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ABSTRACT

The Marajé cheese made with raw buffalo milk in
the Amazon region of Brazil can be considered a good
source of wild lactic acid bacteria strains with unex-
plored and promising characteristics. The aim of this
study was to develop a potential probiotic starter cul-
ture for industrial applications using freeze drying and
spray drying. A decrease in the survival rates of freeze-
dried samples compared with spray-dried samples was
noted. The spray-dried cultures remained approxi-
mately 10” cfu-g™', whereas the freeze-dried samples
showed 10" cfu-g ' after 60 d of storage at 4°C. All
of the spray-dried samples showed a greater ability to
decrease the pH in 10% skim milk over 24 h compared
with the freeze-dried samples. The spray-dried samples
showed a greater resistance to acidic conditions and
to the presence of bile salts. In addition, under heat
stress conditions, reduction was under 2 log cycles in all
samples. Although the survival rate was similar among
the evaluated samples after drying, the technological
performance for skim milk showed some differences.
This study may direct further investigations into how
to preserve lactic acid bacteria probiotics to produce
spray-dried starters that have a high number of viable
cells which can then be used for industrial applications
in a cost-effective way.
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INTRODUCTION

In the food industry, starter/adjunct cultures are
obtained by 2 methods of concentration/preservation:
cultures obtained in frozen conditions and cultures ob-
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tained in a dried form, such as freeze drying. The ma-
jor disadvantage to using frozen cultures is the cost of
transport, storage, and manipulation (Carvalho et al.,
2004b; Santivarangkna et al., 2007). Dried preparations
have the added advantage of long-term preservation
and handling and storage convenience. Freeze drying is
a widespread technique; a large number of freeze-dried
cultures are commercially available (Santivarangkna et
al., 2007), These are widely used in the implementation
of lactic acid bacteria (LAB) cultures (To and Etzel,
1997; Madhu et al., 2011; Kandil and El Soda, 2015).

Nevertheless, the freeze-drying process is expensive
and complex, and can take days to complete for large
product loads due to the slow energy and water transfer
needed to dry the material. This, as well as the growing
commercial interest in microbial culture starters, ex-
plains continuing research to develop alternative drying
techniques (Carvalho et al., 2004b; Morgan et al., 2006;
Santivarangkna et al., 2007; Silva et al., 2011).

Spray drying is a good example of a commonly used
technique in industrial food drying today, which can
also be used for drying bacteria. The energetic cost of
spray drying is approximately 10 times less than that of
freeze drying. The process’ versatility and the consider-
able progress made through technical innovation have
led to greater flexibility in meeting biotechnological
requirements, especially low-heat treatments that help
avoid loss of activity (Schuck et al., 2013).

Maximizing the survival of LAB cultures during dry-
ing and ensuring subsequent storage conditions for long
periods is essential to maintaining technological charac-
teristics and economic viability. The biological activity
of a lactic culture that includes cell viability and its
physiological state is necessary to evaluate the quality
of a starter culture (Peighambardoust et al., 2011). Mi-
crobial cell survival throughout drying and storage de-
pends on many factors, including initial concentration
of microorganisms, growth conditions, growth medium,
drying medium, storage conditions, and rehydration
conditions (Carvalho et al., 2003, 2004b).



Even though freeze drying is the most common meth-
od used today, spray drying can also be used to dry
probiotic cultures (Maciel et al., 2014; Soukoulis et al.,
2014; Shokri et al., 2015; Utami et al., 2016). Probiotics
are defined as “live microorganisms which when admin-
istered in adequate amounts confer a health benefit on
the host” (FAO/WHO, 2001). However, these health
benefits may depend on the viability of the probiotic
cells and the maintenance of their probiotic properties
in commercial cultures and food products during the
storage (Rathnayaka, 2013).

The composition of the growth and drying medium
can influence the protection during storage of dried
cells (Carvalho et al., 2003, 2004a). Skim milk powder
has been selected as the drying medium for most LAB
cultures. Skim milk helps avoid cellular injury by stabi-
lizing the cell membrane constituents (Carvalho et al.,
2004; Zamora et al., 2006; Maciel et al., 2014) and it is
one of the media used for bacterial protection during
drying (Fu and Chen, 2011).

Whey is a food byproduct of cheese manufactur-
ing. The large amount of lactose and whey proteins in
sweet whey make it an ideal medium for growing LAB
(Huang et al., 2016). Moreover, several studies have
demonstrated that milk components could have protec-
tive effects on probiotics in adverse stress conditions
(Ananta et al., 2005; Huang and Chen, 2013; Huang et
al., 2014, 2016; Maciel et al., 2014).

Therefore, the use of a nutritional and low-cost dry-
ing medium that maintains the viability and functional
properties of LAB cultures during storage, in associa-
tion with a low-cost drying technology, can promote the
development of an optimal probiotic/starter culture for
industrial application (Maciel et al., 2014).

The use of wild strains is promising for starter/
adjunct culture production because they contain char-
acteristics that are particularly desirable for the food
industry. The biodiversity found in artisanal cheeses
allows for the identification of microbial strains with
a wide range of technological and probiotic character-
istics (Randazzo et al., 2007, 2009; Van Hoorde et al.,
2008; Terzic-Vidojevic et al., 2014; de Freitas et al.,
2015; Castro et al., 2016).

Brazil stands out in the production of artisanal buf-
falo milk cheese on the island of Marajo, in the state
of Pard, located in the Amazon region. This cheese
is known as Marajé cheese. The curd coagulation of
Marajo is caused only by the autochthonous microbiota
in raw milk and in the processing environment, which
makes it a characteristic product of the region. Conse-
quently, this cheese can be considered as a good source
for isolating of the wild LAB strains for industrial ap-
plication.
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The aim of this study was to develop a potential
probiotic starter culture for industrial applications us-
ing freeze drying and spray drying.

MATERIALS AND METHODS
Bacterial Strain and Growth Conditions

The strain Lactobacillus plantarum (UFV-Lb26) iso-
lated from Marajo cheese and present in the culture
collection of the INOVALEITE Laboratory, Depart-
ment of Food Technology of the University Federal of
Vicosa, Brazil, was selected to study the effects of freeze
drying and spray drying. This strain exhibits the abil-
ity to produce diacetyl, as well as proteolitic activity,
an acidifying and antimicrobial activity that attacks
foodborne pathogens, Staphylococcus aureus ATCC
25923 and Listeria monocytogenes ATCC 7644 (data
not shown), in addition to providing potential probiotic
qualities such as low pH tolerance and high bile salt
concentration of up to 1%. The strain was preserved at
—20°C in Eppendorf tubes containing deMan, Rogosa,
and Sharpe broth (MRS, Difco, Bordeaux, France)
with 30% (vol/vol) glycerol added.

Preparation of Cells for Drying Experiments

The frozen culture (—20°C) was grown in 10 mL of
sterilized Lactobacilli MRS broth at 30°C for 18 h (sta-
tionary phase). A 1% aliquot of the grown culture was
transferred and regrown under the same conditions.
Approximately 10° cfu-mL ™" cell density was obtained
after incubation.

The cultures were transferred under aseptic condi-
tions into 1-mL sterile Eppendorf tubes for the freeze-
drying process, and into 1-L sterile centrifuge tubes
for the spray-drying process. Next, the cultures were
centrifuged at 8,000 x g for 5 min at 4°C. The super-
natant was discarded and the harvested cells, in the
form of pellets, were washed once using PBS at pH
7.0 (PBS, Difco, France). The cell suspensions were
centrifuged again as previously. After discarding the
supernatant, the pellets were suspended separately into
the drying carrier medium with enhanced high DM,
that is, 20% (wt/vol) of reconstituted skim milk powder
(RSM; Lactalis, Bourgbarré, France), reconstituted
sweet whey powder (RSW,; Lactalis), and reconsti-
tuted sweet whey permeate powder (RSWP; Lactalis).
The RSM contains all the components of milk in this
composition, except for fat: whey proteins, lactose, vi-
tamins, and minerals. While RSWP has no significant
amount of protein, it does contain lactose, vitamins,
and minerals.
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