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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 V,¥A, V,Y¢ and Y, )oY, total sugars YY,ve, Ye,Ye and V1, Y7 in black, red and white
mulberries, respectively. Reducing sugars varied from Y),¥Y to Y¢,++7 in black, red
and white mulberries and total lipids ranged from Y,«A and Y,veZ in black and red
mulberry fruits. Also, crude fibre was V.1, Y, V¥ and Y,YAZ in three mulberry species
while pH value ranged from ©,¢4 and °,A+. 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 (3Y,4¢%). Fresh black mulberry had the highest
antioxidant activity (A1,€1%), while fresh red and white mulberries recorded 1+,¥° and
°0,Y\7, 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
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INTRODUCTION

The mulberry fruit belongs to the genus Morus of the family Moraceae.
There are Y¢ species of Morus and one subspecies, with at least Y+ + 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 Y447),

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, Y+ +V).
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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 (Y+7%)
and iron (Y,¥ mg/\++ g). Also jam, cold beverages and wine are made from it
(Singh, YaaYy),

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., Y44Y; Stintzing et al., Y+ V).
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,
Y..Y¥; Zafra-Stone et al., Y+ V).

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 (Y:+V) 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 (Y:+A) 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 etal Y+ V).

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, Y+ + A).

However, studies on characterization and quantification of
phytochemical and antioxidant properties of mulberry fruits are very limited.
Previously, Naderi et al (Y-+¢) 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,
Yoy

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., Y:-¢;
Arabshahi-Delouee and Urogj, Y+ V).

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 Y:+%4 and Y+ )+ years.

Y<«Y-diphenyl-)picryl 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 ¢°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 (¢++ g), sucrose (Y11 g) and pectin (Y,A 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 ¢’ of soluble solids
(determined by refractometer).

Chemical characteristics

The moisture, ash, total lipids, crude protein (nitrogen x 1,Ye¢), crude
fibre, total and reducing sugars and ascorbic acid contents were determined
using the standard methods of the Association of Official Analytical Chemists
(AOCAC, Y+ +4).

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

Flavonoids were extracted and determined according to Zhuang et al
(Ya3Y),

Total anthocyanins were determined according to the method
described by Colin and Peter (Y 4A+).

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, Y44Y). The extract solution (+,) ml)
containing )+ ++ mg extract was taken in a volumetric flask, €1 ml distilled
water and ) ml Folin-Ciocalteu reagent was added and the flask shaken
thoroughly. After ¥ min, ¥ ml of solution YZ NayCO: was added and the
mixture was allowed to stand for ¥ h with intermittent shaking. Absorbance
was measured at Y1+ 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 (Y444).
Antioxidant activity

The DPPH (Y<Y-diphenyl-)-picrylhydrazyl) assay was carried out
according to the method of Brand-Wililams et al. (Y%%¢) with some
modifications by Thaipong et al (Y++1). The solution was prepared by
dissolving DPPH (Y¢ mg) in methanol (++ mL) and then stored at (-Y+ °C)
until needed. The solution was obtained by mixing the stock solution (Y+ mL)
with methanol (¢° mL) to obtain an absorbance of +,%¢+ £ +,+Y units at v
nm using the Jenway 1¢.¢ UV/Vis spectrophotometer. The fruit extracts
(+»YmL) were allowed to react with the DPPH solution (¥ mL) for Y hour in the
dark place. Thereafter, the absorbance was taken at Y nm. The antioxidant
activity was calculated as a decrease in the absorbance value using the
formula:

Inhibition activity (%) = (Abs. Control — Abs. Sample/Abs. Control) x
V++7ZThe same procedure was repeated with butylated hydroxytolune (BHT)
at the same concentration and a blank containing only Y+ ml of ethanol.
After the incubation period the absorbance of the mixtures were measured at
°)Y 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 (Y3VY).
Statistical analysis

All data were recorded as means and analyzed by SPSS Windows
(ver.YA)). 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
()). The moisture content varied from VY1,°Y to A.,Y.Z. The highest
percentage was observed in black mulberry (A+,Y+7%) followed by red mulberry
while the lowest of moisture was noted in white mulberry (¥1,°¥%). Protein
content was V,¥A, V,Y¢ and ,Ye/ on fresh weight in black, red and white
mulberry, respectively. Also, results show the highest content in total lipids
being Y,veZ in red mulberry while the lowest percentage was shown in black
mulberry (V,+A%).The content of total sugars were VY,Ye, Ye,Ye and V1,¥7 in
black, red and white mulberries, respectively. Reducing sugars in the three
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species fresh mulberry fruits varied from Y),¥Y to V¢, +7%, red mulberry had
the highest percent followed by white mulberry (YY,VY%) while the lowest
reducing sugars were found in black mulberry. Non reducing sugars ranged
from Y,¢¥ in black mulberry to Y,4:7Z in white mulberry. Also, crude fibre
percentages were Y%+, Y,)Y and Y,YAZ in the three mulberry species while
pH values were ©,£4, ©,A+ and ©,Y4, respectively.

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

Chemical constituents| Black mulberry Red mulberry White mulberry
(%) Morus nigra L. Morus rubra L. Morus alba L.
Moisture Ao, Yoda,6Y YA, +44),¢1 Yi,0Y+),01
Protein V¥ AEY V,YE40,TY V,0040,) ¢
Total lipids VoA V,Yo+.,Y. V,YV+.,00
IAsh Y, 940,00 V,Yot 01 V,YVEY
ITotal soluble solids YV, VAL A YY,Yot),vv ARPARFARAAY
Reducing sugars VY,YY4Y, Y VYé,v e, VY, ¥+ ,A4
Non-reducing sugars 1,8V ,VY V,Yo+4,04 AFREE PR
Total sugars VY,Vot.,1Y Vo,Yot.,0V Y, YHY, 0 Y
Crude fibre V2 Teke, 6 Y AV4e,0 8 Y, YA+, 01
pH value 0,894.,V¢ O0,Avt.,YY o,¥a+.,Y)

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 (Y).The results
showed that ascorbic acid was YV,Ye, Y4,Y« and ¥+,+¢ mg/)++g in black, red
and white mulberries, respectively. The total phenolics and flavonoids
contents in different three species varied considerably which were (¢VY,o0,
o Y),( YIV,TA YAYY) and (O VEY,YY, YY,YY) mg/Y:+g on fresh weight,
respectively. This result was less than that obtained by Ercisli, and Orhan
(Y++V). This difference may be due to the change in climatic conditions.
Furthermore, anthocyanins content of the three species were Y¢,10, VV,VY
and Y,°img/) + *g. 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 (Y): Ascorbic acid, total phenolics, total flavonoids and total
anthocyanins content of three mulberry fruit species
mg/\ + +g (on fresh weight basis)

Phytochemical
compounds

Black mulberry
Morus nigra L.

Red mulberry
Morus rubra L.

White mulberry
Morus alba L.

IAscorbic acid
Total phenolics
Total flavonoids
[Total anthocyanins

YV,Yo+),YY
£YY,004A,1¢
o4,V Y4Y,0Y
Y¢,104.,10

Y4,Y£),0A
YAV, TA£Y,0)
F4,EY 4, AY
VYYD, Y E

Yoeo,v 84,90

VEY,VY40,0Y
YY,YY+),\0
V,094.,Y)

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 (V). 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
Yéo,va o1, VY and £),¢+ mg/)++g (on fresh weight) for black, red and white
mulberries, respectively. Meanwhile both red and white mulberries had
moderate content of p.hydroxybenzoic which was Y4,Y% and Ye,%¢ mg/ . +qg,
Also, moderate content was observed in caffeic acid in both red and white
mulberries. The content of caffeic acid was ‘YY,eY and Y:.Yémg/)::qg,
respectively. Also, the content of catechin and syringic were YV,¥¥ and
Y¥,19mg/ + +g 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
(Y++°) identified some phenolic compounds in black mulberry such as
protocatchoic, caffeic, p.coumaric and ferrulic at different percentages.

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

. Black mulberry Red mulberry White mulberry
Phenolic compounds .
Morus nigra L. Morus rubra L. Morus alba L.

Protocatechuic Véo,va o1, vy £),¢.
P.hydroxybenzoic ND ARPR 1o,4¢
Chlorogenic Yo,vv ND ND
Caffeic ND VYo YooY
Catechin YV,vy ND AFAN
Syringic Yv,14 ND ND
Ferrulic Y, 1Y V¥
Chrysin Y,V WAL ., Y4
Cinnamic V,YY V,0n Ve
P.coumaric 0,30 Y,Yo ND
Coumarine £,YY Y, VYA

Minerals

The mineral contents in three mulberry species are shown in Table
(). Results reveal differences among the mulberry species. Potassium is the
most abundant element in all three mulberry species which was YeYY,¢o,
Y4el,Ae andYiva,¥e mg/kg (on fresh weight) for black, red and white
mulberries, respectively. Also, mulberry species had the high calcium content
ranged from Y+Y,¥1 to A1%,Y+ mg/kg in both black and red mulberry followed
by sodium and magnesium which was () +A, €Y, 00,YY) | (YVYV,Y¢ oY,£9) and
(MY, Y+,AN mg/kg) for black, red and white mulberries. Red mulberry had
the highest content in iron and zinc Y¥,¥) and ¢V,¢Y mg/kg while the lowest
content showed with black mulberry. Results indicate also, that the highest
content in copper was observed in white mulberry (YY,YYmg/kg) meanwhile
black mulberry had the highest content of manganese ()°,YYmg/kg). These
results are partially in agreement with those obtained by Koca et al (Y+ +A).
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 () and (Y). 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 4Y,3¢7
meanwhile fresh black mulberry gave the highest percent of antioxidant
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activity A1,¢17 while the percents of both fresh red and white mulberries

recorded

1.,¥e and eo,¥V/ 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 1¥,¢+ ¢1,¢% and
ov,oY/ 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., Y+ +1).

Fig. (\):

Fig. (Y):
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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 (*-)+) is shown in Table
(°). Results indicate that black mulberry jam had the highest degree in color
score (A,A1) followed by white mulberry jam (A,eY) while red mulberry jam
recorded the lowest score (V,AY). At the same time, black mulberry jam
recorded the highest score in taste, odor, texture and overall acceptability,
compared with other jams, which were A,Y3, A+« A, £Y and A,Y), 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 (A,Y)) while the less
acceptable was the red mulberry jam which recorded (A,+V).
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Table (£): Minerals content of three mulberr

fruit species mg/kg (on fresh weight basis)

Mulberry species Mg Na K Mn Fe Ca Zn Cu
Black mulberry CONYYHY, VY [V oA EYHEY, AN YOXYY,£046,TA [YO,VYHY,0V[Y0, YV, £V Y, Y 1Y, AA YA, YY), Y'Y VY, V4.,V
Red mulberry OV, €AY, AY [YVYY,YE4Y,10| YA0T,A0HA,YY [V £, A, YT YY, YY), TVATT, Y e £Y,90[ 6V, 6 Y41,V VY, ¥V 44,4V
W hite mulberry Y OAAEY,AY IV, Y o), 01 AVA Yo VI, A98) VIV ALY AL, 00| YYA, Y E4Y,0A[£0,TVEY, Y| YY, Y'Y+, 60
Results are presented as mean value of duplicates Mean values * Std.Deviation
Table (¢): Sensory evaluation of jams prepared from black, red and white mulberry fruits
Mulberry species Overall
Color Taste Odor Texture .
acceptability
Black mulberry jam AAT £, AAREAPR Aperdt), e AEYEL, VT AV, d0
Red mulberry jam Y, AVES, ) AV e, YA ATRAE T A AYax., €4 AyeVis, Yo
\White mulberry jam AoVt oY Ayevte AY V,oV+.,V4 Ayerte,AY A Y04

Mean values + Std.Deviation
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