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Abstract Wine was prepared from three varieties of
Phyllanthus viz., P. emblica (wild and cultivated) and P.
acidus. Among the wines prepared, cultivated Emblica wine
had the highest total phenolic (11.02 μg gallic acid equivalent/
ml) and flavonoid (59.46 μg quercetin equivalent/ml) content.
Further gallic acid, syringic acid, protocatechuic acid and
caffeic acid were present in higher amounts in wine from the
cultivated variety compared to other wines. HPLC analysis
showed that in juice of the cultivated variety, gallic acid and
coumaric acid were found in higher amounts than that in the
corresponding wine. Antioxidant assays, LDL oxidation pre-
vention, foam cell prevention and nitrite scavenging activities
(cell lines) were found to be highest in cultivated Emblica
juice and wine with an activity of 15 μg/ml and 14 μg/ml
(nitrite assay) and 108.649 μg ascorbic acid equivalent/mg
and 321.622 μg ascorbic acid equivalent /mg (total

antioxidant capacity) respectively. CD36 expression was re-
duced and ABCA1 expression was increased to the highest
extent by the cultivated Emblica wine and juice. Further, an-
tioxidant activity was seen to increase during the course of
fermentation. Sensory analysis showed that cultivated
Emblica wine was sweeter compared to the other wines.
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Abbreviations
CEW Cultivated Emblica Wine
CEM must collected on the 10th day of fermentation of

cultivated Emblica
CES fruit solids left after removal of CEM
CEJ Cultivated Emblica Juice
WEW Wild Emblica Wine
WEM must collected on the 10th day of fermentation of

Wild Emblica
WES fruit solids left after removal of WEM
WEJ Wild Emblica Juice
PAW Phyllanthus acidus Wine
PAM must collected on the 10th day of fermentation of

Phyllanthus acidus
PAS fruit solids left after removal of PAM
PAJ Phyllanthus acidus Juice

Introduction

Previous epidemiological studies have shown that consump-
tion of fruit juices and wines have a wide variety of health
promoting effects, particularly in reducing the risk of cardio-
vascular diseases (Renaud and De Lorgeril 1992). Antioxidant
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phenolic compounds like phenolic acids, polyphenols and fla-
vonoids have been shown to scavenge free radicals. This has
an impact on the redox mechanisms that lead to inflammation
based conditions such as atherosclerosis and certain types of
cancer (Uttara et al. 2009). Atherosclerosis is a disease of the
arteries, characterised by the deposition of plaques of fatty
material on their inner walls.

This constitutes a major risk for cardiovascular disease,
wh ich i s a l ead ing cause o f dea th wor ldwide .
Atherosclerosis is characterised by the formation of foam
cells, created due to the generation of free radicals like nitrite
radicals which oxidize LDL (Libby et al. 2011).

Previous reports have shown that moderate consumption of
fermented beverages such as wine prevent coronary heart dis-
ease by reducing atherosclerosis through beneficial effects on
high- density lipoprotein-cholesterol. It has been shown that
antioxidant activities of fruits and vegetables increased dramat-
ically during fermentation. Hence we can presume that
fermented alcoholic products from fruits may have higher ben-
eficial properties (Rai et al. 2010). In order to maintain the
substantial antioxidant properties of fermented products, deter-
mination of their principal antioxidant components is vital.
During fermentation of foods, desirable biochemical changes
and significant modifications in flavour and texture occur
through the activity of microorganisms or enzymes. The com-
position of phenolic compounds is also modified by yeasts as a
result of conversion of non-phenolic substances, solubilisation
and extraction of phenolics by the ethanol produced during
fermentation (Singleton and Noble 1976). The antioxidant ac-
tivity of wine has been previously related to its phenolic content
including compounds such as flavonols, procyanidins and phe-
nolic acids. Grape phenolics have been shown to inhibit platelet
aggregation and also possess anti-inflammatory activity
(Manach et al., 2005). Even though there is well-documented
evidence for the health promoting activity of wine made from
grapes, not much work has been carried out with the fruits of
Phyllanthus emblica L. (Indian gooseberry).

Phyllanthus emblica belongs to the family Euphorbiaceae
and is an edible fruit indigenous to Southeast Asia (Barthakur
and Arnold 1991). It is found chiefly in Bangladesh, China,
India, Malaysia, Pakistan and Sri Lanka. This fruit has been
used in India from ancient times due to its well-known anti-
oxidant and medicinal properties. It has been used as a major
ingredient in medicinal formulations of Ayurveda, the ancient
system of traditional medicine mentioned in the texts of
Vedas. The fruit has been shown to have anti-inflammatory,
antiviral and hypolipidemic effects (Scartezzini and Speroni
2000). Although fresh fruit was shown to have the major
activity, the fruit is hardly commercialised. There is possibility
of commercialising the fermented fruit. There have been no
reports either on the biological activity of products made from
these fruits or on the effect of fermentation on the antioxidant
and phenolic profile of these fruits. Hence, in this paper we

investigated the antioxidant and anti-atherogenic activities of
wines and juices prepared from three different species of
Phyllanthus and investigated the change in composition of
phenolic and flavonoid compounds during the course of
fermentation.

Materials and methods

Fermentation of phyllanthus species

Fruits of three different species of Phyllanthus, i.e., wild vari-
ety of Phyllanthus emblica, Phyllanthus acidus (sweet varie-
ty) from Kodagu district of Karnataka, India and locally avail-
able Phyllanthus emblica (commonly available cultivated
cultivar NA-10) were collected. Fruits were washed with dis-
tilled water and stored at −20 °C until further use. Juices of the
fruits were prepared by squeezing the fruits after grinding
followed by filtration and lyophilization. For preparation of
wine, fruits were cut into pieces, deseeded and used for fer-
mentation. Saccharomyces cerevisiae (S-101) from CFTRI
culture collection centre was used for fermentation.
Inoculum was prepared by using the method as mentioned
in our earlier work (Rai et al. 2010). Wine was prepared using
20 % (w/v) pulp of Emblica fruits and refractive index was
adjusted to 22°brix using sucrose and pH to 4.5 using 0.1 N
KOH. The must was pasteurized at 62° for 20 min and incu-
bated with 5 % S.cerevisiae. Fermentation was carried out in
glass containers at 25 °C. Samples were drawn at intervals of
5 days, till 21 days. On the 10th day of fermentation, pulp was
removed from themust and fermentationwas carried out with-
out pulp. A sample of must was used for experiments after
lyophilization. Wine was filtered, pasteurized at 62 °C for
20 min and racked before bottling. The bottled wines were
stored at room temperature. Samples were analyzed in tripli-
cates for various physical, chemical and microbiological pa-
rameters (Rai et al. 2010). Alcohol content of wine samples
was estimated by the method of Caputi et al. (1968).

Gas chromatography analysis of alcohol

A Shimadzu 2010 plus GC with a flame ionization detector
was used for the analysis. A ZB-wax capillary column
(30 m × 0.25 mm × 0.25 μm) was used with a temperature
programming from 30 °C to 70 °C at 14 °C /min rise to 220 °C
at 25 °C /min for 3 min. Injector and detector temperatures
were 220 °C and 250 °C, respectively. Nitrogen carrier flow
was 1 ml/min and 0.5 μl of the sample was injected.

Phytochemical screening

Total phenolic content of all the samples was estimated by the
method of Gülçin et al. (2002) using Folin-Ciocalteu’s
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reagent. The amount of total phenolic compounds in the ex-
tracts was expressed as μg gallic acid equivalents/ml. The
total flavonoid content in the extracts was determined by the
method described by Basniwal et al. (2009) and results were
expressed as μg quercetin equivalents/ml.

HPLC analysis

Phenolic and flavonoid analysis by HPLC was performed
using the method described by Ruangchakpet and Tanaboon
(2007). UV detectors at 280 nm and 370 nm were used for the
analysis. Organic acids in the wine samples were analysed
using the HPLC system as described by Jayaprakash and
Sakariah (2002). Detection was carried out by a UV detector
at 210 nm.

In vitro antioxidant assays

The free radical scavenging activity of the wines, 10th day
must, 10th day solid (collected along with the 10th day must)
and juices was measured in vitro by the 1,1-diphenyl-2-
picrylhydrazyl (DPPH) assay (Brand-Williams et al. 1995) at
different concentrations (1-1000 μg/ml) using ascorbic acid as
standard. Nitrite radical scavenging activity was investigated
by Griess Illosvoy reaction (Hyoung Lee 1992) using ascorbic
acid and ibuprofen as standard.

Results were expressed as IC50 which indicates the con-
centration required to bring about 50 % inhibition. The total
antioxidant capacity of the samples was examined by the
phosphomolybdenum method according to Prieto et al.
(1999). The antioxidant capacity of extract was evaluated as
ascorbic acid equivalents (μg ascorbic acid/mg extract).
Prevention of LDL oxidation was assessed by the method of
Fairclough et al. (1978) using ascorbic acid as standard anti-
oxidant. Isolation of Low Density Lipoprotein (LDL) was
done according to the method of Orrego et al. (2009) using
NaCl/KBr density gradient followed by ultracentrifugation.

Cell line antioxidant assays

RAW264.7 cells were procured fromNational Centre for Cell
Science (NCCS), Pune, India, and cultured in Dulbecco’s
modified Eagle medium (DMEM) (Sigma-Aldrich) supple-
mented with 10 % fetal bovine serum (Himedia) and 1 %
Penicillin-streptomycin (Sigma-Aldrich) antibiotic and main-
tained in a humidified atmosphere with 5 % CO2 in a carbon
dioxide incubator. Lipopolysaccharide (LPS) induced nitrite
radical scavenging activity was performed by the method de-
scribed by Lee et al. (2012). Prevention of foam cell formation
by incubating RAW 264.7 cells with oxidized LDL (ox-LDL)
and extracts for 48 h was carried out using the method of
Greenspan et al. (1997). Results were expressed as IC50
(μg/ml).

Western blot analysis

Protein expression of ABCA1 and CD36 was measured by
western blot analysis. RAW 264.7 cells (3 × 107) were cultured
in the presence Ox-LDL (50 μg/ml), with/without test samples
(100 μg/ml) or ascorbic acid (10 μg/ml) for 48 h. Cell extracts
were obtained by centrifugation at 14,000×g at 4 °C for 10 min.
The proteins were electrophoresed using SDS PAGE and trans-
ferred on to PVDF membranes. The membranes were then
blocked with 5 % (w/v) non-fat dry milk in PBS at room tem-
perature for 1 h. Then the membranes were incubated with
polyclonal anti-CD36 and anti-ABCA1 (1: 1000) and anti-β-
actin antibodies at 4 °C overnight. The PVDFmembranes were
incubated with peroxidase-conjugated goat anti-rabbit IgG an-
tibody at room temperature for 1 h and stained using diamino-
benzidine and hydrogen peroxide and photographed using dig-
ital camera. Western blot quantification was performed using
ImageJ software. The quantification of CD36 and ABCA1 was
expressed as the ratio of the protein expression of CD36 or
ABCA1 with that of β-actin (housekeeping gene).

Sensory analysis

Descriptive sensory analysis of wine samples were conducted
using a standard method - Quantitative descriptive analysis
(QDA) technique. A 15 cm structured line scale anchoring low
and high on the extremes ends was used. A sensory panel
consisting of 10 trained judges, who are familiar with wine qual-
ity aspects, were participated in the sensory analysis. The sam-
ples were served using a three digit coded sample containers. The
judges analyzed the samples and given their verdict on the score
card by marking across the line scale against each sensory de-
scriptors. A sensory profilogramwas generated using the sample
mean values. Significant difference between mean scores was
established using Duncan’s New Multiple Range Test (DMRT).

Statistical analysis

All experiments were performed as individual experiments
with three trials in each (n = 3) and results were expressed
as mean ± SD. Statistical analysis was carried out with (SPSS
package version 10.0) using ANOVA followed by Tukey’s
test (p < 0.05). Correlation and regression analysis were per-
formed using Microsoft excel 2007.

Results and discussion

Effect of fermentation on the chemical profile
of the phyllanthus fruits

During fermentation, there was a decrease in tartaric and malic
acid content in all Phyllanthuswine samples as seen in Fig. 1.
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In cultivated and wild variety samples, ascorbic acid
content was found to increase significantly (Fig. 1).
However, the antioxidant activities could not be attrib-
uted to it, due to the fact that ascorbic acid alone
showed lower activities than the juices and wines of
cultivated variety in all the antioxidant assays per-
formed. Moreover, there are some in vivo studies indi-
cating that antioxidant activities of the fruit cannot be
attributed to ascorbic acid alone (Bhattacharya et al.
1999). Hence, the high antioxidant activities of wild
and cultivated wine varieties could be due to the syner-
gistic effect of the phenolic and flavonoid compounds,
generated during the fermentation, with ascorbic acid.
However, in case of PAW there was a decrease in ascor-
bic acid content and a threefold increase in the concen-
tration of citric acid (Fig. 1). The increased activity is
attributed to the transformation of phenolic acids during
fermentation (Rai et al. 2010).

Kinetics of fermentation indicated that in all the 3 wines,
growth of yeast was exponential till the 5th day of the
fermentation, after which it slowly decreased (Fig. 2a).
Reducing sugars were completely utilized by 15 days of
fermentation in cultivated Emblica wine with yeast be-
ing the dominant microorganism (Fig. 2a). The alcohol
content of the three different wines was in the range of
10 to 11 % (Fig.2b). Further, wine samples were ana-
lyzed for alcohol composition i.e., relative percentage of
alcohol by gas chromatography (Fig. 2c). Results
showed absence of methanol and the content of ethanol
to be higher in all the wine samples. There was reduc-
tion in n-butanol and isoamyl alcohol in CEW.

Phytochemical screening

CEJ had higher phenolic content compared to its correspond-
ing wine. Similar results were observed in case of pomegran-
ate where the mixture of juice from arils, mesocarp and epi-
carp showed higher phenolic content and antioxidant activity
than its corresponding wine (Wasila et al. 2013). As seen in
Table 1, when compared to other wines, the total phenolic
content (TPC) was found to be highest in the CEW. The
TPC was found to increase from 9.63 μg GAE/ml on the
10th day in CEM to 11.02 μg GAE/ml during the wine stage
(CEW) thus showing an increasing trend during fermentation
in all the three wines. Similar pattern of increase of phenolic
content during the course of fermentation was observed in
another study (Gordillo et al. 2013). The wines also showed
highest TFC compared to their respective juices (Table 1). Of
the wines, the highest TFC was seen in the case of CEW
followed by WEW.

Even here, there was an increasing pattern of TFC during
the course of fermentation, although the increase was not sta-
tistically significant. Previously a change in flavonoid content
was reported byWu et al. (2011), to be a contributing factor to
the antioxidant activity of the fermented fruit juice. HPLC
analysis (Table 2) for phenolics and flavonoids showed that
myricetin content was very high in CEW i.e., 56.25 μg/ml
extract (Table 2). Quercetin, kaempferol and luteolin were
present in CEJ but found to be absent in the CEW. In CEJ,
gallic acid and coumaric acid were found in higher amounts
than that found in the CEW.

Gallic acid, syringic acid, protocatechuic acid and caffeic
acid were present in high amounts in CEW compared to other
wines, which could be responsible for the higher antioxidant
activity of these wines. Gallic acid was earlier found to de-
crease the secretion of inflammatory mediators in endothelial
cells (Hidalgo et al. 2012). Phenolic and flavonoid compounds
like syringic acid, protocatechuic acid, caffeic acid etc. have
been shown to have antioxidant, anti-inflammatory and anti-
atherosclerotic activities (Hidalgo et al. 2012; Eliana et al.
2014). Hydroxycinnamic and hydroxybenzoic acids like
coumaric acid, vanillic acid and protocatechuic acid are not
found in free form in fruits and occurs in free form only in
processed foods like fermented foods (Claudine et al. 2004).
Hence these compounds are not detected in the solid (data not
shown) and 10th day must stage but found only in wine stage
in the cultivated Emblica variety as free unconjugated forms
were used as HPLC standards to authenticate the peaks. Thus
it can be deducted that these compounds are hydrolyzed to the
free form only after the 10th day of fermentation in the case of
cultivated Emblica variety.

However, in the case of wild emblica and P. acidus, the
hydrolysis could be taking place in the first 10 days of fer-
mentation as evident from their detection in the solid (data not
shown) and 10th day must stage. In juice, the presence of

Fig. 1 HPLC Profiles of organic acids. Organic acid content in P. acidus
juice (PAJ), P. acidus wine 1st day sample (PAW 1) and P. acidus wine
sample (PAW), wild emblica juice (WEJ), wild emblica wine 1st day
sample (WEW 1) and wild emblica wine (WEW), cultivated emblica
juice (CEJ), cultivated emblica variety wine 1st day sample (CEW 1)
and cultivated emblica wine (CEW). Each bar graph value indicates
value mean ± SD (standard deviation) from triplicate measurements
(n = 3) and significance was found out at P ≤ 0.05 using Tukey’s test
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vanillic acid could be due to the presence of both free and
conjugated forms of hydroxybenzoic acids in juices (De et
al. 1999).

Comparison of antioxidant assays of different species
of phyllanthus juices and wines

The 1, 1-diphenyl-2-picrylhydrazyl (DPPH) assay (DPPH)
free radical-scavenging activities, total antioxidant activities
and nitrite radical scavenging activities of the three
Phyllanthus varieties are presented in Table 1. Lower IC50
indicates higher activity. The activities of the samples were
in the following order CEW > WEW > PAW. The activities
were found to be the lowest in PAW. The activities of the
juices were higher than their corresponding wines.

Similar results were seen earlier in the case of pomegranate
juice and wine (Maria et al. 2000) where the antioxidant ac-
tivity of the juice was found to be higher than that of the wine.

The free radical scavenging activity of wines increased
during the course of fermentation (from an IC50 of
25.80 μg/ml in CEM to 5 μg/ml in the case of CEWand from
an IC50 of 10 μg/ml in WEM to 8 μg/ml in WEW in case of
DPPH). This pattern of increase in antioxidant activity during
the fermentation process was seen in a previous study in red
wine (No et al. 2008). The activities of the solids which were
left over after the collection of must were also tested for the
antioxidant activity. However, these solids showed the least
activity in all of the species selected and hence, the data have
not been presented.

In the LDL oxidation prevention assay, among the wines
tested, CEW showed the highest activity at both 5 h (50 μg/

Fig. 2 a Lactobacillus count, yeast count and reducing sugar content in
the three wines. b Percentage alcohol content in the three wines. Each bar
graph value indicates value mean ± SD (standard deviation) from
triplicate measurements (n = 3) and significance was found out at

P ≤ 0.05 using Tukey’s test. c Relative percentage of ethanol, butanol
and iso amyl alcohol in the three wines. Each bar graph value indicates
value mean ± SD (standard deviation) from triplicate measurements
(n = 3) and significance was found out at P ≤ 0.05 using Tukey’s test
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ml = 80 %, 100 μg/ml = 85 %) and 20 h (50 μg/ml = 50 %,
100 μg/ml = 90 %) and also at both the doses used. However,
at 5 h, the activity of CEWwas found to be lower than CEJ, as
seen in Fig. 3. This situation was seen to change at 20 h where
the activity of CEW was found to be higher than CEJ, show-
ing that wine provided a sustained protection from LDL oxi-
dation. The WEJ had higher activity than WEWat both doses
and time intervals tested, although the difference was not

statistically significant (i.e, 72.22 % for a dose of 50 μg/ml
and 88.89 % at a dose of 100 μg/ml at 5 h and 41.46 % for
50 μg/ml and 79.27 % for 100 μg/ml at 20 h). The activity of
P. acidus wine was found to be the lowest. Here again the
activity was found to increase during the course of fermenta-
tion for all the three wine samples (increases being statistically
significant only in the case of 20 h incubation time). The
activity of CEW was found to be higher than that of ascorbic

Table 1 Antioxidant, anti-inflammatory activities and Total phenolic and total flavonoid content in the wines, juices and 10th day must of the three
Phyllanthus varieties

Samples DPPH IC50(μg/ml) Nitrite assay IC50 (μg/ml) TPC(μg GAE /ml) TFC(μg QE/ml) TAC (μg AAE/mg dry wt.

CEJ 1.7 ± 1.6a 14.0 ± 0.0a 14.4 ± 0.00a 55.7 ± 0.0a 321.6 ± 0.0b

WEJ 6.0 ± 0.0a 21.0 ± 1.4ab 5.4 ± 0.0b 55.4 ± 0.0a 205.7 ± 0.0c

PAJ 520.0 ± 3.4c 500.0 ± 6.2d 0.1 ± 0.0d 24.4 ± 0.0c 47.3 ± 0.0e

CEM 25.8 ± 2.3b 30.0 ± 0.0ab 9.6 ± 0.0e 55.4 ± 0.0a 81.1 ± 0.0d

WEM 10.0 ± 2.4ab 140.0 ± 1.7c 1.1 ± 0.0f 54.7 ± 0.0a 51.9 ± 0.0e

PAM 950.0 ± 0.0e 800.0 ± 16.9f 0.1 ± 0.0d 28.3 ± 0.0bc 26.8 ± 0.0f

CEW 5.0 ± 0.7a 15.0 ± 1.4a 11.0 ± 0.0a 59.5 ± 0.0a 108.7 ± 0.0a

WEW 8.0 ± 0.3ab 38.00 ± 2.6b 2.3 ± 0.0b 58.8 ± 0.0a 105.9 ± 0.0a

PAW 750.0 ± 0.0d 730.0 ± 7.1e 0.1 ± 0.0c 30.8 ± 0.0b 23.5 ± 0.0f

Ascorbic acid 5.3 ± 0.1a 25.0 ± 0.0ab - - -

Ibuprofen - 20.0 ± 0.0ab - - -

CEJCultivated Emblica Juice,WEJWild Emblica Juice, PEJ Phyllanthus acidus juice,CEMCultivated EmblicaMust,WEMWild EmblicaMust, PEM
Phyllanthus acidus Must, CEW Cultivated Emblica Wine, WEWWild Emblica Wine, PEW Phyllanthus acidus Wine, GAE gallic acid equivalent, QE
Quercetin Equivalent, AAE Ascorbic Acid Equivalent, TPC Total Phenolic Content, TFC Total Flavonoid Content, TAC Total Antioxidant Capacity.
Results are expressed as means ± SD, n = 3. Lower IC50 indicates higher activity. Values within a column followed by different letters in superscripts are
significantly different by Tukey’s test after ANOVA (P < 0.05)

Table 2 HPLC Profiles of phenolics and flavonoids

Fractions CE W CEM
(μg/ml)

CEJ (μg/ml) WEW
(μg/ml)

WEM (μg/ml) WEJ (μg/ml) PAW (μg/ml) PAM (μg/ml) PAJ (μg/ml)

Gallic acid 4.26 5.39 6.03 0.77 0.10 1.68 0.05 0.33 0.02

Tannic acid ND 0.69 ND 0.10 0.01 ND 0.01 0.10 0.01

Protocatechui c acid 0.05 ND 0.12 0.01 0.0003 0.04 0.001 0.01 0.0022

Syringic acid 3.76 2.08 1.11 0.15 0.001 1.04 0.03 0.38 0.01

Vanillin ND ND ND 0.54 ND ND ND ND ND

Coumaric acid 0.20 ND 3.75 0.46 0.00110 1.74 0.02 0.22 0.01

Caffeic acid 1.58 0.47 ND ND 0.00204 ND 0.0199 ND ND

Rutin 3.22 1.57 ND ND ND ND 4.86 3.85 3.95

Myricetin 56.25 52.67 49.07 57.94 54.60 55.62 24.27 17.04 20.46

Apigenin ND ND ND ND ND ND 0.828 7.3470 0.1902

Quercetin ND 0.59 1.19 0.72 ND ND ND 0.16 0.0004

Hydroxybenz oic acid ND 0.53 ND ND 0.00032 0.04 0.01 0.03 -

Luteolin ND ND 0.94 ND ND ND ND ND ND

Kaempferol ND ND 3.57 ND ND ND ND ND 0.01

Transcinnami c acid ND ND ND ND ND 0.45 ND ND 0.0014

Vanillic acid 1.35 ND 3.11 ND ND 0.09 ND ND ND

Ferulic acid ND ND ND ND ND ND ND ND 0.004

ND not detected
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acid. Previously, LDL oxidation preventing ability of red wine
was found to be greater than that ofα-tocopherol (Landrault et
al. 2001). The activity of solids collected on the 10th day of
fermentation was the lowest in all varieties (data not shown).

Cell line antioxidant assays

The process of LDL oxidation, due to inflammatory condi-
tions, causes the macrophages to consume the oxidized LDL
in an uncontrolled manner which then leads to formation of
lipid-laden foam cells. This forms the basis of atherosclerotic
lesions (Fermont et al. 1999). LPS-induced nitrite radical pro-
duction activates macrophages and thus imitates the

inflammatory conditions that cause foam cell formation
(Guy et al. 1999). LPS-induced nitrite radical scavenging as-
say and oxidized LDL induced foam cell prevention assay
( F i g . 4 ) s h o w e d t h e a c t i v i t y i n t h e o r d e r
CEW > WEW > PAW. These activities were found to be
significantly higher than the corresponding juices –CEJ,
WEJ and PAJ. Even here the activity increased significantly
during the course of fermentation for all wines. The activity of
the solids collected on the 10th day of fermentation was the
lowest in all varieties (data not shown).

Previously red wine has been shown to prevent foam cell
formation (Aviram and Fuhrman 2002). Under atherosclerotic
conditions, increased expression of scavenger receptor CD36

Fig. 3 LDL oxidation prevention
assay after 5 h and 20 h
incubation with oxidized LDL
and the wines and juices of the
three Phyllanthus varieties. CE
Cultivated Emblica variety, WE
Wild Emblica variety. Each bar
graph value indicates value
mean ± SD (standard deviation)
from triplicate measurements
(n = 3) and significance was
found out at P ≤ 0.05 using
Tukey’s test

Fig. 4 Nitrite assay in LPS stimulated and foam cell formation assay in
ox-LDL induced RAW264.7 cell lines incubatedwith wines and juices of
the three Phyllanthus varieties. CEJ Cultivated Emblica Juice,WEJWild
Emblica Juice, PEJ Phyllanthus acidus juice, CEM Cultivated Emblica
Must, WEM Wild Emblica Must, PEM Phyllanthus acidus Must, CEW

Cultivated Emblica Wine, WEW Wild Emblica Wine, PEW Phyllanthus
acidus Wine. Lower IC50 indicates higher activity. Each bar graph value
indicates value mean ± SD (standard deviation) from triplicate measure-
ments (n = 3) and significance was found out at P ≤ 0.05 using Tukey’s
test
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causes the maximum uptake of ox-LDL in macrophages. This
when complemented with reduced cholesterol efflux due to
comparatively reduced ABCA1 expression causes cholesterol
loading within macrophages eventually leading to foam cell

formation. These foam cells are the building blocks of athero-
sclerotic plaque (Kuo-Yun et al. 2010). Western blot analysis
(Fig.5) showed that highest ABCA1 expression was caused
by CEWwhich was 8.17 fold and a 6.34 fold increase by CEJ

Fig. 5 a Protein expression by
western blot analysis (as
described in text). All lanes
except L lane has been treated
with ox-LDL. A- ox-LDL treated,
B-vehicle (DMSO) with ox-LDL,
C- Cultivated Emblica Juice, D-
Cultivated Emblica Wine, E-
Cultivated EmblicaMust,F-Wild
Emblica Juice, G-Wild Emblica
Wine, H- Wild Emblica Must, I-
P.acidus juice, J- P.acidus wine,
K- P.acidus must, L-cells treated
with native LDL, M-ascorbic ac-
id. b Quantification of western
blots by Image J software. CEJ
Cultivated Emblica Juice, WEJ
Wild Emblica Juice, PEJ
Phyllanthus acidus juice, CEM
Cultivated Emblica Must, WEM
Wild Emblica Must, PEM
Phyllanthus acidus Must, CEW
Cultivated Emblica Wine, WEW
Wild Emblica Wine, PEW
Phyllanthus acidus Wine. Each
bar graph value indicates value
mean ± SD (standard deviation)
from triplicate measurements
(n = 3) and significance was
found out at P ≤ 0.05 using
Tukey’s test
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compared to control (without extracts). The expression caused
by all musts was very less. The lowest CD36 expression was
again shown by CEW showing 8.85 fold decrease followed by
CEJ showing 6.7 fold decrease compared to control thus
explaining their high foam cell preventing abilities. In cell line
assays, the higher activities of wines over their respective
juices could be explained by the fact that alcohols increase
the cellular permeability of wines and therefore help in carry-
ing the important nutrients into the cells thus increasing the
bioavailability of important nutrients (phenolics, flavonoids,
organic acids) in the wines (Conceicao et al. 2013).

There was a statistically significant positive correlation
(p < 0.05) between total phenolic content and total antioxidant
assay (r2 = 0.80). Regression analysis showed a positive rela-
tionship between the two, supported by the fact that the phe-
nolic compounds contributed 57.76 % of total antioxidant
activity (r2 = 0.5776) at p < 0.05.

Sensory analysis

Initially many sensory descriptors were generated for wine
samples and among those only few - selected descriptors were
used in the score card. These descriptors were chosen based
on their potential to bring out the flavour differences between
the samples. The impact making sensory attributes were color
(yellowish to brown), suspended particles, body, cloudiness,
alcoholic aroma, fruity, fermented, molasses, sweet, sour, bit-
ter, astringent. A `overall quality score’ was also included in
the study to get a `single quality score or index’ for wine
samples.

Colour The primary sensory attributes is the colour. The col-
our of the wine samples was varied from yellowish to brown.
Among the samples P. acidus was yellowish in colour, while
the other samples were brownish in colour. Suspended tiny
particles were observed in cultivated Emblica wine and also in

wild Emblica wine samples, which can cause the settling
problems while storage. However, P. acidus wine sample did
not have any particles in it. The body of the wine samples was
relatively thicker in cultivated and wild samples than Mysore
wine sample. Cloudiness was also was found more in culti-
vated and wild Emblica wine samples. Sweetness perception
was observed more in cultivated samples, then the other two
wines. Undesirable astringency and bitterness sensory notes
were highly associated with Wild Emblica wine samples. A
sensory profilogram generated with different sensory descrip-
tors is presented as Fig. 6 for comparison. Hedonic rating of
wine samples (out of 9 point hedonic scale) was performed
and was found to be 7.6 for cultivated Emblica wine, 7.1 for
wild Emblica wine and 6.9 for P. acidus wine.

Conclusion

Of the three wines studied, CEW was found to have the
highest antioxidant activity as shown by DPPH assay, nitrite
scavenging assay and total antioxidant activity. It also showed
the highest ability to prevent LDL oxidation, macrophage
foam cell formation (by the ingestion of oxidized LDL) and
LPS –stimulated nitric oxide production in macrophages.
Juices were shown to have high activities compared to their
respective wines in in vitro assays. However in cell line assays
like foam cell prevention assay, prevention of LPS-induced
nitrite formation assay and CD36 and ABCA1 protein expres-
sion, the activities of CEW and WEW seemed to be higher
than their corresponding juices. This was probably due to the
alcohol content which increased the bioavailability of pheno-
lic compounds in the fruit. Thus wine production can be seen
as an important food formulation that can improve the bio-
availability of essential nutrients in food. The antioxidant ac-
tivity was found to increase during the course of fermentation.
Phenolic content was also found to increase during the course

Fig. 6 Sensory profilogram of
wines of the three Phyllanthus
varieties
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of fermentation. HPLC analysis showed the presence of phe-
nolic compounds with antioxidant activity like gallic acid,
syringic acid, protocatechuic acid and caffeic acid and vanillic
acid in cultivated Emblica wine. Further regression analysis
showed that phenolic compounds are responsible for the anti-
oxidant activity. Moreover cultivated Emblica wine was also
sweeter compared to other wines.
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