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ABSTRACT

It is difficult to produce children's marshmallow candy colored with anthocyanin enriched extract
(AEE) from jamun (Syzygium cumini) without first researching the product's quality. Different levels of
anthocyanin enriched extract (AEE) additionally mixed into the standard marshmallow candy (at 3, 5 and 7g
into 100g recipe compared with marshmallow sample coloring by synthetic color (Carmine) at 0.10 g/100g.
Characterize of (AEE) were analysis. Water activity, color properties and organoleptic characteristics
of the products during storage for 90 days were evaluated. Present study reports (AEE) at 0.6, 0.8 and 1mg/ml
was found to exhibit a higher significant DPPH radical scavenging activity (P < 0.05) than that of BHT at
concentration 200 and 300 ppm. there were no significant difference (p<0.05) in (AEE) at pH 5 and incubation
period 0, 30, 60, 90 and 120 min at 50°C was 2.65, 3.06, 3.03, 3.18 and 3.16 mg/100 ml. Water activity of
marshmallow candy tended to decrease with the addition of (AEE). It caused by the ability of (AEE) to prevent
moisture absorption and retention. There were no significant difference in (appearance, odor, taste, texture and
overall acceptability) between the control sample and marshmallow samples colored with 3% (AEE). Jamun
is a dark purplish fruit and its color undoubtedly contributed to the color of marshmallow by decreasing the
L* and b* values and increasing a* value so that Jamun extract can be successfully used to improve properties

of children marshmallow candy.
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INTRODUCTION

Color is an important quality attribute in the food
industry, and it influences consumer’s choice and preferences
(Pathare et al., 2013). It considered one of the most impressive
and delightful attributes of foodstuffs, which directly
influences preference, selection and eating desires of the
consumers (Shim et al., 2011). Synthetic food colors are
substances of chemicals that do not synthesis in nature and
made by human. These colors are water-soluble which used
in foods without any further processing (Bachalla, 2016).

Biocolourants are prepared from renewable sources
and majority is of plant origin. The main food biocolourants
are anthocyanidins, carotenoids, flavanoids, chlorophyill,
crocin and betalain that extracted from several horticultural
plants. In addition to food coloring, biocolourants also act as
antimicrobials, antioxidants and thereby prevent several
diseases and disorders in human beings. Although,
biocolourants have several potential benefits, tedious
extraction procedures, low color value, higher cost than
synthetic dyes, instability during processing etc. hinder their
popularity (Rymbai et al., 2011), so that there has been an
increased interest in the development of food colorants from
natural sources as alternatives to synthetic dyes because of
both legislative action and consumer concern (Giusti and
Wrolstad, 1996). Anthocyanins as natural colorants used to
color a number of non-beverage foods including gelatin
desserts, fruit fillings and certain confectionaries
(Chattopadhyay et al., 2008).
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Jamun (Syzygium cumini), mainly known as ‘Jaam’
in Bengali, black plum in English and ‘Indian berry’, belongs
to the family Myrtaceae. It found in tropical and subtropical
countries. Because of its high nutritional value and excellent
processing qualities, it is now gaining popularity in sub-
tropics and arid region of the country (Bukya and Madane,
2018). World production of Jamun estimated to 13.5 million
tones, out of which 15.4% contributed by India, Maharashtra
state is the largest Jamun producer (Anonymous, 2005).

Jamun fruit is having higher amount of antioxidants
when compared to the other seasonal fruits like banana,
papaya, guava and sapota (Ghosh et al., 2017).The higher
antioxidant activity in the fruit is attributed to the presence of
antioxidant vitamins, tannins and anthocyanins (Koley et al.,
2011). Antibacterial activity of water extract of jamun by
HPLC shows antibacterial activity at various levels against
Escherichia coli, Bacillus cereus and Staphylococcus aureus
because it contains a large amount of phenolic compounds,
tannins and flavonoids so that we can use it in folk medicines
(Borhade, 2012).

Functional foods consumed in the normal diet and
contain biologically active compounds with potential to
improve health or to reduce the risk of disease (Butnariul and
Sarac, 2019). The functionality of food depends on some of
its bioactive compounds (Asghari et al., 2020). The sugar-
based products characterized by high nutritional value,
pleasant taste and aroma, attractive appearance, so that the
demand for this product group is continuously increasing
(Ghendov-mosanu, 2018). Marshmallow candy is becoming


http://www.jfds.mans.edu.eg/
http://www.jfds.journals.ekb.eg/
http://www.jfds.journals.ekb.eg/

Dalia, M. El-Mesiry et al.

more popular, especially among children, due to the variety
of its forms, appearances and flavors (Magomedo et al.,
2014).

The aim of this research work was to characterize the
pigments obtained from jamun (Syzygium cumin) and using these
pigments as alternative natural red colorant in marshmallow
candy. Water activity, color propertiesand organoleptic
characteristics of the products during storage for 90 days were
evaluated.

MATERIALS AND METHODS

Materials

Fully ripe Jamun Fruit: (Syzygium cumini) obtained
from the Farm of Horticulture Research Institute at El-Qanatir
El-khayriyah city, Qalyubiyah Governorate, Egypt, during
September 2019.

Glucose syrup (30-32DE) purchased from National
Co. for Maize Products, 10th of Ramadan City, Egypt.
Sugar: Commercial grade granulated sugar cane (sucrose)
was obtained from the local market, a product of Egyptian
Sugar and Integrated Industries Company, Hawmdia City,
Egypt.

Other ingredients: Orange flavor (BC 101), gelatin powder,
sodium chloride (food grade) and corn starch were obtained
from local market, Tanta City, El-Gharbia Governorate,
Egypt.

Chemicals: Synthetic antioxidants namely butylated
hydroxyl toluene (BHT) and synthetic red colorants namely
carmine (Alum Lake of carminic acid C.I. 75470), Potassium
Ferric cyanide, Ferric Chloride, Trichloroacetic acid, Ethanol
and 2, 2-Diphenyl-1-Picryl-Hydrazyl (DPPH) all were
obtained from sigma-Aldrich Chime, Steinheim, Germany.
Methods

Extraction of Anthocyanin enriched Extract (AEE) from
Jamun (Syzygium cumini):

Fresh jamun fruit cleaned and washed. The seeds
removed from edible part. Pulp and skin were mashed into
particles by an electric mixer (Barun, Combimax 700,
Germany). An aqueous extraction was prepared from jamun
pulp. The obtained crude extracts were collected and
centrifuged at 6000 rpm for 30 min (Hermle Z206A,
Germany), and evaporated at 40°C to a small volume (Rotary
evaporator, Stuart, UK) . The extract was freeze-dried
(Snijders, Netherlands), at an absolute chamber pressure of
0.04 Pa, freeze-drying began at - 40°C (shelf temperature).
The collected powder processed until it examined in a
hermetically sealed glass container.

Preparation of marshmallow candy

Marshmallow samples were prepared using the recipe
shown in Table 1. The gelatin was soaked with warm water
(45°C). The sugar, glucose syrup, sodium chloride and the
remaining water heated. The brix (°B) value of the mixture
adjusted to 68-75°B by adding a portion of water. The control
sample was coloring by synthetic color (Carmine) at 0.01
g/100g. Different levels of the (AEE) were additionally mixed
into the standard marshmallow candy (additional levels at 3,
5and 7g into the 100g recipe of the marshmallow candy), The
mixture was then poured into cylindrical shaped to the
required thickness, cooled overnight and cut to desired shape
(3cm). Stored in sealed polypropylene plastic bags at 5+1°C
and analyzed after 0, 30, 60 and 90 days.

Table 1. Quantity of ingredients used in the formulae of
marshmallow candy

Ingredients Weight (g/100g)
Gelatin 10.30
Water to soak gelatin 12.74
Sugar 45.09
Water 28.81
Glucose syrup (30-32 DE) 1.93
Sodium chloride (food grade) 0.13
Orange flavor 1
Total 100

DE= Dextrose Equivalent

Analytical Methods:
Antioxidant Activity of Anthocyanin Enriched Extract
from Jamun (Syzygium cumini):

The free radical scavenging activity measured
according to the DPPH method as reported by Brand-
Williams et al., (1995). The FRAP (Ferric reducing
antioxidant power) assay was conducted following the
method described by Yen and Chen, (1995).

Stability of anthocyanin enriched extract from Jamun
(Syzygium cumini):

The stability was determined according to the
methods of Stintzing and Carle, (2004).

Water activity of marshmallow candy samples:

Water activity (aw) measured using a Lab Swift-ay
(Novasina, Switzerland) hygrometer (Piga et al., 2005).
Color parameter of marshmallow candy samples:

Color measured by a colorimeter (Minolta CR 400,
Minolta Camera, Co, Osaka, Japan) and recorded in the L*,
a*, b* color system (Hunt, 1991).

Organoleptic characteristics of marshmallow candy
samples:

Organoleptic characteristics was carried out (Watts et
al., 1989) by panelists from Food Science and Technology
Department, Faculty of Home Economic, Al-Azhar
University, Tanta, Egypt.

Statistical Analysis

The results were analyzed statistically to establish
mean Vvalues, standard deviation (xSD). The data were
statistically evaluated according to the 5 percent level of
probability procedure by the least significant differences
(L.S.D) (Snedecor and Cochran, 1980) using Costat program
Version of (6.451).

RESULTS AND DISCUSSION

Antioxidant activity of anthocyanin enriched extract
from jamun (Syzygium cumini):

The free radical-scavenging capacity of anthocyanin
enriched extract at different concentrations was measured by
DPPH assay and ferric reducing antioxidant power (FRAP) is
given in Table 2. Data showed the ability of (AEE) to
scavenge DPPH radicals demonstrated as the percentage of
DPPH inhibition. At the concentration of (1, 0.8, 0.6 and 0.4
mg/ml) (AEE) caused the highest scavenging of the DPPH
radical (97.9, 93.9, 76.07 and 51.03%), respectively. While
the lowest inhibition values of DPPH radical were (36.72 and
25.06%) at concentration (0.2 and 0.1mg/ml), respectively.
Anthocyanin enriched extract at 0.6, 0.8 and 1mg/ml was
found to exhibit a higher significant DPPH radical scavenging
activity (P <0.05) than that of BHT which caused scavenging
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of the DPPH radical (59.14 and 82.45), respectively at
concentration 200 and 300 ppm. The 1Cs; value of the extract
studied was found to be 3.60 mg/ml and was equivalent to the
synthesis antioxidant BHT (ICso = 139.5 ppm). This result
was accordance with (Menaka and Venkatasubramanian,
2018) found that the antioxidant activity of Lyophilized
Jamun Pulp (22.54%) Inhibition and was better than Jamun
Pulp (18.5%).

Table 2. Antioxidant activity of Anthocyanin Enriched
Extract (AEE) from Jamun (Syzygium cumini)
compared with butylated hydroxytoluene (BHT)

Antioxidant activity

Concentrations FRAP
DPPH (%) (Absorbance at
700 nm)

0.1 mg/ml 25.06 0.166
0.2 mg/ml 36.72 0.254
0.4 mg/ml 51.03 0.402
0.6 mg/ml 76.07 0.553
0.8 mg/ml 93.9 0.700
1 mg/ml 97.9 0.855
(AEE) I1Cso
(mg/mi) 3.60 -
BHT (100ppm) 36.28 0.306
BHT (200ppm) 59.14 0.789
BHT (300ppm) 82.45 0.988
(BHT) ICs 139.60 --

DPPH==2, 2-diphenyl-1-picrylhydrazyl radical. FRAP=ferric
reducing antioxidant power. 1Cg=(Half maximal
concentration)

Data in the same table showed that in ferric reducing
antioxidant power (FRAP), the yellow shade of the test
arrangement changes to green or blue shading relying upon
the reducing power of antioxidant samples. A higher
absorbance indicates a greater reducing power of the ferric.

inhibitory

An increase in FRAP was observed in the anthocyanin
enriched extract with increasing concentration. In general, the
natural antioxidant extract (AEE) would be preferred over
synthetic antioxidant (BHT) to minimize the adverse health
effects. Anthocyanin, as well as other phenolic compounds
could acts as antioxidants by donating hydrogen to highly
reactive radicals thereby preventing further formation of
oxidation products (Fu-kumoto and Mazza, 2000).

Stability of Anthocyanin Enriched Extract (AEE) from
Jamun (Syzygium cumini):

The stability of Anthocyanin Enriched Extract (AEE)
dissolved in buffer solution at various pH values of buffer
ranging from 2.5 to 8.0 and water at pH 6.65. The results in
Table 3 presented that, there is no significant difference
(p<0.05) in (AEE) at pH 5 and incubation period 0, 30, 60, 90
and 120 min at 50°C was 2.65, 3.06, 3.03, 3.18 and 3.16
mg/100 ml. Meanwhile, anthocyanin enriched extract was
more stable at pH 2.5, 3 and 8, which was 21.92, 8.90 and
10.87 mg/100 ml, respectively. However, by diminishing the
pH underneath 3 or expanding the pH over 8, (AEE) content
was significantly decreased.

The statistical analysis in Table 4. show non a
significant difference (p<0.05) in (AEE) content by the
raising of time from 0: 120 min on buffer solutions of
anthocyanin  pigment at different pH and temperatures
resulted led to no significantly decreased from 7.85 to 7.89
mg / 100 ml, respectively. However, there was not a vast
difference in retention between the 50 and 70 °C treatments,
this could indicate imply that most of the pigments were
degraded at 90 °C and no further degradation could occur as
reported by (Saira and Kamran, 2017). Our results were
according to Troise and Fogliano, (2013) noticed that the
stability of anthocyanin and all pigments found in foods
decreased with increases in temperature.

Table 3. Effect of temperature, time and pH level on stability of Anthocyanin Enriched Extract (AEE) (mg /100 ml)

from Jamun (Syzygium cumini)

Temperature Time pH
(°C) (min) 25 3 4 5 6 7 8 Water
0 2307% 851M0p 354 Y2ABCD 2.65° 29480 448wz 14,69° 2.90°P
30 22.82% gggikmo  37pxzABCD 30§ ABCD  3317ABCD  pptw 10310 3,10 ABCD
50 60 2277 995k  370wABCD  3(03ABCD 360 YABCD 425 wyzA g ggikimno 3 75 ZABCD
90 22.71% 97 nikmno 391 wzABCD 3 1gABCD 356 YABCD 571 sw g g7 ikimo 3 4Q zABCD
120 22,62 Q12hikmn 4 QQwzABC 316 ABCD  37302ABCD g gnsu g 7gikimo 3 pgzABCD
0 23078 851™Mo 3,54 YABCD 2.65° 2.948C0 448wz 14,69 2.90 <P
30 22.62% Q51dnikm 3 8GWyZABCD 39 ZABCD 3 g WzABC 5G9, 25 hikimn 3 @ ZABCD
70 60 2257% gQ2iKmo  39gWyZABC 337 ZABCD 431 wWyzA  728Pr 10,010 3,57 yABCD
90 2251% Qjehikmn 471 wWyzABC 35D ZABCD 4 @puwxy 78004 Qg7fhik 337 zABCD
120 22.21% Q04 1Kmro 414 wyzABC 3 67 XzABCD - 4 g3 uwxy 78104 g Qgfthik 33 zABCD
0 23078 851™Mo 3,54 YABCD 2560 2.948C0 448wz 14,69 2.90 <P
30 2148 g73iKmo 403 WzABC 356 Y2ABCD 4 gD tvwx 8.07 "p 10,617  3.30 2ABCP
90 60  20.65° 8.66MM0 4,08 WYZABC 408 WyZABC 577 sw 8.25mwp  10.34f" 349 zABCD
90 18.80% 851™P  423WAB 4 1QWyABC g (2 U 8.58 Imno 10.96"  3.58 yABCD
120 17.809 839™p  A426WYA 426 WA 6.15™ 8.39 mnop 11.06" 3,57 YABCD

LSDy.5 (temperature*time * pH level) = 1.29

W: Water at pH 6.65 Means with different letters (a, b, ¢ ...K, J) indicate significant differences (P < 0.05) LSD= Least significant difference

Water activity of marshmallow candy samples during
storage period at 5+1°C:

Table 5 demonstrate that water activity values as
affected by supplementing with Anthocyanin Enriched

Extract (AEE) during cold storage period .The data showed
that, control sample a,, recorded as the highest value (0.846)
followed by marshmallow candy colored with (3%) (AEE)
(0.830) at zero time. The lowest ay value (0.806) was

191



Dalia, M. El-Mesiry et al.

recorded for marshmallow candy colored with 7% (AEE),

followed by marshmallow candy colored with 5% (AEE)

(0.807) and marshmallow candy colored with 0.1% synthetic

red color (SRC) (0.808) was the next at zero time. Water

activity of marshmallow candy tended to decrease with the
addition of (AEE). It caused by the ability of (AEE) to prevent
moisture absorption and retention.

Table 4. Significant trends on influence means of
temperature, time and pH level on
Anthocyanin Enriched Extract (AEE) (mg
/100 ml) from Jamun (Syzygium cumini)

Temperature  Total  Time Total H Total
(°C) anthocyanin (min) anthocyanin P anthocyanin

50 7.60° 0 7.85° 25 2192

70 7.98° 30 7812 3 8.90°

90 8.04% 60 7878 4 391°

90 .94 5 3.34°

120 7.89° 6 4.25°

LSDoes=0.20 7 6.48

8 1087

LSDos=L07  \yater  300°

LSDoos=1.36

W: Water at pH 6.65 LSD= Least significant difference Means with
different letters (a, b, ¢ ... K, J) indicate significant differences (P < 0.05)

Table 5. Water activity values of marshmallow candy
supplemented with different levels of (AEE)
during cold storage periods at 5+1°C

Storage period LSD
Treatments Zero Afterl After2 After3 at
time month months months 0.05
08467 0.792% + 0,758 + 0693
Control +0006 0013 0004 +0003 2022
syntheic 0808 0801+ 0747+ 0663° , .,
color0.10% +0004 0011 0050 +0.000 -
0.830"A 0.8028 (7568 (0,660
0,
SWAEE {0003 0005 20037 +0014 014
0.807°A 0.776%8 07678 (.742%
0,
SHAEE L0005 20035 0009 +0003 0020
0.806% 0.773% + 0715 + 0,618
0,
TREAE 0008 0002 0001 +0003 0012
LSDat005 0014 0118 0073 0017
Synthetic red color Prepared with 0.10% (carmine). (AEE) =

Anthocyanin Enriched Extract. In a column, means having the same
superscript small letters are not significantly different at 5% level for
marshmallow samples. In a row, means having the same superscript
capital letters are not significantly different at 5% level for cold storage
period. LSD = Least significant differences.

Regularly, recorded data of the same Table illustrated
significance decrease of the a,, values for the control sample
and all treatment by increasing the storage period from zero
time up to three months at cold storage. Our results were
agreement with Opris et al., (2020) found that the numerical
value of the water activity varies in the range of (0.779) for
control (fondant candy), (0.713) for fondant colored with
grape extract and (0.724) for fondant colored with aronia
powder after the first day of storage and reduced to (0.765) for
control, (0.676) for grape extract sample and (0.705) for
aronia powder sample after the 35 day of storage.

Color parameter of marshmallow candy samples during
storage period at 5+1°C:

From statistical analysis of data given in Table 6 it
could be noticed that control sample was the highest L* value

(91.12) followed by marshmallow candy colored with 0.1%
synthetic red color (SRC) (75.25) indicating that they were the
clearest samples, on the other hand, Marshmallow candy
colored with 7% (AEE) (57.47) was the darkest samples. It
was illustrated that, increasing the levels of (AEE) showed a
tendency to decrease lightness (L*) at zero time. Finally,
decrease in L* value suggests darkening of the product and
can be attributed to the occurrence of non-enzymatic
browning.

Table 6. Color measurement of marshmallow candy
supplemented with different levels of (AEE)
during cold storage period at 5+1°C

Treatments L* ax b* C*
Zero time
Control 9112 -139 1229 1236
Synthetic color 75.25 8.27 4.20 9.27
3%AEE 74.68 1.22 12.30 12.3
5%AEE 64.92 2.55 5.22 5.08
T%AEE 57.47 2.65 571 6.29
After month

Control 8776  -0.17 10.69  10.69
Synthetic color 7463  10.92 3.69 11.52
3%AEE 68.08 3.77 7.40 85

5%AEE 49.79 6.06 4.67 7.65
T%AEE 57.68 6.95 5.01 8.56

After 2 months
Control 81.68 0.12 244 244
Synthetic color 7038 1221 207 1238
3%AEE 66.11 381 5.50 6.69
5%AEE 46.95 6.32 -0.73 6.36
T%AEE 54.72 8.11 -0.26 8.11
After 3 months

Control 78.34 0.19 2.08 2.08
Synthetic color 5497 1316 -399 1375
3%AEE 53.35 414 487 6.39
5%AEE 30.19 9.49 -1.37 9.58
T%AEE 3422 1109 -080 1111

(L) =Lightness. (a)=redness. (b)=yellowness.
(C) =Chroma. Synthetic red color Prepared with 0.10%
(carmine) (AEE) =Anthocyanin Enriched Extract.

There were increased in redness (a*) with increasing
the supplemented (AEE) ratio for the control sample and all
treatments at zero time. This increase in red color was due to
the anthocyanin activity as the red pigment in (AEE). Similar
result was found by Ekie and Evanuarini, (2020) found that
the average value of redness (a*) in milk candy was 12.68 to
19.10 where along with the increase of rosella powder
percentage, this due to the anthocyanin activity as the red
pigment giver in rosella where the different treatments;
(12.68) for control treatment increased to (15.00, 17.15 and
19.10) for (1, 3 and 5%) rosella powder. These data showed
that, there were increase in a* value among the control
samples and all treated samples at zero time up to three
months. (b*) values indicating yellowness, ranged from 4.20
to 12.30 in marshmallow samples at zero time. There were
decrease in (b*) values among control sample and all other
treatments at the end of storage period (3 months) comparing
to zero time. The yellowness (b*) should be considered as the
physical parameters to describe the visual color degradation
of the candy during storage. Changes in color intensity
presumably caused by the presence of the enzyme. Change in
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color parameters of candy can be due to the occurrence of
non-enzymatic browning reactions that also took place
together with oxidation (Zhou et al., 2013).

It could be noticed that, there were general decrease in
(C*) among the control sample and all treatments
supplemented with (AEE) at zero time. Overall, the results
showed that the marshmallow supplemented with (AEE)
were redder and less yellow than control marshmallow.
Jamun is a dark purplish fruit and its color undoubtedly
contributed to the color of marshmallow by decreasing the L*
and b* values and increasing a* value so that Jamun extract
can be successfully used to improve color properties of candy.

Organoleptic characteristics of marshmallow candy
samples during storage period at 5+1°C:

The sensory panelists were recorded comparable
appearance, odor, taste, texture and overall acceptability
scores for marshmallow samples that supplemented with
anthocyanin enriched extract (AEE) stored at 5+1° for three
months

(Table 7). From tabulated data, score of appearance
was 9.9 for control sample followed by samples colored with
(3 and 5 %AEE) which recorded (9.8 and 9.7) which was the
best appearance samples. On the other hand, sample colored
with 7% (AEE) and synthetic red color samples recorded the
same lowest score (9.5) at zero time. Score of appearance at
all samples decreased during storage period. Furthermore, the
highest appearance value found in control sample and 3%
(AEE) (7.8), while the lowest (6.1) for synthetic red color
samples at the end of storage period (three months).

The value of odor was highest at control samples (9.9)
followed by samples treated with 3% (AEE) (9.8) but the
lowest score recorded by 7% (AEE) (9.1) at zero time. On the
other hand, there were general decrease in odor at all storage
period ranged from 7.9 for control sample and 3% (AEE) to
7.1 for synthetic red which was the lowest at the end storage
periods (three months).

The data showed that the highest score of taste was
3% (AEE) (9.9) which was the best taste, while the worst taste
recorded by synthetic color (9.1) at zero time. Control
samples, 3 and 5% (AEE) was the highest score at texture and
over all acceptability (9.8, 9. 7 and 9.7) (9.9, 9.9 and 9.8),
respectively and was the best at zero time and continues as the
best at the end of storage (three months) (8.1, 7.9 and 7.6) (7.8,
7.8 and 7.7), respectively.

Maiia et al., (2017) found that marshmallow with
Sudanese rose and black chokeberry extracts possesses a
regular shape with clear outlines without deformation. Almost
all of the organoleptic characteristics (shape, consistency,
taste, smell, color) of the new products with natural
anthocyanin dyes exceed the results of the control sample,
manufactured without them.

Finally, consumer perception has been that natural
food colorant ingredient would be healthful and considered as
potential food colorants for preparing hard candy and Jellies
these findings are in accordance with that of El-Gharably
(2005).

Table 7. Organoleptic characteristics of marshmallow
candy supplemented with different levels of
(AEE) during cold storage period at 5+1°C

8 2
g g 5 g £ T3
s8] ° [

s & 8 & & &%
g2 g
Zero time
Control 9973032 0.0°+048 98°+042 9.8+052 9.9°+053
E})’Irg:‘et'c 054074 96°+074 91°+0.85 87°+085 864048
AEE 084057 08°+057 99°+057 97°+074  9.9°+0.94
B%AEE 079057 020032 96°+082 07°+063 98°+0.70
T%AEE  95°+067 91°+057 94%+078 06'+044 89067

LSD at

Py 045 051 052 050 054
After month

Control  89°053 85%+067 86'+103 852074 89%053

Sé’lrg:‘e“c 7504079 7974048 7.6°+057 8194048 84%+079

%AEE 87°079 87°%084 88:067 79P+057 8704074

SAEE 78°+063 7874082 7.8+071 78°057 7.8°+0.79

T%AEE  7.8°#0.78 7.9°#0.33 75°+0.60 7.9%+093 7.9°+0.60

LSD at

e 0.68 066 059 067 064
After 2 months

Control  84°088 88°%070 7.602094 841082 842052

gg’lr(‘)t:‘e“c 744052 76°+0.82 784079 6.6°+063 7.7°+0.70

AEE 7.7°+108 7.9°+063 894082 7.7°+074 784082

S%AEE 79%+074 7.7°%057 7.7°+071 76°085 7.7°+0.71

T%AEE 74°+053 74°+060 74°+053 74°+073  74°+097

LSD at

e 0.69 067 068 059 067
After 3 months

Control 788070 7.9°%063 75%092 81°%057 782050

fé’lr(‘)t:‘et'c 6.1°+067 7.1°+0.85 7.3°+063 61°+084 6.5 +054

AEE 78074 79°%085 7.6'3063 7904084 78°084

B%AEE 7.7°052 78°070 754067 7.6°+103 7.7+048

T%AEE 754071 7404067 742071 74092 7.20+071

LSD at

Py 054 059 052 061 056

Synthetic red color Prepared with 0.10% (carmine) (AEE) =Anthocyanin
enriched extract. Means having the same superscript letters are not
significantly different at 5% level for marshmallow samples  LSD =
Least significant differences.

CONCLUSION

This study provides clear evidence it is economic,
proper and successful applicable to produce children
marshmallow candy colored by natural color (anthocyanin
extract from Syzygium cumini) as a substitute of the artificial
colors, hence must resort to natural sources which are very
suitable to be taken as a good natural food or natural-food
additive with many categories of healthy foodstuffs.
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