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Introduction 
The genus Juglans is comprised of 21 species, among 
which the English or Persian walnut (Juglans regia L.) 
is the most economically important cultivated species 
in worldwide and has been consumed for the human 
nutrition purposes since ancient times and provides 
macronutrients and micronutrients, and also has many 
bioactive constituents.1 Persian walnuts were probably 
domesticated in Iran and Afghanistan and then entered 
Eastern Europe, China and Russia by ancient tribes and 
were grown in some cold areas of the United States and 
it was demonstrated that they are genetically diverse.2,3 
Persian walnut is an economically prominent species 
cultivated worldwide for providing its wood compounds 
and nuts. The major producers of Persian walnut are 
China, Iran, the United States and Turkey.4 This fruit is 
placed on FAO list of crucial plants for its nutritive value.5 

Green walnuts, kernels, bark, shells and leaves have been 
employed in the pharmaceutical and cosmetic parts.6 

Antioxidant Compositions 
Antioxidant components are molecules that prevent or 
delay oxidation and scavenge free radicals (molecules that 
have unpaired electrons and initiates oxidation) that may 
damage cellular molecules and structures.7 Today, there is 
growing interest towards antioxidants from plants which 
can be used as additive instead of synthetic antioxidants 

that have been proved to be carcinogenic.1,6,8 On the other 
hand, antioxidant components in diet play an important 
role in human health because they are able to neutralize 
reactive oxygen species in body which are kind of free 
radicals.9 Nuts are important dietary items that have 
significant amount of antioxidant components. Vinson 
and Cai analyzed 9 different kinds of nuts for the content 
of phenol compounds and among these different nuts, 
walnut had the highest content of free and total phenolic 
components as well as the highest antioxidant capacity.10 
Walnut is classified as the second most consumable 
fruit for the high level of antioxidants.11 Antioxidant 
components in Persian walnut kernel virtually belong to 
phenolic component and there are very low amounts of 
flavonoids and iso-flavonoids in this nut. However, other 
parts of this fruit that are not edible such as husk, hull, shell 
and leaves have a high amount of flavonoid components. 
Phenolic components are not confined to kernel of Persian 
walnuts and reports show that other parts of walnut such 
as leaves, pellicle, husk and microshoots have even more 
phenolic component compared to kernel and thus can be 
used as antioxidant in food industry and pharmaceutical 
cases.12,13 The most abundant phenolic components that 
have been identified in Persian walnut include syringic 
acid, ferulic acid, coumaric acid, vanillic acid, myricetin 
and juglone.14 Juglone (5-Hydroxy 1,4-naphtoquinone) 
is a specific phenolic compound that does not exist 
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Abstract
Persian walnut (Juglans regia L.) is a nutritionally rich and also popular nut which is largely 
consumed throughout the world. In addition to dry fruits (nuts), green walnuts, kernels, shells, 
green walnut husks (epicarp), barks and leaves have been applied in both cosmetic and 
pharmaceutical industries. Since ancient times, it has been used in folk medicine for treatment of 
several diseases and disorders such as diabetes, cancer, skin disease and infections, rheumatoid 
arthritis. In recent decades, many experimental researches have been done on the composition 
and characteristics of different parts of Persian walnut tree. These researches showed that 
walnut has many nutritious components such as phenolic component, unsaturated fatty acids 
and minerals essential for human health. Using walnut in folk medicine and identification of 
beneficial components of this fruit prompted many scientists to investigate properties that have 
traditionally been attributed to this fruit and the researches done in this area showed that walnut 
has effective antioxidant, antimicrobial, antitumor and anti-inflammatory properties that make it 
a promising drug for associated diseases.
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in other nuts and is abundant in walnut, especially in 
green parts of walnut such as leaves, fruit hulls, stem 
and roots.15 Phenolic content varies in different parts 
of Persian walnut. It is believed that the walnut pellicle 
is the most valuable source of walnut phenolics. In a 
study, Akbari et al analyzed different parts of walnut fruit 
among 6 genotypes of Juglans regia L. in terms of phenolic 
component and antiradical capacity. All the genotypes had 
the highest amount of phenolic and flavonoid component 
in pellicle.12 The highest content of phenolics found in 
leaves was in May and July.16 The amounts of total phenolic 
components of different parts of walnut were tabulated in 
Table 1. The percentage of phenolic component in walnut 
varies even in a specific genotype depending on several 
factor such as time period and geographic origin, climatic 
conditions, farming practices, cultivar choice and picking 
date, and some agricultural factors, so, the amount of 
phenols fluctuates during the seasons.12,15,17,18 Therefore, 
it is possible to increase the concentration of phenolic 
component by improving condition in order to produce 
a richer source of phenolics. Even the type of solvent 
that is used for extraction of phenolic component could 
influence the amounts that are reported.19 Toasting and 
heating nut have adverse effect on antioxidant capacity of 
nut and so it is important to be served raw.20 
The concentration of juglone in the fruit was significantly 
higher compared to other phenols in the all evaluated 
cultivars, in studies by Colaric et al.21

Lipid Component 
Walnut kernels contain approximately 60% oil in general. 
Depending on the cultivar type, its location of growth 
and irrigation technique, the content of walnut oil may 
vary from 50% to 70%. The age of branches influences 

the physicochemical composition of walnut oil, with 
increasing the age of the branch, oil content increases.31 
The oil has a high amount of neutral lipids (96.9% of 
total lipids) and low amount of polar lipids (3.1% of 
total lipids). The neutral lipid fraction consists mainly 
of triacylglycerides whereas the polar lipids mainly 
consist of sphingolipids. However, free fatty acids, and 
monoacylglycerols, diacylglycerols, sterol esters, sterols 
and phosphates are contents which exist only in minor 
quantities. Triacylglycerides from walnut oil are rich 
in oleic (18:1 n-9), linoleic (18:2 n-6) and linolenic 
(18:3 n-3) acids. Accordingly, this fruit has a high 
concentration of omega-6 and omega-3 polyunsaturated 
fatty acids (PUFA), which are considered as essential fatty 
acids since the human body cannot synthesize them.32 
Synthesis of the important long-chain omega-3 fatty acids, 
docosahexaenoic acid (DHA) and eicosapentaenoic acid 
(EPA) in the human body, needs α-linolenic acid as the 
precursor. The percentage of fatty acids in Persian walnut 
oil varies widely. The oleic acid content of the oils ranges 
from 12.7% to 34%, linoleic acid ranges from 49.7% to 
72%, linolenic acid varies from 9% to 25%, the saturated 
palmitic is between 5.24% to 8.2% and stearic ranges from 
1.4%-2% to 5% .33,34 It was supposed that Persian walnut is 
able to prevent or alleviate fatty liver alongside the Iranian 
Hibiscus esculentus.35

The ratios of these fatty acids are important in terms 
of their economic and nutritional value. For example, 
oils with lower linoleic and linolenic acid contents may 
have a longer shelf life while oils with higher levels of 
polyunsaturated fatty acid are more desirable since they 
have potential health benefits.33,34

Among vegetable oils, walnut oil has the highest 
amounts of PUFAs (up to 78% of the total FA content). 

Table 1. The Walnut Components and Their phenolic levels  

Total Phenolic Ref. Phenolic Component 

Kernel 
15540 EAG
7300 EAG
145

12,23,24 Chlorogenic acid, ferulic acid, caffeic acid, gallic acid, synaptic acid, ellagic acid, protocatechuic acid 
vanillic acid, coumaric acid, elagic acid, syringic acid, myricetin juglone 5-O-cafeoylquinic14,22

Shell 
2300 EAG
1804

12,16 2Methoxy phenol, 1,2 benzenediol, vanillin 3,4 di Methoxy phenol25 

Hull 
4700 met
37400
2468

12,16
Chlorogenic acid, syringic acid, ferulic acid, gallic acid, caffeic acid, sinapic acid, ellagic acid, 
protocatechuic acid, vanillic acid, catechin, epicatechin, myricetin and juglone26

Husk 3428.11 27
Chlorogenic acid, ferulic acid, caffeic acid, sinapic acid, ellagic acid, protocatechuic acid, gallic acid, 
syringic acid, vanillic acid, catechin, epicatechin, myricetin and juglone, coumaric acid, ferulic acid, 
juglone14

Leave 2136 16

Juglone p-coumaric acid, 5-O-caffeoylquinic acid, 3-O-coumaroylquinic acid, 4-O-p-coumaroylquinic 
acid, 3-O-ccaffeoylquinic acid, quercitin 3-O- galactoside (the major compound), quercitin 3-O- 
arabinoside, quercitin 3-O-pentoside derivates, quercitin 3-O-xyloside, quercitin 3-O-ramnoside and 
kaempferol 3-O-pentoside ferulic acid, coumaric acid, vanillic acid, elagic acid, myricetin and juglone, 
rutin15,28 

 Bark  3483 30
Gallic acid, chlorogenic acid, naphtho-resorcinol, resorcinol, vanillic acid, quercetin dihydrate, 
p-coumaric acid, trans-cinnamic acid and catechine hydrate29

 Pellicle 5205 12 Ellagic acid, gallic acid methyl gallat, tannic acid, caffeic acid, p-coumaric acid12

Abbreviation: EAG: estimated average.
All values are represented as mg per 100 g walnut
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The FA composition of walnut oil generally resembles 
that of soybean oil, but the former oil contains a greater 
concentration of linolenic acid.  Most nuts are rich in 
oleic acid while walnut also contains high amounts of 2 
polyunsaturated fatty acids, linoleic acid and α-linolenic 
acid.36 
Walnut oil is not suitable for cooking or heat treatment 
of products due to the presence of unsaturated fatty 
acids (70%). Their oxidation results in the appearance 
of unwanted taste and odor, but because of its harsh and 
distinctive flavor, the fruit is often used as an additive for 
flavoring baked goods and some sauces. It also can be 
used as a good flavor in salads or it can be mixed with 
flavored oils to produce a subtle taste.37 The amount of 
total sterols in walnut oil ranges from 120 to 200 mg/100 g 
oil which contains β-sitosterol (85%), Δ5-avenasterol (7%) 
and campesterol (4%). A specific amount of cholesterol, 
stigmasterol, Δ7-stigmasterol and Δ7-avenasterol has also 
been reported in walnut oil.38 

Mineral Elements
Walnut is proved to be a proper source for dietary minerals, 
walnut kernel is rich in potassium (K), magnesium 
(Mg), phosphorus (P) and iron (Fe), and it also contains 
sodium (Na), calcium (Ca), zinc (Zn) and copper (Cu) 
modestly.39,40 A large number of enzymes need iron (Fe) 
to do their job. CA is the major component of bone and 
assists in teeth development. K is the third most abundant 
mineral in the human body with electrolyte function. This 
mineral is needed for keeping heart, brain, kidney, muscle 
tissues and other important organs of human body in a 
good state. Therefor walnut is a good food item in term of 
essential minerals (Table 2).41,42

Other Compounds 
Walnut is a perfect source of vitamin structures such 
as vitamin E in 2 forms: alpha-tocopherol and gamma-
tocopherol, retinol (vitamin A), folate, D-3, ergosterol, 
β-sitosterol, and stigmasterol.46

It contains 18% to 24% protein based on dry weight state. 
Walnut protein products are thus considered as suitable 
resources of essential amino acids applied in human food 
products. Mao et al analyzed walnut proteins and classified 
them into 4 groups as follows: Glutelin (soluble in dilute 
NaOH), globulin (salt-soluble), albumin (water-soluble) 
and prolamin (alcohol-soluble), and based on their 
percentage, most of walnut proteins belong to glutelin 
group.47 In another study, it was reported that some 
peptides resulted from hydrolyzing the walnut proteins 
have antioxidant activity and could be used as antioxidant 
components.48 This fruit also has a lot of free amino acids. 
The total amino acid composition of the walnut kernel is 
known by a relatively high amount of alanine.49

Walnut in Folk Medicine
Today, in spite of remarkable advances in modern 

medicine, still there is an increasing tendency towards 
herbal remedies among those seeking for traditional 
therapies. Historically all parts of Persian walnut such as 
stem, bark, leaves, fruits, kernels, and also kernel oil are 
consumed in folk medicines for the treatment of a variety 
of health disorders. The leaves of this species are reportedly 
a source of healthcare maintaining compounds and have 
also been traditionally used because of its antimicrobial, 
anthelmintic, anti-inflammatory, astringent, keratolytic, 
antiseptic, antidiarrheal, hypoglycemic, tonic, depurative, 
carminative activity.13 The leaves have also been used 
in decoctions and other preparations for the treatment 
of sinusitis, cold and stomach ache, pharyngitis and for 
reducing fever and rheumatic pain as a sedative. They 
are also remedies for dermal inflammation, acne, warts, 
excessive perspiration of the hands, feet and also for the 
treatment of scrofula and chronic eczema and they have 
also been used for washing wounds and burns. The leaves 
are used to treat scalp itching and dandruff as well as skin 
disorders. It also has a high potential of anti-atherogenic 
and a remarkable osteoblastic activity.50,51 

Walnut green husks have been employed in traditional 
Arabic Palestinian herbal medicine to treat several 
human diseases such as skin diseases caused by syphilis 
and fungi, wart, stomachache, anemia, and they were 
reported to have antihelmintic, astringent, and nerve 
tonic properties.52 
The bark, branches and husk of the green walnut have been 
used as a traditional medicine for the treatment of gastric, 
lung and liver cancer for a long time in China, Korea and 
the northeastern region of Mexico. In Tunisia, the bark 
is used as miswaks for teeth cleaning. In Nepal, the bark 
paste is used for the treatment of arthritis, toothache, skin 

Table 2. Mineral Elements of Persian Walnut and Their Concentrations 

Mineral Element Values Ref 

K

358
414

372.69
340

43
44 
42
41

Mg

153
216
140
115

43
44 
42
41

Ca

125
61
120
72

43
44 
42
41

Fe
3.8
4.6
3.2

43
44
41

P 362 45

Na

4.4
6.4
7.4

11.6

43
45
44
41

Cu

3.8
2.12
2.2
1.2

45
43
44
41

All values are represented as mg per 100 g walnut.
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diseases and hair growth. The shell of this fruit is used in 
Calabria folk medicine for treating malaria. 
Traditionally, the seeds of this medical plant are 
widely used for the treatment of venous insufficiency, 
hemorrhoidal symptoms, and they also have anti-
diarrheal, anti-diabetic and depurative properties.
In Iran, the internal septum of walnut has been used in 
folk medicine for the treatment of diabetes. 
The stem bark is believed to be alterative, anthelmintic, 
astringent bactericidal, depurative, digestive, diuretic, 
stimulant, tonic, laxative, detergent and insecticidal.7 
The walnut oil is a compound for dry skin creams, and 
meanwhile, anti-aging and anti-wrinkle products since 
it has moisturizing features in addition to free radical 
scavenging capacity. 

Pharmacological Studies 
Anti-diabetic Activity
In recent years, a variety of studies have been done on 
the extracts of several parts of walnut and their effects 
on a variety of ailments were analyzed. Most of these 
researches have to do with hypoglycemic effect of walnut 
extracts on streptozotocin-induced diabetic animals and 
diabetic patients. Several animal studies have shown that 
J. regia leaf extract is able to ameliorate hyperglycemia 
related to diabetes, decrease glycosylated hemoglobin, 
increase insulin level and even prevent toxic effects of 
streptozocin in rats.52,53 In addition, it is reported that J. 
regia leaf extract favorably affects pancreatic cells in the 
alloxan-induced diabetic rat at a concentration of single 
dose (150 mg/kg) dissolved in saline.54 
Results show that Internal septum extract of walnut fruit 
and the hydroalcoholic extract of walnut male flowers 
are capable of decreasing blood glucose, AST and ALP 
enzymes in the treated diabetic rats compared to the non-
treated ones (P < 0.001).55,56 Studies on diabetic patients 
demonstrated that intake of walnut leaf extracts 2 times 
a day for 3 months decreases the concentration of serum 
glucose and improves both types of diabetes without any 
tangible side effects.52,57

Studies have demonstrated that walnut extract and its 
polyphenolic components, especially casuarictin7 and 
tellimagrandin II were proved to be strong competitive 
inhibitor against amylase and sucrase. Ttellimagrandin 
I,6 tellimagrandin II10 and casuarictin have an inhibitory 
effect on maltase and sucrose.58 

Anticancer Activity 
The leaves extract of the J. regia showed a strong and 
dose-dependent anti-proliferative function against 
prostate cancer cells in human by inducing the apoptosis 
through some concomitant alterations in cell cycle phase 
distribution as it contains an anti-cancer agent such as 
ellagitannins at concentrations ranging from 100 to 200 
mg/kg.51 
In addition, experiments employing human renal cancer 

cell lines of A-498 and 769-P and also the colon cancer 
cell line, Caco-2, depicted antiproliferative efficiency of 
walnut leaves extracts.59 
Apigenin, a flavonoid component that exists in green 
walnut husks, reported to be an anticancer agent without 
inducing apoptosis in the human peripheral blood 
mononuclear cell.58

Anti-amnesia Activity
In a study by Harandi et al, it was reported that consumption 
of walnuts at doses of 6% and 9% could significantly 
restore the scopolamine-induced memory impairment in 
rats and prevent scopolamine neurotoxicity by decreasing 
activity of acetylcholine  esterase in the whole brain60 

and it was shown that antioxidant peptides from walnut 
hydrolysate have significant potential properties in the 
improvement of learning and memory in D-galactose 
induced memory impairment in rats.61

Anti-inflammatory Activity 
In a study by Nabavi et al, the anti-inflammatory 
activity of ethanol extracts of Persian walnut flower was 
demonstrated against the carrageenan-induced model of 
hind paw edema in mice, while not inducing the gastric 
damage.62 Hosseinzadeh et al showed that J. regia leaves 
extract has an anti-nociceptive effect via non-opioid 
receptors and anti-inflammatory effect on acute and 
also chronic inflammation. Therefore, the extracts from 
flowers and leaves of Persian walnut have the potential 
for promising analgesic and anti-inflammatory activities 
toward diseases such as rheumatoid arthritis.63

Antioxidant Activity
Several surveys have been conducted to assess the 
antioxidant properties of the J. regia organs using different 
solvents and different ways such as reducing potential, 
superoxide radical scavenging assay, nitric oxide, 
1-diphenyl-2-picrylhydrazyl (DPPH) and TEAC radical 
scavenging assay. These studies revealed that almost all 
part of walnut, especially its shell and hull have (probably 
for protecting the kernel) significant antioxidant 
activity which is related to the presence of phenolic and 
flavonoid components. Antioxidant activity of walnut 
extracts is linked to useful health function of phenolic 
antioxidants because of their inhibitory features against 
the progress of many diseases related to oxidative stress, 
such as inflammatory bowel syndrome, cardiovascular, 
degenerative diseases and Alzheimer disease.6,10,24,48 
Some authors indicated that walnut extract can inhibit 
poisoning which is induced in rats’ testes.64 The effect 
of polyphenols extracted from walnut on the oxidative 
stress induced by type 2 diabetes was investigated in 
the rats and it was exhibited that this material has 
antioxidant activities, both in vivo and in vitro. It is also 
showed that oral use of walnut can increase melatonin 
and total antioxidant capacity in the blood and protect 
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against certain types of cancer and may reduce the risk of 
cardiovascular and cerebrovascular events because of the 
presence of antioxidants capable of cleaving free radicals, 
and thus reducing oxidative damage induced in cellular 
macromolecules (proteins, lipids and nucleic acids).53,65,66

 
Antibacterial Activity
Because of the rapid appearance of multiple drug-
resistant bacteria, there is an urgent need for more 
studies on novel antimicrobial substances. Investigations 
showed that Juglans extract could be used favorably for 
the treatment of skin diseases, dental plaque, nosocomial 
pneumonia, urinary tract and community infections 
because of its strong antimicrobial activity. Bark and 
leaves extracts of Juglans regia found to have antibacterial 
activity against gram-positive and gram-negative bacteria 
in a dose-dependent manner. It was found that Persian 
walnut leaves have antibacterial effects on Streptococcus 
mutans, Streptococcus salivarius, Streptococcus sanguinis, 
Pseudomonas aeruginosa, Escherichia coli, Klebsiella 
penumoniae, Agrobacterium tumefaciens, Bacillus cereus, 
Bacillus subtilis, Staphylococcus aureus, Klebsiella spp, 
Propionibacterium acne, Staphylococcus epidermidis, 
Mycobacterium tuberculosis, Listeria monocytogenes, 
Listeria ivanovii, Listeria murrayi and Lactobacillus 
casei.6,50,67,68 These findings emphasize that Juglans regia 
bark has more potent antimicrobial activity against gram-
positive bacteria. However, the anti-bacterial activities of 
the compounds have not been developed to be used as 
commercial antimicrobial agents and there is a need for 
more investigations in this regard. 

Antifungal Activity 
Walnut extracts has been recognized as a protective 
system against pathogenic fungi: three dermatophytes, 
Microsporum canis (S14, S20, and SH41), Trichophyton 
mentagrophytes (SH13, SH1, SH8) and T. Rubrum, the 
causative agent of chalkbrood disease in bees, Ascophaera 
apis, Candida albicans, Cryptococcus neoformans, 
Microsporum canis, and Trichophyton violaceum (S5, 
SH32, SH38 ).29

Antimicrobial activity of walnut extracts is attributed 
to juglone that has allelopathic effect against adjoining 
plants of the walnut.69 It is reported that juglone acts as 
an antimicrobial agent by implementing the inhibitory 
effect against 3 main enzymes, cystathionine g-synthase 
(HpCGS), malonyl-CoA:acyl carrier protein transacylase 
(HpFabD), and β-hydroxyacyl-ACP dehydratase (FabZ), 
and it may be a promising agent against the bacterial 
resistance development.70

Antiviral Activity 
Walnut extract can act as an antiviral agent because the 
juglone has exhibited strong inhibitory effect against RNA-
dependent polymerase, DNA-dependent polymerase, and 
DNA polymerase I activity since it can eradicate viruses 

such as herpes simplex virus (HSV), Sindbis virus (SINV) 
and poliovirus at non-cytotoxic concentrations.71

Conclusion 
The multiple aspects of usefulness conferred on the 
Persian walnut extracts may make it as a powerful 
substitute for other chemical compounds used today. 
However, similar to every herbal drug, more in vivo 
studies are needed alongside the in vitro surveys in order 
to confirm the results.

Authors’ Contributions
SE and RJ wrote the manuscript; FN and ZZ helped in manuscript 
edition and data collection. 

Ethical Approval 
Not applicable.

Conflict of Interest Disclosures 
The authors declare that they have no conflict of interests.

References
1.	 Ogunmoyole T, Kade I, Korodele B. In vitro antioxidant 

properties of aqueous and ethanolic extracts of walnut (Juglans 
regia). J Med Plant Res. 2011;5(31):6839-6848. doi:10.5897/
JMPR11.1238

2.	 Karimi R, Ershadi A, Vahdati K, Woeste K. Molecular 
characterization of Persian walnut populations in Iran with 
microsatellite markers. HortScience. 2010;45(9):1403-1406.

3.	 Ebrahimi A, Zarei A, McKenna JR, Bujdoso G, Woeste KE. 
Genetic diversity of Persian walnut (Juglans regia) in the cold-
temperate zone of the United States and Europe. Sci Hortic. 
Sci Hortic (Amsterdam). 2017;220:36-41. doi:10.1016/j.
scienta.2017.03.030

4.	 Xiao L, Ma T, Ning D. Analysis of climatic factors influencing 
walnut distribution in the main producing areas of Yunnan 
province. Asian Agricultural Research. 2013;5(11):46-52.

5.	 Kasmi M, Rama P, Hodaj B, Kukali E, Rabeta A. Budding of 
walnut (Juglans regia L.). Albanian J Agric Sci .2013;12(3):465-
469.

6.	 Fernandez-Agullo A, Pereira E, Freire MS, et al. Influence of 
solvent on the antioxidant and antimicrobial properties of 
walnut (Juglans regia L.) green husk extracts. Ind Crops Prod. 
2013;42:126-132. doi:10.1016/j.indcrop.2012.05.021

7.	 Forman HJ, Davies KJ, Ursini F. How do nutritional antioxidants 
really work: nucleophilic tone and para-hormesis versus free 
radical scavenging in vivo. Free Radic Biol Med. 2014;66:24-
35. doi:10.1016/j.freeradbiomed.2013.05.045

8.	 Chen X, Zhang Y, Zu Y, Yang L, Lu Q, Wang W. Antioxidant 
effects of rosemary extracts on sunflower oil compared with 
synthetic antioxidants. Int J Food Sci Technol. 2014;49(2):385-
391. doi:10.1111/ijfs.12311

9.	 Valdes L, Cuervo A, Salazar N, Ruas-Madiedo P, Gueimonde 
M, Gonzalez S. The relationship between phenolic compounds 
from diet and microbiota: impact on human health. Food 
Funct. 2015;6(8):2424-2439. doi:10.1039/C5FO00322A

10.	 Vinson JA, Cai Y. Nuts, especially walnuts, have both 
antioxidant quantity and efficacy and exhibit significant 
potential health benefits. Food Funct. 2012;3(2):134-140. 
doi:10.1039/c2fo10152a

11.	 Fu M, Qu Q, Yang X, Zhang X. Effect of intermittent oven drying 
on lipid oxidation, fatty acids composition and antioxidant 
activities of walnut. LWT - Food Sci Technol. 2016;65:1126-
1132. doi:10.1016/j.lwt.2015.10.002

12.	 Akbari V, Jamei R, Heidari R, Esfahlan AJ. Antiradical activity 

Arc
hive

 of
 S

ID

www.SID.ir



 International Journal of Enteric Pathogens  Volume 6, Issue 1, February 20188

Ebrahimi et al

of different parts of Walnut (Juglans regia L.) fruit as a 
function of genotype. Food Chem. 2012;135(4):2404-2410. 
doi:10.1016/j.foodchem.2012.07.030

13.	 Cosmulescu S, Botu M, Achim G, Baciu A, Gruia M, Trandafir 
I. Polyphenol content in walnut (Juglans regia L.) mature 
leaves. Acta Horticulturae. 1050(1050):205-212.

14.	 Cosmulescu S, Trandafir I. Variation of phenols content in 
walnut (Juglans regia L.). South West J Hortic Biol Environ. 
2011;2(1):25-33.

15.	 Cosmulescu S, Trandafir I, Nour V. Seasonal variation of the 
main individual phenolics and juglone in walnut (Juglans 
regia) leaves. Pharm Biol. 2014;52(5):575-580. doi:10.3109
/13880209.2013.853813

16.	 Jalili A, Sadeghzade A. Comparative phenolic profile of 
Persian walnut (Juglans regia L.) leaves cultivars grown in Iran. 
Afr J Biochem Res. 2012;6(3):33-38. doi:10.5897/AJBR11.062

17.	 Amaral JS, Valentao P, Andrade PB, Martins RC, Seabra 
RM. Do cultivar, geographical location and crop season 
influence phenolic profile of walnut leaves? Molecules. 
2008;13(6):1321-1332.

18.	 Jakopic J, Colaric M, Veberic R, Hudina M, Solar A, Stampar 
F. How much do cultivar and preparation time influence 
on phenolics content in walnut liqueur? Food Chem. 
2007;104(1):100-105. doi:10.1016/j.foodchem.2006.11.008

19.	 Dent M, Dragovic-Uzelac V, Penic M, Brncic M, Bosiljkov 
T, Levaj B. The effect of extraction solvents, temperature and 
time on the composition and mass fraction of polyphenols 
in Dalmatian wild sage (salvia officinalis L.) extracts. Food 
Technol Biotechnol. 2013;51(1):84-91.

20.	 Ayemhenre E, Onimawo IA. Effect of fermentation and heat 
treatment on the nutrient and antinutrient composition of 
African Walnut (Tetracarpidium conophorum). Pakistan J 
Nutr. 2015;14(12):972-975. doi:10.3923/pjn.2015.972.975

21.	 Colaric M, Veberic R, Solar A, Hudina M, Stampar F. Phenolic 
acids, syringaldehyde, and juglone in fruits of different cultivars 
of Juglans regia L. J Agric Food Chem. 2005;53(16):6390-
6396. doi:10.1021/jf050721n

22.	 Christopoulos MV, Tsantili E. Participation of phenylalanine 
ammonia-lyase (PAL) in increased phenolic compounds 
in fresh cold stressed walnut (Juglans regia L.) kernels. 
Postharvest Biol Technol. 2015;104:17-25. doi:10.1016/j.
postharvbio.2015.03.003

23.	 Jakopic J, Veberic R, Stampar F. Extraction of phenolic 
compounds from green walnut fruits in different solvents. 
Acta Agric Slov. 2009;93(1):11-15. doi:10.2478/v10014-009-
0002-4

24.	 Mirzaei N, Mirzaei A. Antioxidant and antimutagenic property 
of Iranian oak and walnut plants. Int J Biol Pharm Allied Sci. 
2013;2(3):620-629.

25.	 Liu A, Park Y, Huang Z, Wang B, Ankumah RO, Biswas PK. 
Product Identification and Distribution from Hydrothermal 
Conversion of Walnut Shells. Energy Fuels. 2006;20(2):446-
454. doi:10.1021/ef050192p

26.	 Jalili A, Heydari R, Sadeghzade A, Alipour S. Reducing 
power and radical scavenging activities of phenolic extracts 
from Juglans regia hulls and shells. Afr J Biotechnol. 
2012;11(37):9040. doi:10.5897/AJB11.1489

27.	 Rahimipanah M, Hamedi M, Mirzapour M. Antioxidant 
activity and phenolic contents of Persian walnut (Juglans regia 
L.) green husk extract. Afr J Food Sci Technol. 2010;1(4):105-
111.

28.	 Pereira JA, Oliveira I, Sousa A, et al. Walnut (Juglans regia 
L.) leaves: phenolic compounds, antibacterial activity and 
antioxidant potential of different cultivars. Food Chem Toxicol. 
2007;45(11):2287-2295. doi:10.1016/j.fct.2007.06.004

29.	 Noumi E, Snoussi M, Trabelsi N, et al. Antioxidant activities 
and reversed phase-high performance liquid chromatography 

(RP-HPLC) identification of polyphenols in the ethyl acetate 
extract of Tunisian Juglans regia L. treated barks. J Med Plant 
Res. 2012;6(8):1468-1475. doi:10.5897/JMPR11.1405

30.	 Noumi E, Snoussi M, Noumi I, Valentin E, Aouni M, Al-sieni 
A. Comparative study on the antifungal and antioxydant 
properties of natural and colored Juglans regia L. barks: 
A high activity against vaginal Candida strains. Life Sci J. 
2014;11(8):327-335.

31.	 Uzunova G, Perifanova-Nemska M, Stojanova M, Gandev S. 
Chemical composition of walnut oil from fruits on different 
years old branches. Bulg J Agric Sci. 2015;21(3):494-497.

32.	 Akbari V, Heidari R, Jamei R. Fatty acid compositions and 
nutritional value of six walnut (Juglans regia L.) cultivars 
grown in Iran. Adv Herb Med. 2015;1(1):36-41.

33.	 Sobajic S, Gajic-Krstajic L. Determination of fatty acid and 
tocopherol compositions and the oxidative stability of walnut 
(Juglans regia L.) cultivars grown in Serbia. Czech J Food Sci. 
2011;29(1):74-78.

34.	 Yerlikaya C, Yucel S, Erturk U, Korukluoglu M. Proximate 
composition, minerals and fatty acid composition of Juglans 
Regia L. genotypes and cultivars grown in Turkey. Braz Arch 
Biol Technol. 2012;55(5):677-683. doi:10.1590/S1516-
89132012000500006 

35.	 Akbari F, Shahinfard N, Mirhoseini M, et al. Impacts of 
Hibiscus esculentus extract on glucose and lipid profile of 
diabetic rats. J Nephropharmacol. 2016;5(2):80-85.

36.	 Martinez ML, Labuckas DO, Lamarque AL, Maestri DM. 
Walnut (Juglans regia L.): genetic resources, chemistry, 
by-products. J Sci Food Agric. 2010;90(12):1959-1967. 
doi:10.1002/jsfa.4059

37.	 Yi J, Zhu Z, McClements DJ, Decker EA. Influence of aqueous 
phase emulsifiers on lipid oxidation in water-in-walnut oil 
emulsions. J Agric Food Chem. 2014;62(9):2104-2111. 
doi:10.1021/jf404593f

38.	 Abdallah IB, Tlili N, Martinez-Force E, et al. Content of 
carotenoids, tocopherols, sterols, triterpenic and aliphatic 
alcohols, and volatile compounds in six walnuts (Juglans regia 
L.) varieties. Food Chem. 2015;173:972-978. doi:10.1016/j.
foodchem.2014.10.095

39.	 Aryapak S, Ziarati P. Nutritive Value of Persian walnut (Juglans 
regia L.) orchards. American-Eurasian Journal of Agricultural 
& Environmental Sciences. 2014;14(11):1228-1235. 
doi:10.5829/idosi.aejaes.2014.14.11.12438

40.	 Cosmulescu S, Botu M, Trandafir I. Mineral composition and 
physical characteristics of walnut (Juglans regia L.) cultivars 
originating in Romania. Selçuk Tarım Bilimleri Dergisi. 
2010;24(4):33-37.

41.	 Kalkısım O, Ozdes D, Onaran A. Assessment of mineral 
elements and heavy metal contents of walnut samples (juglans 
regia L.). Adv Food Sci. 2014;36(1):24-29.

42.	 Li M. Determination of 16 mineral elements in walnut by total 
reflection X-ray fluorescence with constant pressure digestion. 
Modern Food Science Technology. 2013;29(5):1170-1172.

43.	 Ali M, Ullah A, Ullah H, et al. Fruit properties and 
nutritional composition of some walnut cultivars grown in 
Pakistan. Pakistan J Nutr. 2010;9(3):240-244. doi:10.3923/
pjn.2010.240.244

44.	 Cosmulescu SN, Baciu A, Achim G, Mihai B, Trandafir I. 
Mineral composition of fruits in different walnut (Juglans regia 
L.) cultivars. Not Bot Hort Agrobot Cluj-Na. 2009;37(2):156-
160. doi:10.15835/nbha3723169

45.	 Ozcan M. Some nutritional characteristics of fruit and oil of 
walnut (Juglans regia L.) growing in Turkey. Iran J Chem Chem 
Eng. 2009;28(1):57-62.

46.	 Aydın S, Gökce Z, Yılmaz O. The effects of Juglans regia 
L.(walnut) extract on certain biochemical paramaters and in 
the prevention of tissue damage in brain, kidney, and liver in 

Arc
hive

 of
 S

ID

www.SID.ir



International Journal of Enteric Pathogens  Volume 6, Issue 1, February 2018 9

Ebrahimi et al

CCl4 applied Wistar rats. Turkish J Biochem. 2015;40(3):241-
250.

47.	 Mao X, Hua Y, Chen G. Amino acid composition, molecular 
weight distribution and gel electrophoresis of walnut (Juglans 
regia L.) proteins and protein fractionations. Int J Mol Sci. 
2014;15(2):2003-2014. doi:10.3390/ijms15022003

48.	 Gu M, Chen H-P, Zhao M-M, et al. Identification of antioxidant 
peptides released from defatted walnut (Juglans Sigillata 
Dode) meal proteins with pancreatin. LWT - Food Sci Technol. 
2015;60(1):213-220. doi:10.1016/j.lwt.2014.07.052

49.	 Mapelli S, Brambilla I, Bertani A. Free amino acids in walnut 
kernels and young seedlings. Tree Physiol. 2001;21(17):1299-
1302. doi:10.1093/treephys/21.17.1299

50.	 Fathi H, Ebrahimzadeh MA, Ahanjan M. Comparison of 
the antimicrobial activity of caucasian wingnut leaf extract 
(Pterocarya fraxinifolia) and Walnut (Juglans regia L.) plants. 
Acta Biologica Indica. 2015;4(1):67-74.

51.	 Li W, Li DY, Wang HD, Zheng ZJ, Hu J, Li ZZ. Juglans regia 
hexane extract exerts antitumor effect, apoptosis induction 
and cell circle arrest in prostate cancer cells in vitro. Trop 
J Pharm Res. 2015;14(3):399-405. doi:10.4314/tjpr.v14i3.7

52.	 Moravej H, Salehi A, Razavi Z, et al. Chemical Composition 
and the effect of walnut hydrosol on glycemic control 
of patients with type 1 diabetes. Int J Endocrinol Metab. 
2016;14(1):e34726. doi:10.5812/ijem.34726

53.	 Rios JL, Francini F, Schinella GR. Natural products for 
the treatment of type 2 diabetes mellitus. Planta Med. 
2015;81(12-13):975-994. doi:10.1055/s-0035-1546131

54.	 Hosseini A, Shafiee-Nick R, Ghorbani A. Pancreatic beta cell 
protection/regeneration with phytotherapy. Braz J Pharm Sci. 
2015;51(1):1-16. doi:10.1590/S1984-82502015000100001 

55.	 Ghiravani Z, Hosseini M, Mohammad-Mehdi HT, 
Hassanpour-Fard M, Abedini MR. Evaluation of hypoglycemic 
and hypolipidemic effects of internal septum of walnut fruit in 
alloxan-induced diabetic rats. Afr J Tradit Complement Altern 
Med. 2016;13(2):94-100. doi:10.21010/ajtcam.v13i2.12

56.	 Hosseini E, Karimzadeh K, Vessal M, Rafieirad M. Effects of a 
hydroalcoholic extract of walnut male flowers on streptozocin 
diabetic rats. Zahedan J Res Med Sci. 2013;15(11):55-58.

57.	 Hosseini S, Huseini HF, Larijani B, et al. The hypoglycemic 
effect of Juglans regia leaves aqueous extract in diabetic 
patients: A first human trial. Daru. 2014;22(1):19. 
doi:10.1186/2008-2231-22-19

58.	 Tsasi G, Samara P, Tsitsilonis O, Jürgenliemk G, Skaltsa H. 
Isolation, identification and cytotoxic activity of triterpenes 
and flavonoids from green walnut (Juglans regia L.) Pericarps. 
Rec Nat Prod. 2016;10(1):83-92.

59.	 Santos A, Barros L, Calhelha RC, et al. Leaves and decoction 
of Juglans regia L.: different performances regarding 
bioactive compounds and in vitro antioxidant and antitumor 

effects. Ind Crops Prod. 2013;51:430-436. doi:10.1016/j.
indcrop.2013.10.003

60.	 Harandi S, Golchin L, Ansari M, Moradi A, Shabani M, 
Sheibani V. Antiamnesic effects of walnuts consumption on 
scopolamine-induced memory impairments in rats. Basic 
Clin Neurosci. 2015;6(2):91-99.

61.	 Chen H, Zhao M, Lin L, et al. Identification of antioxidative 
peptides from defatted walnut meal hydrolysate with 
potential for improving learning and memory. Food Res Int. 
2015;78:216-223. doi:10.1016/j.foodres.2015.10.008

62.	 Nabavi SF, Ebrahimzadeh MA, Nabavi SM, Mahmoudi M, 
Rad SK. Biological activities of Juglans regia flowers. Rev 
Bras Farmacogn. 2011;21(3):465-470. doi:10.1590/S0102-
695X2011005000092

63.	 Hosseinzadeh H, Zarei H, Taghiabadi E. Antinociceptive, 
anti-inflammatory and acute toxicity effects of Juglans regia 
L. leaves in mice. Iran Red Crescent Med J. 2011;13(1):27-33.

64.	 Fukuda T, Ito H, Yoshida T. Effect of the walnut polyphenol 
fraction on oxidative stress in type 2 diabetes mice. Biofactors. 
2004;21(1‐4):251-253.

65.	 Fisher DR, Poulose SM, Bielinski DF, Shukitt-Hale B. 
Serum metabolites from walnut-fed aged rats attenuate 
stress-induced neurotoxicity in BV-2 microglial cells. Nutr 
Neurosci. 2017;20(2):103-109. doi:10.1179/147683051
4y.0000000150

66.	 Hosseini S, Jamshidi L, Mehrzadi S, et al. Effects of Juglans 
regia L. leaf extract on hyperglycemia and lipid profiles in type 
two diabetic patients: a randomized double-blind, placebo-
controlled clinical trial. J Ethnopharmacol. 2014;152(3):451-
456. doi:10.1016/j.jep.2014.01.012

67.	 Ara I, Shinwari M, Rashed S, Bakir M. Evaluation of 
antimicrobial properties of two different extracts of Juglans 
regia tree bark and search for their compounds using gas 
chromatography-mass spectrum. Int J Biol. 2013;5(2):92-102. 
doi: 10.5539/ijb.v5n2p92

68.	 Rather MA, Dar BA, Dar MY, et al. Chemical 
composition, antioxidant and antibacterial activities of 
the leaf essential oil of Juglans regia L. and its constituents. 
Phytomedicine. 2012;19(13):1185-1190. doi:10.1016/j.
phymed.2012.07.018

69.	 Achatz M, Morris EK, Muller F, Hilker M, Rillig MC. Soil 
hypha-mediated movement of allelochemicals: arbuscular 
mycorrhizae extend the bioactive zone of juglone. Funct 
Ecol. 2014;28(4):1020-1029. doi:10.1111/1365-2435.12208

70.	 Paritala H, Carroll KS. New targets and inhibitors of 
mycobacterial sulfur metabolism. Infect Disord Drug Targets. 
2013;13(2):85-115.

71.	 Tramontano E, Di Santo R. HIV-1 RT-associated RNase H 
function inhibitors: recent advances in drug development. 
Curr Med Chem. 2010;17(26):2837-2853.Arc

hive
 of

 S
ID

www.SID.ir


