International Journal of Home Science 2015; 1(2): 12-20

ISSN: 2395-7476
IJHS 2015; 1(2): 12-20
© 2015 IJHS
www.homesciencejournal.com
Received: 10-04-2015
Accepted: 13-05-2015
Neetika Trivedi
Department of Microbiology,
Panjab University, Chandigarh160014, India.
Praveen Rishi
Department of Microbiology,
Panjab University, Chandigarh160014, India.
Sanjeev Kumar Soni
Department of Microbiology,
Panjab University, Chandigarh160014, India.

Antibacterial activity of prepared Aloe vera based
herbal wines against common food-borne pathogens
and probiotic strains
Neetika Trivedi, Praveen Rishi, Sanjeev Kumar Soni
Abstract
Wine has been considered as safe and healthy drink, besides an important adjunct to the diet. The present
work was carried out to develop process methodology for the production of Aloe-amla and Aloe-ginger
wine. The prepared Aloe vera based herbal wines were evaluated for their effect against common foodborne pathogens and probiotic strains. Aloe vera gel, blended with amla and ginger extract and
supplemented with sugar proved to be a good medium for the growth of Saccharomyces cerevisiae for
making the Aloe-amla and Aloe-ginger wine. The wine was found to be similar to any other wine in terms
of its composition and sensory quantities. The wine exhibited bactericidal activity against common foodborne pathogens (S. Typhimurium, S. aureus, E. coli). Captivatingly, the wine was not inhibitory to the
selected probiotic strains and no significant difference in the viable count of lactobacilli was found in the
fecal matter, hence, indicating their persistence in the gut of wine fed animal. It is suggested that the Aloe
vera based herbal wines, as prepared in the present study, can be regularly consumed as a functional
drink.
Keywords: Aloe-amla wine, Aloe-ginger wine, Salmonella enterica serovar Typhimurium,
Staphylococcus aureus, Escherichia coli, antibacterial activity.
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1. Introduction
To improve the quality of life, extensive investments have occurred for the therapeutic
applications of herbal plant-resources. Herbal preparations have been known to treat various
infectious diseases throughout the history of mankind [1, 2]. Wine represents one of the
functional fermented foods [3] and consumption of wine has been reported to exhibit protective
effect, as regards the tendency to develop bacterial food infections [4]. It provides relaxation
necessary for proper digestion and absorption of food and hence serves as a vital adjunct to the
human diet [5]. Strong antibacterial activity of wine is its essential biological function which
has been verified under various experimental conditions [6-12]. Wine serves as a base for
medicinal preparations compounded with a range of herbs adapted to treat various disorders [13].
Functional botanical ingredients are more admired than ever in the beverage market. Many
wines are made from herbs with perceived medicinal value and such wines have many
additional health benefits. Aloe vera (Aloe barbadensis Miller), a well known herbal plant has
been demonstrated to possess strong antibacterial, anti-inflammatory, anti-tumor and immune
stimulatory properties. It has been utilized extensively in the preparation of health drinks [14].
The Indian gooseberry, also known as Amla (Emblica officinalis) have been reported to
possess hypoglycemic, spasmolytic, purgative and antibacterial activity [15]. Several value
added products have been prepared from Amla. Amla berries can be used as a valuable
ingredient for the production of an herbal beverage [16, 17]. Ginger (Zingiber officinale) is well
known for its contribution to food, and has antimicrobial [18] and antioxidant potentials [19, 20].
There are hundreds of beneficial compounds contained in these herbs which can deliver
antimicrobial, antioxidant, anti-inflammatory, anti-mutagenic properties to the final food
product [21]. This fact has encouraged us to explore the possible use of Aloe vera, amla and
ginger for the production of functional wines and to evaluate the antibacterial potential of Aloe
vera based herbal wines.
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2. Materials and methods
2.1 Microorganisms
Saccharomyces cerevisiae MTCC 786 procured from
Microbial Type Culture Collection, Institute of Microbial
Technology (IMTECH), Chandigarh, India was used to carry
out the fermentation. Salmonella enterica serovar
Typhimurium (Virulent strain NCTC 74) (S. Typhimurium)
was procured from the Central Research Institute (CRI),
Kasauli (India), Escherichia coli NCIM 2065 was procured
from National Collection of Industrial Microorganisms
(NCIM), Pune (India). Staphylococcus aureus ATCC 9144,
Standard probiotic strains of Lactobacillus casei MTCC 1423,
Lactobacillus plantarum MTCC 2621 and Lactobacillus
acidophilus MTCC 447, were procured from Microbial Type
Culture Collection, IMTECH, Chandigarh, India.
2.2 Animals and Ethics
Male BALB/c (4-6 weeks old) mice with a body weight
ranging from 20 to 25 gm, were procured from the Central
Animal House of Panjab University, Chandigarh, India. These
were housed in polypropylene cages (10 mice per cage)
bedded with clean rice husk in well-aerated animal room of the
Department of Microbiology. All the animals were fed with
the standard pellet diet comprising of 20-21% crude protein,
4% fat, 5.0-5.75% crude fibre, 8-9% ash, 1.0-1.5% calcium,
0.6-0.8% phosphorus and 50% nitrogen free extract (M/s.
Ashirwad Industries Pvt. Ltd., Punjab, India) and water ad
libitum. Animals were acclimatized to the new housing and
experimental conditions for at-least one week. The
experimental protocols were approved by the Institutional
Animal Ethics Committee of Panjab University, Chandigarh,
India (Registration number: 45/1999/CPCSEA) and performed
in accordance with the guidelines of Committee for the
Purpose of Control and Supervision of Experiments on
Animals (CPCSEA), Government of India, on animal
experimentation. All efforts were made to minimize suffering
of the animals.
2.3 Raw substrates for wine production
Aloe vera (Aloe barbadensis Miller) leaves were collected
from local nursery, amla fruits, ginger, were collected from the
local market of Chandigarh city. These were washed in clean
water and dried in air.
2.4 Extraction and processing of herbal substrates
Aloe vera leaves were collected from local nursery in
Chandigarh and the colorless gel contained in the inner part of
the fresh leaves extracted by hand filleting method [22] was
used for the production of wine. Filleting operation was
completed within 24 h of harvesting the leaves in order to
avoid the loss of biological activity. Briefly, the lower leaf
base, the tapering point of the leaf top and the short sharp
spines placed along the leaf margins were removed by a sharp
knife. The knife was inserted into the mucilage layer below the
green rind followed by the removal of top and bottom rinds.
The gel was then blended in a mixer and the resulting Aloe
vera juice is stored in amber colored glass bottles in order to
avoid the adverse effect of light on the sensitive bioactive
agents. Aqueous decoction of amla and ginger was prepared
by boiling 400 gm of intact amla fruits and sliced ginger
pieces, separately, in 1000 mL of tap water for 15-20 min in a
steel container. The container along with the contents was left
undisturbed after covering it with a metal lid and allowed to
cool. Both amla and ginger decoction was mixed separately
with 50% Aloe vera gel (v/v) and supplemented with cane

sugar (TSS of 20oB), (NH4)2HPO4, MgSO4.7H2O and KH2PO4
(0.1% w/v) each with pH 4.5.
2.5 Inoculum preparation
25 mL of sterilized glucose yeast extract (GYE) broth (yeast
extract 0.3% w/v, malt extract 0.3% w/v, peptone 0.5% w/v
and glucose 1% w/v, pH 4.5), dispensed in 100 mL flask was
inoculated with loopful culture of S. cerevisiae from a slant.
The flask was incubated at 30 oC on a rotary shaker (150 rpm)
for overnight and the cells were separated by centrifugation at
10000 rpm (4 oC, 15min). These were washed twice and resuspended in normal saline to give a concentration of
108cells/mL which was used as a pre-inoculum. The inoculum
was prepared by transferring 10 mL of the pre-inoculum to
250 mL conical flask having 100 mL of Aloe vera juice
supplemented with 5% sucrose and incubating overnight as
shake culture (150 rpm) at 30 oC.
2.6 Fermentation of Aloe vera based herbal media
Both Aloe-amla and Aloe-ginger media supplemented with
cane sugar, (NH4)2HPO4, MgSO4.7H2O and KH2PO4 (0.1%
w/v) each with pH 4.5 was subjected to batch fermentation.
One litre of medium containing 20oB TSS with 19% (w/v)
total sugar was taken in 2L Erlenmeyer flask, seeded with 10%
(v/v) inoculum, supplemented with 100 ppm sodium
metabisulphite and incubated in a stationary state after
plugging with cotton wool in a BOD incubator at 30 oC till no
further decrease in oBrix level was noted. The contents of the
flask was mixed 2-3 times a day and the progress in
fermentation was noted at regular intervals of 24h by
analyzing TSS, pH, sugar content and ethanol. After
completion of fermentation, the wine was clarified, by
repeated siphoning which was carried out 4 times with a
sedimentation period of 3 days between each siphoning.
2.7 Maturation of wine
The clarified wine was kept for maturation. Ageing of both the
wines namely, Aloe-amla and Aloe-ginger wine was done for
one year in oak wood barrels (2.5 L), procured from M/S
Jagatjit Industries Limited, Hamira, Punjab (India). The
containers were filled upto the brim and analyzed for various
components after one year of ageing.
2.8 Physico-chemical analysis of wine
TSS content was checked using a hand refractometer (Erma),
pH was measured by digital pH meter, total sugars [23], titrable
acidity [24], total soluble proteins [25], total phenolics [26],
antioxidant activity [27] and ethyl alcohol [28] were determined
by standard protocols. Methanol, n-propanol, n-butanol, isoamyl alcohol and ethyl acetate were detected and quantified by
gas chromatography (GC) (Hewlett Packard 5790) equipped
with flame ionizing detector using a glass column (6´×1/4´)
packed with carbowax-20 M. The estimation of the
concentration of minerals (Ca, Mg, Fe, Cu, Zn, Mn) was done
by atomic absorption spectrophotometer (Perkin Elmer-3100)
and (Na, K) was estimated by flame photometer. Wine
samples were sent to Agri and Food Testing Laboratory,
Punjab Biotechnology Incubator, Mohali, Punjab, India to
quantify the concentration of minerals. Phytochemical
screening of both the wines was also done qualitatively
including tannins, terpenoids, flavonoids, saponins, glycosides,
alkaloids, polysaccharides and amino acids by standard
protocols [29, 30].
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2.9 Sensory evaluation of wine
The organoleptic evaluation of matured Aloe vera based herbal
wines was done by a panel of five judges on the basis of
scoring in terms of appearance, colour, aroma, bouquet,
acescent, total acid, sugar, body, flavour, astringency and
general quality as per the prescribed performa [24].
2.10 In vitro antibacterial efficacy of Aloe vera based herbal
wines against common food-borne pathogens
The antibacterial efficacy of prepared herbal wines against S.
Typhimurium, S. aureus and E. coli was assessed by various
techniques including assaying zone of inhibition by well
diffusion, determination of minimum inhibitory concentration
(MIC), minimum bactericidal concentration (MBC) values and
time dependent bactericidal assay.
2.11 Zone of inhibition by well diffusion assay
Antibacterial activity of prepared wines against S.
Typhimurium, S. aureus and E. coli was performed by well
diffusion technique [31]. The actively grown culture in nutrient
broth was selected for plate assay with cell count of
approximately 105 cfu/mL. 100 µL liquid culture was spread
on nutrient agar plate to create a bacterial lawn. Three wells
with diameter of 6 mm were punched in each nutrient agar
plate and 100 μL of either of Aloe vera based herbal wine was
added to one of the wells in each plate under aseptic condition.
100 μL of unfermented Aloe vera based juice, as well as 10%
(v/v) pure ethanol were also loaded, separately, in other two
different wells in each plate as the controls to compare the
antibacterial activity with prepared herbal wines namely, Aloeamla wine and Aloe-ginger wine. The plates were left for 30
min at room temperature for the diffusion of the test samples
before being incubated at 37 oC for 24 h after which the
diameter of zones of inhibition were measured. The analyses
were carried out in triplicates.
2.12 Determination of Minimum inhibitory concentration
(MIC) and Minimum bactericidal concentration (MBC) of
Aloe vera based herbal wines
Minimum inhibitory concentration of wines for S.
Typhimurium, S. aureus, E. coli was determined according to
the method of Moretro and Daeschel, [9]. Both the prepared
wines namely, Aloe-amla wine and Aloe-ginger wine were
diluted separately, in brain heart infusion (BHI) broth
(HiMedia, M210, India) to concentration in the range of 10%
to 50% (5% interval, v/v), with a final volume of 3 mL in test
tubes. BHI broth of double strength together with sterile
distilled water was used to make dilutions, resulting in BHI
with normal strength in final dilutions. The tubes were
inoculated separately with 30 µL of either of the test organism
culture grown overnight and incubated for 24 h at 37oC. MIC
was determined as the lowest concentration of wine that
inhibited the visible growth of bacteria after 24 h incubation.
The MBC was determined by plating the contents of the tubes
containing MIC and higher concentration of wine on nutrient
agar plate and incubated at 37 oC for 24 h. MBC was defined
as the lowest concentration of wine resulting in >99.9%
reduction of the initial inoculums. All analyses were carried
out in triplicates.
2.13 Time dependent bactericidal assay
Bactericidal effect of prepared wines against S. Typhimurium,
S. aureus, E. coli was studied as per the method of Moretro
and Daeschel, [9] separately for both the wines. 10% (v/v)
ethanol and Aloe vera based juices were used as controls. 50

µL of stationary phase (16 to 20 h) broth with approximately
109cfu/mL was used to inoculate 4.95 mL of either of the
wines taken in 30 mL test tube (18×150 mm).The final cell
concentration during exposure was approximately 107cfu/mL.
The suspension was mixed with a vortex mixer and plated on
to BHI agar after retention at ambient temperature for 0, 10,
20, 30 min. Plates were incubated for 24 h at 37 oC and
bacterial count was taken. All analyses were carried out in
triplicates.
2.14 In-vitro effect of Aloe vera based herbal wines against
probiotic bacteria
The effect of Aloe vera based herbal wines against probiotic
strains namely, L. casei, L. plantarum and L. acidophilus was
analyzed by agar well diffusion assay. 100 µL actively grown
cultures in MRS broth of each of the strains with cell count of
approximately 105cfu/mL was spread separately on MRS agar
plate to create a bacterial lawn. Wells (6 mm dia) punched in
each plate was filled aseptically with 100 µL of either of
prepared wines. Thereafter, the plates were left for 30 min at
room temperature before being incubated at 37 oC for 24 h.
The diameters of the zones of inhibition if any, were measured
after 24 h. All analyses were carried out in triplicates.
2.15 Effect of oral administration of Aloe vera based herbal
wines on resident microflora of mice
The safety potential of Aloe vera based herbal wines was also
assessed in terms of persistence of natural gut flora by
determining the microbial cell count in the fecal matter of
mice after oral administration of a standardized dose of 0.3 mL
of either of the prepared wines once in a day continuously for
3 weeks. To enumerate the lactobacilli, freshly voided feces
were collected and pooled from each mouse (0.5 gm/mouse) at
0, 7, 14, 21 days to confirm the non-inhibitory effect of
prepared wines on the gut microflora. The feces were
homogenized in normal saline, serially diluted and plated on
MRS agar for the enumeration of lactobacilli [32]. The plates
were incubated at 37 oC for 24 h and the number of colonies
appearing on the plates was recorded. All analyses were
carried out in triplicates.
2.16 Statistical Analysis
All the results were expressed as mean±S.D. obtained from
three trials. Comparisons were made by Student’s t-test and p
< 0.05 was considered significant.
3. Results and Discussion
The purpose of the study was to combine the useful properties
of well known herbs with an aim to develop a new class of
functional fermented Aloe vera based herbal wines and
evaluation of their antimicrobial activity.
3.1 Production of Aloe-amla and Aloe-ginger wine
Aqueous decoction of amla and ginger was prepared by
boiling 400 gm of intact amla fruits and sliced ginger pieces,
separately, in 1000 mL of tap water for 15-20 min in a steel
container. The container along with the contents was left
undisturbed after covering it with a metal lid and allowed to
cool. Both the substrates mixed separately with 50% Aloe vera
gel (v/v) and supplemented with 0.1% (w/v) (NH4)2HPO4,
0.1% (w/v) each of MgSO4.7H2O and KH2PO4 along with cane
sugar (TSS of 20oB), pH 4.5, fermented at a temperature of 25
o
C provided a good substrate for S. cerevisiae to convert it into
ethanol resulting in production of wine. The profiles of both
the media studied in terms of pattern of pH, TSS, sugar
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utilization and alcohol production at a regular interval of 24 h
revealed the following results.
Sugar utilization in the Aloe-amla medium during the first 24 h
was found to be 83.3mg/h/100mL. This picked up to
129.1mg/h/100mL and 208.3mg/h/100mL on 2nd and 3rdday,
thereafter the rate of sugar utilization declined to
87.5mg/h/100mL, 83.3mg/h/100mL,79.1mg/h/100mL on the
subsequent days and ultimately it declined at a constant rate of
62.5mg/h/100mL till the 10thday of fermentation period. On
the other hand, the rate of alcohol production was
46.6µL/h/100mL during the first 24 h of incubation which
increased gradually to 74.1µL/h/100mL during the next 24 h,
further rising to 121.2µL/h/100mL during 3rdday. Highest rate
of alcohol production was noted during the 3rdday of
fermentation followed by gradual decline to 50.4µL/h/100mL,
44.1µL/h/100mL and ultimately it declined at a constant rate
of to 30.8µL/h/100mL till the 10thday of fermentation period
(Fig. 1). The pH of the medium revealed a gradual fall with the
progress in fermentation, showing a final value of 3.7 at the
end of fermentation. Quantitatively, the ethanol content in the
wine, as observed after 10 days of fermentation, was 9.9%
(v/v) with 88% fermentation efficiency.

Fig 1: Pattern of sugar utilization, TSS, pH and alcohol production
during the fermentation of Aloe-amla medium.

Sugar utilization in the Aloe-ginger medium during the first 24
h was found to be 83.3mg/h/100mL. This picked up to
166.6mg/h/100mL and 208.3mg/h/100mL on 2ndand 3rdday,
thereafter the rate of sugar utilization declined to
83.3mg/h/100mL, 41.6mg/h/100mL, on the subsequent days
and ultimately to 12.5mg/h/100mL till the 10thday of
fermentation period. On the other hand, the rate of alcohol
production was 47.08µL/h/100mL during the first 24 h of
incubation which increased to 125.8µL/h/100mL on 2nd and
3rdday of fermentation period followed by gradual decline
to73.7µL/h/100mL, 44.5µL/h/100mL, 20µL/h/100mL and
ultimately to 7.08µL/h/100mL at the end of fermentation
period (Fig. 2). The pH of the medium revealed a gradual fall
with the progress in fermentation, showing a final value of 3.4
at the end of fermentation. Quantitatively, the ethanol content
in the wine, as observed after 10 days of fermentation, was
9.9% (v/v) with 90% fermentation efficiency.

Fig 2: Pattern of sugar utilization, TSS, pH and alcohol production
during the fermentation of Aloe-ginger medium.

3.2 Composition of matured Aloe-amla and Aloe-ginger
wine
Aloe vera juice blended with hot water extract of amla and
ginger proved to be a good growth medium for S. cerevisiae
and got converted in to wine with the composition as depicted
in Table 1. The prepared Aloe vera based herbal wines had a
total soluble content between 4 to 4.6oB with an average of
4.3oB. For total acids the values quantified varied from 0.65to
0.71g/100 mL in equivalents of tartaric acid and the average
value was 0.68g/100 mL in equivalents of tartaric acid with the
pH of 3.7. The final total sugar content of wine ranges from
0.54 to 0.61% with an average of 0.57%. The ethanol content
was found to be 9.9 % (v/v) for both the prepared wines.
Fermentation of supplemented Aloe vera based media brought
the formation of various alcohols including methanol, npropanol, n-butanol and iso-amyl alcohol the average levels of
which, as observed in the resulting matured Aloe-amla and
Aloe-ginger wines were 87.05 mg/L, 3.2 mg/L, 11.2 mg/L, and
62.8 mg/L respectively. These observations are agreeable to
the earlier findings of several workers who also observed the
formation of these alcohols during fermentation of fruit juices
and reported that the proportion of these alcohols vary with the
type of wine [3, 33].
The herbal wines prepared in this study exhibited the presence
of esters detected in the form of ethyl acetate at an average
level of 261.4 mg/L. The prepared wines showed the presence
of Ca, Na, K as the major elements amounting to an average
value of 516.0, 129.0, 405.9 mg/L respectively and the traces
of Mg, Fe, Cu, Zn and Mn in the average range of 89.2, 401.5,
5.8, 85.0 and 8.6 µg/L respectively. The content of total
phenols varied from 1218.6 mgGAE/L – 1797.05 mgGAE/L,
averaging 1507.8 mg GAE/L, for the prepared herbal wines.
The antioxidant activity assessed by determining the FRAP
values varied from 3040.0 µmol/L to 4550.0 µmol/L averaging
3795.0 µmol/L for the prepared Aloe-amla and Aloe-ginger
wine. These values are quite similar to the commercial wine
values reported in the literature [34, 35].

The phytochemical profiling of Aloe-amla and Aloe-ginger
wine revealed the presence of tannins, flavonoids, glycosides,
polysaccharides and amino acids (Table 2). Bioactive
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compounds usually found in herbs have been shown to possess
potential health benefits with antibacterial, antioxidative,
antihypertensive, anticarcinogenic and angiogenesis inhibitory
activities [36-39]. Thus, the knowledge of presence of
phytochemicals indeed proved to be helpful in assessing the
quality of prepared wines and seems promising for exhibiting
therapeutic effects.

3.3 Organoleptic evaluation of Aloe vera based herbal
wines
The data pertaining to the evaluation for sensory quality of
prepared Aloe vera based herbal wines namely, Aloe-amla and
Aloe-ginger is presented in Table 3 and 4 respectively. The
acceptability of the prepared wines was ascertained by a panel
of 5 judges. The mean score of sensory evaluation by the five
judges were found to be 18.4, 17.2 for the matured Aloe-amla
wine, Aloe-ginger wine respectively. Both the prepared wines
were acceptable and observed to possess outstanding sensory
characteristics as revealed by the organoleptic scores given by
the panel of judges.

3.4 In vitro antibacterial efficacy of Aloe vera based herbal
wines against common food borne pathogens
The antibacterial efficacy of prepared wines against S.
Typhimurium, S. aureus and E. coli, the common food-borne
pathogens, was assessed by the presence or absence of
inhibition zones, MIC and MBC values and time kill curves.

3.4.1 Zone of inhibition by well diffusion assay
To investigate the antibacterial efficacy of the Aloe vera based
herbal wines against known pathogenic organisms like S.
Typhimurium, S. aureus and E. coli, bacterial growth
inhibition zones were observed for both the wines by well
diffusion assay. Table 5 shows the recorded size of zone of
inhibition against the pathogens by prepared wines and their
controls. It was observed that both the wines showed
remarkably higher efficacy of inhibition in comparison to
respective controls like 10% ethanol and herbal extracts.
Average zone sizes with Aloe-amla and Aloe-ginger wine
against the three organisms measured about 12.3 and 11.0 mm
respectively making Aloe-amla wine slightly more efficacious
in terms of its antibacterial activity as compared to its
counterpart. Aloe-amla wine had the highest antibacterial
activity against S. Typhimurium and E. coli while Aloe-ginger
wine worked best against S. aureus. Whereas, 10% ethanol
alone accounted for an average zone size of 2.7 mm, other
components like Aloe-amla and Aloe-ginger extract measured
3.7 and 3.3 mm respectively. The data signifies that the
synergistic effect of all components of wine results in a
drastically improved antimicrobial potential as the
unfermented herbal extracts were far weaker to inhibit
bacterial growth. This observation is well supported by the
work of several authors who have noted that wine has a greater
antibacterial effect compared with the same concentration of
diluted absolute ethanol and grape juice [7, 40, 41]. The
antimicrobial activity has been studied for ethanol, methanol
and acetone extracts of Aloe vera gel powder against four
gram-negative (Escherichia coli, Salmonella typhi,
Pseudomonas aeruginosa, Klebsiella pneumonia) and grampositive (Bacillus cereus, Bacillus subtilis, Streptococcus
pyogenes, Staphylococcus aureus) bacteria using the agar well
diffusion method [42]. The methanol and ethanol extracts
established higher activity than the acetone extract against
most of the tested pathogens (the first two had an inhibition
zone ranging between 12.6 and 23.3mm and the maximum
value was obtained for Bacillus cereus). However, the
inhibition zone achieved on using the acetone extract ranged
from 6.0 (for Escherichia coli) to 7.3mm (for Streptococcus
pyogenes) and activity was not detected for Pseudomonas
aeruginosa and Salmonella typhi. Generally, these extracts
showed better activity against gram-positive bacteria [42]. In
our study, both the variants of Aloe vera based herbal wines
showed comparable antibacterial efficacy against the tested
food-borne pathogens as recorded by the size of zone of
inhibition (Table 5).

3.4.2 Minimum inhibitory concentration (MIC) and
Minimum bactericidal concentration (MBC) of Aloe vera
based herbal wines
Minimum inhibitory concentration (MIC) for both the wines
was determined against each of the three pathogenic bacteria
including S. Typhimurium, S. aureus and E. coli. MIC for S.
Typhimiurum was found to be 25% and 40% for Aloe-amla
and Aloe-ginger wine respectively. For S. aureus, MIC was
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recorded as 40% and 30% for Aloe-amla wine and Aloe-ginger
wine respectively. MIC of Aloe-ginger wine was 50% whereas
MIC for Aloe-amla wine was found to be 40% against E. coli.
Thus, Aloe-amla wine exhibited the highest efficacy against S.
Typhimurium and E. coli while for S. aureus Aloe-ginger wine
worked the best. Minimum bactericidal concentrations
(MBCs) of the wines against the three test pathogens were
determined by plating the contents of the tubes containing
MICs and higher concentrations of the wines on nutrient agar
and incubated at 37 oC for 24 h. The MBC of Aloe-amla wine
was found to be 35% for S. Typhimurium and 45% for both E.
coli and S. aureus. MBC of Aloe-ginger wine was more than
50% for S. Typhimurium and E. coli whereas for S. aureus it
was found to be 40% (Table 6). The antibacterial activity of
Aloe vera inner gel has been tested in gram-positive and gramnegative bacteria by several methods. [43] Freeze dried Aloe gel
powder extracts have been evaluated in diverse solvents such
us hexane, chloroform, methanol and water against gram
positive (Staphylococcus aureus, Enterococcus bovis) and
gram-negative (Shigella flexneri, Enterobacter cloacae)
bacteria. These experiments disclosed lower MIC values for
Aloe vera gel than for the aqueous extract [44].

3.4.3 Time dependent bactericidal assay
The Aloe vera based herbal wines tested were found to be
strongly effective against S. Typhimurium, S. aureus and E.
coli. Exposure to wines decreased the bacterial count of all the
three pathogens from 107cfu/mL to undetectable levels within
20 min as shown in Fig. 3, 4, 5. Time kill curve of the three
pathogenic organisms was observed at five different time
intervals i.e. 0, 5, 10, 15, 20 min after exposure to both the
wines and corresponding unfermented herbal extracts, 10%
ethanol as controls separately. An initial count of nearly
107cfu/mL was used for the three pathogens. Both the tested
wines displayed a remarkable antimicrobial response against
the pathogens. All three pathogens were completely
inactivated after 20 min of exposure to each wine.
S. Typhimurium and E. coli were completely inactivated in 15
min by Aloe-amla wine while Aloe-ginger wine took 20 min
for the same. Nearly 2 log reduction in growth was observed in
the first five minutes for both the wine variants. Again, the
respective controls showed relatively much weaker
antibacterial activity with an average one log reduction in
growth even after 20 min of exposure.
In case of S. aureus, Aloe-ginger and Aloe-amla wines were
most successful as these eliminated the pathogen after 15 min
of exposure. Here again, Aloe-ginger wine was slightly more
effective in comparison to Aloe-amla wine. Synergism of all
individual components in wines was probably responsible for
the strong antimicrobial potential even in this case as the
respective controls could only reduce the organism by one log
after 20 min of exposure.
Our results are well supported by various studies like Weisse
et al. [7] who reported 5-6 log cycles reduction in the viable

numbers of S. enteritidis, S. sonnei and E. coli in 20 min of
exposure time with wine. Similar inactivation patterns were
shown by Sugita-Konishi et al. [8] for S. enteritidis, E. coli
O157:H7 and V. parahaemolyticus. The same extent of
inactivation was attained for Salmonella spp. and E. coli in 530 min and 20-60 min, respectively [41, 45]. Carneiro et al. [46]
reported that the bacterial count of 106–107cfu/mL exposed to
wine were evidently inactivated to undetectable numbers
within 30 sec. indicating the strong bactericidal effect of wine
on the survival of the tested strains of C. jejuni. Moretro and
Daeschel, [9] while determining the effectiveness of red and
white wine against various strains of S. aureus, L.
monocytogenes, E. coli O157:H and S. Typhimurium reported
a reduction of 6 log cycles after 10 min of exposure in case of
S. Typhimurium.
A number of studies have established the effectiveness of wine
against a range of food-borne pathogens. The results presented
in the above experiments assessing the in vitro antibacterial
efficacy of the prepared Aloe vera based herbal wines suggests
that the studied food-borne pathogens are sensitive to the
exposure to both Aloe-amla as well as Aloe-ginger wine.
Ethanol, organic acids, polyphenols and low pH, are the
various constituents of wine known to contribute to its
antibacterial potential. Reported studies in the literature
supporting the antibacterial potential of wine are normally
grouped into two categories; those studying the importance of
wine phenolics and other giving prominence to the nonphenolic constituents of wine. Daglia et al. [47], reported
organic acids in wine to be responsible for the displayed
antibacterial actions against oral streptococci while the
extracted polyphenols exhibited no activity against the
microorganisms. Further, they tested dealcoholized red (DRW)
and white (DWW) wines against a range of Streptococcus
pyogenes and oral streptococci. The reported MICs and MBCs
obtained from the dealcoholized wines showed that both wines
are active and that the difference in antibacterial activities are
strain dependent. DRW was found to have a lower minimum
inhibitory concentration (MIC) and minimum bactericidal
concentration (MBC) than DWW, with MIC for the DRW
ranging from 10-20% volume of wine, and ranging from 2030% in volume for the DWW. The MBC for the DRW ranged
from 20-40% volume and from 30-50% volume for the DWW.
Carneiro et al. [46] reported that ethanol and certain organic
acids act synergistically and represent the major components
for the bactericidal effects of wine on Campylobacter. In a
related study, ethanol or water solutions of pH values
corresponding to those of wine showed minor activity against
Salmonella enteritidis when applied separately [40]. Moretro
and Daeschel, [9] found that the combination of organic acids
(malic and tartaric) with ethanol (15%) and low pH (≤ 3.0) had
significantly stronger antimicrobial activity than the sum of the
individual effects of these components against various foodborne pathogens, indicating potential synergistic interactions.
Waite and Daeschel, [48] reported pH to be the critical factor in
predicting inactivation of tested pathogens while examining
four different wine parameters ie., pH, ethanol, titratable
acidity and sulphur dioxide in various combinations. In the
study by Just and Daeschel, [41] ethanol was found to be
responsible for the displayed antimicrobial activity against E.
coli O157:H7 and Salmonella spp., as wine when compared to
grape juice demonstrated improved antimicrobial activity.
Ethanol causes changes in cell membrane permeability which
may lead to enhanced efficacy of organic acids and may partly
explain the reason for the improved antimicrobial activity of
wine relative to grape juice [41, 45, 49]. Thus, the antibacterial
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potential of wine may be the result of synergism among
organic acids, ethanol and low pH.

Fig 3, 4, 5: The pattern of reduction of S. Typhimurium, S. aureus, E.
coli counts in presence of both the Aloe vera based herbal wines (1)
and their respective unfermented extracts and 10% (v/v) ethanol (2),
indicating bactericidal activity. The data represents mean ± SD of
three independent experiments.

In contrast to the above-mentioned studies, there are
substantial numbers of reports evaluating the role of phenolic
compounds for the antibacterial potential of wine.
Radovanovic et al. [50] reported total phenolic and monomeric
anthocyanin content of wines to be responsible for the
antimicrobial activity. In a study by, Vaquero et al. [51] the
antimicrobial effects of polyphenolic compounds present in
red wines was observed as the antimicrobial properties of
tested wines were found to improve with the increase in their
polyphenols content. Furthermore, several studies ascertained
the antibacterial potential of different isolated phenolic
compounds, which are normal constituents of wine [52-54].
Inhibition of DNA gyrase, inhibition of cytoplasmic
membrane function and energy metabolism are the proposed
mechanisms responsible for the antibacterial activity of
polyphenols [55]. Boban et al. [56] specified that antimicrobial
potential of wine cannot be exclusively credited to its phenolic
or non-phenolic components. In relation to separate the role of
wine phenolics, ethanol, and pH from other wine components,
the antimicrobial activity of intact wine against Salmonella
enterica serovar Enteritidis and Escherichia coli were
compared to that of phenols-stripped wine, dealcoholized
wine, ethanol, and low pH applied separately and in
combination. The array of antibacterial efficacy of the test
samples was found to be: intact wine > phenols-stripped wine
> dealcoholized wine > combination of ethanol and low pH >
low pH > ethanol which confirms the synergistic effect of
wine that contributes to the antibacterial value of wine.
Although the contribution of individual wine components
(ethanol, organic acid, low pH and phenolic compounds) to the
antibacterial effect of wine on the test organisms were not
studied in the present study but it can be assumed that the
synergistic action of different wine components and the
bioactive components present in the substrates used for the
production of herbal wines may be responsible for the
displayed bactericidal effect.
3.5 In-vitro effect of Aloe vera based herbal wines against
probiotic strain and effect of oral administration of wines
on resident microflora of mice
Probiotics as an adjunct to other therapies has been developed
as a new therapy in the treatment of various bacterial
gastrointestinal infections [57]. Probiotic strains, were exposed

to both the herbal wines and the same were observed to
survive in the presence of wines. Aloe vera based herbal wines
were found to be safe towards the probiotic strains including L.
casei, L. plantarum and L. acidophilus, which are important in
the gut of the animal and the same were not inhibited. These
bacteria continued to grow in the presence of wine without any
discernible zone of inhibition around each well. Furthermore,
there was no significant difference in viable count of
lactobacilli in the feces of mice fed with wines for a period of
3 weeks (Table 7). Other studies have also found that wine
provides protection against food-borne pathogens and
alongside provides digestive benefits and intestinal health by
promoting the propagation of friendly bacteria [58, 59]. Wine
consumption was found to increase the levels of gut probiotics
which are important to digestive health and protect against
various other systemic infections [60]. It is the polyphenols in
wine that promote the growth of probiotic bacteria and inhibit
non-beneficial bacteria from the human microbiota,
encouraging health benefits in the host [61].

4. Conclusions
The current work was aimed at exploring the vast alternatives
of beneficial herbs and botanical ingredients to further enhance
the efficacy and functionality of ever popular health beverage
i.e. wine. The work was carried out to develop process
methodology for the production of Aloe-amla and Aloe-ginger
wine. Furthermore, the newly developed variants were
assessed for the antibacterial potential. The prepared Aloe vera
based herbal wines were found to possess bactericidal effect
against common food-borne pathogens, the bad bacteria and
no harmful effect against tested probiotic strains, the good
bacteria. Our results are of great practical importance as the
prepared herbal wines besides being a tasteful addition to food
might also prove to be a health drink with antibacterial
potential against a variety of food-borne pathogens. Further
studies have been planned to assess the therapeutic potential of
the prepared wines in a suitable murine model.
5. Acknowledgements
The financial assistance provided by University Grants
Commission (UGC), New Delhi, India in the form of a Junior
Research Fellowship to Ms Neetika Trivedi is highly
acknowledged.
6.
1
2
3

~ 18 ~

References
Mitscher LA, Drake S, Gollapudi SR, Okwute SK. A
modern look at folkloric use of anti-infective agents.
Journal of Natural Products 1987; 50:1025-1040.
Wadud A, Prasad PV, Rao MM, Narayana A. Evolution
of drug: a historical perspective. Bulletin of the Indian
Institute of History of Medicine 2007; 37:69-80.
Soni SK, Bansal N, Soni R. Standardization of conditions
for fermentation and maturation of wine from Amla

International Journal of Home Science

4

5
6
7

8

9
10
11

12

13

14
15
16
17

18

19

20

21
22

(Emblica officinalis). Natural Product Radiance 2009;
8:436-444.
Bellido-Blasco JB, Arnedo-Pena A, Cordero-Cutillas E,
Canos-Cabedo M, Herrero-Carot C, Safont-Adsuara L.
The protective effect of alcoholic beverages on the
occurrence of a Salmonella food-borne outbreak.
Epidemiology 2002; 13:228-230.
Joshi VK. Fruit Wines. 2nd ed. Directorate of Extension
Education. 1997, Dr YS Parmar UHF, Nauni-Solan, India
Sheth NK, Wisniewski TR, Franson TR. Survival of
enteric pathogens in common beverages: an in vitro study.
American Journal of Gastroenterology 1988; 83:658-660.
Weisse ME, Eberly B, Person DA. Wine as a digestive
aid: Comparative antimicrobial effects of bismuth
salicylate and red and white wine. British Medical Journal
1995; 311:1657-1660.
Sugita-Konishi Y, Hara-Kudo Y, Iwamoto T, Kondo K.
Wine has activity against entero-pathogenic bacteria in
vitro but not in vivo. Bioscience Biotechnology
Biochemistry 2001; 65:954-957.
Moretro T, Daeschel MA. Wine is bactericidal to foodborne pathogens. Journal of Food Science 2004; 69:
M251-M257.
Liu C, Chen R, Su YC. Bactericidal effects of wine on
Vibrio parahaemolyticus in oysters. Journal of Food
Protection 2006; 69:1823-1828.
Fernandes J, Gomes F, Couto JA, Hogg T. The
antimicrobial effect of wine on Listeria innocua in a
model stomach system. Food Control 2007; 18:14771483.
Boban N, Tonkic M, Modun D, Budimir D, Mudnic I,
Sutlovic D et al. Thermally treated wine retains
antibacterial effects to food-borne pathogens. Food
Control 2010a; 21:1161-1165.
George JS, Eleftherios PD, David MG. Wine as a
biological fluid: History, production and role in disease
prevention. Journal of Clinical Laboratory Analysis 1997;
11:287-313.
Christaki EV, Florou-Paneri PC. Aloe vera: a plant for
many uses. Journal of Food, Agriculture and Environment
2010; 8:245-249.
Jamwal KS, Sharma IP, Chopra L. Pharmacological
investigation on the fruits of Emblica officinalis. Journal
of Scientific and Industrial Research 1959; 18:180-181.
Rao TS, Kumari KK, Netaji B, Subhokta PK. Ayurveda
siddha. Journal of Research 1985; 6:213-224.
Rastogi R, Mehrotra BN. Compendium of Indian
Medicinal plants. New Delhi, India: Central Drug
Research Institute, Lucknow and National Institute of
Science Communication, 1993, 3.
Martins AP, Salgueiro L, Gonçalves MJ, Cunha, AP, Vila
R, Canigueral S, et al. Essential oil composition and
antimicrobial activity of three Zingiberaceae from Sao
Tomee Principe. Planta Medica 2001; 67:580-584.
Zaeoung S, Plubrukarn A, Keawpradub N. Cytotoxic and
free radical scavenging activities of Zingiberaceous
rhizomes. Songklanakarin Journal of Science and
Technology 2005; 27:799-812.
Ghasemzadeh A, Jaafar HZE, Rahmat A. Antioxidant
activities, total phenolics and flavonoids content in two
varieties of Malaysia young ginger (Zingiber officinale
Roscoe). Molecule 2010; 15:4324-4333.
Gruenwald J. Novel botanical ingredients for beverages.
Clinics in Dermatology 2009; 2:210-216.
Ramachandra CT, Srinivasa RP. Processing of Aloe vera

23
24
25
26
27

28
29
30

31
32

33
34

35

36
37

38

39
40

41

~ 19 ~

leaf gel: A Review. American journal of Agricultural and
Biological Sciences 2008; 3:502-510.
Fehling H, The quantitative determination of sugar and
starch by means of copper sulphate. The European Journal
of Organic Chemistry 1849; 72:106-113.
Amerine MA, Berg HW, Kunkee RE, Ough CS, Singleton
VL, Webb AD. The Technology of Wine Making. CT:
AVI Publsihing Co, Inc., Westport, 1980.
Lowry OH, Rosenbroughm NJ, Farr AL, Randall RJ.
Protein measurement with folin-phenol reagent. Journal of
Biological Chemistry 1951; 193:265-275.
Waterhouse AL. Wine phenolics. Annals of the New York
Academy of Sciences 2002; 957:21-36.
Benzie IFF, Strain JJ. The ferric reducing ability of
plasma (FRAP) as measurement of “antioxidant power”:
The Frap assay. Analytical Biochemistry 1996; 239:7076.
Caputi A, Ueda M, Brown T. Spectrophotometric
determination of ethanol in wine. American Journal of
Enology and Viticulture 1968; 19:160-165.
Trease GE, Evans WC. Pharmacognosy. 15th Ed.
Saunders, 214-393, 2002.
Krishnaiah D, Devi T, Bano A, Sarbatly R. Studies on
phytochemical constituents of six Malaysian medicinal
plants. Journal of Medicinal Plants Research 2009; 3:6772.
Deans SG, Ritchie G. Antibacterial properties of plant
essential oils. The International Journal of Food
Microbiology 1987; 5:165-180.
Oyetayo VO, Adetuyi FC, Akinyosoye FA. Safety and
protective effect of Lactobacillus acidophilus and
Lactobacillus casei used as probiotic agent in vivo.
African Journal of Biotechnology 2003; 2:448-452.
Castor JBT, Guymon JF. On the mechanism of formation
of alcohol during alcoholic fermentation. Science 1952;
115:147-149.
Cristino R, Costa E, Cosme F, Jordao AM. General
phenolic characterisation, individual anthocyanin and
antioxidant capacity of matured red wines from two
Portuguese Appellations of Origins. The Journal of the
Science of Food and Agriculture 2013; 93:2486-2493.
Loizzo MR, Bonesi M, Di Lecce G, Boselli E, Tundis R,
Pugliese A, et al. Phenolics, aroma profile, and in vitro
antioxidant activity of Italian dessert passito wine from
Saracena (Italy). Journal of Food Science 2013; 78:C703C708.
Cao YH, Cao RH. Angiogenesis inhibited by drinking tea.
Nature 1999; 6726:381-398.
Geleijnse JM, Launer LJ, Hofman A, Pols HAP,
Witteman JCM. Tea flavonoids may protect against
atherosclerosis-The Rotterdam study. Archives of Internal
Medicine 1999; 159:2170-2174.
Kahkonen MP, Hopia AI, Vuorela HJ, Rauha JP, Pihlaja
K, Kujala TS, et al. Antioxidant activity of plant extracts
containing phenolic compounds. Journal of Agricultural
and Food Chemistry 1999; 47:3954-3962.
Yen GC, Duh PD, Tsai HL. Antioxidant and pro-oxidant
properties of ascorbic acid and gallic acid. Food
Chemistry 2002; 79:307-313.
Marimon JM, Bujanda L, Gutierrez-Stampa MA, Cosme
A, Arenas JI. Antibacterial activity of wine against
Salmonella enteritidis: pH or alcohol? Journal of Clinical
Gastroenterology. 1998; 27:179-180.
Just JR, Daeschel MA Antimicrobial effects of wine on
Escherichia coli O157:H7 and Salmonella typhimurium in

International Journal of Home Science

42

43
44

45
46
47

48
49

50
51
52
53
54
55
56

57

58

59

a model stomach system. Journal of Food Science 2003;
68:285-290.
Lawrence R, Tripathi P, Jeyakumar E. Isolation,
purification and evaluation of antibacterial agents from
Aloe vera. Brazilian Journal of Microbiology 2009;
40:906-915.
Hamman JH. Composition and application of Aloe vera
leaf gel. Molecules 2008; 13:1599-1616.
Habeeb F, Shakir E, Bradbury F, Cameron P, Taravati
MR, Drummond AJ, Gray AI, et al. Screening methods
used to determine the anti-microbial properties of Aloe
vera inner gel. Methods 2007; 42:315-320.
Harding C, Maidment C. An investigation into the
antibacterial effects of wine and other beverages. Journal
of Biology Education 1996; 30:237-239.
Carneiro A, Couto JA, Mena C, Queiroz J, Hogg T.
Activity of wine against Campylobacter jejuni. Food
Control 2008; 19:800-805.
Daglia M, Papetti A, Grisoli P, Aceti C, Dacarro C,
Gazzani G. Antibacterial activity of red and white wine
against oral streptococci. Journal of Agricultural and Food
Chemistry 2007; 55:5038-5042.
Waite JG, Daeschel MA. Contribution of wine
components to inactivation of food-borne pathogens.
Journal of Food Science 2007; 72:M286-M291.
Barker C Park SF. Sensitization of Listeria
monocytogenes to low pH, organic acids, and osmotic
stress by ethanol. Applied and Environmental
Microbiology 2001; 67:1594-1600.
Radovanovic A, Radovanovic B, Jovancicevic B. Free
radical scavenging and antibacterial activities of southern
Serbian red wines. Food Chemistry 2009; 117:326-331.
Vaquero MJR, Alberto MR, de Nadra MCM.
Antibacterial effect of phenolic compounds from different
wines. Food Control 2007; 18:93-101.
Herald PJ, Davidson PM. Antibacterial activity of selected
hydroxycinnamic acids. Journal of Food Science 1983;
48:1378-1379.
Wen A, Delaquis P, Stanich K, Toivonen P. Antilisterial
activity of selected phenolic acids. Food Microbiology.
2003; 20:305-311.
Cushnie TP, Lamb AJ. Antimicrobial activity of
flavonoids. International Journal of Antimicrobial Agents.
2005; 26:343-356.
Chan MM. Antimicrobial effect of resveratrol on
dermatophytes and bacterial pathogens of the skin.
Biochemical Pharmacology 2002; 63:99-104.
Boban N, Tonkic M, Budimir D, Modun D, Sutlovic D,
Punda-Polic V, et al. Antimicrobial effects of wine:
Separating the role of polyphenols, pH, ethanol, and other
wine components. Journal of Food Science 2010b;
75:322-326.
Truusalu K, Mikelsaar RH, Naaber P, Karki T, Kullisaar
T, Zilmer M, et al. Eradication of Salmonella
Typhimurium infection in a murine model of typhoid
fever with the combination of probiotic Lactobacillus
fermentum ME-3 and ofloxacin. BMC Microbiology
2008; 8:132. doi:10.1186/1471-2180-8-132.
O’Connor A. Really? Red Wine is Good for the Stomach.
The New York Times. http://well.blogs. nytimes.
com/2012/05/14/really-red-wine-is-good-for-the-stomach/
?nl=health&emc=edit_hh_20120515, 2012.
Wells S. Red Wine Proves Probiotic Friendly. Explore. 16
May 2012. http://www.exploresupplements.com/redwineproves- probiotic-friendly, 2012.

60 Barron J. Probiotics for digestive health. The Baseline of
Health
Foundation.
1
May
1999.
http://www.jonbarron.org/ article/probiotic-miracle, 1999.
61 Cohen H. Digestive probiotics among benefits of red
wine. The Baseline of Health Foundation. http://
www.jonbarron.org/article/red-wine-helps-gut, 2012.

~ 20 ~

