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Abstract

Three Spirulina and five eukaryotic algal food products available in the Spanish market have been ex-
tensively studied. Results are given for their gross chemical composition (water content, crude protein,
total carbohydrates, lipids, nucleic acids etc.) and contents of macrominerals, trace elements, fatty acids,
amino acids and neutral sugars. The results are compared to those from other studies on natural or
laboratory-produced populations. An overall nutritional and toxicological evaluation of these products
is included.

Introduction

The study of the chemical composition of algae
has received considerable interest since the be-
ginnings of applied phycology (Soeder, 1986).
However, extensive chemical analyses of com-
mercially prepared algal food products are rare.
The companies responsible for the products rarely
disseminate the results of their studies and qual-
ity controls to the scientific community. In spite
of there being only a few number of publications
by scientists closely related to the companies (e.g.
Jassby, 1988a, b; Santillan, 1982), nutritional and
toxicological evaluation of these foods is often
based on data generated from field and laboratory
studies designed from ecological or physiological
perspectives (Chapman & Chapman, 1980;
Becker, 1988; Ito & Nori, 1989). The commer-
cialization of the algal biomass introduces factors
such as environmental pollution and production,
processing, package and distribution, that may

affect the chemical composition of the product,
and hence its nutritional and toxicological prop-
erties. For example, local heavy metal concentra-
tions in production sites may lead to high levels
in the algal biomass (Payer & Runkel, 1978; Rai
et al. 1981). Cultivation techniques, developed as
a result of increasing demand for these products,
enhance the natural productivity (Chapman &
Chapman, 1980) and may effect the proportion of
chemical constituents; this is particularly impor-
tant in the case of microalgae. These effects, which
are subject to a wide variety of agronomic stud-
ies in the case of traditional crops, have been yet
not fully covered by scientists in the case of algal
cultivation.

Biomass processing in large-scale production
systems may be different to the treatment used by
ecologists or physiologists to prepare specimens
for analysis. Packing and distribution are in many
cases carried out a long way from the consumers.
The commercialization of algal food products is
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carried out in Western countries under confused
or null legal regulations, which implies a lack of
knowledge for consumers and health administra-
tions. This is particularly true in the case of Spain.
Therefore, the considerable general analytical
data already available from pure phycological
studies need to be complemented by data from
commercial materials in order to obtain a realis-
tic nutritional and toxicological evaluation of
these foods. In this paper an extensive chemical
analysis of selected algal food products available
in the Spanish market is reported.

Materials and methods

Algalfood products

The products studied were selected after screen-
ing the available algal food products in the Span-
ish market. In spite of the screening not being
exhaustive, a total of 30 different products were
detected, commercialized by 13 companies. In
general, the information obtained directly from

companies was more complete than that obtained
in the specialized shops where most of the prod-
ucts were sold. Eight products were selected
based on the criteria of presence in high number
of shops and available information about the
product (Table 1). Generic and specific assign-
ments followed those provided by commercial
suppliers. Three different lots (A, B, C) of each
product were acquired in randomly chosen di-
etetic shops from Madrid, Barcelona and Sevilla.
These lots corresponded to the same product from
the same company. Gross chemical composition
and organic components were determined in lot A
of each product. A more detailed study of lot-to-
lot variability in mineral composition was based
on all three lots for each product.

Gross chemical composition

Water content was determined as weight loss of
1 g wet material kept at 105 C for 4 h. Crude
protein was calculated from N content x 6.25.
The phenol-sulphuric acid method (Dubois et al.,

Table 1. Characteristics of the products selected for this study. Cost is indicated in Spanish pesetas (1 USA dollar = 124 ptas
approx.).

Name of Organism Country of Package, Net Cost Recommended Limit for
product origin presentation weight (ptas g- ' doses (g day- l) consumption

(g) net wt) after package
(years)

Spirulina A Spirulina sp. Unknown Glass bottles, 45 15 1.8-3.6 5
pills

Spirulina B Spirulina platensis USA Plastic bottles, 90 33 3.0-4.5 3
(Nordst.) Geitl. pills

Spirulina C Spirulina maxima USA Plastic envelopes, 24 42 0.4-3.2 3
(Setch. & Gardin.) capsules
Geitl.

Chlorella Chlorella vulgaris Beij. Japan, Glass bottles, 80 14 3.0-6.0 5
var. vulgaris Taiwan pills

Wakame Undaria pinnatifida Japan Plastic bags, 25 7 Not indicated 2
(Harv.) Suringar dried seaweed

Hijiki Hijikia fusiforme Japan Plastic bags, 80 8 Not indicated 2
Okam. dried seaweed

Dulce Palmaria palmata (L.) France Plastic bags, 50 10 Not indicated 2
Kuntze dried seaweed

Fucus Fucus sp. Unknown Glass bottles, 50 5 1.8-5.4 3
pills
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1956) was used for total carbohydrate determi-
nation, except for 'Fucus', in which R value was
used (Milner, 1953). Lipid content was deter-
mined by the sulphophosphovanillin reaction
(Zoellner & Kirsch, 1962). Nucleic acids were
estimated by absorbance at 260 nm of perchloric
acid extracts (Smillie & Krotkov, 1960). Chloro-
phyll a content was estimated spectrophotometri-
cally after extraction with methanol in the dark,
using the specific absorption coefficient of
74.5mlmg- 'cm- (Mackinney, 1941). Ash
content was given by weight loss of 1 g wet ma-
terial kept at 500 C during 2 h. C, H, N and S
were determined with Carlo Erba mod. 1106 and
1500 elemental analysis instruments.

Inorganic components

The dry method was used for mineralization of
samples. P was determined colorimetrically, and
K and Na contents were measured with flame
photometry (C.I.I., 1969). Ca, Mg, Cu, Fe, Mn,
Zn, Pb, Cd, Cr, Ni and Co levels were determined
with a Perkin Elmer mod. 703 flame atomic ab-
sorption spectrophotometer equipped with lamps
for each element. The detection limit for cadmium
was 0.1 ppm.

Organic components

Fatty acids were determined, after extraction with
dichloromethane/methanol (2:1), as methyl esters
(BF 3, 12 h) by gas chromatography. Analyses
were performed with a Hewlett Packard
mod. 5890 gas chromatograph equipped with a
HP-5 (25 m x 0.20 mm I.D.) column and con-
nected to a Maxima 820 Chromatography Work-
station (Millipore, U.S.A.). The oven tempera-
ture was programmed from 60 to 300 ° C, at a rate
of 6 C min - 1. Mass spectra were obtained with
a Hewlett-Packard 5890 gas chromatograph
coupled to a Hewlett-Packard 5988A quadrupole
mass spectrometer, working with electron impact
at 70 eV. Identification of compounds was per-
formed by comparison of their mass spectra with

those from a library, and with retention times and
mass spectra of standard compounds. Amino
acid profiles were obtained using the Pico-Tag
method (Waters, U.S.A.). Samples were hydro-
lyzed with HCI, derivatized with phenylisothio-
cyanate and analyzed with a High Pressure Liq-
uid Chromatograph Waters equipment.

Neutral sugars were analyzed by gas chroma-
tography and gas chromatography-mass spec-
trometry as alditol acetates, after hydrolysis with
sulphuric acid. Analyses were performed with the
same equipment as fatty acids, but using a CP-
Sil 88 (25 m x 0.32 mm I.D.) column. After injec-
tion at 70 C, oven temperature was inmediately
increased to 150 °C, and subsequently pro-
grammed to 230 C at a rate of 3 C/min. Final
time was 40 min. Identification of compounds
was also achieved by using library mass spectra
and retention times and mass spectra of standard
compounds.

Results

I. Gross chemical composition

The results for general composition of the prod-
ucts are shown in Table 2. Seaweed products
were characterized by higher levels of carbohy-
drates (up to 65.1 g 100 g- ' in the case of'Dulce')
and ash. Microalgal products were typically richer
in protein, lipids, nucleic acids and chlorophyll a.

2. Inorganic components

The inorganic components were studied in detail
in three lots of the products, including macromin-
erals (Table 3) and trace elements (Table 4). Spir-
ulina products showed some differences in mac-
romineral composition, specially in Ca and Na
contents, although different lots of the same prod-
uct had few differences. The lower Na content of
'Spirulina C' product was striking. Seaweed
products contained much more K and less P than
microalgal products. There was low variability
between lots of the same product observed with
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Table 2. Chemical composition of lot A of the studied algal products.

Spr. A Spir. B Spir. C Chlor. Wakame Hijiki Dulce Fucus

Gross composition (g 100 g- d wt)
Water 7.4 6.9 7.2 6.5 10.9 10.2 6.9 9.3
Ash 9.7 14.0 7.3 7.3 30.2 25.7 16.2 30.9

Carbohydrates 18.8 16.0 12.6 17.9 39.2 52.7 65.1 56.0

Lipids 6.5 7.5 6.4 8.6 1.9 0.7 0.9 1.4
Protein 60.9 56.6 68.9 56.0 12.5 10.0 10.1 7.3
Nucleic acids 4.8 4.8 5.7 5.4 1.2 1.2 1.3 1.6

Chlorophyll a 0.93 0.86 0.90 1.11 0.09 0.07 ND 0.04

Element composition (g 100 g- 1 ash-free d wt)
C 51.71 53.29 53.45 54.95 49.79 46.99 45.19 44.67
H 7.48 7.92 7.62 8.07 7.66 6.47 7.12 6.23
O 29.19 27.45 25.51 25.83 37.60 41.86 45.58 45.05
N 10.99 10.66 12.45 10.65 3.06 2.67 1.81 1.57
S 0.63 0.68 0.97 0.50 1.89 2.01 0.30 2.48

Table 3. Macromineral content of three lots of the studied

algal products (g 100 g- 1 d wt).

Product Lot P Na K Mg Ca

Spir. A A 1.141 1.363 1.897 0.342 0.960
B 1.122 1.742 1.936 0.356 0.953
C 1.235 1.242 1.868 0.363 1.501

Spir. B A 1.023 1.768 1.649 0.503 1.541
B 0.965 1.400 1.786 0.410 2.246
C 0.967 1.445 1.901 0.411 2.108

Spir. C A 1.328 0.123 1.134 0.461 0.687
B 1.397 0.121 1.267 0.453 0.838
C 1.354 0.202 1.220 0.454 0.672

Chlorella A 1.883 0.034 0.919 0.451 0.484
B 1.798 0.029 1.070 0.455 0.485
C 1.455 0.080 0.856 0.352 0.303

Wakame A 0.465 7.935 5.104 0.854 1.232
B 0.422 7.526 5.409 0.577 1.214
C 0.422 5.634 5.880 0.597 1.063

Hijiki A 0.142 3.324 12.426 0.533 1.410
B 0.127 3.436 13.365 0.490 1.360
C 0.141 2.860 9.879 0.559 1.328

Dulce A 0.223 0.810 10.206 0.158 0.340
B 0.174 0.927 8.229 0.159 0.239
C 0.160 0.802 9.630 0.150 0.267

Fucus A 0.150 4.286 3.689 0.549 2.600
B 0.136 3.435 3.827 0.474 5.078
C 0.129 4.415 4.239 0.612 1.584

macrominerals, but greater variability for some
trace elements, such as Fe and Zn (Table 4). For
example, Fe content ranged from 60.3 to 472.9

Table 4. Trace elements in three lots of the studied algal prod-
ucts (mg kg- d wt). ND: not detected.

Product Lot Fe Mn Zn Cu Ni Co Cr Pb Cd

Spir. A A 751.0 117.7 49.8 48.0 5.4 1.7 3.3 7.2 0.2
B 633.6 104.9 45.8 21.6 4.5 0.9 1.2 2.1 ND
C 646.2 122.4 50.0 17.5 7.7 2.3 2.8 8.1 ND

Spir. B A 2016.4 64.4 28.8 17.6 5.8 0.5 7.1 4.3 0.2
B 1614.6 67.0 18.4 14.8 4.0 1.5 4.8 3.0 ND
C 1631.8 63.5 20.7 17.3 6.0 2.0 5.5 7.0 0.1

Spir. C A 945.0 36.0 23.8 6.5 6.1 0.9 5.0 9.2 0.2
B 752.0 36.7 21.2 5.0 3.9 0.9 2.7 2.9 ND
C 822.6 32.8 21.6 4.6 5.7 0.8 4.0 5.6 0.2

Chlorella A 3486.0 83.7 21.4 21.4 5.6 1.6 3.9 7.2 0.2
B 3404.7 88.4 21.0 6.4 4.9 1.4 3.4 5.1 ND
C 1970.9 62.8 10.3 4.2 4.2 0.7 2.9 3.3 0.2

Wakame A 95.3 9.9 16.5 7.7 3.6 1.2 3.6 4.5 0.6
B 149.5 11.8 15.2 5.9 8.1 1.8 7.3 5.9 1.8
C 48.5 6.3 69.1 4.9 5.3 2.2 3.2 4.8 1.0

Hijiki A 60.3 8.0 9.1 6.5 5.4 2.3 3.5 13.8 2.3
B 68.9 7.7 8.4 7.3 5.5 2.3 2.5 5.9 2.4
C 472.9 30.2 13.7 5.2 7.6 2.9 6.0 5.1 0.8

Dulce A 55.1 9.4 32.8 7.6 6.1 1.7 2.0 4.9 0.3
B 182.0 44.7 14.2 6.2 4.7 1.2 1.5 2.2 ND
C 192.6 47.4 12.8 5.3 4.3 1.4 1.6 4.4 0.4

Fucus A 2340.8 85.4 45.8 16.9 11.8 4.5 6.5 14.0 1.1
B 4099.2 103.8 44.6 17.8 9.1 5.2 8.8 11.8 1.0
C 1528.4 101.6 43.6 9.7 9.7 3.1 4.3 11.3 1.1

and from 55.1 to 192.6 mg kg- 1 d wt in 'Hijiki'
and 'Dulce' lots, respectively.

In order to characterize the mineral composi-
tion in seaweed products, the exponential relation
between concentration factor (y) and oceanic
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residence time (x) of each element (Log y = log a
+ b log x, being log a and b constants) proposed

by Yamamoto et al. (1979) for seaweed was ap-
plied to these results. The parameters of the re-
gression line (log a, b and r - correlation coeffi-
cient) were calculated for each lot (Table 5), using
theoretical values of oceanic residence time and
concentration in seawater (Yamamoto et al.,
1979). A statistically significant correlation
(p<0.005) was obtained in all cases (e.g. Fig. 1).
In spite of the differences introduced by lot-to-lot
variability (Tables 3, 4), different trends were ob-
served between products.

3. Organic components

3.1. Fatty acids
The fatty acid compositions are shown in Table 6.
Macroalgal products presented a more complex
pattern of fatty acids than microalgal products,
composed by acids of 16 and 18 carbon atoms.
Spirulina products showed strong differences in
their fatty acid profiles, as reflected in their dif-
ferent polyunsaturated/saturated fatty acid ratio
(0.48-0.75).

Table 5. Regression line parameters for the relation between
concentration factor (y) and oceanic residence time (x) of each
element in the lots of the seaweed products studied (being r
the correlation coefficient when applied the ecuation log
y = log a + b log x). Due to the different production techniques
used with microalgae, involving the use of artificial ponds and
culture media, these products were not considered for such
calculations.

Product Lot Log a b r

Wakame A 5.77 - 0.68 - 0.82
B 6.08 - 0.73 - 0.84
C 5.76 - 0.68 - 0.79

Hijiki A 5.66 - 0.67 - 0.81
B 5.65 - 0.67 - 0.81
C 6.59 - 0.83 - 0.88

Dulce A 6.25 - 0.81 - 0.80
B 6.63 - 0.88 - 0.83
C 6.65 - 0.89 - 0.83

Fucus A 7.45 - 0.95 - 0.92
B 7.78 - 1.01 - 0.93
C 7.26 - 0.93 - 0.91

log 8
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Fig. 1. Characterization of mineral composition in lot C of
'Fucus' product, showing the exponential relation between
concentration factor (y) and oceanic residence time (x) for
each element.

3.2. Amino acids
The amino acid patterns of the proteins are shown
in Table 7, together with a comparison of an 'ideal'
protein proposed by the World Health Organiza-
tion (WHO). As previously reported (Paoletti
et al., 1980), the protein of Spirulina showed great
nutritional value when compared to the WHO
pattern and other plant foods.

3.3. Neutral sugars
Glucose, galactose and fucose were the major
neutral sugars in most of the products (Table 8),
although high levels of xylose were also observed
in 'Dulce'. The proportions of rhamnose, ribose
and galactose varied markedly between Spirulina
products.

Discussion

The gross chemical composition of the products
(Table 2) showed in general good agreement with
previous analyses of the corresponding genera
and species (Black, 1949; Morgan etal., 1980;
Becker, 1988; Perez etal., 1988; Ito & Nori,
1989). Water content was below the 12% level,
suggested as a limit to prevent microbial growth
(Jassby, 1988b). The chlorophyll a content of
'Chlorella' (1.11% ) was low in comparison to the
usual levels in 'Chlorella' products (2-3 %). This
is remarkable, if we consider that the presence of
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Table 6. Fatty acid composition of lot A of the studied algal products. Results are expressed as percentage of total fatty acids.

Fatty acid Spir. A Spir. B Spir. C Chlorella Wakame Hijiki Dulce Fucus

12:0 - - - - 2.5 0.7 5.1 -
14:0 - - - - 3.4 3.7 19.3 13.5
15:0 - - - - 0.4 0.4 0.8 0.2
16:1 7.0 7.0 9.3 18.7 1.0 4.3 - 1.0
16:0 56.2 52.4 49.1 25.1 25.5 31.0 65.8 23.1
18:3 10.3 5.9 15.8 - - - - -
18:2 17.7 12.6 21.7 16.1 18.4 - 0.7 -
18:1 tr. tr. tr 25.3 22.7 26.8 - 48.5
18:0 2.6 21.3 1.0 5.6 2.7 0.8 3.7 2.0
19:0 - - - - - - 0.4 1.0
20:4 - - - - 18.4a 14.1a - 4.9a

20:2 - - - - 0.5 5.6 - 3.9
20:1 - - - - - 2.8 - 1.0
20:0 - - - - 0.8 3.1 0.2 0.4
22:0 - - - - - 4.2 - -
22:0 - - - - 0.7 0.6 -
24;0 - - - - - - 1.1 -
PIN/SATb 0.48 0.25 0.75 0.71 1.10 0.50 0.00 0.20

a Sum of 20:3 and 20:4 fatty acids.
b Polyunsaturated/saturated fatty acid ratio.

a chlorophyll-degradation product, pheophor-
bide, has been reported to cause skin problems

(Jassby, 1988b). Nucleic acids content of one
'Spirulina' product (S. maxima) was above pre-

Table 7. Ammoacid profiles of lot A of the studied algal products. The values are expressed as g/16 g N. Essential aminoacids
are indicated.

Aminoacid WHO Spir. A Spir. B Spir. C Chlorella Wakame Hijiki Dulce Fucus

Asp - 8.3 7.6 11.2 11.7 4.4 4.4 9.9 5.9
Glu - 11.4 10.4 10.7 10.4 9.6 7.9 13.9 8.9
Ser C 5.4 5.4 5.5 5.3 6.7 6.4 7.5 7.5
Gly - 6.8 6.4 6.0 7.9 9.5 10.5 9.8 10.2
Arg - 10.2 9.9 10.0 9.7 2.5 10.3 9.2 10.3
Ala - 9.5 8.8 8.9 10.9 8.7 10.3 9.1 9.1
Pro - 4.6 4.5 4.4 6.0 7.1 7.9 6.1 7.7
Hys - 1.7 1.6 1.7 2.6 2.5 1.9 1.3 2.1
Tre 4.0 6.5 6.6 6.1 6.6 7.1 8.3 6.7 8.8
Tyr 6.0a 6.8 8.6 7.3 6.4 6.3 6.7 5.5 6.6
Phe - 1.7 1.7 1.3 2.0 1.5 1.5 0.8 1.4
Val 5.0 8.1 8.7 8.4 0.8 5.7 7.2 5.9 5.8
Met 3.5b 1.2 2.0 2.0 2.1 2.5 3.0 1.8 2.2
Cys - 0.5 0.3 0.6 0.4 0.4 0 0.8 0.2
lie 4.0 4.5 4.8 4.2 3.7 2.1 3.2 1.9 2.4
Leu 7.0 6.4 6.4 5.5 6.9 3.5 4.7 3.4 3.4
Lys 5.5 6.1 6.2 6.1 6.9 7.0 5.9 6.7 7.5

a Tyr+ Phe.
b Met + Cys.
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Table 8. Content of major neutral sugars in lot A of the studied algal products (g 100 g- 1 d wt). X: not identified sugar.

Sugar Spir. A Spir. B Spir. C Chlorella Wakame Hijiki Dulce Fucus

Erythrose 0.28 0.05 0.31 - - - -

Rhamnose 0.33 0.57 0.85 0.63 - - - 0.08
Fucose - 0.10 tr. 0.04 1.30 1.83 - 2.86
Ribose 0.43 0.57 0.77 0.25 0.17 - 0.20 0.05
Arabinose - 0.05 tr. 0.22 0.08 0.13 0.51 0.03
Xylose 0.24 0.20 0.13 0.07 0.13 0.21 28.82 0.50
Mannose 0.29 0.26 0.30 0.15 0.62 1.12 0.24 0.31
Galactose 1.10 1.11 2.29 1.78 1.00 1.48 1.54 0.58
Glucose 7.78 6.94 6.84 2.65 6.11 14.69 6.11 5.97
X - - - - - - 2.91 -

vious data (Becker, 1988). Nevertheless, it did
not represent a risk considering a maximum per-
missible intake of 2 g d- 1 (PAG, 1975). The
amount of product needed to overcome this rec-
ommendation was ten times higher than the cor-
responding to a normal use (0.4-3.2 g d- 1). Ash
analyses (Tables 3 and 4) revealed that these
products contained high amounts of the macro-
minerals and trace elements needed in human
nutrition. Ca and P contents were higher than in
apples, oranges, carrots, potatoes and dried
grapes (Morgan etal., 1980). Microalgal prod-
ucts had more P than vegetables rich in this ele-
ment such as pea and peanut. In spite of the
higher chlorophyll content of microalgal products,
their Mg levels were not much higher. All showed
higher Mg levels than other plant foods (legumes,
carrots, apples, oranges), whose Mg content does
not exceed 0.19 % (as edible portion), and animal
foods (meat, fish and dairy products), with a Mg
content below 0.04% (Czarnecki & Kritchevsky,
1980).

Most of the algal food products showed a rela-
tively high Na content, which is relevant from the
point of view of nutrition, because the intake of
sodium chloride and diets with a high Na/K ratio
have been related to the incidence of hyperten-
sion. However, Na/K ratios were below 1.5 in all
the products studied. These are low values in
comparison with other foods having a high Na
content, such as olives (Na/K = 43.63) and sau-
sages (Na/K = 4.89), with a Na content of
1-2.4%. 'Spirulina C' (S. maxima) had the low-

est Na/K ratio among the 'Spirulina' products,
due to its lower Na content. Na is the only ele-
ment not accumulated by Spirulina, its cellular
content being maintained at a constant level re-
gardless of the external concentration. K can be
accumulated up to 10 times the Na concentration
(Laquerbe et al., 1970; Vonshak et al., 1988). This
suggests that the differences between the Na/K
ratios of 'Spirulina' products are due to compo-
nents of the culture medium (sodium salts usually
added during medium preparation) which were
not washed out during the processing of Spirulina
sp. and S. platensis biomass. It is concluded that
sometimes the product available to the consumer
may differ from the 'ideal' one known from sci-
entific studies.

The content in trace elements, specially Fe, Cu,
Mn, Co and Cr, was also high in comparison to
other plant foods. The levels detected in the
present paper fit within the wide ranges observed
in other studies (Table 9). There were, however,
higher values for some elements than those pre-
viously reported, such as Pb in several lots of
'Spirulina' products, and Cu, Cd and Pb in
'Wakame' lots. Surprisingly, published data on
mineral composition of mass-cultivated Chlorella
are very scarce (Yannai et al., 1980).

In spite of the difficulties associated with the
generalization of theoretical values of oceanic
residence time and concentration in seawater, the
values log a, b and r obtained for the exponential
relation between concentration factor and oce-
anic residence time of each element (Table 5)
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Table 9. Trace element levels observed in other studies of the genera and species of algae corresponding to the products studied
(mg kg- d wt).

Organism Fe Mn Zn Cu Ni Co Cr Pb Cd Refs.a

Spirulina 500-1000 13-205 24.1-185 2.6-16 2.5-12.9 1.9 2.2-6.5 1.3-6.7 0.2-0.7 1, 2, 3, 4
Chlorella - - - 24.2 - - 8.1 1.4 5

Undaria 103-430 - 24.0 3.5 - - - 0.41 0.42 6, 7, 8

pinnatifida
Hijika 160 - 80 - - -- - 8

fusiforme
Palmaria 153-4400 11-110 41-200 22-48 0.5-2.6 34 28 - 9

palmata
Fucus - 33-190 42-37000 1.7-107.0 - 1-4 0.5-163 0.4-20.8 10

a References: 1-Johnson & Shubert, 1986b; 2-Mannino & Benelli, 1980; 3-Jassby, 1988a; 4-Becker & Benkataraman, 1982;
5-Yannai et al., 1980; 6-Chapman & Chapman, 1980; 7-Perez et al., 1988; 8-Yamamoto et al., 1979; 9-Morgan et al., 1980; 10-Rai
et al., 1981.

agree with the model proposed by Yamamoto
et al. (1979), although these authors found r (cor-
relation coefficient) to be -0.9 for most of the
species tested. Probably, the low value of r in
'Fucus' product observed in this study is due to
the processing of the biomass during production
of pills, when elements could have been washed
out. The results in Table 5 suggest that the estab-
lishment of these parameters for each species may
be useful for the detection of adulterations in cases
where identification is difficult, for example in
products sold as pills.

In the case of Spirulina, Johnson and Shubert
(1986a) showed in experiments with rats that the
non-heme iron present in its biomass is absorbed
very well, which is unusual with the iron of plant
foods. They considered that Spirulina products
are a concentrated source of Fe, even when they
found lower amounts than in the present paper.
Most of the lots analyzed of 'Fucus' and
'Chlorella' products showed even an higher Fe
content than 'Spirulina' products (Table 4), al-
though the presence of variable amounts of Ca
and P, which diminish Fe absorption (Johnson &
Shubert, 1986a), its chemical form (Jassby,
1988a) and the composition of other foods taken
together with the algae may influence the avail-
ability of this iron.

Most of the trace elements present in the algal
biomass are heavy metals. Algae have been re-
ported to be highly active in heavy metal concen-

tration (Rai et al., 1981; Whitton, 1984). The toxic
effects of heavy metals present in foods have in-
duced the establishment of maximum permissible
intakes by international organizations (Czarnecki
& Kritchevsky, 1980; Cuthbertson, 1989). When
applying these limits to the analyzed algal prod-
ucts, the amounts necessary to exceed them are
well above those corresponding to 'normal' use.
For example, the amount of 'Fucus' that supplies
the maximum permissible daily intake of Pb
(500 ,g) is 40 g, while the commercial suppliers of
this product recommend doses of 1.8-5.4 g d-'.
The levels of Pb in 'Spirulina' products were also
lower than the 20 ppm recommended by a Japa-
nese manufacturers' association (Jassby, 1988b).
However, the product 'Chlorella' did exceed the
proposed permissible maximum Pb content
(2 ppm) for this type of product. Recommenda-
tions for Pb content in single cell protein (5 ppm)
were also exceeded by some lots of microalgal
products.

The results for fatty acid composition agree
with other published studies of the same species,
although it has been shown that there is great
heterogeneity (Hayashi et al., 1974; Sato, 1975;
Pohl & Zurheide, 1979; Morgan et al., 1980; Tak-
agi et al., 1985; Cohen et al., 1987). A high con-
tent of polyunsaturated fatty acids increases the
nutritive value of foods, the recommendation for
the human diet being a polyunsaturated/saturated
fatty acid ratio (PIN/SAT) higher than 0.45
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(Cuthbertson, 1989). Five of the eight products
studied followed this recommendation (Table 6).

The low content of the 18:3 acid in 'Chlorella'
products may be explained if one considers the
effect of heterotrophic culture conditions on fatty
acid composition. When C. vulgaris is cultured in
a medium with an organic carbon source, the 18:3
acid content is extremely low when compared to
autotrophic culture conditions (Nichols, 1965).
Indeed, this fatty acid is absent in C. vulgaris
(Podojil et al., 1978) and C. kessleri (Diab et al.,
1976) cultured heterotrophically in a fermentor.
This is remarkable considering that the addition
of a organic carbon source, such as glucose or
acetate, is a common practice in Chlorella facto-
ries (Richmond, 1986). The exposure of the algal
biomass to the sun during several days (Soong,
1980) may also have an effect on polyunsaturated
fatty acids content, due to photooxidation pro-
cesses, in analogy to oils (Lundberg, 1954) and
several fried foods (Usuki, 1989) containing chlo-
rophylls and exposed to air and light. These pos-
sible changes during marketing should be consid-
ered, specially when polyunsaturated fatty acid
production has been suggested as one important
future market application for microalgae (Kyle,
1989). The products 'Dulce' and 'Spirulina' (A,
B, C) showed a neutral sugar pattern compatible
with the predominance of easily digestible
polysaccharides. Xylose and glucose were the
major sugars in 'Dulce' product. This agrees with
the fact that in Palmaria palmata the main
polysaccharides are xylan and floridean starch,
which can be absorbed in the human digestive
tract (Chapman & Chapman, 1980; Morgan et al.,
1980). The predominance of glucose in the total
sugar content of 'Spirulina' products agrees with
the results of Casu et al. (1980), who, studying the
reserve carbohydrates of S. platensis, isolated and
characterized a glucan with all the characteristics
of glycogen. This polysaccharide was the main
carbohydrate, constituting the 15 % of the biom-
ass. Shekharam et al. (1987) also reported glu-
cose as the major sugar in S. platensis. However,
there have also been reports on the carbohydrate
composition of Spirulina stating that the main
sugar is rhamnose (Quillet, 1975; Santillan, 1982).

Conclusions

It has been shown that the chemical analysis of
algal food products provides data on which a
more realistic nutritional and toxicological evalu-
ation can be based. The products studied showed
a gross chemical composition (ash, lipids, carbo-
hydrates, protein etc.) similar to what has been
published previously for natural or laboratory-
produced populations of the corresponding gen-
era and species. However, detailed study of each
fraction revealed in some cases differences from
previous data. Lot-to-lot variability was more
pronounced in trace elements than in macromin-
erals. In some cases, chemical characteristics of
the products could be explained considering
events related to production procedures. From
the results obtained in this paper, it can be con-
cluded that these products were suitable for
human use, in relation to their content in water,
chlorophyll a, nucleic acids and heavy metals, al-
though some microalgal products did exceed the
Pb limits suggested by a Japanese manufacturers'
association and by recommendations for single
cell protein.

Acknowledgements

J.J.O.C. was supported by Fondo de Investiga-
ciones Sanitarias de la Seguridad Social, Minis-
terio de Sanidad y Consumo, Spain. The authors
are grateful to Dr J. Grimalt for this help in ele-
ment and amino acid analyses.

References

Becker, EW (1988) Micro-algae for human and animal con-
sumption. In Borowitzka MA, Borowitzka LJ (eds), Mi-
croalgal Biotechnology. Cambridge U.P., Cambridge, 222-
256.

Becker EW, Vekataraman LV (1982) Biotechnology and ex-
ploitation of algae - the Indian approach. German Agency
for Technical Cooperation, Eschborn.

Black WAP (1949) Seasonal variation in chemical composi-
tion of some of the littoral seaweeds common to Scotland.
Part II. Fucus serratus, Fucus vesiculosus, Fucus spiralis and
Pelvetia caniculata. J. Soc. Chem. Ind. 68: 183-189.



434

Casu B, Naggi A, Vercellotti JR (1980) Polisaccaridi di riserva
della Spirulina platensis: estrazione e caratterizzazione. In
Materassi E (ed.), Prospettive della Coltura di Spirulina in
Italia. CNR, Rome, 145-153.

Chapman VJ, Chapman DJ (1980) Seaweeds and their Uses.
Chapman and Hall, London. 334 pp.

C.I.I. (1969) M6thodes de reference pour la determination des
elements mineraux daus les vegetaux. Agron. Trop. 24:
827-835.

Cohen Z, Vonshak A, Richmond A (1987) Fatty acid compo-
sition of Spirulina strains grown under various environ-
ments. Phytochemistry 26: 2255-2258.

Cuthbertson WFJ (1989) What is a healthy food? Food Chem.
33: 53-80.

Czarnecki SK, Kritchevski D (1980) Trace elements. In Alfin-
Slater RB, Kritchevski D (eds), Nutrition and the Adult-
Micronutrients. Human Nutrition, vol. 3B. Plenum, New
York, 319-350.

Diab MA, Podojil M, Wurst M, Prokes B (1976) Content of
fatty acids of Chlorella kessleri in a deep tank fermentation.
Folia Microbiol. 21: 294-296.

Dubois M, Gilles KA, Hamilton JK, Rebers PA, Smith F
(1956) Colorimetric method for determination of sugars and
related substances. Anal. Chem. 28: 350-356.

Hayashi K, Kida S, Kato K, Yamada H (1974) Component
fatty acids of acetone-soluble lipids of 17 species of marine
benthic algae. Bull. Japan Soc. Sci. Fish. 40: 609-617.

Ito K, Nori K (1989) Seaweed: chemical composition and po-
tential food uses. Food Rev. Int. 5: 101-144.

Jassby A (1988a) Spirulina: a model for microalgae as human
food. In Lembi CA, Waaland JR (eds), Algae and Human
Affairs. Cambridge U.P., Cambridge, 149-179.

Jassby A (1988b) Some public health aspects of microalgal
products. In Lembi CA, Waaland JR (eds), Algae and
Human Affairs. Cambridge U.P., Cambridge, 181-201.

Johnson PE, Shubert LE (1986a) Availability of iron to rats
from Spirulina, a blue-green alga. Nutr. Res. 6: 85-94.

Johnson PE, Shubert LE (1986b) Accumulation of mercury
and other elements by Spirulina (Cyanophyceae). Nutr. Rep.
Int. 34: 1063-1070.

Kyle D (1989) Market applications for microalgae. J. Am. Oil
Chem. Soc. 66: 648-653.

Lacquerbe B, Busson F, Maigrot M (1970) Sur la composi-
tion en elements mineraux de deux cyanophycees, Spirulina
platensis (Gom.) Geitler et S. GeitleriJ. de Toni. C.R. Acad.
Sci. Paris 270: 2130-2132.

Lundberg LO (1954) Autoxidation. J. Am. Oil Chem. Soc. 31:
523-528.

Mackinney G (1941) Absorption of light by chlorophyll solu-
tions. J. biol. Chem. 140: 315-322.

Mannino S, Beneli TG (1980) Constituenti minerali di biom-
asse di Spirulina maxima. In Materassi R (ed.), Prospettive
della coltura di Spirulina in Italia. CNR, Rome, 131-135.

Milner HW (1953) The chemical composition of algae. In
Burlew JS (ed.), Algal Culture - from Laboratory to Pilot
Plant. Carnegie Inst., Washington, 285-345.

Morgan KC, Wright JLC, Simpson FJ (1980) Review of
chemical constituents of the red alga Palmaria palmata
(Dulse). Econ. Bot. 34: 27-50.

Nichols BW (1965) Light induced changes in the lipids of
Chlorella vulgaris. Biochim. Biophys. Acta 106: 274-279.

PAG ('Protein-Calorie Advisory Group') (1975) PAG ad hoc
working group meeting on clinical evaluation and accept-
able nucleic acid levels of SCP for human consumption.
PAG Bull. 5: 17-26.

Paoletti C, Vincenzini M, Bocci F, Materassi R (1980) Com-
posizione biochimica generate delle biomasse di Spirulina
platensis e S. maxima. In Materassi R (ed.), Prospettive
della Coltura di Spirulina in Italia. CNR, Rome, 111-125.

Payer HD, Runkel KH (1978) Environmental pollutants in
freshwater algae from open-air mass cultures. Arch. Hy-
drobiol. Beih. Ergben. Limnol. 11: 184-198.

Perez R, Durand P, Kaas R, Barbaroux O, Barbier V, Vi-
not C, Bourgeay-Causse M, Leclerq M, Moigne JY (1988)
Undariapinnatifida on the french coasts. Cultivation method.
Biochemical composition of the sporophyte and the game-
tophyte. In Stadler T, Mollion J, Verdus M-C, Karamanos
Y, Morvan H, Christiaen D (eds), Algal Biotechnology.
Elsevier, London, 315-327.

Podojil M, Livanski K, Prokes B, Wurst M (1978) Fatty acids
in green algae cultivated on a pilot-plant scale. Folia Mi-
crobiol. 23: 444-448.

Pohl P., Zurheide F. (1979) Fatty acids and lipids of marine
algae and the control of their biosynthesis by environmen-
tal factors. In Hoppe HA, Leving T, Tanaka Y (eds), Ma-
rine Algae in Pharmaceutical Science. Walter de Gruyter,
Berlin, 473-523.

Quillet M (1975) Recherche sur les substances glucidiques
elabores par les spirulines. Ann. Nutr. Alim. 29: 553-561.

Rai LC, Gaur JP, Kumar HD (1981) Phycology and heavy-
metal pollution. Biol. Rev. 56: 99-151.

Richmond A (1986) Microalgae of economic potential. In
Richmond A (ed.), CRC Handbook of Microalgal Mass
Culture. CRC Press, Boca Raton, 199-243.

Santillan C (1982) Mass production of Spirulina. Experientia
38: 40-43.

Sato S (1975) Fatty acid composition of lipids in some spe-
cies of marine algae. Bull. Japan Soc. Sci. Fish. 41: 1177-
1183.

Shekharam KM, Venkataraman LV, Salimath PV (1987) Car-
bohydrate composition and characterization of two unusual
sugars from the blue-green algae, Spirulina platensis. Phy-
tochemistry 26: 2267-2269.

Smillie RM, Krotkov G. (1960) The estimation of nucleic acids
in some algae and higher plants. Can. J. Bot. 38: 31-49.

Soeder CJ (1986) An historical outline of applied algology. In
Richmond A (ed.), CRC Handbook of Microalgal mass
culture. CRC Press, Boca Raton, Florida, 25-43.

Soong P (1980) Production and development of Chlorella and
Spirulina in Taiwan. In Shelef G, Soeder CJ (eds), Algae
Biomass. Elsevier, Amsterdam, 97-113.

Takagi T, Asahi M, Itabashi Y (1985) Fatty acid composition



435

of twelve algae from Japanese waters. J. Japan Oil Chem.
Soc. 34: 12-16.

Usuki R (1989) Oxidative deterioration of commercial fried
foods containing chlorophylls. J. Jap. Soc. Food Sci. Tech.
36: 475-478.

Vonshak A, Guy R, Guy M (1988) The response of the fila-
mentous cyanobacterium Spirulina platensis to salt stress.
Arch. Microbiol. 150: 417-420.

Whitton BA (1984) Algae as monitors of heavy metals in
freshwaters. In Shubert LE (ed.), Algae as Ecological In-
dicators. Academic Press, London, 257-280.

Yamamoto T, Otsuka Y, Okazaki M (1979) The distribution

of chemical elements in algae. in Hoppe HA, Levring T,
Tanaka Y (eds), Marine Algae in Pharmaceutical Science.
Walter de Gruyter, Berlin, 569-607.

Yannai S, Mokadi S, Sachs K, Kantorowitz B, Berk Z (1980)
Certain contaminants in algae and in animals fed algae-
containing diets, and secondary toxicity of the algae. In
Shelef G, Soeder CJ (eds), Algae Biomass. Elsevier, Am-
sterdam, 757-766.

Zoelner N, Kirsch K (1962) Microdetermination of lipids by
the sulphophosphovanillin reaction. Z. Ges. exp. Med. 135:
545-561.


