10
Sources of natural antioxidants:
vegetables, fruits, herbs, spices and teas
Professor N. V. Yanishlieva-Maslarova, Bulgarian Academy of Sciences,
Sofia, and Professor I. M. Heinonen, University of Helsinki

10.1 Introduction
This chapter presents the results of the stabilisation of lipids and lipidcontaining food against oxidation, by various vegetables, fruits, herbs, spices
and teas. The antioxidative activity of different extracts obtained from the
plant material, as well as of individual antioxidants isolated from them is
discussed. Usually the effectiveness (or the stabilisation factor, F ) of the
substrates added is established on the basis of the determination of the ratio
between the oxidation stability (or induction period, IP) of the lipid or food
system in the presence of the additive, IPadd, and in its absence, IP0, e.g. F =
IPadd/IP0. Oxidation stability is expressed in time units, and is determined
from the kinetic curves of peroxide accumulation, or of oxygen absorption,
or/and of conjugated dienes accumulation. Apart from following the lipid
oxidation in bulk phase, results from measuring radical-scavenging activities and peroxidation in chemical and biological systems are also discussed.
The chemical structures of individual antioxidants isolated from vegetables,
fruits, herbs, spices and teas are also given.

10.2 Antioxidants from vegetables
Vegetable and fruit consumption has been shown in epidemiological studies
to be related to reduced risk of cancer and cardiovascular disease.1,2
Vegetables such as root and tuberous crops (carrots, potatoes, sweet
potatoes, red beets etc.), cruciferous vegetables (cabbage, Brussels sprouts,
broccoli etc.), green leafy vegetables (lettuce, spinach etc.), onions, toma-
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toes and other vegetables have been screened for antioxidant activity using
different oxidation systems.3–14 In addition to the differences in methodologies, different extraction methods used to release antioxidative constituents result in variation of the antioxidant activities reported for
vegetables.
In early studies Pratt and Watts3 and Pratt4 found that green onion
tops were twice as potent as antioxidants than potato peel, green
pepper and green onion and four times more potent than potatoes in
inhibiting the coupled oxidation of b-carotene and linoleic acid. Using the
same oxidation model Gazzani et al.10 reported that when prepared at 2 °C,
most vegetable juices showed initial pro-oxidant activity. This pro-oxidant
activity was very high for eggplant, tomato, and yellow bell pepper. In the
cases of carrot, celery, garlic, mushroom, zucchini, tomato, and particularly
eggplant juice, it was reported that the antioxidant activity of the vegetables was increased by boiling. This suggests that the pro-oxidant activity
was due to peroxidases which were inactivated at high temperature.
Kähkönen et al.13 studied the effect of plant extracts on oxidation of
pure methyl linoleate at 40 °C. The results showed that at the level of
5000 ppm on the basis of the plant dry weight the order of antioxidant activity was as follows: pea, legume (37 % inhibition) > cucumber, leaf (35 %) >
pea (28 %) > onion (11 %) > carrot (10 %). Compared to the poor activity
of these vegetables, the peel extracts of beetroot, sugar beet, and potato
showed remarkable antioxidant activity ranging from 86 to 99 % inhibition.
By measuring the oxygen radical absorbance capacity (ORAC), Cao et al.6
reported that the antioxidant score decreased in the following order: kale
> garlic > spinach > Brussels sprouts > alfalfa sprouts > broccoli flowers >
beets > red bell pepper > onion > corn > eggplant > cauliflower > potato >
sweet potato > cabbage > leaf lettuce > string bean > carrot > yellow
squash > iceberg lettuce > celery > cucumber. Results on spiking plasma
with vegetable extracts showed that beans, garlic, onions, asparagus, beet,
potato and broccoli ranked highest in inhibiting the oxidation of low
density lipoprotein (LDL) and very low density lipoprotein (VLDL)
fractions.11
However, little is known about the activity of antioxidant components
isolated from these vegetables. Research has focused more on the activity
of commercial antioxidant compounds that are also present in these vegetables such as flavonoids and phenolic acids,15 tocopherols,16 carotenoids,17
ascorbic acid,18 and sulphur-containing compounds.7 Table 10.1 illustrates
the sparse literature on antioxidant compounds identified in different
vegetables.

10.2.1 Root and tuberous vegetables
Carrot (Daucus carota) has been reported to exert low antioxidant activity
compared to other vegetables.5,6,9,11,13,14 Extracts of carrot leaves and peel
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Table 10.1 Antioxidant compounds identified in different vegetables
Vegetables
Bell peppers
Cruciferous vegetables
Onions
Potato
Purple sweet potatoes
Spinach

Antioxidative compounds

References

quercetin
phenolic compounds
quercetin, allicin
caffeic acid derivatives, chlorogenic acid,
patatin
peonidin glycoside
phenolic compounds

3, 4
7, 19
3, 4, 20
5, 21, 22
23
11, 24

showed antioxidant activity towards oxidation of pure methyl linoleate at
40 °C while the carrot flesh was inactive.13 Boiling carrots for 30 min significantly improved their antioxidant activity towards coupled oxidation of
b-carotene and linoleic acid.10 In addition, the most polar fraction of carrots
was found to be pro-oxidative.
Potato (Solanum tuberosum) is considered a good source of antioxidants
such as ascorbic acid, a-tocopherol and polyphenolic compounds. However,
most studies have been focused on the antioxidant activity of phenolic
compounds in potato.5,12,21,25 According to Lugasi et al.25 ethanolic extracts
of potato tubers showed marked hydrogen-donating activity using 1,1diphenyl-2-picrylhydrazyl (DPPH) and had reducing power in the Fe(III)
Æ Fe (II) reaction. Potato peelings especially have been reported to show
high antioxidant activity.3,4,13,22,26 The active compounds isolated from
potatoes,21,22 especially potato peelings, and other root crops such as the
Japanese vegetable, burdock (Arctium lappa L),27 are derivatives of caffeic
acid 1 such as chlorogenic acid 2 or caffeoylquinic acid derivatives with
sugar moiety. According to Hayase and Kato28 these phenolic compounds
are responsible for enzymatic browning and act as antioxidants in sweet
potatoes (Iopomea batatas). Burdock9 and sweet potato9,11 extracts were
also reported to be highly active towards lipid oxidation.
Purple potatoes and peel have been shown to exhibit greater antioxidant activities than the white and yellow varieties.12,13 This difference
in antioxidant activity may result partly from the presence of anthocyanins such as pelargonidin-3-rutinoside-5-glucoside 3 identified as the
dominant anthocyanin in red-fleshed potato varieties.29 Also an anthocyanin, peonidin glycoside, isolated from purple sweet potatoes was
reported to exhibit strong antioxidant activity.23 According to Al-Saikhan
et al.5 patatin, a water-soluble glycoprotein, appeared to be the major
water-soluble compound that showed antioxidant activity while ascorbic
acid promoted bleaching of the b-carotene emulsion and carotenoid pigments were probably not responsible for much of the antioxidant activity
of potatoes.
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Similarly to carrot and potato peel, beetroot peel (Beta vulgaris L) and
sugar beet peel (Beta vulgaris esculenta) showed remarkably high antioxidant activities.13 Beet ranked eighth among 23 vegetables assayed for
inhibition of LDL oxidation.11

10.2.2 Cruciferous vegetables
One major group of bioactive components of cruciferous vegetables is that
of the glucosinolates and their breakdown products.19 According to Plumb
et al.7 extracts from broccoli (Brassica olearacea L cv Italica L), Brussels
sprouts (B olearacea L Gemmifera), red cabbage (B olearacea L cv Rubra),
white cabbage (B olearacea L cv Alba ) and cauliflower (B olearacea L cv
Botrytis) show significant antioxidant properties against lipid peroxidation.
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However, most of the direct antioxidant action of the crucifers is not due
to the glucosinolate content. It is suggested that the total antioxidant activity of the crucifers probably involves the hydroxylated phenol and polyphenol content, as has been identified in broccoli.30 In contrast, cabbage,
cauliflower and Brussels sprouts were pro-oxidants towards lipid peroxidation in microsomes containing specific cytochrome P450s.8
Kale (B olearacea L cv Acephala), Brussels sprouts and broccoli
were found to exert higher antioxidant activity than cauliflower and other
vegetables.5,6,9,11 White cabbage was reported to show more than 80 %
inhibition of coupled oxidation of b-carotene and linoleic acid10 and it was
also an active hydroxyl radical scavenger.7 Boiled (15 min) Brussels sprouts
were found to promote peroxidation of human liver microsomes and
of phospholipid liposomes,7 while boiled (5 min) broccoli exhibited 96 %
inhibition of oxidation of b-carotene linoleic acid emulsion.5 Swede peel
(Brassica napus rapifera) was inactive towards oxidation of methyl
linoleate.13

10.2.3 Green leafy vegetables
Contradictory results have been reported using different oxidation model
systems to assess antioxidant activity of green leafy vegetables, especially
spinach. The antioxidant activity of green leafy vegetables has been
reported to be low: spinach (Spinacia olearacea L) ranked 18th and lettuce
(head) (Lactuca sativa L cv Capita) 22nd among 23 vegetables assayed for
inhibition of LDL.11 Yet, according to Vinson et al.11 the phenols in spinach
were able to enrich the lipoproteins by binding with them and subsequently
protect them from oxidation. The ORAC activity of spinach was very high
while that of leaf lettuce and iceberg lettuce was poor.6 Moderate antioxidant activity of spinach was reported towards oxidation of linoleic acid.9
Differently processed spinach samples were also found to inhibit formation
of lipid hydroperoxides but to act as pro-oxidants in cooked meat.24 Blends
of two to four vegetables including spinach increased the inhibitiory effect
on lipid peroxidation, mainly due to the high levels of antioxidants in
spinach.14

10.2.4 Onions
The antioxidant activity of onion (Allium cepa) and onion scales has been
studied in lipid oxidation models3,4,5,9,10,13 and in radical scavenging assays.6,11
Both yellow and red onion were poor antioxidants towards oxidation of
methyl linoleate13 in contrast to their high antioxidant activity towards oxidation of LDL.11 Onion had also a poor antioxidant score in the ORAC
activity test while garlic (Allium sativum L) gave a score that was four times
higher.6 Yin and Cheng31 reported that the presence of garlic bulb, garlic
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greens, Chinese leek, scallion, onion bulb, and shallot bulb significantly
delayed lipid oxidation of phosphatidylcholine liposomes. While allicin 4 is
responsible for the antioxidant activity of garlic bulb20 compounds other
than allicin are involved in determininig the antioxidant effect of other
Allium members. According to Velioglu et al.12 anthocyanin-rich vegetables
including red onion scales generally showed very strong activities towards
oxidation of b-carotene linoleic acid model system. Similarly, green onion
tops were reported to be twice as active as green onions with quercetin 5
included in the antioxidant substances.3,4

10.2.5 Other vegetables
The interest in tomato (Lycopersicon esculentum) is due to its high
concentration of lycopene 6 as well as phenolic compounds present.
Tomato was reported to exert antioxidant activity in some studies11,13 while
in other experiments it showed no antioxidant activity32 or acted as
pro-oxidant.10 Among commercial juices tested, tomato juice has a
higher oxygen radical absorbance capacity than orange and apple juices.33
In this study, tomato juice had much higher ORAC than the acetone
extract of fresh tomatoes, which may be due to differences in the varieties
of tomatoes used. In addition, it was not clear whether vitamin C was
added to the commercial tomato juice. Antioxidant activity of tomato
juice decreased after initial 2–5 h of heating but was restored after
prolonged heating.34 In beef homogenates, tomato significantly inhibited
lipid peroxidation.14 The antioxidant effect of tomato is most probably due
to synergism between several compounds and it is not due to lycopene
content alone as pure lycopene and several other carotenoids act as prooxidants in a lipid environment.5,35 Figure 10.1 illustrates the pro-oxidant
effect of lycopene compared to the antioxidant effect of a combination of
lycopene and g-tocopherol on oxidation of rapeseed oil triglycerides under
light.35
Bell peppers have been shown to exert low antioxidant activity5,6,11 or
pro-oxidant activity.10 Other vegetables investigated for antioxidant activity include asparagus,11 celery,6,10,11 corn,6,11 cucumber,10,11,13 eggplant,6,10
pea,13 and zucchini.10

10.3 Antioxidants from fruits and berries
Data on the antioxidant activity of fruits and berries, their juices and wines
vary widely partly due to the use of different oxidation systems and
methods to analyse antioxidant compounds. The recent literature has
focused to a large degree on the antioxidant effect of flavonoids and phenolic acids isolated from fruits and berries although ascorbic acid,
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10.1 Pro-oxidant effect of lycopene and antioxidant effect of the combination of
lycopene and g-tocopherol on hydroperoxide formation in rapeseed oil triacylglycerols oxidised under light at 25 °C35 (reprinted with permission from J Agric Food
Sci, 1996 44 2096–100).

carotenoids and tocopherols also contribute to the antioxidant activity of
fruits and berries. By using the ORAC method, the extract of fresh strawberries had the highest total antioxidant capacity compared with the
extracts of plum, orange, red grape, kiwi fruit, pink grapefruit, white grape,
banana, apple, tomato, pear and honeydew melon.33 However, in lipid oxidation models (methyl linoleate, LDL) phenolic extracts from strawberries
ranked among the least active antioxidants compared with the activities of
other berries.13,36
The difference in antioxidant results due to differences in methodologies is also shown by Hopia et al.37 by comparing different methods for
measuring lipid oxidation or radical scavenging using berry wines as
test material. A comparison of the antioxidant activities of fruits and
berries, their juices and wines using one and the same methodology is
shown in Table 10.2. The inhibition of human LDL oxidation in vitro in a
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Table 10.2 Inhibition (%) of human low-density lipoprotein (LDL) oxidation in
vitro in a copper-catalysed system of selected fruits, berries, their juices and wine
tested at the level of 10 mM
Fruits, berries, their juices or wines
Red and blush table grapes
Red wine grapes
Red grape juice (Concord)
Red wine
White table grapes
White wine grapes
White grape juice
White wine
Peaches, fresh
Peaches, canned
Prunes
Prune juice
Blackberries
Blueberries
Red raspberries
Strawberries
Sweet cherries

% Inhibition

References

22–49
39–60
68–70
37–65
30
44–46
71–75
25–46
64–87
56–85
82
62
84
65
79
54
71

38
38
39
40
38
38
39
40
41
41
42
42
36
36
36
36
36

copper-catalysed system was measured at a level of 10 mM of the samples.
From the results presented in Table 10.2 it is obvious that the antioxidant
activity of fruits and berries is comparable to that of their juices and wines.
The antioxidant compounds identified in fruits and berries are listed in
Table 10.3.

10.3.1 Stone fruits
Prunes and prune juice (Prunus domestica) as well as neocholorogenic acid
7 and chlorogenic acid, the two predominant phenolic compounds in
prunes, were antioxidants toward oxidation of human LDL.42 According to
the ORAC test prunes rank highest with more than twice the level of
antioxidants than other high-scoring fruits such as raisins and blueberries.60
In this study, the antioxidant score of plums was seven times less than that
of prunes, which may be explained by the difference in their dry weight.
Using the same method Wang et al.33 reported earlier that plum ranked
second among 12 fruits tested for antioxidant activity.
The inhibition of LDL oxidation by peach (Prunus persica) extracts,
including raw and canned peaches, ranged between 56–87 % with the
antioxidant activity mainly attributed to the presence of hydroxycinnamic acids, chlorogenic and neochlorogenic acids, but not to carotenoids
such as b-carotene and b-cryptoxanthin present.41 Lower activities were
obtained for peach peel. On the contrary, Plumb et al.46 reported that

218

Antioxidants in food

Table 10.3 Antioxidant compounds identified in different fruits and berries
Fruits and berries
Apple juice
Apple pomace

Apple
Grapefruit
Grapes
Wild grapes
Red grape juice
White grape juice
Grape seeds
Red wine
Peach
Pear
Orange juice
Prunes, prune juice
Tart cherries

Berries

Antioxidative compounds
chlorogenic acid, phloretin glycosides,
ascorbic acid
epicatechin, its dimer (procyanidin B2),
trimer, tetramer, oligomer, quercetin
glucosides, chlorogenic acid, phloridzin,
3-hydroxyphloridzin
chlorogenic acid
naringin (naringenin 7-b-neohesperidoside)
total phenolics, anthocyanins, flavonols,
malvidin 3-O-(6-O-pcoumaroylglucosido)-5-glucoside
malvidin-3,5-diglucoside
total phenolics, anthocyanins
hydroxycinnamates, flavan-3-ols
procyanidin B2 3¢-O-gallate
anthocyanins, catechin, gallic acid,
resveratrol
chlorogenic acid, neochlorogenic acid
chlorogenic acid
hesperidin, narirutin
chlorogenic acid, neochlorogenic acid
cyanidin, 6,7-dimethoxy-5,8,4¢trihydroxyflavone, genistein, chlorogenic
acid, naringenin, genistin, 2-hydroxy-3-(ohydroxyphenyl) propanoic acid, 1-(3¢,4¢dihydroxycinnamoyl)-cyclopenta-2,5diol, 1-(3¢,4¢-dihydroxycinnamoyl)cyclopenta-2,3-diol
anthocyanins, hydroxycinnamates,
flavonols

References
43, 44
45

45
46
38, 47, 48
49
39
39
50
40, 51, 52
41, 46
46
43
42
53, 54, 55

36, 56, 57, 58,
59

hydroxycinnamic acids do not contribute to the inhibition of lipid
peroxidation of liver and cell microsomes by fruit extracts including plum
and peach although these fruits had an ability weakly to scavenge hydroxyl
radicals.

10.3.2 Citrus fruits
Grapefruit (Citrus paradisi) extracts inhibited ascorbate–iron-induced lipid
peroxidation of liver microsomes in a dose-dependent way, but were less
effective antioxidant towards an NADH–iron induced system.46 Naringin
(naringenin 7-b-neohesperidoside) 8, a major component in grapefruit,
was reported not to contribute to the lipid peroxidation but to be responsible for most of the hydroxyl radical scavenging activity of grapefruit.
Grapefruit was also effective towards ascorbate–iron-induced lipid per-
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oxidation of P450-containing microsomes.8 According to Wang et al.33
orange (Citrus sinensis) was more active than pink grapefruit in scavenging
peroxyl radicals (ORAC assay) while grapefruit juice was more active than
orange juice.
In a study by Scarlata and Ebeler61 citrus juices from orange, tangerine and grapefruit did not have any antioxidative effect towards
oxidation on lipoproteins isolated after plasma spiking. In this study,
hesperetin and hesperidin, two of the major phenolic compounds in
citrus fruits, did not show any activity. On the contrary, Miller and
Rice-Evans43 showed that in orange juice the total antioxidant activity
could be accounted for by hesperidin 9 and narirutin 10. Bocco et al.62
studied the antioxidant effect of by-products of the citrus juice industry and
found that, in general, the seeds of lemon, bergamot, sour orange,
sweet orange, mandarin, pummelo and lime possessed greater antioxidative
activity than the peels.

10.3.3 Grapes and wines
Antioxidants in grapes (Vitis vinifera) and grape juices have been recently
reviewed by Frankel and Meyer.47 Both fresh grapes and commercial grape
juices are a significant source of phenolic antioxidants. Extracts of fresh
grapes inhibited human LDL oxidation from 22 to 60 % and commercial
grape juices from 68 to 75 % when standardised at 10 mM gallic acid
equivalents (GAE).38,39 The antioxidant activities of grapes and grape
juices were comparable to those found for wines (Table 10.2).40 The LDL
antioxidant activity correlated highly with the concentration of total phenolics for both grape extracts and commercial grape juices, with the level of
anthocyanins and flavonols for grape extracts, with the levels of anthocyanins
for Concord grape juices, and with the levels of hydroxycinnamates
and flavan-3-ols with the white grape juice samples.39 Vitamin C had no
significant effect on the antioxidant activity of grape juices.39 Grape extracts
were also shown to inhibit formation of both hydroperoxides and hexanal
in lecithin liposomes.63 According to Wang et al.33 grapes and grape juices
also had high ORAC activities. A major anthocyanin pigment, malvidin3,5-diglucoside 11, with antioxidant activity, was isolated from wild grapes
(Vitis coignetiae).49 Anthocyanins with malvidin nucleus, especially malvidin
3-O-(6-O-p-coumaroylglucosido)-5-glucoside 12, isolated from Muscat
Bailey A grape proved to be more effective than (+)-catechin and
a-tocopherol.48
According to Meyer et al.64 phenolic antioxidants that were released
from grape pomace using enzymes significantly retarded human LDL oxidation. Oxygen radical scavenger ability of procyanidins for superoxide and
hydroxyl radicals was evaluated by da Silva et al.50 In this study, procyanidin B2 3¢-O-gallate 13, isolated from grape seeds was found to be the most
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effective compound. Grape seed extract could also reduce radical species
measured by electron spin resonance (ESR) spectroscopy.65
The potent antioxidant activity of wines, notably red wines, was first
reported by Frankel et al.66 by showing that wine phenolics were more effective than tocopherol in reducing LDL lipid oxidation as evidenced by
carotene-bleaching, a sensitive index of free radical-induced oxidation. This
result has been confirmed by several other research groups.51,67–72 The phenolic compounds responsible for antioxidant activity in red wine include
catechin 14, anthocyanins, gallic acid 15 and resveratrol 16.51,52,61 According
to Ghiselli et al.51 the anthocyanin fraction was the most effective both in
scavenging reactive oxygen species and in inhibiting lipoprotein oxidation
compared to two other red wine fractions of phenolic acids + quercetin3-glucuronide and catechins + quercetin-3-glucoside. Gardner et al.73
reported the findings made by using ESR spectroscopy that quercetin and
related flavonols are minor antioxidants in red wine.

10.3.4 Berries
Berries constitute a significant source of antioxidants such as ascorbic acid,
tocopherols, carotenoids, flavonoids and phenolic acids. Figure 10.2 shows
the antioxidant activity of extracts from berries on the oxidation of methyl
linoleate at 40 °C at a level of 5000 ppm on the basis of the plant dry
weight.13 It is to be seen that the most potent berries were crowberry
(Empetrum nigrum), cloudberry (Rubus chamaemorus), whortleberry
(Vaccinium uligonosum), lingonberry (Vaccinium vitis-idaea), aronia
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10.2 Antioxidant activity of 70 % acetone extracts from berries on the oxidation of
methyl linoleate at 40 °C at a level of 5000 ppm on the basis of plant dry weight13
(reprinted with permission from J Agric Food Sci, 1999 47 3954–62).
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(Aronia melanocarpa), cranberry (Vaccinium oxycoccus) and rowanberry (Sorbus aucuparia), all being wild berries, while the cultivated berries
such as strawberry (Fragaria ananassa), redcurrant (Ribes rubrum), blackcurrant (Ribes nigrum), and raspberry (Rubus idaeus) exerted low antioxidant activity. Somewhat surprisingly blackcurrant was not among the
most active berries as blackcurrant along with crowberries and bilberries
(Vaccinium myrtillus) were earlier74 evaluated as the most active raw
materials for berry wines. It may be that the wine making procedure more
effectively extracts the active phenolic compounds from the berries as compared to the solvent extraction of the berries. Berry extracts inhibited LDL
oxidation in the order: blackberries (Rubus fructicosus) > red raspberries >
sweet cherries (Prunus avium) > blueberries (Vaccinium corymbosum) >
strawberries.36 In the same study, sweet cherries were the most active
towards oxidation of lecithin liposomes followed by blueberries, red raspberries, blackberries and strawberries. Different blueberries and bilberries
were reported to exhibit good antioxidant capacity in the ORAC assay.56,59
The antioxidant capacity of blueberries was about three-fold higher than
either strawberries or raspberries with only a small contribution of ascorbic acid 17 to the total antioxidant capacity compared to total phenolics and
anthocyanins.59
The antioxidant activity for LDL was associated directly with anthocyanins and indirectly with flavonols, and for liposomes it correlated with
the hydroxycinnamate content.36 However, according to Costantino et al.57
the activities of black raspberries, blackcurrants, highbush blueberries,
blackberries, redcurrants and red raspberries toward chemically generated
superoxide radicals were greater than those expected on the basis of anthocyanins and polyphenols present in the berries. According to Miller and
Rice-Evans43 it is possible that ascorbic acid significantly contributes to the
antioxidant activity of berries and berry juices, as it was reported that blackcurrant juice has an ascorbate sparing effect.
Spray-dried elderberry (Sambucus nigra) juice, containing high amounts
of anthocyanin glucosides, inhibited copper-induced oxidation of LDL.58
It has been found also that the anthocyanins were able to reduce
a-tocopheroxyl radical to a-tocopherol.58 According to Velioglu et al.12 the
carotenoid-rich sea buckthorn berry (Hippophae rhamnoides L cv IndianSummer) had a high antioxidant activity of 94 % in a b-carotene bleaching
method.
Tart cherries (Prunus cerasus) were reported to exhibit antioxidant activity.53–55 According to Haibo et al.53 anthocyanidin and its aglycone, cyanidin
18 isolated from tart cherries were responsible for the antioxidant action.
In a further study,54 the antioxidant assays revealed that 6,7-dimethoxy5,8,4¢-trihydroxyflavone 19 is the most active, followed by genistein 20,
chlorogenic acid, naringenin 21 and genistin 22. In an Fe(II)-induced liposome peroxidation bioassay, the ethylacetate extract of tart cherries was
found to have strong antioxidant activity with active components identified
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as chlorogenic acid methyl ester and three novel compounds: 2-hydroxy3-(o-hydroxyphenyl) propanoic acid 23, 1-(3¢,4¢-dihydroxycinnamoyl)cyclopenta-2,5-diol 24 and 1-(3¢,4¢-dihydroxycinnamoyl)-cyclopenta2,3-diol 25.55

10.3.5 Other fruits
Apple extracts with 70 % acetone tested on the basis on their dry weight
showed strong antioxidant activites towards oxidation of methyl linoleate
although apples were low in total phenolics.13 In apple juice, vitamin C activity represented a minor fraction of the total antioxidant activity with
chlorogenic acid and phloretin glycosides 26 as the major identifiable
antioxidants.43,44 According to Plumb et al.46 chlorogenic acid contributes
about 27 % of the total activity of apple extract to scavenge hydroxyl radicals. Apple polyphenols isolated from gala apple pomace such as epicatechin 27, its dimer (procyanidin B2) 28, trimer, tetramer and oligomer,
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b-D-glucose
B2

b-D-glucose

guercetin glucosides, chlorogenic acid, phloridzin 29 and 3-hydroxyphloridzin 30 showed strong antioxidant activities in b-carotene linoleic
acid system and DPPH radical scavenging activities.46
Other fruits studied include banana, pear, honeydew melon and kiwi
fruit.33,46,60 Also, the antioxidant activity of olives has been recently
reported.75

10.4 Antioxidants from herbs, spices and teas
Herbs, spices and teas are one of the most important targets in the search
for natural antioxidants from the point of view of safety. Man has used them
not only for flavouring foods but also for antiseptic and medical properties
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since the prehistoric era. Table 10.4 presents the taxonomical classification
of spices.76
Since the early work of Chipault et al.77–79 which examined more than 70
spices, herbs and teas, interest in the antioxidative activity of spices has
increased and led to an increase in information about the compounds and
mechanisms involved.
In the evaluation of spices, some investigations have been carried out
using the whole spice.80–85 Table 10.5 illustrates the importance of the substrate used for the antioxidative activity of the additives. Rosemary and sage
were the most effective antioxidants in lard77,86 and both spices were found
to have a low redox potential in sausages indicating antioxidative activity.89,90 However, in an oil-in-water emulsion, clove was the most effective
spice.78,87,88 In general, the stabilisation factors obtained for the spices in the
emulsions were several times greater than those in lard, indicating a higher
efficiency against oxidation in the emulsion.92 The antioxidant activity of 17
different spices was investigated in mayonnaise and French dressing, and
oregano was found to display the highest activity.79
Shahidi et al.93 reported that the antioxidative activity of ground clove,
ginger, oregano, sage and thyme in meat lipids was concentration depenTable 10.4 Taxonomic classification of spices
Tubiflorae

Libiatae

Solanaceae

Sympetalae

Pedaliaceae
Campalunatae Compositae

Archichlamydaeae

Piperales

Piperaceae

Ranales

Myristicaceae
Lauraceae

Dicotyledoneae
A
N
G
I
O
S
P
E
R
M
A
E

Rhoeadales
Myrtiflorae
Umbelliflorae

Monocotyledoneae

Magnoliaceae
Cruciferae
Myrtaceae
Umbelliferae

Scitamineae

Liliaceae
Iridiceae
Zingiberaceae

Orchidales

Orchidaceae

Liliiflorae

basil, balm, dittany,
marjoram, mint,
oregano, perilla,
rosemary, sage,
savory, thyme
chili, paprika, red
pepper
sesame
camomile, chicory,
tarragon
cubeba, long pepper,
pepper
mace, nutmeg
bay leaf, cassia,
cinnamon
star-anise
mustard, wasabi
allspice, clove
anise, caraway, celery,
chervil, coriander,
cumin, dill, fennel
parsley
garlic, onion
saffron
cardamon, ginger,
turmeric
vanilla
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Table 10.5 Relative antioxidative effectiveness (RAE) of spices, herbs and teas,
evaluated as whole plant material in different substrates
Spice, herb, tea

Substrate

RAE

References

Marjoram, nutmeg,
white pepper,
rosemary, sage,
coriander, black
pepper
32 different
plant
materials
19 different
plant
materials
32 different
plant
materials
10 different
plant
materials
Allspice, red
paprika, savory,
marjoram, black
pepper, white
pepper, coriander
15 different
plant
materials
12 different
plant
materials

Lard

rosemary>sage>nutmeg
>white pepper
>marjoram

86

Lard

rosemary>sage>oregano>
nutmeg>thyme

77

Oil-in-wateremulsion

clove>cinnamon>
sage>mace>oregano

87

Oil-in-wateremulsion

clove>tumeric>allspice>
mace>rosemary

78

Oil-in-wateremulsion

clove>allspice>cinnamon>
nutmeg>ginger

88

Sausage, water

allspice>red paprika
>savory>marjoram
>black pepper

89

Sausage, water

sage>rosemary>paprika>
marjoram>aniseed

90

Ground chicken
meat

marjoram>caraway>
peppermint>clove

91

dent, but clove was most effective, followed by sage and then rosemary.
Ginger and thyme exerted the weakest effect. It was also established that
the addition of sage to pork sausages treated with sodium chloride was able
to inhibit the oxidative effect of salt.94
Dried leaves of rosemary added to cooked minced pork meat balls
retarded the development of warmed over flavour (WOF) during cold
storage.95 Pulverised summer savory and rosemary (0.05 %) significantly
improved the oxidative stability of minced, cooked pork meat balls in two
accelerated model systems with the rosemary showing a slightly higher
antioxidative activity.96 Tsimidou et al.97 found that 1 % oregano was
equivalent to 200 ppm butylated hydroxyanisole (BHA) in controlling oxidation of mackerel oil. For an oil-in-water emulsion dressing, addition of
0.15 % of dried leaves of summer savory or more significantly of rosemary
resulted in a significantly better antioxidative protection than the addition
of 80 ppm propyl gallate.98
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Table 10.6 Stabilisation factor F of different herbs, spices and teas in four foods99
Substrate
Storage temperature, °C
Spice, concentration in fat, %
Clove
Rosemary
Sage
Oregano
Summer savory
Thyme
Ginger
Curcuma
Nutmeg

Lard

Oil-in-water
emulsion

Minced pork
meat

Mayonnaise

99
0.2

63
0.1

-5
0.25

20
0.2

1.8
17.6
14.2
3.8
1.6
3.0
1.8
2.9
3.1

16.7
10.2
7.8
7.9
7.9
6.8
8.8
15.9
9.2

<5.3
<5.3
<5.3
<7.2
1.0
6.0
1.3
4.5
5.3

1.4
2.2
2.4
8.5
1.5
1.8
1.0
0.9
0.9

The influence of the type of food system on the stabilisation factor of
different spices is presented in Table 10.6.99

10.4.1 Rosemary (Rosmarinus officinalis L) and sage
(Salvia officinalis L)
Rosemary is one of the most effective spices widely used in food processing. It is the only spice commercially available for use as an antioxidant in
Europe and United States. One of its main potential uses is the suppression of WOF.100 However, because of their prime use as flavouring agents,
rosemary extract products are not technically listed as natural preservatives
or antioxidants.
The first use of an extract of rosemary leaves as an antioxidant
was reported by Rac and Ostric in 1955.101 Berner and Jacobson102 obtained
a patent in 1973 for production of an antioxidant extract from rosemary using
oil as a solvent. Chang et al.103 reported a process for the extraction of rosemary and sage, followed by vacuum steam distillation in an edible oil or
fat to obtain a colourless, odourless natural antioxidant. Bracco et al.104
described an extraction process using peanut oil, followed by micronisation,
heat treatment, and molecular distillation. Inahata et al.105 obtained a patent
in 1996 for production of odourless and safe antioxidants from rosemary by
repeated extraction, evaporation, purification and dissolving procedures.
More recently, another technique, supercritical carbon dioxide extraction,
has been used to produce extracts of rosemary and sage.106,107
Antioxidant properties of rosemary have been well documented.95,108–113
Rosemary was considered to be both a lipid antioxidant and a metal chelator.110 Rosemary extracts were also found to scavenge superoxide radicals.113 The application of rosemary extracts in food has given a variety of
results and these depend on the test model being used.
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Many different solvents have been used for the extraction of the antioxidative compounds.103,114–117 Chang et al.103extracted rosemary leaves with
hexane, benzene, ethyl ether, chloroform, ethylene dichloride, dioxane and
methanol. The extracts (0.02 %) were tested during oxidation of lard at
60 °C in the dark. It was established that the greatest antioxidant activity
was located in the methanol extract. This extract was further purified, and
the resultant fraction showed an outstanding activity in potato chips fried
in sunflower oil and held at 60 °C in the dark for 60 days.
Marinova et al.,115 Chen et al.,116 and Pokorny et al.117 found that the
hexane extracts from rosemary were better antioxidants for lard,115,116 rapeseed and sunflower oils,117 than methanol116 or ethanol117 extracts. Hexane
extract (0.05 %) caused a 35-fold increase of the oxidation stability of lard
determined at 100 °C, and the use of 0.05 % ethanol extract resulted in a
20-fold increase.115 In bulk rapeseed oil hexane extracts from rosemary and
sage were also more efficient than ethylacetate or acetone extracts.118 It was
established that rosemary extracts were more active than sage extracts,117,118
and that rapeseed oil was more efficiently stabilised than was sunflower
oil.117 The antioxidative effect of rosemary ethanol extract on butter,119,120
as well as on filleted and minced fish during frozen storage has been
studied.121
Rosemary antioxidants were found suitable for deep frying in edible
oils,122 especially in the presence of ascorbyl palmitate.123 Réblova et al.124
investigated the effect of acetone and ethyl acetate extracts on the changes
in rapeseed oil and in an oil containing polysiloxanes during frying of
potatoes. The authors established that the rosemary extracts inhibited
the formation of polar substances, polymers and decomposition of polyunsaturated triacylglycerols, especially in the case of rapeseed oil, and improved the sensory attributes of french fries.
Barbut et al.109 studied the effectiveness of rosemary oleoresin (RO) in
turkey breakfast sausages. The authors found that RO was as effective as
the combination of BHA or butylated hydroxytoluene (BHT) with citric
acid in suppressing oxidative rancidity. A standardised RO has many different phenolic components. It is thought that they act in synergy to provide
antioxidant activity.
Results from the oxidation of stripped soybean oil exposed to fluorescent light, in the presence of rosmariquinone (RQ) and RO125 indicated
that RO contained compounds, such as chlorophyll, pheophytin and monoand diglycerides, which under light interfere with the antioxidant components, thus reducing the antioxidant activity. This was confirmed by the
highest level of antioxidant activity exhibited by the RQ in comparison
to RO.
Lai et al.126 and Murphy et al.127 investigated the antioxidant properties
of RO alone or in combination with sodium tripolyphosphate (STPP) in
controlling lipid oxidation in restructured chicken nuggets126 and in precooked roast beef slices127 during refrigerated and frozen storage. Stoick
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et al.128 studied the oxidative stability of restructed beef steaks processed
with RO, tertiary butylhydroxyquinone (TBHQ) and STPP. They found that
the addition of RO gave no benefit over STPP. The RO/STPP combination
was equivalent to TBHQ/STPP treatment in preventing oxidation.
Wada and Fang129 observed a strong synergistic effect between rosemary
extract (0.02 %) and a-tocopherol (0.05 %) in sardine oil at 30 °C and in
frozen-crushed fish meat models. The authors suggested that rosemary
extract functions as a hydrogen atom donor regenerating the
a-tocopheroxyl radical to a-tocopherol. Synergistic effects were also found
between rosemary and sage extracts, and tocopherols or soybean meal
hydrolysates in a linoleic acid emulsion.130 Basaga et al.113 reported that
rosemary extract and BHT, when added as mixtures of 75:25, 50:50 and
25:75 had a synergistic effect on preventing oxidation of soybean oil. A very
pronounced synergistic effect was seen between citric acid and rosemary
extract.77
Concurrent with the evaluation of rosemary extracts as antioxidants to
inhibit lipid oxidation in food systems, research was also focused on isolation, identification and testing of the active compounds contained in the
extracts. In a study of 16 compounds isolated from rosemary, Bracco et al.104
concluded that the antioxidant activity of rosemary extracts is primarily
related to two phenolic diterpenes, carnosol 31 and carnosic acid 32.
This conclusion was confirmed by other investigators.116,131 Nakatani and
Inatani132 identified rosmanol 33 and carnosol and found that both were
more effective than a-tocopherol, BHT and BHA. The same authors133
isolated also rosmadial 34 from rosemary.
Several other antioxidative diterpenes such as epirosmanol 35 and
isorosmanol 36,134 rosmaridiphenol 37135 and rosmariquinone 38136 have
been reported to contribute to the antioxidant activity of rosemary extracts.
During the storage and extraction of rosemary, carnosic acid is partially
converted either into carnosol or into other diterpenes such as
rosmanol.104,137–139
Rosmarinic acid (RA) 39 was reported by Gerhardt and Schröter140 to
be the second most frequently occurring caffeic acid ester, following chlorogenic acid, and to have antioxidant activity equivalent to that of caffeic acid.
The authors detected RA in rosemary, balm, sage, thyme, oregano, marjoram, savory, peppermint, and for the first time in basil.
There are many data in the literature concerning the antioxidative properties of the individual compounds isolated from rosemary. Brieskorn and
Domling141 showed that carnosic acid and carnosol were as effective as BHT
and that their effectiveness was concentration dependent. The authors
noted that the activity of both compounds was due to the cooperation of
their ortho phenolic groups with their isopropyl group.
It was also reported that rosmanol had greater antioxidant activity than
carnosol,132 with carnosic acid being more potent than carnosol.138,142 In
soybean oil carnosic acid was found to be more active than BHT and BHA,
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31 carnosol

34 rosmadial

37 rosmaridiphenol

32 carnosic acid

35 epirosmanol

38 rosmariquinone

33 rosmanol

36 isorosmanol

39 rosmarinic acid

but less active than TBHQ. Carnosic acid and carnosol showed the ability
to chelate iron and were effective radical scavengers of peroxyl radicals.131
It has been established115 that the molecules of carnosol and the radicals
formed from them participate in the reactions of chain initiation and
propagation to a much lower degree than is the case with most natural and
synthetic antioxidants.
Houlihan et al.135 found rosmaridiphenol to be more active than
BHA in lard and equivalent to BHT in this test system. They reported
also that RQ was superior to BHA and equivalent to BHT in controlling
the oxidation of lard.136 RQ has been shown to have good antioxidant
activity also in soybean oil.125 Hall et al.143 proved that RQ acted as a
hydrogen-donating antioxidant. Isorosmanol and epirosmanol showed
high activity in both lard and linoleic acid;134 in lard they were four times
more active than BHA and BHT. Nakamura et al.144 reported that
RA exhibited a significantly higher superoxide scavenging activity than
ascorbic acid.
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As far as complex food systems are concerned, it is important to clarify
the antioxidative behaviour not only in bulk oil but also in oil-inwater emulsions,145–147 as well as in microsomal and liposomal systems.131
Frankel et al.145 reported that in bulk corn oil rosemary extract, carnosic
and rosmarinic acids were significantly more active than carnosol. In contrast, in corn oil-in-water emulsion, the rosemary compounds were less
active than in bulk oil, and the rosemary extract, carnosic acid and carnosol
were more active than rosmarinic acid. The decreased antioxidant activity
of the polar hydrophilic rosemary compounds in the emulsion system may
be explained by their interfacial partitioning into water, thus becoming less
protective than in the bulk oil system.145 Carnosol and carnosic acid were
powerful inhibitors of lipid peroxidation in microsomal and liposomal
systems.131
Cuvelier et al.148 found no correlation between the antioxidative effectiveness of the rosemary extracts from different pilot-plant or commercial
sources and their composition in 20 specific phenols: this finding is an
illustration of the complex influence of the various factors on the lipid
oxidation stability (see also Chapter 3, Section 5).
Salvia officinalis L, commonly known as sage (Dalmatian sage), is used
in foods for flavouring and seasoning. It was found that, along with rosemary, it had the best antioxidant activity among the numerous herbs,
spices and teas tested.77,78 Its extracts are also well known as efficient antioxidants.77,78,148–150 Because rosemary and sage belong to the Labiatae family,
it is not suprising to find the same antioxidants in both plants: carnosol,148,151
carnosic acid,138,141,152–154 rosmanol,148,154 rosmadial,148 rosmarinic acid.153
Various methyl and ethyl esters of carnosol, rosmanol, and carnosic acid
can be found in sage, as well as in other Labiatae plant extracts, in most
cases the compounds are believed to be artifacts from the extraction procedures.137,138,141 The main antioxidative effect of sage was reported to relate
to the presence of carnosic acid, carnosol, and rosmarinic acid.148,153 The list
of the antioxidants isolated from sage is growing, e.g. 9-ethylrosmanol ether
40,149 luteolin-7-O-b-glucopyranoside 41,155 6-O-caffeoyl-b-D-fructofuranosyl-(2Æ1)-a-D-glucopyranoside 42 and 1-O-caffeoyl-b-D-apiofuranosyl(1Æ6)-b-D-glucopyranoside 43.156
Since methanol and ethanol were found to be the most suitable solvents
for extraction of antioxidants from the plant materials, a number of publications have dealt with further purification of the alcohol extracts. Vacuum
steam distillation103 or molecular distillation104 are recommended for use on
production scale.

10.4.2 Teas
Tea, a beverage originating from a single species of a plant, Camellia sinensis, is widely cultivated around the world in both tropical and subtropical
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40 9-ethylrosmanol ether

41 luteolin-7-O -b-glucopyranoside

42 6-O -caffeoyl-b-D-fructofuranosyl-(2Æ1)-a-D-glucopyranoside

43 1-O -caffeoyl-b-D-apiofuranosyl-(1Æ6)-b-D-glucopyranoside

regions. There are three major forms of manufactured teas: green tea (nonfermented), oolong tea (semifermented), and black tea (fermented). The
antioxidant activity of the water extracts isolated from them decreased
in the order semifermented tea > nonfermented tea > fermented tea.157 It
was also found158 that ethanol extracts of green, yellow and white teas
strongly inhibited oxidation of canola oil compared to BHT, and oolong
teas exibited only moderate activity because of the partial destruction of
natural polyphenols by semifermentation. The ethanol extracts from black,
dark-green, and ginseng teas showed little or no protection to canola oil,
due to the complete destruction of natural polyphenols by fermentation
during manufacturing processes.
Zandi and Gordon159 reviewed the main literature published prior to
1995 on tea as a source of natural antioxidants. Many authors have recently
published results on the antioxidative role of green160–167 and of black
tea160–162 extracts in different oxidising systems. Frankel et al.165 observed an
improved antioxidant activity for green teas in lecithin liposomes compared
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to corn oil emulsions that was explained by the greater affinity of the polar
tea catechin gallates for the polar surface of the lecithin bilayers, thus
affording better protection against oxidation.
Zandi and Gordon168 established that the methanol extract of old tea
leaves was effective in retarding rapeseed oil deterioration at 60 °C dose
dependent in the range 0.02–0.25 %. The authors concluded that old tea
leaves, which often are considered as a waste, contain antioxidants that may
usefully be extracted and added to foods.
There are three major polyphenol groups in teas: catechins, theaflavins,
and thearubigins. The chemical structures of catechins and theaflavins
have been identified169 as (-)-epicatechin (EC) (see Section 10.3.5), (-)-epicatechin gallate (ECG) 44, (-)-epigallocatechin (EGC) 45, (-)-epigallocatechin gallate (EGCG) 46, theaflavin (TF) 47, theaflavin monogallate A
(TF-1A) 48, theaflavin monogallate B (TF-1B) 49, theaflavin digallate (TF2) 50. The structure and chemistry of thearubigins have not been well
characterised.169 Catechins are major costituents of green tea, EGCG
being the major polyphenol. It was established that the antioxidant
capacity of tea was strongly correlated (r = 0.956) with its total phenolic
content.170
Koketsu and Satoh171 fried noodles in lard containing green tea polyphenols. They found that the oxidation stability of the noodles was proportional
to the green tea polyphenols in lard. Crude tea catechin powder reduced
the formation of peroxides in lard at 100 °C far more effectively than
a-tocopherol or BHA.172 Green tea catechin extract was much more effective than the rosemary extract against lipid oxidation in canola oil, lard, and
chicken fat at 100 °C.173
Recent studies have shown that phenolic compounds isolated from green
and black tea had strong antioxidant activity in different lipids and lipidcontaining products.169,174 Green tea polyphenols, namely the catechins
EGCG, ECG, EGC, and EC exhibited good superoxide-, lipoxygenase-, as
well as lipid oxidation-inhibition abilities, but all the theaflavins showed
little effect on the inhibition of lipid peroxidation.172
The order of the relative antioxidant activity of catechins depends on the
lipid system, the presence of metal catalysts, the temperature, the antioxidant concentration, the oxidation stage, and the method used to evaluate
lipid oxidation.164,175–178
Amarowicz and Shahidi175 have shown that in a b-carotene–linoleate
model system ECG possessed the strongest and EGC the weakest antioxidative effect. As a result of a head-space analysis of pentane levels after
30 days storage of a sunflower oil-in-water emulsion at pH 5.5 RoedingPenman and Gordon164 found the following order of antioxidant activity
myricetin > EGCG > ECG. In a lipoprotein oxidation model the order was
EGCG > EGC > ECG > catechin.177
Huang and Frankel178 tested the catechins, propyl gallate (PG) and gallic
acid (GA) during oxidation of different systems. The authors established
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that in bulk corn oil oxidation at 50 °C the rate of hydroperoxide formation
decreased in the order GA > ECG > EGCG > EGC. In corn oil-in-water
emulsions the polyphenols worked as pro-oxidants, and the order of inhibiting hydroperoxide formation in soy lecithin liposomes was EGCG > EC
 PG > catechin  ECG > EGC  GA. Huang and Frankel178 emphasised
that for clarifying the antioxidant or pro-oxidant mechanism of tea catechins in different lipid systems, more information is needed on their redox
potentials, stability, metal chelation, and partition properties. Jia et al.179
reported on the antioxidant synergism of tea polyphenols and
a-tocopherol.
The antioxidant compounds in hot water extract from barley grain
(referred to as barley tea) were identified and their antioxidant activity
was determined.180 The structures of catechol, GA, gentisic acid, GC and
EGCG were established.
The many health-giving properties of rooibos tea, made from the
leaves and fine stones of Aspalathus linearis, grown in South Africa, are
thought to be attributed to the plant’s antioxidant properties. In this
connection, the influence of the fermentation process181 as well as the effect
of extraction time and additional heating182 on the antioxidant activity
of rooibos tea was studied. It was concluded that rooibos tea can be added
to the list of plants with known antioxidant activity due to its flavonoid
compounds 5, 51–60.183

10.4.3 Oregano (Origanum vulgare L)
Oregano is very often used as a spice and its flavour is very popular with
consumers all over the world. It is valued also for its antimicrobial and
antioxidant properties. Dry oregano as well as extracts obtained by using
solvents of different polarity (hexane, dichlormethane, methanol) have
been tested as retarders of lipid oxidation in model systems or in real food
products.77,79,97,184 Abdalla and Roozen150 reported that oregano acetone
extract was more active in sunflower oil than in its 20 % oil-in-water emulsion during oxidation in the dark at 60 °C. Other species of oregano and its
close relatives, e.g. Origanum onites, Satureja thymbra, Coridothymus
capitatus, Origanum dictamnus were also investigated.185–187
The water-soluble fraction of the methanol extract of oregano leaves was
purified with polyamide chromatography to give five polar compounds188,189
– rosmarinic acid, caffeic acid, protocatechuic acid 61, a new glucoside of
protocatechuic acid 62, and a derivative of rosmarinic acid, 2-caffeoyloxy3-[2-(4-hydroxybenzyl)-4,5-dihydroxy]phenylpropionic acid 63. In the
ethyl ether layer from the ethanol extract Vekiari et al.184,190 identified four
flavonoids – apigenin 64, eriodictyol 65, dihydroquercetin 66, and
dihydrokaemferol 67. In the hexane extract a-, b-, g- and d-tocopherols
were found.186
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51 chrysoeriol

52 luteolin

53 iso-quercitrin

54 rutin

57 orientin: R1 = OH
58 vitexin: R1 = H

55 aspalathin: R1 = OH
56 nothofagin: R1 = H

59 iso-orientin: R1 = OH
60 iso-vitexin: R1 = H
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61 protocatechuic acid

62 glucoside of protocatechuic acid

63 2-caffeoyloxy-3-[2-(4-hydroxybenzyl)-4,5-dihydroxy]
phenylpropionic acid

65 eriodictyol

68 carvacrol
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64 apigenin

66 dihydroquercetion

67 dihydrokaemferol

69 thymol

The essential oil obtained from oregano contained carvacrol 68 and
thymol 69.185,191 According to Lagouri et al.185 the antioxidative effect of
oregano may be related to the presence of these isomers. The authors found
that they are equally effective on the autoxidation of lard at 37 °C.
Yanishlieva et al.192 established that thymol and carvacrol differed in the
mechanism of their inhibiting action at room temperature which depended
on the character of the lipid medium. Thymol was a better antioxidant
in triacylglycerols of sunflower oil (TGSO) than in triacylglycerols of lard
(TGL).

10.4.4 Thyme (Thymus vulgaris L)
Thyme comes originally from the regions around the Mediterranean
and is used as cough medicine. It has also been commonly used as one of
the culinary herb spices for adding flavour and deodorising. The phenolic
monoterpenes in thyme, thymol and carvacrol, are the primary compounds
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70 p -cumene-2, 3 -diol

71 4'-hydroxy-5,5'-diisopropyl-2,
2'-dimethylbiphenyl-3,4-dione

73 4,4'-dihydroxy-5,5'-diiso74 3,4,3',4'-tetrahydroxy-5,5'-diisopropyl-2,2'-dimethylbiphenylpropyl-2,2'-dimethylbiphenyl
3,6-dione

76 5,4'-dihydroxy-6,7,8,3'tetramethoxyflavone

77 5,4'-dihydroxy-6,7,3'trimethoxyflavone

72 5,5'-diisopropyl-2,2'-dimethyl
biphenyl-3,4,3',4'-tetraone

75 3,4,4'-trihydroxy-5,5'diisopropyl-2,2'-dimethyl-3,6biphenyl

78 5,4'-dihydroxy-7-methoxyflavone

which contribute to the characteristic aroma of its essential oil.76 They are
also known to inhibit lipid peroxidation.191–194 p-Cumene-2,3-diol 70 isolated
from thyme is also a strong antioxidant.
Antioxidative activity was found in the weakly acidic fraction, which
was repeatedly purified by chromatography to give five new biphenyl-dimers
of thymol and carvacrol 71–75,195 and highly methoxylated flavonoids
76–78.196 The biphenyls also possessed significant deodorant properties.197

10.4.5 Ginger (Zingiber officinale) and turmeric (Curcuma domestica L)
The rhizome of the popular ginger species, Zingiber officinale is currently
widely used as a spice and food seasoning due to its sweet aroma and pungent
taste. It has been known to have antioxidant activity.198,199 The nonvolatile
fraction of dichloromethane extract of dried ginger was purified by CC
(column chromatography) and HPLC (high performance liquid chromatography) to yield more than 30 compounds, 16 of which were new.200 These com-
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pounds were structurally classified into gingerol-related compounds and
diarylheptanoids (compounds 79–92), and their structure–antioxidant
activity relationship in an aqueous ethanolic solution of linoleic acid was
examined.200,201 The pungent components, gingerol 79, shogaol 80 and
zingerone 81 were reported to show a high activity.202
The dried rhizome of turmeric is widely used as a spice, as a colouring
agent and as a folk medicine. The yellow pigment curcumin 92 and

gingerol

shogaol

zingerone

curcumin
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demethoxylated curcumins 93–102 are known to possess potent antioxidant
activity.200,201 Curcumin suppressed the oxidation of methyl linoleate in
organic homogeneous solution and aqueous emulsions, soybean phosphatidylcholine liposomal membranes and rat liver homogenate induced
by free radicals.203 A mechanism for the dimer production is proposed and
its relation to curcumin’s antioxidant activity is discussed.204 The results

97 R = H, cassamunin A, 98 R = OCH3, cassamunin B

99 cassamunin C

101 R = H, 102 R = OCH3
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indicated that the dimer is a radical-terminated product formed during the
initial stage of the process.204
Masuda and Jitoe205 reported that the antioxidant activity of cassmunins A–C was stronger than that of curcumin as was their anti-inflammatory activity. Jitoe et al.199 studied the relationship between antioxidant activity of nine tropical ginger acetone extracts and their curcuminoid
quantities in a linoleic acid–ethanol system. The data indicated that the
antioxidant activities of the ginger extracts were greater than that estimated
from the quantity of curcuminoids found in the extracts.The extracts of fresh
ginger showed higher activity than those of stored ginger.206

10.4.6 Summer savory (Satureja hortensis L)
Summer savory is an annual culinary herb widely used in the food
industry.
Yanishlieva and Marinova207 established that the ethanol extract of the
spice exhibited a good antioxidative effect in TGSO at 100 °C, as well as in
commercial sunflower oil.208 The effect of the extract in lard is stronger at
room temperature than at 100 °C.209 Addition of 0.1–0.5 % of the ethanol
extract to sunflower oil decreased the oxidative and thermal changes in it
during simulated deep fat frying.210 The effect of c. 200 ppm of freeze-dried
methanol extract of summer savory, added to an oil-in-water emulsion
dressing, was comparable to the effect of PG.98 The antioxidative effect
found for dark storage changed to a pro-oxidative effect during light exposure (850 lx). The chlorophyll present in summer savory is believed to have
acted as an efficient sensitiser causing an acceleration of the oxidation
process.98
Antioxidative compounds isolated from summer savory are rosmarinic
acid,211,212 carnosol, and carnosic acid,213 carvacrol and thymol in the essential oil.191 Portugese savory oil does not contain thymol.214 Carvacrol and
thymol were also found in the essential oils of two other species of Satureja:
S. montana215 and S. spicigera.216 Carvacrol was isolated from the leaf oil of
Satureja odora and Satureja parvifolia.217

10.4.7 Other herbs and spices
Supercritical carbon dioxide extracts of ground black pepper (Piper nigrum
L) have been found to be superior in reducing lipid oxidation of cooked
ground pork.218 The antioxidative activity of black pepper can, at least
partially, be ascribed to the presence of glycosides of the flavonoids kaemferol, rhamnetin and quercetin,219 as well as to the phenolic amides
103–107.220
Chilli pepper (Capsicum frutescence L) and red pepper (C. annum L)
contain capsaicin 108, a punget principle showing significant antioxidative
properties. A new antioxidant, capsaicinol 109, was isolated from chilli
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104 coumaperine

103 N-feruloyl tyramine

105 N-trans-feruloyl piperidine

106 N-5-(4-hydroxy-3-methoxyphenyl)2E, 4E-pentadienoyl piperidine

108 capsaicin

110 eugenol

107 N-5-(4-hydroxy-3-methoxyphenyl)
-2E-pentenoyl piperidine

109 capsaicinol

111 isoeugenol

pepper.76 Marcus et al.221 reported recently the change in antioxidant
content in red pepper (paprika) as a function of ripening and some technological factors.
Gallic acid and eugenol 110 have been identified as the major active components in clove (Eugenia caryophyllata).222 It has been established that
isoeugenol 111, more rarely found in nature, exhibited higher antioxidative
efficiency than eugenol during methyl oleate,223 and lard and sunflower oil224
oxidation. Eugenol and isoeugenol also have an inhibiting effect on the peroxidation of lecithin induced by the Fe2+-H2O2 system.225
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112 tanshinone I

113 dihydrotanshinone I

115 methylene tanshinquinone

117 danshenxinkun B

118 miltirone I
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114 tanshinone IIB

116 cryptotanshinone

119 dehydrorosmariquinone

Part of the clinical effect of tanshen (Salvia miltiorrhiza Bunge), a widely
used medical plant in China, could be related to its antioxidative properties. Powdered tanshen has strong antioxidative activity in lard, the hexane
extract being very effective both at 100 °C and 180 °C226 showing a synergistic effect with citric acid.
The antioxidative principles of tanshen are the compounds tanshinone I
112, dihydrotanshinone I 113, tanshinone IIB 114, methylene tanshinquinone 115, cryptotanshinone 116, danshenxinkun B 117, miltirone I 118,
rosmariquinone, dehydrorosmariquinone 119.227,228 Tanshen quinones are
thought to capture lipid radicals to form stable radicals, thus interrupting
the autoxidation chain process.228
Extracts of licorice (Glycyrrhirra glabra L) also possess antioxidant
activity.229,230 The antioxidant effect of licorice phenolics is well known.231
Gordon and An230 isolated eight purified flavonoids from the solvent
extracts of licorice and studied their antioxidant effectiveness in lard at 100
°C. The authors supposed a synergistic effect of the flavonoid mixture may
be responsible for the high activity observed. Different flavonoids were also
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isolated from the extract of the sage Salvia nemorosa L,232 an aromatic
perennial herb of the southern European region, and from the extracts of
Anthriscus sylvestris,233 a Serbian plant species used in folk medicine and in
salad dressing. The antioxidant extracts prepared from the African spice
Aframomum danielli were more effective than BHT and a-tocopherol in
stabilising refined peanut oil.234
Numerous other herbs and spices, or spice vegetables, have been
shown to possess antioxidative properties, e.g. marjoram,82,92,235–241
basil,140,207,208,237,239,242 dittany,238 peppermint,191,207,208,236,238 spearmint,207,208,237,243
common balm,207,208,244 allspice,92 fennel,245–248 nutmeg,92,238 caraway,240 cinnamon,225,238,240,248,249 bay,238 dill,238 parsley,238 coriander,238,243,250 cumin,251
garlic,92,252,253 hyssop,235,241 and juniper.254
The main antioxidative compounds and types of compound isolated
from herbs, spices and teas are listed in Table 10.7. The flavonoids, and
especially flavonol glycosides, are to be found in nearly all herbs and
spices tested.255
Even though strong antioxidant activities of many plant extracts have
been reported, the need for novel natural antioxidants is obvious, and industry continues to look for them. Kim et al.256 studied the antioxidant activities
of methanol extracts of 180 oriental herbs during linoleic acid storage at
50 °C. Strong antioxidant activities in methyl linoleate emulsion at 40 °C were
shown by 44 species. It was also established that the antioxidative properties
of most herb extracts were greatly dependent on the extraction solvent used.
Recently, more than 700 Chinese medicines, herbs and spices were
screened for natural antioxidants.257 Among them, 64 were found to possess
obvious antioxidant effectiveness (F = 2–4), and 24 to have strong antioxidant effectiveness (F > 4).

10.4.8 Comparison of the antioxidative effects of various herbs and spices
A large number of reports concerned with the antioxidative activity of
herbs, spices and teas have been published. Comparison of the results
is complicated by several factors. Different activities are found for
whole plant material and the extracts. Antioxidant activity varies according
to the country in which the plant was grown.92 The early research also
recognised that the antioxidative activity of herbs, spices and teas, or of their
extracts, depends on the substrate used in the evaluation. Chipault et al.77,78
reported that rosemary and sage were remarkably effective antioxidants
and that oregano, thyme, nutmeg, mace and turmeric also retarded the
oxidation of lard. In an oil-in-water emulsion, clove showed extremely high
antioxidant activity, and to a lesser degree so did turmeric, allspice, mace,
rosemary, nutmeg, ginger, cassia, cinnamon, oregano, savory and sage. Some
of the results, obtained later, on the relative antioxidant activity of various
herbs, teas and spices in different substrates and at different oxidation
conditions are summarised in Table 10.8.
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Table 10.7 Antioxidants isolated from herbs, spices and teas
Species

Systematic names

Rosemary

Rosemarinus
officinalis

Sage

Salvia officinalis

Green tea
Black tea
(fermented
tea)
Oregano

Camelia sinensis
Camelia assamica

Thyme

Thymus vulgaris

Ginger

Zingiber officinale

Tumeric
Summer
savory
Black pepper
Red pepper
Chili pepper

Curcuma domestica
Satureja hortensis

Clove
Tanshen
Marjoram
Common balm
Licorice

Origanum vulgare

Piper nigrum
Capsicum annum
Capsicum
frutescence
Eugenia
caryophyllata
Salvia miltiorrhiza
Majorana hortensis
Melissa officinalis
Glycyrrhiza glabra

Substances and type of
substances

References

Carnosic acid, carnosol,
rosmarinic acid,
rosmanol
Carnosol, carnosic acid,
rosmanol, rosmarinic
acid
Catechins
Theaflavins, thearubigins

104, 132, 140

Derivatives of phenolic
acids, flavonoids,
tocopherols
Thymol, carvacrol,
p-cumene- 2,3-diol,
biphenyls, flavonoids
Gingerol-related
compounds,
diarylheptanoids
Curcumins
Rosmarinic acid, carnosol,
carvacrol, thymol
Phenolic amides, flavonoids
Capsaicin
Capsaicin, capsaicinol

184, 186, 189

141, 148, 152
183
169
169

195, 196
200
205
191, 212, 213
219, 220
76
76

Eugenol, gallates

222

Tanshenquinones
Flavonoids
Flavonoids
Flavonoids, licorice
phenolics

227, 228
235
244
230, 231

The observation that the more polar antioxidants are more active in
pure lipids, and non-polar antioxidants most active in a polar substrate,
e.g. oil-in-water emulsion, and for which the term ‘polar paradox’ has
been introduced,145 may at least partially explain the variation of
antioxidative activity for different herbs and spices in different foods.
It is therefore necessary to emphasize the evaluation of antioxidative
activity in heterogenous model systems and in the actual food products
prior to practical use. A three-step procedure for evaluation of spices
was suggested: (a) determination of radical scavenging using ESR
spectroscopy, (b) test in model systems, (c) final test in food storage
experiments.261

Table 10.8 Relative antioxidative effectiveness (RAE) of spice extracts

Commercial product

Lecithin emulsion,
daylight, room
temperature, 26 days
Lard, 50 °C

PV, TBARS, AV

rosemary >sage>nutmeg

258

PV, AV

rosemary>sage>marjoram>
mace >black pepper
sage>rosemary

259

Commercial product

Analytical method

Suspension in peanut
oil, followed by
molecular distillation
Oleoresin – commercial
product
Methanol

Chicken fat, 90 °C

O2 uptake

Methyl linoleate,
100 °C
Lard, 75 °C

Gas chromatography
PV

Ethanol

TGSO, 100 °C

PV

Ethanol

PV

Methanol

Low-erucic rapeseed
oil, 60 °C, 23 days
Methanol

Dichloromethane

Lard

Scavenging effect of
DPPH radical, H2O2
and O2PV, AV

Dichloromethane

Peanut oil

PV, AV

Ethanol

Minced chicken meat,
4 ° and -18 °C
Raw pork meats,
pretreated with
NaCl, 4 °C and
-18 °C
Microwave cooked
pork patties treated
with NaCl, -18 °C

TBARS

Ethanol

Ethanol

RAE

References

104

sage>deodorized
rosemary>untreated rosemary
oregano>thyme>dittany>majoram>
spearmint>lavender>basil
summer savory>peppermint>
common balm>spearmint
>oregano>common basil
sage>thyme>oregano>juniper

260

clove>oregano>
cinnamon=marjoram>caraway

240
248

TBARS

ginger>clove>pepper>
cinnamon>fennel
ginger>cinnamon>clove
>pepper>fennel
caraway>wild majoram
>cinnamon
sage>basil>thyme>ginger

PV

ginger>basil=thyme

PV = peroxide value, AV = aldehyde value, TBARS = thiobarbituric reactive substances

237
207
254

248
91
91

91
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It was also found that there was a reduced antioxidant activity in extracts
prepared from an equvalent amount of spice as opposed to that prepared
from the whole spice, confirming that a wide range of compounds acting
together are important as antioxidants in the plant material, which further
may act synergistically.77,98
The ESR method based on the hydroxyl-generating system showed that
the presence of spice extracts (basil, marjoram, hyssop, summer savory,
oregano, sage) diminished the ESR signal, indicating that compounds in the
extracts compete efficiently for the hydroxyl radicals.239 The relatively high
activity and hence small selectivity for all of the spices could be due to the
fact that the hydroxyl radicals are very agressive.
Leafy spices like thyme, marjoram, basil, sage, summer savory all showed
pro-oxidative activity for foods exposed to light,98,262,263 while the same food
stored in the dark confirmed the antioxidative effect of the spices. The effect
of photosensitisation of chlorophyll present in spices may be more important than the effect of the antioxidants for food exposed to light. However,
the balance between photosensitisation and antioxidative effect is very
delicate and may depend on co-extraction of carotenoids, which may act
as singlet oxygen quenchers.264
The essential oils from a number of herbs and spices were also
studied for antioxidative activity, e.g. oregano,185,238,250 rosemary,238,250,265,266,269
sage,250,265,266 clove,238,265,266 coriander,238,250 cumin,238,265–267 fennel,238,268
thyme,265–268 marjoram,238,269 laurel,250,268 caraway,238,265,266 peppermint, basil,
cinnamon, nutmeg, dill, black pepper.238 Although the compounds in the
essential oils such as carvone from caraway, eugenol from clove, thymol
from thyme and thujone from sage possess antioxidant activity, the aromatic
character of these compounds limits the use of the essential oils as antioxidants in foods.92
The synergistic effect of various herbs and spices with synthetic antioxidants,87 with citric acid,77 and with a-tocopherol111,129,179 has been investigated.
Synergism has been observed between different spices and BHA,270 the
effect being most pronounced with sage, rosemary and mace. A very pronounced synergistic effect was seen between citric acid and rosemary
extract.77 No synergism has been detected between different spices apart
from a few exceptions. The combination of thyme, marjoram, spearmint,
lavender or basil with oregano revealed no synergism. Only a combination
of thyme and marjoram or thyme and spearmint showed a slight synergism.188

10.5 Future trends
It is emphasised that the use of spices and herbs as antioxidants is a promising alternative to the use of synthetic antioxidants. In spite of scientific documentation of the antioxidative effect of many spices, herbs and teas,
today it is mainly the extracts from leaves of rosemary and sage that are used
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as antioxidative spice additives. A range of commercial products containing extracts of rosemary is available; some of the products are water
dispersible, others are oil soluble and, in order to exploit the synergistic
effect, some of them are combined with tocopherols. The results support the
hypothesis that rosemary antioxidants regenerate oxidised a-tocopherol.
A determination of the reduction potential of key compounds would be
of interest for determining which of the spice antioxidants can regenerate
the tocopherols. The problems encountered because photosensitising
chlorophyll co-extraction from the spice makes the food product sensitive
to light also needs further investigation.
Although rosemary extracts and tocopherols are the most popular
natural antioxidants on the market it is believed that tea extracts will become
even more promising. Thyme and oregano extracts may also be used in
the future.
More data on the active components in the plant materials will soon be
available as the isolation of the antioxidant compounds from vegetables,
fruits, berries, herbs, spices and teas is currently under way by several
research groups.

10.6 Sources of further information and advice
Additional information on the antioxidative properties of various fruits,
vegetables, herbs, spices and teas, as well as of the extracts and antioxidants isolated from them may be found in some recent reviews and
books.92,139,169,202,270–278
The activities of spice and herb extracts could be increased by synergistic activity of other harmless antioxidants like soy, rapeseed or sunflower lecithin, ascorbyl palmitate, ammonium or amino acid salts of
phosphatic acids, amino acids, lower peptides. The activities of the extracts
are greater in food containing protein as the sulphur and amino groups of the
polypeptide chain interact with hydroperoxides thus decreasing the free
radical level.278
The stabilisation effect of the additives depends strongly on the composition of the complex lipid system and of the lipid-containing foods, as well
as on the conditions of processing and storage (temperature, irradiation,
partial oxygen pressure). That is why, prior to practical use in the food
industry, any spice or spice extract should accordingly be tested in the actual
food under realistic conditions. In experiments with foods, spices should be
evaluated at concentrations which are accepted by the senses and with all
interfering compounds present.
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