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Abstract

Kefiran is an edible biopolymer formed by a galactose and glucose 
chain in nearly equal proportions. This biopolymer has important 
applications in the pharmaceutical and food industries. This is 
produced by the action of an acid-lactic bacteria and yeasts 
consortium on lactose present in the kefiran granule. In the present 
work, kefiran concentration in the fermentation broth was optimized 
by the application of the response surface methodology in a central 
composite design of thirteen experiments. Temperature and whey 
powder (WP) content were the analysed dependent variables. Among 
the 14 suggested optimal temperature and WP conditions, it was 
selected 25°C for temperature and 44.1% (w/w) for WP as optimal 
conditions to perform further model validation experiments. Under 
these conditions, the quadratic model regarding kefiran concentration 
displayed 209.72 ± 9.77 mg Glu/mL after 48 h of culture. The 
obtained response surface model was further validated with 
three additional experiments by using these optimal conditions 
for temperature and WP content described above. The validation 
result was 216.06 ± 14.40 mg Glu/mL suggesting that experimental 
and theoretical models have not significant differences (p ≤ 0.05). 
Kefiran isolation process was carried out from five 100 mL batches 
each, yielding 3.1 ± 1.3 g/L of kefiran in the culture supernatant.
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Introduction
In Zone 1 of Ecuador, that includes Carchi, Imbabura, Esmeraldas 

and Sucumbíos provinces, agriculture and livestock occupies an 
important part of the economic and labor activity, being Carchi 
province the most productive standing out with the 4.8% of the 
national fresh milk production, with a daily 79.8 m3 production [1]

One third of the region’s dairy production is dedicated to the 

production of cheese [2], generating from 10 litres of whole milk, 1 kg 
of cheese and around 9 litres of whey [3,4].

Whey retains a large part of the milk nutrients, mainly lactose so 
that, this by product has been considered a high polluting product, 
reaching a biological oxygen demand (BOD5) of 30-50 kg/m3 [5].

Some solutions to this lactose pollution problem have been 
proposed [4-7]. One of them is the use of microorganisms capable 
of bio-transforming in higher added value substances, the lactose 
present in whey [6,8,9].

Kefir is a slightly acidic fermented milk, viscous and somewhat 
effervescent, with a certain alcohol content, which is obtained by the 
action of a consortium of lactic acid bacteria (LAB), fungi, and yeast 
known as kefir granules [10,11]. 

Kefiran is the major polysaccharide in the granule. This product 
is an edible biopolymer, formed by glucose and galactose units in 
approximately equal proportions [12,13]. Different authors worldwide 
[14-16] have shown several beneficial properties of kefiran that make 
it attractive for example in drugs formulation [15,17] and in food 
preservation [18] so, its production attracts great interest in producing 
this edible and biodegradable biopolymer [19].

The Response Surface Methodology (RSM) is a powerful tool 
used in experiments design widely used in the industry [20-22]. 
This technique allows optimizing certain experimental response and 
finding independent variables bets combination that allows to get 
good final response of the bioprocess [23]. The central-composite 
design (CCD) is one of the most popular RSM arrangements and is 
based on distributing the experiments around a central point and 
around this central point the rest of the experiments are equidistantly 
distributed around it [22].

The objective of this work is to find through a central-composite 
design approach, the best combination for culture temperature 
and whey powder (WP) content in order to maximize the kefiran 
concentration in the culture supernatant.

Materials and Methods
Culture conditions

Fresh kefir granules were supply by an Ecuadorian commercial 
company “Yogurt-Kombucha-Tibicos en Ecuador” (Quito, Pichincha, 
Ecuador, www.kefir.ec). The granules were kept in fresh and pasteurized 
milk at 4-8°C, replacing it every two days. In each experiment, 100 
g of medium were inoculated with 3.73% (w/w) of kefir granules 
as reported by others researchers [24,25]. Before inoculation, the 
granules were washed with enough sterile deionized water.

At all points, dissolved solids were maintained at 14% Brix, 
according other similar reported studies [25].

The WP contents were 38.5-77.0% (w/w) according to the design 
conditions [26]. To maintain 14% Brix in each variant, defined 
amounts of a glucose solution at 77% (w/v) were added.

Additionally, the medium was supplemented with a ten-times 
concentrated (10X) salt solution formed by 1% (w/v) of KH2PO4, 5% 
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(w/v) MgSO4 and 1% (w/v) (NH4)2SO4. The variants were adjusted to 
pH 6.8, by using 98% (v/v) H2SO4 or 0.1 M NaOH as needed.

The experiments were conducted during 48 h in an oscillating 
shaker at 100 rpm. The temperature was controlled in a range 
between 20-36°C, according to the values suggested by the design 
run.

Kefirán detection and quantification

For kefiran precipitation, 5 mL of culture supernatant was 
mixed with 5 mL of absolute ethanol at -20°C and left overnight 
at 4°C. The next day, the mixture was centrifuged at 1690xg for 30 
min at 4°C by using a refrigerated-desk centrifuge (Sorvall ST 16 
Centrifuge, Thermo-Fisher Scientific, Langenselbold, Germany). The 
precipitate was washed twice with deionized water to remove other 
insoluble substances. The re-dissolved mixture in deionized water 
was centrifuged under the same conditions described above. The last 
precipitate was dissolved up to 10 mL with deionized water and the 
kefiran was quantified according to the phenol-sulfuric method [27].

Statistical design to optimize the kefiran production 

A central composite design of response surface methodology 
was executed to found the combination of temperature and WP content 
which maximize the kefiran concentration after 48hrs of fermentation 
[28]. All the experiments were planned and analysed employing the DOE-
software Design-Expert 11.0.3.0 (Stat-Ease, Inc., Minneapolis, USA).

Effects of the temperature (X1) and WP content (X2) on the 
concentration of kefiran at the end of the fermentation are shown in 
Table 1.

The response variable in this case, kefiran concentration, was 
adjusted to a second order quadratic statistical model described by 
the equation below:
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where K is the kefiran concentration (mg Glu/mL); β0 is the 
average value of all effects in the model; β1 represents the effect 
of the factor X1 (t, °C); β2 represents the effect of the factor X2 
(WP, % (w/w)); β12 is the effect of factors X1 and X2 interaction; 
β11 represents the quadratic effect of factor X1; β22 represents the 
quadratic effect of X2 factor. The ε is the component related to the 
random model error caused by other variability sources not taken into 
account in this model.

The optimal values predicted for a combination of independent 
variables should be corroborated in additional experiments under 
the same conditions that suggest an extreme value, thus validating or 
refuting the obtained statistical model.

Results and Discussion
Coded values corresponding to the independent variables and the 

response obtained by both, the quadratic model and the experimental 
value, are presented in Table 2.

The obtained model concerning coded variables is:

1 2 1 2
2 2

1 2 184.520 15.529 10.215 4.550 19.235 12.065K X X X X X X= − ⋅ − ⋅ + ⋅ − ⋅ + ⋅

And the final equation in terms of actual factors:

K=50.6344+30.9161∙t-8.2715∙WP-0.6011∙t2+0.0651∙WP2

Effects of temperature (t, °C) and the WP content (WP, % (w/w)) 
on the kefiran concentration (mg Glu/mL) is shown in Figure 1.

ANOVA for the quadratic model suggested for K is depicted in 
Table 3.

As shown in Table 3, the adequate accuracy of the model is > 4, 
so that the model obtained for K can be used to navigate and find 
an optimal value within the design space. The p-value of each coded 
coefficient serves to demonstrate the importance of the factor within 
the quadratic model (Table 3). Small p-values indicates that these 
factors are greater than their standard error (Table 4).

The adequacy of the quadratic model for the kefiran concentration 
determination as a function of temperature and whey powder 
content can also be evaluated through the diagnostic plots (Myers, 
Montgomery, & Anderson-Cook, 2016) of the normal distribution of 
residuals (Figure 2A) and the graph of the predicted response values 
versus the actual response values (Figure 2B). 

 Fourteen equally optimal condition values were obtained where 
the kefiran concentration reached the maximum at the highest 
importance of this response (five - +) by applying a numerical 
optimization algorithm to the second-order regression equation for 
kefiran concentration (Table 5).

Code values Actual values
Run X1  X2 t, °C WP, %(w/w)
1 -1.41 0.00 20.0 57.8
2 -1.00 -1.00 22.3 44.1
3 -1.00 1.00 22.3 71.4
4 0.00 0.00 28.0 57.8
5 0.00 1.41 28.0 77.0
6 0.00 0.00 28.0 57.8
7 0.00 0.00 28.0 57.8
8 0.00 0.00 28.0 57.8
9 0.00 -1.41 28.0 38.5
10 0.00 0.00 28.0 57.8
11 1.00 -1.00 33.7 44.1
12 1.00 1.00 33.7 71.4
13 1.41 0.00 36.0 57.8

Table 1: Actual and codified variables from independent variables (X1: temperature 
(°C) y X2: whey powder (WP) content (% (w/w)) in five suggested levels (-1.41, 
-1, 0, +1, +1.41).

Table 2: Central-composite design results of experiments and experimental 
and predicted results obtained by the quadratic model as function of the coded 
variables (X1: temperature (°C) and X2: whey powder (WP) content (% (w/w)).

Run X1 X2 Model Actual
1 -1.41 0.00 168.01 188.15
2 -1.00 -1.00 207.64 190.45
3 -1.00 1.00 178.11 159.30
4 0.00 0.00 184.52 208.20
5 0.00 1.41 194.20 208.20
6 0.00 0.00 184.52 162.00
7 0.00 0.00 184.52 175.00
8 0.00 0.00 184.52 187.40
9 0.00 -1.41 223.10 234.80
10 0.00 0.00 184.52 190.00
11 1.00 -1.00 167.49 160.60
12 1.00 1.00 156.16 147.65
13 1.41 0.00 124.09 129.65

Kefiran (K) (mg Glu/mL)
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Kefiran (K) (mg Glu/mL)

Source df Sum of 
square

Mean 
square F Value p-value 

Prob>F
Model 4 6840.85 1710.21 4.850 0.028
  X1-Temp 1 1929.18 1929.18 5.483 0.047
  X2-%WP 1 834.73 834.73 2.371 0.162
  X1

2 1 2573.81 2573.81 7.310 0.027
  X2

2 1 1012.62 1012.62 2.870 0.128
Residual 7 2818.39 352.30
Lack of Fit 3 1621.55 405.39 1.350 0.388
Pure Error 4 1196.85 299.21
Corr. Total 12 9659.25
Std. Dev. 18.77
Mean 180.11
C.V. % 10.42
R2 0.7082
Adj R2 0.5623
Adeq. Prec. 8.505

Table 3: ANOVA for the second order model related to the kefiran concentration 
as a function of temperature and whey powder (WP) content.

Kefiran (K) (mg Glu/mL)

Factor Coeff. 
Estimate df Std. 

Error
95% CI 
Low

95% CI 
High VIF

Intercept 184.52 1 8.39 165.16 203.88
X1-Temp -15.53 1 6.64 -30.83 -0.23 1.00
X2-%WP -10.21 1 6.64 -25.52 5.09 1.00
X1

2 -19.24 1 7.12 -35.65 -2.82 1.02
X2

2 12.07 1 7.12 -4.35 28.48 1.02

Table 4: Regression coefficients, confidence intervals (p < 0.05) and standard 
error of the quadratic regression model for kefiran concentration.

No. T*, °C WP*, %(w/w) Kefiran (K) (mg 
Glu/mL)

Std. Error
(mg Glu/mL)

1 24.808 44.100 209.535 9.801
2 24.995 44.100 209.717 9.769
3 25.242 44.100 209.895 9.739
4 25.377 44.100 209.961 9.727
5 25.459 44.100 209.990 9.722
6 25.596 44.100 210.021 9.715
7 25.662 44.100 210.029 9.713
8 25.715 44.100 210.030 9.711
9 25.783 44.100 210.028 9.710
10 25.891 44.100 210.012 9.709
11 26.007 44.100 209.979 9.708
12 25.717 71.400 189.544 9.711
13 25.785 71.400 189.541 9.710
14 26.276 71.400 189.356 9.712

Table 5: Optimal conditions of the independent variables that maximize the 
quadratic regression model for the kefiran concentration.

Other authors also reported an optimum temperature equal to 
25°C [29,30] while others reported nearby values. For example, values 
of 24°C have been reported 30°C andup to 33°C [19,20,31],

Figure 3 shows one of the optimal values obtained (condition 

No.2 in Table 5, X1* = -0.531 and X2* = -1.003) that maximizes the 
kefiran concentration model (Kmáx = 209.72 ± 9.77 mg Glu/mL).

To validate the suggested model, three similar experiments were 
performed using the second optimal suggested point (Table 5). The 
results obtained (216.06 ± 14.40 mg Glu/mL, n = 3) confirm the accuracy 
of the regression model for the kefiran concentration (Figure 4).

Kefiran isolation process was carried out from five 100 mL batches 
each, yielding 3.1 ± 1.3 g /L of kefiran in the culture supernatant.

These results are slightly-higher than the 1.91 g/L of kefiran 
reported recently [19], and similar to the values between 1.5-3.7 g/L 
reported previously [32,33].

Conclusions
The optimal values for temperature and the kefiran concentrations 

obtained were close to those obtained by other authors. This work 

Figure 1: 3D-plots of the response surface showing the combined effect of temperature (°C) and whey powder (WP) content (% w/w) on the kefiran concentration 
(mg Glu/mL).
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Figure 2: Diagnostics plots (A) Normal probability plots of externally Studentized residuals; (B) Predicted versus actual values of kefiran concentration (mg Glu/mL).

 
Figure 3: One of the maximum values   obtained by applying the numerical optimization procedure for the kefiran concentration.
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Figure 4. Validation experiments for the kefiran model. The average 
values were shown over the columns, bars mean standard deviations, 
and equal letter indicate do not significantly differences exist (n = 3, p 
< 0.05).

can contribute to establish a bioprocess that allows to produce this 
valuable biodegradable and biodegradable biopolymer, with potential 
uses in the Ecuadorian pharmaceutical and food industry.

References

1. Requelme N, Bonifaz N (2012) Caracterizacion de sistemas de produccion 
lechera de Ecuador. Universidad Politecnica Salesiana, Ecuador. Rev La 15: 
55-68.

2. Orozco M (2015) Un tercio de la producción láctea se dedica al queso. 
Recuperado el 27. 

3. Kosikowski FV (1979) Whey Utilization and Whey Products. J Dairy Sci 62: 
1149-1160. 

4. Parra R (2009) Whey : importance in the food industry. Revista Facultad 
Nacional Agropecuaria Medellin 62: 4967-4982.

5. Marwaha SS, Kennedy JF (1988) Whey—pollution problem and potential 
utilization. Int J Food Sci Technol 23: 323-336.

6. Chanfrau JMP, Pérez JN, Fiallos MVL, Rivera L, Abril VH, et al. (2017) Milk 
Whey- From a Problematic Byproduct to a Source of Valuable Products for 
Health and Industry: An Overview from Biotechnology. Prensa Med Argent 
103: 4.

7. Ryan MP, Walsh G (2016) The biotechnological potential of whey. Rev 
Environ Sci Biotechnol 15: 479-498. 

8. Geiger B, Nguyen HM, Wenig S, Nguyen HA, Lorenz C, et al. (2016) From 
by-product to valuable components: Efficient enzymatic conversion of lactose 
in whey using beta-galactosidase from Streptococcus thermophiles. Biochem 
Eng J 116: 45-53. 

http://www.redalyc.org/html/4760/476047399006/
http://www.redalyc.org/html/4760/476047399006/
http://www.redalyc.org/html/4760/476047399006/
https://doi.org/10.3168/jds.S0022-0302(79)83389-5
https://doi.org/10.3168/jds.S0022-0302(79)83389-5
http://www.scielo.org.co/scielo.php?pid=S0304-28472009000100021&script=sci_arttext&tlng=en
http://www.scielo.org.co/scielo.php?pid=S0304-28472009000100021&script=sci_arttext&tlng=en
https://doi.org/10.1111/j.1365-2621.1988.tb00586.x
https://doi.org/10.1111/j.1365-2621.1988.tb00586.x
https://www.scitechnol.com/peer-review/milk-whey-from-a-problematic-byproduct-to-a-source-of-valuable-products-for-health-and-industry-an-overview-from-biotechnology-FhxZ.php?article_id=6707
https://www.scitechnol.com/peer-review/milk-whey-from-a-problematic-byproduct-to-a-source-of-valuable-products-for-health-and-industry-an-overview-from-biotechnology-FhxZ.php?article_id=6707
https://www.scitechnol.com/peer-review/milk-whey-from-a-problematic-byproduct-to-a-source-of-valuable-products-for-health-and-industry-an-overview-from-biotechnology-FhxZ.php?article_id=6707
https://www.scitechnol.com/peer-review/milk-whey-from-a-problematic-byproduct-to-a-source-of-valuable-products-for-health-and-industry-an-overview-from-biotechnology-FhxZ.php?article_id=6707
https://doi.org/10.1007/s11157-016-9402-1
https://doi.org/10.1007/s11157-016-9402-1
https://doi.org/10.1016/j.bej.2016.04.003
https://doi.org/10.1016/j.bej.2016.04.003
https://doi.org/10.1016/j.bej.2016.04.003
https://doi.org/10.1016/j.bej.2016.04.003


Citation: Pais-Chanfrau JM, Cóndor PMA, Guerrero MJC, Pérez JN, Toledo LET (2018) Response Surface Methodology to Optimize a Bioprocess for Kefiran 
Production. Prensa Med Argent 104:2.

• Page 5 of 5 •Volume 104 • Issue 2 • 1000285

9. Grosu L, Fernandez B, Grigoraş CG, Patriciu OI, Grig-Alexa IC, et al. (2012) 
Valorization of whey from dairy industry for agricultural use as fertiliser: Effects 
on plant germination and growth. Environ Eng Manag J 11: 2203-2210.

10. Nielsen B, Gurakan GC, Unlu G (2014) Kefir: a multifaceted fermented dairy 
product. Probiotics Antimicrob Proteins 6: 123-135.

11. Arslan S (2015) A review: chemical, microbiological and nutritional 
characteristics of kefir. CyTA-J Food 13: 340-345. 

12. Frengova GI, Simova ED, Beshkova DM, Simov ZI (2002) Exopolysaccharides 
produced by lactic acid bacteria of kefir grains. Z Naturforsch C 57: 805-810. 

13. Gradova NB, Khokhlacheva AA, Murzina ED, Myasoyedova VV (2015) 
Microbial components of kefir grains as exopolysaccharide kefiran producers. 
App Biochem Microbiol 51: 873-880. 

14. Maeda H, Zhu X, Omura K, Suzuki S, Kitamura S (2004) Effects of an 
exopolysaccharide (kefiran) on lipids, blood pressure, blood glucose, and 
constipation. Biofactors 22: 197-200. 

15. Pop C, Apostu S, Salanta L, Rotar AM, Sindic M, et al. (2014) Influence 
of Different Growth Conditions on the Kefir Grains Production, used in the 
Kefiran Synthesis. Bull UASVM Food Sci Technol 71: 2344-2344. 

16. Rodrigues KL, Carvalho JCT, Schneedorf JM (2005) Anti-inflammatory 
properties of kefir and its polysaccharide extract. Inflammopharmacology 13: 
485-492.

17. Yokoi H, Watanabe T, Fujii Y, Mukai T, Toba T, et al. (1991) Some taxonomical 
characteristics of encapsulated Lactobacillus sp. KPB-167B isolated from 
kefir grains and characterization of its extracellular polysaccharide. Int J Food 
Microbiol 13: 257-264. 

18. Piermaria J, Bosch A, Pinotti A, Yantorno O, Garcia M, et al. (2011) Kefiran 
films plasticized with sugars and polyols: water vapor barrier and mechanical 
properties in relation to their microstructure analyzed by ATR/FT-IR 
spectroscopy. Food Hydrocolloids 25: 1261-1269. 

19. Dailin DJ, Elsayed EA, Othman NZ, Malek R, Phin HS, et al. (2016) Bioprocess 
development for kefiran production by Lactobacillus kefiranofaciens in semi 
industrial scale bioreactor. Saudi J Biol Sci 23: 495-502. 

20. Ghasemlou M, Khodaiyan F, Jahanbin K, Gharibzahedi SM, Taheri S (2012) 
Structural investigation and response surface optimisation for improvement 
of kefiran production yield from a low-cost culture medium. Food Chem 133: 
383-389.

21. Latha S, Sivaranjani G, Dhanasekaran D (2017) Response surface 
methodology: A non-conventional statistical tool to maximize the throughput 

of Streptomyces species biomass and their bioactive metabolites. Crit Rev 
Microbiol 43: 567-582.

22. Yolmeh M, Jafari SM (2017) Applications of Response Surface Methodology 
in the Food Industry Processes. Food Bioproc Tech 10: 413-433.

23. Bezerra MA, Santelli RE, Oliveira EP, Villar LS, Escaleira LA (2008) Response 
surface methodology (RSM) as a tool for optimization in analytical chemistry. 
Talanta 76: 965-77. 

24. Sabokbar N, Khodaiyan F, Moosavi-Nasab M (2015) Optimization of 
processing conditions to improve antioxidant activities of apple juice and 
whey based novel beverage fermented by kefir grains. J Food Sci Technol 
52: 3422-3432. 

25. Sabokbar N, Moosavi-Nasab M, Khodaiyan F (2015) Preparation and 
characterization of an apple juice and whey based novel beverage fermented 
using kefir grains. Food Sci Biotech 24: 2095-2104. 

26. Magalhaes KT, Dias DR, de Melo Pereira GV, Oliveira JM, Domingues L, et 
al. (2011) Chemical composition and sensory analysis of cheese whey-based 
beverages using kefir grains as starter culture. Int J Food Sci Technol 46: 
871-878.

27. DuBois M, Gilles K, Hamilton JK, Rebers P, Smith F (1956) Colorimetric 
method for determination of sugars and related substances. Analy Chem 28: 
350-356.

28. Myers R, Montgomery D, Anderson-Cook C (2016) Response Surface 
Methodology: Process and Product Optimization Using Designed 
Experiments. Wiley Series In Probability and Statistics, USA. 

29. Montesanto S, Calo G, Cruciata M, Settanni L, Brucato VB, et al. (2016) 
Optimization of environmental conditions for kefiran production by kefir grain 
as scaffold for tissue engineering. Chem Eng Trans 49: 607-612. 

30. Zajsek K, Gorsek A, Kolar M (2013) Cultivating conditions effects on kefiran 
production by the mixed culture of lactic acid bacteria imbedded within kefir 
grains. Food Chem 139: 970-977. 

31. Maeda H, Zhu X, Mitsuoka T (2003) New Medium for the Production 
of Exopolysaccharide (OSKC) by Lactobacillus kefiranofaciens. Biosci 
Microflora 22: 45-50.

32. Cheirsilp B, Shimizu H, Shioya S (2007) Kinetic modeling of kefiran production 
in mixed culture of Lactobacillus kefiranofaciens and Saccharomyces 
cerevisiae. Proc Biochem 42: 570-579.

33. Mitsue T, Tachibana K, Fujio Y (1999) Efficient kefiran production by a mixed 
culture of Lactobacillus kefiranofaciens KF-75 and yeast strains - Note. 
Seibutsu-Kogaku Kaishi 77: 99-103.

Author Affiliations Top

1Dairy Research Group (GILAC), Technical University of the North (UTN), 
FICAYA. Ave. July 17, 5-21 and Gral. José de Córdoba, Ibarra CP100105, 
Imbabura, Ecuador
2University of the Armed Forces ESPE. Life Science Department. CENCINAT. 
Quito, Pichincha, Ecuador
3Technical University of Machala, El Oro, Ecuador

https://www.researchgate.net/profile/Oana_Irina_Patriciu2/publication/280064034
https://www.researchgate.net/profile/Oana_Irina_Patriciu2/publication/280064034
https://www.researchgate.net/profile/Oana_Irina_Patriciu2/publication/280064034
https://link.springer.com/article/10.1007%2Fs12602-014-9168-0
https://link.springer.com/article/10.1007%2Fs12602-014-9168-0
http://www.tandfonline.com/doi/pdf/10.1080/19476337.2014.981588
http://www.tandfonline.com/doi/pdf/10.1080/19476337.2014.981588
https://doi.org/10.1515/znc-2002-9-1009
https://doi.org/10.1515/znc-2002-9-1009
https://doi.org/10.1134/S0003683815090045
https://doi.org/10.1134/S0003683815090045
https://doi.org/10.1134/S0003683815090045
https://doi.org/10.1002/biof.5520220141
https://doi.org/10.1002/biof.5520220141
https://doi.org/10.1002/biof.5520220141
https://doi.org/10.15835/buasvmcn-fst:10802
https://doi.org/10.15835/buasvmcn-fst:10802
https://doi.org/10.15835/buasvmcn-fst:10802
https://doi.org/10.1163/156856005774649395
https://doi.org/10.1163/156856005774649395
https://doi.org/10.1163/156856005774649395
https://doi.org/10.1016/0168-1605(91)90083-2
https://doi.org/10.1016/0168-1605(91)90083-2
https://doi.org/10.1016/0168-1605(91)90083-2
https://doi.org/10.1016/0168-1605(91)90083-2
https://doi.org/10.1016/j.foodhyd.2010.11.024
https://doi.org/10.1016/j.foodhyd.2010.11.024
https://doi.org/10.1016/j.foodhyd.2010.11.024
https://doi.org/10.1016/j.foodhyd.2010.11.024
https://doi.org/10.1016/j.sjbs.2015.06.003
https://doi.org/10.1016/j.sjbs.2015.06.003
https://doi.org/10.1016/j.sjbs.2015.06.003
https://doi.org/10.1016/j.foodchem.2012.01.046
https://doi.org/10.1016/j.foodchem.2012.01.046
https://doi.org/10.1016/j.foodchem.2012.01.046
https://doi.org/10.1016/j.foodchem.2012.01.046
https://doi.org/10.1080/1040841X.2016.1271308
https://doi.org/10.1080/1040841X.2016.1271308
https://doi.org/10.1080/1040841X.2016.1271308
https://doi.org/10.1080/1040841X.2016.1271308
https://link.springer.com/article/10.1007/s11947-016-1855-2
https://link.springer.com/article/10.1007/s11947-016-1855-2
https://www.sciencedirect.com/science/article/pii/S0039914008004050
https://www.sciencedirect.com/science/article/pii/S0039914008004050
https://www.sciencedirect.com/science/article/pii/S0039914008004050
https://doi.org/10.1007/s13197-014-1397-4
https://doi.org/10.1007/s13197-014-1397-4
https://doi.org/10.1007/s13197-014-1397-4
https://doi.org/10.1007/s13197-014-1397-4
https://doi.org/10.1007/s10068-015-0278-6
https://doi.org/10.1007/s10068-015-0278-6
https://doi.org/10.1007/s10068-015-0278-6
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1365-2621
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1365-2621
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1365-2621
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1365-2621
https://doi.org/10.1021/ac60111a017
https://doi.org/10.1021/ac60111a017
https://doi.org/10.1021/ac60111a017
https://doi.org/10.1017/CBO9781107415324.004
https://doi.org/10.1017/CBO9781107415324.004
https://doi.org/10.1017/CBO9781107415324.004
https://pdfs.semanticscholar.org/4f90/19d2e917e3fbb1d549f1089178b417721ee9.pdf
https://pdfs.semanticscholar.org/4f90/19d2e917e3fbb1d549f1089178b417721ee9.pdf
https://pdfs.semanticscholar.org/4f90/19d2e917e3fbb1d549f1089178b417721ee9.pdf
https://www.sciencedirect.com/science/article/pii/S0308814613000587?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0308814613000587?via%3Dihub
https://www.sciencedirect.com/science/article/pii/S0308814613000587?via%3Dihub
https://www.jstage.jst.go.jp/article/bifidus1996/22/2/22_2_45/_article
https://www.jstage.jst.go.jp/article/bifidus1996/22/2/22_2_45/_article
https://www.jstage.jst.go.jp/article/bifidus1996/22/2/22_2_45/_article
file:///C:\Users\harika-ga\Desktop\Laprensa medica\LPMA-386R1\LPMA-17-386r1\1.%09https:\doi.org\10.1016\j.procbio.2006.11.003
file:///C:\Users\harika-ga\Desktop\Laprensa medica\LPMA-386R1\LPMA-17-386r1\1.%09https:\doi.org\10.1016\j.procbio.2006.11.003
file:///C:\Users\harika-ga\Desktop\Laprensa medica\LPMA-386R1\LPMA-17-386r1\1.%09https:\doi.org\10.1016\j.procbio.2006.11.003
https://www.infona.pl/resource/bwmeta1.element.elsevier-98f756ae-2297-3cf6-a050-fb7356f75796
https://www.infona.pl/resource/bwmeta1.element.elsevier-98f756ae-2297-3cf6-a050-fb7356f75796
https://www.infona.pl/resource/bwmeta1.element.elsevier-98f756ae-2297-3cf6-a050-fb7356f75796

	Title
	Corresponding author
	Abstract
	Introduction
	Materials and Methods
	Culture conditions
	Kefirán detection and quantification
	Statistical design to optimize the kefiran production 

	Results and Discussion
	Conclusions
	Table 1
	Table 2
	Table 3
	Table 4
	Table 5
	Figure 2
	Figure 3
	Figure 4
	References

