
J.Food and Dairy Sci., Mansoura University, Vol.1(11): 697 - 707, 2010 

EVALUATION OF SOME MULBERRY SPECIES AND THEIR 
SUITABILITY FOR PROCESSING JAMS  
Abd EL-Malak, G. A. ; Faten B. EL-Kasas and S. M. Youssef  
Horticultural Crops Processing Res. Dept., Food Technology Res. 
Inst.,Agric. Res. Center, Giza, Egypt  

 
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 1.38, 1.24 and 1.15%, total sugars 12.75, 15.25 and 16.03% in black, red and 
white mulberries, respectively. Reducing sugars varied from 11.32 to 14.00% in black, 
red and white mulberries and total lipids ranged from 1.08 and 1.75% in black and red 
mulberry fruits. Also, crude fibre was 1.60, 2.17 and 2.28% in three mulberry species 
while pH value ranged from 5.49 and 5.80. 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 (92.95%). Fresh black mulberry had the highest 
antioxidant activity (86.46%), while fresh red and white mulberries recorded 60.35 and 
55.31%, 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 24 species of Morus and one subspecies, with at least 100 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 1996).  

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, 2007). 
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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 (10%) 
and iron (2.3 mg/100 g). Also jam, cold beverages and wine are made from it 
(Singh, 1992). 

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., 1997; Stintzing et al., 2002). 
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, 
2003; Zafra-Stone et al., 2007). 

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 (2007) 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 (2008) 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 2010). 

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, 2008).  

However, studies on characterization and quantification of 
phytochemical and antioxidant properties of mulberry fruits are very limited. 
Previously, Naderi et al (2004) 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, 
2007). 

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., 2004; 
Arabshahi-Delouee and Urooj, 2007). 

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 2009 and 2010 years.  

2,2-diphenyl-1picryl 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 4°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 (400 g), sucrose (366 g) and pectin (1.8 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 65% of soluble solids 
(determined by refractometer). 
Chemical characteristics 

The moisture, ash, total lipids, crude protein (nitrogen x 6.25), crude 
fibre, total and reducing sugars and ascorbic acid contents were determined 
using the standard methods of the Association of Official Analytical Chemists 
(AOAC, 2000).  

Total soluble solids were determined by using refractometer at ~ 25˚C 
and the results were expressed as Brix. 

Flavonoids were extracted and determined according to Zhuang et al 
(1992). 

Total anthocyanins were determined according to the method 
described by Colin and Peter (1980). 
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, 1997). The extract solution (0.1 ml) 
containing 1000 mg extract was taken in a volumetric flask, 46 ml distilled 
water and 1 ml Folin-Ciocalteu reagent was added and the flask shaken 
thoroughly. After 3 min, 3 ml of solution 2% Na2CO3 was added and the 
mixture was allowed to stand for 2 h with intermittent shaking. Absorbance 
was measured at 760 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 (1999).   
Antioxidant activity 

The DPPH (2,2-diphenyl-1-picrylhydrazyl) assay was carried out 
according to the method of Brand-Williams et al. (1995) with some 
modifications by Thaipong et al (2006). The solution was prepared by 
dissolving DPPH (24 mg) in methanol (100 mL) and then stored at (−20 °C) 
until needed. The solution was obtained by mixing the stock solution (10 mL) 
with methanol (45 mL) to obtain an absorbance of 0.950 ± 0.02 units at 517 
nm using the Jenway 6405 UV/Vis spectrophotometer. The fruit extracts 
(0.2mL) were allowed to react with the DPPH solution (3 mL) for 1 hour in the 
dark place. Thereafter, the absorbance was taken at 517 nm. The antioxidant 
activity was calculated as a decrease in the absorbance value using the 
formula: 

 Inhibition activity (%) = (Abs. Control – Abs. Sample/Abs. Control) × 
100%The same procedure was repeated with butylated hydroxytolune (BHT) 
at the same concentration and a blank containing only 350 ml of ethanol. 
After the incubation period the absorbance of the mixtures were measured at 
517 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 
(1977). 
Statistical analysis 

All data were recorded as means and analyzed by SPSS Windows 
(ver.18.). 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 

(1). The moisture content varied from 76.53 to 80.30%. The highest 
percentage was observed in black mulberry (80.30%) followed by red 
mulberry while the lowest of moisture was noted in white mulberry (76.53%).  
Protein content was 1.38, 1.24 and 1.15% on fresh weight in black, red and 
white mulberry, respectively. Also, results show the highest content in total 
lipids being 1.75% in red mulberry while the lowest percentage was shown in 
black mulberry (1.08%).The content of total sugars were 12.75, 15.25 and 
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16.03% in black, red and white mulberries, respectively. Reducing sugars in 
the three species fresh mulberry fruits varied from 11.32 to 14.00%, red 
mulberry had the highest percent followed by white mulberry (12.13%) while 
the lowest reducing sugars were found in black mulberry. Non reducing 
sugars ranged from 1.43 in black mulberry to 3.90% in white mulberry. Also, 
crude fibre percentages were 1.60, 2.17 and 2.28% in the three mulberry 
species while pH values were 5.49, 5.80 and 5.79, respectively.   
 

Table (1): 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 

80.30±0.42 
1.38±0.17 
1.08±0.11 
1.11±0.15 
13.38±0.18 
11.32±1.32 
1.43±0.17 
12.75±0.62 
1.60±0.41 
5.49±0.24 

78.09±1.46 
1.24±0.32 
1.75±0.30 
1.25±0.16 
22.25±1.77 
14.00±0.69 
1.25±0.19 
15.25±0.57 
2.17±0.14 
5.80±0.22 

76.53±1.56 
1.15±0.14 
1.71±0.15 
1.27±0.12 
19.12±1.23 
12.13±0.89 
3.90±0.28 
16.03±1.02 
2.28±0.16 
5.79±0.21 

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 (2).The results 
showed that ascorbic acid was 27.75, 29.30 and 30.04 mg/100g in black, red 
and white mulberries, respectively. The total phenolics and flavonoids 
contents in different three species varied considerably which were (432.55, 
50.12),( 217.68, 39.32) and ( 143.73, 23.22) mg/100g on fresh weight, 
respectively. This result was less than that obtained by Ercisli, and Orhan 
(2007). This difference may be due to the change in climatic conditions. 
Furthermore, anthocyanins content of the three species were 24.65, 17.73 
and 1.59mg/100g. 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 (2): Ascorbic acid, total phenolics, total flavonoids and total 
anthocyanins content of three mulberry fruit species 
mg/100g (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  

27.75±1.33 
432.55±8.64 
50.12±2.52 
24.65±0.65 

29.30±1.68 
217.68±3.51 
39.32±0.83 
17.73±1.24 

30.04±1.90 
143.73±5.12 
23.22±1.15 
1.59±0.31 

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 (3). Eleven phenolic compounds were identified in the 
three mulberry species. The detected phenolic compounds were 
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protocatechuic, p.hydroxybenzoic, chlorogenic, caffeic, catechin, syringic, 
ferrulic, chrysin, cinnamic, p.coumaric and coumarine. Results showed three 
mulberry species had the highest content of protocatechuic which was 
145.79, 56.77 and 41.40 mg/100g (on fresh weight) for black, red and white 
mulberries, respectively. Meanwhile both red and white mulberries had 
moderate content of p.hydroxybenzoic which was 19.19 and 15.94 mg/100g, 
Also, moderate content was observed in caffeic acid in both red and white 
mulberries. The content of caffeic acid was 12.53 and 10.24mg/100g, 
respectively. Also, the content of catechin and syringic were 27.73 and 
23.69mg/100g 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 
(2005) identified some phenolic compounds in black mulberry such as 
protocatchoic, caffeic, p.coumaric and ferrulic at different percentages.  
 

Table (3): Phenolic compounds of fresh black, red and white mulberry 
fruits mg/100g 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 

145.79 
ND 

20.37 
ND 

27.73 
23.69 
3.20 
2.70 
1.22 
5.95 
4.37 

56.77 
19.19 
ND 

12.53 
ND 
ND 
1.13 
0.84 
7.50 
2.25 
2.46 

41.40 
15.94 
ND 

10.24 
2.16 
ND 
1.03 
0.29 
0.75 
ND 
1.38 

 

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

(4). Results reveal differences among the mulberry species. Potassium is the 
most abundant element in all three mulberry species which was 1523.45, 
1956.85 and1979.35 mg/kg (on fresh weight) for black, red and white 
mulberries, respectively. Also, mulberry species had the high calcium content 
ranged from 702.26 to 866.70 mg/kg in both black and red mulberry followed 
by sodium and magnesium which was (108.42, 55.23) , (277.24, 51.49) and 
(116.20, 30.88 mg/kg) for black, red and white mulberries. Red mulberry had 
the highest content in iron and zinc 32.31 and 47.42 mg/kg while the lowest 
content showed with black mulberry. Results indicate also, that the highest 
content in copper was observed in white mulberry (23.32mg/kg) meanwhile 
black mulberry had the highest content of manganese (15.71mg/kg). These 
results are partially in agreement with those obtained by Koca et al (2008). 
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 (1) and (2). 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 
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92.95% meanwhile fresh black mulberry  gave the highest percent of 
antioxidant activity 86.46% while the percents of both fresh red and white 
mulberries recorded 60.35 and 55.31%,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 63.40, 56.46 
and 53.52% 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., 2006).  

 
Fig. (1): Antioxidant activity in three species of fresh mulberry fruits                                      

compared with BHT (200ppm) 0.2mL/3mL DPPH extracted                                               
from 2.5gm fresh mulberry fruits by 100mL 80% ethanol 

 
Fig. (2): Antioxidant activity in three species of mulberry fruit jams                                                

compared with BHT (200ppm) 0.2mL/3mL DPPH extracted                                               
from 2.5gm jams by 100mL 80% 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 (0-10) is shown in Table 
(5). Results indicate that black mulberry jam had the highest degree in color 
score (8.86) followed by white mulberry jam (8.57) while red mulberry jam 
recorded the lowest score (7.87).  At the same time, black mulberry jam 
recorded the highest score in taste, odor, texture and overall acceptability, 
compared with other jams, which were 8.29, 8.00, 8.43 and 8.71, 
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 (8.71) while 
the less acceptable was the red mulberry jam which recorded (8.07).   
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 المربيمدى مالءمتها لتصنيع و التوت بعض أنواع تقييم
  سعد ميخائيل يوسف جورج عبيد عبد المالك ، فاتن بهاء الدين القصاص و

مرومما البثممون  –معهممد بثممون تونولوجيمما ا   يمم   -الثاصممالت البسممتاني  قسممم بثممون تصممنيع 
 ج.م.ع -الجياة -الاراعي  

 

تم تقييم ثالثة أنواع من التوت المنزرعة في مصر وهي األبيض واألحمر واألسود من حيث            
التركيب  الكيميبب ثي ومثب ب ت األكسببدك  كببمل  تبم عمببن مق رنبة بببين مثب بب ت األكسبدك ل ببمك األنببواع و 

ن أوضبحت النتب  ا ان محتبول الببروتين كب مق رنت   ب لمربي المصنعة من ثم ر همك األنبواع الثالثبة  
  %83.1و  83.1علببي التببوالي  كمبب  تراوحببت نسبببة اللبيببدات الكليببة بببين  %8381و 83.1و 83.1

و  813.1و  8.3.1لكببن مببن التببوت األسببود والتببوت األحمببر بينمبب  ك نببت نسبببة السببكري ت الكليببة  
لكن من التوت األسود وأألحمر وأألبيض علي التوالي  أم  السكري ت المختزلة فتراوحبت  %..803

للثالثة أنبواع علبي  %3.1.و  .38.و  .830  أيض َ ك نت نسبة األلي ف  %..813و  ..883بين 
  أكببدت أيضبب َ النتبب  ا ان محتببول التببوت .131و  1315واألس ال يببدرونيني تببراوب مبب بين التببوالي 

االسود من الفينوالت الكلية والفالفونب ت واألنثوسبي نين أعلبي مبن أألنبواع األخبرل بينمب  كب ن التبوت 
علي المركب ت الفينوليبة لننبواع الثالثبة مبن  التعرف تم  األبيض أقن األنواع محتول ل مه المركب ت 

كب ن كبن مبن بينمب    protocatechuicالتوت ولبوح  ان األنبواع الثالثبة مات محتبول مرتفب  مبن 
وعنبد دراسبة  .  p.hydroxybenzoicمات محتول متوس  من ح مض  التوت األحمر واألبيض 

تول من العن صر المعدنية لبوح  أن البوت سبيوم هبو العنصبر السب  د فبي فبي كبن األنبواع  ايضب َ المح
هن   نسبة مرتفعة من الك لسيوم فبي كبن مبن التبوت األسبود واألحمبر يلي ب  المحتبول مبن الصبوديوم 
 والم غنسيوم  كبمل  أ  برت النتب  ا ان التبوت أألحمبر يحتبول علبي أعلبي نسببة مبن الحديبد والزنب 

مل  اع ي التوت األبيض أعلي محتول من النح س بينم  ك ن التبوت األسبود األعلبي فبي المحتبول ك
نبواع التبوت الثالثبة وايضب َ المربب ت أوعند دراسة نش   مثب  ت األكسدك علي كن مبن من المنننيز  

كمثببب  صببن عي     butylated hydroxytolune (BHT) المصببنعة من بب  ومق رنت بب  بمبب دك
تع بي أعلبي معبدن نشب   كمثبب  لنكسبدك ب لمق رنبة بب نواع  BHT يث لبوح  ان مب دك ان ح لنكسدك

التوت المختلفة كمل  ب لنسبة للمرب ت المصبنعة مبن هبمه األنبواع حيبث ك نبت نسببة النشب   لمثب ب ت 
( %10310كبمل  أع بي التبوت األسببود أعلبي معبدن للنشب   مثب ب ت األكسببدك   %5.351األكسبدك 

و  0.3.1ألنببواع أمبب  معببدن النشبب   مبب  كببن مببن التببوت األحمببر واألبببيض فقببد ك نببت مق رنببة بببب قي ا
علي التوالي  أم  المرب ت المعدك من همه األنواع فقد أع ت معبدالت أقبن للنشب    لبوح   113.8%

كمل  مبن نتب  ا التقيبيم الحسبي ان المرببي المصبنعة مبن التبوت األسبود اع بت أفضبن النتب  ا تبعت ب  
 عة من التوت األحمر وك نت أقن الدرن ت م  المربي المصنعة من التوت األبيض   المربي المصن
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   Table (4): 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 

55.23±1.73 

51.49±1.82 

30.88±1.97 

108.42±1.81 

277.24±3.15 

116.20±1.56 

1523.45±4.68 

1956.85±8.22 

1979.35±10.17 

15.71±1.57 

14.89±1.26 

13.99±1.71 

25.27±1.46 

32.31±1.67 

18.78±0.55 

702.26±2.98 

866.70±3.95 

738.24±2.58 

28.17±1.33 

47.42±1.16 

45.37±1.03 

17.07±0.76 

17.31±0.97 

23.32±0.45 

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

 
  Table (5): 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 

8.86 ±0.69 

7.87±0.61 

8.57±0.53 

8.29±1.11 

8.14±0.38 

8.00±0.82 

8.00±1.00 

7.93±0.73 

7.57±0.79 

8.43±0.76 

8.29±0.49 

8.00±0.87 

8.71±0.95 

8.07±0.35 

8.36±0.69 

    Mean values ± Std.Deviation 

  
 


