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The paper contains results of study of Fucolam efficiency as a physiologically
active ingredient that is added to baked goods with therapeutic purpose. Fucolam is a
composition consisting of fucoidan and alginic acid extracted in a special way from the
brown alga Fucus evanescens, and calcium alginate added as a filler and source of this
macronutrient. The composition has different positive biomedical properties presented
in plenty of works by local and foreign scientists; it is successfully used for food
fortification, bread inclusive. The goal of the paper is to determine stability of Fucolam
composition in finished baked goods exposed to high heat treatment in the production
process, that is a proof and criterion of its efficiency. Presence of complex components is
determined in finished baked goods with Fucolam – big amount of glucose, less amount
of mannose, xylose, rhamnose, and a key component – fucose that proves composition
integrity in the process of high heat treatment and demonstrates its efficiency as a
functional ingredient. The work is supported by the Russian Science Foundation (project
No. 14-50-00034).
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Introduction to problem
Nowadays, the Russian Federation, like

the whole world community, actively works on
improvement of population food patterns by
developing functional and therapeutic food
increasing human resistance to adverse
environmental factors and prevention of different
diseases. To this effect the most significant is
fortification of mass- and daily-consumption
products (baked goods, pasta, soft drinks), which
not only contribute to health improvement in any

country, but solve an important strategic task –
provide food security.

Baked goods play a dominant role in the
mass-consumption product range almost in all
countries, and bread baking is a socially important
branch of economy. Baked goods stand high in
food in Russia. Bread is one of the most important
foodstuffs. It is included in a daily diet of vast
majority of consumers as one of the main source
of energy and nutrients.

Bread does not pall, everybody eats it,
except babes in arms, daily and within the whole
life. It is characterized by a permanent digestibility,
which is not decreased at daily consumption1.

But, nutritional value of bread not exactly
corresponds to modern requirements of “the
nutritional science – pharmaconutritiology”.
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Analysis of bread nutritional value shows
practicability of balancing its chemical composition,
increasing its biological value, eliminating separate
components deficit, supplementing it with complete
proteins, vitamins, minerals, dietary fibers that
enables to correct a human nutritional status
quickly and effectively [1].

Thus, works aimed at solving such
important issues in bread baking as improvement
of baked goods quality and their nutritional and
biological value have been carried out for many
years2-4.

Analysis of scientific and technical
literature showed that in order to improve nutritional
value of baked goods they use fortificants of
different nature1, 5-6, which in the light of modern
terminology are used to be called as
physiologically functional ingredients.
Development of new-generation functional food
is impossible without modern food ingredients.
Market of functional food ingredients (FFI), offered
to supplement foodstuffs, including baked goods,
is presented by a wide range of substances of
different origin that are added to food raw materials
or finished products with the purpose of improving
technology, preserving or getting desired
properties (functional, organoleptic, etc.), extending
shelf life7. Mostly, fat-containing supplements,
protein supplements, dietary fibers of vegetable
and animal origin, micro- and macronutrients,
vitamins, different complex supplements
containing above-mentioned components,
phytosupplements are used as FFI.

Besides, the food supplements were used
as functional ingredients – nutraceuticals and
parapharmaceuticals – protein substances and
food supplements on their basis, fruit and
vegetable processing products and food
supplements on their basis.

At present, scientists along with
traditional food ingredients pay great attention to
components combining specific technological
properties and polyfunctional positive effect on
human body. This category of functional
ingredients influences not only nutritional and
biological value of baked goods, but, in a varying
degree, technological characteristics of raw
materials, organoleptic characteristics of finished
products. In this context the most valuable are so

called biologically active agents, which enable to
decrease risk of some widespread diseases and
increase resistance of human body to adverse
environmental factors. These are the following
functional ingredients: peptides, micronutrients,
polyunsaturated fatty acids, phospholipids,
ferments, hormones, saponins, biopolymers,
pigments, food supplements
(parapharmaceuticals)7.

Range of functional ingredients, used for
development of healthy baked goods, is wide
enough and continuously renewed, nevertheless,
hydrobionts of vegetable origin are
underrepresented as functional ingredients. Based
on numerous literature data sea hydrobionts
contain unique multidirectional biologically active
agents8-10. It is connected with their existence
conditions in aqueous media practically presenting
a solution that contains almost all known chemical
elements. Necessity to resist some factors (high
pressure, low oxygen content, bad light or its
absence, abnormally high or low temperatures)
ensures difference of sea organisms and their
metabolites from organisms with earth biology11-

13.
As natural sources, they are characterized

not only by diversity and high efficiency of their
biologically active agents, which often have no
negative properties that belong to substances
produced from traditional sources, but also by a
wide and successfully reproducible raw materials
base13-15. The latter may become important when
it’s necessary to produce some chemicals (proteins,
polysaccharides, nucleic acids, etc.) or food on
their basis in industrial scale.

Vegetable hydrobionts are used both in a
native form (powders, solutions, algae tinctures)
and in a form of different complexes – biologically
active agents, food supplements12-13.

Fucolam composition, produced from the
alga F. Evanescens presenting a complex of a
biologically active agent – fucoidan and soluble
dietary fibers – alginates, is widely used as a
functional ingredient in dairy, meat products,
beverages, etc. (Pat. 2315487, Pat. 2459436, Pat.
2405384, Pat. 2409969, Pat. 2375878, Pat. 2456873).

Before, we have developed functional
baked goods with Fucolam composition and
carried out complex assessment of their quality.
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Data received proved lack of technical risks of
Fucolam use as a functional ingredient in baked
goods.

We have noticed a positive dose-
dependent influence of Fucolam on
biotechnological properties of baker’s yeast
(decrease of dough rise time when Fucolam
concentration grows). It was demonstrated that
Fucolam improves organoleptic and
physicochemical characteristics of bread. Fucolam
optimal concentration, at which bread keeps its
consumer characteristics – 0.1 % of wheat flour
weight, was determined. Quality check of the end
product – bread with Fucolam, based on regulatory
documents of the Russian Federation, Customs
Union countries, international quality standards
ISO 9000, showed lack of health risks at bread
production with composition Fucolam – alginic
acids and proved possibility of Fucolam use as a
functional ingredient 16-17.

At developing functional foodstuffs
irrespective of origin of the functional ingredient it
is highly important and necessary to assess
efficiency or preservation of its declared
physiological effect in the end product.

Taking into account main principles of
food supplementation, scientists have developed
criteria for choosing supplementing ingredients,
which include medical and biological, technological
and economic aspects and relevant parameters,
such as stability, deficit correction efficiency,
safety, producibility, economy, and product quality
in the production process.

Traditional and the most representative
way of assessing components efficiency is, surely,
biomedical studies with regard to in vivo or in vitro
experiments. But, these studies are long-term,
expensive and, in our opinion, not always needed,
if the other positive parameters are available.

In some cases, when the composition or
complexes of bioactive agents, having investigated
chemistry, known physiological activity grounded
as far as evidence based medicine is concerned,
positive example of its application in other
foodstuffs, is used as a functional ingredient, we
think that it suffices to limit to such criterion as
stability in order to assess its efficiency in end
products.

Fucolam fits all the mentioned points.
Besides, as is known, sulfated polysaccharides and

alginic acids are heat-resistant that is essential to
bread production, when high temperature treatment
is applied, nevertheless, it is important to determine
this fact, as in the opinion of Peter Berry Ottaway,
and we identify ourselves with it, “nutrients
stability in this food matrix determines its
salubrity”18.

Taking into account all the foregoing, this
paper aims at determination of Fucolam complex
stability in finished baked goods as a factor of its
efficiency being a functional ingredient.
Grounds for choosing Fucolam composition

As is known, brown algae from the
Russian Far East seas are a rich and easily
renewable source of polysaccharides having
unique structure and properties (laminarins, alginic
acids and fucoidans). Polysaccharides are the main
component of the algal biomass and fulfill number
of important biological functions.

Algae Fucus evanescens – a source of
composition components – have a vast habitat,
grow in shallow waters, easy of access. The may
be referred to renewable resources, commercial base
is sufficient – algae grow along the whole coast of
the Kuril Islands and Kamchatka, as well as in
Primorsky Krai and Sakhalin. Brown algae Fucus
evanescens have some advantages towards the
other algae due to high content of fructose-
containing polysaccharides (10…15 % of dry algae
weight).

In recent years, fucoidans – bioactive
sulfated polysaccharides synthesized by brown
algae, which have not been discovered in land
plants so far, have become an object of high
attention and intensive research. Constantly
growing interest in these sulfated polysaccharides
is caused by, in the opinion of O. Berteau and B.
Mulloy19 (and we endorse it), polyfunctionality and
practically useful properties that attract attention
of researches. Anticoagulant, antithrombotic,
fibrinolytic, antiinflammatory, immunomodulating,
antitumor, antisclerotic, antihypertensive activity,
etc. make these bioactive agents prospective for
medical and research practice, which are also used
for development of medicines, food supplements
and new generation innovative foodstuffs20-25.

Takarabio (Japan) was the first company
in the world that introduced into production
foodstuffs containing fucoidans. In 1996 it
produced a beverage with fucoidans, and after that
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some other products, food raw materials (jelly,
granules, capsules) and cosmetic goods26.

Now, a lot of foreign and Russian
companies use fucoidans as functional
components to supplement gels, beverages and
other products.

METHODS

Object of research
Fucolam composition27-28 and bread with

Fucolam composition16-17 were the objects of
research.

Fucolam composition
Fucolam is a complex of bioactive agents

developed on the basis of fucoidan by the
scientists of the Laboratory of Enzyme Chemistry
at the Pacific Institute of Bioorganic Chemistry29.

Fucolam contains the following
ingredients: 20% – complex (composed of fucoidan
– 60-80% and alginic acid – 20-40%, called by
scientists as Fucolam-C) as a source of

polysaccharides and 80% – calcium alginate as a
filler and source of calcium.

Fucoidan is extracted from the brown alga
Fucus evanescens by the unique patented way30.

Fucoidan extracted from the Sea of
Okhotsk brown alga Fucus evanescens by
Zvyagintseva T.N. et al31: 1’!3;1’!4-á– L-fucan, m.m.
20-40 kDa; monosaccharide composition is
presented by fucose, galactose, xylose and glucose
in the ratio 71:9:10:8, fucose and sulfate residue
ratio is 1:0.9. Extraction method – extraction of
polysaccharides with hydrochloric acid 0.1 N at
room temperature and water at 50-60°C, separation
of laminarins and fucoidans and further
fractionating with hydrophobic chromatography31.

Low molecular weight alginic acid is a
copolymer of ß-D-mannuronic and á-L-guluronic
acids in the ration 4:132.

Alginates entering into the composition
are dietary fibers that are characterized by
adsorbability and moisture-retaining power,
coating ability; they function as enterosorbent of
toxins, heavy metals, radionuclides; they regulate
metabolism, motor function of a human G.I. tract,
extent of fat absorption, reduce blood cholesterol
level33-36.

We think that such complex represents a
very successful combination of a biologically and
physiologically active agent – fucoidan, traditional
nutrient from the dietary fibers group – alginic
acids, macronutrient – calcium.

Based on recommendations of the
scientists, the composition may be used both as a

Table 1. Monosaccharides content in the bread
extract hydrolysate with food supplement Fucolam

Monosaccharides Retention time Mole %

Fucose 29.728 6.392
Galactose 33.625 2.435
Xylose 39.607 14.175
Glucose 50.018 76.998

Fig. 1. HPLC chromatograph of the bread extract hydrolysate with food supplement Fucolam (concentration 1.0
% to flour amount)
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food supplement Fucolam in a daily dose (capsules
500 mg each), and as foodstuffs containing it.

Baked goods produced with Fucolam
composition on the basis of a method developed
by us have been used during the research16-17.
Research methods

We determined residual value of the
composition components – sulfated
polysaccharides (fucoidan) and alginates – as a
stability indicator of the composition under study.
That is, we determined their qualitative and
quantitative presence in the bread test samples.

Presence of fucose showed us
quantitative and qualitative content of fucoidan in
bread. In our previous works we determined
Fucolam quantity in bread presenting the best
results in terms of its quality in compliance with all
regulatory documents with regard to key quality
parameters – 1% to flour weight.

For the experiment we took test samples
of bread with Fucolam (amounting to 1% to flour
weight) and without Fucolam. It was challenging
to determine presence of fucoidan in bread due to
low concentration of this bioactive agent, that’s
why separation of fucose from other
monosaccharides was difficult. First, fucoidan was
extracted, then, acid hydrolysis took place.

Residual fucoidan and alginates in the test
samples of bread were quantified by HPLC (high
performance liquid chromatography) and 13C-NMR

spectroscopy (nuclear magnetic resonance
spectroscopy) on the basis of the shared service
center of the Pacific Institute of Bioorganic
Chemistry within the Far-Eastern Branch of the
Russian Academy of Science (PIBOC FEB RAS).

HPLC method (high performance liquid
chromatography): monosaccharide composition
was quantified by the carbohydrate analyzer
Biotronik IC-5000 (Germany). In compliance with
the operations manual we used column Shim-pack
ISA-07/S2504 (0.4 õ 25 cm). Potassium was eluted
with a borax buffer at elution rate – 0.6 ml/min.
Quantification was carried out by the
bicinhoninate method; integrating system –
Shimadzu C-R2 AX.

Extraction of polysaccharides: to 250 g of
bread (Fucolam concentration 1g/500 g of flour)
we added 1 l of 1% Na2CO3. It was extracted twice
in a thermostat at 60°C during 3 hours. Extract
containing fucoidan and alginate was mixed,
separated from the bread pulp through the close
cloth using the porcelain filter, neutralized with 4 N
HCl to pH 7.0, partially evaporated on the rotary
evaporator to 200 ml. It was dialyzed with diH2O at
4°C during 52 hours. Then, it was concentrated to
45 ml.

Separation of fucoidan and alginic acid:
solution containing mixture of these
polysaccharides was acidified with HCl (pH 1.5),
then, fucoidan contained in the solution was filtered

Fig. 2. 13Ñ-HPL specter of alginic acid produced by the NMR spectrometer Bruker –Physic WM-300 (Bruker,
Germany) with operating frequency 62.9 mHz in D2O at 70 °Ñ.  Methanol (50.15 ppm) was used as an internal
standard.
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from the alginic acid residue. Solution with fucoidan
was neutralized with 40 % NaOH to pH 6-7, dialyzed
by ultrafiltration method with membrane Millipor 3
kDa and concentration to minimum volume (20 ml),
and subjected to cool dehumidification. Alginic
acid was transferred from a water-insoluble H+-
form to a water-soluble Na+-salt. For this purpose
0.2Ì NaOH was added to the residue. After that,
alginic acid solution was dialyzed with diH2O
during 15 hours, evaporated on the rotary
evaporator to 4 ml and subjected to cool
dehumidification.

13C-NMR spectroscopy, which was used
by us, gives the best results in quantifying
alginates by physicochemical methods. 13C-NMR
spectroscopy is one of the methods of NMR
spectroscopy using carbon 13C nuclei.

13Ñ-NMR specters of alginates are very
demonstrative and enable us to distinguish easily
polymers with D-mannuronic (M) and L-guluronic
(G) acids dominated by character of signals of
anomeric carbons37.

 Method 13C-NMR spectroscopy (nuclear
magnetic resonance spectroscopy):

13Ñ-NMR specter was produced by the
NMR spectrometer DRX 500 (Bruker, Germany)
with operating frequency 62.9 mHz in D2O at 70 °Ñ.
Methanol (50.15 ppm) was used as an internal
signal. Polysaccharide sample was dissolved in
D2O.

RESULTS

Results of fucoidan residual research
Please, find research results in Figure 1

and Table 1. The results are as follows: big amount
of glucose, less amount of mannose, xylose,
rhamnose, and fucose that proves presence of
fucoidan in the test sample.

Fucoidan residual amount in the end
product was quantified by fucose and glucan
mixture. Final value of fucoidan and glucan mixture
in bread amounted to 45 mg.
Results of alginate residual research

Sodium alginate in finished baked goods
was quantified by HPLC method using HPL
spectrometer Bruker-Physic AVANCE DPX – 300
(Germany) with operating frequency 62.9 mHz in
D2O at 70°C. Methanol (50.15 ppm) was used as an
internal signal.

In 13Ñ-HPL specter of alginic acid
recovered at alkaline extraction of bread with
Fucolam (1% Na2CO3, 600Ñ, ðÍ 10) with further
dialysis and precipitation at pH 1.5 we have notices
intensive signals with chemical shifts (Ñ-1-101.3
ppm; Ñ-2-71.1 ppm; Ñ-3-72.6 ppm; Ñ-4-79.2 ppm;
Ñ-5-77.2 ppm; Ñ-6-175.9 ppm) typical for D-
mannuronic acid blocks, as well as intensive signals
with chemical shifts (Ñ-1-101.8; Ñ-4-81.0) typical
for MGG- and GGG-blocks. As far as full signal
interpretation is known in these specters, it’s
possible to calculate ratio of M/G monomers using
a ration of amount of C1 signals integral intensities
of â-D-mannuronic acid residues (101.3 ppm) to
the relevant amount of C1 signals integral
intensities of á-L-guluronic acid residues (101.8
ppm). So, M/G ratio amounted to 1.1 that is
practically equal blocks distribution (Figure 2).

DISCUSSIONS

Thus, qualitative and quantitative
residual amount of fucoidan and alginate in
finished baked goods was determined by the
following methods: high performance liquid
chromatography and nuclear magnetic resonance
spectroscopy. Based on the findings, we may
confirm that polysaccharides being a part of the
composition are resistant to high temperatures
conditioned by technological peculiarities of bread
production, and, therefore, keep active and
efficient in these products. Lack of technological
and other risks of using the fucoidan-alginate
composition for bread supplementation, as shown
by us before, presence and stability of the main
indicating components – fucoidan and alginate –
in the end product guarantees preservation of their
bioactivity. Our previous findings showing quality
of bread with Fucolam, which complied with the
criteria of the international regulatory documents,
RF, Customs Union, prove efficiency and
prosperity of using this composition as a functional
ingredient for bake goods and enable us to range
it as a general health product.

As far as Fucolam composition has a
polyvalent beneficial effect on a human, one may
confirm that its stability and integrity in the process
of bread production provides health properties to
baked goods. It’s highly important to determine
what types of Fucolam bioactivity prevail in baked
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goods – antiviral, anticoagulant, antitumor or some
others. Our next task is to determine specificity
and direction of Fucolam baked goods effect using
biological models. Once we determine direction of
effect of baked goods with investigated
composition, we will be able to recommend the
developed goods not only to the whole population,
but to the relevant designated population
categories (risk groups) to prevent some diseases
or include them in therapy complex.
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