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Donor human milk (DHM) in human milk banks (HMB) is routinely subjected to
heat treatment to ensure microbiological security, most guidelines recommending a
temperature of 62. 5°C for 30 min. However, this procedure negatively impacts on milk
quality, due to the destruction of biological components. Different studies have called
for a more respectful treatment of DHM to preserve its properties, and have explored
the use of alternative technologies. There is also clear evidence that bacterial and viral
contamination in human milk can be effectively destroyed by temperatures lower than
that currently recommended (62.5°C). Thus, a simple option would be to optimize the
conventional pasteurization technique so the treated milk is free of infectious elements yet
retains a maximum amount of biological components. An advantage of this approach is
that it would be unnecessary to replace the pasteurization equipment currently available
in most HMB. On the basis of a literature review, we here analyze and discuss evidence
that pasteurization of human milk at a temperature below 62.5°C results in an improved
preservation of its properties without compromising safety regarding the transmission of
infectious agents.

Keywords: donated human milk, pasteurization, human milk bank, biological components of milk, temperature

INTRODUCTION

There is general agreement that breastfeeding is the optimal nutritional source for infants
(1, 2). Human milk is a synergistic package of essential nutrients and bioactive components that
not only covers the nutritional needs of the neonate but also enhances host defenses against
infection, actively modulating the immune response. Its consumption facilitates the maturation
of various organs and neurological development, modifies the intestinal bacterial flora, and
improves the digestion and absorption of nutrients. Beneficial bioactive and immunomodulatory
constituents of breast milk include gastrointestinal hormones, immunoglobulins, lactoferrin,
lysozyme, oligosaccharides, nucleotides, growth factors, enzymes, antioxidants, and cellular
components (3, 4).

When the mother’s own milk is not available, the WHO as well as most scientific associations
consider DHM, obtained and processed in HMB, as the best alternative, especially in preterm
infants (2). As a safety mechanism, HMB usually pasteurize the donated milk to eliminate infectious
elements. The technique is named after Pasteur, who first described it in the XIX century as a way of
preventing the souring of wine and beer and extending their shelf life. Pasteurization is defined as a
process of heating a food, usually a liquid, at a specific temperature for a predefined length of time
and then immediately cooling it. The crucial point of the procedure is the selected temperature,

Frontiers in Pediatrics | www.frontiersin.org

1 October 2018 | Volume 6 | Article 288


https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://www.frontiersin.org/journals/pediatrics#editorial-board
https://doi.org/10.3389/fped.2018.00288
http://crossmark.crossref.org/dialog/?doi=10.3389/fped.2018.00288&domain=pdf&date_stamp=2018-10-09
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles
https://creativecommons.org/licenses/by/4.0/
mailto:agaya@fbstib.org
https://doi.org/10.3389/fped.2018.00288
https://www.frontiersin.org/articles/10.3389/fped.2018.00288/full
http://loop.frontiersin.org/people/535706/overview
http://loop.frontiersin.org/people/592260/overview

Gaya and Calvo

Improving Pasteurization

which should be high enough to destroy microbial contamination
without affecting the properties of the food.

HEAT TREATMENT OF DHM

The use of pasteurization in HMB is based on the experience
of the food industry with the treatment of cow’s milk (5).
Initially, pasteurization of cow’s milk was carried out at 61.1°C
for 30 min or 71.1°C for 15s to allow an ample safety margin
for the destruction of Mycobacterium tuberculosis (6). However,
in 1957 these conditions were shown to be inadequate for the
inactivation of Coxiella burnetii, which causes Q fever in humans
if large numbers are present in raw milk (7). New pasteurization
conditions of 62.8°C for 30 min for a batch process or 71.7°C
for 15 sec for a continuous process were adopted to inactivate
C. burnetii, and are still in use today (5).

Based on the commercial pasteurization of cow’s milk,
originally designed to destroy M. tuberculosis and C. burnetii,
Holder pasteurization (HoP) at 62.5°C for 30 min has been
recommended as a suitable form of heat treatment for human
milk (8). Interestingly, the recommended temperature has
evolved over the years. Thus, in 1999 the United Kingdom
Association for Milk Banking (UKAMB) guidelines (9) and in
2000 the Human Milk Bank Association of North America
(HMBANA) guidelines (10) recommended that milk be heat-
treated at a minimum of 57°C or a maximum of 63°C for
30 min. Despite data showing that this degree of heat is more
than adequate to eradicate tuberculosis bacilli from cow’s milk
and that pasteurization at 62.5°C for 30 min may be excessive for
rendering human milk bacteriologically safe (11), HoP is widely
recommended in most current guidelines.

This point is especially relevant, as several authors have
shown that the processing temperature determines the degree of
inactivation of the biological components of milk (12, 13). The
effect of pasteurization on the composition of human milk has
been recently analyzed in two excellent reviews (14, 15). From
a nutritional standpoint, the established heat treatment does
not significantly affect the macronutrient composition (protein,
carbohydrates and lipids, including polyunsaturated fatty acids)
of milk. However, there is considerable evidence for a total
eradication of lipase activity, as well as a substantial drop in
the concentration of various biological components such as IgA,
lactoferrin, lysozyme, cytokines, and growth factors.

The discrepancy about the degree of destruction of these
biological factors could be explained by the lack of homogeneity
in the experimental studies, which generally use small aliquots
of milk compared with the volumes usually processed in HMB.
In real-life situations, a higher loss of biological properties is
expected due to the longer time needed to reach the desired
temperature in the center of the milk container (15). Thus, in the
process of securing DHM, there is a reduction in quality due to
the destruction of biological components.

The literature reflects the enormous importance of biological
factors in milk for the development and maturation of the
newborn (16). In an interesting study developed in a preclinical
model using premature piglets, Li et al. (17) compared two
different treatments of the same DHM: HoP and Ultraviolet
(UV)-C irradiation. Analysis revealed a markedly higher

TABLE 1 | Viral sensitivity to thermal treatment.

Pasteurization
conditions tested

Virus Viral infectivity Authors

after treatment

Parvovirus B19 10" at 60°C Completely Blumel et al. (33)
inactivated
Chikungunya 30" at 58 + 1°C Completely Leydold et al. (35)
virus inactivated
Poliovirus 30’ at 55°C Completely Strazynski et al. (34)
inactivated
West Nile virus 30" at 58 + 1°C Completely Leydold et al. (35)
inactivated
Hepatitis C virus 30’ 56°C Almost Song et al. (36)
completely
inactivated
40" at 56°C Completely
10" at 60°C inactivated
4" at 65°C
Herpes simplex 20’ at 50°C Completely Plummer and Lewis
virus inactivated 37)
Human less than 30 Completely
Immunodeficiency  at 60°C inactivated Spire et al. (40)
virus Gregersen et al. (41)
Einarsson et al. (42)
Human T 30’ at 56°C Completely
lymphotrophic inactivated Harada et al. (38)

virus Yamato et al. (39)

Zika virus 30’ at 63°C Completely Pfaender et al. (43)
inactivated
Human papiloma 30" at 62.5°C Completely Donalisio et al. (44)
virus inactivated
Ebola virus 30’ at 62.5°C Completely Hamilton Espence
inactivated et al. (45)
Margburg virus 30" at 62.5°C Completely Hamilton Espence
inactivated et al. (45)
Cytomegalovirus 30’ at 62.5°C Completely Hamprecht et al.
inactivated 47)
40’ at 50°C Partially Plummer and Lewis
inactivated 37)
30" at 56°C Partially Welsh et al. (46)
inactivated

reduction of several bioactive proteins after HoP compared with
UV-C-treated and untreated milk. The authors reported a better
weight gain, intestinal health and resistance against bacterial
infections in the group receiving the milk with better preserved
bioactive factors. They conclude that the differences in the
biochemistry of donor milk due to its treatment have potential
physiological effects in preterm neonates. Therefore, one of the
goals of HMB should be to process human milk with minimum
damage to these components.

ALTERNATIVE TECHNIQUES TO HOP

To optimize the microbiological safety of DHM while
maintaining its biological and nutritional quality is an important
challenge. In this context, the Committee on Nutrition of the
European Society for Pediatric Gastroenterology, Hepatology,
and Nutrition (ESPGHAN) has recommended that future
research focus on the improvement of milk processing in
HMB, including the development and evaluation of different
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pasteurization techniques to optimize microbiological safety
and to preserve the biological and nutritional quality of human
milk (18). Thus, to avoid the deleterious effect of HoP on the
biological components of human milk, attention has been
directed toward the development of new technologies. The
most evaluated method is high-temperature short-time (HTST)
treatment, which involves the heating of milk at 72°C for 15s.
Several reports confirm that this procedure induces a drastic
reduction in bacterial count and CMV infectivity. However,
although a better preservation of several components like IgA
and lactoferrin has been described, bile salt-stimulated lipase
(BSSL) activity is almost completely eliminated (19-21). Two
alternative prototypes suitable for use in an HMB have been
recently described (22, 23).

Pascalization or high pressure processing (HPP) is a method
of preserving and sterilizing food in which a product is processed
under very high pressure at low temperatures without the use of
additives, leading to the inactivation of certain microorganisms
and enzymes. Studies with human milk have shown that in
comparison with HoP this kind of treatment may increase
the retention of IgA, lisozyme and other cytokines (24, 25).
A bactericidal effect of HPP has been reported for different
microorganisms with varying degrees of resistance (24, 26).
However, these studies do not assure the effectiveness of HPP in
banked milk with a high bacterial content, especially because only
vegetative bacteria have been analyzed and data is lacking about
the effects of high pressure on bacterial spores, viruses or fungi in
human milk.

UV irradiation treatment is based on the germicidal properties
of light in the UV-C spectrum (200-280 nm). UV light penetrates
food materials only up to several millimeters, depending on their
optical properties, and cannot be effectively absorbed by milk and
other turbid foods unless these are presented to the system as a
thin layer.

Preliminary reports indicate that UV irradiation can achieve a
reduction of 5logj in bacteria exogenously added to human milk
without affecting the lipase activity (27), while the concentrations
of lactoferrin, lysozyme and immunoglobulin A (IgA) remain
essentially unaltered (28). Also, according to a recent report,
UV-Cirradiation inactivates the cytomegalovirus in human milk
under the right conditions (29).

However, although these techniques are commonly used in
the food industry, there are no specific devices designed to
manage the low volumes of milk usually processed in a milk
bank. Thus, until such appropriately scaled and economically
affordable equipment is available for HMB use, these methods
are unlikely to be put into practice. Meanwhile, since it has been
clearly demonstrated that temperatures below 62.5°C have a less
negative effect on human milk properties, it is useful to assess
temperature modification in the pasteurization process.

A NEED TO IMPROVE THE QUALITY OF
HMB PROCESSING

As early as 1982, Wills et al. (13) proposed that “lower
temperatures and reduced holding times, if used precisely, will

effectively sterilize human milk. At the same time reduced heat
treatment results in the preservation of much of the activity of
the antimicrobial and other biologically active proteins present
in human milk”.

Thus, a simpler alternative to the development of new
technologies would be to optimize the conventional
pasteurization technique used in HMB in a way that guarantees
the destruction of infectious elements in human milk with
minimum damage to its biological components. This option
has the advantage that it would not require the replacement
of pasteurization equipment usually available in most HMB.
Our hypothesis is that the pasteurization conditions currently
used are oversized, and that the same level of elimination of
bacterial and viral contamination could be achieved using lower
temperatures that are less harmful to the biological factors
of milk.

Other improvements could also be made in the pasteurization
process. The longer the milk remains above the critical
temperature, the greater the detrimental effect on its final
quality (30). Hence, the quicker the milk can reach the holding
temperature, the lower the overall exposure to damaging heat.

EFFECT OF TEMPERATURE ON BACTERIA

As mentioned above, most of the studies related to the
thermosensitivity of bacteria in milk have been conducted with
cow’s milk for the dairy industry. Among the few that have
focused on human milk from a milk bank perspective, the
most detailed analysis was published by Czank et al. (12), who
reported that the susceptibility of the microbial strains tested
was clearly dependent on the pasteurization temperature. There
was a reduction of at least 99.9% of all bacterial species when
milk samples spiked with 10> UFC/ml of E. coli, S. epidermidis,
E. cloacae, B. cereus or S. aureus were treated at 57°C for 30 min
or at 62.5°C for 20 min. Also, the data of Lloyd Jones et al (31)
suggest that the accepted heating time of 30 min is excessive,
since bacterial pathogens commonly contaminating human milk
may be eliminated after heating for only 5min at 62.5°C. This
conclusion is in accordance with the results of Wills et al. (13),
who showed that over 99% of inoculated organisms are destroyed
by heating at 56.0°C for 15 min.

Thus, taking into account that the higher the level of milk
contamination, the longer it takes to achieve sterility, reducing
the temperature of pasteurization would not constitute a hazard
in HMB, where highly contaminated milk is discarded. Moreover,
in HMB that pool milk, a high level of contamination is diluted.

EFFECT OF TEMPERATURE ON VIRUSES

In the previous sections, we focused on how the temperature
applied in HoP could be considered excessive for the effective
removal of bacterial contamination and stability of the main
biological components of breast milk. We now turn to viruses and
examine if they could also be eliminated at a lower temperature.
In certain maternal viral diseases, there is a substantial risk of
maternal-infant transmission by breast milk. This is particularly
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true for human immunodeficiency virus (HIV)-1, HTLV1/2 and
CMV infection. Other viruses are often present in breast milk but
transmission is very rare, e.g. other herpes viruses, parvovirus,
hepatitis A, B, and C, and rubella (32). It is therefore important
that in addition to an accurate anamnesis, including revision
of the social, behavioral, and clinical history of the donor, and
serological determinations, the donor milk is treated to eliminate
possible pathogenic elements.

As mentioned above, pasteurization at 62.5°C may be
considered excessive due to its harmful effect on the biological
elements in milk. It would therefore be useful to analyse
the thermosensitivity of a series of viruses potentially present
in donated milk. As it is shown in Table1, evidence in
the literature indicates that most such viruses are destroyed
at a temperature between 55 and 60°C. Blumel et al. (33)
showed that during pasteurization of human serum, albumin
parvovirus B19 was immediately inactivated at temperatures
above 57.5°C. Moreover, heating at 55°C for 30 min completely
inactivated poliovirus in water and milk (34). Also, incubation
of Chikungunya- (CHIKV) or West Nile virus- (WNV) spiked
albumin solutions at 58+1°C resulted in a rapid and complete
inactivation of both viruses to below the limit of detection
within 30min (35). A very small amount of infectious cell
culture-derived Hepatitis C virus (HCV) was still detectable after
incubation at 56°C for 30 min, and eliminated completely after
40 min; total viral inactivation was also observed after 10 min at
60°C or 4 min at 65°C (36). Although herpes simplex virus (HSV)
has been isolated from the breast milk of HSV-infected women,
there is no conclusive evidence to support HSV transmission by
breastfeeding (32). In any case, HSV is very sensitive to heat
treatment, being inactivated after only 20 min at 50°C (37).

HIV and HTLYV, potentially the most dangerous viruses, were
fully inactivated by treatment at 56°C for 30 min (38-40). Other
authors confirmed that at 60°C, HIV in culture supernatants was
completely inactivated after only 10 min (41) or after 30 min in
stabilized antithrombin III solutions (42).

Another group of viruses are clearly inactivated by
conventional HoP conditions but their elimination has not
been tested at lower temperatures. Thus, pasteurization of milk
spiked with Zika virus (ZIKV) at 63°C for 30 min reduced ZIKV
infectivity below the limit of detection, independent of the milk
donor or virus strain (43). Also, the infectivity of both high-risk
and low-risk human papillomaviruses (HPV) (44) as well as
Ebola virus and Marburg virus (45) are completely inactivated
after HoP.

Nevertheless, probably the most important virus from the
point of view of HMB is CMV. Despite the latency of all
herpesviruses, CMV is the only one known to be efficiently
transferred to the infant via human milk. There are a few case
reports of possible breast milk transmission of HSV and varicella
zoster virus (VZV) and strong evidence for the non-transmission
of the Epstein-Barr virus (32). Although other members of the
herpesvirus group are reported to be destroyed at 50°C, CMV was
only partially inactivated at this temperature even after 40 min
(37). HoP at 62.5°C for 30min completely destroyed CMV
infectivity in human milk (46, 47), while the treatment of CMV-
spiked milk at 56°C for 30 min (46) failed to totally eliminate viral
infectivity.

From these data, it could be deduced that a temperature
of 62.5°C is required to destroy the CMYV, similar to other
viruses. Nevertheless, the thermosensitivity of these viruses at
temperatures between 56 and 62.5°C has not been reported.
Several authors have shown (46, 47) that treatment at 56°C
is capable of destroying a significant part of the viral load.
Thus, we consider it plausible that the total destruction of
the CMV could be achieved at a temperature lower than
62.5°C, and this could be applicable to other viruses not yet
tested.

FUTURE RESEARCH DIRECTIONS

According to the previous section, we consider that it is feasible
to reduce the pasteurization temperature while maintaining
the destruction capacity of the bacteria and viruses potentially
present in the DHM. Only the thermal sensitivity of the CMV
remains to be confirmed, as there is no data in the range between
56 and 62.5°C.

Therefore, we consider it essential to carry out this
analysis, accurately determining the CMV sensitivity to thermal
treatment. Once established the temperature at which the CMV
is inactivated, and confirmed in exact conditions to those used in
a HMB, the effect of this temperature on the essential biological
components of the DHM (IgA, lipase, lactoferrin, lysozyme...)
should be checked. In both studies, it would be interesting to
analyse treatment times of less than 30 min, in order to preserve
even more the biological properties of the DHM.

CONCLUSIONS

It is clear that donated human milk must undergo treatment
to eliminate potentially transmissible pathogenic elements.
Unfortunately, a side effect of such processing, including by the
widely accepted HoP, is a reduction in the valuable biological
properties of the milk. In accordance with the data presented in
this review, we propose the assessment of a lower temperature
standard for heat treatment of human milk that would be
at least the minimum required to eliminate CMV vyet less
damaging to the biological components. An added advantage
of this proposal is its easy implementation in HMB, since the
pasteurizers currently in use would not need to be replaced by
new equipment.

AUTHOR CONTRIBUTIONS

AG wrote the initial manuscript. JC edited and finalized
the manuscript. All the authors read and approved the final
manuscript.

ACKNOWLEDGMENTS

This work was supported in part by funding from Comision de
Docencia e Investigacion de la FBSTIB. The Authors also want
to acknowledge the financial support of the Associazione Italiana
Banche del Latte Umano Donato (AIBLUD) to the publication of
this manuscript. We wish to thank Lucy Brzoska for translation
support.

Frontiers in Pediatrics | www.frontiersin.org

October 2018 | Volume 6 | Article 288


https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Gaya and Calvo

Improving Pasteurization

REFERENCES

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

. World Health Organization. Global Strategy for Infant and Young Child

Feeding. Report. Geneva: World Health Organization (2003).

. American Academy of Pediatrics. Breastfeeding and the use of human milk.

Pediatrics (2012) 129:e827-41. doi: 10.1542/peds.2011-3552

. Bertino E, Giuliani E, Baricco M, Di Nicola P, Peila C, Vassia C, et al. Benefits of

donor milk in the feeding of preterm infants. Early Hum Dev. (2013) 89(Suppl.
2):83-6. doi: 10.1016/j.earlhumdev.2013.07.008

. Lawrence RM, Pane CA. Human breast milk: current concepts of immunology

and infectious diseases. Curr Probl Pediatr Adolesc Health Care (2007) 37:7-
36. doi: 10.1016/j.cppeds.2006.10.002

. Holsinger VH, Rajkowski KT, Stabel JR. Milk pasteurisation and safety:

a brief history and update. Rev Sci Tech Off Int Epiz. (1997) 16:441-51.
doi: 10.20506/rst.16.2.1037

. North CE, Park WH. Standards for milk pasteurization. Am J Hyg. (1927)

7:147-73.

. EnrightJB, Sadler WW, Thomas EC. Thermal Inactivation of Coxiella burnetii

and its relation to pasteurization of milk. Public Health Monogr. (1957)
47:1-30.

. Evans TJ, Ryley HC, Neale LM, Dodge JA, Lewarne VM. Effect of storage

and heat on antimicrobial proteins in human milk. Arch Dis Child. (1978)
53:239-41.

. Royal College of Paediatrics and Child Health. Guidelines for the Establisment

and Operation of Human Milk Banks in the UK. 2nd ed. London: Royal College
of Paediatrics and Child Health (1999).

Human Milk Bank Association of North America. Guidelines for the
Establishment and Operation of a Donor Human Milk Bank. 9th ed. Raleigh,
NC: HMBANA (2000).

Kells HR, Lear SA. Thermal death time curve of Mycobacterium tuberculosis
var. bovis in artificially infected milk’. Appl Microbiol. (1982) 8:234-6.

Czank C, Prime DK, Hartmann B, Simmer K, Hartmann PE. Retention
of the immunological proteins of pasteurized human milk in relation
to pasteurizer design and practice. Pediatr Res. (2009) 66:374-9.
doi: 10.1203/PDR.0b013e3181b4554a

Wills ME, Han VE, Harris DA, Baum JD. Short-time low-temperature
pasteurisation of human milk. Early Hum Dev. (1982) 7:71-80.
doi: 10.1016/0378-3782(82)90009-3

Peila C, Emmerik NE, Giribaldi M, Stahl B, Ruitenberg JE, van Elburg RM,
et al. Human milk processing: a systematic review of innovative techniques
to ensure the safety and quality of donor milk. J Pediatr Gastroenterol Nutr.
(2016) 64:353-61. doi: 10.1097/MPG.0000000000001435

Picaud J-C, Buffin R. Human milk. treatment and quality of banked
human milk. Clin Perinatol. (2017) 44:95-119. doi: 10.1016/j.clp.2016.
11.003

AAP Committee on Nutrition; AAP Section on Breastfeeding; AAP
Committee on Fetus and Newborn. Donor human milk for the high-risk
infant: preparation, safety, and usage options in the United States. Pediatrics
(2017) 139:20163440. doi: 10.1542/peds.2016-3440

Li Y, Nguyen DN, de Waard M, Christensen L, Zhou P, Jiang P,
et al. Pasteurization procedures for donor human milk affect body
growth, intestinal structure, and resistance against bacterial infections
in preterm pigs. J Nutr. (2017) 147:1121-30. doi: 10.3945/jn.116.
244822

Arslanoglu S, Corpeleijn W, Moro G, Braegger C, Campoy C, Colomb
V, et al. Donor human milk for preterm infants: current evidence
and research directions. J Pediatr Gastroenterol Nutr. (2013) 57:535-42.
doi: 10.1097/MPG.0b013e3182a3af0a

Baro C, Giribaldi M, Arslanoglu S, Giuffrida MG, Dellavalle G, Tonetto P, et al.
Effect of two pasteurization methods on the protein content of human milk.
Front Biosci. (2011) E3:818-29. doi: 10.2741/289

Silvestre D, Miranda M, Muriach M, Almansa I, Jareo E, Romero
FJ. Antioxidant capacity milk: effect of thermal
conditions for the pasteurization. Acta Paediatr. (2008) 97:1070-4.
doi: 10.1111/j.1651-2227.2008.00870.x

Giribaldi M, Antoniazzi S, Gariglio G, Coscia A, Bertino E, Cavallarin L. A
preliminary assessment of HTST processing on donkey milk. Vet Sci. (2017)
4:50. doi: 10.3390/vetsci4040050

of human

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Giribaldi M, Coscia A, Peila C, Antoniazzi S, Lamberti C, Ortoffi M,
et al. Pasteurization of human milk by a benchtop high-temperature
short-time device. Innov Food Sci Emerg Technol. (2016) 36:228-33.
doi: 10.1016/j.ifset.2016.07.004

Escuder-Vieco D, Espinosa-Martos I, Rodriguez JM, Corzo N, Montilla A,
Siegfried P, et al. High-temperature short-time pasteurization system for
donor milk in a human milk bank setting. Front Microbiol. (2018) 9:926.
doi: 10.3389/fmicb.2018.00926

Permanyer M, Castellote C, Ramirez-Santana C, Audi C, Pérez-Cano FJ,
Castell M, et al. Maintenance of breast milk Immunoglobulin A after high-
pressure processing. J Dairy Sci. (2010) 93:877-83. doi: 10.3168/jds.2009-2643
Viazis S, Farkas BE, Allen JC. Effects of high-pressure processing on
immunoglobulin a and lysozyme activity in human milk. ] Hum Lact. (2007)
23:253-61. doi: 10.1177/0890334407303945

Viazis S, Farkas BE, Jaykus LA. Inactivation of bacterial pathogens in
human milk by high pressure processing. J Food Prot. (2008) 71:109-18.
doi: 10.4315/0362-028X-71.1.109

Christen L, Lai CT, Hartmann B, Hartmann PE, Geddes DT. The
effect of UV-C pasteurization on bacteriostatic ~properties and
immunological proteins of donor human milk. PLoS ONE (2013) 8:¢85867.
doi: 10.1371/journal.pone.0085867

Christen L, Lai CT, Hartmann B, Hartmann PE, Geddes DT. Ultraviolet-C
irradiation: a novel pasteurization method for donor human milk. PLoS ONE
(2013) 8:€68120. doi: 10.1371/journal.pone.0068120

Lloyd ML, Hod N, Jayaraman ], Marchant EA, Christen L, Chiang P, et al.
Inactivation of cytomegalovirus in breast milk using ultraviolet-C irradiation:
opportunities for a new treatment option in breast milk banking. PLoS ONE
(2016) 11:e0161116. doi: 10.1371/journal.pone.0161116

Weaver G, Sachdeva RC. Treatment methods of donor human milk:
recomendations for milk banks in India. Ann Nutr Metab. (2016) 69(Suppl.
2):8-15. doi: 10.1159/000452821

Lloyd Jones C, Jennison RE, D’Souza SW. Bacterial contamination of
expressed breast milk. Br Med J. (1979) 2:1320-2.

Stiechm ER, Keller MA. Breast milk transmission of viral disease. In:
Woodward B, Draper H, editors. Advances in Nutritional Research. Boston,
MA: Springer (2002). p. 105-22.

Bliimel J, Schmidt I, Willkommen H, Lower J. Inactivation of parvovirus
B19 during pasteurization of human serum albumin. Transfusion (2002)
42:1011-8. doi: 10.1046/j.1537-2995.2002.00158.x

Strazynski M, Kramer ], Becker B. Thermal inactivation of poliovirus
type 1 in water, milk and yoghurt. Int J Food Microbiol. (2002) 74:73-8.
doi: 10.1016/S0168-1605(01)00708-5

Leydold SM, Farcet MR, Kindermann J, Modrof ], Polsler G, Berting A, et al.
Chikungunya virus and the safety of plasma products. Transfusion (2012)
52:2122-30. doi: 10.1111/§.1537-2995.2012.03565.x

Song H, Li J, Shi S, Yan L, Zhuang H, Li K. Thermal stability and
inactivation of hepatitis C virus grown in cell culture. Virol J. (2010) 7:40.
doi: 10.1186/1743-422X-7-40

Plummer G, Lewis B. Thermoinactivation of herpes simplex virus and
cytomegalovirus. ] Bacteriol. (1965) 89:671-4.

Harada S, Yoshiyama H, Yamamoto N. Effect of heat and fresh human serum
on the infectivity of human T-cell lymphotropic virus type IIT evaluated with
new bioassay systems. J Clin Microbiol. (1985) 22:908-11.

Yamato K, Taguchi H, Yoshimoto S, Fujishita M, Yamashita M, Ohtsuki
Y, et al. Inactivation of lymphocyte-transforming activity of human T-cell
leukemia virus type I by heat. Jpn J Cancer Res. (1986) 77:13-5.

Spire B, Barré-Sinoussi F, Dormont D, Montagnier L, Chermann JC.
Inactivation of lymphadenopathy-associated virus by heat, gamma rays, and
ultraviolet light. Lancet (1985) 325:188-9.

Gregersen JP, Hilfenhaus ], Lemp JF. Heat inactivation of human
immunodeficiency virus type 2 (HIV-2). ] Biol Stand. (1989) 17:377-9.
doi: 10.1016/S0092-1157(89)80009-5

Einarsson M, Perenius L, McDougal JS, Cort S. Heat inactivation of
immunodeficiency virus in solutions of antithrombin III. Transfusion (1989)
29:148-52. doi: 10.1046/j.1537-2995.1989.29289146834.x

Pfaender S, Vielle NJ, Ebert N, Steinmann E, Alves MP, Thiel V. Inactivation
of Zika virus in human breast milk by prolonged storage or pasteurization.
Virus Res. (2017) 228:58-60. doi: 10.1016/j.virusres.2016.11.025

Frontiers in Pediatrics | www.frontiersin.org

October 2018 | Volume 6 | Article 288


https://doi.org/10.1542/peds.2011-3552
https://doi.org/10.1016/j.earlhumdev.2013.07.008
https://doi.org/10.1016/j.cppeds.2006.10.002
https://doi.org/10.20506/rst.16.2.1037
https://doi.org/10.1203/PDR.0b013e3181b4554a
https://doi.org/10.1016/0378-3782(82)90009-3
https://doi.org/10.1097/MPG.0000000000001435
https://doi.org/10.1016/j.clp.2016.11.003
https://doi.org/10.1542/peds.2016-3440
https://doi.org/10.3945/jn.116.244822
https://doi.org/10.1097/MPG.0b013e3182a3af0a
https://doi.org/10.2741/289
https://doi.org/10.1111/j.1651-2227.2008.00870.x
https://doi.org/10.3390/vetsci4040050
https://doi.org/10.1016/j.ifset.2016.07.004
https://doi.org/10.3389/fmicb.2018.00926
https://doi.org/10.3168/jds.2009-2643
https://doi.org/10.1177/0890334407303945
https://doi.org/10.4315/0362-028X-71.1.109
https://doi.org/10.1371/journal.pone.0085867
https://doi.org/10.1371/journal.pone.0068120
https://doi.org/10.1371/journal.pone.0161116
https://doi.org/10.1159/000452821
https://doi.org/10.1046/j.1537-2995.2002.00158.x
https://doi.org/10.1016/S0168-1605(01)00708-5
https://doi.org/10.1111/j.1537-2995.2012.03565.x
https://doi.org/10.1186/1743-422X-7-40
https://doi.org/10.1016/S0092-1157(89)80009-5
https://doi.org/10.1046/j.1537-2995.1989.29289146834.x
https://doi.org/10.1016/j.virusres.2016.11.025
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

Gaya and Calvo

Improving Pasteurization

44,

45.

46.

47.

Donalisio M, Cagno V, Vallino M, Moro GE, Arslanoglu S, Tonetto P, et al.
Inactivation of high-risk human papillomaviruses by holder pasteurization:
implications for donor human milk banking. J Perinat Med. (2014) 42:1-8.
doi: 10.1515/jpm-2013-0200

Hamilton Spence E, Huff M, Shattuck K, Vickers A, Yun N, Paessler S.
Ebola virus and marburg virus in human milk are inactivated by holder
pasteurization. J Hum Lact. (2017) 33:351-4. doi: 10.1177/08903344166
85564

Welsh JK, Arsenakis M, Coelen R], May JT. Effect of antiviral lipids, heat,
and freezing on the activity of viruses in human milk. J Infect Dis. (1979)
140:322-8. doi: 10.1093/infdis/140.3.322

Hamprecht K, Maschmann J, Miiller D, Dietz K, Besenthal I, Goelz R,
et al. Cytomegalovirus (CMV) inactivation in breast milk: reassessment

of pasteurization and freeze-thawing. Pediatr Res. (2004) 56:529-35.
doi: 10.1203/01.PDR.0000139483.35087.BE

Conflict of Interest Statement: The authors declare that the research was
conducted in the absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

Copyright © 2018 Gaya and Calvo. This is an open-access article distributed
under the terms of the Creative Commons Attribution License (CC BY). The use,
distribution or reproduction in other forums is permitted, provided the original
author(s) and the copyright owner(s) are credited and that the original publication
in this journal is cited, in accordance with accepted academic practice. No use,
distribution or reproduction is permitted which does not comply with these terms.

Frontiers in Pediatrics | www.frontiersin.org

October 2018 | Volume 6 | Article 288


https://doi.org/10.1515/jpm-2013-0200
https://doi.org/10.1177/0890334416685564
https://doi.org/10.1093/infdis/140.3.322
https://doi.org/10.1203/01.PDR.0000139483.35087.BE
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/pediatrics
https://www.frontiersin.org
https://www.frontiersin.org/journals/pediatrics#articles

	Improving Pasteurization to Preserve the Biological Components of Donated Human Milk
	Introduction
	Heat Treatment of DHM
	Alternative Techniques to HoP
	A Need to Improve The Quality of HMB Processing
	Effect of Temperature on Bacteria
	Effect of Temperature on Viruses
	Future Research Directions
	Conclusions
	Author Contributions
	Acknowledgments
	References


