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Abstract 13 

Bacteria can play different roles and impart various flavors and characteristics to food. Few 14 

studies have described bacterial microbiota of butter. In this study, next-generation 15 

sequencing was used to determine bacterial content of raw milk butter, processed during a 16 

challenge test, depending on cream maturation temperature and on the presence or not of L. 17 

monocytogenes. Two batches were produced. pH and microbiological analyses were 18 

conducted during cream maturation and butter storage. DNA was also isolated from all 19 

samples for 16S rRNA amplicon sequencing analysis. For butter made from cream matured at 20 

14 °C, a growth potential of L. monocytogenes of - 1.72 log cfu/g was obtained. This value 21 

corresponds to the difference between the median of counts at the end of storage and the 22 

median of counts at the beginning of storage. This butter (pH value of 4.75 ± 0.04) was 23 

characterized by a dominance of Lactococcus. The abundance of Lactococcus was 24 

significantly higher in inoculated samples than in control samples (p value <0.05). Butter 25 

made from cream matured at 4 °C (pH value of 6.81 ± 0.01) presented a growth potential of 26 

1.81 log cfu/g. It was characterized by the abundance of psychrotrophic bacteria mainly 27 

Pseudomonas. This study demonstrated that cream maturation temperature impacts butter 28 

microbiota, affecting thus product’s characteristics and its ability to support or not the growth 29 

of pathogens like L. monocytogenes. 30 

Key words: 16S rRNA sequencing, metagenetics, growth potential  31 
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1. Introduction 32 

Listeria monocytogenes is the causative agent of listeriosis, a severe foodborne disease with 33 

high mortality rate. In 2018, 229 deaths were reported in Europe due to listeriosis, 34 

representing a case fatality rate of 15.6% (European Food Safety Authority and European 35 

Centre for Disease Prevention and Control (EFSA and ECDC), 2019). Most cases of 36 

listeriosis arise from the ingestion of contaminated food, especially ready-to-eat (RTE) (Jofré 37 

et al., 2016; Pérez‐Rodríguez et al., 2017).  38 

As a RTE food, butter is also prone to contamination by L. monocytogenes. However, its 39 

ability to support survival or growth of the pathogen depends on its formulation and 40 

characteristics (Holliday et al., 2003; Michelon et al., 2016; Voysey et al., 2009). Many 41 

intrinsic and extrinsic factors such as temperature, pH and water activity (aw), were shown to 42 

affect the growth of L. monocytogenes in food (Fernandez et al., 1997; Hayman et al., 2008; 43 

Nyhan et al., 2018; Schvartzman et al., 2011). RTE foods with pH ≤ 4.4 or aw ≤ 0.92 or pH ≤ 44 

5.0 and aw ≤ 0.94 do not support the growth of L. monocytogenes (Commission Regulation 45 

(EC), 2005). In Wallonia (Belgium), no growth of L. monocytogenes was observed during 46 

storage of naturally contaminated samples of raw milk butter, even though they presented pH 47 

and aw values theoretically allowing the growth of the pathogen (El-Hajjaji et al., 2020).  48 

The presence of antimicrobials or competitive microbiota can also inhibits the growth of L. 49 

monocytogenes (Al-Zeyara et al., 2011; Brandt et al., 2010; Goerges et al., 2006; Murdock et 50 

al., 2007). Lactic acid bacteria (LAB), for example, have shown an inhibitory effect on L. 51 

monocytogenes in various food matrices (Amézquita and Brashears, 2002; Arqués et al., 52 

2005; Koo et al., 2012; Teixeira de Carvalho et al., 2006). To study food microbiota, 53 

traditional methods based on cultivation, isolation and identification of bacteria based on their 54 

morphological characteristics were often used. Nowadays, newer and automated methods are 55 

adopted, including sequencing of the 16S rRNA gene (Phumudzo et al., 2013). Over the past 56 
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decade, next-generation sequencing technologies evolved rapidly and led to an improved 57 

representation of samples biodiversity (Shokralla et al., 2012). 58 

To our knowledge, published studies of food microbial ecology have focused on plant-, meat- 59 

and fish-derived fermented foods, milk, fermented milk and cheese. Studies of bacterial 60 

communities of butter have rarely been conducted. The objective of this study was to use 61 

next-generation sequencing to analyze bacterial content of raw milk butter, processed during a 62 

challenge test, depending on cream maturation temperature and on the presence or not of 63 

artificially inoculated L. monocytogenes.  64 

2. Materials and methods 65 

2.1. Listeria monocytogenes cultures 66 

To consider the growth variability between strains, a cocktail of two strains (ATCC 67 

19114 and 12MOB105LM of a culture collection, provided by Quality Partner sa (Herstal, 68 

Belgium)) was used in this study. The second strain was isolated from a dairy product. 69 

Cryobeads containing respective strains were incubated at 37 °C for 18 h in 9 ml brain heart 70 

infusion (BHI). A subculture was prepared by diluting 1 ml of this culture into 9 ml of BHI 71 

and incubated at 7 °C for 7 days. A cocktail was prepared by mixing the same volume from 72 

each culture. Dilutions of the mixed cultures were then made until obtaining a concentration 73 

of 105 cfu/ml.  74 

2.2. Butter manufacture 75 

Two batches of raw milk butter were manufactured in a pilot unit (Food Science Department, 76 

Faculty of Veterinary Medicine, University of Liège, Liège, Belgium). The batches were 77 

produced at the same day and using the same batch of cream obtained from a dairy farm 78 

directly after skimming. For each batch of butter, 20 l of cream were used. Half of the cream 79 

was inoculated with 5 ml of the cocktail of strains to obtain a contamination level of 50 80 

cfu/ml. Remaining cream was used to manufacture control samples. Creams were then 81 
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incubated for 3 days of maturation, either at 4 °C (first batch, B1) or at 14 °C (second batch, 82 

B2). These two temperatures of maturation were selected to represent the two most common 83 

and opposite practices (maturation in fridge (4 °C) or workshop (14 °C)) followed by raw 84 

milk butter producers in Wallonia (El-Hajjaji et al., 2019). The matured creams were churned 85 

until phases’ separation. After buttermilk removal, grains of butter were washed three times 86 

with cold water (12 to 14 °C) and finally kneaded and packed into blocks of 250 g. Butter was 87 

stored at 9 °C for 30 days. No starter cultures were added so as not to affect the initial 88 

microbiota. It is also the most adopted practice in Wallonia (El-Hajjaji et al., 2019). No salt 89 

was added neither. 90 

2.3. Microbiological and physico-chemical analyses 91 

For all analyses, three different samples of cream and/or butter per batch were submitted each 92 

time. All samples (inoculated and non-inoculated) were analyzed for total mesophilic 93 

microbiota, LAB and pH according to ISO 4833, ISO 15214 and ISO 2917 methods, 94 

respectively. Analyses were conducted at D’0 (before maturation), D’1 (after 1 day of 95 

maturation), D’2 (after 2 days of maturation) and D’3 (after 3 days of maturation) for cream 96 

samples and at D0 (before storage), D7 (after 7 days of storage), D14 (after 14 days of 97 

storage) and D30 (after 30 days of storage) for butter samples. For the latter samples, aw was 98 

also determined at the beginning (D0) and the end of the storage period (D30), using the ISO 99 

21807 method. 100 

L. monocytogenes was enumerated in inoculated samples at D’0, D’1, D’2 and D’3 for cream, 101 

and D0, D7, D14 and D30 for butter. The enumeration was conducted according to RAPID’ 102 

L.mono (Bio-Rad, Hercules, CA, USA) method with a detection limit of 10 cfu/g. For control 103 

samples, only the detection of the bacteria was performed at the beginning of cream 104 

maturation and at the beginning of butter storage. 105 

2.4. DNA extraction and sequencing 106 



6 
 

DNA extraction and sequencing were carried out on three different samples of cream and/or 107 

butter per batch each time. DNA was isolated from each sample using the FastDNA Spin Kit 108 

(MP Biomedicals, Santa Ana, CA, USA), following the manufacturer’s recommendations. 109 

DNA was eluted into DNase-free water and its concentration and quality were evaluated using 110 

a NanoDrop ND-1000 spectrophotometer (ThermoFisher, Wilmongton, USA). 111 

DNA samples were stored at -20 °C until use in 16S rRNA gene amplicon sequencing 112 

analysis. 113 

Library preparation and sequencing analysis were carried out by DNA Vision S.A. (company, 114 

Gosselies, Belgium) using Illumina technology. Library preparation was done by amplifying 115 

the V1-V3 region of the 16S rRNA gene. The forward and reverse primer sequences used in 116 

this study, including the Illumina adapters, were  117 

5’-TCGTCGGCAGCGTCAGATGTGTATAAGAGACAGAGAGTTTGATCCTGGCTCAG-3’ and 118 

5’-GTCTCGTGGGCTCGGAGATGTGTATAAGAGACAGATTACCGCGGCTGCTGG-3’, 119 

respectively. 120 

2.5. Bioinformatics analysis 121 

The analysis of the sequencing data was conducted using Mothur software package for 122 

trimming, length and quality filtering, and the removing of chimeras (Schloss et al., 2009). 123 

The sequences that passed the quality check were aligned to the SILVA alignment database at 124 

genus level (Quast et al., 2012). The final reads were then clustered into operational 125 

taxonomic units (OTUs) at a 0.03 distance unit cutoff. 126 

2.6. Statistical analysis 127 

Calculation of the growth potential: The growth potential (δ) is the difference between the 128 

median of the log cfu/g counts at the end of the storage and the median at the beginning 129 

(EURL Lm method). If δ is higher than 0.5 log cfu/g, it is assumed that the food is able to 130 

support the growth of L. monocytogenes, and vice versa if the δ is lower than 0.5 log cfu/g 131 



7 
 

(Beaufort et al., 2014). The growth potential was also calculated using the FASFC method 132 

(2019) reported by Gérard et al. (2020) as the difference between the highest value at the end 133 

of storage and the lowest at D0 (FASFC method). 134 

Bacterial diversity: To evaluate bacterial richness and diversity of the samples, data sets were 135 

subsampled using Mothur to obtain the same number of reads per sample. Richness was 136 

assessed using number of OTUs and Chao1 estimator, while diversity was assessed using the 137 

Shannon diversity index and Inverse Simpson index. 138 

Bacterial population dissimilarity: Difference of profiles was examined using non-metric 139 

multidimensional scaling (NMDS) based on Yue & Clayton theta index (Yue and Clayton, 140 

2005). Statistical differences in the bacterial populations between samples were highlighted 141 

using analysis of molecular variance (AMOVA). Differences were considered significant 142 

when p-values were lower than 0.05. The function “metastats” of Mothur software was then 143 

used to determine which OTUs were differentially represented between the samples.  144 

3. Results 145 

3.1. Characterization of creams and butters 146 

The physico-chemical and microbial characteristics of creams and butters during maturation 147 

and storage are summarized in Tables 1a and 1b, respectively.  148 

At the beginning, the pH values of the two batches of cream were 6.77 ± 0.01 and 6.75 ± 0.01, 149 

respectively. During maturation, the pH of B2 cream (maturation at 14 °C) decreased 150 

significantly compared to B1 (maturation at 4 °C). The values obtained at the end of 151 

maturation were 4.58 ± 0.01 and 6.76 ± 0.01, respectively. After churning, washing and 152 

kneading, pH values undergo a slight increase reaching 4.75 ± 0.04 and 6.81 ± 0.01 for B2 153 

and B1 butters, respectively. During storage, both B1 and B2 butter samples showed a 154 

decrease in pH. At the end of the storage period, average pH was 4.52 ± 0.02 and 5.39 ± 0.03 155 

for B2 and B1, respectively. Regarding aw, the two batches presented a value of 0.98 ± 0.00. 156 
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Regarding the behavior of total microbial counts and LAB during cream maturation, results 157 

showed a gradual increase in the samples of B1, to reach a mean value of 7.25 ± 0.04 and 5.13 158 

± 0.11 log cfu/g at the end of maturation, respectively. However, levels of total microbial 159 

counts and LAB in B2 samples increased suddenly after one day of maturation to reach 8.30 ± 160 

0.00 and 8.03 ± 0.47 log cfu/g, respectively.  161 

In control butters, levels of total microbial counts and LAB increased by 1.26 (from 5.46 to 162 

6.72 log cfu/g) and 2.31 log units (from 4.43 to 6.75 log cfu/g) in B1 samples during storage, 163 

respectively, while it decreased by 1.1 (from 7.31 to 6.21 log cfu/g) and 0.76 log units (from 164 

7.44 to 6.68 log cfu/g) in B2 samples, respectively.  165 

3.2. Growth potential of L. monocytogenes 166 

As shown in Table 1a, the level of L. monocytogenes increased by 1.56 log cfu/g after 167 

maturation for cream stored at 4 °C (B1) and by 3.43 log cfu/g for cream stored at 14 °C (B2). 168 

The levels obtained for the two batches were 3.75 ± 0.06 and 5.18 ± 0.04 log cfu/g, 169 

respectively. After production, a decrease in contamination levels was observed. The levels of 170 

L. monocytogenes in butter samples at D0 were respectively 1.49 ± 0.43 log cfu/g and 3.34 ± 171 

0.64 log cfu/g for B1 and B2 (Figure 1). 172 

The representation of the behavior of L. monocytogenes in butters during storage is presented 173 

in Figure 1. After 30 days of storage, growth potentials of 1.81 and 2.60 log cfu/g were 174 

obtained for B1 butter using EURL Lm and FASFC methods, respectively. This product 175 

therefore allowed the growth of L. monocytogenes unlike B2 butter. The second batch 176 

presented growth potentials of - 1.72 (EURL Lm method) and -1.47 log cfu/g (FASFC 177 

method). L. monocytogenes was not detected in control samples. 178 

3.3. Bacterial diversity in cream and butter 179 

The number of OTUs, the bacterial diversity and richness estimators according to type of 180 

samples are presented in Tables 2a and 2b. The highest number of OTUs in all cream samples 181 
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was encountered at D’0. However, B2 cream samples (maturation at 14 °C) showed a 182 

decrease in number of OTUs throughout maturation, while the number remained relatively 183 

high in B1 cream samples (maturation at 4 °C). B2 cream samples also showed a low 184 

diversity at the end of maturation compared to B1 cream samples.  185 

The difference between the two batches continued to be observed in butter samples. The 186 

number of OTUs and diversity indices were higher in B1 than in B2 butter samples.  187 

3.4. Bacterial composition of cream and butter 188 

As no co-sequencing of mock communities was conducted, the error rate due to the biases 189 

introduced in sequencing was not assessed. The presented results are thus an estimation of the 190 

community composition of the samples. 191 

Three major bacterial phyla (Proteobacteria, Firmicutes and Bacteroidetes), representing more 192 

than 90% of relative abundance, were identified in all samples. In B1 cream samples, 193 

Proteobacteria were dominant throughout maturation with a continuous increase of their 194 

relative abundance to reach 85% at D’3. The same result was observed in B2 cream samples 195 

for the first two days. However, at D’2 the relative abundance of Firmicutes increased 196 

significantly to reach 80% at D’3. There were no significant differences in bacterial relative 197 

abundance between blank and inoculated samples. The dominance of Proteobacteria and 198 

Firmicutes continued to be observed in B1 and B2 butter samples during storage, respectively. 199 

At the genus level (Figure 2), 138 bacterial genera were detected in cream samples before 200 

maturation (D’0) of which 22 had an average relative abundance ≥ 1%, representing 72% of 201 

the total reads. Undibacterium (11%), Ralstonia (8%), Acinetobacter (6%), Lactococcus 202 

(4%), Burkholderia (3%) and Aeromonas (1%) were among the most abundant. After the first 203 

day of maturation, the bacterial profiles for B1 and B2 cream samples were different. For B1 204 

cream samples, percentages of reads of Acinetobacter, Pseudomonas and Aeromonas 205 

increased during maturation to reach at the end 30%, 12% and 9% of relative abundance, 206 
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respectively. In terms of relative abundance, these major genera were followed by 207 

Lactococcus (5%), Undibacterium (3%) and Ralstonia (2%). As for B2 cream samples, the 208 

number of genera detected at the end of maturation was half that of B1 cream samples (32 and 209 

66, respectively) with the dominance of Lactococcus (74%) followed by Acinetobacter (8%) 210 

and Aeromonas (4%).  211 

In butter samples (Figure 3), there were more genera detected in B1 than in B2 samples. After 212 

production, 69 bacterial genera were detected in B1 butter samples, of which 15 were more 213 

abundant (with average relative abundance ≥ 1%) namely Acinetobacter (15%), Pseudomonas 214 

(12%), Lactococcus (12%), Undibacterium (9%) and Ralstonia (7%). As for B2 butter 215 

samples, 36 genera were identified of which 9 presented an average relative abundance ≥ 1%. 216 

Representing 73% of the total reads, Lactococcus was the most abundant one. During storage, 217 

psychrotrophic bacteria, mainly Pseudomonas increased to be the most dominant in B1 butter 218 

samples, while Lactococcus continued to be dominant in B2 butter samples.  219 

There were no significant differences in bacterial profile between blank and inoculated 220 

samples (AMOVA, p value 0.6). However, the abundance of Lactococcus was significantly 221 

higher in B2 inoculated samples than in blank samples (p value <0.05). 222 

3.5. Comparison of the bacterial community of samples 223 

As shown in Figure 4, dissimilarity test based on Yue & Clayton theta distance revealed that 224 

the community difference between B1 and B2 butter samples was significant (AMOVA, p 225 

value < 0.001). Analyzed results revealed that this significant difference could be owed to the 226 

abundance of Lactococcus in B2 samples. In contrast, Acinetobacter and Pseudomonas were 227 

more abundant in B1 samples. Dissimilarity test also showed a difference within B1 butter 228 

samples linked to the day of analysis except between D7 and D14 (p value 0.247). This 229 

difference could be due to the increase in abundance of Pseudomonas during storage. 230 

4. Discussion  231 
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The objective of this work was to study the bacterial flora of raw milk cream and butter 232 

during production, depending on cream maturation temperature and on the presence or not of 233 

L. monocytogenes. Metagenetics results showed that cream and butter microbiota varied 234 

significantly between the two batches made from creams matured at 4 °C (B1) and 14 °C 235 

(B2), respectively. The first batch (B1) was mainly characterized by the presence of 236 

Pseudomonas and Acinetobacter, with an increase of their relative abundances during cream 237 

maturation at 4 °C and butter storage at 9 °C. As psychrotrophic microorganisms, these 238 

bacteria grow well even at 4 °C (Hébraud and Potier, 1999; Oliveira et al., 2015; Perin, 2012). 239 

In a study conducted by Raats et al. (2011), the abundance of these two genera in milk 240 

samples from dairy plant tank, where it was stored at 4 °C for 54 h at time of sampling, was 241 

higher than in those from farm bulk tank (stored at 4 °C for 22 h). The dominance of these 242 

Gram negative bacteria in dairy tank milk was also observed by Fricker et al. (2011). Contrary 243 

to Pseudomonas and Acinetobacter, the relative abundance of Lactococcus in B1 samples 244 

decreased during storage. Refrigeration had an effect on the representation of Lactococcus 245 

(Lafarge et al., 2004). Lactococcus is a mesophilic bacterium with a minimum growth 246 

temperature of 5 to 10 °C, hence its representation was low in B1 samples (Anonymous, 247 

2003).  248 

Unlike B1 samples, Lactococcus was highly abundant in B2 samples (70% of the total reads). 249 

Lactococcus belongs to LAB, a group of Gram positive bacteria involved in food 250 

fermentation by converting glucose to lactic acid (Stiles and Holzapfel, 1997). LAB is a 251 

dominant population in raw milk (Montel et al., 2014; Quigley et al., 2013). Besides 252 

Lactococcus, the most common LAB genera found in milk are Lactobacillus, Streptococcus, 253 

Leuconostoc and Enterococcus. These bacteria are also observed in dairy products (Cogan et 254 

al., 1997; Delcenserie et al., 2014; Jayashree et al., 2013; Liu et al., 2015; Yu et al., 2011). 255 

However, their representation differs depending on products, production environments and 256 
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processes. In our study, low relative abundance was detected in cream and butter samples for 257 

LAB other than Lactococcus. A similar result was reported by Yu et al. (2018) who found that 258 

77.73% of the total reads corresponded to Lactococcus, which was thus the most dominant 259 

genera in butter samples. In another study conducted by Guessas et al. (2012) on traditional 260 

butter (Dhan) made from unpasteurized fermented milk, Lactobacillus (46.05%) was the most 261 

dominant genera, followed by Enterococcus (26.32%), Lactococcus (17.11%) and 262 

Leuconostoc (10.53%). The dominance of species of Lactobacillus in butter samples, made 263 

from pasteurized milk cream, was also described by Syromyatnikov et al. (2020). 264 

Besides of the dominant genera, other bacteria with relative abundance ≥ 1% were detected. 265 

Undibacterium, which was never observed in butter, was identified in the two batches. 266 

Undibacterium are Gram negative bacteria that are often isolated from water (Kämpfer et al., 267 

2007; Kim et al., 2014), which can explain their occurrence in butter. Species of 268 

Undibacterium were also isolated from soil and feces of cattle (Kim and Wells, 2016; Kim et 269 

al., 2014). In fact, water, soil and feces, among other environments, are rich sources of 270 

microorganisms and a direct or indirect transfer of cells to milk and dairy products is frequent 271 

(Montel et al., 2014; Perin et al., 2019; Quigley et al., 2013). A species of Undibacterium was 272 

detected in pasteurized milk (Garofalo et al., 2017). 273 

Ralstonia is another uncommon genus which was detected in this study. Like Undibacterium, 274 

this genus presented high relative abundances in B1 than in B2 butter samples. Ralstonia are 275 

plant-associated bacteria that are known as important phytopathogens (Gnanamanickam, 276 

2007). However their presence in raw milk and cheese has already been observed (Delbes et 277 

al., 2007; Fricker et al., 2011; Kuehn et al., 2013; Salazar et al., 2018). Species of Ralstonia 278 

were also detected in buttermilk (Jayashree et al., 2013).  279 

Burkholderia, other bacteria that occur in plants, were found in B1 butter. They were formerly 280 

classified in the genus Pseudomonas (Gnanamanickam, 2007). Species of the genus 281 
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Burkholderia occupy diverse ecological niches including the rhizosphere of plants, water and 282 

soil (Coenye and Vandamme, 2003), and can thus be introduced into raw milk (Moore et al., 283 

2001; Saad and Amin, 2012). The presence of Ralstonia and Burkholderia among other 284 

bacteria found in soil and water could also be due to the contamination of DNA during 285 

extraction by the kit reagents (Salter et al., 2014). PCR reagents are another source of DNA 286 

contamination (Corless et al., 2000; Grahn et al., 2003; Salter et al., 2014). PCR can also lead 287 

to other errors which may affect sequencing results (Potapov and Ong, 2017). In this study, 288 

the error rate due to PCR amplification and sequencing was not assessed.   289 

Raw milk microbiota may also contain Aeromonas (Benner, 2014; Quigley et al., 2013), 290 

which was detected in the studied butters. This genus was also observed in other dairy 291 

products including fermented milk, buttermilk, yoghurt and cheese (ElBalat et al., 2014; 292 

Jayashree et al., 2013; Liu et al., 2015). 293 

Microorganisms can play either a positive or a negative role in food. LAB are widely 294 

recognized as food preservatives. Their production of lactic acid results in pH reduction 295 

(Caplice, 1999; Widyastuti et al., 2014). In the current study, pH of the second batch of butter 296 

(4.75 ± 0.04) was significantly lower than pH of the first batch (6.81 ± 0.01). The former had 297 

LAB counts higher than the latter (Table 1b). pH is an important factor for the growth of 298 

microorganisms. The growth of L. monocytogenes is possible at pH values between 4.4 and 299 

9.6 (Magalhães et al., 2014). Based on this, the growth of L. monocytogenes was supposed 300 

possible in the two batches of butter studied in this paper. However, the results showed that 301 

the bacterium did not grow in butter samples from the second batch (δ = - 1.72 log cfu/g). 302 

This finding was in accordance with a previous study where no growth of L. monocytogenes 303 

was observed in naturally contaminated raw milk butter samples, presenting an average pH 304 

value of 5.12 ± 0.47 at the beginning of storage (El-Hajjaji et al., 2020). The second batch in 305 

the present study was characterized by a dominance of Lactococcus, a genus of LAB. The 306 
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abundance of Lactococcus was even higher in samples containing L. monocytogenes 307 

compared to control samples. Besides reducing pH, lactic acid has an inhibitory effect on the 308 

growth of microbial pathogens, including L. monocytogenes (Anang et al., 2007; Ariyapitipun 309 

et al., 2000; Lin et al., 2002; Wang et al., 2015). LAB also produce bacteriocins, substances 310 

possessing antimicrobial activities (Dortu and Thonart, 2009; Soomro et al., 2002).  311 

5. Conclusion 312 

This study was conducted to analyze bacterial flora of raw milk butter depending on cream 313 

maturation temperature. The two batches studied showed a different bacterial profile with a 314 

much more diversity in butter made from refrigerated matured cream. This butter was 315 

characterized by an abundance of psychrotrophic bacteria mainly Pseudomonas while butter 316 

made from acidic cream was dominated by Lactococcus bacteria. Besides, the growth of L. 317 

monocytogenes was not observed in this batch. It was also observed that the abundance of 318 

Lactococcus was even higher in the second batch samples containing L. monocytogenes 319 

compared to control samples. The temperature of cream maturation has a strong influence on 320 

raw milk butter subdominant microbiota, which can affect the growth of pathogenic bacteria 321 

like L. monocytogenes.  322 

As this study was conducted on one batch as a first experiment to draw hypotheses, it would 323 

be interesting to work on other batches to confirm the results regarding the growth of L. 324 

monocytogenes following the two conditions of cream maturation. 325 

Metagenetic analysis was a first approach to explain the different behavior of L. 326 

monocytogenes in the two batches. Further studies should be performed in order to assess the 327 

real difference in community composition between the samples. It would be interesting to 328 

conduct a co-sequencing of mock communities to assess the error rate due to the biases 329 

introduced in PCR amplification and sequencing.  330 
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Table 1a: pH and microbiological characteristics (averages ± standard deviations) of cream 593 

samples during maturation 594 

Cream 

samples 

Inoculation Day of 

sampling 

pH Total 

microbial 

counts 

(log cfu/g) 

LAB (log 

cfu/g) 

L. 

monocytogenes 

(log cfu/g) 

Cream_B1 Blank D’0 6.77 ± 

0.01 

4.11 ± 

1.05 

3.88 ± 

0.06 

/ 

D’1 6.80 ± 

0.01 

6.13 ± 

0.05 

4.65 ± 

0.05 

/ 

D’2 6.78 ± 

0.01 

7.19 ± 

0.02 

4.47 ± 

0.05 

/ 

D’3  6.76 ± 

0.01 

7.25 ± 

0.04 

5.13 ± 

0.11 

/ 

Inoculated D’0 NA 4.95 ± 

0.04 

4.29 ± 

0.03 

2.19 ± 0.14 

D’1 NA 6.27 ± 

0.17 

5.42 ± 

0.30 

2.80 ± 0.13 

D’2 NA 6.96 ± 

0.10 

5.31 ± 

0.11 

3.01 ± 0.16 

D’3  NA 7.25 ± 

0.06 

5.47 ± 

0.23 

3.75 ± 0.06 

Cream_B2 Blank D’0 6.75 ± 

0.01 

5.09 ± 

0.08 

3.93 ± 

0.10 

/ 

D’1 6.69 ± 8.30 ± 8.03 ± / 
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0.01 0.00 0.47 

D’2 5.34 ± 

0.04 

8.22 ± 

0.07 

8.23 ± 

0.07 

/ 

D’3  4.58 ± 

0.01 

7.88 ± 

0.03 

7.88 ± 

0.02 

/ 

Inoculated D’0  NA 5.14 ± 

0.15 

4.38 ± 

0.12 

1.75 ± 0.39 

D’1 NA 8.30 ± 

0.00 

8.30 ± 

0.00 

4.26 ± 0.08 

D’2 NA 7.90 ± 

0.05 

8.23 ± 

0.08 

5.00 ± 0.11 

D’3  NA 8.14 ± 

0.27 

8.00 ± 

0.26 

5.18 ± 0.04 

B1: cream maturation at 4 °C, B2: cream maturation at 14 °C 595 

D’0: cream before maturation, D’1: cream after 1 day of maturation, D’2: cream after 2 days 596 

of maturation, D’3: cream after 3 days of maturation. 597 

NA: Not Available.  598 



29 
 

Table 1b: pH, aw and microbiological characteristics (averages ± standard deviations) of 599 

butter samples during storage  600 

Butter 

samples 

Inoculation Day of 

sampling 

pH aw Total 

microbial 

counts (log 

cfu/g) 

LAB (log 

cfu/g) 

Butter_B1 Blank D0  6.81 ± 0.01 0.98 ± 0.00 5.46 ± 0.14 4.43 ± 0.37 

D7 5.60 ± 0.09 / 7.27 ± 0.04 5.82 ± 0.10 

D14 5.60 ± 0.03 / 7.11 ± 0.09 6.49 ± 0.05 

D30  5.39 ± 0.03 0.96 ± 0.00 6.72 ± 0.08 6.75 ± 0.22 

Inoculated D0 NA 0.98 ± 0.00 5.48 ± 0.17 4.08 ± 0.00 

D7 NA / 7.33 ± 0.16 5.75 ± 0.11 

D14 NA / 7.25 ± 0.05 6.49 ± 0.08 

D30  NA 0.97 ± 0.01 6.57 ± 0.01 6.55 ± 0.07 

Butter_B2 Blank D0  4.75 ± 0.04 0.98 ± 0.00 7.31 ± 0.06 7.44 ± 0.23 

D7 4.58 ± 0.11 / 7.28 ± 0.06 7.22 ± 0.03 

D14 4.47 ± 0.03 / 6.97 ± 0.39 6.62 ± 0.02 

D30  4.52 ± 0.02 0.97 ± 0.00 6.21 ± 0.38 6.68 ± 0.16 

Inoculated D0 NA 0.98 ± 0.00 6.96 ± 0.34 7.14 ± 0.47 

D7 NA / 7.04 ± 0.33 7.20 ± 0.03 

D14 NA / 6.24 ± 0.41 6.15 ± 0.36 

D30 NA 0.97 ± 0.00 4.38 ± 0.10 4.22 ± 0.03 

B1: cream maturation at 4 °C, B2: cream maturation at 14 °C 601 

D0: butter before storage, D7: butter after 7 days of storage, B14: butter after 14 days of 602 

storage, D30: butter after 30 days of storage. 603 

NA: Not Available  604 
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Table 2a: Richness and diversity indices (averages ± standard deviations) of cream samples 605 

Sample Inoculation Day of 

sampling 

Number 

of OTUs 

Chao1 index Shannon 

index 

Inverse 

Simpson 

index 

Cream_B1 Blank D’0 228 ± 123 1255 ± 489 4.21 ± 1.34 32 ± 33 

D’1 290 ± 18 1495 ± 75 5.10 ± 0.14 78 ± 19 

D’2 297 ± 2 1643 ± 46 5.22 ± 0.02 109 ± 14 

D’3 306 ± 17 2111 ± 205 5.29 ± 0.08 135 ± 13 

Inoculated D’0 307 ± 10 1536 ± 100 5.10 ± 0.07 51 ± 7 

D’1 293 ± 28 1624 ± 353 5.17 ± 0.22 106 ± 38 

D’2 279 ± 26 1713 ± 386 5.11 ± 0.18 107 ± 31 

D’3 244 ± 16 985 ± 763 4.88 ± 0.12 76 ± 11 

Cream_B2 Blank D’0 300 ± 25 1625 ± 172 5.01 ± 0.21 47 ± 16 

D’1 272 ± 72 2474 ± 1494 4.95 ± 0.47 87 ± 55 

D’2 102 ± 8 763 ± 58 2.86 ± 0.09 8 ± 1 

D’3 82 ± 7 840 ± 9 2.55 ± 0.09 7 ± 0 

Inoculated D’0 289 ± 39 1551 ± 358 4.92 ± 0.41 48 ± 22 

D’1 194 ± 25 1358 ± 263 4.20 ± 0.29 28 ± 8 

D’2 73 ± 12 774 ± 175 2.16 ± 0.15 4 ± 0 

D’3 85 ± 10 901 ± 120 2.29 ± 0.12 4 ± 0 

B1: cream maturation at 4 °C, B2: cream maturation at 14 °C 606 

D’0: cream before maturation, D’1: cream after 1 day of maturation, D’2: cream after 2 days 607 

of maturation, D’3: cream after 3 days of maturation.  608 
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Table 2b: Richness and diversity indices (averages ± standard deviations) of butter samples 609 

Sample Inoculation Day of 

sampling 

Number 

of OTUs 

Chao1 index Shannon 

index 

Inverse 

Simpson 

index 

Butter_B1 Blank D0 239 ± 57 1338 ± 224 4.17 ± 0.64 25 ± 12 

D7 329 ± 4 2134 ± 348 4.96 ± 0.06 50 ± 9 

D14 287 ± 3 2433 ± 334 4.60 ± 0.15 31 ± 12 

D30 278 ± 39 1706 ± 210 4.58 ± 0.18 31 ± 2 

Inoculated D0 251 ± 17 1764 ± 487 4.38 ± 0.23 28 ± 12 

D7 312 ± 18 2250 ± 713 4.87 ± 0.09 52 ± 6 

D14 299 ± 26 1723 ± 132 4.79 ± 0.25 52 ± 17 

D30 278 ± 18 2328 ± 621 4.61 ± 0.11 36 ± 2 

Butter_B2 Blank D0 116 ± 8 1144 ± 341 2.72 ± 0.05 7 ± 0 

D7 107 ± 17 608 ± 69 2.58 ± 0.17 6 ± 1 

D14 103 ± 3 678 ± 171 2.57 ± 0.04 6 ± 0 

D30 94 ± 17 829 ± 398 2.30 ± 0.18 5 ± 1 

Inoculated D0 94 ± 4 677 ± 29 2.14 ± 0.03 4 ± 0 

D7 120 ± 27 932 ± 449 2.42 ± 0.30 4 ± 1 

D14 77 ± 3 550 ± 270 1.93 ± 0.08 4 ± 0 

D30 75 ± 8 1629 ± 383 1.77 ± 0.08 3 ± 0 

B1: cream maturation at 4 °C, B2: cream maturation at 14 °C 610 

D0: butter before storage, D7: butter after 7 days of storage, B14: butter after 14 days of 611 

storage, D30: butter after 30 days of storage.  612 
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 613 

Figure 1: Evolution of levels of L. monocytogenes in the two batches of raw milk butter 614 

during storage. 615 

B1: First batch with cream matured at 4 °C, B2: Second batch with cream matured at 14 °C  616 

Three samples were analyzed each time. Each point represents the mean value of the three 617 

measurements and the vertical line represents the standard deviation   618 
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 619 

 620 

Figure 2: Bacterial microbiota distribution of the two batches of cream samples (B1: cream 621 

maturation at 4 °C, B2: cream maturation at 14 °C) depending on day of sampling (D’0, D’1, 622 

D’2 and D’3) and the presence or not of L. monocytogenes (BL: blank samples, IN: inoculated 623 

samples).  624 

* uc: unclassified bacteria 625 

Burkholderiaceae (family): unclassified genera of the family Burkholderiaceae; 626 
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Burkholderiales (order): unclassified family (other than Burkholderiaceae) belonging to 627 

Burkholderiales; 628 

Moraxellaceae (family): unclassified genera of the family Moraxellaceae; 629 

Pseudomonadaceae (family): unclassified genera of the family Pseudomonadaceae; 630 

Pseudomonadales (order): unclassified family (other than Moraxellaceae and 631 

Pseudomonadaceae) belonging to Pseudomonadales; 632 

Gammaproteobacteria (class): unclassified order (other than Pseudomonadales) of the class 633 

Gammaproteobacteria  634 
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 635 

 636 

Figure 3: Bacterial microbiota distribution of the two batches of butter samples (B1: cream 637 

maturation at 4 °C, B2: cream maturation at 14 °C) depending on storage period (D0, D7, 638 

D14 and D30) and the presence or not of L. monocytogenes (BL: blank samples, IN: 639 

inoculated samples). 640 
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* uc: unclassified bacteria 641 

Burkholderiaceae (family): unclassified genera of the family Burkholderiaceae; 642 

Burkholderiales (order): unclassified family (other than Burkholderiaceae) belonging to 643 

Burkholderiales; 644 

Moraxellaceae (family): unclassified genera of the family Moraxellaceae; 645 

Pseudomonadaceae (family): unclassified genera of the family Pseudomonadaceae; 646 

Pseudomonadales (order): unclassified family (other than Moraxellaceae and 647 

Pseudomonadaceae) belonging to Pseudomonadales; 648 

Gammaproteobacteria (class): unclassified order (other than Pseudomonadales) of the class 649 

Gammaproteobacteria; 650 

Streptococcaceae (family): unclassified genera of Streptococcaceae; 651 

Lactobacillales (order): unclassified family (other than Streptococcaceae) of Lactobacillales  652 
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 653 

 654 

Figure 4: NMDS plot of butter samples generated via Yue & Clayton distance matrix, 655 

depending on cream maturation (A) and storage period (B). B1: cream maturation at 4 °C, B2: 656 

cream maturation at 14 °C, D0: butter before storage, D7: butter after 7 days of storage, D14: 657 

butter after 14 days of storage, D30: butter after 30 days of storage 658 

A) 

B) 


