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Abstract The physico-chemical, polyphenols, antioxidant
and antibacterial properties of berries and mixture of male
and female leaves of Hippophae salicifolia were investi-
gated. The mineral, vitamin C, sugar, total protein, and
total tannin contents of the berries and the leaves were
evaluated. Further, the extracts of berries and mixture of
leaves samples obtained by successive solvent extraction
were investigated for their polyphenols, antioxidant and
antibacterial properties. Total phenolic content was highest
in leaves-methanol extract (157.97 £ 2.09 mg GAE/g)
followed by berries-aqueous extract (48.45 £ 1.94 mg
GAE/g), while total flavonoid was predominant in leaves-
acetone extract (75.64 + 3.21 mg QE/g) and berries-
methanol extract (28.93 £ 2.08 mg QE/g). Gallic acid,
caffeic acid, and rutin were the major polyphenols con-
firmed by HPLC analysis. Berries-aqueous and leaves-
methanol extracts showed excellent global antioxidant
score. Best antibacterial activity was observed by methanol
extracts against eight different strains. Overall, the leaves
and berries of Hippophae salicifolia collected from
Northeast India exhibited good antioxidant and
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antibacterial activity and can be utilized by food and
pharmaceutical sectors.
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Introduction

Plants are always considered as important natural resources
because of their numerous benefits to serve mankind in the
field of food, pharmaceutical, and cosmeceutical. The
current trend describes the utilization of plants and their
vegetative parts in developing various value-added prod-
ucts with low cost and sustainability. India holds four
biodiversity hotspots, of which the Himalayas and Indo-
Burma regions are in the Northeast part of India. The
Himalayas which comprises Northeast India, Bhutan, and
the central and eastern part of Nepal contains more than
10,000 species of flora and many of which are not yet
adequately explored (Samant et al., 1998). Sea buckthorn
(SBT) is among the various invasive species found in the
Indian Himalayan regions of Himachal Pradesh, Ladakh,
Uttaranchal, Sikkim, and Arunachal Pradesh. The Hima-
layas and Ladakh host approximately 30,000 ha and
12,000 ha of land under SBT cultivar, respectively (Stob-
dan et al., 2011). India produces three different species of
SBT: H. rhamnoides, H. salicifolia, and H. tibetana.

The berries, leaves, and seeds, of SBT are widely used
in juice, tea, oil, and for a wide variety of food, cosme-
ceutical, and pharmaceutical products that are available
commercially. SBT has a long tradition of use in East Asia
for its nutritional and medicinal value. Recently, SBT
berries and leaves have acquired significant attention due to
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their high contents of minerals, sugars, vitamins, and
bioactive compounds such as phenolics, flavonoids, toco-
pherols, carotenoids, phytosterols, unsaturated lipids, and
volatile compounds that led to their utilization in
nutraceuticals and cosmeceuticals products and natural
food preservative agent (Upadhyay et al., 2010). SBT
leaves contain higher nutrient values, polyphenols, and
antioxidant properties than berries (Criste et al., 2020). The
antioxidant activity is attributed to phenolic and flavonoid
compounds which inhibit lipoxygenase, chelate metals, and
scavenge free radicals (Michel et al., 2012; Olas et al,,
2018). In addition, polyphenol compounds of SBT berries
and leaves can also attribute to their antimicrobial prop-
erties. Further, SBT exerts wide-ranging activities includ-
ing anti-inflammatory (Padwad et al., 2006), cytotoxic
(Yang and Kallio, 2002), antiviral (Ursache et al., 2017),
antiulcer (Xing et al., 2002), anti-atherogenic (Basu et al.,
2007), cardioprotective and anticancer (Olas, 2016; Olas
et al., 2018).

The nutritional and pro-health benefits of seeds, pulp,
leaves, stems, and roots of Indian H. rhamnoides L. are
well documented (Michel et al., 2012). However, due to the
limited information about the geographical location, stud-
ies on H. salicifolia species from Northeast India is very
limited. Regardless of nutritional and health benefits, SBT
leaves remain as agricultural waste after the harvesting of
berries. Even, the pomace and the seeds of the berries are
thrown or being used as cattle feed after the juice extrac-
tion. SBT is a dioecious species and both of its male and
female plants coexist in close proximity in the wild.
Morphological identification between the plants is impos-
sible except flowering to fruiting seasons. The leaves of
plants of both types are reported to be a good source of
bioactive compounds with slight differences in TPC, TFC,
and antioxidant and antibacterial activity (Gupta and Kaul,
2017; Singh et al., 2014; Sne et al., 2013a; 2013b). In many
literatures, the gender of the leaves was also not properly
mentioned. There is no reporting of any coactivity of the
mixture of male and female SBT leaves so far. Charac-
terization of the mixture of leaves could help to effectively
utilize SBT leaves without prior gender identification and
comply with the demand of the increased research going
on to explore the supplementary options for sustainable
utilization of natural resources.

Therefore, this study is focused on investigating the
phytochemical and nutritional composition of the 50-50%
mixture of dry leaves and the whole berries of Hippophae
salicifolia from Northeast India. Further, physicochemical
analyses of mixed leaves and berries (CHNS, ash, protein,
vitamin C, sugar, tannin, FTIR) were performed. Some
important polyphenol compounds were extracted following
successive solvent extraction and further identified by
HPLC analysis. Additionally, the antioxidant potential and
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antibacterial activities of different extracts were evaluated.
The global antioxidant score was calculated mathemati-
cally to choose the best antioxidant-rich extract. The
nutritional and polyphenolic content and the antioxidant
activity of extracts were compared with the previously
reported data of the berries and either of individual plant
leaves. To the best of our knowledge, this is the first
comprehensive report on the compositional, polyphenol
content, antioxidant and antibacterial activities of the ber-
ries and mixture of leaves of Hippophae salicifolia D. Don
from Northeast India.

Materials and methods
Materials and chemicals

The berries and the male and female leaves of H. salicifolia
D. Don were separately collected during the fruiting season
from the state of Arunachal Pradesh, India. They were
dried under shade, milled, and stored in a plastic bag. The
leaves mixture was prepared with a 50:50 (% dry weight)
mix of powdered male and female leaves. All chemicals,
solvents, and reagents were of analytical grade procured
from Merck India Pvt. Ltd., Sigma Aldrich, and Himedia.
Cultures of Gram-positive bacteria: Staphylococcus aureus
(MTCC 9886), Micrococcus luteus (MTCC 2848), Sta-
phylococcus epidermidis (MTCC 9040), Bacillus subtilis
(MTCC 1133); and Gram-negative bacteria: Escherichia
coli MTCC 1687), Enterobact eraerogenes (MTCC 8558),
Klebsiella pneumonia (MTCC 4030),
aeruginosa (MTCC 8727) were purchased from Institute of
Microbial Technology (Chandigarh, India).

Pseudomonas

Proximate and CHNS analysis

The moisture and total ash content were estimated
according to A.O.A.C. (2012). Volatile matter and fixed
carbon content were quantified by the method outlined by
Piltz and Law (2007). The carbon (C), hydrogen (H),
nitrogen (N), sulfur (S), and oxygen (O) analyses were
carried out using a CHNSO analyzer (Make: Eurovector,
Model: EA3000). The percentage of oxygen was deter-
mined by the difference.

Elemental composition

A finely powdered dry sample was mounted on a carbon
tape and analyzed at different magnifications to determine
the compositional elements using Field Emission Scanning
Electron Microscope (FESEM) (Make: Zeiss, Model:
Sigma 300).
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Quantitative phytochemical analysis

The total soluble sugar and reducing sugar of whole SBT
berries and the 50-50% mixed leaves were ascertained by
following the protocol reported by Sadasivam and Man-
ickam (2008). Total crude protein was determined by
Lowry’s method (Lowry et al., 1951). Bovine serum
albumin was considered as the reference to calculate the
total protein content. Ascorbic acid was quantified
according to the protocol elaborated by Arimboor et al.,
(2006) using HPLC (Shimadzu Corporation, Kyoto, Japan)
equipped with C-18 column and PDA detector set at
246 nm. Total Tannin content was determined following
the method of Polshettiwar et al. (2007) and was quantified
in mg tannic acid equivalent (mg TAE) per gram (g).

Successive Soxhlet extraction

The dried sample (100 g) was successively extracted using
n-hexane, chloroform, ethyl acetate, acetone, methanol,
and distilled water until the solvent in the siphon of the
Soxhlet apparatus is colorless. The solvent was evaporated
using a vacuum rotary evaporator. Extracts were collected
in amber-colored vials and stored in the fridge (4 °C) until
analysis. The yield of extraction was calculated using
Eq. (1).

Yield — Weight of extract

————— x 100 1
Weight of sample X ¢ (1)

Qualitative Phytochemical analysis

Phytochemical screening was carried out according to the
method reported by Khandelwal (2008). The presence of
carbohydrates, glycosides, proteins, amino acids, alkaloids,
tannins, phenols, and flavonoids was qualitatively deter-
mined in the SBT berries and leaves extracts.

Fourier Transform Infrared Spectroscopy (FTIR)

Functional groups inherently present in the whole berries,
mixtures of leaves, and each extract were determined using
FTIR spectrometer (Shimadzu Corporation, Japan). A dry
sample and KBr with a ratio of 1:100 were crushed and
compressed into a thin pellet. Infrared spectra were
recorded within wavenumbers between 4000 and

400 cm™!, at a resolution of 4 cm” L.

Total Phenolic Content (TPC)
Determination of TPC of the extracts was carried out using

a method outlined by Sen et al. (2013). Briefly, 0.5 mL
extract and 2.5 mL Folin-Ciocalteu reagent (10%) were

thoroughly mixed. Then, 2 mL Na,CO; (2% (w/v)) was
poured into the mixture and vortexed. After 20 min of
incubation in dark, absorbance was measured against blank
at 765 nm. The calibration curve (R* > 0.99) was plotted
using 10-100 pg/mL gallic acid solution. TPC was
expressed in mg gallic acid equivalent (mg GAE) per g of
extract. The TPC per gram of dry berries and leaves
(mg GAE/g DW) of each extract was calculated by mul-
tiplying the yield of extraction by TPC per gram of extract
using Eq. (2).

TPC (mg GAE/g DW sample)
= Yield of extraction (%) x TPC (mg GAE/gextract)

(2)

Further, the grand total TPC obtained from the entire
extraction process was obtained by adding the TPC per
gram of dry sample in each extract.

Total flavonoid content (TFC)

TFC was analyzed using Sen et al. (2013) method. About
0.5 mL sample, 100 pL potassium acetate (1 M), and
100 pL aluminum nitrate (10% (w/v)) were added into a
tube containing 4.3 mL ethanol and vigorously shaken.
After 40 min incubation, absorbance was measured at
415 nm. Various concentrations of quercetin solution (10—
100 pg/mL) were used to establish a calibration curve.
TFC was expressed in mg quercetin equivalent (mg QE)
per g of the extract. The TFC per gram of dry berries and
leaves (mg QE/g DW), was calculated using Eq. (3).

TFC(mg QE/g DW sample) = Yield of extraction (%)
x TFC (mg QE/g extract)

(3)

The grand total TFC was computed by adding the TFC per
gram of dry sample in each extract.

Identification of phenolic and flavonoid compounds

The HPLC equipped with UV-Vis detector (Shimadzu
Corporation, Kyoto, Japan) and C18 column, 250 x 4.6
ID, was used to identify the phenolic and flavonoid com-
pounds all extracts of the berries and leaves. The
water:acetonitrile (63%:37%) with 1% phosphoric acid at
1 mL/min flow rate and water:methanol:acetonitrile in the
ratio 45:40:15 with 1% glacial acetic acid at 0.5 mL/min
flow rate was used as a mobile phase for the phenolic acids
and flavonoids analysis, respectively. The detection
wavelengths were 296 nm for gallic acid, caffeic acid, and
ferulic acid, 310 nm for p-coumaric acid, and 368 nm for
quercetin, myricetin, kaempferol, and rutin. The polyphe-
nol standards were dissolved in methanol (HPLC grade)

@ Springer



1558

A. Moges et al.

and filtered using a 0.45 pum filter (Axiva). 20 pL standards
with various concentrations (10-50 pg/mL) were injected
and a calibration curve was plotted. Similarly, 500 pg/mL
of all extracts of SBT berries and leaves were injected for
analysis. Polyphenols were quantified from each calibra-
tion plot (R > 0.99) by comparing the retention time of
the peaks of the sample with those of the known standards.

Antioxidant activity

The antioxidant activity of successive extracts was deter-
mined using DPPH and ABTS analysis. The antioxidant
activity of extracts was calculated from the percentage
scavenged according to Eq. (4). The plot of percentage
scavenged versus extract concentration was used to cal-
culate the IC50% value of each extract. IC50% is the
extract concentration required to scavenge 50% of radicals
in vitro. The DPPH and ABTS assays are briefly mentioned
below.

A, —A
Percentage scavenged = Dcontrol 7 Taample . 100% 4)
Acomml
where  Aconiwol = Absorbance of control, Agmple = Ab-
sorbance of sample.

DPPH assay

The DPPH assay was performed using the method descri-
bed by Sen et al. (2013). 1 mL DPPH reagent (0.1 mM)
was added to various concentrations of 3 mL extract
solution and vortexed. After incubated in dark for 30 min,
absorbance was measured at 517 nm.

ABTS assay

The ABTS antioxidant assay was performed following Re
et al. (1999). ABTS free radical was prepared by mixing
7 mM ABTS and 2.45 mM potassium persulfate solutions
with a 1:1 ratio. After 12—16 h of incubation in dark, ABTS
solution was diluted until the absorbance at 734 nm was
about 0.7 &+ 0.05. ABTS solution (2.5 mL) was thoroughly
mixed with various concentrations of 0.5 mL extract and
absorbance was measured after 20 min incubation. The
IC50% values from both assays were compared with pure
ascorbic acid.

Global antioxidant score (GAS)

T-score was used to calculate the GAS value. T-score is
calculated by using Eq. (5):

T—score = (X — min)/(max — min) (5)
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where max and min represent the maximum and minimum
values of variable X among the investigated extract,
respectively (Leeuw et al., 2014). The variables assigned
were TPC, TFC, and the percentage scavenged at 50 pg/
mL extract concentration in DPPH and ABTS.

Antibacterial activity
Minimum inhibitory concentration (MIC)

MIC was estimated against eight bacterial strains using the
procedure outlined by Sarker et al. (2007). Extracts were
dissolved in 10% DMSO and sterilized with a 0.22 pm
Millipore express filter. They were subjected to serial
dilution (1000 pg/mL to 0.98 pg/mL). Then 50 pL of the
sample, 30 pL of 3.3X broth media, and 10 pL of the
bacterium were pipetted into the wells of 96 well plate in
an aseptic condition. The positive control well contained
10% DMSO, media, and bacterial suspension, while the
negative control well contained 10% DMSO and media.
After incubating for 12-14 h with appropriate bacterium
growth temperature, 10 pL resazurin indicator (1 mg/mL)
was added to each well. The final concentration of bac-
terium in each well was 5 x 10° CFU/mL. The MIC of the
extract was determined by checking the conversion of the
color from blue to pink. The lowest concentration at which
the blue color did not change to pink was the MIC of the
extract.

Zone of inhibition (Zol)

Agar well diffusion assay was done following the method
of Bauer et al. (1966). 100 puL of bacterium culture (100
uL of 10° CFU/mL) was swabbed on the solidified agar
surface. After the culture was absorbed, three holes were
pierced into the agar surface. S0pL sterilized solutions
(1 mg/mL) extracts of SBT berries and leaves were drained
into the holes and kept in the laminar airflow for 45 min
until the solution was well diffused into the solidified agar.
The plates were incubated and Zol was measured using a
geometric ruler after 12—-14 h of incubation.

Statistical analysis

All the experiments such as physicochemical analysis,
phytochemical analysis, successive extraction, polyphenol
content (TPC and TFC), and antioxidant and antibacterial
activity (Zol) were performed in duplicate of two indi-
vidual experiments. All the data were reported as
mean =+ standard deviation. One-way ANOVA using
MATLAB 2019a software was considered to check the
significance level.
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Results and discussion

The physicochemical properties of the whole berries and
the 50-50% mixture of leaves of the male and female
H. Salicifolia were investigated. The berries and the leaves
of H. Salicifolia were successively extracted using hexane,
chloroform, ethyl acetate, acetone, methanol, and water;
and the yield of extraction, polyphenolic content, and the
antioxidant and antibacterial activities of extracts were
evaluated.

Proximate and CHNS analysis

The proximate and CHNS analysis of the whole berries and
mixture of SBT leaves are presented in Table S1. Results
of the study revealed slightly higher ash content in SBT
leaves (3.85 + 0.06%) than berries (3.23 £ 0.01%). The
ash content of the sample used in the present study closely
matches with the value reported by Attrey et al. (2012) for
Indian H. rhamnoides. Leaves of Indian H. Salicifolia
showed a significant difference in their ash content when
compared with Poland H. rhamnoides variety
(4.79-5.09%). Ash content in the berries was observed to
be higher than the Romanian (2.83%) (Ion et al., 2019) and
Indian (1.76%) (Bal et al., 2011) varieties of H. rham-
noides. In both samples (berries and leaves mixture), the
portion of acid-insoluble ash was higher than water-soluble
ash. Ash content of berries and leaves sample is under
acceptable limits which suggest less physiological (plant
tissue) and non-physiological (sand or soil) contamination.

The berries used in the present work exhibited 1.7-fold
higher fixed carbon content than the leaves, while leaves
had higher volatile matter. The volatile matters are mainly
alcohols and esters of short-chain, branched, or n-fatty
acids that affect the aroma and sensory characteristics of
fruit and vegetables. These values were lower than the
previously reported fixed carbon (20.48%) and volatile
matter (77.55%) in Netherlands H. Rhamnoides foliage
(Tiller et al., 2020). The CHNS analysis of berries and
leaves revealed percentage of C (45.93 4+ 0.35 and
47.10 £ 0.33%), H (5.88 £ 0.2 and 6.73 £ 0.12%) and
low percentage of N (1.93 &+ 0.11 and 3.75 + 0.14%) and
S (0.05 £ 0.02 and 0.08 £ 0.01%), respectively.

Elemental analysis

Elemental analysis of SBT berries and leaves by EDX
analyzer showed 15 microelements that are necessary for
human nutrition (Table S2). Potassium was the predomi-
nant element in both samples, while sodium and calcium
were the second most abundant element in the berries and
leaves, respectively. Other microelements such as calcium,

silicon, magnesium, and phosphorus content of the leaves
were substantially higher than berries. The composition of
minerals like Potassium, Sodium, Magnesium, and some
other elements of the berries were as stated for Chinese,
Indian, and Romanian H. rhamnoides L. (Bal et al., 2011;
Ion et al., 2019). However, compared to the reported lit-
erature, elements such as phosphorus, magnesium, calcium,
zinc, iron, and silver showed significant variation. This
variation could be attributed to the genetic difference and
water holding capacity of the soil. Despite the well-docu-
mented SBT leaves and berries, no data is available in the
literature on the mineral composition of SBT leaves.

Quantitative phytochemical analysis

The results of soluble and reducing sugar, protein, tannin,
and vitamin C contents of SBT berries and leaves are
presented in Table 1. Several authors have reported the
sugar, protein, tannin, and vitamin C content in European
and Chinese SBT (Hippophae rhamnoides L. species).
Despite numerous benefits to nutritional values and bio-
logical activities, information on sugar content, protein,
and tannin content in Indian H. salicifolia berries and
leaves is rather limited. The total soluble sugar of leaves
and berries was found to be 138.64 3.3 and
120 £+ 1.4 mg GE/g, respectively. The non-reducing sugar
content was 30.51 £ 0.7 and 41.14 &+ 2.3 mg GE/g for
berries and leaves, respectively. Interestingly, the sugar
content was found higher in leaves than in berries. A
similar trend was also reported by Aksi¢ et al. (2019) for
different varieties of Blueberry and Strawberry, where the
sugar content in leaves was higher than in fruits. They
described that the ratio of sugar between fruits and leaves
of a plant is dependent on the translocation of sugars from
leaves to fruits which is strongly controlled by ecological
factors such as light, CO, concentration, temperature, etc.
Another study also suggests that higher sugar content in
plant tissue leads to higher production of secondary plant
metabolites, specifically, phenolic and flavonoid com-
pounds (Ibrahim et al., 2011). The present study also
reveals that there is a higher concentration of TPC and TFC
in SBT leaves than in the berries. The results of the present
study could be supported by the above discussed two
possible reasons. The results obtained in the present study
are in the range of the total soluble sugar content (130 mg/
g) of Chinese (Hussain et al., 2014) and reducing sugar
content (9.7-59.1 mg/g) of Finnish (Tang and Tigerstedt,
2001) in the berries of H. rhamnoides. The content of
protein is a good indicator of food value and the potential
of dietary supplementation of SBT berries and leaves. The
protein content of SBT leaves (102.86 &+ 1.1 mg BSAE/g)
was found to be higher than the berries (41.87 £ 1.6 mg
BSAE/g). These values are similar to that reported in the
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Table 1 Nutritional
composition of SBT berries and
leaves

Berries Leaves

Present study Literatures Present study Literatures
Total soluble sugar (mg GE/g) 120+ 1.4 130 mg/g* 138.64 £ 3.3 272.9°
Reducing sugar (mg GE/g) 895+ 12 9.7-59.1 mg/g* 975+ 14 173.7°
Non-reducing sugar (mg GE/g) 30.51 £ 0.7 - 41.14 £ 23 -
Total protein (mg BSAE/g) 41.87 £ 1.6 3.99-45.35 mg%®  102.86 + 1.1 150-200°
Vitamin C (mg AAE/100 g) 256.10 £ 1.3 147-896" 106.47 + 3.6 3708
Total tannin (mg TAE/g) 42 + 0.65 1.99-5.74 mg/gf 80.1 £+ 2.63 80 mg/g®

The results are presented in mean £+ SD, n = 3

GE, glucose equivalent; BSAE, bovine serum albumin equivalent; TAE, tannic acid equivalent; AAE,

ascorbic acid equivalent

Hussain et al. (2014), "Kashif and Ullah (2013), “Tang and Tigerstedt (2001), dOprica et al. (2007),
°Stobdan et al. (2011), fKuhkheil et al. (2017), Krejcarova et al. (2015)

berries of Romanian H. rhamnoides L. (3.99-45.35 mg/g)
by Oprica et al. (2007). Similarly, the protein content of
leaves in the present study is in accord with the reports by
Kashif and Ullah (2013) and Stobdan et al. (2011).
Vitamin C is the main component of SBT berries with a
5 to 100-fold higher concentration than any other fruits or
vegetables (Bal et al.,, 2011). The vitamin C content of
berries and leaves was found to be 256.10 & 1.3 and
10647 £ 3.6 mg AAE/100 g, respectively (Table 1).
Vitamin C content in the berries closely matched with the
reported values for Canada ‘Terhi’ and ‘Tytti’ cultivars
(200-300 mg/100 g) (Karhu, 2003), European
(28-310 mg/100 g) (Yao et al, 1992), and Indian
H. rhamnoides (168.3-509 mg/100 g) (Arimboor et al.,
2006), but lower than Chinese Sinensis (200-2500 mg/
100 g) (Bal et al., 2011). For leaves, Krejcarova et al.
(2015) reported that the vitamin C content of Czech
H. rhamnoides levels up to 370 mg/100 g which is higher
than the present result. This variation in Vitamin C is
mainly due to genotype, cultivar, and ripening stage and
time of harvest. Ascorbic acid is an essential vitamin for
the human body for its nourishment, oxidation scavenger,
antibacterial, and other potent physiological actions.
Tannin-rich foods are considered to be of low nutritional
value due to the adverse effect of tannins on protein
digestibility. However, recent studies indicated that tannins
are the leading contributors to antioxidant (gne et al.,
2013a; 2013b) and antimicrobial (Ncube et al., 2017)
potency and provide positive health benefits. The total
tannin content in the leaves (80.1 & 2.63 mg TAE/g) was
two-fold higher than berries (42 £ 0.65 mg TAE/g) as
shown in Table 1. The total tannin content in the leaves
was in agreement with the report of 80 mg/g by Krejcarova
et al. (2015) and the range between 59 and 350 mg/g by
Stobdan et al. (2011) for Indian H. rhamnoides. However,
it was 11-fold higher than the values reported by Kuhkheil
et al. (2017) for Iranian H. rhamnoides which ranges from
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1.99 to 5.74 mg/g. The difference in tannin between the
Hippophaé genus is mainly attributed to the difference in
species, extraction method, and type of solvent, etc. (Hei-
ndaho et al., 2006; Stobdan et al., 2011).

Successive extraction

The successive Soxhlet extraction of SBT berries and
leaves resulted in a total yield of 66.37% and 39.19%,
respectively (Table S3). In both cases, methanol offered the
highest yield because it dissolves a wide range of polar and
non-polar compounds. On the other hand, acetone extract
of berries and chloroform extract of leaves resulted in the
lowest yield. The fat content in berries (14.54 + 0.47%)
was found 3-fold higher than leaves (3.93 £ 0.13%).
These values are consistent with the result reported by Biel
and Jaroszewska (2017) with H. rhamnoides variety from
Poland and sinensis species from China (Yang and Kallio,
2001).

Qualitative phytochemical screening

The phytochemical screening results of SBT berries and
leaves extracts are presented in Table S4. Carbohydrate,
glycoside, protein, and amino acid were more noticeable in
polar and moderately polar solvents. Alkaloid test was
more appreciable in hexane and decline as the extraction
progressed from non-polar to polar solvents and were not
noticed in the aqueous extract of the berries and aqueous
and methanol extracts of the leaves. It is confirmed from
the qualitative analysis that all extracts contained tannin,
phenolic, and flavonoid compounds. These compounds
were more noticeable in acetone, methanol, and aqueous
extracts followed by ethyl acetate, chloroform, and hexane
extracts. A similar finding was reported by Ahmad and Ali
(2013) in that many phytochemicals were presented in
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Fig. 1 FTIR spectral transmission band for (A) powdered berries (B) mixture of powdered leaves, (C) berries extracts, and (D) leaves extracts.
HX, hexane; CL, chloroform; EA, ethyl acetate; AC, acetone; MT, methanol; AQ, aqueous

methanol extracts. Qualitative phytochemical screening of
leaves extracts was better than berries extracts.

FTIR analysis

FTIR transmission plots of berries powder, leaves powder,
and respective successive extractives are presented in
Fig. 1. The characteristic absorption bands of the berries
and leaves (Fig. 1A, B) at 3296 cm”! correspond to the O—
H stretching and H-bond that confirmed the presence of
phenols and alcohols. The presence of aromatic rings of
polyphenols and flavonoids in the berries, leaves, and
successive extracts was confirmed with the peaks at
3436 cm™! (OH), 1734-1743 cm™!' (0=C), and the in
36503584 cm ™' region which belongs to O-H stretching
vibrational bands. The peaks at 2922 and 2853 cm™ 'for
berries and leaves samples attributed to CH, antisymmetric
and symmetric stretching of an aliphatic chain of lipids,
respectively. The sharp signal of these peaks for the berries
is evidence of higher fat content. Moreover, these peaks
reappeared in hexane and chloroform extracts of both
berries and leaves (Fig. 1C, D). The spectra of extracts
imparted the identical pattern of absorption bands with a

minor difference revealing the presence of various func-
tional groups including alkanes (2853), alkenes
(2800-3000), aromatic rings (1365), and carbonyl
(1734-1743) groups. Similar results of FTIR analysis have
been reported for various cultivars of Romanian H. rham-
noides ssp. carpatica (Pop et al., 2014).

Total phenolic and flavonoid contents

The total phenolic (TPC) and flavonoid (TFC) contents of
all the successive extracts are presented in Table 2. The
TPC of berries extracts ranged from 11.99 + 0.82 to
48.45 £ 1.94 mg GAE/g of extract. The aqueous extract
had the highest concentration of TPC, followed by
methanol, and the lowest in ethyl acetate extract. But in the
case of the leaves, methanol extract
(157.97 £+ 0.86 mg GAE/g of extract) was found to con-
tain the highest TPC followed by aqueous extract
(144.63 £ 0.47 mg GAE/g) and least TPC in chloroform
extract (15.18 £ 0.53 mg GAE/g). TFC of methanolic
extract of berries was highest (28.93 £ 2.08 mg QE/g),
followed by aqueous (24.81 £ 0.64 mg QE/g), and lowest
in the ethyl acetate extract (9.73 &+ 1.61 mg QE/g). On the
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Table 2 The yield of extraction, total phenolic content (TPC), and total flavonoid content (TFC) of extracts

Yield (%) TPC
(mg GAE/g of extract)

TPC*
(mg GAE/g of DW)

TFC
(mg QE/g of extract)

TFC*
(mg QE/g of DW)

Berries extracts

HX 14.54 £+ 0.47 2499 + 2.12
CL 241 £+ 0.02 19.49 £+ 0.24
EA 17.62 £+ 0.29 11.99 + 0.82
AC 1.46 £ 0.3 17.7 £ 0.53
MT 2214 £ 14 3924 £ 1.3
AQ 8.2 £+ 0.89 48.45 + 1.94
Grand total

Leaves extracts

HX 393 +£0.13 19.66 £ 0.12
CL 1.6 £ 0.13 15.18 £ 0.53
EA 1.78 £ 0.32 51.66 £ 1.06
AC 2.6 £0.28 136.3 £ 0.94
MT 14.84 £ 0.84 157.97 £ 0.86
AQ 1441 £ 1.1 144.63 £+ 0.47

Grand total

3.63 19.5 £ 0.63 2.83
0.47 15.52 +£ 0.48 0.37
2.11 9.73 + 1.61 1.71
0.26 15.75 £ 1.77 0.23
8.68 28.93 £+ 2.08 6.41
3.97 24.81 £ 0.64 2.03
19.12 13.58
0.77 16.1 £ 2.08 0.63
0.24 18.74 £+ 0.48 0.3
0.92 42.69 £ 1.12 0.76
3.54 75.64 £ 3.21 2
23.44 71.32 £ 2.89 10.58
20.84 62.23 £+ 1.61 8.97
49.75 23.24

The results are presented in mean &+ SD, n =3

Total phenolic content (TPC), Total flavonoid content (TFC), Gallic acid equivalent (GAE), Quercetin equivalent (QE), *TPC/TFC per gram of
dry powdered sample (DW) obtained by multiplying yield of extraction by TPC/TFC, Grand total (TPC obtained from the entire extraction
process were obtained by adding the TPC per gram of dry berries and leaves in each extract)

HX, hexane; CL, chloroform; EA, ethyl acetate; AC, acetone; MT, methanol; AQ, aqueous

other hand, TFC of leaves extracts ranged from
15.18 £ 0.53 to 157.97 £ 0.86 mg GAE/g of extract,
being highest in acetone extract followed by methanol
extract.

Computation of TPC/TFC per gram of sample (dry
weight) in each extract was important to compare the
amount of polyphenols extracted by a given solvent. The
successive solvent extract gives the advantage to under-
stand the TPC/TFC distribution cumulatively in each
sample (berries or leaves). For instance; the concentration
of TPC per gram of methanolic extracts of berries was
lower (39.24 £ 1.3 mg GAE/g) than the concentration in
aqueous extract (48.45 £+ 1.94 mg GAE/g), but because of
the higher extract yield, the TPC dry weight value of
methanolic extract (8.68 mg GAE/g DW) was higher than
the aqueous extract (3.97 mg GAE/g DW). The TFC yield
in acetone and methanol extracts of the leaves also showed
an identical phenomenon with TFC yield in methanol
(10.58 mg QE/g DW) being higher than acetone
(2 mg QE/g DW) extract. The grand total TPC achieved
from the entire successive extraction of berries and leaves
was 19.12 mg GAE/g of berries (DW) and 49.75 mg GAE/
g of leaves (DW). Similarly, the TFC was found to be
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13.58 mg QE/g of berries (DW), and 23.24 mg QE/g of
leaves (DW), respectively. Overall, the extracts from
leaves had higher TPC and TFC than berries. The results of
TPC per g of extract of berries extracts were comparable
with Romanian H. rhamnoides extract (10.12 to
18.66 mg GAE/g) (Criste et al., 2020). Noteworthy result
is that the grand total TPC (19.12 mg GAE/g DW) in the
present study was comparable with TPC values ranging
from 20.78 to 34.60 mg GAE/g DW (crude methanolic
extract) and 20.78 to 34.60 mg GAE/g DW (crude ethanol
extract) for Iranian and Turkian H. rhamnoides, respec-
tively (Ercisli et al., 2007; Kuhkheil et al., 2017). Likewise,
TFC values for berries (13.58 mg QE/g DW) in this study
were approximately similar to those reported values for
other varieties of SBT (5.63—14.37 mg rutin equivalent/g
(DW) (Pop et al., 2013) for Romanian and 3.54-8.54 mg/g
for European H. rhamnoides variety. On the other hand,
TFC per gram of extract of berries was found to be higher
than that obtained by Criste et al. (2020) for Romanian
H. rhamnoides cultivars (6.57-9.01 mg QE/g of extract).
Regarding leaves extract, Saikia and Handique (2013)
reported that the crude methanolic extract of Indian
H. salicifolia (from Sikkim-Himalayas region) had the
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highest concentration of TPC (98.7 mg GAE/g of extracts),
followed by acetone, chloroform, and petroleum ether
extracts. These values were lower than the TPC per gram
of acetone, methanol, and aqueous extracts obtained from
the current successive extraction. Criste et al. (2020)
worked with four Romanian varieties of SBT leaves and
observed TPC ranged from 41.6 to 48.12 mg GAFE/g,
emphasizes that the leaves had significantly higher TPC
than berries (p < 0.05). According to Kumar et al. (2011),
TPC in ethanol extracts of leaves of Indian H. rhamnoides
ranging from 43.77 to 77.85 mg GAE/g DW, which is in
agreement with the grand TPC (48.75 mg GAE/g DW) of
the present study. In comparison, Upadhyay et al. (2010)
analyzed aqueous and hydroalcoholic extracts of H. rham-
noides from North-West Himalayas and reported the TPC
of 40.49 and 56.28 mg GAE/g DW, respectively.

The TFC of acetone, methanol, and aqueous extracts of
H. salicifolia leaves was approximately 2-fold higher than
the Romanian H. rhamnoides which contains
31.53-36.58 mg QE/g of extract. The grand total TFC
(23.24 mg QE/g DW) of H. Salicifolia agreed with the
previous report by Upadhyay et al. (2010). A large varia-
tion of TPC and TFC designates the composition of SBT is
dependent on many parameters such as extraction method,
time and temperature, type of solvent, harvest time, sub-
species and cultivars, genotype, and geographic factors.
Phenolic and flavonoid compounds are the most important
bioactive compound which plays an important role as an
antioxidant and antibacterial agent, with significant nutri-
tional and health-promoting abilities (Pop et al., 2014).
Hence, it could be concluded that acetone, methanol, and
aqueous extracts of the berries and the leaves of H. salici-
folia could be potent sources of phenolic compounds. In
general, successive extracts (ethyl acetate, acetone,
methanol, and aqueous extracts) of whole berries and the
mixture of leaves in the present study showed a higher
concentration of TPC and TFC than the previous studies on
either male or female leaves individually (Gupta and Kaul,
2017; Singh et al., 2014; Sne et al., 2013a; 2013b).

HPLC analysis

The identification and quantification of different phenolic
and flavonoid compounds present in SBT leaves and ber-
ries extracts are presented in Table 3. While, the HPLC
chromatograms of the standards and extracts of berries and
leaves are given in Fig. S1 (A-C) and Fig. S2 (A-C),
respectively. In this study, different polyphenols identified
in berries and leaves were gallic acid, caffeic acid, ferulic
acid, p-coumaric acid, myricetin, quercetin, kaempferol,
and rutin. These compounds were identified mostly in
methanolic, acetone, aqueous, and ethyl acetate extracts

and were found below the detection limit in hexane and
chloroform extracts.

The concentration of polyphenolic compounds found in
leaves extracts was higher than berries extracts. Gallic acid
was the most abundant analyte in the leaves (50.93 £ 0.33
to 144.09 + 0.64 mg/g) and berries (6.25 £ 0.16 to
30.18 + 0.78 mg/g) extracts. It was the only compound
detected in the highest concentration in the aqueous extract
of berries compared to other phenolic compounds. The
gallic acid content of Indian H. salicifolia leaves in the
current study was in agreement with the ethyl acetate
fraction of H. rhamnoides (Kumar et al., 2013). However,
it was found to be less than Indian (West Himalaya)
H. rhamnoides leaf extracts (314.09 mg/g). The content of
caffeic acid in berries extracts was considerably lower
ranged from (0.88 £ 0.02 mg/g (ethyl acetate)) to
1.18 £ 0.01 mg/g (methanol)), while it was the second
major phenolic compound in leaves ranging from
9.73 £ 0.01 mg/g (ethyl acetate) to 64.47 £ 0.56 mg/g
(methanol). The p-coumaric acid content of leaves samples
in the present study was comparatively higher than repor-
ted (0.032 mg/g of extract) by Criste et al. (2020).

Rutin was a predominant dietary flavonoid found in both
berries and leaves extract. The rutin content in berries
ranged from 0.45 mg/g (acetone) to 1.48 + 0.02 mg/g
(methanol) and in leaves, 3.04 £ 0.01 mg/g (ethyl acetate)
to 9.5 £ 1.4 mg/g (aqueous) which was higher than other
flavonoid aglycones (myricetin, quercetin, and kaemp-
ferol). The rutin content in berries and leaves extracts was
in the range as previously reported in other varieties of
rhamnoides from different countries (Cho et al., 2017,
Dong et al., 2017; Fatima et al., 2015; Kumar et al., 2013;
Sharma et al., 2008). Besides, Criste et al. (2020) reported
that the leaves and berries of four different Romanian
H. rhamnoides cultivars as a rich source of phenolic
compounds, particularly quercetin and hydrocinnamic acid
derivatives. Quercetin was found to be in the range of
0.01 mg/g (methanol) to 0.15 £ 0.001 mg/g (ethyl acetate)
in berries and 0.04 mg/g (aqueous) to 2.62 + 0.01 mg/g
(ethyl acetate) in leaves extracts. But, kaempferol was
detected in acetone, ethyl acetate, and aqueous extract of
berries. The values of quercetin and kaempferol contents of
berries and leaves extracts were similar to those reported
for Romanian, Korean, Chinese, and Indian H. rhamnoides
(Cho et al., 2017; Dong et al., 2017; Fatima et al., 2015;
Kumar et al., 2013; Sharma et al., 2008). Another flavonoid
compound, myricetin was found only in berries ranged
from 0.01 & 0.003 to 0.08 £ 0.01 mg/g. Studies by
Fatima et al. (2015) and Sharma et al. (2008) on SBT
berries from Canada and India reported the myricetin
content from 0.036 to 0.17 mg/g FW, and 0.0173 mg/
g DW, respectively. Kumar et al. (2013) demonstrated that
SBT leaves extracts are rich in quercetin-3-glucoside,
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quercetin-3-galactoside, quercetin, rutin, and kaempferol,
which matched closely with SBT H. salicifolia variety in
the current study.

In vitro antioxidant activity

The antioxidant potency of SBT berries and mixture of
leaves extracts were evaluated by comparing the 50%
inhibition concentration (IC50%) of the extracts with
ascorbic acid (AA) in DPPH and ABTS assays (Fig. 2A,
B). All the extracts revealed significant antioxidant activ-
ity. Among all the extracts, berries-hexane extracts, leaves-
hexane, and leaves-chloroform extracts had shown the
lowest antioxidant activity. This is because of the presence
of lower scavenging molecules compared to extracts
obtained from polar and moderately polar solvents. The
acetone, methanol, and aqueous extracts showed greater
antioxidant activity for both assays. For berries, aqueous
extract had highest antioxidant capacity with IC50% of
16.6 + 0.48 pg/mL, followed by 22.35 + 1.1 pg/mL
(methanol) and 33.72 4+ 2.3 pg/mL (acetone) in DPPH
assay. The highest antioxidant activity of aqueous extracts
of berries could mainly be due to its highest content of TPC

and gallic acid. A similar trend of antioxidant activity for
successive solvent extracts of SBT leaves (hexane (87 mg
TE/g) and ethyl acetate (161 mg TE/g) and water
(275 mg TE/g)) was also observed by Michel et al. (2012).
Among the leaves extracts, acetone (2.42 £ 0.1 pg/mL),
methanol (2.65.78 + 0.2 pg/mL), and aqueous (3.68 ng/
mL) extracts depicted the highest scavenging activity in
DPPH assay. Moreover, acetone (9.48 + 0.13 pg/mL) and
methanol (8.78 £ 0.11 pg/mL) extracts of leaves has
shown exceptionally stronger antioxidant capacity than
pure ascorbic acid (10.35 &+ 0.1 pg/mL) in ABTS assay.
The activity of aqueous extract (10.48 £ 0.23 pg/mL) of
leaves was also found to be almost equivalent to ascorbic
acid. The in vitro antioxidant activity of the mixture of
leaves in the current study were found to be better than the
reported values for individual male and female leaves of
SBT (Gupta and Kaul, 2017; Singh et al., 2014; Sne et al.,
2013a; 2013b).

The results obtained in the current work suggest that the
antioxidant capacity of extracts is more likely due to
concentrations of phenolic and flavonoid contents of the
extracts. A similar trend was described in other studies
published earlier which also found a strong correlation
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Fig. 2 The antioxidant activity of extracts of (A) berries extracts,
(B) leaves extracts in DPPH and ABTS assays, (C) global antioxidant
score for berries extracts, (D) global antioxidant score (GAS) for

leaves extracts. AA, ascorbic acid; HX, hexane; CL, chloroform; EA,
ethyl acetate; AC, acetone; MT, methanol; AQ, aqueous
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between phenolic contents of extracts and antioxidant
capacity evaluated by different assays (Guo et al., 2017,
Sen et al., 2013). The antioxidant potency of phenolic and
flavonoid compounds is mainly influenced by the extra OH
group (Rice-Evans et al., 1996), thus the presence of more
OH groups on the aromatic ring of polyphenol favors to
the lower IC50% results in DPPH and ABTS assays for
acetone, methanol, and water extracts in the current study.

In most cases, leaves extracts had shown better antiox-
idant capacity than the berries extracts and these results are
analogous to the previous reports by (Criste et al., 2020).
Sharma et al. (2008) estimated the Trolox equivalent
antioxidant capacity (TEAC) of ethanol extract of berries
and leaves of Indian H. rhamnoides L. using DPPH and
ABTS assay and observed to vary in the range of 8.33 and
31.37 mg/g and 37.16 and 39.55 mg/g, respectively. As
discussed above, it is very difficult to identify the best
antioxidant extract based on the TPC, TFC, or antioxidant
activity. Thus, the global antioxidant score (GAS) was
calculated and the results are presented in Fig. 2C, D. The
results of GAS were derived by integrating the raw data of
TPC, TFC (Table 2), and the percentage scavenged at
50 pg/mL extract concentration in DPPH, and ABTS assay
(Table S5). The GAS results were presented on a scale of 0
to 4 from worst to best antioxidant-containing extract.
From GAS calculation, it was observed that aqueous
extracts of berries had a maximum overall GAS value of
3.71, followed by methanol and acetone extracts. Whereas,
among leaves extract, methanol extract exhibited a maxi-
mum GAS score of 3.93. These GAS values give a clear
idea on understanding the best overall antioxidant extract
and this mathematical calculation is now a day been pop-
ular in many food and beverage industries (Purohit et al.,
2021a; 2021b). For instance, in the case of berries extract,
TFC value of the berries-methanol extract was higher than
its aqueous counterpart, whereas in DPPH assay the results
were in reverse order. GAS analysis computed the overall
antioxidant parameters (as explained above) and presented
an overall best extract (aqueous in this case, despite TFC of
methanol is higher).

Antibacterial activity

SBT leaves and berries extracts were subjected to mini-
mum inhibitory concentration (MIC) and zone of inhibition
(Zol) study to examine the antibacterial activity and the
results obtained are presented in Table 4 and Table S6,
respectively. The bacterial strains used in this study are
reported to be foodborne pathogen which causes serious
food poisoning or infections in human (Jeong et al., 2010;
Purohit et al., 2021a; 2021b). All extracts (except hexane
and chloroform extracts of berries) showed a noticeable
antibacterial property. Acetone and methanol extracts of
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the berries showed strong antibacterial potency against all
bacterial strains at 125 pg/mL MIC, followed by aqueous,
and ethyl acetate extract. Despite higher TPC and antiox-
idant capacity, the aqueous extracts of whole berries
(250-500 pg/mL) and leaves (125-500 pg/mL) exhibited
lower antibacterial activity than methanol and acetone
extracts. A similar trend was observed by Babaeekhou and
Ghane (2020) during their study on successive extraction of
Z. Officinale rhizome with n-hexane, ethyl acetate,
methanol, and distilled water. Criste et al. (2020), found the
MIC of 12.5-25 g/mL with berries extracts and 6.2-25 g/
mL with leaves extracts against S. aureus.

The methanol extracts of leaves exhibited maximum
antibacterial activity with the lowest MIC of 31.3 pg/mL
for S. aureus and B. subtilis. Similarly, acetone and ethyl
acetate extracts showed MIC of 62.5 pg/mL for S. aureus,
M. luteus, E. coli, P. aeruginosa, and S. aureus, M. luteus,
respectively. The MIC of ethyl acetate, acetone, and
methanol extracts of leaves in the current was lower than
the crude (methanol, acetone, chloroform, and petroleum
ether) leaf extracts of Indian H. salicifolia D. Don reported
by Saikia and Handique (2013) in the range from 250 to
500 pg/mL against Staphylococcus aureus, Bacillus sub-
tilis, Escherichia coli, Enterobacter aerogenes, Klebsiella
pneumonia, and Pseudomonas aeruginosa.

The Zol analysis gave a clear idea about the antibacte-
rial nature of various extracts from the leaves and berries of
SBT. All the berries extracts (except hexane and chloro-
form) showed the highest Zol against B. Subtilis strain
(aqueous extract = 11.5 &= 2.1 mm) followed by S. Epi-
dermidis and M. luteus. On the contrary, leaves extracts of
SBT were effective for all four strains of gram-positive
bacteria. Similarly, the leaves extracts (except chloroform
extract) showed remarkable inhibition for gram-negative
bacteria. Most of the leaves extracts were effective against
the tough E. coli (methanol extract = 14 mm) which makes
the SBT leaves extract a strong antibacterial agent. Mini-
mum to zero inhibition by berries extracts could be because
of the poor penetration capacity of these extracts into the
hard peptidoglycan layer of the gram-negative bacteria.
The antibacterial activity of leaves extracts against S. au-
reus and E. coli was in the range of those obtained by
Kumar et al. (2013). Upadhyay et al. (2010) compared the
antibacterial properties of SBT leaf extracts and found that
hydroalcoholic extract (19 mm) has better activity than
aqueous extract (14 mm) with higher Zol (19 mm) for B.
cereus.

The difference in antibacterial activity of extracts is
attributed to the content of bioactive compounds such as
vitamins, tannins, and polyphenol compounds, especially
quercetin derivatives, gallic acid, caffeic acid, and ferulic
acid. It was also noticed that the antibacterial effect of
phenolic compounds was more prominent than flavonoids
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Table 4 Minimum inhibitory concentration (pg/mL) study of SBT berries and leaves extracts

Gram-positive bacteria

Gram-negative bacteria

S. aureus B. subtilis S. epidermidis M. luteus E. coli K. pneumonia E. aerogenes P. aeruginosa

Berries extracts

HX ND ND ND ND ND ND ND ND
CL ND ND ND ND ND ND ND ND
EA 500 1000 1000 500 1000 1000 1000 500
AC 125 125 125 125 125 125 125 125
MT 125 125 125 125 125 125 125 125
AQ 500 250 500 250 250 250 250 250
Leaves extracts

HX 500 500 1000 1000 1000 1000 1000 1000
CL 1000 1000 1000 1000 1000 1000 1000 1000
EA 62.5 125 125 62.5 250 125 125 125
AC 62.5 62.5 125 62.5 62.5 125 125 62.5
MT 31.3 31.3 62.5 62.5 62.5 125 62.5 125
AQ 125 125 250 125 125 500 125 250

ND, MIC not found; HX, hexane; CL, chloroform; EA, ethyl acetate; AC, acetone; MT, methanol; AQ, aqueous

(El-chaghaby et al., 2014). The inhibitory characteristics of
phenols are related to the site(s) and the number of con-
jugated hydroxyl groups in such a way that more hydrox-
ylation results in more toxicity to microorganisms (Cowan,
1999). Successive solvent extracts of berries and leaves of
H. salicifolia were more effective against Gram-positive
bacteria than Gram-negative. This renders Gram-negative
bacteria provides hydrophilic molecules deposited in the
outer membrane that objects to the leakage of hydrophobic
materials into the cytoplasm.

In conclusion, the berries and the leaves of H. salicifolia
grown in North-East India showed significant dietary and
bioactive properties, with the leaves mainly found to be
more nutritious and biologically active than the berries.
Vitamin C was found to be the predominant phytonutrient
found in the berries, while the total soluble sugar content of
the leaves was the highest. Nevertheless, SBT leaves have
not yet been significantly recognized as a food and food
supplement, attempts have to be done to introduce the
scope and procedure of Novel Food Regulation to use SBT
leaves as food and food supplement. The berries and leaves
extract provided good polyphenolic compounds such as
gallic acid, caffeic acid, ferulic acid, p-coumaric acid,
quercetin, myricetin, kaempferol, and rutin, with signifi-
cant oxidation and food-borne bacterial inhibition activi-
ties, meaningfully higher activities with leaves extract.
Further, this study compares the less known H. salicifolia
of North-East India with the most popular H. rhamnoides
variety in India as well as other cultivars present in the
world. Our result indicated that successive extracts (ethyl

acetate, acetone, methanol, and aqueous extracts) of whole
berries and the mixture of leaves in the current study had a
higher concentration of TPC and TFC with higher antiox-
idant activity than the previous reports for H. rhamnoides
variety on either male or female leaves individually.
Overall, the present research demonstrates the importance
of H. salicifolia berries and leaves as an option to be uti-
lized as bioactive ingredients, dietary supplements, food
preservatives, and pharmaceuticals.
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