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We are the only mammals drinking milk from 
other mammals 
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Contents, focus and personal 
experience 
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What I ‘d like to tell and share with you 

›  My personal experiences on milk intake and health 
and the search for scientific understanding 

›  WA Price‘s insights; from a modern scientific 
perspective 

›  Dairy farmers in Lötschen valley 
›  Health aspects of (raw) milk produce 
›  Raw milk with a terroir, low-input grass based 

systems  
›  Start differentiation: milk ≠ milk 
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My experience as a consumer, citizin 

›  My wife got two children by caesarean section, start 
with AB, however long term breastfeeding 
›  Both children with some allergy and bowel problems, 

however no tooth decay 
›  My son had a perfect teeth arch in contrast to me 

›  We raised our children based on insights in 
anthroposophical nutrition 
›  Biodynamic agriculture 
›  Butter, past. milk, yoghurts, quark, cheese 

›  I was a cheese maker during parts of my life and the 
latest experience was in the Swiss Alps in 2012 

›  Beauty / health and golden ratio 
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Insights from my experience as a scientist 

›  Trained ecologist, therefore looking at a) prevention 
approaches and b) interested in the broad picture 
(1974/83), scientist and teacher 

›  Research on milk degradation at 20oC (1980/81) 
›  Cows and golden ratio: the build (1990) 
›  Integrity of animals and food: wholesome, the animal 

as a whole, as a being >> the dairy cow as a horned 
ruminant  >> forage/grass-based dairy (2001/03) 

›  Raw milk differentiation: fatty acids, metabolomics, 
proteomics, alternative methods in relation to the 
question of health promotion (2007/13) 

›  Testing milk allergic children with raw milk (2009/10) 
›  Interest in role of fat for health (>2007) 
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The start of new life and the impact 
of the life style 
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Art of delivery makes the start and the 1st  
difference (Dominguez et al., 2010) 

›  10 Children (4 vaginal, 6 CS); microbial flora from 
mother’s skin (ventral forearms), vagina, oral mucosa 
1h. before delivery  

›  Neonates’ skin, oral mucosa and nasopharyngeal 
aspirate <5 min; meconium <24 h after delivery 

›  V-infants acquired bacterial communities resembling 
their own mother’s vaginal microbiota, dominated by 
Lactobacillus, Prevotella, or Sneathia spp., and CS-
infants harbored bacterial communities similar to 
those found on the skin surface, dominated by 
Staphylococcus, Corynebacterium, and 
Propionibacterium spp. 
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Vaginal delivered children copy 
mom (Dominguez et al., 2010) ›  Relative 

abundances of 
the 20 most 
abundant taxa in 
mothers’ vaginal 
communities and 
in the babies they 
delivered 
vaginally. 
assigned. 

found in adult body habitats establish. Our findings emphasize the
need to design prospective studies tracking the successional de-
velopment of the baby’smicrobiome in different body habitats and
after different modes of delivery, and the effects that any associ-
ated microbial community shifts may have on infant health.

Methods
Subjects. The Amerindian mothers who participated in this study live in small
rural communities of people of a single ethnic group, and theMestizomothers
live in Puerto Ayacucho, the capital of Amazonas State in Venezuela. We did
not perform genetic confirmation of the patient’s ethnicity (because that
would have required special permits), which was based on the patient’s self-
description, and the reported information was consistent with phenotype
and language spoken by the mothers. Mothers were made aware of the
nature of the study, specifically consented to give their personal information,
and gave written informed consent for their and their child’s participation.
The sampling protocol was approved by the Venezuelan Institute of Scientific
Research Institutional Review Board (DIR 0229/10) and samples were man-
aged without identifiers in accordance with protocols approved by the Uni-
versity of Puerto Rico Institutional Review Board (0809-51).

Sample Collection. The newborn’s skin (right and left ventral forearms and
forehead) and oral mucosa swabs were taken within seconds of delivery,
before the umbilical cord was cut (with the exception of the nasopharyngeal
aspirate, which was taken a few minutes later). Rectal swabs were taken
after the babies passed meconium and were collected within 24 h of de-
livery. Swabs were also taken from the mother’s skin (right and left ventral
forearms), oral mucosa, and vagina 1 h before delivery. After collection,
swab samples were immediately placed on dry ice, and then frozen in liquid
N2 within the following 5 h. All mothers had healthy pregnancies and all
babies were born at term, without complications. Babies weighed between
2 and 5.2 kg (the smallest baby was the twin in second order of birth, after
his 3-kg brother). Vaginal deliveries occurred during the morning or after-
noon, and C-sections were performed in the mornings.

DNA Extraction and Purification. Genomic DNA was extracted from the swabs
using the MO BIO PowerSoil DNA Isolation kit with the following mod-
ifications. The cotton tips of frozen swabs were broken off directly into bead
tubes to which 60 μL of Solution C1 had been added. Tubes were incubated at
65 °C for 10 min and then shaken horizontally at maximum speed for 2 min
using the MO BIO vortex adapter. The remaining steps were performed as
directed by the manufacturer. Extracted DNA was stored at −20 °C.

PCR Amplification of the V2 Region of Bacterial 16S rRNA Genes. For each sample,
we amplified 16S rRNA genes using a primer set described by Fierer et al. (24)
that had been optimized for the phylogenetic analysis of pyrosequencing reads
(36). The forward primer (5′-GCC TTG CCA GCC CGC TCA GTC AGA GTT TGA TCC
TGG CTC AG-3′) contained the 454 Life Sciences primer B sequence, the broadly
conserved bacterial primer 27F, and a two-base linker sequence (“TC”). The re-
verse primer (5′-GCC TCC CTC GCG CCA TCA GNN NNN NNN NNN NCA TGC TGC
CTC CCG TAG GAG T-3′) contained the 454 Life Sciences primer A sequence,
a unique 12-nt error-correcting Golay barcode used to tag each PCR product
(designated by NNNNNNNNNNNN), the broad-range bacterial primer 338R, and
a “CA” linker sequence inserted between the barcode and the rRNA primer. PCR
reactions were carried out in triplicate 25-μL reactions with 0.6 μM forward and
reverse primers, 3-μL template DNA, and 1× of HotMasterMix (5 PRIME). All
dilutions were carried out using certified DNA-free PCR water (MO BIO). PCR
reactions were assembled within a PCR hood in which all surfaces and pipettes
had been decontaminated with DNA AWAY (Molecular BioProducts) and UV-
irradiated for 30min. Thermal cycling consistedof initial denaturation at 94 °C for
3 min followed by 35 cycles of denaturation at 94 °C for 45 seconds, annealing at
50°Cfor30seconds,andextensionat72°Cfor90seconds,withafinalextensionof
10min at 72 °C. Replicate ampliconswere pooled and visualized on 1.0%agarose
gels using SYBR Safe DNA gel stain in 0.5× TBE (Invitrogen). Amplicons were
cleaned using the UltraClean-htp 96-well PCR Clean-up kit (MO BIO) according
to the manufacturer’s instructions.
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Fig. 1. Bacterial 16S rRNA gene surveys reveal that the first microbiotas of hu-
man newborns are primarily structured by delivery mode. (A) Communities clus-
tered using principal coordinates analysis of the unweighted UniFrac distance
matrix. PC1 and PC2 are plotted on x- and y-axes. Each point corresponds to
a community colored according to the mother’s body habitat or the newborn’s
deliverymode.Allnewbornbodyhabitatsare shown.Thepercentageofvariation
explained by the plotted principal coordinates is indicated on the axes. Thewhite
arrowindicatesapairof superimposedpoints.Vaginal sampleswerenotobtained
from two of the mothers who delivered by C-section. (B) Average relative abun-
dances of the dominant taxa found in this study in aggregated samples. (C) Rel-
ative abundances of the 20most abundant taxa inmothers’ vaginal communities

and in the babies they delivered vaginally. Sequences were classified to highest
taxonomic level to which they could be confidently assigned.
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Breastfeeding makes the 2nd difference 
(A.Schapowol, 2010) 

however, affected 
through mother‘s diet 
and health 
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Breastfeeding; why? Communication with the 
newborn baby 

›  Human oligosaccharides (prebiotic), 
immuneglobulines, glycoproteins, fatty acids 

›  It’s raw milk (enzymes, proteins are unchanged, 
presence of bacteria) (pre- and probiotic) 
›  >> development of gut flora, gut colonization 
›  >> ripening of the gut wall (villi) 
›  >> barrier between inner and outer world is safe (closure, 

impermeability) 
›  >> immunomodulary: no inflammations / allergic reactions 

›  Mothers deliver ‘personalised milk’ (Hinde et al., 2012) 
›  Infant formula tries to mimic human milk step by 

step: role of long chain fatty acids, oligosaccharides, 
protein integrity, immunomodulary 
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Alm et al, 1999 in 
The Lancet 

Anthroposophic lifestyle (S) as an ‚old-
fashioned lifestyle‘ (old-fashioned is the new modern) 
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Correlations from life style factors and 
children‘s health 

Alm et al, 
1999 

The Lancet 
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The build and the teeth 

14 
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Triple-A breeding / mating in relation to a 
harmonious build 
›  The aesthetics of the breeder‘s eye 
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Kinship breeding 

›  Familybreeding in a 
closed herd 

›  Breeder Endendijk 
made experience over 
40 years of time 

›  (Baars, 1990; Baars et al. 
2005) 
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Golden ratio 

›  Ratio‘s from all kind 
of measures at the 
cow‘s body 

›  Being in balance in 
the body build 
though genetic and 
epigenetics 

›  It makes cows 
healthier 

›  Phi = 1.618 

17 
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Lost people or only a lost generation? No, it’s 
the epigenetics 
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1987: son 1956: father 
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›  It is the food, the 
environment, the 
epigenetics, not 
the genetics 
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Tooth decay in traditional and modernised 
people (Price, 1939) 
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Cheese taken by mom during pregnancy 
reduces tooth decay in her child (Tanaka et al., 2012) 

›  Primary tooth formation and mineralisation begins in 
the 13th week of gestation 

›  Osaka Maternal and Child Health Study: prospective 
study with 1,002 woman; 494 woman in last survey 
and 315 children with oral examination at age < 4 y. 

›  Nr of decayed primary teeth 
›  Maternal cheese intake during pregnancy showed a 

sign. dose-response relationship (aOR = 0.37). Total 
dairy intake and yoghurt intake were at borderline of 
sign. (aOR=0.51) 
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Mountain health experience 

24 
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My alpine experiences in 2012 
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Making alpine cheese and butter for 7 weeks, a 
lifetime experience 

›  First hut at 1.700 m; second stay at 2.200 m 
›  Tasks: producing raw milk cheese, pasteurised 

butter, control of dry cows every 2nd day 
›  Choice for a sober diet: porridge, honey, lots of 

cheese and butter, bread, vegetarian meals; no 
sweets or chocolate 

›  Physical labour from 5am till 7pm, also running up 
and down the mountains, cheese rind cleaning, 
cleaning milk equipment 

›  Loss of body weight: in total 7 kg 
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Alp Zillis, Graubünden (CH); June 2012 
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Milk, body shape, weight loss only when 
excercise > training the muscles (Josse & Phillips, 2013) 

›  Study on milk vs iso-energetic drink in women 
›  Conclusion: “resistance exercise and milk/dairy 

consumption positively impacts body composition in 
women by promoting favourable changes in all three 
body compartments: fat, lean (muscle) and bone” 
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Mountain health experience 
described by WA Price 
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Additional information about Lötschen valley 

›  No caesarean sections 
›  Woman did not die at birth 
›  The main food was cheese, called ‚Spits‘ and milk 

plus sourdough rye bread 
›  Bread was baked once a month 
›  No animal tract, only human labour 
›  No feed competition with horses, donkeys; only 

ruminating, milk producing animals 
›  4-5 Month of grazing, the rest was inside: Hay 

feeding. 
›  Seasonal production? Circa 2.500 kg per cow? 

39 
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Hay making at high altitudes 

41 
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Butter produced from summer surplusses 
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Hard physical labour: hay making 
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Sourdough rye bread baked once a month 
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Sacred food:  
butterfat makes  
the 3rd difference 

›  “Butterfat from cows 
grazing near the alpine 
glaziers in June” 

›  (WA Price, 1939) 
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Spirituality and science supporting 
Price‘s findings 
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R. Steiner, grounder of biodynamic agriculture 
already knew it (beginning of the 20th Cent.) 

›  Lecture on nutrition (1915): …’concerning the fats, 
we should prefer the butter taken from milk…  

›  Agricultural course (1924): …’the animals should not 
be kept in small, dark barns. The walking outside 
improves the forces of their limbs and they get the 
opportunity to sense and observe their 
environment’… 

›  …’fodder of leafy and herbal plants stimulates the 
rhythmic forces of the animal, and therefore they will 
give us milk rich in quality’… 
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Vit D in milk of grazing cows through sun 
exposure (Hymoller and Jensen, 2010) 
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Vitamine D3 synthesis in the entire skin surface 
of dairy cows despite hair coverage 
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Vit.D in English butter depends of season of 
production (Henry and Kon, 1942) 
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Cows and their diet in summer (ratio in kg DM/
cow/day) (PhD Kusche, Kusche et al., 2013) 

                       Style: 
Fodder: BLI BHI CLI CHI 

Grass: grazed, cut 11,9 4,9 9,3 1,5 

Grass(clover) silage - 5,7 - 7,1 

Maize silage - 1,9 - 4,0 

Hay 1,9 1,7 2,8 0,3 

Grass cobs 0,2 0,6 1,0 - 

Concentrates 0,9 1,6 2,9 4,5 
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Diets result in other milk; f.i. fatty acids 
(PhD Kusche, Kusche et al., 2013) 

  Style 

BLI BHI CLI CHI 
Milk per cow 
(Kg/yr) 

4836 
 c 

6307 
 b 

7335  
a 

7890  
a 

n-3  
(mg g-1) 

1,64 
 a 

1,17 
 b 

1,22  
b 

0,86 
 c 

CLA  
(mg g-1) 

1,64  
a 

1,14  
bc 

1,41 
 ab 

0,77  
c 

MUFA  
(mg g-1)  

26,9 26,4 26,4 26,9 

PUFA  
(mg g-1)  

4,73 
 a 

3,60 
 bc 

4,04 
 b 

3,22  
c 
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Summer milk: Anti-Oxidants as part of the 
butterfat (PhD Kusche, Kusche et al., 2013) 

  Style 

BLI BHI CLI CHI 
α-tocoph.  
(µg l-1) 

977  
a 

832  
ab 

695  
b 

658  
b 

Retinol 
(µg/l) 

340 374 394 388 

β-carotene  
(µg/l) 

158 
 a 

136  
ab 

120  
bc 

98  
c 
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BHI
BLI

CLI

CHI
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Cows produce a complex fat (FA fingerprint)  
(PhD Kusche, Kusche et al., 2013) 
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Let‘s start differentiate: Milk is not milk 
>> extensive holdings make the 4th difference 

›  4 groups: Low vs High Input / Organic (BD) vs 
Conventional > BLI, BHI, CLI, CHI 

›  Pooled samples of 5-6 herds 

›  4 samplings in season (S / W) 

›  104 of 227 contents, 105 proteins and 122 
metabolites, significantly differentiating C from BD, 
p<0.05, and 62 significantly for LI from HI. Differences 
are particularly large in summer due to differences in 
grazing policy of the farms 
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Differentiating through indicators/markers 
›  here: 24 sign. metabolites separate 4 groups 
›  80% variability explained: LI-HI (1st) and BD-C (2nd) 
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Back to WA Price‘s Lötschen valley: why was 
the farmer‘s lifestyle healthy? 

›  Food is highly pre- and probiotic: bread, raw milk, 
cheese > high bacterial load plus oligosaccharides. 
High intake of species of Lactobacillus, 
Bifidobacterium and constant intake of probiotic food 

›  No anti-biotics 
›  Food is ‚nutrient-dense‘ > especially fat-soluble 

vitamins are high; very good FA-profile 
›  Sunshine > skin produced vit. D 
›  Suppressed inflammatory reactions / no 

hypersensitivity responses (Asthma, allergies, bowel 
syndrome, …..) due to a complex physiology over 
time 
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The microbiome keeps us healthy? Eat poop!  
›  Herbivors: cows versus rabbit/hare 
›  Rabbits/hares produce two types of faeces: hard and 

soft pellets. R/H are hind-gut-fermenters 
›  Caprophagy: R/H eat the hard pellets immediately 

after defecation due to their need for nutrients 
(recycling P) and vitamins (K, B12); protein digestion 
improves (DeBlas, 2010) 

›  Cows have a complex digestion system and put the 
digestion of fibre in front of their stomach: rumen 
with its microbiome 

›  Cows have a duodenum and ileum for intake of 
fermented foods coming out of the rumen 
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Why being bacterifoob? We have more 
microbes than body cells. (Tsabouri et al., 2013) 
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Tell me your Microbiota and I tell you who and 
what you are (Bäckhed et al., 2012) 
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What affects the microbiota complexity?  
(Bäckhed et al., 2012) 
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Milk is (a)life: 
Micro-
organisms in 
raw milk 
(Quigley et al., 2013) 
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Science of (raw) milk and health 
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Is (raw) milk good for you? And for you? 
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Science tells us more and more about.........in 
relation to milk, raw milk and milk products? 

›  Pregnancy and birth (-1 y till 0) 
›  Breastfeeding (0-2 years) 
›  Asthma and allergies 
›  Tooth decay 
›  Bone structure 
›  Fertility 
›  Aging 
›  Obesity 
›  Cardio vascular diseases, attacks 
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Can milk make me fat? Yes, it can! 

›  Milk is bio-active, but milk is also an                  
energy-dense food 

›  In different African cultures raw milk                  was 
used to gain weight, f.i. 10 l of camel milk                 
per day (Rguibi and Belahsen, 2006;                                
Popenoe, 2004) > fattening period                             
(tablah, leblouh, gavage); overeating and no exercise. 
Background: beauty, early fertility, young brides, 
wealth: "I had two daughters and I fattened them 
while they were eight to 10 years old, so both of them 
grew enormously, have married quickly and got 
children before the age of 17“ 
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Calf growth and milk intake per day 
(data derived and adopted Louis Bolk Institute, NL) 
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Over-consumption of energy creates large 
livers 
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Old habits are 
not always nice 
habits 
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Result: non-alcoholic fatty liver syndrome 
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The parallel in human of non-alcoholic fatty 
liver syndrome 

›  Increased waist circumferences 
›  Increased waist-hip ratio 
›  Reduction of lean body mass,  
›  Increase of fat mass 
›  Increase of BMI 
›  >> Risk for T2-Diabetes 
›  >> Risk for heart failure 
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Dairy consumption in India and obesity  
(Satija et al., 2013) 

›  Annual dairy intake increased from 39 to 70 kg per 
capita between 1980-2003 

›  Obesity is an increasing problem  
›  Cross-sectional sib-pair study comparing relatives 

with a rural-to-urban migration 
›  Body measurements: BMI, waist circumference,  
›  Food frequency questionnaire: plain milk, curd 

(fermented) and lassi (buttermilk) 
›  3,698 man and 2,659 women 
›  About 31% of men were obese; 42% women 
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Dairy consumption in India and obesity  
(Satija et al., 2013) 
›  Daily consumption of plain milk was associated with 

lower prevalence of obesity (men; p=0.0001), as well 
as with lower WC (women; p=0.005). The opposite 
trend was observed for tea (sugar), curd and 
buttermilk/lassi (no milk fats) consumption, with 
increased consumption being associated with a 
higher prevalence of obesity and WC (p=0.0001) in 
both the sexes 

›  Tea consumption of 1 portion / day was associated 
with obesity (OR = 1.51) and high WC (OR = 1.65) 
among men; WC (OR = 1.22) was observed in case of 
women in the fully adjusted model 

›  Sugars make us fat, not milk fats 

73 



www.fibl.org 

Dairy consumption in perimenopausal woman 
(Rosell et al., 2007) 
›  Weight change over 9 years; age 40-55 Y at baseline 
›  BMI at baseline was 23.7 +/- 3.5 

›  Full-fat: For whole milk and sour milk, cheese and 
butter, BMI was sign higher in women with a low 
intake than in women with a low intake. 

›  Low-fat: For sour milk and low-fat milk, BMI was sign 
lower in women with a low intake 
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Evaluation of milk consumption through meta-
analysis (Elwood et al., 2008) 

›  ….is correlated with raised blood levels of total 
cholesterol and low-density lipoprotein (LDL) 
cholesterol  

›  However, HDL cholesterol is also higher and blood 
pressure is lower after regular milk consumption 

›  Milk is a complex food, containing heaps of bio-
active peptides, enzymes, fats and minerals as well 
>> milk consumers have a reduced risk for 
metabolic syndrome (RR=0,74) 
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Milk and CVD (Elwood et al., 2010) 

›  Reduced risk after (whole) milk consumption 

health and survival, such as we have presented in this

review, and this would benefit greatly if it were supported

by a concerted and targeted research effort to understand
the underlying mechanisms.
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Raw milk and milk fats negatively affect atopic  
disorders; raw milk makes the 5th difference 

Hay fever Atopic dermatitis 
Asthma Runny nose 
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•  Long-term and early life exposure to stables and 
farm milk 

•  Cross-sectional study: farm children (n=319) and 
non-farm children (n=493) 

•  Child:  
–  First stable contact 
–  Time spent into stable within 1 year 
–  Consumption of farm milk in 1 year 

•  Pregnant mother:  
–  Active at the farm 
–  Consumption of farm milk 

ALEX-Study: mother and child effects 

Riedler et al. (2001) 
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Pregnant mother‘s behaviour in relation to 
her child‘s health > -9 M before birth 
Frequency in % daily activ 

at farm 
not daily 
activ at 

farm 

None 
Ref. 

 
Asthma 

 
0% 

 
2% 

 
14% 

 
Hay fever 

 
1% 

 
7% 

 
11% 

Runny nose and itchy 
eyes in past 12 M. 

 
1% 

 
12% 

 
14% 

 
Atopic sensitization 

 
8% 

 
19% 

 
39% 

Riedler et al. (2001) 
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Child behaviour: +9 Month till 2 years after 
birth 
Frequency in % 
 

Stable 
+ FM 
<1Y 

Stable 
 
 

 
FM 
<1Y 

None 
Ref. 

 
Asthma 

 
1% 

 
6% 

 
6% 

 
12% 

 
Hay fever 

 
3% 

 
4% 

 
4% 

 
16% 

Runny nose and itchy 
eyes in past 12 M. 

 
5% 

 
8% 

 
7% 

 
20% 

 
Atopic sensitization 

 
12% 

 
21% 

 
15% 

 
33% 

Riedler et al. (2001) 
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UK-children (farm, farm labourers, villagers) 
are protected by raw milk intake (Perkin et al., 2006) 

›  Cross-sectional, 4767 (1st stage: questionnaire) and 
879 (2nd: prick, blood tests) children 

›  Farm children: less current asthma, allergic rhinitis, 
but not current eczema symptoms. 

›  Raw milk: less current asthma and less current 
eczema symptoms and greater reduction of atopy. 
Dose-effect response!  

›  The raw milk effect was seen in all children 
independent their farming status 

›  Raw milk > lower IgE and higher IFN-gamma 
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Raw milk consumption reflects in IgE values of 
the skin prick test 
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p = 0.002 

p = 0.03 
p = 0.01 

•  Strong improvement in all groups 
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The proof of the pudding: unboiled farm milk and 
asthma, atopy and hay fever among 800 farm 
children (Loss et al., 2011) 

•  Boiled was > 85oC 
•  Reduced risk in all atopic diseases 
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Allergy and Parmesan hard cheese (> 36 month) 
(Allessandri et al., 2012) 

›  PR cheese is not processed above 55oC 
›  70 CM allergic patients 
›  Tested in a DBPCT: past milk versus placebo 
›  Open tolerance test on PR cheese 
›  - 16 reacted tolerated both past milk and PR cheese >> 

indication: no CM allergy 
›  - 4 CM allergic patients refused to take PR cheese 
›  - 21 reacted on both past milk and PR cheese  
›  - 29 were reacted on only past milk 

›  >> 29 out of 50 (58%) could tolerate PR as CM allergic 
patients 
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Hypothesis for protection raw milk:  
A little dirt does not hurt 
Factors involved: 
›  Mother 
›  Farm 

environment 
›  Animal contact 
›  Barn 
›  Helping haying 
›  Unprocessed 

farm milk 
›  Constant intake 

from pro- and 
prebiotics 
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Science of milk fats and health 

86 
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Whole milk, butter and milk fatty acids are 
correlated with Asthma reduction 

›  Whole milk, butter protects > the fats protect 
›  Fatty acids from grass-based animals are inversely 

correlated with Asthma (CLA, ALA) 
›  Yoghurt protects, but there are differences between 

microbes / cultures 
›  Hard Parmesan raw milk cheese protects 
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(Wijga et al. 2003) 

Daily intake of full fat products reduces risk of Asthma 
and wheeze in pre-school children 

daily           seldom Intake  

Asthma bronchiale 
Incidence 

Full fat milk 
Half fat milk 
Milk products 
Butter 
Margarine 

4,6** 
6,8 
6,0* 
3,0* 
6,4 

7,5 
6,2 
8,2 
6,8 
6,8 
 

(%) 

*  p < 0,05 
** p < 0,01 

Milk(fat) consumption and Asthma: PIAMA-
Study (Prevention and Incidence of Asthma and Mite Allergy) 
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What about mom‘s milk intake and her 
breast milk quality? KOALA (2005) in NL 

›  Prospective: 2500 children 
›  25% with organic nutrition 
›  300 breast milk samples were investigated for fatty 

acid composition 
›  Special attention for consumption of milk products 

of lactating mother (milk fats had a much stronger 
quantitative influence than the meat fats) 
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Organic nutrition affects CLAc9t11  
content of expressed breast milk 

% Rumensäure (CLA) 
in Muttermilch

0

0,1

0,2

0,3

0,4

keine Milch Bio Milch <
50%

Bio Milch 50-
90%

Bio Milch >90%

Anteil Milch und Milchprodukte der Mutter

(Rist et al. 2007) 

›  Reduced risk of 
Eczema in children 
from mothers with 
over 90% organic milk 
products 

›  (Kummeling et al. 2008) 

% rumenic acid (CLA) in 
human breast milk 

% milk and milk products in motherly diet 
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Long chain ‘fish’ FAs as well as ‘ruminant’  

produced FA showed additional protection  
(Thijs, 2011) 

  

             
age 1 year ORadj  (95% CI) p-value 
Eczema 

omega-3 LCPs 0.43 (0.23-0.81)  0.01 
trans-vaccenic acid 0.43 (0.21-0.86)  0.02 

 
Allergic sensitisation 

omega-3 LCPs 0.28 (0.10-0.82) 0.02 
trans-vaccenic acid 0.35 (0.13-0.95) 0.04 

similar for rumenic acid 
(CLA) 
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CLA-isomers as markers of how cows were fed 
(Jahreis, 2011) 

•  Pasture without concentrate (extensive feeding) 

•  Concentrate and maize silage (intensive feeding)   

c9t11-CLA 

t10c12-CLA 

t7c9-CLA 

t11c13-CLA 
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c9t11-CLA 
(RA = grass 
-based CLA) 

Isomer mixture 50:50 
c9t11: t10,c12 (CLA) 
 
 

Bioactive CLAs act hormone-like and affect 
physiology (Jaudzus et al., 2010) 
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We also should balance n-3/n-6 for a better 
immune response (Source: Jahreis) 

94 

Zellmembran

Phospholipase A2

AA EPAAA der Nahrung

EPA der Nahrung

DHA
DHA der Nahrung

COX COX

COX: Cyclooxygenasen; LOX: Lipoxygenasen; PG: Prostaglandine; TX: Thromboxane;
LT: Leukotriene; HETE: Hydroxyeicosatetraensäure; HEPE: Hydroxyeicosapentaensäure

15-LOX 15-LOX12-LOX 5-LOX 5-LOX 12-LOX
PGD2
PGE2
PGF2α
PGI2
TXA2
TXB2

15-HETE 12-HETE 5-HETE
LTB4
LTE4

5-HEPE
LTB5
LTE5

12-HEPE 15-HEPE PGI3
PGD3
PGE3
PGF3α
TXA3
TXB3

Pro-
inflammatory 
pathway: n-6 

Anti-
inflammatory 
pathway: n-3 
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›  Play a role in infant development (childhood learning 
and behavior, cancer, cardiovascular diseases 

›  Various mental illnesses, including depression, 
attention-deficit hyperactivity disorder and dementia 

›  DHA plays an important structural role in the eye and 
the brain (early life)  

›  Mechanisms: alternations on cell membrane 
composition and function, gene expression or 
eicosanoid production 

Are Omega-3 long chain FA important? Yes! 
(Riediger et al., 2009; Calder and Yaqoob, 2009) 
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Fat makes us human: 
there is a large deposit before birth 
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Fear for fat? Chubby babies and  
development of brains, nerves and eyes 

›  Human baby: relatively fat at birth > brown fat tissue, 
which is laid off in the first years of life: reservoir of 
PUFAs 

›  Heat production due to fatty acid-metabolism without 
shivering > quick and limited cooled off (nerve system 
is not fully developed) 

›  Brain growth after birth > Brain is high in fats 
(PUFA‘s, n3 and n6); the large brain makes us human 
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Mom can upgrade omega-3 FAs;  
suckling sows (Bazinet et al., 2003) 

›  ALA (18:3n-3) is a precursor for DHA (22:6n-3). Diet 
high on C18:3n-3 (n3/n6 was 0.5 vs 0.05) from 10d 
before birth to 14d after birth 

›  Sow milk: ALA was 141% and DHA was 86% higher 
›  Piglets: liver ALA +333%; DHA +54%; brain: DHA 

+24% more 
›  Pregnant and suckling mother affects FA-metabolism 
›  Role of ovarian hormones (McNamara et al., 2009) and 

gut microbiota 
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What happens through heating 
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How to measure effects of pasteurisation? 
Ewaschuck et al. (2011) 
 
›  Heating denatures the whey proteins and 

aggregates are built (time x temp) 
›  Holder pasteurization completely inactivates all 

cellular components of milk, including T-cells, B-
cells, macrophages, and neutrophils 

›  HP did not affect the concentrations of vitamins A, 
D, E, B2 and B12. There were, however, significant 
losses of vitamins B6 (15%), C (36%), and folic 
acid (31%) (Zoeren et al., 1987)  

›  bioactive properties of milk (secretary IgA, 
lysozyme, lactoperoxidase and lactoferrin) have 
been changed (Czank et al., 2009; Akinbi et al., 2010).  
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Protein modification 

Temperature zone (“C) 

Loss of 3‘ 

Loss oi2’ 

Slmctllre 

Structure 

S-S bond 
cleavage I I I I I 

New interactions 
- S-S bonds, etc. 

Aggregation and 
chemical 
reactions on side- 
chains 

Fig. 1.  Temperature dependence of major changes in protein 
structure (after Lee 1141). 

bonding, electrostatic interaction, and disulphide 
bonds. Before heating, a dietary protein will be 
predominantly in this stable form, tending to 
inhabit the “global minimum” energy state (6, 8). 

Proteins in this native state may be absorbed and 
exposed to the immune system when uncooked 
food is eaten, but what is different after heat 
denaturation? Thermal modifications start with 
increased “thermal motion” of the polypeptide 
chain, rupturing these delicately balanced intra- 
molecular forces and drastically reorganizing all 
levels of protein structure (Fig. 1). Hydrophobic 
groups that had been inward-oriented are turned 
outward, exposing them to unfavourable interac- 
tion with solvent water. Unfolding increases with 
the extent of heating (6) until, at temperatures 
above 80”C, there is a loss of almost all secondary 
and tertiary structure, causing the protein to adopt 
a configuration that approaches a fully unfolded, 
random coil conformation (9). Initially, there is a 
reversible unfolding step followed by irreversible 
alterations (especially at higher pH), which include 
aggregation (intermolecular interactions), scram- 
bling of disulphide bonds, and chemical modifica- 
tions of side-chains (10-12). The most important 
chemical modifications are the deamination of 
asparagine, the Maillard reaction (between 
reducing sugars and primary amine groups), and 
a series of reactions with lysine leading through the 
N6 lysino intermediate (hydrogen loss from the E- 
amino) to various derivatives. Intermolecular 
interactions, often leading to aggregation, are 
inevitable consequences of denaturation, for, as 
described above, heat-denatured proteins have 
their hydrophobic groups turned outward into the 
surrounding water. This unfavourable contact 
becomes a powerful force, driving the protein to 
adopt a lower energy state, most readily achieved 
by proteins coming together through mutual 
hydrophobic interaction. These interactions 
between proteins are, therefore, essentially the 
same as those that determine native protein 

structure, and can amount to the formation of 
new antigenic structures, as well as the loss of some 
original antigenicity. For example, Baer et al. (13) 
reported that heat-denatured P-lactoglobulin 
(BLG) formed a stable complex with heat-dena- 
tured a-lactalbumin. 

The whole situation would be much easier to 
understand if the protein simply unfolded, and 
then remained in that state on returning to ambient 
temperature. But most heat-denatured proteins do 
not remain completely unfolded, retaining some 
degree of ordered structure resulting from inter- 
actions between the numerous amino-acid side- 
groups and between these and the solvent (6, 9, 
15). G-actin, for example, retained some 60% of its 
original helical structure after it had been heated 
to more than 30°C above its denaturation tem- 
perature (16). At the other end of the spectrum, 
however, thermally denatured a-lactalbumin was 
found to be practically devoid of folding, prompt- 
ing the author to warn against overestimating 
“residual structure” retained after thermal unfold- 
ing (17). Therefore, heated food contains some 
proteins that have partially unfolded, and others 
that have irreversibly denatured to attain a 
virtually random coil state. 

Heat-induced changes in antigenicity 
Antibodies recognize and interact with allergenic 
proteins through distinctive molecular shapes 
(epitopes) on the molecule. There are two types 
- those made from a few amino acids of the 
polypeptide chain in their linear order (linear 
epitopes), and those made of a few amino acids 
from different parts of the sequence, brought 
together by the folding of the polypeptide chain 
(conformational epitopes). Immune responses to 
globular proteins (including IgE antibody 
responses) involve both types. Heating destroys 
most conformational epitopes by unfolding native 
proteins, leaving only the linear epitopes. Refold- 
ing might allow the reconstruction of some native 
conformational epitopes, while “residual struc- 
ture” may either create new ones or retain some 
of the originals. Troublesome allergenic epitopes 
are mainly linear, because these are more likely to 
survive denaturation in the gut, as well as heating. 
Thus, heating can increase or decrease allergeni- 
city, depending upon the protein involved and on 
the individual patient. Prausnitz & Kiistner (18) 
reported the first example of new, heat-induced 
allergenic epitopes as far back as 1921, in a classic 
paper on “supersensitivity” that stands as the first 
meaningful investigation of food allergy. A fish- 
allergic patient (Kiistner) was found to be totally 
unaffected by raw fish, even though he was 
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Heating stepwise changes the complex protein 
structure (Davis and Williams, 1998) 

›  In its native state, a globular protein, in a compact, 
highly ordered configuration, determined by the 
amino acid sequence. Hydrophobic groups are 
buried in the interior of the structure 

›  Heating turns hydrophobic groups outward; above 
80oC a loss of all secondary and tertiary structure, 
fully unfolded. 
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›  Antibody reaction on new 
built linear epitopes 

›  Troublesome allergenic 
epitopes are mainly linear, 
because these are more 
likely to survive 
denaturation in the gut, as 
well as heating  
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and a final extension step at 72uC for 7 min. Replicate amplicons
were pooled. A negative control sample was treated as described
above, except that no template DNA was added to the PCR
reaction. PCR amplicons were purified using a magnetic bead
system (Mag-BindH EZPure, Omega Bio-Tek, Norcross, GA) and
the amplicons were quantified using the QuantiT PicoGreen
dsDNA Assay Kit (Invitrogen, Carlsbad, CA). Aliquots of
amplicons (at equal masses) were combined into a single tube
with a final concentration of 7.5 ng/ul. The samples were
sequenced using the 454-sequencing platform (using Titanium
chemistry) at Engencore, University of South Carolina.

Sequences were analyzed with the software package ‘‘Quanti-
tative Insights into Microbial Ecology’’ (QIIME). Sequences were
removed if lengths were ,200 or .1000 nt; contained ambiguous
bases, primer mismatches, homopolymer runs in excess of six
bases, or uncorrectable barcodes.

16S rRNA gene sequence analysis
The quality-checked sequences were denoised [47] and

processed using QIIME [48]. Similar sequences were binned into
operational taxonomic units (OTUs) using UCLUST [49], with a
minimum pairwise identity of 97% and taxonomy was assigned to
representative sequences using the Greengenes database [50].

Fatty acid analysis
Serum, ileal and liver samples were collected from the Control

(n = 4) and BCFA (n = 3) groups for FA analysis. Dietary lipids and
ileal, liver and serum samples were extracted using a modified
Bligh and Dyer method [51]. Ileal lipids were loaded on thin layer
chromatography (TLC) plates (Silica gel G, 20620, Analtech, Inc.,
Newark, DE). Plates were developed halfway in hexane:diethyl-
ether:acetic acid (40:60:1, v:v:v), dried, and redeveloped with
heptane:diethyl-ether:formic acid (80:20:1.8, v:v:v). Lipid bands
were visualized in iodine vapor and the PL fraction was collected.
Fatty acid methyl esters (FAME) for dietary lipids, ileal PL, liver
and serum were prepared using 14% BF3/MeOH (Sigma
Chemical, St. Louis, MO).

FAME analyses were performed as described previously [15],
except that a BPX-70 column (25 m60.22 mm60.25 mm) (SGE,
Austin, Tx) was used for gas chromatography (GC) analysis. FA
levels are expressed as %, weight-for-weight (%w/w).

Immunohistochemistry (IHC)
A 2-cm section of distal ileum was collected from each rat pup,

and processed as described previously [42]. After deparaffinization
and rehydration, sections were blocked in 5% bovine serum
albumin (BSA) to prevent non-specific staining and incubated with

Figure 2. Representative histology of neonatal rat pup terminal ileum. Histological changes were graded as described in the methods
section. Briefly: 0, normal ileum; 1–3, mild, moderate, or severe damage reflecting degrees of separation of submucosa and/or lamina propria,
regional villous sloughing and initial necrosis; 4, necrosis. Pups were considered to have NEC if their histological score was $2. Magnification: 2006.
doi:10.1371/journal.pone.0029032.g002

Branched Chain FA, Microbiota and NEC

PLoS ONE | www.plosone.org 4 December 2011 | Volume 6 | Issue 12 | e29032

Integrity of the gut 
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›  Rat pups: ileum 
histology 

›  Necrotizing 
enterocolitis 
(NEC) 

›  Major cause of 
premature 
morbidity 
(20-30%) 

›  (Ran-Ressler et al., 
2011) 
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Fresh bovine colostrum, raw bovine milk and 
processed BM in gut maturation of neonate 
piglets (Li et al. 2013a) 

›  Problem: preterm and term infants are often not 
breastfed, and infant formula increases the risk of 
NEC (necrotising enterocolitis) due to deficient bio-
active components 

›  47 preterm piglets after Caesarean Section 
›  Three groups: BM, BC and Infant formula (IF) 
›  Treatment milk: freezing (BM, BC), freeze drying (BM), gamma 

irradiation (BM); IF was based on heat treated spray dried 
milk powder 

›  Killed after severe NEC or after 5 days 
›  Inflammatory lesion in intestines >> score > 3 was 

indicated as NEC 
›  Enzymatic activity and permeability of gut 
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Raw colostrum improves gut maturation 
Heat treatment of milk reduces gut maturation  

›  NEC incidence IF, BM, BC: 53,8%, 7,7% and 21,4% 
with highest lesion score in small intestine, shorter 
villi, lower villus to crypt ratio and lower mucosal dry 
weight; higher intestinal permeability; lowest activity 
of digestive enzymes >> permeability leads to 
invasion of toxins and bacteria >> inflammation and 
sepsis 

104 
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Villus height was improved after non-heat 
treated bovine milk and bovine colostrum 
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Opening of the mark 
‚rauw power‘ 
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Kefir should be paid like good wine with a 
‚terroir‘ 
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Raw milk kefir impacts your health  
(Van Dun et al., 2013) 
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›  Self-reporting changes from 30 raw kefir-consumers 
in a five-scale judgment (1=very good <> 5=very bad) 
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Untreated whey proteins of camel milk in wound 
healing in diabetics (Badr 2012) 

›  Three groups of mice: non-diabetic, diabetic, diabetic 
with whey protein intake 

›  Macroscopic and physiological changes of skin-
excision 

109 
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So, ... 
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Price made the right observations! 
›  Weston A. Price observations on raw milk, raw milk 

cheese and butter consumption from grass-based 
animals in relation to the health of people can be 
understood by scientific studies: 
›  - grass based animals produce a high fat quality, which play a 

key role in inflammation regulation (asthma, allergies) 
›  - butter (as a sacred food) from grass-fed animals in summer 

contains a combination of health supporting contents 
›  - raw milk protects for Asthma, allergies and hay fever in a 

dose-response intake 
›  - raw milk is a complex food with all kind of bio-active 

regulators 
›  - heat treatment of milk affects a range of contents leading to 

inflammatory reactions of gut and lungs 
›  - health promotion starts before birth and vaginal delivery 

should be the standard, not the exception 
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Read more? You can ask for a review article >> 
t.baars@fingerprint.nl 
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