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This work presents the biospeckle laser technique as a potential tool to analyse the kefir grains activity.
In the present work, the kefir grains biological activity was measured from quantitative measurements
by means of their speckle activity. The aim was to show that the biospeckle laser is a potential
methodology to assess kefir grains viability, monitoring the kefir grains during the beverage production.
The monitoring of the activity of the kefir is a key factor to guarantee the efficiency of the production of
beverages, however the routine ways it is done compromise its use in the online production. The kefir
grains were illuminated by a laser HeNe 17 mW 632 nm and analysed by the numerical biospeckle laser
method. The results presented the statistical separation of the kefir in distinct levels of activity as
expected. This can be an innovative technique to be used in the beverage industries for kefir grains
inoculum control.
Key words: Kefir, speckle activity, inoculum control.

INTRODUCTION
Kefir is a culture employed to produce beverages, for
example, the traditional Russian beverage also named
"kefir" which is produced from milk, and has low alcohol
content (Güzel-Seydim et al., 2005; Irigoyen et al., 2005;
Magalhães et al., 2010; Puerari et al., 2012). The kefir is
a mixed culture of various yeast species of the genus
Kluyveromyces, Candida, Saccharomyces and it has
lactic acid from bacteria of the genus Lactobacillus, and
they are combined in a matrix of proteins and

polysaccharide 'kefiran', which are formed during cell
growth under aerobic conditions (Güzel-Seydim et al.,
2005). The grains of kefir are irregularly shaped, with
yellowish-white colour, and hard granules which
resemble miniature cauliflower blossoms (Magalhães et
al., 2011; Hamet et al., 2013).
In Brazil, the grains of kefir are used in private
household for fermentation of milk (Magalhães et al.,
2011), and they are added to different types of milk, such
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Figure 1. Exp
perimental setup
p used to illumin
nate the kefir gra
ain sample.

as the milk from
m a cow, a goat or a shee
ep, and as well
w
from
m coconut, riice and soy. The grains are responsible
for the fermenttation that re
esults in the
e production of
num
merous comp
ponents in the
e kefir, includ
ding lactic accid,
ace
etic acid, CO2, alcohol (etthyl 2 alcoho
ol) and aroma
atic
com
mpounds. This provides ke
efir's unique sensory
s
chara
acteristics: fizzy, acid taste, tart and re
efreshing flavvor
(Gü
üzel-Seydim et al., 2005
5). The beverage contains
vita
amins, minera
als and esse
ential amino acids that he
elp
the body with healing
h
and maintenance
e functions and
a
also
o contains ea
asily digestible
e complete prroteins (Irigoyyen
et al.,
a 2005). In accordance with Medran
no et al. (200
08),
the benefits of consuming
c
ke
efir in the diett are numerous,
for instance, th
he antitumora
al activity (V
Vinderola et al.,
a
200
05), the antim
microbial activ
vity (Rodrigue
es et al., 200
05),
the antiinflamma
atory and the antiallergicall activity (Lee
e et
al., 2007).
T
The
study of the biological activity off kefir grains is
neccessary to co
ontrol the mic
crobial stabilitty of fermenting
miccroorganisms. The micro
oorganisms associated
a
w
with
Bra
azilian kefir grains in fermentative
e process are
a
inve
estigated ussing a comb
bination of phenotypic
p
a
and
gen
notypic methods. Phe
enotypic ide
entification of
miccroorganisms is by Bac-T
Tray Kits I, III and III (Difcco,
S/P
P, Brazil) and
d API 50 CH
HL (BioMerieu
ux, S/P, Brazil)
acccording to th
he manufactu
urer instructions. Genotyypic
identification off microorganisms is by sequencing of
porrtions of the 16S rRNA ge
ene and Internal Tanscrib
bed
Spa
acer region (ITS). In addittion, the visua
al evaluation by
ana
alysis using scanning ele
ectron microsscopy (SEM) is
also
o used to ide
entify the mic
crobiota of ke
efir grains for a
ferm
mentation pro
ocess, howe
ever all these
e methods are
a
time
e consuming and expensiv
ve (Magalhãe
es et al., 2011
1).
A optical tecchnique with potential usse in biological
An
metrology, partticularly in biological activity,
a
is the
t
biosspeckle laser (Zdunek et al., 2014). When a lasser

beam
m is scattered
d by a biological sample, the scattered
d
wave
es generated in the illum
minated samp
ple create the
e
speckkle pattern th
hat changes its image in
n accordance
e
with the changes in the monitored materiial. Thus, the
e
surfacce appears to
t be covered
d with tiny brright dots tha
at
fluctu
uate in a see
emingly rand
dom way as for a boiling
g
liquid. The intensity of the bright dots diffe
erentiates the
e
micro
obial activity during
d
fermen
ntation processs.
Many efforts have
h
been devoted to characterise
e
quanttitatively the activity
a
of biological material, such as in
n
the activity
a
of botanical speciimens (Ansari and Nirala
a,
2013), in the eva
aluation of blo
ood flow (Zakharov et al..,
2009), in the viability of seeds (Braga
(
Jr. et al., 2003) and
d
in th
he maturatio
on of meat (Amaral ett al., 2013)).
There
efore, this wo
ork aimed to evaluate the
e feasibility to
o
accesss the biollogical activvity of the kefir grainss
ferme
entation in milk and its exp
pected behavviour along the
e
period
d from the su
ubstrate.
MATE
ERIALS AND METHODS
The grains
g
of kefir (250 g) were washed
w
with disstilled water and
d
inocula
ated in 2.250 mL
m of milk substrrate (ultra high temperature
t
milk
- UHT
T) and were stattically incubated
d in a closed reccipient during 24
4
h at room
r
temperatu
ure. After 24 ours, that is considered as the
e
fermen
ntation processs time, the sam
mples of the ke
efir grains were
e
taken aseptically fro
om the milk and were eva
aluated by the
e
eckle laser overr a period of 24
4 h at every 3 h to assess the
e
biospe
activityy of the kefir out of the substratte (milk).
The
e grains of kefir were illuminate
ed by a HeNe la
aser, wavelength
of 632
2 nm, and 17mW
W power, enlarg
ged by a plane concave lens in
order to cover the entire sample (Figure 1). The
T
interference
e
ns formed on them were capttured by a CCD
D camera 640 ×
pattern
486 pixels, with a sh
hutter speed off 1/60 s and an
nacquisition rate
e
between images of 0.08 s, creating a collection of 128
1 images. The
e
analyssis of the specckle images, fro
om the laser illumination were
e
performed by monitorring the tempora
al history of the
e speckle pattern
n
P) (Arizaga et all., 1999) and its numerical outp
put, the absolute
e
(THSP
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Figu
ure 3. Evolution
n of the AVD values from kefir grains
g
in time.

Eacch set of 128 frames
f
was tessted regarding its homogeneitty
(Braga
a et al., 2012) and the croppe
ed area was prrocessed by the
e
AVD method.
m

RESU
ULTS AND DISCUSSION
D

Fig
gure 2. Analysiss of kefir grains
s by biospeckle laser. A- Kefir
gra
ains; B- Image of
o kefir grains ge
enerated by bio
ospeckle laser;
C - Result of the homogeneity
h
tes
st and the cropp
ped area used
to process the AV
VD technique.

valu
ues of the diffe
erences (AVD)) according to the Equation (1)
described below (B
Braga et al., 2011):
∑

.|

|

(1)

ere the OCM is the
t occurrence matrix of the su
uccessive valuess in
whe
the THSP, and the i and j variable
es are the dimen
nsions of the OCM
alization provide
es the relation between the AVD
A
mattrix. The norma
valu
ues and the summation of all the occurrence
es. We perform
med
eigh
ht sessions of illuminations in
n four grains of
o kefir with th
hree
replications at everry three hours during 24 h.

The test
t
of homog
geneity of the
e grains of keffir is shown in
n
Figurre 2, in the Figure 2a, the
t
image off the grain iss
prese
ented with an illustration of a windo
ow where the
e
samp
ple was illum
minated and
d the images assembled
d
(Figure 2b). The
e result of the homoge
eneity test iss
prese
ented in Figu
ure 2c where
e it is possible to see the
e
areass with the highest homog
geneity, whicch means the
e
area where there
e is no changesof the acctivity, and in
n
accorrdance with Braga
B
et al. (2012),
(
the area
a
with high
h
homo
ogeneity can be proccessed usin
ng numerica
al
appro
oaches.
The
erefore, the illustrated test was conduccted in all the
e
collecction of ima
ages, and the
t
numericcal approach
h,
particcularly, the AVD was carried out. The resultss
prese
enting the acttivity of the grains
g
of kefirr in time were
e
reducced as presen
nted in Figure
e 3, where it is possible to
o
obserrve the senssitivity of the
e technique to follow the
e
reducction of the exxpected activity. The kefirr from the milkk
does not have an
ny form to de
evelop, thereffore, reducing
g
its acctivity.
An additional observation
n of the phenomenon
n
ented the red
duction of the
e dispersion of the valuess
prese
along
g the time, wiith a clear ch
hange of phasse, which can
n
be a useful inform
mation on th
he viability off the grain o
of
ults show it is possible,
kefir. The experimental resu
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however, to distinguish between viable and non-viable
tissue by quantitative method. Amaral et al. (2013) also
used the technique of laser bioespckle to quantify
biological activity in pork meat. They describe the laser
biospeckle technique combined with analysis of inertia
moment to show an efficient tool for monitoring and
quantifying biological activity of meat during aging
process, which demonstrates the technique potential for
evaluating and predicting beef quality.
The next steps to be followed are related to the
research of fermentative process, by adapting kefir grains
for new experiments in substrates new, and to extend the
metabolic activity of the kefir grains during the
fermentative process. The use of different wavelengths
for illumination and alternative algorithms for the
processing of the data is also to be considered. These
experiments are an indication that the biospeckle
technique can be used as a methodology to evaluate the
kefir grains during the beverages production. The
proposed technique is simple, relatively cheap and fast,
easy to implement, and requires only a laser and
standard
digital
imaging
processing
hardware
components. The application of biospeckle methods for
the kefir viability detection was the main objective of this
work, but the optical technique could also be applied to
characterise the kefir grains in other types of processes.

Conclusions
Laser biospeckle technique show an efficient tool for
monitoring and quantifying biological activity of kefir
grains, showing the viability time of these grains after a
fermentation process, which demonstrates the technique
potential for evaluating and monitoring of kefir grains in
production of fruits beverages and fermented/distilled
beverages, in addition to beer production.
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