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Abstract: Bioactive compound is “a compound which has the capability and the ability to interact with one or more
component(s) of the living tissue by presenting a wide range of probable effects” .In a previous study; we discussed the
bioactivity concepts and we used, for the first time, the term of "biocompounactive" to more simplify the use of bioactive
compound/component in relation to their physicochemical and biological properties (e.g. chemical structure,
bioavailability...etc.). The aim of this work is to prove different concepts discussed about “bioactivity” by giving some
chosen examples (betalains, polyacetylenes and tocols) that demonstrate different bioactivities of these biocompounactives.
Betalains, polyacetylenes and tocols are generally not categorized like the known classes of phytochemicals (phenolics,
alkaloids, and terpenes), but exhibit important bioactivities such as antioxidant, antimicrobial, antifungal, anticancer,
anti-inflammatory, neuroprotective and radioprotective properties... etc.
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1. Introduction z::.eg[g;)’n“e]s. phenolics, alkaloids, steroids, terpenes, saponins,

Natural products and secondary metabolites formed by
living systems, notably from plant origin, have shown great
potential in treating human diseases such as cancer, coronary
heart diseases, diabetes and infectious diseases [5, 6].
Phytochemicals are natural and non-nutritive bioactive
compounds produced by plants that act as protective agents
against external stress and pathogenic attack [7]. They could
also exhibit other bioactivities such as anti-mutagenic,
anti-carcinogenic, antioxidant, antimicrobial, and
anti-inflammatory properties [8].

In a previous study; we discussed the bioactivity concepts
and we wused, for the first time, the term of
"biocompounactive" to more simplify the use of bioactive
compound in relation to their physicochemical and
biological properties [1]. Here, we try to give some chosen
examples to enrich the concepts already discussed, and this
by:

Bioactive compound is a compound which has the
capability and the ability to interact with one or more
component(s) of the living tissue by presenting a wide
range of probable effects. These compounds are
experiencing a growing interest in wide range of
applications:  geo-medicine, plant science, modern
pharmacology, agrochemicals, cosmetics, food industry,
nano-bio-science... etc. This is a very promising area in full
development, which has resulted in research works more
and more numerous, designed to diversify the resources of
bioactive compounds and improve their salvage pathways
or synthesis [1].

The majority of bioactive compounds belong to one of a
number of families, each of which has particular structural
characteristics arising from the way in which they are built
up in nature (biosynthesis) [2]. Based on their biosynthetic
origin, phytochemicals can be divided into several
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(a) Betalains those are nitrogen compounds like alkaloids,
but function as colorants replacing anthocyanins (flavonoids)
in plants, and which have a significant bioactivity as
described above. This example revealed the complexity of
biocompounactives and their roles;

(b) Polyacetylenes that were considered undesirable in
plant foods due to their toxicity, but now highlighted
important biological activities. This is a good example to
prove that the bioactivity includes negative and positive
effects both in relation with physicochemical properties;

(c) Tocols that constitute a subfamily of natural vitamin E
which was excluded, as vitamin, from bioactive compounds
by some authors [9, 10]. Here, we prove the other points of
view [11, 12] by demonstrating different bioactivities in
relation to their physicochemical and biological properties.

2. Betalains

Betalains are a class of water-soluble nitrogen-containing
pigments derived from tyrosine that are found only in a
limited number of plant lineages, including the order of
Caryophyllales (15 families and 8600 species) where they
replace anthocyanin pigments, and in some fungi such as
basidiomycetes [13, 14].

Some betalains have a stronger coloring capacity than
anthocyanins. Interestingly anthocyanins and betalains are
mutually exclusive and never have both been found in the
same plant. Betalains include betacyanins (purplish red)
and betaxanthins (yellow-orange) [15-19].
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2.1. Sources of Betalains

These compounds accumulate in flowers, fruits and
vegetative plant tissues [13, 20] where they play important
physiological roles, such as protection against damage
caused by injury and bacterial infiltration, optical attraction
for pollination and seed dispersal, and protection against
UV radiation [21].

The main edible sources known of betalains are red beet
[22-26], prickly pear (cactus) [27, 28], chard [29], amaranth
grains or leaves [30], pitaya (dragon fruit) [25, 31-33],
ulluco tubers (Ullucus tuberosus) [34] and djulis
(Chenopodium fromosanum) a native cereal in Taiwan [19,
35-37].

2.2. Chemical Structure of Betalains

Betalains are not chemically bonded to anthocyanins (or
flavonoids in full). Each betalain is a glycoside which
comprises a sugar and a colored portion. The betalamic
acid is the chromophore common to all betalain pigments.
The nature of the betalamic acid addition residue
determines the pigment classification as betacyanin or
betaxanthin (Fig. 1) [19, 38].

The betacyanins contain a
cyclo-3,4-dihydroxyphenylalanine residue (cyclo-DOPA),
while betaxanthins contain various amino acids and amines
with various conjugates bethanidine (acylglucosides and
glycosides) [13].
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Figure 1. General structures of betalains [13, 39-41]. (a) Betalamic acid. (b) Betaxanthins:R = side chain of the amino acid or amine. (c) Betacyanins:

R = H (bethanidine); R = Glucose (bethanine).
2.3. Uses and Bioactivity of Betalains

Like other phytochemicals (anthocyanins, carotenoids
and chlorophylls), betalains are used as coloring substances
in the low acid food processing because of their wide pH
stability (pH 3-7), or in fruit preparations, dairy products,
ice creams, confectionery, soups, sauces, beverages and
drinks [14, 17-19, 23, 32, 42], and to adjust or correct a
color change or discoloration of the food during processing
or storage [43].

Betalains are also reported for their antiradical properties

and exhibit strong antioxidant activity [14, 27, 31, and 44].
They may also contribute to anti-inflammatory activities
[45], in the inhibition of lipid oxidation and peroxidation
[22, 46] and have anticancer effects against human liver
cells [47].

3. Polyacetylenes

Polyacetylenes are a group of bioactive compounds
widely distributed in the Apiaceae and Araliaceae families
[48]. These are examples of bioactive secondary
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metabolites that were previously considered undesirable in
plant foods due to their toxicity [49].

Polyacetylenes are considered defensive compounds
within the plant, and many studies show their regulation in
response to abiotic and biotic stress [50]. Some of these
secondary plant compounds may function as free radical
scavengers and osmo-protective [51].

3.1. Sources of Polyacetylenes

Over 2000 polyacetylenes are known, among which the
majority were isolated from higher plants [52]. These
phytochemicals are mainly found in vegetables of the
Apiaceae family including carrots, celery, fennel, parsley
and parsnip, all of which contain small amounts of the
group bioactive aliphatic C17-polyacetylenes [53-56].

In carrots, for example, profile polyacetylenes contains
three main polyacetylenes: falcarinol the falcarindiol and
falcarindiol-3-acetate, among which the first two received
much attention (Fig. 2) [53, 55, 57, and 58]. The
falcarindiol has been identified as the main responsible for
the bitter flavor compound in fresh and stored carrots [49,
55, 59, and 60]. For parsley and celery, polyacetylenes
which  have been elucidated are falcarindiol,
8-O-methylfalcarindiol and panaxydiol, while falcarinol
was not detected in parsley but exists in celery [53].

3.2. Chemical Structure of Polyacetylenes

Acetylenic natural products include all compounds with
a carbon-carbon triple bond or alkynyl functional group.
While not always technically accurate, the term
“polyacetylenes” is often used interchangeably to describe
this class of natural products, although they are not
polymers and many precursors and metabolites contain
only a single acetylenic bond. These compounds tend to be
unstable, succumbing either to oxidative, photolytic, or
pH-dependent decomposition, which originally provided
substantial ~ challenges  for  their isolation and
characterization [60].
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Figure 2. Structure of aliphatic polyacetylene [52, 54]. Falcarindiol:
RI1 =R2 = OH and Falcarinol: R = OH, R2 = H

3.3. Bioactivity of Polyacetylenes

Slight variations in polyacetylene structure result in
extreme variations in biological activities. [61]. Recent
studies have highlighted important biological activities both
in cell lines and in small animal studies, such as
antibacterial,  antifungal, antiallergenic, anticancer,
anti-inflammatory and reduces platelet aggregation [52-54,
58, 62-69]. These effects represent pharmacologically
useful properties by which polyacetylenes can be used to
develop antibiotics in addition to their positive effects on
human health [52].

Since the highlighting of possible biological relevance of
polyacetylenes, studies were conducted to evaluate the
effect of different factors on the levels of polyacetylenes.
The majority of these studies have examined the effects of
storage and conventional treatment on the levels of these
biocompounactives [58, 63, 70-73], and the influence of
genotype, some extrinsic factors and spatial tissue
distribution in these bioactive compounds [49, 53, 57, 58,
63, 66, 74, 75]. For example, it was observed that peeled
carrots contain up to 50% less falcarindiol [66].

4. Tocols

Tocols include two groups of compounds: tocopherols
and tocotrienols, which are also collectively known as the
tocochromanols [76-78]. They are lipid-soluble molecules
that belong to the group of vitamin E compounds and are
essential in the human diet and health [76, 79]. The tocols
(Vitamin E) are synthesized exclusively by photosynthetic
eukaryotic and other photosynthetic organisms, such as
cyanobacteria [76, 80].

Tocols consist of four members each of tocopherols and
tocotrienols [81]. Vitamin E is a generic term for the eight
tocols. These include four tocopherols (o, B, y and
d-tocopherol) and four tocotrienols (a, B, 7y and
d-tocotrienols) (Figure 3) [77, 81-85]. The most abundant
and active form of vitamin E isoforms in vivo is
a-tocopherol; but recently, the role of other forms received
renewed attention [84].

4.1. Sources of Tocols

Tocols are natural antioxidants found mainly in vegetable
oils, nuts, peanuts, almonds, olives, and beans; with
relatively low levels in fruits and vegetables [86-90] as
peppers, peas, cabbage, kiwi, avocado, plums and berries
[91-94]. Generally, leaves and other green parts of plants are
rich in tocopherols, while mostly tocotrienols are present in
the fraction of the bran and germ of cereals (such as barley,
wheat, maize and oat) [79, 95, 96].

Even when tocopherols and tocotrienols are present in a
plant, they are not necessarily found in the same tissue,
which suggests different functions for tocopherols and
tocotrienols in plants. Tocopherols are ubiquitously present
in all plants and in almost all plant parts, while tocotrienols
are only present in a range of unrelated plant groups and are
almost exclusively found in seeds and fruits [76, 97-100].

4.2. Chemical Structure of Tocols

Tocopherols and tocotrienols are lipid-soluble bioactive
compounds that contain a phenolic-chromanol ring
(chroman head group) linked to an isoprenoid side chain
with 15-carbon, which is either saturated (tocopherols) or
unsaturated (tocotrienols). Greek letters a, f3, v, and 6 are
added as prefixes to denote the number and positions of
methyl groups linked to the chroman head (Figure 3) [76, 80,
101].
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In addition, the phytyl side chain of the tocopherols has
three chiral centers at positions 2, 4', and 8', which can be
either in the R- or S-conformation, giving rise to eight
different stereoisomers (RRR, RSR, RRS, RSS, SRR, SSR,
SRS, and SSS) for each tocopherol. RRR-a-tocopherol has
the highest bioactivity and is also the most abundant in
human blood and tissues [80-82, 101-103]. Tocotrienols
possess only the chiral stereocenter at C-2 and naturally
occurring tocotrienols exclusively possess the (2R,3'E,7'E)
configuration [104, 105].

The individual stereoisomers are not interconvertible in
the human body [106]. The chirality of these molecules
should be taken into consideration when we have to evaluate
the activity of a compound in biological studies or clinical
trials. If one enantiomer has the desired effect on the body,
another may have no effect or an adverse effect [81, 107].

R1 Tocopherols
5

3
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(B)
Figure 3. Structures of tocopherols (4) and tocotrienols (B)[108-110].

4.3. Bioactivity of Tocols

This unique structure enables the vitamin E to perform
various functions, especially anti-oxidative, with greater
efficacy [83]. Some evidence suggests that the potency of
the antioxidant effects, and bioactivity in general, may differ
between natural or synthetic source of tocochromanols
(vitamin E) [80, 82]. The excellent antioxidant activity of
the tocochromanols is mainly due to the capacity of their
heterocyclic chromanol ring system to donate the phenolic
hydrogen to lipid-free radicals [76].

Recently, other biological activities of Vitamin E,
assumed to be unrelated to their antioxidant properties, have
been reported. These include roles in cell signaling, gene
expression, immune response and apoptosis [82, 83, 101,
111], in addition to reducing the risk of cardiovascular
disease, cancer, and neurodegenerative diseases such as
Alzheimer's disease [76, 77, 82, 112, 113]. However, there is
some controversy about the optimum range of vitamin E
intake for health benefits [88].

From a health point of view, at the moment there is a great
interest in the natural forms of tocochromanols, because they
are considered promising compounds able to maintain a

healthy cardiovascular system and satisfactory blood
cholesterol levels [80]. Yoshida Y. et al. (2007) [84]
summarized the differences among a, B, y and d-tocopherols
and tocotrienols; specifically regarding their
radical-scavenging efficacies and their protective effects
against cell toxicity, in particular for the prevention and
treatment of disease.

Current developments in vitamin E research clearly
indicate that members of the vitamin E family are not
redundant with respect to their biological functions. As
illustration, the tocotrienol subfamily of natural vitamin E
possesses powerful neuroprotective, anticancer, and
cholesterol-lowering properties that are often not exhibited
by tocopherols [80, 109, and 114].

In tocotrienols, indications show that the different isomers
of tocotrienols exhibit distinct activities and have various
applications: a-tocotrienol was highly effective in the brain
for cerebral ischemia, and y and J-tocotrienol exhibited
strong anticancer activities, with radioprotective properties
for y-tocotrienol [115].

For example, the proliferation of human breast cancer cell
lines was suppressed by tocotrienols. The higher inhibitory
potency of tocotrienols, as compared with tocopherols, was
attributed to a preferential uptake of tocotrienols by these
cells. In all cases, y and d-tocotrienol exert the highest
inhibitory effects [82, 109].

As for tocopherols, and addition of their antioxidant
functions that prevent the propagation of free radical
reactions, they have recently attracted much attention
clinically because of their potential to be very useful drugs,
and have been widely studied for their anti-aging, anticancer,
anti-atherosclerotic, anti-carcinogenesis, and anti-allergic
effects [83, 108]. However, the molecular basis of the action
of tocopherols is still an enigma. The a-tocopherol appears
to be involved in gene regulation, while the y-tocopherol
appears to be very effective in the prevention of cancer
related processes [82]. It is also shown that in food, y and
d-tocopherol are more potent antioxidants than a-tocopherol
[116]. Although, B-tocopherol has similar antioxidant
properties as a-tocopherol. The presence or absence of the
methyl group at position 5 in the chroman structure
determines the mode of action of tocopherols [82].

Described effects of a-tocopherol are undoubtedly
anti-inflammatory and should, in consequence, be
anti-atherosclerotic and anti-carcinogenic [82, 116]. In
cultured cells, d-tocopherol is the most toxic tocopherol.
This toxicity has been associated with the induction of
apoptosis [82]. In addition, recent epidemiological,
experimental and mechanistic evidence suggests that
v-tocopherol may be a more potent cancer chemopreventive
agent than a-tocopherol [85].

In another side of interactions, biocatalysts bacteria are
expected to convert exogenous lipophilic food ingredients to
their glycosides soluble in water. In tocopherols case for
example, this characteristic reaction (glycosylation) has
converted a-and d-tocopherols to tocopheryl glycosides,
thus improving their bioavailability and pharmacological
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properties as food additives having an effective anti-allergic
activity [108].

It should be noted, at the end, there are many literature
data having positive or negative results on the same
biological activity [80], which often opens debates on topics,
and sometimes debates on interpretation of the same activity
proved positive or negative.

5. Conclusion

In the end of this concise review, we reaffirm that a

biocompounactive:

a) may be of natural or synthetic origin ;

b) may present a wide range of positive and/or negative
effects in one or more component(s) of living tissue;
and this, according to several factors, which are
usually linked to three major changes:

i.  Biocompounactive itself: we confirm here that
slight variations in chemical structure result in
extreme variations in biological activities.

ii.  Subject involved in the biocompounactive use,
and

iii. ~ Manner of using the biocompounactive (dosage,
alone or mix ... etc.).

¢) The bioactivity can manifest whatever the natural
source of bioactive compound: food or non-food,
integrated into an essential nutrient or not. But once
such compounds provoke a biological activity, we
consider them as non-essential [1].

Acknowledgements

Abdelkarim G. is grateful to Professor Mohammed
BELLAOUI for providing database to develop this work.

Great thanks to the Center of Doctoral Studies: Science
and Technology (CEDoc-ST)-Oujda (Morocco), and all
staff of the LGB-FSO laboratory.

References

[1] Abdelkarim G et al.; What is a bioactive compound? A
combined definition for a preliminary consensus.
International Journal of Nutrition and Food Sciences, 2014,
3(3): 174-179.

[2] Azmi J et al; Techniques for extraction of bioactive
compounds from plant materials: A review. Journal of Food
Engineering, 2013, 117(4): 426-436.

[3] Chew YL et al.; Assessment of phytochemical content,
polyphenolic composition, antioxidant and antibacterial
activities of Leguminosae medicinal plants in Peninsular
Malaysia. BMC Complementary and Alternative Medicine,
2011, 11:12 (10p).

[4] Khan M et al.; Assessment of total phenolic content and
antioxidant potential of methanol extract of Peltophorum
pterocarpum (DC.) Backer ex K. Heyne. Pak. Journal of
Pharmaceutical Sciences, 2013, 26(5): 967-972.

[5]

[6]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

234

Lai HY et al.; Blechnum Orientale Linn - a fern with potential
as antioxidant, anticancer and antibacterial agent. BMC
Complementary and Alternative Medicine, 2010, 10:15.

Derjani C and Barkha S; Antimicrobial, antioxidative and
anti-hemolytic activity of Piper betal leaf extracts.
International Journal of Pharmacy and Pharmaceutical
Sciences, 2011, 3(Suppl.3): 192-199.

Newman DJ and Cragg GM; Natural products as sources of
new drugs over the last 25 years. Journal of Natural Products,
2007, 70(3): 461-4717.

Yen GC et al.; Relationship between antioxidant activity and
maturity of peanut hulls. Journal of Agricultural and Food
Chemistry, 1993, 41(1): 67-70.

Nahler G; Dictionary of Pharmaceutical Medicine (3rd Ed),
B letter, Springer-Verlag Wien, 2013: 19-28.

Temple NJ; Antioxidants and disease: more questions than
answers. Nutrition Research, 2000, 20(3): 449-459.

Liu RH; Health-promoting components of fruits and
vegetables in the diet. Advances in Nutrition, 2013, 4(3):
384S-3928S.

Dictionary of Food Science and Technology (2nd Ed).
International Food Information Service (IFIS Editor), 2009:
47-48.

Strack D et al.; Recent advances in betalain research.
Phytochemistry, 2003, 62(3): 247-269.

Cai Y et al.; Antioxidant activity of betalains from plants of
the Amaranthaceae. Journal of Agricultural and Food
Chemistry, 2003, 51(8): 2288-2294.

Moussa-Ayoub TE et al.; Flavonols, betacyanins content and
antioxidant activity of cactus Opuntia macrorhiza fruits.
Food Research International, 2011, 44(7): 2169 - 2174.

Stintzing FC et al.; Color and antioxidant properties of
cyanidin-based  anthocyanin  pigments. Journal of
Agricultural and Food Chemistry, 2002, 50(21): 6172—6181.

Stintzing, FC and Carle R; Betalains — emerging prospects
for food scientists. Trends in Food Science and Technology,
2007, 18(10): 514-525.

Tanaka Y et al.; Biosynthesis of plant pigments: anthocyanins,
betalains and carotenoids. The Plant Journal, 2008, 54(4):
733-749.

Azeredo, HMC;Betalains: properties, sources, applications,
and stability — a review. International Journal of Food
Science and Technology, 2009, 44(12): 2365-2376.

Nemzer B et al.; Betalainic and nutritional profiles of
pigment-enriched red beet root (Beta vulgaris L.) dried
extracts. Food Chemistry, 2011, 127(1): 42-53.

Betacyanin synthesis in red beet (Beta vulgaris) leaves
induced by wounding and bacterial infiltration is preceded by
an oxidative burst. Physiological and Molecular Plant
Pathology, 2004, 64(3): 25-133.

Kanner J, Harel S, Granit R. Betalains--a new class of dietary
cationized antioxidants. Journal of Agricultural and Food
Chemistry, 2001, 49(11): 5178-85.



235

[23]

[24]

[26]

[27]

[30]

[31]

[32]

[33]

[34]

[35]

[36]

[37]

Abdelkarim GUAADAOUI et al.:

Betalains, Polyacetylenes and Tocols as Biocompounactives: A Concise Review for

Enriching the Bioactivity Concept

Stintzing FC and Carle R; Functional properties of
anthocyanins and betalains in plants, food, and in human
nutrition. Trends in Food Science and Technology, 2004,
15(1): 19-38.

Stintzing FC et al.; Identification of betalains from yellow
beet (Beta vulgaris L.) and cactus pear [Opuntiaficus-indica
(L.) Mill] by high-performance liquid chromatography
electrospray ionization mass spectrometry. Journal of
Agricultural and Food Chemistry, 2002, 50: 2302-2307.

Wybraniec S et al.; 1H and 13CNMR spectroscopic structural
elucidation of new decarboxylated betacyanins. Tetrahedron
Letters, 2006, 47(11): 1725-1728.

Herbach, KM et al.; Impact of thermal treatment on color and
pigment pattern of red beet (Beta vulgaris L.) preparations.
Journal of Food Science, 2004, 69(6): C491-C498.

Butera D et al.; Antioxidant activities of Sicilian prickly pear
(Opuntia ficusindica) fruit extracts and reducing properties of
its Dbetalains: betanin and indicaxanthin. Journal of
Agricultural and Food Chemistry, 2002, 50(23):6895-6901.

Stintzing FC et al; Phytochemical and nutritional
significance of cactus pear. European Food Research and
Technology, 2001, 212(4): 396-407.

Kugler F et al.; Identification of betalains from petioles of
differently colored Swiss chard (Beta vulgaris L. ssp. cicla
[L.] Alef. Cv. Bright Lights) by high-performance liquid
chromatographyelectrospray ionization mass spectrometry.
Journal of Agricultural and Food Chemistry, 2004, 52:
2975-2981.

Cai Y et al.; Characterization and application of betalain
pigments from plants of the Amaranthaceae. Trends in Food
Science and Technology, 2005, 16(9): 370-376.

Herbach, KM et al.; Identification of heat-induced
degradation products from purified betanin, phyllocactin and
hylocerenin by high-performance liquid
chromatography/electrospray ionization mass spectrometry.
Rapid Communications in Mass Spectrometry, 2005, 19(18):
2603-2616.

Vaillant F et al.; Colorant and antioxidant properties of
red-purple pitahaya (Hylocereus sp.). Fruits, 2005, 60(1):
3-12.

Herbach, KM et al.; Structural and chromatic stability of
purple pitaya (Hylocereus polyrhizus [ Weber] Britton and Rose)
betacyanins as affected by the juice matrix and selected
additives. Food Research International, 2006, 39(6): 667-677.

Sevenson J et al.; Betalains in red and yellow varieties of the
Andean tuber crop ulluco (Ullucus tuberosus). Journal of
Agricultural and Food Chemistry, 2008, 56(17): 7730-7737.

Herbach KM et al.; Stability and color changes of thermally
treated betanin, phyllocactin, and hylocerenin solutions.
Journal of Agricultural and Food Chemistry, 2006, 54(2):
390-398.

Tsai PJ et al.; Thermal and pH stability of betacyanin pigment
of djulis (Chenopodium formosanum) in Taiwan and their
relation to antioxidant activity. Journal of Agricultural and
Food Chemistry, 2010, 58(2): 1020-1025.

Tsai PJ et al.; Effect of nanogrinding on the pigment and
bioactivity of Djulis (Chenopodium formosanum Koidz.).

[38]

[39]

[40]

[41]

[42]

[43]

[44]

[45]

[46]

[47]

[48]

[49]

[50]

[51]

Journal of Agricultural and Food Chemistry, 2011, 59(5):
1814-1820.

Raven PH et al.; Biology of Plants (7th edition). W. H.
Freeman Publishers, New York, 2004: 465p.

Shahidi F et al.; Bioactive Phytochemicals in Vegetables:
Handbook of Vegetables and Vegetable Processing (Chapter
6). Blackwell Publishing Ltd., 2011: 125-158.

Hossain BN et al.; Variation in betalain content and factors
affecting the biosynthesis in Portulaca sp. 'Jewel' cell cultures.
Plant Biotechnology, 2002, 19(5): 369-376.

Sirak SM et al.; Betaxanthins: natural and “synthetic” water
soluble food and pharmaceutical colorants. Conference
Proceeding: 231st National American Chemical Society
Meeting and Exposition. 2006: NA.

Cai Y et al.; Identification and Distribution of Simple and
Acylated Betacycanins in the Amaranthaceae. Journal of
Agricultural and Food Chemistry, 2001, 49(4): 1971-1978.

Belitz HD et al.; Food Chemistry (3rd ED), Springer-Verlag,
Berlin, 2004: 1070p.

Stintzing FC et al.; Color, betalain pattern, and antioxidant
properties of cactus pear (Opuntia ssp.) clones. Journal of
Agricultural Food Chemistry, 2005, 53(2): 442-451.

Gentile C et al.; Antioxidant betalainsfromcactus pear
(Opuntiaficus-indica) ~ inhibits  endothelial ICAM-1
expression. Annals of the New York Academy of Science,
2004, 1028: 481-486.

Kujala TS et al.; Phenolics and betacyanins in red beetroot
(Beta vulgaris) root: distribution and effect of cold storage on
the content of total phenolics and three individual compounds.
Journal of Agricultural and Food Chemistry, 2000, 48(11):
5338-5342.

Lee EJ et al.; Betalain and betaine composition of
greenhouse- or field-produced beetroot (Beta vulgaris L.)
and inhibition of HepG2 cell proliferation. Journal of
Agricultural and Food Chemistry. 2014, 62(6): 1324-1331.

Minto RE and Blacklock BJ; Biosynthesis and function of
polyacetylenes and allied natural products. Progress in Lipid
Research, 2008, 47(4): 233-306.

Czepa A and Hofmann T; Quantitative studies and sensory
analysis on the influence of -cultivar, spatial tissue
distribution and industrial processing on the bitter off - taste
of carrots (Daucuscarota L.) and carrot products. Journal of
Agricultural and Food Chemistry, 2004, 52(14): 4508-4514.

Naoumkina MA et al; Genomewide analysis of
phenylpropanoid defence pathways. Molecular Plant
Pathology, 2010, 11(6): 829-846.

SelmarD; Potential of salt and drought stress to increase
pharmaceutical significant secondary compounds in plants.
LandbauforschungVolkenrode, 2008, 58(1-2): 139-144.

Christensen LP; Bioactivity of Polyacetylenes in food plants:
Bioactive Foods in Promoting Health (Chapter 20),
Academic Press, San Diego, 2010: 285-306.

Zidorn C et al.; Polyacetylenes from the Apiaceae vegetables
carrot, celery, fennel, parsley, and parsnip and their cytotoxic
activities. Journal of Agricultural and Food Chemistry, 2005,
53(7): 2518-2523.



[54]

[55]

[58]

[61]

[62]

[63]

[64]

[67]

[68]

International Journal of Nutrition and Food Sciences 2014; 3(4): 230-237

Christensen LP and Brandt K; Bioactive polyacetylenes in
food plants of the Apiaceae family: Occurrence, bioactivity
and analysis. Journal of Pharmacuetical and Biomedical
Analysis, 2006, 41(3): 683—693.

Czepa A and Hofmann T; Structural and sensory
characterization of compounds contributing to the bitter
off-taste of carrots (Daucuscarota L.) and carrot puree.
Journal of Agricultural and Food Chemistry, 2003, 51(13):
3865-3873.

Rai DK et al.;Characterisation of Polyacetylenes isolated
from carrot (Daucus Carota) extracts by Negative Ion
Tandem Mass Spectrometry. Rapid Communications in Mass
Spectrometry, 2011, 25(15): 2231-2239.

Christensen, LP and KreutzmannS; Determination of
polyacetylenes in carrot roots (Daucuscarota L.) by
high-performance liquid chromatography coupled with diode
array detection. Journal of Separation Science, 2007, 30(4):
483-490.

Kidmose U et al.; Effects of genotype, root size, storage, and
processing on bioactive compounds in organically grown
carrots (Daucuscarota L.). Journal of Food Science, 2004,
69(9): S388-S394.

Netzel M et al.; Cancer cell antiproliferation activity and
metabolism of black carrot anthocyanins. Innovative Food
Science and Emerging Technologies, 2007, 8(3): 365-372.

Kreutzmann S et al.; Investigation of bitterness in carrots
(Daucuscarota L.) based on quantitative chemical and
sensory analyses. LWT — Food Science and Technology, 2008,
41(2): 193-205.

Uwai K et al.; Exploring the structural basis of neurotoxicity
in C17-polyacetylenes isolated from water hemlock. Journal
of Medicinal Chemistry, 2000, 43(23): 4508-4515.

Kobak-Larsen M et al.; Inhibitory effects of feeding with
carrots or (-) Falcarinol on development of
azoxymethane-induced preneoplastic lesions in the rat colon.
Journal of Agricultural and Food Chemistry, 2005, 53(5):
1823-1827.

Hansen SL et al.; Bioactivity of falcarinol and the influence
of processing and storage on its content in carrots
(Daucuscarota L). Journal of the Science of Food and
Agriculture, 2003, 83(10): 1010-1017.

Brandt K et al.; Health promoting compounds in vegetables
and fruits: A systematic approach for identifying plant
components with impact on human health. Trends in Food
Science and Technology, 2004, 15(7-8): 384-393.

Meot-Duros L et al.; New antibacterial and cytotoxic
activities of falcarindiol isolated in Crithmum maritimum L.
leaf extract. Food and Chemical Toxicology, 2010, 48(2):
553-557.

Metzger BT and Barnes DM; Polyacetylene Diversity and
Bioactivity in Orange Market and Locally Grown Colored
Carrots (Daucuscarota L.). Journal of Agricultural and Food
Chemistry, 2009, 57(23): 11134-11139.

Wu LW et al.;Polyacetylenes function as anti-angiogenic
agents. Pharmaceutical Research, 2004, 21(11): 2112-2119.

Young J F et al.; Biphasic effect of falcarinol on CaCo-2 cell
proliferation, DNA damage and apoptosis. Journal of

[69]

[70]

[71]

[73]

[74]

[75]

[76]

[77]

[79]

[80]

[81]

[82]

[83]

(84]

236

Agricultural and Food Chemistry, 2007, 55(3): 618-623.

Chiang YM et al.; Cytopiloyne, a novel polyacetylenic
glucoside from Bidenspilosa, functions as a T helper cell
modulator. Journal of Ethnopharmacology, 2007, 110(3):
532-538.

Rawson A et al. ; Effect of ultrasound and blanching
pretreatments on polyacetylene and carotenoid content of hot
air and freeze dried carrot discs. Ultrasonics Sonochemistry,
2011, 18(5): 1172-1179.

Rawson A et al.; Influence of Sous Vide and Water
Immersion Processing on Polyacetylene Content and
Instrumental Color of Parsnip (Pastinaca sativa) Disks.
Journal of Agricultural and Food Chemistry, 2010, 58(13):
7740-7747. .

Kjellenberg L et al.; Effects of Harvesting Date and Storage
on the Amounts of Polyacetylenes in Carrots, Daucus carota.
Journal of Agricultural and Food Chemistry, 2010, 58(22):
11703-11708.

Koidis A et al.; Influence of unit operations on the levels of
polyacetylenes in minimally processed carrots and parsnips:
An industrial trial. Food Chemistry, 2012, 132: 1406—1412.

Soltoft M et al.; Comparison of polyacetylene content in
organically and conventionally grown carrots using a fast
ultrasonic liquid extraction method. Journal of Agricultural
and Food Chemistry, 2010, 58: 7673-7679.

Pferschy-Wenzig EM et al.; Determination of falcarinol in
carrot  (Daucuscarota L.) genotypes using liquid
chromatography/mass spectrometry. Food Chemistry, 2009,
114(3): 1083-1090.

Falk J and Munné-Bosch S;Tocochromanol functions in
plants: antioxidation and beyond. Journal of Experimental
Botany, 2010, 61(6): 1549-1566.

Szymanska R and Kruk J; Occurrence and function of
tocochromanols in plants, animals and men. Postepy
biochemii, 2007, 53(2): 174-181.

ZinggIM; Vitamin E: An overview of major research
directions. Molecular Aspects of Medicine, 2007, 28(5-6):
400-422. .

Liu RH; Whole grain phytochemicals and health. Journal of
Cereal Science, 2007, 46(3): 207-219.

Colombo ML; An update on vitamin E, tocopherol and
tocotrienol-perspectives. Molecules, 2010, 15(4): 2103-2113.

Ryan D et al; Bioactivity of oats as it relates to
cardiovascular disease. Nutrition Research Reviews, 2007,
20(2) 147-162.

Brigelius-FlohéR; Bioactivity of vitamin E. Nutrition
Research Reviews, 2006, 19(2): 174-186. .

Wells SR et al.; Alpha-, gamma- and delta-tocopherols
reduce inflammatory angiogenesis in human microvascular
endothelial cells. The Journal of Nutritional Biochemistry,
2010, 21(7): 589-597.

Yoshida Y et al.; Chemical reactivities and physical effects in
comparison between tocopherols and tocotrienols:
physiological significance and prospects as antioxidants.
Journal of Bioscience and Bioengineering, 2007, 104(6):
439-444. .



237 Abdelkarim GUAADAOUI et al.:

Betalains, Polyacetylenes and Tocols as Biocompounactives: A Concise Review for

Enriching the Bioactivity Concept

[85] Campbell S et al; Development of gamma
(gamma)-tocopherol as a colorectal cancer chemopreventive
agent. Critical Reviews in Oncology/Hematology, 2003,
47(3): 249-259.

[86] BlomhoffR; Role of dietary phytochemicals in oxidative
stress. In: Bioactive compounds in plants — benefits and risks
for man and animals. Oslo: The Norwegian Academy of
Science and Letters, 2010: 52-70.

[87] Cavallero A et al.; Tocols in hull-less and hulled barley
genotypes grown in contrasting environments. Journal of
Cereal Science, 2004, 39(2): 175-180.

[88] Bramley M et al.; Vitamin E. Journal of the Science of Food
and Agriculture, 2000, 80(7): 913-938.

[89] Stone WL and Papas A; Tocopherols, tocotrienols and
vitamin E: Lipids for Functional Foods and Nutraceuticals.
Bridgewater. The Oily Press, 2003: 53-72.

[90] Mustacich DJ et al.; Vitamin E: Vitamins and Hormones.
Academic Press, San Diego, CA, USA, 2007, 76: 1-21.

[91] BurnsJ et al.; Identification and quantification of carotenoids,
tocopherols and chlorophylls in commonly consumed fruits
and vegetables. Phytochemistry, 2003, 62(6): 939-947.

[92] Ching LS and Mohamed S; a-Tocopherol content in 62 edible
tropical plants. Journal of Agricultural and Food Chemistry,
2001, 49(6): 3101-3105.

[93] Chun J et al.; Tocopherol and tocotrienol contents of raw and
processed fruits and vegetables in the United States diet.
Journal of Food Composition and Analysis, 2006, 19(2-3):
196-204. .

[94] Singh J et al.; Variability of carotenes, vitamin C, E and
phenolics in Brassica vegetables. Journal of Food
Composition and Analysis, 2007, 20(2): 106-112.

[95] Panfili G et al.; Normal phase high-performance liquid
chromatography method for the determination of tocopherols
and tocotrienols in cereals. Journal of Agricultural and Food
Chemistry, 2003, 51(14): 3940-3944.

[96] Tiwari U and Cummins E; Nutritional importance and effect
of processing on tocols in cereals. Trends in Food Science
and Technology, 2009, 20(11-12): 511-520.

[97] White DA et al.; Characterisation of oat (4vena sativa L.) oil
bodies and intrinsically associated E-vitamers. Journal of
Cereal Science, 2006, 43(2): 244-249.

[98] Horvath G et al.; Accumulation of tocopherols and
tocotrienols during seed development of grape (Vitis vinifera
L. cv. Albert Lavallée). Plant Physiology and Biochemistry,
2006, 44(11-12): 724-731.

[99] Lampi AM et al.; Tocopherols and Tocotrienols from Oil and
Cereal Grains: Functional Foods - Biochemical and
Processing Aspects. CRC Press: Boca Raton 2002: 1-38.

[100] Munne-Bosch S and Alegre L; The function of tocopherols
and tocotrienols in plants. Critical Reviews in Plant Sciences,
2002, 21(1): 31-57.

[101] Sontag TJ1, Parker RS; Influence of major structural features
of tocopherols and tocotrienols on their omega-oxidation by
tocopherol-omega-hydroxylase. The Journal of Lipid
Research, 2007, 48(5): 1090-1098.

[102] Venkatesh TV et al.; Identification and characterization of an
Arabidopsis homogentisate phytyltransferase paralog. Planta,
2006, 223(6): 1134-1144.

[103] Trumbo PR et al.; Dietary reference intakes: revised
nutritional equivalents for folate, vitamin E and provitaminA
carotenoids. Journal of food composition and analysis, 2003,
16(3): 379-382.

[104] Atkinson J; Chemical investigations of tocotrienols: isotope
substitution, fluorophores and a curious curve. In 6th
COSTAM/SFRR (ASEAN/Malaysia) International
Workshop on Micronutrients, Oxidative Stress, and
Environment. Kuching, Malaysia, 2006: 22.

[105] Drotleff AM and Ternes W; Determination of
RS,E/Z-tocotrienols by HPLC. Journal of Chromatography
A,2001, 909(2): 215-223.

[106] Ball GFM; Vitamins in Foods. CRC Taylor & Francis: Boca
Raton, FL, USA, 2006: 119-136.

[107] ZinggIM; Molecular and cellular activities of vitamin E
analogues. Mini Reviews in Medicinal Chemistry, 2007, 7:
543-558.

[108] Shimoda K et al.; Production of f-Maltooligosaccharides of
a- and &-Tocopherols by Klebsiella pneumoniae and
Cyclodextrin Glucanotransferase as Anti-allergic Agents.
Molecules, 2009, 14(8): 3106-3114.

[109] Larrick et al.; gamma-Tocopherol therapy for Restenosis
Prevention. Patent Application Publication. United States,
2013: 13p.

[110]Sen CK et al.; Tocotrienols: the emerging face of natural
vitamin E. Vitamins & Hormones, 2007, 76: 203-261.

[111]Azzi A et al.; Non-antioxidant molecular functions of
alpha-tocopherol (vitamin E). FEBS Letters, 2002, 519(1-3):
8-10.

[112] Bacchetta L et al.; High-tech production of bioactive
a-tocopherol from Corylusavellana adventitious roots by
bioreactor culture. Acta Horticulturae, 2009, 845: 713-716.

[113]Piacham T et al.; Synthesis and Theoretical Study of
Molecularly Imprinted Nanospheres for Recognition of
Tocopherols. Molecules, 2009, 14(8): 2985-3002.

[114] Sen CK et al.; Tocotrienol: the natural vitamin E to defend the
nervous system? Annals of the New York Academy of
Sciences, 2004, 1031: 127-42.

[115] Aggarwal B and NesaretnamK; Vitamin E tocotrienols: life
beyond tocopherols. Genes & Nutrition, 2012, 7(1): 1.

[116] Elmadfa I and Wagner KH; Non-nutritive bioactive food
constituents of plants: tocopherols (vitamin E). International
Journal for Vitamin and Nutrition Research, 2003, 73(2):
89-94.



