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ABSTRACT
Anthocyanin is a phenolic compound present in fruits and vegetables exist in red, purple, yellow and orange colour.
Nowadays, the demand for nutraceutical and medicinal properties containing natural colorants in food products are
increasing day by day with increasing awareness against harmful effects of synthetic colours. So there is a need to
develop an easy, efficient and cost effective method for purification and extraction of bioactive compounds. Study was
carried out to check the effect of solvent to sample ratio, extraction temperature and time on anthocyanin extraction
efficiency. Anthocyanins are also used as natural colorants in food. the optimal condition for solvent extraction method
was observed to be at 1:5 a solid to solvent ratio at 60oc extraction temperatures for extraction time of 2 hrs with
quantity of anthocyanin 65.60 ± 0.44 mg/l. This optimized extraction condition is useful for further study of stability of
anthocyanin crude extract after purification by macro-porous resin or to study column chromatography. Total phenolic
content (TPC) was found significantly (p<0.05) correlated with total anthocyanin content (TAC) under varying
extraction temperature (r = 0.984) and extraction time (r = -0.917) conditions.
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1. INTRODUCTION
The demand of natural colours is increasing day by day since consumers are becoming more aware about the
hazards associated with synthetic colours. Investment on natural colorant in the global market has reached the
USD 645 million presently and predicted to grow at compound annual growth rate (CAGR) of 7.3% during
2017-2022 (Morder Intelligence, 2017). The natural colours are getting more importance due to their non-
toxic nature and medicinal properties. But the need of the hour is to establish an efficient, safe and economical
method of extraction for natural pigments. On the contrary these phenolic compounds are very sensitive to
light and temperature. Advanced extraction methods such as pulsed electric fields, ultrasound assisted
extraction, high hydrostatic pressure processing, membrane technology and sonication etc. can also be used as
potential method of extraction from natural sources but are cost involving.

The anthocyanins are phenolic compound responsible for an attractive colour in flowers and fruits (Delgado-
Vargas, Jiménez, & Paredes-López, 2000). Anthocyanin contains antioxidants due to which it helps in
reducing the risk of coronary heart disease and other chronic diseasesas well (Renaud & de Lorgeril, 1992).
Anthocyanins occur in nature in different forms, but six of them are common in foods- cyanidin, peonidin,
pelorgonidin, malvidin, delphinidin&petunidin (Cooper-Driver, 2001). With a few exceptions anthocyanins
are always glycosylated at C-3 position (Takeoka& Dao, 2002).
Many researchers have reported that mulberry is best source of the anthocyanin (He &Giusti, 2010;
Pornanong, 2010; Wallace &Giusti, 2008 etc.). Yamamoto and et al. (2006), have reported that mulberry
fruits exhibit various kinds of biological activities viz., anti-thrombotic, antioxidant, antimicrobial, anti-
inflammation and neuro-protective effects etc. These activities are mainly generated by anthocyanins.
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Mulberry fruit has been reported to be greater source of anthocyanins such as cyanidin-3-glucoside and
cyaniding-3-rutinoside (Liu et.al, 2008). The mulberry is native species occurring widely over Asian
continent. Southern Europe is also one of the major regions cultivating mulberry for many purposes.
Mulberries are generally found from March to May. Despite the seasonal availability for mulberry, this fruit
rarely makes its way into the markets. This is likely because the fruit is highly perishable and it is difficult to
ship it from its place of cultivation to market. So idea of utilization of mulberry fruit as a source of
anthocyanin can be of great importance. The fruit itself is believed to be a remedy against constipation,
premature aging, fatigue, premature greying, anaemia, dizziness, urinary incontinence, insomnia and tinnitus
etc. It is also used for nourishing the yin, blood and benefits the kidneys (Chu et.al, 2006; Ercisli&Orhan,
2007).

Till now no attempt has been made for the optimization of primary extraction condition for anthocyanin by
using solvent extraction method from Morusrubra L. Therefore the study was undertaken to optimize the
primary extraction condition in terms of extraction temperature, extraction time and solid to solvent ratio
keeping in mind, the stability of anthocyanin with varying time and temperature conditions.

2. MATERIALS AND METHOD
2.1 MATERIALS
2.1.1 PLANT MATERIAL
Red mulberries were collected from a local market in Chandni Chowk, Delhi, India. These mulberries of
MorusIndica species (Morusrubra L.) were air dried for removing the evaporated water and then stored in
polythene bags at temperature -40OC in deep freezer prior to extraction.
2.1.2 CHEMICALS USED
Ethanol, HCL, Folin-Ciocalteu Reagent, Sodium Carbonate, Tannic acid, Gallic acid, potassium chloride,
sodium acetate, Diphenyl-2-picryl-hydrazyl (DPPH), methanol. All chemicals of analytical grades were used.
2.2 EXPERIMENT METHODOLOGY
To study the effect of extraction temperature, extraction time and solid to solvent ratio on anthocyanin
extraction from Morusrubra L. different treatments were performed step by step so that the anthocyanin
extraction could be maximized.

2.2.1 EXTRACTION OF ANTHOCYANIN
An optimization experiment with the help of comparative study by using one way ANOVA was performed for
maximizing the anthocyanin content obtained from Morusrubra L. with different treatment conditions of
temperature, time and solid to solvent concentration using organic solvent extraction method. Comparative
study was done on the basis of three variable, dependent parameters, total phenolic content (TPC), antioxidant
activity(AA) and total anthocyanin content (TAC).HCl and Ethanol (C2H6O) were used for extraction. All
chemicals used were of analytical grade.

Treatment 1: Extraction temperature conditions were varied from 30-60OCfor extraction of anthocyanin after
preparation of sample of solid to solvent ratio 1:10 and extraction time 2 hrs was kept constant.

Treatment 2: Samples of different solid to solvent ratio were prepared and extraction temperature and time
were kept constant as 60 OC and 2 hrs.

Treatment 3: Sample with 1:5 solid to solvent ratio was prepared and kept at constant extraction temperature
60OC and extraction time was varied from 1 hr, 2hrs, 12 hrs, 24 hrs. Step by step procedure of preparation of
sample for extraction of anthocyanin is presented in fig. no. 1.

2.3 ANALYSIS OF MULBERRY FRUIT
2.3.1 TOTAL PHENOLIC CONTENT (TPC)
Total phenolic content (TPC) of the extracts was determined according to Folin–Ciocalteu (FC) procedure
(1N) (Li et al., 2008). 50 micro litre (µl) of tannins extract for each sample was taken in test tube and volume
was made to 1.0 ml with distilled water. Then, 0.5 ml FC reagent (1N) was added and mixed properly. Then
2.5 ml sodium carbonate solution (20%) was added, mixed and kept for 40 minutes at room temperature.
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Optical density was measured at 725 nm in UV- spectrophotometer (ELICO, SL-159) and concentration was
estimated from the standard curve of gallic acid solution. The, TPC was assessed by plotting the gallic acid
calibration curve of prepared gallic acid solution (10–70 mg/L) with y = 0.0396x (R2 = 0.9975) and expressed
as mg of gallic acid equivalents (GAE) per 100 g of solid sample.

Fresh mulberries were purchased from Chandani chowk , Market in Delhi

Mulberries were stored in deep freezer at -40˚C prior to extraction

Blanching for 2-3 min to denature the enzyme responsible for browning of anthocyanin

Mulberries were macerated

Add Ethanol (70%) and HCL (35%) as a solvent ( 1: 99 ) for extraction and keep it before any
treatment in dark for 24 hrs

Treatment 1- Keep the prepared sample of 1:10 solid to solvent ratio in incubator at different
temperature (30-60˚C) conditions for 2 hrs.

Treatment-2 Prepare the sample of different solid to solvent ratio (1:10, 1:5, 1:2.5)  and keep it at
60˚C temperature in incubator for 2 hrs

Treatment-3 Prepare the sample of 1:5 solid to solvent ratio and keep it at 60˚C temperature for
different time intervals ( 1hr, 2 hr, 12 hr, 24 hr)

Centrifuge the obtained juice at 5000rpm for 15 min

Blended mixture was filtered by nylon cloth to separate the residue or pulp

The supernatant was collected and kept in the dark at 4°C until further assayed

Fig 1: Flow chart for preparation of sample for extraction of anthocyanin
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2.3.2 TOTAL ANTHOCYANIN CONTENT (TAC)
The total monomeric anthocyanin pigment content was determined by AOAC Official Method 2005.02. It is
also called as Ph differential method. The absorbance of test portion diluted with pH 1.0 buffer and pH 4.5
buffer at both 520 and 700 nm was determined. After this, absorbance was measured within 20–50 min of
preparation. Anthocyanin pigment concentration was calculated with the help of following equation and
expressed as cyanidin-3-glucoside equivalents (mg/l),( − − − , / ) = × × ×∈ ×
Where, = ( – ) . − ( – ) .
MW - 449.2 g/mol for cyaniding -3-o – glucoside

DF - Dilution factor established in D

L - Path length in cm

E - 26900 molar extinction coefficient in l×mol-1 × cm-1

103 - Factor for conversion from g to mg

2.3.3 ANTIOXIDANT ACTIVITY (AA)
DPPH solution (Alma et al., 2003, Karioti et al., 2004 and Kordali et al., 2005) is prepared by dissolving 4 mg
of DPPH in pure methanol. Fruit is first macerated and then centrifuged using centrifuge machine for proper
mixing and separation. Then the supernatant is used as a test solution. Then standard sample solution is
prepared by mixing 0.1 ml test solution and 3.9 ml DPPH solution and controlled sample is prepared by
adding 0.1 ml methanol and 3.9 ml of DPPH solution. For spectrophotometer analysis methanol is used as a
blank. The mixture was shaken vigorously with the help of vertex and allowed to stand at room temp for 30
min. then absorbance was measured at 517 nm by using spectrophotometer.
The percent DPPH scavenging effect was calculated by using following equation,(%) = − ×
Where,
A0 = Absorbance of control reaction and
A1 = Absorbance in presence of test or standard sample.

3. RESULT AND DISCUSSION
Optimization of primary extraction method for anthocyanin was carried out accounting three variables in run
of experiments. The temperature, solid-solvent ratio and extraction time were varied and results observed are
presented as,
3.1. OPTIMIZATION OF TEMPERATURE
Fig.2. represents the effect of temperature on total phenolic content (a), antioxidants (b) and anthocyanin
contents (c) respectively. The optimum temperature was observed to be 60 OC, as anthocyanin content was
7.283 ± 0.038 mg/l which was highest amongst all. TPC value was found increasing with temperature; it could
be because the solubility of polyphenols, diffusion coefficient and increase in mass transfer rate with increase
in temperature. Increased temperature might soften the tissues of fruit core, which ultimately helps in
distribution of phenolic content in solvent. Similar trend in case of effect of temperature on phenolic content
was observed by Al-Farsi & Lee, 2008 extracted from date seeds. Also, due to decrease in viscosity and
surface tension which ultimately results into increased analyst solubility and thus concentration of total
phenols in solvent increased (Durling et al., 2007 & Silva et al., 2007). Antioxidant activity observed to be
increased first with temperature up to 50˚C and then started to decrease, may be because after certain
temperature the chances of oxidation of phenolic content occurred at higher temperatures, which therefore
decreased the concentration of phenolic content in the extract. The total anthocyanin content value found to be
increased with variation in temperature, that means concentration of anthocyanin in solvent increases with
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temperature but up to certain temperature value less than 70˚C (Aramwit et.al, 2010). Significant difference
was observed among the values of TPC, TAC and AA with variable temperature at 5 percent level of
significance (α <0.05). Hence the temperature treatment has significant effect on TPC, TAC and AA.
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3.2. OPTIMIZATION OF SOLID TO SOLVENT RATIO
It was done at room temperature for 24 hrs. Figure 3 represents the effects of solid to solvent ratio (i.e.
concentration) on amount of TPC (a), antioxidants (b) and the anthocyanin content (c). The maximum
anthocyanin content was observed to be 18.417 ± 0.4595 mg/l at solid to solvent ratio of 1:5, which was three
times as much as the anthocyanin content observed at ratio of 1:10 i.e. 6.765±0.20 mg/l. The trend on TPC
varying against solid to solvent ratio was also found increasing with increased concentration, which can be
supported by the fact that relative concentration of mulberry fruit went on increasing. But it was noted that the
rate of increase of total phenols was more than double in later case than that at solid solvent proportion 1:5.
Furthermore; as solid-solvent ratio again reduced to 1: 2.5, the extraction rate of phenols was also decreased,
this could be understood because of decrease in mass transfer rate and analyte solubility due to low
availability of solvent for extraction due to which solubilizing power of solvent is decreasing with increased
relative concentration of mulberry in solution. The concentration of TPC which was maximum at low
concentration of ethanol that is decreasing with increase in solid to solvent ratio means that TPC contains
more amount of hydrophilic compounds (Durling et al., 2007).Antioxidant activity also found decreased first
and then increased as ratio tends to decrease. It could depend on concentration of solvent and mulberry both or
synergistic effect of extracted phenolic (Chirinos et al., 2007). With the increase in solid-solvent ratio the
relative ethanol concentration is decreasing which could be responsible for less value of anthocyanin extract in
solvent for higher solid-solvent ratio than 1: 05 due to low availability of ethanol for easy extraction of
anthocyanin.
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Fig 2: Effect of Extraction temperature on (a) TPC (b) AA and (c) TAC values from Morusrubra L. Values are
presented as means ± SD of four measurements. Values marked with the different lower case letters (a-d ) are

significantly (p<0.05) different. Values are mean ± SD (n=3)
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Significant difference was observed between the values of TPC and TAC with variable solid-solvent ratio at 5
percent of level of significance (α< 0.05). But for antioxidant activity there is no significant difference in
percent pigment retention was observed for 1: 2.5 and 1: 10 solid solvent ratio. Hence it can be stated that
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solid solvent ratio has significant effect on TPC and TAC but there occur no significant effect on antioxidant
activity. The optimal solid solvent ratio for all properties can be observed in Fig. 3. The best results for TPC,
TAC and AA were observed at solid solvent ratio of 1:5.

3.3. OPTIMIZATION OF EXTRACTION TIME
A optimal temperature were observed to be 60OC and the solid solvent ratio of 1:5 gave best results, it was
considered on the basis of significant differences in the values of TPC and TAC for extraction. The best
duration of extraction was derived there from. Fig. 4-TPC (a), antioxidants (b) and the anthocyanin content (c)
represent the time of extraction for these three properties. Anthocyanin content 65.605 ± 0.44 mg/l i.e. at its
maximum value, observed after extraction time of two hrs at 60OC for 1: 5 solid-solvent ratio. TPC was
increased with time means extraction capability of solvent increases with increasing time at 60OC. But on the
other hand, antioxidant activity found to be decreased with time and increasing temperature. Anthocyanin
content increased with time at 60˚C for first 2 hrs. But furthermore trend observed to be decreasing; this may
be because anthocyanin starts to oxidize with time or condensation reaction of anthocyanin with other
phenolic compounds and increasing temperature (Reed, Krueger & Vestling, 2005). There was a significant
difference observed between the values of TPC and TAC with variable time at α< 0.05 level of significance.
But in case of antioxidant activity there occur no significant difference for 12 and 2 hrs. Hence it can be stated
that the extraction time treatment has significant effects on TPC and TAC only, along with that extraction
time showed no significant effect on AA. Therefore the optimal condition for primary extraction of
anthocyanin by using solvent method was found for 1: 5 solid-solvent ratio; 60OC temperature and for 2 hours
extraction time. At this optimal condition anthocyanin content value 65.605 ± 0.44 mg/l was maximum. The
extraction time and temperature both were found to have significant effects on antioxidant activities and TPC.
Similar results were observed by Aramwit (2010). The plots obtained for effect of extraction time are
presented in Figure 4.
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Fig 4:Effect of Extraction time on (a) TPC (b) AA and (c) TAC values from Morusrubra L. Values are
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3.4. PEARSON CORRELATION ANALYSIS:
The correlation levels between the levels of TPC v/s TAC and TAC v/s AA with respect to different
extraction conditions are exciting aspects. Here exist a positive significant (p<0.05) correlation exists between
TPC and TAC (0.984) while increasing extraction temperature, from which it can be concluded that TPC is
also responsible for higher values of TAC with increasing temperature due to increase in extraction rate that
results from increase in solubility of polyphenolic compounds in solvent and increase in permeability of cell
membrane of plants with increase in temperature. But this behavior can only be true for those plants and fruits
which are having high percentage of thermally stable compounds (Liyana-Pathirana and Shahidi, 2005). In
this case the value of TPC and TAC both are increasing with temperature up to 60OC. Therefore it could be
believed that Morusrubra L. mulberry fruit contains thermally stable poly-phenolic compounds and
anthocyanins. On the other side the negative significant (p<0.05) correlation (-0. 917) exists between TPC and
TAC while increasing extraction time. In this research with increasing value of TPC, value of TAC is
decreasing. It is due to the difference in solubility of phenolic compounds, anthocyaninand degree of
polymerization and interactions of phenolic compounds with other coexisting compounds (Silva et al., 2007).
However between TAC and AA, here exists a negative significant (p<0.05) correlation (-0.990) while
increasing the solid to solvent ratio as shown in Table 1..Both show opposite pattern with respect to solid to
solvent ratio. May be it is due to synergistic effect of solvent concentration, availability of solvent for
extraction and solubility of solid. Only for solid to solvent ratio extraction conditions AA is showing
exceptional behavior with TAC values. Therefore extraction time, extraction temperature and solid to solvent
ratio play an important role in deciding the best extraction conditions for primary extraction of anthocyanin by
solvent extraction method.

Table 1- Correlation between assays (TPC, AA, TAC) under variable extraction conditions (n=3)

r Extraction temperature

TPC AA TAC

TPC 1 .747** .984**

AA .747** 1 .642*

TAC .984** .642* 1

r Extraction time
TPC AA TAC

TPC 1 -.875** -.917**

AA -.875** 1 .707*

TAC -.917** .707* 1

r Solid to solvent ratio

TPC AA TAC

TPC 1 -.326 .221

AA -.326 1 -.990**

TAC .221 -.990** 1

r= correlation coefficient
**. Correlation is significant at p<0.01 (2-tailed).

*. Correlation is significant at p< 0.05 (2-tailed).
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4. CONCLUSION
An effective primary solvent extraction system for extracting anthocyaninfrom Morusrubra L. was studied
using single variable experiments. The optimal extraction conditions were selected as 1: 5 solid to solvent
ratio at 60 OC temperatures and for 2 hrs extraction time. Significant (p<0.05) correlation was found for
results with extraction temperature, extraction time and solid to solvent ratio. TPC was significantly correlated
with TAC against extraction temperature (r = 0.984), extraction time (r = -0.917) and solid to solvent ratio (r =
-0.990). But for selecting the optimal extraction condition the preference is given to extraction temperature
followed with extraction time respectively. This study provides useful base for performing the purification of
anthocyanin from Morusrubra L. by column chromatography method by using macro-porous resin.
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