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Walnut has been reported to exhibit several pharmacological properties and widely used in folkloric
medicine for the traditional treatment of ailments. Hence, this study sought to investigate the
antioxidant properties of the aqueous and ethanolic extract of walnut seed using several antioxidant
parameters. Both extracts were tested for free radical scavenging ability against 2, 2 diphenyl-1-picryl
hydrazyl (DPPH) radical, ferric reducing and iron (II) chelating ability. Furthermore, the ability of both
extracts to offer protective benefit against lipid peroxidation was assessed. Moreover, the
phytochemical constituents (total phenolics, flavonoids and vitamin C) of both extracts were measured.
Generally, ethanolic extract was found to exhibit a significantly higher antioxidant activity than do
aqueous in all parameters determined. Result showed that both extracts demonstrated potent free
radical scavenging and ferric reducing ability and iron chelating activity in vitro. Moreover, both
extracts demonstrated potent inhibitory effect on proxidant induced oxidative assault against cerebral
and hepatic lipid. The phenolic content of Juglans regia was estimated to be 35.22 ± 0.75 mg/g (GAE) for
ethanolic and 20.26 ± 0.55 mg/g (GAE) for aqueous extract whereas the flavonoid content was estimated
to be 20.02 ± 0.12 mg/g (QE) for ethanolic and 14.82 ± 0.15 mg/g (QE). In addition, the vitamin C contents
were 18.22 mg/g and 10.18 mg/g respectively for ethanolic and aqueous extract of dried J. regia. From
the foregoing, the wide usage of walnut seed as remedy for ailment in folk medicine may be due to its
high phytochemical constituents and potent antioxidant properties in vitro. Hence, information from
this study would provide the underlying mechanisms through which walnut seed exhibit its
pharmacological properties which when exploited could be helpful in the management of degenerative
diseases.
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INTRODUCTION
Walnut (Juglans regia L) is a member of Juglandaceae
family and one of the finest nuts of temperate regions
(Ozcan, 2009) with highly promising economic value for
the food industry (Martinez et al., 2008). Its nuts have
been reported to exhibit
unique organoleptic
characteristics (Lopez et al., 1995), hypocholesterolemic
(Sabate and Fraser, 1994; Abbey et al., 1994; Savage,
2005; Dogan and Akgulb, 2005; Pereira et al., 2008) and
antihypertensive effect (Sabate and Fraser, 1994; Mexis
et al., 2008; Arranz et al., 2008). The bark of J. regia is
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regularly used as miswaks for teeth and mouth cleaning
(Ibrar et al., 2007). Moreover, walnut has been reported
to exhibit both antibacterial (Emira et al., 2011) and
antifungal properties (Emira et al., 2010). The increasing
interest in walnuts may be due to its significant
economical value and medicinal importance for human
health because of their biochemical composition of
polyunsaturated fatty acids, especially (linoleic, oleic
acid) and high protein value (Savage et al., 2001). They
also contain other beneficial components like plant
protein (for example, arginine, leucine), carbohydrates
(for example, dietary fibre), vitamins (for example, vitamin
A and E), pectic substances, minerals (magnesium,
potassium, phosphorus, sulphur, copper and iron), plant
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sterols and phytochemicals (Kris-Etherton et al., 1999;
Savage et al., 2001; Prasad, 2003; Colaric et al., 2006).
An ever-growing body of research has shown that
walnuts play a significant role in reducing the risk of heart
disease. The heart benefits of walnuts include lowering
cholesterol, reducing inflammation and improving arterial
function. Walnuts have been reported to reduce cell
adhesion molecules associated with atherosclerosis. This
effect enhances the circulatory system, aiding in the
prevention of heart disease. According to the
researchers, walnuts are the first whole food to show
such cardiovascular benefits (Sabate et al., 1993; Abbey
et al., 1994).
Clinical trials have consistently shown that including
walnuts as part of a cholesterol-lowering diet improves
lipid and lipoprotein profiles (Sabate et al., 1993; Abbey
et al., 1994; Chisholm et al., 1998; Zambon et al., 2000;
Spiller et al., 1992; O’Byrne et al., 1997; Kris-Etherton et
al., 1999; Curb et al., 2000; Morgan and Clayshulte,
2000; Edwards et al., 1999). In fact, a systematic review
of well-designed nut intervention studies estimated that
consuming a moderate fat diet (approximately 35 percent
of calories) including (50 to 100 g) of nuts per day,
especially almonds, peanuts, pecans, or walnuts,
significantly lowered the total cholesterol content
(Mukuddem-Petersen et al., 2005).
Besides, walnuts have been recently discovered to
exhibit antidiabetic potential helping the body address
one of the problems associated with early stage type 2
diabetes- insulin resistance- which hinders the absorption
of glucose from the bloodstream into human cells
(Fukuda et al., 2004). Considering the potential health
benefits of walnut, the present study sought to investigate
the effect of solvent of extraction on the antioxidant
properties of walnut and unravel its in vitro antioxidant
mechanisms of action with a view to providing useful
explanation on the widely reported pharmacopotency of
nuts.
MATERIALS AND METHODS
Chemical reagents
Thiobarbituric acid (TBA) was obtained from Sigma (St. Louis, MO).
2, 2-diphenyl -1-picrylhydrazyl (DPPH) and 1, 10 phenanthroline
were obtained from Fluka Chemie and Merck (Germany). All other
chemicals were obtained from standard chemical suppliers and
were of analytical grade.

Preparation of plant extracts
Five grams each of powdered nuts were weighed in two separate
extraction bottle and one hundred milliliters of solvents (ethanol and
water) was added to the bottles containing the powdered nuts
respectively and left for 24 h to allow for extraction. Thereafter, the
solutions were filtered separately using a Whatman filter paper. The
extracts were stored air tight in a refrigerator until required for use.
This serves as the stock solution for all determinations.

Animals
Male adult Wistar rats (200 to 250 g) were used. The animals were
used according to the standard guidelines of the Committee on
Care and Use of Experimental Animal Resources.

Determination of total phenol contents
The total phenol contents of the nuts of J. regia were determined
according to the method of Singleton et al. (1999) by mixing (0 to
1.0 ml) of the extracts with equal volume of water; 2.5 ml FolinCiocalteau’s reagent and 2 ml of 7.5% sodium carbonate were
subsequently added, and the absorbance was measured at 765 nm
after incubating at 45°C for 40 min. The amount of ph enols in the
nut extract was expressed as gallic acid equivalent (GAE).

Determination of total flavonoid content
The total flavonoid content of J. regia was determined using
quercetin as a reference compound according to Meda et al.
(2005). Briefly, 0 to 500 µl of stock solution of both ethanolic and
aqueous extract was mixed with 50 µl of aluminium trichloride and
potassium acetate. The absorption at 415 nm was read after 30 min
at room temperature. Standard quercetin solutions were prepared
from 0.01 g quercetin dissolved in 20 ml of ethanol. All
determinations were carried out in triplicate. The amount of
flavonoids in both extracts was expressed as quercetin equivalent
(QE).

Vitamin C content
The level of vitamin C in J. regia was determined colorimetrically as
described by Jacques-Silva et al. (2001). Briefly, an aliquot of both
extracts (200 µl) was incubated for 3 h at 38°C then 1 ml H 2SO4
65% (v/v) was added. The reaction product was determined using a
color reagent containing 4.5 mg/ml dinitrophenyl hydrazine and
CuSO4 (0.075 mg/ml), and the absorbance of the colored product
was measured at 520 nm.
Standard ascorbic acid solutions were prepared from 20 mg of
standard ascorbic acid dissolved in 10 ml of water and ethanol for
aqueous and ethanolic extracts respectively. The content of
ascorbic acid in both extracts per gram of dried sample was
estimated from the standard ascorbic acid.

Plant material
Walnut fruits J. regia L were collected from a farm close to The
Federal University of Technology Akure (Nigeria) campus, and were
identified at the Crop Soil and Pest Management Department of the
Federal University of Technology, Akure, Nigeria. The fruits were
than deshelled and the nuts collected, chopped and air- dried. The
dried nuts were pulverized using a blender and the powdered nuts
were stored in polythene bags and placed at room temperature until
they were used.

Free radical scavenging ability
The free radical scavenging ability of J. regia against 2, 2-diphenyl 1- picrylhydrazyl (DPPH) free radicals were evaluated according to
Gyamfi et al. (1999). Briefly, 600 µl of extract (0 to 100 µM) was
mixed with 600 µl, 0.3 mM methanolic solution containing DPPH
radicals, the mixture was left in the dark for 30 min and the
absorbance was measured at 516 nm.
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Table 1. Antioxidant constituents of J. regia extracts.

Parameter
Total phenol
Total flavonoid
Ascorbic acid

Ethanolic
35.22 ± 0.75 mg/g (GAE)
20.02 ± 0.12 mg/g (QE)
18.22 ± 0.45 mg/g (AscE)

Aqueous
20.26 ± 0.55 mg/g (GAE)
14.82 ± 0.15 mg/g (QE)
10.18 ± 0.21 mg/g (AscE)

GAE- Gallic acid equivalent; QE - Quercetin equivalent; Asc - Ascorbic acid equivalent.

Reducing property
The reducing property was determined by assessing the ability of
both aqueous and ethanolic extract of J. regia to reduce FeCl3
solution as described by Pulido et al. (2000). Briefly walnut extract
(0 to 250 µl of stock) was mixed with 250 µl, 200 mM Sodium
phosphate buffer (pH 6.6) and 250 µl of 1% Potassium
ferrocyanide, the mixture was incubated at 50°C for 2 0 min,
thereafter 250 µl, 10% trichloroacetic acid was added, and
subsequently centrifuged at 650 rpm for 10 min, 1000 µl of the
supernatant was mixed with equal volume of water and 100 µl of
0.1 g/100 ml ferric chloride, the absorbance was later measured at
700 nm, a higher absorbance indicates a higher reducing power.
Fe2+ Chelating assay
The Fe2+ chelating ability of both aqueous and ethanolic extract of
J. regia was determined using a modified method described by
Puntel et al. (2005). Freshly prepared 500 µmol/L FeSO4 (150 µl)
was added to a reaction mixture containing 168 µl of 0.1 mol/L TrisHCl (pH 7.4), 218 µl saline and extract (0 to 100 µM). The reaction
mixture was incubated for 5 min, before the addition of 13 µl of
0.25% 1, 10-phenanthroline (w/v). The absorbance was
subsequently measured at 510 nm in a spectrophotometer. The Fe
(II) chelating ability was subsequently calculated with respect to the
reference (which contains all the reagents without seed extracts).
Lipid peroxidation
Rats were decapitated under mild ether anesthesia and the
cerebral (whole brain) and hepatic (liver) tissues were rapidly
dissected, placed on ice and weighed. Tissues were immediately
homogenized in cold 50 mM Tris-HCl, pH 7.4 (1/10, w/v). The
homogenates were centrifuged for 10 min at 4000 g to yield a pellet
that was discarded and a low-speed supernatant (S1). An aliquot of
100 µl of S1 was incubated for 1 h at 37°C in the presence of both
walnut extracts, with and without the prooxidants, iron [final
concentration (10 µM)] and sodium nitroprusside (SNP) (final
concentration 30 µM). This was then used for lipid peroxidation
determination. Production of thiobarbituric acid reactive species
(TBARS) was determined as described by Ohkawa et al. (1979),
excepting that the buffer of the color reaction has a pH of 3.4. The
color reaction was developed by adding 300 ml 8.1% sodium
dodecyl sulfate (SDS) to S1, followed by sequential addition of 500
ml acetic acid/HCl (pH 3.4) and 500 ml 0.8% thiobarbituric acid
(TBA). This mixture was incubated at 95°C for 1 h. TB ARS
produced were measured at 532 nm and the absorbance was
compared to that of the controls.

Statistical analysis
The results were expressed as mean ± SD of three-four
independent experiments performed in triplicate and were analyzed

by one-way analysis of variance, followed by Duncan’s multiple
range test. Differences between groups were considered significant
when p < 0.05.

RESULTS
Antioxidant constituents of Juglans regia
The antioxidant constituents of J. regia that was
determined in the present study as shown in Table 1
include total phenols, flavonoids and vitamin C. The
phenolic content of J. regia was estimated to be 35.22 ±
0.75 mg/g (GAE) for ethanolic and 20.26 ± 0.55 mg/g
(GAE) for aqueous extract whereas the flavonoid content
was estimated to be 20.02 ± 0.12 mg/g (QE) for ethanolic
and 14.82 ± 0.15 mg/g (QE). In addition, the vitamin C
contents were 18.22 ± 0.45 mg/g and 10.18 ± 0.21 mg/g
respectively for ethanolic and aqueous extract of dried J.
regia. GAE denotes gallic acid equivalent while QE
denotes quercetin equivalent.

Antioxidant mechanisms of plants
In order to better ascertain the antioxidant potentials of J.
regia, several antioxidant mechanisms such as reducing
property, metal chelating ability, free radical scavenging
properties and inhibition of lipid peroxidation were
employed. Generally, J. regia exhibited potent antioxidant
action in a concentration dependent manner. However,
ethanolic extract demonstrated a better antioxidant
properties than aqueous extracts in all parameters
determined.

Free radical scavenging ability
Figure 1 shows the free radical scavenging property of
the seeds of J. regia. Apparently, the ethanolic extract
exhibited potent free radical scavenging activities which
was significant (P < 0.05) at all dilutions of the stock
solution used.
Reducing property
The reducing property of J. regia is presented in Figure 2
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Figure 1. Free radical scavenging properties of walnut extracts. Data show means ± SEM values
averages from 3 to 4 independent experiments performed in triplicate. ‘b’ and ‘c’ indicate a significant
difference from the control ‘a’ at p < 0.05.

% Fe2+
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Figure 2. Iron (II)- chelating properties of walnut seed extracts. Data show means ± SEM
values averages from 3 to 4 independent experiments performed in triplicate. ‘b’ and ‘c’
indicate a significant difference from the control ‘a’ at p < 0.05.
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Figure 3. Ferric reducing properties of walnut seed extract. Data show means ± SEM values averages
from 3 to 4 independent experiments performed in triplicate. ‘b’ and ‘c’ indicate a significant difference
from the control ‘a’ at p < 0.05.

One-way ANOVA revealed that J. regia is rich in free
3+
electrons and readily supplies such electrons to Fe ,
3+
2+
thereby reducing Fe to Fe . This reductive ability of J.
regia was significant (P < 0.05) at the least volume of
extract tested.
2+

Fe chelating ability
2+

Figure 3 shows the Fe chelating properties of J. regia. A
one-way ANOVA followed by Duncan’s test shows that
the ethanolic extracts of seeds of J. regia greatly chelated
2+
Fe when compared to control (P < 0.05).

2+

peroxidation either caused by Fe
or sodium
nitroprusside in the presence of J. regia the extract
exerted a significant inhibitory effect on the peroxidation
processes. Similarly, Figures 4b and 5b shows that when
hepatic lipids were subjected to oxidative stress, J. regia
was able to significantly inhibit the peroxidation of hepatic
lipids in a fashion similar to that observed when cerebral
lipids were used. One-way ANOVA revealed that
irrespective of the prooxidant or lipid types, the inhibitory
effect of J. regia was significant at the lowest volume of
extract tested (P < 0.05). However, Figures 4 and 5
generally revealed that ethanolic extract was more potent
than aqueous in the inhibition of proxidant induced lipid
peroxidation regardless of the tissue or proxidant
employed for oxidative assault.

Lipid peroxidation
Figures 4 and 5 and show the effect of J. regia on lipid
peroxidation subjected to oxidative assaults induced by
iron and SNP respectively. Figures 4a and 5a show that
when brain lipids were subjected to stress-induced

DISCUSSION
Plants have been shown to be efficacious in the
management of diseases. In fact, the use of plant parts
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Figure 4a. Inhibitory effect of walnut extracts on Fe2+-induced hepatic lipid peroxidation. Data show
means ± SEM values averages from 3 to 4 independent experiments performed in triplicate. ‘b’ and
‘c’ indicate a significant difference from the control ‘a’ at p < 0.05.
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Figure 4b. Inhibitory effect of walnut extract on Fe2+-induced cerebral lipid peroxidation. Data show
means ± SEM values averages from 3 to 4 independent experiments performed in triplicate. ‘b’ and ‘c’
indicate a significant difference from the control ‘a’ at p < 0.05.
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Figure 5a. Inhibitory effect of walnut extract on SNP - induced hepatic lipid peroxidation. Data show
means ± SEM values averages from 3 to 4 independent experiments performed in triplicate. ‘b’ and
‘c’ indicate a significant difference from the control ‘a’ at p < 0.05.

as traditional remedy for ailments has been from
antiquity. Hence, efforts at identifying and exploiting
potentially beneficial plants are on the increase. Although
several authors have reported the potential benefits of
walnut (Curb et al., 2000; Morgan and Clayshulte, 2000;
Edwards et al., 1999) however, little is known about the
mechanisms involved in its in vitro antioxidant effects. In
view of this, we intend to unravel the antioxidant
mechanisms of walnut. The phytochemical constituents
of the extracts of the seed of J. regia show that it is rich in
phenolic acids, flavonoids and Vitamin C (Table 1).
However, a more striking observation is that the ethanolic
extract contained significantly higher phytochemical
constituents (Phenolics, flavonoids and ascorbic acid)
than aqueous extracts. Although the reason for this
observation is largely obscure, it could be due to solvent
effect. In this respect, it could be speculated that most of
the phytoconstituents that confer antioxidant properties
on walnut are more soluble in ethanol than water, hence
they are extracted more in the presence of ethanol,
leading to a higher phenolics, flavonoid and ascorbic acid
content than the aqueous. The presence of these
phytochemicals confer some antioxidant properties on
plants which could be assessed by several in vitro
antioxidant parameters.

One of the in vitro antioxidant parameters used for testing
the potency of plants is their ability to scavenge free
radicals. The mechanism involves the protonation of the
unstable 2, 2-diphenyl -1-picryl hydrazyl (DPPH) radicals
turning it to stable diamagnetic molecule which is visually
noticeable as a discoloration from purple to golden
yellow. Interestingly, walnut seed extracts demonstrated
marked radical scavenging activity (Figure 1). However,
ethanolic extract showed a significantly higher radical
scavenging effect than the aqueous extract. While the
reason behind this observation is still not completely
understood, it could be attributed to the difference in the
chemistry of the two solvents. Meanwhile, the antioxidant
properties of plants are largely dependent on the
phytochemical constituents. For instance, phenolics and
flavonoids are commonly known for their antioxidant
activity. They modify the body’s reactions to allergens,
viruses, and carcinogens. They show anti-allergic, antiinflammatory, antimicrobical and anticancer activity
(Balch and Balchi, 2000), and may be useful in
therapeutic roles (Jisika et al., 1992). From the foregoing,
it would be rational to expect that the extract with a higher
content of these phytochemicals would exhibit higher
antioxidant properties. Hence, the ethanolic extract was a
Better
radical
scavenger
than
aqueous
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Figure 5b. Inhibitory effect of walnut extract on SNP - induced cerebral lipid peroxidation. Data show
means ± SEM values averages from 3 to 4 independent experiments performed in triplicate. ‘b’ and ‘c’
indicate a significant difference from the control ‘a’ at p < 0.05.

probably due to its higher phytochemical content.
Moreover, the ability of agents to chelate transition
metals specifically iron (II) has been considered a
defence mechanism of antioxidant agents. Interestingly,
Figure 2 showed that only ethanolic extract demonstrated
a marked iron (II) chelating effect. This may be related to
its higher phenolic and flavonoid content since phenols
and flavonoids have been reported to be good chelators
of iron (Omololu et al., 2011). Hence, the presence of
these secondary metabolites must have conferred potent
iron chelating property on the ethanolic extract.
Another antioxidant mechanism of agents is their ability
to deactivate and reduce transition metals. Similar to
other observations, ethanolic extract demonstrated potent
ferric reducing power than the aqueous (Figure 3). The
reason may be hypothesized to be related to its higher
phytochemical constituents. Earlier reports have shown
that phenols and flavonoids exhibit potent ferric reducing
power (Omololu et al., 2011). Hence, the presence of
these phytochemicals must have been responsible for the
higher reducing power.
Furthermore, lipid peroxidation, a type of oxidative
degeneration of polyunsaturated lipids, has been
implicated in a variety of pathogenic processes (Slater,
1972; Dianzani and Ugazio, 1978). The reaction involves
the formation of thiobarbituric acid reactive substances
(TBARS). Hence, antioxidants are assessed based on

their ability to prevent the formation of TBARS via lipid
peroxidation. However, since proxidants differ in their
mechanism
of
causing
oxidative
havoc
to
macromolecules specifically lipids, a good antioxidant
should be able to inhibit proxidant-induced lipid
peroxidation regardless of the proxidant employed.
Hence, two proxidants were employed in this study to
investigate the antioxidant potentials of J. regia to offer
protective benefits to lipids subjected to several oxidative
assaults.
Meanwhile, iron has been reported to cause deleterious
effect on biological macromolecules by reacting with
•
superoxide anion (O2 ) and hydrogen peroxide (H2O2) to
•
produce the hydroxyl radical (OH ) via the Fenton
chemistry (Graf et al., 1984). These radicals can also
lead to the formation of other reactive oxygen species
(ROS) (Klebanoff et al., 1992). Interestingly, Figure 4a
and b respectively showed that J. regia extract exhibited
2+
marked inhibitory effect against Fe -induced cerebral
and hepatic lipid peroxidation. Although, both extracts
demonstrated marked inhibitory effect against TBARS
formation, ethanolic extract showed a higher inhibitory
effect probably due to the its higher phenolics and
flavonoid content. Better still, it could be speculated that
J. regia, being a good iron chelator must have prevented
the oxidation of iron (II), thereby preventing the
generation of hydroxyl radical and inhibiting oxidative
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assault in the process. Moreover, reports have shown
that sodium nitroprusside (SNP) elicit cytotoxic effect
through the release of cyanide and/or nitric oxide (NO)
(Rauhala et al., 1998). NO has been implicated in the
pathophysiology of strokes, traumas, seizures and
Alzheimer's, and Parkinson's diseases (Castill et al.,
2000; Prast and Philippou, 2001). Besides, light exposure
promotes the release of NO from SNP through a
photodegradation process (Arnold et al., 1984; Singh et
al., 1995), and data from the literature have shown that
5- 2−
after the release of NO and SNP, [NO–Fe–(CN) ] is
3−
4–
converted to iron containing [(CN)5–Fe] and [(CN)
2−
Fe] species (Loiacono and Beart, 1992). After the
release of NO, the iron moiety may react with SNP, which
could lead to the formation of highly reactive oxygen
species, such as hydroxyl radicals via the Fenton
reaction (Graf et al., 1984). The fact that J. regia extract
inhibited SNP- induced lipid peroxidation (Figure 5a and
b) may indicate that extracts possibly prevented the
breakdown of SNP to its constituents thereby offering
protective shield to both cerebral and hepatic tissues
since the toxic constituents are presumably prevented
from being released.
From the foregoing, the antioxidant properties of walnut
could be wholly attributed to its phytochemical
constituents. Since it has been earlier reported that
walnut is rich in alkaloids, flavonoids, tannins, saponnins
and glycosides; and also possess antibacterial properties
as well as physiological activity (Sofowora, 1993). All
these phytochemical constituents among others could be
speculated to confer such potent antioxidant effect on its
extracts and could be said to be responsible for its widely
reported therapeutic relevance. Hence, walnut remains a
potential candidate with potent antioxidant properties that
could help in the management of degenerative diseases
in which oxidative stress has been implicated in their
etiology.
REFERENCES
Abbey M, Noakes M, Belling GB, Nestel PJ (1994). Partial replacement
of saturated fatty acids with almonds or walnuts lowers total plasma
cholesterol and low-density-lipoprotein cholesterol. Am. J. Clin. Nutr.,
59: 995-999.
Arnold WP, Longnecker DE, Epstein RM (1984). Photodegradation of
sodium nitroprusside: biologic activity and cyanide release.
Anesthesiol., 61: 254-260.
Arranz S, Cert R, Perez-Jimenez A, Saura-Calixto F. (2008).
Comparison between free radical scavenging capacity and oxidative
stability of nut oils. Food Chem., 110: 985-990.
Balch JF, Balch PA (2000). Prescription for Nutritional Healing. New
York: A very, Penguin Putnam Inc., pp. 267-270.
Castill J, Rama R, Davalos A (2000). Nitric oxide-related brain damage
in acute ischemic stroke. Stroke, 31: 852-857.
Chisholm A, Mann J, Skeaff M (1998). A diet rich in walnuts favourably
influences plasma fatty acid profile in moderately hyperlipidaemic
subjects. Eur. J. Clin. Nutr. 52: 12-16.
Colaric MF, Stampar M, Hudina A (2006). Sensory evaluation of
different walnut cultivars (Juglans regia L.). Acta Agric. Slovenica, 87:
403-413.
Curb JD, Wergowske G, Dobbs JC (2000). Serum lipid effects of a

6847

high-monounsaturated fat diet based on macadamia nuts. Arch.
Intern. Med., 160: 1154-1158.
Dianzani ΜU, Ugazio G (1978). Biochemical mechanisms of liver injury
(ed. T. F. Slater) (New York: Academic Press) p. 669.
Dogan M, Akgulb A (2005). Fatty acid composition of some walnut
(Juglans regia L.) cultivars from east Anatolia. Grasas Aceites, 56:
328-331.
Edwards K, Kwaw I, Matud J, Kurtz I (1999). Effect of pistachio nuts on
serum lipid levels in patients with moderate hypercholesterolemia. J.
Am. Coll. Nutr., 18: 229-232.
Emira N, Mejdi S, Hafedh H, Eulogio V, Amina B (2010). Antifungal
properties of Salvadora persica and Juglans regia L. extracts against
oral Candida strains. Eur. J. Clin. Microbiol. Infect.Dis., 29: 81-88.
Emira N, Mejdi S, Najla T, Hafedh H, Riadh K, Amina B (2011).
Anticandidal, antibacterial and antioxidant properties of Salvadora
persica and Juglans regia L. extracts. J. Med. Plants Res., 5(17):
4138-4146
Fukuda T, Ito H, Yoshida T (2004). Effect of the walnut polyphenol
fraction on oxidative stress in type 2 diabetes mice. Biofactors, 21:
251-253.
Graf E, Mahoney JR, Bryant RG, Eaton JW (1984). Iron catalyzed
hydroxyl radical formation: stringent requirement for free iron
coordination site. J. Biol. Chem., 259: 3620-3624.
Gyamfi MA, Yonamine M, Aniya Y (1999). Free-radical scavenging
action of medicinal herbs from Ghana: Thonningia sanguine on
experimentally-induced liver injuries. Gen. Pharmacol., 32: 661-667.
Ibrar MF, Hussain, Sultan A (2007). Ethnobotanical studies on plant
resources of Ranyal Hills, District Shangla, Pakistan. Pak. J. Bot., 39:
329-337.
Jacques-Silva MC, Nogueira CW, Broch LC, Flores EM, Rocha JBT
(2001). Diphenyl diselenide and ascorbic acid changes deposition of
selenium and ascorbic acid in liver and brain of mice. Pharmacol.
Toxicol., 88: 119-127.
Jisika M, Ohigashi H, Nogaka H, Tada T, Hirota M (1992). Bitter steroid
glycosides, Vernon sides A1, A2, and A3 and related B1 from the
possible medicinal plant vernonia amygdalina used by wild
Chimp.Tetrahedron, 48: 625-630.
Klebanoff SJ, Gally JI, Goldstein IM, Snyderman R (1992). Oxygen
metabolities from phagocytes. Raven Pres, New York, pp. 541-588.
Kris-Etherton PM, Yu-Poth S, Sabate J, Ratcliffe HE, Zhao G, Etherton
TD (1999). Nuts and their bioactive constituents: effects on serum
lipids and other factors that affect disease risk. Am. J. Clin. Nutr., 70:
504-511.
Loiacono RE, Beart PM, (1992). Hippocampal-lesions induced by
microinjection of the nitric-oxide donor nitroprusside. Eur. J.
Pharmacol., 216: 331-333.
Lopez A, Pique MT, Romero A, Aleta N (1995). Influence of coldstorage condition on the quality of unshelled walnuts. Int. J.
Refrigeration, 8: 544-549
Martinez ML, Mattea MA, Maestri DM (2008). Pressing and supercritical
carbon dioxide extraction of walnut oil. J. Food Eng., 88: 399-404.
Meda A, Lamien CE, Romito M, Millogo J, Nacoulma OG (2005):
Determination of the total phenolic, flavonoid and praline contents in
Burkina Fasan honey, as well as their radical scavenging activity.
Food Chem., 91: 571-577.
Mexis SF, Badeka AV, Riganakos KA, Karakostas KX, Kontominas MG
(2008). Effect of packaging and storage conditions on quality of
shelled walnuts. Food Control, 20: 743-751.
Morgan WA, Clayshulte BJ (2000). Pecans lower low-density lipoprotein
cholesterol in people with normal lipid levels. J. Am. Diet Assoc., 100:
312-318.
Mukuddem-Petersen J, Oosthuizen W, Jerling JC (2005). A systematic
review of the effects of nuts on blood lipid profiles in humans. J. Nutr.
135: 2082-2089.
O’Byrne DJ, Knauft DA, Shireman RB (1997). Low fat-monounsaturated
rich diets containing high-oleic peanuts improve serum lipoprotein
profiles. Lipids, 32: 687-695.
Ohkawa H, Ohishi H, Yagi K (1979). Assay for lipid peroxide in animal
tissues by thiobarbituric acid reaction. Anal. Biochem., 95: 351-358.
Omololu PA, Rocha JBT, Kade IJ (2011). Attachment of rhamnosyl
glucoside on quercetin confers potent iron-chelating ability on its
antioxidant properties Exp. Toxicol. Pathol., 63(3): 249-245.

6848

J. Med. Plants Res.

Ozcan MM (2009). Some Nutritional characteristics of fruit and oil of
walnut (Juglans regia L.) growing in Turkey. Iran. J. Chem. Eng., 28:
57-62.
Pereira JA, Oliveira I, Sousa A, Ferreira CFR, Bento A, Estevinho L
(2008). Bioactive properties and chemical composition of six walnut
(Juglans regia L.) cultivars. Food Chem. Toxicol., 46: 2103-2111
Prasad RBN (2003). Walnuts and pecans. In: Ency. Food Sci. Nutr.
Prast H, Philippou A (2001). Nitric oxide as modulator of neuronal
function. Prog. Neurobiol., 64: 51-68.
Pulido R, Bravo L, Saura-Calixto F (2000). Antioxidant activity of dietary
polyphenols as determined by a modified ferric reducing/antioxidant
power assay. J. Agric. Food Chem., 48: 3396-3402.
Puntel RL, Nogueira CW, Rocha JBT (2005). Krebs cycle intermediates
modulate thiobarbituric acid reactive species (TBARS) production in
rat brain in vitro. Neurochem. Res., 30: 225-235.
Rauhala P, KhaldiI A, Mohanakumar KP, Chiueh CC (1998). Apparent
role of hydroxyl radicals in oxidative brain injury induced by sodium
nitroprusside. Free Radical Biol. Med., 24: 1065-1073.
Sabate J, Fraser E (1994). Nuts: A new protective food against
coronary heart disease. Curr. Opinion Lipidol., 5: 11-16.
Sabate J, Fraser GE, Burke K (1993). Effects of walnuts on serum lipid
levels and blood pressure in normal men. N. Engl. J. Med., 328:603607.
Savage GP (2005). Chemical composition of walnuts (Juglans regia L.)
grown in New Zealand. Plant Foods Hum. Nutr., 56: 75-82.

Savage GP, McNeil DL, Dutta PC (2001). Some nutritional advantages
of walnuts. Acta Hort., 544: 557-563.
Singh RJ, Hogg N, Neese F, Joseph J, Kalyanaraman B (1995).
Trapping of nitric oxide formed during photolysis of sodium
nitroprusside in aqueous and lipid phases: an electron spin
resonance study. Photochem. Photobiol., 61: 325-330.
Singleton VL, Orthofer R, Lamuela-Raventos RM (1999). Analysis of
total phenols and other oxidation substrates and antioxidants by
means of Folin-Ciocalteau's. 299:152-170
Slater ΤF (1972) Free Radical Mechanisms in Tissue injury Pion
Publishers London, pp. 88-90
Smith IC, Carson BL (1981) Trace metals in the environment. Ann Arbor
Science Publishers, P. 77.
Sofowora A (1993). Medicinal plants and traditional medicine in Africa.
Spectrum books Ltd .Ibadan, Nigeria, p. 289.
Spiller GA, Jenkins DJ, Cragen LN (1992) Effect of a diet high in
monounsaturated fat from almonds on plasma cholesterol and
lipoproteins. J. Am. Coll. Nutr., 11: 126-130.
Zambon D, Sabate J, Munoz S (2000) Substituting walnuts for
monounsaturated fat improves the serum lipid profile of
hypercholesterolemic men and women. A randomized crossover trial.
Ann. Internal Med., 132: 538-546.

