by white fluorescent daylight tubes (Philips), on a 24h light cycle, and bubbled with air. Start culture was grown in 2 L flasks containing NPK medium. The current study comprises three culture media, CHU12, NPK (SIPAÚBA-TAVARES, 1995), and a third medium with a mixture of macrophytes and NPK medium. The latter contained approximately 5 kg of Eichhornia crassipes, which were ground and boiled in distilled water for 1 h. The hot extract was filtered and autoclaved at 120ºC, during 20 minutes. A 70 ml sub-sample was retrieved after cooling and completed up to 1,300 ml of distilled water. Further, 2.5 ml NPK and 100 ml inoculum of A. gracilis were added to obtain an approximate density of 3 x 105 cells.ml-1. When cultures reached the late exponential growth phase (day-8), their content was transferred to sterilized recipients containing 13 L with a density of 4.4 x 105cells.ml-1 for medium NPK; 5.1 x 105cells.ml-1 for macrophyte + NPK medium; and 4.5 x105cells.ml-1 for medium CHU12, enriched filtered fresh water (1 and 5 (m). Complex B vitamins were added to the media, at the rate of 0.01g.L-1, following Sipaúba-Tavares (1995). Three different types of recipients were used for the cultivation of A. gracilis in the laboratory, namely, fiberglass, carboy and plastic bag (Figure 1). The experiment was undertaken in triplicate during 22 days. Mean cell size was 18.42 x 3.3 (m.
Growth
Duplicate 1 ml aliquots were removed daily from the algae culture and a minimum of 2 x 1 (l sub-sample were used for cell quantification by a Neubauer hemocytometer. Growth rate (k) was obtained using the exponential growth phase, which represented the number of cell divisions per day. Doubling time, also called division time or generation time, was calculated from results obtained from the growth rate, and may be calculated as follows:

Td= 1/k or Td= 24/k

where: Td= duplication time; 1/k= days per division, and 24/k= hours per division.
Algae characteristics

Dry weight was determined by obtaining 10 ml of each replication, collected twice a week and filtered in fiberglass filter (GFC 0.7(m pore size), previously washed in distilled water. Further, the filter was dried at 60ºC and weighted till constant weight. The material was incinerated in an oven at 500ºC, for 4 hours, to calculate algae ash contents.

Total length ((m) of 50 specimens from each culture medium was determined using an Olympus BX 50 microscope, with images analysis system Pro Plus 4.1, Media Cybernetics, USA, with a 400X micrometric objective. Calculation of cell volume was undertaken by mean cell size with the use of the most appropriate geometric form, which corresponds to the formula of two coupled cones (VOLLENWEIDER, 1974; BOTTREL et al., 1976).
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Figure 1. Schematic diagram of 13-L recipients for Ankistrodesmu gracilis culture, where: FG= fiberglass; CA= carboy and PB= plastic bag.

Total organic carbon per cell was calculated from the relationship between carbon content and cell volume for fresh water algae. It can be calculated as follows:

C=0.1204 × V1.051
where: C= organic content in pg.cell-1; V= cell volume.

Biochemical composition
At the end of the experiment with A. gracilis, culture media were concentrated in a skimmer and lyophilized for the analysis of proteins; lipids and fiber were determined following AOAC (1990). 

Hydrological data
Several hydrological variables were analyzed to evaluate the effect of water quality on A. gracilis culture. Water samples were monitored twice a week in all recipients, with a glass bottle (500ml). Dissolved oxygen and inorganic carbon were analyzed according to Golterman et al. (1978). The pH, temperature and conductivity were measured with a Corning PS-17 pH meter, Corning PS-16 temperature meter and Corning PS-15 conductivity meter. Total phosphorus, orthophosphate, ammonia, nitrite and nitrate were determined according to techniques described by Golterman et al. (1978) and Koroleff (1976). Chlorophyll-a was evaluated following Nush (1980).

Statistical analyses
The life history and hydrological characteristics of the water culture of algae Ankistrodesmus gracilis were analyzed by two-way ANOVA for simple verification, taking into account recipients and culture media (FOWLER et al., 1998). Significance level for statistical test results was P=0.05.
Results
Exponential increase in the growth curve of Ankistrodesmus gracilis occurred on the 9th day in the macrophyte + NPK medium (74.16 x 105 cells.ml-1) in the fiberglass recipient. However, the highest number of cells was reported in medium CHU12 in a plastic bag (122.87 x 105 cells.ml-1) on the 12th day. A. gracilis cell density remained above 70 x 105 cells.ml-1 in medium CHU12 from the 12th day. From the 19th day, algae tended to decrease and reached a minimum of 4.74 x 105 cells.ml-1on the 22nd day in NPK medium in the plastic bag. Cell density was significantly higher (P<0.01) in CHU12 (Figure 2, Table 1). 

The growth rate varied between k=0.14 and 0.46 in the three media and recipients used (P>0.05), with the highest k rate in NPK (k=0.46) in a plastic bag recipient (Table 1).

Cell doubling time (P>0.05) varied between 2.16 and 7.08 days in the treatments employed. Cell volume was higher in NPK medium (P<0.01) although similar rates were given in macrophyte + NPK and CHU12 media. Mean size did not vary (P>0.05) among mid-sized culture media, but varied between 16.35 and 20.67 µm among the treatments employed (Table 1).

Whereas total organic carbon was highest (P<0.01) in NPK medium (>16.04 pg.cell-1), in the case of media CHU12 and macrophyte + NPK, the highest organic carbon rate was obtained in the fiberglass recipient (Table 1).  
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Figure 2. Ankistrodesmus gracilis growth curve cultured in macrophyte + NPK (M+ NPK), NPK and CHU12 media, in three different recipients, where: FG = fiberglass; CA = carboy; PB = plastic bag.

Protein and fiber contents did not vary (P>0.05) among the treatments. In fact, protein content remained over 26% dry weight, whereas fiber reached 5.23% dry weight. Lipids varied between 2.97 and 12% dry weight, although percentage was over 8.5% dry weight in NPK medium (P<0.05). There was no variation (P>0.05) in dry weight and ash contents among treatments (Table 1).

Nitrate, ammonia, total phosphorus and orthophosphate remained over 1 mg.L-1 in NPK (P<0.01). Phosphorus contents in NPK (P<0.01) were higher than 4 mg.L-1, although in the other two media they were lower and varied between 1.8 and 2.7 mg.L-1. In the culture 
Table 1. Life history characteristics and biochemical composition of Ankistrodesmus gracilis algae cultured in macrophyte + NPK, NPK and CHU12 media, in three different recipients (fiberglass, carboy, and plastic bag), and results of two-way ANOVA between recipients and culture media, where: TOC = total organic carbon; DW= dry weight; P>0.05= non-significant; P<0.05 and P<0.01=significant.

	Characters
	MACROPHYTE + NPK
	NPK
	CHU12
	ANOVA

	
	Fiberglass 
	Carboy
	Plastic Bag
	Fiberglass 
	Carboy
	Plastic Bag
	Fiberglass 
	Carboy
	Plastic Bag
	P>0.05

	Cell density (x 105.ml-1)
	17.46 ± 2.60
	13.61 ± 1.66
	13.16 ± 1.42
	12.18 ± 3.99
	12.80 ± 3.46
	11.52 ± 4.31
	70.85±33.20
	62.92±33.82
	73.06±35.07
	P<0.01

	Growth rate (k)
	0.30
	0.14
	0.16
	0.38
	0.24
	0.46
	0.40
	0.42
	0.44
	P>0.05

	Doubling time (days)
	3.28
	7.08
	6.42
	2.66
	4.20
	2.16
	2.51
	2.36
	2.28
	P>0.05

	Mean cell size (µm)
	19.78 ± 2.55
	18.32 ± 2.07
	16.35 ± 3.89
	20.67 ± 3.06
	20.60 ± 2.52
	19.37 ± 3.52
	17.72±2.51
	15.29±2.68
	17.65±2.98
	P>0.05

	Cell volume (µm3)
	92.56 ±48.02
	57.28 ±28.25
	60.75±68.04
	111.08±62.62
	104.72±36.54
	117.58±93.78
	92.31±51.55
	68.15±35.02
	89.88±68.28
	P<0.01

	TOC (pg.cell-1)
	14.13 ± 7.74
	8.53 ± 4.42
	9.18 ± 11.20
	17.14 ± 10.17
	16.04 ± 5.86
	18.27 ± 15.62
	14.11±8.28
	10.24±5.54
	13.78±11.13
	P<0.01

	Protein contents (% DW)
	51.79±0.47
	56.53±3.42
	36.68±0.12
	46.53±3.01
	56.33±1.92
	63.99±10.90
	50.21±5.21
	38.76±4.35
	26.29±0.01
	P>0.05

	Lipids (% DW)
	6.20±0.29
	8.59±0.28
	4.33±0.04
	10.00±2.05
	12.00±10.57
	8.54±0.23
	4.46±0.00
	2.97±0.04
	3.94±0.52
	P<0.05

	Fiber (% DW)
	5.23±1.54
	10.67±0.42
	10.64±0.04
	10.40±1.14
	10.78±8.89
	22.34±1.83
	15.98±2.17
	13.48±4.76
	16.41±8.21
	P>0.05

	Ash contents (%DW)
	3.89±2.69
	3.66±2.15
	1.93±0.47
	4.67±2.30
	3.58±2.84
	4.38±1.79
	3.95±2.42
	5.24±2.73
	2.70±1.17
	P>0.05

	Dry weight (pg.cell-1)
	4.82±1.52
	3.46±3.47
	4.76±2.90
	4.02±3.17
	3.26±1.94
	5.54±2.68
	3.05±2.08
	5.43±2.63
	4.35±2.34
	P>0.05


media conductivity was also high (> 45 (S.cm-1) with no significant differences (P> 0.05) among treatments (Table 2).

Free CO2 and bicarbonate concentrations in media (P< 0.01) were affected by pH, when pH was alkaline (>8); free CO2 was lower than 0.5 mg.L-1; rates of bicarbonate were between 11 and 134 mg.L-1 (Table 2). 
Chlorophyll-a concentrations were very high (> 482 (g.L-1) owing to high contents of nutrients in the medium and to the continuous light cycle (24 hours). The highest concentrations were observed in CHU12 culture media (P< 0.01). Constant air bubbling of medium had an oxygen rate over 7.3 mg.L-1 (P>0.05) (Table 2).

It should be underscored that there were no significant differences (P>0.05) among the recipients for all physical, chemical and biological variables analyzed (Tables 1 and 2). 

Discussion
The growth curve of A. gracilis in macrophyte + NPK medium, similar only in carboy and plastic bag recipients, was associated with acid pH (respectively 4.1 and 4.47). Certain Chlorophyceae algae fail to grow in acid pH. Consequently, algae activity decreases temporarily and recovers after several days (WIDJAJA et al., 2009).

Microalgae are sensitive to pH changes and its control is essential for keeping a high growth rate. As microalgae are able to metabolize the inorganic carbon CO2, there is an equilibrium trend for pH increase (ROCHA et al., 2003).
The best cell yield was reported in medium CHU12, since it contained all the essential macro- and micro-nutrients for alga development. Since traditional medium is very expensive for large scale culture, the use of alternative media is necessary in large scale alga production on condition that rapid growth occurs, as reported in macrophyte + NPK medium (8th day) previous to that of the commercial medium CHU12 (12th day), with high nutrition rate. 
Growth rate is a function of total daily light input. The light period (24 h) in the current study caused fast exponential growth. Further, macrophyte + NPK medium has a dark coloring, which not only hinders the penetration of light but also impairs growth above 15.5 x 105 cell.ml-1, after the exponential phase in carboy and plastic bag recipients, and keeps growth above 69.2 x 105 cell.ml-1 in fiberglass recipients. Nevertheless, result rates were higher than those reported by Rodrigues and Belli-Filho (2004) for Chlorella minutissima cultured in a swine excrement medium (2.1 x 105 cell.ml-1) and by Sipaúba-Tavares and Pereira (2008) for A. gracilis cultured in NPK (135 x 104 cell.ml-1).
Table 2. Mean variation of hydrological characteristics of the water culture of Ankistrodesmus gracilis algae during the experimental period, in three different recipients (fiberglass, carboy, and plastic bag) and media (macrophyte + NPK, NPK, and CHU12), and results of two-way ANOVA between recipients and culture media, where: Temp.= Temperature; Cond.= Conductivity; DO = dissolved oxygen; Bicarb.= Bicarbonate; CO2= Free CO2; Ammon.= Ammonia; TP= Total Phosphorus; Ortho.= Orthophosphate; Chloro-a= Chlorophyll-a; P>0.05=  non-significant; P<0.05 and P<0.01= significant.

	Hydrological
	MACROPHYTE + NPK
	
	NPK
	
	
	CHU12
	
	ANOVA

	Characteristics
	Fiberglass
	Carboy
	Plastic Bag
	Fiberglass
	Carboy
	Plastic Bag
	Fiberglass
	Carboy
	Plastic Bag
	P>0.05

	Temp. (ºC)
	22.40 ( 1.29
	22.57 ( 1.61
	26.19 ( 1.05
	22.9 ( 0.73
	25.8 ( 0.38
	22.7 ( 0.82
	21.38 ( 0.87
	22.57 ( 0.79
	23.05 ( 0.95
	P>0.05

	pH
	7.31 ( 0.79
	4.10 ( 1.28
	4.47 ( 1.11
	6.44 ( 0.21
	6.21 ( 0.22
	6.51 ( 0.14
	8.69 ( 0.21
	8.94 ( 0.41
	9.11 ( 0.27
	P <0.05

	Cond. (µS.cm-1)
	45.33 ( 7.67
	95.71 ( 12.24
	48.90 ( 13.51
	92.0 ( 11.83
	89.9 ( 10.1
	82.57 ( 8.99
	88.62 ( 7.60
	89.24 ( 6.84
	90.24 ( 6.95
	P>0.05

	DO (mg.L-1)
	15.67 ( 1.16
	9.69 ( 3.85
	10.98 ( 5.58
	7.30 ( 0.59
	7.36 ( 0.60
	8.02 ( 0.20
	7.71 ( 0.82
	7.77 ( 0.84
	8.36 ( 0.37
	P>0.05

	Bicarb. (mg.L-1)
	121.69 ( 22.24
	114.66 ( 43.06
	110.65 ( 45.48
	63.87 ( 31.09
	62.51 ( 27.64
	52.25 ( 30.34
	134.16 ( 96.63
	131.96 (64.55
	111.00 (97.31
	P<0.01

	CO2 (mg.L-1)
	55.22 ( 102.32
	38.14 ( 93.64
	45.59 ( 45.61
	66.69 ( 58.74
	62.29 ( 67.94
	43.76 ( 08.11
	0.38 ( 0.11
	0.27 ( 0.15
	0.19 ( 0.26
	P<0.01

	Nitrate (µg.L-1)
	570.67 ( 211.93
	613.26 ( 145.83
	378.60 ( 110.77
	1,622 ( 547.4
	1,556 ( 806.6
	1,814 ( 431.6
	617.37 (445.45  
	799.91(317.1
	933.72( 37.18 
	P<0.01

	Nitrite (µg.L-1)
	136.34 ( 116.05
	196.71 ( 170.53
	182.53 ( 114.73
	38.87 ( 67.94
	9.53 ( 5.50
	44.15 ( 19.56
	233.58( 175.39 
	347.26(125.7
	389.11(182.69
	P<0.01

	Ammon. (µg.L-1)
	336.79( 191.51
	244.04 ( 90.00
	422.49 ( 191.92
	3,986 ( 274.7
	4,145 ( 337.6
	3,953 ( 216.9
	746.28(403.82
	513.33(366.3
	530.19(573.43
	P<0.01

	Ortho. (µg.L-1)
	603.39 ( 107.35
	754.65 ( 219.22
	772.15 ( 196.30
	1,174.( 161.86
	1,082 ( 132.4
	1,060 ( 166.3
	2,425(571.52
	2,203(688.39
	1,772(694.61
	P<0.01

	TP (µg.L-1)
	2,536.51 (695.25
	2,739.78(1.316.8
	2,313.15(793.71
	4,123 ( 396.86
	4,018 ( 254.4
	4,188 ( 383.9
	2,765(788.54
	2,264(1.146
	1,846(460.22
	P<0.01

	Chloro-a (mg.L-1)
	1,950 ( 780.02
	1,040 ( 607.57
	819.28 ( 618.02
	1,120 ( 498.2
	731.8 ( 282.6
	482.0 ( 260.2
	4,471(1.548
	3,404(1.224
	1,954(872.57
	P<0.01


Light is one of the main factors that interfere in the growth of microalgae. Lin et al. (2007) show that an irradiance of 100 (Em-2s-1 for marine microalgae culture growth may provide optimal nutritional value for fish larvae. Irradiation conditions in the current analysis were lower, although the 24-h cycle was maintained. The cell number is highly dependent on culture conditions, namely lighting, culture media, CO2 supply, cell age, etc.

The number of variables that affect microalgae growth rate is high, with direct, indirect and cross-effect influences. In fact, growth rate optimization is always a difficult task for each species (ROCHA et al., 2003).

Lighting (both natural and artificial) and temperature of microalgae cultures are very dependent variables. Mixing is the most practical way to dilute radiation evenly to all cells in the culture while improving the light regime. Microalgae do not distinguish between natural and artificial light, albeit more sensitive to light intensity and light/dark cycles (ROCHA et al., 2003).

Size and shape indicate available alga cell volume as food for the several organisms in the trophic chain (SIPAÚBA-TAVARES; ROCHA, 2001). Results show that alternative media used may be employed in the culture of A. gracilis, with the best results for cell volume in NPK medium.

The cell volumes obtained in the current research were higher than those reported by Sipaúba-Tavares and Rocha (1993) on the same alga (90 (m3) and were lower than those reported by Hardy and Castro (2000) with A. gracilis grown in NPK medium (419.3 (m3). In fact, the size and weight of each cell is not always the same (ROCHA et al., 2003).

Dry weight observed in this study was less than that reported by Hardy and Castro (2000) for A. gracilis in NPK medium (125.0 ( 13.1 pg.cell-1) and by Sipaúba-Tavares et al. (1999) in CHU12 medium (128.79 ( 8.8 pg.cell-1), cultivated in 2L. The opposite has been reported for ash contents, which showed values over 1.93 pg.cell-1 dry weight, much higher than those reported by Sipaúba-Tavares and Rocha (1993) with the same alga in CHU12 medium (0.11 pg.cell-1 dry weight).

The mean size band in current research was lower than that reported by Sipaúba-Tavares and Rocha (1993) for A. gracilis in NPK medium (23.8 (m). According to these authors, this may be associated with differences in strains, culture conditions and volume of medium. According to Olivera and Sipaúba-Tavares (2000), the greater the water volume for alga culture, the higher the chance of a decrease in alga yield with regard to cell size. This is due to the competitiveness of algae for nutrients and light.

Carbon rate characterizes the alga nutritional value, normally between 40 and 60% dry weight, and evaluates food quality. Chlorophyceae algae have thin cell walls and thus a high organic carbon rate when compared to that of dry weight. Consequently, they are the best food for fresh water fish when compared to Diatomaceae, which have a basic role in sea environments (SIPAÚBA-TAVARES; ROCHA, 1993).

Results of organic carbon in the current research are better than those reported by Sipaúba-Tavares et al. (1999) for A. gracilis (2.6 pg.cell-1) cultivated in NPK medium, in a 2L volume. This fact shows the possibility of macrophyte + NPK and NPK medium in plastic bags for the production of A. gracilis as live feed for fish larvae during their initial development phase. 

Protein content above 30% is adequate and directly related to the aeration of the environment. As a rule, mean alga protein content ranges between 16 and 70% dry weight (BROWN et al., 1997). Protein contents of A. gracilis were over 26% dry weight, featuring more than 50% dry weight in NPK and macrophyte + NPK.

Complex B vitamins improve alga nutritional content, whereas the introduction of more vitamins from the first instances in the aquatic food chain increases vitamin content in animals reared in aquaculture systems (SOUTO et al., 2008).

High lipid contents (>8.5% dry weight) in NPK for the three recipients coincided with high levels of phosphorus (>4.0 mg.L-1), ammonia (>3.9 mg.L-1) and nitrate (>1.5 mg.L-1). These numbers disagree with results by Widjaja et al. (2009) who reported high lipid contents for the green alga Chlorella vulgaris when a decrease in nitrogen in the medium occurred. In the current study, high lipid content was directly associated with high CO2 levels in NPK. This is due to the fact that when the compound had lipid content over 62 mg.L-1, it reached 10% dry weight (fiberglass and carboy). A CO2 decrease in the plastic bag recipient coincided with lower lipid content (8.5% dry weight) in NPK. According to Widjaja et al. (2009), there is a direct co-relationship between CO2 increase in culture medium and lipid increase in algae cells.

Ammonia concentrations above 1mg.L-1 in culture media may affect the development of A. gracilis which usually inhibit biomass growth (SIPAÚBA-TAVARES; PEREIRA, 2008). This factor may have been the cause of lesser densities in NPK (<17.5 x 105 cell.ml-1) when compared to those in CHU12.

High chlorophyll-a contents (>480 mg.L-1) are associated with the intrinsic conditions of alga of the Chlorophyceae class, which has large amounts of chlorophyll, or rather, approximately 1 to 45% dry weight (CHEN et al., 2009).

The plastic bag for small and large-scale culture of A. gracilis is feasible due to its performance in alga morphological characteristics, but also due to its costs. The cost of each unit is US$ 3.96, extremely low when compared to the fiberglass with a unit cost of US$ 162.96. Since the carboy recipient had the highest cost, approximately US$ 1,138.92 for 13L, it turned out to be unworkable for large-scale culture. Further, if the low cost plastic bag is well utilized, it may be used three or four times consecutively, and thus a gain in production ensues. 

NPK or even macrophyte associated with NPK is an alternative medium that may be used for A. gracilis culture or for other Chlorophyceae algae with a higher or similar nutritional rate to that of the traditional one (CHU12). No significant difference (P>0.05) in the biology of A. gracilis was reported among recipients. The plastic bag may be another alternative to be employed with good growth rates, low costs and smaller culture spaces in the laboratory. Other studies, mainly for the improvement of A. gracilis growth, may be undertaken with regard to pH of the medium and high contents of nutrients, so that mass production technology could be obtained while employing low cost media and recipients, coupled with high quality.
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meiochu12(vidro)

		Dia		Replica		n de celulas		n de quadrados		cofator		total(formula)		Media		Grafico						Dia		Crescimento

		10/24/08		1		399		128		160000		498750		475625		4.75625						1		4.75

				2		362		128		160000		452500				0						2		8.36

		10/25/08		1		607		128		160000		758750		836875		8.36875						3		8.56

				2		732		128		160000		915000				0						4		11.73

		10/26/08		1		751		128		160000		938750		856875		8.56875						5		20.02

				2		620		128		160000		775000				0						6		13.51

		10/27/08		1		807		128		160000		1008750		1173750		11.7375						7		14.58

				2		1071		128		160000		1338750				0						8		18.61

		10/28/08		1		1903		128		160000		2378750		2002500		20.025						9		23.41

				2		1301		128		160000		1626250				0						10		52.11

		10/29/08		1		1233		128		160000		1541250		1351250		13.5125						11		49.46

				2		929		128		160000		1161250				0						12		71.5

		10/30/08		1		1278		128		160000		1597500		1458750		14.5875						13		77.32

				2		1056		128		160000		1320000				0						14		99.32

		10/31/08		1		1593		128		160000		1991250		1861875		18.61875						15		122.81

				2		1386		128		160000		1732500				0						16		98.54

		11/1/08		1		2489		128		160000		3111250		2341250		23.4125						17		89.17

				2		1257		128		160000		1571250				0						18		95.04

		11/2/08		1		1027		160		810000		5199187.5		5211843.75		52.1184375						19		99.25

				2		1032		160		810000		5224500				0						20		80.72

		11/3/08		1		954		160		810000		4829625		4946062.5		49.460625						21		78.92

				2		1000		160		810000		5062500				0						22		71.05

		11/4/08		1		1023		160		810000		5178937.5		7150781.25		71.5078125

				2		1802		160		810000		9122625				0

		11/5/08		1		1561		160		810000		7902562.5		7732968.75		77.3296875

				2		1494		160		810000		7563375				0

		11/6/08		1		1831		160		810000		9269437.5		9932625		99.32625

				2		2093		160		810000		10595812.5				0

		11/7/08		1		2957		160		810000		14969812.5		12281625		122.81625

				2		1895		160		810000		9593437.5				0

		11/8/08		1		2263		160		810000		11456437.5		9854156.25		98.5415625

				2		1630		160		810000		8251875				0

		11/9/08		1		2100		160		810000		10631250		8917593.75		89.1759375

				2		1423		160		810000		7203937.5				0

		11/10/08		1		2355		160		810000		11922187.5		9504843.75		95.0484375

				2		1400		160		810000		7087500				0

		11/011/08		1		1901		160		810000		9623812.5		9925031.25		99.2503125

				2		2020		160		810000		10226250				0

		11/12/08		1		1985		160		810000		10049062.5		8072156.25		80.7215625

				2		1204		160		810000		6095250				0

		11/13/08		1		1930		160		810000		9770625		7892437.5		78.924375

				2		1188		160		810000		6014250				0

		11/14/08		1		1765		160		810000		8935312.5		7105218.75		71.0521875

				2		1042		160		810000		5275125				0
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		Dia		Replica		n de celulas		n de quadrados		cofator		total(formula)		Media		Grafico						Dia		Crescimento

		10/24/08		1		254		128		160000		317500		360000		3.6						1		3.6

				2		322		128		160000		402500				0						2		9.86

		10/25/08		1		695		128		160000		868750		986250		9.8625						3		9.54

				2		883		128		160000		1103750				0						4		8.94

		10/26/08		1		741		128		160000		926250		954375		9.54375						5		9.85

				2		786		128		160000		982500				0						6		10.91

		10/27/08		1		785		128		160000		981250		894375		8.94375						7		11.8

				2		646		128		160000		807500				0						8		13.04

		10/28/08		1		691		128		160000		863750		985625		9.85625						9		35.26

				2		886		128		160000		1107500				0						10		31.69

		10/29/08		1		857		128		160000		1071250		1091875		10.91875						11		57.15

				2		890		128		160000		1112500				0						12		76.41

		10/30/08		1		920		128		160000		1150000		1180625		11.80625						13		114.11

				2		969		128		160000		1211250				0						14		106.82

		10/31/08		1		1064		128		160000		1330000		1304375		13.04375						15		83.4

				2		1023		128		160000		1278750				0						16		73.22

		11/1/08		1		696		160		810000		3523500		3526031.25		35.2603125						17		70.31

				2		697		160		810000		3528562.5				0						18		82.34

		11/2/08		1		626		160		810000		3169125		3169125		31.69125						19		106.95

				2		626		160		810000		3169125				0						20		74.92

		11/3/08		1		1125		160		810000		5695312.5		5715562.5		57.155625						21		71.73

				2		1133		160		810000		5735812.5				0						22		63.78

		11/4/08		1		1489		160		810000		7538062.5		7641843.75		76.4184375

				2		1530		160		810000		7745625				0

		11/5/08		1		2424		160		810000		12271500		11410875		114.10875

				2		2084		160		810000		10550250				0

		11/6/08		1		2091		160		810000		10585687.5		10681875		106.81875

				2		2129		160		810000		10778062.5				0

		11/7/08		1		1773		160		810000		8975812.5		8340468.75		83.4046875

				2		1522		160		810000		7705125				0

		11/8/08		1		1436		160		810000		7269750		7322906.25		73.2290625

				2		1457		160		810000		7376062.5				0

		11/9/08		1		1512		160		810000		7654500		7031812.5		70.318125

				2		1266		160		810000		6409125				0

		11/10/08		1		1863		160		810000		9431437.5		8234156.25		82.3415625

				2		1390		160		810000		7036875				0

		11/011/08		1		2005		160		810000		10150312.5		10694531.25		106.9453125

				2		2220		160		810000		11238750				0

		11/12/08		1		1440		160		810000		7290000		7492500		74.925

				2		1520		160		810000		7695000				0

		11/13/08		1		1511		160		810000		7649437.5		7173562.5		71.735625

				2		1323		160		810000		6697687.5				0

		11/14/08		1		1205		160		810000		6100312.5		6378750		63.7875

				2		1315		160		810000		6657187.5				0
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		Dia		Replica		n de celulas		n de quadrados		cofator		total(formula)		Media		Grafico						Dia		Crescimento

		11/28/08		1		381		128		160000		476250		423125		4.23125						1		4.23

				2		296		128		160000		370000				0						2		7.96

		11/29/08		1		543		128		160000		678750		796875		7.96875						3		9.66

				2		732		128		160000		915000				0						4		9.9

		11/30/08		1		867		128		160000		1083750		966875		9.66875						5		12.5

				2		680		128		160000		850000				0						6		15.71

		12/1/08		1		763		128		160000		953750		990625		9.90625						7		16.34

				2		822		128		160000		1027500				0						8		36.42

		12/2/08		1		883		128		160000		1103750		1250625		12.50625						9		44.04

				2		1118		128		160000		1397500				0						10		72.97

		12/3/08		1		1272		128		160000		1590000		1571875		15.71875						11		88.99

				2		1243		128		160000		1553750				0						12		122.87

		12/4/08		1		1211		128		160000		1513750		1634375		16.34375						13		94.87

				2		1404		128		160000		1755000				0						14		119.93

		12/5/08		1		727		160		810000		3680437.5		3642468.75		36.4246875						15		108.31

				2		712		160		810000		3604500				0						16		111.45

		12/6/08		1		911		160		810000		4611937.5		4404375		44.04375						17		93.32

				2		829		160		810000		4196812.5				0						18		98.56

		12/7/08		1		1366		160		810000		6915375		7297593.75		72.9759375						19		100.82

				2		1517		160		810000		7679812.5				0						20		93.75

		12/8/08		1		2013		160		810000		10190812.5		8899875		88.99875						21		88.21

				2		1503		160		810000		7608937.5				0						22		76.97

		12/9/08		1		2058		160		810000		10418625		12286687.5		122.866875

				2		2796		160		810000		14154750				0

		12/10/08		1		1088		160		810000		5508000		9487125		94.87125

				2		2660		160		810000		13466250				0

		12/11/08		1		1948		160		810000		9861750		11993062.5		119.930625

				2		2790		160		810000		14124375				0

		12/12/08		1		2153		160		810000		10899562.5		10831218.75		108.3121875

				2		2126		160		810000		10762875				0

		12/13/08		1		2120		160		810000		10732500		11145093.75		111.4509375

				2		2283		160		810000		11557687.5				0

		12/14/08		1		2494		160		810000		12625875		9332718.75		93.3271875

				2		1193		160		810000		6039562.5				0

		12/15/08		1		1975		160		810000		9998437.5		9856687.5		98.566875

				2		1919		160		810000		9714937.5				0

		12/16/08		1		1993		160		810000		10089562.5		10081968.75		100.8196875

				2		1990		160		810000		10074375				0

		12/17/08		1		1900		160		810000		9618750		9375750		93.7575

				2		1804		160		810000		9132750				0

		12/18/08		1		1708		160		810000		8646750		8821406.25		88.2140625

				2		1777		160		810000		8996062.5				0

		12/19/08		1		1500		160		810000		7593750		7697531.25		76.9753125

				2		1541		160		810000		7801312.5				0
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Grafico

		Time (days)		GF		CA		PB

		1		5.53		5.01		2.92

		2		10.25		6.05		2.65

		3		11.86		6.55		3.28

		4		16.84		6.67		4.17

		5		15.32		7.85		4.5

		6		14.76		11.81		4.66

		7		15.62		14.78		8.56

		8		19.29		14.93		7.99

		9		74.16		15.79		7.22

		10		57.96		16.74		6.75

		11		58.85		14.37		6.3

		12		63.86		14.12		5.08

		13		64.57		13.03		4.96

		14		69.17		8.46		3.71

		15		61.1		5.86		3.56

		16		56.29		5.65		2.99

		17		57.43		4.91		1.6

		18		55.51		4.39		1.83

		19		61.18		4.29		1.7

		20		61.05		4.28		1.65

		21		58.97		3.96		1.78

		22		57.63		3.87		1.5





Grafico

		



GF

CA

PB

Time (days)

Cell density (x10  5 cells.ml-1)

M+NPK



meiomacro(fibra)

		Dia		Replica		n de celulas		n de quadrados		cofator		total(formula)		Media		Grafico						Dia		Crescimento

		11/26/07		1		483		128		160000		603750		553125		5.53125						1		5.53

				2		402		128		160000		502500				0						2		10.25

		11/27/07		1		795		128		160000		993750		1025000		10.25						3		11.86

				2		845		128		160000		1056250				0						4		16.84

		11/28/07		1		1098		128		160000		1372500		1186250		11.8625						5		15.32

				2		800		128		160000		1000000				0						6		14.76

		11/29/07		1		1306		128		160000		1632500		1684375		16.84375						7		15.62

				2		1389		128		160000		1736250				0						8		19.29

		11/30/07		1		1279		128		160000		1598750		1532500		15.325						9		74.16

				2		1173		128		160000		1466250				0						10		57.96

		12/1/07		1		988		128		160000		1235000		1476250		14.7625						11		58.85

				2		1374		128		160000		1717500				0						12		63.86

		12/2/07		1		1215		128		160000		1518750		1562500		15.625						13		64.57

				2		1285		128		160000		1606250				0						14		69.17

		12/3/07		1		1521		128		160000		1901250		1929375		19.29375						15		61.1

				2		1566		128		160000		1957500				0						16		56.29

		12/4/07		1		1632		160		810000		8262000		7416562.5		74.165625						17		57.43

				2		1298		160		810000		6571125				0						18		55.51

		12/5/07		1		1206		160		810000		6105375		5796562.5		57.965625						19		61.18

				2		1084		160		810000		5487750				0						20		61.05

		12/6/07		1		1322		160		810000		6692625		5885156.25		58.8515625						21		58.97

				2		1003		160		810000		5077687.5				0						22		57.63

		12/7/07		1		1325		160		810000		6707812.5		6386343.75		63.8634375

				2		1198		160		810000		6064875				0

		12/8/07		1		1139		160		810000		5766187.5		6457218.75		64.5721875

				2		1412		160		810000		7148250				0

		12/9/07		1		1351		160		810000		6839437.5		6917906.25		69.1790625

				2		1382		160		810000		6996375				0

		12/10/07		1		1207		160		810000		6110437.5		6110437.5		61.104375

				2		1207		160		810000		6110437.5				0

		12/11/07		1		1159		160		810000		5867437.5		5629500		56.295

				2		1065		160		810000		5391562.5				0

		12/12/07		1		1130		160		810000		5720625		5743406.25		57.4340625

				2		1139		160		810000		5766187.5				0

		12/13/07		1		1050		160		810000		5315625		5551031.25		55.5103125

				2		1143		160		810000		5786437.5				0

		12/14/07		1		1195		160		810000		6049687.5		6118031.25		61.1803125

				2		1222		160		810000		6186375				0

		12/15/07		1		1250		160		810000		6328125		6105375		61.05375

				2		1162		160		810000		5882625				0

		12/16/07		1		1179		160		810000		5968687.5		5897812.5		58.978125

				2		1151		160		810000		5826937.5				0

		12/17/07		1		1145		160		810000		5796562.5		5763656.25		57.6365625

				2		1132		160		810000		5730750				0
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meiomacro(saco)

		Dia		Replica		n de celulas		n de quadrados		cofator		total(formula)		Media		Grafico						Dia		Crescimento

		12/21/07		1		267		128		160000		333750		501250		5.0125						1		5.01

				2		535		128		160000		668750				0						2		6.05

		12/22/07		1		506		128		160000		632500		605000		6.05						3		6.55

				2		462		128		160000		577500				0						4		6.67

		12/23/07		1		555		128		160000		693750		655000		6.55						5		7.85

				2		493		128		160000		616250				0						6		11.81

		12/24/07		1		531		128		160000		663750		667500		6.675						7		14.78

				2		537		128		160000		671250				0						8		14.93

		12/25/07		1		568		128		160000		710000		785625		7.85625						9		15.79

				2		689		128		160000		861250				0						10		16.74

		12/26/07		1		751		128		160000		938750		1181875		11.81875						11		14.37

				2		1140		128		160000		1425000				0						12		14.12

		12/27/07		1		1217		128		160000		1521250		1478125		14.78125						13		13.03

				2		1148		128		160000		1435000				0						14		8.46

		12/28/07		1		1326		128		160000		1657500		1493125		14.93125						15		5.86

				2		1063		128		160000		1328750				0						16		5.65

		12/29/07		1		1033		128		160000		1291250		1579375		15.79375						17		4.91

				2		1494		128		160000		1867500				0						18		4.39

		12/30/07		1		1248		128		160000		1560000		1674375		16.74375						19		4.29

				2		1431		128		160000		1788750				0						20		4.28

		12/31/07		1		1264		128		160000		1580000		1437500		14.375						21		3.96

				2		1036		128		160000		1295000				0						22		3.87

		1/1/08		1		1235		128		160000		1543750		1412500		14.125

				2		1025		128		160000		1281250				0

		1/2/08		1		1186		128		160000		1482500		1303750		13.0375

				2		900		128		160000		1125000				0

		1/3/08		1		726		128		160000		907500		846875		8.46875

				2		629		128		160000		786250				0

		1/4/08		1		507		128		160000		633750		586875		5.86875

				2		432		128		160000		540000				0

		1/5/08		1		292		128		160000		365000		565000		5.65

				2		612		128		160000		765000				0

		1/6/08		1		340		128		160000		425000		491875		4.91875

				2		447		128		160000		558750				0

		1/7/08		1		317		128		160000		396250		439375		4.39375

				2		386		128		160000		482500				0

		1/8/08		1		310		128		160000		387500		429375		4.29375

				2		377		128		160000		471250				0

		1/9/08		1		315		128		160000		393750		428125		4.28125

				2		370		128		160000		462500				0

		1/10/08		1		311		128		160000		388750		396250		3.9625

				2		323		128		160000		403750				0

		1/11/08		1		305		128		160000		381250		387500		3.875

				2		315		128		160000		393750				0
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		Dia		Replica		n de celulas		n de quadrados		cofator		total(formula)		Media		Grafico						Dia		Crescimento

		12/21/07		1		279		128		160000		348750		292500		2.925						1		2.92

				2		189		128		160000		236250				0						2		2.65

		12/22/07		1		215		128		160000		268750		265000		2.65						3		3.28

				2		209		128		160000		261250				0						4		4.17

		12/23/07		1		300		128		160000		375000		328125		3.28125						5		4.5

				2		225		128		160000		281250				0						6		4.66

		12/24/07		1		350		128		160000		437500		417500		4.175						7		8.56

				2		318		128		160000		397500				0						8		7.99

		12/25/07		1		420		128		160000		525000		450000		4.5						9		7.22

				2		300		128		160000		375000				0						10		6.75

		12/26/07		1		436		128		160000		545000		466250		4.6625						11		6.3

				2		310		128		160000		387500				0						12		5.08

		12/27/07		1		577		128		160000		721250		856250		8.5625						13		4.96

				2		793		128		160000		991250				0						14		3.71

		12/28/07		1		424		128		160000		530000		799375		7.99375						15		3.56

				2		855		128		160000		1068750				0						16		2.99

		12/29/07		1		359		128		160000		448750		722500		7.225						17		1.6

				2		797		128		160000		996250				0						18		1.83

		12/30/07		1		481		128		160000		601250		675625		6.75625						19		1.7

				2		600		128		160000		750000				0						20		1.65

		12/31/07		1		470		128		160000		587500		630625		6.30625						21		1.78

				2		539		128		160000		673750				0						22		1.5

		1/1/08		1		592		128		160000		740000		508125		5.08125

				2		221		128		160000		276250				0

		1/2/08		1		580		128		160000		725000		496875		4.96875

				2		215		128		160000		268750				0

		1/3/08		1		319		128		160000		398750		371250		3.7125

				2		275		128		160000		343750				0

		1/4/08		1		274		128		160000		342500		356875		3.56875

				2		297		128		160000		371250				0

		1/5/08		1		318		128		160000		397500		299375		2.99375

				2		161		128		160000		201250				0

		1/6/08		1		153		128		160000		191250		160000		1.6

				2		103		128		160000		128750				0

		1/7/08		1		175		128		160000		218750		183750		1.8375

				2		119		128		160000		148750				0

		1/8/08		1		163		128		160000		203750		170625		1.70625

				2		110		128		160000		137500				0

		1/9/08		1		100		128		160000		125000		165000		1.65

				2		164		128		160000		205000				0

		1/10/08		1		108		128		160000		135000		178125		1.78125

				2		177		128		160000		221250				0

		1/11/08		1		100		128		160000		125000		150625		1.50625

				2		141		128		160000		176250				0
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Grafico

				Fibra		Vidro		Saco

		1		4.21		3.93		4.93

		2		10.72		9.89		10.38

		3		10.73		10.51		10.76

		4		13.41		10.78		11.15

		5		14.76		11.07		11.65

		6		11.86		11.39		11.95

		7		11.89		11.64		12.4

		8		11.83		11.87		19.95

		9		11.6		12.1		16.11

		10		12.24		12.38		12.68

		11		12.21		13.39		12.25

		12		11.71		12.21		11.78

		13		13.5		11.78		11.48

		14		10.68		10.85		11.33

		15		10.11		10.36		10.75

		16		10.87		10.11		10.37

		17		9.3		9.46		10.15

		18		9.22		9.08		9.85

		19		9.08		8.82		9.65

		20		9.01		8.47		9.2

		21		8.94		8.26		9.03

		22		8.84		7.93		8.85
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Fibra

		Dia		Replica		n de celulas		n de quadrados		cofator		total(formula)		Media		Grafico						Dia		Crescimento

		3/20/08		1		364		128		160000		455000		421875		4.21875						1		4.21

				2		311		128		160000		388750				0						2		10.72

		3/21/08		1		821		128		160000		1026250		1072500		10.725						3		10.73

				2		895		128		160000		1118750				0						4		13.41

		3/22/08		1		838		128		160000		1047500		1073125		10.73125						5		14.76

				2		879		128		160000		1098750				0						6		11.86

		3/23/08		1		912		128		160000		1140000		1341250		13.4125						7		11.89

				2		1234		128		160000		1542500				0						8		11.83

		3/24/08		1		932		128		160000		1165000		1476875		14.76875						9		11.6

				2		1431		128		160000		1788750				0						10		12.24

		3/25/08		1		951		128		160000		1188750		1186875		11.86875						11		12.21

				2		948		128		160000		1185000				0						12		11.71

		3/26/08		1		907		128		160000		1133750		1189375		11.89375						13		13.5

				2		996		128		160000		1245000				0						14		10.68

		3/27/08		1		926		128		160000		1157500		1183750		11.8375						15		10.11

				2		968		128		160000		1210000				0						16		10.87

		3/28/08		1		917		128		160000		1146250		1160000		11.6						17		9.3

				2		939		128		160000		1173750				0						18		9.22

		3/29/08		1		1025		128		160000		1281250		1224375		12.24375						19		9.08

				2		934		128		160000		1167500				0						20		9.01

		3/30/08		1		972		128		160000		1215000		1221875		12.21875						21		8.94

				2		983		128		160000		1228750				0						22		8.84

		3/31/08		1		924		128		160000		1155000		1171250		11.7125

				2		950		128		160000		1187500				0

		4/1/08		1		925		128		160000		1156250		1350625		13.50625

				2		1236		128		160000		1545000				0

		4/2/08		1		900		128		160000		1125000		1068750		10.6875

				2		810		128		160000		1012500				0

		4/3/08		1		812		128		160000		1015000		1011875		10.11875

				2		807		128		160000		1008750				0

		4/4/08		1		868		128		160000		1085000		1087500		10.875

				2		872		128		160000		1090000				0

		4/5/08		1		778		128		160000		972500		930000		9.3

				2		710		128		160000		887500				0

		4/6/08		1		769		128		160000		961250		922500		9.225

				2		707		128		160000		883750				0

		4/7/08		1		750		128		160000		937500		908750		9.0875

				2		704		128		160000		880000				0

		4/8/08		1		743		128		160000		928750		901875		9.01875

				2		700		128		160000		875000				0

		4/9/08		1		739		128		160000		923750		894375		8.94375

				2		692		128		160000		865000				0

		4/10/08		1		725		128		160000		906250		884375		8.84375

				2		690		128		160000		862500				0
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Vidro

		Dia		Replica		n de celulas		n de quadrados		cofator		total(formula)		Media		Grafico						Dia		Crescimento

		3/20/08		1		334		128		160000		417500		393125		3.93125						1		3.93

				2		295		128		160000		368750				0						2		9.89

		3/21/08		1		796		128		160000		995000		989375		9.89375						3		10.51

				2		787		128		160000		983750				0						4		10.78

		3/22/08		1		868		128		160000		1085000		1051875		10.51875						5		11.07

				2		815		128		160000		1018750				0						6		11.39

		3/23/08		1		889		128		160000		1111250		1078750		10.7875						7		11.64

				2		837		128		160000		1046250				0						8		11.87

		3/24/08		1		899		128		160000		1123750		1107500		11.075						9		12.1

				2		873		128		160000		1091250				0						10		12.38

		3/25/08		1		919		128		160000		1148750		1139375		11.39375						11		13.39

				2		904		128		160000		1130000				0						12		12.21

		3/26/08		1		938		128		160000		1172500		1164375		11.64375						13		11.78

				2		925		128		160000		1156250				0						14		10.85

		3/27/08		1		959		128		160000		1198750		1187500		11.875						15		10.36

				2		941		128		160000		1176250				0						16		10.11

		3/28/08		1		975		128		160000		1218750		1210625		12.10625						17		9.46

				2		962		128		160000		1202500				0						18		9.08

		3/29/08		1		997		128		160000		1246250		1238125		12.38125						19		8.82

				2		984		128		160000		1230000				0						20		8.47

		3/30/08		1		1096		128		160000		1370000		1339375		13.39375						21		8.26

				2		1047		128		160000		1308750				0						22		7.93

		3/31/08		1		982		128		160000		1227500		1221250		12.2125

				2		972		128		160000		1215000				0

		4/1/08		1		946		128		160000		1182500		1178125		11.78125

				2		939		128		160000		1173750				0

		4/2/08		1		873		128		160000		1091250		1085625		10.85625

				2		864		128		160000		1080000				0

		4/3/08		1		836		128		160000		1045000		1036875		10.36875

				2		823		128		160000		1028750				0

		4/4/08		1		817		128		160000		1021250		1011875		10.11875

				2		802		128		160000		1002500				0

		4/5/08		1		761		128		160000		951250		946875		9.46875

				2		754		128		160000		942500				0

		4/6/08		1		732		128		160000		915000		908125		9.08125

				2		721		128		160000		901250				0

		4/7/08		1		710		128		160000		887500		882500		8.825

				2		702		128		160000		877500				0

		4/8/08		1		684		128		160000		855000		847500		8.475

				2		672		128		160000		840000				0

		4/9/08		1		665		128		160000		831250		826250		8.2625

				2		657		128		160000		821250				0

		4/10/08		1		639		128		160000		798750		793125		7.93125

				2		630		128		160000		787500				0
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Saco

		Dia		Replica		n de celulas		n de quadrados		cofator		total(formula)		Media		Grafico						Dia		Crescimento

		5/5/08		1		387		128		160000		483750		493750		4.9375						1		4.93

				2		403		128		160000		503750				0						2		10.38

		5/6/08		1		827		128		160000		1033750		1038750		10.3875						3		10.76

				2		835		128		160000		1043750				0						4		11.15

		5/7/08		1		859		128		160000		1073750		1076875		10.76875						5		11.65

				2		864		128		160000		1080000				0						6		11.95

		5/8/08		1		888		128		160000		1110000		1115625		11.15625						7		12.4

				2		897		128		160000		1121250				0						8		19.95

		5/9/08		1		929		128		160000		1161250		1165625		11.65625						9		16.11

				2		936		128		160000		1170000				0						10		12.68

		5/10/08		1		953		128		160000		1191250		1195625		11.95625						11		12.25

				2		960		128		160000		1200000				0						12		11.78

		5/11/08		1		989		128		160000		1236250		1240000		12.4						13		11.48

				2		995		128		160000		1243750				0						14		11.33

		5/12/08		1		1524		128		160000		1905000		1995625		19.95625						15		10.75

				2		1669		128		160000		2086250				0						16		10.37

		5/13/08		1		1225		128		160000		1531250		1611250		16.1125						17		10.15

				2		1353		128		160000		1691250				0						18		9.85

		5/14/08		1		1010		128		160000		1262500		1268750		12.6875						19		9.65

				2		1020		128		160000		1275000				0						20		9.2

		5/15/08		1		986		128		160000		1232500		1225625		12.25625						21		9.03

				2		975		128		160000		1218750				0						22		8.85

		5/16/08		1		937		128		160000		1171250		1178750		11.7875

				2		949		128		160000		1186250				0

		5/17/08		1		915		128		160000		1143750		1148750		11.4875

				2		923		128		160000		1153750				0

		5/18/08		1		901		128		160000		1126250		1133750		11.3375

				2		913		128		160000		1141250				0

		5/19/08		1		856		128		160000		1070000		1075625		10.75625

				2		865		128		160000		1081250				0

		5/20/08		1		829		128		160000		1036250		1037500		10.375

				2		831		128		160000		1038750				0

		5/21/08		1		806		128		160000		1007500		1015000		10.15

				2		818		128		160000		1022500				0

		5/22/08		1		784		128		160000		980000		985000		9.85

				2		792		128		160000		990000				0

		5/23/08		1		767		128		160000		958750		965625		9.65625

				2		778		128		160000		972500				0

		5/24/08		1		733		128		160000		916250		920625		9.20625

				2		740		128		160000		925000				0

		5/25/08		1		719		128		160000		898750		903750		9.0375

				2		727		128		160000		908750				0

		5/26/08		1		704		128		160000		880000		885625		8.85625

				2		713		128		160000		891250				0
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