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Abstract
Present investigation was undertaken to assess the composition of bioactive compounds within various parts of metha-
nolic extracts from mulberry plants utilizing both High-Performance Liquid Chromatography (HPLC) and spectropho-
tometric methodologies. Furthermore, the antioxidant potential was evaluated through assays including 2,2-diphenyl-
1-picrylhydrazyl (DPPH), Ferric Reducing Antioxidant Power (FRAP), β-carotene bleaching (BCBA), and Hydroxyl Radical 
Scavenging Activity (HRSA). This research incorporated the analysis of the fruit, root, shoot, and leaf of the mulberry 
(Morus alba L.) Cv. Ichinose. Findings from the investigation revealed that levels of total phenols (533.8 ± 15.6 mg/100 g) 
and flavonoids (232.3 ± 7.1 mg/100 g) were notably higher in fruit compared to root, while total ascorbic acid con-
tent (70.9 ± 3.1 mg/100 g) was significantly elevated in the leaf. The fruit exhibited a significantly higher concentration 
of total anthocyanins (142.5 ± 3.1 mg/100 g), whereas the leaf contained a substantial amount of total carotenoids 
(5.8 ± 0.3 mg/100 g). Predominant phenolic acids detected in mulberry included ferulic acid, m-coumaric acid, syrin-
gic acid, caffeic acid, chlorogenic acid, and gallic acid. Quercetin and isoquercetin were identified as the major flavo-
noids in mulberry fruits. In terms of anthocyanins, cyanidin-3-rutinoside (25.6 ± 2.3 mg/100 g) and cyanidin-3-glucoside 
(16.4 ± 2.1 mg/100 g) were the primary anthocyanins present in the fruit. The main carotenoid found in the leaf was 
beta-carotene, with levels reaching 2.1 ± 0.3 mg/100 g. Fruit displayed the highest antioxidant activity among all parts 
examined. Comparison of the EC50 values of fruit (EC50 = 174.2 ± 2.2 µg/mL), root (EC50 = 179.6 ± 2.3 µg/mL), and shoot 
(EC50 = 189.4 ± 2.1) suggested that these segments of the mulberry plant could potentially function as antioxidants and 
could exhibit a greater hydroxyl radical scavenging effect than standard antioxidants.
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1  Introduction

Plant and plant products owing to their plethora of secondary metabolites have emerged as the epicentre in the 
development of alternate products with improved functionalities. Studies have shown that fruits, vegetables and other 
plant materials possess antioxidant properties mainly due to their bioactive compounds particularly the ‘phenolic 
compounds’. In addition to antioxidant potential, plants and their product also assist in reducing the occurrence of 
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chronic diseases like diabetes, cancer, cardiovascular and neurodegenerative diseases. These beneficial health effects 
are achieved by cumulative biological exposure to antioxidants which are able to neutralize the proliferation of reactive 
oxygen species (ROS) and reactive nitrogen (RNS) species which are implicated in the pathology of these diseases [1, 2]. 
Mulberry (Morus) is a typical East Asian plant belonging to family Moraceae. It is widely distributed in varied ecological 
and geographical zones from intensive cultivation in temperate, sub-tropical and tropical areas to natural occurrence in 
forests throughout the world. Major Morus species include Morus alba L., Morus nigra, Morus rubra, Morus indica, Morus 
laevigata, etc. Among these species, Morus alba L. is mostly used for feeding of silkworm owing to nutritious, palatable 
and non-toxic nature of the leaves. Beside the sericulture potential, plants of the genus Morus are a rich source of fla-
vonoids including rutin, isoquercitin, cyanidin 3-rutinoside and cyanidin 3-glucoside and contain significant amounts 
of ascorbic acid, total carbohydrate, beta-carotene, folic acid, protein, minerals and crude fibre [2]. The Union Terrority 
of Jammu and Kashmir (India) offers a fertile environment for growth and development of silkworm and cultivation of 
mulberry. Kashmir is known for producing high quality silk from indigenous varieties of Morus alba owing to its suitable 
agro-climatic condition [3].

Berries, due to their extensive historical utilization in medicinal applications, owe a substantial portion of their thera-
peutic properties to the antioxidant characteristics bestowed upon them by their distinct composition. The overall 
antioxidant capacity of plant-based edibles arises from the combined effects of the singular antioxidant components, 
a factor of utmost significance. Consequently, the clarification of the mechanisms that underlie the antioxidant proper-
ties of berries provides invaluable insights into their therapeutic capabilities and functional attributes [3]. The assort-
ment of these antioxidant compounds varies in both quantity and quality across various plant tissues. Owing to the 
abundance of phytonutrients, different segments of the mulberry plant, including its fruit, roots, leaves, and shoots, 
have been known to exhibit advantageous effects and have been traditionally employed as remedies for conditions 
such as joint ailments, hyperglycemia, hypertension, tumors, asthma, cough, diarrhea, dyspepsia, and wounds [1]. Mul-
berry leaves and fruits boast a high content of phenolic compounds, namely flavonoids, anthocyanins, and phenolic 
acids, which are responsible for their potent antioxidant properties. These substances aid in the elimination of free 
radicals, thus safeguarding the body against oxidative stress and associated ailments. The mulberry fruit comprises 
diverse bioactive substances such as quercetin and kaempferol, which exhibit anti-inflammatory properties. These 
substances contribute to the reduction of inflammation and have the ability to shield against chronic illnesses like 
cardiovascular diseases. Furthermore, the consumption of mulberry has been associated with enhanced lipid profiles 
and minimized formation of arterial plaque, both of which are critical for cardiovascular well-being. Several research 
studies propose that the phytochemicals present in mulberry, especially the anthocyanins and flavonoids, possess 
anti-cancer attributes. These substances can prompt apoptosis (controlled cell death) in cancerous cells and impede 
their growth. The Nutraceutical potential of mulberry is becoming increasingly acknowledged due to its abundant 
phytochemical composition, highlighting its potential in the development of functional foods. These food products 
not only offer nourishment but also provide health advantages that can prevent or manage various health conditions 
[4]. Mulberries possess clinical potential and molecular mechanisms due to their high content of vitamins A and E, as 
well as carotenoids and other antioxidants. These bioactive compounds have the capacity to safeguard the skin from 
oxidative stress, diminish the visibility of imperfections, and counteract premature skin aging. Studies indicate that 
extracts from mulberries have the ability to reduce DNA damage associated with skin cancer and enhance overall 
skin well-being [5].

Further, due to shift in food consumption, there is an increasing demand for the products with enhanced functional-
ity. In this context, studies are being undertaken to identify the varieties rich in bioactivities and to investigate how the 
content of these phytonutrients vary in plant tissues. Some studies have been published on the chemical and physical 
properties of mulberry fruits and its products [1, 6, 7]. However, to our best knowledge; there is hardly any baseline 
study available on the bioactive composition and variation of antioxidant compounds and activity among different parts 
in Ichinose variety of mulberry grown in North India; which is mainly used in silkworm rearing. Therefore, the present 
study was aimed at comparing the profiles of bioactive compounds and evaluating the antioxidant activity in different 
parts of Morus alba L. Cv. Ichinose. The results of the present study will prove helpful in understanding the variability and 
accumulation of bioactive compounds and antioxidant activity among different parts of Ichinose variety so as to make 
a favourable choice about which plant part to be used in designing the novel food and pharmaceutical formulations 
with improved health benefits.
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2 � Materials and methods

2.1 � Preparation of sample

In preparation for analysis, approximately 2 kg of various plant tissues—namely leaves, fruits, bark, and roots—were 
procured in triplicate from the germplasm bank housed at the College of Temperate Sericulture, Mirgund associated 
with Sher-e-Kashmir University of Agricultural Sciences and Technology-Kashmir. The collection period extended 
from mid-June of the year 2021 through to the same interval in 2022. Subsequent to their collection, these samples 
underwent a cleaning regimen involving a rinse in potable water to remove any residual particulate matter and 
extrinsic contaminants.

Post-cleansing, the non-fruit tissues were individually encased within aluminium foil to ensure a preservation envi-
ronment free from moisture and other potential degradants. Fruits, on the other hand, were allocated to transparent 
glass containers to safeguard their integrity and prevent loss of analytes. These preparations were then subjected to 
a stabilizing cryogenic condition at a temperature of negative 20 degrees Celsius until the time of their respective 
analyses. Prior to undergoing analytical procedures, each sample was methodically tempered to reach ambient room 
temperature, facilitating accurate and consistent assay results.

2.2 � Analysis of bioactive compounds

In the present study, the total chlorophyll, phenolic, flavonoid, and carotenoid contents of the samples were deter-
mined using established protocols and a UV–Visible Spectrophotometer (Hitachi 330, Germany).

2.3 � Total chlorophyll

The chlorophyll content was assessed following the protocol [8] wherein 3 g of the sample, in triplicate, was extracted 
with 80% acetone until the residue was colorless. The combined extracts were centrifuged, and the supernatants 
were made up to 100 mL with 80% acetone. Absorbance was measured at 645 and 663 nm. Formula:

Here,
A = Absorbance at specific wavelength.
V = Volume made-up of chlorophyll extract in 80% acetone.
W = Weight of sample taken.

2.4 � Total phenols and flavonoids

For the total phenolic content, 3 g of the homogenized sample was extracted three times with 80% ethanol, cen-
trifuged, and the supernatants dried under nitrogen gas. The residue was dissolved in distilled water, reacted with 
Folin-Ciocalteu reagent, and after treatment with sodium carbonate, absorbance was measured at 650 nm. Total 
phenolics were expressed as mg Gallic Acid Equivalents (GAE) per 100 g [9]. Similarly, for total flavonoid content, 
extracts obtained from 3 g of sample with 80% ethanol were processed, dried, and then reacted sequentially with 
NaNO2, AlCl3, and NaOH, followed by absorbance measurement at 510 nm. Flavonoid content was expressed as 
catechin equivalents per 100 g [9].

2.5 � Total anthocyanins

The total anthocyanin content was determined utilizing the pH-differential method outlined in reference [10]. A 
1 mL aliquot of clarified mulberry extract was transferred to a 25 mL volumetric flask and brought to volume using a 
pH 1.0 buffer solution (comprising 1.49 g KCl per 100 mL water and 0.2 N HCl, mixed in a 25:67 ratio). Concurrently, 
a separate 1 mL sample was placed in a 25 mL volumetric flask and diluted to volume with a pH 4.5 buffer solution 

Total Chlorophyll Content (mg∕100g) =
[{20.2(A645) + 8.02(A663)} × V × 100]

(1000 × W)
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(consisting of 1.64 g sodium acetate per 100 mL water, pH adjusted to 4.5 using 0.2 N HCl). Absorbance was deter-
mined using the formula: ΔA = (A510 nm–A700 nm) pH 1.0—(A510 nm–A700 nm) pH 4.5. The total anthocyanin 
concentration, expressed as mg of cyanidin-3-glucoside equivalents per 100 g of sample, was calculated according 
to the following equation:

where:

•	 A = Absorbance
•	 ε = molar extinction coefficient = 26,900
•	 L = path length = 1 cm
•	 MW = Molecular weight of anthocyanins = 449.2
•	 D = Dilution factor
•	 V = Final volume (mL)
•	 G = Sample weight (g)

2.6 � Total carotenoids

To determine total carotenoid content, the extracts were combined and filtered through Whatman filter paper. A 25 mL 
aliquot of the filtered acetone extract was transferred to a separating funnel, and 20 mL of petroleum ether was added. 
After standing for 15 min, 100 mL of 5% sodium chloride solution was added to the separating funnel, and the contents 
were thoroughly mixed and allowed to separate into two phases. The aqueous phase was discarded, and the organic 
phase was collected and washed four times with 100 mL of distilled water to remove residual acetone. The petroleum 
ether phase was then passed through a funnel containing anhydrous sodium sulfate to remove residual water and col-
lected in a 100 mL volumetric flask. The contents were brought to volume with petroleum ether, and the absorbance 
was measured at 450 nm using petroleum ether as a blank. The total carotenoid content, expressed as mg beta-carotene 
equivalents per 100 g, was calculated as under.

3 � Formula:

Here, ΔA = Absorbance.. e = Beta-carotene molar extinction coefficient = 2590.
L = Cell path length = 1 cm; MW = Molecular weight of beta-carotene = 536.8DF = Dilution factor; V = Final volume in 

ml and G = Weight of the sample in gm [11].

3.1 � Extraction and HPLC analysis of phenolic compounds

A mass of 50 g of mulberry tissue was subjected to triple extraction with an 80% methanol solution, maintaining a sam-
ple-to-solvent ratio of 1:2. The resultant extracts were amalgamated and subsequently condensed through evaporation 
at a controlled pressure and a temperature not surpassing 40 degrees Celsius, yielding a product hereafter termed the 
Whole Concentrate (WC). A specified portion of the WC was further processed to isolate phenolic compounds using ethyl 
acetate as the extraction solvent. The ethyl acetate phase was collected, dried over anhydrous sodium sulfate, and then 
clarified using Whatman filter paper No. 42. The consolidated ethyl acetate fraction was then evaporated under a reduced 
pressure regime, also respecting the maximum temperature threshold of 40 degrees Celsius, and preserved within a 
desiccator set at 4 degrees Celsius, awaiting High-Performance Liquid Chromatography analysis. For the chromatographic 
identification and quantification of phenolic constituents within the mulberry extract, a solution at a concentration 
of 1.0% (w/v) in HPLC-grade methanol was prepared. Prior to HPLC, sample filtration was executed sequentially using 
Whatman filter paper No. 42 and then 0.22 micron membrane filters. The HPLC–DAD analysis was performed using an 
Agilent Technologies instrument, 1100 Series [12].

Total Anthocyanin Content (mg∕100 g) = (A∕�L) × MW × D × (V∕G)

Total carotenoids (mg∕100g) = (ΔA/eL) × DF × MW × (V∕G)
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3.2 � Extraction and HPLC analysis of anthocyanins and carotenoids

Anthocyanin content was determined using a high-performance liquid chromatography system equipped with a 
diode-array detector. The detection wavelength was set to 520 nm. Anthocyanins were identified by comparing their 
retention times to those of known standards, and quantification was performed using a standard curve.

For anthocyanin extraction, a 3 g sample of homogenized mulberry was mixed with a solution of ethanol and 1.5 
N HCl (85:15, v/v) at a 1:3 sample-to-solution ratio. The mixture was kept in a dark environment overnight to ensure 
complete extraction. After extraction, the extracts were combined and concentrated at 40 ℃ under reduced pressure 
using a rotary vacuum evaporator. Before HPLC analysis, the extracts were centrifuged at 14,000 rpm for 15 min at 
low temperature, and a 20 µL aliquot of the supernatant was injected into a C-18 column. The column was prewashed 
with methanol and equilibrated with the mobile phase for 1 h. The mobile phase consisted of 100% methanol (A) 
and 10% formic acid (B), and the elution program was as follows:

•	 0–20 min: 9–35% A
•	 20–30 min: 35% A
•	 30–40 min: 35–50% A
•	 40–55 min: 50–9% A

The mobile phase flow rate was maintained at 1 μL/min.
Carotenoid content was also determined using HPLC. For this, a 1.0% (w/v) solution of the mulberry sample in 

petroleum ether was prepared and filtered through a 0.22 mm 270 membrane filter. A 20 μL sample was injected 
into the HPLC system equipped with a C18 column. The column was prewashed with methanol and equilibrated with 
the mobile phase for 1 h. The mobile phase consisted of acetonitrile, dichloromethane, and methanol in a ratio of 
70:20:10. The analysis was performed under isocratic elution at a flow rate of 1 μL/min, and the detector wavelength 
was set to 450 nm. Carotenoids were identified by comparing their retention times and UV–visible spectra to those 
of known standards. Quantification was performed using a standard curve generated by plotting the peak area 
percentage against the concentration of the standards [08], [11].

3.3 � Antioxidant assays

The antioxidant activities of mulberry extracts were evaluated using several assays.

3.3.1 � DPPH

The ability of the extracts to scavenge DPPH radicals was assessed by measuring the decrease in absorbance at 
517 nm. A 10 mL aliquot of the extract was combined with 2 mL of 60 mM DPPH solution in ethanol. The mixture was 
shaken vigorously and incubated in the dark at room temperature for 30 min. The absorbance was measured using a 
UV–Visible spectrophotometer. The DPPH solution was prepared fresh daily, stored in flasks covered with aluminum 
foil, and kept in the dark at 4 ℃ until use. The scavenging activity was expressed as the percentage inhibition of DPPH 
radicals, calculated using the following formula:

Inhibition percentage (IP) = [(Acontrol − Asample) × 100]∕Acontrol [13].

3.3.2 � FRAP

The FRAP assay measures the reducing capacity of the extracts by monitoring the reduction of ferric to ferrous ions 
in the presence of antioxidants. A 5 mL aliquot of the mulberry extract was mixed with 2.5 mL of 200 mM phosphate 
buffer (pH 6.6) and 2.5 mL of 1% potassium ferric cyanide solution. The mixture was incubated at 50 ℃ for 20 min 
and then rapidly cooled. After adding 2.5 mL of 10% trichloroacetic acid, the mixture was centrifuged at 200 rpm for 
10 min. A 5 mL aliquot of the upper layer was then mixed with 5 mL of distilled water and 1 mL of 0.1% ferric chloride. 
The absorbance of the resulting solution was measured at 700 nm using a UV–Visible spectrophotometer. A higher 
absorbance indicated greater reducing power [14].
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3.3.3 � HRSA

The HRSA assay evaluates the ability of the extracts to scavenge hydroxyl radicals generated through the Fenton reaction. 
A reaction mixture containing 100 μL of 28 mM 2-deoxyribose, 500 μL of the sample in phosphate buffer, 200 μL of 200 μM 
FeCl3 in 1.04 mM aqueous EDTA (1:1, v/v), 100 μL of 1 mM H2O2, and 100 μL of 1 mM ascorbic acid was incubated at 37 ℃ 
for 1 h. The reaction was stopped by adding 1.0 mL of 2.8% trichloroacetic acid. Then, 1.0 mL of 1.0% thiobarbituric acid was 
added, and the mixture was incubated in a water bath at 80 ℃ for 20 min. After cooling, the absorbance was measured at 
532 nm against an appropriate blank. Hydroxyl radical scavenging activity, expressed as percentage inhibition, was calculated 
using the following formula:

Inhibition Percentage (IP) = {(Acontrol − Asample)∕Acontrol} × 100 [15].

3.3.4 � BCBA

The antioxidant capacity of mulberry extracts was assessed using a beta-carotene bleaching assay. A beta-carotene/linoleic 
acid emulsion was prepared by initially dissolving beta-carotene (5 mg) in chloroform (50 mL). A 3 mL aliquot of this solution 
was then added to a round bottom flask containing linoleic acid (40 mg) and Tween 40 (400 mg). The chloroform was sub-
sequently evaporated using a rotary evaporator. Distilled water (100 mL) was gradually added to the mixture with vigorous 
shaking to create an emulsion.

To perform the assay, aliquots (4.5 mL) of the prepared emulsion were mixed with 0.3 mL of mulberry extract (at a final 
concentration of 250 µg/mL) in methanol. These mixtures were incubated at 50 ℃ in a water bath for 100 min. Control sam-
ples were prepared identically, but with 0.3 mL of solvent replacing the mulberry extract. A blank solution was also prepared, 
omitting the beta-carotene.

Oxidation of the emulsion was monitored spectrophotometrically by measuring absorbance at 470 nm every 20 min. 
The antioxidant activity of the extracts was determined by calculating the percentage inhibition of beta-carotene bleaching 
using the following formula:

where:

•	 A0 = Absorbance of the sample at the beginning of the incubation
•	 At = Absorbance of the sample after incubation for 120 min
•	 A°0 = Absorbance of the control at the beginning of the incubation
•	 A°t = Absorbance of the control after incubation for 120 min [16].

3.4 � Statistical analysis

Statistical analysis of the data was performed utilizing a completely randomized design, as per the framework outlined in 
reference [17]. Analysis of variance (ANOVA) of the data was performed using MINITAB statistical analysis software package 
(Minitab, version 11.12, 32 bit, Minitab, Inc., State College, PA, USA). Difference between means of data was compared by 
least significant difference (LSD) and Student’s t-test was applied to determine if the difference was statistically significant. 
Differences at p ≤ 0.05 were considered to be statistically significant. Coefficient of correlation was determined by Karl Pearson 
method. Triplet replicates for each measurement were assayed for every treatment, with results being expressed as mean 
values accompanied by their respective standard deviations.

4 � Results and discussion

4.1 � Total phenols and flavonoids

The contents of total phenols and flavonoids in various parts of the mulberry plant are summarized in Table 1. A signifi-
cant variation in total phenol content was observed among different mulberry parts. Fruit exhibited the highest total 
phenol content (533.8 mg/100 g), followed by root (368.3 mg/100 g) and shoot (271.7 mg/100 g), with leaf recording 

AA = 100[1 − (A0 − At)∕(A◦0 − A◦ t)]
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the lowest content (250.9 mg/100 g). This trend was also observed for total flavonoid content, with fruit containing 
232.3 mg/100 g compared to 110.2 mg/100 g in leaf. These findings are consistent with previous studies on mulberry 
phenolics which reported a total phenolic content of 432.50 mg/100 g in Morus alba fruits [18]. Another recent study 
reported total phenolic levels in 19 varieties of mulberry leaves ranging from 11.2 to 31.1 mg/g [6], while a different 
study found total phenolic content in mature leaves of various mulberry varieties grown in China to range from 27.6 
to 37.4 mg/100 g [7]. Additionally, phenolic content in Morus alba shoots and roots has been reported at 285.62 mg 
GAE/g and 165 mg GAE/g, respectively [19]. The total flavonoid content in Morus alba fruits has been documented to 
range from 29.00 to 137.86 mg/100 g [18], and in roots, it ranges from 204.36 to 800 µg/g [20]. Furthermore, studies 
have reported total flavonoid content in Morus alba shoots ranging from 128 to 450 mg/100 g, and in leaves between 
193.87 and 398.33 mg rutin equivalents mg/100 g [21].

The observed variations in phenolic content among different parts of the mulberry plant can be attributed to 
differences in extraction procedures and analytical methods employed. Additionally, phenolic compound levels in 
different parts, particularly leaves and fruits, may fluctuate in response to environmental factors such as drought, 
temperature variations, pollution, UV light, and pathogenic attacks. These factors significantly influence the synthesis 
and accumulation of phenolic compounds in plants.

4.2 � Ascorbic acid, dehydroascorbic acid and total ascorbic acid

Table 1. Presents the concentrations of ascorbic acid, dehydroascorbic acid, and total ascorbic acid in various 
parts of the mulberry plant. The leaf exhibited the highest ascorbic acid content at 68.1 mg/100 g, followed by 
the fruit (27.2 mg/100 g), shoot (15.7 mg/100 g), and root (11.3 mg/100 g). Similarly, dehydroascorbic acid content 
was highest in the leaf (2.8 mg/100 g) and fruit (2.5 mg/100 g), compared to the shoot (1.2 mg/100 g) and root 
(1.1 mg/100 g). Consequently, total ascorbic acid, defined as the sum of ascorbic acid and dehydroascorbic acid, 
was also highest in the leaf (70.9 mg/100 g), followed by the fruit (29.7 mg/100 g), shoot (16.9 mg/100 g), and 
root (12.4 mg/100 g).

These findings align with previous research. A study by [22] reported total ascorbic acid levels in Morus alba 
leaves ranging from 160 to 280 mg/100 g. Additionally, [1] documented ascorbic acid content in Morus alba fruits 
at 29.32 mg/100 g. Furthermore, [23] evaluated the ascorbic acid levels in the leaves of three mulberry varieties, 
reporting a range of 1.66 to 3.84 mg/100 g.

Variations in ascorbic acid levels across different parts of the mulberry plant are attributed to climatic factors, 
including light intensity and average temperature. The amount and intensity of light during the growing season 
significantly influence the formation and accumulation of ascorbic acid. Plant parts exposed to maximum sunlight 
tend to have higher ascorbic acid levels. In general, lower light intensity during growth results in lower ascorbic acid 
content in plant tissues [23].

Table 1   Content of bioactive compounds in different parts of mulberry (Morus alba L). Cv. Ichinose 

Values are mean ± SD (n = 3); LSD least significant difference (p ≤ 0.05), nd not detected, TP total phenols, TF total flavonoids, AA ascorbic acid, 
DAA dehydroascorbic acid, TAA​ total ascorbic acid, Cha chlorophyll a, Chb chlorophyll b, TCh total chlorophyll, TAn total anthocyanins, TCar 
total carotenoids

Values with different superscript lowercase letters (a–d) differ significantly (p ≤ 0.05)

All the parameters are expressed as mg/100 g fw. Total phenols are expresses in Gallic acid equivalents; total flavonoids as catechin equiva-
lents; total anthocyanins as cyanidin-3-glucoside equivalents; total carotenoids as beta-carotene equivalent

Mulberry part TP TF AA DAA TAA​ Chla Chlb TCh TAn TCar

Fruit 533.8 ± 15.6d 232.3 ± 7.1d 27.2 ± 2.2c 2.5 ± 0.5b 29.7 ± 2.1c 7.8 ± 0.5a 2.9 ± 0.2a 10.7 ± 1.2a 142.5 ± 3.1b 0.54 ± 0.1a

Leaf 250.9 ± 7.1a 110.2 ± 3.2a 68.1 ± 3.3d 2.8 ± 0.4b 70.9 ± 3.1d 218.2 ± 2.1c 94.1 ± 2.2c 312.5 ± 3.1c 0.01 ± 0.00a 5.8 ± 0.3c

Shoot 271.7 ± 13.3b 147.2 ± 5.6b 15.7 ± 1.3b 1.2 ± 0.3a 16.9 ± 1.6b 21.2 ± 1.3b 8.9 ± 1.3b 30.1 ± 2.3b 0.03 ± 0.00a 0.92 ± 0.2b

Root 368.3 ± 8.9c 179.1 ± 4.2c 11.3 ± 1.1a 1.1 ± 0.1a 12.4 ± 1.1a Nd Nd Nd 0.05 ± 0.00a 0.38 ± 0.1a

LSD 7.7 6.2 3.5 0.7 3.1 5.5 3.7 6.2 0.08 0.3
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4.3 � Chlorophyll a, chlorophyll b and total chlorophyll

The content of chlorophyll a, chlorophyll b and total chlorophyll is shown in Table 1. Data indicated that chlorophyll a 
was significantly (p ≤ 0.05) higher compared to chlorophyll b in all parts of the mulberry except in root which was devoid 
of chlorophyll. Among the mulberry parts, leaf had significantly higher content of chlorophyll a (218.2 ± 2.1 mg/100 g) 
followed by shoot (21.2 ± 1.3 mg/100 g). Chlorophyll b was also significantly (p ≤ 0.05) higher in leaf (94.1 ± 2.2 mg/100 g) 
followed by shoot (8.9 ± 1.3 mg/100 g). Fruit had the lowest contents of both chlorophyll a (7.8 ± 0.5 mg/100 g) and chlo-
rophyll b (2.9 ± 0.2 mg/100 g). Total chlorophyll taken as sum of chlorophyll a and b was also significantly (p ≤ 0.05) higher 
in leaf (312.5 ± 3.1 mg/100 g) followed by shoot (30.1 ± 2.3 mg/100 g). In mulberry fruit, total chlorophyll content was 
10.7 ± 1.2 mg/100 g. Total chlorophyll contents reported in the present study are in conformity with the results of [24] on chlo-
rophyll content of Morus alba where total chlorophyll ranged from 2.6–4.7 mg/100 g. [25] reported Chlorophyll a, b and total 
chlorophyll with a value of 94.5–184.3, 60.2–101.5 and 154.6–275.3 mg/100 g, respectively in Morus alba L. leaves var. Zolwinska 
Wielkolistna. Variation in chlorophylls reported in the present study can be explained on the basis that plant or plant parts that 
grow under sun light or are exposed to higher light intensities have higher proportion of chlorophyll “a” compared to chloro-
phyll b. Plants or plant parts which grow under shade have higher proportion of chlorophyll “b” compared to chlorophyll a [26].

4.4 � Total anthocyanins and carotenoids

The quantitative analysis of anthocyanins and carotenoids in various components of mulberry is presented in Table 1. 
Within the different segments of the mulberry plant, the concentration of anthocyanins was notably higher in the fruit 
(142.5 ± 3.1 mg/100 g), whereas the carotenoid levels were significantly elevated in the leaves (5.8 ± 0.3 mg/100 g). Moreo-
ver, there was a slight disparity in carotenoid content between roots and fruits. Earlier research studies have also docu-
mented comparable findings regarding the overall levels of anthocyanins and carotenoids distributed in various parts of 
the mulberry plant. A study by [27] indicated that the concentration of anthocyanins and carotenoids in the fruit of seven 
mulberry varieties ranged from 19.9 to 102.8 mg/g and 0.006 to 0.01 mg/g, respectively. The total carotenoid content found 
in leaves and roots fell within the range of 1.9–3.7 mg/100 g and 0.45–0.8 mg/100 g, respectively. Additionally, [18] reported 
that the anthocyanin content in different Morus fruits varied from 44.3 to 128.68 mg/100 g, while [28] documented a range 
of 0.51–28.6 mg/g for anthocyanin content in fruits from twelve mulberry varieties in China. The variability observed in 
the levels of anthocyanins and carotenoids across various parts of the mulberry plant can be attributed to factors such 
as climatic conditions, geographical location, and is particularly pronounced in regions exposed to abundant sunlight.

4.5 � Content of phenolic acids

Table 2 and Fig. 1. Illustrates the phenolic composition and content in various segments of the mulberry plant. Predomi-
nant phenolic categories identified encompass phenolic acids, flavonoids, and anthocyanins. Analysis conducted via 
HPLC unveiled the existence of four hydroxybenzoic acids and seven hydroxycinnamic acids across diverse parts of the 
mulberry plant. Syringic acid emerged as the primary phenolic acid detected in the fruit, root, and shoot, succeeded by 
gallic acid found solely in the fruit and root. Protocatechuic acid was exclusively present in the leaves, whereas gentisic 
acid was identified solely in the fruit and root. Specifically, syringic acid levels were measured at 36.7 ± 3.2 mg/100 g in the 
fruit, 25.4 ± 2.3 mg/100 g in the root, and 20.2 ± 2.1 mg/100 g in the shoot. Gallic acid was quantified at 15.4 ± 2.2 mg/100 g 
in the fruit and 11.3 ± 1.1 mg/100 g in the root. Comparatively, the total hydroxybenzoic acid content significantly sur-
passed that of the root, shoot, and leaf, standing at 53.7 ± 2.1 mg/100 g in the fruit. Previous studies have also highlighted 
the presence of gallic acid, syringic acid, and protocatechuic acid as primary phenolic acids in mulberries [29]. Among 
the cinnamic acid derivatives, ferulic acid, m-coumaric acid, caffeic acid, and chlorogenic acid were the key phenolic 
acids identified in the fruit, root, shoot, and leaf. Within the fruit, ferulic acid was detected at 65.6 ± 5.1 mg/100 g, while 
m-coumaric acid was measured at 50.2 ± 4.6 mg/100 g. Quantification of the total hydroxycinnamic acids in various parts 
ranged from 52.2 ± 1.2 to 175.5 ± 2.6 mg/100 g, with the highest levels observed in the fruit (175.5 ± 2.6 mg/100 g) and 
root (135.4 ± 1.8 mg/100 g) [30]. Previous research has indicated that chlorogenic acid predominates as the hydroxycin-
namic acid in mulberries, whereas p-coumaric acid, m-coumaric acid, and caffeic acid are present in lesser quantities. 
Studies have reported a range of 0.10–0.16 mg/g of chlorogenic acid in white mulberry fruits, with others noting values 
from 0.1 to 3.1 mg/100 g [29, 31]. Evaluation of nineteen mulberry varieties revealed chlorogenic acid as the primary 
phenolic acid in mulberry leaves, with concentrations ranging from 2.46 to 10.2 mg/100 g [7].



Vol.:(0123456789)

Discover Life            (2024) 54:7  | https://doi.org/10.1007/s11084-024-09650-9	 Research

4.6 � Content of flavonoids

Table 2 and Fig. 1. HPLC analysis demonstrated the identification of eleven flavonoids in various sections of the 
mulberry plant. Quercetin and isoquercetin emerged as the prominent flavonoids present across all parts of the 
mulberry plant. The content of quercetin ranged from 36.2 ± 1.6 to 59.3 ± 3.2 mg/100 g, while the content of iso-
quercetin ranged from 15.4 ± 1.3 to 30.4 ± 2.1 mg/100 g. Among the assessed parts, the quantities of quercetin and 

Table 2   Content of individual 
phenolic compounds 
(mg/100 g) in different parts 
of mulberry (Morus alba L.) Cv. 
Ichinose 

Values are mean ± SD (n = 3); LSD least significant difference (p ≤ 0.05), nd not detected

Values with different superscript lowercase letters (a–f ) and numerical (1–4) differ significantly (p ≤ 0.05)

Phenolic compounds Fruit Root Shoot Leaf LSD

a) Hydroxybenzoic acids (HBA)
i) Gallic acid 15.4 ± 2.2b,2 11.3 ± 1.1b,1 Nd Nd 1.1
ii) Protocatechuic acid Nd Nd Nd 2.1 ± 0.5 –
iii) Gentisic acid 1.6 ± 1.1a,1 1.5 ± 0.82a,1 Nd Nd 0.4
iv) Syringic acid 36.7 ± 3.2c,3 25.4 ± 2.3c,2 20.2 ± 2.11 Nd 1.2
LSD 2.4 2.3 – –
Total HBA 53.7 ± 2.1 38.2 ± 1.3 20.2 ± 2.1 2.1 ± 0.5
% of HBA 10.1 10.4 7.4 0.83
b) Hydroxycinnamic acids (HCA)
i) Chlorogenic acid 18.8 ± 2.4c,2 11.3 ± 1.6c,1 11.1 ± 1.3b,1 11.4 ± 1.1b,1 1.3
ii) Caffeic acid 29.2 ± 2.6d,3 20.4 ± 2.1d,2 17.6 ± 1.6c,1 Nd 2.1
iii) p-Coumaric acid 1.9 ± 0.2a,1 1.9 ± 0.4a,1 1.4 ± 0.3a,1 Nd 0.7
iv) m-Coumaric acid 50.2 ± 4.6e,4 41.3 ± 3.2e,3 31.5 ± 2.4d,2 25.6 ± 1.6c,1 3.1
v) o-Coumaric acid 6.5 ± 2.1b,2 4.6 ± 1.1b,1 2.1 ± 0.5a,1 12.4 ± 1.4b,3 2.5
vi) Ferulic acid 65.6 ± 5.1f,4 53.2 ± 3.5f,3 35.2 ± 2.1e,2 2.8 ± 0.6a,1 5.3
vii) Sinapic acid 3.3 ± 1.1a,1 2.7 ± 1.1a,1 Nd Nd 1.1
LSD 2.1 1.8 1.5 1.6
Total HCA 175.5 ± 2.6 135.4 ± 1.8 98.9 ± 1.4 52.2 ± 1.2
% of HCA 32.9 36.8 36.4 20.8
c) Flavonoids
i) Gallocatechin Nd Nd Nd 3.5 ± 1.3a –
ii) Catechin Nd 2.1 ± 0.56a Nd Nd –
iii) Epicatechin gallate Nd Nd Nd 3.4 ± 1.1a –
iv) Epicatechin 6.1 ± 1.2b,2 Nd 3.4 ± 1.1a,1 Nd 1.3
v) Apigenin-7-O-rutinoside 7.5 ± 1.4b,2 4.2 ± 1.1a,1 3.8 ± 1.6a,1 Nd 1.2
vi) Naringenin-7-O-glucoside 1.3 ± 0.3a Nd Nd Nd –
vii) Apigenin -7-O-glucoside 1.5 ± 0.3a Nd Nd Nd –
viii) Quercetin 59.3 ± 3.2e,4 48.6 ± 3.6d,3 41.4 ± 2.7c,2 36.2 ± 1.6c,1 3.3
ix) Isoquercetin 30.4 ± 2.1d,4 22.6 ± 1.7c,3 16.2 ± 1.4b,2 15.4 ± 1.3b,1 2.2
x) Myricetin Nd 6.6 ± 1.2b Nd Nd –
xi) Kaempferol 10.4 ± 1.3c Nd Nd Nd –
LSD 2.2 2.4 1.8 1.3
Total flavonoids 116.5 ± 1.4 84.1 ± 1.2 64.8 ± 1.7 58.5 ± 1.3
% of flavonoids 50.1 46.9 44.1 53.1
d) Anthocyanins
i) Cyanidin-3, 5-diglucoside 7.3 ± 1.1a Nd Nd Nd –
ii) Pelargonidin-3,5-diglucoside 5.4 ± 1.1a Nd Nd Nd –
iii) Cyanidin-3, glucoside 16.4 ± 2.1b Nd Nd Nd –
iv) Cyanidin-3, rutinoside 25.6 ± 2.3c Nd Nd Nd –
LSD 2.5
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isoquercetin followed the trend fruit > root > shoot > leaf as shown in Table 2. It is noteworthy that kaempferol at 
10.4 ± 1.3 mg/100 g was exclusively detected in fruit, while myricetin at 6.6 ± 1.2 mg/100 g was solely found in the 
root. Apigenin-7-O-rutinoside, in the range of 3.8 ± 1.6–7.5 ± 1.5 mg/100 g, was present in all parts except the leaf. 
Epicatechin, at 6.1 ± 1.2 mg/100 g, and 3.4 ± 1.1 mg/100 g, was identified solely in the fruit and shoot of the mulberry 
plant. Catechin and gallocatechin, at concentrations of 2.1 ± 0.56 mg/100 g and 3.5 ± 1.3 mg/100 g, were detected 
only in the root and leaf of the mulberry plant. Additionally, epicatechin gallate, at 3.4 ± 1.1 mg/100 g, was exclu-
sively found in the mulberry leaf. Two flavonoid glycosides, naringenin-7-O-glucoside and apigenin-7-O-glucoside, 
present at lower levels (1.3 ± 0.3 and 1.5 ± 0.5 mg/100 g), were identified solely in the mulberry fruit. The comparison 
of data also underscored that the leaf (53.1%) and fruit (50.1%) of the mulberry plant significantly contributed to the 
flavonoid content compared to the root and shoot.

4.7 � Content of anthocyanins

The study exclusively detected anthocyanins in mulberry fruit as depicted in Fig. 2A. The HPLC analysis unveiled the 
existence of four anthocyanins in different parts of the mulberry plant, including two monoglucoside anthocyanins and 
two diglucoside anthocyanins. Significantly, the levels of monoglucoside anthocyanins surpassed those of diglucoside 

Fig. 1   HPLC chromatogram of phenolic acids and flavonoids of fruit (A), root (B), shoot (C) and leaf (D) of Mulberry Cv. Ichinose. Peak iden-
tification. Fruit (A): 1 = gallic acid, 2 = chlorogenic acid, 3 = caffeic acid, 4 = syringic acid, 5 = epicatechin, 6 = gentisic acid, 7 = p-coumaric 
acid, 8 = m-coumaric acid, 9 = apigenin-7-o-rutinoside, 10 = ferulic acid, 11 = o-coumaric acid, 12 = sinapic acid, 13 = naringenin,7-o-gluco-
side, 14 = apigenin,7-o-glucoside, 15 = quercetin, 16 = isoquercetin, 17 = kaempferol. Root (B): 1 = gallic acid, 2 = chlorogenic acid, 3 = caf-
feic acid, 4 = syringic acid, 5 = catechin, 6 = gentisic acid, 7 = p-coumaric acid, 8 = m-coumaric acid, 9 = apigenin-7-o-rutinoside, 10 = feru-
lic acid, 11 = o-coumaric acid, 12 = sinapic acid, 13 = quercetin, 14 = isoquercetin, 15 = myricetin. Shoot (C): 1 = chlorogenic acid, 2 = caffeic 
acid, 3 = syringic acid, 4 = epicatechin, 5 = p-coumaric acid, 6 = m-coumaric acid, 7 = apigenin-7-o-rutinoside, 8 = ferulic acid, 9 = o-coumaric 
acid, 10 = quercetin, 11 = isoquercetin. Leaf (D): 1 = chlorogenic acid, 2 = protocatechuic acid, 3 = gallo-catechin, 4 = epicatechingallate, 
5 =  = m-coumaric acid, 6 = ferulic acid, 7 = o-coumaric acid, 8 = quercetin, 9 = isoquercetin
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anthocyanins as detailed in Table 2. Among the monoglucoside anthocyanins, cyanidin-3-rutinoside emerged as the 
major anthocyanin in mulberry fruit with a content of 25.6 ± 2.3 mg/100 g. Conversely, the contents of the two diglucoside 
anthocyanins exhibited a slight variance in the mulberry fruits. Previous studies have indicated that cyanidin derivatives 
were the primary anthocyanins in mulberry fruits. Furthermore, the content of cyanidin-3-rutinoside in Chinese mulberry 
fruits was reported to range from 31.9 ± 1.4 to 43.2 ± 3.8 mg/100 g fw, while Cyanidin-3-glucoside ranged from 65.6 ± 1.6 
to 436.7 ± 24.3 mg/100 g fw [30, 32]. The disparities in anthocyanin content among mulberries can be attributed to fac-
tors such as cultivars and the stage of maturity.

4.8 � Content of carotenoids

Figure 2B HPLC analysis revealed the presence of 5 carotenoids in various parts of mulberry. The content of individual 
carotenoids identified in different parts of mulberry is reported in Table 3. Among the parts, leaf had significantly higher 
content of carotenoids followed by shoot. Among the identified carotenoids, beta carotene emerged as the primary 
carotenoid in leaf followed by lutein. Conversely, lutein was predominant carotenoid in the shoot, followed by violax-
anthin. In the leaf, beta-carotene and lutein were quantified at levels of 2.1 ± 0.3 and 0.92 ± 0.03 mg/100 g, respectively. 
In the shoot, the quantities of lutein and violaxanthin were 0.32 ± 0.01 and 0.16 ± 0.03 mg/100 g. Beta-carotene contrib-
uted approximately 47.7% to the carotenoid content in the leaf, while lutein contributed 37.6% in the shoot. Analysis 

Fig. 2   HPLC chromatogram of fruit anthocyanins (A) and leaf carotenoids (B) of Mulberry Cv. Ichinose

Table 3   Content of individual 
carotenoids (mg/100 g) in 
different parts of mulberry 
(Morus alba L.) Cv. Ichinose 

Values are mean ± SD (n = 3); LSD least significant difference (p ≤ 0.05)

Values with different superscript lowercase letters (a–c) and numerical (1–3) differ significantly (p ≤ 0.05)

Carotenoid compound Fruit Root Shoot Leaf LSD

Violaxanthin 0.05 ± 0.01a,1 0.05 ± 0.01a,1 0.16 ± 0.03a,1 0.75 ± 0.02b,2 0.3
Lutein 0.07 ± 0.02a,1 0.07 ± 0.02a,1 0.32 ± 0.01b,2 0.92 ± 0.03b,3 0.4
Phytoene 0.02 ± 0.01a,1 0.02 ± 0.01a,1 0.12 ± 0.01a,1 0.35 ± 0.02a,2 0.2
Phytofulene 0.03 ± 0.01a,1 0.04 ± 0.03a,1 0.11 ± 0.02a,1 0.21 ± 0.01a,2 0.1
Beta carotene 0.09 ± 0.01a,1 0.03 ± 0.01a,1 0.14 ± 0.01a,1 2.1 ± 0.3c,2 0.2
LSD 0.1 0.1 0.1 0.2
Total carotenoids 0.26 ± 0.4 0.21 ± 0.03 0.85 ± 0.03 4.4 ± 0.2
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of the data also revealed marginal differences in carotenoid contents between fruit and root. It has been reported that 
beta-carotene and lutein are the primary carotenoids in mulberry leaves [33]. Variations in carotenoid composition and 
concentration among different parts of the mulberry could be attributed to genetic diversity across various varieties 
and organs. [1, 32].

4.9 � Antioxidant activity of mulberry parts

Antioxidant activity of mulberry parts was assessed using four different assays. Ascorbic acid, gallic acid, and butylated-
hydroxy toluene (BHT) were employed as positive controls in the assays. Results depicted in Table 4 exhibited significant 
variations in antioxidant activity across different mulberry parts. Fruit displayed the highest DPPH radical scavenging, 
ferric reducing ability power, hydroxyl radical scavenging activity, and inhibition in beta-carotene bleaching activity, 
followed by root, shoot, and leaf. DPPH radical scavenging activity of mulberry parts ranged from 71.5 ± 1.4–89.3 ± 1.8%, 
while hydroxyl radical scavenging activity varied from 36.7 ± 1.8–78.3 ± 1.3%. Inhibition of beta-carotene bleaching activ-
ity ranged from 18.1 ± 1.9–29.4 ± 2.2%. Our findings on antioxidant activity align with previous reports on mulberry. 
Evaluation of 25 mulberry fruit varieties showed that DPPH radical scavenging activity ranged from 39.0 ± 1.7–72.8 ± 0.8%, 
while hydroxyl radical scavenging activity was between 21.0 ± 1.2–64.5 ± 1.1%. Assessment of antioxidant activity in 
mulberry leaves from various varieties indicated DPPH radical scavenging activity in the range of 31.2–56.4 µmol TE/g. 
Furthermore, evaluation of DPPH radical scavenging activity in white and black mulberry fruits revealed scavenging 
activity ranging from 3.62–12.9 mg TE/g [31, 34]. Based on the literature comparison, it can be inferred that the Ichinose 
mulberry variety assessed in this study exhibits high antioxidant potential, particularly in DPPH radical scavenging and 
hydroxyl radical scavenging activity. Variation in antioxidant activity among mulberry parts may be attributed to vary-
ing polyphenol contents, which were notably higher in fruit and root. In the present study, positive correlations existed 
between the total phenols and the antioxidant activity measured by DPPH radical scavenging assay (r = 0.96) and hydroxyl 
radical scavenging assay (r = 0.91).

4.10 � EC50 values of mulberry parts for antioxidant assays

For better comparison of antioxidant activity, results obtained from the four antioxidant assays were expressed as EC50 val-
ues. The EC50 values of extracts of different mulberry parts were compared with standard ascorbic acid, gallic acid and BHT 
and are presented in Table 4. EC50 values of the fruit were significantly lower compared to other parts for all the antioxi-
dant assays, thus confirming that fruit had the highest antioxidant potential. For the antioxidant assays studied in the pre-
sent work, EC50 values ranged from 152.5 ± 2.1–181.3 ± 3.5 µg/mL for DPPH radical scavenging, 201.2 ± 2.5–325.6 ± 3.2 µg/
mL for FRAP, 174.2 ± 2.2–236.2 ± 2.6 µg/mL for hydroxyl radical scavenging and 472.2 ± 4.5–535.2 ± 3.5 µg/mL for beta-
carotene bleaching activity respectively. Based on the EC50 data, it can be inferred that extracts of different mulberry 
parts do possess significant antioxidant potential especially the fruit extract. But, close comparison of EC50 values with the 
standard antioxidants indicated that DPPH radical scavenging, FRAP and inhibition in beta-carotene bleaching activity of 
the studied mulberry parts was significantly lower than standard antioxidants. However, for hydroxyl radical scavenging 
assay; EC50 values of mulberry fruit, root and shoot were significantly lower than standard antioxidants, thus indicat-
ing that these parts of mulberry can serve as potential antioxidants and could exert higher antioxidant effect than the 
standard antioxidants. In a study examining two mulberry fruit varieties of Kashmir, north India reported an EC50 value 
of 107.9 ± 3.8 µg/mL in Zagtul variety and 307.2 ± 4.2 µg/mL in Chattatual variety for DPPH radical scavenging activity [3].

5 � Conclusions

The findings from this study indicate that the Ichinose cultivar of mulberry fruit is significantly enriched with bioactive 
compounds and demonstrates superior antioxidant properties, particularly notable in its hydroxyl radical scavenging 
capacity when contrasted with the root, shoot, and leaf tissues. Given the substantial presence of antioxidants and 
bioactive molecules in the Ichinose variety, it is proposed that its cultivation be expanded on a commercial scale not 
only to benefit sericulture at the foundational level of silkworm diet but also to enhance value addition in the silk indus-
try. Moreover, due to the high concentration of bioactive compounds, the Ichinose mulberry fruit holds considerable 
potential for further application in the formulation of nutraceuticals aimed at health promotion. Additionally, owing to 
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its potent antioxidant capabilities and considerable anthocyanin content, it offers promising utility as a natural colouring 
additive within both the food and pharmaceutical sectors. This would not only benefit the sericulture industry but also 
open avenues for its application in nutraceutical formulations aimed at health promotion. It thus stands as a multifunc-
tional crop with diverse benefits for human health and industry.
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