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Introduction 

Benthic diatoms are the principal food source for postlarval abalone (Kawamura, 
1996,). Various studies found a relation between benthic diatom density and 
postlarval abalone settlement, growth, and survival (Searcy-Bernal et al., 2003, 
Daume et al., 2004, and Roberts et al., 2007). However, only few studies have 
focused on their nutritional quality and the influence of algal biochemical com-
position on newly settled abalone (Daume et al., 2003; Gordon et al., 2006; Uri-
ate et al., 2006; Viana et al., 2007). The present study examines the characteris-
tics of four benthic diatoms species and the effect of density on their growth re-
sponse and nutritional quality for abalone, in terms of their proximate and fatty 
acid composition.  

Material and methods 

Diatom cultures 
Four species of diatoms Navicula incerta, Proschkinia sp., Nitzschia sp., and 
Amphora sp. were selected and grown in f/2 medium (Guillard, 1975) plus sili-
cate under continuous light of 62±8μmol photon.m-2.s and 28.5±1.4ºC. Growth 
curve and cell attachment capacity were determined at initial inoculums of 
0.05×106 cells.ml-1, 0.10×106 cells.ml-1, and 0.25×106 cells.ml-1 for each species, 
and growth was monitored during 7 days. Each species, inoculated at 0.10×106 
cell.ml-1, were harvested in logarithmic and stationary phases of growth for bio-
chemical analysis. 

Cell counts and growth 
Average growth rates were estimated using the following formulae:  
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μ=ln (N1/N0)/ t1-t0 (Guillard, 1973). 

Ten randomly chosen fields of view were photographed at 400× and attached 
cells were then counted. The number of cells.mm-2 was calculated. 

Analytical methods 
Triplicate samples of freezed cells from each of the experimental cultures were 
analyzed for total lipids (Folch et al., 1957), protein (AOAC 1995), carbohy-
drate, ash, and total fatty acids (Izquierdo et al., 1989).  

Data analysis 
An analysis of variance (one-way ANOVA) was performed with growth rate, 
cell number, lipid, protein and fatty acids as the source of variance. Data show-
ing significant differences (P<0.05) were analyzed by paired comparisons using 
Tukey’s HSP test. Equality of variance was assessed with Bartlett’s test.  

Results 

Biometric parameters and growth rates 
GR were significantly higher (P<0.05) for all species when inoculated at 50×103 

cells.ml-1, the highest (P<0.05) being for Proschkinia sp. in all treatments (0.47-
0.65µ.day-1), while cell production at stationary phase harvest was higher for all 
species when inoculated at 100×103 cells.ml-1 (Table I) The GR found in the pre-
sent study suggest a nutrient limitation and/or a shadowing effect when original 
inoculums density was increased as well as the effect of cell size on nutrient as-
similation (Richmond, 1986). Attachment capacity was the highest at low inocu-
lums’ density for all species except Proschkinia sp. and Amphora sp. had the 
highest cell attachment capacity. 

Table I. Growth rate and cell count at harvest of four species of diatoms grown at three 
different densities, (mean±SD, n=9)  

Species Densities (103 cells.ml-1 ) 
 50 100 250 

Growth rate µ (day-1)    
Amphora sp. 0.47±0.01a 0.43±0.00b 0.29±0.01c

Nitzschia sp. 0.47±0.00a 0.44±0.00b 0.29±0.00c

Proschkinia sp. 0.65±0.01a 0.58±0.01b 0.47±0.01c

Navicula incerta 0.35±0.01a 0.30±0.00b 0.16±0.02c

Cell count at stationary phase harvest ×106 (ml-1) 
Amphora sp. 1.37±0.09b 2.02±0.05a 1.92±0.16a

Nitzschia sp. 1.31±0.05c 2.22±0.05a 1.92±0.04b

Proschkinia sp. 4.61±0.37b 5.81±0.43a 6.57±0.42a

Navicula incerta 0.60±0.04b 0.83±0.06a 0.80±0.10a

Different superscripts across a row indicate difference between growth rates and densi-
ties at 95% level (ANOVA Tukey’s, test; P<0.05) 
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Production of nutrients 
All diatoms except N. incerta showed a significantly (P<0.05) higher lipid con-
tent during the exponential phase (Table II). Protein content followed a similar 
trend. Carbohydrate content followed a trend inverse to that of lipid content. No 
significant differences (P>0.05) were found in the ash content among all diatoms 
cultures. Brown et al. (1996, 1997) reported these facts as typical of cultures be-
coming nutrient limited. N. incerta increased its storage products as lipid instead 
of carbohydrate that could be an indication of silicon deficiency. Amphora sp. 
and Proschkinia sp. presented the highest protein, lipid, and carbohydrate con-
tent in their logarithmic growth, as well as good energy contents. These values 
being within the range needed for juvenile abalone they can be considered suited 
to cover abalone postlarvae nutritional requirements. 

Table II. Proximate chemical analysis (% dry weight) and gross energy (GE) at an initial 
inoculum of 1x 105 cells.ml-1 and harvested in logarithmic (Exp) and stationary 
(Sta) phase of growth, (mean±SD, n=9)  

Species Growth 
Phase 

Lipid 
(%) 

Protein 
(%) 

Ash 
(%) 

Carbohydrates 
(%) 

GE 
(kJ.g-1) 

Amphora sp. Exp 9.74±1.70a 19.70±0.95a 57.10±3.40 13.50±5.01cd 10.82 
 Sta 7.31±0.68cd 13.07±0.71bc 60.50±0.90 19.15±1.77bc 9.24 
Navicula incerta Exp 6.11±0.17de 13.00±0.60bc 53.70±3.80 27.23±3.77a 10.16 
 Sta 8.88±0.63ab 13.00±1.07bc 58.00±0.43 20.20±0.70abc 10.00 
Nitzschia sp. Exp 4.90±0.55ef 14.50±0.40b 62.00±1.50 18.70±1.70bc 8.56 
 Sta 3.11±0.24g 14.20±1.22b 61.00±0.00 21.80±1.21ab 8.33 
Proschkinia sp. Exp 7.82±0.72bc 20.72±1.40a 61.40±8.02 10.05±6.70d 9.68 
 Sta 4.00±0.56fg 11.60±1.93c 60.80±2.80 23.73±5.03ab 8.39 
 Different superscripts down a column indicate means which differ significantly at 95% 
level (ANOVA tukey’s test; P<0.05)  

Fatty acid composition 
Polyunsaturated fatty acids (PUFA) constituted the largest fraction of the total 
fatty acids (TFA). The proportion of the various PUFAs varied among the dia-
tom species and between growth phases. All of the analyzed diatoms had signifi-
cant quantities of 20:5n-3 (eicosapentaenoic acid - EPA) Proschkinia sp. had the 
highest quantity of 20:4n-6 (arachidonic acid - ARA). Proschkinia sp., Nitzschia 
sp. and Navicula incerta showed a decrease in EPA and ARA between the loga-
rithmic and the stationary phase. Levels of 22:6n-3 (docosahexaenoic acid - 
DHA) (0.19%-1.90% TFA) increased between logarithmic and stationary phase 
and were generally low among the diatoms tested and are also reported to be low 
in abalone tissues. The fatty acid profiles of the diatoms tested were characteris-
tic of most diatoms. Based on previous abalone nutritional studies (Mai et al., 
1995, Daume et al., 2003, Gordon et al., 2006, Viana et al., 2007), the levels of 
PUFA, n-3 PUFA and more specifically EPA and DHA found in this study sug-
gest the diatoms tested could be suited for H. tuberculata coccinea postlarvae 
and fulfill their nutritional requirements. 
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