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Abstract

BACKGROUND: Sweet biscuits, a traditional and nutritious food, can be healthy and very attractive when
redesigned to be prepared with the addition of a natural product, the microalgal biomass of Isochrysis galbana. This
marine microalga is recognised as a rich source of polyunsaturated fatty acids (PUFAs), mainly eicosapentaenoic
acid (EPA; 20:5ω3), and is a promising ingredient in the food and feed industries. The importance of PUFA-ω3 (an
alternative to fish oils) in food, and the need to increase the daily intake of these substances to promote a healthier
lifestyle is now well known.

RESULTS: Traditional butter biscuits were enriched with I. galbana biomass (1% and 3%) and evaluated in
terms of colour, texture and fatty acid profile, within 3 months of storage. I. galbana biscuits presented total
levels of 100 mg 100 g−1 and 320 mg 100 g−1 of PUFA-ω3 (EPA + DPA (docosapentaenoic acid; 22:5ω3) + DHA
(docosahexaenoic acid; 22:6ω3) for 1% and 3% I. galbana, respectively.

CONCLUSION: The enhancement of texture properties, the high stability of colour and texture and the good
profile of polyunsaturated fatty acids, with emphasis on EPA and DHA, of the biscuits obtained, reveal a new food
market niche opportunity.
 2008 Society of Chemical Industry
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INTRODUCTION
Short-dough biscuits are widely consumed food
products, being appreciated for their taste, versatility,
convenience, conservation, texture and appearance.
The use of natural ingredients exhibiting functional
properties, providing specific health benefits, beyond
traditional nutrients, is a very attractive way to design
new food products, with an important market niche of
the healthier foods, growing exponentially.

The importance of ω3 polyunsaturated fatty acids
(PUFAs) has been recognised in recent years due
to their therapeutic value, with beneficial effects upon
human health. These compounds are important build-
ing blocks in neonatal retinal and brain development1,2

as well as being important mainly in the prophy-
laxis and therapy of chronic and degenerative diseases

(reduction of blood cholesterol,3 protection against
cardiovascular, coronary heart diseases, atherosclero-
sis, diabetes, hypertension, rheumatism, skin diseases,
digestive and metabolic diseases as well as cancer).4–7

Usually, these compounds are provided by fish and
fish oils but global fish stocks are declining due
to general over-fishing and overly efficient fishing
methods, and the oils derived from fish are sometimes
contaminated with a range of pollutants, heavy metals
and toxins.8 Alternative sources of PUFAs are clearly
desirable, and some microalgae which synthesise these
fatty acids are particularly attractive, especially because
these ingredients are naturally encapsulated, retarding
oxidation processes.

Microalgal biotechnology is similar to conventional
agriculture, but microalgae is a crop of the future
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and has received considerable attention over the
last decades, because (1) algae have efficient pho-
tosynthetic machinery (when compared with plants
and crops); (2) photosynthesis can be extended to
areas and climates unsuitable for agricultural activities
(including deserts and seashore areas); (3) less or no
seasonality is required; (4) algae can act as a medium-
or long-term carbon dioxide sink and can diminish
the CO2-induced greenhouse effect; (5) it is a closed
life-support system; and (6) the technology involves
aquaculture and can be used for wastewater treatment
and/or a great variety of biomolecules of commercial
interest.

The incorporation of Isochrysis galbana microalga
biomass can provide an important polyunsaturated
fatty acid supplementation9,10 and other functional
important biomolecules, such as pigments,11 sterols,12

tocopherols,13 pharmaceuticals,14 fibres and oligoele-
ments.

One of the main issues regarding the application of
functional ingredients in novel food products is their
stability and resistance to severe processing conditions
(e.g. high temperatures in biscuit production). The
aim of this work was to use Isochrysis galbana microalga
biomass as a new functional ingredient in short-dough
biscuits. Hue and colour intensity (CIELAB system)
and texture parameters of the biscuits were determined
as a function of pigment concentration over time. The
development of a fatty acids profile was followed to
evaluate the nutritional value of the biscuits.

EXPERIMENTAL
Microalga
The microalga Isochrysis galbana used in this study
was obtained from the Mary Park collection and
maintained by IPIMAR since 1973. The microalga
was grown in 100 L amounts in plastic airlift biore-
actors with bubbling air in enriched seawater with
Miquel’s Medium and Wallerstein’s Medium in the
ratio 3:1 with NaNO3 and KNO3 used as the nitrogen
source and NaH2PO4 and K2PO4 as the phospho-
rus supply. All solutions were autoclaved at 121 ◦C
for 20 min. Solutions of vitamins B1 and B12 were
sterilised through a 0.22 µm filter. The culture was
kept illuminated with fluorescent lamps (Philips TLM
40W/54RS) at an irradiance level of 196 µmol m−2 s−1

with a photoperiod of 24:0 h (L:D). The culture was
continuously stirred by filtered air and all cultures were
kept at 18 ± 1 ◦C under continuously controlled con-
ditions. The culture salinity was 25‰. The microalga
biomass was recovered in the stationary growth phase
without flocculation by simply stopping agitation, con-
centrated by centrifugation, and freeze drying.

Biscuits
The biscuits were prepared using 46.5% flour, 23%
sugar, 20% butter, 10% water and 0.5% of baking
powder. I. galbana biomass was added at 1.0% and
3.0% concentrations (w/w), and a control biscuit with

no algal addition was prepared. The biscuits were
baked in an oven (Freibol, FB Model) at 180 ◦C for
30 min. After cooling, biscuits were kept inside plastic
bags, in sealed glass jars, at room temperature and
protected from light.

Colour
The biscuit colour was measured instrumentally using
a Minolta CR-300 (Japan) tri-stimulus colorimeter
which was calibrated using a white standard porcelain
plate (L∗, 97.46; a∗, −0.02; b∗, 1.72).

The results were expressed in accordance with the
CIELAB uniform colour system with reference to
standard illuminant D65 (average daylight conditions)
and a visual angle of 2◦. The parameters determined
were L∗ which accounts for the lightness (0 for black
and 100 white), a∗ greeness/redness (−a∗ is green and
+a∗ is red), b∗ blueness/yellowness (−b∗ is blue and
+b∗ is yellow). The colour changes during storage
are expressed as �E∗ with the colour of the fresh
biscuits (time zero) measured after 1 day of storage as
a reference sample. �E∗ is the total colour difference
calculated from the equation

�E∗ = [(�L∗)2 + (�a∗)2 + (�b∗)2]1/2 (1)

The measurements were conducted at 20 ◦C under
the same light conditions (50 mm2 measuring area per
measurement), and replicated five times, in duplicate,
after preparation, weekly (during the first month) and
after 2 and 3 months of storage under the conditions
described above.

Texture
The biscuit texture was measured objectively using a
texturometer TA.XT2 (Stable MicroSystems, Surrey,
UK) in penetration mode with a cylinder of 2 mm
diameter probe plunged 4 mm at 1 mm s−1. The
resistance to penetration was measured by the
maximum force (in newtons) from the peak on the
texturogram which corresponds to the firmness value.
Measurements were done in duplicate, five replicates,
after preparation, weekly (during the first month) and
after 2 and 3 months, as already mentioned.

Fatty acids
The fatty acid profile of I. galbana and the biscuit
lipid fraction (after preparation and monthly until the
third month) was evaluated. Fatty acid methyl esters
were prepared according to the method of Lepage and
Roy,15 as modified by Cohen et al.16 Preparation of
fatty acid methyl esters was carried out using 25 g
of biscuit and 5 mL of the acetylchloride:methanol
mixture (1:19 v/v). The esterification was done at
80 ◦C for 1 h. After cooling, 1 mL of water and 2 mL
of n-heptane were added to the mixture, which was
stirred and centrifuged at 2000 × g for 5 min. The
organic phase was collected, filtered and dried with
anhydrous sodium sulfate. The solvent was removed
under nitrogen and the methyl esters solubilised with
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n-heptane to a concentration of 100 mg mL−1. Fatty
acid methyl esters were separated and quantified
using a CP-3800 GC (Varian, Walnut Creek, CA,
USA) equipped with 30 m DB-WAX (J&W, Agilent)
capillary column (0.25 mm internal diameter, and
0.25 µm film thickness). Injector (split 1:100) and
detector (flame ionisation) temperatures were kept
constant at 250 ◦C. The oven temperature program
started at 180 ◦C for 5 min, increased at 4 ◦C min−1

until 220 ◦C, and kept constant at this temperature
for 25 min. The velocity of the carrier gas, He, was
kept constant at 1 mL min−1. Quantification was done
by multiplication of the relative area of each fatty
acid by a corrective factor of 0.956 (based on lipid
classes distribution determined by HPLC17) and a
total lipid content of 20% (biscuit total lipid content)
following the calculation proposed by Exler et al.18

Fatty acid methyl esters were identified by comparison
with the retention time of individual standards (Sigma,
St Louis, USA). All the analytical determinations were
done in duplicate, after preparation and 3 months of
storage.

Statistics
Data are presented as mean ± standard deviation and
subjected to ANOVA–post hoc comparisons–Scheffé
test, at the 0.05 probability level, using the StatSoft
STATISTICA program, version 6.0.

RESULTS AND DISCUSSION
The biscuits prepared with the I. galbana microalga
biomass (and control) had an appealing appearance
with attractive and innovative hues, as shown in Fig. 1.
The odour/aroma of the biscuits was not negatively
affected by the incorporation of the microalgal
biomass, as reported by sensory evaluation performed
by untrained individuals for all characteristics except
taste.

Figure 1. Biscuits with different incorporation levels of Isochrysis
galbana biomass.

Colour analysis
Effect of microalgal biomass addition
Lightness parameter L∗ (Fig. 2a) significantly (P <

0.05) decreased with microalgal concentration, which
means that the addition of the microalga biomass
resulted in darker biscuits, as previously observed in
similar biscuits with the addition of Chlorella vulgaris
microalga biomass.19

The evolution of the biscuits’ chromaticity coor-
dinates parameters, a∗ and b∗, can be observed in
Fig. 2b) and 2c), respectively. The biscuits presented
quite different (P < 0.05) a∗ and b∗ values, reflecting
different colourations. The control biscuit (without
microalga) presented a dominant yellow chromaticity
(positive b∗) with only a very slight contribution from
the a∗ parameter (a∗ < 0.2). The incorporation of
microalgal biomass results in significantly (P < 0.05)
different colours: 1% I. galbana biscuit showed a green
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Figure 2. Evolution of colour parameters for the biscuits, L∗, a∗ and
b∗ (a, b, c, respectively), with 0%, 1% and 3% Isochrysis galbana
biomass incorporation, within 3 months of storage.
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chromaticity (negative a∗) with positive b∗ values (yel-
low domain); while 3% I. galbana biscuit presented a
small and negative a∗ (green) and b∗ (blue) values.

Since the three biscuits (0%, 1%, 3% I. galbana) are
positioned on very distant points on the CIELAB
colour space, it can be easier to compare the
samples by calculating the chroma - saturation (C∗

ab =
(a∗2 + b∗2

)1/2) and hue angle (hab = arctan (b∗/a∗)),
rather than a∗ and b∗ separately. The control biscuit
(0% I. galbana) presented an almost pure yellow hue
(hab = 87–90◦), although the saturation is very low
(C∗

ab = 2–5), resulting in a dull coloration (Fig. 1).
With the addition of 1% I. galbana, the biscuit
hue turned greener, with hab values varying from
120 to 126◦, and chroma increased (C∗

ab = 15–19).
However, for higher biomass concentrations (3% I.
galbana) the biscuit colour turned browner (hab =
250–270◦; C∗

ab = 2–6), similar to the colour of
Isochrysis dry biomass.

Effect of storage time
Biscuit coloration underwent significant (P < 0.05)
changes during the first week after preparation, with
total colour differences (�E∗) around 30 for 0%
I. galbana, 19 and 17 for 1% and 3% I. galbana,
respectively (Fig. 3). Consequently, the colour of the
biscuit with microalga addition is more stable than the
colour of the control biscuit, as previously reported by
Gouveia et al.19

The main colour changes observed at the beginning
of the storage time can be associated with a fast
degradation of the microalga pigments, during the
first days after preparation, resulting essentially from
oxidation processes. After this period, a stabilisation
(P > 0.05) of the colour parameters was achieved, with
�E∗ < 5, which is the value required to discern the
samples visually.20 This behaviour can be an important
issue for commercial purposes.

Texture analysis
The firmness of the biscuits increased linearly and
significantly (P < 0.05) with microalgal biomass, as
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Figure 3. Total colour difference (�E∗ = [(�L∗)2 + (�a∗)2 +
(�b∗)2]1/2) of the biscuits with 0%, 1% and 3% Isochrysis galbana
biomass incorporation, within 3 months storage.
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Figure 4. Evolution of firmness values for the biscuits, with 0%, 1%
and 3% Isochrysis galbana biomass incorporation, within 3 months
storage.

can be seen in Fig. 4. These results are in agreement
with previous studies with similar materials.19

According to the American Association of Cereal
Chemists21 a biscuit is a solid emulsion of sucrose,
lipids and non-gelatinised starch. This morphology
is responsible for the biscuit structure and texture.
The main factors affecting these properties is moisture
content and water mobility, which are greatly affected
by the interaction with hydroxyl groups present in the
matrix.21,22

The replacement of a small amount of flour by
microalgae biomass, resulted in the inclusion of a
complex biomaterial, rich in proteins (∼35%) and
polysaccharides (∼10%).10 These molecules have an
important role on the water absorption process, which
promote the increase of biscuits firmness, resulting in
more compact structure, as observed by Piteira.23

The texture of the I. galbana biscuits remained very
stable (P > 0.05), especially the 3% I. galbana; while
the control biscuit firmness decreased significantly
(P < 0.05) during the first and 12th weeks of the
study. The observed beneficial effect of micralgal
incorporation on the stability of the biscuit texture
associated with the previous colour stability results
lead us to think that the shelf life of this type of product
can be enhanced by the incorporation of microalgae,
with a positive commercial impact.

Fatty acids profile
The fatty acid profile of I. galbana showed the presence
of polyunsaturated fatty acids as a dominant group,
followed by saturated and monounsaturated fatty acids
(40%, 30% and 19%, respectively), with EPA as the
most abundant (Fig. 5).

The main saturated fatty acids present are miristic
acid (14:0) and palmitic acid (16:0) (49% and 41%,
respectively). The palmitoleic acid (16:1ω7) is the
relevant monounsaturated fatty acid, corresponding
to 77% of this fraction. The major polyunsaturated
fatty acids present are EPA at a high level (55%),
followed by DHA and α-linolenic acid (18:3ω3) (13%
and 5%, respectively). These results are in agreement
with those reported in other studies.12,24,25

J Sci Food Agric (2008)
DOI: 10.1002/jsfa



Functional biscuits with PUFA-ω3 from I. galbana

0.0

5.0

10.0

15.0

20.0

25.0

30.0

35.0

40.0

45.0

T
ot

al
 S

at
ur

at
ed

14
:0

T
ot

al
M

on
ou

ns
at

ur
at

ed

16
:1

ω
7

T
ot

al
P

ol
yu

ns
at

ur
at

ed

E
P

A

D
H

A

%

Figure 5. Total and main saturated, mono-unsaturated and
polyunsaturated fatty acids in Isochrysis galbana biomass.

The fatty acids profile of the biscuits is clearly related
to butter,26 with a predominance of saturated (∼60%)
and monounsaturated fatty acids (∼30%), mainly
palmitic acid (30–40%) and oleic acid (18:1ω9)
(20–25%), respectively. Polyunsaturated fatty acids
correspond to 6–9% (4–5% linoleic acid; 18:2ω6),
the highest levels being for 3% I. galbana biscuits
(55% linoleic acid, 15% EPA, 6% α-linolenic acid
and 3% DHA) (Table 1).

On biscuits produced with Isochrysis microalga
the ω3-fatty acids (DHA, EPA and DPA) from
the microalga remained present after the thermal
processing of baking. This can be seen in Table 1 and
Fig 6. whereas all the other fatty acids, mainly provided
by butter, showed large variations. The authors
suggest that the microalgae cells could resist thermal
treatment, encapsulating the fatty acid molecules, thus
protecting them from oxidation.

I. galbana biscuits presented PUFA-ω3 levels
(EPA + DPA + DHA) of 100 mg 100 g−1 and 320 mg
100 g−1 biscuit (Fig. 6), for 1% and 3% microal-
gal biomass incorporation, respectively. These values
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Figure 6. Evolution of ω3-polyunsaturated fatty acids, of biscuits with
0%, 1% and 3% Isochrysis galbana biomass incorporation, at 0 and
12 weeks. EPA, eicosapentaenoic acid (20:5ω3); DPA,
docosapentaenoic acid (22:5ω3); and DHA, docosahexaenoic acid
(22:6ω3).

reflect an important source of PUFA-ω3 with moder-
ate biscuit consumption, as the recommendations for
dietary intake in healthy adults is 500 mg day−1.27

The development of the fatty acid profile of the
biscuits with time revealed that long-chain PUFAsp-
resented good stability (P < 0.05) maintaining a high
nutritional level even after 3 months of storage at
room temperature and without special carrier condi-
tions (temperature, light and atmosphere). However,
a significant (P < 0.05) decrease of total saturated
fatty acids and an increase on total mono-unsaturated
fatty acids was observed, probably due to an inter-
conversion (oxidation) between these compounds,
which may be related to colour fading of the biscuits.

CONCLUSIONS
Sweet biscuits, a traditional and nutritious food,
can be healthy and very attractive when prepared
with the addition of a natural microalgal biomass of

Table 1. Total and main saturated, mono-unsaturated and polyunsaturated fatty acids (mg 100 g−1) in biscuits with Isochrysis galbana incorporation

Isochrysis galbana (w/w)∗

Acid 0% 1% 3%

14:0 Miristic 2159 ± 12a 2135 ± 7a 2080 ± 14b

16:0 Palmitic 6624 ± 77a 6474 ± 30ab 6314 ± 1b

Total saturated 11737 ± 175a 11482 ± 35a 11492 ± 8a

18:1ω 9 Oleic 4374 ± 45a 4246 ± 6a 4340 ± 411a

Total mono-unsaturated 5819 ± 19a 5640 ± 6a 5633 ± 134a

18:2ω6 Linoleic 877 ± 22a 967 ± 28a 949 ± 39a

18:3ω3 α-Linolenic 73 ± 2a 87 ± 1b 99 ± 5b

20:4ω6 Arachidonic 16 ± 1a 34 ± 1a 38 ± 1a

20:5ω3 EPA∗∗ ND 87 ± 2a 258 ± 33b

22:5ω3 DPA∗∗ ND ND 10 ± 1
22:6ω3 DHA∗∗ ND 14 ± 1a 52 ± 7b

Total polyunsaturated 1161 ± 73a 1458 ± 39ab 1734 ± 111b

∗ Mean value ± SD. Different letters in the same row correspond to significant differences (P < 0.05).
∗∗ EPA, eicosapentaenoic acid; DPA, docosapentaenoic acid; DHA, docosahexaenoic acid.
ND, not detected.
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Isochrysis galbana (rich in PUFAs, particularly EPA).
The enhancement of textural properties, the high
stability of colour and texture and the good profile
of polyunsaturated fatty acids, with an emphasis on
EPA and DHA, of the biscuits obtained, reveals a new
niche food market.
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