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ABSTRACT 

 
Three species of mulberry fruits namely white mulberry (Morus alba L.), red 

mulberry (Morus rubra L.) and black mulberry (Morus nigra L.) cultivated in Egypt as 
well as the comparison between the antioxidant activity of fresh fruits and jams 
prepared from selected species were evaluated. Results showed that protein content 
was ۱٫۳۸, ۱٫۲٤ and ۱٫۱٥٪, total sugars ۱۲٫۷٥, ۱٥٫۲٥ and ۱٦٫۰۳٪ in black, red and white 
mulberries, respectively. Reducing sugars varied from ۱۱٫۳۲ to ۱٤٫۰۰٪ in black, red 
and white mulberries and total lipids ranged from ۱٫۰۸ and ۱٫۷٥٪ in black and red 
mulberry fruits. Also, crude fibre was ۱٫٦۰, ۲٫۱۷ and ۲٫۲۸٪ in three mulberry species 
while pH value ranged from ٥٫٤۹ and ٥٫۸۰. Results also indicated that black mulberry 
had the highest content of total phenolics, total flavonoids and anthocyanins content 
otherwise white mulberry had the lowest content. Fractionation of phenolic 
compounds in all mulberry species represented the highest content of protocatechuic 
meanwhile both red and white mulberries had moderate contents of p.hydroxybenzoic 
acid. The mineral analysis showed that potassium was the most abundant element in 
all three mulberry species. Both black and red mulberries had high calcium content 
followed by sodium and magnesium. At the same time, red mulberry had the highest 
content in iron and zinc compared with the other two species. Results also showed 
that BHT had the highest antioxidant activity compared with fresh mulberry fruits or 
jams prepared from these fruits (۹۲٫۹٥٪). Fresh black mulberry had the highest 
antioxidant activity (۸٦٫٤٦٪), while fresh red and white mulberries recorded ٦۰٫۳٥ and 
٥٥٫۳۱٪, respectively. Jams prepared from three mulberry species gave the lower 
antioxidant activity. The sensory assessment indicated that jam prepared from black 
mulberry recorded the best sensory properties followed by red mulberry jam while the 
lowest score for taste, odor and texture was observed in jam prepared from white 
mulberry.   
Keywords: Mulberry, Morus alba, Morus rubra, Morus nigra, Chemical 

Characteristics, James   
 

INTRODUCTION 
 

The mulberry fruit belongs to the genus Morus of the family Moraceae. 
There are ۲٤ species of Morus and one subspecies, with at least ۱۰۰ known 
varieties. Mulberries are grown found from temperate to subtropical regions 
of the Northern hemisphere to the tropics of the Southern hemisphere and 
they can grow in a wide range of climatic, topographical and soil conditions. 
(Tutin et al ۱۹۹٦).  

The three mulberry species (Morus alba, Morus nigra, Morus laevigata) 
can be seen in different regions, which can taste very pleasant when eaten 
fresh or transformed into other uses as marmalades, juices, liquors, natural 
dyes and in the cosmetics industry (Ercisli and Orhan, ۲۰۰۷). 
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Mulberry fruit is consumed fresh and in dry state and has unique 
nutritional value among the fruits. Its fruits are juicy and rich in sugar (۱۰٪) 
and iron (۲٫۳ mg/۱۰۰ g). Also jam, cold beverages and wine are made from it 
(Singh, ۱۹۹۲). 

Recently, red and black mulberries have gained an important position 
in the food industry due to the presence of anthocyanins. Several researchers 
have previously reported that anthocyanins have remarkable antioxidant and 
free-radical scavenging activities (Wang et al., ۱۹۹۷; Stintzing et al., ۲۰۰۲). 
Additionally, multiple findings suggest that anthocyanin contents of berries 
and red fruits may provide possible health benefits such as reduced risk of 
coronary heart disease, stroke, certain types of cancers and aging (Prior, 
۲۰۰۳; Zafra-Stone et al., ۲۰۰۷). 

The chemical composition of white (Morus alba L.), red (Morus rubra 
L.) and black (Morus nigra L.) mulberry fruits were studied by Ercisli and 
Orhan (۲۰۰۷) who found the highest total phenolic and flavonoid contents in 
black mulberry while the highest total fat content showed in white mulberry. 
The total soluble solids content and mineral compositions varied in different 
mulberry species.  

Also, Koca et al (۲۰۰۸) stated that mulberry is widely consumed fresh 
as well as dried, processed into jam or juices and they studied, anthocyanin 
composition, chemical composition and antioxidant activity of wild purple 
mulberry.  

In addition, mulberry fruit is well known as a good source of 
anthocyanins with many biological activities. However, there are several 
colors of mulberry fruits, even from the same species. The purple-colored 
mulberry fruit extract contains the highest levels of anthocyanin and strongest 
antioxidant  activity compared with the other colors of mulberry fruit extracts. 
Light or heat exposure of the mulberry fruit extract deteriorated total 
anthocyanin and ascorbic acid content and led to decrease the antioxidant 
activity ( Aramwit et al ۲۰۱۰). 

Good correlations were observed among the phenolic, anthocyanin, 
and proanthocyanidin contents and the radical scavenging capacities of 
mulberry fruits. The high total phenolic content of mulberry fruits were mainly 
contributed to anthocyanins, rutin, and chlorogenic acid (Isabelle, ۲۰۰۸).  

However, studies on characterization and quantification of 
phytochemical and antioxidant properties of mulberry fruits are very limited. 
Previously, Naderi et al (۲۰۰٤) found that extracts of M. nigra fruits have a 
protective action against peroxidative damage to biomembranes and 
biomolecules. 

Traditionally, deep coloured fruits, vegetables or foods are recognized 
as more healthy to human body, especially in the oriental countries. There 
has been a growing interest in pigment components of fruits and vegetables, 
which may promote human health or lower the risk for disease (Lin and Tang, 
۲۰۰۷). 

Numerous studies were carried out on plants resulting for in the 
development of natural antioxidant formulations for food, cosmetic and other 
applications. In addition to scientific information on antioxidant properties of 
various plants, Therefore, the assessment of such properties remains an 
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interesting and useful task, particularly for finding new sources for natural 
antioxidants, functional foods and nutraceuticals (Miliauskas et al., ۲۰۰٤; 
Arabshahi-Delouee and Urooj, ۲۰۰۷). 

Therefore, in the present work, the chemical characteristics of selected 
three mulberry species cultivated in Egypt were studied. Moreover, mulberry 
fruit jams prepared from selected fruits were chemically and sensory 
evaluated. Furthermore, the antioxidant activity of fresh fruits and jams 
prepared from three mulberry species was  compared with that of BHT as 
synthetic antioxidant. 

 

MATERIALS AND METHODS 
 

Materials: 
Three species of mulberry fruit named Morus alba L., Morus rubra L. 

and Morus nigra L. were obtained from Horticultural Research Institute, 
Agriculture Research Center Giza, Egypt during ۲۰۰۹ and ۲۰۱۰ years.  

۲،۲-diphenyl-۱picryl hydroxyl (DPPH) used for deracination of total 
antioxidant activity, Butylated hydroxytoluene (BHT)  and phenolic 
compounds were purchased from Sigma Co.  
Methods: 
Preparation of mulberry fruit samples 

The fruits were immediately transported to the laboratory, packaged in 
plastic bags, and stored below ٤°C in a refrigerator. After the stems were 
taken away, mulberry fruits were first washed carefully under running tap 
water, dried. Then, the homogenized fruit sample was weighed and 
immediately transferred into a beaker for further processing. 
Preparation of mulberry fruit jams 

Mulberries (٤۰۰ g), sucrose (۳٦٦ g) and pectin (۱٫۸ g) were used for the 
jams preparation of three mulberry species. Citric acid was used for adjusting 
pH values for proper gelatinization of pectin. Mulberries, larger part of 
sucrose and citric acid were mixed and cooked. Pectin was mixed with part of 
sucrose and added at the final stage of the jam cooking. Mulberries jams 
were cooked until the final product contained ٦٥٪ of soluble solids 
(determined by refractometer). 
Chemical characteristics 

The moisture, ash, total lipids, crude protein (nitrogen x ٦٫۲٥), crude 
fibre, total and reducing sugars and ascorbic acid contents were determined 
using the standard methods of the Association of Official Analytical Chemists 
(AOAC, ۲۰۰۰).  

Total soluble solids were determined by using refractometer at ~ ۲٥˚C 
and the results were expressed as Brix. 

Flavonoids were extracted and determined according to Zhuang et al 
(۱۹۹۲). 

Total anthocyanins were determined according to the method 
described by Colin and Peter (۱۹۸۰). 
Assay for total phenolics 

Total phenolic constituents of mulberry fruits were performed 
employing the literature methods involving Folin- Ciocalteu reagent and gallic 
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acid as standard (Slinkard and Singleton, ۱۹۹۷). The extract solution (۰٫۱ ml) 
containing ۱۰۰۰ mg extract was taken in a volumetric flask, ٤٦ ml distilled 
water and ۱ ml Folin-Ciocalteu reagent was added and the flask shaken 
thoroughly. After ۳ min, ۳ ml of solution ۲٪ Na۲CO۳ was added and the 
mixture was allowed to stand for ۲ h with intermittent shaking. Absorbance 
was measured at ۷٦۰ nm. The same procedure was repeated to all standard 
gallic acid solutions. 

Extraction, separation and quantification of phenolic compounds were 
determined according to the method described by Goupy et al (۱۹۹۹).   
Antioxidant activity 

The DPPH (۲،۲-diphenyl-۱-picrylhydrazyl) assay was carried out 
according to the method of Brand-Williams et al. (۱۹۹٥) with some 
modifications by Thaipong et al (۲۰۰٦). The solution was prepared by 
dissolving DPPH (۲٤ mg) in methanol (۱۰۰ mL) and then stored at (−۲۰ °C) 
until needed. The solution was obtained by mixing the stock solution (۱۰ mL) 
with methanol (٤٥ mL) to obtain an absorbance of ۰٫۹٥۰ ± ۰٫۰۲ units at ٥۱۷ 
nm using the Jenway ٦٤۰٥ UV/Vis spectrophotometer. The fruit extracts 
(۰٫۲mL) were allowed to react with the DPPH solution (۳ mL) for ۱ hour in the 
dark place. Thereafter, the absorbance was taken at ٥۱۷ nm. The antioxidant 
activity was calculated as a decrease in the absorbance value using the 
formula: 

 Inhibition activity (%) = (Abs. Control – Abs. Sample/Abs. Control) × 
۱۰۰٪The same procedure was repeated with butylated hydroxytolune (BHT) 
at the same concentration and a blank containing only ۳٥۰ ml of ethanol. 
After the incubation period the absorbance of the mixtures were measured at 
٥۱۷ nm. Antioxidant activity of the samples were compared with BHT and the 
blank. 
Organoleptic evaluation 

Organoleptic evaluation for color, taste, odor, texture and overall 
acceptability was determined by the method as described by Larmond (۱۹۷۷). 
Statistical analysis 

All data were recorded as means and analyzed by SPSS Windows 
(ver.۱۸.). One-way analysis of variance (ANOVA) and Duncan comparisons 
were tested to signify differences between raw and different varieties of 
mulberry. 

 

RESULTS AND DISCUSSION 
 

Gross Chemical constituents 
Chemical constituents of three mulberry fruit species are given in Table 

(۱). The moisture content varied from ۷٦٫٥۳ to ۸۰٫۳۰٪. The highest 
percentage was observed in black mulberry (۸۰٫۳۰٪) followed by red mulberry 
while the lowest of moisture was noted in white mulberry (۷٦٫٥۳٪).  Protein 
content was ۱٫۳۸, ۱٫۲٤ and ۱٫۱٥٪ on fresh weight in black, red and white 
mulberry, respectively. Also, results show the highest content in total lipids 
being ۱٫۷٥٪ in red mulberry while the lowest percentage was shown in black 
mulberry (۱٫۰۸٪).The content of total sugars were ۱۲٫۷٥, ۱٥٫۲٥ and ۱٦٫۰۳٪ in 
black, red and white mulberries, respectively. Reducing sugars in the three 
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species fresh mulberry fruits varied from ۱۱٫۳۲ to ۱٤٫۰۰٪, red mulberry had 
the highest percent followed by white mulberry (۱۲٫۱۳٪) while the lowest 
reducing sugars were found in black mulberry. Non reducing sugars ranged 
from ۱٫٤۳ in black mulberry to ۳٫۹۰٪ in white mulberry. Also, crude fibre 
percentages were ۱٫٦۰, ۲٫۱۷ and ۲٫۲۸٪ in the three mulberry species while 
pH values were ٥٫٤۹, ٥٫۸۰ and ٥٫۷۹, respectively.   
 

Table (۱): Chemical constituents of three mulberry fruit species (on 
fresh weight basis) 

Chemical constituents 
(%)   

Black mulberry 
Morus nigra L. 

Red mulberry 
Morus rubra L. 

White mulberry 
Morus alba L. 

Moisture  
Protein 
Total lipids 
Ash 
Total soluble solids 
Reducing sugars 
Non-reducing sugars 
Total sugars 
Crude fibre 
pH value 

۸۰٫۳۰±۰٫٤۲ 
۱٫۳۸±۰٫۱۷ 
۱٫۰۸±۰٫۱۱ 
۱٫۱۱±۰٫۱٥ 
۱۳٫۳۸±۰٫۱۸ 
۱۱٫۳۲±۱٫۳۲ 
۱٫٤۳±۰٫۱۷ 
۱۲٫۷٥±۰٫٦۲ 
۱٫٦۰±۰٫٤۱ 
٥٫٤۹±۰٫۲٤ 

۷۸٫۰۹±۱٫٤٦ 
۱٫۲٤±۰٫۳۲ 
۱٫۷٥±۰٫۳۰ 
۱٫۲٥±۰٫۱٦ 
۲۲٫۲٥±۱٫۷۷ 
۱٤٫۰۰±۰٫٦۹ 
۱٫۲٥±۰٫۱۹ 
۱٥٫۲٥±۰٫٥۷ 
۲٫۱۷±۰٫۱٤ 
٥٫۸۰±۰٫۲۲ 

۷٦٫٥۳±۱٫٥٦ 
۱٫۱٥±۰٫۱٤ 
۱٫۷۱±۰٫۱٥ 
۱٫۲۷±۰٫۱۲ 
۱۹٫۱۲±۱٫۲۳ 
۱۲٫۱۳±۰٫۸۹ 
۳٫۹۰±۰٫۲۸ 
۱٦٫۰۳±۱٫۰۲ 
۲٫۲۸±۰٫۱٦ 
٥٫۷۹±۰٫۲۱ 

Results are presented as mean value of duplicates       Mean values ± Std.Deviation  
 

Ascorbic acid, total phenolics, total flavonoids and total anthocyanins   
Ascorbic acid, total phenolics, total flavonoids and total anthocyanins 

content of the three mulberry species are noticed in Table (۲).The results 
showed that ascorbic acid was ۲۷٫۷٥, ۲۹٫۳۰ and ۳۰٫۰٤ mg/۱۰۰g in black, red 
and white mulberries, respectively. The total phenolics and flavonoids 
contents in different three species varied considerably which were (٤۳۲٫٥٥, 
٥۰٫۱۲),( ۲۱۷٫٦۸, ۳۹٫۳۲) and ( ۱٤۳٫۷۳, ۲۳٫۲۲) mg/۱۰۰g on fresh weight, 
respectively. This result was less than that obtained by Ercisli, and Orhan 
(۲۰۰۷). This difference may be due to the change in climatic conditions. 
Furthermore, anthocyanins content of the three species were ۲٤٫٦٥, ۱۷٫۷۳ 
and ۱٫٥۹mg/۱۰۰g. Results indicate that the black mulberry had the highest 
content for total phenolics, total flavonoids and anthocyanin content otherwise 
white mulberry had the lowest content. 
 

Table (۲): Ascorbic acid, total phenolics, total flavonoids and total 
anthocyanins content of three mulberry fruit species 
mg/۱۰۰g (on fresh weight basis) 

Phytochemical 
compounds 

Black mulberry 
Morus nigra L. 

Red mulberry 
Morus rubra L. 

White mulberry 
Morus alba L. 

Ascorbic acid  
Total phenolics  
Total flavonoids  
Total anthocyanins  

۲۷٫۷٥±۱٫۳۳ 
٤۳۲٫٥٥±۸٫٦٤ 
٥۰٫۱۲±۲٫٥۲ 
۲٤٫٦٥±۰٫٦٥ 

۲۹٫۳۰±۱٫٦۸ 
۲۱۷٫٦۸±۳٫٥۱ 
۳۹٫۳۲±۰٫۸۳ 
۱۷٫۷۳±۱٫۲٤ 

۳۰٫۰٤±۱٫۹۰ 
۱٤۳٫۷۳±٥٫۱۲ 
۲۳٫۲۲±۱٫۱٥ 
۱٫٥۹±۰٫۳۱ 

Results are presented as mean value of duplicates               Mean values ± Std.Deviation 
 

Fractionation of phenolic compounds in three mulberry fruit species 
Phenolic compounds of fresh black, red and white mulberries are 

represented in Table (۳). Eleven phenolic compounds were identified in the 
three mulberry species. The detected phenolic compounds were 
protocatechuic, p.hydroxybenzoic, chlorogenic, caffeic, catechin, syringic, 
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ferrulic, chrysin, cinnamic, p.coumaric and coumarine. Results showed three 
mulberry species had the highest content of protocatechuic which was 
۱٤٥٫۷۹, ٥٦٫۷۷ and ٤۱٫٤۰ mg/۱۰۰g (on fresh weight) for black, red and white 
mulberries, respectively. Meanwhile both red and white mulberries had 
moderate content of p.hydroxybenzoic which was ۱۹٫۱۹ and ۱٥٫۹٤ mg/۱۰۰g, 
Also, moderate content was observed in caffeic acid in both red and white 
mulberries. The content of caffeic acid was ۱۲٫٥۳ and ۱۰.۲٤mg/۱۰۰g, 
respectively. Also, the content of catechin and syringic were ۲۷٫۷۳ and 
۲۳٫٦۹mg/۱۰۰g in black mulberry while not detected or slightly content in other 
species. Furthermore, ferrulic, chrysin, cinnamic, p.coumaric and coumarine 
had low content or not detected in all mulberry species. Zadernowsk et al 
(۲۰۰٥) identified some phenolic compounds in black mulberry such as 
protocatchoic, caffeic, p.coumaric and ferrulic at different percentages.  
 

Table (۳): Phenolic compounds of fresh black, red and white mulberry 
fruits mg/۱۰۰g on fresh weight basis 

Phenolic compounds Black mulberry 
Morus nigra L. 

Red mulberry 
Morus rubra L. 

White mulberry 
Morus alba L. 

Protocatechuic 
P.hydroxybenzoic 
Chlorogenic 
Caffeic 
Catechin 
Syringic 
Ferrulic 
Chrysin 
Cinnamic 
P.coumaric 
Coumarine 

۱٤٥٫۷۹ 
ND 

۲۰٫۳۷ 
ND 

۲۷٫۷۳ 
۲۳٫٦۹ 
۳٫۲۰ 
۲٫۷۰ 
۱٫۲۲ 
٥٫۹٥ 
٤٫۳۷ 

٥٦٫۷۷ 
۱۹٫۱۹ 
ND 

۱۲٫٥۳ 
ND 
ND 
۱٫۱۳ 
۰٫۸٤ 
۷٫٥۰ 
۲٫۲٥ 
۲٫٤٦ 

٤۱٫٤۰ 
۱٥٫۹٤ 
ND 

۱۰٫۲٤ 
۲٫۱٦ 
ND 
۱٫۰۳ 
۰٫۲۹ 
۰٫۷٥ 
ND 
۱٫۳۸ 

 

Minerals 
The mineral contents in three mulberry species are shown in Table 

(٤). Results reveal differences among the mulberry species. Potassium is the 
most abundant element in all three mulberry species which was ۱٥۲۳٫٤٥, 
۱۹٥٦٫۸٥ and۱۹۷۹٫۳٥ mg/kg (on fresh weight) for black, red and white 
mulberries, respectively. Also, mulberry species had the high calcium content 
ranged from ۷۰۲٫۲٦ to ۸٦٦٫۷۰ mg/kg in both black and red mulberry followed 
by sodium and magnesium which was (۱۰۸٫٤۲, ٥٥٫۲۳) , (۲۷۷٫۲٥ ,٤۱٫٤۹) and 
(۱۱٦.۲۰, ۳۰٫۸۸ mg/kg) for black, red and white mulberries. Red mulberry had 
the highest content in iron and zinc ۳۲٫۳۱ and ٤۷٫٤۲ mg/kg while the lowest 
content showed with black mulberry. Results indicate also, that the highest 
content in copper was observed in white mulberry (۲۳٫۳۲mg/kg) meanwhile 
black mulberry had the highest content of manganese (۱٥٫۷۱mg/kg). These 
results are partially in agreement with those obtained by Koca et al (۲۰۰۸). 
Antioxidant activity of different species of mulberry fruits 

The antioxidant activity of different species of mulberry fruits, jams 
prepared by black, red and white mulberries and BHT as synthetic antioxidant 
are shown in Fig (۱) and (۲). Results indicate that BHT had the highest 
percentage of antioxidant activity comparing with fresh mulberry fruits or jams 
prepared from there fruits. The percent of BHT antioxidant activity was ۹۲٫۹٥٪ 
meanwhile fresh black mulberry  gave the highest percent of antioxidant 
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activity ۸٦٫٤٦٪ while the percents of both fresh red and white mulberries 
recorded ٦۰٫۳٥ and ٥٥٫۳۱٪,respectively. On the other side, jams were 
prepared from three species mulberry fruits gave the lower percentages of 
antioxidant activity. The percents of antioxidant activity were ٦۳٫٤۰, ٥٦٫٤٦ and 
٥۳٫٥۲٪ for black, red and white mulberry jams, respectively. It was previously 
reported that the genotypes effects of antioxidant activity are different fruit 
species such as strawberries (Davik et al., ۲۰۰٦).  

 
Fig. (۱): Antioxidant activity in three species of fresh mulberry fruits                                      

compared with BHT (۲۰۰ppm) ۰٫۲mL/۳mL DPPH extracted                                               
from ۲٫٥gm fresh mulberry fruits by ۱۰۰mL ۸۰٪ ethanol 

 
Fig. (۲): Antioxidant activity in three species of mulberry fruit jams                                                

compared with BHT (۲۰۰ppm) ۰٫۲mL/۳mL DPPH extracted                                               
from ۲٫٥gm jams by ۱۰۰mL ۸۰٪ ethanol 
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Sensory evaluation of prepared jams 
The sensory assessment of jams prepared by black, red and white 

mulberries was achieved according to scales degree (۰-۱۰) is shown in Table 
(٥). Results indicate that black mulberry jam had the highest degree in color 
score (۸٫۸٦) followed by white mulberry jam (۸٫٥۷) while red mulberry jam 
recorded the lowest score (۷٫۸۷).  At the same time, black mulberry jam 
recorded the highest score in taste, odor, texture and overall acceptability, 
compared with other jams, which were ۸٫۲۹, ۸٫۰۰, ۸٫٤۳ and ۸٫۷۱, respectively.  
The best results showed with jam prepared by using black mulberry jam 
followed by red mulberry jam and the lowest score in jam prepared by white 
mulberry jam in taste, odor and texture. Moreover, in final impression black 
mulberry was more acceptable which recorded (۸٫۷۱) while the less 
acceptable was the red mulberry jam which recorded (۸٫۰۷).   
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 المربيمدى ملاءمتھا لتصنیع و التوت بعض أنواع تقییم
  سعد میخائیل یوسف جورج عبید عبد الملاك ، فاتن بھاء الدین القصاص و

مرك��ز البح��وث  –معھ��د بح��وث تكنولوجی��ا الأغذی��ة  -قس��م بح��وث تص��نیع الحاص��لات البس��تانیة 
 ع.م.ج -الجیزة -الزراعیة 

 
تم تقییم ثلاثة أنواع من التوت المنزرعة في مصر وھي الأبیض والأحمر والأسود من حیث            

التركی�ب الكیمی��اثي ومثبط�ات الأكس��دة  ك��ذلك ت�م عم��ل مقارن�ة ب��ین مثبط��ات الأكس�دة لھ��ذة الأن��واع و 
ن أوض�حت النت�ائج ان محت�وي الب�روتین ك�ا. مقارنتھا بالمربي المصنعة من ثمار ھذة الأن�واع الثلاث�ة

%  ۱٫۷٥و  ۱٫۰۸كم��ا تراوح��ت نس��بة اللبی��دات الكلی��ة ب��ین . عل��ي الت��والي% ۱٫۱٥و ۱٫۲٤و ۱٫۳۸
و  ۱٥٫۲٥و  ۱۲٫۷٥لك��ل م��ن الت��وت الأس��ود والت��وت الأحم��ر بینم��ا كان��ت نس��بة الس��كریات الكلی��ة  

أما السكریات المختزلة فتراوح�ت . لكل من التوت الأسود وألأحمر وألأبیض علي التوالي% ۱٦٫۰۳
للثلاثة أن�واع عل�ي % ۲٫۲۸و  ۲٫۱۷و  ۱٫٦۰أیضاَ كانت نسبة الألیاف % . ۱٤٫۰۰و  ۱۱٫۳۲بین 

أك��دت أیض��اَ النت��ائج ان محت��وي الت��وت . ٥٫۸۰و  ٥٫٤۹والأس الھی��دروجیني ت��راوح م��ابین الت��والي 
الاسود من الفینولات الكلیة والفلافون�ات والأنثوس�یانین أعل�ي م�ن ألأن�واع الأخ�ري بینم�ا ك�ان الت�وت 

علي المركبات الفینولی�ة للأن�واع الثلاث�ة م�ن  التعرف تم  .الأبیض أقل الأنواع محتوي لھذه المركبات
ك�ان ك�ل م�ن بینم�ا   protocatechuicالتوت ول�وحظ ان الأن�واع الثلاث�ة ذات محت�وي مرتف�ع م�ن 

وعن�د دراس�ة  .  p.hydroxybenzoicذات محتوي متوسط من حامض  التوت الأحمر والأبیض 
ایض�اَ . توي من العناصر المعدنیة ل�وحظ أن البوتاس�یوم ھ�و العنص�ر الس�ائد ف�ي ف�ي ك�ل الأن�واعالمح

ھناك نسبة مرتفعة من الكالسیوم ف�ي ك�ل م�ن الت�وت الأس�ود والأحم�ر یلیھ�ا المحت�وي م�ن الص�ودیوم 
 ك�ذلك أظھ�رت النت�ائج ان الت�وت ألأحم�ر یحت�وي عل�ي أعل�ي نس�بة م�ن الحدی�د والزن�ك. والماغنسیوم

ذلك اعطي التوت الأبیض أعلي محتوي من النحاس بینما كان الت�وت الأس�ود الأعل�ي ف�ي المحت�وي ك
ن�واع الت�وت الثلاث�ة وایض�اَ المرب�ات أوعند دراسة نشاط مثبطات الأكسدة علي كل م�ن . من المنجنیز

كمث��بط ص��ناعي     butylated hydroxytolune (BHT) المص��نعة منھ��ا ومقارنتھ��ا بم��ادة
تعط�ي أعل�ي مع�دل نش�اط كمث�بط للأكس�دة بالمقارن�ة ب�أنواع  BHT یث ل�وحظ ان م�ادة ال ح للأكسدة

التوت المختلفة كذلك بالنسبة للمربات المص�نعة م�ن ھ�ذه الأن�واع حی�ث كان�ت نس�بة النش�اط لمثبط�ات 
%) ۸٦٫٤٦(ك�ذلك أعط�ي الت�وت الأس��ود أعل�ي مع�دل للنش�اط مثبط�ات الأكس��دة % ۹۲٫۹٥الأكس�دة 

و  ٦۰٫۳٥لأن��واع أم��ا مع��دل النش��اط م��ع ك��ل م��ن الت��وت الأحم��ر والأب��یض فق��د كان��ت مقارن��ة بب��اقي ا
ل�وحظ . أما المربات المعدة من ھذه الأنواع فقد أعطت مع�دلات أق�ل للنش�اط. علي التوالي% ٥٥٫۳۱

كذلك م�ن نت�ائج التقی�یم الحس�ي ان المرب�ي المص�نعة م�ن الت�وت الأس�ود اعط�ت أفض�ل النت�ائج تبعتھ�ا 
 .  عة من التوت الأحمر وكانت أقل الدرجات مع المربي المصنعة من التوت الأبیضالمربي المصن

 
 قام بتحكیم البحث
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   Table (٤): Minerals content of three mulberry fruit species mg/kg (on fresh weight basis)  
Mulberry species Mg Na K Mn Fe Ca Zn Cu 

Black mulberry 

Red mulberry 

White mulberry 

٥٥٫۲۳±۱٫۷۳ 

٥۱٫٤۹±۱٫۸۲ 

۳۰٫۸۸±۱٫۹۷ 

۱۰۸٫٤۲±۱٫۸۱ 

۲۷۷٫۲٤±۳٫۱٥ 

۱۱٦٫۲۰±۱٫٥٦ 

۱٥۲۳٤٫٦±٫٤٥۸ 

۱۹٥٦٫۸٥±۸٫۲۲ 

۱۹۷۹٫۳٥±۱۰٫۱۷ 

۱٥٫۷۱±۱٫٥۷ 

۱٤٫۸۹±۱٫۲٦ 

۱۳٫۹۹±۱٫۷۱ 

۲٥٫۲۷±۱٫٤٦ 

۳۲٫۳۱±۱٫٦۷ 

۱۸٫۷۸±۰٫٥٥ 

۷۰۲٫۲٦±۲٫۹۸ 

۸٦٦٫۷۰±۳٫۹٥ 

۷۳۸٫۲٤±۲٫٥۸ 

۲۸٫۱۷±۱٫۳۳ 

٤۷٫٤۲±۱٫۱٦ 

٤٥٫۳۷±۱٫۰۳ 

۱۷٫۰۷±۰٫۷٦ 

۱۷٫۳۱±۰٫۹۷ 

۲۳٫۳۲±۰٫٤٥ 
   Results are presented as mean value of duplicates               Mean values ± Std.Deviation 
 
  Table (٥): Sensory evaluation of jams prepared from black, red and white mulberry fruits 

Mulberry species 
Color Taste Odor Texture 

Overall 
acceptability 

Black mulberry jam 

Red mulberry jam 

White mulberry jam 

۸٫۸٦ ±۰٫٦۹ 

۷٫۸۷±۰٫٦۱ 

۸٫٥۷±۰٫٥۳ 

۸٫۲۹±۱٫۱۱ 

۸٫۱٤±۰٫۳۸ 

۸٫۰۰±۰٫۸۲ 

۸٫۰۰±۱٫۰۰ 

۷٫۹۳±۰٫۷۳ 

۷٫٥۷±۰٫۷۹ 

۸٫٤۳±۰٫۷٦ 

۸٫۲۹±۰٫٤۹ 

۸٫۰۰±۰٫۸۷ 

۸٫۷۱±۰٫۹٥ 

۸٫۰۷±۰٫۳٥ 

۸٫۳٦±۰٫٦۹ 
    Mean values ± Std.Deviation 
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