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Methodology -

A comprehensive search of major databases was conducted during the period November
1999 - January 2000 to retrieve available information about the phytochemical content of
sunflower (Helianthus anmuus) kernel. The databases searched included MEDLINE (1);
AGRICOLA, Plant Science, and Conference Papers Index (2); Dr. Duke's Phytochemical and
Ethnobotanical Databases (3). Information on selected nutrients (fatty acids, minerals, vitamins,
amino acids, etc.) was also retrieved, since some of these components have been associated with
health benefits (e.g. cancer prevention, cardiovascular disease prevention, blood pressure
reduction) and may be of interest. However, the primary focus of this review is on
phytochemicals other than macronutrients, vitamins, and minerals in sunflower kernel.

Preliminary surveys were done to identify types of phytochemicals associated with health
benefits (Table 1) and phytochemicals reported in sunflower kernel (Appendix A). These chemical
classifications and chemical names were included as keywords in subsequent database searches for
information on individual phytochemicals in sunflower kernel. Search strategies were also
designed to retrieve any information on phytochemicals in seed kernels of plants within the same
genus (Helianthus) or family [Asteraceae (Compositae)]. Additionally, some information on
phytochemical activity and occurrence was located to provide an indication of the potential
biological significance of components ingested as part of sunflower kernels.

All literature values for a given constituent were converted to common units (e.g.
mg/100g, g/100g) for ease of comparison. When data were for portions of the whole sunflower
kernel {e.g. commercial oil, crude lipid extract, defatted meal), the concentration in the whole
kernel was estimated by calculation®. These calculations used the average protein (22.8 g/100g)
and total fat (49.6 g/100g) content of sunflower kernel reported in the USDA Nutrient Database
for Standard Reference (4).

Results and Discussion

Table 2 summarizes phytochemicals reported in sunflower kernel. Some of the
compounds identified are phenolic acids, protease inhibitors, dietary fiber, phytosterois, phytic
acid, phospholipids, saponins, triterpeaes {¢- and f-amyrin), tocopherols, isoflavones, and
lignans, Table 3 shows the nutrient composition of sunflower kernel as reported in the USDA
Nutrient Database for Standard Reference (4).

Major phytochemicals in sunflower kernel®.
Phenolic acids.

'A compilation of original values for the assayed seed part has been maintained.

*Structures of selected phytochemicals are illustrated in Appendix B.
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Sunflower kernel appears to be a rich source of phenolic acids’. The kernel has been
reported to contain up to 3194 mg/100g (906 mg/28.35g) total phenolic acids, predominately
chlorogenic acid (Table 2). Sabir et al. (5 ) measured 1940 - 2080 mg/100g chlorogenic acid in
defatted sunflower meal samples, which (assuming 49.6% total fat in whole meal; ref. 4) is
equivalent to 978 - 1048 mg/100g in whole sunflower meal. Felice et al. (6 } reported 1316
mg/100g chlorogenic acid in sunflower meal. Other phenolic acids found in sunflower kermnel, at
concentrations of 200mg/100g and lower are caffeic acid (3,5,7) cinnamic acid (3), trans-
cinnamic acid (3,5), p-coumaric acid (3,5), 3,5-dicaffeoylquinic acid (7), isoferulic acid (3,5), o-
hydroxybenzoic acid (3), p-hydroxybenzoic acid (3), sinapic acid (5), and syringic acid (3). The
phenolic acids in sunflower kemnel are primarily hydroxycinnamic acid derivatives, compared to
the hydroxybenzoic acid derivatives (e.g. gallic acid, ellagic acid} that predominate in fruits and
vegetables {8).

Phenolic acids are found in a broad range of plant foods, including legumes, grains,
nuts, green pepper, olive oil, rosemary, fruits, coffee, and tea (9,89). King (8) summarized the
phenolic phytochemical content of some plant foods; the highest level of phenolic acids in the
fruits and vegetables cited was 211 mg/100g in blueberries, and in grape juice 79 - 110 mg/L
phenolic acids (primarily ellagic and gallic acids) were noted. Figure 1 illustrates the relative
phenolic acid content of sunflower kernel compared to selected fruits and vegetables.
Additionally, coffee beans have a particularly high phenolic acid content (5600 mg/ 100g), largely
chlorogenic acid (8). Eggplant flesh has been reported to contain 948 mg/100g chlorogenic acid
(10). Clifford {50) has also reported on the chlorogenic acid content of foods and diets.

In foods phenolic acids are primarily flaver compounds, while chiorogenic acid also
contributes to enzymatic and non-enzymatic browning reactions (9). Phenolic acids also function
as antioxidants {11,12). They are precursors in the synthesis of lignin, a plant cell wall component
and are also found esterified to cell wall polysaccharides (13). Chlorogenic acid tends to
concentrate in the outer layer of grain kernels (8,14). Phenolic acids, and in particular the
hydroxyecinnamic acid derivatives (e.g. chlorogenic acid, caffeic acid, ferulic acid, p-coumaric
acid), have been reported to be anticarcinogenic {15). They protect against nitrosation, a process
believed to promote colon carcinogenesis (9,16).

Protease inhibitors.

Sunflower meal contains significant protease inhibitor activity {Table 2). Other foods
noted for protease inhibitor content are soybeans and other legumes, cereal grains, seeds, and
tubers (17-19). Protease inhibitors bind to intestinal proteases (e.g. trypsin, chymotrypsin, pepsin)
and thus interfere with protein digestion. In this respect protease inhibitors are considered anti-
nutritional, by decreasing the bioavailability of protein (20). They have also been shown to induce
pancreatic hyperplasia when consumed in large quantities (20). However, beneficial effects have
also been attributed to protease inhibitors, including inhibition of tumer growth (21), and they
have been recognized as a phytochemical class associated with health promotion (22). Protease
inhibitors generally are destroyed by heat treatment (15).

*See Appendix B.
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Dietary fiber.

Sunflower kernel is rich in dietary fiber (3 g/28.35g, Table 2). The non-starch
polysaccharides in de-fatted sunflower kernel are primarily xylans, xyloglucans, and pectins
(polygalacturonans) (23). Dietary fiber has been shown to lower blood cholesterol (24), and
epidemiological studies have correlated high-fiber diets with decreased incidence of cancer,
hypertension, and obesity (24). Dietary fiber aiso increases satiety and helps control appetite
(25).

Phytosterols.

Sunflower kemel is a good source of phytosterols*, as are other nuts, seeds, and their oils
{26). A total sterol content of 564 mg/100g has been reported for sunflower kernel, comprising
predominately [B-sistosterol {26). This content is substantially higher than that of other
commonly consumed nuts, legumes, and seeds {except sesame) (Figure 2). The reported total
sterol contents of soybean, peanut, almond, cashew, walnut, and sesame seed are 161, 220, 143,
158, 108, and 714 mg/100g, respectively (26). Sunflower oil also differs in that it contains a
relatively higher concentration of A’-avenasterol (22 mg/100g), which is found at levels of 2 mg
or less in other commonly consumed vegetable oils (Fig. 2), including olive, palm, rapeseed,
coconut, corn, cottonseed, peanut, and soybean (26).

Phytosterols occur primarily as free sterols, but also as steryl esters, steryl glucosides,
steryl ethers, and acylated steryl glycosides (27). The predominant phytosterols in the human
diet are P-sitosterol, stigmasterol, and campesterol. Sitosterol glucoside (daucausterol) has been
identified but not quantified in sunflower seed (3), and steryl glycosides have been measured in
some foods {28,29). The physiological effect of dietary steryl glycosides has not been
determined, but a supplement containing a mixture of B-sitosterol and B-sitosterol glucoside has
been demonstrated to have immunomodulatory effects greater than the equivalent amounts of the
individual components (30,31). Hypocholesterclemic and anticarcinogenic effects have been
demonstrated for phytosterols i vivo in milligram-gram per day amounts (32-38).

Phytic acid.

The phytic acid content of sunflower kernel is ~60 mg/100g (Table 2). Phytic acid
(myoinositol hexaphosphate)* and its mixed potassium-calcium-magnesium salts {(phytin) have
been reported in various oilseeds (39,40}, legumes {including soybeans} (40,41}, and cereal grains
(21,40). The phytic acid content of com, defatted soybean meal, and defatted sesame meal are
890, 1520, and 5180 mg/100g, respectively (40).

Phytic acid and phytin store phosphorous in plants and may account for >70% of kernel
phosphate {41). The primary biclogical effect of ingested phytate is binding of divalent cations
(e.g. Fe~, Ca™, Zn"™). This chelaticn can be considered negative insofar as decreasing the

*See Appendix B.
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bioavailability of essential minerals. However, binding of iron inhibits iron-catalyzed hydroxyl
radical formation (41), and this mechanism has been cited as protective against colorectal cancer
(42). Phytate may have other chemopreventive and therapeutic value against cancer by
influencing mammalian cellular inositol phosphate metabolism (43). Phytate has also been
reported to reduce blood cholesterol, and to serve as an antioxidant and preservative in foods
(41). Phytate is a rich dietary source of inositol, which is released by phytase during digestion
(44). *

Phospholipids.

Sunflower seed is a good source of phospholipids, primarily phosphatidylcholine {lecithin)
and phosphatidylethanolamine {cephalin)’, with reported contents of 38.5 - 230 mg/100g and 61.5
- 123 mg/100g, respectively (Table 2). Lecithin from plant sources contains unsaturated fatty
acids, whereas saturated fatty acids predominate in lecithin from animal sources such as egg yolk
(45).

Soy lecithin has been shown to decrease lipoprotein cholesterol and atherogenesis,
independent of its fatty acid composition (46). Phosphatidylcholine is hydrolyzed in the intestine
by phospholipase C, and provides a dietary source of choline. Choline is a membrane
phospholipid, and provides a choline reserve for neurotransmitter (acetylcholine) synthesis (45).
Though choline is not currently considered essential for human nutrition it is important for normal
liver function, and deficiencies of choline have been associated with liver cancer (45), and dietary
reference intakes have recently been established (47).

- and B-Amyrin.

a- and B-amyrin are triterpenes’ that are synthesized in or secreted into the coverings of
some plants (48). Amyrins have been found in vegetable oils derived from nuts and seeds (48).
- and P-amyrin have been reported in sunflower seed (3), but it is unclear whether they occur
mainly in the hull (pericarp) or kernel, and quantitative data are not available. Pharmacologic
preparations of - and P-amyrin and their fatty acyl esters have anti-dopaminergic and
antidepressant (49,50), antinflammatory and antiarthritic (51,52), and antiviral (53) activity.

Saponins.

Saponins are glycosides of steroids or triterpenoids and vary widely in the aglycone and
carbohydrate moieties {54). Triterpenoid saponins’ have been identified in sunflower seed,
though quantitative data are lacking (3,55). In addition to sunflower seed, some commonly
consumed foods containing saponins are soybeans (500mg/100g; ref. 54, p. 191); spinach,
chickpeas, and mung beans (56); and sugar beet and alfalfa (2000-3000mg/100g; ref. 54, p. 178);

3See structure in Appendix B.
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licorice (55); and peanuts {54). Recent studies have demonstrated antitumoral and
immunomodulatory effects of triterpenocid saponins (57). Saponins also have the capacity to bind
bile salts (56,58) and thus may exert a hypocholesterolemic effect by interfering with
enterohepatic cholesterol recirculation.

Tocopherois. -

Sunflower kernel contains tocopherols®, including the « and [ isomers (~14 and 12
mg/100g, respectively) and trace amounts of the y- and 5-tocopherols (<2 mg/100g) (Table 2).
Other dietary sources of tocopherols include vegetable oils, whole grains, wheat germ, fruits, and
vegetables. Tocopherols have been well-studied as antioxidants. They may protect against
cardiovascular disease by preventing oxidation of low-density lipoprotein cholesterol (9) and
against exercise-induced oxidative muscle damage (59). Tocopherols also inhibit oxidation of
unsaturated fatty acids in sunflower oil {60). Dietary tocopherols have been associated with
decreased risk of cancer as well (16).

Phytoestragens.

The two primary classes of “phytoestrogens™ are iscflavones (e.g. genistein, daidzen) and
lignans {e.g. secoisolariciresinol, matairesinol} (74). Though sunflower seed has a relatively low
genistein and daidzein content, it contains 610 mg/100g secoisolariciresinol (61). This
concentration is high compared to other nuts, legumes, seeds (other than flaxseed), and grains
{61), as illustrated in Figure 2. Secoisolaricisresinol occurs mainly as the diglycoside® (74).
Antitumorigenic activity has been shown for secoisolariciresinol diglycoside from flaxseed {62) .

Prominent nutrients in sunflower kernel

The average nutrient composition of sunflower kernel reported in the USDA Nutrient Database
for Standard Reference is shown in Table 3. Appendix C summarizes a report of the nutrient
composition of sunflower kernel and other nuts (63). Sunflower kernel appears to be an excellent
source of the following nutrients. :

Fatty acids.

On average, sunflower kernel contains 49.6 g/100g total fat (5.2 g/100g saturated fatty
acids, 9.5 g/100g monounsaturated fatty acid, and 32.7 g/100g polyunsaturated fatty acids,
respectively) (4). The major fatty acid in sunflower kernel is linoleic acid (Cyg,,.6) (32.6 g/100g)
(4). Palmitic acid (C,4,)(2.8 g/100g) and stearic acid (C;,)(2.2 g/100g) account for most of the
saturated fatty acids, and almost all of the monounsaturated fat is oleic acid Cyy.,5)(9.4 g/100g).

®See structure in Appendix B.
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The Asteraceae (Compositae) family to which sunflower {Helianthus annuus) belongs is known
for the unusual fatty acids found in some of its members (64).

Protein.

Sunflower kernel is a notable source of non-animal protein (6.46g/28.35g) (Table 3).
Though not a complete source of all essential aminc acids, sunflower protein contains methionine
which is a limiting amino acid in legume proteins {ref. 65, p.148). The combination of sunflower
kernel as a complementary protein source increases the biclogical value of vegetable proteins in
vegetarian diets (65), and it has been used in the production of low-cost plant-based protein foods
for consumption in developing countries (66).

Vitamins and minerals.

Sunflower kernel is an excellent source [>10% recommended daily intake (RDI) per 28.35
g serving] of thiamin (43% RDI), folate, vitamin B6 (pyridoxine), vitamin E (38% RDI),
pantothenic acid, iron, phosphorous, magnesium (25% RDI), zinc copper (25% RDI), and relative
to other nuts it has a high selenium content (see Table 3 and Appendix C). Several of these
micronutrients have been linked to health benefits. For example, selenium deficiency has been
associated with cancer and cardiovascular disease (67), and selenium is recognized to work
synergistically with vitamin E as an antioxidant (68). Folate has been of interest in preventing
elevated blood homocysteine levels which have been linked to cardiovascular disease (69), and to
cancer prevention (70). Although currently there is no recommended dietary allowance for
copper, copper deficient diets have been associated with bone disease and cardiovascular disease,
and increasing foods rich in copper has been recommended in such cases (71).
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Figure 1. Phenolic acid content of selected foods’.
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"The value for sunflower kernel is the average of high and low shown in Table 2. Data
for all other foods are taken from reference 8.
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Figure 2. Sterol content of selected nuts, seeds, and legumes and their oils®.
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B. Total stercls and A’-avenasterol in nut, seed, and legume oils (unrefined).
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¥Selected data from reference 26.
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Figure 3. Secoisolariciresinol content of selected nuts, seeds, legumes, and grains®
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**Value shown is the average of the high and low of concentration range cited.

*Selected data from reference 61. In cases in which 4 concentration range was
reported, the average of the high and low values is shown.
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Table 1. Categories of phytochemicals with potential health benefits™®

secoisolariciresinol

Compound class Examples Common food sources

Flavonoids quercetin, rutin, tangeretin, tea, fruits and vegetables,
hesperetin most plants

Isoflavonoids genestein, daidzein, soybeans, flaxseed, licorice
formononetin, equol root

Lignans matairesinol, sesamin, flaxseed, oilseeds, cereals

Indoles, glucosinolates

indole-3-carbinol,

cruciferous vegetables, some

glucobrassicin oil seeds _
Saponins soyasaponin-A, -B, -E; soybeans, licorice, Alfiumt
degalactotigonin; gitonin-F, | vegetables, alfalfy, dry peas,
eruboside B; sativosides amaranth seeds
-R1, -R2,
Organosulfur compounds allyl sulfide, allyl mercaptan | Afiun vegetables {e.g. garlic,

onion, leeks)

Phenolic acids

(mainly as glycosides): ellagic
acid, chlorogenic acid, caffeic
acid, ferulic acid

coffee, tea, strawberries,
grapes (and other fruits),
walnuts, bran, cruciferous
vegetables

Polyphenols, tannins

castalagin, epicatechin-
gallate, resveratrol

tea, wine, grapes, nuts, other
fruits, legumes

nomilin

Phytosterols sitosterol, campesterol, vegetable oils, nuts, seeds,
stigmasterol, sitostanol, legumes
avenasterol

Protease inhibitors trypsin inhibitor, Bowman- seeds, legumes, grains
Birk protease inhibitor

Quinones carnosol, miltirone spices

Terpenes limonene, carvone, limonin, | citrus fruits and oils, spices

"“Compiled using information from references 9,22, and 72.
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Table 1, continued.
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Compound class

Examples

Common food sources

Tocopherols

a-, B-, 8-, and y-tocopherol

vegetable oils, nuts, seeds,
legumes, wheat germ

Tocotrienols

-, B-, -, and y-tocotriencl

barley, rice bran, palm oil

Carotenoids -

o-, B-, and y-carotene, lutein,
cryptoxanthin, lycopene,
phytoene, zeaxanthin,
phytofluene, echinenone

red and yellow fruits and
vegetables (e.g. tomatoes,
cantaloupe, carrots, pumpkin)

Coumestans

coumestrol

beans, sprouts, spinach

Psoralens {(furocoumarins)

8-methoxypsoralen,
bergapten, psoralen

celery, parsley, other
umbelliferous vegetables;
grapefruit

Chiorophyll, Chlorphyllin

green vegetables, algae (e.g.
spirulina)

Isothiocyanates

sulforaphane

cruciferous vegetables

Polyacetylene

falecarinol

carrots and other
umbelliferous vegetables

"Fiber" (non-starch
polysaccharides)

pectin, B-glucan, cellulose

fruits, whole grains,
vegetables

Omega-3 fatty acids

a-linolenic acid,
eicosopentaenoic acid

Fish oils, canola oil

Individual amino acids tryptophan, tyrosine, protein-containing foods
glutamic acid, aspartic acid (levels vary)

Minerals selenium, calcium, potassium, | most foods (levels of different
magnesium, manganese, minerals vary among foods)
copper

Vitamins vitamin C citrus fruits, green peppers
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Table 3. Nutrient composition of sunflower kernel (from USDA Nutrient Database for Standard
Reference, Release 13, 1999 (4).

Seeds, sunflower seed kernels, dried
NDB No: 12036

Scientific Name: Helianthus annuus

Nutrient Units Value per Sample] Std.
- 100 grams of Count | Error

Enximates
h’ater o 5.360] 21 0.341
knergy kcal 570.000
Energy ki 2385.000
[’roteiu 22.780] 21 0.749
[l“utai lipid (fat) 49.570] 21 0,788
Carbohydrate, by difference g 18.760
Fiber, total dietary g 10.500 {

A sh g 3.530) 9 0.212
Minerals
Calcium, Ca mg 116.000] 2 24.266
Kron, Fe mg 6.770 2 0.628

{agnesium, M. mg 354.000] 1

hosphorus, P mg 705,000 2 12.085
Potassium, K me 689.000] o
Bodium, Na mg 3.000] 1
Einc, Zn mg 5.060) 2 0.417
Copper, Cu mg 1.752 2 0.198
Mancanese, Mn mg 2.020 1
Selenium, Se meg 59.500] 10 1.489
Vitamins
IVitamin C, ascorbic acid mg 1.400
Fhiamin mg 2.290

sunflower-lirevh wpd/kmp/04-1 1-00




Table 3, continued.
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‘Nutrient Units Value per Sample| Std.
100 grams of Count | Error
fih] ;

Riboflavin mg 0.250] 1
Niacin mg_ 4.500 1

antothenic acid . mg 6.745] @
kfitamin B-6 mg 0.770 0
Eulate meg 227.400 0
kitamin B-12 mcg 0.000 0
Witamin A, TU U 50.000] 0
k‘itamin A, RE mcg RE . 5.000 ]
Etamin E mg ATE 50.270 0
Lipids |
E‘attv acids, saturated o 5.195 1]
h:{l o 0.000 b
:0 g 0.000] o©
B0 g 0.000] o©
Ho:0 e 0.000] o
k2:0 g 0.000] ¢
LI:'I] g 0.051 14
[ﬁ:ﬂ g 2.795}] 169
Eﬂ o 2.202] 169
l?att}' acids, monounsaturated g 9.462 0
k6:1 g 0.049| 15
[8:1 g 9.356] 169
p0:1 o 0.048] 10
b2:1 s 0.000] ©
Fatty acids, polyunsaturated g 32,735 0
j8:2 _ g 32.632] 169
[8:3 g 0.069] 12
iﬂ:d g 0.000] O
p0:4 o 0.000 4]
Bo:5 g 0.000] o
|az:5 g 0.000] ©

sunflower-litrevb wpd/emp/04-11-00
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Nutrient Units Value per Sample| Std.
: 100 grams of Count | Error
1ibl )

EZ’:E g 0.000 1]
Cholesterol mg 0.000
Phytosterols - mg S34.000
W mino acids
[Cryptophan - 0.348] 25
Il‘hreunine g 0.928| 41
Enleucine g 1.139] 41
[eucine g 1.659}F 41
Esiﬂe _ £ 0.937] 44
IMetlainnine o 0.4941 40
Cystine g 0.451] 26
Phenvlalanine g 1.169] 40
Il'yrnsine g 0.666] 31
k‘aline - 1.315] 41
E;Einine g 2.403] 35

istidine g 0.632| 35
Alanine __E 1.117] 26
A spartic acid g 2,446 26
Glutamic acid g 5.579]1 26
Glycine g 1.4611 26

roline g 1.182) 25
Berine g 1.075] 26

sunflowar-litrevb wpd kmp/04-11-00



Appendix A

Preliminary Search Results for Phytochemicals in Sunflower Seed (3)"

Component Some significant activities noted’

¢-amyrin anti-inflammatory, antiedemic, anti-
fumor

-amyrin antiedemic

[-carotene antioxidant, cancer preventive

cephalin hemostat

chlorogenic acid anticancer, immunostimulant

choline antiedemic, hypotensive, antidiabetic,

anti-dementia

cinnamic acid

anti-inflammatory, cancer preventive

cycloartenol anti-inflammatory, antirheumatism,
hypocholesterolemic
dauncostercl anti-tumor, hypoglycemic

A’-avenasterol

antioxidant

p-sitosterol (and other phytosterols)

antiprostatitic, hypolipidemic, cancer
preventive

y-tocopherol

antioxidant

a-tocopherol

hypocholesterclemic, antioxidant,
immunostimulant, cancer preventive

iso-ferulic acid

anti-edemic, anti-inflammatory,

hypothermic
stearic acid hypocholesterolemic
squalene cancer preventive, immunostimulant

linoleic acid

antiarteriosclerotic, antifibrilytic

"Note that information was reported for the "seed”, and it was not specified in

reference 3 whether or not the shell was included.

sunflower-litrevh  wpd/kmp04-1 1 -00

30



Appendix A, continued.

Component Some significant activities noted'

lecithin anti-dementia, hypocholesterolemic,
antioxidant

shikimic acid analgesic, antioxidant, cancer preventive

para-hydroxy-benzoic acid

antioxidant, antibacterial

phytic acid antiaggregant, anti-cancer, antioxidant,
neo-cholorogenic acid anti-inflammatory

selenium antioxidant

tryptophan a.nﬁ-depressant, anti-anxiety

abscisic acid (none reported)

jasmonic acid (none reported)

8-tocopherol (none reported)

dioxindole-3-acetic acid (none reported)

(none reported}

dihydrophaseic acid
gibberellins {none reported)
hexan-1-al {none reported)

o-hydroxybenzoic acid

{none reported)

n-alkanes (various) {none reported}
nuclein {(none reported)
pentane-2-one (none reported)

phytin

{none reported)

31

'Note that citations of biclogical activity in many cases may refer to studies of that chemical in isolation or in a

different food or matrix
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