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Crop Nutrition and Functional Foods

CONSUMER INTEREST in the effects of food and
food components on health is growing rapidly. According
to a survey conducted by the International Food Informa-
tion Council (IFIC), 33 percent of Americans are adding
specific foods or ingredients to their diet in an effort to
improve or maintain health. A major reason for the
increased interest in the connection between food and
health is the aging and increasingly health-conscience
baby boomer generation. This group, born between 1946
and 1964, represents the largest group of consumers in the
uU.s.

All foods are functional in that they provide taste,
aroma, and nutritive value. However, in recent years
functional foods have been defined as foods that may
provide health benefits beyond basic nutrition. They
contain biologically active components thought to enhance
health and wellness. These components are not traditional
nutrients, i.e., carbohydrates, fats, proteins, minerals, and
vitamins. The active ingredients are phytochemicals such
as lycopene in tomatoes, allicin in garlic, and isoflavones
in soybeans (Table 1). These phytochemicals, or func-
tional components, may be extracted and consumed as
supplements or may have therapeutic value when con-
sumed in whole foods. When extracted and concentrated,
they are often referred to as nutraceuticals.

The functional foods industry and market in the U.S.
has expanded rapidly and is thought to have tremen-
dous potential for further growth. Some estimate that
functional food sales for 2001 will exceed $17 billion, with
a yearly increase of 8 to 11 percent. With this market
firmly established and growing, it stands to reason that
there may be significant potential for adding value to some
crops by enhancing their functional component content.
Therefore, it behooves both the ag industry and scientific
community to begin to identify and develop factors and
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practices in crop production
that have the potential to
improve the health-affecting
properties of food. Genetic
manipulation of crops will
likely play an important role
in the enhancement of
functional foods. However, certain management practices,
including fertilization, may also be important in affecting
the concentration of active components.

Table 1. Examples of some functional foods and their
active phytochemical ingredients.

Class/component Source!

Carotenoids
Alpha-carotene Carrots
Beta-carotene Various fruits, vegetables
Lutein Green vegetables

Lycopene Tomatoes, watermelon
Flavonoids

Anthocyanidins Fruits

Flavanones Citrus

Flavones Fruits/vegetables

Glucosinolates, indoles, isothiocyanates
Sulphoraphane Cruciferous vegetables

Soy protein
Soy protein? Soybeans and soy-based foods
Phytoestrogens
Isoflavones Soybeans and soy-based foods
Lignans Flax, rye, vegetables

Source: International Food Information Council Foundation (IFIC,
1999).

'Examples are notan all-inclusive list.

2FDA approved health claim established for component.

Like other carotenoids, lycopene is synthesized by
plants, but not by animals. It is important in health and
nutrition since among the common dietary carotenoids it
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Table 2. Effect of potassium nutrition on total carotenoid, lycopene, and

beta-carotene concentration in tomato.

daidzein) are particularly notewor-
thy because soybeans are the only

Nutrient Total carotenoids Lycopene Beta-carotene significant dietary source of these
solution, ug/g Change ug/g Change ug/g Change compounds.
0, 0, 0,

meq K/l fr. wt. duetoK, % fr.wt. duetoK, % fr.wt. duetoK, % Table 3 shows that K fertilizer
0.0 71.6 — 36.8 — 3.5 — can influence soybean isoflavone
0.5 65.0 -9 33.8 -8 34 -3 content. In this example, band-
1.0 74.9 5 41.9 14 3.6 4 . .
20 915 28 53.6 46 3.1 12 applied K produced the most yield
4.0 91.9 28 52.7 43 238 -20 and the highest isoflavones in the
6.0 110.5 54 59.3 61 2.8 -20 harvested crop. Where K was
8.0 111.5 56 61.5 67 2.6 -26 broadcast, yield and isoflavones

10.0 104.5 46 52.4 42 24 -32

were not affected. The results of

Trudeland Ozbun. 1971. Influence of potassium on carotenoid content of tomato fruit.

J. Amer. Hort. Sci. 96(6): 763-765.

has the highest antioxidant activity and has been associ-
ated with reduced risk of several types of cancer, including
prostate, pancreas, and stomach cancers. Lycopene in the
human diet comes primarily from tomatoes and tomato
products. Other foods such as watermelon, grapefruit,
guava, and papaya may also be significant sources.

An early study demonstrated that total carotenoid
content of tomatoes generally increased with increasing
amounts of potassium (K) in nutrient solution (Table 2).
Further analyses revealed that K fertilizer increased
lycopene concentration by as much as 67 percent, while
beta-carotene concentration was reduced by as much as 32
percent. The authors concluded that lycopene is the
pigment most sensitive to K deficiency, and that since K is
an essential co-factor in protein synthesis, its deficiency
could lead to reduced rates of enzymatic reactions involved
in carotenoid and precursor synthesis.

In a more recent study, the effect of potassium
nitrate (KNO,), applied as foliar spray and through
drip irrigation (fertigation), on grapefruit carotenoid
(Iycopene and beta-carotene) and vitamin C level was
evaluated in the lower Rio Grande Valley of Texas (B.
Patil, unpublished data, 2001). In addition to assessing the
effect of method of application, this study evaluated three
application timings within each method. Results from one
year of investigation showed that treatments receiving
KNO,, regardless of timing or application method,
produced fruit with higher vitamin C concentrations than
the control. Carotenoid concentration was also affected by
KNO, application. Fruits from all foliar spray treatments
had significantly higher beta-carotene concentrations than
the control. Lycopene content was significantly higher
with foliar applications made in May-June. Foliar spray
treatments generally produced fruit with higher carotenoid
concentration than the control or fertigation treatments.

Soybean and soy foods are thought to play preventive
and therapeutic roles in cancer, cardiovascular disease,
osteoporosis, and the reduction of menopausal symp-
toms. Several classes of anticarcinogens have been
identified in soybeans. Of these, isoflavones (genistein and
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this study indicate that when K is
deficient for yield it also limits
isoflavones. In fact, high yield was
positively associated with high isoflavone levels.

Table 3. Effect of band-applied K fertilizer on
isoflavone content and soybean yield (Paris,
Ontario. T.J. Vyn, 1998-1999)".

K,O Fertilizer, Isoflavones, ppm? Yield,
90 Ib/A Genistein Daidzein Total bu/A
Banded K 688 579 1,267 37
No K 537 499 1,036 32
Difference, % 28 16 22 15

"Mean of 2 years, treatments applied to new plots each year. Soil
test Kabout 35 ppm. No-till soybeans.
2ppm= parts per million

The positive association between yield and isoflavone
level suggests that high yield production is compatible
with quality from a functional food perspective. Further
research in this area may supply information that will help
convince consumers that modern high-yield agriculture is
consistent with the production of healthful, high-quality
food.

Consumer interest and markets for functional foods
continue to expand. The medical and nutritional science
communities have investigated the health benefits of
functional foods for some time; however, research on the
effects of crop nutrition on functional food composition is
in its infancy. As value-added opportunities associated
with functional components become available, fertility
research in this area should expand. PPI and the Founda-
tion for Agronomic Research (FAR) have been leaders in
the effort to identify crop nutrition effects on functional
food quality. This is one part of a larger PPI/FAR effort to
look for opportunities to improve grower economic
viability and the health and nutrition of humankind. |l

For more information on this topic, refer to these
websites:
http://www.ag.uiuc.edu/~fth/
http://ific.org/
http://phytochemicals.tamu.edu/
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