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Preface

The growth and development of infants during the first two years of life are greatly 
influenced by nutrition. Meeting basic nutritional requirements is vital for proper 
and optimal growth and development, both physically and mentally. Infant feeding 
practice has greatly changed since the beginning of the last century. Many factors 
have influenced the rate of breastfeeding and the proper timing of complementary 
feed introduction. Poverty, world wars, the influx of women in the workforce, and the 
development of commercial infant formula are among these factors. Feeding during 
the first 1000 days of life is crucial for the growth and development of an individual 
and their long-term health outcomes. On many occasions, major nutritional problems 
such as obesity and undernutrition have been linked to nutrition during infancy. 
These problems not only affect the individual but also impact the future of develop-
ing countries. In four sections containing five chapters, this book discusses selected 
topics on infant feeding.

Chapter 1 by Jain et al. discusses the need for universal health care for all infants. The 
authors state that exclusively breastfeeding for the first six months, then for two or 
more years with proper weaning, is desirable. As such, the authors propose the ‘ABC 
mothers’ plan.

In Chapter 2, Masereka et al. discuss infant and young child feeding in developing 
countries. Infant feeding challenges continue to manifest in developed and developing 
countries. Worldwide, more than 80% of babies are breastfed in the first few weeks 
of birth. However, about 37%, 25%, and less than 1% are exclusively breastfed at 
6 months of age in Africa, the United States, and the United Kingdom, respectively. 
These statistics are far below the World Health Organization targets of 50% by 
2025 and 70% by 2030. Complementary feeding practices are varied as well due to 
non-adherence to infant and young child feeding guidelines among parents.

Chapter 3 by Manosalvas discusses the causes of policy failure to reduce chronic 
childhood undernutrition in Ecuador during a period of economic growth. The 
overall reduction of undernutrition from 1999 to the time of writing this chapter 
is 0.83 percent per year. Surprisingly, the period of highest GDP between 2006 and 
2014, in which Ecuador exhibited economic growth of more than 4% of GDP per year 
on average, showed a lesser reduction in childhood malnutrition of only 0.2 percent 
per year. The author uses a mixed research strategy to explain this paradox.

Chapter 4 by Ka-Huen et al. discusses the issue of breastfeeding during the  
COVID-19 pandemic in Hong Kong. As new mothers are understandably concerned 
about COVID-19 and its high rate of infection, they are often unsure if they should 
breastfeed their infants. In general, hospitals do not allow direct breastfeeding by 
mothers with an active infection of SARS-CoV-2. Some neonatal units in Hong Kong 
maintain safe practices by isolating infants and mothers for at least 7 to 14 days, 



IV

even if the infant remains SARS-CoV-2 negative. During isolation, mothers encourage 
the expression of milk to maintain milk duct patency and to prepare for lactation 
when they and their infants are discharged.

Finally, Chapter 5 by Volf et al. presents the authors’ original research on fat compo-
nent safety and pre-clinical evaluation of the physiological effect of infant-adapted 
dry milk mixtures. The fat component is one of the key components of an infant’s 
diet. Its important aspects are biological effectiveness and safety changes during 
processing, storage, transportation, and subsequent storage after opening the package. 
Consumption of oxidized fats leads to pathological changes in the organism.

We would like to thank all the contributing authors for their excellent chapters and for 
their patience and cooperation. Furthermore, I would like to express my gratitude and 
sincere appreciation to the staff at IntechOpen, especially Author Service Manager 
Iva Ribic for her assistance throughout the publication process.

Isam Jaber AL-Zwaini
Professor,

Department of Pediatrics,
AL-Kindy College of Medicine,

University of Baghdad,
Baghdad, Iraq

Haider Hadi AL-Musawi
Assistant Professor,

Department of Pediatrics,
AL-Kindy College of Medicine,

University of Baghdad,
Baghdad, Iraq
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Chapter 1

‘Complete Coverage & Covering 
Completely’ for Breastfeeding with 
Able, Bold, & Confident Mothers, 
for Sustainable Development, & 
Medical Education Excellence
Sunil Jain, Arvind Singh Kushwaha and Vishal Marwaha

Abstract

Complete coverage of all infants, everywhere with wonderful evidence, and 
covering completely with first six months of exclusive breastfeeding and thereafter 
proper weaning while continuing breastfeeding up to 2 years of age or beyond is 
desirable. Reaching all rightly and robustly is required. All this will contribute greatly 
towards the growth & development of infants and grandly towards the Sustainable 
Development Goals. We propose the “ABC mothers” plan. Progress for required prac-
tices for results possible with making mothers—“Able for practices advantageous, 
bold with pertinent awareness, and confident with propitious attitude”. Strong 
efforts on sound footing are necessary for health of all our infants and happiness all 
around with sustainable development. Scientific infant feeding will contribute to 
advance the attainment of this. Medical education teaching best beneficial practices 
is for excellence. One promoting breastfeeding is the best. The US Surgeon General’s 
Implementation Strategies elaborate “Education content”, “Enabling competency”, 
& “Education continuing”. Competency-based curriculum for Indian Medical 
Graduates includes “to promote and support optimal breast feeding”. Need for inclu-
sion in teaching curriculum across US, UK, & internationally has been documented. 
Given all the evidence for breastfeeding benefits, it should be a consistent essential 
component of training in all medical schools worldwide.

Keywords: complementary feeding, weaning, maternity leave, preterm, surrogacy, 
knowledge, skills, regulations, teaching, competency

1. Introduction

Infants and young children are the beginning of the ambitions of life. All health 
plans for them should be ambitious, vigorous, & vivacious. Breastfeeding is an 
excellent start for children. All babies should be breastfed, with the motto “cover 



Selected Topics on Infant Feeding

4

all & cover completely”, motivating all concerned, & with the motive of achiev-
ing excellence, with complete coverage. Early initiation of breastfeeding, exclusive 
breastfeeding for first six months, followed by timely, adequate, safe, and appropri-
ate complementary feeding, while continuing breastfeeding up to 2 years of age or 
beyond is recommended. Starting within the first hour of birth, longer-duration 
breastfeeding is associated with protection against childhood infections, increases 
in intelligence & reductions in the prevalence of overweight and diabetes [1]. 
Breastfeeding is associated with improved performance in intelligence tests 30 years 
later and might have an important effect in real life, by increasing educational attain-
ment and income in adulthood [2]. Innovations are needed to accelerate progress 
for our children’s health & there is a need to involve everyone. For their future and 
the future of our world [3]. Best breastfeeding policies & practices will advance the 
attainment of the Sustainable Development Goals (SDGs). Medical education excel-
lence is teaching best beneficial practices, which prominently includes breastfeeding.

2. Able, bold, & confident mothers

The success of breastfeeding initiation and continuation depends on multiple 
factors, such as education about breastfeeding, preparation for breastfeeding, hospital 
breastfeeding practices and policies, routine and timely follow-up care, and family and 
societal support. Maternal breastfeeding self-efficacy is a significant predictor of breast-
feeding duration and level [4]. Mothers may need help to adopt better practices, or to 
overcome difficulties with their own health, nutrition, or family planning [5]. Mothers 
are at the center stage for breast & complementary feeding. Hence, we propose the ABC 
plan of breast and complementary feeding—Able, Bolder, and Confident mothers

2.1 Able

It is important to make all mothers able to breastfeed, with all the correct knowl-
edge, positive attitude, and reinforced support for breast and complementary feeding. 
This should be done with all the promptness with which the CPR (Cardio-Pulmonary 
Resuscitation) is done, as this is the factor of core importance for preventing all mor-
bidities and mortalities. This is the beginning of life and should be a healthy beginning.

To be ably breastfeed, mothers’ own health is important. Various aspects to be 
taken care of include nutritional status and food intake, any illness she may have, 
maternal medications, birth spacing, and family planning. Emotional & social sup-
port to the mothers is important.

The energy cost of breastfeeding should be catered for. A mother’s intake should be 
increased by around 10% in women not physically active. The increase should be 20% 
or more in moderately or very active women. Poor diet, quantitatively or qualitatively 
affects mothers’ energy and ability to breastfeed or to feed and care for their infant 
or child. A lactating mother needs around 500 kilocalories (roughly equivalent to one 
extra meal) each day for making 750 ml of breast milk. The required nutrients are sup-
plied from body stores partly, laid down during pregnancy. The rest need to be supplied 
as an increased intake [6]. All this is ensured by greater amount and variety of foods. 
Pregnant and lactating women can eat any foods normally included in the local diet.

The Baby-Friendly Hospital Initiative (BFHI) comprehensively enables mothers to 
breastfeed, as systematic ten steps. Evidence exists for the effectiveness of individual 
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steps, but even more so for full implementation of all steps together [7–9]. The ten 
steps to successful breastfeeding of BFHI are:

1. a. Compliance: full to International Code of Marketing of Breast-milk Substitutes 
and relevant World Health Assembly resolutions.

b. Written policy: on infant feeding routinely communicated to staff and parents.

c. Ongoing monitoring and data-management systems: are in place.

2. Trained staff: having sufficient knowledge, competence, and skills to support 
breastfeeding.

3. Counselling: for importance and management of breastfeeding with pregnant 
women and their families.

4. Initiation: immediate and uninterrupted skin-to-skin contact is facilitated. 
Mothers are supported for initiation of breastfeeding as soon as possible after 
birth.

5. Support: for mothers to maintain breastfeeding and manage common difficulties.

6. Exclusive guidance: for not to provide breastfed newborns any food or fluids 
other than breast milk, unless medically indicated.

7. Rooming-in: enable mothers and their infants to remain together 24 hours a day.

8. Infant cues: teach mothers to recognize and respond to their infants’ cues for 
feeding.

9. Counselling additional: on the use and risks of feeding bottles, teats & pacifiers.

10. Care ongoing: coordination of discharge so that parents and their infants have 
timely access to ongoing support [10].

Baby-friendly and biological nurturing approach has been shown to be highly 
effective [11]. Biological nurturing is a neurobehavioral approach to breastfeeding sup-
port. It encourages women to breastfeed in a relaxed, laidback position. This approach 
is advantageous with reduction in breast problems (e.g., sore nipples), making good 
latch easier and thus facilitating the initiation of exclusive breastfeeding [12].

Social support is required and results in success contributing to making mothers 
able to breastfeed. These should include emotional, tangible, and educational com-
ponents. Providers of these should include both informal social network members 
(male partner, mother, family/friends) and professional network members (health 
care professionals, lactation consultants). Also, negative social support may decrease 
breastfeeding [13].

Breastfeeding is an intimate process that requires psychosocial adjustment as well 
as technical skills. During these adjustments, psychological support will contribute to 
success [14].
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Couples need to be advised to wait at least 24 months after a live birth and 6 
months after a miscarriage before attempting the next pregnancy [15]. This ensures 
mothers' health, good birth weight, & ability to breast & complementary feed in the 
desired way.

Also, correct advice is required if mother becomes pregnant while breastfeed-
ing. This mostly occurs when the breastfeeding infant is older than 6 months. After 
this age dependency on mother for nutritional needs is not total as weaning has 
started. Breastfeeding during pregnancy is thought to pose no increased risk to the 
pregnancy [16].

Mothers can face challenges in breastfeeding. Conquering the challenges is impor-
tant for making them able to breastfeed. The American College of Obstetricians & 
Gynecologists (ACOG) has comprehensively made detailed recommendations and 
conclusions regarding breastfeeding challenges [17]. Obstetrician–gynecologists and 
other obstetric care professionals are uniquely positioned to support women in these 
situations [17].

Able mothers practicing correct breast & complementary feeding will help in 
achieving nutrition and health goals.

2.2 Bold

Making women bold is the way forward. Correct knowledge will make mothers 
bold & bold mothers will not deviate from correct practices. Antenatal counsel-
ing sessions giving knowledge & skills of scientific practices will make them ready 
for the very best implementation. Large-scale interventions focusing on educating 
mothers about breastfeeding have the potential to increase breastfeeding prevalence. 
A systematic review on breastfeeding interventions has concluded that combined 
individual and group counseling appeared to be superior to individual or group 
counseling alone [18]. This will ensure breastfeeding with desired confidence.

The logic of correct knowledge-making mothers bold is illustrated by following 
examples. The WHO Integrated Management of Neonatal and Childhood Illness 
(IMNCI) “feeding recommendations during sickness and health” are:

i. Up to 6 months of Age: Breastfeed as often as the child wants, day and night, at 
least 8 times in 24 hours.

ii. 6 months up to 24 months: Breastfeed as often as the child wants.

Remember: Continue breastfeeding if the child is sick
If breastfeeding, exclusive and continued, in sickness is beneficial then mothers 

will definitely be bold for breastfeeding. IMNCI implementation in Real Life Situation 
is strongly recommended [19].

Another excellent example is hot conditions & deserts. It was generally, but 
wrongly, agreed that infants in a hot and dry climate need extra water. This 
assumption was based more on caution than on knowledge. An important study 
showed that breastfed infants in a hot and humid climate were found to do well 
without supplementary water [20]. Current recommendation is, breastfed infants 
do not require additional water. Correct knowledge will definitely empower  
mothers with boldness.

Working mother issues need to be addressed. ACOG recommends providing antici-
patory guidance about how to continue breastfeeding after returning to work [17]. The 
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Maternity Benefit Act 1961 (amended up to 2017) has provided for “Nursing breaks”—
“Every woman delivered of a child who returns to duty after such delivery shall, in addition to 
the interval for rest allowed to her, be allowed in the course of her daily work two breaks of the 
prescribed duration for nursing the child until the child attains the age of fifteen months” [21].

Breastfeeding in public, when required, needs to be taken care of. Women 
should feel at home in the world, and we should ensure this. This will also make 
their babies feel at home in the world. Mother work in public should be free,  
safe, & as full citizens without harassment or surveillance. Bold mothers are a 
prerequisite for all this.

Newspaper articles report & reflect current trends. A newspaper in India has 
recently, in an article titled “Bold & Breastfeeding”, importantly reported “More and 
more Indian moms are confidently nursing in public and proudly sharing pictures online 
too” [22]. This is the right direction meeting the requirement to feed the baby when 
the baby wants and not disrupting mothers’ life or freedom. In today’s world Digital 
Communication aids reaching all and should contribute to popularizing right practices.

2.3 Confident

We need to infuse confidence into mothers that proper breast and complementary 
feeding will lead to healthier babies with bright futures. These practices rank among 
the most effective interventions to improve child health. The WHO systematic review 
of long-term effects of breastfeeding has concluded that there is strong evidence of a 
causal effect of breastfeeding on IQ [23]. All this positive evidence will infuse confi-
dence for a propitious attitude and actions.

Confidence in the ability to breastfeed has been shown to be the most important 
predictor of full first six months of exclusive breastfeeding [24]

An increase in mothers’ confidence in themselves, in breastfeeding, and in their 
infants’ growth and development is simple & requires supporting mothers to respond 
in a variety of ways to behavioral cues for feeding, comfort, or closeness. This enables 
them to build caring, nurturing relationships with their infants. Ways to respond to 
infant cues include breastfeeding, skin-to-skin contact, cuddling, carrying, talking, 
singing, and so forth [25].

Alive & Thrive initiative addressed the multiple influences that can affect a moth-
er’s confidence and ability to optimally breastfeed [26]. The interventions included 
provision of training, supportive supervision, job aids, & communications materials 
to both health workers working at the primary care level (local health centers) and the 
volunteer community health worker cadre [27]. Health education reinforcement for 
healthy practices is the key and gives mothers necessary confidence.

Media plays an important role in our lives, and definitely should play a positive 
role to raise community awareness about the benefits of breastfeeding for both the 
mother and her baby. All this will make mothers confident about breastfeeding.

Social media breastfeeding support groups (SMBSGs) have been found to be 
useful. These have been found to improve women's confidence, knowledge, and 
attitudes and, therefore, increase the potential for exclusive breastfeeding to 6 
months [28].

3. Special situations

Covering all is important and special situations demand specific considerations.
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3.1 Preterm babies feeding

Premature infants receive profound benefits from breastfeeding [29]. Maternal 
breast milk should be the preferred enteral feeding for premature infants, although 
its nutritional adequacy may be limited for several reasons [30]. Preterm mothers’ 
milk has greater protein content than that of mothers delivering at term, however, it 
is insufficient in meeting the needs of smaller and more immature preterm infants 
[31]. Human milk fortifier should be added once the premature infant is tolerating 
tube feeding, and its use should be continued until the infant has achieved all oral 
feedings, a weight of 1800 g, or is near to discharge from the hospital. Similarly, 
Very Low Birth Weight (VLBW) infants should receive a human milk fortifier. This 
meets their nutritional needs and prevents clinical deficiency diseases and growth 
failure.

3.2 Breastfeeding without birthing

Breastfeeding is all advantageous, and should also be done after surrogacy and 
adoption. There is a growing awareness that it is possible for women to breast-
feed in these situations. Health care professionals should support these mothers. 
Breastfeeding can play a significant role in facilitating the development of the child-
mother relationship in cases of adoption and surrogacy [32, 33]. This is besides all the 
physiological benefits.

Induction of lactation in the biological mother after gestational surrogacy and in 
cases of adoption is required. A combination of pharmacological and nonpharmaco-
logical methods is often used for the induction of lactation [34]. Medications to help 
induce lactation are useful. ACOG recommends that galactagogues may be helpful if 
a woman would like to produce milk for an adopted infant [17]. Various protocols for 
inducing lactation and maximizing milk production are there [35, 36].

4. Complementary feeding

The general principles of complementary feeding are:

i. Start: at six months

ii. Responsive feeding: needs to be practiced, applying the principles of psychoso-
cial care

iii. Hygiene: good along with proper food handling

iv. Quantity: start with small amounts of food and increase the quantity as the 
child gets older, while maintaining frequent breastfeeding

v. Food type: food consistency to be gradually increased and variety added as 
the infant grows older, adapting to the infant’s requirements and abilities. 
Introduce one food at a time

vi. Frequency: increase the number of times that the child is fed complementary 
foods as the child gets older
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vii. Variety: feed a variety of nutrient-rich foods, ensuring that all nutrient needs 
are met.

viii. Source: locally available & home food recommended

ix. Energy density: should be more than that of breast milk

x. Technique: encourage cup and avoid bottle

xi. Illness & recovery: increase fluid intake during illness, including more fre-
quent breastfeeding, and encourage the child to eat soft, favorite foods. After 
illness, give food more often than usual and encourage the child to eat more.

xii. Breastfeeding simultaneous: continue breastfeeding until 2 years of age or 
beyond.

Newborn babies have a right to survive and grow into childhood, and to experi-
ence life to their full potential [37]. With “ABC plan” mothers will be able to better 
and comprehensively contribute towards this. Proper nutrition is the first prerequisite 
for attaining full potential.

Overall, our ABC plan is summarized as:

‘Able, bold, & confident mothers, for

All advantageous, best beneficial, bolstering comprehensive care’

5. Sustainable development goals with breast & complementary feeding

The SDGs are a collection of 17 interlinked global goals as a plan of action for people, 
planet, and prosperity. These are people-centered, universal, and transformative [38].

Breastfeeding-achieving the new normal is based on consolidation of evidence for 
breastfeeding’s benefits in recent years, in particular, the economic gains to be reaped 
[39]. All advantages are contributory towards SDGs.

SDGs, adopted by the world leaders are expected to follow on from the Millennium 
Development Goals (MDGs). We need to accelerate our progress [3]. Breastfeeding 
and complementary feeding (BFCF) are important & the impact for attaining SDGs 
& all the MDGs is as follows:

• ‘Eradicate extreme poverty and hunger’ (SDG 1 & 2 / MDG 1)

Adequate and scientifically correct BFCF has tremendous potential for achieving 
progress in food and nutrition security in childhood, completely and comprehensibly. 
The savings from expenditure on other milk & its substitutes also contributes to “No 
poverty”. High returns on health investments can aid to eliminate poverty. Protection, 
promotion, and support for breastfeeding results in savings totaling US$302 billion 
annually [40], i.e. nearly 0.5 percent of the world gross national industry.

Breastfeeding is a natural and economical way of feeding. It does not burden 
household budgets. Savings will contribute to feeding other household members 
resulting in no hunger and ultimately eradication of poverty.
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• ‘Good health & well-being’ (SDG 3)

Optimal breastfeeding & complementary feeding ensures this not only for the 
present but also for the future. Breastfeeding confers short-term and long-term 
benefits for both child and mother, including helping to protect children against a 
variety of acute and chronic disorders. The benefits of breastfeeding are confirmed 
in fewer infections, increased intelligence, probable protection against overweight 
and diabetes, and cancer prevention for mothers [23, 39]. The short-term as well as 
long-term, disadvantages of not breastfeeding are important [23, 41].

• ‘Quality education’ (SDG 4) / ‘Achieve universal primary education’ (MDG 2)

Free from disease means fit to attend school on all days. The benefits of breast-
feeding on good health & in preventing childhood morbidities are well proven.

Breastfeeding and quality complementary foods significantly contribute to  
cognitive development, support appropriate neurological development and 
enhance later school performance. Adequately BFCF will boost universal primary 
education, aptly and appropriately. All this will enormously contribute to global 
learning targets.

• “Gender equality” (SDG 5) / “Promote gender equality and empower women” 
(MDG 3)

Women should receive equality at all levels of society. Women’s reproductive 
rights and productive roles require adequate support. Providing them with accurate 
information about BFCF will empower them, and provision of breastfeeding-friendly 
workplaces will make them practice it.

A study on breastfeeding has shown that interventions such as maternity leave, 
workplace support, and employment status of mothers led to a 30 percent increase in 
breastfeeding rates [42]. We all need to get the cycle going for best feeding practices 
for best goals accomplishments.

• “Reduce child mortality” (MDG 4)

For this, the importance of adequate BFCF practices is supported by a large 
body of scientific evidence. Breastfeeding provides protection against childhood 
infections along with other advantages. Early start and longer duration of breast-
feeding as recommended are the most useful. Research has shown that scaling up 
breastfeeding up to near-universal levels will result in saving the lives of 823,000 
children under age 5 in 75 low- and middle-income countries [1]. All this justi-
fies implementation of breastfeeding recommendations with full devotion and 
diligently.

• ‘Improve maternal health’ (MDG 5)

Breastfeeding has a positive impact on the health of mothers. For nursing women, 
breastfeeding protects against breast cancer and improves birth spacing [1]. The more 
the mothers breastfeed, the greater are the benefits. These advantages of breastfeeding 
should be widely told simply and scientifically.
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• “Combat HIV/AIDS, malaria and other diseases” (MDG 6)

The protective effects of breastfeeding against infections are well known. For 
HIV/AIDS, there is now enough evidence to recommend ARVs during breastfeeding. 
Research shows that HIV-positive mothers who receive effective ARV treatment can 
have a close to zero transmission rate of HIV to their babies during pregnancy, birth, 
and breastfeeding. Thus, breastfeeding will help reduce morbidity and mortality from 
infections dramatically and drastically.

• “Ensure access to affordable, reliable, sustainable, and modern energy for all” 
(SDG 7) / “Ensure environmental sustainability” (MDG 7)

The manufacture of breast milk substitute products and their packaging is a 
wasteful activity, which pollutes and damages the environment. The bottles not only 
degrade the health of the babies but are also non-biodegradable. Our recommended 
optimum BFCF will lead to environmental protection and preservation.

• “Decent work & economic growth” (SDG 8) & “Reduced inequalities” (SDG 10)

Breastfeeding is associated with adding US$302 billion annually in additional 
income to the world economy [40], in the healthiest way. All babies breastfed & given 
complementary feeding will definitely result in reduced inequalities.

• “Responsible consumption & production” (SDG 12)

Breastmilk does not require industry for the production and is created and consumed 
with a minimal ecological footprint. It is the healthiest consumption. Home-based locally 
available complementary feeds are again responsible for consumption & production.

• “Global partnerships for the goals” (SDG 17) / “Develop a global partnership for 
development” (MDG 8)

The promotion for optimum BFCF requires multi-sectoral collaboration. WHO, 
UNICEF, various government & non-government organizations cooperating for 
Infant feeding. This provides an opportunity for building on the existent international 
partnerships for support of development. A healthy start to life for all babies of the 
world is the best possible development which we should aim, support, and sustain.

All this is best summarized as:

‘Scientific, energetic, & strong efforts for sustainable excellence,

Breastfeeding is best and fruitful’

6. Medical education: Methodical excellence

Excellent medical education is one that teaches best beneficial practices. BFCF is 
of importance for all our infants for lifelong benefits. Promoting correct practices 
is an imperative duty & important obligation. Advanced methodical learning and 
optimized learning lead to better-trained doctors [43].
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The US Surgeon General in its Call to Action to Support Breastfeeding (2011) 
remarked [44]:

“Inadequate education and training of clinicians has been identified as a major 
barrier to breastfeeding, and
education on breastfeeding is not a core element of most medical school or residency 
programs or of programs in nursing education.”

‘The US Surgeon General’s Call to Action to Support Breastfeeding’ describes in detail 
the Implementation Strategies:

i. Education content: Improvements in the breastfeeding content in undergradu-
ate and graduate education and ongoing training for health professionals. 
Quality content recommended.

ii. Enabling competency: Incorporation of competency in lactation care as 
minimum requirements for health professional credentialing, licensing, and 
certification processes.

iii. Education continuing: Increase opportunities for continuing education on the 
management of lactation to ensure the maintenance of minimum competen-
cies and skills [44].

The Medical Council of India (now National Medical Commission of India) has 
effective outcome-based strategies. The MCI Competency-based Undergraduate cur-
riculum for the Indian Medical Graduate [45] requires the following competency:

‘To promote and support optimal Breastfeeding for Infants’

This simple straightforward statement is all favorable, for all the life, for all the 
liveliness throughout life, & is the amongst the foremost best duty doctors can do.

The General Medical Council (GMC), UK, in its ‘Outcomes for Medical Graduates’ 
mentions [46]:

“Newly qualified doctors must be able to apply biomedical scientific principles, meth-
ods, and knowledge to medical practice and integrate these into patient care. This must 
include principles and knowledge relating to immunology, nutrition, physiology, etc.”

Further in Health promotion and illness prevention GMC mentions:

“Newly qualified doctors must be able to apply the principles, methods and knowl-
edge of population health and the improvement of health and sustainable healthcare 
to medical practice.

They must be able to:
Discuss the role and impact of nutrition to the health of individual patients and societies”.

Breast feeding is the start of nutrition, the best nutrition, & the start should be 
on best & sound scientific footing. Focused specific approach is desirable. “Currently 
there is no published data on the inclusion of breastfeeding education within the UK 
medical school curriculum” [47]. Biggs et al (2020) cross-sectional study in UK has 
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suggested that UK medical schools are not adequately preparing students to support 
breastfeeding patients. Further studies should explore the competency of doctors 
to meet the needs of lactating women, and design optimal training for UK medical 
students. In this study, overall, 93% (381/411) students requested further breastfeed-
ing education [47].

Taylor & Bell (2017) have commented that high quality training in breastfeed-
ing during medical education is historically varied. The process of becoming a 
board-certified physician entails more than 20 years of education. Medical school 
and residency training timelines and courses are relatively standardized across the 
United States and even internationally, but breastfeeding education varies greatly 
across schools and programs [48]. In view of all this and given all the evidence of 
benefits of breast feeding, it should be a consistent essential component in all future 
training, as:

“Learned practices & policies for correct start of life with

Medical education rationalization,

Benefits immediate, short term, & long-term scientific basis foundation,

Basic & advanced competencies worldwide acceleration,

For holistic health & wonderful wellbeing facilitation”

7. Conclusion

Advancing on universal health coverage vision is required. For this, it is important 
that right things are taught to all mothers for feeding their babies, encouraging and 
enabling all, for the best start of life. For breastfeeding leaving out a single or even a 
few mothers are undesirable and the results of this can be unpardonable. Universal 
health coverage is not a one-time effort, and if we are not able to implement a scien-
tifically proven natural intervention, breastfeeding, for its full period, then it is also 
not universal health coverage. Our efforts should be for Universal health coverage 
with the new meaning – “Cover all and cover completely”, a much refined and more 
rigorous approach [49].

“Be early to start, Be exclusive for first half of first year,

Be comprehensive with complementary feeding while also carrying on breastfeeding”

This is for all, for full recommended duration, for child’s full development, and

Leading to fulfillment of development goals”

Specific initiatives are definitely needed for the health of children so that they achieve 
their full growth potential [50]. We need to build health systems that can monitor the 
continued implementation of our scientific recommendations. This calls for continued 
efforts by all healthcare workers, unremitting and unrelenting. We should partner all in 
eliminating gross health inequalities and enhancing human welfare. Scientific evidence 
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regarding the feeding of these most vulnerable age groups has revealed clear-cut policies 
for implementation, which should be done with precision and perfection.

We look forward to continued cooperation with renewed vigor and vitality from 
all the Paediatricians and health care providers for Able, Bold, & Confident moth-
ers, & attaining the Sustainable Development Goals, for which optimum breast and 
complementary feeding practices are the most important and imperative. Methodical 
medical education will ensure all this.

“Breastfeeding is the firm foundation & is for favorable future, hence

Comprehensive policies & complete practice,

Wonderfully with,

Medical education for supportive, sophisticated & skilled doctors”
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Abstract

Infant feeding challenges continue to manifest in developed and developing 
countries. Worldwide, more than 80% of babies are breastfed in the first few weeks 
of birth. However, about 37%, 25%, and less than 1% are exclusively breastfed at 
6 months of age in Africa, the United States of America, and the United Kingdom, 
respectively. These statistics are far below the World Health Organization targets 
of 50% and 70% by 2025 and 2030, respectively. Complementary feeding practices 
are varied as well due to nonadherence to Infant and Young Child Feeding (IYCF) 
guidelines among parents. This accounts for the current trends in malnutrition in 
children under−5 years of age, adolescents, and the youth, and leads to intergenera-
tion malnutrition. In this chapter we have included sections on appropriate infant 
feeding; including how to initiate breastfeeding in the first hour of birth, how to 
exclusively breastfeed infants until 6 months of age, how to complement breastfeed-
ing after 6 months of infant’s age as well as continuing to breastfeed until 24 months 
of age and even beyond. Furthermore, we have included a description of how mothers 
who are unable to breastfeed can feed their infants on expressed breastmilk or replace 
breastmilk with appropriate homemade or commercial formula. This chapter as well 
covers infant feeding in prematurity.

Keywords: breastfeeding, diet, feeding, infant, nutrition, young child

1. Introduction

Infant feeding challenges continue to manifest in both developed and develop-
ing countries across the world. For instance, in the United States, of the 84.1% who 
started breastfeeding in 2017, only 25% were exclusively breastfed at 6 months of age 
[1]. In the UK, the percentage is even less than 1% for infants exclusively breastfed 
at 6 months [2]. In Sub-Saharan Africa, only 37% of infants aged less than 6 months 
are exclusively breastfed [3]. This is even less in South Africa and Uganda with 32% 
and 36%, respectively [4, 5]. Most countries are still far away from the World Health 
Organization (WHO) set targets of ensuring that at least 50% and 70% of infants are 
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exclusively breastfed by 2025 and 2030, respectively [6–8]. Complementary feed-
ing practices after 6 months of age have continued to vary due to nonadherence to 
Infant and Young Child Feeding (IYCF) guidelines. Only 40.1% and 32% of mothers 
are adherent to complementary feeding guidelines in Uganda and South Africa, 
respectively [4, 9]. This contributes to inappropriate infant feeding and high levels 
of malnutrition. For instance, the rates of stunting in South Africa and Uganda are 
27% and 44.9%, respectively, for children below 5 years of age [4, 10, 11]. Infant 
feeding practices determine the nutrition, health, survival, growth, and develop-
ment of children. It also determines the intellectual ability, quality of future citizens, 
social-economic transformation, and development of a country. Optimal infant 
feeding is recommended to achieve a healthy and economically able future genera-
tion. Optimal infant feeding includes initiation of breastfeeding within 1 h of birth, 
usually referred to as the golden hour, followed by active exclusive breastfeeding up 
to 6 months of age, unless advised otherwise by a qualified health worker. This is 
followed by another important age from 6 to 24 months and beyond in which breast-
feeding is complemented with other foods. However, due to the risk of transmitting 
HIV to the infant through breastfeeding, HIV-positive mothers who have adhered to 
their Antiretroviral drugs (ARVs) are encouraged to breastfeed for 1 year [12]; this 
includes exclusive breastfeeding for the first 6 months, followed by complementary 
feeding up to 1 year of age. This is thought to reduce the risk of severe malnutrition 
among infants as well as minimize the risk of Mother to Child Transmission (MTCT). 
Mothers who do not wish to breastfeed can replace breastfeeding with an Affordable, 
Feasible, Accessible, Sustainable, and Safe (AFASS) breastfeeding substitute. Mixed 
feeding has been associated with a high risk for malnutrition and MTCT of HIV 
among HIV-exposed infants. In a study, Ogbo found that, despite this guide, infant 
feeding practices are varied across countries resulting in childhood illnesses, such as 
diarrhea [13]. This has led to poor nutritional outcomes, morbidity, and mortality 
among children under 5 years of age, as well as contributing to intergenerational 
malnutrition. Consequently, infant, childhood, and adolescent growth has been 
tremendously affected. The situation is more critical when it comes to the girl child; 
malnutrition in the girl child adversely affects the development of reproductive 
organs, thus increasing the risk of these young girls getting obstetric complications 
during labor and delivery at a later age. Poor nutritional status during early adolescent 
development has been cited as one of the indirect contributing factors to high mater-
nal morbidity and mortality in developing countries. Additionally, poor nutrition 
contributes to poor intellectual ability. This has implications on the ability to perform 
in school and consequently impacts negatively on women’s education and socioeco-
nomic empowerment.

2. Initiation of breastfeeding after birth

Breast milk is the most nutritious food for a newborn and infants below 6 months 
of age. Initiation of breastfeeding within the first hour of birth ensures that the 
newborn receives colostrum or the first milk that is rich in nutrients and immunologi-
cal factors [14]. Colostrum is richer in bioactive components with immune-enhancing 
properties. These include immunoglobulins, lactoferrin, leukocytes, lysozymes, 
alfa-lactalbumin, and beta-lactoglobulin compared to mature milk. Immunoglobulin 
A (IgA) is the most abundant and IgM and IgG antibodies are in lower concentrations 
in breast milk. These confer protection against infection before the infant’s natural 
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immune system is built. IgA coats and seals a baby’s respiratory and intestinal tract to 
prevent germs, such as bacteria, viruses, fungi, and parasites from entering the body 
and bloodstream. IgG is involved in the prevention of autoimmune and allergic dis-
eases during childhood [15]. Despite the benefits of early initiation of breastfeeding, 
only 58.3% of mothers initiate breastfeeding within 1 h of birth in Sub-Saharan Africa 
with a huge variation between countries, ranging from 24 to 86% [16]. Immediately 
after the baby is born, the midwife places the baby on the mother’s abdomen. The 
baby is dried, stimulated to breathe, and then is placed onto the mother’s chest with 
the baby’s mouth closer to the mother’s breasts. Normally the baby shows signs that he 
or she wants to breastfeed called breastfeeding readiness cues, as they are commonly 
referred to, are then recognized by the mother or caregiver. These may include mouth-
ing—frequently opening the mouth and leaking the lips, rooting—moving the mouth 
toward whatever touches the baby’s cheeks, sucking—attempts to suckle whenever 
the baby’s mouth or lips touches anything, and hand to mouth or hand to hand move-
ments. If the baby’s mouth is not wide open, the mother or other caretaker should 
bring the nipple to touch the baby’s cheeks, the baby then moves the mouth toward 
the nipple and opens the mouth. The mother should then support the breast and 
put the nipple and areolar into the wide open mouth of the baby. The baby will then 
spontaneously start to suckle. Mothers with big breasts will need to support the breast 
for the baby, those with small breasts may only be required to position the baby in close 
proximity to the breast during the time when the mother is still lying on her back and 
the baby is lying skin to skin during the third stage of labor. When the baby becomes 
hungry and is not given the breast, she or he shows the breastfeeding readiness cues, 
and when giving the breast is further delayed, it will make the baby vigorously cry and 
will be irritable. All mothers should be supported to initiate and establish breastfeed-
ing as soon as possible after birth and preferably within the first hour after childbirth. 
Breastfeeding within the first hour after birth has very profound benefits. It will result 
in an early and sustained breastmilk production by the mother as well as help in short-
ening the third stage of labor. After birth, the reduction in progesterone and estrogen 
following the expulsion of the placenta triggers the prolactin reflex and its increased 
production from the anterior pituitary gland. Further production of prolactin is 
stimulated when the baby continues to suckle the breast [17] (Figure 1). This ensures 
that the breast is full of breast milk and adequate for the infant.

Figure 1. 
Prolactin reflex.
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Suckling the breast stimulates oxytocin from the posterior pituitary [17]. Oxytocin 
is responsible for milk ejection or let-down reflex (Figure 2). Oxytocin causes the 
myoepithelium of the breast to contract, this causes the temporarily stored breastmilk 
to be released from the lactiferous ducts and ampulla, out through the pores of the 
nipple, and into the baby’s mouth.

Milk ejection or let-down reflex can be triggered by suckling, thoughts, sights, 
sounds, or odors that a mother associates with her baby (Figure 3). In each of these 
cases, neurohumoral reflex leads to a burst of prolactin secretion as well as stimula-
tion of the oxytocin reflex. Breastfeeding mothers should ensure that the breast is 
emptied on each breastfeeding occasion and should breastfeed at least every 2–3 h. 
The more frequently and thoroughly the breasts are emptied, the faster they will refill 
with breastmilk.

Immediately after childbirth, breast milk may not be present except for a small 
amount of colostrum, this may be troublesome for mothers with babies demanding to 
breastfeed and may lead to the introduction of pre-lacteal feeds, a practice that reduces 

Figure 3. 
Helping and hindering factors for the oxytocin reflex.

Figure 2. 
Oxytocin reflex.
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suckling frequency and reduces the amount of breastmilk. Mothers should be made 
aware that breast milk may fully appear in 1–7 days and average on the third day for 
most mothers depending on the frequency of breastfeeding, nutrition status, psycho-
logical status, especially anxiety and physical health of the mother. Mothers who deliver 
by caesarian section are less likely compared to their counterparts who deliver vaginally 
to initiate breastfeeding in the first 1 h of delivery [18]. This is due to the fact that moth-
ers delivering by cesarean section will spend extra time (30 min to 1 h or more) in the 
theater as the operation is being concluded and during this time, the mother may not 
be in contact with the baby. In addition, mothers who are delivered by caesarian section 
usually have high anxiety levels and pain that hinder oxytocin reflex (Figure 3). Such 
mothers need extra support to ensure the early initiation of breastfeeding. Obstetric 
and medical complications associated with pregnancy, labor, and delivery that may 
delay breastfeeding should be anticipated, prevented, or managed early to reduce on the 
delay of breastfeeding [19, 20]. Mothers should be encouraged to breastfeed as early as 
when able for adequate breastmilk production. Each mother should receive instruction, 
assistance, and support in positioning and ensuring proper attachment on the breast 
until she is able to do so independently. Recommended techniques used to attach babies 
to breasts are discussed in this chapter later.

3. Exclusive breastfeeding

Exclusive breastfeeding is defined as giving only breast milk to the infant, without 
mixing it with water, other liquids, herbal preparations, or food in the first 6 months 
of life with the exception of vitamins, mineral supplements, or medicines. Exclusive 
breastfeeding during the first 6 months provides all the required nutrients to the 
baby. Offers protection against childhood illnesses, such as diarrhea and pneumonia. 
It leads to better physical growth, neuro-development, and increases intelligence 
[21]. In HIV-exposed infants, exclusive breastfeeding, in addition, offers protection 
against severe acute malnutrition, diarrhea, and even death [22]. Under normal 
circumstances, an infant should be exclusively breastfed for the first 6 months of 
life. Although this is associated with great benefits, the practice is still poor and in 
sub-Saharan Africa, only 36% of mothers exclusively breastfeed [23]. The mother 
should breastfeed every 2 h for a total of 8–12 times or more during day and night. 
However, mothers should learn to breastfeed every time the baby demands and may 
stimulate the baby to breastfeed if the baby does not demand the breast beyond 2 h. 
For successful exclusive breastfeeding, mothers should learn to position the baby and 
ensure appropriate attachment of the baby to the breast. Good baby positioning and 
attachment facilitate adequate breastfeeding. It ensures that both baby and mother 
are comfortable, the baby suckles optimally until the breast is emptied and he or she 
gets satisfied. There are some exceptional situations where the length of breastfeeding 
may be shortened. For instance, there are times when some babies at the age of 4 or 
5 months may not be satisfied by breast milk alone. This may be due to unmodifiable 
factors, such as inadequate breastmilk production from the mother. A baby with a 
high body weight may also not be satisfied by breast milk alone at this age bracket 
despite all attempts to improve the quantity produced by the mother. In these special 
circumstances, other feeds may be introduced in the fourth or fifth months. Also, if 
the mother or baby has other illnesses other than HIV that makes the baby unable to 
exclusive breastfeeding for 6 months, other feeds may be introduced earlier. In such 
special circumstances, mothers are strongly advised to consult a qualified professional 
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health worker for advice before such other feeds are introduced. It is, therefore, 
imperative to also know how other feeds should be introduced to the baby’s feeding 
practices. This topic is also elaborately discussed in this chapter later.

4. Attachment to the breast and baby positioning

Another important aspect of active and effective breastfeeding practice is how 
to attach and position the baby onto the breast. Good attachment to the breast is 

Figure 5. 
Underarm position.

Figure 4. 
Good and poor attachment to the breast.
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necessary for effective suckling. The baby is well attached when he or she has taken 
much of the areola and the underlying tissues into his or her mouth, and the lower lip 
is turned outward (Figure 4). This attachment enables the baby to suckle adequately, 
fill the cheeks with breastmilk, and consequently swallow the milk well. Poor attach-
ment may result in painful nipples, breast engorgement, less breastmilk production, 
unsatisfied baby, frustrated baby, and failure to thrive or gain weight.

Figure 6. 
Underarm position for twins.

Figure 7. 
Cradle position.
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Baby positioning entails steps the mother should follow to hold the baby and ensure 
that the baby reaches the breast without strain and the mother breastfeeds comfort-
ably while relaxed. The baby position adopted by the mother may vary depending on 
whether the mother is seated, lying, has a small versus big baby, or is nursing twins. 
The different positions include; cradle baby position or hold, underarm position, 

Figure 8. 
Cross cradle position.

Figure 9. 
Side lying position.
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cross-cradle, lying down, underarm position for twins, and cross position for twins 
(Figures 5–11). In each of these, mothers should note the four key points, which are as 
follows:

a. The baby’s body should be inline: A baby cannot suckle or swallow easily if his 
head is twisted or bent.

Figure 10. 
Inverted side lying position.

Figure 11. 
Cross position for twins.
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b. The baby is held close to the mother’s body: A baby cannot attach well to the 
breast if he or she is far away from it. The baby’s whole body should almost face 
his or her mother’s body.

c. The baby is well supported: The baby’s whole body is supported with the mother’s 
arm along the baby’s back. This is particularly important for newborns and young 
babies. For older babies, support from the upper part of the body is usually enough.

d. Placing the baby on the breast with the nose at the level of nipple will encourage 
him or her to open the mouth wide and attach to the breast well.

Many mothers in developing countries know and commonly use cradle and 
side-lying breastfeeding positions. This leaves some mothers with no other options 
yet there are other positions that can be used for the comfort of the mother and the 
satisfaction of the baby. It is advisable to use various breastfeeding positions depend-
ing on the mother’s comfort.

5. Complementary feeding and weaning practices

Complementary feeding is the feeding of the baby with other foods in addition 
to breastfeeding at 6 months of age when breastmilk alone is no longer adequate 
to meet the nutritional needs of the infant. In Sub-Saharan Africa, infant feeding 
is characterized by either early or late introduction of complementary feeds. In 
a study, 59% of mothers introduced other feeds early and 30.7% did not receive 
other foods between 6 and 8 months of infant’s age [24]. Additional foods should 
be introduced into the infant’s diet at 6 months of age and continued until breast-
feeding is entirely stopped at 24 months of age or beyond if the mother so wishes to 
extend breastfeeding. Weaning is the process of stopping the infant from breast-
feeding. Weaning should be done gradually; however, it may be done abruptly in 
HIV-positive mothers at 1 year of infant’s age to reduce the risk of transmitting 
HIV to the infant. HIV-positive mothers who are well retained in HIV care and 
are adhering well to Highly Active Antiretroviral Therapy (HAART) are encour-
aged to breastfeed at least for the first 1 year of age [25, 26]. In 1 year, the mother 
exclusively breastfeeds for 6 months and introduces complementary feeds after 
6 months of infant’s age. The period from 6 to 24 months is critical and includes 
rapid growth and development. Due to this, the energy requirement doubles and 
other nutrient deficiencies are common if complementary feeds are not appropri-
ately introduced as recommended (Figures 12–15).

Infants require adequate caloric intake to provide energy for growth and physical 
activity. The energy requirement increases with age. For example, at age < 3 months 
(3.5–5 kg), the energy requirement is 110 Kcal/kg/day (450–550 kcal); at age 
3–5 months (5.5–7 kg), the energy requirement is 100 Kcal/kg/day (550–700 kcal); at 
age 6–8 months (8–9 kg), the energy requirement is 95 Kcal/kg/day (700–800 kcal) 
and age 9 months–1 year (9–10 kg), the energy requirement is 100 Kcal/kg/day 
(900–1000 kcal) (Figure 12). To fill the gap, the infant should be fed on energy rich 
and thick foods, such as porridge, banana (matooke), cassava, and Irish potato, from 
6 to 24 months of age. This may be supplemented with cooking oil, ghee, and other 
sources of energy.
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To fill the vitamin-A gap at 6 months of age, as shown in Figure 13, the infant’s 
diet should be supplemented with dark-green leaves and yellow-colored fruits and 
vegetables, such as dodo, pumpkin, carrot, papaya, spinach, and mangoes.

Figure 12. 
Energy requirement by age and amount supplied by breastmilk.

Figure 13. 
Vitamin a requirement by age and amount supplied by breastmilk.

Figure 14. 
Iron requirement by age and amount supplied by breastmilk.
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To fill the iron gap at 6 months of age, as shown in Figure 14, the infant’s diet should 
be supplemented with millet, dark leafy green vegetables, liver, poultry, and eggs.

To fill the protein gap, at 6 months of age, as shown in Figure 15, the infant’s diet 
should be supplemented with both animal and plant sources of proteins. Animal 
sources include; chicken, eggs, fish, meet, and milk. Plant sources include; beans, 
groundnuts, and peas.

To meet all the nutritional requirements, infants should receive nutritionally 
adequate and safe complementary foods while continuing to breastfeed for up to 
24 months or beyond. Starting other foods in addition to breastmilk at 6 completed 
months of age can help the infant to grow well. After 6 months of age, infants should 
be fed on thick porridge and mashed foods. Mashed foods should include major 
nutrient ingredients, such as carbohydrates, proteins, fats, and vitamins in right-
ful proportions. Mineral requirements are met by giving water and micronutrient 
supplements to the infant during feeding. It is important for parents to understand 
that complementary feeds should be timely, meaning that they should be introduced 
at appropriate infant age; they should be adequate both in nutrient variability and 
quantity; they should be safe. Foods should be well prepared, hygienic, well stored, 
and fed using clean hands and utensils. Additionally, parents should desist from 
using bottles and teats to feed their infants and instead use a cup and a spoon. This 
is because bottles and teats are difficult to clean and keep hygienic by many parents. 
Parents should feed infants in consistence with a child’s signals of appetite and satiety 
and the meal frequency and feeding should be suitable for age. Parents should take 
care in the feeding of infants by being responsive to the infant’s clues for hunger and 
also encourage the infant to eat, especially those that have reached the age for feeding 
themselves. There is variability in the zeal or enthusiasm to feed self across infants; 
those that are poor at feeding themselves will need additional support and encour-
agement from parents or caregiver. Feeding the child should take an active form. 
Children should be actively supported during feeding. They should be actively fed 
by adults and not by their fellow young ones. Each child should have his or her food 
on a separate serving plate. Parents or caregivers should not feed many children of 
varying age groups on the same plate. Feeding many children on the same plate, some 
children will be out-competed and will not be satisfied. In addition, in case the food 
served on the plate is eaten to completion, more food should be added and the child 

Figure 15. 
Summary of gaps to be filled by complementary foods for a 12–23-month-old child.
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encouraged to continue feeding until the child is satisfied and some food is left on the 
serving plate. World Health Organization (WHO) and the Ministry of Health (MoH) 
recommend that infants should initially receive complementary foods 2–3 times a 
day between 6 and 8 months, increase to 3–4 times daily between 9 and 11 months, 
and 12–24 months of age [27]. Additional nutritious snacks should also be offered 1–2 
times per day for ages 12–24 months of age. Parents should gradually increase food 
thickness and variety as the infant gets older, adapting to the infant’s requirements 
and abilities. Infants can eat soft mashed and semi-solid foods beginning at 6 months, 
by 8 months most infants can eat more solid foods. By 12 months, most infants can eat 
the same types of foods as consumed by the rest of the family while keeping in mind 
the need for nutrient-dense foods including animal-sourced foods like meat, poultry, 
fish, eggs, and dairy products. Parents should avoid foods in a form that may cause 
chokings, such as whole grapes, or raw carrots. Avoid giving drinks with low nutrient 
value, such as tea, coffee, and sugary soft drinks. Parents should limit the amount of 
juice offered to avoid displacing more nutrient-rich foods.

6. Replacement feeding practice

This refers to feeding an infant who is not breastfeeding with a diet that pro-
vides all the nutrients that the infant needs. This may be applicable in mothers 
who may not wish to breastfeed as in HIV-positive mothers or if a mother dies 
immediately after childbirth and the baby survives. Other circumstances in which 
breastfeeding may be contraindicated, the mother may not express breastmilk and 
should replace breastfeeding include; metabolic disease, such as galactosemia of 
the infant, the mother is taking chemotherapeutic agents, the mother is infected 
with human T-cell lymphotropic virus type I or type II, the mother is using an illicit 
street drug, such as cocaine, the mother has suspected or confirmed Ebola virus 
disease. Conditions in which the mother may temporarily replace breastfeeding 
and may not express breastmilk include; the mother is infected with untreated 
brucellosis, the mother is taking certain medications, vaccinations, drugs, tobacco, 
and alcohol, the mother is undergoing diagnostic imaging, the mother has an active 
herpes simplex virus (HSV) infection with lesions present on the breast and other 
bilateral breast diseases. Conditions in which the mother should temporarily not 
breastfeed, but can express breastmilk include; the mother has untreated active 
tuberculosis (the mother may resume breastfeeding once she has been treated 
appropriately for 2 weeks and is documented to be no longer contagious), the 
mother has active varicella (chickenpox) infection that developed within the 5 days 
prior to delivery to the 2 days following delivery [28–30]. The breastmilk substitute 
should be a suitable substitute for breastmilk, such as a commercial or homemade 
formula. However, parents should be aware that available substitutes may not 
wholly replace the benefits of breastfeeding and breastfeeding remains the most 
appropriate mode of feeding infants 0–6 months of age. Selected replacement feeds 
should meet the AFASS criteria; that is to say, they should be Acceptable—the 
mother perceives no significant cultural or social barriers to replacement feed-
ing. Feasible—the mother has adequate knowledge, skills, resources, and support 
to correctly mix, formula or milk, and feed the infant up to 12 times in 24 h. 
Affordable—the mother and family can pay the costs of, replacement feeding asso-
ciated with fuel, clean water, and all ingredients without compromising the health 
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and nutrition, of the family. Sustainable—the mother has access to a continuous 
and uninterrupted supply of all ingredients needed for safe replacement feeding as 
long as the infant needs it. Safe—replacement feeds are correctly and hygienically 
stored, prepared, and fed in nutritionally adequate amounts. The infant is fed with 
clean hands and preferably by the cup.

6.1 Homemade formula

Homemade formulas are made from local foods available at home. While 
preparing a local formula, mothers should include at least one type of food from 
each of the following classes. (a) Sources of proteins, such as beans, peas, ground-
nuts, milk, meat, chicken, fish, and eggs; (b) sources of carbohydrates, such as 
millet flour, sorghum flour, maize flour, potatoes, and matooke or banana; (c) 
sources of vitamins, such as dodo, nakatti, buga, tomato, eggplant and carrot, and 
sources of fats, such as ghee, shea butter, margarine, and palm oil in their rightful 
proportions.

6.1.1 Home-modified formula for infants 0–6 months of age

Infants who are not breastfed from birth can be given a homemade milk-based 
formula prepared from cow’s, goat’s, camel’s, sheep’s, or buffalo’s milk. Such formula 
can be prepared as follows;

1. Fresh cow’s, goat’s, or camel milk

a. 40 ml milk +20 ml water +4 g sugar = 60 ml

b. 60 ml milk +30 ml water +6 g sugar = 90 ml

c. 80 ml milk +40 ml water +8 g sugar = 120 ml

d. 100 ml milk +50 ml water +10 g sugar = 150 ml

2. Sheep and Buffalo milk

a. 30 ml milk +30 ml water +3 g sugar = 60 ml

b. 45 ml milk +45 ml water +5 g sugar = 90 ml

c. 60 ml milk +60 ml water +6 g sugar = 120 ml

d. 75 ml milk +75 ml water +8 g sugar = 150 ml

Micronutrient supplements should be given with all the above home-prepared 
infant formulas; this includes minerals, such as manganese—7.5 μg, Iron—1.5 mg, 
copper—100 μg, zinc—205 μg and iodine, and vitamins, such as vitamin A—300 IU, 
vitamin D—50 IU, vitamin E—1 IU, vitamin C—10 mg, vitamin B1—50 μg, vitamin 
B2—80 μg, Niacin—300 μg, vitamin B6—40 μg, folic acid—5 μg, Pantothenic acid—
400 μg, vitamin B12—0.2 μg, vitamin K—5 μg, and biotin—2 μg.
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6.1.2 Home-modified complementary formula for infants 6 months of age and above

Home-modified complementary formula can be made of porridge as a major 
source of energy, mixed with pounded roasted groundnuts or ground nuts paste as 
a major source of protein, mixed with pounded dodo as a major source of vitamin, 
mixed with margarine as a supplementary source of energy. The thickness of the 
preparation should be regulated based on the age of the infant and the ability of the 
infant to eat. Other sources of energy, proteins, vitamins, and fats can as well be used 
depending on availability.

6.2 Commercial formulas

Commercial infant formulas are designed to resemble human milk as closely as 
possible, although none has ever duplicated it. The exact composition of infant formula 
varies with the manufacturer but all must meet specific standards. Four main categories 
of commercially prepared formulas; cow’s milk-based formula such as NAN (milk-based 
with iron), soy-based formulas—commonly used for children who are lactose or cow’s 
milk intolerant, such as Soy Isomil infant formula and Enfamil ProSobee Infant Formula, 
casein or whey-hydrolysate formulas—used primarily for children who cannot tolerate 
the other two formulas, and amino acid formulas—used for infants with multiple food 
protein intolerances.

It is important for parents to note that commercially available infant feeding for-
mulas occur in two categories. That is to say; those prepared for infants 0–6 months 
of age, for example, NAN for 0–6 months infants and those prepared for infants 
6–12 months of age for example NAN for infants 6–12 months of age. This is because 
nutrient requirements vary at different ages of infants.

Commercial formulas are available in three forms: 1. Ready-to-feed formula- is 
the most expensive but easiest to use. 2. Concentrated formula- is less expensive than 
ready to feed, it is diluted with equal parts of water and can be stored in the refrigera-
tor for 48 h after opening. 3. Powdered formula—is the least expensive, it is easily 
mixed by using one scoop of 60 ml for every 60 ml of water or one scoop of 30 ml 
for every 30mls of water. It is important to bear in mind the quantity of feed required 
depending on the infant’s age.

6.3 Feeding the child using formula feeds

The first feeding of the formula is ideally given after the neonate’s initial transi-
tion to extrauterine life. At birth, the baby’s stomach is very small with a cherry-like 
size and volume capacity of about 20mls. In the first 24 to 48 h of life, a newborn will 
typically consume 15–30 ml of formula at each feeding. Intake gradually increases 
during the first week of life, most newborns are taking 90–150 ml at each feeding by 
the end of the second week or sooner. The newborn infant should be fed at least every 
3–4 h, even if waking the newborn is required for the feeding. However, usually rigid 
feeding schedules are not recommended. Most newborns need six to eight feedings in 
24 h and the number of feedings decreases as the infant matures and consumes more 
at each feeding. During feeding, parents are encouraged to sit comfortably, holding 
the infant closely in a semi-upright position with good head support. Feeding pro-
vides an opportunity to bond with the baby through touching, talking, and singing to 
the infant.
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6.4 Preparation of powdered infant formula

According to the World Health Organization, parents using formula feeds should 
follow the following steps to prepare and feed their infants [31];

a. Wash your hands with soap and water and dry using a clean cloth.

b. Wash all feeding and preparation equipment thoroughly in hot soapy water. Use 
a clean bottle and teat brush to scrub the inside and outside of bottles and teats to 
make sure that all remaining feed is removed from the hard-to-reach places.

c. Rinse thoroughly in safe water.

d. Fill a large pan with water.

e. Place the cleaned feeding and preparation equipment into the water. Make sure 
that the equipment is completely covered with water and no air bubbles are 
trapped.

f. Cover the pan with a lid and bring to a rolling boil, making sure the pan does not 
boil dry.

g. Keep the pan covered until the feeding equipment is needed.

h. Clean and disinfect a surface on which to prepare the feed.

i. Wash your hands with soap and water, and dry with a clean or disposable cloth.

j. Boil some safe water. If using an automatic kettle, wait until the kettle switches 
off. If using a pan to boil water, make sure the water comes to a rolling boil.

k. Read the instructions on the formula’s packaging to find out how much water and 
how much powder you need. Adding more or less formula than instructed could 
make infants ill.

l. Taking care to avoid scalds, pour the correct amount of boiled water (which has 
been allowed to cool to no less than 70°C) into a cleaned and sterilized feeding 
cup. Use a clean, sterile thermometer to check the temperature.

m. Add the exact amount of formula to the water in the feeding cup.

n. Mix thoroughly by stirring with a cleaned and sterilized spoon.

o. Immediately cool to feeding temperature by holding the feeding cup under cold 
running tap water, or by placing it in a container of cold or iced water. So that 
you do not contaminate the feed, make sure that the level of the cooling water is 
below the top of the cup.

p. Dry the outside of the cup with a clean or disposable cloth.

q. Label the cup with information, such as formula type, infant’s name or ID, date 
and time made, and preparer’s name.



39

Infant and Young Child Feeding in the Developed and Developing Countries
DOI: http://dx.doi.org/10.5772/intechopen.103012

r. Check the temperature of the feed by dripping a little onto the inside of your wrist. 
It should feel lukewarm, not hot. If it still feels hot, cool some more before feeding.

s. Feed infant.

t. Throw away any feed that has not been consumed within two hours.

For parents using the bottle for feeding their infants, the bottle should be held 
so that fluid fills the nipple and none of the air in the bottle is allowed to enter the 
nipple. The bottles, nipples, rings, and caps should be washed in warm soapy water, 
using a bottle and nipple brush to facilitate thorough cleaning. They should be placed 
in boiling water for 5 min and allowed to air dry, this should be done at least prior to 
the first use and thereafter unless they are cleaned in the dishwasher. However, due 
to difficulties associated with maintaining the hygiene of bottles, nipples, rings, and 
caps, parents are strongly advised to feed their infants using a cup and a spoon as 
described later in this chapter.

7. Infant and young child feeding in the context of HIV/AIDS

It is estimated that 20% of all Mother-To-Child-Transmission (MTCT) cases occur 
through infants acquiring HIV from their HIV-positive mothers after birth through 
breastfeeding [32]. However, with option-B plus, this risk is eliminated. According to 
the consolidated guidelines for prevention and treatment of HIV in Uganda, all HIV 
exposed infants should be exclusively breastfed for the first 6 months of age irrespec-
tive of HIV status [33]. Meanwhile, the infant’s first Polymerase Chain Reaction 
(PCR) test should be taken at 6 weeks of age. The mother continues to be on HAART 
and exclusive breastfeeding. Complementary foods should be introduced at 6 months 
of age. The second PCR should be done at 9 months of age, 3 months following the 
introduction of complementary foods. If the infant remains HIV negative, the mother 
continues to breastfeed until the infant is 1 year of age after which the infant should 
entirely feed on family foods as discussed later in this chapter. The third PCR test 
should be done at 6 weeks after caseation of breastfeeding. For infants found to be 
HIV infected, the infant should be breastfed as per the general population until the 
infant is 24 months old and beyond. On the other hand, if the mother does not wish 
to breastfeed and Infant is HIV negative, the mother can consider discontinuing 
breastfeeding as early as possible and use replacement feeding if Affordable, Feasible, 
Acceptable, Sustainable, and Safe (AFASS).

7.1 Feeding HIV-negative infants (12: 24 months) of HIV-positive mothers

Mothers who are HIV positive and have babies with a negative second PCR at 
9 months, will cease breastfeeding at 12 months of infant’s age [33]. The mother will 
adopt alternative infant feeding options as described earlier under formula feed-
ing. The third PCR will be taken at 6 weeks after cessation of breastfeeding and an 
HIV antibody test at 18 months of age. The Alternative forms of infant feeding will 
include other forms of milk such as cow’s or goat’s milk; of at least 500 ml (one cup) 
a day. In addition, the mother will continue to feed the infant 5 times a day, which 
includes three main meals of nutritious foods from locally available foods and two 
extra snacks.
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8. Feeding a child (2: 6 years)

It is important to encourage mothers to give a variety of foods prepared from the 
family meal (each meal should consist of carbohydrate, protein, vegetables) at least 
3 main meals a day. Encourage caregivers to give nutritious snacks between meals, 
such as fruit (banana, pawpaw, orange, and mangoes), an egg, bread, enriched thick 
porridge, or a glass of milk. Sick and improving infants and children should be fed on 
small, frequent meals that include porridge enriched with milk or groundnut paste, 
margarine, honey, oil, cooked skinned mashed beans, thickened soups, and many 
more others to aid quick recovery.

9. Common problems of breastfeeding

Breastfeeding problems cause difficulty in breastfeeding. May also cause insuf-
ficient breastmilk production, failure of the mother to give the breast to the infant, 
frustration of the infant, discontinuation of breastfeeding, and failure to thrive. These 
include breast engorgement, sore nipples, plugged or clogged milk ducts, mastitis, 
and insufficient or decreased milk production.

9.1 Breast engorgement

Breast engorgement is caused by overfilling of the breast due to infrequent or 
ineffective emptying of the breast [34]. It occurs around the 3rd–5th day postpar-
tum. This condition is characterized by vascular congestion, increased vascularity, 
accumulation of milk in the breast tissue, and edema related to swelling and obstruc-
tion of lymphatic drainage. The breast is usually painful and tender on palpation, 
firm, and hot. The breast may appear shiny and the nipples may flatten. Management 
requires breastfeeding more frequently (every 2 h), massaging the breast as the baby 
breastfeeds, breastfeeding on one breast until it softens before changing to another 
one, cold compress may relieve swelling, expressing breastmilk may be done if the 
baby does not empty the breast completely, Non-Steroidal Anti-Inflammatory Drugs 
(NSAIDS) may be prescribed to relieve pain, a warm water birth before breastfeeding 
and use of cabbage leaves (put in a fridge and applied) may be helpful.

9.2 Sore nipple

Nipples may be tender, cracked, or bleeding due to poor attachment or poor 
latch-on, sucking, and monilial infection. Sore nipple causes pain during breastfeed-
ing and thus disrupts infant feeding. The prevention and management involve correct 
positioning and attachment to the breast. To make the nipple less painful, the mother 
should first express some milk to moisten the nipple. If pain continues, the mother 
should check for proper breast–baby attachment. If pain continues, the mother should 
stop breastfeeding for a few minutes and start again, and should ensure that the baby’s 
mouth is widely open for both the nipple and areola to enter. If pain continues, the 
mother should check for the presence of a short frenulum. If present, it should surgi-
cally be released. If both nipples have sores, the mother may breastfeed on the breast 
with a less sore nipple first followed by the more painful one. It is most important 
to clean the nipple with water after breastfeeding and also to express some milk and 
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spread it around the nipple to air dry. The mother should be advised to expose the 
nipple to the air as much as possible. She may apply purified lanolin cream to prevent 
further abrasion after breastfeeding. Antibiotics creams may be applied if nipples are 
extensively cracked. Other un-approved creams are not recommended.

9.3 Plugged or clogged milk ducts

Plugging of milk ducts is due to poor feeding, delayed or missed feeding. It is 
important to apply a warm compress to the affected area, this may promote the 
emptying and release of the plug. Breastfeeding more frequently is preferred and while 
breastfeeding, the baby should begin with the affected breast to ensure emptying.

9.4 Mastitis

Mastitis is the inflammation of the breast [35, 36]. It is usually caused by staphy-
lococcus, streptococcus, and Escherichia coli (E-coli). The condition presents with 
fever, chills, body aches, and headache initially. On examination, the breast is tender, 
warm and reddened. It is caused by poor breast hygiene, inadequate emptying of the 
breast during breastfeeding, plugged ducts, sudden decrease in number of feed-
ings, abrupt weaning, and cracked nipples. Management includes administration 
of antibiotics (penicillins or cephalosporins plus metronidazole) for 10–14 days, 
NSAIDS for the pain and inflammation can be prescribed, warm compress to relieve 
pain, and emptying of the breast while breastfeeding. If the breast cannot be emptied 
by breastfeeding, the mother is encouraged to express the remaining breastmilk. The 
mother should have enough rest, take plenty of oral fluids, and a balanced diet. In 
case of a breast abscess, surgical intervention is required.

9.5 Insufficient or decreased milk production

Insufficient milk production is one of the biggest challenges faced by mothers cur-
rently [37]. It can result from any of the following causes; insufficient glandular tis-
sue-some women may not have enough milk-making ducts to meet the baby’s needs, 
endocrine problems, such as hypo or hyperthyroidism, hormonal contraceptive meth-
ods, previous breast surgery—for either cosmetic or medical reasons reduces breast 
ducts and create scarring within the breast, taking medications or herbs containing 
anti prolactin agents, such as bromocriptine, pseudoephedrine, and methergine, 
sucking difficulties-due to poor attachment, not feeding at night—women who do not 
breastfeed at night may produce less breastmilk because prolactin hormone is higher 
at night, scheduling feedings—infrequent breastfeeding such as in working women 
may make the breast to be full for a long time and this leads to a reduction in milk 
secretion, birth jaundice or birth medications—medications for epidural anesthesia 
may affect baby’s breastfeeding for close to a month. Jaundice may make the infant 
sleepier and not able to breastfeed, supplementation—when breastfeeding is supple-
mented, the baby becomes satisfied soon and may not breastfeed to empty the breast. 
When less breastmilk is removed through breastfeeding, less is produced by the breast 
leading to low breastmilk production. Lastly, the nutritional status, psychological and 
physical health of a mother plays a significant role in breastmilk production. Mothers 
who are breastfeeding should eat a well-balanced diet, take plenty of fluid, be psycho-
socially supported and be free from illness for adequate breastmilk to be produced.
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9.6 Measures to correct insufficient breastmilk

Every breastfeeding woman’s wish is to produce adequate breastmilk for the baby. This 
can be achieved through ensuring good maternal nutrition, good maternal psychological 
and physical health, breastfeeding at least 2-hourly and on both breasts for 12–20 min or 
until breasts are empty, good breast attachment, avoiding medications that interfere with 
lactation, treating endocrine disorders that may interfere with breastmilk production, 
always breastfeeding at night, stopping hormonal birth control offenders, managing 
jaundice if any and stopping or avoiding unjustified infant feeding supplementation.

10. Breastfeeding and working

Working women usually face difficulties breastfeeding their infants, especially after 
their maternity leave. Maternity leave is short (3 months), especially in Uganda. At 
3 months of age, the mother is still required to exclusively breastfeed and the infant does 
not feed on any other feeds except breastfeeding. Some working conditions may not favor 
some mothers to fulfill this obligation. If such mothers are not supported, they are left 
with no choice other than to opt for mixed feeding, breastfeeding supplementation, or 
for replacement feeding. Breastmilk produced becomes less and does not meet the baby’s 
nutritional requirements resulting in malnutrition. Mothers who fall in such category 
may be advised on appropriate replacement feeding if they are able to fulfill the AFASS 
criteria or else express breastmilk and employ someone else to feed the baby using a cup.

10.1 Expressing breastmilk

Expressing breastmilk may be necessary especially when a mother goes to work 
and leaves the baby at home. It may also be necessary to feed a baby who is too weak 
and cannot breastfeed such as those who are ill and those with low birth weight. 
Other situations include a baby who cannot latch on due to an inverted nipple, breast 
engorgement. All mothers should learn how to express their milk so that they know 
what to do if the need arises. Breast milk can be stored for about 8 h at room tempera-
ture or up to 24 h in a refrigerator.

10.2 How to express breastmilk by hand

The woman should sit comfortably and upright. She should prepare a clean dry 
container for Expressed Breastmilk (EBM); she can use a cup, glass, jug, or jar with 
a wide mouth. She should hold the container near her breast. Put her thumb on her 
breast above the nipple and areola, and her first finger on. The breast below the nipple 
and areola, opposite the thumb. She supports the breast with her other fingers. Press 
her thumb and first finger slightly inwards toward the chest wall. She should avoid 
pressing too far or she may block the milk ducts. The mother should press her breast 
behind the nipple and areola between her finger and thumb. She should press on the 
larger ducts beneath the areola. Press and release, press and release.

At first, no milk may come, but after pressing it a few times, milk starts to drip 
out. It may flow in streams if the oxytocin reflex is active. The mother should press 
the areola in the same way from the sides to make sure that milk is expressed from 
all segments of the breast. Avoid rubbing or sliding her fingers along the skin. The 
movement of the fingers should be more like rolling. Avoid squeezing the nipple 
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itself. Pressing or pulling the nipple cannot express the milk. It is the same as the baby 
sucking only the nipple.

The mother should express one breast for at least 3–5 min until the flow slows; 
then express the other side; and then repeat both sides. She can use either hand for 
either breast and change when they tire. The mother should express the breast milk 
adequately over 20–30 min, especially in the first few days when only a little milk may 
be produced. Express as often as the baby would breastfeed. This should be at least 
every 3 h, including during the night. If she expresses only a few times, or if there are 
long intervals between expressions, she may not be able to produce enough milk.

10.3 How to stimulate oxytocin reflex

Help the mother psychologically by reducing any sources of pain or anxiety, sitting 
quietly and privately or with a supportive friend, and holding her baby with skin-to-
skin contact if possible. The mother can be assisted to hold her baby on her lap while 
she expresses herself, warm her breasts by applying a warm compress, or warm water, 
or have a warm shower. She can also be told to stimulate her nipples, and massage or 
stroke her breasts lightly. The helper can rub her back.

10.4 How to store expressed breastmilk

Choose a suitable container made of glass or plastic that can be kept covered. Clean it by 
washing in hot soapy water, and rinsing in hot clear water. If the mother is hand express-
ing, she can express directly into the container. If storing several containers, each container 
should be labeled with the date. The mother should use the oldest milk first. The baby 
should consume expressed milk as soon as possible after expression. Feeding of fresh milk 
(rather than frozen) is encouraged. Frozen breastmilk may be thawed (unfrozen) slowly in 
a refrigerator and used within 24 h. It can be defrosted by standing in a jug of warm water 
and used within one hour, as it is warm. The mother should not boil milk or heat it in a 
microwave as this destroys some of its properties and can burn the baby’s mouth.

Fresh breast milk should be stored at 25–37°C for 4 h, at 15–25°C for 8 h, and 
below 15°C for 24 h. Milk should not be stored above 37°C. Refrigerated (2–4°C) milk 
can be stored for up to 8 days. Frozen Breast Milk can be kept in a freezer compart-
ment inside the refrigerator for 2 weeks. If milk is put in a freezer part of a refrigera-
tor (freezer), it can be kept for a period of 3 months, and if in a separate deep freeze, 
it can stay for a period of 6 months. To de-freeze or warm breast milk, do not freeze 
for 24 h or place the container in warm water to thaw quickly.

10.5 Feeding EBM to a baby using a cup

Wash your hands. Put breastmilk into a small cup, approximately 60 mls. Hold the 
baby on your lap in a sitting upright or semi-upright position, the baby should not lie 
down too much. Hold the small cup or glass to the baby’s lips. Tip it so that the water just 
reaches the lips, the edges of the cup touch the outer part of the baby’s upper lip, and the 
cup rests lightly on his lower lip. This is normal when a person drinks. At this point, a 
real baby becomes quite alert and opens his mouth and eyes. He makes movements with 
his mouth and face, and he starts to take the milk into his mouth with his tongue. Babies 
older than about 36 weeks gestation try to suck. Some milk may spill from the baby’s 
mouth. You may want to put a cloth on the baby’s front to protect his clothes. Spilling is 
commoner with babies of more than about 36 weeks gestation, and less common with 
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smaller babies. Do not pour the milk into a baby’s mouth; just hold the cup to his lips. 
When a baby has had enough, he closes his mouth and will not take any more of this 
feed. If he has not taken the calculated amount, he may take more next time, or he may 
need feeds more often. Measure his intake over 24 h, not just at each feed.

10.6 How much should a baby take in 24 hours?

Babies who weigh 2.5 kg or more can take 150 ml milk per kg body weight per day. 
Divide the total into eight feeds, and give 3-hourly. Babies who weigh less than 2.5 kg 
(Low-birth-weight); start with 60 ml/kg body weight. Increase the total volume by 
20 ml per kg per day, until the baby is taking a total of 200 ml per kg per day. Divide 
the total into 8–12 feeds, to feed every 2–3 h. Continue until the baby weighs 1800 g 
or more, and is fully breastfeeding. Check the baby’s 24-hour intake. The size of 
individual feeds may vary. If the baby was previously receiving other milk, reduce the 
amounts of other milk gradually as the breast milk production goes up. It is normal 
for the amount of milk that a baby takes at each feed to vary, whatever the method of 
feeding, including breastfeeding. Babies feeding by cup may take more or less than 
the calculated amount. If possible, offer a little extra, but let the baby decide when 
to stop. If a baby takes a very small feed, offer extra at the next feed, or give the next 
feed early, especially if the baby shows signs of hunger. Low-birth-weight (LBW) 
babies need only very small volumes during the early days. If the mother can express 
even a small amount of colostrum, it is often all that her baby needs.

11. Feeding the premature babies

A premature baby is one who is born alive before 37 weeks of pregnancy are com-
pleted. In other terms, this baby is usually referred to as one born too soon. Factors that 
are associated with preterm labor that later result in preterm baby include infections, 
multiple pregnancies, maternal diseases, and conditions such as diabetes, hyperten-
sion, or incompetent cervix. Other factors may be maternal abdominal trauma and at 
times, pregnancies are terminated prematurely on medical grounds to save the life of the 
mother. However, in some cases, the cause of preterm birth is not known. Preterm babies 
are usually classified as extreme preterm, very preterm, and moderate preterm. Extreme 
preterm babies are those who are born before 28 weeks of pregnancy, very preterm ones 
are those born between 28 and 32 weeks and moderate ones are those delivered between 
32 and 37 weeks. About 15 million preterm babies are born annually worldwide, rep-
resenting a global preterm birth rate of about 11% [38]. Of these, over 60% of preterm 
births occur in Africa and South Asia [38]. According to the WHO report, 12% of babies 
are born too soon compared with 9% in higher-income countries [38].

About one million preterm babies die due to preterm birth before age of 5 years, and 
this accounts for about 18% of all deaths among children under 5 years. Preterm deaths 
are highest in low- and middle-income countries especially those that are in South East 
Asia and Sub-Saharan Africa [38]. The challenge of preterm birth and death is worth to 
be squarely addressed if countries are to achieve Sustainable Development Goal 3 num-
ber 3.2 that aims at ending all the preventable deaths of newborn babies and children 
aged under 5 years by 2030. The common causes of preterm death are complications 
usually associated with feeding, breathing, body temperature, and infections. Preterm 
babies usually have feeding problems because their gastrointestinal system and acces-
sory muscles are not yet well developed. They may not be able to coordinate sucking, 
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swallowing, and breathing. They may not be able to take enough volume of milk from 
the breast before tiring due to weak muscle tone. Premature babies have a long neck that 
provides little support for the jaw, weak sensation around the mouth, slow and incom-
plete root, and gag reflexes. They have incompetence of the lower esophageal sphincter, 
have delayed gastric emptying, and decreased intestinal motility that may affect feeding 
tolerance. Preterm babies are also more likely to have feeding challenges because of 
impaired rectal sphincter reflex which can cause a delay in evacuating stool. There are 
other important considerations that may cause nutritional deficiencies. Preterm babies 
usually have a high growth rate and metabolic needs that require additional nutritional 
requirements. Premature babies also have inadequate nutritional stores and poorly 
developed physiological systems. Many times, preterm babies also suffer from various 
illnesses such as infections which as well increase nutritional demands [39].

Survival rates of preterm infants can greatly improve if the emphasis is put 
on optimizing nutritional demands. The goals of feeding in preterm babies are 
three-fold—(i) to meet the nutritional requirements of the baby, (ii) to prevent 
feeding-related complications, especially Necrotizing Enterocolitis (NEC), and (iii) 
to optimize short- and long-term growth outcomes. In view of all above, it is usually 
advisable that the feeding abilities of all premature babies based on many factors, 
such as age, weight, and clinical status be assessed shortly after birth by a qualified 
health worker. The health worker will provide nutritional support to the mother or 
caretaker depending on the findings and the diagnosis.

American Academy of Pediatrics recommends the use of human milk for prema-
ture babies as the enteral feeding choice. In addition to nutritional values, human 
breast milk provides premature babies with immunological defense, hormones, and 
enzymes that are essential to growth and development. The smaller the preterm 
baby, the higher the nutritional demand, and the longer fortification of feeds will be 
required. It should be remembered that about 60% of total iron stores are accrued 
during the last trimester of pregnancy. Also, during fetal development, transfer of 
calcium and phosphorus from the mother to the fetus occurs in the third trimester, 
especially between 32 and 36 weeks of gestation. Therefore, premature babies are 
at higher risk of developing anemia and osteopenia. To prevent these conditions, it 
is recommended that their feeds are fortified with iron, calcium, and phosphorus. 
Usually, 2 mg per kg of iron is provided through a supplement of multivitamin for 
12 months. Calcium and phosphorus supplements are also recommended as well.

If the baby has a birth weight of 1500 g or less and is stable, feeding is started with 
Expressed Breast Milk (EBM) of 5mls and is increased carefully by 5 mls until the baby 
is ready for the transition. If the baby is between 1500 g and 2000 g and is stable, then 
feeding can be started with 7.5 mls of EBM and is also increased according to as above. If 
the premature baby has a weight of more than 2000 g, 10 mls of EBM is given and is also 
increased steadily as explained earlier. In all cases, EBM should initially be given through 
a nasogastric tube because the baby may not be able to swallow effectively. However, 
if the baby has suckling reflexes, he/she should be progressively attached to the breast 
as well to stimulate sucking and swallowing. Cautious feeding then should continue as 
close monitoring for growth, nutritional needs, feeding, and developmental milestones.

12. Summary and conclusion

Infant feeding challenges continue to manifest in developed and developing 
countries. Worldwide, more than 80% of babies are breastfed in the first few weeks 
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of birth. About 37%, 25%, and less than 1% are exclusively breastfed at 6 months of 
age in Africa, the United States of America, and the United Kingdom, respectively. 
These statistics are far below the World Health Organization targets of 50% and 
70% by 2025 and 2030, respectively. Complementary feeding practices are varied 
as well due to nonadherence to Infant and Young Child Feeding (IYCF) guidelines 
among parents. This accounts for the current trends in malnutrition in children under 
5 years of age, adolescents and the youth, and leads to intergeneration malnutrition. 
Breastfeeding is important for the proper nutrition, health, survival, growth, and 
development of children. This issue is more critical when it comes to the girl child. 
Inappropriate Infant feeding and malnutrition in the girl child adversely affect her 
reproductive organs, growth, and development and is one of the contributing factors 
to a difficult childbirth, maternal morbidity, and mortality. Malnutrition in the girl 
child has implications on the ability of the girl to perform in school, remain in school 
and consequently impacts women’s education and socioeconomic empowerment. 
Appropriate infant feeding can be achieved if mothers can initiate breastfeeding 
within the first hour of birth, exclusively breastfeed their infants until 6 months of 
age, complement breastfeeding after 6 months with appropriate and safe comple-
mentary feeds as well as continue to breastfeed until the infant is 24 months of age 
and beyond. Mothers who are unable to breastfeed can feed their infants on expressed 
breastmilk or replace breastmilk with appropriate homemade or commercial formula 
as recommended. Optimal infant feeding is recommended to achieve a healthy and 
economically able future generation. Both global and regional innovation strategies 
and efforts, however, are needed to boost rates of exclusive breastfeeding as well as 
breastfeeding infants up to 24 months of age and even beyond.

© 2022 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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Chapter 3

Persistence of Chronic Childhood 
Undernutrition in Ecuador during 
a Period of Economic Growth: 
Exploring the Contributing Factors 
to This Paradox
Margarita Manosalvas

Abstract

Between 2004 and 2014 the rate of reduction of chronic childhood  undernutrition 
(CCU) prevalence in Ecuador was about 0.2% per year, while since 1999 it was 
reduced to an average higher than 0.83% per year. In the same period, Ecuador 
experienced an economic growth of more than 4% of GDP per year on average. 
Commonly, child undernutrition has been assumed as the effect of a combination of 
a set of factors related to deprivation situations. Therefore, we are facing a paradox. 
The objective of this investigation is to explore this paradox. To accomplish this aim, a 
mixed research strategy is presented: the children’s undernutrition key indicators are 
compared using the Surveys of Living Conditions (SLC) for the years 1999, 2006, and 
2014. Changes and continuities in the relevant indicators are identified, in the next 
phase; the analysis of those indicators is deepened with qualitative research. Results 
are integrated and a plausible explanation is constructed.

Keywords: chronic childhood undernutrition, eating habits, economic growth

1. Introduction

Between 2004 and 2014, chronic childhood undernutrition (CCU) in Ecuador 
decreased at a rate of two-tenths per year, while since 1999 it has been reducing to 
an average of more than eight-tenths per year. Since 2006, not only is it evident that 
the reduction of the CCU slowed down but also this is a period in which the Gross 
Domestic Product (GDP) of the country grew to more than 4% on an annual average. 
It was also a period in which the National Government increased its investment in 
programs aimed at reducing this public health problem. If we assume that childhood 
undernutrition is the result of a set of physical, social, and environmental factors 
associated with situations of deprivation, then we are facing a paradox. The objective 
of this research is to identify the factors behind this paradox. Why is chronic child 
undernutrition reduced at a slower rate in a period of economic growth? For this, 
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a mixed research strategy is proposed: the key indicators are compared using the 
Surveys of Living Conditions (SLC) for the years 1999, 2006, and 2014. Changes and 
continuities are identified in the relevant variables of the CCU, then, these relevant 
variables are explored in greater depth with qualitative research techniques. Results 
are integrated and a plausible explanation is constructed. The results of this research 
provide elements for a better understanding of the persistence of the CCU in Ecuador.

The document includes five sections: the first presents the CCU as a public prob-
lem and its indicators in the global and regional context. The second briefly presents 
the theoretical framework of the studies on undernutrition and the theoretical 
propositions on which this study is based to analyze the slowdown in the decrease of 
the CCU. The third part explains the mixed method followed as a research strategy for 
this analysis. In the fourth the results are exposed and, finally, in the fifth section, the 
discussion of the main findings is presented.

2. Chronic childhood undernutrition (CCU) as a public problem

According to the Global Nutrition Report, in 2015 there were 164 million stunted 
children in the world, this is the most commonly used indicator to determine the 
incidence of chronic childhood undernutrition (CCU). It is considered that 45% of all 
deaths of children under five are related to some type of undernutrition ([1], pp. 4).

Undernutrition in the first 1000 days from conception, entails a “waste of human 
potential” [2]. In these crucial days, the body is forming rapidly fundamental compo-
nents for brain development and the future growth of each person. Damage caused 
by undernutrition in this first stage of life tends to be irreversible. Studies show that 
school performance of malnourished children is less than its potential under normal 
conditions; undernutrition leads to a lower physical and cognitive capacity in adult 
life. Boys and girls who suffered undernutrition in childhood are more likely to be 
overweight and develop chronic cardiovascular diseases, diabetes and cancer, and 
even mental health problems. When the girls who suffer from undernutrition are 
mothers probably their children will also suffer from it [2–5].

There are several types of undernutrition: underweight (low weight for age) or 
acute malnutrición (low weight for height), reflects changes in the short term as a 
result of recent disease or insufficiencies; the CCU (low height-for-age) reflects a 
situation of deprivation of long term that is not determined genetically but which can 
be transmitted intergenerationally. A longitudinal study of the Multicentre Growth 
Reference Study Group,1 which included boys and girls of various ethnic groups in 
various countries, has shown children’s same growth potential regardless of their 
ethnicity [7].

The way to measure the prevalence of CCU is through “anthropometry.” Using 
protocols and surveys, the height of children under 5 years of age in a population 
group is measured; the value of the size is called “Z score”; through the analysis of 
variance, the Z scores are compared with respect to the international standard refer-
ence named “growth curves.” Two standard deviations from the reference value are 
used as the cutoff point. The values that are below this limit indicate that the child is 
undernourished. The first reference curve for growth was established by the National 
Center for Health Statistics of the United States (NCHS) in 1978, from then countries 
have used this parameter to define the prevalence of chronic child undernutrition, 

1 See Ref. [6].
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understood as “low height for age.” In 2006, WHO updated the referential growth 
curve by establishing new parameters for measurement2 ([6], pp. 942–943). Although 
there are still countries using the NCHS curves of 1978. The data presented below are 
calculated according to the WHO standard of 2006.

According to UNICEF, the prevalence of undernutrition in the world went from 
close to 40% in 1990 to 23.2% in 2015, as shown in the following graph (Figure 1).

This represents an average annual reduction of 0.66% points. The regions that 
stand above the world average prevalence of chronic child undernutrition are South 
Asia, reaching a prevalence of 37%, and Sub-Saharan Africa with a prevalence of 35% 
([2], p. 181). More than three-quarters of children with chronic child undernutrition 
worldwide are located in these two regions. The regions that are further away from 
the world average are Latin America and the Caribbean with 11%, and North America 
with 2% (Figure 2) [8].

The chronic child undernutrition rate in Latin America and the Caribbean shows 
a sustained reduction over time. In 1990 the prevalence was around 25% and for the 

2 In April 2006, the World Health Organization (WHO) published new standards to assess the growth and 
development of children from birth to 5 years of age. These standards are based on primary data collected 
through the Multicentre Growth Reference Study (MGRS). The MGRS was a population study conducted 
between 1997 and 2003 in Brazil, Ghana, India, Norway, Oman, and the USA. UU The study combined 
a longitudinal follow-up from birth to 24 months with a cross-sectional component of children aged 
18–71 months. The WHO Child Growth Standards (WHO Standards) adopt a fundamentally prescriptive 
approach designed to describe how children up to age 5 should grow regardless of their genetic inheritance 
and where they are born.

Figure 1. 
Child chronic undernutrition rate worldwide. Source: with data from UNICEF [8].
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year 2015 it was reduced to 11.3%, with this, the prevalence of the region is less than 
half of the world average (Figure 3).

However, this continues to be a public problem in several countries, as there are still 
around 6 million children under 5 years of age with stunted growth. This indicator would 
be a reflection of social inequalities in the most unequal region of the planet ([9], p. 5).

Taking into account the heterogeneity of the region, the prevalence by sub-
regions was analyzed. Central America has a higher prevalence, reaching about 16%, 
although its rate of variation on average is higher during the period analyzed, it is 

Figure 2. 
Child chronic undernutrition rate worldwide by region. Source: UNICEF [8].

Figure 3. 
Child chronic undernutrition rate in Latin America and the Caribbean. Source: with data from UNICEF [8].
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followed by South America with 10%, and the Caribbean with 5.2%, as can be seen in 
the following table (Table 1).

In turn, within the subregions, there is heterogeneity in the prevalence of chronic 
child undernutrition between countries. On one hand, there are countries such as 
Chile (2%) and Costa Rica (6%) with low prevalence, where undernutrition is not 
pondered as a public problem, and other countries such as Guatemala (49%) and 
Ecuador (24%) where the prevalence is more than twice that of the region ([12], 
p. 111; [1], pp. 126–130; [13], p. 15).

By 2015, Ecuador showed a CCU prevalence far from those countries with a similar 
GDP per capita (Table 2).

Although the prevalence of 24% places Ecuador on a similar trajectory to that 
followed by the indicator worldwide, the phenomenon that motivates this research 
is that the speed at which the CCU had been reducing until 2004 has slowed down 
precisely in a period of economic growth.

3. Review of the literature and theoretical framework of the research

The literature on undernutrition, especially that oriented to policy recommenda-
tions, usually follows an explanatory scheme of infant undernutrition that identifies 
three levels in the analysis of the causality of the CCU: immediate causes in the child’s 
organism (or micro), underlying causes at the household level (or meso) and basic 
causes at the socio-economic (or macro) level (Figure 4).

Since the mid-twentieth century, studies on child undernutrition have identified 
it as a cause and, at the same time, as an effect of poverty: that is, while its immedi-
ate manifestations are caused by deprivations associated with poverty, the effects of 
the undernutrition in the long term seem to perpetuate a condition of poverty. Now, 
following a chronological order at the individual level, it is accepted that the CCU is a 
result of poverty or of the conditions of deprivation in the household in which the first 

Figure 4. 
The causal theoretical model of undernutrition. Source: adapted from UNICEF [16, 17] and from [18].
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years of life are developed. It follows that economic growth and its distribution in the 
segments with the lowest incomes have the potential to reduce the incidence of CCU.

There is abundant evidence on the relationship between nutritional outcomes and 
income [2, 9, 14, 15]. “It has also been observed that the countries with the greatest 
reductions in poverty and/or indigence rates have shown the greatest reductions in 
the CCU rate,” whether or not they have programs aimed at improving the growth of 
boys and girls [14]. According to Headey and others [15] a key factor to explain the 
sustained nutritional change is the “general economic progress,” because it allows more 
funds to be allocated for food consumption, health, and other items relevant to the 
nutritional status of the members of the family, especially those younger. However, 
there are also cases in countries where, even with low economic growth, they have been 
able to reduce the CCU. Bangladesh is one of these cases, according to the study by 
Headey and others, the factors that influenced this result were related to the expansion 
of the economic sectors in which the less favored classes participate (agriculture and 
manufacturing), they also identified as an effective factor (which had an effect on the 
problem) the rapid expansion of education since the 1990s, when a policy of subsidies 
to secondary education was initiated, especially education for women, in fact for 2011 
the Demographic and Health Survey (DHS, 2016) found that among mothers and 
fathers under 25 years of age, mothers had on average one year more education than 
fathers ([11] in [15]). The authors also considered the development of sanitation infra-
structure within their explanatory model. The proportion of villages without sanitation 
services has decreased from 25.2% in 1997 to 4.8% in 2011. However, improvements in 
sanitation in Bangladesh have been implemented from a CLTS (Community-led Total 
Sanitation) approach. It focuses on the change of behavior and not only on large invest-
ments in infrastructure. Behavior change, through education, takes more time and 
requires sustained policies in the long term, this means policies that continue beyond 
the agendas of governments in office. If these are factors that explain the reduction of 
the CCU in contexts of low growth or zero growth, then what would be the factors that 
explain the slowing in the reduction CCU in a context of growth?

While, there has been an inverse correlation between the prevalence of the CCU 
and economic growth, that is, greater economic growth lower prevalence of the CCU, 
this correlation is neither clear nor automatic. In this regard FAO has concluded that:

There are several key elements in the process that link economic growth, [… and] 
GDP per capita, with the reduction of undernourishment and undernutrition. First, 
economic growth must extend to people with a high level of poverty. To reduce poverty 
and hunger, growth must generate demand for goods controlled by the poor. Second, 
poor households must use part of the increase in their income to improve their intake 
of food energy, and other nutrients, as well as to make private investments in health, 
sanitization facilities, and education. The participation of women is essential to 
carry out these spending models. Third, a large part of the additional public revenues 
generated by economic growth should be used to make public sector investments in 
social protection systems or safety, nutrition, health, and education networks in order 
to increase the human capital of the poor […] invest in public goods and services that 
promote growth in the sectors where the poor work, such as the agriculture sector 
[…] To ensure the effectiveness and sustainability of these three key elements, good 
governance at the national level is also fundamental ([11], p. 21).

A hypothesis derived from this conclusion would be then: economic growth does 
not translate into improvements in the nutritional status of the child population if 
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such growth does not generate demand for goods controlled by the poor, in other 
words, when growth does not generate income opportunities for families with less 
resources. The slowing of the indicator of the CCU could also be related to the prac-
tices and habits of consumption of the households, by not allocating the increase in 
their income to improve the quality of their diet, their state of health, or their sanitary 
conditions. The persistence of the CCU in growth contexts could also be a result of the 
lack of investment by governments in social protection systems, in direct measures on 
nutrition, health, and education of the population.

Thus, understanding why the rate of reduction of the CCU is dormant in a period 
of economic growth, is a complex task, on the one hand, the explanatory factors could 
be associated with changes in the variables of the causal model (Figure 4) or could be 
associated to specific conditions of the growth context (derived hypothesis). The fac-
tors with the greatest explanatory potential would be those that (i) being part of the 
causal model of the CCU, (ii) show significant variations in the period analyzed with 
respect to the previous one and that in turn (iii) are part of the derived hypothesis.

3.1 The causes of CCU in studies on undernutrition in Ecuador

The first national study on the nutritional status of the Ecuadorian population dates 
from 1959. This determined three central problems: protein-energy undernutrition, 
that is, the population did not consume the proteins and calories considered necessary 
for adequate nutrition, endemic goiter, and anemia. Subsequent studies, of lesser scope, 
focused on determining the prevalence of chronic, acute undernutrition and anemia, in 
different population groups. In 1988 the Diagnosis of the Nutritional Food Situation of 
the Ecuadorian Population (DANS) was published. This study had a national scope and 
constituted a starting point for contemporary analyzes on undernutrition in Ecuador.

The DANS identified the areas of greatest territorial concentration of the CCU 
and included three types of variables as part of the explanatory model of nutritional 
status: the social insertion of the head of household (income, occupation, schooling), 
the degree of risk of housing (overcrowding, water supply, sanitation, floor material 
and location of the kitchen, garbage collection), and data on childhood morbidity 
acute undernutrition (diarrheal, respiratory, measles and vaccines).

According to the measurement of this study, 49.4% of children under the age of 5 in 
the country (623,241 children) suffered from chronic undernutrition; 37.5% suffered 
from global undernutrition, low weight-for-age, or under-weight (473,108 children) 
and 4% had low weight-for-height or wasting (50,465 children). It was found that 
the problem was greater in the Andean rural areas, in this region the CCU affected 
the children immediately after birth (30% in children from 0 to 6) and it increased to 
more than double among the 48 and 60 months involving an incidence of undernutri-
tion “from the mother’s womb.” Likewise, when analyzing the prevalence of CCU in 
relation to “social insertion,” it is noted that “nutritional problems affect socially and 
economically depressed population groups that do not have access to an income that 
allows them to satisfy their basic needs,” among these, the purchase of food, the avail-
ability of basic services and adequate housing conditions. Hence, the study concludes 
that “the food and nutritional problem is only one of the characteristics of the condi-
tion of poverty” ([19], p. 13). Since then, the phenomenon of undernutrition has been 
identified in rural areas and with populations categorized as poor.

The DANS also concluded that “the housing risk indicator” has a “highly sig-
nificant” relationship with undernutrition as well as the level of education of the 
mother, implying that “an improvement in the level of education of the mother would 
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significantly influence the nutritional status of the child.” The study mentions that the 
reduction of chronic undernutrition “requires long and medium-term interventions … 
that permanently and substantially modify the living conditions” of the population, 
as demonstrated by the experience of other countries [19].

Regarding the consumption of food, the study showed that on average and nation-
ally, the children of that time consumed 15.5 g of protein of animal origin, which added 
to vegetable proteins (15.0 g), indicating protein sufficiency. However, a protein-energy 
deficiency was observed in the scattered areas of the Sierra and the Coast, in contrast to 
the urban areas where a caloric deficiency accompanied by a protein surplus appears.

From 1987 until 2004, the Center for Population and Social Development Studies 
(Cepar) carried out the Demographic and Maternal and Child Health Survey 
(Endemain). The Endemain of 2004 was a study with national, urban, and rural 
representation, by regions and provinces, this study found that, at the national level, 
23.2% of children under 5 years of age suffered from chronic undernutrition,3 and 
within this group, 5.9% had “severe chronic undernutrition” that is, they presented 
an even greater delay in growth. In the rural area, undernutrition was 30.7%. The 
indicator in the Sierra (32%), was almost 10 points more than in the Amazon (22.7%) 
and double that in the coast (15.7%). The Endemain analyzed the distribution of the 
incidence of the CCU by cities and found that in Quito it was higher (30.2%) than 
in any other urban area of   the Sierra (19.3%). In Tungurahua, Bolívar, Cañar, and 
Chimborazo, more than 40% of children under the age of five had chronic under-
nutrition. The CCU increased its incidence from 12 months of age and was higher 
in children with low weight and short stature at birth, children whose birth had 
occurred up to 47 months after the previous delivery had a prevalence of 28%, and 
as the order increased from birth the probability of suffering from CCU increased, 
for example in the group of firstborn children, the prevalence was 19% while in those 
who were born seventh or more the prevalence was 41%.

This survey incorporated a component that collected perceptions about food secu-
rity. It was determined that 16% of the households interviewed stated that they had 
difficulties feeding their members, in a greater percentage of rural households, among 
these, the coast region households expressed greater insufficiency than those in the 
Andes. It was also found that 28% of households had difficulty paying food expenses, 
in rural households this problem is exacerbated. The strategy to solve the difficulties 
of access to food is to lend products from the neighborhood stores (66%), this custom 
is widespread in all regions especially in the Amazon (81%) and in rural households 
(71%) Another measure is to stop buying some products (64%) and borrow money 
from family and friends (62%) (these categories are not exclusive). In view of the dif-
ficulties of access, 40% of the households surveyed would have resorted to both credit 
in stores and to suppress the variety of products they consumed. The Endemain 2004, 
presented descriptive statistical information, of quantitative and categorical variables 
on the CCU, but does not elaborate on causal models with this information.

Later, in 2007, the World Bank commissioned the elaboration of a profile of the CCU 
of Ecuador. This study states that in 1986 (using the DANS data and the new [7] tables) 
the prevalence of CCU was 34%; using the data from the Survey of Living Conditions 
(SLC) of 1998, a prevalence of 26.4% was calculated, and; using data from the Endemain 
2004 [20], a 23.1% prevalence rate was calculated for that year; with these data it was 
calculated that an annual reduction of six tenths (0.6) had occurred from 1986 to 2004.

3 These prevalences are calculated with the 1970 reference curves, while the prevalences of the table drawn 
up by Fernando Carrasco are calculated, using the same database but based on the WHO 2006 curves.
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That study uses a method of multivariate regression analysis, that is, to establish 
the contribution of different factors (independent variables = following the theoreti-
cal causal model) to the CCU indicator (Z score or standard deviation from normal 
value of height-for-age). This model focused on risk factors or more significant fac-
tors at the household level: the size of the home, the number of women over 14 years 
in the home, age, stature, and the expectation of the mother regarding the stature of 
their children. It was identified as determinant condition of the resources available 
for the household (measured by per capita and assets), although it is said that this 
is the “long road” to change and that “other more direct strategies are required to 
improve nutritional conditions” ([21], p. 30). At the community level (the macro-
level factors), it was determined that children in rural areas and in areas of higher 
altitude, have lower probabilities of growing than those in urban areas and low-lying 
areas. And that “likely that investment in improving rural sanitation provides positive 
benefits in nutritional status” ([21], p. 31).

To avoid problems of endogeneity, the model did not include variables related to 
the behaviors that affect nutritional outcomes. But in additional analysis, they found 
that breastfeeding, pre and postnatal care, attention during childbirth, and birth 
control, all impact the nutritional outcomes of children.

When analyzing the data on food consumption, the study concluded that the CCU 
is related to “the lack of capacity to buy food” and that the main difference in food 
consumption between households with children with low height for age and children 
with adequate height is the “percentage of participation of meat in total consump-
tion,” which in the second group is higher ([21], pp. 50–64).

In summary, since 1986, several studies have provided increasingly refined 
explanations about the causes of CCU. Among the immediate or individual-level 
factors causally related to CCU are low weight at birth, presence of diseases, and birth 
order. Among the underlying causes are age, height and education of the mother, the 
mother’s expectation regarding the height of her child, breastfeeding practices, the 
socioeconomic status of the household, the size of the household, the number of chil-
dren under 5 years of age and women over 14 in the home, the conditions and build-
ing materials of the house, per capita food consumption, diet composition, access to 
health services, access to safe drinking water, and availability of sewage. Among the 
basic factors are economic inequality, segregation by area, isolation by altitude, ethnic 
discrimination, poverty, relative prices, and economic shocks ([21], p. 16; [21], pp. 
27–39; [22], pp. 217–22; [23], pp. 1–10; [24], p. 361; [25], pp. 3–6).

Finally, in contrast to these studies, this research does not seek to explain the 
causes of the CCU but is focused on exploring the factors contributing to the slow-
down of the CCU prevalence reduction in Ecuador during a period of economic 
growth. The methodology followed is explained below.

4. Method, data collection and analysis

A mixed, explanatory and sequential method was designed in four phases (Figure 5).
Since the objective of this research was to explain the slowdown in the reduction of 

chronic child undernutrition in the period 2004–2014, indicators were identified for 
the factors that, according to the multilevel causal model and the studies carried out in 
the country on the CCU, appear more related to the prevalence in 2004. These values   
are compared with the same indicators for 2014 to identify changes and continuities. 
However, since some of these variables have effects in the medium and long term, it was 
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necessary to move the analysis back to the previous period for which there is available 
data on the same indicators. In this case, the Life Conditions Surveys of 1998, 2006, and 
2014 were used. Descriptive statistics analysis was carried out for the comparison of indi-
cators, no predictive models or regressions were elaborated since the explanation lies in 
the observation of variations in the relevant indicators from one period to another. Once 
the factors that experienced the greatest changes between 2004 and 2014 were identified. 
In base, to these changes, some hypotheses were constructed. These hypotheses were 
explored by qualitative inquiry techniques. The qualitative component provided more 
specific information about the variables identified as relevant in the model and about 
new variables with explanatory potential. The data were analyzed and interpreted and 
thus the hypothesis that constitutes the main conclusion of this study was constructed.

A mixed-method was chosen because, often, quantitative causal studies identify 
the variables that are significantly (positively or negatively) related to the occurrence 
of a phenomenon but do not offer an explanation of how they occur. These cause-
effect relationships in a given context do not allow identifying other factors than those 
included in the model. Qualitative research helped to obtain a more comprehensive 
view of the phenomenon by illustrating how certain conditions (macro, meso, and 
micro) are combined to obtain a result, as well as adding emerging factors observed 
during the investigation and not included in the theoretical model. The combination 
(or triangulation) of methods and techniques is considered a necessary research strat-
egy for the field of social sciences, because on the one hand, it allows the study to be 
provided with a more complete, deep, and broad contextual sense, thus increasing its 
internal validity, At the same time, the twofold sources of data allow to build conditions 
for generalization and therefore to extend its external validity ([27], pp. 538–539).

5. Results

In Ecuador, there are measurements of the prevalence of CCU from the 1986 
DANS Survey, and the last one can be obtained from the 2014 ECV. Due to the change 
in the standards of the growth curves, the update of prevalence figures prior to 2006 

Figure 5. 
Sequential explanatory design. Adapted from ([26], p. 39).
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has generated certain confusion and a lack of continuity in the analysis of trends. 
Since serial measurements are not available from the same source, to make the figures 
comparable, it is necessary to make sure that all the data are calculated based on 
the same parameter and follow the same calculation methodology. In order to have 
comparable historical indicators of prevalence, for this research, data from different 
sources were recalculated in different years, using the [7] standard as the only refer-
ence parameter, as can be seen in the following table (Table 3).

It can be seen that for the period 1986–2014, the CCU has been reduced by 17.1 
points, that is, on average, 6 tenths (0.61) per year. However, the trend of this reduc-
tion over the years has not been uniform, as shown in the following figure (Figure 6).

The slope of the curve clearly shows two periods: the first between 1986 and 
2004 in which the rate of reduction was close to 0.83 per year, if this trend had been 
maintained, the CCU in 2014 would have presented a prevalence of 17, 8%. But as of 
2004, a point of inflection is observed in which the CCU is reduced by an average of 
only 2 tenths per year, that is, 2.1 points in 10 years.

Curiously, these years (2004–2014) correspond to a period of economic growth for 
Ecuador. As of 2004, the country went through a period of economic recovery, going 
from a GDP of about 36.5 billion to one of 100 billion dollars in 2014, with a GDP per 
capita of USD 6273 [34], this classifies it as a medium-high income country according 
to the parameters used by the World Bank. The annual growth rate has been 4.8% on 
average during that decade. For years with a GDP of less than 3000 USD, the reduc-
tion in the CCU is more prominent than for years in the GDP per capita is higher, in 
later years the reduction of the CCU becomes almost imperceptible.

Anchored to this growth, public sector spending and investment increased consider-
ably, from 21% in 2006 to almost 35% of GDP in 2014 [35]. Recall that in the derived 
hypothesis, a necessary condition for growth to translate into improvements in the 
nutritional status of the population is for the State to invest “in social protection systems 
or safety, nutrition, health, and education networks in order to increase the human 
capital of the poor.” “During the analyzed period, more than 50% of the total social 
spending was allocated to the education sector” (around 5% of GDP); to the health 
sector was allocated the 25%, and the rest in social protection programs [28, 29, 35].

In his analysis of social spending in Ecuador for the period 2006–2012, Naranjo 
has noticed that although there were adjustments in the parameters of operation of 

Years 1986 1998 1999 2000 2004 2006 2014

Chronic childhood 
undernutrition prevalence

41.1% 32.7% 32.2% 31.0% 26.1% 26.1% 24%

0.7 0.5 1.2 1.22 0 0.26

Annual variation rates 
averages

0.71 0.21

0.83

1.1 0.26

0.54

0.61

Sources: DANS-CONADE [19] imputed values: INEC-ECV [28–31]. Employment Survey: INEC-SIEH-ENEMDU 
[32]. Elaboration: Fernando Carrasco [33].

Table 3. 
Chronic childhood undernutrition prevalence in Ecuador 1986–2014.
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social policies as an increase in the amounts of benefits, in the coverage of care, and 
improvement In the infrastructures and equipment of social services, there was still 
no evidence of “structural changes” in social programs. Certainly, a large amount 
of resources was allocated to investments related to social policy, however, Naranjo 
questions whether these resources come from non-permanent sources of public 
income, therefore future financing and the sustainability of the changes were unclear 
([36], pp. 77–78).

In the derived hypothesis, it is stated that for economic growth to favor adequate 
access to food both in quantity (food energy) and in quality (diversity, nutrient 
content, and safety); this growth would have to include the poor, that is, generate 
employment and demand for the goods produced by the poor.

In a study conducted in 2011, Ponce found that the growth experienced since 2001 
would have been a “pro-poor growth,” meaning that “the growth levels of the poorest 
deciles (were) greater than the growth levels of the richest deciles”, unlike the type of 
growth that was observed for the decade of the 1990s-concentrated in the segments 
with the highest income [37].

Indeed, between 2004 and 2014, the indicator of poverty by income showed a reduc-
tion of fifteen points, going from 44.6 to 22.5%. Since the beginning of the new century, 
while the per capita GDP and poverty growth indicators show an inverse relationship 
with simila slopes, the prevalence of CCU remains almost constant (Figure 7).

A study by the National Institute for Statistics and Census [39] ensured that, 
from 2006, the main factor behind the reduction of poverty by consumption was the 
increase in the income of the quintiles with fewer resources, by way of labor income, 
as can be seen below (Table 4).

Regarding socioeconomic mobility, the study indicates that, despite the fact that 
there is a high level of persistence, of 100% of the poor in 2006, 41% moved towards 
vulnerability or middle class. Specifically, 26% of people who were categorized as 
poor in 2006, became “vulnerable” in 2014 and 15% came to be considered “middle 

Figure 6. 
Chronic childhood undernutrition reduction rate average 1986–2014.
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class.” Of 100% of the population recognized as “vulnerable” in 2006, 27% became 
middle class.4 During this period, poverty reduction has been explained, in part 
(43%), by the real growth of household consumption ([39], p. 21). This growth 
in turn would be explained by greater access to employment, which for the lowest 
income quintiles in this period shifted “towards jobs in the sectors of greater value in 

4 Although it was also found that from 100% of vulnerable people in 2006, 7% became poor in 2014, and 
of the 100% of the middle-class population, 7% became poor and 12% became poor. vulnerable “(INEC, 
2016, p. 30).

Figure 7. 
Trends in GDP, per capita, poverty, and prevalence of the CCU. Source: [38].

Year Labor income Variation % Total income Variation %

Total 2006 239.8 323.8

2014 298.7 24.6 415.7 28.4

Quintile 1 2006 76.6 94.1

2014 107.9 40.9 136.0 44.5

Quintile 2 2006 108.2 134.7

2014 163.2 50.8 202.5 50.3

Quintile 3 2006 148.0 206.2

2014 207.3 40.1 269.7 30.8

Quintile 4 2006 215.9 289.9

2014 275.5 27.6 401.3 38.4

Quintile 5 2006 507.4 694.2

2014 569.4 12.2 818.2 17.9

Source and elaboration: INEC SLC, [39], p. 217.

Table 4. 
Increase in labor income by quintiles 2006–2014.
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the economy, particularly trade and construction in urban areas, and agro-export in 
rural areas” [40].5

Although productive activity grew in general, the services sector had the highest 
growth: 55.4% of GDP. The sectors in which the population with fewer resources 
works, grew in a smaller proportion: agriculture grew by 6.5% and manufacturing 
by 11% [41]. Agriculture was the least dynamic sector of the economy during this 
period between 2007 and 2014, 253,281 jobs were lost. The crops destined for export 
(banana, coffee, cocoa and flowers, aquaculture and shrimp fishing and forestry) 
were the ones that contributed most to the growth of the sector. Peasant family 
agriculture was not a priority in the public policies of this period ([42], pp. 25–26).

It would seem that the situation of people categorized as poor changed during the 
period of analysis when increasing their income, this allowed them to move towards 
the higher segments. These changes leave doubts about the type of participation of 
the poor in growth because although the social policies oriented to these segments 
improved their infrastructure and coverage (e.g., monetary transfers, public health 
services and education, etc.) there is no evidence of significant growth in the sectors 
of the economy in which the less favored sectors participate.

When analyzing the effects of the social policies of the so-called  
“post-neoliberal” governments in Latin America, Perez-Sainz (2018) found 
that, in general, these advanced in redistributive terms, by increasing the 
benefits financed by taxes, generating a package of basic social rights, but less 
progress was made in generating sufficient formal employment for the poorest 
and in opening opportunities for the accumulation of small owners, that is, there 
were no significant advances in the distributive sphere of the means of produc-
tion ([43], p. 69). According to official figures, 57% of the reduction in poverty 
during this period would be explained by the “redistribution effect” ([39], p. 21).

6. Comparison of relevant variables

The relevant variables were identified according to the causal theoretical model 
and the previous studies on the CCU in Ecuador. The behavior of these variables was 
compared between the group of children with a low height for age and the group of 
children with the expected height for age. Due to the information available, not all 
the variables could be operationalized in indicators for the different periods. After 
overcoming several difficulties to homogenize the information and make it compara-
tive, the following variables were selected (Table 5).

7. Data analysis

For the next group of variables, it was possible to make comparisons between 
the group of children with CCU and children without CCU and within each group. 

5 Hunger and malnutrition have usually been explained as problems of food availability (food stocks 
according to global production and market dynamics) and/or access. The access can be physical or 
economic. Physical access is associated with availability while economic access depends on the purchas-
ing power of the household and the level of food prices that could depend, in turn, on physical access 
(Thomson and Metz, 1998). A household’s ability to spend on food is often considered a good indicator of 
home access (Babu and Sanyal, 2009, p. 9).
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Surveys of Living Conditions (SLC) were the source for those three years 1999, 2006, 
and 2014, which include measures of childhood stunting (Table 6).

By comparing these data it is possible to conclude the following:
For the group with CCU, the frequency of children with low birth weight increases 

by 0.9 points for the year 2014 in relation to the previous periods, for the group 
without CCU this indicator worsens by 2.1 percentage points between 1999 and 2006 
It would seem that the presence of this factor has worsened for the group without 
CCU during the period analyzed.

The presence of diseases such as diarrhea and influenza decreases significantly 
between 2006 and 2014, both for the CCU group and for the other group, so this 
individual or micro-level factor could not be identified as a causal variable associ-
ated with the slowdown in the decrease of the CCU. The same could be said of the 
frequency with which children attend routine health checkups, as an indicator 
of access to health services, this indicator improves a lot for the period between 
1999 and 2006, especially for the group with CCU. Therefore, it could not be 
identified as a causal variable associated with the slowdown in the reduction of 
the CCU.

With respect to the persons in charge of caring for children, the frequency 
between the options remains stable in the three moments analyzed and in the two 
observation groups, except for the last option in which, the group with CCU increases 
the frequency with which children attend a children’s center, while for 1999 only 3.2% 
of children with IND went to a childcare center, for 2006 this frequency rises to 8, 1% 
and remains stable until 2014 (7.8%).

The way in which the homes of children with CCU are supplied with water seems 
to have improved substantially between 2006 and 2014, since 67.2% receive water 
from the public network, almost 20 points more than in 1999 (Table 7).

Analysis level Variable Indicator

Micro: individual,
Immediate causes

Weight at birth Low weight (< 2.5 kg)
Normal weight (> 2.5 Kg)

Presence of diseases Flu
Diarrhea

Meso:
Household, Underlying 
causes

Food access in quantity and 
quality

Food intake
Diet composition

Household structure and 
practices

Person in charge of childcare
Average number of family members
Mother’s education. Average years of 
schooling
Health checkups

Access to water and 
sanitation facilities

Type of water supply
Toilet availability

Macro: Community/Basic 
causes.

Availability of resources Consumption poverty
Income poverty

Basic and health services Water supply coverage
Sewerage

Employment Type of employment (formal/informal) of 
mother and father

Table 5. 
Definition of variables and indicators.
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In general, housing conditions that, since the first studies on the CCU in Ecuador 
were identified as a causal variable, seem to have improved especially for the popula-
tion group categorized as poor, the improvement is greater in terms of the supply of 
water from the public network and to adequate sanitation.

With regard to the poverty-for-consumption variable, it can be seen that for the 
year 1999, only 21% of the children identified as stunted were within the group identi-
fied as “not poor.” In 2006, this indicator rose to 32.7% and by 2014 almost half of the 
children with CCU (46%) belonged to families categorized as “not poor” (Table 8).

These data lead us to think that the CCU has stopped becoming a problem of 
economic access to food, a problem that has been distinctive in social groups having 

Families/Children with CCU Families/Children without CCU

Indicator 1999 2006 2014 1999 2006 2014

Low weight (<2.5 kg) 11.7% 11.5% 12.6% 3.9% 6.0% 6.5%

Normal weight (< 2.5 kg) 88.3% 88.5% 87.4% 96.1% 94.0% 93.5%

The child had diarrhea last week 30.9% 28.2% 20.6% 24.0% 23.8% 15.9%

The child had flu last week 54.0% 57.0% 46.7% 60.3% 56.0% 46.8%

Health checkups without being 
sick.

6.2% 19.1% 22.2% 14.5% 21.7% 24.9%

Child caregiver

Mother 78.6% 75.6% 77.7% 78.8% 77.1% 76.5%

Father/grandfather/uncle 10.0% 12.6% 11.8% 11.7% 14.2% 14.7%

Home member 10 years and 
more

5.1% 2.0% 1.7% 4.0% 1.7% 1.8%

Home member < de 10 years 1.9% 0.7% 0.2% 0.2% 0.3% 0.1%

Another relatives, neighbors 
and friends

0.9% 0.5% 0.4% 1.2% 0.8% 1.1%

Domestic worker or babysitter 0.3% 0.5% 0.4% 1.6% 1.8% 1.0%

Daycare center 3.2% 8.1% 7.8% 2.6% 4.1% 4.7%

Type of water supply

Public supply 47.6% 49.7% 67.2% 67.2% 63.8% 75.7%

Other source by pipes 23.1% 22.6% 13.0% 9.5% 11.0% 7.8%

Delivery truck or tricycle trike 6.8% 5.9% 2.4% 5.3% 6.6% 3.9%

Water well 9.7% 8.2% 8.8% 9.9% 9.3% 7.8%

River, spring or ditch 10.8% 10.1% 5.4% 6.9% 5.6% 3.2%

Another 2.1% 3.5% 3.3% 1.3% 3.8% 1.6%

Consumption poverty

Poor 79.9% 67.3% 52.4% 56.0% 44.8% 31.8%

Non poor 20.1% 32.7% 47.6% 44.0% 55.2% 68.2%

Source: INEC-SLC [28, 29, 31].

Table 6. 
Comparison of indicators.
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fewer resources, and that now this problem has permeated the segments of the 
population with higher income.

8. Territorial distribution of the CCU

In order to advance in the definition of specific territories for qualitative research, 
the distribution of prevalence’s by provinces was analyzed, since this is the level at 
which the SLC allows the data to be disaggregated. The results were compared and 
the territories in which the CCU has decreased above and below the national average 
for the three periods analyzed were identified. These territories were chosen as case 
studies (Table 9).

It is observed that the provinces in which there was a greater reduction of the 
CCU, between 2006 and 2014, were the provinces identified as critical, for their high 
prevalence, Cotopaxi and Chimborazo for example, although they still have high 
prevalence, they decreased 10 and 8 points respectively, Imbabura decreased almost 
11 points, in all three cases the biggest change occurred in the rural sector. On the 
other hand, Carchi, Esmeraldas, and Pichincha raise their prevalence between 5 and 
2 points, but when looking at the indicator disaggregated by area of   residence, it is 
observed that in Carchi the prevalence increases 9 points in the urban area while 
in the rural area it remains constant. On the contrary, in Pichincha, the prevalence 
increases by 10 points in the rural area and more than two points in the urban area. 

Variable 2006 2014

Poor Non poor Poor Non poor

Overcrowding 47.5 11.5 36.4 7.3

Public supply water 62.6 85.6 72.5 89.5

Proper sanitation 61.5 91.6 76.6 95.0

Suitable flooring material 82.5 96.9 86.6 97.4

Suitable wall material 80.7 94.1 86.9 96.0

Suitable roofing material 94.2 98.1 98.0 99.8

Source: INEC [44], p. 31.

Table 7. 
Changes in housing conditions 2006–2014.

Year Children 
population < 5 

years

Chronic child 
undernutrition 

prevalence

Total Poor % Nonpoor %

1999 1280860 32.20% 412436 325825 79% 86611 21%

2006 1406536 26.10% 367106 245961 67% 121145 33%

2014 1556339 24% 373521 201702 54% 171820 46%

Source: Data of SLC [28, 29, 31] processed by Fernando Carrasco [33] in Table 6.

Table 8. 
Population with CCU according to poverty by consumption.
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In Esmeraldas and Guayas prevalence rise in the urban area. While some territories 
improved radically (Imbabura, Cotopaxi) others worsened (Pichincha) or improved 
very little (Tungurahua).

With these results, two rural parishes of Pichincha and one in Chimborazo were 
selected as study cases, where the changes in prevalence are greater.

Surveys that collect information on household spending patterns with a focus 
on food, calorie consumption, consumption of major products, and socioeconomic 
characteristics are useful for assessing access to food over time, estimating quantities 
of food consumed, the composition of the diet, and the availability of nutrients at the 
individual and household levels ([45], p. 9).

With the information from the National Survey of Income and Expenses of the 
Ecuadorian Households—ENIGHUR, the consumption of food of the households for 
the years 2003–2004 and 2011–2012 was analyzed since this information is available 
only for those two periods. The foods are grouped by class. Consumption is divided 

Province Total Urban Rural

2006 2014 2006 2014 2006 2014

Azuay 37.7 31.5 28.7 24.3 46.9 40.0

Bolívar 47.8 40.1 23.7 22.4 53.2 46.6

Cañar 35.1 30.6 21.1 25.9 44.7 34.6

Carchi 30.4 35.1 25.7 34.7 35.7 35.6

Cotopaxi 43.7 33.7 29.8 25.5 48.0 37.0

Chimborazo 52.8 44.9 31.6 34.1 61.1 49.7

El Oro 15.1 13.7 13.8 13.1 20.2 16.4

Esmeraldas 19.5 21.5 16.7 19.8 22.5 24.3

Guayas 17.4 16.6 14.7 16.0 29.0 20.7

Imbabura 40.8 29.9 30.9 27.1 55.0 35.5

Loja 34.7 27.2 19.7 20.5 42.1 35.1

Los Ríos 22.8 18.5 23.5 17.5 22.0 19.8

Manabí 25.2 19.0 24.5 16.0 26.0 24.1

Morona Santiago 43.6 28.1 48.0

Napo 29.8 13.7 35.5

Pastaza 35.1 21.4 41.7

Pichincha 22.6 26.2 22.1 24.7 25.2 35.7

Tungurahua 35.6 33.1 21.4 21.0 45.4 42.2

Zamora Chinchipe 30.1 21.5 33.8

Galápagos 17.0 19.7 8.3

Sucumbíos 25.4 16.1 30.4

Orellana 26.6 18.2 32.1

Santo Domingo de los Tsachilas 16.2 15.4 19.9

Santa Elena 40.2 39.4 47.1

Source: SLC [28, 29, 31]. Elaboration: Fernando Carrasco [33].

Table 9. 
Prevalence of the CCU by provinces of Ecuador.
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by quintile. The value corresponds to the percentage of the total expenditure that 
households allocate to each food group (Table 10).

For the 2003–2004 period, it can be observed that the largest share of food 
expenditure in households categorized in quintile 1 is allocated to bread and cereals, 
that is, to carbohydrate sources. The second item in participation is the meats, and 
in third place are the vegetables. For Quintile 2, the relationship between meat 
and cereals is inverted and the share of non-alcoholic beverages increases, as does 
the share of mineral waters, soft drinks, and fruit juices. In quintile 5, the share of 
meat is similar to that of the intermediate quintiles (20.8%), but the participation 
of bread and cereals is lower, as is the participation of the group of dairy products 
and eggs. In this quintile, the participation of fruits rises. The share of “sugar, 
jam, honey, chocolate and sweets” is much lower than the share of the same food 
group in quintile 1. In this quintile, the share of soft drinks and mineral waters, soft 
drinks, and fruit juices are greater than in the lower quintiles. The participation 
of vegetables is similar in all quintiles, although it drops more than one point in 
quintile 5.

The following analysis is presented for the years 2011–2012 (Table 11).
For the years 2011–2012, the participation of bread and cereals in the consump-

tion of all the quintiles increased. In quintile 1 the participation of the meat is slightly 
reduced. In this quintile and in the 2, the participation of dairy products and eggs 
decreases, and the participation of the group of oils and fats increases, as does that 
of sugars and sweets. In quintile 5 the participation of meat and fruit falls, and the 

FOOD GROUPS Total Quintile 
1

Quintile 
2

Quintile 
3

Quintile 
4

Quintile 
5

Bread and cereals 16.40% 21.30% 17.90% 15.70% 14.30% 13.90%

Meat 20.50% 18.60% 20.80% 21.00% 20.90% 20.80%

Fish 5.80% 6.20% 5.80% 5.60% 5.60% 5.60%

Milk, Cheese and Eggs 15.30% 12.20% 13.40% 14.40% 16.70% 19.00%

Oil and Fats 3.10% 4.50% 3.80% 2.90% 2.50% 2.10%

Fruits 9.10% 6.20% 7.40% 8.70% 10.10% 12.40%

Legumes—Vegetables 13.10% 13.30% 13.60% 13.50% 13.00% 12.10%

Sugar, jam, honey, 
chocolate and sugar 
candies

2.40% 3.30% 2.90% 2.30% 2.00% 1.80%

Non-alcoholic 
beverages

5.90% 4.90% 5.70% 5.90% 6.20% 6.80%

Coffee, Tea, Cocoa 1.00% 1.30% 1.10% 0.90% 0.90% 0.80%

Mineral Waters Soft 
Drinks, Fruit and 
Vegetable Juices

4.90% 3.50% 4.60% 5.00% 5.30% 6.00%

Others non specified 8.40% 9.60% 8.60% 10.00% 8.70% 5.50%

Source: INEC—National Survey of Income and Expenses of Ecuadorian Households—ENIGHU, [46].

Table 10. 
Expenditure by monthly household consumption by income quintile (2003–2004).
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participation of sweets and sugars, non-alcoholic beverages and mineral waters, soft 
drinks, and processed fruit juices increases significantly. These last two items went up 
for all the quintiles.

In summary, there is a growing trend in the participation of bread and cereals 
(mainly rice), lower consumption of meats, dairy products, and eggs while the 
consumption of sugars and processed and processed beverages increases.

This analysis shows us the participation of food groups in the diet and, although 
indirectly, it offers us information about the changes in the consumption of certain 
food groups, for example, the greater participation of sugars, fats, and processed 
beverages suggest some elements consider as a hypothesis that consumption habits 
and practices are moving towards food groups with lower nutritional value.

In order to test this hypothesis, quantitative information was complemented with 
qualitative research.

8.1 Results of qualitative research

Once the case studies for qualitative research have been identified (San Martín de 
Porres and Recinto Solaya de Mindo, province of Pichincha, and the San Pablo de 
Gramapamba community in Chimborazo) as well as the categories on which to 

Food groups Total Quintile 
1

Quintile 
2

Quintile 
3

Quintile 
4

Quintile 5

Bread and cereals 18.80% 24.20% 21.00% 18.60% 17.00% 14.60%

Fresh and frozen 
meats

19.60% 18.10% 20.00% 20.50% 20.20% 18.90%

Fresh, processed, 
chilled and frozen 
fish and shellfish

5.80% 6.40% 5.90% 5.70% 5.70% 5.30%

Milk, derivatives and 
eggs

14.00% 10.70% 12.70% 14.10% 14.80% 16.70%

Oils and fats 3.60% 5.40% 4.40% 3.50% 2.90% 2.20%

Fruits 9.10% 7.00% 7.80% 8.70% 9.90% 11.70%

Vegetables, greens, 
legumes and tubers

13.00% 14.00% 13.40% 13.30% 12.90% 11.90%

Sugar, jam, honey, 
chocolates and sugar 
candies.

3.60% 4.70% 3.80% 3.30% 3.10% 3.10%

Non-alcoholic 
beverages

10.40% 7.20% 8.70% 10.20% 11.60% 13.50%

Coffee, tea, cocoa and 
aromatic herbs

1.10% 1.30% 1.20% 1.00% 1.00% 0.90%

Mineral waters, soft 
drinks, juices, fruit 
and vegetable juices

9.40% 5.90% 7.60% 9.10% 10.60% 12.60%

Others non specified 2.10% 2.30% 2.20% 2.10% 2.00% 2.10%

Source: INEC—National Survey of Income and Expenses of Ecuadorian Households—ENIGHU, [47].

Table 11. 
Expenditure for monthly household consumption by income quintile (2011–2012).
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deepen the qualitative inquiry (changes in the practices and habits of food con-
sumption in the last decade 2004–2014 with respect to the previous one) a specific 
methodology was designed to obtain qualitative information. “Memories workshops” 
(80 people participating) were organized and on-site interviews were conducted  
(20 people interviewed). The information obtained in all three cases was systematized 
coded and categorized to identify similarities and differences in food consumption 
habits and practices.

The most striking finding of the qualitative component was that no radical differ-
ences were observed regarding feeding practices and habits between the information 
collected in cases in which the CCU increased considerably and the case in which the 
CCU decreased.

Among the main conclusions of qualitative research is the perception that the 
last decade was a time of modernization. As evidence of this, it is mentioned that 
the coverage of electricity in households increased and with it the use of electrical 
appliances, and of communication technologies. It improved the road network and 
with it increased the physical access to new foods, in addition to the fresh local foods 
that were traditionally consumed, the neighborhood small stores of the community 
were supplied with processed products such as yogurts, fried foods, and sweeties. The 
participation of this type of food increased in the diet, especially among the young-
est ones. Even the school breakfast given in the public schools of these communities 
consists of processed foods.

This change is also observed in the behavior of parents who now have more income 
that allows them to buy processed foods which they send as lunch for school. This was 
observed in all the cases analyzed, even in rural areas where families have access to 
some small agricultural products. The purchase of processed foods is identified as an 
expression of the new purchasing power of families. Among traditional products, rice 
is still consumed as the main ingredient for lunch.

Perhaps the perception of a more radical change is observed in the Gramapamba 
Community, where it is reported that during the 90s and early 2000s, the diet 
included tubers such as melloco, oca, and mashua; and at least 7 varieties of potatoes, 
in addition to legumes such as beans (tender and dried) lupine, white corn and green 
peas; cereals such as quinoa, barley, chilli (variety of barley), rye, maize and wheat; 
and other native foods such as chimuila, murunga, and Cape gooseberrys. As for 
meats, the consumption of guinea pig, beef, sheep, goat, pig, chicken, and rabbit was 
mentioned, they were of generalized consumption.

It is recalled that the preparation of traditional foods was a labor that took a long 
time and required a lot of work on the part of the women (for example cleaning, 
roasting, and grinding the barley in stone to do the machica). Foods such as chiguilo 
(a dish made with potatoes and wrapped with corn leaves), barley rice, llapingachos, 
and drinks such as chawar mishki (drink extracted from penco) that were part of the 
ordinary diet are mentioned.

Now young people have stopped using the machica to find it unpleasant to 
taste compared to other foods of lower nutritional quality. The same happens with 
dishes made with mashua. These food preferences have affected the production of 
food in the community. The daily consumption of rice and sweets and fried snacks, 
cookies, potato chips, and soft-sweetened drinks, especially preferred by children, 
has increased. These are products that are also available at schools. With regard to 
newborns, breast milk continues to be the main source of food, and in recent years 
new foods have been incorporated since the seventh month, according to the recom-
mendations of the health professionals.
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The practice of credit in the neighborhood small stores is mentioned when 
money is not available to buy food. The products available in these pantries are 
mainly processed foods, since fresh foods are sold in local markets where there is no 
possibility of credit to buy.

Among the emerging factors with explanatory potential arose internal migration, 
in the case of Gramapamba, a rural parish of Guamote in Chimborazo, it was esti-
mated that at least one-third of the members of the community have emerged in the 
last decade to settle definitively or temporarily in other central cities or with more job 
offers. The Solaya and San Martin de Porres, grounds are rather territories receptors, 

Before 2000 Period 2006–2016

Breakfast

For men going to work: Rice, peanut sauce, onion, bread, milk, 
coffee.
For other members of the family: herbal tea with bread, cocoa, 
sometimes bread with cheese, Green banana with coffee and 
cheese Machica (barley toasted flour with muscovado) and water. 
Milk and bread with cheese

Juice, chopped fruit with yogurt, cocoa 
with bread sometimes with cheese. 
Oatmeal drink. Muscovado’s beverage 
or black coffee, and bread.

Lunch

Regular: Noodle soup, legumes soup, locros (thick potato soup), 
and vegetables soups.
Rice with egg and maduro (fried ripe banana), when possible with 
beef or sausage. Rice with lentils, beans, roasted peanuts, and so 
on.
Second plate: cow, pig and chicken eat, spaghetti, rice, potato, 
tortillas with salad, cow tripe, yucca with peanuts. meats.
On special occasions: first plate: morocho (crushed white corn), 
chicken leg’s broth, barley rice, chuchuca (crushed yellow corn), 
locros (thick soup of bean, pumpkin, quinoa), cream soups (bean, 
corn), sancocho (chunky soup with green banana, yuca and meat 
or fish).

Noodle or green banana soups.
Rice with egg, can tuna fish, can 
sardines. Grains stews, potatoes, 
legumes. French fries. White corn, and 
other legumes.
Instant soups. Seasoning cubes. Salads: 
Pea, carrot, corn, beetroot with carrot, 
tomato, onion, mayonnaise, tomato 
sauce, and herbs.
Other ingredients: beans, onion, garlic, 
carrot, celery, coriander, noodle, salt 
rice, and tomatoes
On special occasions: chicken, baked or 
fried pig. Going to a restaurant.

Dinner

Same as at lunch (two plates, soup and rice with side dishes).
Coffee with bread.
Fruit or cereal thick beverages (milk with banana, wheat, quinoa, 
or cereal flour)

Same as at lunch (one plate).
Coffee or milk with bread.

Snacks

Roasted corn
Toasted beans
Banana with bread
Geese with honey—milk
Sweet potato
Lupine and toasted corn
Chapo (machica-barley toasted flour with muscovado and milk or 
water)
Muscovado with cheese.

Processed fruit juices
Green fried banana
French fries
Biscuits
Yogurt
Milk
Bananas

Table 12. 
Foods that are part of the diet in the periods selected for the study.
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perhaps because of their proximity to centers with greater economic dynamism, 
the first near the center of Mindo which in recent years experienced a boom in the 
tourism sector and the second in the borders of the Metropolitan District of Quito, 
receives immigrant population from other provinces, many come from Chimborazo 
and Cotopaxi.

Below, is a summary of the foods that were mentioned as part of the diet of the 
people interviewed for the two periods analyzed (Table 12).

In-depth interviews also included perceptions about the role of women in fam-
ily care, the idea of   modernization also appears associated with the emergence of 
conflicts in gender relations; In recent years, women have more frequently linked to 
salaried work (formal and non-formal), which would have caused a vacuum of care 
within the family, the traditional role within the home, assigned to women in patriar-
chal societies blurs, however, have not changed towards a more equitable redistribu-
tion of care tasks between men and women, in several cases, the multiple burdens of 
tasks for women that should divide their day between family care and work outside 
the home are evident. Another aspect that was mentioned, repeatedly, was the 
increase in teenage pregnancies, which in most cases must face alone and without 
adequate preparation, in the care of their children.

8.2 Quantitative analysis of emerging variables

The variables of internal migration and female employment were analyzed to 
explore their potential as explanatory factors.

Regarding internal migration, the data on place of birth and place of residence 
disaggregated by province for the 2010 census are presented below (Figure 8).

Provinces identified with major changes in the prevalence of CCU observed that 
while Pichincha province is the largest population receiver internally, other provinces 
such as Imbabura, Cotopaxi, Bolivar, and Chimborazo which had significant reduc-
tions in the CCU, have traditionally been ejectors. Certainly, this finding is not suf-
ficient to say that the improvement in indicators of CCU in the provinces identified as 
an ejector, is due to the exodus of its population, however, this is a factor to consider 
in further inquiries. The immigration toward two central provinces is an indicator 
of the lack of employment opportunities and social mobility in the provinces of the 
interior of the country and, even more so, in the rural sector.

Regarding the connection of women to the labor market in recent years, female 
employment rates for 2007 and 2014 were compared, according to the type of 
employment (formal/informal) and according to quintiles of the population, obtain-
ing the following results (Table 13).

Between 2007 and 2014, more than 390 thousand women joined the labor market, 
the rate of growth of female employment was higher than the average rate of growth 
of the population in this period (1.6), therefore this incorporation was important, and 
it could have an impact on the structure of the families, as well as on the quantity and 
quality of the care available at the household level. Another relevant issue here is that 
the largest increase was in the formal labor market, probably due to the employment 
regulations that were implemented during this period. Regarding the distribution of 
new jobs by quintile of the population, the data are the following (Table 14).

It is observed that for 2014, the segment belonging to quintile 4 increased con-
siderably its share in the female employment distribution, while quintiles 2 and 3 
had lower growth rates.
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Year Female formal 
employment

Female Informal 
employment

NACIONAL

2007 946 003 1 095 398 2 351 800

2014 1 317 283 39.2% 1 132 817 3.4% 2 742 189 16.5%

Source: [49].

Table 13. 
Employed female population, by type of employment.

2007 2014 Difference %

Quintile 1 419,790 473,871 54,081 13%

Quintile 2 417,382 464,740 47,358 11%

Quintile 3 476,463 530,538 54,075 11%

Quintile 4 513,106 653,442 140,336 27%

Quintile 5 525,058 619,598 94,540 18%

National 2,351,800 2,742,189 390,390 17%

Source: [49].

Table 14. 
Occupied feminine population, per quintiles.

Figure 8. 
ECUADOR: Population receiving provinces and population expulsors (in thousands). Source: [48].
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9. Discussion

As we saw in the figures presented at the beginning of this study, Ecuador shows 
a prevalence of CCU very distant from other countries in the region that had a 
similar per capita GDP in 2015. Although the prevalence of 24% places the country 
on a trajectory similar to that followed by the indicator worldwide, the phenomenon 
that motivated this research was the slowdown in the reduction of the CCU within a 
context of economic growth between 2004 and 2014.

As the quantitative data collected shows this was a period of socioeconomic mobil-
ity in which 41% of the population considered as poor moved to higher strata. 26% 
stopped being poor and became “vulnerable” and 15% became part of the “middle 
class.” This decrease has been explained both by the growth of household purchasing 
power via salaries and by redistributive measures from the State. Although there is a 
generalized growth in employment, including the first quintiles, there is no evidence 
to suggest that this growth has had a positive impact on the sectors of the economy in 
which, for the most part, the population with the lowest income, namely small-scale 
agriculture, which in addition participates in manufacture.

According to the statistics prepared for this study, the tendency of the prevalence 
of the CCU clearly shows two periods: the first between 1986 and 2004 in which the 
rate of reduction was about 0.83 per year, and another that goes from 2004 to 2014 in 
which it is observed a point of inflection in which the CCU is reduced by an average of 
only 2 tenths per year, that is, 2.1 points in 10 years. This occurs in a period in which 
GDP per capita rises and poverty decreases.

Many studies have suggested, an inverse correlation between the prevalence of 
CCU and economic growth, but this correlation is neither direct nor automatic. As we 
see in the global and national literature review, on the one hand, some of the causal 
factors of CCU could change its trajectory and influence the prevalence of CCU. On 
the other hand, and following the FAO literature, it is likely that growth does not 
translate into improvements in the nutritional status of the child population if such 
growth does not generate income opportunities for families with fewer resources; if 
the households do not allocate the increase of their income to improve the quality of 
their diet, their state of health or their sanitary conditions; and/or if governments do 
not allocate the fruits of growth to improve their social protection systems, to imple-
ment direct measures on nutrition, health and education of the population. These 
three conditions make up what we have called here a derived hypothesis.

Since there are many possibilities to explain the slowdown, this research selected 
as factors with greater explanatory potential those that i) forming part of the causal 
model of the CCU, ii) show significant variations in the period analyzed with respect 
to the previous one and that its once iii) they are part of the derived hypothesis.

To identify the main causal factors of the CCU in Ecuador, the conclusions of the 
historical studies were reviewed. The 1988 DANS identified three types of variables 
as part of the explanatory model: the socioeconomic level of the family, the state of 
the home, and data on infant morbidity. In the territorial distribution of the problem, 
was found to be concentrated in rural areas of the Andes. Since that first study, the 
CCU was identified as a feature of poverty. Later studies included other causal fac-
tors; those help us to figure out a causal model. However, the availability of data is a 
constraint that prevents building an exhaustive model.

Considering a non-exhaustive causal model, the indicators for which there is 
information available in the SLC of the analyzed period were compared. Thus, at the 
micro-level, it is observed that the low birth weight and the presence of childhood 
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diseases such as diarrhea and flu do not have significant variations for the different 
groups analyzed, therefore, these factors do not seem to be related to the slowdown of 
the CCU. The same applies to the indicator of access to health services.

Regarding the caring indicator, it is observed that the trend follows an expected 
pattern throughout the period, except that, for the group with CCU, the frequency 
with which children attend a children’s center increases, while In 1999, only 3.2% of 
children with CCU went to a child care center. In 2006, this frequency rises to 8.1% 
and remains stable until 2014 (7.8%).

As the figures show, the water supply and the sanitation indicator have substan-
tially improved the analyzed period, which allows for discarding these as factors 
associated with the slowdown. In general terms, housing conditions seem to have 
improved especially for the population group categorized as poor.

The data of SLC shows significant variations in the poverty by consumption, 
given that for the year 1999, only 20% of the children identified with a low height for 
age, were within the group identified as “not poor,” while for 2014 almost half of the 
children with CCU (47.6%) belonged to this stratum. This allows us to conclude that 
the CCU is no longer associated with the problems of economic access to food. This 
significant variation allows us to raise a hypothesis about the slowdown. It is that the 
CCU has ceased to be a problem of economic access to food and has moved to the 
upper strata in which the CCU can be explained mainly by the quality of the diet.

Analysis of the territorial distribution shows that the provinces where there was 
a greater reduction in CCU, between 2006 and 2014, were the provinces historically 
identified as critical for their high prevalence of CCU: Cotopaxi and Chimborazo 
decreased by 10 and 8 points respectively, Imbabura decreased almost 11 points, in 
the three cases the biggest change occurred in the rural sector. In Carchi the preva-
lence increases by 9 points in the urban area, in Pichincha it rises by 10 points in the 
rural area. In Esmeraldas and Guayas prevalence rise in the urban area.

To test the second proposition of the derived hypothesis according to which 
growth translates into improvements in nutritional status if households allocate 
the increase in their income to improve the quality of their diet, an analysis of the 
changes in participation was made by food groups in total food consumption, and 
by quintiles for the years 2003–2004 and 2011–2012, for which there is information 
available, it is observed that the participation of sources of carbohydrates, sugars and 
processed beverages increases, as well Protein sources fall, especially in quintile 1 and 
2. Indirectly, this information allows us to identify changes in consumption habits  
and the quality of the diet. To investigate these factors in-depth, qualitative research 
was carried out. The selection of cases was made based on the findings of the territo-
rial distribution analysis. The qualitative research shows us the perception on the part 
of the participants about changes in their feeding practices. There is a widespread 
perception of modernization, change, and economic growth in the last decade. The 
incorporation into the salaried market even in rural areas has allowed a greater pur-
chasing power for families. But that increase in income goes to buying other processed 
foods and less fresh, traditional, or natural foods.

Among the emerging categories, the variable of internal migration emerged, from 
the provinces of the interior to the central provinces where employment opportuni-
ties were expanded in recent years. Pichincha, where the CCU increased 10 points in 
the rural sector, is the main receiving province of the country, while the provinces 
that have traditionally been critical for the CCU are expellers. However, the data cor-
responds to the 2010 Census and the level of disaggregation is not sufficient to relate 
the increase or decrease of the CCU in a territory with the migration of its population.
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The second emergent category, the significant connection of women to the labor 
market in recent years, could have impacted the structure of families, as well as the 
quantity and quality of care available within households. Although female employ-
ment did not grow equitably in all quintiles, it is clear that women in quintiles 1 and 2 
contributed to the increase in family income through wages.

Thus, the slowdown in the reduction of the CCU could be explained by the conflu-
ence of the following factors: during the period analyzed, many households that 
until 2006 were identified as poor, became a segment of “vulnerable” or middle-class 
families, their consumption habits changed, but not necessarily towards an improve-
ment in the nutritional status of the family, the opportunities concentrated in salaried 
work in certain sectors of the economy, the mobility of the population and the crisis 
of care could be behind the inconvertibility of new income in better eating habits and 
feeding practices. In this case, the increase in GDP does not meant, necessarily, differ-
ent dietary habits for the community in one decade.

This study was exploratory, trying to observe and identify those factors contrib-
uting to the slowing down of CCU reduction during an economic growth period 
in Ecuador, certainly, the study has its own limitations, it would be noteworthy to 
continue investigating why and how irregular income growth distribution may lead to 
unexpected results of CCU, and also how and how the background culture of targeted 
families plays a role guiding the feeding practices in contexts of social and economic 
change.
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Abstract

As new mothers are understandably concerned about COVID-19 and its high rate 
of infection, they are often unsure if they should breastfeed their infants. In general, 
hospitals do not allow direct breastfeeding by mothers with an active infection of 
SARS-CoV-2. Some neonatal units in Hong Kong maintain safe practices by isolating 
infants and mothers for at least 7 to 14 days, even if the infant remains SARS-CoV-2 
negative. During isolation, mothers encourage the expression of milk to maintain 
milk duct patency and to prepare for lactation when they and their infants are dis-
charged. Infants are fed formula milk by cup feeding with added supplements based 
on the recommended daily feeding volume for neonates and their appetite during 
hospitalization. At present, data that indicates COVID-19 could be transmitted from 
mother to infant postnatally through breastfeeding are insufficient. Major organiza-
tions recommend that mothers should breastfeed exclusively for the first 6 months, 
and thereafter continue to provide their infants with breast milk up until the age 
of two or beyond. With new findings arising from research, updated information 
is important to reassure mothers that breastfeeding at home during the COVID-19 
pandemic is safe and recommended for both the mother and the infant.

Keywords: breastfeeding, COVID-19, mothers, mother to child, SARS-cov-2

1. Introduction

The Coronavirus disease (COVID-19) pandemic persisted for over 24 months, 
following its initial onset in late 2019. It transformed the everyday lives of people 
worldwide, specifically as they now had to adopt defensive behaviors and habits to 
prevent the spread of the infection [1, 2]. According to the World Health Organization 
(WHO), by April 2022, over 492 million cases of COVID-19 were confirmed globally 
with over 6 million deaths [3]. Worldwide, various preventive and control measures 
were implemented. In Hong Kong, measures included compulsory quarantine of 
people entering the city, mandatory use of face masks in public places and on public 
transport, social distancing in restaurants, cinemas, and all other areas accessible to 
the public [4, 5].

However, a potentially negative impact on the emergent parent-infant relation-
ship has resulted from these preventative and restrictive measures. Mobile phones of 
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many new parents in the rapidly changing and health-threatening COVID-19 pan-
demic were flooded with mixed information from various online media and health 
organizations [5]. This information did not always align but often even contradicted 
each other. It is well known that breastfeeding is best for newborn infants [6]. As 
new mothers are concerned about the spread of COVID-19, they remain at home and 
refrain from taking their infants outside. They have many queries around the care 
practices they should follow when it comes to their infants during the pandemic. 
These parents are often equally worried about if they should still breastfeed their 
infants. Regular updates on the correct caring guidelines and support from the com-
munity is required to reassure new mothers regarding the safety of breastfeeding [7].

COVID-19 is a life-threatening and contagious disease. At present, data that indi-
cates that COVID-19 could be vertically transmitted from mother to infant in utero 
or postnatally through direct respiratory inhalation or breastfeeding are insufficient 
[8]. These concerns led to anecdotal reports in international news and social media 
posts of mothers giving birth without a partner or support of a doula that sometimes 
suggested that breastfeeding is unsafe [9, 10]. In contrast, breastfeeding was pro-
moted in Hong Kong [11, 12]. Appropriate promotions like these and the spread of 
updated information are particularly helpful to new mothers and their families. It not 
only enhances their understanding of the various care components but also reassures 
mothers that breastfeeding at home during the COVID-19 pandemic is safe and ben-
eficial for both the mother and the infant. Breast milk is considered to be the ultimate 
mixture when it comes to ensuring the strength of a newborn’s immunity.

2. Infant feeding policy and practice

Breast milk is ideal food for newborns. It is safe, convenient and provides the 
most important nutrients and energy for newborns. It also contains antibodies that 
come from the mother which help prevent illnesses in infants and assists in protecting 
them from contracting childhood illnesses. Breastmilk promotes the development of 
sensory and cognitive skills, as well as a strong immune system that protects against 
chronic or infectious diseases in the infant [13–15]. Exclusively breastfeeding reduces 
the risk of infant mortality due to common childhood illnesses such as diarrhea or 
pneumonia, and helps them recover faster [16].

Breastfeeding reduces waste and the need for other resources like bottles and for-
mula. In addition to being more environmentally friendly, this also aids families who 
struggle financially. They can now distribute these savings to other areas of family 
life. Specially for the mother reduces the risk of breast and ovarian cancer. The WHO 
recommends starting to breastfeed as early as 1 h after birth [17].

2.1 Feeding policy

In Hong Kong, most of the hospitals would recommend that all normal or low-risk 
infants be exposed to skin-to-skin contact on the mother’s chest immediately after 
birth and that feeding should start within 5 min [18]. All mothers are encouraged to 
hold their infants in a calm environment and try to feed them without rushing the 
process [19]. If mother and infant cannot initiate feeding after birth, it is re-initiated 
as soon as the mother and infant’s conditions are stabilized or more conducive to it 
[20]. Early initiation of breastfeeding when both the mother and infant are ready 
is essential [21]. This critical period has now become a luxury only afforded to the 
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breastfeeding mother who tested negative for the severe acute respiratory syndrome 
coronavirus 2 (SARS-CoV-2), as the health care providers combat the fifth wave of 
COVID-19. These mothers are lucky to bond with their infant without separation 
during their postpartum period while they are hospitalized.

If the mother and infant are separated because of special care, the mother should 
be instructed on how to initiate and how to maintain breastfeeding by manual expres-
sion. Generally, this is initiated within 6 h after delivery, then breast milk is expressed 
every 3–4 h, or obtained using a breast pump at regular intervals (approximately 
every 3 h after lactating starts). Mothers should be advised to feed their infants with 
expressed breast milk (if feeding is allowed) and encouraged to breastfeed as soon 
as the infant’s physical condition allows it. During the COVID-19 pandemic, certain 
arrangements were created to prevent cross-infections. Since breastfeeding consti-
tutes a close contact situation, the likelihood of transmitting the virus may increase 
substantially when aerosol-generating procedures are performed [22, 23]. Despite 
this, studies have suggested very low rates of vertical/peripartum transmission 
[22–24]. In general, hospitals do not allow direct breastfeeding by mothers who test 
positive or who are considered as active carriers. Discussions with parents about the 
risks versus the benefits of expressed breast milk are desperately needed. Visitation 
by parents is generally not allowed if mothers have active or are suspected of being 
infected with COVID-19 [25–27].

The results of studies indicated that the neonatal units of some public hospitals 
in Hong Kong, had zero cross-infection between patients and newborns [28–31]. 
According to these studies, most units in public hospitals perform nasopharyngeal 
aspirates/throat swabs (NPA/TS) to test for SARS-CoV2 and reverse transcription 
polymerase chain reaction (RT-PCR) tests at birth, on day 1 and day 2–3 and then 
again some time approximately before the estimated discharge date or before step-
down from designated airborne infection isolation rooms (AIIR) [29]. Most units 
consult microbiology experts and laboratory results to help with the interpretation of 
the aforementioned tests [28]. However, some units investigate neonatal antibodies 
for SARS-CoV-2 on day 0–1 by testing the infants blood and also routinely test PCR 
anywhere from 1 week and again around the time the infant is a month old to check 
for any possible cases of late positivity [30, 31].

Some units maintain safe practices by isolating infants and mothers for at least 7 to 
14 days, even if the infant remains SARS-CoV-2 negative [32]. There is no consensus 
regarding the minimum isolation period for infants of recovered mothers and the use 
of anti-SARS-CoV-2 antibody testing in the management of these infants. During 
isolation, mothers encourage the expression of milk to maintain mild duct patency 
and prepare for lactation when they are discharged with their infants [33]. Infants 
are fed formular milk with cup feeding and supplements based on the recommended 
daily feeding volume for neonates and their appetite during hospitalization.

Hong Kong is facing a backlash from healthcare professionals and parents after 
starting ambush-mode lockdowns and separating parents from infant and toddler 
in a hopeless effort to contain a fifth wave of COVID-19 pandemic in the densely 
populated city. The general units of public hospitals do not allow direct breastfeed-
ing by active mothers against WHO advice. Discussion with parents regarding risks 
versus benefits of expressed breast milk (EBM) is required. Active or suspected 
mothers are recommended not direct breastfeeding. EBM may be considered after 
careful discussion of risks versus benefits with parents and appropriate precautions 
made regarding expression, transport, and storage. Recovered mothers not recom-
mended with direct breastfeeding if separation is required but EBM encouraged. 
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However, it requires to discuss with local infection control teams to ascertain 
optimal methods of handling EBM such as double bags, and separation of freezer 
storage.

Health providers should encourage breastfeeding whenever possible, emphasizing 
the benefits of adequate infant nutrition for all newborns. Skin-to-skin contact, or 
Kangaroo mother care should be allowed when mothers have no contraindication to 
care for their infants.

3. The background of the infant feeding

Infant feeding is important for infant survival and healthy growth. The pri-
mary infant feeding methods for infants under 6 months of age are breastfeeding 
and bottle feeding. Breastfeeding is the ideal feeding mode for both mothers and 
infants.

Breastfeeding provides health benefits to bother mothers and infants [34, 35]. 
Major organizations recommend that mothers should breastfeed exclusively for the 
first 6 months, and thereafter continue to provide their infants with breast milk for 
up to 2 years of age or beyond [17, 36–38]. According to the WHO, optimal breast-
feeding is critical and could save the lives of over 820,000 infants and children under 
the age of 5 years annually [39].

Breastfeeding has important short- and long-term benefits for both infants and 
mothers [40, 41]. In addition to health benefits, breastfeeding is the most ecologi-
cally sustainable way to feed infants and provides substantial cost savings to families 
[42]. Global public health recommendations stated that infants should be exclusively 
breastfed for the first 6 months of life to achieve optimal growth, development, and 
health [43]. Thereafter, it is a norm to meet the evolving nutritional requirements of 
this vulnerable group for their well-being and provider nutritionally adequate and 
safe complementary foods while breastfeeding for up to 2 years of age or beyond [44]. 
Exclusive breastfeeding from birth is possible, except for a limited special healthcare 
needs situation [45].

Despite this recommendation, breastfeeding rates vary widely; in the United 
Kingdom, the exclusively breastfed at 1 week of age is 46%, and at <1% at 6 months [46].

In Australia, the National Infant Feeding Survey, a large-scale data result indicated 
that breastfeeding was initiated for 96% of children aged 0–2 years and approxi-
mately 69% of infants were still receiving breast milk at 4 months of age in 2010. 
However, only 39% were exclusively breastfed for 3 months, and only 15% were 
exclusively breastfed to five completed months of age [47].

In Hong Kong, although the Department of Health introduced supportive 
breastfeeding initiatives that led to an increase in breastfeeding mothers in 2019 
(up to 87.2% of mothers) [48], many mothers give up the practice within just a few 
months [49].

The main reason these women were eager to discontinue breastfeeding in the first 
3 months after birth were work responsibilities [50]. Maternity leave in the city usu-
ally lasts for 10 weeks [51] and flexible working arrangements are difficult to negoti-
ate with many employers.

Since 2015, the Hong Kong government has been trying to fight discrimination. 
Food and Health Bureau (FHB) encouraged government and private facilities to 
implement “breastfeeding-friendly workplace” policies and measures to facilitate 
new mothers to continue breastfeeding after return to work [52]. Moreover, Professor 
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Sophia Chan Siu-chee (Secretary for FHB, HKSAR) issued regulations for employers 
who wish to create a breastfeeding-friendly workplace in Hong Kong [53].

4. Pregnancy and breastfeeding during the COVID-19 pandemic

COVID-19 is an infectious disease that was declared a public health emergency of 
international concern by the WHO [54]. Their main concern is whether breastfeeding 
by mothers infected with COVID-19 is safe, and whether the virus or antibodies can 
be transmitted from mother to baby through milk [55].

Pregnant and/or breastfeeding women have not been included in studies to 
determine how well COVID-19 vaccines work or how safe they are [56]. Especially in 
Hong Kong, up till now, there are no study conducted based on the pregnancy women 
and breastfeeding issues.

Only based on other similar infectious diseases, we believe the risks that come 
with vaccination will probably be low [56]. Therefore, while we wait for more infor-
mation, each mother and the health professional should discuss what choice fits their 
situation best. As for breastfeeding, little or none of these vaccine components would 
ever reach the milk compartment, or even be transferred into human milk. Even if 
they were the infant would simply digest them like any other protein, that the present 
group of vaccines is probably going to be quite safe for breastfeeding mothers [57]. 
The infant may even gain a small amount of maternal IgG in the breastmilk, which 
may even be beneficial [57, 58].

In before, breastfeeding by mothers infected with SARS-CoV-2 is highly recom-
mended for infants if the health of the mother and infant allow for it. Direct breast-
feeding and preservation of appropriate protective measures should be encouraged 
[59]. If the mother’s health condition does not allow direct breastfeeding, infants 
should be fed pumped breast milk or donor milk.

Emerging data indicate that people with comorbidities and those aged over 
60 years have an increased risk of severe respiratory disease and death [60]. Pregnant 
women do not appear to be adversely affected. Pregnant women with severe respi-
ratory infections, such as pneumonia, are usually associated with adverse health 
outcomes for both women and babies, consisting of eclampsia, increased intensity of 
maternal mortality, and preterm birth [61].

Findings from Italy demonstrated women’s expectations and concerns regarding 
childbirth before and after the onset of the pandemic. Women were more concerned 
about the health of others than their own; they had a history of psychological distress 
that was significantly more overwhelmed by the pandemic; expressions of emotions 
and psychological constructs around childbirth dramatically changed before and after 
the onset of COVID-19 [62].

Before the pandemic, most women associated the fear of childbirth with con-
structs related to physical pain, the commitment of childbirth, the emotion of finally 
being able to meet the child (joy, happiness, serenity), and a sense of impatience was 
more closely related to stress and anxiety in this situation [62, 63]. This phenomenon 
is well known by women and healthcare professionals, such as midwives, worldwide 
and is considered part of the early physiological anxiety that allows women to prepare 
for the moment of childbirth in the best possible way [64]. During the pandemic, the 
change in response was startling: fear no longer correlated with anticipation, impa-
tience, joy, and encounter, but with sadness, loneliness, inability, a sense of isolation, 
and confinement [62].
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The COVID-19 pandemic resulted in lockdowns in some countries such as the 
United Kingdom and the United States, and the resulting social distancing measures led 
to a decrease in breastfeeding support systems available to women [19, 65]. Some hospi-
tals separate mothers and babies in hospitals, while decreasing face-to-face professional 
support. Peer support for mothers and their babies was also removed. Meanwhile, new 
families were confined to their homes, separated from families, and any other sup-
port networks. Therefore, breastfeeding is best supported by practices that keep the 
mother and baby together, high-quality professional and peer-to-peer support, positive 
maternal well-being, and understanding the impact of the pandemic on the ability 
to breastfeed [19, 66]. Despite, 27% of mothers hoping to have support, they instead 
faced many barriers stemming from lockdown and associated measures, resulting in 
some discontinuing breastfeeding before they were actually ready. The influence of the 
lockdown and other factors impacted their decision to continue or to stop breastfeed-
ing, including low socioeconomic status, living atmospheres, and ethnic differences. 
Healthcare professionals need to be vigorous in their endeavors to understand and pro-
vide support to these vulnerable women, who may be grieving the loss of their ability to 
breastfeed and who are affected by their negative experiences. It is important to learn 
from women with positive experiences of caring for their infants during the pandemic 
to demonstrate what would be considered better support if a similar crisis occurs.

5. Conclusion

Breast milk is an ideal food source for newborns. Breastmilk promotes sensory and 
cognitive development and protects defenseless infants against any chronic or infec-
tious diseases due to the antibodies present in it. Exclusively breastfeeding reduces 
infant mortality related to common childhood illnesses, such as diarrhea or pneu-
monia, and helps hasten their recovery during an illness. The COVID-19 pandemic 
raised issues regarding the safety of breastfeeding. Mothers with active, suspected, 
or past COVID-19 results must follow certain precautions and guidelines to prevent 
cross-infections, since breastfeeding constitutes a close contact situation. In general, 
hospitals do not allow mothers with an active infection with SARS-CoV-2 to directly 
breastfeed their babies. Some neonatal units in Hong Kong enforce safe practices by 
isolating infants and mothers for at least 7 to 14 days, even if the infant remains SARS-
CoV-2 negative. If the mother and infant are separated due to their need for special 
care, the mother should be encouraged to express milk to maintain milk duct patency 
and to prepare her for lactation when they are discharged with their infants. During 
isolation, infants are cup fed formula milk with additional supplements based on the 
recommended daily feeding volume and requirements for neonates and their appetite 
during hospitalization. Regular updates on the correct caring guidelines and support 
from the community is required to reassure new mothers regarding the feasibility of 
direct breastfeeding during and following the pandemic. Major organizations recom-
mend that mothers should breastfeed exclusively for the first 6 months, and thereafter 
continue to provide their infants with breast milk until they are 2 years old or beyond.
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Nina Viktorovna Bolotova, Gloria Vladimirovna Guzeeva  
and Viktor Veniaminovich Zakrevsky

Abstract

The aim of the study deals with determination of fat component safety and quality 
key indicators of adapted infant dry milk formulas provided by various manufacturers. 
The most popular in Russia adapted infant dry milk formulas were selected as study 
objects. It was found that the qualitative composition of the fat component of dry milk 
mixtures corresponds to the information placed on the package. However none of the 
samples under study in terms of the average composition of the prevailing fatty acids 
fully corresponds to human breast milk. The regulation documents of the Customs 
Union (TR CU 021/2011, TR CU 024/2011, TR CU 033/2013) establish only the organo-
leptic evaluation of the adapted breast milk formulas quality indicators. Among the fat 
component safety indicators only the determination of the peroxide value character-
izing the accumulation of primary fat oxidation products. It was also found that the 
peroxide values of the studied mixtures do not exceed the regulated values. Meanwhile 
the samples of infant milk food made from dry milk mixtures almost all have unsatis-
factory organoleptic characteristics. Defects of taste and smell are associated with the 
accumulation in the original adapted milk mixtures of a significant amount of second-
ary products of fat oxidation, which in a biological experiment on animals lead to a 
decrease in the content of leukocytes and a change of its blood count.

Keywords: infant adapted dry milk formulas, safety, fat component,  
physiological effect, histological pattern

1. Introduction

The optimum food product for an infant in the first months of life is the 
breastmilk which corresponds to the characteristics of its digestive system and 
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metabolism which ensures the adequate development of an infant’s body with a 
rational diet of a lactating woman. Lactotrophic nutrition (breastfeeding) is the 
postnatal equivalent of fetal hemotrophic nutrition. It has a unique biological 
and emotional impact on the health of both mother and baby. All nutrients in 
human milk are easily absorbed if their composition and ratio correspond to the 
functional capabilities of the gastrointestinal tract of an infant. After the birth of 
a child, the “mother-placenta-fetus” system transforms into its postnatal analog 
“mother-mammary gland-breast milk-infant” with the preservation of the genetic 
link formed during prenatal development. Thus breastfeeding being an important 
factor in the formation of health has a multifaceted effect on infants’ physical and 
mental development as well as the formation of their behavior and intellectual 
development [1, 2].

However, a significant proportion of women by means of various reasons are 
unable to provide their infant with natural feeding. In these cases, it is important 
to organize optimum artificial feeding which cannot replace breast milk. But with 
the proper approach may ensure the correct growth and development of the child 
[3]. The modern trend of bottle-feeding is connected with the use of specialized 
industrial baby food products, modern breast milk substitutes, so-called baby 
“mixtures”—adapted milk formulas. The main goal of its production is the maxi-
mal adaptation to the composition and properties of breast milk as well as taking 
into account the nature of the child’s digestion. Approximation of the composi-
tion provided by addition of the following components: carbohydrate, mineral, 
vitamin, protein, and fat [4]. The need for the fat component in an infant is a 
maximum—44–49% of the energy value of the diet [3]. A number of studies have 
shown that approximating the composition of mixtures fat components closer to the 
composition of breast milk can contribute to a more harmonious development of 
the child and reduce the risk of infection [5, 6], improving the psychoemotional and 
physical growth and development of children at the age of 4 months [6], improves 
cognitive development and also has a significant impact on the intellectual develop-
ment [7, 8]. Therefore, it is extremely important that the child continues to receive 
the fat component of the optimal composition either with breast milk or with infant 
formula [9].

One of the expected results of the implementation of global strategies in the 
field of healthy nutrition is the reduction of alimentary-dependent diseases among 
children providing them with adequate nutrition from the first days of life. Due to the 
immaturity of protective mechanisms, physiological and metabolic characteristics 
of young children, increased hygienic requirements are imposed on the safety and 
quality of infant food [10].

In the scientific literature, studies of infant formula are widely presented. They are 
dedicated to their compliance with the requirements of regulatory documents in terms 
of the quantitative composition of the components of the mixture [11], toxicological 
safety [12, 13], weight gain of the child, tolerance of the mixture [14]. At the same 
time, there’re a limited number of studies dedicated to the change in the qualitative 
characteristics of the lipid fraction of infant formula during storage [15, 16]. However, 
thermal treatment of native raw materials at the stage of spray drying, a sufficiently 
long shelf life can provoke the oxidation of the fat component which is a potential 
source of danger to the body. This is due to the fact that during the oxidation process 
such undesirable oxidation products as glycidol ethers [17–20], epoxides, secondary 
oxidation products insoluble in petroleum ether are formed which have teratogenic, 
mutagenic, and carcinogenic effects [21, 22].
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Thus, the safety requirements for the fat component of adapted milk formulas, in 
our opinion, are not sufficiently presented in the legal requirements of the Russian 
Federation and the Customs Union.

The aim of this work was a pilot study of some indicators of the safety and 
quality of the fat component of adapted infant dry milk formulas from various 
manufacturers.

2. Objects of research and research methods

The research was carried out in two stages. At the first stage among the wide 
range of infant formulas available on the market, the popular in Russia adapted 
infant dry milk formulas “IS” (Denmark), “IM”, “IN”, “IL” (Russian Federation), “IX 
“(Germany) were selected as research objects. The shelf life of infant formula accord-
ing to the manufacturers’ documentary standards is equal to 18 months. The packages 
purchased through retail chains were unsealed in the initial period of their shelf life—
before 6 months of expiration. The study of physical and chemical indicators was 
carried out immediately after opening the package. Fat for analysis was isolated from 
dry milk mixtures by the extraction-weight method. In the extracted fat the fatty 
acid composition was determined by gas-liquid chromatography of fatty acid methyl 
esters. Methyl esters of fatty acids were prepared according to and the compliance 
with the average fatty acid composition of the studied mixtures to the composition of 
human milk was assessed.

The legal requirements of the Customs Union (TR CU 0211/2011, TR CU 
033/2013) regulate only organoleptic indicators of the quality indicators of adapted 
infant dry milk mixtures. However, among the safety indicators of the fat component, 
it regulates only the determination of the peroxide value, which characterizes the 
accumulation of primary products of fat oxidation. The peroxide number of the fat 
component of the mixtures was determined by the iodometric method. Infant milk 
food for organoleptic analysis was prepared according to the recommendations indi-
cated on the package with a hydromodule of 1–3. Organoleptic analysis was carried 
out by a descriptive method. All experiments were carried out in triplicate.

At the second stage, in vivo experiments were carried out. In vivo biomodels 
allow obtaining multifactorial data on the effect on various organ systems and the 
entire body as a whole. The advantages of in vivo methods are connected with their 
adequacy and reliability, a high degree of correlation with the human, and the pos-
sibility of a comprehensive evaluation of properties. In this regard, the samples of 
mixtures were studied with the participation of biomodels which were Wistar rats. 
The experiment involved six groups of Wistar rats 65 days old with an initial weight 
of 130–210 g, corresponding to the Minimal Diseases quality standard for the control 
and experimental groups. In the first experimental group, the usual diet was replaced 
with mixture 1; in the second experimental group the usual diet was replaced with 
mixture 2; in the third experimental group the usual diet was replaced with mixture 
3; in the fourth experimental group the usual diet was replaced with mixture 4; in 
the fifth experimental group, the usual diet was replaced with mixture 5 accordingly. 
Research on animals was carried out in accordance with the “Rules for work on exper-
imental animals”, with Directive 2010/63/EU of the European Parliament and of the 
Council of the European Union of September 22, 2010, on the protection of animals 
used for scientific purposes, and was carried out on the basis of a certified vivarium 
of the Scientific and Technological Center of Veterinary hospital and laboratories of 
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the Department of Morphology, Pathology of Animals and Biology of the Saratov 
State Agrarian University named after N.I. Vavilov. All experimental studies were 
carried out on groups of clinically healthy rats, formed according to the principle of 
analogs, taking into account the breed, sex, age, live weight, and clinical condition. 
The animals were fed for 40 days. During the experiment, the rats were kept in indi-
vidual cages (10 individuals in each). Before the introduction of the studied mixtures 
into the diet, animals were kept in quarantine for 21 days (to detect latent forms of 
diseases) and transferred to the experimental diet in accordance with the experimen-
tal plan. After the experiment, the rats were sacrificed by the optimum and universal 
method which was given anesthesia overdose, also known as the introduction of an 
anesthetic in a lethal dose (dosage for anesthesia x3), in compliance with the rules of 
euthanasia for animals (order of the USSR Ministry of Health No. 755 of 08/12/1977), 
then autopsy was performed. Samples of tissues of the liver, kidneys, spleen, small 
and large intestines were taken from biomodels, after fixation of which morphologi-
cal and statistical studies were carried out. From paraffin blocks on a sled microtome 
model 2712 (Reichert Wien), histological sections with a thickness of 8 μm were 
obtained, processed according to conventional techniques, and stained with Ehrlich’s 
hematoxylin and eosin, followed by microscopy [23, 24]. The morphological struc-
ture was studied on various histological sections. Histological examination of the 
prepared preparations was carried out under different magnifications with detailed 
logging and photographing of the studied areas. Microphotography of histological 
preparations was carried out using a CANON Power Shot A460 IS camera. Statistical 
processing of the results was carried out using standard methods. The work was car-
ried out on the basis of research laboratories of the Saratov State Agrarian University 
named after N.I. Vavilov.

Statistical data analysis was carried out using the licensed computer software 
package STATISTICA 10, StatSoft, Inc. (Series 0411-R) using the methods of bio-
medical statistics with the calculation of the mean and standard error of the mean. 
Checking the normality of the distribution of quantitative data was carried out using 
the Shapiro-Wilks test. For all indicators including behavioral studies, with normally 
distributed data intergroup comparisons were made using Student’s t-test for inde-
pendent samples at p < 0.05.

3. Discussion of the results

Preliminary study of the ready-to-use samples of mixtures showed that almost all 
samples had an unsatisfactory taste and smell which is characteristic of the relatively 
oxidized fat components of mixtures. Therefore, for a more complete evaluation of 
the hydrolysis degree and oxidation of the fat component in the mixtures, the acid 
number of the released fat was determined by the titrimetric method, the anisidine 
number was determined by a method based on measuring the optical concentration 
of the analyzed solution after reaction with an acetic acid solution of paraanisi-
dine. The measurement takes place in the presence of 350 nm waves. The content 
of secondary oxidation products insoluble in petroleum ether (CIPE) according 
to an increase in the intensity of the absorption band of ultraviolet radiation at a 
wavelength of 232 nm, which corresponds to the absorption of conjugated diene-
chromophores. The content of epoxides was determined according to reactions with 
concentrated phosphoric acid. All studies were carried out immediately after opening 
the cans with mixtures.
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Determination of the acid number is important for determining the degree of fat 
hydrolysis. This indicator is of particular importance when analyzing mixtures containing 
coconut and palm kernel oils, since a soapy aftertaste occurs when the mixture contains 
appreciable amounts of free lauric acid. In addition, during intensive hydrolysis of fats, di- 
and monoglycerides accumulate, which, according to modern data, can be precursors of 
the dangerous toxicant 3-chloropropanediol (3-MCPD), which is detected in infant milk 
formulas at concentrations up to 1.0 mg/kg of fat extracted from the product.

The anisidine number correlates in a certain way with the accumulation of free 
aldehydes (hexenal, nonenal, 2,4-decadienal), which give the product foreign smells 
of fish, beans, etc.

The accumulation of thermostable secondary oxidation product mixture in the 
fat component is characteristic of the oxidation of fats during their heat treatment. 
The formation of highly polar compounds, insoluble in petroleum ether (CIPE), 
and epoxides were found in the study of deep-fried dough products as well as dur-
ing the storage of confectionery products with a high-fat content—Kurabie cookies, 
shortbread cookies, Chak-chack, Creamy cake, and others. In a biological experiment 
on animals in our previous works, it was shown that fats containing more than 1% 
of CIPE with systematic consumption have a negative effect on the organs of the 
gastrointestinal tract, sharply reduce the level of erythrocytes and leukocytes in the 
blood, cause the accumulation of cholesterol and bilirubin [25]. The potential for such 
compounds to be formed in baby foods is a major concern.

Edible fats are an essential part of an infant’s diet. Reproduction of the fatty acid 
composition of breast milk in the creation of infant formula is a complex scientific, 
technological and medical problem.

According to the requirements of Article 4 of TR CU 021/2011, adapted infant milk 
powder should be as close in chemical composition to human milk as possible in order to 
meet the physiological needs of infants for the necessary substances and energy. The fatty 
acid composition of breast milk is characterized by a relatively high content of polyunsatu-
rated fatty acids (PUFA), the concentration of which in mature human milk is 12−15 times 
higher than in cow’s milk (0.4−0.5 g/100 ml versus 0.009 g/100 ml). In the infant’s body, 
unsaturated fatty acids are either synthesized to a limited extent (monounsaturated) or 
not synthesized at all (PUFA) while these compounds perform the most important plastic 
and metabolic functions. Of the greatest importance for young children are representa-
tives of the ω-3 and ω-6 PUFA families, of which the most significant are α-linolenic and 
linoleic acids. In breast milk, the ratio of PUFAs of the ω-6 and ω-3 families is optimum 
and ranges from 10:1 to 7:1. Under the influence of the enzyme delta-6 desaturase, these 
compounds are converted into long-chain polyunsaturated fatty acids which play a leading 
role in the development of the central nervous system of infants, the visual analyzer, the 
immune system, and the regulation of metabolic processes and inflammatory reactions 
[26, 27]. Comparative characteristics of the average composition of the predominant fatty 
acids of adapted infant milk formulas and human milk are presented in Table 1.

The data presented in Table 1 indicate the presence of gadoleic acid C20: 1 and 
a sufficiently high amount of linolenic acid C18: 3 in the “IN”, “IM”, “IL” mixtures, 
which might contain non-erucid rapeseed oil. According to the analysis of the fatty 
acid composition, the “IN”, “IM”, “IL” mixtures may have almost identical recipes.

From the data presented it can be seen that the mixtures were selected, first of all, 
according to the content of oleic and palmitic acids. “IX” sample contains 15−20% of 
coconut oil, “IS” sample contains 35% of coconut oil, the rest contain 30% of coconut 
oil. On the contrary, the “IS” mixture contains about 20% of palm oil, the “IX” sample 
contains 40−45% of palm oil, the rest contain 35−40% of palm oil.
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The highest content of polyunsaturated acids (linoleic and linolenic) is in the “IS” 
and “IX” mixtures, while the most favorable ratio ω6/ω3 = 11: 1, corresponding to the 
characteristics of breast milk, was found in the “IS” mixture.

Mass fraction of the fat component ranges from 24.1% (“IM”) to 27.7% (“IX”).
Based on the research results, the fatty acid composition of adapted infant dry 

milk formulas by various manufacturers corresponds to the information indicated on 
the labels of the tested products.

Table 1 shows that the proposed mixtures contain an excessive amount of lauric acid 
and linoleic acid, with a relatively lower mass fraction of stearic acid. None of the studied 
samples in terms of the average composition of fatty acids fully corresponds to breast milk.

Infant formula was prepared for sensory analysis according to the recommenda-
tions indicated on the package, with a hydro module of one to three. Dispersion of dry 
mixtures in water occurred with the same intensity. The results of sensory analysis are 
presented in Table 2.

Baby food made from “IS”, “IN”, “IM”, and “IL” mixtures had a fishy smell of vary-
ing intensity; “IX” mixture was more herbaceous, leguminous. The sweet taste was 
most explicit in the “IN” infant formula and least of all in the “IM” infant formula. 
The consistency of food systems varied slightly with colors ranging from white to 
cream.

Generally, it should be noted the unsatisfactory results of sensory analysis 
of varying degrees of food compositions intensity. The composition of the “IX” 

The trivial name for a fatty acid, the 
number of carbon atoms in the chain, 
and the number of double bonds

Mass fraction of fatty acid in samples, %

Breast 
milk

IS IN IM IL IX

Caprylic C8: 0 0.17 3.2 2.2 2.2 2.0 0.9

Capric C10: 0 1.66 2.5 1.8 1.7 1.6 0.8

Lauric C12: 0 5.8 17.9 13.0 12.7 11.9 9.3

Myristic C14: 0 8.6 6.6 5.4 5.3 5.2 3.6

Palmitic C16: 0 21.0 8.4 18.9 18.6 19.2 24.4

Palmitoleic C16: 1 3.4 0.1 0.2 0.2 0.2 0.2

Stearic C18: 0 8.0 2.8 3.1 3.3 3.4 3.3

Oleic C18: 1 36.5 39.3 38.0 38.3 38.7 38.1

Linoleic acid C18: 2 10.8 16.9 14.1 14.1 14.2 16.2

Linolenic C18: 3 1.0 1.5 2.4 2.7 2.6 2.2

Arachidic C20: 0 0.21 0.2 0.3 0.3 0.3 0.3

Gadoleic C20: 1 0.20 0.2 0.4 0.4 0.4 0.40

Behenic C22: 0 0.10 0.4 0.2 0.2 0.3 0.2

Mass fraction of fat, % 4.4 3.6 3.4 3.3 3.3 3.6

Table 1. 
Comparative characteristics of the average fatty acid composition of breast milk [11] and adapted milk powder.
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mixture has the worst performance. Thus, a negative result of sensory analysis 
of the prepared infant formula indicates an unacceptable level of oxidation 
of the fat component and the need to change the shelf life of powdered infant 
formula. It has been proven that the weakening of antioxidant protection and 
uncontrolled enhancement of lipid oxidation is one of the important links in the 
pathogenesis of autonomic dysfunction, atopic dermatitis, dental pathology, 
diabetes mellitus, arthropathies, diseases of the gastrointestinal tract, urinary 
tract, etc. [28–30].

Physicochemical indicators of the safety of adapted infant dry milk formulas are 
presented in Table 3.

Analyzing the data in Table 3 we can conclude that the safety indicator 
 standardized by TR CU 033/2013 “On the safety of milk and dairy products” 
known as the peroxide number is within the normal range for all samples (no more 
than 4 meq/kg).

Sample 
name

Taste Odor Consistency Color

IS Fishy aftertaste Slightly fishy Homogeneous, light, 
watery

Baked milk

IN Sweet-salty with a 
fishy aftertaste

Poorly expressed 
fishy

Homogeneous, light, 
non-watery

Creamy white

IM Slightly sweetish, 
creamy

Slight fishy smell Homogeneous, light, 
non-watery

Creamy white

IL Sweet and salty, with 
a metallic aftertaste

Slight fishy smell Homogeneous, light, 
slightly watery

Creamy white

IX Bean, with a cold 
synthetic flavor

Herbaceous Homogeneous, light, 
non-watery

Light cream

Table 2. 
The results of the sensory analysis of mixture samples.

Sample 
name

Acid 
number, 

mg 
KOH/g

Peroxidenumber, 
meq/kg

Anisidinenumber, 
cu

Mass fraction 
of oxidation 

products 
insoluble in 
petroleum 

ether, %

Mass fraction 
of oxidation 

products 
insoluble in 
petroleum 

ether, %

IS 0.5 0.4 1.9 0.3 25.6

IN 0.2 0.9 2.2 0.8 27.1

IM 0.6 1.4 3.6 1.0 31.1

IL 0.7 0.8 2.6 0.7 27.9

IX 0.4 1.1 2.9 0.6 26.3

Table 3. 
Physicochemical indicators of the safety of adapted infant dry milk formulas.
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The limit value of the acid number for adapted milk powder is not determined by 
the legal requirements of the Customs Union. According to TR CU 024/2011 “For fat 
and oil products” for refined oils and their fractions, mixtures of refined oils, the acid 
number is normalized to no more than 0.6 mg KOH/g. For three of the five studied 
dry milk mixtures, the acid number does not exceed this indicator. In the “IM” and 
“IL” samples, the content of free fatty acids in the fat component is respectively 0.6 
and 0.7 mg KOH/g.

The permissible value of the anisidine number (that shows the concentration 
of secondary oxidation products, i.e., aldehydes) is also not regulated by the legal 
requirements for adapted infant dry milk formulas. In GOST 1129-2013 “Sunflower 
oil.” Specifications (as amended) this indicator is not more than 3 conventional units 
for Premium oils and Highest grade oils. In “IM” sample the anisidine number is 3.6 
conventional units. The anisidine number shows the relative content of aldehydes. 
First of all, α- and β-unsaturated aldehydes which form yellow condensation products 
with reagents enter into the reaction with anisidine.

In addition, not only primary oxidation products are a risk factor but also oxi-
dized fatty acids and their copolymerization products (CIPE), that is, secondary 
oxidation products. Therefore, in prototypes, this indicator was studied to identify 
a complete safety picture. The mass fraction of compounds insoluble in petroleum 
ether is regulated for waste frying fats according to SP 2.3.6.1079-01 at no more than 
1%. This indicator has not yet been reflected when ensuring the safety of the fatty 
component of other food products, although there are a number of studies indicat-
ing the need for its regulation [31, 32]. In “IM” sample, immediately after opening, 
the mass fraction of CIPE was 1%. In biological studies on animals [33] it was noted 
that with the systematic consumption of fats containing more than 0.88% of CIPE, 
there are progressive negative pathological changes in the body (granular degenera-
tion and hyperemia of the liver, desquamation processes in the intestinal wall, edema 
of the submucosal layer of the intestine, change in blood picture). Such changes 
indicate an increase in the number of eosinophils and compounds that are leuko-
toxins which commonly leads to disruptions in the work of the antioxidant defense 
systems of the body.

Some studies [34] have shown that it is the isomers of epoxyoleic acid that 
have the properties of leukotoxins. According to some researchers [35], the 
 formation of an epoxy ring occurs through the reaction of a double bond in a 
fatty acid chain with a hydroperoxide formed in another adjacent fatty acid 
chain. This mechanism explains the presence of an epoxy ring at the site of the 
double bond, and the concomitant formation of a hydroxy function from hydro-
peroxide in the adjacent fatty acid chain. The formation of epoxides is acceler-
ated by the thermal treatment of unsaturated fats which is used in spray drying 
of dry milk formulas.

Estimating the concentration of epoxides can be proposed as an operational 
method for monitoring the safety of the fat component of dry milk mixtures and 
other food products. In the studied infant dry milk formulas, the content of epoxides 
was 25−31 mmol/kg at the time of opening the can.

It should be noted that all the studied parameters of hydrolysis and oxidation of 
fats are at the safest level in the “IN” mixture; the indicators of the “IX” mixture are 
closer to the critical values.

The research results were processed by generally accepted statistical methods 
using the SPSS statistical program. For the statistical analysis, the Student’s t-test was 
used.
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In the future studies of the values of these indicators will be carried out at the end 
of the shelf-life period of the opened can.

3.1 Results of the second stage of research

The histological picture indicating changes occurring with a pronounced intensity 
is presented on micrographs (Figures 1–3). A detailed description of the histological 
picture of the tissues of the studied organs of the biomodels is presented in Table 4.

Structural disorders were most noticeable in Groups 4 and 5, while only in Group 1 
the presence of intertubular hemorrhages was detected.

Severe suppression of lymphoid tissue in the spleen was detected in biomodels 
in Groups 4 and 5 and to a lesser extent in Group 1. Among all the cases studied, the 
structure of the wall of the small intestine was most disturbed primarily in Groups 4 

Figure 1. 
Micrograph of the histological picture of the liver section of biomodels using “IN” sample (a) and the control 
group (b).

Figure 2. 
Micrograph of the histological picture of a kidney picture of biomodels using “IS” (a) and “IM” (b) samples.

Figure 3. 
Micrograph of a histological picture of a spleen section (a) and small intestine (b) of biomodels using “IL” 
sample, and of the large intestine of biomodels using “IX” sample (c).
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and 5 and, to a lesser extent, in Groups 2 and 3. The large intestine had pronounced 
disturbances in the structure of the wall in the form of edema and deformation of the 
glands in Groups 2 and 4.

4. Conclusion

Breast milk is the natural and most physiological nutrition for a child from the first 
days of their life. Its composition goes beyond simple nutritional support and is the 
most important postnatal factor in the metabolic and immunological programming of 
health. A high nutritional and functional potential of breast milk has been established 
indicating the biological advantage and fundamental indispensability of breast-
feeding for the optimum development of both healthy and sick child. However, a 
significant proportion of women for various reasons are unable to provide their child 
with natural feeding. In these cases, it is important to use optimum, high-quality, and 
safe bottle-feeding. As a result of the study of fat component safety of the adapted 
infant dry milk formulas “IM”, “IS”, “IN”, “IL”, “IX” it was found that the qualitative 
composition of the fat fraction corresponds to that stated on the package. None of 
the samples under study in terms of the average composition of prevailing fatty acids 
fully corresponds to the composition of human milk. According to an important 
indicator, that is, the ratio of polyunsaturated fatty acids ω6/ω3, the “IS” mixture is 
distinguished by the optimum value (11:1).

As for the organoleptic characteristics food systems made from dry mixtures “IS”, 
“IN”, “IM”, and “IL” had a fishy smell of varying intensity whereas “IX” mixture had 
a more herbaceous smell. Sweet taste was most pronounced in the “IN” formula and 
least of all in the “IM” formula. The consistency varied slightly, the color varied from 
white to cream. A negative organoleptic evaluation commonly indicates an unaccept-
able level of oxidation of the fat component of dry milk mixtures that causes the need 
to adjust the shelf life of dry milk mixtures.

Safety indicators of the fat component regulated by TR CU 021/2011, TR CU 
024/2011, TR CU 033/2013 are not fully respect the safety requirements for the fat 
component of adapted dry milk mixtures since there are no standards for the most 
important safety indicators of fats, that is, the content of secondary oxidation prod-
ucts CIPE and epoxides. According to our opinion, the studies carried out necessitate 
further research of the parameters of the adapted dry milk mixtures fat component 
during storage after the package is opened by the consumer.

Histopathological changes were most regularly observed in the studied organs 
of Group 5 biomodels. Slightly less intensity of pathologies was expressed in Group 
4. At the same time, in almost all other groups of biomodels, pathological processes 
of varying severity were detected in organs, although in some cases it is possible to 
assume their reversibility.

Thus, the conducted biological experiment previously proved that the use of 
“IX” and “IL” mixtures has a certain negative impact on the internal organs of 
biomodels.

The revealed information requires further study using modern research meth-
ods. The data obtained indicate the need for a precise evaluation of the production 
technology, packaging, and storage of adapted infant dry milk formulas, as well as 
the advisability of improving the legal regulation of the Russian Federation and the 
Customs Union, in order to strengthen and control the safety of adapted infant dry 
milk formulas, fat component, and changes in the shelf life of these products.
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