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ABSTRACT

Background and Objectives: Black mulberry is a juicy and dark purple to black fruit with a good balance of
sweetness and tartness. This fruit is highly interested due to high quantities of anthocyanins. The bioactive compounds are
often present in fruit tissues and should be released. The aim of this study was to extract bioactive compounds of black
mulberries and assessment of heating process effects on the extracted compounds.

Materials and Methods: Aqueous, ethanol and aqueous-ethanol solvents were used for the extraction processes. The
physicochemical properties of extracts, including total phenol, total anthocyanin content, anthocyanin profile, antioxidant
activity, acidity and total solids, were investigated. Then, the aqueous-ethanol extract was subjected to direct heating,
microwave heating and non-thermal (gamma radiation) processes to assess their possible effects on the extract.

Results: The aqueous-ethanol extract included higher total phenol (68.94 mg GAE/g) and anthocyanin contents (226.16
mg/ml), higher antioxidant activity (DPPH of 90.29% and FRAP of 1.42) as well as higher quantities of anthocyanins
(cyanidin-3-glucoside, cyanidin-3-rutinoside and cyanidin-3-xyloside of 277.36, 53.21, and 11.44 mg/ml, respectively). It
was observed that less time and power of heating, microwave and gamma radiation conditions included less deteriorative
effects on anthocyanin compounds and thus a higher antioxidant activity was seen.

Conclusions: Aqueous-ethanol solvents include further extraction efficiencies on phenolic compounds and anthocyanins
and are considered as appropriate chemicals for the extraction of bioactive compounds from black mulberries.

Furthermore, moderate heating conditions can preserve higher quantities of anthocyanins.
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Introduction

Consumption of colorful fruits such as berries has
been increased recently because of their positive
biological effects (1). Berries consumption includes
beneficial health effects, including decreased
cardiovascular diseases, lowered blood pressures,
decreased insulin resistances and protected consumers
against metabolic syndromes (1-3). Furthermore,
radical scavenging activity (RSA) has been reported
for the colorful fruits. Studies have demonstrated that
free radicals, which cause cancer cell promotions, are
neutralized and consequently cell metabolisms are
regulated (1). The biological effects are mostly
associated with the plant compounds. These

compounds can potentially include antioxidant
activities, which can be attributed to their reducing
agents (4,5). The bioactive compounds are mainly
classified to phenolic and anthocyanin groups (2,6).
The two main groups can be found in plant tissues as
insoluble complex structures; therefore, extraction
processes should be carried out to achieve the
bioactive compounds (e.g. anthocyanins and phenolic
acids) at the highest rehabilitate capacity (2,7). It is
worth mentioning that the extraction conditions,
including pH, temperature and solvent type, can affect
numbers of active rehabilitation points (7).
Conventional extraction or maceration procedure,
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which is carried out through sets of temperature, time
and solvent/material ratio, has been more studied due
to its convenient handling and availability (4,8).
Nowadays, food technologists are interested in
processing methods with less deteriorative effects on
bioactive  compounds  (9,10). For example,
microwave-based baking methods are used for
processing polar food systems. Use of ultraviolet
(UV) light and gamma ray for surface disinfection of
pathogens is preferred to heat treatments due to
radiation less deteriorative effects on nutraceutical
compounds (10). Therefore, comparisons between
heat treatment, microwave treatment and y-ray
radiation are further interesting. Since food
enrichment with natural antioxidants is an beneficial
issue; hence, presevation of the highlighted
compounds during processing must be considered as
an critical issue (9,11).

Berries, as colorant fruits, contain high levels of
phenolic compounds and anthocyanins such as
cyanidin-based anthocyanins, tannins, chlorogenic
acids and flavonoids (12,13). Studies have reported
cyanidins as prevailing anthocyanin compounds in
three blackberry cultivars of Jumbo, Black Satin and
Dirksen (13). Recently, the antidiabetic potential of
black mulberry extract enriched pasta has been
studied and shown that diabetes mellitus type 2 can be
cured using polyphenolic compounds of black
mulberries (14). These compounds can contribute to
potent antioxidant activities and act as radical
scavengers (12). Moreover, cardio protective effects
have been verified for phenolic extracts from Chilean
blackberries, namely Aristotelia chilensis (15). The
aim of the current study was to extract bioactive
compounds of black mulberry fruits containing
phenolics and anthocyanins. Therefore, aqueous and
ethanolic  extraction protocols were wused as
maceration extraction procedures. Comparisons of
heat, microwave and gamma-radiation treatment
effects on bioactive compounds were other aims of
the present study. Experiments were carried out to
achieve a favorable processing method with less
adverse effects on nutraceutical compounds.
Materials and Methods
Materials: Fresh Dblack mulberry fruits were
purchased from Mollasani Region of Southwestern
Iran, April 2017. Fruits were cleaned from impurities
to prevent spoilage. These were packaged in
polyethylene bags and stored at -18 °C until use. The
analytical-grade chemicals such as ethanol, methanol,
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2,2-diphenyl-1-picrylhydrazyl (DPPH), gallic acid,
Folin-Ciocalteu  reagent, ascorbic acid and
phenolphthalein  were purchased from Merck
(Germany) and Sigma-Aldrich (USA).

Extraction of anthocyanins: Maceration method was
used to extract phenolic and anthocyanin compounds.
First, black mulberry fruits were ground and then
mixed with the solvents at a ratio of 1:10. Two
solvents in three extraction forms of water (aqueous
extraction), ethanol and a mixture of both at 50:50
ratios were used for extraction. Mixtures were
agitated at 200 rpm at constant ambient temperature
and stored for 3 h to be more efficiently extracted.
Then, mixtures were filtered through Whatman papers
No. 1 using Buchner funnels. Residual of black
mulberry pulps were collected and re-extracted using
fresh solvents with similar conditions. All chemical
analyses were carried out on fresh and freeze-dried
extracts.

Chemical properties of the black mulberry
extracts: Moisture, ash, protein, total dietary fiber
(TDF) contents and acidity of samples were assessed
using standard AOAC methods nos. 920.151, 940.26,
920.152, 985.29 and 942.15, respectively (16). The
pH and total solid content (TSC) contents of the
extracts were calculated using Titrino 654 laboratory
pH meter (Metrohm, Switzerland) and
Karl Zeiss 32F refractometer (Jena, Germany),
respectively.

Total phenol content (TPC): The TPC of black
mulberry extracts was calculated based on a method
describped by Ozgen et al. (17) with minor
modifications. Briefly, 300 pL of the prepared
extracts were poured into experimental glass tubes
and mixed with 1.5 ml of Folin-Ciocalteu reagent
water-diluted solution (1:10). This was set on bench
for 10 min at room temperature to react. Then, 2 ml of
sodium carbonate (7.5% wi/v) were added into the
solution and mixed well. Tubes were stored for 120
min at room temperature to complete the process.
Absorbance of the solutions was then measured using
spectrophotometer at 765 nm. The TPC was
expressed as mg gallic acid equivalent per g of the
extract powder.

Antioxidant activity: Antioxidant activity of the
extracts was assessed using DPPH and ferric reducing
antioxidant power (FRAP) assays based on original
methods by Lou et al. (6) and Ozgen et al. (17) with
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some modifications, respectively. The ICg, values
were expressed for the extracts to show the least
effective concentrations that scavenge 50% of the
DPPH free radicals. The 1Cs, was calculated from the
plot of inhibition percentage against sample
concentration.

Total anthocyanin content (TAC): The TAC of the
extracts was calculated based on the pH differences of
black mulberry extracts (18). Potassium chloride
buffer (pH 1.0, 0.025 M) and sodium acetate (pH 4.5,
0.4 M) were used for preparing two extract solutions.
Dilution was carried out at a ratio of 9:1. Absorbance
of the solutions was  measured  using
spectrophotometer at 510 and 700 nm and distilled
water used as blank. The pH differential was
calculated by substituting the two absorbance values
at two certain points of pH based on the following
equation:
A= (Agyo — A700)pH 1.0 — (As10 — A700)pH 4.5 1)
Where, A was pH differential value associated to
black mulberry extract dilutions in buffer systems.
The A value was used to quantify samples TAC

based on the following equation:

. AXMWxDFx103
Total anthocyanins content (%) = %}Xlo 2)

The TAC was expressed base on mg of cyanidin-3-
glucoside equivalent per liter where MW (molecular
weight) = 449.2 g/mol for cyanidin-3-glucoside (cyd
3-glu); DF = dilution factor of black mulberry extract;
1 = path length in cm; ¢ = 26,900 M extinction
coefficient in L x mol~! x cm~* for cyd-3-glu and 10°
= factor for conversion from g to mg.

Quantification of anthocyanins using high-
performance liquid chromatography (HPLC):
Anthocyanins of the black mulberry extracts were
identified using HPLC according to Chen et al. (19)
and Benmeziane et al. (20) methods with partial
modifications.  First, mulberry extracts were
centrifuged and filtered using Millipore filters with a
cutoff of 20 kDa (Microcon YM-10, Millipore,
Bedford, USA). A 10-pL of the extracts was injected
into Azura HPLC system (Knauer, Berlin, Germany)
consisting of a binary pump (LC, P 6.1 L) equipped
with UV-Vis photodiode-array detector (DAD 2.1 L,
Knauer), 5-um ODS3 reversed-phase prodigy column
(250 x 4.6 mm; Phenomenex, Torrance, CA, USA)
and eluted solvent A (water:formic acid 90:10) and
solvent B (formic acid:acetonitrile 10:90) at 1 ml/min
under the gradient condition at 20 °C. The analysis
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was carried out based on the comparison of associated
retention times of peaks with those of pure standards.
Cyanidin-3-glucoside, cyanidin-3-rutinoside,
cyanidin-3-xyloside, delphinidin-3-glucoside and
pelargonidin-3-glucose were used as standards. The
Chromgate Software (Knauer, Berlin, Germany) was
used to analyze data. All analyses were carried out in
duplicate.

Heat treatments of the black mulberry extracts:
Thermal and non-thermal treatments were used to
investigate respective effects on phytochemical
compounds of the black mulberry extracts. The
extracts were selected based on the antioxidant
activity and highest phenolic and anthocyanin
contents. Thermal heat treatments were set on four
various conditions of 70 °C (30 and 45 s) and 85 °C
(30 and 45 s). Non-thermal treatments included use of
microwave and y-radiation. Microwave treatment was
carried out at 600 and 900 W for 30 and 45 s. The vy-
radiation was carried out at three various beam
powers of 5, 7.5 and 10 KG.

Statistical analysis: All analyses were reported as
means £SD (standard deviation). The SPSS Software
v.19 (SPSS Inc., Chicago, IL, USA) and analysis of
variance (ANOVA) were used to investigate
significant differences between the average values
(95% confidence). Significant differences between the
means were calculated using Duncan test at a
significant level of P<0.05.

Results

Chemical properties of the black mulberry
extracts: Chemical properties of the fresh black
mulberry fruits are shown in Table 1. Results of
chemical attributes for the black mulberry extracts
from three various solvents are presented in Table 2.
The minimum and maximum pH values were
measured as 4.56 and 5.39 for ethanol and aqueous
extracts, respectively. The pH value was reported as
5.39 for aqueous-ethanol extract. The highest and
lowest acidity values were reported for the samples
extracted with ethanolic (1.81%) and aqueous
(1.52%) solvents, respectively. For TSC, agueous-
ethanol extract presented the highest (10.16%) and
aqueous extract presented the lowest (9.12%)
quantities of TSC. As shown in Table 2, TSC in
ethanol extract was 9.72% which is significantly
higher than that in aqueous extract but lower than that
in aqueous ethanol (P < 0.05).
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Table 1. Chemical properties of the fresh black mulberry fruits

Sample Moisture Total Reducing Total Ash Dietary Protein pH Acidity
(%) solid (%) sugars (%) sugar (%) (%) fiber (%) (%) (malic
acid%)

Black mulberry 88.11 11 4.83 5.3 0.78 1.37 21 4.03 0.64

fruits

Table 2. Chemical properties of the black mulberry extracts using aqueous, ethanol and aqueous-ethanol extractions

Sample pH Acidity Total solid Total phenol Total anthocyanin DPPH% FRAP 1Cso (Mg/ml)
(malic acid%) (%) content content (mg TE/g db)

Aqueous extract 5.39 +0.026° 1.52 +0.01° 9.12 +0.071° 58.77 +0.67° 200.29 +1.49° 74.22 +1.119° 1.17 £0.01° 1840 +95.8°

Ethanol extract 4,56 +0.02° 1.81 +0.016° 9.72 +0.061° 65.76 +1.036" 209.68 +2.53 79.38 +1.429° 1.28 +0.005° 450 +13.50°

Aqueous/ethanol 4.77 +0.01° 1.75 +0.01° 10.16 £0.176°  68.94 +0.861° 226.16 +3.36° 90.29 +0.157% 1.42 +0.01% 288 +12.70°

extract

Different letters in each column indicate significant differences (P < 0.05)

Total phenol content (TPC): The ethanol-water
extract included a higher TPC value (68.94 mg
GAE/qg), compared to those other extracts did (58.77
and 65.76 mg GAE/g for aqueous and ethanol
extracts, respectively) (Table 2). The aqueous-ethanol
significantly included a higher TPC value than that
the ethanol extract did (P < 0.05). As seen in Table 2,
the agueous-ethanol extract significantly included a
higher TAC (226.16 mg/L), compared to that aqueous
(200.29 mg/L) or ethanol (209.68 mg/L) extract did.
Ethanol extracted a little anthocyanins relatively.

Antioxidant activity: The antioxidant activity was
calculated as 90.29% for aqueous-ethanol extract,
which can be related to higher phenolic and
anthocyanin contents (Table 2). The aqueous extract
(74.22%) showed the least antioxidant activity with
DPPH assay. The FRAP results were provided in
Table. Similar results were measured for FRAP since
aqueous-ethanol extract revealed higher FRAP
amount (1.42) which had a significant difference with
the values belonged to aqueous or ethanol extracts (P
< 0.05). Another antioxidant index for black mulberry
extracts was ICs, values that defining as the least
amount (concentration) of antioxidant substances that
could reduce 50% of free DPPH radicals. Therefore,
the lower concentration of antioxidant, the stronger
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antioxidant activity could be implied. Lower ICs
value (288 pg/ml) obtained for aqueous-ethanol
which could be due to its higher phenolic and
anthocyanin contents. Conversely, just aqueous
extract indicated higher 1Cs, (1840 pg/ml) due to
lower phenolic compounds that was extracted in
water media.

Quantification of anthocyanins using high-
performance liquid chromatography (HPLC):
Results from the quantification of various black
mulberry extracts with HPLC are shown in Figure 1.
These results showed that cyanidin-3-glucoside was
the major anthocyanidin compound in all samples and
cyanidin-3-rutinoside and cyanidin-3-xyloside were
the major anthocyanin compounds, respectively. The
HPLC analysis of samples revealed that the highest
and lowest amount of cyanidin-3-glucoside was found
in aqueous/ethanol (277.36 mg/ml) and aqueous
(179.75 mg/ml) extracts, respectively. Results showed
the highest and the lowest quantities of cyanidin-3-
rutinoside in ethanol (58.91 mg/L) and aqueous
(17.65 mg/L) extracts, respectively. In contrast,
cyanidin-3-xyloside was not detected in the aqueous
extract. The quantity of cyanidin-3-xyloside in
ethanol extract (14.41 mg/L) was higher than that in
aqueous-ethanol extract (11.44 mg/L).
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Figure 1. Anthocyanin compound analysis of various black mulberry extracts using high-performance liquid chromatography

(HPLC). Different letters in each column indicate significant differences (P < 0.05)

Heat treatment effects on chemical properties of
the agueous-ethanol extracts: In general, chemical
properties of the aqueous-ethanol extract were
affected by thermal (direct heat), non-thermal
(microwave) and y-radiation treatments (Table 3).
The crude TPC was calculated as 68.94 GAE/g dry
wt. for the aqueous ethanol extract that was
significantly higher than treated samples. Microwave
treatment demonstrated lower changes (decrease) in
TPC, compared to that other treatments did. The
highest decrease belonged to microwave treatment
with process conditions of 900 W for 45 s and y-
radiation with beam powers of 7.5 and 10 KG. The
TAC changes are shown in Table 3. The TAC was
reported as 226.13 mg/ml using crude extracts.
Instead, the lowest quantity of TAC (196.62 mg/ml)
was achieved in samples heated at 85 °C for 45 s.
Moreover, microwave treatment at 600 W for 30 s
caused the lowest changes. The y-radiation showed a
relatively higher TAC (210.11 mg/ml) only at 5 KG.
The RSA values of crude samples subjected to
thermal and non-thermal treatments are presented in
Table 3. Crude extracts showed the highest DPPH
RSA (90.29%) while samples exposed to microwaves
at 900 W for 45 s showed the lowest DPPH RSA.
Similar results were achieved for thermal treatments
with less deteriorative effects. The y-radiation
treatments showed a lower antioxidant activity
(79.82%), especially at the highest power (10 KG),
compared to that other treatments did. Results of the
FRAP antioxidant activity were similar to those
described previously. The highest FRAP values (1.42)
were achieved for the crude samples while the lowest
values were achieved for the samples of microwave
treatments at 900 W for 45 s. Partial decreases were
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observed for samples exposed to 70 °C for 30 s and
subjected to y-radiation at 5 KG. For ICs, the lowest
value (288 pg/ml) was reported for the crude samples.
The highest value of 1Cs (1133 pg/ml) was reported
for the samples exposed to y-radiation at 10 KG.
Acidity values of the samples ranged 1.61-1.76 with
no significant differences (P < 0.05).

Heat treatment effects on anthocyanin contents of
the aqueous-ethanol extracts: Anthocyanin contents
were assessed after exposing the agueous-ethanol
black mulberry extracts to thermal and non-thermal
treatments (Table 4). Results showed significant
differences in moisture cyanidin-3-glucoside contents
of the samples due to the thermal treatments
(P<0.05); hence, all heat treatments decreased
cyanidin-3-glucoside contents in aqueous-ethanol
black mulberry extracts. The crude extracts included
highest quantity of cyanidin-3-glucoside (277.36
mg/ml) whereas samples exposed to direct heat at 85
°C for 45 s included the lowest quantity (187.54
mg/ml). Using microwaves, the moderate exposure
power (600 W for 30 s) included lower adverse
effects on cyanidin-3-glucoside contents (264.95
mg/ml), while a higher exposure power and longer
time (900 W for 45 s) decreased cyanidin-3-glucoside
to 189.69 mg/ml. Furthermore, y-radiation decreased
cyanidin-3-glucoside contents to 194.9 mg/ml,
especially at higher power (10 KG). Similar results
were seen for cyanidin-3-rutinoside and cyanidin-3-
xyloside contents and their values decreased due to
the thermal and non-thermal heat treatments. Since
the moderate condition of thermal or non-thermal
treatment included less deteriorative effects on
bioactive compounds, further anthocyanins were
achieved.
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Table 3. Effects of thermal and non-thermal heats on chemical characteristics of the aqueous-ethanol black mulberry extracts

Treatment/sample DPPH FRAP I1Cs (ng/ml) Total phenol  Anthocyanin content Acidity

(%) (mg TE/g db) content (mg/ml) (malic
acid%)

aqueous/ethanol extract  90.29 #0.15*  1.42 +0.01° 288 +12.70'  68.94 +0.86° 226.16 +3.36° 1.75 +0.01°

(plain sample)

direct heat treatment 87.15 +0.22™ 1.38 +0.00° 331 +8.00" 67.61 +0.32" 210.68 +0.99" 1.61 +£0.03%

(70 °C - 30s)

direct heat treatment 86.36 +0.02° 1.25 +0.00° 340 £8.90"  65.99 +0.67™ 200.75 +1.00 1.62 +0.05%

(70 °C - 455)

direct heat treatment 86.05 +0.34%  1.24 +0.00° 415 +12.10°  65.78 £0.96™ 202.33 +1.84°f 1.73 £0.01%

(85 °C - 305)

direct heat treatment 83.81 +0.17° 1.17 +0.00" 454 +3.60°"  63.14 +0.34° 196.62 +0.73° 1.68 +0.022

(85 °C - 455)

microwave treatment 89.11 +0.11®  1.42 +0.00° 483 +4.10%  68.11 +0.11° 213.40 +0.38° 1.72 +0.12

(600 W, 30s)

microwave treatment 81.98 +1.31% 1.34 +0.01° 535+13.70°  65.51 +0.65™ 206.45 +0.52%% 1.65 +0.01%

(600 W, 455)

microwave treatment 81.71£0.74%"  1.34 +0.00° 515 +6.20%  63.51 +0.68% 208.59 +1.08% 1.64 +0.02%

(900 W, 30s) _

microwave treatment 76.51 +0.79' 0.98 +0.01¢ 790 +7.20° 60.25 +0.22° 200.54 +0.61™ 1.69 +0.072

(900 W, 45s)

gamma radiation 84.15 +1.47%  1.41+0.01® 43115807  65.42 +0.68" 210.11 +1.18" 1.63 £0.04%

(5 KG)

gamma radiation 81.36 +0.49°"  1.29 +0.01¢ 762 £23.60°  62.11 +0.90° 206.26 +0.89 1.66 +0.00

(7.5 KG)

gamma radiation 79.82#0.32"  1.24+0.01°  1133+12.20*°  60.61 +0.67' 204.10 +1.41%f 1.76 +0.05°

(10 KG)

Different letters in each column indicate significant differences (P < 0.05)

Table 4. Effects of thermal and non-thermal heats on anthocyanin compounds of the aqueous-ethanol black mulberry extracts

Treatment/sample Cyanidin-3-glucoside

Cyanidin-3-rutinoside Cyanidin-3-xyloside

(mg/ml) (mg/ml) (mg/ml)
aqueous/ethanol extract (plain sample) 277.36 53.21 11.44
direct heat treatment (70 °C - 30s) 219.25 33.31 9.73
direct heat treatment (70 °C - 45s) 188.75 18.78 8.81
direct heat treatment (85 °C - 30s) 199.10 15.09 5.97
direct heat treatment (85 °C - 45s) 187.54 14.15 2.39
microwave treatment (600 W, 30s) 264.95 35.49 8.43
microwave treatment (600 W, 45s) 198.25 39.64 7.99
microwave treatment (900 W, 30s) 200.03 33.31 5.31
microwave treatment (900 W, 45s) 189.69 23.31 211
gamma radiation (5 KG) 223.34 41.03 10.25
gamma radiation (7.5 KG) 196.25 33.64 8.21
gamma radiation (10 KG) 194.90 28.31 5.31

Different letters in each column indicate significant differences (P < 0.05)

Discussion

Chemical properties of the black mulberry
extracts: The aqueous-ethanol extract showed
moderate values of pH. It seems that addition of
ethanol to water could support further organic acid
extractions. Citric and malic acid have been reported
as dominant acids in black mulberry fruits (3,19).
Ethanol shows less polar properties than water and
malic acid with the respective chemical structure
(C4Hs0s); therefore, acid compounds with lower polar
characteristics could easily diffuse into ethanol-based
media and the compounds could be extracted more
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easily and quickly. Furthermore, phenolic acids could
be involved in pH decrease of fruit extracts (21).
Therefore, aqueous media alone extract less phenolic
acids due to the limited polar pathes in the system. In
this study, it was observed that ethanol could increase
extraction of solid materials. Semi-polar ingredients
such as phenolic compounds can be removed from the
plant tissues using organic solvents. Aqueous media
mainly facilitate extraction of polar compounds while
ethanol-based media facilitate extraction of semi-
polar or less-polar ingredients. These results are
similar to results by Sarkar et al. (22). Use of mixed
solvents can potentially increase solid material
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diffusion into the extraction media (18,13). Therefore,
this can be used to achieve higher solid material
diffusions (from the plant tissues to the extraction
media) and total phenol and anthocyanin contents.

Total phenol content (TPC): Ethanol, as organic
solvent, could extract phenolic compounds more
effective than that water could (23). Organic solvents,
with relatively polar characteristics, are able to attract
bioactive compounds and therefore their extraction
are facilitated. In the present study, ethanol extracts
showed significant differences with aqueous extracts
(P < 0.05); similarly to those by Sarkar et al. (22). In
the current study, the respective value (209.68 mg/L)
achieved using ethanol extracts was significantly
higher than that achieved using aqueous extracts.
Hence, it was clear that ethanol could effectively
extract compounds with less tendency to polar media
and anthocyanins could efficiently be extracted with
methanol other than ethanol (23).

Antioxidant activity: Black mulberry fruits are rich
in anthocyanin and phenolic compounds. These
compounds have been reported to include potential
antioxidant activity due to their chemical structures.
Plants and fruits produce these bioactive compounds
to treat their disorders (24). They could be involved in
antioxidant linked reactions. Higher DPPH showed
that the aqueous-ethanol extract strongly acted as
antioxidant. In fact, this was attributed to flavonoid,
phenolic compound and anthocyanin content of the
extract that could revive free radicals (12,17,24).
Moreover, antioxidant activity of the extracts was
assessed using FRAP method based on ferric (Fe*)
reduction. Therefore, antioxidant compounds could
donate electrons to oxidized iron and thereby color
changes indicated that how strongly the antioxidant
constituents could exert their bioactive impacts. The
Fe®* ions were easily reduced by hydrogens within the
phenolic groups; originated from strong antioxidant
activity of the black mulberry extracts (23). Addition
of ethanol resulted in further bioactive compound
extractions and hence stronger reduction capacities
for ethanol and aqueous-ethanol extracts (Table 2),
compared to water extract. When ethanol was added
to water, ICs; value decreased significantly.
Therefore, ethanol could extract phenolic substances
more efficiently than water.
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Quantification of anthocyanins using high-
performance liquid chromatography (HPLC):
Anthocyanins were the major antioxidant compounds
of the black mulberry extracts using HPLC. Cyanidin-
3-glucoside, cyanidin-3-rutinoside and cyanidin-3-
xyloside were reported as major anthocyanidin
constituents in the black mulberry extracts. Similarly,
Chen et al. (19) reported that cyanidin-3-glucoside
was the major anthocyanin constituent in fresh and
freeze-dried black mulberry extracts. It is verified that
phenolic compounds can be affected by geographical
locations and weather conditions. In addition,
extraction conditions such as type of solvent,
temperature and pH can change quantity and quality
of anthocyanins (19,25,14).

Heat treatment effects on chemical properties of
the aqueous-ethanol extracts: Based on the findings
of this study, the highest decrease in TPC was
observed in extracts affected by indirect heat
treatments at higher power and time. It was observed
that prolonged and intensive process conditions
resulted in lower TPC wvalues; based on
decomposition effects of the associated treatments.
Thermal treatments, especially prolonged treatments,
resulted in lower TPC values (3,26,12). Non-thermal
treatments were demonstrated to alter anthocyanin
contents significantly at intensive and deteriorative
conditions. Furthermore, it was clearly shown that use
of higher temperatures, especially for longer times,
resulted in decomposition of anthocyanins due to their
susceptible structures to heat (1,26,6,27). Flavonoids,
phenolic compounds and anthocyanins are the major
antioxidant constituents involved in electron donation.
Therefore, microwaves at intensive powers could
damage these bioactive and susceptible ingredients
(10). In general, Microwave treatments (900 W for 45
s) showed the most intensive adverse effects on
antioxidant activity using DPPH and FRAP. Higher
ICs, values indicated lower antioxidant activities
while lower [ICsy values indicated that lower
concentrations of extracts were needed to scavenge
50% of the DPPH radicals. Therefore, y-radiation at
10 KG decomposed bioactive compounds and
decreased antioxidant activities of the extracts. It
could be concluded that intensive conditions resulted
in lower antioxidant activities with higher 1Cs, values.

Heat treatment effects on anthocyanin contents of
the aqueous-ethanol extracts: Of the current
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processes, thermal treatments at highlighted
conditions intensively degraded the anthocyanin
compounds. Based on the results of this study,
cyanidin-3-glucoside,  cyanidin-3-rutinoside  and
cyanidin-3-xyloside in the agueous-ethanol black
mulberry extracts decreased due to the thermal and
non-thermal heat treatments. Thermal treatments can
decompose anthocyanins that react to high
temperature, oxidation and metal ion levels
(23,6,11,27). It can be suggested that simultaneous
use of thermal and non-thermal treatments include
more advantages than that use of these treatments
alone does. Thermal treatments are usually used to
inactivate enzymes (peroxidase and polyphenol
oxidase), which are involved in quality changes of
food ingredients. Fresh fruits and plants contain these
enzymes in their tissues; hence, inactivation of the
highlighted enzymes seems necessary. Heat
treatments for enzymes inactivation have been shown
to be more efficient than non-thermal treatments.
Pretreatment can be carried out using thermal
treatments and then pasteurization can be carried out
using non-thermal processes to minimize the adverse
effects of thermal processes (28,10). In most studies,
a combination of thermal and non-thermal processes
is recommended due to less decomposition effects on
anthocyanins and other susceptible bioactive
compounds (27).

Conclusion

Colorful fruits, especially berries such as black
mulberry, are rich in flavonoid, phenolic and
anthocyanin compounds. The present study has
revealed that use of mix solvents includes several
advantages in terms of extraction efficacy. The
aqueous-ethanol solvent more efficiently extracted
phenolic compounds and anthocyanins; therefore,
higher total contents of phenol and anthocyanin were
achieved. In antioxidant activity, the aqueous-ethanol
solvent showed higher RSA and ability to reduce
ferric ions. Based on the results, both thermal and
non-thermal processes showed less deteriorative
effects at moderate conditions. Heat treatment at 70°C
for 30 s, microwave treatment at 600 W for 30 s and
low-power vy-radiation (5 KG) resulted in less
degradations of anthocyanins.
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