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Nuftritive aspects of fermented dairy

products obtained

by kombucha application

Protein profile in fermented dairy products

A b -I- -I-The aim of this study was to investigate the chemical quality and protein profile of fermented dairy

S rO C products obtained by kombucha starter culture at different fermentation temperatures. Sample produced
at 37°C have significantly longer fermentation fime than sample produced at 42°C. Protein profile analysis revealed more stable a
and B casein fractions compared to other protein fractions during milk fermentation. These results indicate that fermented dairy

products produced by kombucha at 37°C and 42°C could be less allergenic than milk and suitable for special allergenic nutrition.
Especially sample fermented at 37°C had lower content of a-lactalbumin and B-lactoglobulin than sample produced at 42°C.

INTRODUCTION

Research in the field of functional foods is of great
inferest in human nutrition. Fermented dairy products
certainly hold important role in this field. Different
fermented dairy products may have influence on
allergenic properties of milk due to the process of
fermentation by specific starter cultures. Consequentfly,
biochemical changes of milk components during
fermentation have been widely studied. Lactic acid
bacteria showed only weakly proteolytic activity.
Surprisingly they do cause significant degree of
proteolysis in different fermented dairy products (1).
Klaenhammer et al. (2) and Haandrikman (3) provided
detailed review of the properties of the lactic acid
bacteria proteolytic systems. The proteolytic systemis
composed of a proteinase which is involved in the initial
cleavage of casein, peptidases which hydrolyse the
large peptides thus formed and transport systems which
are involved in the uptake of small peptides and amino
acids.

Table 1 shows characteristics of the major proteins in
cow's milk (4). Milk contains certainly more than 100
different proteins, usually are classified into two major
fractions: caseins (asl-, as2-, p-, and k-casein), which are
the most abundant (80%) and serum or whey proteins
(20%), which include a-lactalbumin, B-lactoglobulin,
blood serum albumin (BSA), and immunoglobulins (Ig).
Milk proteins also include milk fat globule membrane
proteins and a large variety of enzymes (about 60) and
hormones (4).
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Caseins are synthesized in the mammary gland and contain
ester-bound phosphate with relatively high content of proline.
The amino acid and the gene sequences of the four casein
fractions (with molecular mass from 19 038 for k-casein to 25
388 for ag,-casein), have been established. Immunoglobulins
are the largest fraction (143 000-1 030 000 Da), while
a-lactalbumin is the smallest (14 175Da) whey protein.

The complete amino acid sequence of R-lactoglobulin,
a-lactalbumin, and serum albumin, with molecular masses of
18 277,14 175, and 66 267 Da, respectively, are also known.
The immunoglobulins are extremely heterogeneous and

are classified based on theirimmunochemical properties. In
bovine milk five classes of immunoglobulins (IgG, IgA, IgM,
IgE, and IgD) have been identified. They have similar structure
with other immunoglobulins and contain two heavy and two
light polypeptide chains covalently linked by disulfide bonds
(4). Lactoferrin is ironbinding glycoprotein with high biological
activity. It is present in both bovine and human milk. It has
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important physiological functions with antimicrobial, antiviral
and anfioxidant activity, as well as immunomodulatory
agent. Furthermore, its pharmacological influence on
suppressing the tumors transfer has been established (5,

6). Lactoferrin concentration in human milk is usually af
relatively high levels ranging from 1 mg/mL in mature milk to
7 mg/mL in colostrum whereas only minor amounts exist in
bovine milk (0.02-0.2 mg/mlL) (7, 8).

Kombucha is a association of yeasts (Pichia,
Zygosaccharomyces, Saccharomyces,
Schizosaccharomyces, Saccharomycodes, Brettanomyces,
Torulaspora and Candida) and acetic acid bacteria
(Acetobacter and Gluconobacter). It has been applied for
fermentation of sweetened black and green tea (Camellia
sinensis) for centuries (9, 10). Kombucha's positive impact on
human health has been investigated as well as confirmed by
many authors. Kombucha was found to be helpful in cases
of digestive aliments, kidney stones, gall bladder problem:s,
diabetes, arteriosclerosis, high level cholesterol, high blood
pressure, angina, gouty eczema, arthritis, rheumatism,
irritability, anxiety, headaches, dizziness, fatigue, tiredness,
in combating stress and cancer as well as vitalizes the
physical body, etc. (11-18). Novel researches investigate the
possibility of kombucha application as non-conventional
starter culture, and its fechnological and nutritional aspects
in dairy products (19, 20). As a result of milk fermentation

by kombucha, new refreshing fermented dairy product

with mild sour taste is obtained (20- 22). Sensory analysis of
the product, showed high quality characteristics and good
potential for human nutrition (21).

The aim of this sfudy was to investigate the chemical

quality and protein profile of new fermented dairy

products obtained by kombucha starter culture at different
fermentation temperatures.

EXPERIMENTAL

Sample production

Samples were produced from homogenized and pasteurized
milk (AD Imlek, Division Novi Sad Dairy) with pH value 6.07.
Kombucha was cultivated on a black tea (Camellia sinensis
- oxidized, 1.5 gL™") with saccharose concentration of 70
glL!. The tea was cooled at the room temperature, after
which inoculum from a previous fermentation was added in
concenfration of 10%. Incubation was performed at 29°C for
7 days. Kombucha inoculums (pH=3.17) in concentration of
10% (30 mL) was added for milk fermentation (20). Samples
were fermented at 37°C (sample K37) and 42°C (sample K42).
Fermentation was stopped after pH 4.6 was reached.

Chemical composition

Chemical quality was tested in fermented dairy
products after production using following methods (23):
dry matter (DM) (24) milk fat (MF) according to Gerber
(25); total proteins (TP) (26) and ash (A) (27).

Determination of protein profile

Sample preparation was carried out according to
Tidona et al. (28) with some modifications. Samples
were diluted in buffer (0.125 M TrisHCI, 4% SDS, 2%
glycerol, 5% p-mercaptoethanol, pH=6.8) in ratio
sample:buffer = 1:1.5 v/v, and heated for 5 min at
100°C. The chip-based separations were performed
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on the Agilent 2100 bioanalyzer (Agilent Technologies,
Santa Clara, CA, USA). Protein 80 Plus LabChip kit was used
as capillary gel system and results were analyzed using
Protein 80 software assay on 2100 expert software. Chips
were prepared according to manufacturer’s protocol
(Protein 80 LabChip kit). Bovine serum albumin was used as
the standard for quantification of the sample proteins. All
samples were analyzed in triplicate.

Statistical analysis

Statistical analysis of results was carried out with the
computer software program “Statistica” and were expressed
as average, standard deviation of values obtained at three
independent experiments STATISTICA version 9.1 (2009)
(StatSoft Inc. Tulsa, OK, USA). The results were statistically
processed by analysis of variance at the significance level
o= 0.05.

RESULTS AND DISCUSSION

Chemical composition

Our results revealed that dry matter, milk fat, total proteins
and ash of samples produced at 37°C and 42°C have not
been significantly changed during fermentation process
(Table 2). Furthermore, differences are not significant
between samples produced at different temperatures.

Chemical characleristic

@100 Milk K37 K42
Dry matter [ 10.3420.02 9.98:0.24 10.34£0.03
Fat | 2008000 | 1988000 |  1.9840.00
Total proteins | sr2s002 | 2821047 | 3142008
Ash | 0.691£0.05 0.6210.05 0.68+0.01

Chemical composition of milk and produced samples
9 Mean value (n=3), £ standard dev

Fermentation flow

It is evident that milk fermentation started at pH=6.07 after
addition of 10% of kombucha inoculums and reached pH value
of 4.6 after 13 hours and 40 minutes in sample K37 (Figure 1).
Sample K42 have shorter fermentation fime than sample K37
and it lasted for 8 hours and 15 minutes. This could be result of
extended lag phase and slower activity of starter culture on
lower temperature. The pH value of K37 was relatively stable for
9 hours, when it rapidly dropped and after 3 hours reached pH
value of 4.95.The pH value of K42 increased in the first 2 hours of
fermentation (up to pH=6.2). At the following 2 hours pH value
slowly decreased and then rapidly dropped to pH 5.1 in the
next 1 hour and 30 minutes. Further decreasing of pH values of
both samples continue until they reached pH 4.6. These results
are in accordance with previous results (29).

Fermentation time (h)

Fermentation time (1)

Changes of pH value during fermentation: a) K37, b) K42
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C)

Quantification of the protein bands (1 -a lactalbumin, 2- lysozyme, 3- B- lactoglobulin, 4- B
casein, 5- o casein, 6- k casein, 7- lactoferrin) detected in the SDS-PAGE: A) milk sample; B) K37; C) K42

Protein profile

Using Agilent Bioanalizer 2100 all caseins migrate at higher
molecular weights (Figure 2) than it was expected (4). This
migration time shifts are due to caseins tendency to form
aggregates, or their other chemical properties (glycosylation,
phosphorylation pattern and overall hydrophobicity), that
influence protein structure and interaction with the gel matrix
during separation. Migration time shift of k-casein is especially
emphasized, as it is shifted from an expected 19 kDa to
approximately 46 kDa.

Relative content of a- and B- casein fractions increased in all
samples, (p<0.05) while all other fractions showed decreasing
of their relative content (Table 3). These results indicate better
stability of e and B casein fractions compared to other protfein
fractions during fermentation. Lysozyme was detected only

in milk sample, as it is cow's protein with antimicrobial activity
(28). In the final products lysozyme was not recorded, which
could be result of starter cultures metabolic activities during
fermentation process. As well as lysozyme, lactoferrin (protein
with antimicrobial activity produced by cow), a lactalbumin
(a-lac), p- lactoglobulin (B-Ilg) and k casein relative content
decreased. But these protein fractions were detected in the
final products in significantly (p<0.05) lower concentrations.
Milk whey proteins, a-lactalbumin and B-lactoglobulin, are

among the main milk allergens.
These results indicate that
fermented dairy products
produced by kombucha at

— 37°C and 42°C could be less
allergenic compared fo milk

— and suitable for special nutrition
for people. Especially sample
produced at 37°C had lower
content of both allergenic
fractions (a-lactalbumin
and B-lactoglobulin) than in
sample K42.

CONCLUSION

Fermented dairy products
obtained at 37°C have
significantly longer fermentation
time than sample produced

at 42°C. Protein profile analysis
revealed more stable a- and B-
casein fractions compared to other protein fractions during
milk fermentation. These results indicate that fermented dairy
products produced by kombucha at 37°C and 42°C could
be less allergenic than milk and more suitable for special
allergenic nutrition, especially sample fermented at 37°C
where content of a-lactalbumin and R-lactoglobulin were
lower than in sample K42.These products could be proposed
for special nutrition for consumers with proteins allergies.
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FRIEND OF THE SEA® CERTIFICATION TO CRODA'S INCROMEGA™

The Friend of the Sea® program certifies sustainable seafood from fisheries and aquaculture. Croda’s Incromega™ range of omega-3

fish oil concentrates has been awarded the Friend of the Sea® certification. Accreditation of the Incromega™ range provides assurance
that the fisheries in the Incromega™ supply chain are operating responsibly —including no overfishing, no bycatch of endangered species
and no illegal, unreported or unregulated (IUU) fish. Croda’s Nutritional Sales Director, Gemry Purnell said: "*Croda is committed to ensuring
responsible marine sourcing and raw material fraceability throughout the supply chain. We are delighted to have our stance on marine
sustainability accredited by the industry-recognised Friend of the Sea® certification program.

www.croda.com

ADM & RENNOVIA

Archer Daniels Midland Company and Rennovia, Inc. have announced that ADM has committed to a $25 milion equity investment in
the privately held company, which develops catalysts and processes for the cost-advantaged production of chemical products from
renewable feedstocks. “This investment is part of ADM'’s ongoing efforts fo enhance retumns by strengthening our portfolio of higher-margin
products” said Kevin Moore, ADM vice president, Renewable Chemicals and continued: “There is significant and growing demand for
chemical products made from renewable feedstocks. We are impressed with the fechnology Rennovia is developing, and look forward
to the opportunity for its products to join our current portfolio of renewalble chemicals—like propylene glycol and ethylene glycol—as they

offerincreased access to attractive end markets in nylons and other materials”.
www.adm.com

INGREDION IN FORTUNE 2014 WORLD’S MOST ADMIRED COMPANIES

Ingredion Incorporated has been included on the FORTUNE 2014 World's Most Admired Companies list. This marks the fifth consecutive
year the Company has earned the recognition. Ingredion is ranked first in the food production category. The list of most admired
companies is posted on FORTUNE's website and appeared in the print edition on stands March 3, 2014.

www.ingredion.com

PEA PROTEIN PARTNERSHIP

Roquette America, part of the Roquette Group, is well recognized in the US as a leader in innovative nutritional ingredients. *Our
partnership with World Food Processing allows Roquette America to give the US market a local supply of pea protein isolates” said
Dominique Taret, CEO of Roquette America and continued: *We have seen a dramatic increase in consumer demand for our pea
proteins due to their benefits, including cleaner labelling, elimination of common allergens, and high digestibility”. World Food Processing
has unmatched capabilities and advanced technologies that result in ingredients that are pure, secure, and fully fraceable. “Food
fraceability is a growing concern of consumers. Our non-GMO and Organic closed-oop, vertically integrated model allows us complete
control from seed fo plate” said Jerry Lorenzen, CEO of World Food Processing and added: “Our partnership with Roquette increases
the availability of pea protein for world-eading food companies and offers, to consumers, access to a high-quality plant-based protein
backed by innovation and complete transparency”.

www.roquette.com
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Akott Group is delighted to announce that our product

AKOSKY® APIUM
BRONZE WINNER

of the Green Ingredient Award In-Cosmetics 2014!

The winners of the in-cosmetics
Innovation Zone Best Ingredient
Awards and the new Green
Ingredient Award were announced
at an exclusive ceremony in
Hamburg.

The ten finalists in the Green
Ingredient Award were selected by
an expert panel of judges
including Dr. Pauline Hili, founder
and technical director, Neal's Yard
Remedies, Katharina Post, head
galenic development NOC,
Weleda, Dr. Erik Schulze zur
Wiesche, basic development hair
care, Henkel, Amarjit Sahota,

AKOSKY® APIUM is a unique

active obtained from vegetal cell
cultures in controlled laboratory
conditions. The environmental
impact is highly reduced because
there is no need to harvest, and soil,
water and energy consumption are
dramatically reduced. Organic
solvents and preservatives are not
used for the production of AKOSKY®
APIUM. It is highly efficient active in
vitro and in vivo for the regeneration
and remodeling of the tissues.




