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Low Acrylamide French Fries and Potato Chips

Caius M Rommens

Some of our most popular processed foods contain small amounts of toxic
acrylamide. Currently available methods that lower the accumulation of this
reactive compound have a negative effect on sensory characteristics and/or are
not broadly applicable. Realizing their limited options, several food companies
have committed to substantially reducing the acrylamide levels in fried and
baked potato products over the next three years. A novel method that could be
applied to produce the desired low-acrylamide foods was recently published

in Plant Biotechnology Journal. According to this method, potato plants are
transformed with an all-native silencing construct that targets two asparagine
synthetase genes. The resulting plants produce tubers with very low levels of
the acrylamide precursor asparagine. French fries and potato chips from these
“intragenic” plants contain up to 20-fold lower levels of acrylamide than their
untransformed counterparts. Given the important role of processed potato
products in the modern Western diet, a replacement of current varieties by the
low-asparagine potatoes would reduce the average daily intake of acrylamide by
almost one-third.

Acrylamide is a typical constituent of modern diets and may play a minor role

in the emergence of certain “modern” diseases. Dietary intake levels of acrylamide
have been rising in the Western world since the early 1900s and are currently estimated at
40 pg/person/day. Acrylamide is formed in starchy foods when they are baked or fried as
a consequence of the reaction between certain sugars and the free amino acid asparagine
(Fig. 1). This reactive compound is present in products derived from wheat pour, coffee
beans, and potato tubers. Ingested acrylamide is readily absorbed and, in part, metabolized
by a cytochrome P450 to produce mercapturic acid and glycidamide. Whereas mercapturic
acid is excreted via urine, both the remaining acrylamide and its reactive metabolite bind
to various proteins as well as DNA. High levels of adduct formation have been linked to
animal health issues, including cumulative nerve terminal damage. As suggested by several
recent studies, acrylamide intake may also be associated with the increased incidence of
neurodegenerative and other types of diseases?.
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Figure 1 Toxicity of heat-induced acrylamide formation in starchy foods (A) Nitrogen
is acquired from the environment via nitrate reduction or ammonia uptake, and assimilated through

the action of enzymes such as glutamine synthetase (GS), ferredoxin-dependent glutamate synthase
(GOGAT), aspartate aminotransferase (ASPAT), asparagine synthetase (AS), asparaginase (ASPASE),
and glutamate dehydrogenase (GDH). GLN = glutamine, UKG = U-ketoglutarate, OXA = oxaloacetate,
ASP = aspartate. (B) Asparagine plays a role in the long-distance transport of nitrogen, and in the
storage of this compound in sink organs such as tubers and seeds. (C) At temperatures exceeding
120°C, the L“J-NH2 group of asparagine reacts with the carbonyl group of reducing sugars to produce

a Schiff base which, especially under high moisture conditions, forms the Amadori compound N-(D-
glucos-1-yl)-L-asparagine. This unstable compound then forms acrylamide through decarboxylative
deamination. (D) Upon intake of processed starchy foods, acrylamide is readily absorbed and distributed
among tissues. Some acrylamide is detoxiyed whereas another part is converted to glycidamide. Both
acrylamide and glycidamide bind DNA and proteins to form adducts. This adduct formation is linked to
various diseases.

Attempts to lower the acrylamide levels in foods are either not broadly
applicable or negatively affect food color, texture, and taste. Recently
developed methods that limit acrylamide formation to some extent require changes
in grower or processor practices. Such modiycations often limit the applicability of
the method and/or affect the quality of the ynal product. For instance, the beneycial
effect of sulfur fertilization on lowering the acrylamide potential of potato and
wheat is off-set by increased farmer input costs and sulfur contamination issues.
Furthermore, the partial reduction in acrylamide concentration that can be achieved
by modifying processing variables, such as the time and temperature of heating,
yields products with altered sensory characteristics. A third approach incubates raw
materials with either asparagine-metabolizing enzymes or amino acids that compete
with asparagine in the Maillard reaction. Such treatments are only partially effective
for some raw food ingredients, require high concentrations of the additive, and are
too difycult and costly to apply broadly.

Inhibition of the starch degradation pathway in potato tubers lowers their
acrylamide potential by up to four-fold. A more preferred route to lowering the
accumulation of acrylamide is to shift to crops that are naturally poor in acrylamide
precursors. Although there are currently no such varieties available that also display
all the additional input, processing, and quality traits demanded by the processing
industry, it is possible to reduce the acrylamide potential of existing varieties
through fAintragenico modiycation*. This new extension of plant breeding modiyes
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