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Growth Kinetics of Kefir Biomass: Influence of the Incubation Temperature in Milk
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Kefir is a fermented milk that can be produced from kefir grains or industrial starter cultures. It differs from other fermented milks by the performance of various types of microorganisms on the milk components. The kefir grains are gelatinous and irregular, formed by a set of microorganisms, such as yeasts and lactic acid bacteria, which are incorporated in a matrix of polysaccharides called kefiran. Lactobacilli make up most of the microbial population, but the total composition of the grains is not fully elucidated. There are few studies that evaluated the kinetics of kefir biomass growth at different temperatures, but the exact behavior was not explained in a consistent form, such as using mathematical models. In this context, this work aimed to improve the procedure of kefir production by studying the kinetics of the growth of kefir biomass in milk at different temperatures (298, 303 and 308 K) and characterize it by Scanning Electron Microscopy (SEM). Furthermore, the application of mathematical models to determine the growth function of the kefir biomass in relation to the time and temperature of the fermentation process was evaluated. An amount of 2% kefir grains was added to the milk and the fermentation process was carried out at 298, 303 and 308 K for 5 days. The biomass growth (increase in mass) was evaluated daily and four different mathematical models (Richards, Logistic, Gompertz and Quadratic) were applied to the data. The samples were visualized in a double-beam scanning electron microscope. The Gompertz model showed the highest values ​​of the coefficient of correlation (R², 0.97-0.99) and the smallest standard deviations for the increase in the kefir grain biomass, being considered the most appropriate mathematical model. The temperature of 298 K was the most suitable for the incubation of the grains in milk, resulting in a higher increase in the biomass and a larger quantity of lactobacilli, coccus-like bacteria and yeast observed in the SEM. It can be concluded that 298 K may be used as the temperature for fermentation of kefir grains in milk, resulting in higher kefir biomass, which could be useful in the production of kefir fermented milks, because of the reduction in the processing time. 
Introduction
Kefir grains are small and irregularly shaped hard granules with yellow or white color and resembling cauliflower blossoms (Figure 1). Kefir grains are composed of a complex mixture of bacteria and yeasts that coexist in a symbiotic environment. They are used to produce kefir fermented milks, which are slightly carbonated beverages with a typical yeast flavor (Apart et al., 2017). 
The traditional method for producing kefir fermented milk is to inoculate 1 to 10% of the grains in milk at room temperature (298 K) for a fermentation period of 18 to 30 h, being 24 h of fermentation the most common fermentation time (Farnwoth and Mainville, 2008; Rosa et al., 2017). However, the increase in the biomass is sometimes low, therefore, to use the kefir grains in commercial applications the biomass production must be improved (Apar et al., 2017). The increase in biomass allows continuous production and reduce the processing time (Rosa et al., 2017, Barukcic et al., 2017). Furthermore, it allows the utilization of kefir grains in other applications, such as polysaccharide production (Gorsek and Tramsek, 2008). The fermentation conditions are considered the main factors that impact on the growth of the different type of microorganisms (yeast, lactic acid bacteria and acetic acid bacteria) present in kefir grains (Arslan, 2014). Previous studies have evaluated the impact of the fermentation parameters on the quality of the kefir fermented milks (Januário et al., 2016, Barukcic et al., 2017). In this study, the attention was placed on maximum biomass increase, and not on the quality of the kefir fermented milk. 
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Figure 1: Kefir grains 


In the field of predictive microbiology, mathematical models have been used to describe the behavior of the microorganisms under different conditions, such as temperature, fermentation time, pH and water activity (Zwietering et al., 1990). The growth changes usually result in a sigmoid-shaped curve and several growth models can be used to describe this type of curve (Lopez et al., 2004), most of them are based on mathematical equations such as Logistic, Gompertz and Richards (Gorsek and Pecar, 2016). The incorporation of mathematical models into the process development can reduce the costs related to the design of industrial plants for kefir grain mass production (Tramsek and Gorsek, 2008). 
There are few studies that evaluated the kinetics of kefir biomass growth at different temperatures, but the exact behavior was not explained in a consistent form, such as using mathematical models. In this context, this work aimed to improve the procedure of kefir production by studying the kinetics of the growth of kefir biomass in milk at different temperatures (298, 303 and 308 K) and characterize it by Scanning Electron Microscopy (SEM). Furthermore, the application of mathematical models to determine the growth function of the kefir biomass in relation to the time and temperature of the fermentation process was evaluated.
Material and methods
2.1 Kefir grain activation
Kefir grains were obtained by a private household in the city of Curitiba, Paraná, Brazil. For activation, the grains were added to full-fat milk (Nestlé®, 3% fat) and incubated at 298 K for 24 h. The grains were separated from the fermented milk with a sieve, reinoculated into milk and incubated at 298 K for 24 h. This procedure was repeated three times for subsequent three days. Then, the grains were considered active and were used as starter inoculum. 
2.2 Study of the growth kinetics of kefir biomass
Activated kefir grains (2%) were added to the milk (Nestlé®, 3% fat) and the fermentation process was carried out at 298, 303 and 308 K for 5 days in a Biochemical Oxygen Demand (BOD). The concentration of the grains was defined in previous study (Januário et al., 2016), in which 2% grains and 24 h of fermentation resulted in kefir fermented milks with the most suitable physicochemical and sensorial characteristics.
Kefir grain mass was determined, in duplicates, by weighing on an analytical balance. For that, the kefir grains were separated from the fermented milk with a sieve, washed with milk, dried on a paper towel and weighed using an analytical balance (Apar et al., 2017). After determining the grain mass, the grains were returned to the milk. This procedure was repeated daily for 5 days. 

2.3 Modelling Studies
Kinetic parameters were estimated and adjusted using a non-linear regression technique in order to fit with the experimental data. Mathematical models of the kefir biomass growth function were applied in relation to the time and temperature of the fermentation process. Four mathematical models were analyzed (Table 1) (Apar et al., 2017).

Table 1: Mathematical models
	Model
	Equation

	Richards
	

	Logistic
	

	Gompertz
	

	Quadratic
	



2.4 Scanning electron microscopy
The kefir grains were cut in small blocks (size length: approx. 1-2 mm) and fixed overnight with 2% glutaraldehyde in 0.1 M sodium phosphate buffer (pH7.2). After that, they were dehydrated (in graded series of ethanol), critical point dried with liquid carbon dioxide, deposited over one side of a commercial double-coated adhesive tape, and attached to a stub. Then, they were coated with gold in a sputter coater (SCD 050, Bal-Tec, Wetzlar, Germany). Before critical point drying, the samples were transferred to microporous specimen capsules. The specimens were viewed with a scanning electron microscope (Quanta 250, Thermo Fisher Scientific-FEI, Waltham, MA, USA) at an acceleration voltage of 15 kV.
Results and Discussion
Study of the growth kinetics of kefir biomass
Figure 2 presents the mass increase of the Kefir grains during the fermentation period (5 days). 
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Figure 2:  Mass increase of the kefir during the fermentation period (5 days). (■) T = 298 K; (■) T = 303 K; (■) T = 308 K.
The temperature of 298 K was the most suitable, as it resulted in the highest increase in the production of kefir biomass on all the studied days. At the end of the 5-day period, an increase of about 445% (~ 2g - 8.9 g) was observed at the temperature of 298 K, while temperatures of 303 and 308 K showed an increase of about 223% (~ 2g - 4.9 g) and 221% (~2g - 4.4 g), respectively. The temperature is one of the factors that play a major role in kefir production and, together with the fermentation time, impacts directly on the characteristics of the kefir fermented milk (Sarlak et al., 2017). The results indicate that the temperature of 298 K contributed to the proliferation of the microorganisms in the milk during fermentation (Gorsek and Zajsek, 2010). The reduced kefir growth at temperatures above 298 K can be related to kefir grain denaturation (Gorsek and Pecar, 2016), water loss of the grains (Apar et al., 2017) or reduced proliferation of the microorganisms. 
Table 2 presents the estimated parameters and the correlation coefficients for the different models at the studied temperatures. 

Table 2: Estimated parameters and Correlation coefficients (R²) for the different model at the studied temperatures

	Methods
	T (K)
	a ± σ
	b ± σ
	c ± σ
	d ± σ
	R²
	p-valor

	Richards1
	298
	16.74 ± 40.11
	58.65 ± 2.2 x104
	12.27 ± 5.0x104
	25.69 ± 9004.20
	0.94
	0.074

	
	303
	6.40 ± 47.90
	0.68 ± 911.21
	0.30 ± 1.4 x105
	0.69 ± 924.50
	0.91
	0.053

	
	308
	5.97 ± 10.63
	1.19 ± 382.68
	0.48 ± 152.44
	1.17 ± 375.25
	0.99
	0.017

	Logistic2
	298
	16.74± 11.62
	9.80 ± 5.30
	0.48 ± 0.19
	-
	0.96
	0.003

	
	303
	6.40 ± 1.95
	2.67 ± 0.72
	0.43 ± 0.19
	-
	0.96
	0.002

	
	308
	5.97 ± 0.66
	2.76 ± 0.28
	0.41 ± 0.06
	-
	0.99
	0.001

	Gompertz3
	298
	31.19± 44.70
	1.14 ± 0.36
	0.18 ± 0.15
	-
	0.97
	0.003

	
	303
	7.27 ± 3.18
	0.40 ± 0.19
	0.26 ± 0.16
	-
	0.96
	0.002

	
	308
	7.27 ± 1.34
	0.44 ± 0.09
	0.23 ± 0.05
	-
	0.99
	0.001

	Quadratic4
	298
	0.96 ± 0.83
	1.13 ± 0.63
	0.08 ± 0.10
	-
	0.97
	0.003

	
	303
	1.53 ± 0.41
	0.80 ± 0.31
	-0.02 ± 0.05
	-
	0.96
	0.001

	
	308
	1.45 ± 0.11
	0.65 ± 0.09
	-0.01 ± 0.01
	-
	0.99
	0.001


1a=g; b=none; c=1/day; d=none; 2a=g; b=none; c=1/day; 3a=g; b=none; c=1/day; 4a=g; b=g/day; c=g/day2.

The highest values of the correlation coefficient (R²) were found for the Gompertz and Quadratic models (0.97 at 298 K, 0.96 at 303 K and 0.99 at 308 K). The Gompertz model was considered the most adequate model to represent the biomass increase as a function of fermentation time and temperature, since the highest value for the correlation coefficient was a p-value that is significant for the sample (p-value < 0.05) (Table 2). Richards model presents the highest values for the standard deviation (Table 2). In addition, this equation has no significance (p-value  > 0.05) to represent the growth data of kefir in milk. Probably this is because the data have a linearity up to day 5. A model with lower standard deviation is considered more statistically adequate to describe a growth curve (Tramsek and Gorsek, 2008). In addition, a three-parameter model has advantages over a four-parameter model (if sufficient to describe the data), such as: (1) it is easier to use, (2) its solution is more stable, as the parameters are less correlated and (3) estimates have more degrees of freedom, which is important when there are limited measurement points (Zwietering et al., 1990). 

3.2 Scanning electron microscopy
The distribution and diversity of the microbial population of kefir grains were observed in a scanning electron microscope. The micrographs showed that the prevalent microbiota was of bacilli (short and curved long) cells (Figure 3), as reported by Akal et al. (2018). In fact, the kefir grains are composed of lactic acid bacteria (108 CFU/g), acid acetic bacteria (105 CFU/g) and yeast (106-107 CFU/g) (Prado, 2015). The presence of Lactococcus could not be observed in any formulation, which could be related to the bad attachment of this microorganism to the grain (Gao and Li, 2016).
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Figure 3: Scanning electron microscopy of kefir grains at three temperatures (a) 298 K, (b) 303 K and (c) 308 K.

The temperature of 298 K (Figure 3a) resulted in products with a higher diversity of microorganisms, corroborating the results observed for mass increase (Figure 2). In this formulation, it was observed different types of microorganisms, some of them resembling yeasts and other presenting formats of bacillus. As the temperature increased, only Lactobacillus could be observed (Figures 3b and 3c). Probably, at temperatures above 298 K there is a decrease in the counts of some microorganisms, mainly yeasts. In fact, Gorsek and Zajsek (2010) reported increases in the count of yeasts in temperatures between 292 and 298 K and a progressive decrease in temperatures higher than 298 K, suggesting quick deaths at higher temperatures. 
The lower number of Lactobacillus in the products fermented at 298 K can be explained by inhibition properties. Yeasts, when incubated at suitable temperatures, produce high levels of gas and alcohol, which inhibit the growth of lactic acid bacteria (Grosek and Zajsek, 2010). Furthermore, Lactobacillus has optimum temperature at 35-37 oC, which can explain its prevalence at highest temperatures (303 and 308 K). 
Kefiran is the main polysaccharide of the kefir grains and has been used as a food gum in the food industry, in the development of food packages and in fortified products, due to its health effects (Guzel- Seydim et al., 2011). It was observed that the grains fermented at a temperature of 298 K (Figure 3a) presented a higher concentration of kefiran, suggesting that the increase in the kefir grain biomass positively affect the kefiran production. 
Conclusion
Temperatures of 298 K should be used for fermentation of milk with kefir grains, resulting in a higher production of biomass and more diversity of microorganisms. Furthermore, fermentations at this temperature may improve the production of kefiran, an important ingredient for the food industry. Gompertz equation could be used to represent the increase in kefir grain biomass as a function of time and temperature of fermentation for the conditions analyzed in the present study. It can be concluded that mathematical models can be applied as a tool in the development of processes and the most suitable temperature for fermentation of kefir grains in milk is 298 K.
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