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Dr. Rafael Jiménez-Flores: I always start
defining the learning objectives to my

students, and in this case, my audience.

Learning Objectives

Describe how dairy-processing advances have
@ isolated MFGM for supplementation to
infant formula

Examine how purified MFGM from cow’s milk added
@ to formula is similar in composition and bioactivity
to human milk

MFGM, milk fat globule membrane.

The first learning objective is going to describe how dairy

processing has succeeded in isolating this fraction from milk,
and how this is important for supplementation to infant
formula. We are going to see how the bioactivity is reflected

once the component is added to the infant formula.

Underutilized Dairy Components
* Lactose

* Minerals and minor componentsin milk, whey,
and permeate

* Milk fat and phospholipids
— Today, MFGM is what WHEY was in the ‘80s

* To learn about processing advances, we need to know
about MFGM origin, structure and composition

So, first of all, let’s find out how we find ourselves in the
research world, where we are, and what advances we have.
According to a survey on dairy processing, we have several
underutilized dairy components, such as lactose, the minerals
that are in milk, but, more important for the talk today is that
the milk fat and phospholipids is an area of very active research
and a resurgence in terms of importance in nutrition. So, we
really need to know more, as scientists, from the biology and
biochemistry, about the milk fat globule membrane. Where

does it come from, and what is its structure?
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Lipids and Phospholipids

Ancel Keys on the cover of TIME magazine
In 1961. He claimed that saturated fats in

TIME magazine cover story in 2014,
Sclentists were wrong about saturated
fats. They are nat linked to higher risk for
heart disease,

the US diet damaged arteries and led to
coronary disease,

Left: Diet & Health. Cover credit: Bemard Safran. Time, 1861
Right: Cover phatograph: Mitchell Feinberg. Cover story: Walsh B Eat Butter. Time. 2014;183{24)30-35,

Just as background on the social media and what is out there...
there may be still some remnants of maligning the fats from
milk or animal origin. The vast majority of our research now,
and supported by many studies, really has shown that it's not
fair to demonize, specifically, dairy fat. And that has opened the

gates for renewed information, renewed research on this area.

So... What Does MFGM Have to Do With
Nutrition?

* |s MFGM similarto human and cows’ milk?

* Whatis the contribution of phospholipids to MFGM
structure?

* How do we obtain MFGM for use in foods?

* What about inclusion in infant formula?

And you may—as an audience—be asking, well, what does the
milk fat globule membrane have to do with everything—
nutrition and especially infant nutrition? Some of the questions

from my students and the audiences that I talk to is: Is milk fat

globule membrane similar in human and cow’s milk? What are
the contributions of the phospholipids to structure? Does
structure have any importance? How do we obtain this

ingredient and how about inclusion in the formula?

So, we'll take it by parts.

MFGM Components Found in Human and
Bovine Milk and Their Potential Impact

Immune Defense

Brain Function

Choline Mucins
Sphingomyelin Butyrophilin
Gangliosides Lactadherin
Cholesterol cD14

Sialic acid TLR1

Inositol TLR4
Cerebrosides Xanthine oxidase

€014, cluster of differentiation 14; TLR, toll-like receptor,

_ Hemell ©, et ol Pedictr. 2016173 SunplS60-5.

Let’s just start by the components. I would say they're not major
nutritional components like protein, water, [and] sugars. But
definitely, in the milk fraction component of the milk fat
globule, we have components that are very important, and they
have been studied in many other fields on brain function, like
cholines, sphingomyelin, gangliosides, which were initially
isolated from ganglia, cholesterol, sialic acid, and some other
very specific lipids that are glycosulated lipids, called
cerebrosides. All of these are found in the milk fat globule
membrane. On the immune defense system, we have mucins,
butyrophilin, lactadherin, [and] something very interesting,
toll-like receptors, which are indicators and signals about
pathogens in our diet. All of this is condensed in what I consider
to be one of the more interesting frontiers in dairy science, and

especially milk chemistry.
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Origin of MFGM

1 iy i PR &
- Mather 1D, In: Encyclopedicr of Dairy Sciences, Second Edition, Sprnger. 2011:680-650,

What is the Milk Fat Globule Membrane?
T e
Lipid Droplet ‘e,

‘;- 7
Soiveg

@
T .'1;";- casein mjgelles 7
T Ter g St g L L
MFGM, milk fat globule membrans
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What you should be looking at right now, is an electron
micrograph of a fat globule being secreted into the milk lumen
by a mouse milk secretor cell. These cells are classified as
epithelial cells. They are all in the mammary glands of all
mammals. Anything that produces milk has these cells, and
they are very well-conserved, as we will see later on. You will see
that big gray sphere is composed almost exclusively of
triglycerides. So, that's what would be the butter fat. And you
will notice it is surrounded with [a] perfect margin of a very thin
line. That thin line is the membrane, which at that point is 3
layers. Because, if you look at the part that is touching the cell
on the bottom of that sphere, you'll notice a very thin line.
That's an initial monolayer of phospholipids that then pushes
through and gets secreted—or students in good science would

say, it's microencapsulated into the milk.

The next picture shows us with even more detail, how thin this
membrane is, and, hence, why it is so challenging to study,
because it really... although we can see the effects as we pour
cream in our coffee and it does not leak the way it would if we
added, let's say, mayonnaise or something that is not
encapsulated by a membrane like that. We can see that the
dimensions are exquisitely small. You can see by comparison,
we cannot even look at them under a normal microscope, the

casein micelles. And, yet, that membrane is even smaller.

Let’s explore what happens at the biological point of view on

[the] secretion of milk.
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How is the MFGM Formed?

Turnover of apical

Post-secretion change " membrane

Secretion Transit of vesicles
*|_~ and regulation of
e exocytosis
Fusion of micro-lipid
droplets -~
Dynamics of
= secretory vesicle
formation

Transit to the apn:aI/
membrane

Origin in the RER 7

£PM, apical plasma membrane; BRM, basal glasma membrane; €L, cytoalzsmic fgid droplet; CR, cytoplasm
residusz; M, casein micelle; GA, golg apparatis; LD, lipk droplets; MLD, micro Gpid dropiets; RER, seugh

e neticubum; SV, y s
Adagted from Mather and Keanan {1998)

Diagram of Synthesis and Secretion of Milk
Constituents From Apical Membrane of the
Epithelial Cell of a Mammary Gland

e FORN N CLIM "
| PROEIET  TRANS FORMATIONS & ACCUMULATIC \N_\\>

7 WEMBRANE TRANE? \-\7

7o

Lo Y ) 12

ENIIOPL A 10

LD, lipid droplets; LG, lipid globules; MFG, milk fat globules; M, milk pratein, GA, golgl apparatus; GM, globule membrane.

- sefepted from Kesnan et ol 1988, Insert from Masedunskas &, =t al. Mol fial C2ff, 2017;28:935-946.

I apologize if the audience is already milk secretion experts.
This cartoon depicts with the endonuclease, the golgi apparatus
(GA] right in front of it, where a lot of activity is done to
synthesize proteins, as we can see. And that E’ is a vesicle; it's a
secretory vesicle. But on your left-hand side, you'll see how the
microlipid droplets grow from very minuscule droplets that
keep aggregating (like the drops of fat on your chicken broth),
until they reach to a larger size. And by the time that they get
to the apical membrane, which you can see where the upper part
is, where we have the milk and inside the cell, that fat needs to
be extruded through the membrane, which engulfs it perfectly,

and then we have our little droplets of cream in the milk.

I always put these post-secretional changes with a question
mark, because it's my belief that Mother Nature really didn't
intend milk to be bottled or put into a piece of cheese, or
anything like that. And it is up to us, food technologists, to
know and to mimic whatever happens with that membrane later

on.

Now this process has been long studied and is more complex
than what I'm describing, because there’s many other pathways
of secretory vesicles that we're just continuing to understand.
As you see, [in] the electron-micrograph on your right-hand
side, the lipid droplet is really surrounded by a lot of the other

smaller vesicles that are present in the milk of all mammals.

Kinetics of milk lipid droplet transport, growth,
minel : tod by i Prariraindd

lipid droplet release is intermittently stimulated
by oxytocin

th

myoepithelial

_ Mescdinskas &, et al. Mol Bl Cell 2017,29:935-845. Used under tems of the Creative Commans Leense.

That has been very recently reviewed and beautifully explained

by Dr. Ian Mather and his team. By using a technique—and if
you ever have a chance to see this paper,' I really recommend it,

it's on intravital imaging —and this is done with a small rodent,

7
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a rat, in which the live rat is surgically intervened to expose the
mammary gland onto the confocal microscope. This is very
important, because the mouse, as you can see on the top right,
is kept alive. That is a blanket to keep the mouse as comfortable
as it is with an exposed mammary gland to the microscope. And

then the microscope takes a bunch of pictures in 3 dimensional.

So, first I want to show you the cartoon of the alveoli, of the
milk secretion alveoli, on your left-hand side, and see the
similarity in your panels ] and K on these fluorescent pictures.
The red dots are fat globules that are inside the cell. In your
panel M, you can see—and this is the newest contribution by
this group—that the fat globules are there ready to go, but
they're not secreted into the lumen until there is a very specific
signal, or oxytocin. Once oxytocin is injected to the mouse—
that is comfortably laying on top of the microscope—there is a
rain, literally a rain of lipid droplets that get secreted into the
milk. So, hopefully, at one point we will have this in a movie or
you can go and see this paper by Masedunskas and it is fantastic

as added information to have that.

Just so that we emphasize this point, this a very, very well-

conserved mechanism across the mammalian world.

Kinetics of Milk Lipid Droplet Transport, Growth,
and Secretion Revealed by Intravital Imaging (cont)

- Masedunskas A, et al. Mai Biol Cell. 2017;24:935-846.

And what is very impressive is the amount of fat globules we
have, especially early lactation, we have smaller globules. If you
were to add all the surface of those little spheres you could, with
a glass of milk that has all [of these] globules in there, cover a
surface that is similar to a tennis court—that’s what physical
chemists tell me. I've done some calculations and my goodness,

it is incredible what happens. And that would be on normal

milk.

The GO indicate that most
conserved genes belong to
the metabolic pathway for
fat globules and MFGM
production.

- Bicnaz b, &t ol B Genomics. 2008;9:366. Lsed mder termis of the Crastive Commens License.

But there’s something else that is very important to this

discussion, at least to the biological part of the discussion, and

8
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that is that back there in 2008, my friends Massimo Bionaz and
Juan Loor,? published the whole metabolic pathway of all the
enzymes that are needed to secrete the fat, the milk. In this case,
it goes upside down, or to the other pictures, because the milk
is at the bottom of the slide, and you can see where the fat little

globules get zipped by the membrane.

But the important part about this slide is that it gives us, for the
first time, a whole list of enzymes that we could see and compare
between humans, cows, goats, donkeys, horses. And it was
amazing to see that those enzymes that are involved in this very
process that you're looking [at], are 99% conserved. Which
means that the gene ontology indicate that these are some of the
most conserved genes in metabolic pathways, which to any
biologists (understanding of life) tells us that this is a process
that is very important, according to nature, because it hasn’t

been modified.

Industrial Processing to Obtain MFGM

* From cream
* From butter and buttermilk
* From whey

* Thermal treatments

All right, now that we have seen a little bit about the milk fat
globule membrane and where it comes from, I'm hoping that
my audience is starting to have a new appreciation for what we

have in milk, and not just that we ask for a nonfat milk in our

coffee with foam or without foam. We are going to show you
some of the industrial processing steps we have to isolate this
particular component. We can isolate it from cream, from
butter or buttermilk, from whey. And our main focus is to keep
in check the thermal treatments that we do to our milk because
heat, as we know, changes the conformation of proteins, and the

protein and lipid interaction.

Buttermilk Process

Cream

1.8 billion b

Buttermilk
31 million Ib condensed/evap.
49 million Ib dry

- Bylured G. Dairy Prosessing Handbaok, Tetra Pak. 2015, Availale at httn://dainarocessinghangbeok com,

Here is a diagram of the modern butter churn. When I say
butter churn, most of the people that read history, think of a
nice wooden bucket with a stick made in a dairy and is shaken.
This is far from that. What you see is this butter churn gets fed
the cream on the top. Then it has a very fast churner that is the
sign to break the milk fat globule membrane, and thus the
triglycerides get separated from the serum. As you see by the
screw mechanism, we squeeze out the serum that we call
buttermilk. Coincidentally, buttermilk, even though the name
has butter in it, has less fat than your regular skim milk. And,
then of course, butter has 40% fat. And in this nation, we
produce vast amounts of buttermilk. But it’s not the buttermilk
you buy in the supermarket. That is just fermented skimmed
milk. Right now, the bulk of our buttermilk goes to big dairy

9
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plants, and it gets dried into powder. If you ask me where is it
used, it is used mostly in bakeries and ice cream, where the

properties of the phospholipids are great as emulsifiers.

Buttermilk From Cream or Whey

The way it all starts? Well, if you're a researcher like me or you
want to start getting your milk fat globule membrane for your
infant formula, you identify a very good producing dairy farm.

You get the milk.

Separation of Cream From Skim Milk

Surplus
standardized cream

[Control of i
) EES

=== craam fat [z Fow | .
content Lmeasurement | |
[ Flow
measurement of
remix
Standardized | ¢
Ik ';“

_ Skimmilk | : mi

Whole milk

The milk then is processed through a machine that is called a

cream separator, because it gives us the skimmed milk, as is

shown here by the blue line on the bottom, and the cream. Now,
a well-known trick of the dairy processors is that we separate
skim and cream, and then we remix it so that we can give you
1% fat milk, 2%, 3%, or as it's whole milk, when I talk [about]
how much fat is there in whole milk? It sounds like a lot of fat.
It's only 3.5% fat. We could sell a product that is 96.5% fat-free,

but dairy farmers decide[d] not to go that way.

And right there in the glass, I'm trying to depict that's where we
get the cream. And that cream is a raw material for making
butter. I'm going to exemplify how we get milk fat globule

membrane from butter.

Continuous Butter and Buttermilk Production

The main reason—and in this picture, you'll see me lecturing
[to] my students here at The Ohio State University—those
that take dairy processing get to work with an automation
machine that is a continuous butter churn. As long as you feed
cream to this machine, it gives you butter. You can see it in the
bucket, right there, the butter. Or, you see the red arrow that is
pointed to the left, points to a tank, where that tank was added
for our research, and it collects all the buttermilk. How does the

buttermilk look? Well, just like skimmed milk, right there on

10
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your ri;ght—hand side in the bottom panel, you see the

appearance of real buttermilk.

Well, like any industry, what do we do? We can research this as
such: liquid. Hopefully, we'll get some advances, and I'm told
that in Europe and Ireland, they're starting to have drinks, like
it used to be 50 years ago, of real buttermilk. Maybe somebody

will commercialize it.

| Spray Drier

For the moment, what we do industrially is pass that
buttermilk—after some concentration—through a spray dryer.
Here's an example of a hydroplants spray dryer. The ones in
industry are 4 or 5 stories tall. This is not even one—it’s about
10 to 12 feet tall. And we can get powders. And those powders
are a very interesting characteristic when they have a milk fat

globule.

Transmission Electron Micrograph of Buttermilk
5 2 LR o

PR Tl Al
! N, S i Tl I

- Phote: Beth Fryksdale and R. liméner-Flores, 1996

The next slide, this slide shows us a transmission electron

micrograph. On your left-hand side is just skimmed milk,
treated with different heat treatments, but that’s just how the
electron microscope looks at the casein micelles that are in

skimmed milk. So, there’s no cream there, no fat.

And the buttermilk, although you know I told you that it has
no fat, it does have those phospholipids in a very peculiar form.
If you notice, on your right-hand-side picture, there’s a lot of
wormy-like [images] there, like little serpentine figures. That
happens to be the original, very thin membrane that is rolled
over—like if you were to roll over a carpet where your kids have
been playing with their Legos and their toys and everything. So
(in this example], the carpet happens to be the membrane, and
the Legos and the toys are the tropines that are inherited to the

milk from the mother.

11
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Pastevrized cream
buttermilk

Raw cream

buitermilk

- Morin B, =t al. ine Dairy dounol. 2007:17{10):1179-2187,

So that's why we think that there’s something very interesting
about these little wormy things, because we do believe, and we
have seen some evidence that these are means of communicating
nutritional signals to the baby, and in case of the industrial

buttermilk, they're all encased in this component.

Well, that’s all fine and dandy, but how are we going to separate

that for our use, say, in infant formula?

MFGM From Whey
Ultrafiltration
Diafiltration Retentate Valve to
Buffer retum apply pressure  Retentate
pressure
Feed
Tank
v i Feed
pressure
C 7 -
Filtration ¢
Feed Module Filtrate
Pump stream
See Attps://wwwyoutube.com/watchPu=qE VKORRADW

_ Adagted fram EMD Millipors Technical Brief. No, TBOI2.

As you can see, this is not a normal thing that would happen in

regular processing. And since we industrialize our milk, this is

not a normal part of our diet; [al]though, we use an advance
[system] called ultra-filtration. Whether this can be done from
whey or from buttermilk, the principal is the same. You'll see
here on your left-hand side, it says Feed Tank. You put the
butter, the buttermilk, or the whey [in], and you have a pump
that goes through what we call the filtration module. So,
imagine that diagonal line on that little rectangle is the
membrane we use. It's very special. Now we're talking about the
milk fat globule membrane, and this is a ceramic membrane; it's
a man-made membrane. What it is, is the filter, for all practical
purposes. So, if you follow the flow directly out of the feed
pump, it goes there, and the liquid will find that filter. And that
filter is very special. The low molecular weight components are
going to go out through the filtrate screen, we call it a permeate
or filtrate. And the rest is going to be concentrated. And it keeps
being concentrated, the more loops that we go through. And
that is very important, because according to some of the
processes that we have, we can get rid of some of the proteins,
certainly the calcium and the lactose, and concentrate [on] our

milk fat globule membrane.

For those of you who want to [(know] how efficient this is, I can
tell you, to make 1 kg of the milk fat globule membrane
ingredient, you need close to 200 kg of whey, of milk, or any
other component. As in this case—and this is a very interesting
part of something that is happening in our research field right
now—of any filter, it can get clogged. It can really hamper our
economy and our efficiency of this process. It turns out that
what clogs this membrane happens to be material very rich

in membrane.

12
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MFGM From Whey

A
6000 30
—g 5000 lﬁ%
E 4000 s z.o;
e 8 g
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Fold-diafiltration

on on the conductivin
escribed in publicati
supernatants as f

recipitation of MFGM 2t gH 4.2 (D). Other
epresent standard

Damadaran S, J Agric Foad Chemn. 2011;58:10271-10276. Reprinted with permission from Journal of
Agricultwal and Foad Chemistry. Copyright 2011 American Chemical Society.

Laboratory and Industrial Scale Ultrafiltration

Industrial Scale

Pilot Plant

So, this slide is a clear example that [what's] one man’s waste, is
another man’s treasure. Dr. Damodaran, from the University of
Wisconsin, spent a lot of time trying to better prepare the whey,
to isolate the whey proteins that we use so much these days, in
whey protein concentrates, whey protein isolates. Because he
identified, that if you see those test tubes, have like a little sandy
residue in the bottom, and that's what was clogging the
membrane. So, he devised a way of getting rid of it. And when
we analyze that, it is very rich material for the milk fat globule
membrane and the phospholipids I've been talking to you

about.

So, this is just an illustration that you can have this membrane
system for the laboratory or pilot plant, which is what I have
here at The Ohio State University. But it has been scaled up to
(an] industrial scale to produce whey, whey protein isolate, and
whey protein concentrates, which is, by the way, one of the
major economic impacts that we have had in our dairy industry.
We use that in many foods. We export it, and it’s right now, I
would say a byproduct of cheese, but I think right now there’s

more value in these fractions than there are even in cheese.

But let me just go back for a minute about the importance of the
structure of these components that we have been describing:

how do we isolate them from milk? What do they do?
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Confocal Laser Fluorescence Microscopy

d Chem, 2010;58:4.25
right 2010 Armerican

CLSM to Probe Temperature Effects

Figures: Cor
Rd-DOP

Well, I'm going to show you a picture that a former student of
mine, Sophie Gallier, very artfully did, of a droplet of fat in milk.
And with a fluorescent microscope, she showed that there are
these black spots, which happen to be what physical chemists
call, liquid ordered domains of phospholipids. These are so
organized, so well structured, that they don’t allow the
fluorescent pigment to go in there—and that's why we see them

as black spots.

The lesson that we got is that it complicates our studies, because
clearly the surface of the fat globules, for that matter, the surface
of the epithelial cells producing milk, are not homogeneous.
And that has deep implications in chemical reactions,
biochemistry, and being very interested in processing, I can

show you in this next picture...

...that even mild thermal treatments, like on your left, is cooling
it to 40 degrees, which is how we refrigerate milk. You can see
how that surface looks: very rough, very rugged. And, if we heat
it up to only 45 degrees centigrade—which is a very hot day in
California, for example—the surface is going to take a
completely different morphology: very smooth, and we see very

well-defined domains of these little black spots.

Confocal Microscopy of MFGM and Bacterial
Binding

e

NCFM SIpA

NCFM

2010;58:5613-9. Rep
n Chemical

Furthermore, now that we are very interested in how the
microbiome gets affected by our food, let me tell you, it is not

just that we have the sugars or the little saccharides or not,
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whatever, that they're feeding, we have seen that the bacteria, by
very specifically—depending on the kind of bacteria to the
surface—and what we know now is that the interaction is
mutual. Not only [do] the bacteria bind to the fat to cause some
(probably chemical) very important changes in digestion. But
because of that interaction, the milk fat globule can also be
thought [of] as changing the composition of the bacteria.
Because the bacteria need to secrete other enzymes in order to

get food from the fat.

Comparison

Soya Lecithin Profile

_ N

When we thought about this... I'm showing you a liquid
chromatography of the comparison of the phospholipids from
milk (on the top) and from soy or, for that matter, any other
plant, phospholipid component, which are called lecithin. Up
here, you would see that—to me, most important—there’s
sphingomyelin, that you see that peak. It's completely absent
where it should be if you compare them in soy. If you ask me,
that stands to reason, because there’s no real compelling law
that says a soybean needs to produce a component that is very
good for brains or growth on the intestine, since the beans really
are not designed to be eaten. I've looked, and [the] soybean does

not have 2 very important things: the soybean does not have a

brain or a mammary gland. And hence, they don't need to

synthesize those components.

Microdomains Form in the Outer Leaflets of
Biological Membranes
* Formation of disordered

(Ld) and ordered (Lo) lipid
phases

» Sphingomyelin (SM) and
cholesterol rich

* Localization of glycated
lipids likely in outer
leaflet, but still debated

_ Gallier 5, et al, | Agric Foad Chem, J010; 58:4350-4257, Unpublished image, used with parmission

So, we know that there’s microdomains forming the outer
leaflets of these membranes, and they have an organization.
What that means exactly is still a question, but it is a very

scientific question, and we start by describing it.

So, where’s the sphingomyelin? Where’s the cholesterol? And
it turns out that these 2 components—sphingomyelin and
cholesterol—play a very important role in what I call the health
of the membrane. Now, where are those glycosalated lipids, like
the gangliosides, where are they located, and what role is

there—is what several of my students are now studying.

But here’s an observation. It turns out that if we change the
proportions of the phospholipids, we don't get those little black

spots. So, that tells me that it is important.
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Lipid Composition of the MFGM

Tuble 3. Content of mam PLs 16 mlk fal of different mammalian species. Values are
expressed as percentage of ol PLs

Species FE Pl ] P Y
huffila 245 [CH [ 43 U
ol TR LE! 83 5 52
e 34 4 52 6 74
husan 23 164 It FLE]
doskey iz 24 2 173 s
mare 243 85 106 278 ]
busan TR is [ £ 152
samel 343 £9 105 221 21

Table 3. Polar liphd conent (100 g of fat) and phaspholipids compesition (percentige of
total PLs) in milk fat of dairy prodiscts and by-products of butter-making process

Matci LT T T T )
cremm 086 47 X3 72 1468 M4
boutier (k] u na 153 M7 1

buttcrmilk: A fit) 24 103 ss 153
oW CTeam 07
<o bunermilk oy x=T °. 2 39 1k3
cow beier sgnum 033 rf 4 0 1z ™K 40
gt o

seat bunermilk 0is x| 9 99 |m:s| |23

goat butter scrum Lot i n? 82 262 248
cream 6T 1.5 17 %5 208
cream 5.65 wr 154 1n3 L) 208
butler 531 w7 158 s B3 218

Buntermilk 124 17 T Rl 0 27
burermilk x4 8.2 46 32 214

PC, phosphatidylchaline; PE, phasphatidy ethanciaming; P, PRosphatiayInasite], o, phosphatidylserine; SM, sphingamyelin,

- Contarini G, et al. nt / Mol Sci. 2013; 14:2808-2831. Used under 12rms of the Creative Commens License.

PF. P-face; Efeq, E-fa

quivalent.

Robienek H, et al. rac Natf Acad Sci U 5 A, 2005;103:10385-10350. Used undes permitted terms. Copyright
2006 National Academy of Sciences.

And very recently, Dr. Contarini and her group published a

3

review’ in which they compare many publications of milks

from, as you can see, buffalo, goat, ewe, human, donkey, mare,

And what is that the ratios of

and the

camel. is remarkable

phosphatidylethanolamine, phosphatidylcholine,
sphingomyelin—highlighted in yellow in the upper part—
always, more or less, compose one-third, one-third, and one-
third of all the phospholipids present in the milk of all of these
mammals. And when we obey this rule in making model fat
globules, they do present these microdomains that I was
showing in the previous slide. So, these proportions are very
important for the normal function of the membrane. And just
the lower part is the same phospholipids. And it pretty much
does not matter what we do—cow butter, serum, or cream, or

buttermilk—our best efforts to disrupt that, these 3 families of

phospholipids remain attached together.

Now comes a personal view of what is the importance of this
membrane and its structure. In 2006, PNAS, had a paper by
Robenek* in which he wanted to see how deep one of these
proteins that are in the milk fat globule membrane could get.
Did it get all the way to the lipid core? They are very elegantly
shown here on this pre-structure scanning electron micrograph.
You can see clearly that, yeah, there’s no question there are 3
layers: a monolayer and, then on top, a bilayer. But, what I want
to call to your attention is that he also published, with no
explanation, these little bubbles that were present there. And
really, they're not in the size or morphology of the domains that

I was showing you in the previous confocal microscope.
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Phospholipid and SM Digestion/Absorption

120 min 180 min

30 min

SM, sphir allr
- Gallie 5, =t al. Foad Structure, 2016

* Capture Images of MFGM
« Observe the distribution of Phospholipids and
Glycoproteins

- i

So, for many years we were wondering what might that be? And
it wasn’t until 11 years later or so, and my thanks to Sophie
Gallier, now working in New Zealand—she had to go all the
way to New Zealand to work with a friend of mine, Dr.
Harjinder Singh. They did a study of this phospholipid
membrane in vitro digestion. And the surprise to me was that,
you see there [at] 180 minutes, this is a picture of a fat globule
normal in cream, and you can see those little [kind of] blisters
on the surface of the fat. Which denotes that a membrane has
not been digested, but at the same time, the triglycerides inside
that sphere are being digested. And so that is really telling us—
and this is for future studies and how we probably will design
the formula or even the drinks of the future—on how we really
should digest the fats more slowly or in a very regulated way.
So, that’s a lesson for all the nutritionists out there. I think that

this is very important.

More technologically, we really want to know, what is
happening to our powder ingredient? What do we do? And that
powder ingredient, believe me, we analyze in many ways. On
the list is something that is like the... this is a laser 3-

dimensional microscope.

Buttermilk Powder Granule—Morphology

*

350 bar, 75°C = 150 x confocal/laser

Untreated sample— 150 x confocal/laser

_ .

And what you see there is a little droplet of powder. This is not

of the same scale I was showing. This is just that minute granule
of powder, and on your left-hand side is how it comes, with a

lot of the triglycerides on the surface. And we've been testing
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them with some... we've been processing them with some new

process, which is called supercritical fluid extraction (SFE).

We use the CO; at very high pressure and temperature. Well,
not very high, a couple of atmospheres. And that makes it work
as a solvent. Interestingly enough, it just dissolves the
triglycerides, leaving intact some of the other proteins. And it is
a process much milder than some of those thermal processes we

make.

Buttermilk: More Than a Source of Milk
Phospholipids
12 34 5 6 7 8 ; _/f”_“’c..{mn.ﬁ..f
S e = Comples = _—Cholesersd
e —MUC
260 — ::JIJ(J L= j}“:u‘:
160 k =
Meeee e e
110w -
a0 - —1 S Te e
o @ - . - - :Tur:ﬁ - s
"'-"" <Hie
50 wy WR L F 2 X — s
40 i PASEST .
fan o o | —— ke
0 - - - *=* Caseins
. ——- it
15 W o e ) - OL4 FADP
10 S

_ Lautscher, Eliss, and fiménes-Fores. Unaablisned results.

On this slide, you will see on your left-hand side are very nice...
(You know, when my students run gels that look like that, I
think they're ready to graduate.) These are [sodium dodecyl
sulfate] SDS protein gels, and in lane number 1, you have your
molecular weight standards. Lane number 2 is perfectly
preserved, raw milk, and number 3 is refrigerated milk. And 4,
5,and 6 are increased heat intensity treatment of the cream that

we used to prepare these proteins.

Well, I draw your attention to the bottom of this [slide], and
you'll see how the heat treatment increases the band that is
shown, at beta-lactoglobulin height, which is 18,000 molecular

weight band. You'll see that this low band—and we're showing

3 here—increased. Yet, the number 7 is what we get from the
treatment with the supercritical, which does not seem to even
compare to a mild pasteurization process, as number 4. So, that
is a very hopeful thing, we probably are on the verge of
developing very exciting technology that will preserve right now

all our [hopefully] bioactivity as it comes from milk.

Membrane-Rich Milk-Fat Diet Provides Protection
Against Gastrointestinal Leakiness in Mice Treated
With Lipopolysaccharide

Saline Vehicle LPS
Control Injection

R i Tt Gt

Injection *

Comsumption (g/d]

AIN-TEA n=6 n=6
L]
AIN-T6A - = :
with milk fat et =y

W g g

y

(n 2)
at diet, suline

o rol injoctio fat diet, LPS

injection (n = 6).

a5 AIN-75 s it
_ Saave DR, et al. # Duiry Sci. 2011;84:2201-12. Used under terms of the Creative Commans License.

Let me change gears here a little bit and start talking about our

evidence for the biological activity of these components that I've
been describing. Now, a little while ago, in 2011, with my friend
Bob Ward, he designed this experiment,” and we were just

supplying the milk fat globule membrane material.

So, if I draw your attention to the squares here on your left-
hand side: There were 12 mice that were fed a normal diet.
Some of them had saline injection, and 6 of them... we
challenged them with lipopolysaccharide, which is a toxic
component that causes inflammation and all kinds of toxic
problems, especially if you have a subject that has a leaky gut.
But knowing that that's what we wanted to do, we have exactly
the same mouse, same strain, and we gave him exactly the same

feed, except we added the milk fat globule membrane. Six of
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them, we gave them an injection of just saline to see if there was
any response to that, and we challenged them just as the normal

fed ones with lipopolysaccharide [LPS].

The nutritionists in the group were looking at the consumption
of feed and the body weight gain, [so there] was no significant

difference.

Membrane-Rich Milk-Fat Diet Provides Protection
Against Gastrointestinal Leakiness (cont)

FROTEGTION 0F GUT BARRIER Y MILK FRACTION Although the diets used in this
study were formulated to differ only

in the fat source, the use of a

complex material like MFGM makes
4 All Mice
Dead
" ,

=)

o

Conversely, MFGM is hypothesized
to contain many constituents with
beneficial bioactivity (Spitsherg,
2005) and is available as an
ingredient to potentially modulate
the barrier properties of the gut
without the necessity of isolating
specific components.

Plasma Fluorescence (pg/mL)

it impossible to associate the stress

protection with any single
component.

24h 48h 24h  43h 24h 48h 24h 48h

Saline  Saline  LPS LPS

D Control Diet

Saline Saline LPS LPs
u MilkFat Diet

15, lipopalysaccharide

Snow DR, et al. 4 Doy S6i. 2011;84:2201-12; Used under terms of the Creative Commons License. Spitsherg WL
4 Digiry Sci. 2005;60(7}:2285-94.

Where there were very important differences was— and I love
the statistic of this experiment—the first 2 squares on the graph
here show what happened after 24 hours or 48 hours of the
saline injection to the mice [with] normal diets. And, as you can
see, well, they fell [something], but there is no significant
difference on their plasma fluorescence. However, the next
square you see, the plasma fluorescence of the normally fed mice
when challenged with LPS went through the roof. And
unfortunately, at 48 hours, all 6 of these mice, were dead.
Deader than a doornail. Did you see the dark squares where
these mice that were fed the milk fat globule membrane, where
they were [given an] injection of saline, were healthiest, there
was absolutely no difference in the plasma fluorescence, and

they all were alive and well.

So, that is a great result in my book, and no need of statisticians
or anything like that. But the reductionist mind of scientists,
wanting to see what is the one component that is doing this.
And [in] this I have been very involved; this is complex material
and makes it impossible to associate the stress protection with
any one single component. I may even add, I think, that we have
to have the right composition, the right ratio of the

components, to achieve these results.

MFGM Supplementation in Formula Modulates
the [Rat] Neonatal Gut Microbiome and
Normalizes Intestinal Development

Villus length

A Body Weight B i [ L2
ey » £ MR
3 ao £ ™ Lol
3
£ g il
i 200
Figure 1. MFGM supplementation | =" 100
in formula normalizes intestinal T ol 5
architecture in a dose-dependent o5 o
dejunum eun

manner without affecting body
weight at postnatal day 15.

Crypt depth

Bhinder G, et al. S Aep. J017;7:45274, Used under terms of the Creative Commeons Attribution 4.0
International License,

Let me move to another example. The next one is how these
components modify the tissue inside the intestines of these
mice. The body weight, the villus length, and everything were
the same. And what we have is the group—the gray squares
denote the mother’s milk. That's pups, the little mice, that were
fed with the milk of the mother, and then, the control is just
those that were fed similar [to an] infant formula, and the white
blocks in the middle were 2 doses of the milk fat globule
membrane. As you can see, the body weight, the villus length,
did change a little bit. But where there was a dramatic difference

is in this picture that I'm going to show you.
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MFGM Supplementation in Formula Modulates
the [Rat] Neonatal Gut Microbiome and
Normalizes Intestinal Development (cont)

>

Unchallenged

MFGM supplementation
protects the formula fed
neonate intestine

from C. difficile toxin-
induced damage.

'
i

MM, Mother'smilk; MFGM, milk fat
globule membrane; CTL, control

Bhinder G, et al. S Aep. J017;7:45274. Used under terms of the Creative Commens Attribution 4.0
International License,

While Control diet (CTL) formula yielded significant deficits in intestinal development as
caompared to Mother’s Milk (MM) littermates, addition of MFGM to formula restored
intestinal growth, Paneth and goblet cell numbers, and tight junction protein patterns to
that of MM pups.

ca-l MM MFGM
’ GA1
A 3w
EERS 3
2 12 .
- E 2 os
2 o
= g ool
DMM
c [ (=]
r [ =t
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Supplementary Figure 2: MM, 6 g/L. MFGM and CTL formula fed pups display
similar CA-1 staining at small intestinal sites. Representative immunostaining of
enterocyte marker CA-1 (red) and DNA (blue) in the jejunum (A} and ileum (C) of
pups al pn day 15, semi-quantified for fuorescence intensity of CA-1 relative to DAPL
in {B) and (IY). n=3. The graphed data presented are the mean = SEM, Original
Magnification: 200X.

CTL, control; MM, Mother's milk; MFGM, milk fat globule membrane

Bhinder G, et al. S Aep. J017;7:45274, Used under terms of the Crestive Commens Attribution 4.0
International License,

So, if you go to [the one to] the left end of the squares, you can
see the mother-milk fed on challenged villi of the intestine of
these pups; and 2 hours after the toxin, mother’s milk gave
perfect protection. There didn’t seem to be much degeneration
of the tissues. But in the control, which was the infant formula
by itself—and it was mostly with soy components—you can see
that there’s a dramatic decrease in the villi of the intestinal lining
of these animals when they were fed exactly the same formula.
But with other milk fat globule membrane, well you can see,
especially in the middle picture, that the tissue resembled much

more... the one of the tissue of the pups fed their mother's milk.

Something like that was also observed when these same tissues
were looked [at] under blue fluorescence, in which the intensity
of the fluorescence of the mother’s milk was compared to the

fluorescence of the control.

You can see that data on the bars all the way to your right. And
you can see that the mother’s milk and the formula with milk
fat globule membrane are much more similar than those in the

control.

Dietary Prebiotics and Bioactive Milk Fractions Improve
NREM Sleep, Enhance REM Sleep Rebound and Attenuate
the Stress-Induced Decrease in Diurnal Temperature and
Gut Microbial Alpha Diversity
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Control Test
Diet (PND 52)

FIGURE 2| Test diet i L i Data
demonstrating, in a subset of rats, that consumption of the test diet
significantly increasad levels of Lactob rhamnosus in lecal cultures at
PMD B2, when compared with those eating the contral diet (' = 0.05 ve.
contrel diet),

Thomasan RS, et al. Front Behay Newrassi, 2016;10:240. Used undes terms of the Creative Commons
Atriution 4.0 international License.
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That is very exciting, and I picked just this one paper to show
something that I want to really stress the point on the biological
activity. We all know that any... I have a daughter that is
specializing in cognitive science. She has a PhD... But all the
cognitive tests have to do with teaching something, and then
seeing how rapidly somebody [learns] or not. And this paper by
Thompson published in 2016,° really didn’t have to look at
that. It only looked at the non-REM sleep, which this REM
sleep is just the normal response of our central nervous system

to something as normal as sleep.

And here’s something very interesting that they did: They
analyzed, not only that, but they analyzed the microflora, the
microbiome on these control mice and the test mice. And you
can see that once they had milk fat globule membrane, the

colony-forming unit was enhanced a lot.

Dietary Prebiotics and Bioactive Milk
Fractions Improve Sleep

»

Conclusion:

The bioactive milk fractions, Lf and
MFGM, not only help promote growth
of beneficial gut microbial species
(Chatterton et al, 2013; Timby et al,
2015), but they may affect brain
function directly.”
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Thompgzon RS, et al. Front Bebay Meurnsei, B16;10:280; Used under terms of the Crestive Commans
Attribetion 4.0 Intermational License.

*Chattertan O, =1 ol Int | Biochem Caff Biol: 2013;45:1730-47; Tamiy N, et al. | Pediatr Gastrosmterol Hutr.
2015;50:364-5.

Well, so was their microbiome. There were very interesting
changes in the populations on the microbiome, as you can see
(there]. And I'm not going to go into the detail, except for
highlight(ing] the conclusion of the scientists, in which they

showed us that the bioactive milk fractions—lactoferrin and

milk fat globule membrane—not only helped promote the
growth of the beneficial gut microbial species, but they may
affect the brain function directly. That is something I really

need to stress for this audience.

Mimicking the Human MFGM Structure

Gallier 5, et al. Colioids Surf B Biainterfoces. 2015;136:320-39. Used under terms of the Creative Commoans
Atriution 4.0 International License.

Effects that have happened... the industry, is looking at the
same pictures that my student, Sophie Gallier, and they say,
how can we humanize this? So, there’s been some efforts. And
I'm going to go back to this slide in which you can see the
domains in your upper right-hand, and then you can see the

distribution of proteins in the lower one, on the right-hand side.

Gallier 8, et al. Cofioids Surf B Biainterfoces. 2015;136:326-38. Used under terms of the Creative Commoans
Atribution 4.0 International License.
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And then by doing some process that they don't disclose, you
can see that this is bovine milk looking a lot like human [milk],

still not perfect, but this is very important.

Clinical Trials of MFGM

* Sweden—Timby et al study: n=160; <2 to 6 months

* A low-energy and low-protein infant formula with bovine MFGM or a
standard formula was randomized until 6 months of age. Reference
group: breastfed infants

* At 12 months, MFGM-supplemented group obtained significantly higher
cognitive scores in Bayley-1ll compared to the standard formula group
(105.8+9.2vs 101.8 £ 8.0, M £ SD)

+ Scores of the MGFM group do not differ from breastfed group
(106.4+9.5)

« Decreased incidence of otitis media in infants <6 months

* Noincreased risk of skin reactions in the group supplemented with
MGFM

Timby N, et al.J Pediaer Gastraenteral Nutr. 2015;60:384-0. Timby N, =t al. Clin Wed insigfits Pediatr.
2015;9:63-64. Timby N, et al. PLOS One. 2017,12(1):c01 69831,

Now, rapidly, I want to move to the clinical trials, the study of
Timby” in which they used 160 children, focused on cognitive
ability. This, all of this you can read, increased incidence of

otitis media and everything, what are the results of this.

Study From Timby & Lonnerdal
Cognitive
. 106.4
: 105.8
106
105
104
103
101.8
102
101
100
29
MFGM+F F MM
MFGM, milk fat globule membrane formula supplemented formula; F, standard farmula; MM, mather's milk,

Timby N, et al. | fediatr Gastroenteral Nutr. 2015;60:384-0. Timby N, =t al. Clin Med Insights Pedictr.
2015;9:63-64. Timby N, et al. FLOS One, 2017;12(1):0169831.

Let me just show you very rapidly the result. On the very far

end, on your right-hand side, mother’s milk, responds 106.4 on

their scale. Formula fed, response only 101.8, but exactly the
same formula, added with milk fat globule membrane. Those
babies responded, and their score was 105.8. Very similar to

mother’s milk. And this was only in the cognitive test.

Study From Timby & Lénnerdal
Mator Verbal
1005
108
100 107
895 106
105
e
104
985
102
BE 102
9.5 101
&7 100
MFGM+F F MM MFGM+F F MM
MFGM+F, milk fat globule membrane farmula supplementad farmula; F, standard farmula; MM, mother's milk.

Timby N, et al. ) Pediatr Gastracnteral Nutr. 2015;60:388-0. Timby N, =t al. Clin Med Insights Pediatr.
2015;8:63-64. Timby N, et al. BOS One. 2017,12(1):e0169811

The motor or verbal skills did not change.

Infections Treated With Antibiotics or
Hospitalization
Incidence 0—-6 months
16 p=0.040
14 | Otitis
12 Pneumonia
10
% g p=0.034 W Other invasive bacterial
6 W Noninvasive bacterial
a
3 . W Gastroenteritis
o m Other viral
MFGM+F F MM
ioth EF and 5F contained supplemental DHA.
F, milk-f lemembrane supplemented formula; F, standard formula; MM, mother's milk.

_ Timby N, at al. | Pediatr Gastroenterol Nutr. 2015603849,

But for my pediatrician friends, there was a very significant

reduction on otitis media—and those ear infections are really a

plague for formula-fed babies, and that got reduced
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tremendously. Nothing to do with some noninvasive bacterial

infections, which you give to everybody.

Significance of the Bayley-Ill Score:
What is the Gap in Past Studies?

* A meta-analysis examined \.
the mean differences ] P
i
between breastfed and 1473
Marrow-Tiucak, et al =| B
formula-fed groups for s
i 1 Doyle, et al | e
cognitive score. =
Rogan and Gladen =| —
. i H 1
In multlp!e studies, the i “Iaﬁ
mean difference between am
i Florey, et al =/ —_—
groups was approximately R

4 points—in line with the el R A A
effect reported for MFGM.2

Formula-fed benefit

1. Mntderson W,
2. Timby N, =t al
Adagted with pe

The significance of this finding was—and I call your attention
to the results of the meta-analysis of all of these papers, in which
on your left-hand side were formula-fed benefits, and on your
right-hand side the breastfed benefits. Of course, they're not
even touching the line at zero, which means that there [are] very
significant difference between formula fed benefit and breast
fed. But if we were to increase, and we do, with the addition of
milk fat globule membrane, that score [went] all the way to 4.
Well, you see that the comparison would be a very, very

important one.

Now, you may be asking, well this is fine and dandy, but how
much do we need? And really, the amount of milk fat globule

membrane that we need to affect the change is not that drastic.

Effect of Brown-Adipocyte Exosomes on
Neural Growth

WT secretome A{db‘!a 1 *’ secretome

200im | s

Aeprintes Translational Aesearch, Vol 182, Shen 0, Yasmeen &, Marhowrg J, et al, Induction of innervation &y
encapsulated adipocytes with engineered vitamin A metabolism, Pages 1-14, Copyright 2018, with permissien
from Elsevier.

Let me give you an example of what... this was an observation
here at Ohio State. I have a colleague that is looking at
adipocytes. And we saw that these adipocytes secrete
membrane material that is very similar to the one on the milk
fat globule. What you see is the effect that these phospholipids
have on neural cell culture.

These are neurons in vitro, so

they're cultured.

So, the panel on your left-hand side is just with a wild-type cell.
And the one on the right hand, in which we see a dramatic
increase of cells, you see this growth, but these are only with the
secretome of the adipocytes that are very similar to milk. Very
interesting that nature would have adipocytes that are having

milk-like phospholipids.
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Effect of Dairy Phospholipids on Neuron
Stimulation and Growth

A [

A. Control cell growth
B. 1% Fetal Calf Serum
C. 75ugPL

D. 150 pg PL

i Foads, Vol 40, Barmy KM, Dinen T6, Stanton C, Kelly 20, Investigation of
spholiits on cortical ewron outgeawth and stmulation, 60-67, Copyright

So, of course we wanted to link to that, but as luck would have
it, I got beat by some of my colleagues in Ireland. They
published this paper,® and I am summarizing the results here.
Panel A is a controlled neuronal cell growth; B is with the most
advantageous and cell culture, know[ing] that 1% fetal calf
serum promotes the myelination and the growth of neurons,
and you can see clearly how they are. But guess what? 75 pg per
liter or 150 pg, you can see a tremendous change in growth.

And this is a direct effect that we have even in cell culture.

MFGM Key Points

MFGM is a complex structure containing bioactive fats and
\/prcteins naturally produced in breast milk and bovine milk

‘/Human and bovine MFGM are compositionally similar and
share key bioactive components

\/Advances in processing technology allow isolation and
concentration of MFGM from bavine milk

\/MFGM may bring formula composition and function closer to
those of breast milk

I think I have shown some compelling evidence that as we
process our dairy products, we can really modify the bioactivity

of our infant formula. So, I will leave you with that.

Some of your key points. The milk fat globule membrane is a
complex structure that contains bioactive fats and proteins
naturally produced in breast milk. The human and bovine milk
fat globule are compositionally similar, and share key bioactive
components. And, as we can see, they do have an effect
nutritionally on brain and cognitive development. Now, the
advances in processing technology are allowing us to isolate
these very components from bovine milk so that we can add
them into formula. And, this formula is being shown that it

functions closer to breast milk.

OPPORTUNITIES

MULTIPLY
AS THEY ARE

SEIZED
——

I think the future is bright and as Sun Tzu said, the

opportunities multiply as they are seized.
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And I'm going to leave you with an image of me, very happy,

working with my butter churn. I think it's now time to see if I

can answer some questions. Thank you very much.

Question & Answer

Is the milk fat globule membrane structure derived from
cow’s milk similar to the milk fat globule membrane

structure in human milk?

Dr. Jiménez-Flores: Yes, the milk fat globule components are
1:1. Now, whether that is presented in the formula at exactly
the same structure as with fresh milk, either from the cow or
the mother, that's another issue. But we can draw a perfect
parallel on the composition and the ratio of the components
that are there. We have proteins, as important as I was talking
about—lactoferrin, mucins—and they all form an integral part
of the milk fat globule membrane, which is formed by
phospholipids: the phosphatidylcholine, ethanolamine, and the
sphingomyelin. And those are very similar and very synthesized
in mammary glands in very similar ways in any [of the]

mammals.

Is the bioactivity of milk fat globule membrane derived from
cow’s milk unaffected during processing and is there an assay
to verify activity?

Okay, the second part first. Unfortunately, we don’t have
exactly a biological activity that tells us, well, this preparation
really helps cell growth, or neuronal growth, or not. Hopefully,
we're working towards that end. But, we know that it's very
important to have all of the components present, that means all
of the phospholipid components, including sphingomyelin,
phosphatidylcholine, and phosphatidylethanolamine in the
same proportions. And that we can measure very accurately
with techniques of [high-pressure liquid chromatography]
HPLC, etc. As a matter of fact, I think that it should be used
nowadays, because I'm not in the business, but it is, I would say,

the perfect quality control for the ingredient that we add to the
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formula to make sure that all the components are there, present,

and at the same proportions.

MFGM Supplementation in Formula Modulates
the [Rat] Neonatal Gut Microbiome and
Normalizes Intestinal Development
A Body Weight B oo v
= - r £ CIMFGM
3™ aan] LT [ =u®
5o -
i ]
Figure 1. MFGM supplementation = sae
in formula normalizes intestinal " & 3 o
architecture In a dose-dependent " "f;fm o"::‘i
manner without affecting body
weight at postnatal day 15. - oyt gopm
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N o o

Bhinler 6, et al. S Aep. 2017;7:45274. Used under terms of the Crestie Commons Attribution 4.0
Intermational Licenss.

Is the bioactivity of the milk fat globule membrane derived
from cow’s milk and added to infant formula the same as the

milk fat globule membrane bioactivity in human milk?

The answer to that question I think I showed is, mostly, yes.
We can recover effects in the intestine that you can see using
mother’s milk as the control, our golden standard, and then
comparing it to the formula without the milk fat globule
membrane, the comparisons were always very bad. The
moment we added this component in a small concentration—
we don’t need a tremendous amount, but we need to have it in
a significant amount in mg per L—we saw the effect. There was
an effect not only on the cognitive, but we saw the effect on the
tissue development on the pups. We have seen the effect on the
infection, the otitis media, for example. Although that
experiment also included something that is present in the milk
fat globule membrane, and protein called lactoferrin. So, you
may split hairs, and ask what would be the effect with just
lactoferrin? And while I don’t doubt there would be an effect,

probably measurable, the important thing is that there is a

synergistic effect when that lactoferrin is in the context of the

milk fat globule membrane components.

How much milk fat globule membrane is in formula and how

does this amount compare to the literature?

Well, the amount that is being added to the formula is such that
it reflects in the amount that was used in the review of the
experiments... the ones that I have discussed and the ones that
have been studied. There is also an important part that beyond
a certain amount—I'm going to change the slide, in which we
have 1.2 g per L or 6 g per L on the preparation that has a
fraction of those 1.2 g is the phospholipid. But as you can see,

there was not that big of a difference going from 1.2 to 6...

Effect of Dairy Phospholipids on Neuron
Stimulation and Growth

i B

A. Control cell growth
B. 1% Fetal Calf Serum
C. 75pug PL

D. 150 pg PL

n €, Kelly BM, Investigation of
sphvoiigits on contical newron outgrowth and stimulation, 60-67, Conyright

...the same thing that we saw for the neuronal development
that, while there is 75 ug per L or 150 pug per L... there is one
data missing there.... But when they went to 300 ug per L, there
was no further increase or change. So, how are we going to
justify that... is [first] we're going to see what was done on these

experimental trials and limit that amount to the infant formula.

How much phospholipid is in milk fat globule membrane?
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I would say that if you isolate just the membrane it represents
about 60%. The other 40% to 45% are the proteins present
there. The membrane material is almost exclusive[ly]
phospholipid and protein. Now, as I showed in my picture, if
you isolate the cream, the amount of phospholipids in cream
only represents say a tenth of a percent, maybe two-tenths of a
percent of the total lipid present in there. That's why it’s
important that the technology that we develop can concentrate
this component to transfer it from cow’s milk into our infant

formula.

What is the most efficient way to derive milk fat globule
membrane from bovine milk at this time? And through

buttermilk or whey?
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Right now, because of all the advances that we have had with
whey processing, I have to say that the ingredient most likely to
be utilized immediately is from whey. And it obeys also that the
milk used in cheese making is really not thermally abused that
much, because everybody knows if we overheat our milk to
make cheese, we don't end up with a good cheese. So, we like
the fact that it is going to be treated nicely and reduce all fetal
microbial contamination, but it is also at the same time not
thermally abused. And, I think that's going to be the first
commercial way. The second one will be buttermilk, once we
get over the hurdle of the thermal treatment to cream for butter
because it’s certainly much more abundant in buttermilk than

it is in the whey fractions that have been used up to now.
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