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ABSTRACT
In this study, we aimed to determine biochemical contents of white (Morus alba L.) and 
black (Morus nigra L.) mulberry genotypes grown in the Hakkari region. At the end of the 
study, organic acids, phenolic compounds, sugars, vitamin C and antioxidant capacities 
of mulberry species were determined. Black mulberry genotypes were found to contain 
higher antioxidant capacity than white mulberry genotypes. The highest antioxidant 
capacity was detected in the 30YK03 (25.55 µmolTE/g) black mulberry genotype. While 
phenolic compounds varied in mulberry species, especially gallic acid (57.78 mg/100g), 
chlorogenic acid (53.13 mg/100g), and rutin (37.77 mg/100g) had the highest values. 
Malic acid was found to be higher than other organic acids and was found to be 13.51 
g/100g in the highest 30HK03 genotype. Although sugar contents varied in mulberry 
species, glucose was determined higher than fructose and sucrose in mulberries. 
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INTRODUCTION
The mulberry belongs to the genus of  
Morus, is a tropical and subtropical fruit 
species. Growing in different climatic and 
soil conditions has increased its spread over 
the world. Although the main center of  the 
mulberry in the world is China1 It is one of   
the important centers where mulberry culti­
vation is made in Turkey. The most common  
species of  mulberry in this country are Morus  
alba, Morus nigra and Morus rubra.2,3 In 
addition to the low fresh consumption of  
mulberry produced by this production,  
the mulberry fruit is mostly used in making  
molasses, pestil, kome, jam and vinegar. 
Black mulberry consumption in the paste  
and ice cream sector has become widespread 
as a natural color and flavor.2,4 Moreover,  
the anthocyanins and the higher antioxidant 
capacity it possesses have also increased the  
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consumption in terms of  health.5,6 Ecological  
factors affect the content of  organic acids, 
sugars and phenolic substances in plants, 
as well as genetic factors.3,6 It is known that 
in the eastern part of  Turkey there are few  
studies related to the physicochemical prop­
erties of  mulberries.7 However, no work has 
been found on the mulberries of  Hakkari  
region. In this study, it was aimed to determine  
organic acids, sugar and phenolic content 
and the antioxidant activities of  black and 
white mulberry genotypes in Hakkari region 
of  Turkey.

MATERIALS AND METHODS
Fruits samples

In this study, eight genotype of  Morus alba L.  
and Morus rubra L. (30HK01, 30HK02,  
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30HK03, 30HK04, 30YK01, 30YK02, 30YK03, 30YK04)  
were used. These genotypes were grown in the Hakkari 
region. Harvest was made in 2014 when the fruits of  
examined cultivars and genotypes grew to completely 
ripe. 

Analysis of phenolic acids

Phenolic compounds were detected among phenolic 
acids in mulberry fruits, with the modified method of  
Rodriguez-Delgado et al.8 Fruit extracts were mixed 
with distilled water in a ratio of  1:1. The mixture was 
centrifuged for 15 min at 15000 rpm. Supernatants 
were filtrated with coarse filter paper and twice with  
0.45 µm membrane filter (Millipore Millex-HV Hydro­
philic PVDF, Millipore, USA), and injected into an 
HPLC (Agilent. USA). Chromatographic separation 
was performed with a 250 x 4.6 mm, 4μm ODS column 
(HiChrom, USA). Solvent A methanol:acetic acid:water 
(10:2:28) and Solvent B methanol:acetic acid:water (90:2:8)  
were used as the mobile phase. Spectral measurements 
were made at 254 and 280 nm, and flow rate and injection  
volume were adjusted to 1ml min-1 and 20 µl, respectively.

Analysis of organic acids

Organic acids were identified by Bevilacqua and Califano.9  
Juice extracts were obtained by mashing the berries 
in cheesecloth, after which the samples were stored at 
-20°C until analyzed. 5 ml of  each sample was mixed 
with 20 ml of  0.009 N H2SO4 (Heidolph Silent Crusher 
M, Germany), then homogenized for 1 h with a shaker 
(Heidolph Unimax 1010, Germany). The mixture was 
centrifuged for 15 min at 15000 rpm, and supernatants  
were filtrated twice with 0.45 µm membrane filter  
following filtration with coarse filter (Millipore Millex-HV  
Hydrophilic PVDF, Millipore, USA) and run through 
a SEP-PAK C18 cartridge. Organic acid readings were  
performed with HPLC using Aminex column (HPX - 
87 H, 300 mm x 7.8 mm, Bio-Rad Laboratories, Richmond,  
CA, USA) at 214 and 280 nm wavelengths, on Agilent 
package program (Agilent, USA).

Analysis of vitamin C

Vitamin C content was detected with modified HPLC 
procedure suggested by Cemeroglu.10 5 ml of  the fruit 
extracts was supplemented with % 2.5 (w/v) metaphos­
phoric acid (Sigma, M6285, 33.5%), then centrifuged  
at 6500 rpm for 10 min at 4°C temperature. 0.5 ml of  
the mixture was bring to final volume of  10 ml with 
% 2.5 (w/v) metaphosphoric acid. Supernatants were 
filtered with 0.45 μm PTFE syringe filter (Phenomenex,  
UK). C18 column (Phenomenex Luna C18, 250 × 4.60 
mm, 5 µ) was used for the identification of  ascorbic  
acid at temperature of  25°C. Double distilled water 

with 1 mL/min flow rate and pH of  2.2 (acidified with 
H2SO4) was used as a mobile phase. Spectral measure­
ments were made at 254 nm wavelength using DAD 
detector. Different standards of  L-ascorbic acid (Sigma 
A5960) (50, 100, 500, 1000, and 2000 ppm) were used 
for quantification of  ascorbic acid readings.

Determination of trolox equivalent antioxidant capacity 
(TEAC)

Trolox equivalent antioxidant capacity (TEAC) was 
determined with ABTS (2, 2-Azino-bis-3-ethylbenzothi­
azoline-6-sulfonic Acid) by dissolving in acetate buffer 
using potassium per sulphate.11 For longer stability, the  
mixture was diluted with 20 mM sodium acetate buffer  
in acidic pH of  4.5 and read at 734 nm wavelength (0.700 
± 0.01). For spectrometric assay, 3 ml ABTS+ was mixed 
with 20 µl fruit extract sample and incubated for 10 min, 
at 734 nm wavelengths for absorbance detection.

Sugar Analysis

The modified method of  Melgarejo et al.12 was used for 
sugar analyses. 5 mL of  fruit extracts was centrifuged 
at 12000 rpm for 2 min at temperature of  4°C. Super­
natants were passed by SEP-PAK C18 cartridge. HPLC 
readings were made with µbondapak-NH2 column using 
85% acetonitrile as liquid phase with refractive index 
detector (IR). Fructose and glucose standards were used 
for sugar calculations.

Statistical Analysis

Three replicates including 30 fruits per replicate were 
used. Descriptive statistics of  phenolic compounds, 
organic acids, sugars, vitamin C, and antioxidant capacity  
extracted from cultivars and genotypes were represented  
as Mean ± SE. Experimental data were evaluated using 
analysis of  variance ANOVA and significant differences 
among the means of  three replicates (p<0.005) were 
determined by Duncan’s multiple range test, using the 
SPSS 20 for Windows.

RESULTS AND DISCUSSION
When the organic acid values were examined, statistically  
differences (P <0.05) between the varieties were found.  
Malic acid was the major organic acid for all the mulberry  
genotypes. It was followed citric and succinic acid and 
fumaric acid was determined the lowest level organic 
acid. Malic acid levels were ranged from 7.13 to 13.51 g 
100 g-1. 30HK03 white mulberry genotype was found to 
have highest oxalic, malic, succinic and fumaric acid than 
other genotypes. It was determined that white mulberry 
contain more organic acids value than black mulberry 
except for citric acid. Bozhöyük et al.13 were determined  
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that malic acid was predominant acid in white mulberry  
while citric acid was the major acid in the black  
mulberry. In harmony with our results, Eyduran et al.4  
in Turkey, Aljane and Sdiri14 in Tunisia found that the 
highest level acid was malic acid among the organic 
acids. However, in another study in China, it was 
reported that succinic acid was the highest level acid 
(6.48 mg/g fw) among the organic acids.15 Although our  
study is in compliance with some other studies, it is  
considered that there are differences depending on  
cultivars and geographical conditions. 
Vitamin C and total antioxidant values were differed  
significantly by cultivars. White mulberries contained 
more vitamin C level compared to black mulberries. The 
highest vitamin C value (30.45 mg 100 g-1) was measured 
in 30HK02 white mulberry but this genotype possessed  
the lowest total antioxidant value. 30YK03 black  
mulberry genotype had the lowest vitamin C and the 
highest total antioxidant value (25.55 µmolTE g-1). Black 
mulberries had more total antioxidant level than white 
mulberries (Table 1). Iqbal et al.16 conducted a study on  
black, white and red mulberries in Pakistan and identified  
vitamin C as 25.2-32.25 mg 100 g-1. The study conducted  
in Turkey, vitamin C value in white mulberries was 
determined two times higher than black mulberries.3 
These researches were identified total antioxidant value  
as 4.49-13.99 µmolTE g-1. Although there were numerical  
differences compared to our research, they reported 
that black mulberries contained more TEAC than  
white mulberries. Similarly, according to Khalid.,17  
black mulberries had total antioxidant value as 14-20 
µmolTE g-1. Compared to our study, Kamiloglu et al.18 
measured higher TEAC value in black mulberries while 
Arfan et al.19 recorded lower TEAC value in mulberries. 
It is thought that the difference between these studies 
and our study is caused by ecological and genetic factors.
The sugar contents were as follows: glucose > fructose 
> sucrose. Glucose content was recorded about eight 
times higher than sucrose while fructose content was  
recorded about five times higher than sucrose. The  
highest glucose and fructose value was measured in 
30YK02 black genotype as 10.05 and 7.91 g 100 g-1. 
30BS04 genotype had the lowest glucose and sucrose  
level. The amount of  sugar in black mulberries was iden­
tified more than white mulberries (Table 1). The differ­
ences among cultivars might be caused by geographical  
conditions and genetic factors. Lee and Hwang20  
conducted a study in Morus alba and they found glucose 
value as 10.8, fructose value as 12.5 and sucrose value 
3.3 g 100 g-1. Ozgen et al.7 determined major sugar as 
glucose, while Sanchez et al.21 determined major sugar  
as fructose. These researchers conducted a study in  
Turkey found glucose content as 5.81 g/100 ml.7 On the 
other hand, in parallel with our research, it was stated 
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in another study, black mulberries had more sugar 
than white mulberries.22 The phenolic compounds of  
the mulberry fruit were examined and statistical differ­
ences were found to be significant. The phenolic acids 
(Table 2 and 3) and flavonoids values changed accord­
ing to the variety. It was determined that the lowest 
level phenolic compound was ferulic acid. Black mul­
berries had more phenolic compounds level than white 
mulberries. 30HK01, 30HK04, 30YK02 and 30YK03 
mulberry genotypes had the highest level phenolic com­
pounds. A study conducted in North Serbia, research­
ers were stated that the highest protocatechuic, gallic 
and ellagic acid value were 7.94, 0.86 and 2.39 mg/kg 
respectively.23 Mahmood et al.24 determined vanillic acid 
value as 18.3 mg 100 g-1 in Morus nigra and as 5.7 mg 100 
g-1 in Morus alba. Natic et al.23 were determined that the 
highest phenolic compound was rutin as 77.25 mg/kg. 
In Turkey, Gundogdu et al.3 found that phloridzin value 
ranged from 0.011-0.031 mg/g and the catechin value 
of  black mulberries measured as 0.075 mg/g. In another 
study, researchers were reported that quercetin content  
identified as 11.7 mg 100 g-1 in Morus nigra and as 0.7 mg  
100 g-1 in Morus alba.24 

CONCLUSION
As a result of  the study, it was determined that 30HK03 
genotype of  white mulberry had the highest content of  
organic acid and sugar content and as well as signifi­
cant amount total antioxidant value. The highest total 
antioxidant and phenolic content was obtained from the 
30YK03 genotype in black mulberry. It was concluded 
that these two genotypes would be useful for human 
health. As a result, it is thought that 30HK03 and 
30YK03 genotypes should be given to farmers, breeders  
and consumers. 

CONFLICT OF INTEREST
The authors declare no conflict of  interest. 

ABBREVIATIONS
HPLC: High Performance Liquid Chromatography; 
DAD: Diode-Array Detection; ABTS: 2,2-Azino-bis-
3-ethylbenzothiazoline-6-sulfonic Acid; IR: refractive 
index detector; TEAC: Trolox equivalent antioxidant 
capacity.
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PICTORIAL ABSTRACT SUMMARY
•	 In this study study, biochemical of mulberry spe-

cies were determined. Black mulberry genotypes 
were found to contain higher antioxidant capacity 
than white mulberry genotypes. Malic acid was 
deterimined as the major organic acid for all the 
mulberry genotypes. It was followed citric and 
succinic acid. Also, fumaric acid was determined 
the lowest level organic acid. Vitamin C and total 
antioxidant values were differed significantly by 
cultivars. In the study, Gallic, chlorogenic and rou-
tine were identified as the main phenolics. It was 
determined that the lowest level phenolic com-
pound was ferulic acid.
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