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SUMMARY

In this study, four plants grown naturally in Egypt that are usually consumed by pastoral nomads
were screened for their total phenolic contents, antioxidative, and anti-α-amylase activities. Dried
powder of plant’s part was extracted in absolute or 70% ethanol. A polar extract of Panicum turgidum
(PTPE) had the highest total polyphenol content {92.5 mg gallic acid equivalents (GAE)/g},
followed by an alkaloid extract of Withania somnifera (WSAlk; 77.5 mg GAE/g), and an ethanol
extract of Leptadenia pyrotechnica (LPEE; 59.1 mg GAE/g). By employing different assays such as
DPPH radical scavenging, reducing power, Fe+ chelating, H2O2 scavenging and total antioxidant
capacity, it was shown that PTPE, WSEE (ethanol extract of W. somnifera), WSAlk and LPEE had
promising antioxidant activity, though, their potency varied according to the different tests.
WSAlk had the highest level of α-amylase inhibition (40.2%) in vitro, followed by WSEE (30.5%).
Therefore, it can be concluded that these plants, especially extracts of PTPE, and WSAlk are
beneficial to physiological health, and could be used in food and pharmaceutical industries to
prepare dietary supplements, functional foods or food preservatives.
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INTRODUCTION

Fruits, flowers, and vegetative parts of plants are

the major sources of health-promoting agents in

the body. Among these agents, antioxidants are the

most important because they inhibit lipid peroxidation,

scavenge free radicals, and chelate divalent cations

(Shon et al., 2004). Reportedly, the pathogenesis of

many diseases such as cardiovascular disorders,

cancer, aging, inflammation, and brain dysfunction

is accompanied by the production of free radicals

leading to oxidative stress. Various epidemiological

studies have suggested that consumption of fruits

and vegetables has been associated with reduced

risk of cardiovascular diseases and cancers (Kris-

Etherton et al., 2002) and neurodegenerative diseases,

such as Parkinson’s and Alzheimer’s diseases (Di

Matteo and Esposito, 2003) as well as inflammation

and aging (Ames et al., 1993). Moreover, according

to the recent estimates, the human population

worldwide appears to be in the midst of an epidemic

of diabetes mellitus, a metabolic disorder characterized

by chronic hyperglycaemia. Retardation of the

digestion of starch by key gastrointestinal enzymes
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can be of benefit to the diabetic patients (Puls and

Keup, 1973). Since glucose release from food

sources is the main factor affecting post-prandial

hyperglycaemia, the use of á-amylase inhibitors is

essential to control it. However, free radicals have

been implicated in the pathophysiology of

diabetes, and oxidative stress may be a common

pathway linking diverse mechanisms for diabetes

complications such as vascular dysfunctions,

nephropathy, neuropathy and retinopathy (Baynes,

1991). Furthermore, diabetes mellitus results in a

reduction of endogenous antioxidants and an

increase in oxidative stress in the human body.

Reportedly, antioxidants have been shown to

reduce the risk of diabetes onset, improve glucose

disposal and improve some of the associated

complications. Phenolic compounds in fruits,

vegetables and foods, such as catechin and its

derivatives are important to health because they

have a wide range of health-promoting effects.

Natural antioxidants extracted from fruits and

vegetables could be used in food and pharmaceutical

industries instead of synthetic antioxidants. Their

use in food industries will certainly improve the

quality and nutritive value of foods. Therefore, it is

necessary to search out natural antioxidants that

could be used not only to preserve food but also in

the treatment and management of some diseases.

Pastoral nomads in Egypt are using some plants

as a source of health-promoting agents such as

vitamins, minerals, dietary fibers and so forth. People

in desert areas usually consume these plants fresh,

and sometimes by means of various preparations.

Launaea capitata is used as an alternative good

source in salads. The slimy fruits, young twigs,

seeds and the tuberous root of Leptadenia pyrotechnica

are often eaten by nomads (Belal et al., 1998) and

reportedly, in countries from Senegal to Nigeria it

is used in folk medicine. Kassas (1967) described

the collection and human consumption of Panicum

turgidum grains by desert-dwellers, especially in

dry years when cultivated crops may fail. Smoke of

P. turgidum is believed to relieve women’s pain

during delivery. Withania somnifera (Ashwagandha)

is also known by the names Winter Cherry, Indian

Ginseng, and Withania. This plant has been used

for medicinal and narcotic purposes in Mesopotamia

and is well known in ancient Egypt. It is useful in

the treatment of cognitive dysfunction, dyspepsia,

epilepsy, gout, inflammation, insomnia, oxidative-

stress, rheumatism, and tumor (Mishra et al., 2000;

Russo et al., 2001). However, a plant is largely

affected by environment, especially in its production

of secondary metabolites. Therefore, W. somnifera

of Egypt may have dissimilarities in respect of

secondary metabolites with the W. somnifera of other

countries. In Egypt, despite the common consumption

of these plants there is no scientific data confirming

their biological activities. The present research is

aimed at investigating and recording the polyphenol

content, antioxidative, and antiamylase activities of

four wild plants in Egypt. Another aim is to

investigate plants which could be used in food

or pharmaceutical industries to prepare dietary

supplements, functional foods or food preservatives.

MATERIALS AND METHODS

Chemicals

Folin-Ciocalteu’s phenol reagent and ferrozine

were purchased from Sigma-Aldrich Co (St. Louis,

MO). DPPH, and α-amylase from bacteria were

purchased from Wako Pure Chemical Industry,

Ltd., Osaka, Japan. Ascorbic acid was purchased

from Katayama Chemicals, Osaka, Japan. Gallic

acid was purchased from Nacalai Tesque, Kyoto,

Japan. All of these chemicals and reagents were of

analytical grade.

Plant collection and extraction 

Three desert plants growing in Wadi Allaqi, 180

km south-east of Aswan city used by local people

(Bedouins), Launaea capitata L., Panicum turgidum

Forssk. as whole plants and green fruits of Leptadenia

pyrotechnica (Forssk.) Decne. were collected and air

dried. Ripe fruits of Withania somnifera (L.) Dunal.
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were collected from plants growing in the cultivated

fields along the Nile bank at Aswan city and air

dried. All plants were identified according to Bolous

(1995), and voucher samples were deposited in the

herbarium of Aswan faculty of Science. The dried

plant materials were then powdered and defatted

with n-hexane to remove non-polar compounds,

and then the defatted materials were extracted

with ethanol followed by extraction of very polar

constituents with 70% ethanol.

A portion of defatted fruit material of W. somnifera

was extracted with acidic ethanol (pH 3.5) and

filtered resulting in an alkaloidal fraction. The pH

of the filtrate was then raised up to 9 with ammonia

to precipitate alkaloids. Alkaloids were removed

by centrifugation and dried. Ethanol extract of L.

capitata, L. pyrotechnica, P. turgidum, and W. somnifera

are denoted as LCEE, LPEE, PTEE and WSEE

respectively. The 70% ethanol extract of L. pyrotechnica,

P. turgidum, and W. somnifera are referred to as

LPPE, PTPE and WSPE respectively. The alkaloid

fraction of W. somnifera is referred to as WSAlk.

Determination of total phenolics (TPH)

The total concentration of phenolics (TPH) in the

extracts was determined according to the Folin-

Ciocalteu method (Ough and Amerine, 1988) with

gallic acid (GA) as the standard and expressed (mg)

as gallic acid equivalents (GAE)/g of extract (Aoshima

and Ayabe, 2007). One milliliter of diluted extract

was mixed with 1ml of Folin-Ciocalteu’s reagent

and vortexed for 5 s. Then, 1ml of a 10% (w/w)

sodium carbonate aqueous solution was added to

the mixture. The mixture was incubated at room

temperature for 1 h, after which colorimetric

measurements were made at 700 nm. Each experiment

was conducted three times.

DPPH radical scavenging activity

The reaction mixture (total volume, 3 ml), consisting

of 0.5 ml of a 0.5 M acetic acid buffer solution at pH

5.5, 1 ml of 0.2 mM DPPH in ethanol, and 1.5 ml of

a 50% (v/v) ethanol aqueous solution, was shaken

vigorously with the extracts (Blois, 1958). After

incubation at room temperature for 30 min, the

amount of DPPH remaining was determined by

measuring absorbance at 517 nm (Aoshima et al.,

2004). Mean values were obtained from triplicate

experiments. 

Reducing power activity

The reducing power of the extracts was determined

according to the method of (Oyaizu, 1986). Briefly,

different concentrations of the extracts were mixed

with 2.5 ml of 0.2 M phosphate buffer, pH 6.6 and

2.5 ml of 1% potassioum ferricyanide solution.

After incubation at 50oC for 20 min, the mixtures

were mixed with 2.5 ml of 10% trichloroacetic acid

followed by centrifugation at 650 g for 10 min. The

supernatant (2.5 ml) was mixed with 2.5 ml of

distilled water and 0.5 ml of 0.1% ferric chloride.

The absorbance of this solution was measured at

700 nm. Ascorbic acid served as positive control.

Measurement of chelating activity

The activity of extracts to chelate Fe2+ was measured

according to the method of (Carter, 1971). Briefly,

the extract was incubated with 0.05 ml of 2.0 mM

FeCl2.4H2O. Then, 0.2 ml of 5.0 mM ferrozine was

added, and the volume was adjusted to 0.8 ml with

methanol. After 10 min, the absorbance of the

mixture was measured at 562 nm. EDTA served as

the positive control, and a sample without extracts

and EDTA served as the negative control.

Hydrogen peroxide scavenging activity

The hydrogen peroxide scavenging ability of the

extracts was determined according to the method

of Ruch et al. (1989). Different concentrations of

extract in 0.1 M phosphate buffer (pH 7.4) mixed

with H2O2 solution (0.6 ml, 40 mM). The absorbance

value of the reaction mixture was recorded at 230 nm.

For each concentration, a separate blank sample

was used for background subtraction. The percentage

of H2O2 scavenging of the extracts and standard

compounds was calculated.
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Determination of total antioxidant capacity

The assay was done according to Prieto et al. (1999).

The tubes containing extract and reagent solution

(0.6 M sulfuric acid, 28 mM sodium phosphate and

4 mM ammonium molybdate) were incubated at

90oC for 90 min. The antioxidant capacity was

expressed as ascorbic acid equivalent (AAE) and

gallic acid equivalent (GAE). 

α-Amylase assays in vitro

α-Amylase activity was carried out using the

starch-iodine method. The reaction mixture contained

10 μl of α-amylase solution (10 mg/ml), phosphate

buffer (0.02 M, pH 7.0) with 0.006 M NaCl (0.4 ml)

and 1% starch solution (0.1 ml). After incubation at

37oC for 10min, the starch solution was added, and

the mixture was re-incubated for 1 h. Hereafter,

0.1 ml of 1% iodine solution was added, and after

the adding of 5 ml distilled water the absorbance

was taken at 565 nm. Sample, substrate and α-

amylase blank determinations were undertaken

under the same conditions. The above experiment

was conducted using different starch solutions.

RESULTS

TPH

The TPH content of the different extracts are shown

in Table 1. The amount was largest in PTPE (92.5

mg GAE/g) followed by WSAlk (77.5 mg GAE/g)

and LPEE (59.1 mg GAE/g).

DPPH radical scavenging activity

The DPPH radical scavenging activities of the

different extracts are also shown in Table 1. The

level of free radical (DPPH) scavenging activity

ranged from 79.5 to 12.3% at 100 μg/ml of extract.

At this concentration, WSEE showed the highest

DPPH radical scavenging activity (79.5%) followed

by PTPE (72.6%) and WSAlk (69.5%). Fig. 1(A) shows

the dose-dependent DPPH radical scavenging activities

of LPEE, PTPE, and WSEE with IC50 values of 89.3, 47.2,

and 44.7 μg/ml respectively. WSEE had the lowest

IC50, which means that among the tested extracts, it

had the strongest radical scavenging activity.

Reducing power

Reportedly, the activity of antioxidants is concomitant

with the development of reducing power (Duh et

al., 1999). Table 1 shows the reducing power of the

extracts determined using the potassium ferricyanide

reduction method. Since PTPE and WSEE had the

high reducing activity among the extracts, their

dose-dependent increase of reducing power was

examined, Fig. 1(B).

Chelating activity

Table 1 shows the chelating effect of the extracts on

Table 1. Total phenolic content, DPPH radical scavenging, reducing power, chelating activity, and H2O2

scavenging activity of the different plant extractsa

Name of 
extracts

Total phenolic 
mg GAG/g

DPPH activity 
(%) at 0.1 mg/ml

Reducing power 
(O.D.) at 0.2 mg/ml

Chelating activity 
(%) at 2.0 mg/ml

H2O2 scavenging activity 
(%) at 40 μg/ml

LCEE 38.2 ± 0.3 36.8 ± 0.5 0.12 ± 0.00 Nill 27.5 ± 0.9

LPEE 59.1 ± 0.4 57.2 ± 1.6 0.16 ± 0.01    3.7 ± 5.2* 55.8 ± 7.8

LPPE 37.2 ± 0.9 51.8 ± 0.5 0.15 ± 0.00 12.9 ± 1.4 15.6 ± 2.1

PTEE 42.1 ± 0.7 47.8 ± 3.3 0.17 ± 0.01 Nill 31.3 ± 4.3

PTPE 92.5 ± 1.3 72.6 ± 1.1 0.41 ± 0.01 16.2 ± 0.5 38.5 ± 9.4

WSEE 37.1 ± 0.2 79.5 ± 0.6 0.27 ± 0.05 13.4 ± 2.4 19.7 ± 3.2

WSPE  7.3 ± 0.3 12.3 ± 1.2 0.05 ± 0.00 75.5 ± 2.0    9.5 ± 2.1*

WSAlk 77.5 ± 1.0 69.5 ± 0.4 0.12 ± 0.01 76.7 ± 3.6  62.7 ± 11.6

P < 0.01 by Student’s t test for values between the sample and the control in DPPH, chelating, and H2O2

experiments. *Not significant. aValues are the mean of three replicates ± S.D.
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ferrous ions. Among the extracts, WSPE and WSAlk

were the most promising chelators, and their dose-

dependent activities were examined. The IC50 values

of WSPE and WSAlk were 355 and 395 μg/ml

respectively. WSPE and WSAlk exhibited chelating

effects on ferrous ions, suggesting that they minimize

the concentration of metal in the Fenton reaction.

Hydrogen peroxide scavenging activity

The H2O2 scavenging ability of the extracts is

shown in Table 1. At a concentration of 40 μg/ml

in phosphate buffer, WSAlk showed the highest

(62%) activity followed by LPEE (55%) and PTPE

(38%). The dose-dependent scavenging effects of

LPEE, PTPE, and WSAlk along with standards

(AA, ascorbic acid; GA, gallic acid) are shown in

Fig. 1(C).

Total antioxidant capacity

Total antioxidant capacities, which are expressed

Fig. 1. Antioxidant activity of the extracts. (A): dose-dependency of the DPPH free radical scavenging activity of
LPEE, PTPE, and WSEE; (B): dose-dependent increase of reducing power of PTPE, and WSEE (AA: ascorbic acid,
positive control); (C): H2O2 scavenging ability of LPEE, PTPE, and WSAlk at different concentrations (AA:
ascorbic acid, GA: gallic acid, positive control); (D): comparison of total antioxidant capacity of the extracts (AAE:
ascorbic acid equivalent, GAE: gallic acid equivalent). The data are presented as mean ± S.D., n = 3 - 5.
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as the ascorbic acid (AAE), and gallic acid equivalents

(GAE) of the different extract are shown in Fig.

1(D). The capacity was highest in PTPE followed

by PTEE, and WSAlk; whereas the lowest in

WSPE.

Inhibition of α-amylase activity in vitro

In the present study, all extracts were found to

possess significant (P < 0.01) inhibitory effects on

starch break-down in vitro as shown in Fig. 2. At

a concentration of 1 mg/ml in phosphate buffer,

the highest inhibitory activity of α-amylase was

in WSAlk, followed by WSEE and LPEE. They

also showed dose-dependent increase in α-

amylase inhibitory activity. At the concentrations

of 500, 1000 and 2000 μg/ml, WSAlk showed

inhibitory activity of 25.3, 40.2 and 36.7%

respectively, and that of in case of LPEE were

15.6, 27.4 and 35.8% respectively. Increasing the

concentration of starch 1% to 5% had no effects

on the inhibitory activities, indicating non-

competitive inhibition.

DISCUSSION

Fruits and vegetables are natural sources of dietary

fibers, trace elements, antioxidants and bioactive

compounds beneficial to health. Polyphenols are

the most abundant antioxidants in the diet. Among

the plant-originated dietary intake of antioxidants

they are at the top. In this study, extract with the

highest proportion of polyphenols, displayed the

highest antioxidant activity, particularly in case of

PTPE. The polar extract of P. turgidium consisted of

higher polyphenols than ethanol extract whereas L.

pyrotechnica, and W. somnifera had the opposite

result (Table 1). Ethanol is more efficient to degrade

cell components resulting release of polyphenols

from cells. Alkaloid fraction of W. somnifera produced

considerably larger amounts of polyphenols than

its ethanol, and polar extracts because secondary

metabolites of plants include various alkaloids as

well as polyphenols. However, the common notion

that antioxidant activity strictly correlates with

total phenolic concentration does not always hold

true (Chinnici et al., 2004). In this study, correlation

(r) between total polyphenol and DPPH radical

scavenging activity, reducing power or total

antioxidant capacity is 0.73, 0.65 or 0.79 respectively.

It is probable that unknown components in these

wild plants, other than polyphenols, might contribute

in part to their antioxidant activity. Polar (WSPE)

and alkaloid (WSAlk) fractions of W. somnifera,

displayed a remarkable capacity to bind iron,

suggesting that they may protect against peroxidation.

An affinity for ferrous ions minimizes the

concentration of the catalyzing transition metal

needed in a lipid peroxidation reaction. Owing to

the complexity of the oxidation-anti-oxidation process,

no single testing method is capable of providing a

comprehensive view of the anti-oxidative profile of

a sample (Parejo et al., 2002). Therefore, multi-method

approach is necessary to assess anti-oxidative

activity. Moreover, various oxidase enzymes, such

as superoxide dismutase produce H2O2 in vivo. It is

toxic to cells because of the production of hydroxyl

Fig. 2. Effect of the extracts on the inhibition of α-
amylase activity (%). α-Amylase without any extract
was taken to be 100% activity (control). Inhibition (%)
of the activity was studied in presence of 1 mg/ml
extract. The data are presented as mean ± S.D., n = 3 - 5,
P < 0.01.
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radicals, which oxidized a number of molecules

including DNA. Thus, removing H2O2 is very

important for protecting cell components from

oxidation. Since phenolic compounds present in

the extract are good electron donors, they show the

reducing power and may accelerate the conversion of

H2O2 to H2O (Ruch et al., 1984). 

Fruits and vegetables that reduce post-prandial

hyperglycaemia by suppressing the hydrolysis of

carbohydrates may be helpful in the control of

diabetes mellitus. In the present study, α-amylase

activity was significantly (P < 0.01) inhibited by all

extracts (Fig. 2). In dose-dependent effects, at high

concentrations saturation of component(s) may have

occurred thereby causing no further increase in

inhibition. These extracts probably noncompetitively

bind to the active site of the enzyme. Promising

anti-oxidative, anti-α-amylase, and iron-chelating

activities of W. somnifera (WSAlk) indicate that it

might be used to prevent onset of various diseases

including diabetes, cancer, inflammation etc.

Reportedly, various natural products inhibit α-

amylase and α-glucosidase activities (Hossain et

al., 2008) such as flavone, flavonoids (Havsteen,

1983; Kim et al., 2000) etc. Moreover, polyphenols

also have antihyperglycemic effects (Hossain et al.,

2002; Hanamura et al., 2006; Hossain et al., 2007),

and inhibit the development of diabetes (Zunimo

et al., 2007).

The results support that these plants, which are

consumed by pastoral nomads in Egypt, contribute

to their health. Attention should be paid especially

to P. turgidum and W. somnifera because of their

high antioxidative activity in addition to considerable

inhibition of α-amylase activity. It is necessary to

elucidate potential cytotoxic effects when they are

used for the preparation of dietary supplements,

since some polyphenols perturb the membrane

structure (Hossain et al., 2002; Aoshima et al., 2005).

Moreover, fractionation of potential extracts is

essential to know the phenolic or nonphenolic

compound(s) responsible for the antioxidative and

antiamylase activities.

ACKNOWLEDGEMENTS

This work was partly supported by grant-in-aid

no. 18· 06189 from the Japan Society for the

Promotion of Science (JSPS), Ministry of Education,

Science, and Culture of Japan. Prof. A. Belal and

Prof. I. Springuel (UESD), South Valley University,

Aswan, Egypt, are acknowledged for their support

during field trip to Wadi Allaqi for plant collection.

Mr. Jeremy wells (Australia) is acknowledged for

English language proof-reading of the manuscript.

REFERENCES

Ames BN, Shigenaga MK, Hagen TM. (1993) Oxidants,

antioxidants, and the degenerative diseases of aging.

Proc. Natl. Acad. Sci. USA. 90, 7915-7922.

Aoshima H, Ayabe S. (2007) Prevention of the

deterioration of polyphenol-rich beverages. Food

Chem. 100, 350-355.

Aoshima H, Okita Y, Hossain SJ, Fukue K, Mito M,

Orihara Y, Yokohama T, Yamada M, Kumagai A,

Nagaoka Y, Uesato S, Hara Y. (2005) Effect of 3-o-

octanoyl-(+)-catechin on the responses of GABAA

receptors and Na+/glucose cotransporters expressed

in Xenopus oocytes and on the oocyte membrane

potential. J. Agric. Food Chem. 53, 1955-1959.

Aoshima H, Tsunoue H, Koda H, Kiso Y. (2004) Aging

of whiskey increases 1,1-diphenyl-2-picrylhydrazyl

radical scavenging activity. J. Agric. Food Chem. 52,

5240-5244.

Baynes JW. (1991) Role of oxidative stress in development

of complications in diabetes. Diabetes 40, 405-412.

Belal AE, Leith B, Solway J, Springuel I. (1998)

Environmental Valuation and Management of Plants in

Wadi Allaqi, Egypt. Final report of International

Development Research Centre (IDRC), Canada.

Blois MS. (1958) Antioxidant determinations by the

use of a stable free radical. Nature 181, 1199-1200.

Boulos L. (1995) Flora of Egypt, Checklist. Al Hadara

Publishing: Cairo, Egypt. pp. 283.

Carter P. (1971) Spectrophotometric determination of

serum iron at the submicrogram level with a new

reagent (Ferrozine). Anal. Biochem. 40, 450-458.

Chinnici F, Bendini A, Gaiani A, Riponi C. (2004)

Radical scavenging activities of peels and pulps



2009 Oriental Pharmacy and Experimental Medicine 9(3), 217-224

224 SJ Hossain et al.

from cv. Golden Delicious apples as related to their

phenolic composition. J. Agric. Food Chem. 52, 4684-

4689.

Di Matteo V, Esposito E. (2003) Biochemical and

therapeutic effects of antioxidants in the treatment

of Alzeimer’s disease, Parkinson’s disease, and

amyotrophic lateral sclerosis. Curr. Drug. Tar. CNS

Neurol. Dis. 2, 95-107.

Duh PD, Tu YY, Yen GC. (1999) Antioxidant activity

of water extract of Harng Tyur (Chrysanthemum

morifolium Ramat.). Lebensm Wiss Technol. 32, 269-277.

Hanamura T, Mayama C., Aoki H, Hirayama Y,

Shimizu M. (2006) Antihyperglycemic effect of

polyphenols from Acerola (Malpighia emarginata

DC.) fruit. Biosci. Biotech. Biochem. 70, 1813-1820.

Havsteen B. (1983) Flavonoids, a class of ntural products

of high pharmacological potency. Biochem. Pharmacol.

32, 1141-1148. 

Hossain SJ, Kato H, Aoshima H, Yokoyama T, Yamada

M, Hara Y. (2002) Polyphenol-induced inhibition of

the response of Na+/glucose cotransporter expressed

in Xenopus oocytes. J. Agric. Food Chem. 50, 5215-

5219.

Hossain SJ, Aoshima H, Koda H, Kiso Y. (2007) Review

of functional studies of beverage components

acting on the recombinant GABAA neuroreceptor,

and Na+/glucose cotransporter-response using the

Xenopus oocyte expression system and electrophy-

siological measurements. Food Biotechnol. 21, 237-

270.

Hossain SJ, Tsujiyama I, Takasugi M, Islam Md.A,

Biswas RS, Aoshima H. (2008) Total phenolic content,

antioxidative, anti-amylase, anti-glucosidase, and

antihistamine release activities of Bangladeshi

fruits. Food Sci. Technol. Res. 14, 261-268.

Kassas M. (1967) Sahara. In Die Pflanzen der Sahara,

Kruger CH (ed). Anton Schroll Verlag: Wien,

Munchen; 162-181.

Kim JS, Kwon CS, Son KH. (2000) Inhibition of alpha-

glucosidse and amylase by luteolin, a flavonoid.

Biosci. Biotech. Biochem. 64, 2458-2461.

Kris-Etherton PM, Hecker KD, Bonanome A, Coval

SM, Binkoski AE, Hilpert KF, Griel AE, Etherton

TD. (2002) Bioactive compounds in foods: their role

in the prevention of cardiovascular diseases and

cancer. Am. J. Med. 113, 71S-88S. 

Mishra L, Singh BB, Dagenais S. (2000) Scientific basis

for the therapeutic use of Withania somnifera

(Ashwagandha): a review. Alter. Med. Rev. 5, 334-346.

Ough CS, Amerine MA. (1988) Methods for analysis of

musts and wines. Wiley: New York; p 196-221.

Oyaizu M. (1986) Studies on products of browning

reaction: antioxidative activity of products of

browning reaction prepared from glucosamine. Jpn.

J. Nutr. 44, 307-315.

Parejo I, Viladomat F, Bastida J, Rosas-Romero A,

Flerlage N, Burillo J, Codina C. (2002) Comparison

between the radical scavenging activity and

antioxidant activity of six distilled and nondistilled

Mediterranean herbs and aromatic plants. J. Agric.

Food Chem. 50, 6882-6890.

Prieto P, Pineda M, Aguilar M. (1999) Spectrophotometric

quantitation of antioxidant capacity through the

formation of a phosphomolybdenum complex: specific

application to the determination of vitamine E.

Anal. Biochem. 269, 337-341.

Puls W, Keup U. (1973) Influence of an alpha amylase

inhibitor (BAY d 7791) on blood glucose, serum

insulin and NEFA in starch loading tests in rats,

dog and man. Diabetologia 9, 97-101.

Ruch RJ, Cheng SJ, Klaunig JE. (1984) Spin trapping of

superoxide and hydroxyl radicals. Methods Enzymol.

105, 198-209.

Ruch RJ, Cheng SJ, Klaunig JE. (1989) Prevention of

cytotoxicity and inhibition of intracellular

communication by antioxidant catechins isolated

from Chinese green tea. Carcinogenesis 10, 1003-1008.

Russo A, Izzo AA, Cardile V, Borrelli F, Vanella A.

(2001) Indian medicinal plants as antiradicals and

DNA cleavage protectors. Phytomedicine 8, 125-132.

Shon MY., Cho SD., Kahng GG., Nam SH., Sung NJ.

(2004) Antimutagenic, antioxidant and free radical

scavenging activity of ethyl acetate extracts from

white, yellow and red onions. Food Chem. Toxicol.

42, 659-666.

Zunino SJ, Storms DH, Stephensen CB. (2007) Diets

rich in polyphenols and vitamin A inhibit the

development of type 1 autoimmune diabetes in

nonobese diabetic mice. J. Nutr. 137, 1216-1221.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /sRGB
  /DoThumbnails true
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo false
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
    /Arial-Black
    /Arial-BlackItalic
    /Arial-BoldItalicMT
    /Arial-BoldMT
    /Arial-ItalicMT
    /ArialMT
    /ArialNarrow
    /ArialNarrow-Bold
    /ArialNarrow-BoldItalic
    /ArialNarrow-Italic
    /ArialUnicodeMS
    /CenturyGothic
    /CenturyGothic-Bold
    /CenturyGothic-BoldItalic
    /CenturyGothic-Italic
    /CourierNewPS-BoldItalicMT
    /CourierNewPS-BoldMT
    /CourierNewPS-ItalicMT
    /CourierNewPSMT
    /Georgia
    /Georgia-Bold
    /Georgia-BoldItalic
    /Georgia-Italic
    /Impact
    /LucidaConsole
    /Tahoma
    /Tahoma-Bold
    /TimesNewRomanMT-ExtraBold
    /TimesNewRomanPS-BoldItalicMT
    /TimesNewRomanPS-BoldMT
    /TimesNewRomanPS-ItalicMT
    /TimesNewRomanPSMT
    /Trebuchet-BoldItalic
    /TrebuchetMS
    /TrebuchetMS-Bold
    /TrebuchetMS-Italic
    /Verdana
    /Verdana-Bold
    /Verdana-BoldItalic
    /Verdana-Italic
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 1200
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 1200
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects true
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for reliable viewing and printing of business documents.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
  >>
>> setdistillerparams
<<
  /HWResolution [1200 1200]
  /PageSize [612.000 792.000]
>> setpagedevice


