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Abstract 16 

 The technological properties of two Lactobacillus paracasei (UI014 and 17 

UI022) and two Weissella confusa (UI006 and UI007) strains were studied 18 

in order to ascertain their suitability to be used in the formulation of probi-19 

otic ferment milks. All strains were able to grow in milk increasing their 20 

counts more than 2 logarithmic units. Additionally, L. paracasei strains 21 

were able to acidify and coagulate the milk which indicates that they can be 22 

employed as starter cultures. However, W. confusa strains can only be used 23 

as adjunct cultures since their acidification rate was very low. The viability 24 

of most strains declined slowly during the cold storage of the dairy product 25 

and after 4 weeks, their counts remained around 107 cfu/ml. Thus, the self 26 

live of these dairy products is long enough to ensure the intake of viable 27 

cells that could promote health benefits. Finally, the four strains studied 28 

presented high survival after the freeze-drying process using skim milk as 29 

cryo-protectant. Thus this technology can be employed to supply these 30 

strains to the dairy industry manufacturers to be used as starter or adjunct 31 

cultures for the formulation of probiotic foods.  32 

33 



1. Introduction 34 

 The consumption of fermented milks is becoming more popular around 35 

the world, although it is a practice that has been in existence from ancient 36 

times in different geographical regions. Nowadays, in developed countries 37 

there is a remarkable tendency to consume dairy products containing probi-38 

otic strains for which beneficial effects have been claimed with different 39 

degrees of scientific evidence (1). However, the consumption of probiotic 40 

foods in certain developing areas is still scarce and fermented milks market 41 

is supported by their nutritional properties more than by other additional 42 

health effects. In this sense, in Nigeria the artisanal preparation of fer-43 

mented milks at home is very frequent; thus, dairy fermentation depends on 44 

the activity of bacteria present in the raw milk coming from the environ-45 

ment (2). Currently, in Nigeria the consumption of conventional yogurt are 46 

very frequent in urban and even in rural areas. However, the consumption 47 

of fermented dairy products due to the health benefits of the bacteria pre-48 

sent is not a familiar concept in Nigeria and probiotic foods including 49 

strains with proven health benefits are not available in the market. This is 50 

confirmed by studies conducted by Anukan and co-workers (3, 4) on Nige-51 

rian clinicians; 95% of the participants were not familiar with the term pro-52 

biotics, but 65% indicated their willingness to approve probiotics for uro-53 

genital and gastrointestinal health and a large number of participants 54 



preferred probiotic yogurt, suggesting that probiotics would be better ac-55 

cepted if incorporated in food. In fact in developed countries probiotic bac-56 

teria (Lactobacillus and Bifidobacterium) have been incorporated into dairy 57 

foods as adjuncts cultures, and one of the most popular products for the de-58 

livery of probiotics is the yogurt (5). Yogurt results from the fermentation 59 

of milk with starter cultures of Lactobacillus delbruekii subsp. bulgaricus 60 

and Streptococcus thermophilus. A starter can be defined as a “microbial 61 

preparation of a large numbers of cells of at least one microorganism to be 62 

added to a raw material to produce a fermented food by accelerating and 63 

steering its fermentation process” (6). Several lactic acid bacteria strains 64 

(LAB) are commonly used as starters because they cause a rapid acidifica-65 

tion of the raw material thus enhancing the microbial safety and shelf live 66 

of the fermented product. However, some strains are not able to achieve 67 

good acidification rates but they are added as adjunct cultures along the 68 

fermentation process since they provide additional sensorial or heath pro-69 

moting properties. 70 

 In previous works carried out by us, two Lactobacillus paracasei strains 71 

(UI014 and UI022) and two Weissella confusa strains (UI006 and UI007) 72 

have been isolated from traditional dairy foods from Nigeria and selected 73 

because of their antagonistic activities against entero- and uro-pathogens, 74 

production of antimicrobial metabolites (organic acids, ethanol, and hydro-75 



gen peroxide) and lack of toxic compounds (7, 8). The aim of the current 76 

work was to check the technological properties of the aforementioned bac-77 

teria through the study of the strain viability in fermented milks under cold 78 

conditions and after freeze-drying process. This will be the first step to 79 

check the suitability of these strains to be produced as starter or adjunct 80 

cultures for the formulation of probiotic fermented milks.  81 

 82 

2. MATERIALS AND METHODS 83 

2.1 Bacterial strains and culture media 84 

 Strains of L. paracasei and W. confusa were grown in MRS broth (Bio-85 

Kar Diagnostics, Beauvais, France) and were stored in MRS broth contain-86 

ing 20% glycerol at -80ºC. All strains were identified by partially sequenc-87 

ing the 16S rRNA gene (8). As standard procedure, strains from frozen 88 

stocks were grown overnight in MRS broth at 370C, 5% CO2 in a Heracell® 89 

240 incubator (Thermo Electron LDD GmbH, Langenselbold, Germany)  90 

and used to inoculate fresh MRS medium which was incubated for 24 h be-91 

fore use. 92 

2.2 Milk fermentations and strain viability under refrigeration 93 

 MRS grown cultures of each strain were washed twice with PBS solution 94 

pH 7.0 and used to inoculate (2%) pasteurized skimmed milk (Difco, Bec-95 

ton Dickinson, MD, USA) reconstituted at 11%. Milk fermentations were 96 



performed at 37ºC for 24 h in a water bath. Counts of these cultures were 97 

determined by making serial dilutions in Ringer (Merck, Darmstadt, Ger-98 

many) solution and deep-plating on agar-MRS which was incubated for 48 99 

h at 37ºC, 5% CO2. The results were expressed as colony forming units per 100 

milliliter (cfu/ml) of fermented milk. After incubation, the fermented milks 101 

were homogenized under sterile conditions, divided into several tubes and 102 

stored at 4ºC for 28 days. Counts of viable cells after 7, 14, 21 and 28 days 103 

were carried out as previously indicated. The pH after 24 h of milk fermen-104 

tation and after 7, 14, 21 and 28 days of cold storage was directly measured 105 

with pHmeter Symphony VWR SB70P (ThermoFisher, USA).  106 

 107 

2.3 Effect of freeze-drying on strain viability 108 

 Cells from MRS cultures grown for 24 h were harvested by centrifuga-109 

tion (2,800 g, 4ºC, 20 min), washed once with PBS buffer and concentrated 110 

10-times in 1 ml of pasteurized skimmed milk. Cells suspended in milk 111 

were kept at -80ºC in sterilized glass tubes for 24 h and afterwards they 112 

were lyophilized in a Freezemobile 12EL equipment (VirTis, Gardiner, 113 

NY, USA) for 24 h. Finally, the lyophilized cells were dissolved in saline 114 

solution in the same initial volume (1 ml). The number of viable cells be-115 

fore and after lyophilization was determined by counting in agar-MRS as 116 



previously described. Results were expressed in cfu/ml and this data were 117 

used to calculate the percentage of survival.  118 

2.4 Statistical analysis 119 

Data of survival were analyzed by means of several one-way ANOVA tests 120 

using the SPSS 11.0 software for Windows (SPSS Inc., Chicago, IL, USA). 121 

The ANOVA factor used was the strain type with four categories: UI006, 122 

UI007, UI014 and UI022. Afterwards, the differences among the four 123 

strains were assessed by the mean comparison analysis LSD (least-124 

significant difference, p < 0.05).  125 

 126 

3. RESULTS AND DISCUSSION 127 

3.1 Growth of the LAB in milk  128 

 The capability to grow in milk of the strains under study was determine 129 

in order to assess their suitability to be used as starters or adjunct cultures 130 

in the formulation of fermented dairy foods for probiotic use. The number 131 

of viable cells that each LAB reached in milk after fermentation at 37ºC for 132 

24 h is presented in Figure 1. All strains were able to increase their counts 133 

for more than 2 log units: 2.44±0.07 and 2.52±0.05 for W. confusa UI006 134 

and UI007, and 2.12±0.06 and 2.14±0.07 for L. paracasei UI014 and 135 

UI022, respectively. This indicates a similar capability of the strains of 136 

both genera to growth in milk which is in accordance with other studies re-137 



ported in literature for probiotic strains (9). However, the pH values 138 

reached in milks fermented with W. confusa were significantly higher (p < 139 

0.001) than that of L. paracasei which reflects differences in their meta-140 

bolic activity in milk (Figure 1).  It seems that L. paracasei strains are pro-141 

ducing higher amounts of organic acids, which correlates with a lower pH 142 

in the fermented milks, than W. confusa strains. It is known that L. paraca-143 

sei displays a homofermentative metabolism of glucose, thus producing 144 

lactic acid as main end product. Whereas, W. confusa is heterofermentative 145 

and thereby other metabolites in addition to organic acids can be formed 146 

(10).  In fact, we have recently shown that the main end product of glucose 147 

metabolism of our Weissella strains growing in MRS broth was ethanol and 148 

that of L. pracasei was lactic acid (8). Thus, similar behaviour could be ex-149 

pected in milk medium. The W. confusa strains were able to grow in milk 150 

up to 108 cfu/ml, while the L. paracasei strains reached 109 cfu/ml. The 151 

suggested daily intake for probiotics strain is around 109 viable cells per 152 

day (11), which could correspond to around 107 to 108 cfu/ml or g of prod-153 

uct. Therefore, the LAB used in this study can reach enough number of vi-154 

able cells and could be used to formulate probiotic fermented milks, if 155 

some health benefits could be attributed to them. In addition, since the L. 156 

paracasei strains can acidify the fermented milk to pH below 5.0 157 

(4.73±0.03 and 4.57±0.14 for UI14 and UI22, respectively) these strains 158 



can be used as starters which coagulates the milk. But, W. confusa strains 159 

were not able to form a hard milk-coagulum because they were not able to 160 

acidify the milk below the precipitation point of the casein (5.65±0.01 and 161 

5.67±0.01 for UI006 and UI007, respectively). Thus Weissella strains can 162 

be used as adjunct cultures to be added in combination with, for example, 163 

yoghurt starter cultures.  164 

    165 

3.2. Effect of storage at 4ºC on viability of the LAB in fermented milk  166 

 The probiotic capability is a strain depending characteristic and it is well 167 

accepted that in order to confer health benefits, a given probiotic strain 168 

should be present in the food in enough amounts and in a viable state (12). 169 

The survival of probiotics in functional dairy products has improved in re-170 

cent years but the loss of bacterial viability increases with the storage pe-171 

riod of the commercial product (13). In the current work, we have studied 172 

the survival of the four strains in fermented milks during the cold storage in 173 

order to ascertain the shelf life of the product. The growth of the LAB in 174 

the fermented milks as well as the evolution of their pH values during the 175 

cold stored at 4ºC is depicted in Figure 1. In general, the pH values of the 176 

fermented milks remained stable during the storage period, indicating ab-177 

sence of excessive acidification in the case of L. paracasei strains (28 days 178 

pH values 4.51±0.01 and 4.37±0.11 for UI014 and UI022, respectively). A 179 



slight increase of pH was detected in milks fermented with W. confusa 180 

strains after 7 days of cold storage, which was also coincident with a slight 181 

increase of the bacterial counts for both UI006 and UI007 strains (Log 182 

cfu/ml increase 0.23±0.01 and 0.45±0.03, respectively). This pH raise was 183 

probably due to the production of metabolites coming from the milk protein 184 

breakdown since the lysis of the bacteria could be discarded given the in-185 

crease in the counts detected. Afterwards, the pH of milks fermented with 186 

Weissella strains remained without changes (28 days pH values 5.91±0.01 187 

and 5.85±0.01 for UI006 and UI007, respectively). Regarding the viability 188 

of the strains along the cold storage period, the percentage of survival was 189 

calculated with respect to the counts obtained after the fermentation (Table 190 

1).  Statistical differences were detected among strains in each storage pe-191 

riod tested (p ≤ 0.01) thus indicating that the viability lost was strain de-192 

pendent (13). After 7 days of storage, Weissella strains kept their viability 193 

even being able to slightly grow. However, strain W. confusa UI017 was 194 

quickly loosing its viability; after 14 days of cold storage it was reduced to 195 

the half of the initial values and a considerable decrease was obtained at the 196 

end of the cold storage (8.0 x 106 cfu/ml). Contrary to this, W. confusa 197 

UI006 and the two L. paracasei (UI014 and UI022) strains were loosing 198 

their viability slowly and at the end of storage (28 days) the counts of each 199 

strain were 3.8x107, 9.0x108 and 7.9x108 cfu/ml, respectively. Thus, most 200 



strains are still viable in the desired amounts in the fermented milks after 4 201 

weeks of cold storage which is a desirable property if these strains are in-202 

tended for oral delivery probiotic use. The first articles reporting the viabil-203 

ity of probiotic strains in dairy fermented products showed a constant de-204 

cline in the bacterial counts under cold storage (14). However, the 205 

improved technologies as well as the selection of strains with higher toler-206 

ance levels of stressing technological factors (15) increased the self live pe-207 

riod of the dairy probiotic products (13). Thus the selection of strains based 208 

on their ability to grow in milk and to survive along the storage period of 209 

the food is still an important criterion for the selection of strains in combi-210 

nation with their probiotic properties.   211 

 212 

3.3. Effect of lyophilization on the viability of LAB  213 

 In order to use LAB strains for food probiotic applications, either as 214 

starter or adjunct cultures, some preservation methods become necessary to 215 

supply the bacteria to the manufacture industry. Frozen direct-to-vat cul-216 

tures require very low temperatures for transportation and storage which 217 

limits their application to some developing areas or countries. Thereby, 218 

freeze-drying is a technology more suitable given that it does not need 219 

freezing conditions for distribution (16). Therefore, the effect of the freeze-220 

drying process on the viability of our potential probiotic strains was tested. 221 



Statistical differences (p < 0.001) on viability after lyophilization were de-222 

tected among strains (Figure 2). L. paracasei strains presented the highest 223 

survival rates whereas W. confusa strains showed the lowest, UI007 being 224 

the strain with the highest viability reduction (66%). However, these sur-225 

vival percentages represent a reduction lower than 0.5 logarithmic units 226 

(Log cfu/ml reduction of 0.33±0.01 and 0.47±0.05 for W. confusa UI006 227 

and UI007, and 0.25±0.02 and 0.22±0.02 for L. paracasei UI014 and 228 

UI022, respectively) which indicates that all bacteria tested survived the 229 

freeze-drying process well. The lyophilization is a process that involves 230 

two steps, first a frozen period followed by a dry step by sublimation under 231 

high vacuum. Thus, bacteria are submitted to stressing conditions and the 232 

response to this challenge depends on the strain (17). In this way, the use 233 

different of cryo-protectants, such as skim milk in our case, could help to 234 

improve the survival rates of bacteria (18). 235 

 236 

4. Conclusion 237 

This study was conducted to determine if four LAB selected according to 238 

their probiotic potential have suitable technological properties to be in-239 

cluded in fermented milk products. All strains were able to grow in milk 240 

but only L. paracasei strains acidified the milk in order to produce a fer-241 

mented product. Thus, these strains could be used either as starters or as ad-242 



junct cultures, whereas W. confusa strains could be added as adjunct cul-243 

tures in combination with other starters for the manufacture of fermented 244 

milks such as yoghurt. After 4 weeks of cold storage the viable cells of 245 

most strains in the fermented milks remained up to 107 cfu/ml, which is the 246 

minimum amount of daily intake recommended by some authors to obtain 247 

health benefits. Thus, the self life of milks containing these bacteria is high 248 

which makes suitable the application of the strains studied for oral delivery 249 

as putative probiotic foods. Finally, all bacteria tested showed high per-250 

centages of survival after freeze-drying. Thereby, this process can be ap-251 

plied to obtain enough cell biomass that will provide starter or adjunct cul-252 

tures for the dairy manufacture industry.   253 

 254 
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Table 1: Percentage of survival (refer to the cfu/ml after fermentation) of Weissella 295 

confusa and Lactobacillus paracasei strains in fermented milks stored at 4ºC for 28 296 

days. Differences among strains in each day of cold storage have been assessed by 297 

means of one-way ANOVA. The strains that within the same day do not share a com-298 

mon superscript are statistically different (p < 0.05) accordingly to the LSD (least-299 

significant difference) mean comparison test 300 

  Mean ± SD 

Species Strain 7 days 14 days 21 days 28 days 

 
W. confunsa 
 
L. paracasei 

 
UI6 
UI17 
UI14 
UI22 

 
170.9±29.0b 
260.9±17.4c 
101.9±18.9a 
83.3±11.1a 
*** 

 
122.9±16.5c 
53.3±9.8a 
82.1±4.7b 
76.1±18.6ab 
** 

 
82.9±2.3d 
33.0±4.3a 
50.4±0.6c 
38.8±1.0b 
*** 

 
24.5±5.2b 
6.9±0.0a 
33.9±0.8c 
21.8±3.2b 
*** 

One-way ANOVA: ** p < 0.01, *** p <0.001 

301 



Fig. 1: Growth (Log cfu/ml) of W. confusa and L. paracasei strains in milk 302 

and pH values of milks after fermentation period (AF = 24 h of incubation 303 

at 37ºC) and along the storage of fermented milks at 4ºC for 28 days. (◊) L. 304 

paracasei UI022, (▲) L. paracasei UI014, (■) W. confusa UI006 and (○) 305 

W. confusa UI017. 306 
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Fig. 2: Percentage of survival of W. confusa and L. paracasei strains, suspended in 309 

skimmed milk as cryo-protective, after lyophilization. Differences among strains have 310 

been assessed by means of one-way ANOVA. The strains that do not share a common 311 

superscript are statistically different (p < 0.05) accordingly to the LSD (least-significant 312 

difference) mean comparison test. 313 
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