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  ABSTRACT 

  In Italy, the sale of raw milk from vending machines 
has been allowed since 2004. Boiling treatment before 
its use is mandatory for the consumer, because the 
raw milk could be an important source of foodborne 
pathogens. This study fits into this context with the 
aim to evaluate the microbiological quality of 30 raw 
milk samples periodically collected (March 2013 to 
July 2013) from 3 vending machines located in Molise, 
a region of southern Italy. Milk samples were stored 
for 72 h at 4°C and then subjected to different treat-
ments, such as boiling and microwaving, to simulate 
domestic handling. The results show that all the raw 
milk samples examined immediately after their collec-
tion were affected by high microbial loads, with values 
very close to or even greater than those acceptable by 
Italian law. The microbial populations increased during 
refrigeration, reaching after 72 h values of about 8.0 
log cfu/mL for Pseudomonas spp., 6.5 log cfu/mL for 
yeasts, and up to 4.0 log cfu/mL for Enterobacteria-
ceae. Boiling treatment, applied after 72 h to refriger-
ated milk samples, caused complete decontamination, 
but negatively affected the nutritional quality of the 
milk, as demonstrated by a drastic reduction of whey 
proteins. The microwave treatment at 900 W for 75 
s produced microbiological decontamination similar to 
that of boiling, preserving the content in whey proteins 
of milk. The microbiological characteristics of raw milk 
observed in this study fully justify the obligation to boil 
the raw milk from vending machines before consump-
tion. However, this study also showed that domestic 
boiling causes a drastic reduction in the nutritional 
value of milk. Microwave treatment could represent a 
good alternative to boiling, on the condition that the 
process variables are standardized for safe domestic ap-
plication. 

  Key words:    unpasteurized raw milk ,  food safety ,  boil-
ing ,  microwave treatment 

  INTRODUCTION 

  In Italy, as well as in different industrialized coun-
tries, raw milk consumption is becoming rather popu-
lar, thanks to the current trend toward “consuming 
natural” and “purchasing locally.” Enhanced nutritional 
qualities, taste, and health benefits are advocated as 
reasons for the increased interest in raw milk consump-
tion (Oliver et al., 2009). Raw milk supporters claim 
the suitability of unpasteurized milk for the treatment 
or for the prevention of some diseases, even if no scien-
tific evidence supports this notion (Oliver et al., 2005). 
Only few epidemiological studies suggest that early-
life exposure to unpasteurized milk could reduce the 
risk for developing asthma, allergic rhinitis, hay fever, 
pollen allergy, and atopic sensitization (Barnes et al., 
2001; Waser et al., 2007; Loss et al., 2011). 

  It is a widespread belief that heating destroys the 
nutritional and health benefits of milk, but it is as 
important to underscore that raw milk can harbor a 
variety of microorganisms and it could be an impor-
tant source of foodborne pathogens, such as Salmonella
spp., Campylobacter spp., Escherichia coli, and Listeria 
monocytogenes, among others (Hill et al., 2012; Claeys 
et al., 2013; Serraino et al., 2013). The presence of 
pathogenic bacteria in raw milk is well documented: 
in Italy, several studies on raw milk collected from 
vending machines detected the presence of different 
pathogens, such as Salmonella spp., E. coli O157:H7, 
Campylobacter spp. and L. monocytogenes (Giacometti 
et al., 2012a; Bianchi et al., 2013; Serraino et al., 2013); 
in the United States and in Ireland, some cases of liste-
riosis due to the consumption of raw milk were recently 
described (Latorre et al., 2011; Hunt et al., 2012); in 
Canada, an outbreak due to the presence of E. coli 
in dairy products made from raw milk was reported 
(Gaulin et al., 2012). 

  In Italy, the sale of raw milk through vending ma-
chines has been allowed since 2004. Specific norms for 
both milk quality and characteristics of vending ma-

  Raw milk from vending machines: Effects of boiling, microwave 
treatment, and refrigeration on microbiological quality 
  Patrizio   Tremonte ,*  Luca   Tipaldi ,*  Mariantonietta   Succi ,*  Gianfranco   Pannella ,†  Luisa   Falasca ,* 
 Valeria   Capilongo ,*  Raffaele   Coppola ,* and  Elena   Sorrentino *1

   * Dipartimento di Agricoltura, Ambiente e Alimenti (Dep. A.A.A.), University of Molise, 86100 Campobasso, Italy 
   † Scuola di Scienze Agrarie, Forestali, Alimentari e Ambientali, University of Basilicata, 85100 Potenza, Italy 

  

  

 Received November 21, 2013.
 Accepted February 11, 2014.
  1   Corresponding author:  sorrentino@unimol.it 

Open access under CC BY-NC-ND license.

http://creativecommons.org/licenses/by-nc-nd/4.0/


Journal of Dairy Science Vol. 97 No. 6, 2014

DECONTAMINATING TREATMENTS FOR UNPASTEURIZED MILK 3315

chines have been imposed (EU, 2004; Italian Republic, 
2007). Moreover, the Italian law imposed the restriction 
on users to store raw milk at 4°C for a maximum pe-
riod of 72 h. After several episodes of hemolytic-uremic 
syndrome in children associated with the consumption 
of raw milk, the Italian Ministry of Health (2009) pub-
lished the ordinance that obliges the posting on vend-
ing machines of the prominent notice “Milk must be 
boiled before consumption.” Moreover, in the light of 
the latest scientific evidence (Scavia et al., 2009), in 
2013, the Italian Ministry of Health reiterated the need 
to consume the raw milk after boiling.

In a previous study, Sorrentino et al. (2012) high-
lighted that refrigeration applied to raw milk during 
storage in vending machines is not a guarantor of 
microbiological safety, as some contaminating species 
are able to multiply at low temperatures. Furthermore, 
improper handling of milk by consumers may further 
increase the risk of contamination; in fact, Giacometti 
et al. (2012b) reported that 82% of consumers do not 
use insulated bags to transport raw milk home and the 
transport time often exceeds 30 min.

Boiling, as imposed by the Italian Ministry of Health 
(2009, 2013), remains the sole method to ensure the 
safety of milk. However, the responsibility of hygienic 
sanitation of raw milk is actually given to the consum-
er, who often underestimates or completely ignores the 
risk associated with raw milk consumption (D’Ascenzi 
et al., 2010; Giacometti et al., 2012b).

This study fit into this context with different aims: 
to evaluate the microbiological quality and safety of 
raw milk collected from different vending machines 
located in the Molise region, to study the quantitative 
variations in microbial populations of raw milk dur-
ing storage at 4°C for 72 h, and to assess the effect of 
a domestic boiling process and of different microwave 
treatments on the safety and the quality of milk.

MATERIALS AND METHODS

Experimental Design and Milk Treatments

Raw milk samples were aseptically collected from 
March 2013 to July 2013 in 3 different vending machines 
located in the Molise Region (Southern Italy). Each 
month, 2 different samples were collected from each 
vending machine, and a total of 30 raw milk samples 
were obtained. At the time of sampling, the tempera-
ture of the milk was measured. All the samples were 
placed in a cool box, stored at 4.0 ± 0.5°C until delivery 
to the laboratory (Dipartimento di Agricoltura, Am-
biente e Alimenti, University of Molise, Campobasso, 
Italy), and analyzed within 2 h after sampling. The 
samples from each vending machine, collected in differ-
ent periods, were divided into 10 batches:

C0: untreated raw milk subjected to analysis im-
mediately after its delivery to the laboratory;
C24: untreated raw milk subjected to analysis after 
24 h of storage at 4.0 ± 0.5°C;
C48: untreated raw milk subjected to analysis after 
48 h of storage at 4.0 ± 0.5°C;
C72: untreated raw milk subjected to analysis after 
72 h of storage at 4.0 ± 0.5°C;
B0: raw milk subjected to a simulated domestic 
boiling treatment immediately after its delivery to 
the laboratory;
B24: raw milk stored at 4.0 ± 0.5°C for 24 h and 
then subjected to a simulated domestic boiling 
treatment;
B48: raw milk stored at 4.0 ± 0.5°C for 48 h and 
then subjected to a simulated domestic boiling 
treatment;
B72: raw milk stored at 4.0 ± 0.5°C for 72 h and 
then subjected to a simulated domestic boiling 
treatment;
M750: raw milk subjected to a simulated domestic 
microwave treatment at 750 W for 75 s immedi-
ately after its delivery to the laboratory;
M900: raw milk subjected to a simulated domestic 
microwave treatment at 900 W for 75 s immedi-
ately after its delivery to the laboratory.

To simulate a domestic boiling treatment, 200 mL 
(approximately a capful) of raw milk from the B batches 
was poured into a small, previously sterilized pan and 
heated until the appearance of foam. The treatment 
was immediately stopped, and analyses were carried 
out within 15 min. During boiling, the milk tempera-
ture was monitored using a digital thermometer (Delta 
Ohm S.r.L., Padua, Italy).

To simulate domestic microwave treatment, 200 
mL (approximately a capful) of raw milk from the M 
batches was poured into a sterilized 300-mL Pyrex 
beaker and the treatment was performed by using a 
domestic microwave oven with 950-W nominal output 
at 2,450 MHz (Whirlpool FT380; Whirlpool Europe 
Srl, Comerio, Italy). Two different programs were used: 
750 W for 75 s and 900 W for 75 s. Immediately after 
treatments, the milk temperature was monitored as 
described above.

Microbiological Analyses

For microbial counts, raw and treated milk samples 
from each batch were serially diluted using 0.1% peptone 
water. The different microbial groups were detected on 
specific media and incubation temperatures. In detail, 
total mesophilic count (TMC) was performed on plate 
count agar (Oxoid Ltd., Basingstoke, UK) incubated 
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at 30 ± 1°C for 72 ± 3 h (UNI EN ISO, 2004); yeast 
extract-peptone-dextrose (YPD) agar plates (10 g of 
yeast extract/L, 20 g of bacteriological peptone/L, 20 g 
of dextrose/L, and 20 g of agar/L), prepared as previ-
ously described by Reale et al. (2011), were used to 
detect yeasts after incubation at 28 ± 1°C for 72 ± 2; 
lactic acid bacteria (LAB) were counted on de Man, 
Rogosa, and Sharpe (MRS) agar (Oxoid Ltd.) incubated 
at 28 ± 1°C for 48 ± 2 h in anaerobic conditions (BBL 
GasPak Anaerobic System; Becton Dickinson, Franklin 
Lakes, NJ); enterococci were recognized on Slanetz and 
Bartley medium (Oxoid Ltd.) incubated at 37 ± 1°C 
for 48 ± 2 h; Enterobacteriaceae were detected in violet 
red bile glucose agar (Oxoid Ltd.) incubated at 37 ± 
1°C for 24 ± 1 h (ISO, 2004); total and fecal coliforms 
were differentiated on violet red bile lactose agar (VR-
BLA; Oxoid Ltd.) incubated for 36 h at 37 ± 1 and 
44 ± 1°C, respectively; the presence of Pseudomonas 
spp. was highlighted on Pseudomonas agar base (Oxoid 
Ltd.) supplemented with cephalothin-sodium fusidate-
cetrimide (CFC) Pseudomonas selective supplement 
(Oxoid Ltd.) after incubation at 25 ± 1°C for 48 ± 2 h; 
and micrococci and staphylococci were determined on 
mannitol salt agar (Oxoid Ltd.) incubated at 28 ± 1°C 
for 48 ± 2 h.

Analyses were performed in duplicate and the results 
were expressed as the logarithm of colony-forming units 
per milliliter of milk.

Chemical Analyses

Whey proteins were determined as the difference be-
tween noncasein nitrogen 155 and NPN and expressed 
as a percentage of total protein in milk. Noncasein 
nitrogen was determined by the Kjeldahl method after 
casein precipitation at pH 4.6 and NPN was determined 
by the Kjeldahl method after precipitation with TCA 
according to Resmini et al. (1985). Total protein con-
tent was determined by the Kjeldahl method, following 
the Italian official method (Italian Republic, 1992). 
The pH value of each sample was measured using a pH 
meter (Crison Instruments SA, Barcelona, Spain).

The qualitative detection of alkaline phosphatase 
and lactoperoxidase in whole milk samples was per-
formed using the Lactognost kit (Heyl Chemisch-
pharmazeutische Fabrik GmbH & Co. KG, Berlin, Ger-
many) and the Perossitest kit (Astori Tecnica s.n.c., 
Poncarale, Italy), respectively.

Statistical Analyses

An ANOVA was applied to the data. The least 
significant differences were obtained using a least sig-
nificant difference test (P < 0.05). Statistical analysis 

was performed using SPSS software (version 13.0 for 
Windows; SPSS Inc., Chicago, IL).

RESULTS AND DISCUSSION

At the time of sampling, the milk temperature ranged 
from 3.5 to 4.1°C (data not shown), in line with the Ital-
ian legislation. No significant difference was highlighted 
among temperatures recorded in the different vending 
machines during the entire period of this study (March 
2013 to July 2013). All the raw milk samples collected 
from vending machines showed a positive result for 
alkaline phosphatase and lactoperoxidase tests, and a 
content of whey proteins/total proteins ranging from 
19.9 to 18.7% was highlighted, thus confirming that 
milk was not heat treated. The initial pH value (C0) 
was 6.72 ± 0.06, and no significant differences (P > 
0.05) were found among milk samples withdrawn from 
the different vending machines (data not shown). Dur-
ing storage in the refrigerator (4.0 ± 0.5°C), pH values 
progressively decreased up to 6.27 ± 0.04 at 72 h (C72), 
as a consequence of microbial growth. In fact, some mi-
crobial groups increased in number during storage, as 
illustrated in Figure 1. Specifically, mesophilic bacteria 
were initially present with total counts of about 5.0 log 
cfu/mL, the maximum level acceptable by the Italian 
regulation (Italian Republic, 2007), or higher. In fact, 
out of 30 samples from batch C0, 11 showed a microbial 
load very close to 5.0 log cfu/mL, 9 exhibited a load 
slightly lower than 5.0 log cfu/mL, and the remain-
ing 10 samples evidenced counts over 5.0 log cfu/mL, 
independent of the vending machine and the period 
of collection. These data are in agreement with those 
found by Giacometti et al. (2012a). The TMC was also 
determined after refrigeration for 24, 48, and 72 h at 
4.0 ± 0.5°C (Figure 1), as raw milk can be preserved 
in home refrigerators for a maximum period of 72 h. 
During storage, an increase in TMC was observed and 
after 72 h (C72), a significant increase (P < 0.05) was 
detected in all samples.

As for the different microbial groups, Pseudomonas 
spp. showed the highest counts already at time zero 
(5.0 log cfu/mL) and counts significantly increased 
(P < 0.05), reaching about 8.0 log cfu/mL after 72 h 
(C72) of storage. Yeasts and LAB showed an increase 
of about 1.5 log cfu/mL during storage, starting from 
values of about 5.0 log cfu/mL (C0) for yeasts and of 
about 4.0 log cfu/mL for LAB. Enterobacteriaceae and 
total coliforms showed initial values (C0) lower than 3.0 
log cfu/mL, and after 72 h (C72), counts increased up 
to about 4.0 and 3.5 log cfu/mL, respectively. Counts 
lower than 3.0 log cfu/mL were detected for all other 
microbial groups (Figure 1).
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Data reported above confirm that raw milk from 
vending machines can be contaminated by a variety of 
microorganisms (Oliver et al., 2009) and, in some cases, 
the microbial load exceeded that acceptable by the Ital-
ian regulation (Italian Republic, 2007). Some microbial 
groups showed the ability to grow at 4°C; these data 
deserve some attention, considering the fact that home 
refrigerators frequently are at temperatures above 4°C 
(Godwin et al., 2007), thus allowing higher microbial 
proliferation during storage than that described in this 
study. Moreover, during refrigeration of milk, some 
microorganisms can produce harmful heat-stable en-
terotoxins (Caballero Gómez et al., 2013) or enzymes 
capable of degrading or modifying milk nutrients, such 
as fat-soluble vitamins, thus lowering the nutritional 
value of raw milk (Panfili et al., 2008). These consid-
erations increase the elements of doubt regarding the 
safety of raw milk and its nutritional value after storage 
at 4°C for 72 h. Also, it is important to underscore that 
many consumers not only disregard the requirement to 
boil the raw milk from vending machines, but also they 
frequently give raw milk to children (D’Ascenzi et al., 
2010; Giacometti et al., 2012b), although in Italy, it is 
mandatory to boil raw milk before consumption.

Thus, the subsequent step in this study was to boil 
the raw milk, as imposed by the Italian Ministry of 
Health (2013). Because no specification is given as to 
the suitable time to apply the heat treatment, it was 
performed before refrigeration (time 0), as well as at 

different refrigeration times (24, 48, and 72 h). Each 
boiling, performed simulating domestic handling as 
described above, was stopped at the appearance of 
foam (i.e., when the milk temperature reached about 
95°C). Data reported in Figures 2a, 2b, 2c and 2d show 
that boiling effectively sanitized the milk. In fact, all 
samples after boiling were characterized by undetect-
able microbial counts. As expected, both alkaline 
phosphatase and lactoperoxidase tests gave negative 
results in all treated milk samples due to severe heat-
ing. As the content in whey proteins is routinely used 
to assess the thermal damage in milk (Sorrentino et al., 
2005), the effect of boiling treatment on this parameter 
was also ascertained (Figure 3). The determination 
was performed only on raw milk samples (batch C0) 
and on milk samples boiled at time 0 (batch B0), as 
microbial growth does not influence the ratio of whey 
proteins to total proteins in raw milk stored at 4°C 
(Miralles et al., 2000). The results highlight that in 
milk subjected to boiling, the whey protein ratio in 
total protein (%) decreased to values of approximately 
4.3 ± 0.35%, starting from values of 19.3 ± 0.6% in raw 
milk. Therefore, the boiling caused a drastic depletion 
of the soluble-protein component, as a consequence of 
severe thermal damage (Morales et al., 2000), hence 
rendering raw milk characteristics very different from 
those of pasteurized milk.

Despite previous results not encouraging raw milk 
consumption, it is important to take into account con-

Figure 1. Average values of microbial loads determined in raw milk (log cfu/mL) at time zero and after 24, 48, and 72 h of storage at 4 
± 0.5°C. Different letters (a–c) at the same microbial group indicate significant differences (P < 0.05). C-0 = untreated raw milk subjected to 
analysis immediately after its delivery to the laboratory; C-24, C-48, and C-72 = untreated raw milk subjected to analysis after 24, 48, and 72 h 
of storage at 4.0 ± 0.5°C, respectively; TMC = total mesophilic count; CNC = coagulase-negative cocci; LAB = lactic acid bacteria. The error 
bars represent the SD calculated on 30 samples collected from 3 different vending machines at different sampling times.
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sumer preference for this product. Moving from this 
assumption, the identification of a proper domestic de-
contaminating treatment, as an alternative to boiling, 

was a further aim of this study. Specifically, the effect 
of different microwave treatments on the safety and the 
nutritional features of raw milk were evaluated. The 

Figure 2. (a) Microbial counts of raw milk upon arrival at the laboratory (C-0) and immediately boiled (B-0). (b), (c), and (d) Levels of 
microbial loads determined in raw milk stored at 4 ± 0.5°C, respectively, for 24 (C-24), 48 (C-48), and 72 h (C-72) and in the milk subjected to 
boiling after the period of cold storage (designated as B-24, B-48, and B-72, respectively). TMC = total mesophilic count; CNC = coagulase-
negative cocci; LAB = lactic acid bacteria. The error bars represent the SD calculated on 30 samples collected from 3 different vending machines 
at different sampling times.

Figure 3. Whey protein in samples of raw milk (C), in boiling milk (B), and in milk treated in a microwave oven (M750 and M900, indicating 
that raw milk was subjected to microwave treatment at 750 and 900 W, respectively, for 75 s immediately after its delivery to the laboratory). 
Different letters (a–c) indicate significant differences (P < 0.05). The error bars represent the SD calculated on 30 samples collected from 3 dif-
ferent vending machines at different sampling times.
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microwave treatment was performed using a sterilized 
300-mL Pyrex beaker to ensure replicable treatments, 
as the geometry, material, and color of the vessel have 
great influence on the temperature distribution inside 
the vessel.

Data highlighted that the treatment at 750 W for 75 
s (M750) caused a reduction of about 2.0 log cfu/mL for 
Enterobacteriaceae, total coliforms and Pseudomonas 
spp., and of about 1.0 log cfu/mL for TMC and en-
terococci (Figure 4). Fecal coliforms, LAB, and yeasts 
showed a lower sensitivity to the applied treatment, thus 
allowing only partial microbiological sanitation of the 
milk. The application of 900 W for 75 s (M900) resulted 
in effective microbiological sanitation, comparable with 
boiling, as evidenced by undetectable microbial counts 
after the treatment (Figure 4). Moreover, after the mi-
crowave treatments, the alkaline phosphatase test was 
negative and the peroxidase test was positive in all milk 
samples from both batches M750 and M900. As for the 
content in whey proteins, values of about 18.5 ± 0.7 
and 16.5 ± 0.4% were found in samples from batches 
M750 and M900, respectively (Figure 3).

The results described above suggest that the mi-
crowave treatment of raw milk could be an excellent 
alternative to boiling, because it is able to ensure the 
hygienic quality of milk, preserving its nutritional fea-
tures. However, the strong influence of the vessel as 

well as the lack of information regarding the sensitivity 
of pathogens and their toxins to microwave treatments 
require further studies before suggesting microwaving 
in place of boiling.

CONCLUSIONS

In Italy, raw milk sale from vending machines is an al-
ternative to consumption of pasteurized milk. However, 
in light of the results obtained in this and in other simi-
lar studies, it has emerged that unpasteurized raw milk 
could represent a health hazard, taking into account 
not only the ability of some microbial groups to grow at 
refrigeration temperatures, but also the hazardous habit 
of many consumers to drink raw milk without prelimi-
nary heat treatment. Boiling treatment is currently the 
optimal solution to ensure the hygienic quality of raw 
milk. On the other hand, this treatment impoverishes 
the nutritional value of raw milk, effectively distorting 
the elements behind the success of this product. Micro-
waving could be an excellent alternative to boiling, as 
it guarantees the hygienic quality of milk, preserving 
the nutritional features. However, further studies are re-
quired to identify and standardize the process variables 
and to guarantee safe domestic handling. Consumption 
of raw milk from vending machines can hardly be justi-
fied from a rational or scientific point of view.

Figure 4. Microbial counts of raw milk upon arrival at the laboratory (C-0) and after microwave treatment at 750 W (M-750 W) and at 900 
W (M-900 W) for 75 s. Different letters (a–c) at the same microbial group indicate significant differences (P < 0.05). TMC = total mesophilic 
count; CNC = coagulase-negative cocci; LAB = lactic acid bacteria. The error bars represent the SD calculated on 30 samples collected from 3 
different vending machines at different sampling times.
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