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HPLC takes the lead in identifying 
food phytochemicals.

As so-called natural approaches to wellness are becoming
more popular, interest is increasing in the role of nutri-
tion in overall health. Studies abound on the kinds and

amounts of the usual dietary “suspects”—fiber, fats, proteins,
carbohydrates, and vitamins in a wide variety of plant and animal
food sources. But there is continued interest in other plant
compounds that increasingly appear linked to the prevention and
amelioration of a variety of human diseases. Among the differ-
ent phytochemicals, special interest has arisen in plant polyphe-
nols, specifically the flavonoid compounds, whose key role appears
to be in acting as antioxidants, similar to vitamins C and E and
beta-carotene. 

Means of identifying and quantifying these compounds are
critical for assessing their varieties and monitoring their effects
on human physiology. Results so far indicate that phytochemi-
cal profiles could become a key factor in plant varietal breeding,
growth regimes, and introduction and acceptance of less common
crop species. This could increase consumption in developed  coun-
tries and stimulate production in developing nations.

Phytochemical Facts
Nonnutritional phytochemicals are becoming increasingly asso-
ciated with disease prevention—for everything from cancer to
cardiovascular disease to diabetes. According to Ohioline, an
informational resource from Ohio State University, more than
900 different phytochemicals have been identified as food compo-

nents, and many more phytochemicals continue to be discov-
ered. There may be more than 100 different phytochemicals in
just one serving of vegetables (1). These compounds include
complex acids, sulfonated compounds, monoterpenes, and phenols.
Such complexity requires the most sophisticated analysis. And
HPLC in particular has seen increased use for elucidating these
analytes in food samples. 

In the plants themselves, phytochemicals often serve to ward
off pathogens or insect predators. In fact, organic fruits and vegeta-
bles often contain higher concentrations of key phytochemicals
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because insect chomping and disease challenges that trigger plant
defenses are not prevented by the use of pesticides. 

There are thousands of known variants of flavonoids. This
family of compounds is generally characterized by the presence
of at least two aromatic rings condensed upon a heterocyclic ring
structure. Their antioxidant activity is primarily based on the
number and position of various hydroxyl groups. Their antioxi-
dant effects are due to their ability to scavenge toxic free radicals
through the formation of transient aroxy radicals and to act as
metal chelators. 

Fruitful Phenolics
Flavonoids in fruits are extremely important for their potential
health-maintaining effects. In fact, most oxyradical scavenging
activity in apple cultivars—which may be the basis for keeping
the doctor away—is attributed to the polyphenolic component
rather than vitamins; vitamin C, for example, accounts for only
0.4% of an apple’s antioxidant activity (2). Although the reason
is still unknown, apple consumption is inversely correlated to the
prevalence of a variety of chronic diseases in humans, including
cardiovascular and lung dysfunction and several cancers.

Researchers at the Canadian Food Research Program of
Agriculture and Agri-Food Canada recently reported on a compre-
hensive study of the polyphenolic profiles of eight varieties of
apple using HPLC combined with a diode array detector (DAD).
The scientists performed separation on a Phenomenex Luna C18
analytical column using a binary mobile phase consisting of 6%
acetic acid in 2 mM sodium acetate buffer, pH 2.55, mixed v/v
with various percentages of acetonitrile following a gradient
program (2). They confirmed phenolic identity using an HPLC-
electrospray ionization-MS system. Not only were there signifi-
cant differences between the kinds and quantities of phenolics
present in the flesh (low) and peel (high) in each type of apple,
but “the total phenolic contents . . . [of ] major groups and indi-
vidual compounds varied significantly among the eight studied
apple cultivars” (Figure 1), with definitive high- and low-yield-
ing cultivars. The major group in both peel and flesh was the
procyanidins, followed by the quercitin glycosides (peel) and
hydroxycinnamic acid esters (flesh). 

A similar study conducted in Italy used an HPLC system coupled
to a DAD to examine phenolic compounds in the Golden Deli-



cious cultivar. Researchers used a reversed-phase monolithic column
(Chromolith Performance RP-18e with a gradient solvent system
consisting of aqueous 0.01 M phosphoric acid and acetonitrile) to
speed up their examination of phenolic compounds present during
fruit processing. Not only do apple phenolics have a valuable antiox-
idative activity, they also contribute to browning during process-
ing and contribute dramatically to apple “color, taste, and flavor”
(3). As in the Canadian research, peels had greatly increased
general phenolic and specific quercitin glycosides compared with
the pulp. This has significant implications for the importance of
eating whole fresh versus processed apple products. 

Variety in Vegetables
The search for beneficial phytochemicals also naturally involves
examination of traditional vegetable crops long considered healthy,
such as broccoli (Brassica oleracea L. var. italica) and cauliflower
(Brassica oleracea L. var. botrytis). Studies of such vegetables show
that the phytochemical content differs dramatically not only
with the age of the plant (4), but with the particular plant part
assayed—roots, leaves, stems, inflorescence (5)—as well as with
growth conditions and location (6). Brassica species (the crucifers)
have been associated with protection against cardiovascular diseases
and some cancers, making research into their active phyto-
chemicals popular.

For example, Spanish researchers noted profound changes in
phenolic compounds, total glucosinolates, and vitamin C over
five inflorescence development states in three cultivars of broc-
coli (4). Using HPLC-MS to identify the various compounds,
the scientists determined that the total number of flavonoids rose
in each of the cultivars through all development stages until over-
maturity. Interestingly, high versus low fertilization showed the
greatest flavonoid content but there were no differences due to
high and low sulfur fertilization specifically. The caffeic acid
compounds, in contrast, did not respond differently to fertiliza-
tion treatments. Vitamin C content showed a general increase
over time, but not as great as for the phenolic compounds, which
were relatively high in young inflorescences. Glucosinolates start-
ed high in young inflorescences and fell with maturity. 

In that same laboratory, researchers characterized unusual
flavonoids present in the waste byproducts left from cauliflower

harvesting and processing (5).
If some dietary utility could be
found for these residues, it would
be a significant economic and
health benefit. Twenty-eight
polyphenols were separated and
analyzed using a HPLC-DAD-
MS/MS-ESI system from
Agilent Technologies with a
reversed-phase C18 column. 

Twenty-two of these
flavonoids were produced natu-
rally in the plant and were
primarily kaempferol 3-diglu-
coside-7-glucoside in combina-
tion with different hydroxycin-
namic acids. Some of the
flavonoids were unique, with a

high degree of glycosylation (the authors state that no flavonoids
with more than four sugars were previously reported), whereas
in this study, three pentaglucosides were discovered. Six other
polyphenolic compounds obtained were the result of acid and
alkaline hydrolyses used in the study. Whether any of these
compounds will show healthful physiological results remains to
be seen. As yet, there is no way to inspect such compounds and
predict their exact effects on animal physiology.

Virus and Sundries
One category of phytochemicals of profound biomedical inter-
est is the soyasaponins—triterpenoid glycosides found in soybeans.
Group A saponins are responsible for undesirable taste charac-
teristics. Group B saponins, among them 2,3-dihydro-2,5-dihy-
droxy-6-methyl-4H-pyran-4-one-conjugated saponins, have shown
inhibitor activity against cellular infection by HIV, and have
also shown the ability to prevent activation of important
components of the Epstein-Barr virus. Group B saponins also
appear to possess “hypocholesterolemic, immunostimulatory, anti-
carcinogenic, antioxidative, antitumor, antivirus, antihepatic,
antidiabetic, and hepatoprotective properties” (6) (see Figure 2). 

Researchers at the Guelph Center for Functional Foods at
the University of Guelph recently reported on a method for analyz-
ing the distribution of soyasapogenol A and B distribution in
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Figure 1. Chromatograms of Red Delicious peel and flesh extracts. (Adapted with permission from Ref. 2.) 

Figure 2. Chemical structures of soyasaponin precursors soyasapogenol A and
B. (Adapted with permission from Ref. 6.)



soybeans (these are the precursor aglycone molecules for saponins
A and B, respectively) using HPLC coupled to an evaporative
light-scattering detector. A C18 column with an acetonitrile:
1-propanol:water:0.1% acetic acid mobile phase was used to
separate the soyasapogenols. Many of the previously report-
ed soyasaponins were shown to be artifacts of extraction. The
research demonstrated that seeds contained approximate-
ly 0.5% soyasaponins (dry weight) “depending on the
variety, cultivation year, location grown, and degree of
maturity” (6). Isoflavone content (another health-promot-
ing phytochemical group in soybeans) was shown to be
independent of soyasaponin content in 46
tested cultivars. Such research is seen as a
necessary step to identify and select appro-
priate cultivars for breeding as requirements
in the food industry change. Phytochemi-
cals may become an important considera-
tion even for staples such as soybeans.

Expanding the Diet
Crops chosen in the modern era to form the
basis of a typical Western diet were never
selected on the basis of their optimal phyto-
chemical mix, but according to appearance,
taste, texture, and the various demands of
mechanized agriculture. Thus, a major conse-
quence of the realization of how important
these compounds are to human health is a
new form of prospecting—for “unknown”
or little-used (at least in the West) crop species
that provide a higher than usual dose of
the desired phytochemicals. Obviously, this requires the devel-
opment of accurate and sensitive assays capable of dealing with
the vagaries of plant composition of crops from rooibos tea to
buckwheat to trees.

Food and drink preparation can have a significant effect on
the presence of phytochemicals. Rooibos tea, for example, is
derived from the leaves and stems of the leguminous South African
shrub Aspalanthus linearis. It is served in either a fermented or
unfermented form (7). The fermented form has been cited for
numerous health benefits, from soothing stomach disorders and
allergies to treating dermatological diseases as a topical treatment.
The fermented tea shows a wide variety of antioxidant flavonoids.
Researchers in Italy used HPLC-UV to compare the less well
characterized unfermented tea to the fermented variety and discov-
ered that it had twice the concentration of total antioxidant activ-
ity (although in both cases, these teas were lower in activity than
more traditional Chinese green and black tea from Camellia sinen-
sis). In contrast, the overall polyphenol concentration in the unfer-
mented tea was not only greater than in the fermented variety
but was also comparable to that of green tea.

Rutin is a flavonoid that helps protect higher plants, mosses,
and ferns from UV-B radiation. It also shows significant health
potential with its ability to reduce high blood pressure and
lower the risk of arteriosclerosis. The flavonoid quercitin shows
antibacterial effects. Researchers in Slovenia and China recently
demonstrated that tartary buckwheat (Fagopyrum tartaricum
Gaertn.) grown in these regions had significant amounts of each

potentially important phytochemical, depending on both variety
and growing conditions; and that tartary seeds contained traces
of quercitin not found in common buckwheat seeds (8). Such
research shows the intriguing benefits of unique races and progen-

itors of common crop species in distinct regions—and the poten-
tial loss that would result from their extinction.

Similarly, Cnidoscolus spp. Euphorbeaceae (known
as tree spinach) is a species in the dry tropics with
significant ethnomedicinal properties; it is poisonous
when eaten raw and safe when cooked (9). Compar-

ison with common spinach (Spinach oleraceae) showed
this comparatively localized foodstuff,
unknown to Western consumption, to have
significantly more ascorbic acid and
carotenoids. For this reason, researchers at
Texas A&M University recently used a
combination of HPLC and GC to compare
the total antioxidant, phenolic, and flavonoid
contents of raw and cooked leaf extracts of
two tree spinach species. High levels of
antioxidant activity, flavonoids, and other
phytochemicals were present, indicating that
tree spinach may be a crop species deserv-
ing greater consideration in global food
production.

The Future of Foods
Once the nature and value of plant phyto-
chemicals, and of the flavonoids in partic-
ular, are better understood, the possibility
of manipulating and selecting food sources

for maximum nutritional and protective benefit becomes very
real. Options for improving the diet through increasing these
compounds range from simple alteration of plant choice (such
as including rare species in the diet), to directed breeding of plant
varieties, to the most sophisticated genetic engineering of complex
pathways (similar to the development of so-called golden rice). 

Because optimal amounts and combinations of these chemi-
cals are not currently known, human nutritional studies will like-
ly be required if any major attempt to change or amend these
compounds is undertaken. New and more sophisticated meth-
ods developed for HPLC analysis of these compounds in crop
plants and the human body will likely be at the core of any such
studies.
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