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The red seaweed, Gracilaria tikvahiae McLachlan, was cultivated in open water farms in urbanized estuaries of Long 

Island Sound (26-30 psu of salinity) and New York City (20-25 psu), USA in 2011. Plants were harvested monthly from 

summer (August, 24°C) to fall (November, 13°C) and analyzed for total nitrogen, protein, and amino acid content. On a 

dry matter (DM) basis, nitrogen and protein significantly increased over the harvest period until October and then pla-

teaued. Nitrogen increased from 22 ± 1 g kg-1 DM in August to 39 ± 3 g kg-1 DM in October (p < 0.001). Protein increased 

from 107 ± 13 g kg-1 DM in August to 196 ± 5 g kg-1 DM in November (p < 0.001). With two exceptions, amino acid concen-

trations expressed on a crude protein (CP) basis were similar over the harvest period. Essential amino acids accounted for 

48 ± 1% of all amino acids present with lysine and methionine averaging 56 ± 2 g kg-1 CP and 18 ± 1 g kg-1 CP, respectively. 

Histidine was underrepresented among essential amino acids and averaged 13 ± 1 g kg-1 CP. Taurine ranged from 2.1 to 

3.2 g kg-1 DM. With its moderate levels of lysine, methionine and taurine, ocean farmed G. tikvahiae has the potential of 

overcoming many nutrient deficiencies currently associated with terrestrial plant ingredients in alternative feeds for fish 

and shrimp. 
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INTRODUCTION

Aquaculture is the fastest growing food producing sec-

tor in the world today, and demands for feed ingredients, 

especially fish meal and oil, have increased dramatical-

ly in recent years (Hardy et al. 2001, National Research 

Council 2011, Food and Agriculture Organization of the 

United Nations 2014). Macroalgae have successfully been 

incorporated into fish and shrimp feeds at levels up to ap-

proximately 100 g kg-1 feed without compromising growth 

or survival (Mustafa et al. 1995, Valente et al. 2006, Khan 

et al. 2008, Ergün et al. 2009). Occasionally, increases in 

feed consumption and growth have been reported. Red 

sea bream Pagrus major growth improved with a 50 g kg-1 

addition of the green alga Ulva pertusa, the brown alga 

Ascophyllum nodosum, or the red alga Pyropia yezoensis 

(see AlgaeBase for authorities; Guiry and Guiry 2014) to 

the feed, although the largest weight gain was observed 
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in open water farms in urbanized estuaries of Long Is-

land Sound and the Bronx River, New York, USA to extract 

nutrients from these urbanized estuaries and potentially 

produce a valuable ingredient for aquaculture feeds. The 

study sites are located within the Long Island Sound wa-

tershed and New York City’s estuary, which receive an-

thropogenic inputs from a population of 9 million people 

(Latimer et al. 2014). It was previously demonstrated that 

G. tikvahiae readily sequesters nitrogen and carbon from 

these sites (Kim et al. 2014). However, it is unknown how 

much sequestered nitrogen is present as protein and how 

nutritious this protein is for aquaculture species. As such, 

the objective of this study was to determine the protein 

and amino acid composition of G. tikvahiae harvested 

from these nutrient bioextraction systems over a four 

month harvest period and evaluate the potential of this 

algal protein as an ingredient for fish and shrimp feeds. 

MATERIALS AND METHODS

Algae culture

A G. tikvahiae strain (G-RI-ST1) was mass cultured at 

the Seaweed Marine Biotechnology Laboratory at Uni-

versity of Connecticut, Stamford, CT, USA. This strain was 

originally collected in June 2010 from Potters Pond, South 

Kingstown, Rhode Island, USA (41°22′56″ N, 71°32′04″ W). 

G. tikvahiae was out-planted on long lines at two open 

water farm sites, 67 km apart. The first out-planting was 

on July 28, 2011 in Long Island Sound (LIS; 41°4′8″ N, 

73°9′10″ W), and the second out-planting was on Septem-

ber 20, 2011 at the mouth of the Bronx River Estuary (BRE; 

40°48′5″ N, 73°52′16″ W). For each site, long lines (45 m at 

the BRE site and 100 m at the LIS site) were installed at 0.5 

m depth as described elsewhere (Kim et al. 2014). Twenty 

gram bundles of G. tikvahiae thalli were inserted into ny-

lon rope line for both sites. Three bundles were harvested 

on Aug 16, Sep 15, and Nov 4, 2011 from the LIS site and 

on Oct 19, 2011 from the BRE site for tissue analysis. 

Salinity during the growing season at LIS ranged from 

26-30 psu, and at BRE were slightly lower, 20-25 psu. Sub-

surface irradiance was measured with a LiCor LI-185A 

PAR meter (Lincoln, NE, USA) as described elsewhere 

(Kim et al. 2014). At the LIS site, mean light penetration 

was 81% at 0.5 m and 53% at 1.0 m deep, during mid-day 

on cloudless days. Mean light penetration at the BRE site 

was similar to the LIS site at 81% at 0.5 m and 48% at 1.0 

m deep. The water temperature at both sites and at the 

culture depth ranged 22-24°C (July to September) and 

with the red alga (Mustafa et al. 1995). Ergün et al. (2009) 

reported an increase in the growth of Nile tilapia Oreo-

chromis niloticus when Ulva rigida was added at a level 

of 50 g kg-1 feed while Stadtlander et al. (2013) reported an 

increase in growth in tilapia when P. yezoensis was added 

at 136 g kg-1, but not when added at 272 g kg-1. 

Gracilaria and related genera comprise about 200 spe-

cies of warm water to tropical seaweeds that are widely 

distributed throughout the world, except the polar seas 

(McLachlan and Bird 1984, Lüning 1990, Yang et al. 2012, 

Guiry and Guiry 2014). Gracilaria is a bushy, branch-

ing seaweed, irregularly or dichotomously branched, 

and may have rounded, compressed, or flattened axes 

(Lüning 1990). Blades are usually red, but can be brown-

ish, green, or almost black depending on light and nutri-

ent conditions (Kim and Yarish submitted). Gracilaria has 

a wide range of tolerance to nutrients, salinity, and tem-

perature (Lüning 1990, Yokoya et al. 1999, Choi et al. 2006, 

Thomsen and McGlathery 2007). The genus is common 

to estuaries and bays and is often found in intertidal or 

shallow subtidal areas, less than 1 m deep, either attached 

to rocks or free floating. It is also found in embayments 

that may be rich in inorganic nitrogen and phosphorus 

(~55 μmol L-1 of nitrogen and ~19 μmol L-1 of phospho-

rus) (Hanisak 1990, Yarish et al. 1991, Teichberg et al. 

2008, Kim et al. 2014). The native Gracilaria tikvahiae 

and its invasive congener Gracilaria vermiculophylla are 

commonly found along the northeastern United States 

coastline and the two are virtually indistinguishable, ex-

cept by genetic markers (Saunders 2009, Kim et al. 2010, 

Nettleton et al. 2013). G. tikvahiae is a euryhaline species, 

which can tolerate a wide range of salinities, 15-60 psu, 

though it grows best from 15-38 psu (Bird and McLachlan 

1986). It can survive temperatures of 10-30°C but has an 

optimal range of 20-25°C (Bird et al. 1979, McLachlan and 

Bird 1984). 

At present, the annual global harvest of Gracilaria is 

about 1.7 million metric tons with an annual value of 

$540 million USD (Yang and Yarish 2011). Gracilaria has 

historically been a commercial source of food grade and 

biotechnological grade agar, and its economic value is 

very stable (Yarish and Pereira 2008). Beyond its tradi-

tional uses, Gracilaria may be suitable for biofuel produc-

tion (Notoya 2010), an ingredient for fish feeds (Mustafa 

and Nakagawa 1995, Kanjana et al. 2011, Fleurence et al. 

2012) and employed for nutrient bioextraction in inte-

grated multi-trophic aquaculture (IMTA) systems (Abreu 

et al. 2009, 2011a, 2011b, 2011c, Yarish and Kim 2013, Kim 

et al. 2014). 

In the present study, we cultivated native G. tikvahiae 
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total nitrogen and protein over time with differences be-

tween means detected by Tukey’s HSD test. Differences 

in nitrogen content attributable to harvest date were 

deemed significant when p < 0.05. 

One-way ANOVA was similarly employed to detect dif-

ferences in amino acid concentrations on a CP basis over 

time with differences between means detected by Tukey’s 

honestly significant difference test. After applying the 

Bonferroni correction for multiple comparisons (n = 19) 

at the p < 0.05 level, differences in amino acid concen-

trations attributable to harvest date were deemed signifi-

cant when p < 0.0026. Unless stated otherwise, results are 

presented as mean ± standard deviation.

RESULTS

Nitrogen and protein content of Gracilaria tikva-
hiae

Total nitrogen and protein nitrogen increased pro-

portionately over the harvest period (Fig. 1). On average, 

non-protein nitrogen (NPN) accounted for 21 ± 1% of all 

nitrogen present. Total nitrogen increased from 22 ± 1 

g kg-1 DM in August to 39 ± 3 g kg-1 DM in October (p < 

0.001), with no difference observed between October and 

November (p = 0.90). CP followed a similar trend and in-

creased from 107 ± 13 g kg-1 DM in August to 196 ± 5 g kg-1 

DM in November (p < 0.001) with no difference observed 

between October and November (p = 0.45).

decreased to 13°C by early November (Kim et al. 2014). 

Seawater nitrogen and phosphorus content was moni-

tored at the two sites through the automated determina-

tion of total ammonia (Bertheot method), nitrate + nitrate 

(cadmium reduction, azo dye method), and dissolved 

inorganic phosphorus (acidified molybdate method) on 

a QuAAtro Autoanalyzer (Seal Analytical, Mequon, WI, 

USA) as described by Hansen and Koroleff (1999). Nitro-

gen concentrations at the LIS site ranged 2.7-8.4 μmol L-1 

while those at the BRE site were 38-55 μmol L-1 during the 

2011 summer-fall growing season. Phosphorus concen-

trations during the same time period ranged 0.9-4.7 μmol 

L-1 at the LIS site and 14-19 μmol L-1 at the BRE site.

Nutrient analysis

Approximately 100 g of G. tikvahiae from different 

clean bundles, without fouling organisms, were sampled 

for nutrient analysis at each harvest (n = 3). Samples were 

immediately dried at 55°C and stored in a dry environ-

ment until shipment. The dried samples were shipped to 

the Northwest Fisheries Science Center, Seattle, WA, USA 

for protein extraction and constituent analyses. Upon re-

ceipt, algal samples were dried overnight in a 105°C oven 

to a constant weight and then finely ground. Protein was 

extracted via precipitation with 5% trichloroacetic acid 

(TCA) as described by Woyewoda et al. (1986). Dried algae 

and TCA protein extracts were finely ground and sent to 

the University of Missouri Agriculture Experiment Sta-

tion Chemical Laboratory, Columbia, MO, USA for Kjel-

dahl nitrogen analyses in accordance with AOAC Official 

Method 984.13 (AOAC International 2000). Dried algal 

samples were additionally analyzed for complete amino 

acid profiles in accordance with AOAC Official Method 

982.30 (AOAC International 2000). 

Total nitrogen and crude protein (CP) are expressed on 

a dry matter (DM) basis of the original algal sample. In 

accordance with AOAC methodology, the CP content of 

algae was estimated by multiplying protein nitrogen by 

a factor of 6.25. For comparative purposes, amino acid 

concentrations are presented both on a DM basis and a 

CP basis.

Statistical analysis

All statistical analyses were performed with R version 

2.15.0 statistical software (The R Foundation for Statisti-

cal Computing, Palo Alto, CA, USA). One-way analysis of 

variance (ANOVA) was employed to detect differences in 

Fig. 1. Increases in total and protein nitrogen of Gracilaria tikvahiae 
harvested from Long Island Sound (LIS) and the Bronx River Estuary 
(BRE), New York, USA during Summer and Fall 2011. August 16, 
September 15, and November 4 harvests were at the LIS site. October 
19 harvest was at the BRE site. Values are mean ± standard deviation, 
n = 3, except for protein nitrogen at the BRE site where n = 2.
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pared to terrestrial grasses and legume forages routinely 

fed to ruminants, NPN levels in dried G. tikvahiae were 

higher than levels typical for fresh plants (10-15% NPN), 

similar to levels in hay (15-25% NPN), and lower than lev-

els in silages (30-65% NPN) (National Research Council 

2001).

The two major amino acids present in G. tikvahiae at 

all four harvests were aspartic and glutamic acid, which 

accounted for over 20% of the protein present. This is 

similar to values reported for other red algal species 

(Dawczynski et al. 2007, Gressler et al. 2010), and less that 

what has been reported for brown algae (Dawczynski et 

al. 2007, MacArtain et al. 2007). Lysine was detected in 

moderate amounts in G. tikvahiae and unlikely to be a 

limiting amino acid in feed formulations. However, his-

tidine and methionine were present at lower concentra-

tions and may be limiting. Low concentrations of histi-

dine were similarly observed in four Brazilian red algae 

species (Gressler et al. 2010) and Porphyra and Pyropia 

spp. (Walker et al. 2009). Based on the National Research 

Council (NRC)’s “ideal protein” profiles for fish and 

shrimp (National Research Council 2011), histidine is 

likely to be the first limiting amino acid for G. tikvahiae 

protein in aquaculture feeds, followed by methionine 

(Table 2). An “ideal protein” contains a perfect balance 

of essential amino acids for the animal. The NRC ideal 

protein profiles for fish and shrimp are compiled from 15 

nutritional studies spanning 10 different species and are 

a useful starting point for formulating aquaculture feeds. 

In a feeding study with juvenile Atlantic cod, Walker et al. 

(2009) overcame the low histidine content of Porphyra 

and Pyropia spp. by concomitantly adding blood meal to 

the experimental feeds. 

The lower tryptophan concentrations observed among 

August plants suggests that tryptophan may addition-

ally be limiting for feeds prepared from plants harvested 

in the summer. Similarly, tryptophan and histidine were 

the first two limiting amino acids in Gracilaria domingen-

sis for red hake Urophycis chuss followed by methionine 

and lysine (Burkholder et al. 1971). By comparison, tryp-

tophan in P. yezoensis protein was below levels required 

by tilapia, despite observing an increase in growth when 

15% of the fish meal in their experimental feeds was re-

placed by P. yezoensis (Stadtlander et al. 2013). 

Taurine in G. tikvahiae, 1.3-2.1% of the amino acids 

present, was slightly lower than values reported for Py-

ropia produced in Japan, but similar to levels reported 

for Pyropia produced in China (Dawczynski et al. 2007). 

Taurine levels of G. tikvahiae exceeded those previously 

reported for brown algae (Dawczynski et al. 2007). Tau-

Amino acid and taurine content of Gracilaria 
tikvahiae

 

Increases in amino acids mirrored that of CP (Table 1). 

The two most abundant amino acids at all harvests were 

aspartic acid and glutamic acid with mean concentra-

tions of 102 ± 3 g kg-1 CP and 101 ± 5 g kg-1 CP, respectively. 

With two exceptions, amino acid concentrations ex-

pressed on a CP basis were similar over time. Tryptophan 

significantly increased from 6.3 ± 0.3 CP g kg-1 in August to 

8.9 ± 0.9 g kg-1 CP in October (p = 0.002) with no differenc-

es observed between October and November. Conversely, 

cysteine significantly decreased from 30 ± 1 g kg-1 CP in 

August to 24 ± 2 g kg-1 CP in September (p = 0.002) and 

remained at this lower concentration through November. 

Over the harvest period, essential amino acids ac-

counted for 48 ± 1% of all amino acids present. Lysine and 

methionine were present at moderate concentrations, 

averaging 56 ± 2 g kg-1 CP and 18 ± 1 g kg-1 CP, respectively. 

Histidine was underrepresented among essential amino 

acids and averaged 13 ± 1 g kg-1 CP. Taurine concentra-

tions ranged from 2.1 to 3.2 g kg-1 DM. 

DISCUSSION

The nitrogen content of G. tikvahiae grown at our study 

sites ranged from 22-39 g kg-1 DM. This is similar to levels 

previously reported for Gracilaria species collected from 

the wild (Bird et al. 1977, Penniman et al. 1986, Lourenço 

et al. 2002, Abreu et al. 2011c), but less than levels re-

ported from some shore-based IMTA systems (Valente et 

al. 2006, Abreu et al. 2011a). The two-fold increase in the 

nitrogen content of G. tikvahiae between August to No-

vember is consistent with results from a previous study 

with this species raised in the Great Bay Estuary, NH, USA 

(Penniman and Mathieson 1987) and another study with 

Gracilaria sp. raised in Pomquet Harbour, NS, Canada 

(Bird et al. 1977). The increase in protein content of G. tik-

vahiae from 106 to 196 g kg-1 over the harvest period, sug-

gests that ocean farmed G. tikvahiae may be a suitable in-

gredient for aquaculture feeds, especially when harvested 

late in the season. 

Amino acid concentrations, expressed on a CP basis, 

were relatively constant during the study. This demon-

strates the conserved nature of G. tikvahiae protein over 

the harvest period. NPN was slightly higher than NPN 

reported for Pyropia sp. (15% NPN) by Dawczynski et al. 

(2007), but within the range (7-32% NPN) reported by 

Lourenço et al. (2002) for other red algal species. Com-
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Table 1. Amino acid composition of protein extracted from Gracilaria tikvahiae harvested from Long Island Sound (LIS) and the Bronx River Es-
tuary (BRE), New York, USA 

         Amino acid
Harvest

Aug 16 LIS Sep 15 LIS Oct 19c BRE Nov 4 LIS

Essential amino acids 

 Arginine 7.0 (66) 9.0 (68) 13.1 (71) 13.3 (68)

 Histidine 1.2 (11) 1.8 (13)    2.6 (14)   2.6 (13)

 Isoleucine 5.3 (50) 7.1 (54)    9.4 (52) 10.4 (53)

 Leucine 7.6 (71)                10.3 (78) 13.9 (79) 15.2 (77)

 Lysine 5.8 (54) 7.8 (59) 10.4 (57) 11.0 (56)

 Methionine 1.8 (17) 2.3 (17)    3.2 (18)   3.7 (19)

 Phenylalanine 6.2 (58) 7.9 (60) 10.2 (56) 11.0 (56)

 Threonine 4.9 (46) 6.5 (49)    8.7 (48)   9.0 (46)

 Tryptophan 0.7 (6)a  1.0 (8)ab    1.6 (9)b   1.7 (9)b

 Valine 7.3 (69) 9.2 (69) 11.6 (64) 12.9 (66)

Non-essential amino acids 

 Alanine 6.7 (63) 8.5 (64) 11.4 (63) 12.6 (64)

 Aspartic acid 10.7 (100) 14.1 (106)    18.3 (100)   20.0 (102)

 Cysteine   3.2 (30)b  3.2 (24)a     4.0 (21)a     4.3 (22)a

 Glutamic acid 11.3 (106) 14.0 (105) 17.7 (97) 19.0 (97)

 Glycine 6.0 (56) 7.7 (58)    9.8 (54) 10.5 (54)

 Proline 5.5 (51) 6.8 (51)    9.0 (49)   9.5 (48)

 Serine 4.1 (38) 5.4 (41)    7.5 (41)   7.7 (39)

 Tyrosine 3.2 (30) 4.6 (34)    6.6 (36)   6.8 (35)

Sulfonic acids 

 Taurine 2.1 (20) 1.7 (13)    3.2 (16)   2.7 (14)

Total amino acids             101.8             130.0              176.7               185.8

Values are the mean concentration on a dry matter basis (g kg-1 DM) and crude protein basis in parentheses (g kg-1 CP) (n = 3). 
a,bFor a particular amino acid, concentrations with different lowercase letters are significantly different on a CP basis (p < 0.0026).
cn = 2 for CP values.

Table 2. Ideal amino acid profiles for teleost fish and penaeid shrimp with the amino acid profile of Gracilaria tikvahiae protein harvested from 
Long Island Sound and the Bronx River Estuary, New York, USA

           Amino acid Teleost fisha Penaeid shrimpa G. tikvahiae

 Lysine (reference) 100 100 100

 Arginine 82 95 121 ± 2

 Histidine 35 38   23 ± 1

 Isoleucine 54 48   92 ± 1

 Leucine 70 81 134 ± 2

 Methionine 38 48   31 ± 1

 Methionine + cysteine 54 65   75 ± 4

 Phenylalanine 55 55 102 ± 2

 Phenylalanine + tyrosine 90 100 162 ± 1

 Threonine 56 67   83 ± 1

 Tryptophan 14 10   14 ± 1

 Valine 61 65 118 ± 3

G. tikvahiae values are the mean ± standard error of mean, n = 4.
aData from National Research Council (2011).
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tential of overcoming many nutrient deficiencies current-

ly associated with terrestrial plant proteins presently used 

in alternative fish feeds. In addition, since macroalgae do 

not require fresh water for growth, their culture may be 

more economical and environmentally sustainable for 

some regions of the world than terrestrial plants. 

ACKNOWLEDGEMENTS

This study was supported by grants to C. Yarish from 

Connecticut Sea Grant College Program (Grant # RA/38) 

and EPA Long Island Sound Futures Fund grants from 

the National Fish and Wildlife Foundation (Legacy Grant 

Project ID: 1401.10.024266). We thank Dr. Shannon Mes-

eck (NOAA Fisheries, Northeast Fisheries Science Center, 

Milford, Connecticut, USA) for the seawater analyses. 

REFERENCES

Abreu, M. H., Pereira, R., Buschmann, A. H., Sousa-Pinto, I. & 

Yarish, C. 2011a. Nitrogen uptake responses of Gracilar-

ia vermiculophylla (Ohmi) Papenfuss under combined 

and single addition of nitrate and ammonium. J. Exp. 

Mar. Biol. Ecol. 407:190-199.

Abreu, M. H., Pereira, R., Sousa-Pinto, I. & Yarish, C. 2011b. 

Ecophysiological studies of the non-indigenous species 

Gracilaria vermiculophylla (Rhodophyta) and its abun-

dance patterns in Ria de Aveiro Lagoon, Portugal. Eur. J. 

Phycol. 46:453-464.

Abreu, M. H., Pereira, R., Yarish, C., Buschmann, A. H. & 

Sousa-Pinto, I. 2011c. IMTA with Gracilaria vermiculo-

phylla: productivity and nutrient removal performance 

of the seaweed in a land-based pilot scale system. Aqua-

culture 312:77-87.

Abreu, M. H., Varela, D. A., Henríquez, L., Villarroel, A., Yarish, 

C., Sousa-Pinto, I. & Buschmann, A. H. 2009. Traditional 

vs. integrated multi-trophic aquaculture of Gracilaria 

chilensis C. J. Bird, J. McLachlan & E. C. Oliveira: pro-

ductivity and physiological performance. Aquaculture 

293:211-220.

Almela, C., Algora, S., Benito, V., Clemente, M. J., Devesa, V., 

Súñer M. A., Vélez, D. & Montoro, R. 2002. Heavy metal, 

total arsenic, and inorganic arsenic contents of algae 

food products. J. Agric. Food Chem. 50:918-923.

AOAC International. 2000. Official methods 984.13 and 

982.30. In Horwitz, W. (Ed.) Official Methods of Analysis 

of AOAC International. AOAC International, Arlington, 

VA.

rine, an amino sulfonic acid, has important roles in os-

moregulation, bile acid conjugation, membrane stabili-

zation and calcium homeostasis in vertebrates (Huxtable 

1992). The capacity of cultured fish to biosynthesize tau-

rine depends on the species, with marine species typical-

ly unable to biosynthesize enough taurine for optimum 

growth. Although the underlying physiological processes 

are not yet understood, the addition of taurine to the diet 

can improve the growth of important marine aquaculture 

species such as olive flounder Paralichthys olivaceus (Kim 

et al. 2005), red sea bream (Matsunari et al. 2008), and co-

bia Rachycentron canadum (Lunger et al. 2007) as well as 

some freshwater species such as rainbow trout Oncorhyn-

chus mykiss (Gaylord et al. 2006). While ample amounts of 

taurine are found in many animal proteins, including fish 

meal, taurine is absent from terrestrial plants. However, 

taurine is present in macroalgae, which makes them an 

attractive ingredient for alternative, plant based, aqua-

culture feeds (Pedersen et al. 2012). 

Farming macroalgae is an economical way to remove 

nutrients from eutrophic coastal waters and waters 

around finfish farms (White et al. 2011, Kim et al. 2013, 

Corey et al. 2014). It was estimated that G. tikvahiae cul-

tured in this study removed as much as 94 kg nitrogen 

ha-1 and 727 kg carbon ha-1 from the BRE site over a 90-

day growing period (Kim et al. 2014). Algae raised in ar-

eas contaminated by anthropogenic activities; however, 

may additionally sequester persistent toxins present in 

the environment (Cheney et al. 2007, Cruz-Uribe et al. 

2007, Lotufo et al. 2008). While the presence of persistent 

organic pollutants is typically low in algae, high levels of 

heavy metals in some species have raised concerns re-

garding the use of algae for human food and animal feeds 

(Almela et al. 2002, Besada et al. 2009, Yokoi and Konomi 

2012). Concern heightens when algae are harvested from 

areas historically contaminated from industrial activity 

(Giusti 2001, Lotufo et al. 2008, Lorenzana et al. 2009). Be-

cause of these concerns, we are currently measuring the 

concentration and seasonal variability of heavy metals in 

G. tikvahiae harvested at the two study sites and will be 

presenting these results in a future article. Initial results 

indicate that algae harvested at the two sites will not ex-

ceed the US Food and Drug Administrations’ regulatory 

limits for arsenic, cadmium, mercury, and lead for animal 

feeds.

In conclusion, results from this preliminary study sug-

gest that ocean farmed G. tikvahiae may be a suitable 

protein ingredient for aquaculture feeds, especially when 

harvested late in the season. With its moderate levels of 

lysine, methionine and taurine, G. tikvahiae has the po-
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