
Milk: Bioactive 
Components and 
Role in Human 
Nutrition

Alessandra Durazzo

www.mdpi.com/journal/beverages

Edited by

Printed Edition of the Special Issue Published in Beverages

beverages



Milk: Bioactive Components and Role
in Human Nutrition

Special Issue Editor
Alessandra Durazzo

MDPI • Basel • Beijing • Wuhan • Barcelona • Belgrade



Editorial Office

MDPI AG

St. Alban-Anlage 66

Basel, Switzerland

For citation purposes, cite each article independently as indicated on the article page online and as

indicated below:

Lastname, F.M., and F.M. Lastname. Year. Article title. Journal Name Article number: page range.

First Edition 2018

Articles in this volume are Open Access and distributed under the Creative Commons Attribution 
(CC BY) license, which allows users to download, copy and build upon published articles even for 
commercial purposes, as long as the author and publisher are properly credited, which ensures max-

imum dissemination and a wider impact of our publications. The book taken as a whole is © 2018 
MDPI, Basel, Switzerland, distributed under the terms and conditions of the Creative Commons 
license CC BY-NC-ND (http://creativecommons.org/licenses/by-nc-nd/4.0/).

Special Issue Editor 
Alessandra Durazzo 
Consiglio per la ricerca in agricoltura e l’analisi dell’economia agraria Centro di ricerca 
CREA—Alimenti e Nutrizione 
Italy 

This edition is a reprint of the Special Issue published online in the open access journal Beverages 
(ISSN 2306-5710) in 2017 (available at: http://www.mdpi.com/journal/beverages/special_issues/
bioactive_components). 

ISBN 978-3-03842-723-0 (Pbk) 
ISBN 978-3-03842-724-7 (PDF) 



Table of Contents

About the Special Issue Editor . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . v

Alessandra Durazzo

Milk: Bioactive Components and Role in Human Nutrition
doi: 10.3390/beverages3040063 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1

Laura Gennaro, Alessandra Durazzo, Sibilla Berni Canani, Fabrizia Maccati and Elisabetta

Lupotto

Communication Strategies to Improve Healthy Food Consumption among Schoolchildren:
Focus on Milk
doi: 10.3390/beverages3030032 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 3

Megan Emerson, Michelle Hudgens, Allison Barnes, Elizabeth Hiller, Debora Robison,

Roger Kipp, Ursula Bradshaw and Robert Siegel

Small Prizes Increased Plain Milk and Vegetable Selection by Elementary School Children
without Adversely Affecting Total Milk Purchase
doi: 10.3390/beverages3010014 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 15

Robert John, Karla J. Finnell, Dave S. Kerby, Jade Owen and Kendra Hansen

Reactions to a Low-Fat Milk Social Media Intervention in the US: The Choose 1%
Milk Campaign
doi: 10.3390/beverages3040047 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 22

Karla Jaye Finnell and Robert John

Research to Understand Milk Consumption Behaviors in a Food-Insecure Low-Income
SNAP Population in the US
doi: 10.3390/beverages3030046 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 36

Massimo Lucarini

Bioactive Peptides in Milk: From Encrypted Sequences to Nutraceutical Aspects
doi: 10.3390/beverages3030041 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48

Silvia Vincenzetti, Stefania Pucciarelli, Valeria Polzonetti and Paolo Polidori

Role of Proteins and of Some Bioactive Peptides on the Nutritional Quality of Donkey Milk
and Their Impact on Human Health
doi: 10.3390/beverages3030034 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 58

Francesca Melini, Valentina Melini, Francesca Luziatelli and Maurizio Ruzzi

Raw and Heat-Treated Milk: From Public Health Risks to Nutritional Quality
doi: 10.3390/beverages3040054 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 78

Loretta Gambelli

Milk and Its Sugar-Lactose: A Picture of Evaluation Methodologies
doi: 10.3390/beverages3030035 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 113

Charu Gupta and Dhan Prakash

Therapeutic Potential of Milk Whey
doi: 10.3390/beverages3030031 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 119

iii



Gregory H. Norris, Caitlin M. Porter, Christina Jiang and Christopher N. Blesso

Dietary Milk Sphingomyelin Reduces Systemic Inflammation in Diet-Induced Obese Mice
and Inhibits LPS Activity in Macrophages
doi: 10.3390/beverages3030037 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 133

Pamela Manzi and Alessandra Durazzo

Organic vs. Conventional Milk: Some Considerations on Fat-Soluble Vitamins and
Iodine Content
doi: 10.3390/beverages3030039 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 147

iv



v 

About the Special Issue Editor 
Alessandra Durazzo was awarded a Master’s degree in Chemistry and Pharmaceutical Technology cum 
laude in 2003, a PhD in Horticulture in 2010, the National Scientific Habilitation as Associate  
Professor (13/B5 Commodity Science) in 2013. Since 2005, Researcher at the Consiglio per la ricerca in 
agricoltura e l’analisi dell’economia agraria—Centro di ricerca CREA—Alimenti e Nutrizione. The core of 
her research is the study of chemical, nutritional and bioactive components of food, with particular regard 
to the wide spectrum of substances classes and their nutraceutical features. For several years, she was 
involved in national and international research projects on evaluation of several factors (agronomic 
practices, processing, etc.) that affect food quality, the levels of bioactive molecules and the total 
antioxidant properties, as well as on their possible impact on the biological role played by bioactive 
components in human physiology. Her research activities are addressed also towards the development, 
management and updating of the Food Composition Database, as well as Bioactive Compounds and Food 
Supplements databases; particular attention was given towards the harmonization of analytical 
procedures and classification and codification of food preparation and food supplements. 





beverages

Editorial

Milk: Bioactive Components and Role in
Human Nutrition

Alessandra Durazzo

Consiglio per la ricerca in agricoltura e l’analisi dell’economia agraria—Centro di ricerca CREA—Alimenti
e Nutrizione, Via Ardeatina 546, 00178 Rome, Italy; alessandra.durazzo@crea.gov.it;
Tel.: +39-06-514-94430; Fax: +39-06-514-94550

Academic Editor: Edgar Chambers IV
Received: 28 November 2017; Accepted: 14 December 2017; Published: 19 December 2017

In the current Special Issue, numerous and different aspects related to milk, an important
component of a well-balanced diet, are presented.

Several of the scientists that contributed to this Special Issue investigated and tested the
effectiveness of actions targeting the promotion of milk, and an increase in general daily milk
consumption, especially for children: an important goal to achieve [1–4]. Gennaro et al. [3] provide
an updated picture of communication strategies developed to improve healthy dietary habits in
schoolchildren, with a focus on the importance of milk consumption. An example of this strategy is
given by Emerson et al. [1]: small prizes increased plain milk and vegetable selection by elementary
schoolchildren without adversely affecting total milk purchase. Two [2,4] of these studies are addressed
towards consumer reactions relating to interventions promoting use of 1% low-fat milk.

It is worth mentioning the work of Lucarini [5] on the bioactive peptides of milk, from encrypted
sequences to healthy applications; the author underlines how the exploitation of chemistry,
bioavailability and the biochemical properties of bioactive peptides represent a key tool for
nutraceutical and functional foods, also in the areas of circular bioeconomy and biorefinery [5]. In this
context, the review by Vincenzetti et al. [6] focuses on the role of proteins and some bioactive peptides
on nutritional quality, as well as the potential beneficial properties of donkey milk.

The microbiological, nutritional and sensory profile of raw and heat-treated milk are described
in the work of Melini et al. [7], in order to evaluate the real risks and benefits of its consumption.
Then, Gambelli [8] provides an updated picture of methodologies for the assessment of lactose.
Some studies on the potential benefits of some milk components [9,10], as well as a consideration from
a nutritional point of view of organic vs. conventional milk with regard to fat-soluble vitamins and
iodine content [11], are also discussed.

I would like to acknowledge the efforts of the authors of the publications in this Special Issue.
Their contributions will help to improve the understanding and promotion the key role of milk
in nutrition.

References

1. Emerson, M.; Hudgens, M.; Barnes, A.; Hiller, E.; Robison, D.; Kipp, R.; Bradshaw, U.; Siegel, R. Small Prizes
Increased Plain Milk and Vegetable Selection by Elementary School Children without Adversely Affecting
Total Milk Purchase. Beverages 2017, 3, 14. [CrossRef]

2. Finnell, K.J.; John, R. Research to Understand Milk Consumption Behaviors in a Food-Insecure Low-Income
SNAP Population in the US. Beverages 2017, 3, 46. [CrossRef]

3. Gennaro, L.; Durazzo, A.; Berni Canani, S.; Maccati, F.; Lupotto, E. Communication Strategies to Improve
Healthy Food Consumption among Schoolchildren: Focus on Milk. Beverages 2017, 3, 32. [CrossRef]

4. John, R.; Finnell, K.J.; Kerby, D.S.; Owen, J.; Hansen, K. Reactions to a Low-Fat Milk Social Media Intervention
in the US: The Choose 1% Milk Campaign. Beverages 2017, 3, 47. [CrossRef]

Beverages 2017, 3, 63 1 www.mdpi.com/journal/beverages



Beverages 2017, 3, 63

5. Lucarini, M. Bioactive Peptides in Milk: From Encrypted Sequences to Nutraceutical Aspects. Beverages
2017, 3, 41. [CrossRef]

6. Vincenzetti, S.; Pucciarelli, S.; Polzonetti, V.; Polidori, P. Role of Proteins and of Some Bioactive Peptides on
the Nutritional Quality of Donkey Milk and Their Impact on Human Health. Beverages 2017, 3, 34. [CrossRef]

7. Melini, F.; Melini, V.; Luziatelli, F.; Ruzzi, M. Raw and Heat-Treated Milk: From Public Health Risks to
Nutritional Quality. Beverages 2017, 3, 54. [CrossRef]

8. Gambelli, L. Milk and Its Sugar-Lactose: A Picture of Evaluation Methodologies. Beverages 2017, 3, 35.
[CrossRef]

9. Gupta, C.; Prakash, D. Therapeutic Potential of Milk Whey. Beverages 2017, 3, 31. [CrossRef]
10. Norris, G.H.; Porter, C.M.; Jiang, C.; Blesso, C.N. Dietary Milk Sphingomyelin Reduces Systemic

Inflammation in Diet-Induced Obese Mice and Inhibits LPS Activity in Macrophages. Beverages 2017, 3, 37.
[CrossRef]

11. Manzi, P.; Durazzo, A. Organic vs. Conventional Milk: Some Considerations on Fat-Soluble Vitamins and
Iodine Content. Beverages 2017, 3, 39. [CrossRef]

© 2017 by the author. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

2



beverages

Review

Communication Strategies to Improve Healthy Food
Consumption among Schoolchildren: Focus on Milk

Laura Gennaro *, Alessandra Durazzo, Sibilla Berni Canani , Fabrizia Maccati and

Elisabetta Lupotto

Consiglio per la Ricerca in Agricoltura e l’Analisi dell’Economia Agraria,
Centro di Ricerca CREA-Alimenti e Nutrizione, Via Ardeatina 546, 00178 Roma, Italy;
alessandra.durazzo@crea.gov.it (A.D.); sibilla.bernicanani@crea.gov.it (S.B.C.);
fabrizia.maccati@crea.gov.it (F.M.); elisabetta.lupotto@crea.gov.it (E.L.)
* Correspondence: laura.gennaro@crea.gov.it; Tel.: +39-065-149-4534

Academic Editor: Edgar Chambers IV
Received: 13 February 2017; Accepted: 30 June 2017; Published: 5 July 2017

Abstract: This work provides an updated picture of communication strategies developed to improve
healthy dietary habits in schoolchildren, with a focus on the importance of milk consumption.
The paper has investigated two main areas: the definition of the main orientations and key points
of research approach relative to the communication methods, with special attention to multiple
strategies and the identification of their peculiarities to increase daily milk consumption. The school
environment is considered as a unique environment to help increase the adoption of a correct dietary
habit and lifestyle; it increases physical activity by facilitating the flow of health-related information.
In this regard, several studies have highlighted the importance and effectiveness of school-based
interventions on a large-scale, also considering multiple contexts, early interventions as well as
the involvement of teachers, students and families. The effective actions range from interventions
on prices and the availability of desirable and undesirable foods to educational programmes that
improve food knowledge and the choices of students and/or their parents. From the nutritional point
of view, milk is an important component of a well-balanced diet—especially for children—because
it contains essential nutrients. It is a substantial contributor to the daily energy intake; however,
its consumption often declines with aging and becomes insufficient. Therefore, developing strategies
to increase its consumption is an important objective to reach.

Keywords: children; healthy eating habits; milk; model and environments; school-based programmes

1. Introduction

Healthy eating during childhood and adolescence is very important both for the physical and
cognitive development of individuals [1]. Eating behaviours change during the first years of life:
children ask what, when, and how much to eat. They learn about food through direct experiences with
food itself and by observing the eating behaviours modelled by others [2]. Food preferences derive from
the interaction between genetic and environmental factors that leads to individual differences [3–5].
Food preferences represent the main predictor of food intake in children [6]. The benefits of food
preferences is that the dislike for a food can be reduced or even reversed by a combination of several
factors. The understanding of how these preferences are shaped through children’s food experiences
represents a key issue and is related to the several factors that influence children and adolescent
dietary choices, i.e., early tasting exposure, availability and preference of particular foodtypes, portion
size, parenting style, and modelling [7,8]. Eating behaviour is set up during early years of childhood
and persists into adulthood: childhood represents a critical moment to establish healthy eating
patterns [9–11].

Beverages 2017, 3, 32 3 www.mdpi.com/journal/beverages
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A lot of studies analyse how parents and children influence each other’s eating behaviour [2,12–15].
Both children’s attitudes towards food and children’s assessment of satiety could be affected by
family [16,17].

Rhee et al. [18] describe three categories of parental influences: specific parent feeding practices,
general parental behaviours and global parenting influences. The recent systematic review and
meta-analysis of Yee et al. [19], by studying the influence of parental practices on child promotive and
preventive food consumption behaviours, has highlighted how the number of parental behaviours are
strong correlated to the dietary behaviour of children. However, the authors underlined three main
understudied areas in parental behaviours that influence the patterns of food consumption among
children: active guidance/education, psychosocial mediators and moderating influence of general
parenting styles [19]. For example, some works highlight the increase of children’s intake of fruit,
vegetables and milk after observing adults or their peers consume these foods [20–23].

The positive modelling represents an indirect, yet effective, strategy to promote healthy eating
patterns in children. Hebestreit et al. [24], throughout a European multi-centre study, pointed out
how the parent-child communication approach is a key element of health education. In 2013/2014
the I. Family study cross-sectionally assessed the food intakes of families in eight European countries
with to determine whether an association exists between children and parents’ dietary patterns and
whether the family food environment (the number of shared meals or soft drinks available during
meals) affects this association: the availability of soft drinks and the negative parental role modelling
resulted in important predictors of children’s dietary patterns [25].

National and international organisms have elaborated guidelines to provide useful information
about balanced diet and physical activity [26]. In the frame of the “Guidelines for the Nutrition
Education” [27], for example, the Italian Ministry of Education has noted how an incisive line of action
to improve children’s dietary choices should involve the different environments in which the child
spends most of his/her time: such as family, school, as well as healthcare and society settings. A large
part of nutritional needs are met at school: starting from this assertion, school environment is the
ideal place where policies can be implemented to encourage healthy eating habits in children [28–31].
This statment also underlies that teachers affect the eating behaviour of their students for a whole
school year or many school years, acting as authoritative figures and representing a model through
their own food habits [32–34].

For this reason, a lot of programmes have been developed at the school level and in other
backgrounds [34–39]. In this perspective, the implementation of proper information campaigns is
an important procedure to encourage the adoption of correct lifestyles, including physical activity.
Their purpose is to give birth to integrated and multisectorial strategies and actions (projects,
programmes, etc.) in school-based programs, involving different school and out-of-school figures
(students, teachers, family, public bodies etc.). Their aim is to change the behaviour of the single
or the group (educational approach) as well as the context that supports the incorrect behaviour
(socio-ecological approach) [40].

2. Material and Methods

Our search strategy includes the use of search engines Scopus, Science Direct, and PubMed, where
the following keywords were typed: communication strategies and children’s dietary habits; dietary
habits and childhood; teacher and children’s dietary habits; family and children dietary habits; dietary
habits and elementary school; fruit and communication strategies; vegetable and communication
strategies; nutrition programmes and childhood.

For the focus on milk, additional keywords have been inserted: milk consumption and
schoolchildren; flavoured milk consumption and schoolchildren; chocolate milk consumption and
schoolchildren; communication strategies and children’s milk consumption.
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3. Attention to Multiple Strategies Is Needed to Improve Eating Habits in Children: Examples
and Update of Communication Strategies

In this work, the main lines and key points of research approach—with attention to the multiple
strategies—are described and extracted through updated and targeted examples, starting from the
awareness that the effective actions for the promotion of children’s healthy dietary habits involve
a large number of school-based interventions: from interventions on prices and availability of desirable
and undesirable foods to educational programmes to improve food knowledge and the choices of
students and/or their parents [2,41–45].

From the meta-analysis of Dudley et al. [35] from the 49 eligible papers, it has emerged that
the dominant strategies were: enhanced curriculum approach (n = 29), cross-curricular approaches
(n = 11), parental involvement (n = 10), experiential learning approach (n = 10), contingent
reinforcement approaches i.e., rewards or incentives given to students in response to desired behaviours
(n = 7), literacy abstraction approaches i.e., literature read by/to children whereby a character
promotes/exemplifies positive behaviours (n = 3), game-based approaches (n = 2), and web-based
approaches (n = 2). It is also worth mentioning the recent review of Decosta et al. [46], where
the following intervention areas were categorized: parent control, reward/instrumental feeding,
social facilitation, cooking programmes, school gardens, sensory education and taste lessons, choice
architecture and nudging, branding, food packaging, and spokes-characters, and offering a choice.

A first type of approach is the repetitive exposure to healthy foods [47]. As reported by
Knai et al. [48] the increased exposure to healthy foods (i.e., fruit and vegetables) represents a key
intervention, useful to push children towards healthier behaviours. Roe et al. [49], in a crossover design
on 61 children (aged 3–5 years), showed that providing a variety of vegetables and fruit as snacks leads
to an increased consumption of both food types in a childcare facility. However, motivation is another
important factor for encouraging children to eat fruit and vegetables. In fact, some authors conclude
that presenting a food as a reward or giving small prizes for tasting increases children’s preference for
that food, because they act as an incentive to encourage healthy eating in children [41,43,50]. On the
contrary, pressing children to eat specific foods leads them to dislike those foods. Likewise, restricted
access to some foods leads towards an overconsumption of those foods when children are free to
choose them [51]. Again, Birch et al. [2] reported and underlined how giving rewards for food selection
in preschool children could lead to avoid the same food when rewards are over. The recent work of
Loewenstein et al. [52], instead, indicates that short-run incentives can produce changes in behaviour
that persist after incentives are removed.

Concerning economic incentives, Jensen et al. [53] evaluated their effectiveness in eliciting sound
nutritional behaviour in schools and highlighted how such incentives are effective for altering the
consumption patterns in the school setting.

Another potential approach is the creation or implementation of food policies in the school
environment that would limit or deny access to undesirable foods i.e., snacks and soft drinks.
As reported by Cullen et al. [54], the availability of obesogenic foods in schools is associated with
less healthy food preferences and food choices. Generally, the availability and accessibility of food
represent the key determinants in food choices [55].

In a 2015 research, Losasso et al. [56] carried out a case study in Northeast Italy: several nutrition
policies were developed in public schools. The purpose of the experiment was to compare the
consumption of beverages and snacks in two different environments, school and extra-school contexts:
the results highlighted the protective role of educational institutions in the promotion of healthier
dietary patterns.

A dual strategy on the dietary behaviour of elementary pupils involving both a cafeteria
environment intervention and a classroom nutritional program was reported by Song et al. [57]
as a successful example of a multiple school-based nutrition program. However, in this work, the
authors also have highlighted how behavioural economic approaches produce enhanced outcomes
when paired with food education.

5



Beverages 2017, 3, 32

In this context, gardening can be considered as another advantageous strategy to encourage
healthy dietary behaviours among children. It is worth mentioning the review of Berezowitz et al. [58]
that summarizes studies on how school gardens could enhance the academic performance and the
dietary habits in children: it offers evidence that garden-based learning does not negatively affect
academic performance or fruit and vegetable consumption. On the contrary, it may favourably
influence both. However considering the small set of studies, the authors also underline how
other experimental designs and outcome measures are necessary [58]. The systematic review of
Savoie-Roskos et al. [59] showed that although the evidence was mixed and fraught with limitations,
most studies suggested how gardening-based interventions in school, community, or afterschool
settings can have a small, but positive, influence on children’s fruit/vegetables intake.

Another example of effective initiatives in schools is changing the length of time available
for lunch. Cohen et al. [60] studied the association between the amount of time students
(aged 8.4–15.6 years) have to eat their lunch and school food selection and consumption: having
little time to eat was associated with a significant decrease in the consumption of entrées, milk,
and vegetables.

This study suggests that school policies should encourage at least 25-min lunches in order to
reduce food waste and improve dietary intake. Generally, schools should consider both collaborating
with chefs and using a certain choice plan to increase fruit and vegetable selection, as reported
in another study of Cohen et al. [61]; this research also stressed the importance not to abandon
healthier options even if they are initially met with resistance [61]. The study of Just et al. [62] showed
a pilot experiment of how chef-created dishes can increase school lunch participation and fruit and
vegetable intake.

An effective approach of nutrition information aimed to increase healthy behaviour is the
“image-based strategy”, i.e., emolabeling, that uses simple expressions of emotions to convey a message
on health (i.e., happy = healthy, sad = not healthy). Siegel et al. [63] demonstrated that using smiley
emoticons in an elementary school cafeteria increased vegetable and Plain Fat Free Milk purchase
(PFFM) by 29% and 141%, respectively. A combination between the use of both emoticons and small
prizes was applied as a strategy in several studies. Barnes et al. [64], for example, showed how
a two-level approach based on the use of emoticons followed by small prizes as incentives for better
food choice led to significant and sustained improvement of healthy eating.

It is important to develop strategies that involve school staff, teachers, parents, and students in
order to increase diet quality and physical activity [65–71]. Diet and physical inactivity are now among
the leading causes of preventable death and disability, i.e., obesity [72]. Some examples of multiple
and integrated strategies have been reported.

In a school-based intervention to promote healthy behaviours, Sacchetti et al. [73] highlighted the
importance of planning integrated and multisectorial actions to encourage correct dietary habits and
physical activity. The intervention involved 11 classes of children aged 8–11 for three years, from their
third to their fifth class. The activities were planned, with the aim of modifying both the behaviour
and the context that causes the incorrect behaviour, including training modules for teachers and sport
instructors, educational activities in class, sport and games at school, cookery and sensory workshops,
creation of didactic materials, and motor activities. Results have shown that dietary habits have
improved after the intervention. The percentage of children who consumed an adequate mid-morning
snack increased (p < 0.0001), while the percentage of children who consumed snacks and drinks after
dinner decreased (p < 0.01). An increase, but not significant, of the percentage of children who ate
five or more portions of fruits and vegetables daily was also reported. Furthermore, no significant
modifications were observed in motor performances.

Another example of intervention strategy is shown by Moss et al. [74] and it is based on the
quasi-experimental design that analyses the effects of the combination between the Coordinated
Approach to Child Health (CATCH) [75] nutrition curriculum and the Farm to School program [76]
to assess the nutrition knowledge of 3rd-grade students. CATCH, a coordinated school-based health
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program, was implemented by planning and introducing a curriculum on nutrition with educational
activities—including physical activity—combining them with the Farm to School programme that
encourages the consumption of locally grown foods to support farmers. Findings suggest that CATCH
nutrition education and farm tours can positively affect nutrition knowledge and fruit and vegetable
consumption behaviour among schoolchildren [74].

In this regard, it is interesting the work by Prelip et al. [77] that monitored the effects of
a “hybrid” school-based nutrition programme on attitudes, beliefs, and behaviours related to fruit and
vegetable consumption diffused throughout a large urban community. The hybrid intervention
included a combination of district strategies, local school-defined strategies, and “home-made”
strategies/activities created by teachers. The intervention resulted in a significant change in teacher
influence on students’ attitudes toward fruits and vegetables (p < 0.05) and students’ attitudes towards
vegetables (p < 0.01), even after adjusting for gender, grade, and race/ethnicity [77].

Considering that children today spend a large amount time on mobiles and social networks, and
are exposed to various forms of interactive advertising [78], another strategy to encourage healthy
habits is given by a combined approach on a school-based and media intervention. As an example,
the work of Grassi et al. [79] showed the efficacy of this approach to increase fruit and vegetable
intake in Italian children, while Blitstein et al. [80] underline the benefits of including a parent-focused
social marketing campaign in nutrition education interventions. Additionally, it’s worth mentioning
examples of complementary online interventions. The recent work of Dumas et al. [81] showed
an example of development of an evidence-informed blog to promote healthy eating among mothers
using Intervention Mapping Protocol.

The recent study of Roccaldo et al. [82] showed how teachers’ training program accompanying
the “School Fruit Scheme” fruit distribution improves children’s observance of the Mediterranean diet.
This underlines the importance of the inclusion of teachers’ training programmes in communication
strategies to improve healthy eating habits in children.

At this regard, it is worth mentioning the study of Hall et al. [83] which highlights how health
educators should collaborate with teachers in the design, implementation, and evaluation stages of
curriculum development in order to better meet the needs of students and facilitate the delivery of
high-quality nutrition education to them.

The work of Goldberg et al. [84] describes a school-based intervention, Great Taste, Less
Waste (GTLW), a preliminary example of communication strategy that linked healthy eating to the
environment to improve the quality of foods from home: GTLW was well received, but no significant
changes were observed in the quality of food brought to school. Whether classrooms are an effective
environment for change remains to be explored.

Additionally, the work of Kastorini et al. [85] is interesting, evaluating the effects, through a cohort
study, of a food aid and promotion of healthy nutrition programme (the “DIATROFI” programme)
on the diet quality of Greek students. At the end of the intervention, the consumption frequency of
all the promoted foods, namely milk, fruits, vegetables, and whole grain products, increased among
children and adolescents, boys and girls (p ≤ 0.002). This study highlights the importance to address
the school-based nutritional programmes in particular towards low socioeconomic status groups that
tend to adopt unhealthier choices.

4. Some Additional Specificities Related to Strategies to Increase School Aged Children’s Daily
Milk Consumption

In the context of multiple and interdisciplinary communication approaches, the strategies
to increase daily milk consumption among school children are placed. Identifying additional
specificities for developing actions to increase the consumption of milk, as the main goal of this
paper, is now discussed.

Milk is an important component of a well-balanced diet—especially for children—because
it contains essential nutrients. It is a substantial contributor to the daily energy intake; however,
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its consumption often declines with aging and becomes insufficient [86]. The fundamental role of
milk in school nutrition reflects its unique nutrient contributions to children’s diets. The increase of
consumption of milk at school could lead students closer to recommendations on nutrients provided
by milk.

Encouraging people drink milk from a young age might represent a strategic action for increasing
the intake of some essential nutrients and improving healthy habits. In order to encourage sales,
milk is now produced with a set of characteristics that meet the needs of consumers and attract
them (e.g., tasty flavours, new and captivating packaging, straws, etc.). Clearly, if milk is served
with meals, the energy density and portion sizes of foods can influence children’s energy intake.
However Kling et al. [87] studied the effect of varying the energy density (1% fat or 3.25% fat)
and the portion size of milk served with the lunch on the intake of milk among preschool children
(3–5 years old). The results have shown that across all ages, food intake decreases when higher-energy
density rather than lower-energy density milk is served, whereas meal energy intake (food plus milk)
does not change significantly. This study highlighted how the effects of milk energy density on meal
intake vary between children. In any case, serving milk in larger portions promotes the intake of this
nutritious and dense beverage.

In the USA, in response to the increase of childhood overweight and obesity [88,89], milk with
lower fat levels is requested by schools and at the same time U.S. companies are paying more attention
to the reformulation of flavoured milk with significantly reduced added-sugar content. In this regard,
the work of Li and Drake [90], understanding the sensory perception of both adults and children about
flavoured milk can help food developers and manufacturers to achieve attractive attributes while
reducing the sugar content to meet the needs of a healthy diet.

As for the availability of flavoured milk in school and relative communication strategies,
the argumentation is controversial: several schools embrace the idea that any milk is better than
no milk. In this case, flavoured milk represents an alternative for meeting the recommended intake
of this food [91–93]. Other schools limit or ban the sale of chocolate milk. Several authors discuss if
altering the availability of flavoured milk could influence other eating behaviours of students within
meal compensation or after-school snacking patterns. Quann and Adams [94] reported that when
flavoured milk was removed on 1 to all days of the week, there was a 26.0% reduction in milk sales and
a 11.4% increase in the percentage of milk surplus, resulting in a 37.4% decrease in milk consumption.
Waite et al. [95], by investigating how environmental intervention could affect elementary school
students’ food selection during lunchtime, concluded that requiring students to ask for an item rather
than self-serve could help modify food choice. In detail, in one school, students were required to
“Ask for Chocolate Milk”, a strategy that resulted in an 18% increase in the selection of white milk
compared to the choices made by control students. In another school, students were exposed to
“Increased White Milk Quantity” (the availability of white milk was three times as much as that of
chocolate), but the visual cue of a three-fold greater quantity of white milk compared to chocolate milk
did not significantly alter selection patterns [95].

Yon et al. [96,97] reported how the flavoured milks reformulated to be either low-fat or with
reduced sugars tested in a school programme, remained popular among students. Cohen et al. [98]
reported how the effect of removing flavoured milk from schools during the 2012–2013 school
year, among 1030 elementary and middle school children in Boston area, resulted in a reduction
in the selection and consumption of total milk. Henry et al. [99] studied the impact of replacing
traditional chocolate milk with the reduced-sugar option on milk consumption in elementary schools:
children preferred chocolate milk over plain milk even when a reduced-sugar formula was offered;
so, switching to reduced-sugar chocolate milk led to a decrease in the number of students choosing
milk. Hanks et al. [100] showed how, in the context of students’ lunch, eliminating chocolate milk
from school cafeterias led to a reduction of calories and sugar consumption; but, at the same time,
it led students to take less milk or drink less of the white milk they took; furthermore, the number of
students participating in the National School Lunch Program decreased. Then, the authors added that
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there could also be some consequences on the way students compensated during lunch, or later in
the day, for example selecting a dessert. The authors suggested that food service managers needed to
carefully evaluate costs and benefits of removing chocolate milk and identify options to make white
milk more convenient, attractive, and make it the default choice [100].

Other studies underlined that transforming “white milk” into the preferred choice, and making
“flavoured milk” less convenient (without removing it), could lead to an immediate increase of white
milk selection, by simultaneously reducing potential controversy [95,101,102].

Nowadays, also in some European countries (especially in Northern Europe) milk is directly
taken from home. In some schools it can be sold by vending machines. Moreover, several programmes
started to promote the distribution of milk in the schools for the mid-morning break or for lunch [103].

It is worth mentioning the work by List and Samek [104] that showed the positive impact of
incentives adopted in the school lunchroom on the milk choice made by children from low-income
households; the lunchroom is a “teachable moment” to encourage children in making healthy choices
as it is defined by the same authors. The study of Sao et al. [105] underlined the importance of
hands-on farming experience with dairy products in order to increase the consumption of milk and
dairy products among children.

Hendrie et al. [106] have focused their attention on interventions targeting an increase in the
consumption of dairy food or Ca intakes among children.

5. Conclusions

This work highlights the effectiveness of multiple and interdisciplinary communication strategies
for improving healthy dietary habits among schoolchildren. It then concludes how the promotion of
a well-balanced diet combined with physical activity should be the starting point of a modern strategy
of communication. A fundamental step that needs to be integrated with other innovative actions,
i.e., training courses for teachers, farm to school programs, and an enhanced curriculum approach.

The strategies to increase daily milk consumption among schoolchildren should follow this
direction. Since the consumption of milk declines with aging and becomes insufficient, developing
strategies to increase drinking of this beverage is an important goal to fix. As for additional specificities,
the authors conclude that the promotion of milk with lower fat levels and the reformulation of flavoured
milk with a significantly reduced added-sugar content should be considered.
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Abstract: (1) Background: Pediatric obesity continues to be a major public health issue. Poor food
selection in the school cafeteria is a risk factor. Chocolate or strawberry flavored milk is favored by
the majority of elementary school students. Previous health promotion efforts have led to increased
selection of plain milk, but may compromise total milk purchased. In our study, we examined
the effectiveness of small prizes as incentives to improve healthy food and beverage selection by
elementary school students; (2) Methods: In a small Midwestern school district, small prizes were
given to elementary school students who selected a “Power Plate” (PP), the healthful combination
of a plain milk, a fruit, a vegetable and an entrée with whole grain over two academic school
years; (3) Results: PP selection increased from 0.05 per student to 0.19, a 271% increase (p < 0.001).
All healthful foods had increased selection with plain milk having the greatest increase, 0.098 per
student to 0.255, a 159% increase (p < 0.001); (4) Total milk purchased increased modestly from
0.916 to 0.956 per student (p = 0.000331). Conclusion: Giving small prizes as a reward for healthful
food selection substantially improves healthful food selection and the effect is sustainable over two
academic years.

Keywords: milk; obesity; small prizes

1. Introduction

Pediatric obesity continues to be a major worldwide health problem [1,2]. Poor food selection such
as choosing flavored milk or not selecting fruits and vegetables in the cafeteria by elementary school
students is a risk factor for obesity [3]. Milk consumption in children is associated with improved Body
Mass Index (BMI) status and positive intake of essential nutrients [4]. Flavored milk, which has added
sugar, is offered in many US schools as part of the US Department of Agriculture free and reduced
lunch program. Plain milk is also offered but flavored milk is preferred by the majority of students [5].

Initiatives to promote better food selection such as product placement, attractive display and
featured naming (foods are given playful names) and convenience lines (those selecting healthful
choices go to a shorter check-out line) typically improve healthy food selection by 20% to 100% [6,7].
Privatera et al. showed that emoticons can be used to influence school aged children’s food choices [8].
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Incentives to improve adult lifestyle behavior have been used successfully for several health
goals including weight loss, smoking cessation and global wellness initiatives [9–11]. McDonald’s
corporation successfully introduced the “Happy Meal” concept in 1978 to increase sales to children [12].
Hobin et al. used small prizes to increase healthful packaged meal selection by 100% [13]. Just et al.
demonstrated that school aged children would increase fruits and vegetables selected at lunch by 80%
if given an incentive [14]. This type of intervention was further explored by List and Samek who
demonstrated that when small prizes were offered to school aged children in separate interventions,
plain milk selection increased from 16% to 40% and a more healthful snack from 17% to 75% of
students [15,16].

Our research group had previously piloted the use of emoticons alone and then emoticons with
small prizes to increase selection of healthful food selection in a Cincinnati inner city elementary
school [17,18]. With the placement of “green smiley-faced” emoticons alone, plain fat-free milk and
vegetables increased by 141% and 29% respectively, but there was no improvement in fruit or entrée
selection [17]. To further increase healthful selection, we then added the Power Plate Program (PPP)
to the emoticons [18]. The “Power Plate” (PP) was defined as the most healthful combination of
foods available within the school lunch program: a plain milk, a vegetable, a fruit and an entrée with
whole grain (sold together). With the “Power Plate Program” (PPP), emoticons were placed near the
individual PP food items. While children still selected food items separately, they received a small
prize for selecting the PP combination of a fruit, a vegetable, an entrée with whole grain and plain
milk on PP days. Prizes consisted of a sticker, temporary tattoo, or a small toy valued at 40 cents or
less. During the initial 10 weeks of the PPP, selection of plain milk increased by over 500%, vegetable
selection by 71% and fruit selection by 20%. Frequency of “PP Days” (twice a week versus everyday)
and quality of the prizes were tested and had little effect. At 15 months follow up, plain milk selection
was still 253% above baseline when stickers or tattoos were given twice a week [19].

Based on our initial pilots, we determined the addition of the small prizes to the emoticons
increased healthful food selection. Additionally, we tested whether the PPP altered the amount
of waste by students and found there was no significant difference in waste of any of the PP food
items [20]. Finally, we piloted the PPP in the three elementary schools of the Norwood City School
District (NCSD) which has a diverse and economically broad student body. During this brief three
week pilot, PP selection increased by over 500% [21]. Thus the work of other investigators and our
group show that emoticon labelling and small prizes as incentives can be used to improved healthful
food purchase by elementary school age children. With our current study we describe using emoticons
and small prizes on larger scale over two academic years in an ethnically diverse school system.

2. Materials and Methods

All three elementary schools in the Norwood City School District were recruited for the extended
PPP. The demographics of the schools are described in Table 1.

Table 1. Demographics of schools participating in intervention.

School Enrollment %Black %White %Hispanic %Girls %Boys %Low Income *

Norwood View 409 12.7 68.7 13.9 48 52 70.4
Sharpsburg Elementary 260 12.7 71.2 8.8 44 56 72.7

Williams Avenue 291 12.4 75.3 6.5 48 52 75.9
All Schools Combined 960 12.6 71.3 10.2 47 53 72.7

Source: [22]. * Less than 130% of poverty level.

Children in grades K through 6 participated in the PPP at Norwood View and Williams Avenue
Elementary Schools. Only grades 3 through 6 of the Sharpsburg Elementary School participated as
grades K to 2 have a separate lunch room that does not allow for children to select their own food items.
For those participating in the NCSD Lunch Program, children must select an entrée with whole grain
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(these are served together) and a vegetable. The students have the option to select up to two fruits, a
plain milk or chocolate milk and an additional vegetable if available. Thus on most days, students may
select up to two vegetables (with a minimum of one) and two fruits per day. The PPP was rolled out in
the three schools as follows: Norwood View Elementary on 3 November 2014, Sharpsburg Elementary
on 5 January 2015, and Williams Ave. Elementary School 13 April 2015. The cafeteria cash registers at
the schools were equipped with a button to record when a student selected the PP of fruit, vegetable,
plain milk and entrée with whole grain. PP data collection was started four weeks before the PPP
began at each of the schools. During the first week of the program, “green-smiley faced” emoticons
were placed by the PP food items and beverages. Bracelets were given out on the first day if a PP was
selected. Figure 1 demonstrates the “green smiley-faced” emoticon placed near the PFFM (a) and in (b)
bracelets that were given out a small prize during the “kick-off” week with a PP that was selected by
one of the students.

(a)

(b)

Figure 1. Emoticon example and students wearing “kick off bracelets” by a Power Plate (PP): (a) Plain
Milk Emoticon; (b) Students wearing bracelets by PP.

Thereafter, on Tuesdays and Thursdays, stickers or temporary tattoos were given to students
who selected the PP combination for the remainder of the academic school year by cafeteria staff
and volunteers. During the PPP, students still had to choose food and beverage items independently,
but were rewarded on PP days if they chose the PP (a fruit, a vegetable, an entrée with whole grain
and a plain milk). The PPP was resumed for all three schools in September 2015 during the second
academic year of the program and continued through the end of May2016. Thus the intervention
lasted for 56 weeks with a 3-week gap at the beginning of the 2nd academic year during weeks 23 to
26. Cafeteria cash register receipt data was collected for one month prior to the PPP intervention and
then throughout the entire intervention period. Data were obtained for all food items except for entrée
as all students who purchase a lunch receive automatically an entrée with whole grain. Purchase data
obtained from cash register receipts were supplied by the Food Services Department of Norwood City
School District (NCSD) Statistical analysis by Z-testing (OpenEpi, Version 3, http://www.openepi.com)
was used to compare the differences in the rate of food item selected per student per day between the
baseline period (no intervention) to the intervention period when emoticons plus PP prizes were used.
The NCSD was involved in the design, implementation and analysis of our intervention. This project
was reviewed by the Cincinnati Children’s Institutional Review Board, determined not to be a Human
Subjects Research project and thus exempt.
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3. Results

Observations were made on 158,596 school lunches purchased between October 2, 2014 and May
25, 2016 at the three elementary schools. Table 2 lists the PP and individual food item purchases
comparing baseline (one month before the PPP was initiated) and throughout the intervention period
to the end of the 2nd academic year. The rate is the number of a particular food item or beverage
selected per student per lunch time. There were favorable increases reported for the PP (271%), plain
milk (159%), fruits (18%), and vegetables (9%). Chocolate milk purchases decreased by 14% and
total milk (plain + chocolate milk) had a more modest, but significant increase of 4%. The increase in
vegetables selected, however, was somewhat surprising as students who participate in the school lunch
program are automatically served a vegetable and entrée with whole grain in the NCSD schools at
baseline. Selection of fruit and selection of the type of milk is at the student’s discretion. Since students
are typically offered two fruits and two vegetables with each lunch, it was possible for students to have
greater than one vegetable or fruit serving with each meal. There was a dip in PP selection at weeks 20
to 25 which corresponds to the end of the first academic year when there were no cafeteria volunteers
to help with the program and the beginning of the second academic before the PPP was resumed.

Table 2. Summary of Food Items selected by Norwood elementary students comparing pre-incentive
rate and after initiating incentives. Z-tests were performed to determine significance between purchase
rate before and during the intervention.

Food Item
Rate Selected Per

Student Pre-Incentives
n = 13,506 lunches

95%
Confidence

Interval

Rate selected Per Student
With Incentives n =

145,090 lunches

95%
Confidence

Interval

p Value Comparing
Pre to with
Incentives

Power Plate * 0.0522 0.05-0.06 0.194 0.19-0.20 <0.0000001
Plain milk * 0.0984 0.09-0.11 0.255 0.25-0.26 <0.0000001

Chocolate milk * 0.818 0.80-0.84 0.700 0.70-0.71 <0.0000001
Total (Chocolate + Plain) milk * 0.916 0.90-0.94 0.956 0.95-0.96 0.000331

Vegetables * 1.299 1.27-1.32 1.416 1.41-1.42 <0.0000001
Fruits * 0.667 0.65-0.69 0.790 0.79-0.80 <0.0000001

* Experienced desirable, significant change comparing pre-intervention to intervention (p < 0.05).

Mean PP section increased from 0.0522 PP per student before incentives to 0.194 per student
after implementing the incentives twice a week for PP selection. The graph is displayed with the
baseline data period and PP initiation in phase (note: the initiation dates were different for the schools).
Thus, week number is displayed rather than date. While the x-axis of the graph is numbered by week,
each individual point represents a single day. The “zig-zag” pattern of the graph reflects increased
PP sales on Tuesdays and Thursdays when prizes were given and decreased PP sales on non-prize
days. The red “Mean” line shows the means for the entire pre-intervention (baseline) and the entire
intervention period.

Figure 2 displays percent of students selecting the PP versus time at the three school individually
during the 2014–15 academic year. Even though the dates of introduction are staggered, the effect
is similar at each school suggesting that time of year is not a factor in PP selection. Events are
annotated such as baseline period, when the PP was initiated and events that may have influenced
the effectiveness of the program such as cafeteria staff changes at the Sharpsburg School or when the
school dietary interns who helped run program left for summer break.
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Figure 2. Shows daily PP purchases at the individual school during the first academic year. Each point
represents a single day. A “zig-zag” effect is noted with increased PP selection on prize days.
The Sharpsburg School which had a change in cafeteria staff experienced the sharpest decline in
PP selection towards the end of the school year.

4. Discussion

This study shows that an incentive program to encourage school children to choose healthier
food and beverage items in the lunch cafeteria was successful and the effect maintained on days
prizes were given across a substantial time period and across schools with a diverse student body.
The intervention resulted in a 5-fold increase in the selection of healthier items and this effect continued
across two academic years. The intervention, which involved twice weekly provision of stickers or
tattoos as ‘prizes’ for choosing healthier items (as indicated with a green happy face emoticon),
compares favorably to other types of interventions to improve food selection in school cafeterias
which typically see increases in the range of 20% to 100% [6,7,14]. Specifically, plain milk selection
experienced the largest increase observed at 150% over baseline sales of plain milk. Given that about
60% of the 960 students participate in the school lunch program, this translates into an increase of
about 100 cartons of plain milk per day for all the schools combined. Fruits had an 18% increase during
the PPP compared to baseline. The smallest individual effect was with vegetables which increased
by 9 percent over baseline purchase of vegetables. This increase is still remarkable as students are
automatically served a vegetable by the school cafeteria staff.

Milk is recognized as an important source of calcium and other nutrients in children [23].
The majority of elementary school children select chocolate milk over plain milk when participating in
the USDA school lunch program [24]. While there is some uncertainty on how chocolate milk selection
over plain milk selection affects health status, chocolate milk contains about twice the sugar as plain
milk. Attempts at eliminating chocolate milk and only offering plain milk in school cafeterias have
led to increased plain milk purchase, but with a 10% to 26% overall milk purchase decrease and a
decrease in consumption [25,26]. In our intervention, we successfully increased plain milk and even
had a modest increase in overall milk purchase.

There are several limitations to our study. There are concerns as described previously by Birch et al.
that giving external rewards for food selection may lead to avoiding a particular food when the
rewards are stopped [27,28]. We did see PP purchases drop on days that rewards were not given with
PP sales remaining marginally higher than baseline PP sales. Even with our extended intervention
children reverted to close to their baseline choices on days without the incentives suggesting that the
intervention is useful for changing foods purchased/chosen but not sufficient for changing preferences.
Follow-up data post-intervention would show whether this marginal increase is sustained. Of concern,
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when the PPP was stopped at the end of the first academic year, there was a drop in PP selection. Also,
this study did not evaluate the impact of the intervention on the overall diet of the children. Further,
we only had purchase data and did not measure actual food / beverage consumption. We cannot
comment on how consumption was affected or how individual purchases varied during the study.
However, consumption data using the PPP in a previous inner city elementary school pilot showed
that waste was unaffected by the program [20].

There are practical issues for implementation and sustainability of the PPP. The program was
administered by existing cafeteria staff and volunteers. While this makes the PPP inexpensive to
operate, school cafeterias are a busy environment and staff and volunteers may be distracted by other
duties. This program was successfully implemented using the research format (i.e., with existing
cafeteria staff and volunteers) over two academic years but that the data from one of the schools
showed that cafeteria staff changes impacted negatively on the effectiveness of the PPP. Therefore
scaling up of this intervention to more schools or even state-wide might need support mechanisms
when cafeteria staff changes occur. The strengths of our study are that we have a very large observation
of lunches purchased directly through cafeteria receipts over a two academic years. Given that the
PPP was implemented with existing resources, the program could be cost-effective and sustainable
when scaled up to a state-wide level.

5. Conclusions

We conclude that the PPP is an effective intervention in increasing healthful food selection in
elementary school children. The greatest effect was in plain milk replacing flavored milk purchased.
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Abstract: (1) Background: Social media has increased in importance as a primary source of health
communication but has received little academic attention. The purpose of this study was to conduct
a content analysis of Facebook comments made in response to a five-week statewide social media
intervention promoting use of 1% low-fat milk. Formative research identified health messages to
promote, and 16 health messages consistent with the Dietary Guidelines for Americans were posted.
During the intervention, 454 Facebook users posted 489 relevant comments; (2) Methods: The themes
of user comments were identified using mixed-methods with qualitative identification of themes
supplemented by cluster analysis; (3) Results: Six broad themes with 19 sub-themes are identified:
(a) sugar, fat, and nutrients, (b) defiant, (c) watery milk, (d) personal preference, (e) evidence and logic,
and (f) pure and natural; (4) The subject of milk is surprisingly controversial, a contested terrain in the
mind of the consumer with a variety of competing perspectives that influence consumption. Public
reactions to a social media nutrition education intervention are useful in understanding audience
psychographics toward the desired behavior, require continual efforts to monitor and manage the
social media campaign, but provide an opportunity to maximize the utility of real-time interactions
with your audience.

Keywords: milk; social media; social marketing; Supplemental Nutrition Assistance Program (SNAP);
cluster analysis; audience psychographics

1. Introduction

Saturated fat is an over-consumed nutrient in the American diet [1]. Since 1990, the Dietary
Guidelines for Americans have been trying to get the US population to adopt 1% low-fat milk to
reduce saturated fat consumption with limited success [2], and the recommendation to consume nonfat
or 1% low-fat milk has become more explicit and more pervasive in each iteration of the Dietary
Guidelines [3–7].

However, the evidence is that American consumers, by and large, have not heeded the
recommendation. Figure 1 displays the 40-year trend in fluid milk sales in the US [8]. From 1975 to the
early 1990s, whole milk sales plummeted as 2% milk sales increased while sales of other types of milk
increased slightly during the late 1980s. In 1993, 2% milk sales exceeded whole milk sales for the first
time and for the next decade whole and 2% milk sales were nearly identical. Since 2005, 2% milk sales
have consistently surpassed whole milk sales. As of 2015, 1% low-fat and nonfat milk represents less
than a third of all milk sales (30.0%), a figure that has not changed markedly during the last decade.
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Figure 1. Actual and Trends in Fluid Milk Sales 1975–2015. Source. US Department of Agriculture;
Adapted from: Fluid milk sales by product (Annual), 2016 [8].

Unfortunately, the shift toward 2% milk consumption does not achieve the aim of the Dietary
Guidelines for Americans to reduce consumption of saturated fat. Replacing whole and 2% milk
with nonfat and 1% milk significantly reduces the amount of saturated fat and calories consumed at
a population level [9]. Choosing 2% milk instead of whole milk reduces saturated fat from 5 g per cup
to 3.5 g, a 30% reduction. In comparison, consuming 1% milk cuts the amount of saturated fat by 70%
per cup.

Federal food and nutrition education programs promote adoption of the recommendations of
the Dietary Guidelines for Americans [3]. Given the longstanding and consistent recommendation to
consume 1% or nonfat milk, what reasons do consumers have for the slow adoption of low-fat milk?
The major goal of this study is to report the spontaneous reactions of people who received one or more
posts on their Facebook timeline during a five-week social media campaign on Facebook to promote
consumption of 1% milk based on a content analysis of comments made by the public to the advertised
posts. To our knowledge, this is the first study to report a content analysis of a social media nutrition
education intervention. The reactions illustrate the competing perspectives toward the different types
of milk and the utility of social media as a health promotion tool.

Intervention

The Oklahoma Nutrition Information and Education (ONIE) Project, a Supplemental Nutrition
Assistance Program Education (SNAP-Ed) social marketing project, is funded by the United States
Department of Agriculture through the Oklahoma Department of Human Services. As a SNAP-Ed
grantee, the ONIE Project promotes good nutrition and physical activity, with a low-income priority
audience (<130% federal poverty level), especially among those who are eligible for the Supplemental
Nutrition Assistance Program (SNAP), formerly known as the Food Stamp Program.

SNAP is the largest food assistance program in the US. In 2014, Oklahoma had the 15th highest
rate of SNAP participation in the US with a monthly average of 608,492 SNAP beneficiaries [10],
or approximately one in six Oklahomans. SNAP recipients are free to choose what type of milk they
will consume or to forego milk in favor of less healthy options such as sugar-sweetened beverages.
Providing the SNAP population with nutrition information about healthy options consistent with the
Dietary Guidelines for Americans [3] is the purpose of the SNAP-Ed program. The large number of
SNAP recipients in Oklahoma gave the ONIE Project a sizable low-income audience for the social
marketing intervention.
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The purpose of this intervention, Choose 1% Milk, was to move higher-fat milk consumers to
low-fat milk use. This multi-media social marketing intervention was the second of two interventions
promoting low-fat milk use conducted by ONIE. The first, implemented in 2012, featured a local athletic
celebrity and was implemented in the Oklahoma City media market. Using a quasi-experimental
design, both pre- and post-intervention telephone surveys and milk sales data revealed a significant
and positive change in 1% milk use in the intervention media market during the course of the
intervention. [11,12]. The Choose 1% Milk intervention was implemented statewide over a five-week
period. Social media, particularly Facebook, was a primary channel. Evaluation of milk sales data
collected from 105 supermarkets located throughout the state of Oklahoma revealed that 1% milk sales
increased significantly during the Choose 1% Milk intervention. The market share of 1% milk sold
increased from 7.1% the week prior to the intervention to 10.1% immediately after it ended, a 42.9%
relative increase. The overall quantity of milk sold did not significantly increase, suggesting that the
increase in 1% milk sales was a result of high-fat milk users changing to 1% milk. In addition, nonfat
milk sales did not significantly change, ruling out that nonfat milk users contributed to the increase in
1% milk sales.

2. Materials and Methods

2.1. Materials

The campaign logo was the image of an arm reaching for a gallon of 1% milk, with the word
“Choose” prominently displayed. The tag line was “Choose 1% Milk”, and the secondary tag line
was “A Healthy Family Choice” (see Figure 2). The emphasis on choice came from studies of political
communication by Luntz [13], and our own formative research that showed a positive reaction to
messages conferring autonomy [14]. Similar to our previous intervention, the campaigns’ key messages
sought to dispel the most common myths held by SNAP recipients about 1% milk [14] including the
differences in the fat content between 2% and 1% milk, that 1% milk has the same vitamins and
minerals as whole milk, 1% milk is not watered-down, and 1% milk is recommended for children
age two and older. All advertisements posted on social media relied heavily on infographic images.
These images were simple but clever, and key messages communicated nutrition information with
only a few words.

Figure 2. Choose 1% Milk Social Media Infographic.

2.2. Participants

ONIE collected the data from Facebook users who chose to respond to the health promotion
messages about 1% milk during the Choose 1% Milk intervention by writing a comment about the post.
There were no recruitment efforts or solicitations to obtain comments beyond the appearance of the
paid advertisement (post) on each individual’s timeline. In addition to residing in Oklahoma and
adults age 18 and over, the characteristics of the individuals who would receive the post were specified
when the advertisement was published on Facebook. Table 1 lists the priority audience profile for each
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post. Each post was targeted to the Facebook users who fit one or more of the characteristics specified.
No personal information was gathered, so how many were SNAP participants is not known but there
is no evidence to suggest that the SNAP population is underrepresented on Facebook.

Table 1. Facebook Advertisements and Social Media Participation (2014).

Post #
Date

Posted
Advertisement

People
Reached

Post-
Clicks

Likes Shares
Comments
Analyzed

Cost Per
Engagement (Like,
Comment, Share &

Post-Click)

9/16 Campaign launched.

1 9/16

Fact: 1% milk has all the nutrients of
2%, but with half the fat.
Priority Audience: Motherhood,
fatherhood, parenting, parent,
pregnancy, family and relationships

110,592 1042 222 20 30 $0.44

2 9/18

Add a little sunshine to your diet
with 1% low-fat milk. It has all the
Vitamin D of 2% milk.
Priority Audience: Fans and friends
of fans

52,608 157 72 4 5 $1.24

3 9/19

Don’t be a bonehead! Next time you
buy milk, choose 1%!
Priority Audience: Motherhood,
fatherhood, parenting, pregnancy,
family, and relationships

73,888 2103 1387 69 64 $0.16

4 9/21

Did you know that 1% milk has all
the vitamins and minerals as 2%
milk, but with half the fat?
http://chooseonepercent.com
Priority Audience: Motherhood,
fatherhood, parenting, pregnancy,
family, and relationships

99,424 745 655 29 38 $0.40

5 9/24

Build strong muscles and bones with
1% low-fat milk. It’s the ultimate
protein drink!
http://chooseonepercent.com
Priority Audience: Motherhood,
fatherhood, parenting, pregnancy,
family, and relationships

99,488 513 500 19 25 $0.70

6 9/26

We all know 1% milk has less fat, but
does it have less vitamin D? No!
Priority Audience: Motherhood,
fatherhood, parenting, pregnancy,
family, and relationships

110,208 974 1081 62 41 $0.34

7 9/26

Fact: 1% milk is not watered down!
It has all the calcium of 2%, but less
saturated fat.
http://chooseonepercent.com
Priority Audience: Fans and friends
of fans

51,344 366 150 11 9 $1.15

8 9/30

Just the facts: 1% milk has all the
protein, vitamin D and calcium of
2%, but with half the fat! Make the
choice for a healthier you—and a
healthier family.
http://chooseonepercent.com
Priority Audience: Low-income,
parenting, family, and fitness

28,864 480 124 8 21 $0.82

9 10/7
FACT: 2% milk contains double the
amount of fat found in 1%.
Priority Audience: 18–65+

122,816 610 155 19 53 $0.67

10 10/7

Q: Which has more sugar, 1% milk or
2%? A: Trick question! They’re the
SAME.
Priority Audience: Parenting

120,704 674 333 11 23 $0.95

11 10/8

Lots of people believe the fat in milk
is healthy, but the majority of studies
show that 1% is a better choice.
Priority Audience: Fans and friends
of fans

68,640 699 176 14 44 $0.99
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Table 1. Cont.

Post #
Date

Posted
Advertisement

People
Reached

Post-
Clicks

Likes Shares
Comments
Analyzed

Cost Per
Engagement (Like,
Comment, Share &

Post-Click)

12 10/10

FACT: Once children reach 2 years of
age, they don’t need the fat in 2%
and whole milk to grow. 1% is the
healthy choice!
Priority Audience: Mother,
fatherhood, and parenting

147,904 1053 750 92 103 $0.55

13 10/13

On average, it takes 2 weeks to
adjust to the taste of 1% milk and
you still get the nine essential
nutrients of milk!
Priority Audience: Low-income

79,648 1077 220 23 51 $0.81

14 10/14 Get your fats straight!
Priority Audience: 18–65+ 161,792 829 312 12 47 $0.87

15 10/14

Kick the excessive sugars and
additives in sports drinks. 1% milk is
packed with vitamins and nutrients
your body needs!
Priority Audience: Parenting

102,112 402 491 25 18 $1.20

16 10/17

Children need milk. The American
Academy of Pediatrics recommends
1% milk after the child’s second
birthday
Priority Audience: Motherhood,
fatherhood, parenting, pregnancy,
family, and relationships

105,920 351 517 34 20 $0.57

10/17 Campaign ended

Totals 1,535,952 12,075 7145 452 592 $0.74

2.3. Statistical Analysis

The themes of Facebook comments were identified qualitatively by four raters, each reading the
comments independently. Each rater read the comments repeatedly to become familiar with them
and to identify themes. The themes were not mutually exclusive, as raters may have assigned one
comment to more than one theme.

In addition, the qualitative approach was supplemented by the quantitative method of cluster
analysis. The need for cluster analysis comes from the fact that the social media material lacks the
context of a group conversation, such as occurs with a focus group. Rather, social media content is
briefer and less contextual. Cluster analysis has been in regular use in the social sciences since the 1960s
and new applications continue to be reported [15–17]. We introduce cluster analysis as a quantitative
method to classify the content of the themes identified by the raters for each comment. For this study,
the analysis was a cluster of cases. Each case was a theme identified by an individual rater and groups
of similar themes were identified by cluster analysis [18–20].

To provide converging evidence, two measures of similarity were used. The first measure of
similarity was the Dice coefficient. It can range from 0 to 1, with a higher score meaning more
similarity [21]. The second measure of similarity was Yule’s Q, a correlation-like measure that ranges
from −1 to +1, with a score of zero meaning no relationship [22]. A key property of Yule’s Q is that
when one rater’s theme consists of a subset of comments from another rater’s theme, then Yule’s Q is
equal to one, a relationship described as complete [23]. When Yule’s Q is higher than the Dice coefficient,
this suggests that one theme may be more general than another, so inspection of the items is warranted
to explore this possibility.

For both the Dice coefficient and Yule’s Q, themes were combined by average linkage
between-groups. The final step in the analysis was again qualitative. The clusters of themes were
examined qualitatively to verify similarities, and the raters reviewed the comments one last time to
detect any themes that had not previously been identified.
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3. Results

As seen in Table 1, during the Choose 1% Milk campaign, ONIE posted 16 different advertisements
on Facebook. These advertisements were seen by 1.54 million people (reach). Reach is tracked by
individual advertisment post not by the entire campaign, so this figure includes duplicated viewers
who saw more than one of the posts. On average, each advertisement reached approximately
96,000 people (unique count). The total population in Oklahoma in 2014 was 3,878,051 people, meaning
each advertisement was seen by 2.5% of the population [24]. A total of 8374 Facebook users engaged
with the 16 posts by responding with a like, a share, or a comment. The 16 posts resulted in more than
12,000 clicks to read more about the topic, more than 7000 likes, and 452 shares. By definition, likes are
positive endorsements of the message. A share indicates that the Facebook user shared the post on
their timeline, which extends its reach to their family and friends. Another level of engagement is to
write a comment, which may support or oppose the health message.

During the campaign, 454 Facebook users commented 592 times. Most commented only once
(81.7%) or twice (12.8%), but 25 users (5.5%) commented three or more times. Of the 592 comments
analyzed 103 (17.4%) were off topic, such as a thread in which users discuss diabetes with no reference
to milk. Thus, there were 489 comments that related in some way to the health message about 1% milk.

The four raters individually read through these 489 comments and identified themes. The four
raters identified 15, 18, 20, and 24 themes respectively for a total of 77 themes, some of which used
very similar or the same words to describe the theme. These themes were subjected to cluster analysis
so that themes sharing the same comments were grouped into similar clusters. Examination of the
dendrogram suggested that a good solution was six broad thematic groups. A total of 19 more specific
sub-themes emerged from within the broad thematic groups as summarized below in Table 2. In the
final qualitative step, raters reviewed the comments and themes, and no additional themes were
identified. Discussion of the themes is ordered by the number of comments in each group, presuming
that frequency is indicative of more common or more intensely held beliefs.

Table 2. Themes and Sub-themes of the Content Analysis.

Thematic Group Sub-Theme Comment [Facebook Post # in Table 1]

1. Sugar, Fat, and Nutrients
(n = 118)

Fat and Sugar (n = 37)
What they take out of whole milk they replace with sugar/sweetener. [#5]
The lower the fat content, the higher the sugar content. [#1]
And full of sugar! [#7]
Flavored sugar filled milk contributes way more to childhood obesity. [#12]
This is so wrong. Stop selling garbage information to young parents and killing our babies with
sugar...[#12]
Sugar water [#3]

Nutrients (n = 35)
I could be wrong, but aren’t all nutrients super-heated out then added back in? Hydrogenated [sic] means
super-heated. [#13]
1% has more vitamins because it has more milk. [#9]
With that logic lots of things are “packed” with nutrients, but the amounts are very little. [#13]
One percent milk has no vitamins to make bones grow strong and help the teeth also.[#12]

Healthy Fat (n = 31)
Actually low fat has been shown to be ineffective at weight loss. [#7]
Fat is required to digest nutrients found in milk. [#14]
Did you know that the fat in whole milk is good for you? [#4]
Yup fat and cholesterol are good for you. [#1]
Wow another lie this milk . . . has no vitamins at all bc it's in the fat content...take a nutrition class. [#2]

Fat is Good for Children (n = 16)
There are fats in whole milk that help children’s brain development. [#14]
For adults it’s better, but for children it’s not. [#6]
Children’s brains NEED good fats to develop. [#12]
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Table 2. Cont.

Thematic Group Sub-Theme Comment [Facebook Post # in Table 1]

2. Defiant (n = 110)

Rejection (n = 75)
BS, 1% milk is worthless. [#4]
No one really knows wtf is good or bad for you now-a-days. [#3]
Don’t care. Not drinking 1%. [#10]

Sarcasm (n = 30)
Well duh! [#9]
How much time and money were wasted to come to this incredible conclusion? [#9]

Tyranny (n = 8)
How about we let the parents do the parenting......1% is yuk! [#12]
Government at work in our homes now!!!!! [#4]
Stupid government telling people how to eat and everyone’s falling for it. SMH. [#12]

3. Watery Milk
(n = 98)

Sensory Experience (n = 77)
Might as well drink water. No taste. [#6]
It’s blue tinged. [#12]
When I drink milk, I want to taste milk, not water. [#9]
My words exactly whole milk...1% is blue water!!! [#3]

Watered Down (n = 31)
We come from a dairy farm and we don’t want our milk watered down. [#3]
100% milk builds strong bones. Not watered down fake 1%! [#3]
It is mostly water. [#4]
It's just water with a splash of milk in it duh [#9]

Cost (n = 8)
They make more money off 1% milk! (Less milk and more water!) [#3]
It’s about money. [#10]
You are paying for mostly water. [#13]
Read the labels folks. They must own stock in a water company [#16]

4. Personal Preference
(n = 93)

Likes High-Fat Milk (n = 50)
Whole milk all the way. [#3]
Whole milk is my favorite. [#5]
2% is my fav. [#6]

Likes Low-Fat Milk (n = 30)
I love skim milk! [#1]
1% is our choice. [#5]
We have been drinking 1% for years, and love it. [#9]

Raw Milk (n = 23)
Straight from the cow or nothing. [#6]
Not just whole milk but whole RAW milk is the healthiest of all. [#4]
I want it fresh from the cow. [#8]

5. Evidence and Logic
(n = 79)

Scientific Evidence (n = 38)
False advertising. There is absolutely no scientific evidence that people who drink cow’s milk have stronger
bones. [#3]
Studies have come out to show that’s not true. Whole milk is best. [#12]
My son’s Dr says that 2% is best. [#12}
I challenge the person who came up with this crazy idea to prove it.[#12]

Anecdotal Evidence (n = 32)
Whole milk is the best. Pioneers didn’t have 1% and they survived just fine. [#3]
I find it funny that our grandparents and great grandparents drank whole milk if it wasn’t straight from a
cow and lived to be a ripe old age. [#3]
I’ve been drinking whole milk my entire life and have never been over weight, even after two kids. [#13]

Exercise (n = 14)
Walk a little more and enjoy the 2 percent. [#9]
Fat free or low fat isn’t the answer. Portion control and exercise. [#14]
Wow the Time we talk about this you could have walked outside and said high to the neighbors, and burnt
more fat than a glass of milk would provide. [#12]

6. Pure and Natural (n = 64)

Nature (n = 33)
There’s nothing wrong with the milk God made. [#12]
The vitamins and minerals are added to 1% they aren’t natural. [#9]
Milk is from nature. Store milk is from chemistry. [#6]

Milk Alternatives (n = 21)
I will just drink my almond milk! [#14]
Cow’s milk is nasty. I much prefer plant milks. [#3]
Use unsweetened soy milk and let the calves drink the milk they should be getting. [#13]

Contamination (n = 19)
May have Vitamin D but it also has growth hormones that are not good for us!! [#2]
Milk has pus from cows, hormones and antibiotics. [#13]
Investigate the chemicals used to remove the fat from milk!! [#6]

Note: The n for each major thematic group is the number of non-duplicate comments in the group, which may be
less than the sum of the n comments for the sub-themes in that group.
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3.1. Thematic Group 1: Sugar, Fat, and Nutrients

Sugar, fat, and nutrients had the most comments (n = 118) with four sub-themes. The comments in
this thematic group, whether positive or negative, refer to beliefs about the nutrients in different
types of milk. Comments in the sub-theme of Fat and Sugar (n = 37) refer to sugar or fat or
both. Some comments were neutral, but many contained arguments against drinking 1% milk.
Some Facebook users mistakenly believed that sugar was added to low-fat milk. Others considered
1% milk a trade-off, such that less fat means more sugar.

Comments in the sub-theme of Nutrients (n = 35) refer to the general topic of nutrition, such as
the mention of calcium or protein, or of individual differences in nutritional needs. Generally,
these comments claimed that the vitamins and minerals in low-fat milk are lower in amount or
quality. A second erroneous assumption was that all the vitamins in milk are fat soluble, so drinkers of
low-fat milk do not absorb the vitamins in milk.

In the sub-theme of We Need the Fat, there are 31 comments. These comments argue that whole
milk is better, because dietary fat is healthy or at least not harmful to health. Also, like the comments in
the Nutrients sub-theme, there is the belief that low-fat milk is less nutritious. However, the comments
in this sub-theme imply that the nutrients in milk are in the fat, and that removing the fat also removes
the nutrients.

Finally, in the sub-theme of Fat is Good for Children, there are 16 comments. These comments
refer specifically to the nutritional needs of children. These comments support giving whole milk to
children, and many express the belief that fat is important for children age two and older to develop;
in fact, about one out of three of these comments specifically referred to brain development.

3.2. Thematic Group 2: Defiant

Harsh or negative comments rejecting the health promotion message cluster into the second
largest thematic group (n = 110) with three sub-themes. The 75 comments in the sub-theme Rejection
disputed the message. Examples were “why bother”, “no way”, “bull” and “yuck.” Some comments
were hostile or contained profanity, and others questioned the validity of the key messages.

The sub-theme labeled Sarcasm consisted of 30 comments ridiculing the post. Notably, half of
these comments emerged in response to one advertisement (Table 1, #9) that illustrated the difference
in the fat content between 2% and 1% milk with the key message, “FACT: 2% milk contains double the
amount of fat found in 1%”. Responses included “Well duh!” and “How much time and money were
wasted to come to this incredible conclusion?” This particular ad received few likes, as well.

The third sub-theme has only eight comments, and it is labeled Tyranny. These comments often
explicitly say that the health message was wrong. For example, “This is all hog wash! Give those kids
REAL milk and cut the fat somewhere else.” They also refer to the message as an example of tyrannical
political action and the government telling people what to do.

3.3. Thematic Group 3: Watery Milk

The formative research had revealed a pervasive belief that 1% milk was watered-down whole
milk, and comments in this theme affirm that this is an important belief influencing the type of milk
consumed. Each subtheme captures a unique aspect of this belief.

The Sensory Experience sub-theme made invidious comparisons of 1% to higher-fat milk, stating
that whole milk is an appealing white with a pleasing thick texture and rich taste, but that 1% milk
has a bluish tint with a watery texture and no flavor (n = 31). In contrast, comments in the sub-theme
named Watered Down (n = 33) explicitly spoke of added water or called 1% milk white water or colored
water. Cost, the last sub-theme in this group, contained eight comments. These comments express the
view that milk producers and marketers added water to milk to make more money.
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3.4. Thematic Group 4: Personal Preference

The comments clustered together in this theme focused on what type of milk the commenter
preferred and not the attributes of the type of milk (n = 93). Slightly more than half of these comments
expressed a personal liking for 2% or whole milk through attitude or behavior. The 30 comments in
the sub-theme Likes Low-Fat Milk are similar, but the personal preference is for low-fat milk. Finally,
in a third sub-theme named Raw Milk, the Facebook user stated the desire to have raw milk, or to have
milk straight from the cow (n = 33).

3.5. Thematic Group 5: Evidence

Comments of the Facebook users in this theme (n = 79) offered scientific, antidotal, or well-
established facts to justify their beliefs. Those in the sub-theme we labeled Scientific Evidence (n = 38)
justified their position by referencing scientific evidence. The source may have been rather vague,
such as a reference to research studies in general, or the source may have been fairly specific, as in
a well-known television personality who offers expert advice, or their family physician. Some Facebook
users cited a media outlet as the source of evidence or provided links to research findings from the
media outlet itself.

In the sub-theme named Anecdotal Evidence (n = 32) comments cited a personal experience or
anecdotal evidence, not scientific research. These Facebook users usually referred to themselves
or family members who have used whole milk for years and are healthy. Some people referenced
ancestors’ consumption of milk before the west was settled, presuming these pioneers had been healthy.

The sub-theme named Exercise has 14 comments. The nature of the evidence in these comments is
the fact that weight can be lost by increasing physical activity. These comments rejected the message of
the health benefits of low-fat milk by asserting that the problem can be resolved with exercise.

3.6. Thematic Group 6: Pure and Natural

The last thematic group contained 64 comments, which was the smallest number of comments
(13.1% of the total). These comments rejected the use of 1% milk on the grounds that it is not pure
or natural.

Comments grouped in the sub-theme Nature (n = 33) reflected a belief that adult milk consumption
was unnatural, noting that milk is for babies and not for adults. Others rejected milk sold in stores
on the grounds it was an unnatural processed food item, preferring raw milk. Similarly, but slightly
different, others rejected low-fat milk claiming that it is processed but whole milk is natural.

There were 21 comments in the sub-theme Milk Alternatives. These statements rejected the use
of dairy milk, sometimes on the grounds that drinking the milk of another species is unnatural,
and recommend the use of milk from plants sources, such as almond or soymilk.

The third sub-theme in this group is labeled Contamination. The 19 comments in this sub-theme
refer to the belief that milk products are contaminated. In some comments, the nature of the
contaminant vaguely referenced chemicals or additives. Others were more specific, as in a reference
to hormones, antibiotics, pus, or pesticides. A number of Facebook users linked their comments to
blogs that assert that dairy contains a host of contaminates and is not safe for human consumption
as evidence supporting their comments. These commenters were strongly opposed to the use of
dairy milk.

4. Discussion

Facebook is a nascent community of sorts and some users want to actively participate or interact
with others. A well-executed social media campaign captures the attention of the audience, who then
engage with both negative and positive comments. Yet, public health campaigns have been slow to
make use of the interactive nature of social media [25]. This study examined the content of spontaneous
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Facebook comments made in response to a successful social marketing intervention with statewide
exposure on social media, the Choose 1% Milk campaign.

Six broad themes illustrate the types of comments that emerged. These included: (1) Sugar,
Fat, and Nutrients, the interest in the nutritional content of milk; (2) Defiant, the expression of defiant
and negative attitudes toward the health message; (3) Watery Milk, the concern that low-fat milk has
added water or has the sensory qualities of water; (4) Personal Preference, a statement endorsing what
is familiar and liked in a milk product; (5) Evidence and Logic, the dismissal of the health benefits of
1% milk by appeal to contrary anecdotes or to the lack of research support for the touted benefits;
and (6) Pure and Natural, the idea that whole milk is pure and natural, but low-fat milk is impure,
adulterated, or unnatural.

The thematic group Watery Milk contained the most common sub-theme Sensory Experience,
with 77 comments about flavor and texture. This theme was expected, because concerns about
the sensory difference between whole milk and low-fat milk appeared in our formative research,
and because sensory preferences are a recognized motive for food choice [26]. In fact, taste preference
is a leading reason to choose food items [26,27].

There was also the theme Watered Down, whose comments expressed the belief that low-fat
milk has added water, implying inferior nutrition. Again, we expected to encounter this belief, as it
appeared in the formative research [12,14], and it has appeared in previous research on low-fat milk [28].
These comments affirm the relevance of key messages and the need to repeat messages challenging
strongly held beliefs to create a shift in attitudes [29]. Moreover, the interactive nature of social media
is a desirable feature that allowed the campaign team to reply with comments to correct this mistaken
idea of added water. A possible strategy for future campaigns is to monitor the frequency of such
comments over time to see if they diminish.

The benefit of using the interactive nature of social media is illustrated with the thematic group
Sugar, Fat, and Nutrients. One sub-theme in this group was Fat and Sugar, the belief that lower fat in
milk means more sugar. This belief did not appear in formative research but emerged as a barrier to
the adoption of low-fat milk for this audience segment. Because Facebook is not static, new advertising
content can be developed quickly and inexpensively. ONIE took advantage of this feature and posted:
“Q: Which has more sugar, 1% milk or 2%? A: Trick question! They’re the SAME.” This advertisement
reached 120,704 Facebook users and received a high level of engagement.

Effective use of social media’s ability to react quickly and interact directly with the audience
is also illustrated with the thematic group Pure and Natural. Some Facebook users argued that milk
from soy or almonds was more natural, using the Choose 1% Milk campaign to promote their personal
philosophical nutrition beliefs. These non-dairy milk users were not the priority audience for Choose
1% Milk campaign. Yet, comments devaluing dairy milk had the potential to adversely affect milk
consumption, an unintended and undesirable outcome. The ONIE team politely responded to some of
these comments to reassure milk users that dairy milk is safe. The lesson for public health practitioners
is that in an interactive campaign on any topic, one may be called on to address related competing
behaviors and other potential unintended consequences.

Comments in the thematic group Personal Preference referred to milk that was familiar and typically
consumed. This theme is similar to the familiarity motive from the Food Choice Questionnaire [26],
in which people said they chose a food because it “is what I usually eat” or “is like the food I ate
when I was a child.” ONIE formative research also identified this theme [12,14]. As its strategy to
reduce familiarity as a barrier to low-fat milk use, when online comments promoted whole or 2% milk,
the ONIE team offered no response; but when comments supported low-fat milk, ONIE “liked” the
comments and crafted responses affirming the behavior. In this way, the interactive nature of social
media was used to further promote a positive health message.

Another thematic group in the Facebook comments was called Evidence and Logic. This audience
segment claims to select food to promote health. Regardless of the type of milk consumed, milk users
often identified health benefits as a motivating factor for the type of milk used [12,14], a factor identified
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as influencing food choices generally as well [26]. This audience segment wants current scientific
evidence of the health benefit and resolution of conflicting nutritional advice. Previous research
has found a desire by mothers in a nutrition program to be provided with information based on
trustworthy research, including external links to more information [30], and the Food Hero program
recommends providing research-based information [31]. To support these Facebook users need for
more information, ONIE project staff responded with research-based information and links to more
information. A strategy for future campaigns would be to compile a summary of credible research
findings and share the summary in replies to those who seem to want evidence to support particular
claims. Also, comments directed to ONIE asked who we were and what our motives were, so we were
transparent about our funding source and mission.

At the same time, not all of the comments indicated openness to scientific evidence. The thematic
group Evidence and Logic included the theme of Anecdotal Evidence. These comments put little
credence in scientific research evidence, and instead appealed to anecdotes. The study of the
spread of misinformation has been described as network sociology, and “it may be as influential
as the information content and scientific validity of a particular health topic discussed using social
media” ([32], p. 517). It may be useful for future research to examine how an appeal to anecdotes
affects the spread of public health messages.

The last thematic group was named Defiant. These comments expressed negative attitudes using
sarcasm, hostile remarks, profanity, and cynical attitudes toward government, many of which were
not appropriate for a family-oriented Facebook page. Comments like these did not arise during the
formative research from focus groups or from a telephone survey, so the negative comments appear to
arise from the nature of social media. One challenge for social media campaigns is how to address
such negative comments. One study of Twitter examined tweets on the public health topic of HPV
vaccines, with the results indicating that users exposed to negative tweets were more likely to make
a negative tweet [33]. To manage the social media, ONIE staff monitored comments throughout the
day and evening. Profanity was deleted, and gratuitous insults were hidden from view of anyone
except ONIE staff and the Facebook user making the comment. Comments that were merely negative
about the health message, with no profanity or degrading language, were ignored. It can be noted that
many of these comments were directed at one post (Table 1, #9). Perhaps this message was interpreted
as condescending, obvious by definition, or too simple to be interesting or informative. So there may
be a lesson to be learned for social media campaigns on any health topic: messages must be simple
and direct but without appearing condescending.

We found the cluster analytic method introduced here to be a useful tool to study social
media content. Unlike material from a focus group in which statements are part of a dialogue and
comments are related to what comes before as well as after the comment (i.e., have a meaning-laden
context), the Facebook comments were brief statements, usually one sentence, and sometimes merely
a phrase. Material from other social media platforms is similarly stand-alone content, such as tweets,
or pictures from Instagram. Given the lack of context and narrative structure to the material and the
depersonalized context, cluster analysis could be helpful in identifying similar themes. The use of and
consensus among four raters also added evidence for the reliability of the results.

To maximize the use of the interactive nature of social media, we have several suggestions:
be transparent about funding sources and the purpose of the campaign; repeat key messages in
advertising posts countering or challenging strongly held beliefs and monitor comments to identify
whether the frequency of these type of comments diminish; keep comments brief and simple without
appearing condescending; develop new posts to respond quickly to themes that emerge from
comments; dedicate staff to monitor comments, delete or hide those with profanity or personal attacks,
engage with Facebook users who comment, and assess the influence of comments on the promoted
behavior. Another lesson learned is to promote engagement by directly asking the audience to
participate such as by asking a question, which allows viewers to participate immediately and quickly.
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Social media is quickly becoming a dominant source of all communication including health
communication, transforming with whom and how people interact, obtain information and voice
their opinions. It is more engaging than other media channels for health promotion interventions
because it supports dialogue, a key element in developing a critical perspective on a topic [34].
In addition, it is a sure pathway into the social networks of a person’s friends and family. Given the
rapid extension of social media, public health needs to embrace this medium and do everything to add
to our understanding of how to make it work to improve population health.

The adoption of 1% milk has been slow in the US. Americans need a compelling reason to adopt
1% low-fat milk. If adopting 1% low-fat milk provides health benefits sufficient to warrant repeated
recommendation in the last six Dietary Guidelines for Americans, what can be done to improve
adoption by the public? The comments received to the 16 posts, all of which were consistent with
the recommendations made in the Dietary Guidelines for Americans since 1990, provide additional
insight on the question. The subject of milk is a contested terrain in the mind of the consumer with
a variety of competing perspectives grounded in accurate or mistaken nutrition knowledge about
the nutritional content of the different types of milk, rational and non-rational thought (scientific
evidence vs. personal preference, feelings about family or personal experience), competing scientific
findings (good fat, bad fat), and political philosophy and beliefs about nature, government tyranny
and corporate greed. Although some of the reasons to reject any change in milk consumption could
be anticipated (such as lack of or mistaken nutrition knowledge or preference for a non-animal diet),
milk consumption is a controversial issue and it is easy for people to find an opinion about milk
that makes sense to them. If adopting 1% milk has all of the alleged or anticipated benefits, making
a more explicit recommendation every five years will not change behavior very quickly as evidence
from the last 27 years reveals. Instead, a concerted and consistent effort to acknowledge all of these
competing claims and address them to the extent possible is the only apparent way to achieve the
recommendation to make consumption of 1% or nonfat milk the social norm.
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Abstract: Milk, due to its affordability and nutritional value, can fortify the diets of families that
experience food insecurity or find a high-quality diet cost-prohibitive. However, it can also be
a leading source of excess calories and saturated fat. Yet, little is known about what influences
consumer behavior of Supplemental Nutrition Assistance Program (SNAP) recipients toward the
type of milk used or the prevalence of low-fat milk use among this population. This cross-sectional
telephone survey of SNAP recipients (n = 520) documented that 7.5% of this population usually
consumes low-fat milk, a prevalence that lags behind national figures (34.4%) for the same time-period.
There was a weak association between sociodemographic characteristics of SNAP recipients and
low-fat milk use. Instead, less low-fat milk consumption was associated with a knowledge gap and
misperceptions of the nutritional properties of the different types of milk. Promoting low-fat milk
use by correcting these misperceptions can improve the diet of America’s low-income population
and reduce food insecurity by maximizing the nutritional value of the foods consumed.

Keywords: milk; nutrition; food security; psychographics; knowledge; attitudes and beliefs

1. Introduction

Although the prevalence of food insecurity has declined as the economy has recovered from
the Great Recession that began in December 2007, nearly 16 million US households experienced
food insecurity at some point in 2015 [1]. This means that 12.7% of US households do not have the
resources to ensure consistent and dependable access to a healthy diet. Most of these food insecure
households (59%) participate in one or more of the federal nutrition assistance programs including
the Supplemental Nutrition Assistance Program (SNAP), the National School Lunch Program,
and the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC). Of these,
SNAP provides most of the nutrition support and SNAP-Ed agencies, an ancillary program, deliver
free nutrition education for low-income households based on the Dietary Guidelines for Americans [2].

Milk, because it is affordable, can fortify the diets of families that experience food insecurity or find a
high-quality diet cost-prohibitive [3–9]. It is rich in protein and Vitamin B12, as well as under-consumed
nutrients such as Vitamin A, Vitamin D, potassium, calcium, and magnesium [3,4,6–8,10]. Research has
shown that, on average, milk contributes 49.5% of Vitamin D, 25.3% of calcium, 17.1% of Vitamin
B12, and 11.6% of potassium to the American diet [6,7]. On the other hand, milk is among the top ten
sources of saturated fat and calories [6]. More specifically, based on data from the 2003–2006 National
Health & Nutrition Examination Survey, milk was the third leading source of saturated fat and the
seventh leading source of calories in the American diet [6].

Both saturated fat and excess calorie intake are linked to obesity, heart disease, and type 2
diabetes—increasing the burden of chronic disease [11]. Not surprisingly, these diseases occur more
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often among populations with limited financial resources. Research shows that adults with income
below 130% of the federal poverty level that participate in SNAP are more likely to be overweight
or obese and experience more heart disease, stroke, or diabetes than non-participants with higher
incomes [11].

There are small, dietary changes that can significantly reduce the number of calories and the
amount of saturated fat consumed without compromising nutritional intake. Nonfat and 1% have the
nutritional benefits of high-fat milk but with less saturated fat and fewer calories [2]. In a study of
children (age 2 to 19), researchers concluded that replacing whole and 2% milk with nonfat or 1% milk
would significantly reduce the amount of saturated fat and calories consumed at a population level
without compromising the nutrient intake of potassium or calcium [10].

Although not all researchers agree that consumption of saturated fat from dairy increases health
risks [12–17], the Scientific Advisory Committee for the Dietary Guidelines continues to recommend
that low- and nonfat dairy offers key nutrients, but with less saturated fat (a nutrient overconsumed
by Americans) [18]. Subsequently and consistent with its past recommendations [19,20], the 2015–2020
Dietary Guidelines [2] reaffirmed the use of 1% or nonfat milk. These guidelines serve as the basis for
federal food and nutrition education programs, such as SNAP-Ed.

Even though low-fat milk is recommended as part of a healthy diet, most Americans consume
high-fat milk. The 2003–2004 National Health and Nutrition Examination Survey documented that
74.0% of all milk consumed was whole (32.3%) or 2% milk (41.7%); 1% and nonfat milk together
represented 26.0% of all milk consumed (10.4% and 15.6%, respectively) by the general population [21].
Similarly, low-fat milk sales represented 28.6% of all milk sales for this same time-period, and by 2012,
low-fat milk represented barely more than a third of all milk sales (34.4%) [22].

Not only has low-fat milk use only marginally improved over the past decade, but those with
lower household income and less educational attainment are also less likely to use low-fat milk [23–25].
In a study examining data from the 1996 National Food Stamp Program Survey, 15.6% of SNAP
recipients reported using low-fat milk [26], a prevalence that is barely half that of the general
population [22]. Low-fat milk use ranges from 38.1% among children and adolescents living in
households with income greater than or equal to 350% of the federal poverty level (FPL) to a low of
9.4% among those living in households with income below 130% of the FPL (i.e., eligible to participate
in SNAP) [24].

Americans age two and older consumed about three-fourths of an 8-oz cup of milk each day [8],
which is substantially below the three 8-oz cups of low-fat milk that is recommended for daily
consumption by the US Dietary Guidelines [2]. Moreover, the mean intake of milk gradually declines
with age. That is, children consume the most milk, followed by adolescents, and then adults.
Yet, unlike the type of milk, income has not been found to be strongly associated with the quantity of
milk consumed except among adolescents. Adolescents living in households with an income greater
than 350% of FPL consumed significantly more milk than those living in a household with income
between 101% and 185% of the FPL [8].

Notwithstanding the documented disparity in low-fat milk use by socioeconomic status,
no peer-reviewed studies have explored the knowledge, attitudes and beliefs of SNAP recipients
toward low-fat milk. In one study, women with income higher than the median reported foregoing
their taste preference for higher-fat milk to consume low-fat milk, which they perceived as healthier [27].
These findings were the basis of a series of 1% or Less interventions conducted in the 1990s’ in West
Virginia [28–32], which were later replicated in California [33] and Hawaii [34]. Relying on data
collected before and after one of the 1% or Less campaigns [29], Butterfield and Reger concluded that,
in part, positive changes in beliefs about the healthiness (less saturated-fat), taste, and cost of low-fat
milk, led to a significant increase in use of low-fat milk [28].

Maglione and colleagues, building on the findings of Booth-Butterfield and Reger [28], explored
attitudes associated with low-fat milk in Hawaii [25]. Using a 4-item scale to measure attitudes
(taste and health benefits) and a 3-item scale to measure normative beliefs (community, doctor, and
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friends and family), low-fat milk users had more positive attitudes toward low-fat milk than high-fat
milk users, as well as more positive normative beliefs. Applying the transtheoretical model of change
to measure intent to use low-fat milk, these researchers posited an intervention promoting low-fat
milk could have a population-level impact although intention to change to low-fat milk was modest.
Other studies have found that few intended to change the type of milk consumed [27,35], and most
believed the type of milk currently used was best for them [35].

Informal interviews conducted in a New York City Latino community revealed whole milk use
represented a symbol of prosperity, a belief derived from the practice in some Latin American countries
of diluting milk to stretch resources [36]. A shelf-study in that same community revealed that low-fat
milk was available, albeit in smaller quantities than high-fat milk, leading these researchers to conclude
that high-fat milk was chosen because it was preferred, not because it was the only choice [37].

In a more recent study, Bus and Worsley documented that Australian shoppers surveyed
understood that whole milk had the most fat and calories but mistakenly believed milk was a good
source of iron, Vitamin C, and fiber [38]. Many believed “reduced-fat milk” was a good source of
vitamins and calcium but more believed this about whole milk. Moreover, shoppers rated whole milk
as “tasty” and “feels good in the mouth”, and in turn, were more likely to rate reduced-fat milk as
“watery” and not “natural”.

In summary, over the past decade, the use of low-fat milk has only marginally improved, and there
is a large disparity by socio-economic status. Little is known about the knowledge, attitudes and
beliefs contributing to this pattern. The literature suggested that the taste and texture of low-fat milk
are barriers to its adoption, and, that among some populations, the rich, thicker texture of whole
milk may have symbolic meaning. Evaluation of an intervention implemented in the 1990s suggested
that promoting the taste, healthiness (less saturated fat), and cost savings of low-fat milk led to
increased consumption. On the other hand, a more recent Australian study suggested that although
consumers know that low-fat milk contains less saturated fat, they are unaware or are confused about
the nutritional content of milk and the differences between types of milk.

If we are to decrease the difference in milk consumption behaviors of low-income Americans
so that it is more consistent with the Dietary Guidelines for Americans [2], more research is
needed to develop a successful intervention promoting low-fat milk consumption. Many behavior
change initiatives fail because the program was developed without a clear understanding of the
psychographics of the priority audience or the knowledge, perceptions, beliefs, attitudes, and values
of those whose behavior we hope to change. Moreover, in comparison to alternate beverage choices,
milk is a nutrient-dense food, and promoting low-fat milk, if it came at the cost of less milk
consumption, would not further a healthy eating pattern [10,39]. This would be particularly
disconcerting for a low-income population struggling to afford a nutrient-dense diet and avoiding food
insecurity [40]. Formative research to understand the perspectives of the priority audience reduces the
risk of unintended consequences.

This study had three purposes—to establish the type of milk usually purchased by Oklahoma
SNAP recipients (a population with income below 130% of the FPL); to identify sociodemographic
characteristics associated with low-fat milk consumption among those SNAP recipients; and to
understand SNAP recipients’ knowledge, attitudes, and beliefs toward the different types of milk that
shape their milk consumption behaviors.

2. Materials and Methods

2.1. Materials

This study is based on a cross-sectional telephone survey of SNAP recipients living in the
Oklahoma City media market, which covers 34 of the 77 Oklahoma counties, two of which are
considered urban. All procedures were approved by the University of Oklahoma Health Sciences
Institutional Review Board. As part of a data sharing agreement, the Oklahoma Department of
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Human Services provided identifying information including sociodemographic characteristics of the
responsible household member of each SNAP household. This information was routinely collected as
part of the SNAP application and semi-annual recertification process. Every respondent gave verbal
consent to participate in the study.

2.2. Participants

Among those randomly selected to participate, 553 SNAP recipients were reached, and
520 interviews were completed (94.0% completion rate). Respondents were multi-ethnic and
included persons identifying as non-Hispanic White (61.2%), Black (20.8%), Hispanic (8.5%),
American Indian (8%), and Asian (1.5%). Most were female (66.6%), single (81.8%), and had attained
a high school education or less (81.2%). All study participants had been identified as participating
in the SNAP program, which means that all were low-income, having household income of no more
than 130% of the FPL or receiving annual income of no more than US $26,668 for a family of four.
After weighting the sample proportionally based on ethnicity, one difference was observed between
the sample and the Oklahoma SNAP population. Survey respondents were more likely to live in
rural areas. However, there were no differences in the types of milk usually purchased between rural
and urban areas so this is unlikely to bias the results.

2.3. Measures

Measures were selected from the literature, tested for face and content validity, and pre-tested
with people similar to the priority audience. Further, these and other questions were used during the
formative focus group research [41], and the ones included in this study had the most probative value.
All data were self-reported.

Milk purchasing patterns. Respondents were asked the open-ended question, “Even if you buy
or use more than one type of milk, which type of milk do you buy most often for your family”?
and were given the opportunity to state what other types of milk were purchased. Responses to
both questions were coded as whole, 2%, 1%, nonfat milk, and other (the exact response entered).
The survey included three other questions related to milk purchasing patterns, including “How often
do you purchase milk?” Open-ended responses were entered as weekly, every two weeks, monthly,
and less often. The second question was, “Briefly what is the biggest reason why you usually buy
[insert type] milk most often”? (95.3% completion). The third asked whether any changes in the type
of milk purchased had been made in the past three months.

Milk nutrition knowledge. A series of 10 true-false questions measured knowledge of general
milk nutrition facts. These questions assessed differences in the nutritional attributes of high- and
low-fat milk, what types of milk were considered “low-fat”, and awareness of the recommended age
to serve children low-fat milk.

Stages of change. High-fat milk users’ intent to change to low-fat milk was assessed by using
stages of change constructs based on the Transtheoretical Model (TTM) [42]. Pre-contemplation was
measured with the statements “I would never consider switching to 1% or nonfat milk” and “I have
not thought about switching to 1% or nonfat milk”. Contemplation was measured with the statement
“I am considering switching to 1% or nonfat milk”. Preparation was measured using the following two
options: “I am ready to switch” and “I sometimes use 1% or nonfat milk”.

2.4. Statistical Analysis

Data were analyzed using SPSS Version 20.0. Chi-square test statistics explored bivariate
differences in the type of milk usually purchased by sociodemographic variables. A multivariate
backward elimination regression model identified sociodemographic characteristics associated with
low-fat milk use. A one-way ANOVA compared between-group differences in the mean scores on the
milk-nutrition knowledge quiz. The threshold for determining statistical significance was a two-tailed
test with 0.05 as the alpha level.
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Two coders familiar with the research project independently identified the dominant themes
emerging from the open-ended question asking each respondent to explain the reason for purchasing
a particular type of milk. Coders began with open coding, assigning themes to ideas and concepts
identified in the raw data. These themes were then reviewed for connection and consolidated.
While most respondents named only one reason, each theme was coded to ensure that all of the
reasons provided were included in the analysis. The themes and concepts that emerged were simple,
and there was little coder disagreement.

3. Results

3.1. Milk Consumption Patterns

After excluding those who used other types of milk (1.7%), most SNAP recipients (92.5%) reported
usually purchasing high-fat milk (44.6% whole milk and 47.9% purchasing 2% milk) and 7.5% usually
purchased low-fat milk (3.9% purchased 1% milk, and 3.6% purchased nonfat milk). In addition,
two-thirds of SNAP recipients (67.4%) purchased milk weekly, and 20.0% purchased it every two
weeks. Most bought one type of milk (85.3%). Only 4.0% had changed the type of milk usually
purchased during the previous three months.

Sociodemographic characteristics were only weakly associated with the type of milk usually
purchased among this low-income population. Gender, ethnicity, marital status, residence in a rural
or urban area, age, the level of educational attainment, or the presence of a child in the household
alone did not significantly differ between high and low-fat milk users. Educational attainment was
associated with low-fat milk use if a child lived in the household, Qw = 5.6, df = 1, SE = 0.62, p = 0.02.
Among SNAP households with children, 14.6% usually purchased low-fat milk if the head of household
had attained some college or more compared with 8% where the head of household had a high school
education or less. The odds of using low-fat milk were 4.4 times higher (95% CI 1.3, 14.7) in SNAP
households with children present when the head of household had attained some college education.
There was no association between educational attainment and low-fat milk use if children did not live
in the home, Qw = 0.12, df = 1, SE = 0.59, p = 0.73.

3.2. Milk Nutrition Knowledge

Overall, test scores on the true-false quiz measuring milk-nutrition knowledge were no better
than guessing (M = 51.1, SD = 22.2). On the other hand, low-fat milk users (M = 67.4, SD = 23.0)
scored significantly higher on the milk-nutrition quiz than high-fat milk users (M = 49.8, SD = 21.6);
t(494) = 4.7, p = 0.00. Moreover, there was progressive improvement in milk nutrition knowledge
among SNAP recipients with each successive reduction in the fat content of the type of milk consumed,
F(1, 492) = 22.9, p = 0.00. Whole milk users had an average score of 46.0 (SD = 21.4), 2% milk users had
an average score of 53.2 (SD = 21.3), 1% milk users had an average score of 66.0 (SD = 25.0), and nonfat
milk users had an average score of 69.0 (SD = 21.2).

Most SNAP recipients surveyed answered correctly that the fat content differed among the
different types of milk (Table 1). Yet, few understood that 2% milk was not low-fat milk. However,
1% milk users were significantly more likely than high-fat milk users to know that 2% milk was not
low-fat milk, X2(1, n = 479) = 6.2, p = 0.01. Other differences in milk nutrition knowledge emerged
between high- and low-fat milk users. More SNAP recipients who used low-fat milk understood that 1%
milk was not watered-down whole milk, X2(1, n = 496) = 18.5, p = 0.00. In addition, low-fat milk users
had significantly more correct answers than high-fat milk users on questions exploring their general
knowledge of the nutrients in the different types of milk—all types of milk have the same amount
of calcium, X2(1, n = 496) = 5.1, p = 0.02, and the same amount of Vitamin D, X2(1, n = 497) = 7.6,
p = 0.01. Similarly, low-fat milk users were more likely to understand that 1% milk has the same
vitamins and minerals as whole milk, X2(1, n = 496) = 6.9, p = 0.01.
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Table 1. Correct Answers to Milk Nutrition Knowledge Quiz (weighted).

Overall (n = 496)
High-Fat Milk (Whole and 2%)

(n = 460)
Low-Fat Milk (1% and Nonfat)

(n = 36) p-Value

Test Scores Mean (SE) Mean (SE) Mean (SE)

Overall 51.1 (1.0) 49.8 (3.8) 67.4 (4.0) 0.000 *

Question

All types of milk have the same amount of calcium. 45.8% 44.3% 63.9% 0.02 *

1% has fewer vitamins and minerals than whole milk. 51.2% 49.6% 72.2% 0.009 *

Whole milk is best for children under two years old. 68.3% 68.5% 66.7% 0.82

1% milk is watered down-whole milk. 43.5% 40.9% 77.8% 0.000 *

Reduced-fat milk and low-fat milk are the same. 50.8% 49.7% 65.7% 0.07

The biggest difference between all types of milk is the
percent of fat. 79.6% 79.6% 77.8% 0.79

All children under 18 need whole milk to grow properly. 49.4% 47.3% 77.8% 0.000 *

Whole milk has more Vitamin D than other types of milk. 39.5% 37.7% 61.1% 0.006 *

2% is considered low-fat milk. 23.8% 22.6% 38.9% 0.03 *

1% has fewer calories and less fat but the same vitamins
and minerals as whole milk. 59.4% 58.3% 72.2% 0.10

Note: Statistically significant differences in the proportion of correct answers between high and low-fat milk users are denoted
with an *.

3.3. Reasons for the Type of Milk Usually Purchased

SNAP respondents were asked to give an open-ended answer that explained their reasoning for
choosing the particular type of milk usually purchased. After organizing these responses into themes,
the most common reasons related to the perceived health benefits of milk (41.9%) or its taste (30.2%).
Some purchased the type of milk based on habit (7.8%). Very few respondents attributed price as an
influential factor (1.2%). Responses coded as “other” were vague or not responsive to the question
(14.4%). For example, these responses described how milk was used in the household (e.g., “on cereal”
or “in cooking”) or who usually drank the most milk (e.g., “the older girls drink the 2%, and my infant
drinks the whole milk”).

However, as illustrated in Table 2, the reason for the type of milk consumed differed by type.
Among SNAP recipients who usually purchased whole milk, taste (49.5%) influenced its purchase
more often than health benefits (17.7%), and it was the taste and texture of whole milk that was
preferred (Table 2). As this respondent explained, “It (whole milk) tastes like milk—the rest tastes like
colored water”.

Table 2. Reason for Choosing Milk by Type (weighted).

Reason Whole Milk (n = 220) 2% Milk (n = 240) 1% Milk (n = 20) Nonfat Milk (n = 17)

Taste 49.5% 15.8% 10.0% 11.8%
Health 17.7% 57.1% 85.0% 88.2%

Not concerned
with fat 1.4% 0.0% 0.0% 0.0%

Compromise
taste/fat 0% 6.3% 0.0% 0.0%

Price 0.5% 2.1% 0.0% 0.0%
Other 22.3% 8.8% 5.0% 0.0%
Habit 8.6% 8.3% 0.0% 0.0%

WIC policy 0.0% 1.7% 0.0% 0.0%

For those SNAP recipients who usually purchased whole milk for health-related reasons,
most described whole milk as “healthier” with no further explanation. However, when the health
benefits were described, many stated whole milk had more vitamins and minerals than lower-fat milk.
For example, explanations included “for the Vitamin D” or “It (has) more Vitamin D in it than the
other kinds”. Other explanations included “It just feels like I get more vitamins and . . . high protein”.
Similarly, whole milk was believed to be best for children, regardless of age. As explained by one SNAP
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recipient, “It (whole milk) has more vitamins for my kids”. Other explanations included, “Whole milk
is better for the kids because it has more calcium for their bones”.

Other common health-related reasons that were reported included the recommendation of a
physician or because of a health condition. When whole milk had been recommended by the children’s
pediatrician, it appeared that this recommendation influenced the type of milk used by the whole family.
A few described whole milk as “real”, or more “natural”.

For 2% milk users, unlike whole milk users, the perceived health benefits (57.1%) influenced
the type of milk chosen most often, not taste (Table 2). The health benefits cited most often by these
SNAP recipients were less fat and fewer calories, usually less fat. About one in four perceived 2%
milk as healthier, stating “it’s better for us”, “for health”, and “it’s healthier”. Other themes that
emerged were that 2% was recommended by a physician or dietician or that 2% was chosen because of
a “health condition” such as being diabetic or lactose intolerant.

Two unique reasons emerged among 2% milk users. For a few SNAP recipients, the health benefits
of consuming less fat were valued, but the trade-off between taste and health benefits warranted
only moving to 2% milk. One respondent exemplified the balance between taste and health benefits,
stating “I basically was trying to cut down on fat. Two percent (2%) milk still tastes good; 1% was a
little too weak for me”. Further, at the time of the survey, WIC policies encouraged low-fat milk use but
allowed families with children age 2 and older to use vouchers for the purchase of 2%, 1%, and nonfat
milk, which led a few SNAP recipients to choose 2% milk because “that was what WIC allowed”.

There was little difference in attitudes between 1% and nonfat milk users. Among those who
usually purchased 1% milk, 85.0% said that the biggest reason for this purchase was its health benefits.
The frequency increased slightly to 88.2% among nonfat milk users. These SNAP recipients, like many
2% milk users, chose 1% and nonfat milk because they preferred milk with less fat and fewer calories.
“Less fat” was expressed as a benefit more often than “fewer calories”.

Habit influenced the type of milk consumed among SNAP recipients who used whole or 2% milk,
but not those who used low-fat milk. As these whole and 2% milk users explained, “(it was what)
I grew up drinking”, or “It is just the one I always grab”. Deference to maternal figures was also
mentioned. For example, one SNAP recipient explained that she used whole milk because that was
what her mother had purchased. For other respondents, 2% milk use was a newly formed habit,
or at least it was a different type of milk than they had consumed during childhood. For example,
one respondent explained, “I just got used to the taste of it. I used to prefer whole milk, but I believe
2% is better for you”.

3.4. Stages of Change

Almost three-fourths (74.2%) of high-fat milk users were in the pre-contemplation stages of
the Transtheoretical Model of behavior change theory (Figure 1). These SNAP recipients answered
that they would never consider switching to 1% or non-fat milk (42.7%), or had not thought about
switching to 1% or nonfat milk (31.5%). SNAP recipients who reported using 2% milk were more likely
to contemplate or sometimes use low-fat milk than those who used whole milk, X2(3, n = 453) = 23.9,
p = 0.00. Moreover, SNAP recipients with higher scores on the milk nutrition quiz were more likely
to be considering or sometimes use low-fat milk, (M = 57.4, SD = 21.6), than those with lower scores,
(M = 47.4, SD = 21.1), t(452) = 4.4, p = 0.00, 95% CI [14.5, 5.5].
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54.2%

26.4%

3.7%

15.7%

32.5%
35.9%

9.7%

21.9%

Never consider
switching

Not thought about
switching

Consider switching Ready now or
sometimes drink

Whole Milk 2% Milk

Figure 1. Stages of change constructs (whole and 2% milk users; weighted).

4. Discussion

Based on our findings, low-fat milk use among Oklahoma SNAP recipients was remarkably
lower than the 34.4% indicated by national milk sales data [22]. Among this sample of Oklahoma
SNAP recipients, 7.5% reported using low-fat milk, a finding comparable to Kitt et al., who found
9.4% of children living in households with income below 130% of the FPL consumed low-fat
milk [24]. Moreover, the evidence revealed only a weak association between low-fat milk use and
sociodemographic characteristics.

Rather, this study found that the barriers to changing to low-fat milk were associated with poor
milk nutrition knowledge and taste preferences. High-fat milk users understood that the fat content
differed between the types of milk but did not know that 2% was not low-fat milk; that 1% milk had
the same vitamins and minerals of whole milk; and that 1% and nonfat milk were not watered down.

Past interventions, such as the 1% or Less campaigns of the 1980s and 1990s [28–34], promoted
reducing saturated fat as the primary benefit of using low-fat milk. Perhaps, at that time, this nutrition
fact was not well-known. However in this study, SNAP recipients usually understood that the main
difference between the types of milk was the amount of saturated fat, a finding similar to that of Bus
and Worsley [38]. Furthermore, most of the SNAP recipients stated that consuming less saturated fat
was the reason they used lower-fat milk (2%, 1% or nonfat milk), suggesting that this was a highly
valued benefit, but this alone was not enough for 2% milk users to change to 1% low-fat milk.

Instead, confusion about other milk nutrition facts appeared to be a barrier to adoption of
low-fat milk. For example, many believed that 2% milk was low-fat milk, and seemed unaware
that choosing 2% milk over whole milk only reduced the saturated fat from 5 g per cup to 3.5 g,
a 30% reduction. In comparison, moving from whole to 1% milk reduced the saturated fat to
1.5 g per cup, a 70% reduction. Unfortunately, the nutrition label is either not used or unintelligible to
most SNAP recipients. Thus, any promotion must describe the substantial reduction in saturated fat
and calories of 1% or nonfat milk, rather than just encouraging the use of “low-fat milk” since this
term is not well understood.

Equally, if not more importantly, a barrier to the adoption of low-fat milk was the misperception
that low-fat milk had fewer vitamins and minerals than high-fat milk. The reasons given for the usual
type of milk purchased revealed low-fat milk was perceived as watery—a diluted milk with fewer
of the valued vitamins and minerals of milk, such as calcium and Vitamin D. Answers to specific
questions on the milk nutrition quiz reinforced this finding.

Product familiarity is another known motivation for food choice among low-income
populations [43] and our findings indicate that use of higher-fat milks, particularly whole milk,
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was an entrenched habit among the Oklahoma SNAP population. Many SNAP beneficiaries used the
same type of milk as consumed during childhood, and few had changed the type of milk used during
the three-month period preceding the study. Similar to Tuorila [35], most high-fat milk users were not
contemplating changing to lower-fat milk.

Regardless, 2% milk users showed more willingness to consider changing to low-fat milk than
whole milk users. They valued the benefit of consuming less saturated fat. All of these facts suggest
that current 2% milk users will be more receptive to efforts to promote 1% milk consumption.

Previous studies have concluded that price is an influential motive for choosing foods among
low-income populations [43,44]. Cost savings were also used successfully to promote low-fat milk in
the 1% or Less campaigns [30,31]. However, low-fat milk usually costs less in Oklahoma than higher fat
milk and few SNAP recipients sought out these price savings. Ariely posits that the quality of a product
is subjectively discounted when it costs less than similar items [45]. This study documents that most
SNAP recipients believed low-fat milk is inferior to higher-fat milk. It is unclear whether the lower
price predictably but irrationally influenced this negative evaluation or whether the price differential is
too small to overcome the negative evaluation of low-fat milk. More research is needed to understand
why these SNAP recipients were not motivated enough by price to choose 1% or nonfat milk.

5. Conclusions

People with low-incomes in the US are not considered to be an important consumer group, and
marketing research ignores them on a variety of consumer issues. As a consequence, we know little
about what motivates their consumer behavior. This is a crucial deficit for any effort to improve the
diet of America’s low-income population and reduce food insecurity by maximizing the nutritional
value of the foods consumed consistent with the Dietary Guidelines for Americans [2]. As this study
has documented, low-fat milk use among Oklahoma SNAP recipients lags behind national trends.
However, with the exception of educational attainment when children are present in the household,
sociodemographic characteristics were not a significant influence on the type of milk consumed.
Instead, less low-fat milk consumption was associated with a knowledge gap and misperceptions of
the nutritional properties of different types of milk.

For the purposes of promoting low-fat milk use, messages should emphasize three key facts
that differentiate high- and low-fat milk consumers: (1) 2% milk is not low-fat milk; (2) 1% milk
is not watered down; and (3) 1% low-fat milk has all the vitamins and minerals of whole milk.
These messages should resonate better with 2% milk users because they have already adopted what
they consider a healthier behavior and are more open to change than whole milk users who are
more resolute. Finally, what is considered low-fat milk is not well understood by SNAP recipients.
Therefore, the emphasis should be placed on consuming 1% milk, and not on the confusing general
category of low-fat milk.
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Abstract: Milk provides a wide range of biologically active compounds that protect humans against
diseases and pathogens. The purpose of this work is to describe the main aspects and research
lines concerning bioactive peptides: from their chemistry, bioavailability, and biochemical properties
to their applications in the healthcare sector. In this context, the uses of bioactive peptides in
nutraceutical and functional foods have been highlighted, also taking into account the perspective of
innovative applications in the field of circular bioeconomy.
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1. Bioactive Components of Milk: Focus on BPs

Milk provides a wide range of biologically active compounds that protect humans against diseases
and pathogens such as immunoglobulins, antimicrobial proteins and peptides, oligosaccharides, lipids,
as well as many other components at low concentrations with significant potential health benefits [1]
(Figure 1). Among these compounds, proteins play a key role as nutrients and as promoters of the
physiological function and health role as source of Bioactive Peptides (BPs) [2].

Figure 1. Major bioactive functional compounds derived from milk (adapted fom [1]).

In cow’s milk, around 80% of the protein present is casein (CN) and 20% is whey protein.
CN consists of αs1-, αs2-, β- and k-CN families in the approximate ratio 38:11:38:13 [3]. Whey proteins
are typically a mixture of beta-lactoglobulin (~65%), alpha-lactalbumin (~25%), bovine serum albumin
(~8%), lactoferrin, and immunoglobulins. The value of proteins as an essential source of amino acids
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has been well documented, but in the 1980s, it was recognized that dietary proteins can exert many
other in vivo functions through BPs. The isolation of endogenous opioid peptides called enkephalins,
which occurred for the first time in 1975, led to the discovery of the opioid peptide activity derived
from partial enzymatic digestion of milk proteins [4]. Since then, the bioactive components derived
from food proteins, in particular from milk proteins, have been subjected to numerous studies focused
on their structural and biochemical properties.

2. Biochemical Properties

BPs peptides are encrypted and inactive in the parent protein sequence but can be released and
activated through the enzymatic proteolysis (gastrointestinal digestion, in vitro hydrolysis using
proteolytic enzymes) of proteins and during food processing (cooking, fermentation, ripening).
Once released, the BPs can act as regulatory compounds such as β-casomorphins and casein-derived
phosphopeptides and are released in vivo during the gastrointestinal transit of milk and dairy
products [5]. It is important to underline the strong connection between the structure and the biological
activities: the amino acid sequence, the hydrophobicity, the charge of BPs determine a specific activity.

For instance, in the case of β-casomorphins (BCMs), the presence of a tyrosine residue at the
amino terminal end (except δ-casein opioids) and the presence of aromatic amino acids in the third
and fourth positions of the peptide represents a structural feature of the opioid activity; in particular,
the phenolic hydroxyl group of tyrosine gives rice a negative potential, essential for the opioid activity.
On the other hand, the Pro residue maintains the proper orientation of the Tyrosine and Phenylalanine
side chains [6,7]. In regard to the importance of the amino acid sequence on the activity of BPs, human
BCMs (Tyr-Pro-Phe-Val-Glu-Pro-Ile) were found to be 3 to 30 times less potent than bovine BCMs
(Tyr-Pro-Phe-Pro-Gly-Pro-Ile) [7].

The production and properties of BPs have been reviewed in many articles [8–10]. After ingestion, BPs
can affect the cardiovascular, nervous, gastrointestinal, and immunological systems. BPs have been defined
as specific protein fragments having a positive influence on the physiological and metabolic functions
or conditions of the body. Therefore, they may have crucial beneficial effects on human health [11].

Furthermore, it is worth mentioning the recent review of Nielsen et al. [12], where a comprehensive
database of milk protein–derived BPs that can be used to search for specific functions—those of
peptides or proteins—was developed. A new visual arrangement was proposed: BPs were visually
mapped on the basis of parent protein sequences, providing information on sites with the highest
abundance of these compounds (http://mbpdb.nws.oregonstate.edu/).

Their main regulatory effects concern the following:

− the transport of minerals (caseinophosphopeptides), such as calcium, and intestinal transport of
amino acids, such as leucine, through the beta-casomorphin receptors;

− the transport of intestinal fluid (beta-casomorphine);
− the motility of the gastrointestinal tract (beta-casomorphine);
− the stimulation of the postprandial hormone secretion (insulin, somatostatin)

(beta-casomorphine);
− the regulation of insulin secretion based on glucose concentration;
− immunostimulant peptides (alpha and beta casein fragments);
− anti-hypertensive peptides enzyme inhibitors converting angiotensin I (ACE) (casokinine);
− antithrombotic peptides such as ADP-activated platelet aggregation inhibitors, as well as

fibrinogen binding (γ-chain) to ADP-treated platelets (casoplateline);
− opioid activities;
− antioxidative functions;
− hypocholesterolemic activities;
− antitumor activities.
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Recent studies have suggested that milk BPs may also contribute to reducing the risk of obesity
and development of metabolic disorders. The size of these peptides may vary from two to more than
20 amino acids residues, and each defined peptide bioactivity is strictly linked to its structural features.
In Table 1, some examples of the main BPs derived from casein and whey milk proteins are reported.

Some milk BPs show multifunctional properties [37]; for example, some regions in the primary
structure of caseins contain overlapping peptide sequences that exert different biological effects
(Table 1). These regions have been considered as ‘strategic zones’ which are partially protected from
the proteolytic breakdown [38,39]; e.g., peptides from the sequence 60–70 (β-casomorphin-11) and
60–66 (β-casomorphin-7) of β-casein show immunostimulatory, opioid, and ACE-inhibitory activities.
These sequences are protected from proteolysis because of their high hydrophobicity, which is due to
the presence of proline and other hydrophilic amino acids. Neutral and basic amino acids are, instead,
rapidly hydrolyzed. Moreover, it is interesting to highlight that some bioactive sequences include
proline in their domain.

3. Bioavailability

The amount of peptides released upon digestion, as well as the beneficial effects of human health,
are hardly predictable. It was estimated that the theoretical yield of opioid peptides encrypted in
milk proteins ranged between 2% (β-Casomorphin-5 from β-Casein, f60–64) and 6% (α-Lactorphin
from α-Lactalbumin, f50–53) starting from the precursor peptide [40]. BPs bioavailability is the
ability of peptides to exert physiological effects in vivo after oral ingestion. Thus, it is of crucial
importance that milk-derived BPs remain active during the gastrointestinal digestion and absorption
and reach the target site intact. This means that milk-derived BPs have to be resistant to hydrolysis
in the gastrointestinal tract in order to reach the peripheral organs [41]. The bioavailability of
peptides depends on a variety of structural and chemical properties, i.e., resistance to proteases,
charge, molecular weight, hydrogen bonding potential, hydrophobicity, and the presence of specific
residues [42–44]. Indeed, proline- and hydroxyproline-containing peptides are relatively resistant to
degradation by digestive enzymes [45–47]. The composition of the intestinal content, including food,
significantly varies. The time that a peptide is present in the GI tract, as well as its absorption, are
significantly affected by gastric emptying and intestinal transit. In addition, the peptide transport
could be inhibited or favored (related to pKa of the peptide) by the physiological pH.

For example, some milk-derived peptides have an in vitro inhibitory ACE activity compared to
the relative synthetic ACE inhibitor, but exhibit high in vivo activity. This behavior was attributed to
a greater affinity of BPs for tissues and their slower elimination [48], but other modes of action were
hypothesized [16]. In contrast, some ACE-inhibitory peptides exhibit high activity in vitro but have
no effects in vivo. For example, the peptide FFWAP derived from αs1-CN [49–51] is a potent ACE
inhibitor in vitro but has no hypotensive effect in vivo [15]. Generally, the difficulty of establishing
a direct relationship between in vitro and in vivo activity may depend on different reasons but it
is clear that bioavailability after oral administration plays a key role. Despite numerous “in vitro”
studies, further research is needed to clarify the relationship between the activity of BPs and their
bioavailability. In this regard, the recent review by Nongonierma and FitzGerald, [52] summarizes
the scientific evidence for the role of milk protein-derived BPs in humans and pointed out how
double-blind randomized clinical trials based on the use of universal guidelines for the evaluation of
BPs in humans are needed.

4. Nutraceutical Aspects

Numerous bioactive peptide fragments can be obtained through the hydrolysis of whole milk or
via the precursor protein by digestive enzymes. This strongly leads us to hypothesize the production
of such peptides in the GIT after the consumption of milk.

For these reasons, the potential that different BPs have to improve human health by reducing
the risk of chronic diseases or by activating the immune response is gaining more and more

52



Beverages 2017, 3, 41

interest within the scientific and commercial fields. In fact, since milk proteins are a rich source
of natural active compounds, they could be used as ingredients for different applications and
represent nutraceutical substances with potential health benefits that make them suitable for food and
pharmaceutical applications [53].

4.1. Methodology toward Innovative Aspects

Processing techniques in laboratory and on industrial scale are now being developed for the
extraction, fractionation and isolation of main proteins from milk [54–57], with particular attention
to modern non-thermal, clean and green methodologies [58]. It is worth stressing, as already
demonstrated by several studies, that each time a nutraceutical with potential health benefits is needed
for a functional food, a specific enzymatic hydrolysis of milk proteins should be planned [59,60].
It is important to mention the review by Hafeez et al. [61] on different strategies for increasing
the production of BPs from milk in order to obtain functionalized fermented products; the authors
reported three types of methodology approaches: (1) proteolytic system of lactic acid bacteria (LAB)
or food grade enzymes or a combined dual approach, (2) supplementation of the fermented milk
products with the BPs obtained outside of the product, and (3) microorganisms using recombinant
DNA technology [61]. Linares et al. [62] reviewed and discussed the use of health-supporting bacteria
as starters or adjunct cultures for the development of dairy foods with targeted functional properties,
including BPs.

4.2. Applications

The recent review by Mohanty et al. [63] gives a preliminary classification of bioactive
milk-derived peptides and their impact on human health. It describes their physiological functions,
general characteristics, and potentialities for improving health, as well as their nutraceutical and/or
pharmaceutical applications. Besides their biochemical and physiological efficacy and versatility,
milk-derived BPs are considered as ingredients of functional foods, as pointed out in a review by Park
and Nam [64]. Milk BPs in dairy and non-dairy food formulations have been exploited, as shown by
several authors [65–67]. The fractionation of bioactive milk ingredients represents a new, emerging
sector of the market, which offers new and innovative products [53,59,67]. FitzGerald, et al. [68]
exploited the hypotensive peptides from milk proteins and reported some examples of hypotensive
dairy protein-derived products on the market such as a sour milk named “Calpis” (Calpis Co., Tokyo,
Japan) or a fermented milk called “Evolus®” (Valio Oy, Helsinki, Finland) containing IPP and VPP
peptides (peptides with hypotensive effect) from β- and κ-casein. CalpisTM and Evolus® have been
tested extensively in rats and in a clinical trial [69].

In addition, Korhonen, and Pihlanto, [70] have reported other commercial dairy products and
ingredients having potential health benefits due to the presence of BPs, such as “BioZate” (Davisco
Food International, Eden Prairie, MN, USA). It is a hydrolyzed whey protein that claims to reducing
blood pressure. Another example is represented by “Vivinal Alpha,” an ingredient/hydrolysate
(Borculo Domo Ingredients—BDI-, Zwolle, The Netherlands) that favors relaxation and sleep.

Today, the recovery of BPs from milk and dairy industry byproducts has recently caught
the attention of researchers in industrial biorefineries [71–73]. In order to solve the problem
of the high environmental impact of byproducts deriving from cheese production industries,
several new techniques are now employed to convert milk and dairy waste and byproducts into
value-added products.

It is worth mentioning Patel et al. [74], who underline the emerging trends in nutraceutical
applications of whey protein and its derivatives. To cite an example, Athira et al. [75] produced
and characterized a whey protein hydrolysate with an antioxidant activity from cheese whey using
the response surface methodology. In recent research, Abd El-Salam and El-Shibiny [76] have
summarized today’s ongoing research into the preparation, properties, and uses of enzymatic milk
protein hydrolysates.
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5. Conclusions

The exploitation of the chemistry, bioavailability, and biochemical properties of BPs in cow’s milk
represent the basis for the development of nutraceutical and functional foods, in particular in the
perspective of innovative applications in the field of circular bioeconomy. Moreover, for the use of
these BPs as nutraceuticals, it is important to encourage clinical trials to test their effectiveness on
humans and support the research through projects funded by public and private institutions.
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Abstract: Donkey milk could be considered a good and safer alternative, compared to other types
of milk, for infants affected by cow’s milk protein allergy, when breastfeeding is not possible.
Interestingly, donkey milk has low allergenicity, mainly due to the low total casein amount, and the
content of some whey proteins that act as bioactive peptides. The amount of lysozyme, an antibacterial
agent, is 1.0 g/L, similar to human milk. Lactoferrin content is 0.08 g/L, with this protein being
involved in the regulation of iron homoeostasis, anti-microbial and anti-viral functions, and protection
against cancer development. Lactoperoxidase, another protein with antibacterial function, is present
in donkey milk, but in very low quantities (0.11 mg/L). β-lactoglobulin content in donkey milk is
3.75 g/L—this protein is able to bind and transport several hydrophobic molecules. Donkey milk’s
α-lactalbumin concentration is 1.8 g/L, very close to that of human milk. α-lactalbumin shows
antiviral, antitumor, and anti-stress properties. Therefore, donkey milk can be considered as a set of
nutraceuticals properties and a beverage suitable, not only for the growing infants, but for all ages,
especially for convalescents and for the elderly.

Keywords: donkey milk; bioactive peptide; whey proteins; nutritional properties

1. Introduction

1.1. An Overview on Milk Composition

Milk is a natural beverage which meets the nutritional needs of infants, since it is one of the
most complete and highly nutritious foods. Nutritionally, milk is defined as “the most nearly perfect
food” due to its chemical composition. The principal constituents are water, lipids, carbohydrates,
and proteins (caseins and whey proteins). Furthermore, other minor constituents are present in milk,
such as vitamins, minerals, hormones, enzymes, and miscellaneous compounds. As well, there are
numerous immune components like growth factors, cytokines, nucleotides, antimicrobial compounds,
and specific immune cells. Thanks to these features, milk provides important nutritive elements,
immunological protection, and biologically active substances. The principal milk constituents vary
widely among species: lipids, less than 1–55%; proteins, 1–20%; lactose, 0–10%. Concentrations
of the minor constituents are also variable. Within any species, milk composition changes among
individual animals, between breeds, according to the stage of lactation, feed and health of the animal,
the environment, and the climatic situation, among many other factors [1].

The composition of milk reflects mainly the nutritional and physiological requirements of the
newborn, and even the profile of constituents therein changes markedly during lactation. The main

Beverages 2017, 3, 34 58 www.mdpi.com/journal/beverages



Beverages 2017, 3, 34

changes are evident during the first days post-partum, especially regarding the immunoglobulin
fraction. The concentration of milk components remains relatively constant during mid-lactation and
changes noticeably in late lactation, due to the involution of the mammary gland tissue and the greater
influx of blood constituents [2].

Among the milk constituents, fats vary widely between different species both in their
concentration and chemical composition, from less than 1% in donkey milk, to more than 50% in
aquatic mammals [3]. Its composition depends on the energy requirements and on the nutritional,
genetic, and lactation characteristics of the species. Milk lipids are also important as a source of
essential fatty acids, such as linoleic and linolenic acid, and fat-soluble vitamins A, D, E, and K.

Considering this milk fraction, although 97–98% of lipids are triacylglycerols, small amounts of
di- and monoacylglycerols, free cholesterol and cholesterol esters, free fatty acids, and phospholipids
are also present. Phospholipids, which represent less than 1% of total lipid, are present mainly in the
milk fat globule membrane and other membranous material in the milk [4].

Regarding carbohydrate content in milk, lactose concentration varies from 0.7% to about 7.0%
among the different mammal species [4].

Lactose is synthesized in the epithelial mammary cells from two molecules of glucose: one
molecule of glucose is converted into UDP-galactose, which is condensed with a second molecule of
glucose by the complex of lactose synthetase. The latter is a dimer composed by the UDP-galactosyl
transferase and the whey protein α-lactalbumin (α-La), which is a regulatory subunit able to make
UDP-galactosyl transferase specific for glucose. Therefore, there is a positive correlation between the
concentrations of lactose and α-La in milk, (the milk of the Californian sea lion, which contains no
lactose, also lacks α-La). α-La probably has a regulatory role in the lactose synthesis, as well as in the
control of the osmotic pressure of milk [5].

Milk protein content ranges from 1% to 24% by milk weight depending on the mammalian species.
There are two major categories of milk proteins that are defined by their chemical composition and
physical properties: caseins and whey proteins. The caseins, which accounts for about the 80% of
milk proteins in ruminants, are responsible for the transport of calcium and phosphate, and for the
formation of a clot in the stomach for efficient digestion.

They are heat stable phosphoproteins synthesized in the mammary glands and found in the milk
of all mammals. Caseins are divided in α-caseins, which in turn comprise αs1-, αs2-, β-, and κ-caseins.
They differ in primary structure and type and degree of post-translational modifications. These proteins
are able to bind and transport relatively large amount of calcium, thanks to the presence of phosphates:
this makes caseins very important for the development of teeth and bones in newborns [6].

The casein proteins are nutritionally important also because of their high content in lysine, an
essential amino acid in humans: αs1- and αs2-casein have 14 and 24 lysine residues, respectively.

The whey proteins are those proteins which do not precipitate from solution when the pH of milk
is adjusted to 4.6. These proteins are referred to also as serum proteins or non-casein nitrogen, and are
a heterogeneous group of heat labile globular proteins constituted mainly by α-lactalbumin (α-La),
β-lactoglobulin (β-LG), serum albumin and immunoglobulins, and to a lesser extent by lactoferrin
and lysozyme. In the whey protein fraction, there are also enzymes, hormones, nutrient transporters,
growth factors, disease resistance factors, and others. However, contrary to caseins, they do not
contain phosphorus.

The ratio of casein/whey proteins is different among species—in human milk, the ratio is about
40/60, in mare’s milk it is around 50/50, while in cow, goat, sheep, and buffalo’s milk it is about 80/20.
These differences reflect the nutritional and physiological requirements of the newborn of these species [7].

The inorganic elements are defined as macroelements or microelements, depending on whether
they are present in the animal organism in smaller or greater quantities. The most important mineral
salts in milk are calcium, sodium, potassium, magnesium, phosphorus (inorganic), chlorides, and
citrates. Mineral elements are indispensable for the life of animals, as they participate in numerous
physiological functions.
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In milk, the inorganic elements are in solution or complexed into casein micelles.
In Tables 1 and 2 are reported respectively, the quantities of the main macroelements and

microelements in the milk of various species.

Table 1. Concentration of inorganic elements (mM) in the milk of different species (adapted from [8]).

Human Bovine Caprine Mare Swine Ovine

Calcium 7.8 29.4 23.1 16.5 104.1 56.8
Sodium 5.0 24.2 20.5 5.7 14.4 20.5

Potassium 16.5 34.7 46.6 11.9 31.4 31.7
Magnesium 1.1 5.1 5.0 1.6 9.6 9.0
Phosphorus 2.5 20.9 15.6 6.7 51.2 39.7

Chloride 6.2 30.2 34.2 6.6 28.7 17.0

Table 2. Concentration of some trace elements (μM) in mare, bovine, and human milk (adapted from [9]).

Bovine Mare Human

Zinc 3960 1835 2150
Iron 194 224 260

Copper 52 155 314
Manganese 21 14 7

Barium 188 76 149
Aluminium 98 123 125

Vitamins are important bioregulators and are classified as fat-soluble and water-soluble.
They are essential compounds for nutrition as they are involved in several functions: some are
hormone precursors (i.e., vitamin D), others act as antioxidants by sequestering free radicals (i.e.,
vitamins C and E), and others constitute the prosthetic group of enzymes (i.e., vitamin B complex).
Vitamin nutritional requirement varies from a few mg, to a few μg per day, depending on the considered
vitamin. In milk, vitamin content depends on the maternal vitamin status and, especially for the
water-soluble vitamins, from the maternal diet. In Table 3, the content of some fat-soluble and
water-soluble vitamins in the milk of various species is summarized.

Table 3. Vitamin content (mg/L) in the milk of different species (adapted from [10]).

Fat-Soluble Vitamins Bovine Caprine Mare Human Ovine

A and β-carotene 0.32–0.50 0.50 0.12 2.0 0.50
D3, Cholecalciferol 0.003 - 0.003 0.001 -
E, α-tocopherol 0.98–1.28 - 1.13 6.60 -
K 0.011 - 0.020 0.002 -
Water-soluble vitamins
B1, thiamine 0.37 0.49 0.30 0.15 0.48
B2, riboflavin 1.80 1.50 0.30 0.38 2.30
B3, niacin 0.90 3.20 1.40 1.70 4.50
B5, pantothenic acid 3.50 3.10 3.0 2.70 3.50
B6, pyridoxine 0.64 0.27 0.3 0.14 0.27
B7, biotin 0.035 0.039 - 0.006 0.09
B9, folic acid 0.18 n.d n.d 0.16 n.d
B12, cobalamin 0.004 0.70 0.003 0.5 0.007
C, ascorbic acid 21.0 9.0 17.2 43.0 4.25

1.2. Cow’s Milk Protein Allergy

It is well-known that the prevalence of adverse reactions to food is higher in children (6–8% in
the early years of life) than in adults (2.4%) [11]. Prospective studies, performed in various countries,
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showed that about 2.5% of children in the first year of life have allergic reactions to cow’s milk, which
is therefore considered the main cause of allergies in children [12].

Cow’s Milk Protein Allergy (CMPA) is clinically an abnormal immunological reaction to cow milk
proteins. It may be due to the interaction between one or more milk proteins and one or more immune
mechanisms, and resulting in IgE-mediated reactions. If the reactions do not involve the immune
system, they are defined as cow milk protein intolerance. IgE-mediated forms are often associated
with a higher risk of multiple food allergies and atopic conditions, such as asthma in later periods
of life. The causes of allergy to cow’s milk are manifold: first, the protein content of cow’s milk is
higher than that of human milk (3.6% versus 0.9%–1%); second, cow’s milk proteins are represented by
casein for the 80% and by the whey proteins for the 18% (in human milk, 40% caseins and 60% whey
proteins); third, β-lactoglobulin is absent in human milk, and for this reason, this protein is considered
as a potential allergen (allergen Bos d 5).

Cow’s milk caseins (αs1-, αs2-, β- and κ-casein) constitute the allergen Bos d 8, however, there is a
greater sensitiveness to the α-caseins (100%) and the κ-casein (91.7%). Among whey proteins, β-LG is
the most abundant whey protein in cow’s milk and it affects allergic patients in a percentage from 13%
to 76%. Also, bovine immunoglobulins (allergen Bos d 7), and in particular γ-globulin, are responsible
for CMPA clinical symptoms [13]. However, the allergic reaction to cow’s milk proteins occurs
when these proteins are poorly digested by the infant and hence their structure remains substantially
unchanged, since the polypeptide chain is not fractionated into amino acids because of insufficient
protease enzymatic attack, or a lack of a specific intestine enzyme. Therefore, the undigested protein
behaves as an antigen. This is not enough to determine allergic reactions, since the amount of absorbed
antigen is limited by anatomical barriers (mucus, epithelium) and/or eliminated by immunological
barriers, by a combination on the epithelial surface of antigen with secretory immune globulin (IgA).
However, if the anatomic barriers are weakened, because of inflammatory or IgA deficiency, the
penetration of large amounts of antigens occurs and the awareness and allergy in atopic subjects could
increase. CMPA occurs with gastrointestinal disorders for 50–60% of cases, skin diseases for 50–70%,
respiratory affections for 20–30% respirators, and anaphylaxis for 5–9% of cases [14].

Although milk allergy is considered transient, there are still some children who do not outgrow
their allergy by the age of 10, but also by their adulthood [15]. These latter patients have more severe
reactions and a different immunological pattern than those with transient allergy [16].

Once CMPA has been established, the therapy, as in all food allergies, should consist of the
absolute exclusion of milk or allergenic proteins of the cow’s milk (formulated milk and derivatives),
whereas in the case of breastfed children, on the complete elimination of milk protein from the mother’s
diet [17].

When breast milk is insufficient or unavailable, it is indispensable to choose an alternative milk
formula. In the case of infants affected by CMPA, the elimination of allergen administration usually
leads to the disappearance of the symptoms. However, some patients may also show the allergic
reaction if a substitute for cow’s milk is used, thus indicating multiple food allergies [18].

Multiple food allergies are difficult to treat—elimination from the diet of some nutrients, if not
properly balanced by the assumption of alternative nutrients, can lead to malnutrition and therefore
can stop growing [18].

2. Donkey Milk and Its Hypoallergenic Properties

Donkey milk was greatly appreciated for its benefits and versatility as a food for newborns since
ancient times, but only recently, scientific research has proven its importance in human nutrition.
This is especially for some categories of the population as the elderly and the infants affected by CMPA.

2.1. Historia Docet

In ancient Egypt, as evidenced by the images of bas-reliefs and painting from that time, donkeys
were very important for their use in agriculture and for daily works (Figure 1).
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Figure 1. A bas-relief and a panting from ancient Egypt showing the use of donkeys for daily works.

The ancient Greeks considered donkey milk an excellent drug. In the 5th century BC, Herodotus
estimated it as a nutritious beverage, whereas Hippocrates recommended it as a medicine capable of
resolving several afflictions. Ancient Romans consumed donkey milk as a delicious drink and Pliny
the Elder described its virtues regarding skin wellness: “It is believed that the donkey’s milk eliminates
skin wrinkles and makes the face softer and whiter. Some women are known to care for their face seven
times a day, paying close attention to this number.” For this purpose, it is well-known that Cleopatra
and Poppaea used to immerse themselves in donkey milk to preserve their youth. In particular,
Poppaea, the wife of Nero, used donkey milk every day for the bath and for this reason, she carried
back 500 donkeys every time she left for a trip. It is said that Messalina also loved these “baths of
beauty” for the anti-wrinkle action that she guaranteed on the skin [19]. In Asia, Africa, and Europe,
it is possible to find testimonies and documents describing the properties of donkey milk, decanted
for its therapeutic, cosmetic, and food virtues. In Russia and Mongolia, the consumption of milk and
donkey milk, thanks to the abundant presence of vitamins A, B, and particularly C, compensated for
the low consumption of fruit, vegetables, and legumes. Nomads also used to have several donkeys
and horses for their milk. Leo Tolstoy affirmed: “Mare’s milk give vigor to my body and wings to
my spirit”. During the Renaissance, there was the first scientific consideration of this product, when
Francis I of France, based on the suggestion of his doctors, successfully used donkey milk against
stress and physical fatigue. In the nineteenth century, again in France, Dr. Parrot of the “Hôpital des
Enfants Assistés”, breastfed orphaned babies directly to the nipple of the donkey (Figure 2); moreover,
in several European cities, it was possible to meet some merchants who sold donkey milk.

Figure 2. Collecting Ass’ milk. Hôpital St. Vincent de Paul. Paris XIX century.

In those years, therefore, there was consciousness raising about the validity of donkey milk as
a substitute for human milk, using it in nursing infants whenever the case requires it. This practice
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has been in use until the 1950s. In fact, during these years, it was normal to use donkey milk in cases
where there was a shortage of breast milk, or when intolerance towards cow’s milk was observed.

Thus, nowadays, it important to take into account the many testimonies in the past on the
beneficial effects of donkey milk, but it is also important to give the right scientific approach that attests
and supports its innumerable properties that are here summarized: strengthens the immune system,
acts as a prebiotic on the gut flora, calms laryngeal irritation and cough, fights anaemia, fights skin
problems such as psoriasis, acne, and eczema, acts on skin disorders caused by stress, and is highly
digestible by newborns [20]. For these reasons, interest in donkey milk has recently begun, pressing
medical research to expand its literature on this topic. On the other hand, the scientific community
inherits a knowledge from the historical tradition of its great value—in particular, the importance
of donkey milk as the most suitable for infant feeding as it is the closest to human milk, its high
nutritional qualities, and high digestibility.

2.2. Donkey Milk and Its Affinity with Human Milk

It is well-known that among mammals, every species produces a kind of milk that is specific to
their newborns, ensuring them the optimal nutrition. This is also true for humans. The best milk for
an infant is breast milk, which responds perfectly to the needs of healthy growth and harmonious
development. However, when it is not possible to breastfeed, and especially in the case of CMPA, it is
necessary to find a safe and valid alternative milk that meets the needs of the infant. The various kinds
of alternative milk are certainly valid and ensure good child growth, however, sometimes they are
characterized by an unpleasant taste and a high cost. Further, in the case of multiple food allergies,
may themselves cause unwanted allergic reactions. Donkey milk is considered a milk similar to human
milk, especially regarding its protein composition. Therefore, as well as breast milk, it is able to
respond to all the food needs of the newborn. Donkey milk is also an important food in the geriatric
field and in cases of calcium deficiency [21].

Some studies have shown that donkey milk, which has the organoleptic characteristics closer
to breast milk, may be the treatment of choice in children with food allergies in early life, who often
do not respond to other therapies. Unlike other breast milk substitutes, characterized by nutritional
deficiencies and induction of allergic reactions, this natural food proves to be able to nourish infants
at low risk of allergenicity and also allows for the development of a normal and complete immune
system [22]. With this in mind, we can consider donkey milk not simply as a food, but as a nutraceutical.
We consider it to be used not only in early childhood nutrition, but also as a supplement in the diet of
adults and the elderly.

In Table 4, the average percentage composition (g/100 g) of donkey milk (evidenced in bold) is
shown, compared to that of human, bovine, mare, ovine, and caprine milk [23,24]. The fat content in
donkey milk is very close to that of mare milk, but low when compared to that of other species,
including human milk. As a consequence, the average energy value found in donkey milk is
1939.4 kJ/kg, similar to that of mare’s milk, but lower with respect to the milk of other species [25].
This low energy value could be a problem for the infant’s energy intake if the diet of the latter is
based only on donkey milk. However, this problem could be overcome through a supplement of
medium-chain triglycerides or sunflower oil in the milk [26,27]. Regarding the lipid composition,
donkey milk contains a lower amount of saturated fatty acid (SFA) and higher level of essential fatty
acid (EFA) than that of bovine milk, and a high polyunsaturated fatty acids (PUFA) content (especially
α-linolenic acid and linoleic acid). Furthermore, this milk is characterized by a low ratio of n-6 to n-3
fatty acids [28,29].

The total donkey milk dry matter is 9.61%, ashes corresponding approximately to 0.43%.
The proportion of non-protein nitrogen is very close to that found in human milk. The biological
significance of the non-protein fraction is not well clarified. However, this fraction includes urea, uric
acid, creatinine, nucleic acids, amino acids, and nucleotides, which seem to be very important for
neonatal development [30].
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Table 4. Percentage composition (g/100 g) of donkey milk (evidenced in bold) and comparison with
other species.

Milk Water Dry Matter Fat Proteins Lactose Ashes Energy Value (kJ/kg)

Human 87.57 12.43 3.38 1.64 6.69 0.22 2855.6
Donkey 90.39 9.61 1.21 1.74 6.23 0.43 1939.4

Mare 90.48 9.52 0.85 2.06 6.26 0.35 1877.8
Bovine 87.62 12.38 3.46 3.43 4.71 0.78 2983.0
Caprine 86.77 13.23 4.62 3.41 4.47 0.73 3399.5
Ovine 80.48 19.52 7.54 6.17 4.89 0.92 5289.4

Adapted from [23,24].

Donkey milk contains a high level of lactose, which is involved in bone mineralization. Its lactose
concentration, in particular, is close to that of human milk [22]. It is also responsible for the sweet
taste of donkey milk, which is much more pleasing to the palate of the newborn with respect to the
other breast milk substitutes. Lactose stimulates the intestinal absorption of calcium in the infant
because in these subjects, the enzyme β-galactosidase (which hydrolyses lactose into galactose and
glucose) is highly expressed. Some studies in fact demonstrated that β-galactosidase-deficient subjects
absorbed less calcium than β-galactosidase-normal subjects because are the hydrolytic products of
β-galactosidase (glucose and galactose) that promote the calcium absorption [31,32]. Therefore, even
after weaning, if a balanced diet is followed, donkey milk favors bones mineralization.

Finally, the presence of lactose makes donkey milk a suitable substrate for the preparation of
fermented beverages [33].

Considering donkey milk protein content, the average of total caseins and whey proteins contents
were found similar to those of human milk, but lower when compared to bovine milk (Table 5).

The content of casein was found to be slightly higher in donkey milk than in human milk, but
significantly lower than that of sheep and bovine milk (Table 5). Moreover, the ratio casein/whey
proteins were higher in donkey milk than human milk, but were closer to that of breast milk substitution
products. In contrast, in ruminant milk, this ratio is four times higher than that of donkey milk and
seven times greater than that of humans [34].

From the evaluation of the sequence homologies of αs1-casein and β-casein from donkey,
human, and cow, the highest homology was found between the donkey and human species both for
α1-casein (42% donkey/human versus 31% cow/human) than for β-CN (57% donkey/human vs.
54% cow/human) [35]. This data, strictly dependent on the amino acid sequence of the comparative
proteins, together with the low quantitative level of these two fractions in the donkey milk, justifies
and demonstrates the best tolerability of the milk of this species.

In order to find out more information about the nutritional properties and the hypoallergenic
value of donkey milk, several studies have been conducted in recent years in order to examine the
protein component of this nutritionally important beverage.

3. Bioactive Proteins and Peptides in Donkey Milk

In Table 5 are listed in detail the different protein fractions (caseins and whey proteins) identified
in donkey milk, together with the respective amount (g/L). Donkey’s milk presents an amount of α-La
rather close to that determined in human milk a high amount of β-LG, which is completely absent in
human milk. This whey protein has been indicated, as mentioned, as the major allergen of cow’s milk,
together with caseins.

This data could affect the hypoallergenic potential of donkey milk, although the cases where this
milk has been used in the treatment of CMPA have proved its efficacy with very high percentages
of resolution of the allergic problem. The hypothesis formulated by several pediatricians is that
caseins are the main responsible of CMPA, while β-LG plays a much smaller role in the occurrence of
this pathology.
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Table 5. Main proteins content in donkey milk (evidenced in bold) and comparison with bovine,
caprine, and human milk.

a Bovine (g/L) b Donkey (g/L) c Caprine (g/L) a Human (g/L)

Total protein content 32.0 13–28 28–32 9–15
Total caseins 27.2 6.6 25.0 5.6
Total whey proteins 4.5 7.5 6.0 8.0
αs1-casein 10.0 n.d. 10.0 0.8
αs2-casein 3.7 n.d. 3.0 -
β-casein 10.0 n.d. 11.0 4.0
κ-casein 3.5 trace 4.0 1.0
α-lactalbumin 1.2 1.80 6.0 1.9–2.6
β-lactoglobulin 3.3 3.7 1.2 -
Lysozyme trace 1.0 trace 0.04–0.2
Lactoferrin 0.1 0.08 0.02–0.2 1.7–2.0
Immunoglobulins 1.0 n.d. 1.0 1.1
Albumin 0.4 n.d. 0.5 0.4

a [36]; b [37,38]; c [39].

Of note is the lysozyme content in the donkey milk, in a quantity significantly greater than that
one determined in human milk; this peptide has a bactericidal action, since it breaks the bacterial cell
wall. It is also believed that the high presence of this compound gives the donkey milk the peculiarity
of preserving its organoleptic and especially microbiological characteristics for a long time unchanged.

Donkey milk whey proteins content was also checked during the lactation period [37] (Table 6).
Lysozyme amount decreased linearly during lactation—this protein is a natural antimicrobial agent;
therefore, its amount tends to be higher after parturition with respect to the end of lactation. This is
in order to ensure to the newborn an adequate protection against bacterial agent, since in the first
days of life, the immune system of the child is not mature. α-La content doubles up to the nineteenth
day of lactation then stabilizes—this behavior reflects the important role of this protein in the lactose
synthesis. Finally, the content of β-LG remains stable during lactation.

Table 6. Content (g/L) of lysozyme, β-LG and α-La in donkey milk collected in different stages
of lactation.

Lactation Period β-LG α-La Lysozyme

60 n.d. 0.81 1.34
90 4.13 1.97 0.94

120 3.60 1.87 1.03
160 3.69 1.74 0.82
190 3.60 1.63 0.76

Adapted from [37].

In the following paragraphs will be discussed in more detail the protein/peptide components of
donkey milk, their potential nutraceutical function, and their impact on human health.

3.1. Casein Fraction

Donkey milk casein fraction is represented mainly by αs1- and β-caseins, which showed
a great variability due to the degree of phosphorylation and the presence of genetic variants.
The composition of donkey milk caseins has been the subject of several studies performed by
one-dimensional electrophoresis, two-dimensional electrophoresis, structural MS analysis, and
reversed phase-HPLC [38,40,41]. The presence of αs2-casein and k-casein was also found in donkey
milk even if at small amounts [40,41]. By two-dimensional electrophoresis were found more than
14 protein spots, which were in turn found corresponding mainly to αs1-casein and β-casein, as also
evidenced by reversed phase-HPLC [37,38]. Donkey milk β-caseins showed a pI ranging from 4.63 to
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4.95 and a Mr varying from 33.74 to 31.15 kDa. This heterogeneity is due to the presence of two genetic
variants of β-casein: a full length one characterized by the presence of 7, 6, 5 phosphate groups and pI
range of 4.74–4.91 and a spliced variant (-923 amino acids) carrying 7, 6, 5 phosphate groups and a
pI range of 4.72–4.61. By two-dimensional electrophoresis experiments were found five αs1-casein in
donkey milk: three of them showed similar molecular weight (about 31.15 kDa) but different pIs (range
5.15–5.36), the other two showed a lower molecular weight (27–28 kDa) and pI of 5.08 and 4.92 [38].
Also in the case of αs1-casein the heterogeneity is due to the presence of 5, 6 and 7 phosphate groups
and non-allelic spliced forms [41]. These latter authors found in donkey milk the presence of at least
four αs1-casein main components, six β-casein components, three αs2-casein components (containing
10, 11, and 12 phosphate groups), and eleven κ-caseins (evidenced after specific immunostaining).
In the case of κ-casein, this high heterogeneity is probably due to a different glycosylation pattern [41].

In Table 7 are summarized the casein component until found in donkey milk.

Table 7. Donkey milk casein components. The data reported in this table were obtained from: [38,40,41].

Casein Mr (kDa) pI

β-casein (full-length) 33.74 4.63
β-casein (full-length) 33.54 4.72
β-casein (full-length) 33.10 4.82
β-casein (full-length) 33.54 4.92
β-casein (spliced) 31.66 4.68
β-casein (spliced) 31.48 4.80
β-casein (spliced) 32.15 4.88
β-casein (spliced) 31.15 4.95

αs1-casein (full-length) 31.20 5.15
αs1-casein (full-length) 31.14 5.23
αs1-casein (full-length) 31.14 5.36
αs1-casein (spliced) 28.26 5.08
αs1-casein (spliced) 27.24 4.92

αs2-casein 26.83 n.d.
αs2-casein 26.91 n.d.
αs2-casein 26.99 n.d.

Eleven κ-caseins n.d. n.d.

3.2. Whey Protein Fraction and Its Impact on Human Health

Whey protein fraction has been well characterized in donkey milk by several authors.
Some proteins possess important nutraceutical properties and may be beneficial for human health.

Hereafter, the main milk whey proteins are described separately and in detail.

3.2.1. β-Lactoglobulin

β-lactoglobulin (β-LG) is the most represented whey protein in ruminants and is also present
in milk of some but not all species. It is not found in the milk of rodent, human, and lagomorph.
In donkey milk β-LG content is 3.75 g/L, a value very close to that found in bovine milk (3.3 g/L) and
mare milk. A proteomic study was performed by two-dimensional electrophoresis, evidenced in at
least three main isoforms of donkey milk β-LG which differ in relative molecular mass (Mr) and pI
value (Mr/pI: 21.9/4.46; 20.0/4.40; 20.58/4.12) [38] (Figure 3).

Other authors revealed that in donkey milk β-LG exists in two isoforms: β-lactoglobulin I
(β-LGI the major form, 80%), and β-lactoglobulin II (β-LGII, present in minor amount) [42,43].
Other studies found the presence of one genetic variant of β-LGI (β-LGIB), two genetic variants
of β-LGII (namely β-LGIIB and β-LGIIC), and a third minor β-LGII variant (β-LGIID) [44,45]. β-LG is
a small protein with 162 amino acid residues (Mr ~18.4 kDa)—its sequence and its three-dimensional
structure (it is a dimer) show that it is part of the family of lipocalins which includes a large and
diversified group of over 50 extracellular proteins that originate from a large variety of tissues in
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animals, plants, and bacteria. A typical lipocalin consists of a peptide chain of 160–180 amino acids,
folded into 8 antiparallel filaments that produce a β-sheet arranged in a conical structure called
β-barrel, in which is located the hydrophobic pocket, able to bind different hydrophobic molecules.
In fact, members of this family are characterized by some common molecular properties: the ability to
bind several small hydrophobic molecules, the ability to bind to specific cell surface receptors, and
the ability to form complexes with soluble macromolecules. For these reasons, lipocalins can act as
specific transporters, for example, for serum retinol-binding protein (RBP) [46]. The high affinity of
β-lactoglobulin for a wide range of compounds and its high amount in milk has suggested several
functions for this protein. In addition to transporting hydrophobic molecules, this protein seems to be
involved in enzyme regulation, and in the neonatal acquisition of passive immunity [46].

Figure 3. The three main isoforms of β-lactoglobulin, detected by two-dimensional electrophoresis.
Adapted from [38].

As regard to the hydrophobic ligands, they are mainly represented by long chain fatty acids,
retinol, and steroids. In milk, fatty acids, rather than retinol, represent endogenous ligands; the latter,
however, being more soluble in fat, is indirectly transferred from the mother to the newborn through
the β-LG. However, the effective role of this protein is not certain. This is due to two main reasons:
the first is given by the presence of other lipocalins that have a similar function, the second being a
simple reasoning based on the fact that if β-LG played an indispensable role, it would be expressed in
all mammalian species and not just in some. One hypothesis on the role of this protein may be that the
real β-LG function may be related to the physiology of the mother, rather than to that of the newborn.

An important issue has been the identification in cow and goat of a pseudo-gene (ancestral
genes that have lost their ability to be expressed), which appeared very similar to the equine β-LG-II
sequence [46]. An explanation of the presence of the pseudo-gene could be that the protein served for
its true function elsewhere then it may be expressed in the mammary gland of some species (but not
all) as source of nutrition.

Kontopidis and co-workers [46] examined the β-LG sequences of the various species together
with the other lipocalins, creating a genealogical tree from which they noted that RBPs are clearly
distinct from the lactoglobulins, with the exception of a single protein: the glycodelin. This is a protein
expressed in a large amount during human pregnancy (first three months) in the endometrium and
seems to be involved in immunosuppression and/or cellular differentiation.

Therefore, it could be possible to postulate that in many species this gene has undergone a
duplication event and now it is expressed during lactation for nutritional purposes. Likewise, in some
species, such as rodents, lagomorphs, and humans, the formation of a pseudogene has ceased, and
consequently ceased its presence in the milk of these species [46].

Recently it was shown by Liang and co-workers [47] that β-LG is able to interact with resveratrol,
a natural polyphenolic compound with antioxidant activity forming a 1:1 complex that enhances the
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photostability and hydrosolubility of resveratrol, improving its bioavailability. Furthermore, it has
been shown that β-LG is able to form complexes also with folic acid; therefore, it may be used as an
effective carrier of this important vitamin in food [48].

3.2.2. α-Lactalbumin

Donkey milk contains a considerable amount of α-La with a concentration of 1.80 g/L, very close
to the amount found in human and bovine milk [37]. Thanks to two-dimensional electrophoresis it
was possible to identify in donkey milk the presence of two isoforms of α-La that showed different
pI values: 4.76 and 5.26 [38]. The presence of two isoforms in donkey milk was already observed
by Cunsolo and co-workers [45], who found oxidized methionine (at position 90 of the amino acid
sequence) form for α-La, which presumably derive by in vivo oxidative stress.

α-La is a small protein (Mr 14.2 kDa), with a binding site with Ca2+ ion. It has been hypothesized
that α-La gene originated 300–400 million years ago from an ancestral lysozyme gene, by gene
duplication. This is the reason why α-lactalbumin shares 40% sequence identity with lysozyme (also
their three-dimensional structure looks very similar).

This protein consists of two domains: one large α-helical domain and another one smallest
constituted by β-sheet. These two domains are linked together by calcium binding loop. Further, they
are held together by a disulphide bridge between cysteine residue 73 and 91, which forms also the
calcium binding loop, and another disulphide bridge between 61 and 77 cysteine residues. Definitively,
the overall structure of α-La is stabilized by four disulphide bridges [49].

This protein is important for various reasons. First of all, α-La is part of the enzymatic
complex that regulates lactose synthesis in the breast gland and also facilitates the absorption of
lactose in the intestine. However, α-La has myriad of other functions, among all anti-inflammatory
and antinociceptive functions. Some authors showed that the proteolytic digest of α-La released
three peptides with bactericidal properties. In particular, two fragments were obtained from
the tryptic digestion and the third one was obtained by fragmentation of α-La by chymotrypsin.
These polypeptides were mainly active against Gram-positive bacteria, whereas they were less active
on Gram-negative bacteria. If α-La was digested by pepsin, the polypeptide fragments obtained did
not show any antibacterial activity. Since undigested α-La does not possess bactericidal activity, it
was suggested as a possible antimicrobial function of α-lactalbumin only after its partial digestion by
endopeptidases [50].

Other authors purified a α-La folding variant from human milk with bactericidal activity against
antibiotic-resistant strains of Streptococcus pneumoniae. In these experiments, the native α-La was
converted to the active bactericidal form by anion-exchange chromatography in the presence of a C18:1
fatty acid (oleic acid) [51]. However, this antibacterial activity was selective only for streptococci—in
fact, Gram-negative and other Gram-positive bacteria resulted resistant.

Finally, it was demonstrated that native α-La possesses several classes of fatty acid binding
site [52].

Some multimeric human α-La derivative induces an increase of Ca2+ level and acts as an
apoptosis-inducing agent [53,54]. In fact, it has been shown that multimeric α-La can bind to the cell
surface, enter in the cytoplasm and accumulate in the nuclei. Further, the direct interaction of α-La
with mitochondria lead to cytochrome c release, which, in turn, start the caspase cascade which is
involved in apoptosis [55].

In particular, it has been shown that in human milk the α-lactalbumin-oleic acid complex, called
HAMLET (Human α-lactalbumin Made Lethal to Tumor Cells), is capable of inducing selective
apoptosis towards cancer cells, but leaves fully differentiated cells unaffected. The in vivo effects of
HAMLET have been investigated in patients and in tumor cell lines, and the results indicated that
HAMLET limits the progression of human glioblastomas in a xenograft model and removes skin
papillomas in patients. In tumor cells, HAMLET enters the cytoplasm and then enters the nuclei
where it accumulates. Here, HAMLET binds to histones and disrupts chromatin organization [56].
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Furthermore, it has been shown that the acid pH in the stomach of the breast-fed child can promote
the formation of HAMLET, which contribute to the protective effect of breastfeeding against childhood
tumors [56].

HAMLET can be produced starting from a purified native α-lactalbumin which is initially partially
unfolded by ethylenediaminetetraacetic acid (EDTA), a chelating agent able to remove the calcium ion.
The protein adopts the apo-conformation that exposes a new fatty acid binding site, which has high
specificity for oleic acid.

Subsequently, the protein is subjected to an ion-exchange chromatography on a matrix conditioned
with oleic acid, which binds to α-La and stabilize the altered protein conformation. The complex eluted
from the column in presence of high salt solution is the HAMLET complex [56].

3.2.3. Lysozyme

In donkey milk, lysozyme has been purified and characterized by a reversed-phase HPLC,
followed by a 15% polyacrylamide gel electrophoresis under denaturing conditions (15% SDS-PAGE).
Two-dimensional electrophoresis revealed the presence of one spot corresponding to the lysozyme,
with a Mr of 14.5 kDa and a pI of 9.40 [37,38]. However, in the literature are reported the presence
of two isoforms of donkey milk lysozyme: lysozyme A (Mr 14.631 kDa) and lysozyme B (Mr
14.646 kDa), which differ for an oxidized methionine at position 79. This derives, most likely, from
a post-translational modification [44,45]. Donkey milk contains 1.0 g/L of lysozyme (higher with
respect to the lysozyme content of human milk), while in goat and bovine milk this protein is virtually
absent. Lysozyme belongs to the class of hydrolases, and specifically is a glycosidase. It has a structure
consisting of two domains: one domain is essentially composed of α-helices, and the other consists
of an anti-parallel β-sheet and two α-helices. The three-dimensional configuration of the molecule is
maintained by the presence of three disulphide bridges: two located in the alpha-helix domain, and
one in the β-sheet. In its inner part there are few polar residues.

Under the bioactive aspect, this enzyme exerts a bactericidal action, as it disrupts the cell wall of
the microorganisms; its hydrolytic reaction occurs only on the O-glycosyl compounds. This results in
the cleavage of the glycoside bond between the carbon 1 of the glucosamine and the carbon 4 of the
muramic acid, thereby causing the broken of bacterial cell wall.

Various experiments have shown that due to the high content of lysozyme in donkey milk, raw
milk of this species, different to raw cow milk, does not change its organoleptic and microbiological
characteristics over time. This suggests a long shelf life of donkey milk which could be stored longer
with respect to raw cow milk [57]. In another study on the antimicrobial properties of donkey milk,
Šarić and co-workers found a positive correlation between the high content of lysozyme and the
antibacterial activity against Listeria monocytogenes and Staphylococcus aureus [58].

Furthermore, thanks to its bactericidal action, lysozyme may help to prevent intestinal infections
in infants, thus facilitating a proper digestion and normal absorption of nutrients.

In addition, it has been shown that this enzyme has other physiological functions:
anti-inflammatory activity, immunoregulatory activity, and antitumor activity. In particular, studies
have shown that lysozyme inhibits angiogenesis and has antitumor activity. Recent in vitro studies
have noted an anti-proliferative and antitumor activity of donkey milk against the adenocarcinoma
human alveolar basal epithelial cells (A549) through the stimulation of IL-2, IFN-g, IL-6, TNF-a, and
IL-1b cytokines production, the modification of the cell cycle, and the induction of the apoptosis
process [59]. Furthermore, it has been shown that equine lysozyme, which, as discussed before, is
structurally homologous to α-lactalbumin, can form complexes with oleic acid called ELOA (equine
lysozyme and oleic acid). This, in analogy to the HAMLET complex, may show cytotoxic activity.
Recently, it has been shown that ELOA also displays bactericidal activity against pneumococci—in
particular these complex binds to Streptococcus pneumoniae, causing perturbations of the plasma
membrane, such as depolarization and rupture, and consequently calcium enters the cells. As discussed
before, the increase of intracellular calcium induces apoptosis. Furthermore, analogously to HAMLET,
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ELOA-induced apoptosis is accompanied by DNA fragmentation into high molecular weight
fragments [60]. Equine lysozyme also possesses the high-affinity calcium-binding site of α-lactalbumin,
whose amino acid sequence is highly conserved [56].

3.2.4. Lactoferrin

Lactoferrin, also called lactotransferrin, is an 80.0 kDa glycoprotein belonging to the transferrin
family, is an iron-chelating glycoprotein, and has a structure composed of two homologous domains,
each binding a ferric ion (Fe3+) and a carbonate anion. It is a protein that shows several functions,
including regulation of iron homoeostasis, cell growth and differentiation, defense against infectious
agents, anti-inflammatory and cancer protection, and ultimately a trophic activity on the intestinal
mucosa [61]. Lactoferrin is present mainly in milk, and also in small quantities in exocrine fluids such
as saliva, tears, bile, seminal fluid, and pancreatic juice. The plasma contains a low concentration of
lactoferrin, but during inflammatory reactions, the neutrophil granulocytes release this protein by
increasing the concentration of the plasma pool. Lactoferrin concentration is quite high in human milk
(1.0 mg/mL) compared with bovine milk (0.02–0.2 g/L), sheep (0.14 g/mL), and goat (0.02–0.40 g/L).
However, in all species, the highest lactoferrin concentration is found in the colostrum (in the human
colostrum is about 7.0 g/L) and may increase in the case of breast infection. In mare milk, lactoferrin
concentration is about 0.10 g/L, while in colostrum ranges from 1.5 to 5.0 g/L. In donkey milk was
found a lactoferrin concentration of 0.08 g/L, close to that of mare milk, cow, and goat, but lower than
the average concentration found in human milk [38]. Lactoferrin shows two different mechanisms of
antimicrobial activity. The first mechanism has a bacteriostatic effect, because, thanks to its high affinity
with iron, it can subtract this metal to iron-dependent bacteria, which are thus deprived of essential
nutritious growth. Thanks to its bacteriostatic properties, due to the ability to bind iron, lactoferrin
is capable of delaying growth to a wide variability of microorganisms, including a wide range of
gram-positive and gram-negative bacteria and some type of yeasts. However, the bacteriostatic
effect is often temporary because some gram-negative bacteria became able to adapt themselves to
the restrictive conditions of iron through the synthesis of low molecular weight chelating agents
(siderophores) that are able to remove iron from lactoferrin. The second antimicrobial activity is due to
a direct-action mechanism of lactoferrin that is capable of damaging the cell wall of gram-negative
bacteria, binding to lipopolysaccharide A, to the porins, and other surface molecules of the cell wall
of some microorganisms. Lactoferrin has an important anti-inflammatory role associated with the
microbial challenge. It has been shown through animal studies that the administration of lactoferrin
protects against gastritis acting against Helicobacter pylori [62]. This protective effect against infections
seems to be due to the fact that lactoferrin promotes the inhibition of several pro-inflammatory
cytokines such as tumor necrosis factor alpha (TNFa), interleukin-1β (IL-1β) and IL-6. Lactoferrin is
upregulated in several inflammatory disorders such as neurodegenerative disease, arthritis, allergic
skin, inflammatory bowel disease, and lung disorders [61]. Furthermore, lactoferrin, besides the many
biological roles already known, stimulates the proliferation and differentiation of osteoblasts as shown
by Cornish and co-workers [63].

From the digestion of lactoferrin derive some peptides with antimicrobial activity against
pathogens, namely LF1-11, lactoferrampin, and lactoferricin. All of these derive from the N-terminal
domain of lactoferrin and are conserved in lactoferrin of most species. The most important peptide is
lactoferricin which exerts its antibacterial activity against several bacteria, viruses, fungal pathogens,
and protozoa. Furthermore, this peptide displayed other activities, such as inhibition of tumor
metastasis in mice and induction of apoptosis in THP-1 human monocytic leukemic cells. [64].

Comparing the antimicrobial activities of lactoferricin from human, bovine, murine, and
caprine, it was shown that bovine lactoferricin was the most active. In fact, its minimal inhibitory
concentration (MIC) against some Escherichia coli strains was about 30μg/Ml, whereas in the
lactoferricin derived from human lactoferrin, IT was about 4 times higher. The higher antimicrobial
activity of bovine lactoferricin seems to be due to the presence of high amounts of net positive charges
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and hydrophobic residues [64]. Another group of peptides which derives from lactoferrin digestion
includes lactoferroxins. These are classified as opioid peptides, since they show effects similar to that
of opiates [65]. Opioid peptides can be also obtained from the digestion of caseins (casomorphines).

3.2.5. Lactoperoxidase

Lactoperoxidase (LPO) is an enzyme predominantly secreted by the mammal gland, but it can
be found also in other glandular secretions. This enzyme is part of the peroxidase family and is a
glycoprotein consisting of 608 amino acids with a molecular mass of 78.0 kDa. Its secondary structure
consists of α-helices and two short-anti-parallel β-sheets which form, together, a spheroidal structure
with a heme group in the center linked covalently. To the enzyme is also linked with a calcium ion,
important for the maintaining of the protein structural integrity [66]. The LPO system catalyzes the
oxidation of several substrates, by using hydrogen peroxide (H2O2) as shown in the following reaction:

Reduced substrate + H2O2 → Oxidized product + H2O

Reduced substrates include thiocyanate (SCN−) and iodide ions (I−), whereas hydrogen peroxide
can derive from the reaction of glucose with oxygen catalyzed by the enzyme glucose oxidase.
Once formed, the oxidized products have a potent bactericidal activity against bacteria, virus, parasite,
fungi, and mycoplasma [67]. LPO system has a bacteriostatic effect also on Listeria monocytogenes,
therefore, it should be used for controlling the development of this bacterium in the raw milk at
refrigeration temperatures. Furthermore, some authors co-administered lactoferrin and LPO to mice
infected with influenza virus in order to attenuate pneumonia [68]. Thanks to its bacteriostatic activity,
LPO is widely used in the preservation of food.

Donkey milk LPO enzymatic activity was 4.83 ± 0.35 mU/mL and its amount 0.11 ± 0.027 mg/L [38].
This value resulted 100 times lower with respect to the bovine milk LPO (0.03–0.1 g/L), but very similar to
that found in human milk (0.77 ± 0.38 mg/L) [67,69].

The three above-mentioned protective factors (lysozyme, LPO, and lactoferrin) may have additive
or synergic effects, as reported by some authors [70,71], and, as known, all of them contribute to the
protection of the newborn animal. It is interesting to notice that these antimicrobial factors are almost
the same in different species, but their amount and importance can vary widely. In fact, the content
of lysozyme in donkey and human milk is considerably higher than that of bovine milk, whereas
lactoperoxidase is present in small amounts in donkey and human milk, but is high in bovine milk
(Table 8).

Table 8. Amount of the three main antimicrobial factors in human, bovine, and donkey milk.

Milk Lysozyme (g/L) Lactoperoxidase (mg/L) Lactoferrin (g/L)

Human 0.12 0.77 0.3–4.2
Donkey 1.0 0.11 0.08
Bovine Trace 30–100 0.10

Adapted from [38].

Furthermore, it has been demonstrated that the immunoglobulins found in the milk exert
a synergistic effect on the activity of these non-specific antimicrobial factors, as demonstrated
by Tenuovo and co-workers [70] in the case of the LPO system, whose antimicrobial activity
against Streptococcus mutans increases considerably if the system is incubated with secretory
IgA. The antimicrobial activity enhancement seems to be due to a binding between LPO and
immunoglobulins (IgA). The result of this interaction is a stabilization of the enzymatic activity
of lactoperoxidase.
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3.2.6. β-Casein Fragments

Bioactive peptides derive from caseins and they possess multifunctional properties. In fact, they
initially act as physiological modulators of metabolism during intestinal digestion of food and when
absorbed, they can act on the various target organs of the organism. In particular, bioactive peptides
play several roles in the cardiovascular, digestive, nervous, and immune systems [72].

Cunsolo and co-workers [45] found the presence of β-casein fragments in the donkey milk whey
protein fraction, which can derive from the partial digestion of β-casein by endogenous proteases.
In particular, these authors found that the donkey’s β-casein fragment 199–226, with molecular mass
of 3043.0 Da, share 40% sequence homology with the human β-casein fragment 184–210, which shows
antimicrobial activity. Furthermore, the N-terminal sequence of the donkey β-casein fragment 199–226,
has homology with the bovine β-casein fragment 193–198, which has anti-hypertensive properties [73]
(Figure 4).

Figure 4. Alignment of fragments derived from the β-casein digestion with anti-hypertensive
properties: (A): donkey’s β-casein fragment 199–226; (B): human β-casein fragment 184–210; (C): bovine
β-casein fragment 193–198 [45]. Sequence alignment was performed by T-COFFEE, Version_11.00 [74].

However, the function and the impact on human health of the bioactive peptides derived from
donkey milk casein is not well elucidated yet. Therefore, for the time being, it is possible only to
speculate on the possible function of these peptides based on sequence similarities with the peptides
derived from bovine milk [45]. Some properties of bioactive peptides derived from bovine milk casein
are reported below.

Some authors showed that some peptides derived from αs1-casein and from β-caseins
known as casokinins (particularly fragments 177–183 and 193–202) inhibit the in vitro activity of
angiotensin-converting-enzyme (ACE) [75], thus acting as anti-hypertensive agents. A similar result
was obtained by other authors, which showed that some peptides derived from milk whey and casein
proteins possess ACE-inhibitory activity, in particular the peptides identified were from αs1-casein
(fragments 142–147, 157–164 and 194–199) and β-caseins (fragments 108–113, 177–183 and 193–198) [76].

The in vitro enzymatic hydrolysis of β-casein produces several peptides with opioid-like activity
and characterized by a common N-terminal sequence Tyr-Gly-Gly-Phe. The presence of a Tyr residue
at the N-terminus is important for the opioid activity. The most important opioid peptides are
the β-casomorphins, which are fragments of β-caseins between the 60th and 70th residues [72].
The presence of these bioactive peptide has effect on central nervous system (analgesic and sedative
action), and on the endocrine system.

Furthermore, the bioactive peptides derived from caseins also show also immunomodulatory
activity (stimulation of the immune system) and antimicrobial activity (inhibition of pathogens).
It has been proven that the digestion of human and bovine milk caseins releases peptides
with immunostimulating activity. Parker and co-workers [77] demonstrated in particular
the immunomodulatory activity of the fragment 54–50 of human β-casein (hexapeptide
Val-Glu-Pro-Ile-Pro-Tyr).
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4. Conclusions

Donkey milk could be considered a valid replacement for human milk for clinical tolerability,
palatability, and nutritional adequacy for children affected by CMPA. It could also furnish additional
physiological functions, such as providing antibacterial substances, digestive activity molecules,
growth factors, and hormones. In children’s nutrition, the use of natural milk, rather than a formula
during the cow’s milk free diet period, should be encouraged. In this context, it is very important that
the nutraceutical role is discovered for donkey milk, because of its content of functional proteins and
peptides that have immunological-like properties and are able to stimulate the functional recovery
and development of the neonatal intestine. In particular, in the whey protein fraction, it is worth
mentioning the presence of a good amount of α-lactalbumin which, besides being implicated in
lactose synthesis, also induces apoptosis in cancer cells when complexed with oleic acid (HAMLET)
as demonstrated by in vivo and in vitro experiments. A high amount of lysozyme which shows a
bactericidal action against several pathogens and, similarly to α-lactalbumin, can form complex with
oleic acid with bactericidal action called ELOA. Donkey milk contains a discrete amount of lactoferrin
which display several positive effects on human health such as iron homeostasis, antimicrobial activity,
cellular growth differentiation, anti-inflammatory activity, protection against cancer development, and
metastasis. Furthermore, once digested in the stomach, lactoferrin is fragmented into small peptides
with a more potent action against several bacteria, viruses, fungal pathogens and protozoa, with
respect to the full-length lactoferrin from which they derive. Finally, in donkey milk whey protein
fraction, the presence of small peptides derived from β -casein, whose sequence was found to be
similar to that of peptides derived from bovine β-caseins, was demonstrated. The function of these
peptides derived from donkey milk β-casein is not well elucidated yet, but it can be supposed that
they may have roles on cardiovascular, digestive, nervous, and immune systems as described for the
bovine counterpart.

The structural similarities between human and donkey milk proteins could contribute to explain
the results of clinical studies performed by using this milk [22,26,78] indicating that donkey milk may
be a valid substitute of cow milk for feeding allergic children. Furthermore, the nutraceutical and
functional properties determined in donkey milk could be considered valid reasons for the production
of starting formulas based on donkey milk.

However, in the use of donkey milk for infant nutrition, it should also be taken into account the
low lipid content, and consequently its low energetic value, which could limit the use of this kind of
milk for feeding children affected by CMPA [79]. For this purpose, more clinical studies designed to
evaluate the nutritional efficiency of donkey milk in the first years of life should be encouraged, since
until now the case studies reported in literature are still too few.
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Antibacterial activity of domestic Balkan donkey milk toward Listeria monocytogenes and Staphylococcus
aureus. Food Feed Res. 2014, 41, 47–54. [CrossRef]

59. Mao, X.; Gu, J.; Sun, Y.; Xu, S.; Zhang, X.; Yang, H.; Ren, F. Anti-proliferative and anti-tumour effect of active
components in donkey milk on A549 human lung cancer cells. Int. Dairy J. 2009, 19, 703–708. [CrossRef]

60. Clementi, E.A.; Wilhelm, K.R.; Schleicher, J.; Morozova-Roche, L.A.; Hakansson, A.P. A complex of equine
lysozyme and oleic acid with bactericidal activity against Streptococcus pneumoniae. PLoS ONE 2013, 8, e80649.
[CrossRef] [PubMed]

61. Ward, P.P.; Paz, E.; Conneely, O.M. Multifunctional roles of lactoferrin: A critical overview. Cell. Mol. Life Sci.
2005, 62, 2540–2548. [CrossRef] [PubMed]

62. Dial, E.J.; Lichtenberger, L.M. Effect of lactoferrin on Helicobacter felis induced gastritis. Biochem. Cell Biol.
2002, 80, 113–117. [CrossRef] [PubMed]

63. Cornish, J.; Palmano, K.; Callon, K.E.; Watson, M.; Lin, J.M.; Valenti, P.; Naot, D.; Grey, A.B.; Reid, I.R.
Lactoferrin and bone; structure-activity relationships. Biochem. Cell. Biol. 2006, 84, 297–302. [CrossRef]
[PubMed]

64. Sinha, M.; Kaushik, S.; Kaur, P.; Sharma, S.; Singh, T.P. Antimicrobial Lactoferrin Peptides: The Hidden
Players in the Protective Function of a Multifunctional Protein. Int. J. Pept. 2013, 2013, 390230. [CrossRef]
[PubMed]

65. Jenssen, H. Antimicrobial activity of lactoferrin and lactoferrin derived peptides. In Dietary Protein Research
Trends; Ling, J.R., Ed.; Nova Science Publisher Inc.: New York, NY, USA, 2007; pp. 1–62.

66. Tenovuo, J.O. The peroxidase system in human secretions. In The Lactoperoxidase System: Chemistry
and Biological Significance; Pruitt, K.M., Tenovuo, J.O., Eds.; Marcel Dekker: New York, NY, USA, 1985;
pp. 101–122.

67. Tanaka, T. Antimicrobial activity of lactoferrin and lactoperoxidase in milk. In Dietary Protein Research Trends;
Ling, J.R., Ed.; Nova Science Publisher Inc.: New York, NY, USA, 2007; pp. 101–115.

68. Shin, K.; Wakabayashi, H.; Yamauchi, K.; Teraguchi, S.; Tamura, Y.; Kurokawa, M.; Shiraki, K. Effects of orally
administered bovine lactoferrin and lactoperoxidase on influenza virus infection in mice. J. Med. Microbiol.
2005, 54, 717–723. [CrossRef] [PubMed]

69. Shin, K.; Hayasawa, H.; Lönnerdal, B. Purification and quantification of lactoperoxidase in human milk with
use of immunoadsorbent with antibodies against recombinant human lactoperoxidase. Am. J. Clin. Nutr.
2001, 73, 984–989. [PubMed]

70. Tenovuo, J.; Moldoveanu, Z.; Mestecky, J.; Pruitt, K.M.; Rahemtulla, B.M. Interaction of specific and
innate factors of immunity: IgA enhances the antimicrobial effect of the lactoperoxidase system against
Streptococcus mutans. J. Immunol. 1982, 128, 726–731. [PubMed]

71. Arnold, R.; Russell, J.E.; Devine, S.M.; Adamson, M.; Pruitt, K.M. Antimicrobial activity of the secretory
innate defence factors lactoferrin, lactoperoxidase and lysozyme. In Cardiology Today; Guggenheim, B., Ed.;
S. Karger: Basel, Switzerland, 1984; pp. 75–88.

72. Silva, S.V.; Malcata, F.X. Caseins as a source of bioactive peptides. Int. Dairy J. 2005, 15, 1–15. [CrossRef]
73. Minervini, F.; Algaron, F.; Rizzello, C.G.; Fox, P.F.; Monnet, V.; Gobbetti, M. Angiotensin I-converting-enzyme-

inhibitory and antibacterial peptides from Lactobacillus helveticus PR4 proteinase-hydrolyzed caseins of milk
from six species. Appl. Environ. Microbiol. 2003, 69, 5297–5305. [CrossRef] [PubMed]

76



Beverages 2017, 3, 34

74. Notredame, C.; Higgins, D.G.; Heringa, J. T-Coffee: A novel method for fast and accurate multiple sequence
alignment. J. Mol. Biol. 2000, 302, 205–217. [CrossRef] [PubMed]

75. Maruyama, S.; Suzuki, H. A peptide inhibitor of angiotensin I-converting enzyme in the tryptic hydrolysate
of casein. Agric. Biol. Chem. 1982, 46, 1393–1394. [CrossRef]

76. Pihlanto-Leppala, A.; Rokka, T.; Korhonen, H. Angiotensin I converting enzyme inhibitory peptides from
bovine milk proteins. Int. Dairy J. 1998, 8, 325–331. [CrossRef]

77. Parker, F.; Migliore-Samour, D.; Floch, F.; Zerial, A.; Werner, G.H.; Jollès, J.; Casaretto, M.; Zahn, H.; Jollès, P.
Immunostimulating hexapeptide from human casein: Amino acid sequence, synthesis and biological
properties. Eur. J. Biochem. 1984, 145, 677–682. [CrossRef] [PubMed]

78. Tesse, R.; Paglialunga, C.; Braccio, S.; Armenio, L. Adequacy and tolerance to ass’s milk in an Italian cohort
of children with cow’s milk allergy. Ital. J. Pediatr. 2009, 35, 19. [CrossRef] [PubMed]

79. Giovannini, M.; D’Auria, E.; Caffarelli, C.; Verduci, E.; Barberi, S.; Indinnimeo, L.; Iacono, I.D.; Martelli, A.;
Riva, E.; Bernardini, R. Nutritional management and follow up of infants and children with food allergy:
Italian Society of Pediatric Nutrition/Italian Society of Pediatric Allergy and Immunology Task Force
Position Statement. Ital. J. Pediatr. 2014, 40, 1. [CrossRef] [PubMed]

© 2017 by the authors. Licensee MDPI, Basel, Switzerland. This article is an open access
article distributed under the terms and conditions of the Creative Commons Attribution
(CC BY) license (http://creativecommons.org/licenses/by/4.0/).

77



beverages

Review

Raw and Heat-Treated Milk: From Public Health
Risks to Nutritional Quality

Francesca Melini 1,2,*,† , Valentina Melini 2,† , Francesca Luziatelli 1 and Maurizio Ruzzi 1

1 Department for Innovation in Biological, Agro-food and Forest systems (DIBAF), University of Tuscia,
Via San Camillo de Lellis snc, I-01100 Viterbo, Italy; f.luziatelli@unitus.it (F.L.); ruzzi@unitus.it (M.R.)

2 CREA Research Centre for Food and Nutrition, Via Ardeatina 546, I-00178 Roma, Italy;
valentina.melini@crea.gov.it

* Correspondence: francesca.melini@gmail.com; Tel.: +39-347-48-14-311
† These authors contributed equally to this work.

Academic Editor: Alessandra Durazzo
Received: 4 September 2017; Accepted: 28 October 2017; Published: 7 November 2017

Abstract: Consumers have recently shown a preference for natural food products and ingredients and
within that framework, their interest in consuming raw drinking milk has been highlighted, claiming
nutritional, organoleptic and health benefits. However, a public debate has simultaneously emerged
about the actual risks and benefits of direct human consumption of raw milk. This paper compares
the microbiological, nutritional and sensory profile of raw and heat-treated milk, to evaluate the
real risks and benefits of its consumption. In detail, it provides an updated overview of the main
microbiological risks of raw milk consumption, especially related to the presence of pathogens and
the main outputs of risk assessment models are reported. After introducing the key aspects of most
commonly used milk heat-treatments, the paper also discusses the effects such technologies have on
the microbiological, nutritional and sensory profile of milk. An insight into the scientific evidence
behind the claimed protective effects of raw milk consumption in lactose-intolerant subjects and
against the onset of asthma and allergy disorders in children is provided. The emergence of novel
milk processing technologies, such as ohmic heating, microwave heating, high pressure processing,
pulsed electric fields, ultrasound and microfiltration is also presented as an alternative to common
thermal treatments.

Keywords: raw drinking milk; heat-treated milk; microbiological hazards; risk assessment; lactose
intolerance; allergies; milk nutritional quality

1. Introduction

In recent decades, a strong desire for things that are natural has appeared and consumers have
shown a preference for natural food products and ingredients. Food naturalness is an abstract construct,
hard to define and measure but consumers have interpreted it as synonymous with going shopping
at farmers’ markets, purchasing organic food, consuming seasonal and minimally processed food
products [1]. The demand for fresh-like, nutritious products with high organoleptic quality and an
extended shelf-life has hence increased more and more.

A few surveys on the importance of food naturalness for consumers—namely the Kampffmeyer
Food Innovation Study in 2012 [2] and the Nielsen Global Health and Wellness Survey in 2015 [3]—have
recently been undertaken to understand why freshness, naturalness and minimal processing are the
most desirable attributes for a food and what is the drive for that trend. It emerged that natural foods
are considered healthier than commercial or processed foods [1].

In this context, the consumption of raw milk and products made from it has appeared. A prevalent
belief that milk possesses particularly healthy properties and attributes when it is consumed in its raw
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form has arisen and, as a result of some perceived health benefits, it has become especially consumed by
individuals that may have lowered immunity, such as very young, very old or immune-compromised
people, as well as persons with specific dietary habits [4].

Over recent decades, a public debate has, nevertheless, emerged about the actual risks and benefits
that direct human consumption of raw milk, as a drinking milk, may have. From a science perspective,
food naturalness does not straightforwardly imply food healthiness, tastiness and safety. In fact,
27 milk-borne disease outbreaks occurred from 2007 to 2012 in the EU and an association with the
consumption of raw drinking milk was claimed [4].

Recently, the European Food Safety Authority (EFSA) has been called upon to provide scientific
opinion on the public health risks related to the consumption of raw drinking milk [4]. The hazards
related to raw drinking milk are also well evidenced on the websites of authoritative institutions like
the Food and Drug Administration (FDA) [5] and the Centers for Disease Control and Prevention [6].

The aim of this work is to compare the microbiological, nutritional and sensory profile of cow’s raw
and heat-treated milk in order to evaluate the risks and benefits of its consumption and to provide
a basis for driving further research on technologies enabling the production of high quality milk.
In detail, an updated overview of the main microbiological risks of raw milk consumption is presented,
with emphasis on models for quantitative microbial risk assessment. The most common heat-treatments
and their effects on the microbiological, nutritional and sensory profile of milk are reported. The effect
of cow’s raw milk consumption against lactose intolerance and allergy disease risk is discussed.
An overview of novel technologies for milk processing, as an alternative to common heating treatments,
is finally presented.

2. Method

2.1. Literature Search

The study layout was first designed and an extensive literature search for papers on planned
topics was conducted May to August 2017 by two authors (FM and VM). A limited updated literature
search was performed also in October 2017.

Major literature databases were used (i.e., SCOPUS, PubMed, ScienceDirect) in order to identify the
literature relevant to the topic. The websites of authoritative Institutions were also consulted: the European
Food Safety Authority (https://www.efsa.europa.eu), the U.S. Food and Drug Administration
(https://www.fda.gov/), the Center for Disease Control and Prevention (https://www.cdc.gov/), Codex
Alimentarius (http://codexalimentarius.org) and the Rapid Alert System for Food and Feed—RASFF
(https://ec.europa.eu/food/safety/rasff_en). The legal framework for raw milk sale was searched on the
Official Journal of the European Union (EUR-Lex, http://eur-lex.europa.eu/homepage.html).

During the search of the major literature databases, time limits were first set—the year of
publication was to be later than 2007 in order to collect the most up-to-date published works.
Several combinations of terms were used, depending on the following raw milk-related aspects/topics:
consumer behavior/perception; raw milk microbial ecology; raw milk pathogenic microorganisms;
risk assessment on raw milk consumption; heat treatment technologies; influence of heat treatments
on milk microbiological, nutritional and organoleptic profile; raw milk and lactose intolerance; farm
milk and asthma/allergy; and novel milk processing technologies.

2.2. Including and Excluding Criteria

Exclusion was applied to duplicate papers, articles not accessible for authors, or research studies
dealing with raw milk other than cow’s and with raw milk by-products. Reference lists of articles
were also scanned to further identify relevant papers that were not found in electronic databases.
The screening of the titles and abstracts was performed by two authors (FM and VM). A screening of
the full text resulted in a further exclusion of papers. The key information from the selected papers
was reviewed, extracted and grouped in order to meet the scientific requirements of each topic section.
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3. Results and Discussion

3.1. Raw Drinking Milk Definition and Legal Framework

According to EU legislation, “raw milk” is milk produced by the secretion of the mammary
gland of farmed animals, which has not been heated to more than 40 ◦C or has not undergone any
treatment with an equivalent effect [7]. Raw milk intended for human consumption must be free of
pathogens in accordance with the food safety requirements of the General Food Law, i.e., Regulation
(EC) No. 178/2002 [8].

Moreover, specific microbial criteria are also laid down by Reg. (EC) 853/2004: for raw cows’ milk,
≤100,000 CFU/mL for plate count at 30 ◦C and ≤400,000 CFU/mL for somatic cells are established,
whereas for raw milk from species other than cows, a plate count at 30 ◦C of ≤1,500,000 CFU/mL is
allowed. Health requirements for production animals and hygienic requirements on milk production
holdings (e.g., premises and equipment, hygiene conditions during milking, milk collection and transport,
staff hygiene) are also regulated, in order to guarantee all the above microbiological characteristics.

Handling and sale of raw milk are also regulated by EU legislation and accurate provisions
are given by Regulations (EC) No. 853/2004 and 854/2004 [7,9] within the EU Hygiene package.
Only authorized producers registered for supplying raw milk through vending machines are allowed
to place raw milk dispensers near the farm or at any other location. Milk has to be cooled to 6 ◦C at the
farm immediately after milking and transferred into dedicated vending machines. Temperature must
be held at 0–4 ◦C between the tank and the nozzle of the vending machine. It is not allowed to stock any
milk batch in the vending machine more than 24 h, as certain pathogens are capable of multiplying at
low temperatures and prolonged storage may boost their growth. Any residual milk must be removed
carefully and the machine must be cleaned prior to refilling. Internal and external cleaning procedures
for milk vending machines should be part of good hygienic practices (GHPs).

A key issue often associated with the quality of milk dispensed by vending machines is
the formation of bacterial biofilms, which may lead to an increased opportunity for microbial
contamination [10–12]. Listeria monocytogenes has, for instance, the potential to form biofilms on
materials such as stainless steel, rubber, or plastic, which are frequently used in milk handling
equipment or tanks [10]. Psychrotrophic strains of Pseudomonas spp., Escherichia coli, as well as
Bacillus spores are also involved in formation of biofilms on milk handling equipment. The safety
issue is that biofilms may survive the cleaning process. To that aim, special cleaning treatments,
e.g., pre-rinsing with water, circulation of sanitizing and/or alkali/acidic solutions and final cleaning
with water, are required [13].

Finally, consumers have to take some precautions because raw milk transportation from selling
points to home, handling and storage practices can also be a critical point and potentially have an
impact on the microbiological quality of raw drinking milk. Insulated bags have to be used to transport
raw milk, the duration of transportation to consumption spots must be very short, raw milk is to be
boiled before consumption and stored between 0 ◦C and 4 ◦C, as indicated on vending machines.

3.2. Microbial Ecology in Raw Milk

Milk is estimated to be sterile in healthy udder cells and not to contain bacteria in the mammary
gland at the site of its production, unless there is an intra-mammary infection and/or the animal has a
systemic disease. The indigenous flora is mainly represented by the genera Streptococcus, Staphylococcus
and Micrococcus (>50% of the overall raw milk flora) [14].

However, as soon as milk is excreted it is immediately colonized by a complex microbiota,
which is comprised of a significant population of microorganisms that naturally dwell in the teat
skin and the epithelial lining of the teat canal. Specifically, the bovine teat surface is colonized by
bacteria belonging to the phylum Firmicutes (76%), Actinobacteria (4.9%), Proteobacteria (17.8%) and
Bacteroides (1.3%) but also Planctomycetes, Verrucomicrobia, Cyanobacteria and Chloroflexi at a lower
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level [15]. Milking equipment [16], location of the animals [17,18], feeding site [19,20], bedding
material [21] and lactation stage [22] have an influence on the raw milk microbiota as well.

The biodiversity of raw milk microbiota is represented by a great variety of species belonging
to the domains of bacteria and fungi, and is influenced by the profile of initial microflora but also by
the raw milk biochemical composition, the near neutral pH (6.4–6.8) and the high water-activity (aw),
which may contribute to favoring their growth.

Raw milk microbiota can be mainly classified into two main groups: spoilage microorganisms
(Table 1) and pathogens (Table 2), which are both undesirable in raw milk. Spoilage microorganisms can,
in fact, grow rapidly in milk and alter traits like nutritional and sensory quality. Pathogens present in
raw milk are a threat for milk safety and key causative agents of human infections; hence, their presence
is very unwanted.

3.2.1. Spoilage Microorganisms

The category of spoilage microorganisms comprises different groups, the main being lactic acid
bacteria (LAB), psychrotrophic bacterial populations both Gram-negative (−) and Gram-positive
(+), which can grow during milk storage at ≤6 ◦C, coliforms and fungal populations (both yeasts
and molds) [14,16].

Lactic Acid Bacteria

Lactic Acid Bacteria are an integral part of raw milk microbiota [16]. Their biodiversity in milk
depends on the kind of milk and other external parameters during milking [14]. In raw ewes’ milk, LAB
flora is dominated by enterococci (~40%), lactococci (14–20%), leuconostocs (8–18%) and lactobacilli
(10–30%); in raw goat’s milk it is dominated by lactobacilli [14]. However, lactococci and lactobacilli
are usually the most frequently identified LAB, thereof Lactococcus lactis, Lactobacillus brevis and
Lactobacillus fermentum are the most frequently found species [23]. Lactobacillus spp. also have
proteolytic activity and can produce aroma compounds and exopolysaccharides.

LAB role as spoilage microorganisms results from their being acid-producing fermentative agents
when storage temperatures are sufficiently high for them to outgrow psychrotrophs or Gram-negative
aerobic organisms are inhibited [24].

Psychrotrophic Microorganisms

Milk freshly drawn from the udder often does not contain detectable populations of
psychrotrophic bacteria [25]. However, after milk collection psychrotrophic bacteria grow also when the
cold chain is applied. Despite these microorganisms have optimal and maximal growth temperatures
above 15 and 20 ◦C, respectively [25], they have, in fact, the ability to grow at low temperatures,
such as 2–7 ◦C. This means that over time psychrotrophic populations can develop in cold stored raw
milk and their presence in the raw milk microbiota can become a matter of concern. The drawback of
psychrotroph presence in milk is their ability to produce extracellular enzymes, mainly proteases and
lipases, which are responsible for spoiling milk but also dairy products, as the extracellular enzymes
can resist pasteurization and even ultra-high temperature processing [26].

The prompt application of a cooling treatment after milking and of cold temperatures for storage,
which are a routine practice to control the microbiological quality and safety of raw milk, are thus not
effective to have a fall-off in the growth rate of psychrotrophic bacteria.

The number of psychrotrophic bacteria, which develop after milk collection, depends on the
storage temperature, time and hygienic conditions. For instance, under unsanitary conditions more
than 75% of the total microflora is represented by psychrotrophs, whereas in case of sanitary conditions
the number of psychrotrophic microorganisms is lower than 10% [26].

Psychrotrophic bacteria from numerous genera have been isolated from raw milk. They are
represented primarily by the Gram-negative genera Pseudomonas, Aeromonas, Serratia, Acinetobacter,
Alcaligenes, Achromobacter, Enterobacter, Chryseobacterium and Flavobacterium (Table 1) [16,25–27].
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Pseudomonas spp. and Enterobacter spp. are the most abundant in cold stored raw milk. It is estimated
that Gram-negative microflora accounts for more than 90% of the total psychrotrophic raw milk
microflora [14].

The Gram-positive genera Bacillus, Clostridium, Corynebacterium, Microbacterium, Micrococcus,
Streptococcus, Staphylococcus and Lactobacillus are also commonly found in raw milk but they only
account for a small proportion of the psychrotrophic microflora [27]. Bacillus spp. are also
the main predominant spore-forming bacteria, therefore B. licheniformis, B. cereus, B. subtilis and
B. megaterium are the most isolated. B. cereus is the most common contaminant [24], but B. subtilis
and B. licheniformis are more heat-resistant than B. cereus and they spoil sterilized and UHT milk [14].
In 2006, Heyndrickx’s group [28] isolated a very heat-resistant mesophilic species of Bacillus—i.e.,
Bacillus sporothermodurans—from UHT milk.

The Gram-positive Arthrobacter is claimed to enter from the dairy facility, whereas Corynebacterium spp.
are reportedly found on the teat surface and in the farm environment [16].

The psychrotrophic microflora of raw milk also comprises pathogens like the Gram-negative
Aeromonas hydrophila and Yersinia enterocolitica—the Gram-positive L. monocytogenes and toxin-producing
strains of Bacillus cereus—whose spores can even survive heat treatments in the range of 65–75 ◦C.

Coliforms

Coliforms are normally found in raw milk with varying levels [14,29]. Their presence is due to
different sources, such as water, plant materials, equipment, dirt and feces. High levels of coliforms
(e.g., >1000 CFU/mL) generally indicate unsanitary practices on the farm or inadequate refrigeration
but also non-adequate management practices, such as milking machine wash failures and fall-offs in
the rate of milking units [29].

Attempts have been made to find a correlation between levels of coliform bacteria and the
possibility of public health hazards from raw milk consumption. However, so far, no correlation has
been identified. A recent survey carried out in the United States [30] demonstrated that coliform counts
are not an index of the presence of B. cereus, E. coli O157:H7, L. monocytogenes and Salmonella spp. and
that subsequently coliform testing of raw milk intended for human consumption cannot be used as a
reliable tool for public health risk screening [30,31]. Further investigations are thus required.

Fungi

Yeasts and molds can also be an important population in raw milk. They usually originate from
contaminated environment of the dairy farm and/or processing plant but can also derive from the
physiological state of the animal, feeding and climatic conditions [16]. The most commonly detected
yeasts in raw milk belong to the genera Candida, Cryptococcus, Debaryomyces, Geotrichum, Kluyveromyces,
Pichia, Rhodotorula and Trichosporon. Debaryomyces hansenii, Kluyveromyces marxianus var. marxianus and
Kluyveromyces marxianus var. lactis are of particular interest.

The levels to which molds are present in raw milk are lower than yeasts. The most detected
mold genera are Penicillium, Geotrichum, Aspergillus, Mucor, Rhizomucor, Rhizopus and Fusarium [14,15].
Interestingly, over the last ten years notifications and alerts from the Rapid Alert System for Food and
Feed (RASFF) have been issued for raw milk contaminated by mycotoxins from Italy, Hungary and
Slovenia [32].
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3.2.2. Raw Milk Pathogenic Microorganisms

Raw milk can harbor also a great number of pathogens (Table 2), even when it is sourced
from clinically healthy animals and they can represent a serious health threat for humans.
They can originate from feed and drinking water (Toxoplasma gondii) [33], dairy farm environment
(Salmonella spp., L. monocytogenes, Shiga toxin-producing E. coli, Campylobacter jejuni, Y. enterocolitica and
Clostridium spp.), mammary gland, cow diseases or infections (Staphilococcus aureus and Brucella spp.)
but also from equipment, raw milk tanks and personnel. Transmission to raw milk can, in fact, occur
either from animals (zoonotic pathogens), or from contaminated environment (exogenous pathogens).

Salmonella spp., Listeria spp., E. coli, Campylobacter spp., Brucella spp., Clostridium spp. and/or
Shigella spp. are the most common milk-borne pathogens and also the main causative agents
of microbial food-borne diseases, specifically, milk-borne infections, milk-borne intoxications and
milk-borne toxico-infections [14].

Generally speaking, typical symptoms from drinking raw milk contaminated by the
above-mentioned pathogens are fever, nausea, vomiting, diarrhea and abdominal pains. However, they
can potentially affect also the cardiovascular, cutaneous, neurological, ocular and pulmonary system,
and only in some cases they cause death, as it is the case for Listeria spp. (30–35%) and Streptococcus spp.
(up to 29%) [34].

Salmonella spp. are natural inhabitants of the gastrointestinal trait of animals. Milk contamination
by them can generally occur at harvest and only in rare cases they determine sub-clinical mastitis which
will cause the milk-borne disease at its turn. They are mesophilic microorganisms with an optimum
growth temperature of 35–37 ◦C [14] but can also grow at a wider temperature range, i.e., 5–46 ◦C.
According to the USA Centre for Disease Control and Prevention (CDC), 38% of raw milk outbreaks
involving children from 2007 to 2012 in USA were determined by Salmonella spp. [6]. The gastroenteric
form of non-typhoid salmonellosis is frequently related to the consumption of raw milk. Salmonella spp.
have, however, a poor thermal tolerance and are thus sensitive to pasteurization.
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L. monocytogenes is one more example of foodborne pathogen possibly contaminating raw milk.
Feces dirtying milking equipment are a source of contamination. In humans, it causes large outbreaks
of listeriosis, a serious invasive disease-causing abortion in pregnant women, meningitis, encephalitis,
and septicemia in neonates and immune-compromised adults, with quite a general high mortality
rate [35]. The threat is due to the fact that it can grow and multiply during raw milk storage also
at low temperatures (0–4 ◦C), that implying that even the application of a correct cold chain would
not completely eliminate the microorganism. Its occurrence in raw farm milk and bulk tank milk is
reportedly frequent. It can also grow on steel and rubber surfaces and plays an important role in the
formation of biofilms in vending machines.

E. coli has been recognized as an indicator of fecal contamination. The most pathogenic
strains are referred to as verocyto-toxigenic E. coli (VTEC), Shiga toxin-producing E. coli (STEC)
and enterohemorrhagic E. coli (EHEC), also known as E. coli serotype O157:H7. Cattle feces are the
major reservoir of EHEC which commonly contaminates bulk tank milk. Milk contamination is hence
a result of direct exposure to fecal material or environmental contamination. Raw milk poses a risk
for STEC, and a number of outbreaks has been recently reported for this pathogen [33,36]. In 2013,
3% of 860 tested raw milk samples were found positive for STEC in Europe [33], whereas in USA,
according to CDC, Shiga toxin-producing E. coli caused 17% of the outbreaks that occurred 2007 to
2012. VTEC serotypes have also been detected in cow’s mastitic milk, that implying that an additional
contamination route may be sub-clinical mammary infections. Most strains are not heat-resistant,
pasteurization thus destroys them.

Campylobacter spp. belong to the family of Campylobacteraceae and are an etiological agent of
human gastroenteritis. Among them, the most detected isolate in raw milk is C. jejuni which is
acid- and heat-sensitive and is hence killed by pasteurization. Outbreaks of campylobacteriosis,
following the consumption of raw milk, have been reported in the USA, the Netherlands and Hungary,
for instance [14]. Specifically, van Asselt and colleagues (2017) report that raw milk consumption
accounts for a relatively high number of Campylobacter outbreaks: in 2013, 32 strong-evidence
Campylobacter spp. outbreaks were reported in the EU, of which between 9% in 2013 and up to
20% in 2012 could be attributed to it [33].

Brucella spp. are the main causative agents of the bacterial zoonosis brucellosis. They are very
infectious microorganisms which can cause disease in both animals and humans. The most pathogenic
strains which have been associated with disease in humans are Brucella abortus and Brucella melitensis.
The former is more often associated with cattle, whereas B. melitensis is especially associated with sheep
and goats. Most cases of food-borne brucellosis in humans are contracted via consumption of raw
milk and derivatives. Among the milk-borne pathogens, Brucella spp. are in fact able to survive and
multiply at refrigeration temperatures, together with L. monocytogenes and Y. enterocolitica. Brucella spp.
are not particularly resistant to thermal processing and standard pasteurization can sufficiently destroy
them. However, the issue with it is that it can survive and multiply in milk also upon contamination
after pasteurization.

S. aureus is a Gram-positive bacterium, which causes mastitis in cows and other domestic
dairy ruminants. It can come to contaminate milk via the teat canal, when there is infection of
the mammary gland, via the environment, or by bad hygiene habits during or after milking, such as,
not washing hands when handling milk storage equipment [16]. S. aureus may cause diseases through
the production of heat-stable enterotoxins. The latter, in fact, are very resistant to heating and
pasteurization. For that reason, boiling milk for 1 h may decrease the quantity of toxin present
in milk, but autoclaving at 15 psi for 20 min seems to be the main treatment able to completely destroy
the toxins [37].

Two more zoonotic bacteria of concern are Mycobacterium avium subsp. Paratubercolosis (MAP) and
Mycobacterium bovis. MAP causes para-tuberculosis or Johne’s disease, which mainly infect domestic
animals. It survives and multiplies in the animal intestinal tract mucosa. In recent times, some evidence
has been provided about a relationship between MAP and Crohn’s disease in humans [15], though
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the association remains controversial. High prevalence of MAP has been reported in raw milk. It is
however relatively heat-resistant. Dairy processors affirm that it may survive pasteurization at 72 ◦C for
15 s and trials on its resistance to heat have so far reported controversial results [24]. In 2002, researchers
of the Queen’s University of Belfast [38] screened 567 samples of commercial pasteurized milk and
found that 1.8% were contaminated with M. avium subsp. tuberculosis. This microorganism can survive
HTST pasteurization and can also be found in pasteurized milk due to post-processing contamination.

M. bovis causes bovine tuberculosis in animals but it can also spread to humans via the
consumption of raw milk. It causes zoonotic tuberculosis, which is indistinguishable from human
tuberculosis. Upon consumption of infected milk, extra pulmonary lesions may develop [36].
However, pasteurization removes it. Moreover, countries like the Netherlands have an official
bovine tuberculosis-free status [36] which potentially implies the elimination of the pathogen from the
food chain.

Y. enterocolitica is the causative agent of acute gastroenteritis, whose symptoms are abdominal
pain, diarrhea and fever. It may however mimic appendicitis and occasionally leads to misdiagnosis.
Pasteurization can kill this bacterium; however, it happens sometimes that the heat-treatment is not
strong enough or recontamination may occur; the bacterium can thus multiply also under refrigeration
temperatures [16]. However, Y. enterocolitica incidence in raw milk and low-heat-treated milk products
is reportedly low and only a few positive results have been recently reported within the EU [16].

Coxiella burnetii is the causative agent of Q fever. It can infect several animal species, such as cows,
sheep, goats, but it is by far the main infectious agent of humans. In them, C. burnetii shows up with
flu-like symptoms leading to endocarditis and hepatitis. It is relatively heat-resistant but is killed by
regular pasteurization treatments.

Ensuring the safety of raw drinking milk can hence be very difficult. The control of handling and
storage temperatures can be an approach to maintain the microbiological stability and shelf-life of milk,
because for some bacteria present in raw milk higher temperatures are required to grow; however, also
when milk is cooled and stored properly at <4 ◦C, bacterial multiplication is not limited for all bacteria.
The growth limitation, for example, is not applicable to psychrotrophic bacterial pathogens which may
multiply at these temperatures.

3.3. Assessment of Public Health Risks upon Raw Milk Consumption

3.3.1. Quantitative Microbial Risk Assessment

In situations like this, when public health risks related to consumption of raw milk are claimed by
the scientific community and, on the other hand, raw milk is consumed because perceived as more
natural than heat-treated milk, the establishment of approaches based on risk analysis is to recommend.

Generally speaking, risk analysis is a process comprising three components: risk assessment, risk
management and risk communication [39]. Within a framework of microbiological hazards in foods,
risk assessment is the tool by which the quantitative probability of illness cases in population can
be expressed.

Quantitative microbial risk assessment (QMRA) provides, in fact, the magnitude of the prevailing
risk on the basis of outputs (e.g., epidemiological data) and is the means which enables real public
health risks to be assessed by health authorities, so that risk intervention scenarios can be designed
and risk management options for implementation of intervention actions can be eventually identified
and selected.

Over the last ten years, QMRA models have been developed in Australia [40] and New Zealand [41],
in the United States [42,43] and in Europe, specifically in Greece [44], Italy [45–50] and the
United Kingdom [51], to evaluate the real risk associated with consumption of raw and/or pasteurized milk.

In details, the predicting models developed to estimate the risk of disease after consumption of
raw drinking milk regarded the risk of campylobacteriosis [40,41,45,47], listeriosis [41,43,46], hemolytic
uremic syndrome (HUS) [41,45,48], salmonellosis [41,46] and staphylococcal disease [42,50] (Table 3).
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The models developed by Koutsoumanis and colleagues (2010) [44] and Barker and
colleagues (2013) [51] investigated the risk of listeriosis and staphylococcal disease, respectively,
in pasteurized milk.

Crotta and colleagues (2016a) assume that storage duration and temperature before consumption
might have a critical influence in the final outcomes of the predicting model and thus lead to an
overestimation of the risk. They recognize the importance of assessing the risk from farm to table,
with a focus on consumer behavior at the household level when milk is no longer under the control
of professionals and no enforcement by law can be applied. However, they highlight that the model
outputs do have a dependence on the likelihood of a raw milk serving actually being consumed for
any storage time-temperature combination. They thus drew the conclusion that ignoring spoilage of
raw milk in QMRA models and, hence, assuming that milk is always consumed, regardless of any
occurring organoleptic modifications during storage, is not realistic and strongly influences the model
outputs [49].

3.3.2. Developed Models

So far, the developed models estimate the risk of illness per serving and/or per year upon
consumption of raw milk. All of them were elaborated on the basis of data on prevalence of hazards in
raw milk, obtained in previous monitoring actions, as well as on the basis of data on pathogen dose
per serving size, dose response and consumption habits. They also take into consideration different
scenarios. Consumers can, in fact, obtain raw milk from several sources, and the related pathways
are key elements to consider when assessing and managing risk. In some countries, raw milk sale is
allowed only on the farm premises, where consumers either bring their own containers and have them
filled directly from the bulk tank; and/or in other cases consumers can purchase bottled raw milk
from on-farm stores and/or they do it from retail stores. The risk can be also assessed depending on
the demographics of the consuming population, e.g., in children, in the intermediate-age population,
in perinatal or elderly people, because of a supposed higher susceptibility of some consumers.

These models show a likely link between raw milk consumption and public health risks, especially
in some cases, e.g., when some bad storage conditions are applied and/or when the “to boil” indication
is neglected. However, due to a lack of epidemiological data, the burden of disease cannot be
completely and ever assessed. Further shortcomings in the elaborated predictive models have also
emerged—data on the proportion of raw milk sold directly to consumers are limited or lacking; data on
the prevalence of hazards in raw milk are lacking; servings are sometimes estimated and not measured;
data on the incidence of specific pathogens are based on passive surveillance and underestimate their
true incidence.

Moreover, the magnitude of estimates differs by several orders among models, hence any
comparison among results might be difficult to be performed.

However, the currently available predicting models can allow to identify the main sources
of contamination, highlight the critical points along the milk production and supply chain where
contamination is likely to occur the most, and last but not least they can enable the identification
of data gaps and control options [4]. By far, improving on-farm hygiene, developing educational
programs for consumers might contribute to decreasing the number of predicted cases of illness.

3.4. Heat Treatment of Raw Milk

Milk is exceptionally rich in macronutrients, namely amino acids, lipids and sugar and
micronutrients, such as vitamins and minerals. Due to this richness in nutritive components, it
is a fertile medium for the growth of microorganisms that may cause milk spoilage and also provoke
food-borne diseases in humans. Moreover, enzymes also occur in milk that contribute to the onset of
undesirable changes during milk storage. Hence, milk commonly undergoes industrial processing in
order to make it safe for human consumption and prolong its shelf-life.
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Heat treatment is the most common way of preserving milk and make it safe. The main goals of
heating are (i) killing pathogenic microorganisms, (ii) inactivating most (>95%) spoilage organisms and
(iii) inactivating enzymes, native to milk or excreted by microorganisms, responsible for the reduction
of milk keeping quality.

The most common heat treatments widely used in the dairy industry to achieve milk safety and
preservation are pasteurization and UHT (ultra-high temperature) sterilization. Thermization and
in-bottle sterilization are also performed on raw milk.

Basically, the above-mentioned heating treatments differ in the heat loads, specifically in the
temperature and duration of heating. The choice of the heat treatment to be applied mainly depends
on a trade-off among milk safety, extent of milk shelf-life and changes in milk quality. The heat load
necessary to achieve milk safety depends, at its turn, on the microbiological quality of raw milk and on
the growth potential of spore-forming bacteria after heating. Consumer preferences and target market
should be also considered in choosing heating treatments.

Definitely, several combinations of treatment temperature and time can be used and different
categories of milk are thus obtained (Table 4).
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3.4.1. Pasteurization

According to the Codex Alimentarius, pasteurization is a “microbiocidal heat treatment aimed at
reducing the number of any pathogenic microorganisms in milk and liquid milk products, if present,
to a level at which they do not constitute a significant health hazard. Pasteurization conditions are
designed to effectively destroy the organism Mycobacterium tuberculosis and C. burnettii” [52].

On the basis of the temperature and the time applied, pasteurization can be classified as HTST
(high-temperature short-time) pasteurization and LTLT (low-temperature long-time) pasteurization.
The former is also referred to as “low pasteurization” and the condition commonly used for milk
is 72 ◦C for 15 s, whereas the LTLT pasteurization is performed at 63 ◦C for 30 min or at 68 ◦C for
10 min [52]. Moreover, the HTST pasteurization is carried out as a continuous operation consisting
on heating milk in a heat exchanger and holding it for the required time necessary to the destruction
and/or inhibition of any hazardous microorganisms. The LTLT pasteurization is performed as a batch
operation, that is, milk is placed in a container and then heated to a certain temperature for sufficiently
long time to eliminate pathogens.

Heating conditions (temperature and time) depend on the raw milk microbiological quality,
on milk fat or sugar content and also vary from country to country based on microorganism strain
heat resistance. Thus, pasteurization can be performed also at temperatures higher than 85 ◦C for
30 s (“high pasteurization”). The increase in temperature and/or an extension of holding time is
recommended to inactivate heat-resistant strains of L. monocytogenes, E. coli and Campylobacter spp. [53].
A more intensive heating is also applied to eliminate MAP.

However, a severe heating treatment may affect negatively the keeping quality of milk.
For instance, the spores of Bacillus spp. may germinate and grow because of heat shocking and the
keeping quality of pasteurized milk may be thus reduced [54]. The best keeping quality of pasteurized
milk is achieved by using temperatures below 77 ◦C that do not inactivate the lactoperoxidase enzyme
(LPO) and do not stimulate the growth of spores.

3.4.2. UHT Sterilization

The UHT treatment is a sterilization process that has been defined by the Codex Alimentarius as
“the application of heat to a continuously flowing product using such high temperature conditions
for such time that renders the product commercially sterile at the time of processing. When the UHT
treatment is combined with aseptic packaging, it results in a commercially sterile product” [52].

The heating is commonly in the range 135–150 ◦C for 1 s up to 4 s, in order to achieve “commercial
sterility”, that is, low probability for microorganisms to grow in the product under the normal
conditions of storage.

The UHT process can be performed by “direct” or “indirect” heat transfer. In the direct UHT
treatment, superheated steam is mixed with milk. In detail, steam may be injected into milk
(steam injection) or milk may be sprayed into steam (steam-infusion). In the indirect system, a heat
exchanger transfers heat across a partition between milk and steam or hot water.

One drawback of the indirect method is the possibility of plant to fouling. In the lower-temperature
section (<100 ◦C), whey proteins—mainly β-lactoglobulin—denaturate and deposit, while in the
higher-temperature section (>100 ◦C) calcium phosphate deposits due to its reduced solubility.
Thus, a decrease in heat transfer and an increase in pressure might be observed.

The shelf-life of UHT milk may be up to 12 months, despite it is usually consumed much earlier.

3.4.3. In-Bottle Sterilization

In-bottle sterilization is commonly performed at 110 ◦C for 30 min, however temperatures ranging
from 105 ◦C to 120 ◦C for 20–40 min can be used [55]. All pathogens and non-pathogens microorganism
are destroyed, as well spores. A 9-log reduction in the spores of thermophilic bacteria and 12-log
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reduction of C. botulinum are obtained. All milk enzymes are inactivated but not all bacterial lipases
and proteinases.

Nevertheless, this processing shows some drawbacks such as slow product heating and cooling
and limitation of temperatures, due to the generated internal pressures. It has also detrimental effect
on organoleptic and nutritional quality of milk.

3.4.4. Thermization

Thermization is a heat treatment usually performed at 60 to 69 ◦C for 20 s. The main purpose is to
kill bacteria, especially psychrotrophics, thus preventing the production of heat-resistant lipases and
proteinases that may impair the milk keeping quality. Thermization thus enables to extend the storage
time of raw milk before processing and to enhance the keeping quality of milk [56]. Nevertheless, it does
not ensure milk safety, as it cannot completely eliminate pathogens—L. monocytogenes can grow in
chilled-stored thermized milk [57] and the effect on M. bovis and C. burnetii is limited [55].

3.5. Heat Treatment and Milk Quality

Milk heat treatment mainly aims at achieving its safety for human consumption by killing
pathogens and/or reducing microorganisms which may cause spoilage. However, changes also in
organoleptic and nutritional properties of milk occur during heat treatments depending on the heat
load. They are discussed in the following sections.

3.5.1. Microbiological Effect

The microbiota of raw and heat-processed milk deeply differs. As mentioned above,
pasteurization was, in fact, conceived to destroy vegetative pathogenic microorganisms, that are
the main causative agents of milk-borne diseases.

Salmonella spp., C. jejuni, E. coli, L. monocytogenes, Y. enterocolitica, Brucella spp. do not generally
survive pasteurization (Table 5). Spores of pathogens such as C. botulinum, Clostridium perfringens and
B. cereus are, however, not eliminated by heat treatment [56,58], although a very low disease incidence
is reported. In particular, the spores of C. perfringens do not represent a health hazard in pasteurized
milk because they are not able to germinate and grow at refrigeration temperatures. On the other hand,
the spores of B. cereus can grow at low temperatures and cause milk-borne disease outbreaks.

S. aureus does not survive pasteurization but it may produce heat-stable enterotoxins which
are very resistant to heating and pasteurization. In particular, the enterotoxin A can remain active
upon heat-treatment at 121 ◦C for 28 min. Recently, Rall and colleagues (2008) [59] screened raw and
pasteurized milk samples for S. aureus and found it in 70.4% of raw milk samples, in eight samples of
pasteurized milk before the expiration date and in 11 samples analyzed on the expiration date.

The effect of pasteurization on MAP is controversial [24]. According to Ryser (2012), it can survive
HTST pasteurization (72 ◦C for 15 s) and can be present as a post-process contaminant [60]. M. bovis is,
on the other hand, killed by pasteurization.

Despite C. burnetii is the most heat-resistant non-sporulating pathogen present in milk, it does not
survive regular pasteurization that was designed to achieve at least a 5-log reduction of C. burnettii in
whole milk [54].

Milk that has undergone a correct pasteurization treatment is, therefore, unlikely to cause
disease [61]. However, in case inadequate heat treatments were applied or recontamination events
occurred after pasteurization, Salmonella spp., L. monocytogenes, C. jejuni, Y. enterocolitica, STEC, B. cereus,
Mycobacterium spp., S. aureus, or C. botulinum may be present in milk and dairy products [62,63].

As regards spoilage microorganisms, thermolabile psychrotrophs are killed by pasteurization
but post-process contamination and/or heat resistance can occur. For instance, during the filling
process pasteurized milk may be contaminated by Gram-negative psychrotrophs. The presence and
count of psychrotrophs in pasteurized milk depends on the initial count before the heat-treatment.
Pseudomonas spp. have been long considered heat-sensitive and unable to survive pasteurization;
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however, new analytical methods (culture-independent) have revealed that the Pseudomonas population
is reduced, rather than eliminated, by pasteurization [15]. This implies that damaged but potentially
metabolically active cells are present after the heat treatment. They are hence the most dominant
microorganisms present in pasteurized milk, together with Flavobacterium which are also present but to
a lesser extent. P. fluorescens is the main causative agent of off-flavors in milk, e.g., stale, cheesy, sour and
bitter [24]. Lactobacillus and Lactococcus are only rarely found in pasteurized milk. Acidification occurs
only when milk is left at room temperature. Low pasteurization also ensures killing of all yeasts and
molds that can be in raw milk.

The UHT process destroys all vegetative bacteria (both pathogenic and non-pathogenic) and
most spore-formers. However, raw milk quality is a key factor affecting the quality of UHT
milk. If a relatively high population of sporeforming bacteria is present in raw milk, a low amount
thereof may survive the UHT treatment. For instance, the bacterium B. sporothermodurans produces
highly-resistant spores [28]. They do not cause spoilage, except a slight discoloration of the milk.
However, as reported in a bulletin by the International Dairy Federation, it is very tough to remove
them from equipment, and contamination thereof has often been the reason of shutting some UHT
plants [24].

Raw milk destined for UHT treatment should be stored at less than 5 ◦C for no more than 48 h
after milking. In the case that raw milk is stored at higher temperatures and/or for longer time,
psychrotrophic bacteria may grow as well, and produce lactic acid, which causes a reduction of milk
pH and a flat sour defect [24]. Enzymes, such as proteases and lipases, may alter the organoleptic
properties of milk, in terms of bitter flavor, gelation and rancid flavor. The UHT process does not
inactivate some of the enzymes produced by psychrotrophic bacteria, such as Pseudomonas spp. [54].

Heat-resistant thermophiles, like Geobacillus stearothermophilus and B. licheniformis, might be also
encountered in UHT milk; nevertheless, they do not grow in milk stored at less than 30 ◦C. Bacillus spp.
can be also found in UHT milk, although it is controversial if their presence is due to post-sterilization
contamination or heat-resistance. The most detected species are B. licheniformis, Bacillus coagulans,
Bacillus badius and B. cereus. The latter is, however, unlikely able to survive UHT treatment [24,64],
that implying post-sterilization contamination.

Table 5. Survival of microorganisms to heat treatments.

Microorganisms Survival to Pasteurization Survival to UHT

S. aureus
√

(enterotoxins)
√

(enterotoxins)
C. jejuni × ×
Salmonella spp. × ×
E. coli × ×
L. monocytogenes × ×
Y. enterocolitica × ×
Mycobacterium avium subsp. paratubercolosis

√
/× ×

M. bovis × ×
B. cereus

√
(spores) ×

Clostridium spp.
√

(spores)
√

(spores)
√

= survive; × = not survive;
√

/× = controversial.

3.5.2. Nutritional Effect

Milk contains nearly all the nutrients necessary to sustain life and because of their balance, milk
nutritional value is particularly high. The composition of milk varies, depending on the mammal
species, the animal status and health and the feed. Heat treatments also influence the nutritional profile
of milk.

In the following sections, the effect of milk processing by heating on nutrients is discussed.
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Proteins and Enzymes

Milk contains caseins and whey (or serum) proteins. The former represent 80% of milk
proteins, and they are precursors of bioactive compounds with antimicrobial activity. They form
micelles, containing calcium and phosphorus. Caseins are not heat labile and they do not undergo
heat denaturation (in contrast to whey proteins). However, very severe heat treatments may
dephosphorylate, hydrolyze or aggregate them. In detail, they can aggregate, and coagulation can
occur. Other factors, such as low milk pH and the Ca2+ activity, may determine their coagulation [65].

Whey proteins include α-lactalbumin, β-lactoglobulin, serum albumin, immunoglobulins and
bioactive peptides, and have important physiological properties. Heat treatments cause their
denaturation, as a consequence serine, serine phosphate, glycosylated serine, cysteine and cysteine
residues are formed. These compounds may undergo β-elimination and form dehydroalanine, which
can react with several amino acids producing proteins that are not hydrolyzed by the intestinal tract.
The nutritional value of milk is thus decreased.

Generally speaking, pasteurization little affects casein structure and causes minor changes to the
structure of whey proteins [61,66]. However, no significant changes in the nutritional quality of milk
protein due to pasteurization were observed in animal and human studies [67,68]. In contrast, Lacroix
and colleagues (2008) observed in a human study that UHT treatment modifies the digestive kinetics
and hence the metabolism of dietary proteins [68].

As far as amino acids are concerned, the main essential amino acid in milk is lysine.
Heating determines lysine losses, ranging between 1% to 4%, while its effect on the other amino
acids is negligible [61]. Lysine losses are caused by the extensive Maillard reaction that takes place
during heat treatments, especially in in-bottle sterilization. A partial loss of lysine has been observed
in UHT milk also during storage. Nevertheless, the loss of this amino acid is not serious, because in
milk protein lysine is in excess [65].

Several indigenous enzymes are also present in milk, and the heating treatments it commonly
undergoes can denaturate them. As a consequence, the activity of the enzymatic systems is used as
an index of the thermal treatments milk undergoes. The activity of alkaline phosphatase is used to
monitor the efficacy of pasteurization; therefore, the inactivation of the enzyme ensures that all non
sporeforming pathogens have been killed. The activity of lactoperoxidase is used as an indicator for
heat treatments more severe than low pasteurization. Gamma-glutamyl-transferase is also used to
detect milk treatment above 77 ◦C.

Lipids

The fat content of marketed milk is standardized by the removal of cream or the addition of whole
milk, semi-skimmed milk or skimmed milk.

During heating treatments, physicochemical and chemical changes of milk lipids may occur.
The UHT sterilization may increase the amount of free fatty acids. When the indirect system is used,
a higher concentration of free-fatty acids is observed compared to the direct method.

At high temperatures, polyunsaturated fatty acids may be converted into conjugated
isomers. It has been observed that conjugated linoleic acid has anti-carcinogenic properties [69].
Recently, Pestana and colleagues (2015) investigated the effects of pasteurization and UHT treatments
on milk lipids and found no changes in fat level nor in fatty acid profile [70].

Lactose

Lactose is the main milk carbohydrate. It has prebiotic properties and promotes the absorption of
calcium and magnesium.

Pasteurization has no effect on lactose, while treatments at higher temperature, such as UHT
sterilization, induce the isomerization to lactulose and the formation of acids and Maillard reaction
compounds [61,71,72].
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Commonly, the lactulose formation from lactose might be observed via the Lobry de
Bruyn-Alberda van Ekestein transformation upon heating under slightly alkaline conditions.
Since lactulose is not detectable in raw milk, it is used as a heat load indicator and then as an
index of the severity of heat treatment that milk underwent.

Heat treatments above 100 ◦C also determine the degradation of lactose to acids, especially formic
acid and lactic acid, and hence an increase in titratable acidity can be observed.

Lactose may also take part to the Maillard reaction that determines the formation of brown
products and flavors.

Vitamins

It has been claimed that raw milk has a higher nutritional value than pasteurized milk since it
provides a higher number of vitamins. Actually, the heat treatment conditions, in addition to the
packaging type and storage conditions, may affect vitamin content in marketed milk.

Recently, Macdonald and colleagues (2011) performed a systematic review to evaluate the impact
of pasteurization on vitamins in raw milk [73]. Forty studies assessing the effects of pasteurization on
vitamin content were included, and it was found that vitamin B12, vitamin E, vitamin C, folate and
riboflavin (B2) decreased upon pasteurization. In contrast, vitamin A increased and no significant
effect of pasteurization on vitamin B6 levels were found. Despite some vitamins are destroyed by heat
treatments (e.g., vitamin C and folate), the contribution of vitamin content to the recommended daily
intake (RDI) should be considered in order to compare the nutritional value of raw and heat-treated
milk. For example, 20 L of raw milk per day should be consumed to achieve the vitamin C RDI,
therefore the degradation thereof due to heat-treatment is not subject of matter. The same applies to
vitamin B12 and vitamin E, thereof bovine milk is not an important source in occidental diets with a
content of 2–5 μg/L and 10–30 μg/dL, respectively [74]. This implies that the effects of pasteurization
on the adult daily intake of these vitamins cannot be a concern in diminishing the nutritive value of
milk, just because milk is not a primary source thereof.

This explains also the establishment of food fortification programs for vitamins in milk as a public
health intervention in Canada and many other countries to correct and/or prevent nutrition problems
of public health significance [75,76].

However, vitamin C protects folic acid from oxidation and its breakdown is connected with that
of vitamin B12. As far as vitamin B12 is concerned, 250 mL of raw milk contribute to more than 80% to
the RDI, while in UHT milk the contribution decreases to about 70% [48].

Minerals

Milk is a good source of some minerals, especially calcium and phosphorous, and no
significant differences between raw and heat-treated milk in the content thereof have been reported.
Moreover, heat-treatments have no effects on the bioavailability of these nutrients [61].

3.5.3. Organoleptic Effect

Milk of good quality has a slightly sweet taste, a very little odor and a smooth and rich feel in the
mouth. It is characterized by whiteness and glossiness.

The heat treatments required to achieve milk safety may influence the organoleptic properties of
this food, depending on the heating load. Specifically, they affect the flavor and color of milk.

Each heat treatment causes a distinctive flavor profile. Some flavors are induced by heat treatment,
others (caused by microorganisms or enzymes) are reduced or annulled.

The typical “cowy” flavor of fresh milk is reduced or masked due to the formation of flavor
compounds, such as cooked flavor, UHT ketone flavor and sterilized-caramelized flavors.

Cooked flavor is mainly caused by the Sulphur compounds originating from denaturation of
whey protein. As a matter of fact, the denaturation of whey protein exposes sulfhydryl groups that
may form sulfhydrylic acid and dimethyl sulphide. The latter are responsible for the cooked flavor
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of milk undergone to severe heat treatment, such as high pasteurization and UHT treatment [65].
Nevertheless, freshly processed UHT milk has a “cooked” and “cabbage” flavor that however partly
disappears during the first week after processing, due to the oxidation of Sulphur compounds.
Indirectly, processed milk has a more intense cooked flavor. In addition, stale flavors may develop due
to the higher level of dissolved oxygen [54].

Ketone flavor originating in the lipid fraction is also present in UHT milk.
The caramel-like flavor is also called “sterilized flavor”, since it is distinctive of sterilized milk.

This flavor is caused by the Maillard reaction that also leads to browning.
Moreover, the organoleptic properties of milk are influenced by storage conditions and by

the microbial ecology of heat-treated milk. For instance, microbial growth may cause off-flavors.
Psychrotrophic bacteria cause putrid flavors, lactic acid bacteria cause sour flavor, Bacillus circulans
causes a phenolic flavor in in-bottle sterilized milk, B. cereus leads to very unclean flavor [65].

Milk enzymes may contribute to the development of milk flavor. The proteolysis of plasmin
in UHT milk leads to a bitter flavor and the lipolysis by lipoprotein lipase causes a rancid flavor in
low-pasteurized milk.

3.6. Scientific Evidence behind Claimed Health Benefits of Raw Milk Consumption

The consumption of raw milk has been associated to benefits on human health, such as a
higher nutritional value and protection against the lactose intolerance, and asthma and allergy
diseases. In contrast, the heating treatment is reported to have detrimental effects on these benefits.
The nutritional value of raw milk has been compared to the heat-treated milk in the above sections.
Following paragraphs report the role of raw milk in the management of lactose intolerance, and asthma
and allergy disorders.

3.6.1. Raw Milk and Lactose Intolerance

Lactose is the main carbohydrate in mammal milk and milk products. The inability to digest
lactose is referred to as lactose intolerance and it is due to the lack of the enzyme lactase. The main
symptoms include flatulence, bloating, diarrhea and abdominal pain.

The incidence of lactose intolerance increases with age and varies by community and ethnic
group [77]. It has been estimated that lactose intolerance affects 65% or more of the total human
population. In Asia and in North and South America the percentage of adults unable to tolerate lactose
in their diet is very high, while in Ireland and Northern European countries lactose intolerance is rare
with 74% to more than 90% of population being lactose tolerant [78].

Recently, raw milk consumption has been claimed to reduce lactose intolerance. It has been
suggested that raw milk contains natural lactase enzymes that are not found in heated milk, as they are
destroyed by heating. However, a lack of scientific evidence supporting this claim exists. Claeys and
colleagues (2013) report that both raw and heated milk contain no lactase, and the production thereof
by lactic acid bacteria in raw milk is limited, since raw milk must be stored at refrigerated condition
due to safety reasons [61]. In contrast, yogurts are tolerated better than milk, as they contain bacteria
having lactase enzyme.

A pilot study on adults positive for lactose malabsorption was recently performed by Mummah
and colleagues (2014) in order to assess whether raw milk consumption can reduce lactose intolerance
symptoms. No significant differences of intolerance symptoms emerged when subjects consumed raw
vs pasteurized milk [79]. Additional studies, possibly with larger study groups, are needed in order to
support or refuse the claimed protection of raw milk consumption against lactose intolerance.

3.6.2. Raw Milk and Protection against Asthma and Allergies

Beneficial effects of raw milk consumption on human health have been claimed. Among them,
an inverse association between raw milk consumption in childhood and the development of asthma,
allergies and atopy has been reported [80].
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Asthma and allergies have dramatically increased in last decades, especially in Westernized
countries [81]. The raise in the incidence and prevalence of atopic disorders that has been observed
over the last 30–40 years has occurred within a time span too short to be explained by a genetic shift in
the population, thus environmental and/or lifestyle changes might have significantly contributed to
this trend. An increase of asthma prevalence by 50% every decade is reported by Braman (2006) [82]
and, as a consequence, the morbidity and mortality rates and economic burden associated with asthma
management has raised, as well.

The “hygiene hypothesis” formulated by Strachan (1989) [83] reports an inverse relationship
between family size and development of atopic disorders and suggests that a lower incidence of
infections in early life could boost the rise in allergic diseases.

Within this hypothesis, it has been supposed that a lifestyle enabling exposure during the
childhood to microbes, such as farm-living, may have a protective effect against the onset of allergies.
Several European cohort studies focused on the association between farm-living and allergy and
asthma in children, namely the European Allergy and Endotoxin (ALEX), the Prevention of Allergy
Risk Factors of Sensitization in Children Related to Farming and Anthroposophic Lifestyle (PARSIFAL),
and the multidisciplinary study to identify the genetic and environmental causes of asthma in the
European community (GABRIEL). Evidence of lower incidence and prevalence of asthma, hay fever
and atopic sensitization in children exposed to farming lifestyle has been extensively reported [84–92].

In contrast to the above-mentioned cohort studies, other Authors found farming to be not
protective against the development of atopic respiratory disorders [93,94].

The term “farming” actually includes several habits, namely exposure to farm animals, to barns
and stables, to endotoxins and to the consumption of farm milk (that is unpasteurized milk).
The association between each “farm-factor” and allergy disease risk was evaluated, in order to
identify the aspects of farming lifestyle that explain the inverse association. As far as farm milk
consumption is concerned, Riedler and colleagues (2001) showed, within the ALEX study, that the
consumption of raw milk reduced the development of asthma, hay fever and atopic sensitization
and the protection was higher in children younger than one year than in those aged 1–5 years [87].
Perkin and Strachan (2006) investigated the association between different farming factors and the
prevalence of allergic disorders in children living in English rural farming and non-farming areas.
They found that farmers’ children had less current asthma symptoms and seasonal allergic rhinitis
but non-eczema symptoms. In contrast, the consumption of unpasteurized milk was associated with
less eczema symptoms [95]. Hence, the protective effect was associated with the consumption of
unpasteurized milk and was independent of farming status.

Ege and colleagues (2007) also found that farm milk consumption was inversely related
with asthma prevalence in children, but pig keeping and frequent stay in sheds also acted as
protective factors [96]. Waser and colleagues (2007) showed an inverse association between farm
milk consumption and childhood asthma, rhinoconjunctivitis and sensitization to pollen, while other
farm produced foods were not related to asthma and allergy prevalence [90]. Data were collected
within the PARSIFAL study, a cross-sectional multicenter study including almost 15,000 children aged
5–13 years from five European countries and with different lifestyles: some lived in rural areas, others
in (sub)urban area, other had an anthroposophical lifestyle, including restrictive use of antibiotics,
antipyretics and vaccinations. As previously observed by Riedler and colleagues (2001) [87], they
found that the association between farm milk consumption and development of asthma/allergy was
most evident in children consuming farm milk since their first year of life. Unfortunately, results from
this survey are based on questionnaire data, and no objective confirmation of the raw milk status of
the farm milk is available. Some parents explained they boiled milk prior to consumption, others
consumed milk as raw milk.

More recently, Loss and colleagues (2015) studied the effect of consuming raw, boiled and
industrially processed milk on common infections in the first year of life, in a prospective cohort
study including about 1000 children from rural areas of 5 European countries. It emerged an inverse
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association between the consumption of raw cow’s milk and rhinitis, infections of the respiratory tract,
otitis and fever. Boiled farm milk showed a similar but milder effect. Heat-processed milk, except
UHT, was found to protect against fever [97].

The timing of exposures also appears to deeply affect the possible protection against allergy
disorders. In detail, an early-life exposure was found protective. Besides the evidence in the ALEX
study [82], Radon and colleagues (2004) also observed a greater protection from allergy risks by
exposure to animal buildings during the first year of life or between ages 3 and 5 [98]. Even the
prenatal exposure to farming environment was reported to affect the atopic sensitization at birth.
Ege and colleagues (2007) evaluated data from PASTURE cohort study and highlighted that maternal
lifestyle during pregnancy, included the use of boiled or un-boiled farm milk, affects the production
of fetal IgE, determined in cord blood at birth [99]. In contrast, later life exposures of children do not
provide any protection or may exacerbate symptoms [89].

Despite the scientific evidence about protection against allergy disorders, the consumption of raw
milk still remains to be discouraged.

3.7. Novel Milk Processing Technologies

Thermal processing of milk is the oldest and most common treatment of raw milk before it is
deemed fit for human consumption. However, heat treatments may have some drawbacks, such as
changes in the organoleptic properties and lower nutritional value thereof. The increasing demand
among consumers for fresh-like products, which are more nutritious and of higher organoleptic
quality than heat-treated milk, has led to the emergence of alternative thermal and non-thermal milk
processing technologies.

Some of the new technologies can meet these demands. Hence, they have captured the attention
of the scientific community, governments, as well as food industries endeavoring to stay one step
ahead in terms of technology.

These technologies include among others: ohmic and microwave heating, pulsed electric fields,
high hydrostatic pressure, microfiltration and ultrasound.

In novel thermal technologies, such as ohmic heating and microwave heating, rise in temperature
in the product is mainly responsible for the effect on milk microbial safety, as in conventional methods.
In contrast, non-thermal technologies do not involve heat to kill microorganisms. As a consequence,
the detrimental effect that conventional thermal treatment has on milk quality is reduced.

3.7.1. Ohmic Heating

The application of ohmic heating (OH) to milk was known since the 19th century [100], but it fell
into disuse due to the high cost of electricity, lack of materials suitable to electrode production, and to
difficulties to control the process. Recently, improvements were made and it is currently used to blanch,
pasteurize and sterilize milk, vegetable products, fruit preparations and meat products [101–104].

When OH technology is applied to milk, heat is generated directly within milk, by using electrodes
contacting the food matrix. The latter actually act as an electrical resistor, thus converting the electrical
energy into thermal energy.

All food matrices with an electrical conductivity in the range 0.1–10 S cm−1 can always be heated
by using OH. The food matrix electrical conductivity increases with temperature; hence the effect of
the treatment becomes more effective at higher temperatures [105]. Factors such as, food properties
(conductivity, viscosity and specific heat capacity), the design of the treatment equipment and the
output of the power supply influence the heating rates.

Dispersed systems show differences in conductivity that may cause a non-uniformity of heating
with the formation of hot and cold spots, that are local high and low temperature peaks, respectively.
As far as milk is concerned, the liquid phase is the most abundant, and it is also the fraction with
the highest electrical conductivity. This results in a faster heating and in a heat dissipation towards
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the particulate fraction, thus compensating possible non-homogeneities during the heating [106].
Therefore, OH promotes fast and more uniform heating in the food matrix.

The rapid heating has a double advantage: the impact on food quality is reduced and the energy
necessary for the treatment is lowered [106], thus resulting a more sustainable technology. A uniform
heating also prevents the formation of regions at high or low temperatures that represent a critical
point for food quality and food safety, respectively. Hot spots are a food quality problem due to their
over processing [107], while cold spots are a food safety issue.

The OH has an additional advantage over the conventional heating: it reduces fouling that
reduces the heat transfer rates and promotes the formation of biofilm on surfaces, thus compromising
the microbial safety of the final product [108].

Despite the above-mentioned advantages over conventional heating, some issues remain on the
way, namely the effects of the OH process on the physical and chemical properties of milk, the cost and
difficulties in controlling the process parameters, and the effect thereof on fouling. In addition, so far,
the impact of OH process on the allergenicity of milk and dairy products has not been investigated
yet [108].

3.7.2. Microwave Heating

Microwave heating (MWH) consists on the use of electromagnetic waves of certain frequencies
(300 MHz–300 GHz) to generate heat within products [109]. The heating is caused by the ability of
materials to absorb microwave energy and then to convert it into heat.

Microwave heating application derives from the establishment of conditions which, on the one
hand, provide the desired degree of safety and, on the other hand, guarantee a minimum product
quality degradation.

The application of microwave heating to pasteurize milk has been well studied [110–118] and
has been a commercial practice for quite a long time. The industrial setting up of microwave heating
processes, nevertheless, faces two major issues. There is a non-uniform temperature distribution inside
food product, creating temperature gradients within the product and resulting in hot and cold spots
within the food matrix, moreover energy costs are high [119].

One of the key issues in assuring milk safety is, however, how effective the treatment is in
inactivating microorganisms of public health concern yet preserving the quality of the product.
Overall, pasteurization of milk by MWH can increase milk shelf-life over conventional pasteurized
milk due to destruction of psychrotrophic bacteria [120].

According to some studies [110,111,121] heating of milk in a microwave oven at a temperature
and time used in normal pasteurization are not successful in inactivating pathogens, such as
Salmonella typhimurium. Outputs from the studies of Stearns and Vasavada (1986) and Galuska and
colleagues (1989) showed that MWH causes sub-lethal injuries to milk-borne pathogens, such as,
L. monocytogenes, S. aureus and E. coli [112,116]. Variations in the volume of milk treated by MWH can
influence the inactivation of L. monocytogenes [111].

Insignificant loss of vitamin A, β-carotene, vitamin B1 or B2 also occurs [122]. In detail, Sierra
and colleagues (1999) compared the heat stability of vitamins B1 and B2 in milk treated by continuous
microwave heating and conventional system, and observed no significant losses in the vitamins during
microwave heating at 90 ◦C without holding period; for vitamin B2 a decrease by 3–5% during 30–60 s
of holding was found [123].

A loss of approximately 17% for vitamin E and 36% for vitamin C can be observed [122]. Bai and
colleagues (2015) have recently shown that milk layer thickness, microwave time and microwave
power can be a significant factor affecting vitamin C concentration with milk layer thickness being the
most influencing factor [124].

Microwave heating of milk does not affect fat components. As regards protein compounds,
Lopez-Fandino and colleagues (1996) investigated the denaturation of β-lactoglobulin and the
inactivation of alkaline phosphatase and lactoperoxidase using a modified microwave oven at
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2450 MHz [114]. Upon comparison of the main outcomes of this study with results obtained
by conventional thermal treatment in a plate-type heat exchanger, it emerged that the degree of
inactivation caused by the thermal treatment was similar in the two cases. More recently, Raman
(2007) found that denaturation of whey proteins was lower in milk pasteurized by MWH than by a
conventional thermal process, whereas the denaturation of β-lactoglobulin was almost similar in both
processes [122].

Contrasting opinions are reported on the influence of MWH on milk sensory profile. According to
some studies, volatile components in milk conventionally treated and milk treated by MWH in
continuous flow differ significantly [122]; Lopez-Fandino and colleagues (1996), on the other hand,
maintained that the sensory characteristics of microwave-pasteurized milk were comparable to those
achieved by traditional pasteurization after 15-day storage [114].

3.7.3. Pulsed Electric Field

The application of pulsed electric field (PEF) technology in food processing consists on the
treatment of a food matrix, placed between two electrodes, with high voltage (5–20 kV) short (1–10 μs)
electric pulses. The use of PEF to milk processing has been reported capable of inactivating unwanted
pathogenic and spoilage bacteria while keeping sensory and nutritional attributes unaffected [125].
The inactivation of vegetative forms of microorganisms is due to the formation of hydrophilic
pores in the cell membrane and to the opening of protein channels causing the loss of cell
membrane functionality.

PEF has been found effective in the inactivation of Pseudomonas spp. that constitute the
predominant microorganisms limiting the raw milk shelf-life under refrigerated conditions and also of
Listeria spp., Salmonella spp., E. coli, B. cereus, S. aureus, Brucella spp., Coxiella spp. and Enterococcus [126]
that can occur in raw milk.

This technology was found to be effective alone or in combination with mild heat treatment.
Bermúdez-Aguirre and colleagues (2011) found that mesophilic and psychrophilic bacteria in raw
skim milk were inactivated by PEF at 20–40 ◦C and a synergistic effect of the two treatments
was suggested [127]. It also emerged that milk fat content possibly protects the mesophilic and
psychrophilic bacteria from inactivation during combined PEF-heat treatment. More recently, McAuley
and colleagues (2016) compared the impact of PEF at 53 and 63 ◦C and conventional heating at 63 ◦C
and 72 ◦C on raw milk microbiological and physicochemical stability [128]. It emerged that PEF
processing (22 μs at 30 kV/cm) at 63 ◦C achieves microbial stability in whole milk similar to thermal
pasteurization (72 ◦C for 15 s). Compared to latter, PEF combined with heat treatment at 63 ◦C had no
adverse effect on milk physicochemical properties. Moreover, raw milk processing by PEF (22 μs at
30 kV cm−1) at 53 ◦C extends the shelf-life thereof by 3–4 days in refrigerated conditions (4 ◦C).

As far as the effect of PEF on milk enzymes is concerned, several studies were performed in order
to test the enzyme stability in different dairy products. Buckow and colleagues (2012) investigated
the effect of combined PEF/thermal treatments on lactoperoxidase (LPO) dissolved in simulated milk
ultra filtrate, and found that LPO inactivation was mainly due to thermal effects; nevertheless, 5–12%
inactivation may be related to electro-chemical effects [129]. More recently, Sharma and colleagues
(2017) assessed the effect of PEF and thermal treatments both on whole bovine milk enzymes, such as
alkaline phosphatase, xanthine oxidase, lipase and plasmin, and on microorganisms count over
21 days of storage at 4 ◦C [130]. It emerged that the effect of PEF on microorganisms and alkaline
phosphatase activity immediately after the treatment and after 21-day storage at 4 ◦C was comparable
to the effect of heat treatment. As far as xanthine oxidase and plasmin are concerned, their activities
were reduced after PEF treatment, but at the end of storage period they were similar to raw milk.
In addition, the lipolytic activity increased over storage. Hence, it emerged that PEF is suitable to
process milk intended for cheese making, since enzymes involved in the development of flavor and
aroma are retained.
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From a nutritional point of view, it was assessed that the application of PEF 400 μs at
18.3–27.1 kV cm−1 did not affect the content of fat soluble vitamins (cholecalciferol and tocopherol)
and water-soluble vitamins, except ascorbic acid [125].

Actually, the scale-up of PEF treatment was and still is an engineering challenge, since most
studies were performed on small volume samples. Moreover, the scale up should ensure electric field
uniformity and consider flow behavior, heat conduction and residence times [128].

3.7.4. High-Pressure Processing

High-Pressure Processing (HPP), also known as High Hydrostatic Pressure (HHP) or Ultra
High Pressure (UHP), is a non-thermal treatment representing a clear alternative to traditional heat
treatments. It involves application of high pressures at room temperature. Its main advantage is the
retention of the food original freshness, color, flavor, taste and nutritional quality, and the non-thermal
induction of cooked off-flavors, along with the inactivation of microorganisms. HP treatments
are usually performed in the range of 100–1000 MPa at room temperature, or higher when spore
inactivation is required (up to 60–80 ◦C) for up to 30 min [131].

Depending on the microbiological quality of milk, the effect of HPP application at 400–600 MPa
may be comparable to pasteurization (72.8 ◦C, 15 s) [132], whereas it is not to sterilization because of
the resistance of spores to HPP.

Application of HPP for microbial inactivation has been extensively studied and reviewed [133].
Overall, pressures ranging between 300 and 600 MPa can be effective in inactivating microorganisms,
including foodborne pathogens, without damaging the nutritional and sensory characteristics of food.

Most vegetative forms of microorganisms can be destroyed at 600 MPa for 15 min and at 20–30 ◦C.
Bacteria spores are more resistant to HP than vegetative cells and can survive at a pressure of 1000 MPa.
E. coli and L. monocytogenes are reportedly the most pressure-resistant species at room temperature.
Gram-positive microorganisms are more pressure resistant than gram-negative microorganisms.
Yeasts and molds are the most sensitive to pressure [134]; most of them are inactivated within a
few minutes by 300–400 MPa at 25 ◦C.

Endospores are far more resistant against HP, requiring treatment at pressures exceeding 1000 MPa
and temperature higher than 80 ◦C for full inactivation [132].

Some authors have demonstrated some difficulties for HP to inactivate microorganisms [134],
hence possible combinations of HP have been figured out, such as with mild temperatures (30–50 ◦C)
and/or bacteriocins (nisin, pediocin, lacticin) which sometimes improve the inhibition of foodborne
bacteria and spores.

As to milk quality, HPP can have a disruptive effect on milk casein micelles and the structure
of whey proteins. β-lactoglobulin are easily denatured under pressure treatments of up to 500 MPa
at 25 ◦C. Denaturation of immunoglobulins and α-lactalbumin occurs at much higher pressures and
particularly at 50 ◦C [114].

Enzyme inactivation by HP is more difficult, as they are more resistant [135]. Resistance to
pressures lower than 400 MPa at 25 ◦C is reported for alkaline phosphatase, lactoperoxidase,
phosphohexose-isomerase and γ-glutamyltransferase [114,132].

Small molecules, such as, amino acids, vitamins, simple sugars and flavor components, are not
affected by HPP and remain unaltered.

3.7.5. Microfiltration

Microfiltration (MF) is a non-thermal treatment method with the specific advantage of being very
effective in the removal of bacterial spores in comparison with conventional pasteurization.

A major drawback of MF is fouling at the membrane surface which affects selectivity in an adverse
way and requires frequent rinsing and cleaning procedures which can have a detrimental effect on the
cost-effectiveness of the technology [136].
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MF offers several opportunities to the dairy chain, as it allows milk products to keep organoleptic
characteristics which are similar to fresh milk with improved shelf-life. A good number of micro-filtered
milk is available on the market and its success is due to a perceived freshness and the abovementioned
extended shelf-life.

3.7.6. Ultrasound

Ultrasounds are waves with a frequency higher than 20 kHz, with a distinction between low-
and high-intensity ultrasounds, which have a power level of ≤0.1 MHz and 10–1000 W cm−2,
respectively [137].

In ultrasonic treatments, ultrasound waves travel though a liquid, alternating compression and
expansion cycles. During the expansion cycle, high-intensity ultrasound causes the growth of existing
bubbles which implode violently when they attain a volume at which they do not absorb more energy
(cavitation phenomenon). At the implosion phase, locally very high temperatures (up to 5500 ◦C) and
pressures (50 MPa) are reached inside the bubbles. This has a detrimental effect on microorganisms.

The main applications of ultrasound in milk and dairy products are due to its effect in inactivating
bacteria and enzymes, homogenizing milk, extracting enzymes and lactose hydrolysis [134].
However, it has been stated that the energy consumption required in ultrasound application to
kill microorganisms is higher than for conventional methods.

Moreover, it has been demonstrated that ultrasound on its own is not very effective for
inactivation of microorganisms and enzymes in milk, hence combinations of ultrasound with heat
(thermos-sonication) and pressure (mano-sonication) have been developed [137].

Effects on fat, whey proteins, caseins, alkaline phosphatase, lactoperoxidase and
γ-glutamyltransferase have been so far evaluated. Ultrasound continuous-flow system has proved to
be an adequate method for preservation and homogenization of milk [138].

Due to the slight effect on microorganisms and enzymes, it has been difficult for ultrasonic
treatment to become a commercial process; however, it has a good potential as a minimal processing
method in combination with other treatments.

Further investigations are, nevertheless, required to improve the processing equipment and to
gain more insights into the effect of ultrasound treatments on milk main components.

4. Conclusions

Raw milk consumption represents a realistic threat for human health and a public risk, because it
can act as a vector of pathogens and spoilage microorganisms. Milk processing via heat treatments
ensures to achieve milk safety, however it does not completely allow the retention of raw milk primary
organoleptic and nutritional characteristics. Good agricultural practices (GAP), good hygienic practices
(GHPs) and good animal husbandry practices at the farm level enable to obtain a high quality raw
milk, which at its turn allows the application of less severe heat-treatments and thus the preservation
of the primary quality of raw milk.

Further investigations are required to explain the claimed protective effect that raw milk has on
the onset of asthma and allergy disorders in children. Novel and alternative technologies should be
optimized for possible production of industrial milk which is safe and perceived as fresh.
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Abstract: Lactose is the major disaccharide found in milk, and is catabolized into glucose and
galactose by the enzyme lactase. Lactose is an important energy source and ssometimes it is referred
to simply as milk sugar, as it is present in high percentages in dairy products. Lactose is the primary
source of carbohydrates during mammal development, and represents 40% of the energy consumed
during the nursing period. Lactose-intolerance individuals have a lactase deficiency; therefore,
lactose is not completely catabolized. Lactose intolerance is a significant factor in the choice of diet for
many sick people, therefore its content in foods must be monitored to avoid disorders and illnesses.
This has created the need to develop simple methods, such as polarimetry, gravimetric, middle
infrared, differential pH and enzymatic monitoring, but all these methods are time-consuming,
because they required extensive sample preparation and cannot differentiate individual sugars.
In order to quantify low levels of lactose, new and more accurate analytical methods have been
developed. Generally, they require equipment such as HPLC or High Performance Anion Exchange
with Pulsed Amperometric Detection (HPAE-PAD).

Keywords: lactose; analytical methodologies; nutrition

1. Lactose and Its Peculiar Role Nutrition

Milk and dairy products represent a food category of absolute centrality in the diet of the Italian
population. The Italian Food Pyramid has entered these products at an intermediate level, attributing
to milk, yogurt and cheese a consumption mode in the order of 2–3 servings per day.

Milk is a complex fluid foodstuff secreted by the breast glands of female mammals. It is a complete
food, since it contains nearly all the necessary nutrients to sustain the life and growth of a newborn.

Even if different types of milk can be used for human consumption, such as sheep, goat, donkey
and other infant formula milks, in addition to breast milk, in the first period of life, usually when we
speak of milk we are referring to cow’s milk [1].

Among the nutrients contained in milk, saccharides play a key role. They are present in amounts
of up to ca. 10%, depending on the mammal [2], and they are represented almost exclusively by lactose
(98% of the sugars present in milk), which is not found in any other food, and is important for the
development of the nervous tissue in the first few months of life. The main role of lactose is to provide
the newborn with galactose for the synthesis of the nerve structures (myelin sheaths).

D-lactose is present in milk in two anomeric forms, α-lactose and β-lactose (ratio 2:3), depending
on the pyranose form (α or β) of glucose. Galactose is always present in the β-pyranose form.

These anomers also have different physical properties, such as melting point and, primarily,
solubility in water, as β-lactose is much more soluble than α-lactose [3,4].

Lactose is synthesized in the mammary tissue from the conversion of a part of the glucose present
in the blood to galactose. This synthesis involves the complex lactose synthetase, which is provided by
the galactosyltransferase and α-lactalbumin [5].
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2. Methodologies for the Determination of Lactose

Detection of lactose is very important because of lactose intolerance diseases. Small quantities of
it are present in many foods—not only in milk and dairy products—and therefore, traces of lactose
may be present in food under the following headings: milk solids, whey, curds, skim milk powder,
and skim milk solids, meaning that lactose is present, and must be reported on the food label. Lactose
intolerance is a significant factor in the choice of the diet of people sensitive or intolerant to this sugar,
so its content in foods must be monitored to avoid disorders and diseases [6,7]. It is therefore important
to quantify lactose with precision and accuracy in these products. The chosen method should be one
that is economical, rapid, and sensitive.

A considerable number of methods for determining carbohydrates in milk have been
developed, including older and less sensitive ones, such as gravimetric, polarimetric, enzymatic,
or spectrophotometric analysis, as well as more specific and sensible methods such as HPLC-RI
and HPAEC-PAD.

The most common methods used to quantify lactose in milk are described below:

2.1. Polarimetric

Polarimetric methods are based on the measurement of the specific rotation of polarized light by
chiral molecules such as lactose in a skimmed and deproteinized milk filtrate [8,9].

2.2. Gravimetric

Gravimetric methodologies are founded on the decrease of copper sulfate to cuprous oxide
precipitated by the addition of potassium hydroxide in the presence of aldoses and ketoses. The lactose
content is calculated after weighing the cuprous oxide formed, by using empirical tables that allow the
conversion of the cuprous oxide formed in terms of lactose [8,10].

2.3. Mid-Infrared

Infrared Spectroscopic Methods are based on the absorbance of infrared energy by the hydroxyl
groups (OH) of lactose molecules. Lactose determination in mid-infrared (MIR) spectroscopy is carried
out at 1042 cm−1 [11]. Early instruments were entirely filter-based, using pairs (sample and reference)
of optical filters to select a band of wavelengths for the measurement of fat, protein, and lactose.

Now, more recent instruments utilize an interferometer to acquire complete spectrum information
within the MIR region using Fourier Transform Infrared Spectroscopy (FTIR); in this way, it is possible
to obtain an extensive computing and data manipulation capabilities [12–15].

2.4. Enzymatic

A large number of enzymatic methodologies able to quantify lactose have been reported [16–19].
They have been characterized by the common reaction of enzymatic hydrolysis of lactose to glucose
and galactose, followed by the enzymatic determination of one of the liberated monosaccharides.
The amount of lactose in the sample is given by the difference between monosaccharide content before
and after hydrolysis.

2.4.1. NAD Enzymatic

In my opinion, the most used enzymatic method to measure galactose is based on its oxidation by
β-galactose dehydrogenase to galacturonic acid in the presence of nicotinamide-adenine dinucleotide
(NAD) that is reduced to NADH, as reported by the following reaction:

β-D-Galactose + NAD+ β-D-Galactose Dehydrogenase → D-Galactono-γ-Lactone + NADH + H+
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Absorbance of NADH at 340 nm is calculated as the difference between the readings before
and after the addition of the enzyme, galactose dehydrogenase [20–22]. Although this UV method is
specific and accurate, as the measurements of NADH require reading in the UV range, replacement
of NAD by thio-NAD and measurement in the visible range at 405 or 415 nm can also be done.
This variation allows the simultaneous quantification of D-galactose concentrations in several samples
using microplate-readers, rather than UV spectrophotometers [16–19].

2.4.2. Differential pH

The differential pH technique for determining of lactose and lactulose in milk samples is based
on changes in the pH owing to enzymatic reactions. Lactose determination is performed by measuring
the pH change caused by the reaction of glucose and ATP in the presence of hexokinase (HK) before
and after treatment of the sample with β-galactosidase. The determination of lactulose is carried
out by treating the sample with a mixture of β-galactosidase and glucokinase in the presence of ATP.
After 3 h, the pH change is measured, HK is added, and the pH change is monitored for 4 h to observe
the d-fructose-6-phosphate formation [23].

2.5. HPLC RI/HPAEC-PAD

HPLC remains as one of the most extensively used techniques. It has been widely used for
separating a large variety of carbohydrates, especially in foods, as it is particularly advantageous
in terms of the speed and simplicity of sample preparation. HPLC allows direct detection of
carbohydrates, as they can absorb low UV wavelengths.

However, detection in this spectrum area (below 200 nm) is difficult due to its low sensitivity
and selectivity; it also requires the use of high-quality and expensive reagents. The most common
sugar-detection system after HPLC separation is the refractive index; however, the response of this
detector is very poor and non-specific, quite sensitive to changes in temperature, pressure, and solvent
composition, and does not allow gradients. If a refractive index (RI) is used for detection, the analysis
is straightforward, but not very sensitive, with a Limit of Detection (LOD) of 250 mg/L and a Limit of
Quantification (LOQ) of 380 mg/L having been reported [24].

Several chromatographic methods are available for the separation of carbohydrates, reverse phase
systems and cation exchange are the most widely used [25–29].

The separation in reverse-phase partition chromatography is based on the principle of
hydrophobic interactions derived from the repulsive forces among relatively polar solvents, nonpolar
analytes, and nonpolar stationary phases. Alkylated and aminoalkylated silica gels are most frequently
used as stationary phases, in combination with aqueous methanol or aqueous acetonitrile as mobile
phases, and the separation is carried out by hydrophobic and polar interactions and partition [24,30,31].

Traditional adsorption chromatography was almost universally replaced by Ion-Exchange
Chromatography (IEC). Carbohydrates are separated by charge differences using two types of
ion-exchanger—anionic and cationic—where the compounds are negatively and positively charged,
respectively [32,33].

Several methodologies based on cationic-exchange HPLC chromatography have been optimized
to quantify carbohydrates in a lot of dairy products, using different stationary and mobile phases,
such as Amine with calcium as counterion, and Sugar Pak [27–29].

A second, more sensitive method is High-Performance Anion-Exchange Chromatography (HPAEC)
with Pulsed Amperometric Detection (PAD). High-performance anion-exchange chromatography (HPAEC)
coupled with PAD is an alternative analytical technique that presents high sensitivity and good resolution
compared with non-derivatized carbohydrates.

Carbohydrate separation and elution order is based on the differences in their pKa values,
in fact HPAEC takes advantage of the weakly acidic nature of carbohydrates to give highly selective
separations at high pH using a strong anion exchange stationary phase. Columns are packed
with poly(styrene-divinylbenzene)-based stationary phases functionalized with alkyl quaternary
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ammonium groups [34]. The possible co-elution of closely related carbohydrates with very similar
retention times represents the main problem of HPAEC-PAD. Cataldi et al. [35] optimized a rapid
and sensitive HPAEC-PAD method using 10–12 mM NaOH modified with 1–2 mM barium acetate in
heated milks; in this way, the separation and quantification of lactulose and lactose along with other
carbohydrates was obtained in milk and milk products [35,36].

In one recent application note, 248, the Dionex Corporation, now part of Thermo Fisher, suggested
using this technique to quantify lactose in lactose-free products, and indicated a LOD lower than
1 mg/L [37,38].

Obviously, all the methods above describe present advantages and disadvantages, but in my
opinion this last method presents a good cost/benefit ratio.

3. Conclusions

Lactose, a very important nutrient during the neonatal years, is not always tolerated in
adults. In this short review, various methods, from the oldest to the more modern and innovative,
for determining lactose in milk have been reported. Considering how widespread lactose intolerance
is, today lactose analysis should be considered as routine analysis. In order to choose the most suitable
method, important parameters such as sensitivity, precision, accuracy, and speed of analysis have been
taken under consideration.

But unfortunately, this is not always possible, because the high cost of scientific instruments, reagents,
laboratories and the adequate training of technicians in some situations, for example, in undeveloped
countries, makes it difficult to perform sophisticated analysis. However, under working conditions,
each operator must choose the best methods available. That is the principal aim of this review.

Conflicts of Interest: The authors declare no conflict of interest.
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Abstract: Milk whey—commonly known as cheese whey—is a by-product of cheese or casein in the
dairy industry and contains usually high levels of lactose, low levels of nitrogenous compounds,
protein, salts, lactic acid and small amounts of vitamins and minerals. Milk whey contains
several unique components like immunoglobulins (Igs), lactoferrin (Lf), lactoperoxidase (Lp),
glycomacropeptide (GMP) and sphingolipids that possess some important antimicrobial and antiviral
properties. Some whey components possess anticancer properties such as sphingomyelin, which have
the potential to inhibit colon cancer. Immunoglobulin-G (IgGs), Lp and Lf concentrated from whey
participates in host immunity. IgGs binds with bacterial toxins and lowers the bacterial load in
the large bowel. There are some whey-derived carbohydrate components that possess prebiotic
activity. Lactose support lactic acid bacteria (such as Bifidobacteria and Lactobacilli). Stallic acids,
an oligosaccharide in whey, are typically attached to proteins, and possess prebiotic properties. The
uniqueness of whey proteins is due to their ability to boost the level of glutathione (GSH) in various
tissues and also to optimize various processes of the immune system. The role of GSH is very critical
as it protects the cells against free radical damage, infections, toxins, pollution and UV exposure.
Overall GSH acts as a centerpiece of the body’s antioxidant defense system. It has been widely
observed that individuals suffering from cancer, HIV, chronic fatigue syndrome and many other
immune-compromising conditions have very poor levels of glutathione. The sulphur-containing
amino-acids (cysteine and methionine) are also found in high levels in whey protein. Thus, the
present review will focus on the therapeutic potential of milk whey such as antibiotic, anti-cancer,
anti-toxin, immune-enhancer, prebiotic property etc.

Keywords: milk whey; therapeutic potential; cheese whey; antimicrobial; immune-enhancer;
bioactive peptides

1. Introduction

Whey is generally released as a by-product during cheese manufacturing. The typical composition
of milk comprises about 3.6% protein, out of which casein predominates to around 80% and rest 20%
are called as the whey proteins. Whey proteins are unique as they contain all the essential amino
acids of good quality protein. Milk whey and whey proteins have different biological and functional
properties. Consequently, milk whey proteins are used in the manufacture of various products such as
infant foods, nutritional products for athletes, tailor made specialized products for controlling obesity,
mood control and other clinical protein supplements such as for enteral disturbances. (Yalcin, 2006 [1]).

Bioactive peptides present in milk whey are one of the most studied compounds in different dairy
products. Bioactive peptides from dairy sources are majorly classified on the basis of their biological
roles as anti-hypertensive, anti-oxidative, immmuno-modulant, anti-mutagenic, anti-microbial, opioid,
anti-thrombotic, anti-obesity and mineral-binding agents. These bioactive peptides are produced
by enzymatic hydrolysis during fermentation and gastrointestinal digestion. Thus, fermented dairy
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products like yogurt, cheese and buttermilk are gaining popularity worldwide and are considered as
an excellent source of dairy peptides. Furthermore, these dairy products are also associated with lower
risks of hypertension, coagulopathy, stroke and cancer insurgences (Sultan et al., 2014 [2]).

2. Historical Background

Historically, whey was considered as a cure for all common ailments ranging from gastrointestinal
complaints to joint and ligament problems.

Nanna Rognvaldardottir, a food expert from Iceland, described whey (also called syra in Iceland),
as fermented liquid that is stored in barrels.

Before its consumption, Syra is diluted with water. It is also used as a marinade or preservative
for meat and other food.

Syra was the most common beverage of Icelandic people and replaced ale due to the lack of grains
in that region (Rognvaldardottir, 2001 [3]).

3. Milk Whey Components

The major components of milk whey of nutraceutical potential includes beta-lactoglobulin,
alpha-lactalbumin, bovine serum albumin (BSA), lactoferrin (Lf), immunoglobulins (Igs),
lactoperoxidase (Lp) enzymes, glycomacropeptides (GMP), lactose and minerals. The composition of
the whey liquid also depends upon the source of milk e.g., whey derived from buttermilk contains more
lipid sphingomyelin as compared to those derived from cheese. Whey is a popular dietary protein
supplement that is well known to possess antimicrobial activity, immune modulation, improved
muscle strength and body composition. Furthermore, whey is known to prevent cardiovascular
disease and osteoporosis.

The nutrient content of milk whey types (sweet whey and whey permeate) is described in Appedix
Table A1 and the whey characteristics are highlighted in Appedix Table A2.

3.1. Beta-Lactoglobulin

Beta-lactoglobulin comprises approximately half of the total protein content in bovine whey,
while it is absent in human milk. It is a source of both essential and branched chain amino acids.
A retinol binding protein (a carrier of small hydrophobic molecules including retinoic acid) is present
within the beta-lactoglobulin structure. This protein, has an ability to modulate lymphatic responses
(Gupta et al., 2012; Yolken et al., 1985 [4,5]). It also has the property to bind to hydrophobic ligands
such as fatty acids.

Recently, Le Maux et al. demonstrated that beta-lactoglobulin acts as a carrier molecule that alters
the bio-accessibility of linoleate and linoleic acid (Le Maux et al., 2012 [6]). It also provides resistance
against gastric- and simulated duodenal digestions. It also serves as a potential carrier for delivering
gastric labile hydrophobic drugs. Thus it has a great potential to serve as a realistic protein candidate
for safe delivery and protection of pH-sensitive drugs in the stomach (Mehraban et al., 2013 [7]).

3.2. Alpha-Lactalbumin

Alpha-lactalbumin is reported to be the second most important protein in whey quantitatively
and it represents approx. 20% (w/w) of the total whey protein. It is completely synthesized in the
mammary gland. It has significant anti-proliferative effects in human adenocarcinoma cell lines such
as Caco-2 and HT-29 (Brück et al., 2014 [8]). It also kills tumour cells and has bactericidal effects in the
upper respiratory systems and protective effects on gastric mucosa.

Alpha-lactalbumin plays a vital role in reducing the risk of some cancers as it constrains cell
division (Ganjam et al., 1997 [9]). In yet another study, it has also been found effective in the treatment
of cognitive declination. This is due to the high tryptophan content in alpha-lactalbumin, that increases
the plasma tryptophan-large neutral amino acids ration (Markus et al., 2002 [10]).
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3.3. Bovine Serum Albumin (BSA)

Bovine serum albumin (BSA) is not produced in the mammary gland, but is secreted in milk after
its passive leakage from the blood stream. The most important property of bovine serum albumin is
its ability to bind to various ligands reversibly. It is the principal carrier of fatty acids and can bind to
free fatty acids and other lipids as well as flavoring compounds (Huang et al., 2004 [11]). However,
this property is impaired upon denaturation on heating. BSA also inhibits tumor growth due to the
modulation of activities of the autocrine growth regulatory factors (Laursen et al., 1990 [12]).

BSA also binds to fatty acids stored in the human body; and thus it also participates in lipid
synthesis (Choi et al., 2002 [13]). In addition, BSA possess antioxidant activities (Tong et al., 2000 [14]).

BSA is a source of all major essential amino acids, whose therapeutic potential is still
largely unexplored.

3.4. Lactoferrin (Lf)

Lactoferrin is an iron-binding glycoprotein that is present in whey fraction of milk and colostrum.
It is a non-enzymatic antioxidant and consists of approximately 689 amino acid residues (Pierce et al.,
1991 [15]). The concentration of lactoferrin in human milk and colostrum is reported to be about
2 mg/mL and 7 mg/mL, respectively, whereas in bovine milk and colostrum it is around 0.2 mg/mL
and 1.5 mg/mL, respectively (Levay et al., 1995 [16]). Lactoferrin is a pre-dominant component of
whey protein in human breast milk.

Lactoferrin is also known to be an important host defense molecule and performs a range
of physiological functions such as antimicrobial, antiviral, immuno-modulatory and antioxidant
activity. It has been shown in several scientific studies that lactoferrin, if administered orally, exerts
several beneficial health effects on humans and animals, including anti-infective, anti-cancer and
anti-inflammatory effects. Thus, lactoferrin possess the potential to be used as a food additive (El-Loly
and Mahfouz, 2011 [17]).

3.5. Immunoglobulins (Igs)

Immunoglobulins (Ig) are antibodies and chemically gamma-globulins. The whey fraction of
milk contains a major amount of immunoglobulins, comprising approximately 10%–15% of total whey
proteins. Numerous studies have proved the therapeutic potential of immunoglobulins. They are
known to possess vital biological properties.

In an in vitro study, it was shown that bovine milk-derived IgG suppresses human lymphocyte
proliferative response to T cells at concentrations as low as 0.3 mg/mL of IgG. It was further concluded
that bovine milk IgG concentration varies between 0.6–0.9 mg/mL and therefore confer immunity that
is transmitted to humans (El-Loly, 2007 [18]). Previous studies have shown that unpasteurized cow
milk contain specific antibodies to human rotavirus, and against bacteria such as E. coli, Salmonella
enteriditis, S. typhimurium, and Shigella flexneri (Losso et al., 1993 [19]).

Nowadays, commercial colostral whey-derived immunoglobulin preparations are widely
available in the market that are marketed under the category of feed supplements and newborn
farm animal substitutes (Scammell, 2001 [20]).

There are few studies that have reported that the efficacy of these non-specific immunoglobulin
products in the prevention and treatment of gastrointestinal infections is variable in different animal
studies (Garry et al., 1996 [21]).

However, Hilpert et al. [22] described the production of ‘hyper-immune milk’ by immunizing the
cows with specific antibodies and to prepare a whey protein concentrate for protecting young animals
from disease.

An increasing number of controlled clinical studies have shown that the oral administration of
immune milk preparations containing high titers of specific antibodies can provide effective protection
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and, to some extent, may also have therapeutic value against gastrointestinal infections in humans
(Korhonen et al., 2000; Lilius and Marnila, 2001 [23,24]).

3.6. Lactoperoxidase (LPO) Enzymes

Milk whey contains many types of enzymes, such as lactoperoxidase, hydrolases, transferases,
lyases, proteases and lipases. Lactoperoxidase accounts for 0.25–0.5 percent of total protein found in
whey. Lactoperoxidase is an important enzyme present in the whey fraction of milk. It is the most
abundant enzyme in whey following the curding process. It has the property to catalyze certain
molecules, and reduction of hydrogen peroxide. This enzyme system catalyzes peroxidation of
thiocyanate and some halides (such as iodine and bromium), which ultimately generates products that
inhibit and/or kill a range of bacterial species. It is heat tolerant and therefore lactoperoxidase is not
inactivated during the pasteurization process, thereby suggesting its stability as a preservative.

The biological significance of this enzyme is that it has a natural protection system against the
invasion of microorganisms. Besides its antiviral effect, it protects animal cells against various damages
and peroxidative effects (de Wit and Van Hooydonk, 1996 [25]).

Lactoperoxidase also provides defense system against pathogen microorganisms from the
digestive system of neonatal babies. The LPO enzyme functions as a non-immune biological
defense system of mammals and catalyzes the oxidation of the thiocyanate ion into the antibacterial
hypothiocyanate (Reiter and Perraudin, 1991 [26]). In yet another study, the oral administration of
lactoperoxidase attenuated pneumonia in influenza virus-infected mice suppressed the infiltration of
inflammatory cells in the lungs (Shin et al., 2005 [27]).

Thus the major application of lactoperoxidase is a protective factor against infectious microbes.

3.7. Glycomacropeptides (GMP)

Glycomacropeptides are also known as Casein Macro-Peptide (CMP) and constitutes about
10%–15% of protein in whey. It is produced in whey due to the breakdown of casein by chymosin
enzyme during cheese-making process. It contains large numbers of branched chain amino acids;
but lacks the aromatic amino acids such as phenylalanine, tryptophan and tyrosine.

The other advantage is that it can be safely administered to patients suffering with
phenylketonuria (PKU) as it lacks phenylalanine (Marshall, 2004 [28]).

The GMP inhibits gastric acid secretions and modifies the blood concentration of regulatory
digestive peptides. It induces satiety as it induces the release of cholecystokinin but similar results
were not observed in human-fed GMP (Gustafson et al., 2001 [29]). The other role of GMP is to inhibit
the adhesion of cariogenic bacteria such as Streptococcus mutans, Sanguis and Sobrinus to oral surfaces
and therefore can modify the composition of plaque bacteria to control its acid production and, in turn,
reduce the demineralization of enamel and promote re-mineralization. The GMP is also a source of
N-acetyl-necromatic acid and its dietary intake can increase the sialic acid content of saliva that effects
its viscosity and protective function (Gupta et al., 2012 [4]).

3.8. Lysozyme (N-Acetylmuramide Glycan-Hydrolase)

Lysozyme is a hydrolytic enzyme that is widely distributed in nature and occurs in many body
fluids and tissues of living organisms (Fox and Kelly, 2006 [30]). Although the highest concentration
of the enzyme is found in tears and egg white protein, but is also present in human milk. It exhibits
antibacterial activity only against gram-positive bacteria.

This enzyme has wider industrial applications as a food additive, in medical diagnostics,
pharmacology and veterinary medicine. It is also used in the treatment of bacterial and viral
infections, skin and eye diseases, periodontitis, leukemia and cancer (Lesnierowsk, 2009; Benkerroum,
2008 [31,32]).
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3.9. Proteose Peptone Component 3 (PP3)

These are those proteins that are left in solution after the milk is heated at high temperature
followed by its acidification up to pH 4.7.

The proteose peptone 3 component is found only in whey excluding from the human source. It is
produced during the fermentation of fat-free bovine milk and enhances the production of monoclonal
antibodies by human hybridoma cells (Krissansen, 2007 [33]).

4. Therapeutic Properties of Milk Whey

4.1. Antimicrobial

Milk whey—also known as cheese whey (Lactoserum)—contains several unique components that
possess some important antimicrobial and antiviral properties. These are immunoglobulins, lactoferrin,
lactoperoxidase, glycomacropeptide and sphingolopids. All these compounds are able to survive
after their passage through stomach and small intestine and exert their biological effects in the large
intestine. The important whey components that provide antimicrobial action in the intestinal tract
are the immunoglobulins like IgG, IgM and IgA. IgG binds to toxin produced by Clostridium difficile,
thereby reducing diarrhoea, dehydration and muscle aches. GMP inhibits binding of cholera toxin to
receptors in the intestinal tract.

Lactoferrin, an iron binding protein present in milk whey, possesses antibacterial properties.
It sequesters iron from bacteria (Troost et al., 2001 [34]). Since pathogens in particular have high iron
requirements for metabolism and growth, this property of lactoferrin makes it broadly antimicrobial
in nature. Lactobacilli can utilize lactoferrin-bound iron, thus allowing lactoferrin to both inhibit
pathogenic bacteria and support the growth of lactobacilli.

Moreover, lactoferrin possess important antiviral activity as.it directly interacts with selected
viral pathogens, inhibits virus replication and their ability to attach to colonic epithelial cells. Viral
inhibition also results through immune modulation benefits of lactoferrin.

Another whey-derived important protein component is lactoperoxidase (Lp) with potent
antimicrobial properties. It catalyzes the oxidation of thiocyanate into hypothiocynate ion,
which is a strong oxidizing agent. Hypothiocynate ions disrupts bacterial cell membranes.
This ”Lactoperoxidasesystem” is therefore used in a milk-preservation system. Whey-derived
phospholipids such as sphingolipids are metabolized in the gastrointestinal (GI) tract and produce
sphingosine and lysosphingomyelin. These compounds possess powerful bactericidal agents in vitro.

Cheese whey (Lactoserum) was used as an inexpensive medium to produce bacteriocin by
Bacillus sp. P11 (Leães et al., 2010 [35]). Bacteriocins are antimicrobial peptides produced by lactic acid
bacteria group.

The lactoferrin, α-Lactalbumin and β-Lactglobulin were also studied for their antagonistic activity
against Human Immunodeficiency Virus type-1 (HIV-1) (Chatterton et al., 2006 [36]). In particular,
β-Lactglobulin is potential agent for preventing the transmission of genital herpes virus infections and
the spread of HIV. The lactoferrin and lactoferricin exhibit inhibitory activity against a broad range
of microorganisms including Gram-negativeand, Gram-positive bacteria, yeast, fungi and parasitic
protozoa (Takakura et al., 2003 [37]). They also inhibit the growth of food-borne pathogens such as
E. coli and Listeria monocytogenes (Floris et al., 2003 [38]).

The Lf exhibits antiviral property against HIV, Human Cytomegalovirus (HCMV), herpes viruses,
Human Papilloma Virus (HPV), alpha-virus and hepatitis C, B and G viruses. Overall, whey proteins
activate immune cell and/or prevent infection. They show promise to help combat rota-viral diarrhea,
which is a common infection in children (Wolber et al., 2005 [39]). The natural antimicrobial action of
Lp is used in a range of oral healthcare products and in the prevention and treatment of xerostimia
(dry mouth). Whey protein concentrate supplementation can thus decrease the occurrence of associated
co-infections (Solak and Akin, 2012 [40]).
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4.2. Anti-Cancerous

Some cheese whey components possess anticancer properties. The sulphur-containing
amino-acids including cysteine and methionine, are found in good amounts in whey protein. Cysteine
and methionine are utilized in glutathione synthesis. Glutathione is a substrate for two classes of
enzymes that catalyze detoxification compounds and bind mutagens and carcinogens, thus facilitating
their elimination from the body. The ability of lactoferrinto bind iron is another added advantage in
the prevention of colon cancer. They induce apoptosis in tumour cells and so are useful adjunct in
colon cancer therapy.

Sphingomyelin, one of the most abundant whey-derived sphingolipids, have potential to inhibit
colon cancer. Sphingomyelins also regulate growth factor receptors, such as the transforming growth
factor beta family (TGF-β).

TGF-βs are a multifunctional family of growth factors that regulate cell growth in normal
and tumour cells by suppressing proliferation, inducing differentiation and apoptosis. TGF-β
passes out unaffected through the stomach and maintains bioactivity in colon by withstanding
enzymatic proteolysis.

Several scientific studies, based on experiments on animal experiments have shown the
therapeutic effect of bovine lactoferrin (BLF) in treating distinct types of cancer (Gill & Cross, 2000 [41]),
including colon cancer (Masuda et al., 2000 [42]). Besides this, the iron-binding capacity of bovine
lactoferrin is responsible for its anticancer activity. The proposed mechanisms are that free iron act
as a mutagenic promoter, by inducing oxidative damage to the nucleic acid structure; hence, when
bovine lactoferrin binds iron in tissues, it reduces the risk of oxidant-induced carcinomas and colon
adenocarcinomas. Studies are also available that pertain to such other cancers as lung, bladder, tongue
and oesophagus, and which convey similar results (Masuda et al., 2000; Tanaka et al., 2000 [42,43]).

4.3. Immune-Enhancer

IgGs, Lp and Lf concentrated from whey participates in host immunity. IgGs binds with bacterial
toxins and lowers the bacterial load in the large bowel. Dietary Lp and Lf plays a vital role in host
immunity through their antibacterial action on pathogenic microorganisms. Thus, supplementing
diets with whey-derived adjuncts shifts the balance of intestinal microflora and aids in immune
enhancement. Calcium, by virtue of its probiotic activity and influence on macrophages, neutrophils
and other white blood cell (WBC) subtypes are also classified as immune-modifying minerals.

Lf provides immune modulation as it is a natural component of the human immune system and
is found in the body’s mucous substances including saliva.

TGFs are abundant in milk (1–2 mg/L) and colostrum (20–40 mg/L) and serve a major role in GI
integrity of newborn animals.

TGF-beta2 resides locally near the top of the intestinal villi, and inhibits the proliferation and
signaling neutrophils as a part of innate host immunity.

Bovine lactoferrin upon stimulation of the immune system increases macrophage activity, causes
induction of inflammatory cytokines, including IL-8, TNF-a and nitric oxide, stimulates proliferation of
lymphocytes, and activates monocytes, natural killer (NK) cells and neutrophils (Gahr et al., 1991 [44]).

4.4. Prebiotic Properties

There are some whey-derived carbohydrate components that possess prebiotic activity. Lactose
support LAB (such as Bifidobacteria & Lactobacilli). Stallic acids (type of oligosaccharides that are
commonly found in whey), are typically attached to proteins that have been shown to possess
prebiotic properties. Besides, three other non-carbohydrate prebiotics from whey are a protein called
glycomacropeptide (GMP) that is derived from the partial enzymatic breakdown of kappa-casein
during cheese production that supports the growth of bifidobacteria; second is lactoferrin (Lf), which
supports the growth of bifidobacteria and lactobacilli and third component with prebiotic potential
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is mineral, calcium in form of calcium phosphate. It selectively stimulates the growth of intestinal
lactobacilli and decreases the severity of Salmonella infections in rats (Kassem et al., 2015 [45]).

4.5. Anti-Inflammatory Properties

The role of whey proteins on hypertension is due to its effect on inflammation and
Renin-Angiotensin System (RAS). The Angiotensin-Converting Enzyme (ACE) inhibitors possess
anti-inflammatory properties (Sousa et al., 2012 [46]). In a study it was found that the consumption of
whey proteins depleted the plasma levels of pro-inflammatory cytokines (IL-1 beta: 59% and IL-6: 29%)
as compared to the consumption of same amount of casein. Thus, reduction of pro-inflammatory
cytokines can also be associated with weight loss after consumption of whey proteins and its amino
acids (Luhovyy et al., 2007 [47]).

4.6. Cardiovascular and Related Diseases

Cardiovascular disease (CVD) is associated with number of factors such as age, genetic
constitution, obesity, sedentary lifestyle and alcohol intake and quality of dietary fat. Milk contains
more than 12 different types of fat, including sphingolipids, free sterols, cholesterol and oleic acid.
Several studies have shown that intake of milk and dairy products lower blood pressure and reduce
the risk of hypertension (Groziak and Miller, 2000 [48]).

A study was undertaken to investigate the effect of fermented milk (Lactobacillus casei and
Streptococcus thermophiles) supplement with an added whey protein concentrate on serum lipids
and blood pressure on a group of 20 healthy adult males (Kawase et al., 2000 [49]). During the course
of eight weeks, volunteers consumed 200 mL of fermented milk with whey protein concentrate or
a placebo in the morning and evening. The placebo consisted of a non-fermented milk product without
the addition of whey protein concentrate. After eight weeks, the fermented-milk group showed
significantly higher High Density Lipoproteins (HDLs) and lower triglycerides and systolic blood
pressure than did the placebo group.

In yet another study, the aim was to investigate the acute effects of dietary whey proteins on lipids,
glucose and insulin, and resting energy expenditure in overweight and obese post-menopausal women,
a population that is highly susceptible to cardiovascular disease. The findings suggested that a single
dose of whey protein can decrease arterial exposure to smaller triglycerides-enriched lipoprotein
particles compared to the glucose and casein meals in the postprandial period in overweight and obese,
post-menopausal women (Pal et al., 2010 [50]).

4.7. GastroIntestinal Health

Whey proteins exert a therapeutic effect on the gastric mucosa. This effect is due to the presence
of sulfhydryl group in aminoacid cysteine and its linkage with glutamic acid in the production
of glutathione.

In a research by Rosaneli et al. [51], it was observed that when rats showed a 41% reduction in
ulcerative lesions caused by ethanol ingestion when they were fed a whey protein concentrate, while
a 73% reduction rate was observed following repeat doses of whey (McGregor and Poppitt, 2013 [52]).

Whey proteins are absorbed faster in body than casein. The lower absorption rate of casein in
its native micellar form is due to the low pH conditions in the stomach that cause casein clotting and
delays gastric emptying (Dangin et al., 2001 [53]). Therefore, plasma amino acids are more rapidly
elevated following whey proteins consumption; whereas changes in plasma amino acids are lower
and more sustained following micellar casein consumption. Thus, processing of whey proteins or
casein fractions through hydrolysis can markedly influence absorption and subsequent plasma amino
acid profiles.
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4.8. Physical Strength and Performance for Athletes

Several studies have shown that whey proteins have tremendous nutraceutical potential for
athletes. They are often referred to as ‘gold standard’ or ‘fast protein’ for their unique ability to
provide nourishment to muscles. This is due to several factors such as their solubility, easily digestible,
efficient absorption. They contain all the essential amino acids required in daily diet and have an ideal
combination of amino acids to help to improve body composition and enhance athletic performance.

Whey protein is a rich source of branched chain amino acids that are important for athletes since
they are metabolized directly into muscle tissue and repair and rebuild lean muscle tissue. Whey
protein is an excellent source of leucine (an essential amino acid) that plays a key role in promoting
muscle protein synthesis and muscle growth in athletes. It has been reported that whey protein isolate
has approximately 50% more leucine than soy protein isolate. Whey protein increases the level of
glutathione in the body and helps to maintain a healthy immune system (Gupta et al., 2012 [4]).

4.9. Obesity Control

Numerous studies have proved that whey proteins help in weight management and obesity
control. The mechanism involved is through the influence of whey proteins on the hormones that
controls appetite and hunger (Hall et al., 2003 [54]). Consumption of a high-protein diet has a greater
satiety thereby reducing energy intake and subsequent adiposity. It has been found that whey proteins
are even more effective than red meat in reducing weight gain and also increases insulin sensitivity
of the body. The other proposed mode of action is that diet rich in α-lactalbumin enhances the lipid
oxidation and rapidly delivers amino acids for use during exercise, thereby decreasing adiposity
(Bouthegourd et al., 2002 [55]). Calcium is also known to influence energy metabolism as it regulates
adipocyte lipid metabolism and triglyceride storage. This has been experimentally supported by
Zemel 2002 [56] who demonstrated a greater effect of dairy versus non-dairy sources of calcium for
improving body composition.

4.10. Protection against Human Immunodeficiency Virus (HIV)

Research has shown that individuals infected with HIV exhibit glutathione deficiency.
Supplementation of whey elevates the levels of glutathione (GSH) and helps in increasing the immune
defense mechanism of the host.

A research was undertaken by Micke et al. [57] on 30 subjects infected with HIV. They were
randomized and received a daily dose of 45 g whey proteins from one of two sources Protectamin® or
Immunocal. These two products are commercially available and possess different amino acid profiles.
The oral supplementation was given for two weeks. After two weeks, the Protectamin-supplemented
group demonstrated significantly elevated glutathione levels while the Immunocal group had
statistically non-significant elevations. These results clearly showed that high levels of glutathione
supplementation provide protection against HIV.

4.11. Diabetes

Numerous studies have proved that whey proteins help to control the blood glucose levels and
provide additional benefits for weight management. This is a main concern for type-2 diabetics
(Shankar and Bansal, 2013 [58]). Whey proteins are thus high biological, high-quality and value protein
suitable for diabetic patients. Ingestion of whey proteins leads to more rapid secretion of insulin than
micellar casein (McGregor and Poppitt, 2013 [52]).

4.12. Appetite Suppression

It has been mentioned earlier that whey based beverages regulates body weight and helps in
controlling obesity. This is due to some amino acids liberated from whey proteins during in vivo
digestion that also stimulate the release of hormones including insulin. Its secretion directly affects
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food intake regulation by modifying glycemic response and suppressing appetite and, consequently
reduces body weight... Some other hormones are also involved in appetite suppression either directly
in the hypothalamus, such as ghrelin, or indirectly through the vagal nerve, such as cholecystokinin
(CCK) and Peptide YY (PYY) (Jakubowicz and Froy, 2013 [59]). Glyco-macropeptide is a powerful
stimulator of CCK, which is an appetite-suppressing hormone that plays essential roles related to
gastrointestinal function; including the regulation of food intake. Further research is required to study
the effects of GMP and CCK as an appetite suppressant (Walzem, 1999 [60]).

4.13. Ageing

Numerous studies have shown that whey protein based drinks play an important role in delaying
the ageing process. During ageing, there is a continuous but slow degeneration of skeletal muscle mass
(sarcopenia). In elderly population the skeletal muscle mass is completely impaired and inhibited.
Whey proteins are a rich source of essential amino acids that contributes to its anabolic properties.
There is an increase in availability of postprandial plasma amino acids that stimulates synthesis of
muscle proteins (Pennings et al., 2011 [61]). Whey proteins contain glutathione that is an important
antioxidant involved in the maintenance of functional and structural integrity of muscular tissue
undergoing oxidative damage during exercise and aging.

4.14. Wound Healing

Wound healing involves the growth of new skin through the use of proteins and their amino
acids. Healing process is delayed when there are inadequate amounts of protein or diets high in
poor-quality proteins, such as gelatin are present. Whey proteins comprises of good quality proteins
and are therefore often recommended by physicians after any surgery or burn therapy (Gupta et al.,
2012 [4]).

5. Therapeutic Applications of Fermented Whey

The therapeutic potential and functional properties of milk whey can be improved through
fermentation (Yang and Silva, 1995 [62]). During fermentation by probiotic bacteria, the percentage
of essential and digestible amino acids increases to a marked level, thus making these fermented
dairy products ideal nutritional supplements for diarrhea and other conditions (Hitchins and Mc
Donough, 1989 [63]). Various compounds including flavouring compounds and acids are produced
due to the metabolic activity of these microorganisms. This also increases their palatability and
consumer acceptability as compared to non-fermented products. The organic acids produced during
the fermentation possess great health benefits. These organic acids comprise of short-chain fatty acids
such as acetic, citric and lactic acid produced during the fermentation of protein and carbohydrate
components. The organic acids possess antimicrobial properties particularly against E. coli in the
intestine. The organic acids helps to lower the pH of the intestine that helps in the secretion of bile
juices, absorption of nutrients and also reduce the concentration of pathogenic microglora in the gut.
The SCFA is used in the colon to promote water and electrolyte absorption for diarrhoea treatment
(Desjeux, 2000 [64]).

In a study in rats it was also reported that dietary calcium, preferably as calcium phosphate,
also selectively favours the growth of intestinal lactobacilli and decreases the severity of Salmonella
infections (Bovee-Oudenhoven et al., 1999 [65]).

In a study, Lactobacillus acidophilus subsp. johnsonii (La1) has been shown to effectively suppress
the growth of Helicobacter pylori in vitro. The results were confirmed by conducting a hydrogen breath
test. The whey-drink based on L. acidophilus (johnsonii) culture was given to some volunteers and a
marked decrease in test values was observed (Michetti, 1999 [66]).
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6. Whey-Based Probiotic Products

During recent years there has been great awareness about the consumption of dairy products
amongst the consumers worldwide. Dairy products containing probiotic bacteria of selected strains
preferably belonging from the group of Lactobacillus spp. and Bifidobacterium spp. are generally
preferable. Fermented dairy products such as whey have a greater consumer appeal as they are
nutritious, thirst-quenching, less acidic and low in calories. Since dairy products are highly perishable
they are susceptible to microbial spoilage during storage. Nowadays, liquid whey is therefore
concentrated by spray drying or by evaporation, ultrafiltration or reverse osmosis thereby increasing
their shelf life.

Besides, these whey drinks are further fortified with the friendly probiotic bacteria for their health
promoting properties, and provide unique texture and flavor to them. Some whey-based probiotic
products available in the market are Yakult and Sofyl (manufactured by Yakult), Chamyto (by Nestlé),
Activia, Actimel, Danito (by Danone), Vigor-Club (by Vigor) (Katz, 2001 [67]).

The most common method of producing whey drinks is to remove excess of whey during cheese
manufacturing process. The liquid whey is then filtered, pasteurized and fermented with the desired
probiotic strain. It has been commonly observed that sweet whey (prepared after coagulation with
rennet) is tastier than acid whey. The whey obtained through this process is clearer and is thus not
sedimented during long term storage. This is called deproteinised whey. Such whey drinks can also be
easily carbonated similar to soft drinks due to their low viscosity. (Wilson and Temple, 2004 [68]).

In a study, when a whey based beverages fortified with probiotic culture of Lactobacillus acidophilus
was administered to diarrheal children, positive results were reported (Goyal and Gandhi, 2008 [69]).

It is necessary that the whey based beverages should be fortified with only specific viable probiotic
strain(s) in sufficient numbers and scientifically validated with appropriate labeling in order to ensure
therapeutic results (Reid et al, 2006 [70]).

7. Conclusions

From the above discussion, it is imperative that milk whey possess tremendous therapeutic
properties such as antimicrobial, anticancer, immune-enhancer, prebiotic property, anti-inflammatory,
cardiovascular, gastro-intestinal health, physical strength, obesity control and weight-management,
HIV, diabetes, appetite suppression, ageing, and wound healing. There are several whey-based
probiotic products available in the market today that can serve as attractive health-promoting food
supplements. Kefir, yogurts, frozen yogurts and desserts are all well-known examples.
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Appendix A

Table A1. Nutrient content of cheese whey types (dry matter basis).

Nutrient Content Sweet Whey (%) Whey Permeate (%)

Total nitrogen (TN) 1.30 0.26
Non-protein nitrogen (NPN) 0.34 0.24
Calcium 0.058 0.055
Phosphorus 0.052 0.045
Net energy lactation (Mcal/lb) 0.90 0.85
Total digestible energy (Mcal/lb) 1.86 1.7
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Table A2. Whey Characteristics.

Characteristics Chemical Composition Sweet Whey Whey Permeate

Specific gravity (kg/L) 1.025 1.030
pH 6.40 6.55
Titrable acidity 0.05 0.089
Water (%) 91.95 94.45
Dry matter (DM%) 8.05 5.55

- Solid not fat (SNF%) 7.55 5.55
- Fat (%) 0.50 0.00

Crude protein (CP%) 1.10 0.25
Soluble carbohydrates (%) 5.20 4.90
Total ash (%) 0.52 0.50
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Abstract: High-fat diets (HFD) increase lipopolysaccharide (LPS) activity in the blood and may
contribute to systemic inflammation with obesity. We hypothesized that dietary milk sphingomyelin
(SM), which reduces lipid absorption and colitis in mice, would reduce inflammation and be mediated
through effects on gut health and LPS activity. C57BL/6J mice were fed high-fat, high-cholesterol
diets (HFD, n = 14) or the same diets with milk SM (HFD-MSM, 0.1% by weight, n = 14) for 10 weeks.
HFD-MSM significantly reduced serum inflammatory markers and tended to lower serum LPS
(p = 0.08) compared to HFD. Gene expression related to gut barrier function and macrophage
inflammation were largely unchanged in colon and mesenteric adipose tissues. Cecal gut microbiota
composition showed greater abundance of Acetatifactor genus in mice fed milk SM, but minimal
changes in other taxa. Milk SM significantly attenuated the effect of LPS on pro-inflammatory gene
expression in RAW264.7 macrophages. Milk SM lost its effects when hydrolysis was blocked, while
long-chain ceramides and sphingosine, but not dihydroceramides, were anti-inflammatory. Our data
suggest that dietary milk SM may be effective in reducing systemic inflammation through inhibition
of LPS activity and that hydrolytic products of milk SM are important for these effects.

Keywords: sphingomyelin; sphingolipids; ceramide; sphingosine; milk; dairy; obesity; inflammation;
gut; macrophage

1. Introduction

Chronic low-grade inflammation is involved in the pathogenesis of cardiovascular disease,
type 2 diabetes, and non-alcoholic fatty liver disease [1]. Metabolically related chronic low-grade
inflammation may be exacerbated by circulating lipopolysaccharide (LPS), also called “endotoxin”,
a pro-inflammatory molecule found in the outer membrane of Gram-negative bacteria [2]. Recognition
of bacterial LPS by host cells can trigger a pro-inflammatory signaling cascade mediated by Toll-like
receptor-4 (TLR4), a pattern recognition receptor [3]. The human gastrointestinal tract has a “gut barrier”
to limit the passage of microbes between host intestinal cells (e.g., tight junctions between enterocytes)
and into the bloodstream [4]. These features of the gut barrier reduce permeability to LPS, which
may otherwise trigger host inflammation and disease [5]. However, LPS translocation from the gut
to circulation is enhanced by the absorption of dietary lipids [6]. High-fat diets (HFD) have been
shown to promote inflammation of the distal intestine, causing an impairment of the protective gut
barrier, and translocation of LPS into host circulation [7]. Diets high in fat can also alter the gut
microbiota [8], resulting in diminished amounts of beneficial bacteria, such as some bifidobacteria,
which would promote gut barrier permeability [7]. Additionally, diets rich in triglyceride and
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cholesterol increase chylomicron production during digestion and absorption. It has been shown
that LPS can be incorporated into chylomicrons and transported into the bloodstream of mice [6].
Overall, these effects of HFD result in the paracellular and transcellular translocation of LPS from the
gut into the circulation. The presence of LPS in the circulation activates the inflammatory response
of the immune system, mainly through the activation of TLR4 [3]. Lipopolysaccharide engages the
TLR4/MD-2 receptor complex via LPS-binding protein (LBP) and CD14. Toll-like receptor 4 signaling
then activates the nuclear factor-kappa B (NF-κb) transcription factor resulting in the production of
pro-inflammatory cytokines, such as tumor necrosis factor alpha (TNF-α) [3]. Macrophages in the
colon have been shown to be the first pro-inflammatory immune responders to an HFD [9]; thus,
inhibiting LPS translocation and the subsequent inflammatory responses of macrophages shows great
potential in reducing the detrimental effects of a diet rich in fat and cholesterol.

Dietary phospholipids, including sphingolipids, show potential in mitigating chronic disease
through effects on lipid absorption and inflammation [10,11]. Dietary sphingolipids, which include
sphingomyelin (SM), ceramides, and sphingosine, are mainly found in milk, eggs, and soybeans [12].
It is estimated that the average American consumes 0.3 to 0.4 grams of sphingolipids per day [12].
Sphingomyelin is considered a zoochemical, being present in animal cell membranes but absent
from plants [13]. Sphingomyelin found in milk is an important component of milk fat globule
membranes [14]. Dietary SM and other sphingolipids have been studied for their effects on
dyslipidemia because they interfere with the absorption of dietary fat and cholesterol [15–21].
In addition to effects on lipid absorption, dietary SM may have further bioactive effects by
reducing inflammation and LPS activity, potentially influencing chronic disease. Dietary milk
SM has been shown to reduce dextran sulfate sodium (DSS)-induced colitis in mice, suggesting
anti-inflammatory effects in the gut [22]. However, the effect of dietary SM on colon inflammation
is controversial, as exacerbation of colitis in mice has been observed with feeding egg-derived
SM [23,24]. Phospholipids and sphingolipids appear to impact LPS activity, as they have been shown to
dampen LPS-induced inflammation [25,26]. The presence of LPS in circulation also results in the liver
upregulating sphingolipid biosynthesis via the sphingolipid rate-limiting biosynthetic enzyme, serine
palmitoyltransferase (SPT), possibly as a compensatory mechanism [27]. We have previously shown
that feeding 0.25% (w/w) milk SM reduced serum LPS and altered the gut microbiota in HFD-fed
mice after four weeks [28]. We also recently reported that feeding dietary SM (0.1% w/w) attenuated
hepatic steatosis and adipose tissue inflammation in diet-induced obese mice [29]. The current
study aimed to assess the effects of dietary milk SM on systemic and gut inflammation using a
HFD-induced obese mouse model. We also sought to elucidate whether milk SM and its hydrolytic
products (ceramides, dihydroceramides, and sphingosine) directly affect the inflammatory response of
macrophages stimulated by LPS.

2. Animals and Diets

Male C57BL/6J mice were purchased from the Jackson Laboratory (Bar Harbor, ME, USA) at
six weeks of age. Mice were housed in a temperature-controlled room and maintained in a 12 h
light/12 h dark cycle within the University of Connecticut-Storrs vivarium. The Animal Care and Use
Committee of the University of Connecticut-Storrs approved all procedures used in the current study.
Mice were acclimated to the facility for two weeks before being placed on either a lard-based high-fat,
high-cholesterol diet (HFD; 60% kcal from fat, 0.15% cholesterol added by weight; n = 14) or HFD
supplemented with 0.1% of milk SM added by weight (HFD-MSM; n = 14). Detailed diet compositions
are presented in Table 1. Experimental diets were prepared using purified ingredients commercially
available from Dyets, Inc. (Bethlehem, PA, USA). Milk SM (bovine; >99% purity) was obtained from
Avanti Polar Lipids, Inc. (Alabaster, AL, USA) and then substituted for an equal weight of lard in
the treatment group. Accounting for weight gained throughout the study, HFD-MSM provided the
equivalent of consuming approximately 405–670 mg milk SM/day in a 70 kg human based on body
surface normalization [30].
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Table 1. Diet Composition.

Diet Component (g/kg of Diet) High-Fat Diet 0.1% Milk Sphingomyelin High-Fat Diet

Casein 265 265
L-Cystine 4 4

Corn Starch 0 0
Maltodextrin 0 0

Sucrose 253.5 253.5
Lard 310 309

Soybean Oil 30 30
Cellulose 64 64

Mineral Mix, AIN-93G-MX (94046) 48 48
Vitamin Mix, AIN-93-VX (94047) 21 21

Choline Bitartrate 3 3
Cholesterol 1.5 1.5

Milk Sphingomyelin 0 1

Mice consumed the diets ad libitum and fresh food was provided twice per week. Body weight was
assessed weekly, while food intake was calculated at each feeding. After 10 weeks, mice were fasted
for 6–8 h followed by euthanasia and blood collection via cardiac puncture. Blood was allowed to clot
at room temperature for 30 min before serum isolation by centrifugation (10,000× g for 10 min at 4 ◦C)
and then stored at −80 ◦C. Special precautions were taken to minimize endotoxin contamination of the
serum samples. Mesenteric adipose, small intestine, and colon tissues were isolated and snap-frozen
in liquid nitrogen before storage in −80 ◦C.

2.1. Serum Biochemical Analysis

Serum IL-6, TNF-α, IFNγ, and MIP-1β were measured by Luminex/xMAP magnetic bead-based
multiplexing assay using MAGPIX instrumentation from EMD Millipore (Billerica, MA, USA). Serum
LPS was measured using a chromogenic limulus amebocyte lysate (LAL) assay (QCL-1000) obtained
from Lonza (Basel, Switzerland).

2.2. Gut Microbiota Analysis

Cecal fecal samples were collected from mice and submitted to the University of Connecticut-Storrs
Microbial Analysis, Resources, and Services (MARS) facility for microbiota characterization utilizing
16S V4 analysis. DNA was extracted from 0.25 g of fecal sample using the MoBio PowerMag Soil 96
well kit (MoBio Laboratories, Inc., Carlsbad, CA, USA) according to the manufacturer’s protocol for
the Eppendorf epMotion liquid handling robot. DNA extracts were quantified using the Quant-iT
PicoGreen kit (ThermoFisher Scientific, Waltham, MA, USA). Partial bacterial 16S rRNA (V4) and
fungal ITS2 genes were amplified using 30 ng extracted DNA as template. The V4 region was
amplified using 515F and 806R with Illumina adapters and dual indices (8 basepair golay on 3′ [31],
and 8 basepair on the 5′ [32]). Samples were amplified in triplicate using Accuprime PFX PCR master
mix (ThermoFisher Scientific, Waltham, MA, USA) with the addition of 10 μg BSA (New England
BioLabs, Ipswich, MA, USA). The PCR reaction was incubated at 95 ◦C for 2 min., then 30 cycles of
15 s at 95.0 ◦C, 1 min. at 55 ◦C, and 1 min. at 68 ◦C, followed by final extension at 68 ◦C for 5 min.
PCR products were pooled for quantification and visualization using the QIAxcel DNA Fast Analysis
(Qiagen, Hilden, Germany). PCR products were normalized based on the concentration of DNA
from 250–400 bp then pooled using the QIAgility liquid handling robot. The pooled PCR products
were cleaned using Mag-Bind RXNPure Plus (Omega Bio-Tek, Norcross, GA, USA) according to the
manufacturer’s protocol. The cleaned pool was sequenced on the MiSeq using v2 2 x 250 base pair kit
(Illumina, Inc, San Diego, CA, USA).

Sequences were demultiplexed using onboard bcl2fastq. Demultiplexed sequences were processed
in Mothur v. 1.39.4 following the MiSeq SOP [32]. Exact commands can be found at [33]. Merged
sequences that had any ambiguities or did not meet length expectations were removed. Sequences
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were aligned to the Silva nr_v119 alignment [34]. Identification of operational taxonomic units (OTUs)
was done using the RDP Bayesian classifier [35] against the Silva nr_v119 taxonomy database.

2.3. Cell Culture

Murine RAW264.7 macrophages were obtained from ATCC (Manassas, VA, USA) and cultured in
a humidified incubator at 37 ◦C with 5% CO2. Cells were maintained in Dulbecco’s modified Eagle’s
medium (4 g/L glucose) containing sodium pyruvate, 10% fetal bovine serum (Hyclone, Logan, UT,
USA), 2 mM L-glutamine, 100 U/mL penicillin, 100 μg/mL streptomycin antibiotic (ThermoFisher
Scientific, Waltham, MA, USA), and 100 μg/mL Normocin (Invitrogen, Carlsbad, CA, USA). Cell counts
and viability were routinely measured using Trypan blue and a TC-20 automated cell counter (Bio-Rad,
Hercules, CA, USA).

2.4. Effects of Sphingolipids on LPS Stimulation of RAW264.7 Macrophages

Milk sphingomyelin (bovine), sphingosine (d18:1), C16-ceramide (d18:1/16:0), C24-ceramide
(d18:1/24:0), C16-dihydroceramide (d18:0/16:0), and C24-dihydroceramide (d18:0/24:0) were obtained
from Avanti Polar Lipids at >99% purity. Milk SM and sphingosine were dissolved in 100% ethanol
(EtOH), while ceramides were dissolved in EtOH/dodecane (98.8/0.2, v/v). RAW264.7 cells were
seeded in 24-well plates and allowed to adhere overnight prior to experimentation. To examine
possible anti-inflammatory effects of milk SM, RAW264.7 macrophages were pre-incubated with milk
SM (0.8–8 μg/mL) or EtOH vehicle control for 1 h, followed by a 4 h co-incubation in the presence
or absence of 1 ng/mL LPS (E. coli 0111:B4) (Sigma-Aldrich, St. Louis, MO, USA). Since milk SM
comprised of a natural mixture of SM species, concentrations are reported in 0.8–8 μg/mL, which
is comparable to 1–10 μM of a pure SM species. To determine if effects were dependent on SM
hydrolysis, cells were incubated for 2 h with 100 μM imipramine (Sigma-Aldrich, St. Louis, MO,
USA) prior to 1 h incubation with milk SM or control ± 4 h co-incubation with LPS. Imipramine has
been shown to reduce acid sphingomyelinase (SMase) activity to ~20% of basal levels after 2 h of
incubation [36]. To test the effects of various ceramides and sphingosine, RAW264.7 macrophages
were incubated for 4 h with ceramides (10 μM), dihydroceramides (10 μM), sphingosine (1–10 μM), or
vehicle control ± LPS (1 ng/mL). Ethanol was used as a vehicle control for milk SM and sphingosine
treatments, while EtOH/dodecane (98.8/0.2, v/v) was used as a control for ceramide treatments.
To test for cytotoxicity, Cell Counting Kit-8 (CCK-8) (Sigma-Aldrich, St. Louis, MO, USA) was used
after cells were treated with the different sphingolipids. Sodium dodecyl sulfate (SDS, 50 μM) was
used as a cytotoxic positive control. Caspase 3 activity was also determined as an indicator of apoptosis
using a colorimetric protease assay kit (ThermoFisher Scientific, Waltham, MA, USA) according to
the manufacturer’s instructions. Cisplatin (ThermoFisher Scientific, Waltham, MA, USA) at 50 μM
concentration was used on cells as a positive control to induce apoptosis.

2.5. RNA isolation, cDNA Synthesis, and qRT-PCR

Total RNA from small intestine, colon, mesenteric adipose tissue, and RAW264.7 macrophages
was isolated using TRIzol reagent (Life Technologies, Carlsbad, CA, USA). RNA was treated with
DNase I before reverse transcription using iScript cDNA synthesis kit (Bio-Rad). Real-time qRT-PCR
using the iTaq Universal SYBR Green Supermix was performed on a CFX96 real-time-PCR detection
system (Bio-Rad). For small intestine, colon, and mesenteric adipose tissues, the geometric mean of
the reference genes, glyceraldehyde 3-phosphate dehydrogenase (Gapdh) and beta actin was used to
standardize mRNA expression using the 2−ΔΔCt method. The macrophage mRNA was standardized
to Gapdh expression. All primer sequences used are listed in Table S1.

2.6. Statistical Analysis

Data were analyzed using GraphPad Prism 6. Means were compared using Student’s t test or
one-way analysis of variance with Holm–Sidak post hoc analysis where indicated. For gut microbiota
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analysis, alpha and beta diversity statistics were calculated by taking the average of 1000 random
subsampling to 10,000 reads per sample in Mothur. Non-metric multidimensional scaling (NMS)
and Permanova were run in R 3.3.2. A subsampled species matrix was used for indicator species
analysis [37]. Figures were drawn in R 3.3.2 using ggplot2 2.2.1 and RColorBrewer 1.1-2. Data are
reported as mean ± SEM. Significance is reported as p < 0.05.

3. Results

3.1. Dietary Milk SM Reduces Systemic Inflammation and Tends to Lower Circulating LPS

All mice fed the lard-based HFD were obese and insulin-resistant after 10 weeks, while
supplementation of 0.1% (w/w) milk SM did not affect food intake, body or tissue weight gain
compared to HFD control [29]. However, feeding milk SM strongly decreased serum inflammatory
cytokines/chemokines compared to HFD control (Figure 1A). Milk SM tended to reduce LPS compared
to HFD control (−36%), but it was not significantly different (p = 0.08) (Figure 1B). Milk SM also tended
to increase Niemann-Pick C1-Like 1 (NPC1L1) mRNA expression (p = 0.07) in the small intestine
(Figure 2A), which is induced by cellular cholesterol depletion [38]. No other significant changes were
observed in the small intestine for gene expression related to lipid absorption. Interestingly, C-C motif
chemokine ligand 2 (CCL2) mRNA expression was significantly increased in the colon by milk SM
(Figure 2B). However, this did not appear to alter gut health, as mRNA expression of genes related to
macrophage infiltration/inflammation (F4/80, Cd68, Cd11c, Tnf) and gut barrier function (Tjp1, Alpi,
Ocln) was mostly unaffected by milk SM (Figure 2B). Furthermore, mesenteric adipose tissue mRNA
expression related to inflammation was also unchanged, while there was a trend in GLUT4 mRNA
expression to be increased by milk SM (p = 0.09) (Figure 2C).

Figure 1. Dietary milk sphingomyelin (SM) reduces serum inflammation markers in diet-induced obese
mice. Male C57BL/6J mice were fed high-fat diet (60% kcal fat, 31% lard, 0.15% added cholesterol)
(high-fat diet (HFD) or HFD supplemented with 0.1% (w/w) milk SM (HFD-MSM) for 10 weeks. Serum
cytokines/chemokines (A) and endotoxin concentrations (B) were measured by magnetic bead-based
assay and chromogenic limulus amebocyte lysate (LAL) assay, respectively. Mean ± SEM, n = 13–14
per group. * p < 0.05, ** p < 0.01 compared to HFD.

Figure 2. Intestinal and mesenteric adipose tissue mRNA expression of diet-induced obese mice. Small
intestine mRNA (A), colon mRNA (B), and mesenteric adipose tissue mRNA (C) was determined using
real-time qRT-PCR and standardized to the geometric mean of Gapdh and β-actin reference genes
using the 2 (−ΔΔCt) method. Mean ± SEM, n = 13–14 per group. ** p < 0.01 compared to HFD.
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3.2. Gut Microbiota Composition is Mostly Unaffected by 0.1% (w/w) Dietary Milk SM

To determine if alterations in gut microbiota could explain differences in systemic inflammation
in the present study, cecal feces microbiota composition was examined by 16S rRNA sequence analysis
and results are presented in Figure 3. Verrucomicrobia was the major phylum in cecal feces, but
there were no significant differences between groups in its relative abundance or that of its major
genus, Akkermansia (Figure 3B). Additionally, no significant differences were observed in the relative
abundance of Firmicutes or Bacteroidetes phyla between groups (Figure 3B) or when phyla were grouped
as Gram-negative bacteria (HFD: 76.9% ± 1.5% vs. HFD-MSM: 73.5% ± 2.8%, p = 0.31). However,
relative abundance of Acetatifactor, a genus of the Firmicutes phylum, was significantly higher in the
group fed milk SM compared to HFD control (Figure 3B). Alpha-diversity analysis (diversity within a
sample) determined by inverse Simpson index was not significantly different between groups (HFD:
2.19 ± 0.16 vs. HFD-MSM: 2.46 ± 0.32, p = 0.45). Furthermore, beta-diversity analysis (between sample
diversity) by Bray–Curtis revealed no significant clustering of samples according to diet (Figure 3C).
Therefore, in the context of diet-induced obesity, gut microbiota composition was generally unaffected
by supplementation of 0.1% (w/w) milk SM in the diet.

Figure 3. Gut microbiota composition of diet-induced obese mice. Cecal fecal samples were collected
and microbiota composition was assessed by 16S rRNA sequencing as described in Materials and
Methods. Mean phylogenetic abundance (% of total sequences) of mice (A) and taxa comparisons
(B). Beta diversity shown by Bray–Curtis-based non-metric multidimensional scaling plot to
visualize between sample diversity (C). Mean ± SEM, n = 10 per group. * p < 0.05 compared
to HFD. Abbreviations: Lachnospiraceae_u, Lachnospiraceae_unclassified; Ruminococcaceae_u,
Ruminococcaceae_unclassified; S24-7_u, S24-7 unclassified.

3.3. Milk SM Inhibits LPS Stimulation of Macrophages

Since dietary milk SM may directly influence inflammatory processes beyond inhibiting lipid
absorption, we examined its effects on pro-inflammatory gene expression in RAW264.7 macrophages.
Increases in TNF-α and CCL2 mRNA with 4 h LPS stimulation were both significantly reduced
with milk SM (0.8 and 8 μg/mL) (Figure 4A,B). Milk SM in the absence of LPS did not influence
pro-inflammatory gene expression. Furthermore, cell viability was not affected by milk SM at
concentrations shown to affect pro-inflammatory gene expression (Figure 4C). With the addition
of imipramine, LPS-stimulated inflammation was not reduced in the presence of milk SM (Figure 4D).
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Imipramine causes proteolytic degradation of acid sphingomyelinase, which hydrolyzes SM to
ceramide and phosphorylcholine. This suggests that a hydrolytic product of SM (e.g., ceramide,
sphingosine) is important for milk SM’s effect on inflammation.

Figure 4. Milk SM inhibits lipopolysaccharide (LPS)-activation of macrophages. RAW264.7 macrophages
were pre-incubated with milk SM (MSM) or EtOH vehicle control for 1 h, followed by a 4 h co-incubation
± LPS (1 ng/mL). TNF-α mRNA (A) and CCL2 mRNA (B) were measured by real-time qRT-PCR. Cell
viability determined using Cell Counting Kit-8 (C). Sodium dodecyl sulfate (SDS) (0.5 mM) was used
on cells as a positive control to induce cell death, ** p < 0.001 compared to control. TNF-α mRNA was
measured in cells incubated for 2 h with 100 μM imipramine prior to a 1 h incubation with milk SM or
control ± a 4 h co-incubation with LPS (D). Mean ± SEM, n = 3–7 independent experiments. Unlike
letters p < 0.05 by Holm–Sidak post hoc test.

3.4. Ceramides and Sphingosine, but Not Dihydroceramides, Inhibit LPS Stimulation of Macrophages

Since milk SM contains a mixture of SM species with different fatty acid chain lengths and
sphingoid backbones, we tested the effects of C16-ceramide, C24-ceramide, C16-dihydroceramide, and
C24-dihydroceramide on macrophage pro-inflammatory gene expression (Figure 5A,B). Interestingly,
both C16-ceramide and C24-ceramide at 10 μM concentrations significantly reduced TNF-α mRNA
(Figure 5A) and CCL2 mRNA (Figure 5B) in LPS-stimulated macrophages, but their corresponding
dihydroceramides did not. None of the ceramides tested altered inflammatory gene expression
in the absence of LPS. The anti-inflammatory effects of ceramides (sphingosine base), but not
dihydroceramides (sphinganine base), suggest that sphingosine is important for bioactivity. Supporting
this notion, sphingosine significantly reduced LPS-stimulation of TNF-α mRNA (Figure 6A) and CCL2
mRNA (Figure 6B) in macrophages. Neither ceramides nor sphingosine significantly affected cell
viability (Figure 7A,B) or caspase 3 activity (Figure 7C) at the concentrations tested, suggesting that
cell death was not the cause of anti-inflammatory effects.
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Figure 5. Long-chain ceramides inhibit LPS-activation of macrophages. RAW264.7 macrophages
were incubated for 4 h with ceramides (10 μM), dihydroceramides (10 μM), or vehicle control ± LPS
(1 ng/mL). C16-ceramide (d18:1/16:0), C24-ceramide (d18:1/24:0), C16-dihydroceramide (d18:0/16:0),
and C24-dihydroceramide (d18:0/24:0) were tested. TNF-α mRNA (A) and CCL2 mRNA (B) measured
by real-time qRT-PCR. Mean ± SEM, n = 3–7 independent experiments. Unlike letters p < 0.05 by
Holm–Sidak post hoc test.

Figure 6. Sphingosine inhibits LPS-activation of macrophages. RAW264.7 macrophages were incubated
for 4 h with sphingosine (1–10 μM) or vehicle control ± LPS (1 ng/mL). TNF-α mRNA (A) and CCL2
mRNA (B) measured by real-time qRT-PCR. Mean ± SEM, n = 3–7 independent experiments. Unlike
letters p < 0.05 by Holm–Sidak post hoc test.

Figure 7. Ceramides and sphingosine do not affect cell viability or apoptosis. Cell viability determined
using Cell Counting Kit-8 for ceramides (A) and sphingosine (B). Sodium dodecyl sulfate (SDS)
(0.5 mM) was used on cells as a positive control to induce cell death. Caspase 3 activity measured as an
indicator of apoptosis (C). Cisplatin (50 μM) was used on cells as a positive control to induce apoptosis.
Mean ± SEM, n = 3–5 independent experiments. ** p < 0.01 compared to control.
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4. Discussion

Chronic low-grade inflammation is a common underlying factor in many diseases afflicting
Western societies, including diabetes, non-alcoholic fatty liver disease, and atherosclerosis [39].
Low-grade inflammation in these states may be exacerbated by circulating LPS, also known as
endotoxin [2]. Lipopolysaccharide translocation from the gut to circulation is enhanced by lipid
absorption [6]. Dietary SM has been studied for its effects on dyslipidemia because it reduces
the absorption of other lipids (e.g., fat and cholesterol), and therefore, could potentially influence
systemic inflammation. In this study, the addition of 0.1% (w/w) dietary milk SM to a lard-based
HFD significantly reduced systemic inflammation markers and tended to lower circulating LPS,
but had no effect on gene expression of inflammation or gut barrier function markers in the
mesenteric adipose tissue, small intestine, or colon. Furthermore, microbiota composition of cecal
feces was mostly unaffected by the addition of milk SM to the HFD, suggesting that gut microbiota
compositional differences did not play a major role in altering systemic inflammation markers. Milk SM
directly attenuated LPS stimulation of pro-inflammatory gene expression in RAW 264.7 macrophages.
Interestingly, hydrolytic products of milk SM (C16-ceramide, C24-ceramide, and sphingosine) showed
similar anti-inflammatory effects, whereas the inhibition of SM hydrolysis with imipramine prevented
such effects. These results suggest that dietary SM may have additional bioactive effects beyond
inhibiting lipid absorption through the lowering of macrophage inflammatory responses, potentially
influencing metabolic disease.

In rodent studies, dietary patterns rich in saturated fat and cholesterol, so-called “Western” diets,
have been linked to chronic disease through increasing inflammation [40,41]. Detrimental effects
of Western diets in mice appear to be influenced by the presence of microbes in the gastrointestinal
tract, since depletion of gut microbiota with oral antibiotics reduces the inflammatory response [42].
This is partly related to the effect that Western diets have on increasing LPS in circulation, termed
“metabolic endotoxemia”, which has been shown to precede increases in systemic inflammation in
animal models [2,42,43]. There is also evidence that diets high in fat and cholesterol increase endotoxin
concentration in the bloodstream of humans [44,45]. With the current study, we fed milk SM (0.1%)
for 10 weeks to HFD-fed mice (60% kcal as fat; 0.15% cholesterol added) to determine if dietary
SM could affect chronic low-grade inflammation. Milk SM strongly reduced serum inflammatory
cytokines/chemokines and tended to reduce serum LPS (p = 0.08). Lower serum CCL2 and mRNA
expression of inflammation markers in epididymal adipose tissue were also previously shown in mice
fed milk SM [29]. We have previously reported that the 4-week dietary supplementation of a higher
dose of milk SM (0.25% w/w) reduced circulating LPS by 35% in mice fed a milkfat-based high-fat
diet [28]. Although we did not observe any differences in mRNA expression of gut barrier markers in
the small intestine, reductions in circulating LPS are expected to be partly due to the inhibitory effect
of milk SM on lipid absorption. Supporting this notion, we have previously observed reductions in
serum and hepatic lipids with the feeding of milk SM [28,29].

Recently, chronic feeding of HFD to mice was shown to increase colonic pro-inflammatory
macrophages and gut inflammation, which promoted LPS translocation, insulin resistance, and adipose
tissue inflammation [9]. These effects were mediated by early induction of CCL2 in intestinal epithelial
cells, which attracted pro-inflammatory macrophages to colon tissue [9]. In this study, although we
observed significantly greater colon CCL2 mRNA expression with milk SM intake, we did not observe
any significant changes between groups in gene expression of gut barrier markers or macrophage
infiltration/inflammation in colon and mesenteric adipose tissues. This suggests that CCL2 mRNA
expression was possibly induced with milk SM because of greater dietary fat/cholesterol reaching
the colon, but this did not induce macrophage infiltration and TNF-α expression in the colon and
surrounding adipose tissue. Although dietary SM is known to inhibit cholesterol absorption, luminal
cholesterol can reciprocally inhibit SM digestion [16]. Feeding mice an HFD has also been shown to
reduce the expression of the key enzyme in SM digestion, alkaline sphingomyelinase [46,47]. Therefore,
it is possible that the use of a high-fat lard diet with added cholesterol in this study influenced
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ileal and colonic exposure to SM and bioactive metabolic products (ceramide, sphingosine, and
sphingosine-1-phosphate), which in turn could affect colon inflammation [48,49].

The intake of HFD has been shown to negatively alter the gut microbiota [50]. Gut dysbiosis
has been linked with endotoxin-mediated chronic disease in mouse models [51,52]. Sphingosine, a
hydrolytic product of dietary SM, is known to have bactericidal effects [53]. We have previously
reported that supplementation of 0.25% (w/w) milk SM to HFD-fed mice altered the fecal microbiota
composition by reducing Gram-negative bacterial phyla and increasing Bifidobacterium [28]. In the
current study, however, we did not observe such large changes in gut microbiota composition, possibly
related to the lower dose used or the more severe HFD challenge. We observed a significant difference
in the relative abundance of Acetatifactor genus, with higher levels in mice fed milk SM. This genus
was shown to be isolated from the intestine of obese mice and produces the short-chain fatty acids,
acetate and butyrate [54]. The abundance of Acetatifactor in the gut has also been shown to be related to
lard intake in mice and correlated with the concentrations of secondary bile acids in mouse cecum [55].
We also have observed increases in Acetatifactor genus with 0.25% (w/w) milk SM feeding on a low-fat
diet background (Norris and Blesso, unpublished observations 2016). At this point, it is unclear if
these bacteria contribute to the inflammatory changes observed or in response to the effects of milk
SM on lipid absorption. Further research is needed to clarify these associations.

Milk SM significantly reduced TNF-α and CCL2 mRNA expression in LPS-stimulated RAW264.7
macrophages. There are several potential mechanisms that could explain this observed effect. First,
there could be a direct interaction between milk SM and LPS within the media, where intact SM
itself is neutralizing LPS, possibly due to the formation of a complex. In our current study, this
would mean that the LPS would be neutralized by SM before it could interact with the cell, as part
of a lipid vesicle that masked the reactive lipid-A moiety of LPS. Incubation with 100 μM bovine
brain SM was reported to neutralize LPS stimulation of polymorphonuclear leukocytes (PMN) in the
presence of soluble CD14 and LBP [25]. Furthermore, SM hydrolysis can yield bioactive products,
including ceramide and sphingosine. Imipramine is a tricyclic anti-depressant (TCA) that causes
proteolytic degradation of the enzyme acid-SMase [36]. Imipramine may also have other effects besides
acid-SMase degradation, as it was shown that acid ceramidase was down-regulated by another TCA,
desipramine [56]. Interestingly, the addition of imipramine completely abolished the anti-inflammatory
effects of milk SM. This indicates that one of the hydrolytic products of SM (e.g., ceramide, sphingosine,
phosphorylcholine) may be responsible for the reduction in inflammation. If milk SM were hydrolyzed
by SMase and ceramidase to ceramide and sphingosine, respectively, each of those products could
potentially exert anti-inflammatory effects. Longer-chain ceramides may compete with LPS and block
TLR4 signaling, as they have been shown to bind to CD14 in monocytes and form a multi-molecular
complex that contains CD36, but lacks TLR4 [57]. To confirm this, ceramides containing different
amide-linked fatty acid chain lengths (16:0 and 24:0) and sphingoid bases (dihydroceramides) were
tested. We used ceramides with 16-carbon and 24-carbon fatty acid chain lengths because these
ceramides would be produced from the hydrolysis of the natural mixture of SM species that comprise
milk SM. Additionally, these fatty acid chain lengths within the ceramide have the ability to alter
its bioactivity [58]. Specifically, it has been shown that intracellular C16-ceramide is particularly
pro-apoptotic, whereas C24-ceramide and dihydroceramides antagonize apoptosis induced by shorter
ceramides [59–61]. Interestingly, both C16-ceramide and C24-ceramide treatment of macrophages
resulted in a significant reduction in TNF-α and CCL2 mRNA expression, while dihydroceramides
had no effect. None of the ceramides or dihydroceramides affected cell viability or the early apoptosis
marker, caspase 3 activity, suggesting that the effects were not due to an induction of cell death.
Although intracellular ceramides have been shown to be pro-apoptotic [58], exogenously added
long-chain ceramides do not affect viability of macrophages [62]. These data indicate that ceramides
contribute to the anti-inflammatory effect of milk SM, and strengthen the findings of the imipramine
data. However, since only the sphingosine base containing-ceramides showed anti-inflammatory
effects and not sphinganine-containing dihydroceramides, we tested the effects of sphingosine on LPS
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stimulation of macrophages. We observed similar effects of sphingosine (d18:1) on inhibiting TNF-α
and CCL2 mRNA without affecting cell viability or apoptosis, as C16- and C24-ceramides. Sphingosine
could display anti-inflammatory effects through the activation of the nuclear receptor, peroxisome
proliferator-activate receptor-gamma (PPARγ) [22]. In support of our findings, exogenous C8-ceramide
and sphingosine have been previously reported to reduce TNF-α secretion from LPS-stimulated
macrophages [63]. Furthermore, both C16-ceramide and membrane-permeable C2-ceramide have
been shown to reduce TNF-α secretion from LPS-stimulated macrophages by post-translational
mechanisms [64].

In summary, dietary milk SM reduced systemic inflammation in diet-induced obese mice, without
altering gene expression of macrophage or barrier function markers in the mesenteric adipose tissue or
colon. Milk SM directly attenuated LPS stimulation of pro-inflammatory gene expression in RAW 264.7
macrophages. The inhibition of SM hydrolysis prevented milk SM anti-inflammatory effects, while
the hydrolytic products C16-ceramide, C24-ceramide, and sphingosine showed anti-inflammatory
effects. In addition to effects on lipid absorption, dietary SM may have additional bioactive effects by
lowering inflammation and LPS activity, potentially influencing metabolic disease. Further research is
warranted to confirm the mechanism and effect of dietary milk SM on inflammation.

Supplementary Materials: The following are available online at http://www.mdpi.com/2306-5710/3/3/37/s1.
Table S1: Primer List for qRT-PCR.
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Abstract: The organic food market is considerably expanding all over the world, and the related dairy
market represents its third most important sector. The reason lies in the fact that consumers tend to
associate organic dairy products with positive perceptions: organic milk is eco- and animal-friendly,
is not produced with antibiotics or hormones, and according to general opinion, provides additional
nutrients and beneficial properties. These factors justify its higher cost. These are the reasons
that explain extensive research into the comparison of the differences in the amount of chemical
compounds between organic and conventional milk. However, it is not simple to ascertain the
potential advantage of organic food from the nutritional point of view, because this aspect should be
determined within the context of the total diet. Thus, considering all the factors described above, the
purpose of this work is to compare the amount of selected nutrients (i.e., iodine and the fat-soluble
vitamins such as alfa-tocopherol and beta-carotene) in organic and conventional milk, expressed
as the percentage of recommended daily intakes in one serving. In detail, in order to establish the
real share of these biologically active compounds to the total diet, their percent contribution was
calculated using the Dietary Reference Values for adults (both men and women) adopted by the
European Food Safety Authority. According to these preliminary considerations, the higher cost of
organic milk can mainly be explained by the high costs of the management of specific farms and no
remarkable or substantial benefits in human health can be ascribed to the consumption of organic
milk. In this respect, this paper wants to make a small contribution to the estimation of the potential
value and nutritional health benefits of organic food, even though further studies are needed.

Keywords: organic milk; conventional milk; dietary assessment; chemical components

1. Introduction

Over the last decade, the organic market has broadly expanded [1]. The main world leaders in
organic food are North America and Europe, and according to the projections, these food items will
grow by 40% in the next decade [2]. In addition to the market of organic fruit and vegetables, the
sectors of organic milk and meat have also developed extensively over the last decade. Sales of organic
milk increased between 2006 and 2013 (with Germany and France leading the growth), and in the
UK, organic milk consumption increased (by about 3%) in 2016, while the intake of conventional milk
decreased (by about −1.9%) during the same period [3].

Consumers usually associate organic farming methods with ecological practices; i.e., attention
to biodiversity, soil quality, and animal welfare, as well as low levels of pesticide residues. However,
such techniques are expensive. Consequently, the final products have higher costs, which remain as
the main barrier to purchase [4]. Generally, consumers have a positive perception of organic milk
because—according to them—it is environmentally- and animal-friendly, it is not produced using
antibiotics or hormones, and it is conceived as a source of additional nutrients or beneficial properties.
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All these factors justify its higher cost. Nevertheless, the role of the cost of these products in the
purchase decision is still a matter of debate.

As mentioned above, one of the reasons why the demand for organic food is now prevalent
is the attention to environmental and animal welfare. In particular, it has been observed that local
breeds of animals can adapt to the local environment and are more resistant to many diseases, even
if organic farming does not protect dairy cows from mastitis [5,6]. In the study of Mueller et al. [7],
the potential beneficial impacts of some organic dairy farms on the environment are analysed and
compared, considering several environmental impact categories (such as energy consumption, climate
impact, land demand, conservation of soil fertility, biodiversity, animal welfare, and milk quality).
According to the results of this study, low-input farming had positive effects on animal welfare and
milk quality. However, one of the main complications affecting organic farming concerns milk yield.
Most studies available today [8–10] highlight that organic milk yield per animal is, on average, lower
(by about 20%) than the yield derived from conventional milk.

In this context, this work has been developed to compare the amount of selected nutrients—i.e.,
fat-soluble vitamins (alfa-tocopherol and beta-carotene) and iodine—in organic and conventional
milk, expressed as the percentage of recommended daily intakes in one serving. In detail, the percent
contribution of these biologically active compounds both in organic and in conventional milk was
calculated using the Dietary Reference Values for adults (men and women) adopted by the European
Food Safety Authority, in order to establish the real contribution of the different compounds to the
total diet.

2. Organic vs. Conventional Milk: Focus on Fat Fraction and Mineral Content

Many studies about the different concentrations of chemical compounds in organic and
conventional milk have been conducted over the last years. Some authors [11] have highlighted
how important it is that all factors influencing milk composition (with the exception of the farming
system—organic vs. conventional) should be identical in research that evaluates the differences
between organic and conventional milk.

The papers on milk proteins and carbohydrates are often contradictory [11], several studies agree
on the fatty acid composition, because its proportion easily varies in milk along with changes in diet.
Capuano et al. [12] showed some differences in the profiles of fatty acid and triglycerides s in three
different kinds of milk: organic, conventional, and milk coming from grazing cows (at least 120 days
per year and at least 6 h per day, labelled as “weidemelk”). The results of this study confirmed the
presence of significant differences in the profile of fat components between conventional and organic
milk. Moreover, according to the authors [12], the fatty acid profile can be used—to a certain extent—to
certify organic milk to be sold.

From a nutritional point of view, according to some studies, organic milk contains less omega-6
fatty acids and more omega-3 fatty acids than conventional milk [13,14]. In detail, organic milk
shows higher amounts of alpha-linolenic acid, eicosapentaenoic acid, and docosapentaenoic acid than
conventional milk, even if some seasonal variability can occur. Likewise, some authors [15] observed
similar results in conventional and organic milk produced in Poland. The authors [15] found higher
contents of polyunsaturated and omega-3 fatty acids in organic milk than in conventional samples.

Among the fat components of milk, conjugated linoleic acid (CLA)—positional and geometric
isomers of linoleic acid—have been the most studied compounds over the last years. CLAs are
characterized by conjugated double bonds located at positions 8 and 10, 9 and 11, 10 and 12, or 11 and 13.
In milk, the most abundant isomer is cis-9,trans-11 (rumenic acid, 75–90% of total CLAs). Numerous
biological effects have been reported for CLAs: rumenic acid mainly has an anticarcinogenic property,
while trans-10,cis-12 isomer is able to reduce body fat and influence blood lipids [16,17].

As reported by several papers, organic milk has a fatty acid profile richer in alpha-linolenic acid
and isomers of conjugated linoleic acid [13,18] than milk from conventional farms. This difference can
probably be attributed to the composition of dairy diets (grazing-based diets), with special reference
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to the different amounts of fresh forage and concentrates that are consumed. Milk from ruminants
that are pasture-fed contains more cis-9,trans-11-CLA than milk from ruminants fed indoors, although
some variations may occur depending on several factors: the diet, the individual parameters of cows,
the stage of lactation, the feeding system, or the seasonal effects [19–22]. According to Butler et al. [13],
CLA (as C18:2 cis-9,trans-11) present in milk from conventional (high-input) and organic (low-input)
dairy production systems varies from 8.8 to 14.1 g·kg−1 milk fat, respectively, during the outdoor
fresh forage-based feeding period. However, this difference is reduced (from 6.2 to 7.8 g·kg−1 milk fat)
during the indoor (conserved forage-based) feeding period.

After investigating the fatty acid composition and the fat-soluble vitamin contents in organic and
conventional Italian dairy products, some authors [23] concluded that among the several parameters,
the cis-9,trans-11 C18:2 (CLA conjugated linoleic acids)/linolenic acid (LA) ratio value characterized
better fat in organic than in conventional milk. In addition, this ratio can be used as a marker for the
identification of organic dairy products.

It is interesting to mention the meta-analysis of Palupi et al. [24], which summarizes the results of
29 studies on milk fat. According to this study [24], organic dairy products contain greater amounts of
ALA (alpha-linolenic acid), omega-3 fatty acid, cis-9, trans-11 conjugated linoleic acid, trans-11 vaccenic
acid, eicosapentaenoic acid, and docosapentaenoic acid than conventional types. The same authors
also observed that the former have significantly higher quantities of omega-3 to omega-6 ratio and
Δ9-desaturase index than the latter. Likewise, the recent meta-analyses of [25], based on 170 published
studies, confirmed that organic milk contains higher n-3 polyunsaturated fatty acids (PUFAs) and
conjugated linoleic acid.

Some authors [14] studied omega-6/omega-3 ratios in the U.S. National Organic Program on
fatty acids in order to verify the differences in the fatty acid content between organic and conventional
milk. In this study [14], this ratio was higher in conventional (5.8) than in organic milk (2.3). Today,
Western dietary patterns are characterized by a large quantity of omega-6 with a very high ratio of
omega-6/omega-3 (15:1 or 20:1) instead of 1:1 [26], and the reduction of this ratio provides benefits to
human health.

Concerning fat-soluble vitamin contents, a previous work by Manzi et al. [27] monitored the
nutritional composition of milk obtained from four types of farming: (1) intensive farming with silage;
(2) intensive farming with hay concentrate; (3) intensive farming with limited integration of hay
concentrate; (4) only pasture. The amount of alpha-tocopherol and beta-carotene reached the highest
value in Type 4 farming; a similar performance was detected in the Degree of Antioxidant Protection
(DAP) index, calculated as a molar ratio between antioxidant compounds and an oxidation target [28].

A reworking of data by Manzi et al. [27] is reported in Figure 1. The principal component analysis
(PCA) performed on analytical data concerning fat-soluble compounds of milk samples derived
from four types of farming allowed to identify a partial separation between types 1-2-3 and type 4
(Principal Component 1: 47.6%; Principal Component 2: 27.6%). The loading analysis on the main
components made it possible to identify the contribution of the original variables (that is, the analytical
determinations that have been carried out) to the model of the principal components with special
reference to alpha-tocopherol, beta-carotene, and DAP.

On this subject, it is worth mentioning a similar result described in a recent work of
Puppel et al. [29], who applied the same index (DAP) to determine the nutritional value of milk
produced in Poland during the indoor feeding season, the pasture feeding season, and the pasture
feeding season with added corn grain. The results of Puppel et al. [29] proved that the content
of fat-soluble vitamins (vitamin E, A, and beta-carotene) showed the highest values in milk from
cows fed with pasture and pasture with added corn grain: as a result, the DAP index and the total
antioxidant status (TAS) values were highest in these milks. Likewise, some authors [13,30] verified
that concentrations of fat-soluble vitamins (alpha-tocopherol and carotenoids) were considerably
higher in milk from low-input farming systems than in milk from high-input systems.

149



Beverages 2017, 3, 39

Figure 1. Principal component analysis (PCA) of milk samples from four types of farming: (1) intensive
farming with silage; (2) intensive farming with hay concentrate; (3) intensive with limited integration
of hay concentrate; (4) only pasture (modified from [27]). DAP: Degree of Antioxidant Protection index.

Generally, milk is considered to be the main source of minerals [31] in human nourishment.
Therefore, a focus on the mineral content in organic milk is necessary. Whereas in conventional milk
minerals come from concentrate feeds, in organic milk they derive mainly from soil—in particular, from
the different pastures. This is a difference that explains why organic milk can display trace elements
deficiencies. However, the study of Średnicka-Tober et al. [25] showed that the concentration of the
main minerals (such as Ca, Mg, P, and K) does not vary substantially between organic and conventional
milk, because the difference due to the farm management is relatively low [32]. Nevertheless,
conventional milk showed higher concentrations of iodine and selenium than organic milk.

Among all minerals, iodine concentrations should particularly be monitored: human beings
need to absorb trace elements from food, but their diets very often lack these substances. This is
also the case for iodine. Iodine is essential for the synthesis of thyroid hormones, and its deficiency
leads to hypothyroidism (goitre), irreversible brain damage, or mental retardation. Milk and dairy
foods are among the main dietary sources [33] of iodine. The iodine content of milk is influenced
by many factors: the contents of iodine in forages, the goitrogens in animal feeds (plants belonging
to the cruciferous family or soybean, beet pulp, millet, linseed, etc.), the farm management (organic
or conventional).

Concerning iodine contents, it has been observed that in organic milk they are present in
concentrations of about 30–40% lower than in conventional milk [34,35]. In this regard, it is worth
mentioning the study of Rey-Crespo et al. [36] on essential trace elements and some heavy metal
residues in organic and conventional milk carried out in Spain, 2013. This study showed how some
minerals (e.g., copper, zinc, iodine, and selenium) are higher in conventional milk than in organic milk
because of their presence in the concentrate feeds [36].

3. Nutritional Evaluation of Organic Milk in the Diet: Some Considerations on Fat-Soluble
Vitamins and Iodine

Generally, as highlighted by Givens and Lovegrove [37], it is important to evaluate the different
nutritional values of organic and conventional milk in the context of the total diet; the same authors
have reported that the supply of milk fatty acids in organic systems compared to conventional ones
is extremely low when examined in the context of total diets. On the basis of data obtained from the
meta-analysis of Średnicka-Tober et al. [25], they [37] calculated the real amount of PUFA in the context
of the whole diet, and estimated that the percent variation between conventional and organic milk was
0.44 for polyunsaturated fatty acids, −0.04 for omega-6 fatty acids, and 1.86 for omega-3 fatty acids.
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Taking into account the considerations above, in this work, the percent contribution of some
active compounds (alpha-tocopherol and beta-carotene) and iodine content from one serving (125 g,
according to the Italian dietary guidelines [38]) in both organic milk and conventional milk was
calculated using the Dietary Reference Values adopted by the European Food Safety Authority (EFSA).

In order to perform the dietary assessment, the fat-soluble vitamin contents of organic and
conventional milk obtained from two different studies [27,39] were considered. For the purpose of
these works, organic milk was collected during spring and summer seasons from Apulian dairy farms
(a region of southern Italy) [27], while different brands of conventional milk were collected from Italian
grocery stores and supermarkets [39].

In Figure 2, the results of the real percent contribution of one serving to the requirement of vitamin
E and beta-carotene (data from [27,39] for organic and conventional milk, respectively) are shown.

(A) (B)

Figure 2. (A) Percent contribution in one serving (125 g) of milk to Adequate Intake for
vitamin E; (B) Percent contribution of beta-carotene to the Population Reference Intake for vitamin A
(data from [27,39] were used to achieve the estimate).

In particular, according to EFSA, the Population Reference Intakes (PRIs) for vitamin A are
750 μg RE/day for men and 650 μg RE/day for women [40]. Hence, the difference between organic
and conventional milk concerning the contribution of beta-carotene to vitamin A for the recommended
daily requirement was not consistent, even though there is a significant dissimilarity (p < 0.05) between
organic and conventional milk (both in males and females).

According to the EFSA [41], the panel of experts deemed an Adequate Intake of vitamin E
(as alpha-tocopherol) in healthy populations to be 13 mg/day for men and 11 mg/day for women.
As a result, the differences between organic and conventional milk (p < 0.05) concerning the percent
contribution of vitamin E for one serving were negligible but significant both in males and females, as
reported in Figure 2.

Finally, the evaluation of the percent contribution of iodine in one serving (125 g) was considered.
To obtain this information, the Population Reference Intake (150 μg/day for adults from 18 to >75 aged)
of EFSA Panel was adopted [42].

The iodine content was obtained from two different studies [34,36]. For the study of Bath et al. [34],
both conventional and organic milk was collected from supermarkets in the UK; while, for the study
of Rey-Crespo et al. [36], organic milk was collected from dairy farms and conventional milk was
collected both from dairy farms and supermarkets in Northern Spain. The percent coverage of iodine
for one serving obtained from these researches [34,36] is reported in Figure 3. The results showed that
the percent coverage of iodine was lower in organic (6.3% [36] and 12.7% [34]) than in conventional
milk (17.1% [36] and 21.4% [34]).
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Figure 3. Percent contribution in one serving (125 g) to Population Reference Intake for iodine. (A) Data
from [34] and (B) data from [36] were respectively used to achieve the estimate.

This work has concentrated on fat-soluble vitamins and iodine for two main reasons: 1. there
are many studies in the literature concerning these molecules present in conventional and organic
milk; 2. fat-soluble vitamins and iodine represent two examples of how organic and conventional milk
provide different amounts of certain nutritious substances.

Concerning fat-soluble vitamins, it is important to note that dairy products are not the main
source of vitamin E (present in large amounts in vegetable oils such as olive oil and oil seeds), while
they are considered a good source of vitamin A. In particular, these fat-soluble vitamins present in
organic milk are positively correlated with the animal feed, and the highest concentrations are found
in grass, legumes, and other green plants [30,43]. Hence, as highlighted by many studies, organic
milk is richer in alpha tocopherol and beta carotene (only present in cow’s milk) than conventional
milk. It seems necessary to assess whether a higher content of these molecules could somehow bring
a considerable benefit to human health [44]. From these preliminary data for fat-soluble vitamins
reported in this study and obtained from this nutritional evaluation, no clear indication emerges for
recommending organic milk.

At the same time, regarding iodine, the evaluation of its nutritional contribution shows that
organic milk cannot provide a satisfactory daily intake. Several factors influence the iodine content
of cow’s milk, such as the level of iodine supplements in feed, some iodine antagonists (such as
glucosinolates) in the feed, or the farm management. The frequent practice of using mineral mixtures
containing iodine in conventional farming is one of the reasons for the higher iodine content in
conventional milk [45].

Iodine is a central element in human nutrition. It is essential in the regulation of thyroid hormones
for cellular metabolism, as well as for the normal growth and development of the body. In this
perspective, milk provides significant supplies of this chemical element. These considerations are not
intended to convey the idea that the consumption of organic milk is ineffectual—they may motivate
farmers to improve their products and the composition of animal feeds. They represent a suggestion
to help choose a correct farming system design and maintain a high standard in animal welfare, in
order to increase beneficial effects for human beings.

4. Conclusions

Nowadays, consumers are much more attentive to food quality and safety, and they are aware
that organic food could meet these needs while restricting the usage of antibiotics and hormones.
Hence, researchers’ attention should focus on how the consumption of organic food brings benefits to
human health.

Establishing whether there is a potential nutritional superiority of organic food is not simple, and
there are increasing numbers of reviews available on this subject [46,47]. However, it is not simple to
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conduct epidemiological or intervention studies, because individuals that consume organic foods and
dairy products usually have different lifestyles that should be taken into consideration in the definition
of these kinds of researches. As recently reported by some authors [48], there are no long-term cohort
studies or controlled dietary intervention studies comparing the effects of diets based on organic or
conventional food. In this context, the higher cost of organic milk can be justified only by the high cost
of the management of these farms.

Moreover, it is worthwhile mentioning that, according to some authors [49], organic farming
practices generally have positive impacts on the environment. However, this consideration should not
be generalized, because there is a wide and varied range of organic and conventional farms [49].

From a nutritional point of view, according to these preliminary results, no remarkable or
substantial benefits to human health can be ascribed to the consumption of organic milk. In this
respect, this paper aims to make a small contribution to the estimation of the potential value and
nutritional health benefits of organic food, even though further studies are needed. Within this context,
this study wants to point out that for an appropriate approach to the nutritional exploitation of organic
milk, the evaluation of the real contribution of the different compounds of organic food to the diet
should represent the first step.
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