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Abstract:  
 
Few antifungal protective cultures adapted to fermented dairy products are commercially available 
because of the numerous constraints linked to their market implementation. Consumer’s demand for 
naturally preserved food products is growing and the utilization of lactic acid bacteria is a promising 
way to achieve this goal. In this study, using a 25-1 factorial fractional design, we first evaluated the 
effects of fermentation time, of initial sucrose concentration and of the initial contamination amount of 
a spoilage yeast, on antifungal activities of single and mixed cultures of Lactobacillus rhamnosus 
K.C8.3.1I and Lactobacillus harbinensis K.V9.3.1Np in yogurt. L. harbinensis K.V9.3.1Np, the most 
relevant strain with regard to antifungal activity was then studied to determine its minimal inhibitory 
inoculation rate, its antifungal stability during storage and its impact on yogurt organoleptic properties. 
We showed that L. harbinensis K.V9.3.1Np maintained a stable antifungal activity over time, which 
was not affected by initial sucrose, nor by a reduction of the fermentation time. This inhibitory activity 
was an all-or-nothing phenomenon. Once L. harbinensis K.V9.3.1Np reached a population of 
∼2.5×106 cfu/g of yogurt at the time of contamination, total inhibition of the yeast was achieved. We 
also showed that an inoculation rate of 5×106 cfu/ml in milk had no detrimental effect on yogurt 
organoleptic properties. In conclusion, L. harbinensis K.V9.3.1Np is a promising antifungal 
bioprotective strain for yogurt preservation. 
 
Highlights 

► Two lactobacilli were selected for their strong antifungal activity in yogurt. ► The influence of 
different yogurt parameters on their activity was assessed. ► None of the tested parameters impacted 
the activity of L. harbinensis K.V9.3.1Np. ► We showed that its activity was an all-or-nothing 
phenomenon and was stable over time. ► The presence of this strain did not impact the organoleptic 
properties of yogurt. 

Keywords : Lactobacillus harbinensis ; bioprotective culture ; antifungal activity 
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 51 

1. Introduction  52 

Lactic acid bacteria (LAB) have a long history of use in the manufacture of a large variety of 53 

fermented foods where they contribute to their preservation and organoleptic properties. 54 

During the last decade, there has been increasing interest in the development of LAB 55 

bioprotective cultures as alternative to chemical additives in food. This growing interest is 56 

mainly driven by consumers’ demand for food products without chemical preservatives and/or 57 

for preservatives from natural origin. This is why many industrials are moving towards the 58 

use of protective microbial cultures, mainly LAB, able to produce antagonistic metabolites 59 

such as bacteriocins, peptides and/or low-weight non-proteinaceous compounds (organic 60 

acids, fatty acids, H2O2, etc.). Many scientific evidences or proof-of-concept in literature 61 

underline the great potential of such an approach to combat pathogenic or spoilage 62 

microorganisms in various food products such as meat (Budde et al., 2003; Vermeiren et al., 63 

2004; Castellano et al., 2008), fish (Brillet et al., 2005; Tomé et al., 2008; Chahad et al., 64 

2012), bakery products (Dal Bello et al., 2007; Gerez et al., 2009; Ryan et al., 2011) and 65 

vegetables (Trias et al., 2008; Randazzo et al., 2009). However, in contrast to probiotics 66 

(Gregoret et al., 2013), only a limited number of commercial protective cultures are marketed 67 

today, and this statement is especially true for antifungal bioprotective cultures in dairy 68 

products. Yet, dairy products are particularly susceptible to fungal contaminations leading to 69 

food spoilage (off-flavour, deterioration of visual appearance) and important economic losses 70 

(Nelson, 1993).  71 

The limited number of marketed bioprotective cultures in fermented dairy products can be 72 

first explained by the numerous constraints linked to their market implementation. Apart from 73 

being safe for human consumption, a selected strain must fulfill several criteria (Wessels et 74 

al., 2004) and it is often difficult to gather them all. Among them, the antimicrobial strain 75 
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must be active in the desired food without producing any detrimental effects on the growth 76 

and functionality of starter bacteria (Holzapfel et al., 1995). The antimicrobial activity should 77 

also be exhibited and/or maintained under conditions of production, during storage and once 78 

the packaging is opened at consumers’ home. It is well established that a bacterial 79 

antimicrobial activity in food can vary positively or negatively according to environmental 80 

conditions including biotic (competing microbiota) and abiotic factors such as temperature, 81 

pH, oxygen and available nutrients (Gálvez et al., 2007; Pfeiler and Klaenhammer, 2007 ; 82 

Rouse et al., 2008 ; Schillinger and Villareal, 2010 ; Zhang et al., 2010). Indeed, Guerra et al. 83 

(2001) showed that nisin production by Lactococcus lactis in diluted whey was inhibited by 84 

an increase in nitrogen, and by an increase in sugar but in a lesser extent. On the other hand, 85 

Dallagnol et al. (2011) highlighted that higher concentrations of phenylalanine and citrate in 86 

Lactobacillus plantarum CRL 778 fermentation medium, significantly increased the 87 

production of phenyllactic and hydroxyphenyllactic acids, two well-known antifungal 88 

compounds. Furthermore, bioprotective cultures should be active at the lowest possible 89 

concentration in order to reduce the cost associated with their use. In in situ studies, 90 

Suomalainen and Mäyrä-Makinen (1999) and Schwenninger and Meile (2004) used initial cell 91 

numbers of 107 to 108 cfu/g to totally inhibit the fungal targets. Such high concentrations of 92 

bioprotective cultures would certainly induce an additional cost for their production. Finally, 93 

the protective culture should not impair the sensory attributes of the food product.  94 

In a previous study, Lactobacillus rhamnosus K.C8.3.1I and Lactobacillus harbinensis 95 

K.V9.3.1Np were shown to respectively possess moderate and strong antifungal activities 96 

against 6 fungal species (Debarryomyces hansenii, Rodothorula mucilaginosa, Yarrowia 97 

lipolytica, Penicillium brevicompactum, Kluyveromyces lactis and Kluyveromyces marxianus) 98 

commonly encountered in yogurt spoilage (Delavenne et al., 2013). In the present study, these 99 

two strains were included in an experimental design to evaluate the effects of two yogurt 100 
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process parameters (fermentation time and initial sucrose) and of the initial contamination rate 101 

of Yarrowia lipolytica, on their antifungal activities in single and mixed cultures. Finally, the 102 

antifungal activity of L. harbinensis K.V9.3.1Np was studied in more details, by determining 103 

its minimal inhibitory inoculation rate in yogurt, the stability of its antifungal activity during 104 

storage and its impact on yogurt organoleptic properties using sensory analyses. 105 

 106 

2. Materials and methods 107 

2.1 Microorganisms and culture conditions 108 

L. harbinensis K.V9.3.1Np and L. rhamnosus K.C8.3.1I were previously isolated from cow 109 

and goat milks, respectively (Delavenne et al., 2012). These bacterial strains were stored in 110 

MRS (AES Chemunex, Bruz, France) supplemented with glycerol (30%, v/v) at −80°C, and 111 

routinely cultivated at 30°C in MRS broth. They were used as antifungal protective cultures. 112 

Commercial freeze-dried yogurt starter cultures (Nat-Ali, Nantes, France), comprising 113 

Streptococcus salivarius subsp. thermophilus (S. thermophilus) and Lactobacillus delbrueckii 114 

subsp. bulgaricus (L. bulgaricus) were used for yogurts manufacture. Yarrowia lipolytica 115 

UBOCC 2.11.004=LMSA 2.11.004, a yeast particularly resistant to organic acids (Delavenne 116 

et al., 2013) and commonly encountered in yogurt spoilage, was obtained from the Culture 117 

Collection of Université de Bretagne Occidentale (UBOCC, Plouzané, France). This strain 118 

was stored in yeast extract (0.3%) and malt extract (2%) medium (YEMA) supplemented with 119 

glycerol (30%, v/v) at −80°C, and cultivated aerobically at 25°C for 2 days on YEMA agar. 120 

This strain was used for the artificial contamination of yogurts. 121 

 122 

2.2 Cultivation of bacterial and fungal strains for yogurts inoculation 123 

L. harbinensis K.V9.3.1Np and L. rhamnosus K.C8.3.1I were separately cultivated for 17 h in 124 

MRS broth at 30°C to reach populations of ~ 2×109 cfu/ml. These cell suspensions were then 125 
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centrifuged for 10 min at 10000 × g and washed with sterile 0.1% peptone water, before being 126 

suspended and diluted in half-fat pasteurized milk (Lait frais demi-écrémé pasteurisé 127 

GrandLait, Candia, France) to reach concentrations ranging from ∼103 to 109 cfu/ml. Yeasts 128 

suspensions were prepared in sterile 0.1% peptone water by scraping colonies from the 129 

surface of YEMA agar after 2 days incubation at 25°C. Cells were then enumerated with a 130 

Malassez cell and adjusted to 104, 5×104 or 105 cells/ml.  131 

 132 

2.3 Production of yogurt samples  133 

Yogurts were produced with sweetened (100 g/l sucrose) or unsweetened half-fat pasteurized 134 

milk supplemented with low-fat milk powder (4 %) (Lait en poudre écrémé, Casino, France) 135 

and litmus dye (0.6 ‰) (RAL, Martillac, France). After heat treatment for 30 min at 85°C, 136 

milk was rapidly cooled to 45°C before inoculation with the freeze-dried starter cultures 137 

according to the manufacturer’s instructions, mixed and sampled into glass containers. 138 

Suspensions of antifungal strains (1.5 ml at the desired concentration) were added or not 139 

(controls) to milk. Fermentations were carried out at 42°C for 6, 4.5 or 3 hours. The final 140 

volume of each yogurt was of 30 ml. Yogurts were then artificially contaminated with the 141 

desired concentration of Y. lipolytica, either at the end of fermentation (experiments 1 and 2), 142 

or after 1 or 5 weeks of storage at 10°C (experiment 3).  143 

 144 

2.4 Enumeration of bacteria in yogurts  145 

Bacteria were enumerated before and after fermentation, during storage (once a week) and at 146 

the end of the storage periods. Lactobacilli were enumerated on acidified MRS agar (pH 5.5) 147 

(Randazzo et al., 2002). L. bulgaricus was differentiated from L. harbinensis K.V9.3.1Np or 148 

L. rhamnosus K.C8.3.1I based on colony morphotypes on MRS agar. However, in certain 149 

experiments, L. bulgaricus was not enumerated because L. harbinensis K.V9.3.1Np and/or L. 150 
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rhamnosus K.C8.3.1I were at higher concentrations. L. harbinensis K.V9.3.1Np or L. 151 

rhamnosus K.C8.3.1I were enumerated on LAMVAB agar (Hartemink et al., 1997) and S. 152 

thermophilus on M17 agar (AES Chemunex, Bruz, France) supplemented with 0.5 % lactose 153 

(Ashraf and Shah, 2011). For the assessment of process factors on the antifungal activity of 154 

yogurts (experiment 1), LAB were enumerated at the end of the storage period on adequate 155 

medium agar supplemented with 5.6 mg/l amphotericin B (Sigma-Aldrich, Saint-Quentin 156 

Fallavier, France) to prevent Y. lipoltyica growth.  157 

 158 

2.5 Quantification of Y. lipolytica in yogurts 159 

Observation of yogurt surfaces during storage provided a first qualitative estimation of fungal 160 

growth. In addition, at the end of each storage period, yogurts were 10-fold diluted in sterile 161 

0.1% peptone water and homogenized for 1 min using a Stomacher (Stomacher_ Mix 1, 162 

AES Laboratoire, Combourg, France). One hundred microliters of each dilution were surface-163 

plated on yeast extract glucose chloramphenicol (YEGC) agar in duplicate, and yeast colonies 164 

were enumerated after 48 h incubation at 25°C.  165 

 166 

2.6 Experiment 1: assessment of the effects of various factors on antifungal activity 167 

using a fractional factorial design  168 

The effect of five factors (initial sucrose percentage of 0 vs 10%, fermentation time, 169 

presence or absence of L. harbinensis K.V9.3.1Np and/or L. rhamnosus K.C8.3.1I, 170 

contamination rate of Y. lipolytica), and their interactions on antifungal activity were 171 

determined by plating and enumeration of Y. lipolytica after 6 weeks of storage at 10°C. 172 

In this study, using all the combinations of levels of the five variables in a complete two-level 173 

factorial design 2k would entail using 25 = 32 runs. Instead, we used a fractional factorial 174 

design, where only a subset of the complete factorial design (2 k-p combinations) is 175 
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considered. Their construction is based on confounding some main effects and/or interactions 176 

(Box et al., 1978). This technique allows the building of one-half, one-quarter, or even one-177 

eighth, of the complete design. The confounded effects cannot be separated. In the present 178 

study, 25-1 (i.e 16) effects were determined: the mean value of the response, 5 main effects of 179 

factors (confounded with 4-factor interaction effects), and 10 2-factor interaction effects 180 

(confounded with 3-factor interaction effects). Five factors A, B, C, D and E and their levels 181 

were selected based on commonly applied yogurt process factors and through preliminary 182 

trials (data not shown). Five factors were studied: the initial sucrose concentration (A), the 183 

inoculation rate of L. harbinensis K.V9.3.1Np (B), the inoculation rate of L. rhamnosus 184 

K.C8.3.1I (C), the fermentation time (D) and the inoculation rate of Y. lipolytica (E). Each 185 

factor was studied at 2 levels (−1) and (+1) reported in Table 1. Additional central runs (coded 186 

at level 0 for quantitative factors B, C, D and E) were also included in the matrix. Levels (0) 187 

of factors in additional central runs are reported in Table 1. The matrix of the 2 5-1 design is 188 

reported in Table 2. The 16 combinations of the 25-1 fractorial design (Table 2, block I) were 189 

duplicated (Table 2, block II) in order to evaluate the experimental variance and block effect 190 

(Table 2). 191 

 192 

2.7 Experiment 2: assessment of L. harbinensis K.V9.3.1Np minimal inhibitory 193 

inoculation rate 194 

The minimal inoculation rate of L. harbinensis K.V9.3.1Np providing a significant antifungal 195 

effect toward Y. lipolytica was sought. Nine concentrations of L. harbinensis K.V9.3.1Np: 0 196 

(control yogurt), 5×101, 5×102, 5×103, 5×104, 5×105, 1×106, 5×106 and 5×107 cfu/ml of milk 197 

were tested. Yogurts were prepared and inoculated as described above and the fermentation 198 

was conducted at 42°C for 6 h. After cooling at 10°C, yogurts were contaminated with 100 ± 199 

20 cells of Y. lipolytica and stored for 6 weeks at 10°C. L. harbinensis K.V9.3.1Np was 200 
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enumerated and pH values were measured immediately after yogurt inoculation, after 201 

fermentation and weekly during storage, whereas fungal enumeration was performed after 6 202 

weeks of storage at 10°C, as described above. Experiments were done in triplicate for 203 

concentrations 5×104, 5×105 and 5×106 cfu/ml and in duplicate for the others. 204 

 205 

2.8 Experiment 3: assessment of the stability of the antifungal activity of L. 206 

harbinensis K.V9.3.1Np during storage 207 

Stability of antifungal activity during storage was evaluated on yogurts inoculated with 208 

different L harbinensis K.V9.3.1Np concentrations (5×104, 5×105, 1×106 and 5×106 cfu/ml), 209 

and contaminated with Y. lipolytica (100 cells/yogurt) at different stages (after 6h of 210 

fermentation, after one week and after 5 weeks of storage at 10°C). Following contamination, 211 

yogurts were stored for an additional 6 weeks at 10°C before enumeration of Y. lipolytica 212 

population as described above. Series of yogurts uncontaminated with Y. lipolytica were also 213 

prepared for pH measurements during storage and bacterial enumeration on semi-selective 214 

media as described above.  215 

 216 

2.9 Sensory evaluation  217 

In order to determine whether the presence of L. harbinensis K.V9.3.1Np had a significant 218 

impact on yogurt organoleptic properties (taste, flavor and texture), a sensory analysis was 219 

performed using a triangle test following the AFNOR NF V 09-013 guidelines. Three coded 220 

samples were presented to an untrained panel of 36 members. The assessors were then asked 221 

to indicate which sample was different from the two others. Yogurts containing L. harbinensis 222 

K.V9.3.1Np at 5×106 cfu/ml and control yogurts were obtained as described above and stored 223 

at 10°C for one week prior to sensory analyses.  224 

 225 
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2.10 Statistical analyses  226 

Experimental design and statistical analyses were performed using the Statgraphics plus 227 

software (Statistical Graphics Corp., VA, USA). 228 

 229 

3. Results 230 

3.1 Experiment 1: effect of various factors on antifungal activity  231 

Concentrations of starter bacteria, bioprotective cultures and Y. lipolytica after 6 weeks of 232 

storage at 10°C determined after the trials of the 25-1 factorial fractional design are shown in 233 

Table 2. Since growth of Y. lipolytica in culture conditions corresponding to central runs 234 

(0,0,0) was null, neither a steepest ascent nor a lack-fit test could be performed in our 235 

experimental conditions. According to our data, no significant difference was found between 236 

block I and block II. Data from block I and block II were then pooled together to perform the 237 

ANOVA. 238 

The coefficient of determination r2, which gives the variation percentage of the response due 239 

to factor variations and interactions, was high for each response considered (r2=81.6-86.8%, 240 

Table 3), except for S. thermophilus growth (r2=49%). This indicates that one or several 241 

factors and their interactions could significantly explain growth variations observed in the 242 

yogurt matrix. The two abiotic factors, initial sucrose concentration (A) and fermentation time 243 

(D) as well as their interaction (AD), had no significant impact on Y. lipolytica nor LAB 244 

growth. An initial contamination of 100 or 1000 Y. lipolytica cells (factor E) did not impact 245 

any of the studied responses, including Y. lipolytica final concentrations. Interactions AE, and 246 

DE had no significant impact on any of the 6 considered responses in this study (Table 3). 247 

Factors A, D and E had no effect on the growth of L. harbinensis K.V9.3.1Np and 248 

L. rhamnosus K.C8.3.1I. On the other hand, when L. rhamnosus K.C8.3.1I was inoculated, 249 

the final population level of S. thermophilus was significantly increased (P-value <0.01), 250 
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whereas the final population level of L. bulgaricus decreased when L. rhamnosus K.C8.3.1I 251 

or L. harbinensis K.V9.3.1Np were inoculated (Table 3). However, L. bulgaricus growth data 252 

have to be taken with caution due to the difficulties encountered in the enumeration of this 253 

strain. 254 

Statistical analyses clearly revealed that only L. harbinensis K.V9.3.1Np addition (factor B), 255 

had a significant inhibitory effect (P-value <10-4) on Y. lipolytica growth in yogurts (Table 3). 256 

Moreover, there was no significant interaction between factor B and the other factors, 257 

indicating that these factors did not affect the L. harbinensis K.V9.3.1Np antifungal activity, 258 

neither its growth. Indeed, Y. lipolytica growth was not detected in L. harbinensis K.V9.3.1Np 259 

inoculated yogurts (level + 1 of factor B), except for the trial number 36 (10% of initial 260 

sucrose, presence of L. harbinensis K.V9.3.1Np, presence of L. rhamnosus K.C8.3.1I, 6 hours 261 

of fermentation, contamination by 1000 cfu of Y. lipolytica), for which Y. lipolytica reached a 262 

concentration of 3.4 log10 cfu/g (Table 2). 263 

 264 

3.2 Experiment 2: assessment of L. harbinensis K.V9.3.1Np minimal inhibitory 265 

inoculation rate 266 

In this experiment, initial L. harbinensis K.V9.3.1Np inoculation concentrations were 0 267 

(control yogurt), 5×101, 5×102, 5×103, 5×104, 5×105, 1×106, 5×106 and 5×107 cfu/ml. After 6 268 

weeks of storage at 10°C, Y. lipolytica grew (with a maximal concentration of 8.8 log10 cfu/g) 269 

only in yogurts inoculated with less than 5×106 cfu/ml of L. harbinensis K.V9.3.1Np (Table 270 

4). Therefore, the minimal inhibitory inoculation rate of L. harbinensis K.V9.3.1Np allowing 271 

a total inhibition of Y. lipolytica was comprised between 1×106 and 5×106 cfu/ml. In addition, 272 

whatever the initial inoculation rates of L. harbinensis K.V9.3.1Np, there were no differences 273 

in yogurts pH after fermentation and during storage (SD of mean pH ≤0.1) (data not shown) 274 

as already observed (Delavenne et al., 2013). This suggests that pH modifications were not 275 
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responsible for the inhibitory effect. Interestingly, L. harbinensis K.V9.3.1Np pursued its 276 

growth during storage. Indeed, with initial inoculation rates of 5×104 and 5×105 cfu/ml, L. 277 

harbinensis K.V9.3.1Np reached populations above 5×106 cfu/g during storage, but with no 278 

inhibitory effect in these yogurts. These results suggest that the antifungal activity of L. 279 

harbinensis K.V9.3.1Np was either dependent on the initial inoculation rate or on the 280 

population reached at the stage at which contamination with Y. lipolytica occurred. 281 

 282 

3.3 Experiment 3: assessment of the stability of the antifungal activity of L. 283 

harbinensis K.V9.3.1Np during storage   284 

Whatever the stage of contamination (after 6h of fermentation, after one week or after 5 285 

weeks of storage at 10°C), the antifungal activity (total inhibition of Y. lipolytica) was 286 

maintained in yogurts initially inoculated with 5×106 cfu/ml (Figure 1). Moreover, in yogurts 287 

inoculated with 5×105 cfu/ml of L. harbinensis K.V9.3.1Np, no antifungal activity was 288 

observed when contaminations occurred immediately after fermentation, whereas total 289 

inhibition of Y. lipolityca was observed when contaminations occurred after 1 week (in trial 1 290 

only) and after 5 weeks (trials 1 and 2) of storage (Figure 1). In these trials, it was found that 291 

L. harbinensis K.V9.3.1Np concentrations reached 2.5×106 cfu/g (trial 1) after 1 week of 292 

storage and 2×107 and 3×107 cfu/g (trial 1 and 2 respectively) after 5 weeks of storage. 293 

Similar results were observed in yogurts with an initial inoculum of 1×106 cfu/ml. Indeed, an 294 

antifungal activity was only observed when contamination occurred after 1 week of storage 295 

(L. harbinensis K.V9.3.1Np concentrations of 5×106 and 8×106 cfu/g, in trials 1 and 2 296 

respectively) and after 5 weeks (L. harbinensis K.V9.3.1Np concentrations of 2.5×107 and 297 

7.5×107 cfu/g in trials 1 and 2, respectively). In contrast, yogurts inoculated with 5×104 cfu/ml 298 

L. harbinensis K.V9.3.1Np showed no antifungal effect when its population was equal or 299 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

13 

 

below 2.5×106 (trial 1) and 8×106 (trial 2) cfu/g whatever the stage of contamination. On the 300 

contrary, when L. harbinensis K.V9.3.1Np concentrations were below 2.5×106 (trial 1) or 301 

8×106 (trial 2) cfu/g at the time of contamination no antifungal activity was found, whatever 302 

the contamination time (Figure 1). These data indicate that antifungal activity may appear 303 

after L. harbinensis K.V9.3.1Np growth and that it is determined by the concentration reached 304 

at the contamination time and not by the initial concentration of L. harbinensis K.V9.3.1Np. 305 

To be antifungal, L. harbinensis K.V9.3.1Np must, at the time of contamination, have reached 306 

a concentration greater than or equal to the threshold concentration comprised between 2.5 307 

and 8×106 cfu/g. 308 

 309 

3.4 Sensory analyses 310 

Only 17 out of the 36 assessors indicated which yogurt was different from the two others, 311 

showing that there was not any significant difference (P > 0.05) in the organoleptic properties 312 

of control yogurts and yogurts inoculated with Lb. harbinensis K.V9.3.1Np.  313 

 314 

4. Discussion  315 

In a previous study, 11 strains isolated from raw milk and belonging to Lactobacillus casei, L. 316 

rhamnosus, Lactobacillus paracasei, Lactobacillus zeae and L. harbinensis species were 317 

evaluated for their antifungal activity in yogurt (Delavenne et al., 2013). Two strains, 318 

L. harbinensis K.V9.3.1Np and L. rhamnosus K.C8.3.1I, were identified as potential yogurt 319 

bioprotective cultures. In this context, the antifungal activity of these 2 strains was further 320 

investigated.  321 

Technological factors such as initial sucrose concentration and fermentation time are likely to 322 

vary depending on the yogurt type desired. In yogurt production, sucrose can be added up to 323 
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10% (Béal and Sodini, 2003). However, it is known that such an initial sucrose percentage 324 

significantly decreases water activity and may negatively affect the growth and lactic acid 325 

production of LAB starters (Vinderola et al., 2002; Béal and Sodini, 2003). In this study, such 326 

supplementation had no effect on the acidification kinetics of LAB starters. After different 327 

storage periods, LAB starter and antifungal LAB strain concentrations were identical with or 328 

without sucrose. More importantly, sucrose had no significant effect on L. harbinensis 329 

K.V9.3.1Np antifungal activity. This finding may be particularly relevant from an industrial 330 

point of view because it indicates that sucrose addition could be performed prior to 331 

fermentation without disturbing the antifungal activity of this strain. In the tested conditions, 332 

fermentation time did not affect either the antifungal activity of L. harbinensis K.V9.3.1Np. 333 

In contrast to bacteriocinogenic LAB strains, which certain have been found to partially 334 

inhibit commercial starter LAB cultures (Oumer et al., 2001), L. harbinensis K.V9.3.1Np did 335 

not significantly affect the growth and acid production of the LAB starter cultures tested and 336 

did not negatively impact the sensory properties of yogurts. In addition, L. harbinensis 337 

K.V9.3.1Np did not lose its antifungal activity in the presence of other strain, e.g., L. 338 

rhamnosus, as previously observed for bacteriocinogenic cultures of Lactobacillus plantarum 339 

and Enterococcus faecium (Manzano and Jiménez-Díaz, 2012). Once again, this strain fulfills 340 

important criteria which are required for bioprotective cultures (Gálvez et al., 2007). It is 341 

worth mentioning that the antifungal activity of L. harbinensis K.V9.3.1Np was previously 342 

found to dramatically increase in the presence of yogurt starters but was neither related to pH 343 

nor to lactic and acetic acid concentrations (Delavenne et al., 2013). The reasons for this 344 

synergy remain unknown but we observed that the antifungal activity of L. harbinensis 345 

K.V9.3.1Np was maintained with other commercial starter cultures of L. bulgaricus and S. 346 

thermophilus (data not shown), suggesting that the synergy was not strain dependent. It would 347 

be interesting to further investigate this aspect in future work. As previously reported for 348 
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bacteriocin production (Di Cagno et al. 2010; Man et al., 2012), a cross-species induction may 349 

be responsible for the production of antifungal compounds by L. harbinensis K.V9.3.1Np via 350 

signaling molecules or because L. bulgaricus and/or S. thermophilus may produce 351 

intermediary compounds which can then be metabolized by L. harbinensis K.V9.3.1Np into 352 

compounds with antifungal activity. 353 

In this study, a concentration ranging above 2.5 to 5×106 cfu/g of yogurt at the contamination 354 

time was necessary to achieve a total inhibition of Y. lipolytica. This suggests that the 355 

antifungal molecule(s) produced by L. harbinensis K.V9.3.1Np acted through an all-or-356 

nothing mechanism with no inhibition below their respective MICs and total inhibition above 357 

it. This finding also indicates that the antifungal compounds, at concentrations below their 358 

respective MICs, do not or only slightly affect cell viability and growth. Indeed, Y. lipolytica 359 

populations were similar at the end of storage in control yogurts and yogurts containing a 360 

concentration of L. harbinensis K.V9.3.1Np below 2.5 to 8×106 cfu/g. Finally, because Y. 361 

lipolytica inhibition only occurred when population of L. harbinensis K.V9.3.1Np were above  362 

a certain concentration threshold, it may be hypothesized that the production of one or several 363 

antifungal compounds are controlled by a quorum sensing regulatory mechanism. Such 364 

regulatory mechanism is well documented for bacteriocins production by LAB (Gobbetti et 365 

al., 2007) and much less for production of antifungal compounds, although it has already been 366 

described for pyrrolnitrin in members of the genus Burkholderia (Schmidt et al., 2009). 367 

In this study, it was clearly established that a minimal inoculation rate of 5×106 cfu/ml of 368 

milk, was sufficient to yield a total inhibition of Y. lipolytica throughout a 6-weeks storage 369 

period at 10°C. In recent studies, it was found that milk inoculation at 108 cfu/ml of 370 

Lactobacillus plantarum 16 was necessary to achieve a fungistatic effect against Rhodotorula 371 

mucilaginosa during yogurt storage at 4°C for 4 weeks (Crowley et al., 2012). And that 372 

~4×107 cfu/ml of Lactobacillus casei AST 18 allowed to inhibit the growth of a Penicillium 373 
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sp. isolate during yogurt storage at 4°C for 22 days (Li et al., 2013). While it may be 374 

hazardous to make a comparison between results obtained in our study and the latter studies, 375 

because different fungal strains and storage temperature were used, it can be concluded that L. 376 

harbinensis K.V9.3.1Np presented a high antifungal activity at a lower inoculation rate than 377 

in these studies. Moreover, we previously showed that milk inoculation at 5×106 cfu/ml was 378 

sufficient to inhibit Debaryomyces hansenii, Kluyveromyces lactis, Kluyveromyces 379 

marxianus, Penicillium brevicompactum and Rhodotorula mucilaginosa strains, indicating 380 

that the antifungal compounds produced by L. harbinensis K.V9.3.1Np possess a large 381 

activity spectrum (Delavenne et al., 2013). If this strain may be propagated at high 382 

concentration with a good survival rate to lyophilization, given the low inoculation rate 383 

required to exert an antifungal activity, the utilization of this strain in yogurt may be 384 

acceptable from an economic point of view.  385 

In conclusion, L. harbinensis K.V9.3.1Np is a promising bioprotective strain, active against 386 

different fungal targets (Delavenne et al. 2013), that could be used as an alternative to 387 

chemical additives for preventing yogurt fungal contaminations without compromising its 388 

organoleptic properties. Moreover, the antifungal activity was maintained during storage and 389 

after modification of the technological processes. Yogurt and fermented milk spoilage often 390 

result from airborne contaminations, contaminated equipment or raw or processed ingredients 391 

involving a small number of fungal cells. The utilization of this strain could be interesting to 392 

decrease the risk of fungal spoilage associated with ingredients such as fruit preparations, like 393 

blueberries, which are extremely sensitive to fungal contaminations and stabilized using 394 

moderate heat treatments (Penney et al., 2004). Even if most species of the genus 395 

Lactobacillus are considered “generally recognized as safe” organisms, L. harbinensis 396 

K.V9.3.1Np has only been recently described in literature and it does not have any history of 397 

utilization in dairy products. We are currently evaluating its safety based on the qualified 398 
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presumption of safety (QPS)-procedure for LAB. We showed that this strain did not produce 399 

biogenic amines and that its antibiotic minimum inhibitory concentrations were below the 400 

breaking points as specified by the European Food Safety Agency (data not shown). Finally, 401 

an investigation of the antifungal compounds involved is currently carried out.  402 

 403 

Acknowledgements 404 

This study was conducted with the financial support of the french National Agency for 405 

Research (ANR) program FUNGINIB (ANR-09-ALIA-005-01), and the French ministry of 406 

higher education and research. 407 

 408 

References  409 

Ashraf, R., & Shah, N. P. (2011). Selective and differential enumerations of Lactobacillus 410 

delbrueckii subsp. bulgaricus, Streptococcus thermophilus, Lactobacillus acidophilus, 411 

Lactobacillus casei and Bifidobacterium spp. in yoghurt — A review. International 412 

Journal of Food Microbiology, 149, 194-208.  413 

Béal, C., & Sodini, I. (2003). Fabrication des yaourts et des laits fermentés. Techniques de 414 

l’ingénieur. Bioprocédés, (F6315), 1-16 415 

Brillet, A., Pilet, M. F., Drider, D., & Prevost, H. (2005). La biopréservation: une technologie 416 

innovante de conservation des aliments. Revue Générale du Froid, (MAI), 32–35. 417 

Budde, B. B., Hornbaek, T., Jacobsen, T., Barkholt, V., & Koch, A. G. (2003). Leuconostoc 418 

carnosum 4010 has the potential for use as a protective culture for vacuum-packed meats: 419 

culture isolation, bacteriocin identification, and meat application experiments. 420 

International Journal of Food Microbiology, 83, 171-184. 421 

Box, G. E., Hunter, W. G., & Hunter, J. S. (1978). Statistics for experimenters: an introduction 422 

to design, data analysis, and model building. New York, NY, Wiley. 423 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

18 

 

Box, G. E. P., & Hunter, J. S. (1957). Multi-Factor Experimental Designs for Exploring 424 

Response Surfaces. The Annals of Mathematical Statistics, 28, 195-241.  425 

Castellano, P., Belfiore, C., Fadda, S., & Vignolo, G. (2008). A review of bacteriocinogenic 426 

lactic acid bacteria used as bioprotective cultures in fresh meat produced in Argentina. 427 

Meat Science, 79, 483-499.  428 

Chahad, O. B., El Bour, M., Calo-Mata, P., Boudabous, A., & Barros-Velàzquez, J. (2012). 429 

Discovery of novel biopreservation agents with inhibitory effects on growth of food-430 

borne pathogens and their application to seafood products. Research in Microbiology, 431 

163, 44-54.  432 

Crowley, S., Mahony, J., & Sinderen, D. (2012). Comparative analysis of two antifungal 433 

Lactobacillus plantarum isolates and their application as bioprotectants in refrigerated 434 

foods. Journal of Applied Microbiology, 113, 1417–1427. 435 

Dal Bello, F., Clarke, C., Ryan, L., Ulmer, H., Schober, T., Strom, K., Arendt, E. (2007). 436 

Improvement of the quality and shelf life of wheat bread by fermentation with the 437 

antifungal strain Lactobacillus plantarum FST 1.7. Journal of Cereal Science, 45, 309–438 

318. 439 

Dallagnol, A. M., Catalán, C. A. N., Mercado, M. I., Font de Valdez, G., & Rollán, G. C. 440 

(2011). Effect of biosynthetic intermediates and citrate on the phenyllactic and 441 

hydroxyphenyllactic acids production by Lactobacillus plantarum CRL 778. Journal of 442 

Applied Microbiology, 111, 1447-1455 443 

Delavenne, E., Mounier, J., Déniel, F., Barbier, G., & Le Blay, G. (2012). Biodiversity of 444 

antifungal lactic acid bacteria isolated from raw milk samples from cow, ewe and goat 445 

over one-year period. International Journal of Food Microbiology, 155, 185-190.  446 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

19 

 

Delavenne, E., Ismail, R., Pawtowski, A., Mounier, J., Barbier, G., & Le Blay, G. (2013). 447 

Assessment of lactobacilli strains as yogurt bioprotective cultures. Food Control, 30, 448 

206-213.  449 

Di Cagno, R., De Angelis, M., Calasso, M., Vincentini, O., Vernocchi, P., Ndagijimana, M., 450 

De Vincenzi, M.,  Dessì, M.R.,  Guerzoni, M.E. & Gobbetti, M. (2010). Quorum sensing 451 

in sourdough Lactobacillus plantarum DC400: Induction of plantaricin A (PlnA) under 452 

co-cultivation with other lactic acid bacteria and effect of PlnA on bacterial and Caco-2 453 

cells. Proteomics, 10, 2175–2190. 454 

Gálvez, A., Abriouel, H., López, R. L., & Omar, N. B. (2007). Bacteriocin-based strategies for 455 

food biopreservation. International Journal of Food Microbiology, 120, 51–70. 456 

Gerez, C. L., Torino, M. I., Rollán, G., & Font de Valdez, G. (2009). Prevention of bread 457 

mould spoilage by using lactic acid bacteria with antifungal properties. Food Control, 20, 458 

144–148. 459 

Gobbetti, M., De Angelis, M., Di Cagno, R., Minervini, F., & Limitone, A. (2007). Cell–cell 460 

communication in food related bacteria. International Journal of Food Microbiology, 461 

120, 34–45. 462 

Gregoret, V., Perezlindo, M. J., Vinderola, G., Reinheimer, J., & Binetti, A. (2013). A 463 

comprehensive approach to determine the probiotic potential of human-derived 464 

Lactobacillus for industrial use. Food Microbiology, 34, 19-28.  465 

Guerra, N. P., Rua, M. L., & Pastrana, L. (2001). Nutritional factors affecting the production 466 

of two bacteriocins from lactic acid bacteria on whey. International Journal of Food 467 

Microbiology, 70, 267–281. 468 

Hartemink, R., Domenech, V., & Rombouts, F. (1997). LAMVAB–A new selective medium 469 

for the isolation of lactobacilli from faeces. Journal of Microbiological Methods, 29, 77–470 

84. 471 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

20 

 

Holzapfel, W., Geisen, R., & Schillinger, U. (1995). Biological preservation of foods with 472 

reference to protective cultures, bacteriocins and food-grade enzymes. International 473 

Journal of Food Microbiology, 24, 343–362. 474 

Li, H., Liu, L., Zhang, S., Uluko, H., Cui, W., & Lv, J. (2013). Potential use of Lactobacillus 475 

casei AST18 as a bioprotective culture in yogurt. Food Control, 34, 675-680 476 

Man, L.-L., Meng, X.-C., & Zhao, R.-H. (2012). Induction of plantaricin MG under co-culture 477 

with certain lactic acid bacterial strains and identification of LuxS mediated quorum 478 

sensing system in Lactobacillus plantarum KLDS1. 0391. Food Control, 23, 462–469. 479 

Manzano, J. D., & Jiménez-Díaz, R. (2012). Suppression of bacteriocin production in mixed-480 

species cultures of lactic acid bacteria. Food Control, 30, 474-479. 481 

Nelson, C. E. (1993). Strategies of mold control in dairy feeds. Journal of Dairy Science, 76, 482 

898–902. 483 

Oumer, A., Garde, S., Gaya, P., Medina, M., & Nunez, M. (2001). The effects of cultivating 484 

lactic starter cultures with bacteriocin-producing lactic acid bacteria. Journal of Food 485 

Protection, 64, 81–86. 486 

Penney, V., Henderson, G., Blum, C., & Johnson-Green, P. (2004). The potential of 487 

phytopreservatives and nisin to control microbial spoilage of minimally processed fruit 488 

yogurts. Innovative Food Science & Emerging Technologies, 5, 369-375.  489 

Pfeiler, E. A., & Klaenhammer, T. R. (2007). The genomics of lactic acid bacteria. Trends in 490 

Microbiology, 15, 546–553. 491 

Randazzo, C.L., Torriani, S., Akkermans, A. D. L., De Vos, W. M., & Vaughan, E. E. (2002). 492 

Diversity, dynamics, and activity of bacterial communities during production of an 493 

artisanal Sicilian cheese as evaluated by 16S rRNA analysis. Applied and Environmental 494 

Microbiology, 68, 1882–1892. 495 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

21 

 

Randazzo, Cinzia Lucia, Pitino, I., Scifò, G. O., & Caggia, C. (2009). Biopreservation of 496 

minimally processed iceberg lettuces using a bacteriocin produced by Lactococcus lactis 497 

wild strain. Food Control, 20, 756-763.  498 

Rouse, S., Harnett, D., Vaughan, A., & Sinderen, D. (2008). Lactic acid bacteria with potential 499 

to eliminate fungal spoilage in foods. Journal of Applied Microbiology, 104, 915–923. 500 

Ryan, L. A. M., Zannini, E., Bello, F. D., Pawlowska, A., Koehler, P., & Arendt, E. K. (2011). 501 

Lactobacillus amylovorus DSM 19280 as novel food-grade antifungal agent for bakery 502 

products. International Journal of Food Microbiology, 146, 276–283. 503 

Schillinger, U., & Villarreal, J. V. (2010). Inhibition of Penicillium nordicum in MRS medium 504 

by lactic acid bacteria isolated from foods. Food Control, 21, 107–111. 505 

Schmidt, S., Blom, J. F., Pernthaler, J., Berg, G., Baldwin, A., Mahenthiralingam, E., & Eberl, 506 

L. (2009). Production of the antifungal compound pyrrolnitrin is quorum sensing-507 

regulated in members of the Burkholderia cepacia complex. Environmental 508 

Microbiology, 11, 1422–1437. 509 

Schwenninger, S. M., & Meile, L. (2004). A mixed culture of Propionibacterium jensenii and 510 

Lactobacillus paracasei subsp. paracasei inhibits food spoilage yeasts. Systematic and 511 

Applied Microbiology, 27, 229–237. 512 

Suomalainen, T. H., & Mäyrä-Makinen, A. M. (1999). Propionic acid bacteria as protective 513 

cultures in fermented milks and breads. Le Lait, 79, 165–174. 514 

Tomé, E., Pereira, V. L., Lopes, C. I., Gibbs, P. A., & Teixeira, P. C. (2008). In vitro tests of 515 

suitability of bacteriocin-producing lactic acid bacteria, as potential biopreservation 516 

cultures in vacuum-packaged cold-smoked salmon. Food Control, 19, 535-543.  517 

Trias, R., Badosa, E., Montesinos, E., & Baneras, L. (2008). Bioprotective Leuconostoc strains 518 

against Listeria monocytogenes in fresh fruits and vegetables. International Journal of 519 

Food Microbiology, 127, 91-98.  520 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT

22 

 

Vermeiren, L., Devlieghere, F., & Debevere, J. (2004). Evaluation of meat born lactic acid 521 

bacteria as protective cultures for the biopreservation of cooked meat products. 522 

International Journal of Food Microbiology, 96, 149-164.  523 

Vinderola, C., Costa, G., Regenhardt, S., & Reinheimer, J. (2002). Influence of compounds 524 

associated with fermented dairy products on the growth of lactic acid starter and 525 

probiotic bacteria. International Dairy Journal, 12, 579–589. 526 

Wessels, S., Axelsson, L., Bech Hansen, E., De Vuyst, L., Laulund, S., Lahteenmaki, L., 527 

Lindgren, S., Mollet, B., Salminen, S., & Von Wright, A. (2004). The lactic acid bacteria, 528 

the food chain, and their regulation. Trends in Food Science & Technology, 15, 498–505. 529 

Zhang, Y., Liu, Y., Bao, Y., & Zhang, H. (2010). Influence of pH, heat and enzymatic 530 

treatments on the activity of antibacterial substance in MRS and milk media produced by 531 

Lactobacillus fermentum F6. Agricultural Sciences in China, 9, 911-920.  532 

 533 

 534 

 535 

 536 

 537 



M
ANUSCRIP

T

 

ACCEPTE
D

ACCEPTED MANUSCRIPT
Table 1. Levels of factors in the factorial fractional design 25-1 

   Levels 

Factors  −−−−1  0  +1 

A Sucrose concentration (%)  0  -  10 

B K.V9.3.1Np  (cfu/ml)   0  2.5×106  5×106 

C K.C8.3.1I (cfu/ml)  0  2.5×106   5×106  

D Duration (h)  3   4.5  6  

E Y. lipolytica (cells/ pot)  100   500  1000  

A: Sucrose concentration (0 vs. 10% sucrose), B: inoculation rate of L. harbinensis 

K.V9.3.1Np, C: inoculation rate of L. rhamnosus K.C8.3.1I, D: duration of 

fermentation, E: inoculation rate of Y. lipolytica. 
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Table 2. Concentrations of starter bacteria, bioprotective cultures and Yarrowia lipolytica in yogurts after 6 weeks of 

storage at 10°C obtained after the assays of the 25-1 factorial fractional design.  

   Factors  Concentrations (log10 cfu/g) 

   
A B C D E 

 
S. thermophilus L. bulgaricus 

L. harbinensis 
K.V9.3.1Np 

L. rhamnosus 
K.C8.3.1I 

 Y. lipolytica 

Block 1 Trial 1 +1 +1 +1 +1 −1  7.8 < 7a 6.9 8.5  0b 
  2 −1 0 0 0 0  7.6 < 7 7.6 8.3  0 
  3 −1 +1 +1 −1 −1  7.9 < 7 7.7 8.3  0 
  4 +1 0 0 0 0  8.1 < 7 7.4 8.4  0 
  5 +1 −1 −1 +1 −1  7.5 6.6 0 0  7.8 
  6 −1 +1 −1 +1 −1  6.4 < 7 8.1 0  0 
  7 −1 +1 +1 +1 +1  7.4 < 7 7.5 8.3  0 
  8 −1 0 0 0 0  7.3 < 7 7.5 8.2  0 
  9 +1 −1 −1 −1 +1  7.5 6.9 0 0  7.9 
  10 −1 −1 −1 −1 −1  7.2 ndc 0 0  8.3 
  11 +1 −1 +1 +1 +1  7.1 < 7 0 8.5  6.5 
  12 −1 −1 +1 +1 −1  7.2 < 7 0 8.3  7 
  13 −1 −1 +1 −1 +1  6.6 < 7 0 8.5  7.6 

  14 −1 −1 −1 +1 +1  6.0 6.9 0 0  7.6 
  15 +1 −1 +1 −1 −1  6.8 < 7 0 8.8  7.3 
  16 −1 +1 −1 −1 +1  7.3 < 7 8.3 0  0 
  17 +1 +1 −1 −1 −1  6.8 < 7 8.6 0  0 
  18 +1 0 0 0 0  7.5 < 7 7.5 8.3  0 
  19 +1 +1 +1 −1 +1  7.2 < 7 8.0 8.6  0 
  20 +1 +1 −1 +1 +1  6.8 < 7 8.1 0  0 
Block 2 Trial 21 +1 0 0 0 0  8.0 < 7 7.3 8.6  0 
  22 +1 −1 −1 +1 +1  6.8 6.0 0 0  8 
  23 +1 +1 +1 −1 −1  7.5 < 7 7.8 8.6  0 
  24 +1 −1 +1 −1 +1  7.4 < 7 0 8.7  7.2 
  25 −1 0 0 0 0  7.4 < 7 7.3 8.3  0 
  26 −1 +1 +1 −1 +1  7.8 < 7 8.0 8.5  0 
  27 −1 −1 +1 +1 +1  7.3 < 7 0 8.8  7.9 
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  28 −1 0 0 0 0  8.0 < 7 7.2 8.4  0 
  29 −1 +1 −1 +1 +1  6.8 < 7 8.1 0  0 
  30 −1 −1 −1 +1 −1  7.0 6.5 0 0  8.5 
  31 +1 +1 −1 −1 +1  7.2 < 7 8.3 0  0 
  32 −1 +1 −1 −1 −1  7.8 < 7 8.3 0  0 
  33 −1 +1 +1 +1 −1  7.5 < 7 7.3 8.3  0 
  34 +1 −1 −1 −1 −1  6.3 6.4 0 0  7.9 
  35 +1 0 0 0 0  7.5 < 7 7.3 8.4  0 
  36 +1 +1 +1 +1 +1  7.1 < 7 7.2 8.6  3.4 
  37 +1 +1 −1 +1 −1  6.7 < 7 8.1 0  0 
  38 −1 −1 −1 −1 +1  6.0 6.5 0 0  8.2 
  39 −1 −1 +1 −1 −1  7.1 < 7 0 9.0  8.1 
  40 +1 −1 +1 +1 −1  7.7 < 7 0 8.8  6.8 

Results are expressed in log10 cfu/g of yogurt. Each yogurt trial is associated to a values combination (−1; 0; +1) of the 5 factors: A (sucrose concentration in 

milk), B (rate of inoculation of L. harbinensis K.V9.3.1Np), C (rate of inoculation of L. rhamnosus K.C8.3.1I), D (duration of fermentation) and E 

(contamination rate of Y. lipolytica). aL. bulgaricus could not be enumerated by the used method in yogurts supplemented with L. harbinensis K.V9.3.1Np 

and/or L. rhamnosus K.C8.3.1I;b in the case of Y. lipolytica concentrations below the detection threshold of 2 log10 cfu/g, the absence of fungal growth was 

confirmed by plating a whole yogurt on YEGC agar. c Not determined.  
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Table 3. Estimated main effects and interactions from factorial fractional 25-1 design. 

A: sucrose concentration in milk, B: rate of inoculation of L. harbinensis K.V9.3.1Np, C: rate of inoculation of L. rhamnosus K.C8.3.1I, D: duration of 
fermentation and E contamination rate of Y. lipolytica. P values in bold are highly significant. 
a Standard error calculated from residual error 
b Coefficient of determination (% of bacterial or yeast explained  by variations of significant factors and interactions in the polynomial model) 

 Effect of responses 
 Growth of lactic acid bacteria and yeast in yogurts after 6 weeks of storage at 10°C 
Factors and interactions L. harbinensis 

K.V9.3.1Np 
 L. rhamnosus  

K.C8.3.1I 
 

S. thermophilus 
 

L. bulgaricus 
 

Y. lipolytica 

  P -values   P-values   P-values   P-values   P-values 
Mean values of the response 4.6 ± 0.3a -  5.10 ± 0.34  7.2 ± 0.07   1.1 ± 0.2   3.7 ± 0.3  
A : Sucrose concentration  -0.01 0.90  0.04 0.9  0.04 0.6  0.15 0.44  -0.03 0.91 
B : inoculation of K.V9.3.1Np 3.94 <10-4  -0.05 0.89  0.13 0.13  -1.43 <10-4  -3.25 <10-4 
C :  inoculation of K.C8.3.1I -0.17 0.60  4.28 <10-4  0.23 0.01  -1.43 <10-4  -0.10 0.75 
D : fermentation duration -0.11 0.72  -0.025 0.94  -0.04 0.63  0.19 0.37  <10-3 0.99 
E : contamination rate 0.025 0.93  0.005 0.98  -0.1 0.26  0.21 0.33  0.052 0.87 
AB -0.01 0.98  0.024 0.94  -0.14 0.10  -0.18 0.39  0.19 0.56 
AC -0.03 0.92  0.03 0.93  -0.03 0.66  -0.18 0.39  0.02 0.95 
AD -0.03 0.92  0.005 0.98  0.09 0.30  -0.24 0.27  0.08 0.80 
AE -0.005 0.98  -0.01 0.97  0.08 0.31  -0.21 0.32  0.08 0.80 
BC -0.17 0.59  -0.05 0.89  0.04 0.60  1 .43 <10-4  0.25 0.44 
BD -0.11 0.72  0.01 0.97  -0.16 0.08  -0.19 0.37  0.15 0.65 
BE 0.025 0.93  0.01 0.96  0.045 0.60  -0.21 0.34  0.09 0.76 

CD -0.04 0.88  -0.02 0.94  0.08 0.33  -0.19 0.37  0.02 0.93 
CE 0.038 0.90  0.005 0.98  -0.012 0.88  -0.21 0.34  0.10 0.75 
DE 0.01 0.97  0.02 0.95  -0.06 0.48  -0.22 0.32  0.09 0.77 

 
 

R2 (%)b 86.8   84.6   49.0   86.1   81.6  
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Table 4. Population of Yarrowia lipolytica determined after 6 weeks 

of storage at 10°C depending on L. harbinensis K.V9.3.1Np 

inoculation rates. 

L. harbinensis initial 
concentrations (cfu/ml) 

 Y. lipolytica concentrations  

(log10 cfu/g) 

 Trial 1  Trial 2  Trial 3 

0  8.5  8.0  7.9 
5×101  8.7  ndb  nd 
5×102  8.4  nd  nd 
5×103  8.8  nd  nd 
5×104  8.2  8.8  8.0 
5×105  8.2  7.9  7.8 
1×106  nd  7.9  8.3 
5×106  < 2a  < 2  < 2 
5×107  < 2  nd  nd 

a Concentrations < 2 log10 cfu/g means that the population was under the 

detection threshold of the counting method. bNot determined. 
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Figure 1. Enumeration of Yarrowia lipolytica (cfu/g) in yogurts, according to the initial L. harbinensis 

concentration ([L. harbinensis]i) and the concentration reached at the time of contamination ([L. 

harbinensis]c) after fermentation (H6), after 1 week of storage (W1) or after 5 weeks of storage (W5)). 

A: trial 1; B: trial 2; ( ) L. harbinensis concentration at the time of contamination (axis on the left); ( ) Y. 

lipolytica concentration 6 weeks after contamination (axis on the right).   

 




