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Milk comes from a cow?
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What the
consumer of
milk and dairy
products has

forgotten, Is that
milk Is the first
food to be
utilized by
young
mammails......




.... and that milk is custom-designe
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Mankind is an opportunist and has found _Ways of
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The cow Is the best milk producer.
Other animals are also employed.
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Cattle have not adapted to the most
extreme conditions.




The consumption of the milk as grownup is
not natural. Neither is the consumption of

milk across species.

clipartof.com;corbisimages.com



Malnutrition or diseases:
allergy to milk and lactose intolerance
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kidsfoodallergyclinic.com ; qwickstep.com



Allergies are the
result of an Immune
response to the
foreign proteins In
the milk.

Switch from cow’s
milk to goat’s milk.
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| actose Iintolerance:

iInability of adult humans CH,0OH
to digest lactose 0. OH
(milk sugar). cH,0oH K OH

This Is natural;
grownups lose the ability
to digest lactose.

Symptoms: galactose
stomach cramps and

glucose

OH

OH

diarrhoea.



Lactose intolerance mainly found in the warmer
climates of the world.
Milk not stored fresh - fermented.
This human population never adapted to digesting
lactose in adulthood.
An early passive development of dairy technology.
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Lactose Iin milk has spurred dairy technology:
Lactose fermentation by micro-organisms.

Cheese Lactose free milk
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Hlﬁ]jéfhkih-d has also employed other animals
to p“‘i‘ohquce;_,.milk with derived dairy products.

 products from different species differ
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Lagomorpha Rodentia

Proboscidea others
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Each species provides nutrients and bio-
reactive components in the correct amount and
form; the result of adaptation to environmental

opportunities and physiological constraints.

Primata Bovidae Felidae Proboscidae = Perissodactyla
Nutrients (%) Human - Cow " Springbok ' Cheetah = Serval African White
Elephant Rhino
Fat 4 ped [EER. 65 SRSl a7 0.7
Protein 08 TesofEL o0 TN 52 1.6
Casein 2 S B :d0ETE 3.2 0.3
Whey 06 06V T4 65 | 41 2.0 1.3
NPN BRI B o7 o1 05" 0.87 4k ei0S,
Saccharide | | Wt | ilB e Al e a0
Lactose’ sl e O ISR i di i LB
Oligosacch. ik g 31 RNNGaRER T u 0.05

(Osthoff et al. 2005;2006; 2007, 2008; 2009)



SACCHARIDES

Lactose

CH-OH
O OH

CH,0H K ©H

glucose

galactose

OH




Sacchande content o mammalian milk

Lactose Oligo-
Species o saccharides
(%) (%)
Monotremes (No a-Lactalbumin) =0 3.7
Marsupials (No a-Lactalbumin)
1-2 4.6-12.0
0 0
) 0.5 0.3
Cow 4.0 0.1
Sable antelope 4.1 0.4
Eutherian Human 7.3 1.2
(High a-Lactalbumin) Gorilla 6.2 0.7
African elephant | 5753 1.5-2.7

(Iverson & Oftedal, 1995; Messer & Urashima 2002; Osthoff et al, 2007; 2008; 2009)



Clign el eligesacenandes inimammealian miik:

Lactose Gal B(1-4) Glc
2’-Fucosyllactose
Fuc a(1-2) Gal B(1-4) Glc

DF-para-LNnHexaose
Gal B(1-4) GicNAc B(1-3) Gal B(1-4) GilcNAc B(1-3) Gal B(1-4) Glc

| |
Fuc a(1-3) Fuc a(1-3)

DF-para-LNnNonaose
Gal a(1-3) Gal B(1-4) GIcNAc B(1-3) Gal B(1-4) GIcNAc B(1-3) Gal B(1-4) Glc

| | (Osthoff et al. 2008)
Fuc a(1-3) Fuc a(1-3)
DF-LNH
Gal B(1-4) GIcNAc B(1-6) Gal B(1-4) Glc
|
Fuc a(1-3) 250+ structures known

12 structural groups
Different chain types

Gal B(1-4) GIcNAc B(1-3)

|
Fuc a(1-3)

(Urashima et al. 2001)



SEIECUON OI;011G0S imammeairan miik

Note the Type Il bond Gal B(1-4) GIcNAc
Lactose Gal B(1-4) Glc
2’-Fucosyllactose

Fuc a(1-2) Gal (3(1-4) Glc

DF-para-LNnHexaose
Gal B(1-4) GIcNAc B(1-3) Gal B(1-4) GIcNAc B(1-3) Gal (1-4) Glc

| |
Fuc a(1-3) Fuc a(1-3)

DF-para-LNnNonaose (Only in elephant) (Osthoff et al. 2008)
Gal a(1-3) Gal p(1-4) GIcNAc B(1-3) Gal B(1-4) GIcNAc B(1-3) Gal 3(1-4) Glc
| |
Fuc a(1-3) Fuc a(1-3)
DF-LNH
Gal B(1-4) GIcNAc B(1-6) Gal B(1-4) Glc
|
Fuc a(1-3)

Gal B(1-4) GIcNAc B(1-3)
|

Fuc a(1-3) (Urashima et al. 2001)



clignereligesacchanaesin numan miik:

Note the Type Il bond Gal B(1-4) GIcNAc (in all species)
Note the Type | bond Gal 3(1-3) GIcNAc (predominant in primates)
Lactose Gal B(1-4) Glc

Lacto-N-tetraose
Gal B(1-3) GIcNAc B(1-3) Gal p(1-4) Glc

Lacto-N-hexaose
Gal B(1-4) GlcNAc B(1-6) Gal B(1-4) Glc

|
Gal B(1-3) GlcNAC B(1-3)

Lacto-N-Decaose
Gal B(1-4) GIlcNAc B(1-6)
|
Gal B(1-4) GlcNAc B(1-6) Gal p(1-4) Glc

|
Gal B(1-3) GIcNAc B(1-3)

Gal B(1-3) GlcNAc B(1-3) (Urashima et al. 2007)



@ligesacchandes andintestinal micro=6rganisms
| Bifidobacteria
& Lkactobacilli__

- y '

Pathogens

(Engfer et al. 2002; Gopal et al. 2003; Coppa et al 2006; flickr.com; oley.org)



Predominant:

NIthe luman

Microbial group

C MICTO0g

-~
a

NISM'S

Range in log counts (g dry wt?)

Bacteroides 9.2-13.5
Eubacteria 5.0-13.3
Bifidobacteria 4.9-13.4
Clostridia 3.3-13.1
Lactobacilli 3.6-12.5
Ruminococci 4.6-12.8
Peptostreptococci 3.8-12.6
Peptococci 5.1-12.9
Streptococci 7.0-12.3
Methanobrevibacter 7.0-10.3
Desulfovibrios 5.2-10.9

Lactococci, Enterococci,

Pediococci, Leuconostoc

(Musatto & Mancilha, 2007)




Human oligosaccharides

Saccharide bond

Fucosyllactose

a1-2, f1-4, a1-3

Lacto-N-tetraose

B1-4, B1-3

Sialyllactose

B1-4, 02-3, a2-6

Sialyllacyo-N-tetraose

B1-4, a2-3, 02-6, B1-3

Plant oligosaccharides

Fructo-oligosaccharides

B1-2

Galacto-oligosaccharides

B1-4, a1-6

Transgalacto- oligosaccharides

B1-4, B1-6

Soybean oligosaccharides

al-2, a1-6

(Crittenden et al. 1996; Urashima et al. 2001;2007)




Human oligosaccharides

Saccharide bond

Fucosyllactose

a1-2, f1-4, a1-3

Lacto-N-tetraose

B1-4, B1-3

Sialyllactose

B1-4, 02-3, a2-6

Sialyllacyo-N-tetraose

B1-4, a2-3, 02-6, B1-3

Plant oligosaccharides

Fructo-oligosaccharides B1-2

Galacto-oligosaccharides B1-4, a1-6
Transgalacto- oligosaccharides | 31-4, B1-6
Soybean oligosaccharides a1-2, a1-6
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SYNthEeSIS Ol lactese and oligesacchandes

ATP - — ADP
Glucose-6-phosphate + UTP
UDP-Glucose

UDP-Galactose
Glucose —

Saccharides —

Fuc a(1-2)
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IIDEAY?.

Comparative study of lactose release- and
oligosaccharide synthesis enzymes:

a-Lactalbumin Glucosyltransferase

i o
7 &
krishnan et al. 2005)



L IPIDS

glycerol ?

|
? Hzf—o—c—Fh
|
H.C—0—C—R,

fatty acid




(1) de novo synthesis

(2) the diet

(3) modification by desaturation and elongation
(essential: long chain + unsaturated)
(20:1 — 24:1)

(Hawke & Taylor 1983)



HUMANIMIEK

Table 3. Distribution of fatty acids at sn-positions of human milk fat
Fatty acid (Mol %) Sn-1 Sn-2 Sn-3

(Christie 1983)



Digestion in 3 phases

Pre-duodenal lipase acts on sn-3

Snl H,C-C18:1 Sn1 H3(|3 —C18:2
|

Sn2 H,C-C16:0 , SN2 H2<|3 — C16:0
|

Sn3 H,C-C18:1 SUC N

Pre-duodenal pancreatic lipases act on sn-1 & sn-3

Snl H,C-C18:1 Snl H3<|3 — OH
| :

Sn2 H,C-C16:0 " Sn2 HZcI: — C16:0
|

Sn3 H,C-C18:1 Sn3  H;C-OH

Antimicrobial
Increase absorption of FA's

3. Breast milk lipase act on sn-1, sn-2, sn-3

Bile salt stimulated in duodenum

(Lien et al 1997; Lien & Lucas 1997)



- HUMAN
Sl Sn2_ Sn3
02 02 18
13 21 6l
32 73 11
161 582 62
36 a7 13
150 33 20
46.1 12.7 49.7
o 73 20
04 06 16
15 07 05

FA’s not in correct sn-position. May lead to difficiencies. (Christie 1983)

Limiting is the essential FA’'s

Typical Cow’s fat

Snl H,C — C16:0/C18:1
I

Sn2 H,C — C16:0
I

Sn3 H,C — C18:1/C6:0



FAT SQURCES FRO PLANT MATERIAL IN FORNULAS

FA’s not in correct sn-position. May lead to difficiencies.
Limiting is the essential FA’s

Sn1H,C — C18:1 Essential FA's Snl H;C-C18:1

|
Sn2 |-|2CI —C16:0 Sn2 H,C — C18:2 Essential FA’s
' |
I L]
Sn3H,C — C18:1 Short FA's Sn3 H;C - C18:1

0
Lessom; If FA’s not in correct sn-position: May lead to deficiencies




Fatty acid Human Cow Springbok  Blue W Beest \%h.'ﬁg Elephant Cheetah
C4:0 0 3.3 0.7 0.2 0 0 0
C6:0 0 1.6 0.7 2.0 0 0 0
C8:0 0.4 1.3 0.5 5.6 3.0 2.9 0
C10:0 1.0 3.0 0.9 _ 25.5 35.3 0
C11:0 1.2 0
C12:0 4.4 3.1 1.3 _ 16.5 26.9 0.1
C13:0 0.1 0.3 2.7
C14:0 6.3 9.5 13.4 9.6 0.5

C15:0 1.3 1.2 0.4 0.2 0.3
C16:0 22.0 26.3 21.3 215 15.8 9.5 21.0
C16:1c9 3.3 2.3 1.7 0.6 1.2 1.0 5.8
C17:0 1.6 1.2 0.5 0.3 0.4
C17:1c10 0.2 0.3 0.4
C18:0 8.1 14.6 17.2 5.5 8.9 1.4 4.5
C18:1c9 31.3 29.8 25.1 8.1 8.6 11.3 32.4
C18:c7 2.1
C18:2¢9,12(n-6) 10.8 25 3.0 1.6 3.7 0.9 15.3
C18:3¢9,12,15(n-3) 0.8 25 1.2 0.6 25 0.8 10.1
C18:3c6,9,12 (n-6) 0.2 0.1 - 0.1
C20:0 0.6 0.4 0.1 0.3
C20:2c11,14 (n-6) 0.3 0.1 0.1
C20:3c8,11,14 (n-6) 0.3 0.2
C20:3c11,14,17 (n-3) 0.1 1.1
C20:4c,5,8,11,14 (n-6) 0.4

C20:5c5,8,11,14,17 (n-3) 01

C22:6¢4,7,10,13,16,19(n-3) 0.2 Osthoff et al. 2005;2006; 2007, 2008; 2009)




Acetyl Col

(1) FAS ser-OH FAS ser-OCOCH o eng nant SCOCH—-FAS cystSCOCH3
() {Transacylase) {Lﬁadli'zg site) (Central SH 2 {Peripheral 5H)
Malonyl CoA
i i FAS serOCOCH,COOH FﬁE pantSCOCH,
(I} FAS ser- Loadng site) cooH cO
{Tranzracylas.:z}{ Fg;l"f’—!r :
FAS cystSCOCHCHACH )L CH,
(I} (B-Keto ]
synthetase
f ) v
CHA(CH,igCOOH oacviasa) A5 PANESCOCHCHACH)RCH  FAS pant SCOCH,CO (CH)RCH;
or g w;gg FAS = Fatty acid synthase
CHBEFEWCGA" hicester : , complex £
\_ CoASH (Reductase) ) A
n-0,2,4,6,etc PH/H™ i i
x=14 (or 12) FAS pantSCOCH=CH®&Ha)nCHs  FAS pantSCOCHCHOH (CHaJnCH3

In mammary gland 2

Thioesterase determines length
C8-C14

Hawke & Taylor 1983



PRylogenetic relationsnip of ratty.

composition I primate milk

Vervet monkey
Cercopithecidae

Macaque
Oligosaccharides low
8:0, 10:0 high
14:0 low

WH Gibbon Hylobatidae

Oligosaccharides low
8:0, 14:0 low Hominoidea
10:0 high

; 8:01
Gorilla ow

Hominidae
Human
Oligosaccharides high
8:0, 10:0 low

14:0 high
(Osthoff et al. 2010)



Metabolic disorder

* Defective acylCoA dehydrogenase

* Defective short chain acylCoA dehydrogenase
* Defective medium chain acylCoA dehydrogenase
» Defective long chain acylCoA dehydrogenase

» Defective very long chain acylCoA
dehydrogenase (Adrenoleukodystrophy)

(Spiekerkoetter et al. 2003; Kompare & Rizzo 2008)



cld composition (% of total FA'S) of the fat traction of milks.

‘dZed On same vegetation type

Boran Nguni Tuli Bonsmara Drakensb Afrik. Signif.
n =5 n=9 n=10 n=6 n=6 n=6
C4:0 0.70 £ 0.162° 0.49+0.3223 0.41 £ 0.342 0.96 + 0.09° 0.95 +0.13° 0.97 +£0.10° p <0.001
C6:0 0.99 + 0.222b 0.75+0.392 0.73 £ 0.352 1.33£0.15° 1.41+0.27° 1.23 +£0.19° p <0.001
C8:0 0.71 + 0.202 0.62 + 0.292 0.67 £ 0.122 1.07 + 0.15b¢ 1.28 £ 0.20¢ 1.00 £ 0.17b¢ p <0.001
C10:0 1.68 + 0.62ab 1.62 + 0.52ab 1.56 +£0.332 2.79 + 0.68% 3.43 +0.57 2.41 + 0.445¢ p <0.001
C12:0 2.26 £ 0.732 2.11+0.632 2.06 £ 0.412 3.55 + 0.75¢ 4.33+0.534 3.04 £ 0.43bc p <0.001
C14:0 10.01 + 1.08a¢ 9.43 +2.15% 8.60 + 1.092 12.72 + 1.68¢d 14.50 + 0.974 11.50 + 1.34bc p <0.001
C18:1c9 26.96 + 2.84bc 27.77 £ 7.11¢ 30.39 £ 4.50¢ 20.03 + 3.443b 14.84 + 1.532 20.27 + 3.233b p <0.001
C18:1c7 0.29 + 0.0920 0.26 + 0.122b 0.42 £ 0.19b 0.22 £ 0.072 0.20 £ 0.102 0.29 + 0.14¢2 p <0.05
Saturated FA's 63.99 * 4,332 63.72 + 8.582 60.88 + 4.722 72.80 + 4.30°d 78.41 + 2.324 71.87 + 3.72bcd p <0.001
Mono Unsat FA’s 33.22 + 3.81bcd 33.22 + 7.69% 36.47 + 5.064 24.38 + 3.843b 19.91+2.122 25.67 £ 3.623¢ p <0.001
Total Omega-3 FA's 0.38 £ 0.14% 0.60 £ 0.35P 0.45 £ 0.20% 0.76 £ 0.11° 0.23+0.182 0.54 + 0.0920 p<0.01

(Myburgh et al. in preparation)



lfierential Scanning Calorimetry thermograms o1 milk iat

from various mammais.
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IDEA!?

Comparative study of fatty acid synthesis enzymes :

Fatty acid synthase Thioesterase
[trimer]

a—hexamer |

(Lehtia et al. 2007)






VINKSOLEINS

Caseins (2.6%) Whey (0.7%)
_ Posttranslational _
e as1-casein R ey R * B-lactoglobulin
 B-casein Glycosylation o a-lactalbumin
_ phosphorylation _
e K-Caseln disulphide bond e serum albumin
¢ as2-casein SIeEeIRe « immunoglobulins
genetic
variants

Minor proteins
lipocalin-type prostaglandin d synthase, fatty acid binding
protein, b2-microglobulin, complement C4, clusterin, al-
antritrypsin, lysozyme C, prealbumin, serotransferrin,
fructose-bisphosphate aldolase A

Etc. etc. etc. etc. etc........ unknown?!
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Human
Rhesus
Vervet
Elephant
W Rhino
NS able antelope
Blue W beets
Black W beest ~
Blesbok .
Eland .,
Kudu .
Springbok .
Cow _ '}
Caseins
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K - Casein
o - Casein

a - Lactalbumin =—
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IDEALY

Comparative proteome and protein modelling:

Enzymes In fatty acid synthesis:
Fatty acid synthetase
Thioesterase

Enzymes In lactose release and oligosaccharide
synthesis:
a-Lactalbumin
Glucocyltransferase



FUTURE?

Explain the biochemical reason why
milk of some mammals contains
high amounts of oligosaccharides.

Explain the biochemical reason of
the synthesis of different fatty acid
chain lengths amongst mammals.



DISTANT FUTURE?

Genetic manipulation of commercial
dairy animals to produce custom milk:

Oligosaccharide enriched

Custom Fat
soft butter
Improved digestiblility

(for metabolically impaired)



Studying milk...

Danke/Dankie/Thank you/Ke a leboha
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... surprising results

Danke/Dankie/Thank you/Ke a leboha
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	Lactose intolerance mainly found in the warmer climates of the world.�Milk not stored fresh - fermented.�This human population never adapted to digesting lactose in adulthood.�An early passive development of dairy technology. 
	Lactose in milk has spurred dairy technology: Lactose fermentation by micro-organisms.��Cheese			Lactose free milk
	Humankind has also employed other animals to produce milk with derived dairy products. ��Milks and products from different species differ in keeping properties, taste, nutritional properties, their effects on health.����Knowledge of human milk and that of the few domesticated species does not provide a complete explanation of the properties of milk as food. 
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