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Abstract This work presents an alternative solution for ovine
whey components recovery in medium/small cheese plants
that predominate in the rural areas of Southern European
countries, which are specialized in the production of protected
designation of origin (PDO) cheeses. These plants lack the
capacity to concentrate and dry whey, and although a signifi-
cant amount of this by-product is used in the manufacture of
whey cheeses, in several cases it is used as animal feed or
simply discarded. As an alternative to these practices, we pro-
pose the production of liquid whey protein concentrates
(LWPC) by means of ultrafiltration (UF) followed by thermal
denaturation and homogenization and their utilization in the
production of fermented products based on kefir grains and/or
commercial probiotic bacteria. Two types of fermented prod-
ucts were prepared: one in a liquid form (low protein and fat
contents) and other in a gel form (high protein and fat con-
tents). The microbiological, physicochemical (gross composi-
tion, pH, titratable acidity) and rheological properties of such
products were assessed and compared during fermentation
and at the 7th, 14th and 21st days of refrigerated storage.
The fermented products presented adequate amounts of
lactococci, lactobacilli (>7 Log10 CFUmL-1) and yeasts (>6
Logl0 CFUmL-1). The rheological properties of liquid
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products were stable during the 21 days of refrigerated stor-
age. However, gel type products showed variations in viscos-
ity after 14 days, in the cases in which kefir grains were pres-
ent. Although further work is needed in order to optimize the
formulations regarding to the improvement of their sensory
properties, it was concluded that this approach allows for the
production of innovative fermented dairy products.
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Introduction

Apart from the type of coagulation, whey composition primar-
ily depends on milk origin (e.g., bovine, ovine or caprine),
although seasonal cycles of lactation or feed changes may also
account for some variations. The proximate composition of
whey on a dry weight basis is lactose (65—75 %), nitrogenous
compounds (proteins, peptides and amino acids) 8—11 %, fat
(2-8 %), and minerals (9—13 %). Due to the composition of
ovine milk, ovine whey presents significantly higher levels of
total solids, lipids and especially proteins than bovine whey,
which may render it more attractive for valorization (Pintado
et al. 2001; Henriques et al. 2011).

Nowadays, whey is a valuable product both due to its com-
ponents and the functional properties it can impart to food.
Whey proteins are well-established as food ingredients, and
applications have been found across a wide range of food
products. Their nutritional and functional properties have been
extensively reviewed and reported in the literature (Smithers
2008; Diaz et al. 2009). While the functionality of dehydrated
whey protein products (e.g., WP, WPC or WPI) has been
subject to several studies, little attention has been given to
the functional properties of liquid whey protein concentrates
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(LWPC) produced by ultrafiltration (UF) and to their use in
dairy products manufacture.

Recently, the applications of 3Lg and WPI aggregates in
cold-set gels, foams and emulsions, encapsulation and films/
coatings have been reviewed (Nicolai et al. 2011). Novel
products, such as microparticulated whey proteins (MWP),
(Torres et al. 2012) or polymerized whey proteins (PWP),
(Wang et al. 2012) have been extensively evaluated as fat
replacers in cheese or yoghurts (Sandoval-Castilla et al.
2004; Chung et al. 2013; Di Cagno et al. 2014), and their
use is expected to rise.

In Portugal, sheep’s milk represents 4 % of the total milk
production and is almost exclusively used for cheese produc-
tion. Compared to the 1 % production of sheep’s milk world-
wide (Gerosa and Skoet 2012), the importance of sheep’s milk
in the national context is obvious. Micro and small industries
predominate, and their area of business is the niche market for
protected designation of origin (PDO) cheeses and whey
cheeses (Requeijao). However, if the annual production of
Requeijdo is taken into account, it can be concluded that a
significant amount of whey is not processed. According to
the producers, the high energy input in the production of
Requeijdo and its short shelf life (less than 7 days) are negative
factors affecting the production/commercialization cycle.
Moreover, the production of Requeijdo is also discouraged
by its low yield (app. 6 %w/v) (Pintado et al. 2001). Hence,
producers are seeking to introduce new and more attractive
products based on ovine/caprine whey. Recently, some efforts
have been made to incorporate probiotic cultures in
Requeijdao, with the aim of increasing its nutritional val-
ue and to improve its sensory properties (Madureira
et al. 2005, 2011, 2015). According to these authors,
whey cheese is a good vehicle to deliver probiotic bac-
teria into the gastrointestinal tract. Moreover, taste and
aroma in whey cheeses containing probiotic bacteria
were considered better when compared to whey cheeses
without probiotic bacteria.

The incorporation of liquid whey protein concentrates
(LWPC) obtained by ultrafiltration in fresh cheese and set
yoghurt was formerly proposed (Henriques et al. 2011,
2013) as a solution to the immediate reutilization of whey
without the need for expensive processing steps (e.g., evapo-
ration and drying).

Commonly, the use of whey proteins in the production of
yoghurt includes whey powder (WP), whey protein concen-
trates (WPC) and microparticulated whey proteins (MWP)
(Antunes et al. 2005; Amatayakul et al. 2006; Sodini et al.
2005; Sodini et al. 2006; Torres et al. 2011). However, some
papers report the use of whey, whey permeate or deproteinized
whey from whey cheese manufacture as ingredients in
fermented products based on kefir grains (Athanasiadis et al.
2004; Abraham et al. 2011; Magalhaes et al. 2011) or contain-
ing lactic acid bacteria (Pescuma et al. 2010).
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The present approach focuses on using LWPC as the main
ingredient in the production of gel- and liquid-type fermented
products based on: (a) well-characterized kefir grains
(Londero et al. 2012) containing microorganisms active
against pathogenic bacteria (Golowczyc et al. 2007) or para-
sites (Franco et al. 2013); (b) a commercial mix of probiotic
bacteria; and (c) a mixture of (a) and (b).

Materials and methods
Production of LWPC

Ovine cheese whey was obtained after raw milk cheese pro-
duction and transported to the pilot plant of Escola Superior
Agraria de Coimbra (ESAC, Portugal). The production of
LWPC consisted in whey concentration at 45-50 °C in a batch
ultrafiltration pilot plant, using an organic membrane DSS™
with a 10 kDa cutoff. The target volumetric concentration
factor (VCF) was 15-20. The UF concentrate was used as
the substrate for gel-type fermented products. For liquid-type
fermented products, concentrate composition was modified
by decreaming in a Westfalia™ separator type ADB, followed
by dilution with UF permeate to achieve the desired levels of
total solids and fat. Both base materials were then submitted to
thermal treatment in batch conditions (90 °C/5 min) to dena-
ture whey proteins and subsequently homogenized at 10 MPa
using a homogenizer Rannie™ model Bluetop to achieve a
whey protein aggregate particle diameter lower than 10 pm.
Homogenization is essential to eliminate graininess and in-
crease the smoothness of the LWPC.

Production of fermented products

Two formulations were produced: a liquid-type product with a
medium level of solids (app. 20 % w/w) and a gel-type product
with a high level of solids (app. 35 % w/w). The fat content
was adjusted to 1.5 % in medium solids products and to 6.5 %
in high solids products. Fruit pulp (10 %w/v), sucrose (5 %
w/v) and flavoring (500 ppm) were added to the formulations
and the mixtures were allowed to reach 25 °C before adding
the inoculum.

Three types of fermented products per each formulation
were produced: (a) the first based on kefir grains CIDCA
AGKI1 (Abrahametal. 2011) (2.5 %w/); (b) the second based
on a commercial mix of probiotic bacteria (Sacco™, Lyofast
ACR) (0.3 %w/V); and the third based on a 1:1 mixture of (a)
and (b). Kefir grains used as inocula (stored at —20 °C) were
reactivated in milk at 25 °C for 24 h. All the inoculated LWPC
were incubated at 25 °C until the target pH (4.7) was reached,
after which the kefir grains were removed. The obtained prod-
ucts were stored at 5 °C for 21 days.
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Physicochemical analyses

Product physicochemical composition (pH, titratable acidity
(TA), total solids (TS), ash, fat and protein) was evaluated
using the Portuguese Standards Methods (IPQ 1990) and the
Official Analytical Methods (AOAC 1997). Each product
sample was collected following the Portuguese standard pro-
cedure for dairy products (NP4146 1991).

Rheological properties were evaluated in a controlled-
stress theometer (Rheostress 1, ThermoHaake™) in oscillato-
ry mode. The measuring system consisted of a cone and plate
geometry, C60/Ti - 0.052 mm (35 mm diameter and 1° angle).
Stress sweep tests were conducted at 1 Hz to investigate the
rheological linear viscoelastic behavior of gels. The elastic
modulus (G”) and viscous modulus (G”), complex viscosity
(m*) of products were evaluated in the range of 0.3—6.5 rad/s at
3 Pa.

Microbiological analyses

Viable microorganisms were enumerated immediately after
inoculation (0 h), during fermentation (12, 18 and 24 h) and
during storage at 5 °C for 14 days. Presumptive lactococci and
lactobacilli were aerobically plate counted at 37 °C for 48 h on
M17 agar BK 088 and on MRS agar BK089 (Biokar
Diagnostics, France), respectively. Yeasts were enumerated
on Rose Bengal chloramphenicol agar BK 151 (Biokar
Diagnostics, France) at 25 °C after 72 h.

Sensorial analyses

Consumer’s preference tests were performed with an un-
trained panel of 30 persons. Products were tested at the 14th
day of storage and panelists were asked to grade the different
products in a scale from 1 (dislike a lot) to 5 (like a lot).

Statistical analyses

Analysis of variance (ANOVA) for the different assays was
carried out using the statistical program Statistica 8 Software
(Statsoft Inc. USA). Comparison of means was performed by
the Tukey method, and if P<0.05 then the difference was
considered statistically significant.

Results and discussion
Physicochemical profiles

Figure | displays the gross chemical composition of
fermented products. A large difference is clear between the
average protein content in gel-type products (16.15+0.28 %
w/w) and in liquid-type products (5.45+£0.21 % w/w).
Together with a higher level of fat in gel-type products (6.61
+0.13 % w/w compared to 1.43+0.07 % w/w), this accounts
for the large difference between both product types, chiefly in
their rheological properties.

Figures 2 and 3 display the evolution of pH and titratable
acidity during the fermentation period and over storage at
5 °C. Liquid products attained the target pH after 12—18 h of
fermentation, whereas solid products only reached the target
pH after 24 h. Significant differences were observed in the
titratable acidity of the products with a medium and high level
of solids. The concentration of lactic acid in products with a
high level of solids was almost twice that of products with a
low level of solids. However, the pH remained higher in gel-
type products. This can be attributed to the buffer activity of
proteins in high solids products. In both formulations, the
amount of lactic acid only increased 0.02 % during the fer-
mentation period. High acidity in formulations before fermen-
tation results from the original acidity of whey, which in-
creased during the production of LWPC. Immediate

Fig. 1 Gross chemical 40 5 B B
composition of: a liquid-type EE TS (%, w/w) a b
products fermented by kefir 35 1 Protein (%, w/w)

grains (K1), commercial mix of
probiotic (P1) and kefir grains+
commercial mix of probiotic (K+
P1); b gel-type products
fermented by kefir grains (K2),
commercial mix of probiotic (P2)
and kefir grains+commercial mix
of probiotic (K+P2). Total Solids
(TS). Different letters (a, b...)
indicate statistically significant
differences (P<0.05) within
fermented products for each
formulation

25 A
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Fig. 2 pH and titratable acidity (TA) over fermentation of liquid-type
products fermented by kefir grains (K1), commercial mix of probiotic
(P1) and kefir grains+commercial mix of probiotic (K+P1), and gel-
type products fermented by kefir grains (K2), commercial mix of probi-
otic (P2) and kefir grains+commercial mix of probiotic (K+P2)

processing of whey to produce the LWPC, associated with the
rapid cooling of LWPC, would allow for lower levels of acid-
ification before fermentation. However, acidification may be
difficult to control in whey from the manufacture of raw milk
cheese. During the storage period, a gradual pH decrease
could be observed (with final values in the range of 4.4—
4.6), while titratable acidity remained nearly constant between
the first and the 21st day of storage. Again, gel-type products
showed significantly higher acidity values. Lactic acid con-
centration in liquid-type products is similar to that reported by
Magalhaes et al. 2011, after 24 h incubation at 25 °C of kefir
grains in whey and deproteinized whey. According to these
authors, significant levels of lactose consumption (>50 %) and
ethanol (i.e., 0.8 %) and acetic acid production (i.e., 0.06 %)
were observed only after 48 h of fermentation. After 24 h of
fermentation, approximately 20 % of the lactose had been
consumed, whereas ethanol and lactic acid production
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Fig. 3 pH and titratable acidity (TA) over refrigerated storage of liquid-
type products fermented by kefir grains (K1), commercial mix of
probiotic (P1) and kefir grains+commercial mix of probiotic (K+P1),
and gel type products fermented by kefir grains (K2), commercial mix
of probiotic (P2) and kefir grains+commercial mix of probiotic (K+P2)

remained at 0.025 and 0.03 %, respectively. Nearly no acetic
acid was produced. These aspects should deserve our attention
in future work when addressing product sensory acceptance.
Figures 4 and 5 show the evolution of the rheological prop-
erties (G” and G”) of fermented products over refrigerated
storage. In medium solids content products (Fig. 4), the vis-
cous modulus (G”) was higher than the elastic modulus (G’),
reflecting their liquid nature. The rheological properties of
liquid-type products did not change significantly during the
storage period. High solids content products (Fig. 5) showed
gel-like characteristics (G’>G”). The values for the elastic
modulus of high solids products are similar to those
reported by Dissanayake et al. (2010) for gels obtained
from microparticulated whey proteins denatured by heat.
In high solids content products containing kefir grains
(K2 and K+P2), elastic (G’) and viscous moduli (G”)
significantly increased between the 14th and the 21st
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Fig.4 G’ and G” of liquid-type products fermented by kefir grains (K1);
commercial mixture of probiotic bacteria (P1); kefir grains+commercial
mix of probiotic (K+P1), over refrigerated storage

days of storage. The dynamic viscosity of high solids
products also showed a significant increase after the
14th day of storage (Fig. 6). After 14 days, high solids
contents products presented a spongiform structure due
to gas entrapment in the gel matrix, resulting in serum
separation. This led to a significant increase in viscosity,
with marked effects on product sensory acceptability.
Damping factor values (tan &) directly obtained from
the G”/G’ ratio can be used to clarify the viscoelastic
behavior of a semi-solid food. If tan 6 values are lower
than one, the elastic behavior predominates, whereas for
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Fig. 5 G’ and G” of gel-type products fermented by kefir grains (K2);
commercial mixture of probiotic bacteria (P2); kefir grains+commercial
mix of probiotic (K+P2), over refrigerated storage

tan & values higher than one a viscous behavior pre-
vails. In the present study, tan O values at a frequency
of 6.28 rads' (data not shown) were higher than one
for medium solids products (2.41-5.39) and lower than
one for high solids products (0.16-0.37). These results
indicate that the elastic nature in high solids products
prevailed (gel state) over the viscous nature (liquid state),
which is found in medium solids products. With storage, tan
d showed an increase in liquid-type fermented products and a
decrease in gel-type fermented products.
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Fig. 6 Dynamic viscosity over refrigerated storage of liquid-type
products fermented by kefir grains (K1), commercial mix of probiotic
(P1) and kefir grains+commercial mix of probiotic (K+P1), and gel-
type products fermented by kefir grains (K2), commercial mix of
probiotic (P2) and kefir grains+commercial mix of probiotic (K+P2)

Microbiological profiles

Generally, lactic acid bacteria predominate in kefir grains (>8
Log;o CFU mL™") and are more abundant than yeasts and
acetic acid bacteria. However, fermentation conditions may
affect this pattern (Farnworth 2005). The typical kefir organ-
oleptic characteristics result from the metabolic activity of
microorganisms, being lactic acid, acetaldehyde, ethanol,
acetoin, diacetyl and carbon dioxide the main products of
fermentation. Ethanol and CO, provide the typical refreshing
taste (Beshkova et al. 2003; Lopitz-Otsoa et al. 2006), while
lactic acid provides the acidic and bitter flavor. Acetaldehyde
accounts for the characteristic fermented milk flavor (Ertekin
and Guzel-Seydim 2009).
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The probiotic properties of microorganisms in kefir grains
used in the present work have been reported elsewhere
(Franco et al. 2013; Golowczyc et al. 2007; Bolla et al.
2011, 2013; Londero et al. 2012). Reported benefits are main-
ly related to the inhibition of pathogenic microorganisms and
parasites. Other authors stress the importance of lactobacilli
and yeast population stability over time, which is essential to
ensure consistent product quality (Magalhaes et al. 2010;
Vardjan et al. 2013; Leite et al. 2013).

Adequate levels of presumptive lactococci, lactobacilli and
yeasts (Fig. 7) were attained after the fermentation period (i.e.,
67 Log;o CFUmML ") and remained constant or showed an

Lactococci sp.
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Fig. 7 Microbial counts (Log;o CFUmL ") over fermentation and
refrigerated storage of liquid-type products fermented by kefir grains
(K1), commercial mix of probiotic (P1) and kefir grains+commercial
mix of probiotic (K+P1), and gel-type products fermented by kefir
grains (K2), commercial mix of probiotic (P2) and kefir grains+
commercial mix of probiotic (K+P2)
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Fig. 8 Sensorial evaluation of 100
liquid-type fermented products

(K1, P1 and K+P1) and gel-type 901
fermented products (K2, P2 and 80 -
K+P2)

(%)
g

K1

increase (for lactococci), until sensory evaluation (14 days).
This demonstrates the resistance of such strains to storage
conditions. As expected, products containing the mixture of
probiotic bacteria alone had no yeast counts. It has been wide-
ly reported that at least 6-7 log;o CFUg " of viable probiotic
microorganisms are required in a food product claiming pro-
biotic properties (Tripathi and Giri 2014; Hill et al. 2014).
Taking into account the high microbial counts in the products
as well as their maintenance over storage, it can be concluded
that the use of fresh kefir grains and/or commercial probiotics
as an inoculate in LWPC seems to be an excellent choice for
the production of novel functional ovine fermented products.

Sensorial analyses

Liquid-type fermented products were better accepted than gel-
type fermented products (Fig. 8). The most accepted product
was P1, but almost 30 % of the consumers still considered it
unacceptable. Solid products were poorly rated, with more
than 60 % of consumers considering them unacceptable. The
main flaws attributed to solid products were an intense acidic
taste, poor texture associated to phase separation, and ovine
cheese flavor, which does not appropriately match the flavor
of fruit pulp. Texture flaws can be eliminated if total solid
level is lowered to 20-25 % to keep the products liquid.
Concerning taste problems, several consumers referred that
they would prefer the product without adding fruit pulp.
These aspects should be taken into consideration in the devel-
opment of new formulations.

Conclusion

Although further investigation is needed to improve the or-
ganoleptic properties of the formulations, concentration of

N 1. DISLIKE A LOT
[ 2. DISLIKE

I 3. ACCEPTABLE
[ 4. LIKE

w#s 5. IKE ALOT

P1 K+P1 K2 P2
Products

K+P2

ovine cheese whey by UF and thermal concentrate denatur-
ation provides a good basis for the production of innovative
fermented dairy products. This technology allows for a direct
valorization of ovine whey in small-scale plants with advan-
tages to the production of whey cheese (Requeijdo). The main
advantages are a potential higher yield and a longer product
shelf life. Furthermore, the solution proposed may also be
attractive for producers as a way to reach the niche market
of healthy dairy products.
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