
Chapter 11

Therapeutic Potential of Common Culinary

Herbs and Spices of Mauritius

Jugjeet S. Ramkissoon, Mohamad F. Mahomoodally,

Nessar Ahmed, and Anwar H. Subratty

Abstract Compounds with combined anti-glycation and antioxidant properties

may offer therapeutic potential for diabetic and oxidative stress related pathologies.

We previously demonstrated significant ( p < 0.05) anti-glycation properties of

culinary herbs and spices by an optimized in vitro glucose-bovine serum albumin

assay. In the present investigation we describe the antioxidant potential of these

plants and the therapeutic potential of dietary compounds as possible anti-glycation

and antioxidant agents. This study was geared to appraise the total antioxidant and

free radical scavenging activities of ten common culinary herbs and spices (Allium
sativum, Zingiber officinale, Thymus vulgaris, Petroselinum crispum, Murraya
koenigii Spreng, Mentha piperita L., Curcuma longa L., Allium cepa L., Allium
fistulosum and Coriandrum sativum L.) commercially available on the Mauritian

market. The total antioxidant capacity as measured by the phosphomolybdenum

method ranged from 0.76 to 2.49 μg AAE/ml. It was observed that the ethanolic

extracts exhibited significant ( p < 0.05) free radical-scavenging potential as

measured by the 2,20-azinobis-(3-ethylbenzothiazoline-6-sulphonic acid) radical

cation assay, ferrous ion chelating assay and the Griess assay. The observed anti-

glycation and antioxidant activity of the extracts together with their previously

reported total phenolic, flavonoid and tannin contents support the therapeutic

value of the plants investigated. Dietary agents interfering in the glycation pathway

might offer new lead compounds geared towards glucose-derived and oxidative

stress related complications. Our findings showed that the herbs and spices studied

possess significant antioxidant and anti-glycation properties and hence can be

exploited as functional foods.
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11.1 Introduction

Plants have historically been an important source of lead molecules in drug discovery

[1, 2]. Several plants have been used as dietary adjuvant and in treating and/or

managing a number of diseases even without any knowledge of their proper functions

and constituents [3]. This practice may be attributed to the cost and side effects of

synthetic agents. Medicinal foods are used widely even when their biologically active

compounds are unknown, because of their safety, effectiveness, and availability

[4]. Various plants have been found to possess significant anti-diabetic properties

[5]. Use of these plants may delay the development of diabetic complications. These

days great attention is being given to management of diabetes with medicinal plants

along with dietary restriction [6]. The World Health Organization (WHO) has

recommended the evaluation of traditional plant treatments for diabetes as they are

cost-effective, non-toxic, with less or no side effects and are considered to be excellent

candidates for oral therapy [7]. There is an increasing demand by patients to use

natural products with anti-diabetic activity [8]. Herbal therapy has been used to treat

various types of disease including diabetes all over the world successfully [9]. The use

of nutraceuticals is an attempt to accomplish desirable therapeutic outcomes with

reduced side effects, as compared with other synthetic therapeutic agents [6].

Plants with known antioxidant and anti-glycation properties are receiving a lot of

attention as they are believed to have less adverse effects [10]. Some plants contain

chemicals that can be used directly as drugs or lead compounds for hypoglycemic

properties useful in the management of diabetic complications [2]. For example

polyphenolic compounds including tannin are known to possess free radical scav-

enging properties [10]. Curcumin from turmeric (Curcuma longa) reduces blood
glucose levels in type 2 diabetic mice [11]. Green tea (Camellia sinensis)
polyphenols are reported as useful agents to protect against protein oxidation and

glycation-induced pathogenesis of diabetic complications [12]. In recent years,

garlic (Allium sativum) has received attention because of its ability to inhibit

formation of advanced glycation endproducts (AGEs) [13, 14]. In this report we

emphasize the anti-glycation as well as antioxidant properties from plant material.

However, many other active agents obtained from plants have not been well

characterized. More investigations must be conducted to evaluate the mechanism

of action of medicinal plants with anti-diabetic and antioxidant effects. Conse-

quently, it is necessary to perform toxicological investigation of all plants empiri-

cally used in order to avoid the risk of the side effects related to phytotherapy [15].

In searching for new therapeutic agents, our research aimed to evaluate anti-

glycation and antioxidant potential of ethanolic extracts of ten selected culinary herbs

and spices and to measure the impact of polyphenolic constituents on their effective-

ness.We have previously reported the total phenolic, flavonoids and condensed tannins

of these herbs [16]. Free radical scavenging activities had also been demonstrated by

2,2-diphenyl-1-picrylhydrazyl (DPPH) and ferric-reducing antioxidant power (FRAP)

assays. In this report, we complement those data with additional antioxidant assays

such as the total antioxidant capacity (TAC), 2,20-azinobis-(3-ethylbenzothiazoline-6-
sulphonic acid) ABTS assay, nitric oxide (NO) scavenging assay and ferrous ion

chelating (FIC) assay.
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11.2 Methodology

11.2.1 Chemicals

Bovine serum albumin (BSA; fraction V, fatty acid free, low endotoxin), D-glucose,

sodium azide, phosphate buffered saline (PBS), aminoguanidine, ascorbic acid,

trichloroacetic acid, gallic acid, anhydrous sodium carbonate, ethanol, methanol

100 %, iron(III) chloride 6-hydrate, potassium ferricyanide, potassium dihydrogen

phosphate and dipotassium hydrogen phosphate, NaNO2, AlCl3, 1M NaOH, vanillin

methanolic solution, concentrated hydrochloric acid (HCl), potassium persulfate,

ABTS 2,20-azinobis-(3-ethylbenzothiazoline-6-sulphonic acid), naphthyl ethyle-

nediamine dihydrochloride, sodium nitroprusside, sodium phosphate, ammonium

molybdate, sulphuric acid, and quercetin were purchased from Sigma-Aldrich

(St. Louis, USA).

11.2.2 Plant Materials and Preparation of Extracts

Culinary herbs and spices were purchased from a local market. Ten commercially

available herbs and spices were tested namely garlic (Allium sativum), ginger
(Zingiber officinale), thyme (Thymus vulgaris), parsley (Petroselinum crispum),
curry leaves (Murraya koenigii Spreng), peppermint (Mentha piperita L.), turmeric

(Curcuma longa L.), onion (Allium cepa L.), green onion scallion (Allium
fistulosum) and coriander (Coriandrum sativum L.). The study was limited to

products that are widely available to the public and are in routine use for daily

food cooking in Mauritius. Fresh culinary herbs and spices were ground into a paste

and 5 g of the latter were extracted with ethanol (50 %) at a ratio of 10 ml per gram

at room temperature (28 � 2 �C) for 1 week. The extracts were centrifuged at

1,000 g for 10 min to remove precipitate.

11.2.3 Anti-Glycation Assay

Albumin glycation was determined using fluorometry as described by Matsuura

et al. [17]. Briefly, 1 mg/ml of fatty acid-free BSA was incubated with D-glucose

(200–400 mM) � 100 μl of extracts in 0.2 M potassium phosphate buffered saline

(PBS, pH 7.4 containing 0.01 % sodium azide) at 37 �C for defined time periods.

Aliquots of the reaction mixture were removed at weekly intervals and fluorescent

AGEs were assessed by their emission at 440 nm following excitation at 370 nm

using a spectrofluorimeter (F-7000 FL) as described previously [16]. The reactions

were stopped by adding 10 μl of 100 % (w/v) trichloroacetic acid and after 10 min

the mixture was centrifuged at 1,000 g. The precipitate was re-dissolved in alkaline

PBS and quantified for the relative amount of fluorescent AGEs. Aminoguanidine

(20 mM) was included as positive control.
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11.2.4 Determination of Total Antioxidant Capacity
by Phosphomolybdenum Method

The total antioxidant activity was evaluated by the method of Prieto [18]. An

aliquot of 0.2 ml of extracts was combined with 2 ml of reagent (0.6 M sulphuric

acid, 28 mM sodium phosphate and 4 mM ammonium molybdate). The tubes were

capped and incubated in a water bath at 80 �C for 90 min. After cooling the sample

to room temperature, the absorbance of the solution was measured at 695 nm

against blank using a Perkin-Elmer spectrophotometer. For reference, the appropri-

ate solution of ascorbic acid was used and the reducing capacity of the extracts was

expressed as ascorbic acid equivalents.

11.2.5 ABTS: 2,20-Azinobis(3-ethylbenzothiazoline-
6-sulphonic acid) Assay

The ABTS assay according to Chen et al. [19] was used to measure the antioxidant

activity of the extracts. ABTS was dissolved in distilled water to a concentration of

7.4 mM, and potassium persulfate was added to a concentration of 2.45 mM. The

reaction mixture was allowed to stand at room temperature for 16 h in the dark

before use. The resulting intensely colored ABTS•+ radical cation was diluted with

0.01 M PBS (phosphate-buffered saline), pH 7.4, to give an absorbance value of

~0.70 at 734 nm. ABTS•+ cation solution (2 ml) was mixed with 100 μl extract.
Absorbance was measured at 734 nm after reaction for 6 min. The ABTS scaveng-

ing activity was calculated as inhibition % ¼ (1-(test sample absorbance/blank

sample absorbance)) � 100. Quercetin was used as positive control.

11.2.6 Ferrous Ion-Chelating Ability Assay

The ferrous ion-chelating (FIC) assay was carried out according to the method of

Viuda-Martos et al. [20], with some modifications. Solutions of 0.2 mM

FeCl2·4H2O and 0.5 mM ferrozine were diluted 20 times. Briefly, an aliquot

(0.5 ml) of different extracts was mixed with 0.5 ml FeCl2·4H2O. After 5 min

of incubation, the reaction was initiated by the addition of ferrozine (0.5 ml).

The mixture was shaken vigorously and after a further 10 min incubation period,

the absorbance of the solution was measured spectrophotometrically at 562 nm. The

percentage inhibition of ferrozine–Fe2+ complex formation was calculated by using

the formula: Chelating effect % ¼ [(1 – AS)/AB] � 100, where AS is the absor-

bance of a tested sample and AB is the absorbance of control sample (the control

contains FeCl2 and ferrozine complex formation molecules). Gallic acid was

included as a standard.
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11.2.7 Nitric Oxide Radical Inhibition Assay

Nitric oxide radical inhibition can be estimated by the use of Griess Illosvoy

reaction [20]. In this assay, Griess Illosvoy reagent was modified by using naphthyl

ethylenediamine dihydrochloride (0.1 % w/v) instead of 1-napthylamine (5 %). The

reaction mixture (3 ml) containing sodium nitroprusside (10 mM, 2 ml), phosphate

buffer saline (0.5 ml) and extracts (0.25 ml) or standard solution (quercetin) was

incubated at 25 �C for 2.5 h. After incubation, 0.5 ml of the reaction mixture was

mixed with 1 ml of sulfanilic acid reagent (0.33 % in 20 % glacial acetic acid) and

allowed to stand for 5 min for complete diazotization. Then, 1 ml of naphthyl

ethylenediamine dihydrochloride was added, mixed and allowed to stand for 30 min

at 25 �C. A pink coloured chromophore was formed in diffused light. The absor-

bance of these solutions was measured at 540 nm against the corresponding blank

solutions.

11.2.8 Statistical Analysis

Results were presented as mean � S.D. of experiments. Difference between groups

was compared using unpaired t-test with one-tailed test. Correlations between

variables were quantified by the correlation factor “r”. Correlation and linear

regression analysis was performed using Microsoft Excel 2007. In each analysis

p < 0.05 was considered statistically significant.

11.3 Results and Discussion

AGE formation and accumulation have been implicated as a major factor in the

development of diabetic complications, atherosclerosis, Alzheimer’s disease, and

the normal aging process [21]. Linked to the process of AGE formation,

lipoxidation reactions, oxidative and carbonyl stress should also be given as

much attention where their tight association is now being increasingly reported

[22]. Thus, AGE formation and AGE-protein cross-link formation should not be the

only target for therapeutic interventions. Highly reactive carbonyl intermediates

responsible for the formation of AGEs and advanced lipoxidation end-products

(ALEs) should also be targeted. As formation of these end-products involves a

complexity of pathways and reactions, inhibitors that react with each step and

intermediate products should be evaluated. Another factor to be considered is the

fact that glycoxidized proteins generate reactive oxygen species (ROS) and induce

oxidative stress through the reaction with receptor for advanced glycation

end-products (RAGEs). Also, ROS are generated by other reactions in the cascade

of AGE formation such as methylglyoxal (MGO) and Schiff’s base pathways
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leading to lipoxidation and oxidative damage. Therefore, strategies such as

suppression of receptor signaling pathways (e.g. RAGE antagonists), and the use

of antioxidants should be targeted. AGEs being complex and having a variety of

cross-links, the development of inhibitors and AGE breakers might be difficult.

Nonetheless, oxidative and carbonyl stress associated with AGEs can be inhibited

by compounds having both metal chelating and carbonyl scavenging properties

[23]. Unfortunately, from a large number of naturally occurring and synthetic

compounds reported as AGE inhibitors, only the mechanism of action of a few

compounds have been studied extensively. Unraveling the mechanism(s) of action

of these inhibitors is essential for understanding the roles of AGE in the pathogen-

esis of a number of age-related chronic diseases and to design more effective

therapeutic strategies for these diseases in the future [23].

During the current study, we focused our efforts to evaluate effective anti-

glycation as well as antioxidant ability of extracts of culinary herbs and spices

with the objective to be incorporated as therapeutic strategy in diabetes control and

prevention. Our main approach was to screen a number of natural products.

Furthermore, the purpose of this study was also to investigate the antioxidant

activity of some local herbs and spices in order to evaluate the scientific basis of

their potential therapeutic application as traditional medicine. All the herbs and

spices tested in this study showed antioxidant activities. Based on the screening

studies, the most promising compounds were selected to conduct further studies.

Some of these results are presented below.

Hence, results gathered from our study and a literature search is suggestive of

“Formulation” a concept of combining herbs with similar therapeutic activity.

There is no doubt that most herbs exhibit their effects owing to a variety of

constituents and therefore it becomes important to evaluate the idea of synergy

within and between them and to investigate whether a mixture or formulation

possesses greater activity than the individual components or whether the overall

potency is synergistic in mechanism. However, more detailed pre-clinical and

clinical evidences are required to establish these purported potencies.

11.3.1 In vitro Anti-Glycation Activity of Extracts

In vitro glycation assays demonstrated that the ten extracts showed marked inhibi-

tion of fluorescent AGEs formation as depicted in Fig. 11.1. When glycation was

monitored over 12 weeks the percentage inhibition was found to be: garlic (26.1 %),

ginger (25.7 %), thyme (42.3 %), parsley (41.2 %), curry leaves (40.9 %), pepper-

mint (39.8 %), turmeric (39.3 %), onion (11.9 %), scallion (27.9 %) and coriander

(38.8 %). The correlation between anti-glycation activities of the ten extracts and

their total phenolic contents, DPPH and FRAP activities has been presented

elsewhere [16].
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11.3.2 Determination of Total Antioxidant Capacity
by Phosphomolybdate Method

The antioxidant activities as measured by the TAC assay are depicted in Fig. 11.2

and are as follows: garlic (0.0025 mg AAE/ml), ginger (0.0015 mg AAE/ml),

thyme (0.0011 mg AAE/ml), parsley (0.0009 mg AAE/ml), curry leaves

(0.0010 mg AAE/ml), peppermint (0.0012 mg AAE/ml), turmeric (0.0010 mg

AAE/ml), onion (0.0015 mg AAE/ml), scallion (0.0010 mg AAE/ml) and coriander

(0.0008 mg AAE/ml).

11.3.3 ABTS Assay

All the ten extracts displayed antioxidant activity as they were able to scavenge the

ABTS•+ radical cation (Fig. 11.3). The ABTS assay involves the oxidation of ABTS

to an intensely-coloured nitrogen-centred radical cation, ABTS•+. It is thus useful

for testing food extracts because ABTS•+ has an absorption maxima at 734 nm and

most food extracts are highly coloured but do not absorb light at 734 nm. It is also

viable for both aqueous and lipophilic systems. As the DPPH assay, ABTS

measures the total antioxidant activity of extracts. The antioxidant ability of the

extracts expressed as the percentage scavenging activity of the radical cation

ABTS•+ was as follows: garlic (47 %), ginger (51 %), thyme (95 %), parsley

(84 %), curry leaves (98 %), peppermint (97 %), turmeric (95 %), onion (98 %),

scallion (69 %) and coriander (38 %).

Fig. 11.1 Anti-glycation activity of the ten food plants. Percentage inhibition of fluorescent AGEs

following glycation of BSA with 200 mM glucose in the presence of ten extracts in 0.2 M PBS at

37 �C. Fluorescent AGEs were measured after 12 weeks. Results are presented as means � S.D.

(n ¼ 3) (*Values significantly different ( p < 0.05) from control)
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Fig. 11.2 Total antioxidant capacities of the ten extracts. Results are presented as mean � S.D.

(n ¼ 3) (*Values significantly lower ( p < 0.05) compared to positive control ascorbic acid.

**Values not significantly ( p > 0.05) different from ascorbic acid)

Fig. 11.3 ABTS radical assay. Percentage scavenging activity of the ten extracts. Results are

presented as mean � S.D. (n ¼ 3) (*Values significantly lower ( p < 0.05) compared to positive

gallic acid. **Values not significantly ( p > 0.05) different from gallic acid)
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11.3.4 Ferrous Ion Chelating Ability

Addition of the extracts interferes with the ferrous-ferrozine complex and the red

colour of the complex decreased with increasing concentrations of the antioxidant

agents. All the extracts captured ferrous ions before ferrozine and thus have ferrous

chelating ability at varied extent (Fig. 11.4). Among the extracts tested, the chelat-

ing activities were as follows: garlic (37 %), ginger (24 %), thyme (2 %), parsley

(18 %), curry leaves (27 %), peppermint (19 %), turmeric (13 %), onion (40 %),

scallion (46 %) and coriander (48 %).

11.3.5 Nitric Oxide Radical Scavenging Assay

The extracts effectively reduced the generation of nitric oxide from sodium

nitroprusside (Fig. 11.5). The nitric oxide radical scavenging activity expressed

as percentage inhibition was as follows: garlic (62 %), ginger (67 %), thyme (84 %),

parsley (81 %), curry leaves (79 %), peppermint (73 %), turmeric (71 %), onion

(86 %), scallion (85 %) and coriander (83 %).

A wide range of antioxidants from both natural and synthetic origin have been

proposed for use in the treatment of various human diseases [23]. Medicinal plants

are used as a source of phytochemicals to cure various illnesses in many parts of the

world [24]. Being the backbone of traditional medicine, medicinal plants as a good

source of biologically active compounds known as phytochemicals have been

Fig. 11.4 Ferrous ion chelating activity. Percentage inhibition of the formation of the ferrous-

ferrozine complex of the ten extracts. Results are presented as mean � S.D. (n ¼ 3) (*Values

significantly lower ( p < 0.05) compared to positive gallic acid. **Values significantly ( p < 0.05)

higher than positive control. ***Values not significantly ( p > 0.05) different from gallic acid)

11 Therapeutic Potential of Common Culinary Herbs and Spices of Mauritius 155



found to act as antioxidants by scavenging free radicals and having therapeutic

potential for free radical associated disorders [25] as it is well known that free

radicals are the major cause of various chronic and degenerative diseases such as

coronary heart disease, inflammation, stroke, diabetes mellitus and cancer

[26]. ROS have been found to play an important role in the initiation and/or

progression of various diseases [27]. Thus, recent studies have investigated the

potential of plant products as antioxidants against various diseases induced by free

radicals [28]. Additionally, it has been determined that the antioxidant effect of

plant products is mainly attributed to phenolic compounds, such as flavonoids,

phenolic acids, tannins, and phenolic diterpenes [29]. In this regard, during our

study we investigated the glycation inhibitory capacity which was correlated with

total phenolic, flavonoids and tannins contents of the extracts [16]. As AGEs are

related to reactive species, antioxidants have therapeutic potential by scavenging

free radicals but also suppress glycation. Antioxidant compounds such as

vitamin C, vitamin E and the carotenoids have been shown to reduce in vitro and

in vivo protein glycation [30]. For example, treatment of diabetic rats with vitamin

E resulted in a decrease of plasma lipid peroxidation [31]. Therefore, antioxidant

activity of the plants used in herbal medicine should be assessed either to elucidate

the mechanism of their pharmacological action or to provide information on

antioxidant activity of these herbal plants. Dietary intake of antioxidants can help

scavenge free radicals and oxidants and protect against diseases as suggested by

intervention trial studies [32]. Research on natural antioxidants has become increas-

ingly active in various fields. Accordingly, numerous articles on natural

antioxidants, including polyphenols, flavonoids, vitamins, and volatile chemicals,

have been published [15]. Phenolics are ubiquitous secondary metabolites in plants

Fig. 11.5 Nitric oxide radical scavenging assay. Percentage scavenging activity of the ten

extracts. Results are presented as mean � S.D. (n ¼ 3) (*Values not significantly ( p > 0.05)

different from positive control quercetin. **Values significantly lower ( p < 0.05) compared to

quercetin)
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and possess a wide range of therapeutic uses such as antioxidant, anti-mutagenic,

anti-carcinogenic, free radical scavenging activities and also decrease cardiovascu-

lar complications [33]. The scavenging ability of the phenolics is mainly due to the

presence of hydroxyl groups [34]. Flavonoids and other phenolic compounds of

plant origin have been reported as scavengers of free radicals [35]. Flavonoids are a

group of polyphenolic compounds, which exhibit several biological effects such as

anti-inflammatory, anti-hepatotoxic, anti-ulcer, anti-allergic, antiviral and antican-

cer activities [36]. Hence, nowadays search for natural antioxidant sources is

gaining much importance.

Medicinal plants have been reported to have not only antioxidant but also anti-

inflammatory as well as anti-glycation effects [37]. Natural products are an obvious

place to search for potential anti-diabetic regimens. Several plant extracts have

been reported to exhibit anti-diabetic activity [38]. Among the various medicinal

and culinary plants, some endemic species are of particular interest because they

may be used for producing raw materials or preparations containing phyto-

chemicals with significant antioxidant capacities and health benefits [39]. The

harmful effects of diabetes have been found to be mediated through increased

oxidative stress playing a critical role which leads to increased formation and

accumulation of AGEs contributing to diabetic complications [15].

In addition to those endogenously formed, AGEs can also be introduced in the

body from exogenous sources [40]. Studies have provided evidence that diet is a

significant exogenous source of highly reactive AGEs and as environmental risk

factors for diabetic complications [41]. To some extent this can be prevented by

dietary AGE restriction and incorporation of edible plants with demonstrated anti-

glycation and antioxidant properties suggesting that modulation of food-AGE

content could become an important ingredient for the therapeutic management of

diabetic patients. Until effective and safe drugs become available, physicians and

dietitians can, for instance, advise increased reliance on foods with anti-glycation

and antioxidant activity. As temporary normalization of serum glycemia is not

sufficient, dietary modification to reduce AGEs and prevent glycation can be

exploited as a means for reducing serum AGEs for extended periods of time

e.g. months or years [42]. Ethnomedical literature contains a large number of plants

that can be used against diseases, in which ROS and free radicals play an important

role [43]. There is a plethora of plants that have been found to possess strong

antioxidant activity. Recent reports indicate that there is an inverse relationship

between the dietary intake of antioxidant rich foods and the incidence of human

diseases [44]. Interest in finding naturally occurring antioxidants in foods or

medicines to replace synthetic antioxidants has increased considerably, given that

synthetic antioxidants have restricted use due to their side effects [6]. The potential

toxicity of synthetic antioxidants (e.g. butylated hydroxyanisole, butylated

hydroxytoluene, tertiary butylhydroquinone, esters of 3,4,5-trihydroxybenzoic

acid, etc.) [45] has aroused an increased interest and scientists have focused on

isolation and characterization of natural antioxidants from natural sources such as

herbs, spices, seeds, cereals, fruits and vegetables by extraction, fractionation and

purification [46].
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It is also clear that most of the dietary antioxidants have low or minimal toxicity,

and that intake can be increased without adverse effects [47]. Many fresh fruits and

vegetables have been found to contain natural antioxidants, mainly phenolic

compounds such as ferulic acid, catechins, as well as ascorbic acid [48]. Polyphenols

are the biggest group of phytochemicals, and many of them have been found in plant-

based foods. Polyphenol-rich diets have been linked to many health benefits. Dietary

polyphenols have received tremendous attention among nutritionists, food scientists

and consumers due to their roles in human health [49]. Some of the reported active

compounds of the extracts studied are given in Table 11.1.

Our observation that high values of antioxidant activity and phenolic content

were found in ethanol extracts is in line with reported data [16]. In general, there

was a good positive correlation between the TPC and antioxidant activity as

assessed by FRAP and DPPH-scavenging assays suggesting that polyphenols are

important contributors to the antioxidant and free-radical scavenging activities.

However, the lack of correlation between TPC and antioxidant activity reported

in some studies could be due to the different antioxidant activity parameters

determined in these studies, different responses of phenolic compounds in different

bioassays used to determine the antioxidant activity and/or the chemical structure of

the phenolic compounds present in different plants. Moreover, the total phenolic

content estimated by the Folin-Ciocalteu reagent may overestimate TPC because

it is known to react with other components present in the plant extracts such as

Table 11.1 Active chemicals isolated from the culinary herbs and spices studied

Plant Active compounds

Garlic S-allylcysteine, S-ethylcysteine, S-propylcysteine, S-methylcysteine, kaempferol,

allixin and saponins [11, 50]

Ginger 6-Gingerdiols, 6-shogao, ascorbic acid, beta-carotene, beta-sitosterol, caffeic acid,

capsaicin, chlorogenic acid, delphinidin, ferulic acid, gamma-terpinene,

kaempferol, lauric acid, palmitic acid, quercetin [51, 52]

Thyme Thymol, 4-terpineol, anethole, apigenin, ascorbic acid, beta-carotene, caffeic acid,

camphene, carvacrol, chlorogenic acid, chrysoeriol, eriodictyol, eugenol,

ferulic acid, gallic acid, gamma-terpinene, isochlorogenic acid, kaempferol,

labiatic acid, luteolin, p-coumaric acid, p-hydroxy-benzoic acid, rosmarinic

acid, tannin [51, 52]

Parsley Flavonoids: apiin, apigenin, crisoeriol, luteolin, myristicin, limonene, eugenol,

alpha-thujene [53]

Curry leaves Carbazoles, mahanimbine, murrayanol, mahanine [53]

Peppermint Perillyl alcohol, rosmarinic acid, tetramethyl-2-hexadecen-1-ol, Octadecadienoic

acid, pulgeone, piperitenone [54]

Turmeric Diferuloylmethane, ascorbic acid, beta-carotene, caffeic acid, eugenol, p-
coumaric acid, protocatechuic acid, syringic acid, vanillic acid [52, 55]

Onion Quercetin, arachidonic acid, catechin, epicatechin, thiosulfinates [56]

Scallion S-allyl cysteine, S-allyl-mercaptocystein, furostane saponins, quercetin,

isorhametin, thiosulfinates [57, 58]

Coriander Apigenin, beta-carotene, beta-sitosterol, caffeic acid, camphene, chlorogenic acid,

gamma-terpinene, isoquercitrin, myristic acid, p-hydroxybenzoic acid,
protocatechuic acid, quercetin, rhamnetin, rutin, tannin [52]
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minerals and ascorbic acid [59, 60]. Consequently, the antioxidant/free-radical

scavenging activities of the plant extracts cannot be predicted on the basis of

their TPC alone, but also requires proper characterization of the individual phenolic

components [61].

The results of the current study have shown that most of the studied plants are

potentially good sources of free-radical scavenging compounds and support the

traditional medicinal application of some of the tested plants. During this study, we

systematically screened extracts of medicinal and edible plants used as culinary

herbs and spices for their anti-glycation activities through biochemical assay. BSA

was incubated with reducing sugar at physiological pH for various durations. The

extent of glycation of proteins was measured mainly by the spectrofluorimetric

method. As a result, the ten extracts under study were identified as having anti-

glycation potential and their activities were compared with aminoguanidine. The

total phenolic, flavonoids, tannins contents and antioxidant activity as determined

by the DPPH and FRAP assays were correlated with the observed anti-glycation

activity. Details of this study have been published elsewhere [16]. The phenolic

compounds make a significant contribution to the antioxidant activity in these

extracts as evidenced by the positive correlation between phenolic contents and

antioxidant activities. Therefore, ingestion of extracts from these plants may help

to prevent in vivo oxidative damage associated with diseases and illnesses.

11.4 Conclusions

The present study was aimed at investigating the antioxidant activities of ethanolic

extracts of selected culinary herbs and spices. It is reasonable to consider that good

glycemic control, in combination with a careful diet in terms of reduced AGE

consumption and increased intake of natural products with anti-glycation and

antioxidant properties should be among the new goals for optimal management of

diabetic patients. Addressing dietary habits from a new perspective, while difficult,

could achieve the best long-term effects as novel drug interventions become

available for clinical use in the future.

Comparison of nutritional regime and values of AGEs shows that the higher

intake of fructose in alternative nutrition of healthy subjects may cause an increase

in plasma AGE values. Protective effect of regular consumption of vegetables and

fruits dominantly concerns the prevention of free-radical diseases. The risks of

alternative nutrition may be reduced by better choice of foodstuffs.

Further studies to evaluate the in vivo potential of these dietary agents in various
animal models and the isolation and identification of the antioxidant principles are

needed. Nonetheless these studies provide a database as a valuable instrument

for available information on natural products with reported therapeutic ability for

guiding food choices to reduce AGE and oxidative stress.
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