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Summary. From May to October, time dependent differences with two weeks intervals in juglone (5-Hydroxy-1,4-naphthoquinon) and total phenolic content of the leaves of five walnut (Juglans regia L.) cultural
varieties grown in Turkey (cv. Şebin, cv. Yalova-2, cv. Yalova-3, cv. Yalova-4 and cv. 1974/7) were investigated.
Juglone and phenolic contents were determined by spectrophotometric methods. Correlations between juglonephenolic content, juglone-climatic factors and phenolic content-climatic factors were also established. In conclusion, there were significant differences between the varieties and the highest values of both juglone and
phenolic content were recorded in Yalova-2 cultivar among the varieties. For example, maximum juglone content
was determined in Yalova-2 (3,51 mg/g) but minimum in Yalova-4 (2,26 mg/g). Maximum phenolic content
was also determined in Yalova-2 (51.8 mg/g), but minimum phenolic level was seen in 1974/7 cultivar (49,3
mg/g), as a mean. On the other hand, both juglone and phenolic content were generally higher from middle
of August to middle of September and the lowest levels were seen in May. Further, while a significant positive
correlation between juglone and phenolic contents of the leaves was found, there was almost no significant correlation between juglone and climatic factors except a significant negative correlation between phenolic content
and wind speed in Yalova-2 cultivar.
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Introduction
The walnut family ( Juglandaceae) contains several species and is rather distributed on the world. The
most common species among the species is Juglans regia (1). This species is grown commercially in several
countries such as China, USA, France, India, Italy,
Spain and Turkey for nut production (2). Several parts
of the walnut mainly kernels, shells, bark and leaves are
using for the pharmacological and cosmetic aims (3).
Walnut leaves are easily available in abundant amounts
and are considered a source of healthcare compounds
and are intensively using in traditional medicine for
treatment of several disorders (4).

Juglone (5-hydroxy-1,4-naphthoquinone) is a
quinone group aromatic compound has been found in
all parts of the walnut tree and it has also been reported that the amounts of juglone were in order of
green peel>leaves>bark and it has phytotoxic and allelopathic properties (5). Juglone can be toxic for surrounding plant species, and is of great interest due to
its chemical reactivity. Juglone is involved into the
walnut pathogenic defense mechanism (6). Walnuts
had the highest antioxidant activity among analyzed
foods and drinks (7). A balance among competing
source and sink mechanisms and rates will ultimately
determine whether juglone is capable of attaining sufficient levels to be allelopathic to intercrops in a walnut
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tree agroforestry system. Although the allelopathic effect of Juglone on plants is generally toxic (8), in some
cases it may also be beneficial (9).
Detrimental impact of Juglone may be associated with suppressing the intensity of a wide range
of physiological processes and biochemical reactions
occurring in plant tissues. Some researchers reported
that Juglone may inhibit the growth of both shoots and
roots, photosynthesis, chlorophyll content, respiration,
transpiration, stomatal conductance and disrupting
root plasma membrane and decreasing of water uptake. Juglone influence the germination, growth, development, reproduction and distribution of a number
of plant species (8). In spite of the large number of
papers published on the biological activity of Juglone,
little is known about the mechanism of its toxic effect
on plant cells growth (10). Juglone has been found to
have herbicidal effect on some weed species (11) and
antioxidant activity on some enzymes (12). Its antiviral and antimicrobial activities have also been detected
(1, 13). Recently its antifungal and antibacterial activities have been enhanced using PLGA nanoparticle
system, as well (14, 15).
Phenolic compounds are secondary metabolites
synthesized in plants by mainly mevalonic or shikimic
acid pathways. Their synthesis depends on numerous
enzymes involved in different metabolic pathways.
They show pharmacological activities such as antioxidant, immune stimulating, antiseptic and spasmolytic
so on (16). Phenolics are also involved in physiological
processes such as fruit growth and they affect different aspects of fruit development (17). Phenols are active in defense against various types of stresses caused
by pathogens or abnormal environmental conditions.
Wounding in plants can also cause stress situations affecting the biosynthesis of phenolic compounds (18).
Since phenolic compounds have been shown to have
antioxidant, free radical-scavenging and metal-chelating activity in addition to their anticarcinogenic properties, they are considered beneficial for human health
(19, 20).
Walnut is a rich source of phenolic compounds, including phenolic acids, naphtoquinones and flavonoids.
In walnut leaves, naphtoquinones and flavonoids are
considered as major phenolic compounds (19). The increasing interest in the powerful biological activities of
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plant phenolics has outlined the necessity of determining their content (21). There have been reports of seasonal variation in juglone level in leaves and soil beneath
of J. nigra (22). But no reports regarding the varietal
differences and time dependent variation of juglone and
phenolic content in the leaves of Turkey’s cultivars of J.
regia have been encountered. For this reason, the present study was conducted to understand time dependent
variations in juglone and total phenolic contents in the
leaves of five walnut cultural varieties grown in Turkey, and relations between juglone-phenolic content,
juglone-climatic factors and phenolic content-climatic
factors. This information should allow for a better time
dependent use of the leaves of walnut to extract juglone
and phenolics, as well as for a better ecological definition of these compounds.

Materials and Methods
Leaf sampling
Walnut leaves were picked up from the five cultivars (cv. Şebin, cv. Yalova-2, cv. Yalova-3, cv. Yalova-4
and cv. 1974/7) of 20 years old walnut trees (Juglans
regia L.) grown in the walnut orchard of Agricultural
Faculty of Uludağ University in Bursa city of Turkey.
Three trees per cultivar were chosen randomly and leaf
collecting procedure was carried out during two following years with two weeks intervals from May to
October. The collected leaves were put into the plastic
bags and bring to the laboratory. Then the leaf samples
were dried in an oven by keeping for 48 h at 70°C. The
dried leaf samples were put into the plastic bags and
labelled, and so they were kept in a cold room until to
use. On the other hand, the meteorological values of
Bursa city were obtained from General Directorate of
Meteorology of Turkey (Table 1).
Determination of Juglone Content
Measurement of juglone content of the walnut
leaves was carried out by spectrophotometric method
(23). 2 g of leaf was homogenized in 50 ml petroleum
ether and after filtration the filtrate was centrifuged at
18.000 rpm in refrigerated centrifuge for 15 min. The
supernatant was diluted ten-fold with petroleum ether
and its absorbance was recorded by spectrophotomet-
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Table 1. Meteorological values of Bursa city where the walnut orchard from which the leaves were picked is exist. The values are mean
of two following years of the research conducted from May to October.
Meteorological Parameters
May
June
July
August
Septemb.
October
Temperature (ºC)

19.4

23.5

25.2

26.2

20.7

16.1

Rainfall (mm)³

10.7

55.0

7.7

2.2

47.2

60.5

Humidity (%)

59.0

57.0

53.5

55.5

63.5

74.5

Wind Speed (m/s)

1.9

1.8

2.0

1.7

1.7

1.3

ric measurement at 410 nm. Blank sample was only
petroleum ether. In determining of juglone content of
the leaves was used standart curve prepared by a series
of pure juglone solutions in the range of 0.01, 0.02,
0.03, 0.04 and 0.05 mg juglone contents. The juglone
content was expressed as “mg juglone/g dry leaf ”.
Determination of Total Phenolic Content
The amount of total phenolic compounds in the
walnut leaves was determined spectrophotometrically
(24). 2 g of leaf was homogenized in 50 ml methanol
and after filtration the filtrate was centrifuged at 4.000
rpm in refrigerated centrifuge for 15 min. 10 ml of supernatant was taken and its methanol was evaporated in
a rotary evaporator. Then the residue was dissolved in 2
ml of methanol, and 0.1 ml of this solution was mixed
with 0.1 ml of Folin reagent, 0.5 ml of Na-carbonate
solution (%20) and 9.3 ml of distilled water. After keeping at 25oC for 2 hours, absorbance of the mixture was
measured in spectrophotometer at 765 nm. The mixture
without 0.1 ml of leaf extract was used as blank sample.
In determining of phenolic content of the leaves was
used a standart curve prepared by a series of gallic acid
standart solutions in the range of 0.02, 0.04, 0.06, 0.08
and 1 mg gallic acid contents. The phenolic content was
expressed as “mg phenolic/g dry leaf ”.
Statistical Analyses
The mean values obtained from three replications
were shown on the tables. LSD multiple comparison
test was applied for comparing the significant differents among cultural varieties and sampling dates at
0.05 level for both juglone and phenolic content of the
walnut leaves. Further, correlation test was applied to
show significant correlations between juglone - phenolic content, as well as between juglone - meteorological parameters and phenolic content - meteorological
parameters.

Results and Discussion
The increasing interest in the powerful biological
activities of plant phenolics has outlined the necessity
of determining their content in leaves of different walnut cultivars. In this study, walnut leaves from five walnut cultivars originating from the same orchard and
from the same year of production were analyzed for
their seasonal variations in juglone and phenolic content from May to October. The walnut cultivars were
grown under the same agricultural, geographical and
climatic conditions.
In this study, in all the cultivars, the lowest content of juglone in leaves was measured in May which
the stage of vigorous development of spring growth
unit. In a former study, the lowest content of juglone
of walnut in annual shoots was also measured in May
(18). It was followed an increase during the resting
time between the spring and summer growth. That is,
juglone contents increased from the spring growth cycle in May to the summer flush of growth in middle of
September. The juglone pattern of seasonal variations
was almost similar in all cultivars with some differences. In Yalova-3 and Yalova-4, it increased continuously
from May until to October. The other varieties have
showed some fluctuations in juglone content (Table
2). On the other hand, maximum juglone content was
determined in Yalova-2 (3, 51 mg/g leaf ) and minimum in Yalova-4 (2, 26 mg/g leaf ), as average of the
months. Some researchers proved that the content of
juglone in leaves and nuts of pecan (Carya illinoensis
K.) was low in early season and increased through July.
In black walnut (Juglans nigra L.) great seasonal fluctuations in the concentrations of juglone were ascertained (25).
Formerly, it has been shown showed that measurements of seasonal change in juglone content
among various tissues of pecan walnut revealed that
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Table 2. Time dependent juglone contents of the leaves of the
five walnut cultivars. The values in the table are mean of triplicate determinations of two following years. The last row values
are mean of juglone contents for each cultivar.
Sampling Date Şebin Yalova-2 Yalova-3 Yalova-4 1974/7

Table 3. Time dependent total phenolic contents of the leaves
of the five walnut cultivars. The values in the table are mean of
triplicate determinations of two following years. The last row
values are mean of total phenolic contents for each cultivar.
Sampling Date Şebin Yalova-2 Yalova-3 Yalova-4 1974/7

May 15

1.03

0.61

0.68

0.21

0.65

May 15

18.7

29.3

19.3

25.0

24.3

June 1

1.08

2.11

1.20

0.72

0.98

June 1

20.6

32.5

17.5

15.0

24.3

June 15

1.71

2.73

2.00

1.75

2.32

June 15

23.7

31.8

25.0

19.3

27.5

July 1

2.92

3.45

2.71

2.27

3.06

July 1

34.3

38.7

42.5

25.6

35.6

July 15

2.92

4.23

2.96

2.31

2.83

July 15

43.1

36.5

51.8

59.3

48.7

Aug 1

2.37

4.86

3.23

2.86

3.70

Aug 1

58.1

63.1

56.8

66.2

56.2

Aug 15

3.45

5.31

3.03

2.92

4.73

Aug 15

65.0

68.7

66.2

58.7

63.7

Sept 1

3.57

4.21

3.36

3.18

4.61

Sept. 1

88.1

69.3

80.2

82.5

66.8

Sept 15

3.55

4.46

3.87

3.02

3.81

Sept. 15

85.0

72.5

71.2

76.8

66.8

Oct 1

3.20

3.67

3.53

3.65

3.23

Oct. 1

78.1

68.7

68.7

61.2

72.5

Mean
2.53
3.51
2.66
2.26
3.01
A multiple comparison test LSD (%5) values for sampling dates
and the cultivars were 1.07 and 0.81, respectively.

Mean
51.2
51.8
50.0
50.0
49.3
A multiple comparison test LSD (%5) values of sampling dates
and the cultivars were 4.5 and 2.1, respectively.

the highest concentrations occurred in leaves in June
and in nuts in September. On the other hand, at the
end of vegetation period, low juglone was reported in
the walnut J. regia (17). Also, regarding the seasonal
changes, juglone showed a linear decrease over growing season in the leaves of green husks of J. regia (26).
This opposite result may be derived from different cultivars used or from different climatic conditions along
the varied seasons. Other researchers showed that potential juglone abundance estimated in walnut leaves,
hulls, and roots ranges from less than 0.1% to as much
as 5% dry weight-basis, depending on the growing season and extraction techniques used (26).
In our study, the total content of phenolic compounds was the lowest in the stage of vigorous spring
growth in May (Table 3). After that, in the mid-time
between the spring and summer growth (second sampling date) and at the beginning of the summer growth
flush (third sampling date) in middle of September it
strongly increased. As average of the months, maximum phenolic content was determined in Yalova-2 variety and minimum phenolic level was seen in 1974/7
variety (49, 3 mg/g leaf ). Considering that the light
may plays an essential role in phenol biosynthesis,
some researchers attributed the increase in phenolics
in July to the highest value of solar radiation in July.
Total content of phenols depends on sampling

time (3). Our study is also consistent with this result.
Differences in terms of total phenols at different sampling times are supposed to be the effect of change in
ecological parameters. Biosynthesis of phenolic compounds can be induced by stronger sunlight and length
of daytime, therefore the phenols content is increasing
until the beginning of August. High temperature stress
promotes production of phenolic compounds; the increases observed in phenolic content of walnut leaves
collected in July may be attributed to higher values of
temperatures. However, no significant correlation between climatic parameters such as temperature, rain,
humidity and wind, and phenolic or juglone contents
was established (Table 4); variations in total phenols
and juglone of walnut leaves reported in the present
study (Table 2,3) may be explained by genetically programmed inner conditions of walnut species.
Most of the results show that contents of flavonoids and phenolic acids are lowest at the beginning
of vegetative period and increase during summer to
achieve the highest amounts at the end of phenological cycle (27). Our results suit to that pattern that cultivar variations in phenolic contents were estimated.
The levels of phenols are influenced by environmental
factors, soil composition, maturation level, cultivar and
harvest year. Some researchers indicated that the average values of phenolic acids, flavonoids and total phe-
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Table 4. Correlations between meteorological parameters and
contents of juglon ( J) and total phenolic (P). The values in the
table are correlation coefficients.
Comparative Şebin Yalova-2 Yalova-3 Yalova-4 1974/7
Parameters
J-P
0.869** 0.756* 0.922** 0.809** 0.848**
J-Temperature -0.026

0.380

-0.017

-0.085

0.181

J-Rainfall

-0.046

-0.211

0.044

0.093

-0.125

J-Humidity

0.299

-0.006

0.350

0.443

0.150

J-Wind Speed -0.331

-0.272

-0.450

-0.585

-0.347

P-Temperature -0.305

-0.210

-0.152

-0.149

-0.241

P-Rainfall

0.195

0.111

0.018

-0.028

0.079

P-Humidity

0.585

0.530

0.443

0.391

0.550

-0.508

-0.438

-0.658

P-Wind Speed -0.628 -0.692*
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sonal variation. Juglone and phenolic contents rather
change according to walnut cultivars that the highest
juglone content was determined in Yalova-2 cultivar.
The results of the present study apparently indicated
that the walnut (J. regia L.) leaves are constitute a suitable source of juglone and phenols and they could be
used as alternative natural antioxidants. As juglone and
phenolic contents are higher in that time, walnut leaves
should preferentially be collected between late August
and early September. The information obtained in the
walnut leaves may be useful in planning the collecting time and cultivar selection for producing medicinal
extracts.

** (P<0.01), * (P<0.05)

nols seem to point out to a decrease until September,
while others indicated that each phenolic group had its
own curve of seasonal fluctuations (3).
On the other hand, in this study, a significant
positive correlation between juglone and phenolic
contents of the leaves was found (r: 0,893; P<0, 01).
While there was no significant correlation between juglone and climatic factors, except a significant negative
correlation between phenolic content and wind rate in
Yalova-2 cultivar (r:-0,692 ; P<0,05) (Table 4).
The results obtained indicated that walnut leaves
may become important in obtaining a noticeable
source of the compounds with health protective potential and antimicrobial activity; therefore the walnut leaves should preferentially be collected from the
middle of August to the early September, in that time
juglone and phenolic contents are higher. It has been
shown that cultivars and sampling date is important
for the juglone and phenolic contents in the walnut
leaves. Juglone was considered as a useful tool for distinguishing different genotypes, and may be a potential genetic marker to study variation. This approach
may be more useful for achieving a quick and shortterm objective of either increasing juglone content for
juglone production or decreasing its content for nut
production in horticulture and reducing allelopathy in
agroforestry (2).
In conclusion; it may be concluded that there is
a significant positive relation between juglone and
phenolic content in walnut leaves depending on sea-

References
1. Montenegro RC, Araújo AJ, Molina MT, Marinho Filho
JD, Rocha DD, Lopéz-Montero E, Goulart MO, Bento
ES, Alves AP, Pessoa C, De Moraes MO, Costa-Lotufo LV.
Cytotoxic activity of naphthoquinones with special emphasis on juglone and its 5-O-methyl derivative. Chemico-Biol
Interact 2010; 184: 439–448
2. Thakur A, Cahalan C. Geographical variation of Juglans
regia L. in juglone content: rapid analysis using micro-plate
reader. Current Science 2011; 100(10): 1483-1485
3. Cosmulescu SN, Trandafir I. Variation of phenolics content
in walnut (Juglans regia L.). South West. J Hort Biol Environ 2011; 2(1): 25-33
4. Cosmulescu SN, Trandafir I, Nour V. Seasonal variation of
the main individual phenolics and juglone in walnut (Juglans
regia L.) leaves. Pharm Biol 2014; 52(5): 575-580
5. Sytykiewicz H () Expression Patterns of Glutathione Transferase Gene (GstI) in Maize Seedlings Under Juglone-Induced Oxidative Stress. Int J Mol Sci 2011; 12: 7982-7995
6. El Hadrami A, Kone J, Lepoivre P. Effect of juglone on active oxygen species and antioxidant enzymes in susceptible
and partially resistant banana cultivars to Black Leaf Streak
Disease. Euro. J Plant Pathol 2005; 113: 241–254
7. 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: 6390-6396
8. Achatz M, Morris EK, Muller F., Hilker M, Rillig MC. Soil
hypha-mediated movement of allelochemicals: arbuscular
mycorrhizae extend the bioactive zone of juglone. Functional Ecol 2014; 28: 1020–1029
9. KocaçalıŞkan I, Terzi I. Allelopathic effects of walnut
leaf extracts andjuglone on seed germination and seedling
growth. J Hort Sci Biotech 2001; 76: 436- 440
10. Rudnicka M, Polak M, Karcz W. Cellular responses to
naphthoquinones: juglone as a case study. Plant Growth

6

Regul 2014; 72: 239–248
11. Topal S, KocacalıŞkan I, Arslan O, Tel AZ. Herbicidal effects of juglone as an allelochemical. Phyton 2007; 46: 259269
12. Altıkat S, Terzi İ, Kuru H, KocaçaliŞkan İ. Allelopathic
effect of juglone on growth of cucumber and muskmelon
seedlings with respect to antioxidant enzyme activities and
lipid peroxidation. J Environ Protect Ecol 2013; 14: 12441253
13. 
Tan DTC, Osman H, Mohamad S, Kamaruddin AH.
Synthesis and antibacterial activity of juglone derivatives. J
Chem Chem Engin 2012; 6: 84-89
14. Arasoglu T, Derman S, Mansuroglu B, Yelkenci G, Kocyigit B, GümüŞ B, Acar T, Kocacaliskan I. Enhancement of
antifungal activity of juglone (5-hydroxy-1,4-napphthoquinone) using a poly (D,L-lactic-co-glycolic acid) (PLGA)
nanoparticule system. J Agric Food Chem 2016; 64: 70877094
15. Arasoglu T, Derman S, Mansuroglu B, Yelkenci G, Kocyigit
B, GümüŞ B, Acar T, Kocacaliskan I. Synthesis, characterization and antibacterial activity of juglone encapsulated
PLGA nanoparticles. J Applied Microb 2017; 123: 1-13
16. Mallavadhani UV, Prasad CV, Shrivastava S, Naidu VG.
Synthesis and anticancer activity of some novel 5,6-fused
hybrids of juglone based 1,4-naphthoquinones. Europ. J
Med Chem 2014; 83: 84-91
17. Solar A, Colaric M, Hudina M, Stampar F. Phenolic content of walnut fruit as affected by cultivar and developmental stage. Acta Hortic 2005; 705: 231-240
18. Solar A, Colaric M, Usenik V, Stampar F. Seasonal variations of selected flavonoids, phenolic acids and quinones in
annual shoots of common walnut (Juglans regia L.). Plant
Sci 2006; 170: 453-461
19. Pereira JA, Oliveira I, Sousa A, Valentão P, Andrade PB,
Ferreira IC, Ferreres F, Bento A, Seabra R, Estevinho L.
Walnut (Juglans regia L.) leaves: Phenolic compounds, antibacterial activity and antioxidant potential of different cultivars. Food and Chem Toxic 2007; 45: 2287–2295

İ. Kocaçalişkan, E. Turan, Ü. Ertürk, et al.

20. Jin R. A study on the radical scavenging activity of juglone
and its derivatives. J Mol Structure 2010; 939: 9–13
21. Babula P, Mikelova R, Adam V, Kizek R, Havel L, Sladky
Z. Using of liquid chromatography coupled with diode array detector for determination of naphthoquinones in plants
and for investigation of influence of pH of cultivation medium on content of plumbagin in Dionaea muscipula. J Chromatog B 2006; 842: 28–35
22. De Scisciolo B, Leopold DJ, Walton DC. Seasonal patterns
of juglone in soil beneath Juglans nigra (black walnut) and
influence of J. nigra on understory vegetation. J Chem Ecol
1990; 16(4): 1111–1130
23. Ponder F, Tadros SH. Juglone concentration in soil beneath
black walnut interplanted with nitrogen-fixing species. J
Chem Ecol 1985; 11: 937-42
24. Amaral JS, Seabrar M, Andrade PB, Valentao P, Pereira JA,
Ferreres F. Phenolic profile in the quality control of walnut
(Juglans regia L.) leaves. Food Chem 2004; 88: 373-379
25. Coder, KD. Seasonal changes of juglone potential in leaves
of black walnut (Juglans nigra L.). Journal of Chemical
Ecology 1983; 9(8): 1203-1212
26. Cosmulescu SN, Trandafir I, Achim G, Baciu A. Juglone
Content in Leaf and Green Husk of Five Walnut (Juglans
regia L.) Cultivars. Notulae Botanicae Horti Agrobotanici
Cluj-Napoca 2011; 39(1): 237-240
27. Skrzypczak-Pietraszek E, Pietraszek J. Chemical profile
and seasonal variation of phenolic acid content in bastard
balm (Melittis melissophyllum L., Lamiaceae). J Pharm
Biomed Anal 2012; 66: 154– 161

Correspondence:
Yavuz Demir
Biology Department, K. K. Education Faculty, Atatürk University, Erzurum, Turkey
E-mail: ydemir@atauni.edu.tr;

