Erdogdular and Apar Appl Biol Chem (2019) 62:22
https://doi.org/10.1186/513765-019-0429-1

The Korean Society for Applied Biological Chemistry

KSABC

ARTICLE Open Access

Bioremoval of reactive dye Remazol Navy

by kefir grains

Ali Osman Erdogdular and Dilek Kilic Apar”

=

Check for
updates

Abstract

ous solutions.

Potential use of living and non-living kefir grains (small, gelatinous white/yellow irregularly shaped masses consist

of live bacteria and yeasts) on removal of reactive dye Remazol Navy RGB from aqueous solutions were investigated.
Experiments were carried out under different process conditions in order to optimize and model the bioremoval
processes. At all conditions the living kefir grains exhibited higher dye removal efficiencies than the non-living grains.
In 180 min, 96.3% and 79.4% dye removal was obtained with living and non-leaving kefir grains respectively, at pH
2,25 °C for 100 mg/L initial dye concentration by using 2.4 g/L kefir grain. Maximum adsorption capacities by living
and inactivated kefir grains were obtained at 400 mg/L initial dye concentration as 134.59 and 56.92 mg/g respec-
tively. Consecutive batch studies show that the living kefir grains could be reused over at least 5 cycles with high dye
removal efficiency without any nutrition supplement. The biosorption kinetics both for living and non-living kefir
grains were best described with pseudo-first-order kinetic model. On the other hand the biosorption equilibrium for
living and non-living kefir grains were better defined by Temkin and Langmuir isotherm models respectively. Results
suggest that the kefir grains could be used efficiently, eco-friendly and economically for removal of dyes from aque-
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Introduction

Dyes are synthetic chemical compounds widely used in
dyestuff, textile, leather, paper, plastic, cosmetics, food
and pharmaceutical industries. Worldwide production
of dyes are approximately 700,000 tons/year and due to
inefficiencies of the colouring processes most of the dyes
are lost in the effluents of the mentioned industries. For
instance, approximately 280,000 tons of the dyes are
emitted annually from the textile industry [1-3]. The pol-
lution by dyes leads to reduction of sunlight penetration
in waters and decrease photosynthetic activity and dis-
solved oxygen concentration for aquatic life. Moreover,
most of dyes and their breakdown products are toxic,
carcinogenic, or allergenic [4—6]. Hence it is necessary
to remove the dyes and their breakdown pollutants from
wastewaters to safeguard the environment and living
organisms.
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and indicate if changes were made.

Several physical or chemical treatment processes have
been used with varying degree of success for removal
of dyes from wastewater. Recently, studies focused on
microbial biomass as treatment by microorganisms is
eco-friendly and cost effective [4, 7]. Several bacteria [2,
8-11], yeast [12-16], algae [1, 4, 17-19] and fungi [6,
20-29] have been used for dye removal from waste water
and reported as potential bioadsorbents/biodegraders for
toxic compounds. A summary of the most recent stud-
ies on reactive dye removal that performed with various
microorganisms was presented in Table 1.

The kefir grains (starter culture for the probiotic fer-
mented milk drink kefir) are small, gelatinous white/
yellow irregularly shaped masses consist of live bacteria
(lactic acid bacteria of the genus Lactobacillus, Lacto-
coccus, Leuconostoc and acetic acid bacteria) and yeasts
(consist of Kluyveromyces, Candida, Saccharomyces and
Pichia) in a slimy polysaccharide matrix and are respon-
sible for lactic acid and alcoholic fermentation. Tradi-
tional production of kefir drink involves inoculation of
milk with a variable amount of grains and fermentation
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at 20-25 °C for a period between 18 and 24 h [30, 31].
During the fermentation kefir grains increases and in a
few day the amount get excess for a specified amount of
beverage production and require to remove the excess
amount in order to standardization of the product. For
instance, the kefir biomass increase was reported as
1294% and 1226% for 10 day consecutive fermentation
in 100 ml milk and whey respectively [30]. Whey is a
dairy liquid waste which is produced in large quantities
throughout the world. Production of kefir-like whey bev-
erages has been reported in several works. Hence whey
can be used to produce kefir grains, so it can be con-
verted to added value products while the kefir grains are
produced cheaply [30, 32]. As a result, as a side product
(or waste) the excess amount of kefir biomass obtained
from milk or whey fermentation can be evaluated in dif-
ferent areas.

As mentioned, potential use of many bacteria and
yeast for removing the dyes from aqueous solutions have
been investigated. Although kefir grains consist of sev-
eral live bacteria and yeasts together, and could be eas-
ily produced with a very low cost or obtained as a waste
from kefir-beverage industries, their potential use on dye
removal has not been reported yet. Therefore in the pre-
sent work the potential use of living and non-living kefir
grains on the removal of reactive dye Remazol Navy RGB
were investigated. Experiments were carried out under
different process conditions to optimize the dye removal
processes. The reuse potentials of the living and non-liv-
ing grains were examined. Also modelling studies were
performed to determine the most appropriate biosorp-
tion kinetic and isotherm models.

Materials and methods

Kefir grains and growth conditions

Kefir grains, used as starter culture was obtained from
Ege University, Faculty of Agriculture, Dairy Technol-
ogy Department (Izmir/Turkey). The grains was grown
in whey solution, at room temperature. Whey solution
prepared to contain 5% lactose (as the milk which is the
natural culturing medium consist of 5% lactose) by using
whey powder which was obtained from Maybi Company,
(Tekirdag/Turkey). During the study the propagation
medium was changed daily. In order to obtain non-living
kefir grains, the bacteria and yeast in kefir grains were
inactivated by thermal treatment with leaving the grains
in an oven at 70 °C for 5 h.

Dyes and chemicals

Reactive dye Remazol Navy RGB was obtained from DyS-
tar (Istanbul, Turkey). All other chemicals used were of
analytical grade and obtained from Sigma-Aldrich (Istan-
bul, Turkey).
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Effect of different process conditions

Experiments were carried out in batch mode to investi-
gate the effect of various parameters such as initial pH
(2-8), temperature (18-39 °C) and initial dye concen-
tration (50-400 mg/L). 100 ml working dye solution
was heated up to the desired temperature and after the
pH of the solution was adjusted (with 0.1 M HCI and
0.1 M NaOH solutions) the flask is kept in temperature
controlled shaker. Then dye removal process is initiated
by the addition of kefir grains. The shaking rate was
kept constant at 120 rpm. During the treatments sam-
ples were taken from the solution at timed intervals to
determine the residual dye concentration.

Reuse of kefir grains

0.24 g kefir grains was added into 100 ml dye solution
(initial dye concentration: 100 mg/L, initial pH=2) in
Erlenmayer flask and kept in temperature controlled
shaker at 120 rpm and 25 °C. After 24 h treatment,
dye concentration was measured and solution was dis-
charged while used kefir grains were retained. New dye
solution was added into the flask for next biosorption
batch. Consecutively seven batches were carried out.

Analytical methods

Residual dye concentration was determined by analy-
sis of samples absorbance using a UV-Vis spectro-
photometer (Shimadzu UV-150-02). The absorbance
of samples was measured at A_,, of the dye which is
616 nm. The absorbance values were converted to the
concentrations according to the calibration curve that
constructed by preparing reactive dye samples in the
concentration range from 0 to 100 mg/L and measuring
their absorbance values at 616 nm. As a result of linear
regression analysis, to convert the absorbance values to
the concentrations the following equation was obtained
with the coefficient of determination, R*=0.9998.

C (mg/L) = 33.259 x (Absorbance) x Dilution Factor
1)

Percentage dye removal (R%) and biosorption capac-
ity (q,) of kefir grains were determined by the following
equations:

Co—C
0

R% = x 100 )
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Characterisation of kefir grains
A zetasizer (Malvern, ZS MPT2) was used to determine
the zeta potential of kefir grains. After drying at 45 °C
for 24 h, the kefir grains were grinded and dispersed
in 10 ml water and insert in ZS MPT?2. The auto titra-
tion was carried out with 0.025 M HCI, 0.25 M HCI and
0.25 M NaOH for 2-10 pH range by 0.5 step increases.
Morphological properties of kefir grains before and
after biosorption was evaluated by scanning electron
microscopy (SEM, Zeiss EVO LS 10). For observations
samples were coated with Pt after drying at 45 °C for 24 h.

Modelling studies

In order to determine the kinetics of the dye removal
processes the kinetic data obtained were analyzed using
pseudo first order (Eq. 4), pseudo second order (Eq. 5),
intraparticle diffusion (Eq. 6) and Elovich (Eq. 7) kinetic
models.

gt = qe[1 — exp (—kit)] (4)
t_ 1.1 :
@ kg q )
qt = kpt1/2 + C (6)
1 In (@B) + 1 Int 7

= —In(x —In
qt B 3 (7)

To further explore the mechanism of dye biosorption
the experimental data were analysed by Langmuir (Eq. 8),
Freundlih (Eq. 9) and Temkin (Eq. 10) isotherm models.

Lo (L] ©
9e B Im qu(L Ce
1
Ing, = InK¢ + ;lnCe 9)
RT RT
ge= —InKr+ -—1InC, (10)
br br

Results and discussion

Optimization of biosorption

The point of zero charge (PZC) or isoelectric point of
adsorbent is the pH that cause a net zero charge on the
adsorbent surface. The PZC of kefir grains is obtained as
pH 4.46 by measuring zeta potentials at various pH levels
(results are available as Additional file 1: Fig. S1).

The effect of initial pH on removal of reactive dye
Remazol Navy by living and inactivated kefir grains
were presented in Fig. 1la. Maximum dye removal by liv-
ing and inactivated kefir grains were obtained at pH 2 as
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96.3% and 79.4% respectively. The removal of the dyes
by living and inactivated grains drastically decreased to
11.38% and 1.03% as pH was increased to 8. Kefir is an
acidic, viscous, lightly carbonated dairy beverage and it
is known that the living kefir grains are stable in a wide
pH range, since during the fermentation the pH of the
milk decrease from 6.8 up to 3.3 [30]. As the decrease
in dye removal efficiency was also observed with non-
living kefir grains it can be stated that these decrease is
not related with the inactivation of the active microflora
of kefir grains. This effect is related to the electrostatic
interaction of the dye molecules with the adsorbent sur-
face. The PZC of kefir grains was obtained as pH 4.46.
Hence below pH 4.46 the surface of grains positively
charged that was favourable for attracting the anionic
dye. As the pH of the medium increases the number
of positively charged sites decreases on the adsorbent
surface that render the dye adsorption less favourable.
Similar pH trends were reported for removal of Reactive
Red 198 by Potamogeton crispus [7], Reactive Blue 49 by
waste beer yeast [12], Reactive Blue 19 by Panus tigrinus
[26] and Reactive Red 239, Reactive Black B, Direct Blue
85 by waste beer yeast [15].

Higher dye removal percentages were obtained at all
pH values with living kefir grains as compared with the
inactivated ones. This result may be attributed to the
active microflora of the living kefir.

The effect of temperature on the biosorption of Rema-
zol Navy by living and inactivated kefir grains were pre-
sented in Fig. 1b.

A significant change on dye removal due to the tem-
perature increase was not observed in temperature range
18-32 °C with living kefir grains. The percentage dye
removal by living grains in this range were obtained appx.
as 42%. But with a further increase on temperature from
32 to 39 °C, the percentage dye removal was significantly
rise to 70%. On the other hand, the increase on tempera-
ture, from 32 to 39 °C, does not effect the efficiencies of
the inactivated kefir grains and almost the same results
were obtained at all temperatures examined. The differ-
ent temperature trends obtained with living and inacti-
vated grains support the idea the active microflora of the
living kefir grains contributes to dye removal.

Initial dye concentration is an important parameter in
adsorption as the concentration difference is the driving
force to overcome the mass transfer resistances between
the solid and liquid phases. The effect of initial dye con-
centration on the biosorption was investigated in the
range from 50 to 400 mg/L at pH 2 at 25 °C by using 1.2 g
(dry weight)/L kefir grains. The results were presented in
Fig. 1c.

Percentage dye removal by living and inactivated grains
decreased while the adsorption capacities increased as
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the initial dye concentration increased. The biosorp-
tion capacities by living and inactivated kefir grains
respectively reached maximum values of 134.59 mg/g
and 56.92 mg/g at 400 mg/L initial dye concentration.
The biosorption capacity increased with the increase
of dye concentration as the mass transfer driving force
increased. The decrease in the percentage dye removal
with increasing dye concentration might be caused by the
saturation of the binding sites on the biomass surface.

Reuse potential

Figure 1d shows the results of consecutive batch biosorp-
tion processes of Remazol Navy by living and inactivated
kefir grains. The dye removal efficiency of the living kefir
grains for 4 cycles maintained at a high level (above
90%) and in subsequent 3 cycles decreased to 76.01,
59.73 and 42.02% while the efficiency of the inactivated
grains decreased gradually in 3 cycles. At the end of the
7th cycle the living kefir grains were cultured and it was
observed that they maintain their vitality and growth
ability. The results obtained from consecutive batch stud-
ies are promising since the experiments were carried out

without any nutrition supplement for living kefir grains
or regeneration for inactivated ones and indicate that the
reusability of kefir grains can be improved and feasible
for long term usage.

Kinetics of dye removal

The kinetic data obtained at different process condi-
tions were presented in Fig. 2. Pseudo first order, pseudo
second order, intraparticle diffusion and Elovich kinetic
models were tested to determine the kinetics of the
dye removal processes. The coefficient of determina-
tion (R?) is a measure of the degree of fit. The high val-
ues of the determination coefficients R? (>0.90) indicate
a high degree of correlation between the experimental
and model values. The experimental data (except for
experiments carried out at pH 6 and pH 8 with inacti-
vated kefir grains) showed well compatibility with the
pseudo first order (0.93 <R?<0.99), pseudo second order
(0.82<R?<0.99) and Elovich kinetic (0.92<R%<0.99)
models but did not fit well to intraparticle diffusion
model (0.69<R?<0.99). However, as the obtained data
for the models were evaluated as a whole for different
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Fig. 2 Kinetic data (points represent experimental data, solid lines represent pseudo-first-order model data) of removal of Remazol Navy: at
different pHs by a living and b inactivated grains (Cy, =100 mg/L, Cyeq, = 2.4 g/L, T=25 °C); at different temperatures by ¢ living and d inactivated
granis (Cye =100 mg/L, Cyeq, =24 g/L, pH=3); at different initial dye concentrations by e living and f inactivated grains (Cyeq, =12 9/L, T=25°C,

experimental conditions, it was seen that the pseudo first
order kinetic model provided the best fits (based on R?
values) among the three models. The plots of the first
order kinetic model were shown on the Fig. 2 (the solid
lines on the figures represents the model). The constants

(pseudo first order rate constants, k; and theoretical
values of amount of dye removed per unit mass of kefir
grains, q,) and statistical data (coefficient of determina-
tions, R? and standard deviations, s) obtained for the
model were given in Table 2.
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Table 2 Pseudo-first-order kinetic model parameters for removal of Remazol Navy by kefir grains at different process

conditions
Living grains Inactivated grains
k, (min~") q. (mg/g) s R? k, (min~T) q. (mg/g) s R?
pH
pH2 0.0263 39.936 0.8725 0.9981 0.0266 31.252 1.7494 0.9869
pH2.5 0.0143 29.995 1.0343 0.9942 0.0119 22318 0.8509 0.9923
pH3 0.0250 16.217 1.1072 0.9810 0.0186 17.225 0.9280 0.9873
pH4 0.0378 11.005 0.7914 0.9793 0.0956 3.993 0.4647 0.9307
pH6 0.0396 6.828 0.3660 0.9886 0.5485 1.171 0.2371 0.8187
pH8 0.0598 4.852 0.3431 0.9809 0.1146 0.055 0.2028 0.6590
Temp.
18°C 0.0363 15.520 1.0143 0.9826 0.0260 15.3778 0.8574 0.9869
25°C 0.0250 16.217 1.1072 0.9810 0.0186 17.2250 0.9280 0.9873
32°C 0.0293 16.175 1.1348 0.9796 0.0265 16.1644 0.7997 0.9899
39°C 0.0241 27.738 1.0280 0.9946 0.0297 14.8776 09772 0.9817
Dye conc.
50 mg/L 0.0181 40.987 1.1384 0.9969 0.0099 32.8742 20170 0.9832
75 mg/L 0.0122 58.928 2.0451 0.9952 0.0089 43.890 26351 0.9829
100 mg/L 0.0124 69.707 3.0545 0.9922 0.0090 46.6072 2.7159 0.9846
200 mg/L 0.0162 92.763 6.1896 0.9809 00112 483197 33129 0.9794
400 mg/L 0.0214 123417 8.5246 0.9792 0.0123 524215 4.5461 0.9656

The well compatibility of the experimental data with
three models suggest that the biosorption of Remazol
Navy by kefir grains are complex and may involve more
than one mechanism. As a result of the highest compat-
ibility of the experimental data with the pseudo-first-
order kinetic model it could be concluded that the rate
of occupation of sorption sites is proportional to the
amount of available active sites on the kefir grains. Since
the experimental data did not show well compatibility
with the intraparticle diffusion model, the intraparticle
diffusion is not the rate controlling step and the adsorp-
tion kinetics may be controlled by two or more steps.
Further the compatibility of the experimental data with
the Elovich kinetic model suggest that chemisorption
might also be the controlling step during the biosorption
processes.

Biosorption isotherm

Adsorption isotherms investigate the interaction
between the adsorbate and the adsorbent at equilibrium
and help to understand the mechanism of the adsorp-
tion process. In the present study, the experimental data
were modelled with the Langmuir, Freundlih and Temkin
isotherms. The results were presented in Fig. 3. Although
all models showed high compliance with the experimen-
tal data, based on R? values it can be concluded that the
biosorption of reactive dye onto living grains is better

defined by Temkin model while its biosorption onto inac-
tivated grains is better defined by the Langmuir model.

The high compatibility of the experimental data with
the Langmuir model suggested the occurrence of mon-
olayer biosorption of reactive dye on homogeneous bio-
mass surface. The determined K values, fell within 0-1,
indicates favourable adsorption of Remazol Navy onto
the kefir grains. The Freundlih model also provided rea-
sonably good fit with the experimental data suggested
heterogeneous adsorbent surface. Since the experimental
data showed well compatibility with both models it can
be concluded that the surface of kefir grains are made up
of homogenous and heterogeneous adsorption patches.
The determined values of exponents, n, for the Freun-
dlich model are between 1 and 10, indicating dyes were
favourably adsorbed onto kefir grains. On the other hand
the good representation of equilibrium data with the
Temkin model suggested that adsorption heat of all mol-
ecules in the layer decreases linearly with coverage.

The surface of the kefir grains was characterized by
SEM before and after the biosorption. The SEM images
were shown in Fig. 4. As seen from the images the sur-
face of the kefir grains is rough and has macro and micro
pores and after biosorption the surface of the grains
became less rough since the reactive dye was diffused
into pores and was completely covered the grain surface.
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Fig. 4 SEM images of kefir grains a before and b after biosorption

The result of UV-Vis spectral scan of dye solutions
before and after 180 min treatment with living and inacti-
vated grains (results are available as Additional file 1: Fig.
S2) showed that the main peak in visible region at 612 nm

in untreated dye solution disappeared in living kefir grain
treated solution and decreased in inactivated kefir grain
treated solution. These results indicate the dye removal
is mainly through biosorption. On the other hand the
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minor peak observed at 286 nm in untreated dye solution
shift to 263 in living kefir treated one which indicates the
decolourization may also include biodegradation.

Kefir grains were used for dye removal for the first time
in this study. Effects of various parameters on removal of
reactive dye Remazol Navy by living and inactivated kefir
grains were evaluated. The living kefir grains exhibited
higher dye removal efficiencies compared with the inacti-
vated grains. 96.3% dye removal was obtained with living
grains in a relatively short contact time of 180 min. The
results of consecutive batch biosorption processes show
that the living kefir grains are reusable and their reusa-
bility can be improved further. Kefir grains offered great
potential as an efficient, eco-friendly and cost effective
adsorbent for the removal of dyes from aqueous solu-
tions. The present results in this study will encourage the
further studies of decolourization ability of kefir grains.

Additional file

Additional file 1: Fig. S1. Point of zero charge of kefir grains. Fig. S2. UV-
Vis spectra of dye solutions before and after 180 minutes treatments.

List of symbols

by: Temkin isotherm constant related to the heat of adsorption (J g/mol mg);
C: constant (mg/q); C.: equilibrium dye concentration (mg/L); Cy: initial dye
concentration (mg/L); C;: dye concentrations at processing time t (mg/L); k;:
pseudo first order rate constant (1/min); k,: pseudo second order rate con-
stant (g/mg min); kp: intraparticle rate constant (mg/g min'/2); K¢: Freundlich
constant (mg'~"" L'""/g); K : Langmuir constant (L/mg); Ky: Temkin constant
(L/mag); n~": Freundlich constant related to adsorption intensity (-); a: initial
adsorption rate (mg/g min); B: Elovich constant (g/mg); M: weight of dry
kefir grains (g); g.: amount of dye removed per unit mass of kefir grains at
equilibrium (mg/qg); q,,,; maximum dye removal capacity (mg/g); g,: amount of
dye removed per unit mass of kefir grains at time t (mg/g); R: gas constant (J/
mol K); R% coefficient of determination (-); R%: percentage dye removal (-); s:
standard error (-); t: time (min); T: temperature (K); V: volume (L).
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