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formaticon of this amide bond.
Well, 1f you look at the amino acids 1in

the food system, there are already a couple that

th

have amide bonds present in the side chain. One o
these 1s asparagine and the other is glutamine.
Now, amino acids during typical cooking conditions
undergo a process of decarboxylation followed by
deamination. If you look at this asparagine side
chain, 1t looks very similar to acrylamide. What
is known as the structured aldehyde of the amino
acids would form this aldehyde here, and there 1s
the possibility that there 1s a side reaction going
on where we can form acrylamide from asparagine.
You will see, as I show further on, that this is a

small part of the reaction. Glutamine here Jjust

b
w
ct
jon
M

has an extra methylene group but there
possibility that under typical cooking of food
where you get decarboxylation followed by
deamination it might form some type of
rearrangement of products which could lead te a
conceivable small portion of acrylamide forma::on.

[slide]

MILLER REPORTING CO., INC
735 8th STREET, S.E.
WASHINGTON, D.C. 20003-2802
(202) 546-6666




599

10

11

12

13

14

15

16

17

18

19

20

21

22

102
To address this we developed a model
system. In this case we tried to make it like a
potato chip. We took potato starch and water. We

were able to heat this kind of like a dough sheet,
and to this system we could add a variety of amino
acids, reducing sugars and a variety of other

2 am a2 =

n nt ihibitors. After

; AN agh 3 ~1 I "
ingrealien W bt

s which could include 1
this we could take it to a frying process and then
measure acrylamide in the finished product. This
could also be baked and we showed in our studies
that baking can result in the formation of
acrylamide.

So, the elegance of this model system--we
have to make sure that our system 1s inert itself.
Here we looked at a potato starch system and we
went through the frying process and got less than
50 ppb acrylamide. To our potato starch we started
adding reducing sugars such as dextrose. We take
our potato starch, we add in asparagine alone and
we start to detect acrylamide formation. However,
the combination of dextrose and asparagine gives us

significant amounts of acrylamide formation here.

MILLER REPORTING CO., INC.
735 8th STREET, S.E.
WASHINGTON, D.C. 20003-2802
(202) 546-6666




o

10

11

12

13

14

15

16

17

18

19

20

21

22

105

We also looked at other amino acids, such
a alanine, aspartic acid, lysine, threonine and
glutamine. We can actually detect a small level in
glutamine, 156 ppb versus asparagine with 900C.
So, about one percent the level is formed in
glutamine compared to asparagine. However,
arginine, cysteine, all these other amino acids dc
not form detectable levels of acrylamide. You carn
see from this that we kind of felt that asparac:n=
is really the source of acrylamide.

[Slide]

How does this relate to food systems?
Well, what about amino acid composition of
potatoes? We looked at that and approximately 50
percent of the amino acids in potatoes are 1n the

free state, which means it is not incorporated i1nto

the protein. Out of that, asparagine 1is roughly
half of the free amino acid content. Sc, :t .=
conceivable that potatoes have such a high l.we. ¥

free asparagine that that could be the source cf
acrylamide formation in potato products.

[Slide]
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Other reactions were carried out with
using free amino acids such as asparagine. We
wanted to find out whether protein-bound asparag:ine
could also participate in the formation of

acrylamide. So, as an analog, you can purchase

[
n

N-acetyl asparagine where the alpha-amine group

tied up to this bond, here, mimicking a protein

analog. We reacted this with dextrose to see 1% 1t
formed acrylamide. The results were that no
acrylamide formation was observed. So, from our

understanding, we felt that all we need to be
concerned with is free asparagine because tha®t :s
what 1s the precursor to acrylamide formation
during heat i1n the food system.

[Slide]

We know that asparagine is required for
homolysis and dextrose is also required. So, we
looked at a dose-response curve from dextrose. Tf
you look at a potato, to get a rough estimate,

asparagine is actually 1.25 percent in a potato.

tn

The dextrose or reducing sugars 1s about ¢.

percent in a fresh product when harvested. but a

m
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product 1is harvested, usually in the late summer
early fall, it may go into storage and be stored
for quite a period of time and the level of
reducing sugars will actually increase in potatoes.
So, you can see that as you increase your level of
free reducing sugars you actually increase your
level of acrylamide. So, we know that you need not
only asparagine but a level of reducing sugars in
potatoes.

[Slide]

Are there other carbonyl sources that can
form acrylamide? Some recent work speculated that
the formation of acrylamide from asparagine, the
structured degradation reaction--structured
degradation reaction is implicitly explained,
actually a di-carbonyl such as, in this case,
glyoxal reacting with the amino acid causes the
reaction to proceed. We also showed that
glyceraldehyde, 2-deoxyglucose and ribose are also
efficient at forming acrylamide in food systems.

People who are familiar with the Maillard

reaction understand that the typical browning
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reaction involveg first a reaction of a carbonyl
amino acid. If you use a molecule such as
2-deoxyglucose where it is C2 here, you do not have
a hydroxyl group. This prevents the molecule from
undergoing the rearrangement. So, this actually
lets us know that all we need is to Schiff base the
formation for the formation of acrylamide. This 1s
also verified by reactions we did, lipid aldehyde
such as decanel, and Dr. Adam Bakowsky at Heal:th
Canada also published about octynal, another lipid
aldehyde that can react with asparagine to form
acrylamide.

However, pecple may ask is lipid oxidation
contributing to acrylamide formation? I would
think not because if you look in the food system,
typically the reducing sugars are probably on the
order of about one to two magnitudes higher thar
the lipid aldehydes. So, I think what we need to
be concerned with is level of reducing sugars.

[Slide]

To prove that, initially we are thinking

that the asparagine actually going into acrylamide
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is the side chain here. Just to make sure we can
prove that this is going on, you can purchase
isotopes which can be incorporated and enriched in
either *nitrogen or '?carbon. So, we carried out
experiments just to confirm that this is where the
source of carbon nitrogen is coming from in

ine.

asparag

[Slide]

For the initial experiment we used
amide-labeled asparagine so it is !°N here.
Reacting with dextrose, we should form acrylamide
where we have a '*nitrogen at the amide bond.
Acrylamide has a molecular weight of 71. We are
going to be monitoring and any unlabeled acrylamide
would show a mass at 72. However, since we are
incorpeorating !°N here, we think we should be
detecting this at a mass of 73. And, this i1s what
we see. We do not detect any unlabeled acrylamide.
Really 97 percent of the total acrylamide response
is at the monolabel, suggesting that this amide
nitrogen is being incorporated into the acrylamide.

[Slide]
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We did further studies where we labeled
the alpha-amine nitrogen. Again, this is the
source of the carbon nitrogen so when we add
dextrose to form acrylamide we should get a mass at
72 here so any detectable levels of acrylamide were
the unlabeled acrylamide, again suggesting that
this nitrogen is not being incorporated into the
acrylamide formation.

[Slide]

Next was to verify where the carbons were
coming from. So, we purchased a uniformly labeled
asparagine where all the nitrogen and carbons are
labeled. In this case we got this nitrogen label
and these three carbons and we should see an
increase of four mass units and we should be
detecting acrylamide at a mass of 7¢. Indeed, from
our analysis all we could detect was the acrylamide
at 76. You see 1in this chromatogram that we a.sc
monitored at 75, 74, 73 and 72 for any othe:
molecules. So, from these experiments we concluded
that this side chain of asparagine i1s what :s being

incorporated into the acrylamide.
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[Slide]

From these studlies we were able to form
this following mechanism of acrylamide format:rorn.
The alpha amine group of asparagine here is a
mucophilic attack on the carbonyl source, forming
glycocyamine. As you are driving away the water,
you get the formation of Schiff base. So, actually
this process is favored under reduction of water in
your cooking system. After this, as heat 1is
applied we get decarboxylation that forms as
intermediate which rapidly degrades to form
acrylamide, os hydrolyzed to form beta alanine
amide, and beta alanine amide itself can undergo
elimination of acrylamide. We showed that we can
heat this under typical frying conditions and it
will be able to decompose even 1n the absence of
sugars to form acrylamide.

So, this is kind of a proposed mechanism.
How can we prove that? Well, util:zing LC/M mass
we are able to do that. What I will show vcu or
the next slide is where we are going tc be

monitoring our carbonyl source. In this case we
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use dextrose SO we can monitor that at a molecular
welight of 180. We are goling to be monitoring
asparagine. And, as we heat a product out we are
going to be looking at the formation of Schiff
base, the beta alanine amide and the acrylamide to
prove our mechanism.

[Slide]

Here are the first monitoring
intermediates in acrylamide formation. In this
case, we use just regular asparagine reacted with
dextrose. You can see that at our initial time,
zero seconds, we get a response for dextrose and a
response for asparagine. At intermediate time, 180
seconds, we actually start to see our first
intermediate Schiff base being formed. As we heat

this on to 270 seconds we have actually depleted

all our source of asparagine, dextrose. The Schiff
base 1is gone. We get an extra intermediate beta
alanine amide and also acrylamide. So, we can

monitor these intermediates in this reaction
system.

Just to confirm that they were there we
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actually used isotope labeled **C and !°N molecules
and we can see the corresponding shift to mass
units. In this case we are monitoring asparagine
at 133, with these all being labeled, and
incorporation of six mass unit difference. We
monitor at 139 and we can see the increase so the
acrylamide has gone from 72 to 76. The beta
alanine amide has gone from 89 to 94. So, we have
confirmed that these intermediates are actually
formed during the reaction process.

[Slide]

Next 1s understanding acrylamide formation
in food products. All these studies I have been
showing you right now are a model system so we need
to prove in a real food system that asparagine 1is
the source of acrylamide. Questions arising--1s
asparagine the only precursor to acrylamide in
heated foods? What about other potential sources
of acrylamide, methionine, glutamine, cysteine cr
acrolein? These have been postulated by people to
maybe provide a minor amount of acrylamide. in our

model system, we think we have disproved this fact
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and have shown that they are not sources.

But another way to do this, we decided to
do selective removal of asparagine from a real food
product with the enzyme asparaginase to address
these questions because we felt like if we could
have asparaginase in this real food system degrade
all the asparagine and look at acrylamide formation
we would show that that reduces acrylamide
formation and asparagine is the source of
acrylamide in a real food product.

[Slide]

Asparaginase, this enzyme, will hydrolyze
the amide bond of asparagine utilizing water and
will form aspartic acid. If you remember our
initial model system that I showed you, we analyzed
aspartic acid’'s ability to form acrylamide and it
formed undetectable levels. So, we feel like 1if we
do convert asparagine to aspartic acid it should
result in reduction of acrylamide formation.

[(Slide]

So, here is our real food system. We took

washed, Russet bake potatoes purchased from the
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local grocery store, boiled for one hour, and then
we blended the flesh on a one to three ratio with
distilled water. We have two plots here, one as a
control and the other one we did with enzyme
asparagine-treated, carried out for 45 minutes ar-
room temperature. Then we microwaved this at two
minute intervals for a total of ten minutes. This
is a highly cooked product to maximize acrylamaide
formation. Both the control and asparaginase
treated products were dry and brown after the step.

To make sure that the enzyme was work:nc
correctly we analyzed for change in asparagine and
aspartic acid. This is our control sample and, as
mentioned earlier, free asparagine is high 1n
potatoes so you have a nice peak response here for
asparagine and a smaller response for aspartic
acid. In our asparagine-treated sample you can see
where the asparagine has been depleted. We
depleted about 88 percent here and the aspar..c
acid is subsequently increased. Sc, we know that
in our system here the reaction was carryina out

the way we expected.
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Next was to monitor for acrylamide. We
can see in our control product we have 20,000 ppk
acrylamide. Asparagine 1s treated down toc 164 sco
we actually got greater than 99 percent reducticon
in acrylamide by using asparaginase. So, we feel
that this experiment is able to prove that

1

the m 1anism for acrylamide

asparagine 1s the
formation in a real heated food system, in this
case being the potato.

How does this relate to other foods? In
our studies we looked at the yield of acrylam:de
from asparagine. We deduced that the yield was
less than 0.5 percent. Dr. Adam Bakowsky at Heal:th
Canada also showed 1n his work that the yvyield was
ébout 0.1 percent. So, we have taken these numbers
and looked at a variety of food products. If{ vycu
look at the amount of free asparagine in the
starting food products and vyou correspond tc¢ the
yield of about 0.1 to 0.5 percent, I think that
will compensate for all the level of acrylam:de

that has been detected out there. So, we fee. tnat

asparagine is the source of acrylamide formation 1in
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all food products.

[Slide]

Acrylamide precursocrs are ready to
intervene. We know that asparagine is important
for this formation and also reducing sugars.
Typically in food systems reducing sugars are
glucose and fructose. Some foods will contain
sucrose and in the cooking process will undergo
hydrolysis to form glucose and fructose.

How 1s this affected in potatoes? Well,
the level of asparagine and reducing sugars
actually varies by the source of potato. I think
there are many people out there in potato
processing areas who are monitoring asparagine in
variety of potatoes and also looking at reducing
sugars, and we know that in storage conditions, as
potatoes are stored for periods of time, the level
of reducing sugars will increase. If you look at
product in the early fall, it will probably have a
low level of acrylamide but as people start to use
more potatoes that have been stored for a longer

period of time the acrylamide will potentially
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[Slide]

In conclusion, asparagine is the major
source of acrylamide formation in foods. Carbonyl
source typically in food systems 1is going to be
reducing sugars as required in the reaction. 0i1l
oxidation products and starch do not appear to be
significant factors in acrylamide formation.

One thing I forgot to mention when I was
showing you our model system where we took our
potato starch and added amino acids and fried 1t,
we also looked at fresh o0il versus an oxidized,
aged o1l to see if acrylamide formation was
affected and there was no difference. So, we were
able to conclude that o0il gquality such as oxidized
©0il did not significantly affect the level of
acrylamide formation.

So, that is the conclusion of my talk.
Thank you.

Questions of Clarification
DR. MILLER: Thank you. Comments or

guestions?
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DR. BUSTA: You were generating acrylamide
in a microwave in a water system which wouldn'’t be
over 100 C. Right?

DR. ZYZAK: Yes.

DR. BUSTA: I thought we required a higher
temperature than that to generate acrylamide.

DR. ZYZAK: I mentioned that in the
microwave system it was dry and brown, and there
are results out there that you can form acrylamide
during microwave conditions. What we found is a
big factor in the level of acrylamide formation is
the moisture of the product. So, if you do
microwave something and you still have a higher
moisture content, it is probably okay. It s when
you get down to low moisture content that you drive
that reaction. As I showed the mechanism, as we
remove water from our Schiff base you get the
decarboxylation step. So, I think finer moisture
content 1s a critical factor in acrylamide
formation in food products.

DR. BUSTA: Are you saying temperature is

not?
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DR. ZYZAK: Temperature 1s. I think it is
a combination of both. You need to have a low
moisture environment to get that Schiff base and
you need to get heat involved to get the
decarboxylation step going on. You do need both cof
those going on, but we do see that at 100 degree C
you can form acrylamide.

DR. MILLER: Johanna?

DR. DWYER: I think I am right that
ascorbic acid is a reducing sugar and 1is present 1in
some foods.

DR. ZYZAK: Correct.

DR. DWYER: Is that a significant factor?
For instance, my ancestors ate a lot of potatoes
and I want to know if I have gene damage.

(Laughter]

DR. ZYZAK: I think you were talking about
ascorbilic acid and four carbon sugars can
participate in this reaction, but I think ¢ ..
look at the level of reducing sugars, such as the
glucose and fructose, they are about ha.f a percent

and can range up to two percent in a potatc. So,
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that far outweighs the level of ascorbic acid in
there that is enough to facilitate the reaction.

DR. MILLER: Yes?

DR. MEHENDALE: I was wondering if vyou
have tried any carbonyl blocking mechanisms 1n vour
reactions.

DR. ZYZAK: Yes, the typical anti-browning
reason are sulfites. All this would be simple :-%
we could add sulfites to solve the problem but 1t
didn’t work and you can only add a pretty low

percentage of sulfites in a food product, like 1%

mn

you buy dehydrated potato products I think 1t :
less than a percent or something like that, the
level of sulfite you can add 1n there. Since you
élready have a couple of percent of reducing sugars
we didn’'t see any benefit to adding sulfites.
However, we also looked at another am:nc

acid like lysine. We added lysine in there =

9]

block the carbonyl source, dextrose in this rase,
that was ineffective. However, 1f you add the
amino acid cysteine, you can actually decrease tne

level of acrylamide formation. The question 1s, 1is
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the cysteine reacting with the dextrose tied to the
carbonyl, or is it reacting with the acrylamide
once the acrylamide forms? It is actually a later
part of the reaction so it is complexing with the
acrylamide.

DR. MEHENDALE: I have a follow-up
question. You know, in some old literature a
gentleman by the name of Serami has done a lot of
work on di-cosylated end products for aging.

DR. ZYZAK: Yes.

DR. MEHENDALE: It seems to be that it was
carbonyl groups of dextrose that are involved.

DR. ZYZAK: Yes.

DR. MEHENDALE: So, it seems to me like
there may be some potential for either blocking or
reacting the carbonyl groups with other things.

DR. ZYZAK: Yes, you bring up Dr. Anthony
Serami and I did my graduate studies with Dr. Johr
Baines, who were kind of competing with each other
so I am very familiar with his work. We also did
studies by adding one protein and other things in

our model reactions. Maybe we can add a protein
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source that will either react or just tie up the
reducing sugars. We weren't very successful at
that.

We did try adding a protein source to our
model system and didn’t seem to have a significant
increase. But, again, in that case we were using
something off the shelf like a relatively
inexpensive source. I mean, you can go out and buy
some yeast products which may have a high content
of glutathiamine. It is a very pricy product. So,
if you want to try to reduce the level of
acrylamides, you could probably incorporate a
source of protein which may have a high
concentration of thiol groups in there which are
known to be very active with acrylamide once 1t 1is
formed. People have done studies looking at amino
acids. Amine groups will react with acrylamide bu-
not very readily where there are high thiols.

DR. MEHENDALE: So, how long can we keep
potatoes?

[Laughter]

DR. ZYZAK: I think many people in the
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industry are also looking at that, you know, how 1is
acrylamide going to be affected as later in the
season we are using older potatoes? I think we are
all looking at that now and I think many pecple are
addressing that so it will come up in the future I
believe.

DR. MILLER: It depends on how you cook
the potato.

DR. 2ZYZAK: Sure, vyes.

DR. MILLER: Any other comments? Yes?

DR. TORRES: Are there any other food
systems where there would be a lot of free
asparagine?

DR. ZYZAK: Yes, asparagus has a high
level of free asparagine I believe. I believe at

the subcommittee meeting Dr. Lauren Jackson showed

some data that the level of free asparagine is high

in almonds. I think it is high in legumes, beans,
bean products. Asparagine actually is used by
plants as a source of nitrogen storage system. So,

most plants utilize asparagine to store the

nitrogen for further use as energy or convert it
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into protein. So, I think we are kind of stuck
with this because, you know, that is the way plants
are going toc grow so they are going to use nitrogen
as a fixation source until we can use some biotech
and utilize some other source of nitrogen.

DR. RUSSELL: I was just wondering 1is
there much of a difference between white potatoc arnd
sweet potato in the acrylamide formed under similar
conditions?

DR. ZYZAK: You know, I don’'t have that
data. We haven’t done that experiment but I think
definitely there is activity in that. We,
ourselves, know that the variety of potato w:ill
affect the level of acrylamide because different
varieties of potatoes will have a varying factor of
asparagine 1in them and reduced sugars so we are
also looking at that.

DR. MILLER: It seems to me that mos+® rocrs
vegetables cooked at high enough temperature:
should be excellent sources of acrylamide.

DR. ZYZAK: Yes. We actually talked with

kind of a potato professor in industry just ¢
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understand more about how it is using asparagine sc
we can get potatoes with a lower source of
asparagine. There doesn’t seem to be a lot of
information out there about that. You know, I wasg

specifically told that roots are different from

N W~ At gt ~= ] R ~ £
tubers I don’t know all the botanical aspect orf

6]

that but it can be different whether it is a potatc
versus a carrot.

DR. MILLER: Well, 1if it stores asparagine
as a nitrogen source then, depending on how it 1s
cooked, it will have a high level of acrylamide.

DR. ZYZAK: Exactly, yes. I think any
source of product out there that has free
asparagine, 1f you cook it under conditions where
YOu are going to drive off the moisture and heat 3~
up, Yyou are going to get acrylamide formation.

DR. MILLER: Certainly the big concern
would be legumes as well.

DR. ZYZAK: Yes.

DR. BUSTA: Is this information read:.ly
available to anyone who wants it now?

DR. ZYZAK: Which information? Whazt

=
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just presented? I think it is going to be up on
the website so anybody can download it.

DR. BUSTA: How about before this?
DR. ZYZAK: Yes, actually the JIFSAN--you

know, you have heard the struggle between people

4

1ee

A A mammAAarmt A o A T PR
whether you are in academia and there is a te

@

publish--I think Procter & Gamble is a great
company to work with. Actually, at the JIFSAN
meeting back at the end of October I presented the
mechanism and I told people we identified these
intermediates and I informed people we used the
enzyme to confirm that. At AIOC we showed
mechanism formation, which was in late September.
So, once we felt confident and we knew this was the
mechanism we have been trying to be forthcoming to
the industry and the academic people, releasing the
information.

DR. MILLER: Terry, do you have a comment
yYyou want to make?

DR. TROXELL: Thank you. If you look at
the spectrum of foods in which we find acrylamide,

you are tracking foods that contain enough

MILLER REPORTING CO., INC.
735 Bth STREET, S.E.
WASHINGTON, D.C. 20003-2802
(202) 546-6666




®-

(o)

10

11

13

14

15

16

17

18

19

20

21

22

12¢
asparagine and glucose to form acrylamide so we are
talking about wheat products, corn products. So,
it is not just tubers and so on.
DR. MILLER: No, no, that is the point I

am trying to make.

5
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DR. TROXELL: Exactly.

Q

gquestion of the speaker?

DR. MILLER: Not a good idea! Johanna?

DR. DWYER: I was just wondering, I think
I followed your chemistry but I wasn’t sure about
instant mashed potatoes. Would those be high
because of the extrusion product?

DR. ZYZAK: You may have small levels.

DR. DWYER: I am talking about the
instantizing process.

DR. ZYZAK: Yes. In industry I think most
of the mashed potatoes you buy from the shelf
actually have sulfites in there but there is s+ill
a level of acrylamide. We are even monitorina cur
tlakes, our starting material, and during the
flaking process of potatoes they go through cooking

and they are mashed and they undergo a spray-drying
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process and, yes, there is actually a small amount
of acrylamide. I think it 1s probably around 10C
ppb but you also have some precursors there too
which are formed, such as the Schiff base. So,
during the formation of these dried potato products
you do have a small amount of acrylamide and
probably some precursors.

DR. MILLER: Depends on how they are
cooked again.

DR. ZYZAK: Yes.

DR. MILLER: Other guestions or comments?
Thank you.

DR. ZYZAK: Thank you.

DR. MILLER: Our next speaker is Dr.
Robert Brown, substituting for Dr. Steve Saunders,
from Frito Lay.

Reduction Strategies

DR. BROWN: I feel very fortunate to be
here today. There have been some very good
presentations this morning and it has been nice. I
don’t have a handout. We will have to print one

off. Anyhow, I feel fortunate to have heard the
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particulars this morning. There is some
interesting science going on and it 1s amazing how
far we have moved forward in a short period of time
on this. FDA and other groups have really movec
forward gquickly.

[Slide]

I also feel very fortunate to be standing
in here for Dr. Steve Saunders because Steve is not
only my mentor and my colleague but he is alsc a
good friend of mine. Unfortunately, Steve was not
able to be here today due to unforeseen
circumstances and I know that he wishes he could be
here to be making this presentation today, and he
wanted me to convey to all of you his sincerest
regret for not being able to be here in person to
make this presentation. I am a nutritionis:t and I
was attending a nutrition meeting in town, and he
asked me if I could step in and present th:s
information for him. I am sure I can’t rea..y
substitute for Steve but I am going to give 1t a
shot. That said, I want to present the slides that

Steve sent to me and the notes that he prov:ded for
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[Slide]

That was an excellent presentation from
Procter & Gamble today, very compelling informazion
on the formation of the acrylamide passing through
a Maillard reaction product and that 1is what we
have here so I can just skip past this.

[Slide]

If we look at the first intermediate of
the reaction between asparagine and glucose or
reducing sugar, we see this intermediate. Whern th:
typical Maillard reaction product i1s formed that
typically has an energy activation level of about
25050 kilo calories per mole. These products that
are formed are the typical browning colcrs and the
flavor compounds that are formed in the typ:ical
Maillard reaction product.

As David mentioned, there 1s a second
pathway, a minor pathway proceeding through «n«
Schiff base and going to decarboxylationrn and beta
elimination and proceeding to acrylamide. We have

done some work in our laboratory on a mode. system
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similar to what P&G has done, and we have estimated
that the energy of activation of acrylamide
formation is on the order of 70 kilo calories per
mole. So, you see, 1t takes more heat energy to
form this compound and it is more of a minor
pathway as compared to that going to the Maillard
reaction products.

[81lide]

Clearly, our first insight then is that in
a chemical pathway leading to acrylamide is a low
yield pathway with a higher activation energy.

This will be demonstrated in a couple of slides I
have coming up to show a difference in
concentration between reactants and the products in
this reaction.

[Slide]

If we look at a summary of the data on
acrylamide values in food, you are all very
familiar with this data but I want to make a couple
of points about the different concentrations of
acrylamide in foods. First of all, if you loock at

the foods on this table you will see that there is
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a wide variety of foods that contain acrylamide,
and across these different foods there is a huge
range of concentrations of acrylamide found in
these food products.

Additionally, even across and within a
category of food there is a very, very wide range
of acrylamide formation. You will see in some
foods that the range of the acrylamide can be as
much as two orders of magnitude. So that 1s guite
a bit.

The third thing is that undoubtedly we are
going to uncover more food products that are going
to contain acrylamide, and I think the data that
was presented by Procter & Gamble makes it clear
that we probably can find those foocds quickly by
determining the concentration of asparagine in
those foods and looking at potentially the cooking
process, and then looking at the level of reducing
sugar in those foods.

[Slide]

This slide looks at those d:i:fferent foods

that were on that list. We did a food consumption
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survey and we loocked at this information to look at
all foods that contain acrylamide to get an idea of
what the impact on the American diet would be. If
we look at this 1list, this list shows that
approximately 38 percent of total calories consumed
in the American diet are foods that contain
acrylamide. As you look down the list you see
that, of course, many of the nutrients at about
that same level also are coming from foods which
contain acrylamide. The variation in
micronutrients is dependent on the type of food,
some of which 1is fortified. For instance, many of
the bread products are fortified with iron, and
such. So, that level of iron would be higher than
you would expect as a percentage of the calories.

[Slide]

Clearly, this insight tells us that the
acrylamide guestion really is affecting a large
fraction of the American food supply and is
something that we have to be concerned to
understand. |

[Slide]
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When we began our thinking at Frito Lay
about means to look at the issue of acrylamide
formation and how one might begin the investigaticn
of reduction of acrylamide in food we organized our
thinking in these three areas: One could look at
removing the reactants, either the glucose or the
asparagine; one could look at disrupting the
reaction to form acrylamide by a number of means;
or one could look at removal of acrylamide once .t
is formed in food products.

Finally, at the end of the talk today I
just want to talk a little bit about the
significance of the study of exposure to
acrylamide, which should be an interesting endeavor
that we are looking forward to.

[Slide]

If we start with looking at ways to reduce
the reactants, first of all, this data is com:na
out of Dr. Mottram’s lab at the University c:
Reading in the U.K., and if we look at this, this
was mentioned just a few minutes ago, the

difference in acrylamide that is potentia..y found
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in different potato products and, in this case,
what we see i1s that if we look at the baking
potatoes as compared to the King Edwards potatoes
we will notice that in the raw state we find
essentially no acrylamide. In both potatoes, when
eat sta

Ahey are boiled, in other words the
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below 100 degrees C, we see no formation of
acrylamide. But once the products are fried we see
the formation of acrylamide. In this case we see &z
ten-fold difference in the formation of acrylam:de
between the typical baking potatoes and the King
Edwards potatoes.

Clearly, what we would anticipate from the
information we just saw from Procter & Gamble is
that the level of reactants is probably different
between these two, whether 1t be more reduc.nc
sugars in King Edward’s potatoes, though those were
not measured in this particular study, but tnat
would be a good assumption that we might make.

DR. MILLER: Just a matter of clar:fyvina
something, which is the potato generally used to

make chips?
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DR. BROWN: There is a variety of potatoes
used in all industries. Frito Lay uses a
proprietary potato and I am not sure of the exact
variety name of that one. We call it the Frito Lay
variety and it is called a chipping potato, and
they tend to be lower in reducing sugars but, as
was mentioned, as potatoes are stored over time the
levels of reducing sugars rise.

[Slide]

In this slide if we look at the asparagine
in various crops, as was mentioned just a couple of
minutes ago, in fact the level of asparagine does
vary quite significantly across crops. As you look
at this, there are many crops and food products
that have guite a high level of asparagine. In
this case, you see in some of the products that

there is a huge range of asparagine level in

o3

potatoes, looking at 0.5 to 10 milligrams/gram. I
other products such as asparagus there is a huge
range in the level of asparagine. Then, 1if you
look at wheat the range can be 100-fold difference

between low level wheat and high level wheat. So,
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what we have ig a system that has a lot of
complexities in it and you can’t look at one
solution that is going to work for everything.

Just to mention too, this table was
compiled by the Food Research Institute and they
have a list that goes guite a bit longer than this,
but just toc know that we have a very complex
problem involving the entire food supply.

[Slide]

In our laboratory we did a model system
and we looked at the substrate concentration and
applied the reactants, both glucose and asparagine,
and looked at the change in concentration with the
formation of acrylamide. What we see here 1s a
second order reaction where the maximum level of
acrylamide is formed when both the substrates are
in fairly equal concentration. Whenever one of <he«

substrates 1s at a reduced concentration you s=ze

,,J
D
<
(D
"J

that there 1is quite a large reduct:icon in the
of acrylamide formation. This is an interesting
insight for us because at this point we were aple

to understand that you need to look at your
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specific food product and make the determination
which is the reactant that is highest in that food
product and that is the one that is probably going
to be the one reactant that you want to go after in
that particular food product. The eguation on the
bottom of the slide describes the fit of the
surface plot.

[Slide]

Then, the insight is that the reaction is
a second order reaction and that the concentrations
of the two reactants need to be in fairly egual
concentrations to get maximum acrylamide formation.
The reaction becomes very limiting for