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Abstract 
Yacon is mainly constituted of water and carbohydrates [single sugars and fructooligosaccharides (FOS)], thus being 
an excellent alternative for the growth and preservation of bacterial culture. Latilactobacillus sakei ACU-2 and 
Staphylococcus vitulinus ACU-10 comprised the autochthonous starter culture SAS-1 designed for the manufacture of 
dry sausages. This study evaluated the use of yacon juice as a potential growth medium and cryoprotectant for these 
bacteria. The growth medium was prepared with yacon juice supplemented with peptone and dipotassium phosphate. 
After growing, cells were resuspended in yacon juice (5, 10 and 25 mL/100 mL) and lyophilized. Viable cells were count 
before, immediately after lyophilization, and along 6 months of refrigerated storage. Both bacteria grew in every yacon 
concentration tested; however, juice concentration affected their growth. Latilactobacillus sakei grew at 
μ = 0.256 ± 0.01 giving the highest bacterial density at 10 mL/100 mL (Log DOmax 0.33 ± 0.01). While 5 mL/100 mL 
yacon juice provided the best conditions for S. vitulinus growth (μ = 0.215 ± 0.016; Log DOmax 0.32 ± 0.01). After 
lyophilization, the survival rate was 91.1% for L. sakei and 65.8% for S. vitulinus. Throughout storage, high cell counts 
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suggested good stability of both bacteria. Results revealed that yacon juice comprises a nutritive substrate for the 
growth and cryopreservation of tested strains from the genus Latilactobacillus and Staphylococcus. 

Keywords: Culture media; Freeze-drying process; Starter culture; Survival rates; Nutritive substrate; Cryopreservation. 

Resumo 
O yacon é constituído principalmente por água e carboidratos (açúcares simples e fruto-oligossacarídeos), sendo 
uma excelente alternativa para o crescimento e a preservação da cultura bacteriana. Latilactobacillus sakei ACU-2 e 
Staphylococcus vitulinus ACU-10 compuseram a cultura starter autóctone SAS-1, destinada à fabricação de 
embutidos secos. Este estudo avaliou o uso do suco de yacon como potencial meio de crescimento e crioprotetor 
para essas bactérias. O meio de crescimento foi preparado com suco de yacon suplementado com peptona e fosfato 
dipotássico. Após o crescimento, as células foram ressuspensas em suco de yacon (5, 10 e 25 mL/100 mL) e 
liofilizadas. As células viáveis foram contadas antes e imediatamente após a liofilização, e ao longo de seis meses 
de armazenamento refrigerado. Ambas as bactérias cresceram em cada concentração de yacon testada; no entanto, 
a concentração de suco afetou seu crescimento. Latilactobacillus sakei cresceu a μ = 0,256 ± 0,01, dando a maior 
densidade bacteriana em 10 mL/100 mL (Log DOmax 0,33 ± 0,01), enquanto a concentração 5 mL/100 mL de suco 
de yacon apresentou as melhores condições para o crescimento de S. vitulinus (μ = 0,215 ± 0,016; Log DOmax 
0,32 ± 0,01). Após a liofilização, a taxa de sobrevivência foi de 91,1% para L. sakei e 65,8% para S. vitulinus. Ao longo 
do armazenamento, altas contagens de células sugeriram boa estabilidade de ambas as bactérias. Os resultados 
revelaram que o suco de yacon é um substrato nutritivo para o crescimento e a criopreservação das cepas testadas 
dos gêneros Latilactobacillus e Staphylococcus. 

Palavras-chave: Meio de cultivo; Processo de liofilização; Taxas de sobrevivência; Substrato nutritivo; 
Criopreservação. 

HIGHLIGHTS 

• Bacterial density from L. sakei ACU-2 was higher in presence of 10 mL/100 mL yacon juice 
• S. vitulinus ACU-10 showed a better performance in the medium prepared with 5 mL/100 mL yacon juice 
• Yacon juice comprises a nutritive substrate for cryopreservation of L. sakei and S. vitulinus 

1 Introduction 
Artisanal dry fermented sausages manufactured in Chaco, Northern Argentina, possess a distinctive 

sensory profile which is highly appreciated by local customers. However, as their production relies on 
spontaneous fermentation from house microbiota, there are significant variations in their physicochemical 
and microbiological characteristics throughout the year (Palavecino Prpich et al., 2015a). In order to address 
this issue, a starter culture was designed with the autochthonous strains Latilactobacillus sakei ACU-2 and 
Staphylococcus vitulinus ACU-10 (Palavecino Prpich et al., 2015b). This starter culture, called SAS-1, was 
incorporated into the production line of a small-scale facility delivering beneficial outcomes to the final 
product with no impact on its typical sensory profile (Palavecino Prpich et al., 2016). In pursuit of a potential 
technological transfer, the bacterial strains from SAS-1 have to be produced on a larger scale, and in addition, 
the best conditions for their suitable preservation have to be established. 

Laboratory growth media routinely used the whole range of nutrients necessary for optimal microbial 
growth. Nevertheless, these media become a high price input product when biomass production is scaled up, 
being strongly advised to seek for other sources of raw materials to fulfill this need (Brinques et al., 2010). 
Even more urgent this scenario turns out to be when biomass is intended for an industrial culture. In this 
sense, studies regarding the use of natural and available sources as nutrient supplements for enhanced 
biomass yield of bacteria are scarce. 
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Among microbial culture preservation methods, freeze-drying meets the most preferable features since it 
helps to maintain a high percentage of viable cells while preserving the morphological and biochemical 
characteristics of the bacterial culture (Morgan et al., 2006). However, cells are exposed to stress conditions 
along the process which could be able to damage their integrity (Basholli-Salihu et al., 2014). One of the 
crucial factors in cell survival throughout the freeze-drying process is related to the composition of the 
medium. Cell damage can be prevented with the incorporation of cryoprotective substances such as 
carbohydrates, proteins and polymers into the menstruum for lyophilization (Morgan et al., 2006). Many 
prebiotic oligosaccharides, such as galactooligosaccharides (GOS) and fructooligosaccharides (FOS), had 
been successfully used as cryoprotectans for the preservation of microbial cultures (Santos et al., 2014; 
Romano et al., 2016). 

Yacon (Smallanthus sonchifolius (Poepp.) H. Rob.) is a perennial Andean plant that develops tuberous 
roots of sweet flavor. Mainly comprised of water and carbohydrates, these roots present, as a dry matter, 40 
to 70 mL/100 mL of FOS and 15-40 mL/100 mL of single sugars, i.e., glucose, fructose and sucrose 
(Ojansivu et al., 2011). Besides this rich composition, yacon fruit had been investigated for its antidiabetic 
and antioxidant activities highlighting the role of yacon supplementation in promoting health and reducing 
the risk of chronic diseases (Caetano et al., 2016; Cao et al., 2018). Sousa et al. (2015) revealed a potential 
prebiotic activity of yacon tuber flour upon the growth of four probiotic strains, attributing it to its FOS 
content. Yacon is usually processed by drying and blanching, being hot air drying, vacuum drying, heat pump 
drying, osmotic dehydration, foam-mat drying, spray drying, and freeze-drying the most common methods 
of drying used to process its juice (Reis et al., 2021). 

The introduction of yacon into a cryopreservation process could be an excellent application for this Andean 
root. Thus, this study aimed to evaluate the effects of yacon juice as growth medium and cryoprotectant on 
the viability of L. sakei ACU-2 and S. vitulinus ACU-10 during growth, freeze-drying and subsequent storage. 

2 Material and methods 

2.1 Microorganisms and culture conditions 

Latilactobacillus sakei ACU-2 and S. vitulinus ACU-10 composed the designed starter culture SAS-1 
(Palavecino Prpich et al., 2015a, 2015b). These strains are deposited in the strain repository of Laboratorio 
de Microbiología de Alimentos (Universidad Nacional del Chaco Austral, Argentina). Lactobacilli are kept 
in MRS broth (de Man, Rogosa, Sharpe) supplemented with 20 mL/100 mL of glycerol, while staphylococci 
are kept in Trypticase Soy Agar (TSA) + 0.6 mL/100 mL w/v yeast extract (TSBYE) added with 
20 mL/100 mL of glycerol; both bacterial species are maintained frozen at −80 °C. 

2.2 Culture media 

Culture media were prepared with fresh yacon juice. The fruits were washed, peeled and cut into cubes. 
The juice was extracted with a domestic juicer (Atma, Argentina), then clarified by vacuum filtration through 
a Whatman N°10 filter, and subsequently, it was centrifuged at 4000 rpm in a refrigerated device (Rolco, 
Argentina). The supernatant was diluted with distilled water at 5 mL/100 mL, 10 mL/100 mL and 
25 mL/100 mL and it was supplemented with peptone (20 g/L) and dipotassium phosphate (2 g/L). Before 
autoclaving, pH values of the medium were adjusted to 6.5 with sodium hydroxide (1N). 

2.3 Medium inoculation and microbial growth monitoring 

Medium were inoculated at 1 mL/100 mL with each of the tested bacteria. Systems inoculated with L. sakei 
were incubated at 30 °C while those inoculated with S. vitulinus were incubated at 37 °C. Systems prepared with 
de Man Rogosa and Sharpe (MRS) or Brain Heart Infusion (BHI) broths were used as growth control for 
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lactobacilli and staphylococci, respectively. Cultures Optical Density (OD) was spectrophotometrically monitored 
at 600 nm (Cary UV-Visible 60, Agilent Technologies, USA) for 12 h. Viable cell counts were determined by 
plate counting: L. sakei ACU-2 was performed in MRS agar incubated at 30 °C for 48 h, while S. vitulinus ACU-
10 was cultured in BHI agar at 37 °C for 48 h. Bacterial counts were expressed as Log (CFU/mL). 

2.4 Kinetic parameters estimation 

Data obtained, expressed as Log (DO600), were used to fit the modified Gompertz equation 
(Zwietering et al., 1990) (Equation 1) and to estimate the growth kinetic parameters: specific growth rate (μ, 
expressed at h-1) and maximum density (Log DOmax). 
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Where: y(t) = Log (DO600) = culture optical density at time t; yo = initial Log (DO600); ymax = maximum 
Log (DO600); μmax = maximum specific growth rate [time-1]; λ = lag phase length [time]. 

2.5 Freeze-drying process 

The yacon juice concentration with the highest viable cell counts (section 2.3) was chosen to perform this 
process. Cells were removed by centrifugation at 3000 g at 4 °C for 10 min (Dragon Lab, China), and were 
washed twice with sterile saline solution. Each biomass (lactobacilli and staphylococci) was then resuspended 
in the same volume of sterile yacon juice 10 mL/100 mL in order to test its attributes as cryoprotectant; 
distilled water was used in the same fashion to constitute the control system. These systems, containing 1 mL 
of each of the starter strains, were frozen at -80 °C in an ultrafreezer (Presvac, Argentina) during 24 h and 
then were transferred to a freeze dryer (Scientz-10N, China). The freeze-drying process was performed at 
10 Pa for 48 h at a condenser temperature of -50 °C. Before the freeze-drying, viable cell counts were 
determined as already described (section 2.3). 

2.6 Bacterial cell viability 

Cell viability was also determined immediately after the drying process. The freeze-dried samples were 
rehydrated in sterile deionized water at room temperature by adding the same volume that had been removed 
during freeze-drying (1 mL). Survival Rate (SR) was calculated as the ratio between CFU/mL before and 
after drying, expressed as a percentage (Equation 2). 

SR(%)=
viable cell counts after freeze-drying (N)

viable cell counts before freeze-drying (N0) ∙100 (2) 

2.7 Stability of microbial cells during storage 

Cell viability of both freeze-dried bacteria stored at refrigerated temperature (4 °C) was investigated after 
storage for up to 180 days. A new vial was opened at every time interval. Viable cells were determined as 
before mentioned (section 2.3). The specific rate of degradation (k) of the lyophilized samples was calculated 
according to Equation 3 (Korakoch et al., 2005): 

Log N = Log N0-k.t (3) 
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Where: N0 is the number of viable cells (CFU/mL of yacon juice) at initial storage time (t = to); N is the 
number of viable cells (CFU/mL of yacon juice) at time t (days); k is the specific rate of degradation (days-1) 
and t is the storage time. 

2.8 Water activity determination 

After drying, the water activity of the samples was measured at 25 °C using a calibrated device (Testo 635, 
Testo, Germany). 

2.9 Scanning Electron Microscopy (SEM) 

External appearance of freeze-dried cultures was examined by SEM. The samples were mounted on 
aluminum SEM stubs and coated with a thin layer of gold in a Denton Vacuum Desk II sputter coater. The 
morphology of the samples was observed using a scanning electron microscope (JEOL 5800LV, Japan) at a 
10kV acceleration voltage. 

2.10 Determination of yacon juice chemical composition 

Association of Official Analytical Chemistry (2006) methods were used to determine ash (AOAC 923.03), 
lipids (925.38 AOAC), nitrogen (AOAC 984.13), moisture (AOAC 934.01), total dietary fiber (AOAC 
991.43) and total carbohydrates content (Association of Official Analytical Chemistry, 2000). The 
conversion factor of 6.25 was used to convert nitrogen into crude protein content. For moisture content 
determination, the temperature and time of AOAC method were modified to 60 ºC and 20 h due to sample 
caramelization at 105 ºC. FOS content was determined by Zuleta & Sambucetti (2001) method. All 
determinations were repeated in triplicate. 

2.11 Statistical analysis 

Trials were run in triplicate and the resulting data were expressed as mean value ± standard 
deviation. Modified Gompertz Equation 1 was adjusted with growth data by means of non-linear 
regression using the Marquardt algorithm. The growth parameters of each different run were compared 
by one-way Analysis of Variance (ANOVA). Tukey’s test was applied to separate means when p value 
was ˂ 0.05. These analyses were conducted with the software STATGRAPHICS Plus 4.0 (Statistical 
Graphics Corp., Rockville, MD, USA). 

3 Results and discussion 

3.1 Kinetic growth parameters 

In this research work, the growth medium potential of yacon juice has been explored using the strains of 
the starter culture SAS-1, L. sakei ACU-2 and S. vitulinus ACU-10. Kinetic growth parameters estimated by 
Gompertz modified Equation 1 are summarized in Table 1. Both strains grew in all the tested yacon juice 
concentrations; however, juice concentration significantly affected their growth. As can be observed in 
Table 1, bacterial density from L. sakei ACU-2 was significantly higher when 10 mL/100 mL yacon juice 
was used. Nevertheless, the estimated parameters for yacon juice were statistically lower than the ones from 
the control system (MRS broth). After 12 h of incubation, lactobacilli counts were 8.48 ± 0.16 Log (CFU/mL) 
for 10 mL/100 mL yacon juice and 9.18 ± 0.02 Log (CFU/mL) for the control system. On the other hand, the 
staphylococci showed a better performance in the medium prepared with 5 mL/100 mL of yacon juice. 
Kinetic growth parameters estimated under this formulation showed no significant differences with the 
control system (BHI broth) nor the bacterial counts (Table 1). An increase in yacon juice concentration among 
5 mL/100 mL was detrimental to the bacterial maximum density as indicated by a significant reduction in 
these values. This drop was even more pronounced for the medium with 25 mL/100 mL yacon juice. 
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Table 1. Growth kinetic parameters and viable cell counts of L. sakei ACU-2 and S. vitulinus ACU-10 in different 
concentrations of yacon juice intended to be used as growth media. 

Growth media 
Growth kinetic parameters Bacterial counts* 

(CFU/mL) ʎ (h) µ (h-1) C (Log ODmax) 
L. sakei ACU-2 

Yacon 5 mL/100 mL 1.33ab ± 0.23 0.273ab ± 0.003 0.23a ± 0.01 8.05a ± 0.01 
Yacon 10 mL/100 mL 1.29ab ± 0.21 0.256a ± 0.009 0.33b ± 0.00 8.48b ± 0.16 
Yacon 25 mL/100 mL 1.85b ± 0.06 0.302b ± 0.011 0.25a ± 0.02 8.10a ± 0.06 

MRS broth 0.78a ± 0.07 0.358c ± 0.009 0.67c ± 0.00 9.18c ± 0.02 
S. vitulinus ACU-10 

Yacon 5 mL/100 mL 0.29a ± 0.23 0.215a ± 0.016 0.32a ± 0.01 8.93a ± 0.37 
Yacon 10 mL/100 mL 0.23a ± 0.21 0.226a ± 0.010 0.24b ± 0.00 8.51ab ± 0.07 
Yacon 25 mL/100 mL 1.29b ± 0.06 0.208a ± 0.024 0.08c ± 0.02 7.82b ± 0.03 

BHI broth 0.37a ± 0.07 0.230a ± 0.007 0.32a ± 0.00 9.04a ± 0.21 
*After 12 h of incubation. Different letters within the same column indicate significant differences (p ˂ 0.05) according to Tukey’s test. 

The difference between the best growth medium and its respective control system was more noticeable for 
L. sakei ACU-2 than for S. vitulinus ACU-10 which denoted that nutrient requirements among species are 
distinct and reflect their specific metabolic behavior. It is well known that lactic acid bacteria are nutritionally 
more demanding than other bacterial genus (Axelsson, 2004). Besides carbohydrates, lactobacilli require 
elements such as amino acids, peptides, vitamins and Mg/Mn salts to grow (Liew et al., 2005; Brinques et al., 
2010), while members of the genus Staphylococcus grow commonly well in simple media. This fact could 
explain the observed differences between both strains. 

3.2 Yacon juice as cryoprotectant 

Yacon juice was also evaluated as bacterial cell protectant agent during the freeze-drying process. Figure 1 
shows a microbial population decrease in all the freeze-dried samples. Nonetheless, the extent of the decrease 
depended upon the presence of protective substances and the bacterial species. An aqueous solution of yacon 
(10 mL/100 mL) had high Survival Rates (SR) for L. sakei ACU-2 (91.1%) and for S. vitulinus ACU-10 
(65.8%). Conversely, the SR for distilled water was less than 20% for both bacteria, evidencing the protectant 
effect of yacon juice. On the other hand, low values of water activity were observed in the yacon juice freeze-
dried samples: 0.311 ± 0.001 for L. sakei ACU-2 and 0.289 ± 0.015 for S. vitulinus ACU-10. High viability 
together with low water activity (< 0.6) are usually considered good quality indicators of freeze-dried cultures 
(Haiping et al., 2019). 

 
Figure 1. The survival rate of L. sakei ACU-2 and S. vitulinus ACU-10 freeze-dried in (grey) yacon juice  

10 mL/100 mL and (black) deionized water. 
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From a marketing perspective, the preservation of freeze-dried powder stability over the shelf-life is 
required. According to Broeckx et al. (2016), storage temperature, moisture content, water activity, relative 
humidity, oxygen presence and exposure to light, amongst others, are factors that can influence the shelf-life 
of the finished product. Besides, other authors highlighted that: i) temperature is one of the most critical 
parameter for microbial survival during storage (Carvalho et al., 2004) and; ii) storage at refrigerated 
temperatures generally provides the best stability (Meng et al., 2008; Lapsiri et al., 2012; Chotiko & Sathivel, 
2014). In this sense, the stability over 180 days of storage was performed at a refrigerated temperature of 
4 °C. Figure 2 shows the viability reduction over storage for both bacteria, where 0.77 and 1.65 Log 
reductions can be observed for L. sakei ACU-2 and S. vitulinus ACU-2, respectively. The specific rate of 
degradation for the lactobacilli (0.0044 ± 0.0010 day-1) was significantly lower than the one for the 
staphylococci (0.0088 ± 0.0012 day-1), thus evidencing lower stability of the latter. Despite this difference, 
the residual viability of both bacteria was high (7.59 ± 0.07 and 7.08 ± 0.01 CFU/mL for the bacilli and the 
cocci, respectively). These results suggested that freeze-dried bacteria from the starter culture SAS-1 imbibed 
in yacon juice were stable after six months of storage time at 4 °C. 

 
Figure 2. Log (N/N0) from lyophilized L. sakei ACU-2 (●) and S. vitulinus ACU-10 (Δ) in 10 mL/100 mL yacon juice 

as a function of storage time at 4 °C. 

The protectant effect reckoned could be supported by microscope observation of freeze-dried samples 
(Figure 3). The appearance of freeze-dried cultures in water (Figure 3a-3b) appeared less dense than that the 
freeze-dried cultures in yacon juice (Figure 3c-3d). The freeze-dried cocci with yacon juice were visible 
under SEM (Figure 3d), but no lactobacilli cells were clearly seen in the SEM micrographs (Figure 3c). 
It could be assumed that these cells were hidden inside the vitreous matrix. The latter observation is in 
keeping with Etchepare et al. (2016), who stated that L. acidophillus La-14 was probably entrapped inside 
the capsules of Hi-maize. 

In short words, the protectant effect of yacon juice could be equally attributed to the single sugars and the 
FOS present in the menstruum. It is consistent with FOS and carbohydrate contents evaluated in the juice 
(Table 2), which are in keeping with González (2021). The protectant activity of the saccharides is assigned 
to the ability of these substances to stabilize membranes and proteins by replacing the water surrounding the 
polar residues within these macromolecules’ structures (Golovina et al., 2009). Another protective 
mechanism would be related to the capacity of these sugars to build vitreous matrices. High viscosity and 
low molecular mobility -characteristics of the amorphous state- delay deteriorative reactions that take place 
by diffusion (Grasmeijer et al., 2013), increasing the physical and chemical stability of the imbibed cells. 
It has been reported that either the GOS (Tymczyszyn et al., 2012; Santos et al., 2014), as well as the FOS 
(Romano et al., 2015) can be optimum protectant agents due to their ability to form vitreous matrices. Though 
cell inactivation is low beneath the vitreous transition temperature (Tg), it does not completely stop 
(Higl et al., 2007); hence, the emergence of this matrix would not be enough to achieve an efficient protection 
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for the cells. In this regard, Romano et al. (2016) suggested the joint use of polysaccharides of high Tg and 
simple carbohydrates of low Tg, being the latter able to interact with biological membranes, they constitute 
a reasonable strategy for bacterial stabilization. These authors reported that the protectant effect of FOS 
towards L. delbrueckii subsp. bulgaricus CIDCA 333 was the result of the equilibrium between 
monosaccharides, sucrose and FOS, where the smallest sugars might be more efficient in the protection of 
lipid membranes while the biggest would contribute to the formation of vitreous states. 

 
Figure 3. Scanning electron micrographs (SEM) of freeze-dried samples. (a) L. sakei ACU-2 in water (10000 x). (b) S. vitulinus 

ACU-10 in water (10000 x). (c) L. sakei ACU-2 in yacon juice (500 x). (d) S. vitulinus ACU-10 in yacon juice (5000 x). 

Table 2. Chemical composition of yacon juice. 

Components (% w/w) Values* 
Moisture 72.70 ± 0.17 
Protein 1.09 ± 0.09 

Total lipids 0.84 ± 0.08 
Ash 1.02 ± 0.03 

Total dietary fiber 62.75 ± 0.06 
Fructooligosaccharides (FOS) 58.90 ± 0.07 

Insoluble dietary fiber 3.85 ± 0.05 
Carbohydrates 34.29 ± 0.09 

*Means ± standard deviation of three determinations in dry weight basis except moisture content that is expressed in g water/100 g yacon juice. 
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4 Conclusion 
Along with the results shown herein, the use of yacon juice as an alternative source of nutrients for biomass 

production and cryopreservation would be promising. Culture media prepared with yacon juice 
(10 mL/100 mL) could be suitable for both the growth and freeze-drying process of the strains comprising the 
autochthonous starter culture SAS-1, L. sakei ACU-2 and S. vitulinus ACU-10. Regarding the emphasis given 
nowadays to functional foods, the introduction of yacon juice into the cryopreservation process would be 
advantageous to improve its application and future perspectives within the food industry, bearing in mind the 
health promoting issues of these products, i.e., the presence of FOS from yacon as prebiotic sources to improve 
beneficial gut microbiota (Scott et al., 2013; Caetano et al., 2016; Pacheco et al., 2020). Even though the 
information provided by these results is still scarce, the potential use of yacon juice, or its by-products, could 
be expanded once media formulation was optimized according to the specific needs of each microorganism. 
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