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Abstract

In view of the increasing demand of value added herbal products, an attempt was made to produce a
functional fermented Aloe vera based herbal wine. The wine was evaluated for effect on probiotics
and food borne pathogens. Aloe vera gel, supplemented with sugar proved to be a good medium for
the growth of Saccharomyces cerevisiae for making the Aloe vera 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 food borne pathogens ( Salmonella typhimurium, Saphylococcus
aureus, Escherichia coli). However, its bactericidal effect was much faster in case of Salmonella as
compared to other pathogens. Interestingly, 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.
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antibacterial activity.

Wine represents one of the examples of functional fermented
foods and have many health benefitsincluding the anti-aging
effectsin red grape skins, improvement of lung function from
antioxidantsin whitewine, reduction in coronary heart disease,
development of healthier blood vessels in elderly people,
reduction in ulcer-causing bacteria, destruction of cancer cells
by proteininred grape skins, prevention of stroke by keeping
the arteries clean by polyphenols in red grape skins,
decreasing ovarian cancer risk inwomen and making thebones
stronger (Altenburg and Zouboulis 2008). It also serves as
an important adjunct to the human diet as it increases the
satisfaction by providing relaxation necessary for proper
digestion and absorption of food (Joshi, 1977). The
consumption of wine has also been reported to have
antimicrobial effect against various pathogens. Moretro and
Daeschel (2004) have shown that wine has bactericidal activity

against Salmonella typhimurium, Staphylococcus aureus,
Escherichia coli and Listeria monocytogenes. Many wines
are made from herbswith perceived medicinal value.

Many plants synthesize aromatic substances/ alkaloids
including phenols, tannins and their derivatives which serve
as plant defense mechanisms against predation by
microorganisms, insects, and herbivores. These aromatic
substances, herbs and spices are useful for the maintenance
of health in humans and other animals (Tapsell et al. 2006).
Herbalismisatraditional folk medicine practice based on the
use of plants and plant extracts. The plant of Aloe veraand its
usage as drug dates back to 6000 years B.C. The plates
belonging to Sumer period during 2200 years B.C. exhibit the
use of this plant as a drug (Sharrif and Verma 2011). Aloeis
also popular in both traditional Chineseand Ayurvedic medicine
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(India). The Chinese describeal o€’ sskin and theinner lining
of its leaves as a cold, bitter remedy which is downward
draining and used to clear constipation due to accumulation
of heat (Bensky et al., 1993); the gel is considered cool and
moist. In Ayurvedic system of medicine, the traditional
medicine of India, Aloe is used internally as a laxative,
antihelminthic, hemorrhoid remedy, and uterine stimulant
(menstrual regulator); itisused topically, oftenin combination
with licorice root, to treat eczema or psoriasis. In Arabian
medicine, the fresh gel is rubbed on the forehead as a
headache remedy or rubbed on the body to cool it in case of
fever, aswell asbeing used for wound healing, conjunctivitis,
and asadisinfectant and laxative (Ghazanfar 1994). Thegel or
mucilage obtained from the flesh of the leaf contains quite
different compounds from the bitter |atex extracted from the
leaf lining (Klein and Penneys 1988). Many compounds with
diverse structures have been isolated from both the central
parenchymatissue of A. vera leaves and the exudate arising
from the cells adjacent to the vascular bundles. The bitter
yellow exudate contains 1, 8 dihydroxyanthraquinone
derivativesand their glycosides (Vazquez et al ., 1996).

The protective and disease preventing potential of fruits and
herbs like Aloe vera, amla, ginger, cranberry, blueberry etc.
have given new dimension to the non-grape wine or fruit wine
(Gruenwald 2009). Aloe vera, amultifunctional herbisbeing
increasingly used in beverage applications including wines.
Aloe verajuiceisalso supplemented in fermented grapejuice
andissold in some parts of theworld as Aloe verawinewhich
is consumed because of the therapeutic properties of both
Aloe vera and wine. Aloe vera gel consists of about 99.5%
water (Eshun et al., 2004), the remaining 0.5-1% solid material
consists of a range of compounds including water-soluble
and fat-soluble vitamins, minerals, enzymes, polysaccharides,
phenolic compounds and organic acids (Boudreau et al., 2006).
Aloe gel is bacteriostatic or bactericidal against a variety of
common wound-infecting bacteriaincluding Staphylococcus
auerus, Streptococcus pyogenes, Serratia marcescens,
Klebsiella pneumoniae, Pseudomonas aeruginosa, E. coli,
S typhosa and Mycobaterium tuberculosis (Robson et al.,
1982; Lorenzetti et al., 1964). Aloe - emodin also inhibits the
growth of Helicobacter pylori in a dose dependent fashion
(Wang et al., 1998).

As wines and Aloe vera based juices constitute the highly
acceptable classes of beverages throughout the world, the
present study was planned to combine the useful properties
of thesetwo categories of the productswith the aim to devel op
anew class of functional fermented Aloe vera based herbal
wine and the evaluation of its bactericidal effect on some
common food borne pathogens and probiotic bacteria.

Materials and Methods

Microorganisms

Saccharomyces cerevisiaeM TCC 786 procured from Microbia
Type Culture Collection, Institute of Microbial Technology
(IMTECH), Chandigarh, India was used to carry out the
fermentation. It had growth optimaat 28+2°C and pH 4.7520.25.
Salmonella enterica serovar Typhimurium (Virulent strain
NCTC 74) 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

Animals

Balb/c mice (20-25g) used in thisstudy were procured from the
Central Animal House of Panjab University, Chandigarh
(India).The animals were housed under standard conditions
of light and dark cycle with free access to food (Hindustan
Lever Products, Kolkata, India) and water. The experimental
protocolswere approved by the Institutional Ethical Committee
of Panjab University, Chandigarh, India.

Extraction and processing of Aloe vera gel

Aloe vera leaves were collected from local nursery in
Chandigarh and the colourless gel contained intheinner part
of the fresh leaves extracted by hand filleting method
(Ramachandra and Srinivasa Rao, 2008) was used for the
production of wine. Briefly, the lower 1 inch of the leaf base,
the tapering point (2-4 inches) of the leaf top and the short
sharp spineslocated along the leaf margins were removed by
asharp knife. The knife was then, inserted into the mucilage
layer below the green rind followed by the removal of top and
bottom rinds. The gel wasthen, blended in amixer after adding
cane sugar to adjust the TSS to 20% and then, supplemented
with 0.5% (NH,),SO,, 0.1 % each of MgSO, and KH,PO,. The
pH wasadjusted to 4.75to makeit favourablefor yeast growth,
using citric acid.

I noculum preparation

Twenty five ml of sterilized GY E broth (yeast extract, 0.3%,
malt extract, 0.3%, peptone, 0.5% and glucose, 1%, pH 4.5),
dispensed in 100 ml flask wasinoculated with loopful culture
of Saccharomyces cerevisiae. Theflask wasincubated at 30°C
on arotary shaker (150 rpm) for overnight and the cellswere
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separated by centrifugation at 10,000 rpm (4°C, 15 min). These
were washed twice and re-suspended in normal salineto give
a concentration of 108 cells/ml which was used as a pre-
inoculum. Theinoculum was prepared by transferring 10 ml of
the pre-inoculumto 250 ml conical flask having 100 ml of Aloe
vera juice supplemented with 5% sucrose and incubating
overnight as a shake culture at 30°C.

Fermentation

Aloe vera gel supplemented cane sugar, (NH,),SO, MgSO,
and KH,PO, with pH 4.75 was subj ected to batch fermentation.
Onelitre of medium containing 20% TSSwith 19% w/v total
sugar wastakenin 2 L Erlenmeyer flask, seeded with 10% v/v
yeast inoculum, supplemented with 100 ppm sodium
metabisulphite and incubated in a stationary state after
plugging with cotton wool inaBOD incubator at 28+2°C for 7
days. Thecontentsof theflask wasmixed 2-3 timesaday and
the progressin fermentation was noted at regular intervals of
24 h by analyzing TSS, sugar content, ethanol and pH. After
completion of fermentation, thewinewas clarified, by repeated
siphoning which was carried out 4 timeswith a sedimentation
period of 3 days between each siphoning and analyzed for
various constituents including TSS, total acids, pH, residual
sugars, soluble proteins, total phenolics, acohol contents
and variouselementsincluding Ca, Na, K, Mg, Fe, Cu, Zn, Mn.

Maturation of wine

Ageing of Aloe vera wine was done for one year in an oak
wood barrel (2.5 L), procured from M/S  Jagatjit Industries
Limited, Hamira, Punjab (India). The containerswerefilled upto
the brim and analyzed for various components after one year

of ageing.

Physico-chemical analysis of wine

Total soluble solid (TSS) content was checked using a hand
refractometer (Erma). pH was measured by digital pH meter.
The total sugars as glucose (Dubois et al., 1956), titrable
acidity as tartaric acid (Amerine et al., 1980), total soluble
proteinsasBSA (Lowry et al., 1951), total phenolicsasgallic
acid (Rathee et al., 2006), antioxidant activity (Benzieand Strain
1996) and ethyl alcohol (Caputi et al.,1968) were determined
using standard procotols. Fermentation efficiency was
calculated as:

Alcohol confent inwine

Fermentation efficiency (FE) =

Acetaldehyde, ethyl acetate, methanol, n-propanol, n-butanol,
iso-amyl alcohol, iso-amyl acohol and furfuralswere detected
and quantified by gas chromatograph (Hewlett Packard 5790)

x 100
Alcohol content obtainable from sugar utilized

equipped with flame ionizing detector using a glass column
(6'x1/4") packed with carbowax-20M. The estimation of
elements was done by atomic absorption spectrophotometer
(Soni et al., 2009).

Sensory evaluation of wine

The organoleptic evaluation of fresh and matured Aloe vera
winewasdone by apanel of fivejudgeson the basisof scoring
interms of appearance, colour, aroma, bouquet, acescent, total
acid, sugar, body, flavour, astringency and general quality as
per the prescribed performa (Amerineet al., 1980).

Antibacterial activity against food borne pathogens

The agar well diffusion test based on the method of (Deans
and Ritchie 1987) was used to determine in-vitro inhibitory
effect of Aloe vera wine against the common food pathogens
including S. typhimurium, S aureusand E. coli. The actively
grown culturesin nutrient broth were selected for plate assay
with cell count of approximately 10°cfu/ml. 100l of each of the
liquid culture was spread on nutrient agar plate to create a
bacterial lawn. Threewellswith diameter of 6 mm were punched
in each nutrient agar plate and 100ul of Aloe vera wine was
added to the well under aseptic condition. 100ul Aloe vera
juiceaswell as 10% v/v ethanol wasalso loaded intwo different
wells as a control to compare the antibacterial activity with
Aloe vera wine. The plates were left for 30 min at room
temperature for the diffusion of the test samples before being
incubated at 37°C for 24 h. The diameters of the zones of
inhibition were measured after 24 h. All analyseswere carried
out intriplicates.

Minimal inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) of wine

MIC of wine was determined according to the method of
(Moretro and Daeschel 2004). Aloe vera wine was diluted in
brain heart infusion (BHI) to concentration in the range of
10%t050% (5% interval, v/v), with afina volumeof 3ml intest
tubes. BHI medium 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 with 30ul of culture grown overnight and incubated
for 24 h at 37°C. Minimal inhibitory concentration was
determined asthelowest concentration of Aloe verawinethat
inhibited the visible growth of bacteria after overnight
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°C for 24 h
MBC was defined aslowest concentration of wineresultingin
>99.9% reduction of the initial inoculums. All analyses were
carried out intriplicates.
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Time dependent bactericidal assessment of wine against
common food borne pathogens

Bactericidal activity of Aloeverawinewas determined against
S typhimurium, S aureusand E. coli by the method of Moretro
and Daeschel (2004). 50l of 16 to 20h old culture of either of
the pathogenic culture with approximately 10°%cfu/ml wasadded
t04.95 ml of wine. Thefina cell concentration during exposure
was approximately 107cfu/ml. The suspension was mixed with
avortex mixer and plated onto BHI agar (Hi Media, India) after
incubation at ambient temperature of 35°C for 0, 10, 20 and 30
min. Plateswereincubated for 24 h at 37°C and bacterial count
wastaken. All analyseswere carried out in triplicates.

Assessment of wine against probiotic organisms

Thein-vitro effect of Aloeverawinewasevaluated against L.
casel, L. plantarumand L. acidophilus, by agar well diffusion
assay. 100ul actively grown culture with cell count of
approximately 10°cfu/ml was spread on De Mann Rogosa
Sharpe (MRS) agar (Hi Media, India) plateto create abacterial
lawn. Well (6 mm dia) punched in each plate was filled
aseptically with 100l of Aloeverawine. Thereafter, the plates
wereleft for 30 min at room temperature before being incubated
at 37°Cfor 24 h. The diameters of the zones of inhibition were
measured after 24 h. All analyseswere carried out in triplicates.

Health benefit potential of Aloe vera wine was assessed in
terms of persistence of probiotic organisms in the gut by
determining the microbial cell count in the fecal matter of the
wine-fed animal group (3 in each group). Each mouse in the
winefed group was given standardized dose of 0.3 ml prepared
Aloe vera wine once in aday for 4 weeks. To enumerate the
lactobacilli, freshly voided feces were collected and pooled
from each mouse (0.5 g/mouse) at 0, 7, 14, 21 daysto confirm
the non-inhibitory effect of Aloe vera wine on the probiotic
strains within the gastrointestinal tract. The feces were
homogenized in normal saline, serially diluted and plated on
MRS agar for the enumeration of lactobacilli. The plateswere
incubated at 37°C for 24 h and the number of coloniesappearing
onthe plateswasrecorded (Oyetayo et al ., 2003). All analyses
were carried out in triplicates.

Statistical analysis

All the results were expressed as mean+S.D. obtained from
threetrials. Comparisons between fresh wine and matured wine
were made by Student’s t-test and p < 0.05 was considered
significant.

Changes during fermentation

Aloe vera gel supplemented with 0.5% (NH,),SO,, 0.1 % each
of MgSO, and KH,PO, along with cane sugar (TSS of 20%)

proved to be a good growth medium for Saccharomyces
cerevisiae and was converted into wine. The yeast strain
grew well and utilized sugar at the rate of 110 mg/h/100 ml
producing ethanol at the rate of 51 mg/h/100ml with over 90%
fermentation efficiency (Figure 1) thus, yielding ayellowish
orange alcoholic beverage. Thefermentation started after about
12 h, asindicated by the start of CO, bubbles escaping out
from the medium which picked up after 24 h and continued for
7 days. Total soluble solids and sugar levels decreased
gradually after 1 day of incubation and the same continued for
7 days. Thekinetics of the fermentation revealed that the rate
of sugar utilization during the first 24 h was 42 mg/h/200 ml.
This picked up to 167mg/h/100 ml during the next 24 h and
remained constant from 24 to 96 h of fermentation, after which,
it declinedto 125 mg/h/100 ml from 96 to 120 h, 63 mg/h/100 ml
during the next 24 h and ultimately to 42 mg/h/100 ml during
the last 24 h of fermentation. On the other hand, the rate of
alcohol productionwasjust 13 mg/h/100 ml during thefirst 24
h of incubation which increased gradually to 42 mg/h/100 ml
during the next 24 h, further rising to 58 mg/h/200 ml during 3¢
day. Highest rate of alcohol production was noted at 83 mg/h/
100 ml during the 4" day of fermentation followed by gradual
declineto 75, 58 and 24 mg/h/100 ml during 5,6 and 7" day of
fermentation respectively (Figure1). ThepH of the medium
revealed a gradual fall with the progress in fermentation,
showing afinal value of 3.7+0.02 at the end of fermentation.
Quantitatively, the ethanol content in the wine, as observed
after 7 days of fermentation, was 8.5% w/v. Ethyl acohol isthe
most important component present in all the alcoholic
beverages (Amerine et al. 1980) and is associated with

r 20

@ Alcohol (% v/v)
® Total soluble solids (%)
O Total sugars (% wiv)
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Figure 1: Pattern of sugar utilization, pH and alcohol production
during the fermentation of Aloevera gel. All theresultsrepresent the
mean+S.D.of threeindependent experiments at 95% confidencelevel.
For the assays of various parameters the S.D. was less than 5% with
the samples from the same experiment. For the samples from differ-
ent experiments, the S.D. was |ess than 10%.
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stimulatory and intoxicating properties of these beverages
(Gasteineau et al ., 1979).

Composition of wine

The fermentation of Aloe vera gel yielded a clear yellowish
orange wine, with pH of 3.7+0.02, at the end of 168 h of
fermentation. The composition of wineisdepictedin Table 1.
It reveal ed the presence of various alcoholswith ethyl alcohol
asthemain alcohol at 8.5+0.02% w/v in addition to methanol,
n-propanol, n-butanol and iso-amyl alcohol at the levels of
122.5+2, 5.3+0.28, 107.5+3.5 and 1607.5£10.6 mg/l. It also
reveal ed the presence of total acids(1.1+0.07 % w/v), phenolic
compounds (180+1.8mg/l) acetaldehyde (18.0+1.2 mg/l), ethyl
acetate (33.9£1.4 mg/l) and furfurals (1.5+0.70 mg/l). Ca, K and
Naasthe major el ements amounting to 1153+1.4, 407.5+0.70,
124.5+0.70 mg/l with traces of Fe, Mg, Zn Mn and Cu in the
range of 374.5+0.70, 80.7+0.35, 34.7+0.35, 13.4+0.07 and
5.1+0.075 pg/l respectively (Table 1).

Many odorous compounds and their precursors are present
inwines. Relatively largeamounts of volatiles, especidly, acids,
alcohols, ethyl acetate and acetaldehyde derivatives are
produced during fermentation by yeasts whose growth and

Table 1: Composition of fresh and matured Aloe vera wine

metabolism is affected by temperature. Total acids determine
the amount of tartness, the wine delivers on the palate, and
theresultant low pH may help in controlling the microbiol ogical
and chemical reactions (Vine et al. 1999). In addition to the
ethyl alcohol, wines also contain several other alcohols
including polyalcohols and cyclic alcohols, adding to the
degree of sweetness and aroma of wines. Aloe vera wine also
contained traces of methanol and higher a cohols, well within
thedesired level (Table1). Thelevel of higher alcoholsupto
400 mg/I improves the aroma while the concentration higher
than thislevel deteriorates the quality of wine (Gayon 1978).
Of al the alcohols, the methanol is most undesirable and is
toxic at 4% concentration, causing blindness or even death. It
is generally formed as a result of the hydrolysis of pectic
substances and is present in tracesin wine (Lee et al., 1975).

The phenolic compounds of wine are considered important,
asthey contributeto sensory characteristics, particularly color,
astringency, and bitterness (Robichand et al., 1990) and as
they are also involved in biochemical and pharmacol ogical
effects, including antimicrobial, anticarcinogenic and
antioxidant properties(Mazzaet al., 1993). Esterg(Table 1) are
indispensable components of wine quality as they impart the

Constituent Fresh wine Aged inoak wood barrel
Colour Paleyellowish Yellowish orange
TSS (%) 4.1+0.41 4.3+0.10

Total Acids(g/100 ml) 1.1+0.07 0.85+0.06"

pH 3.7+0.02 3.8+£0.02'
Soluble proteins (g/100 ml) 1.8+0.01 1.7+0.04

Ethanol (% w/v) 8.5+0.02 8.5+0.007
Methanol (mg/l) 122.5+2.1 112.8+3.32
n-propanol (mg/l) 5.3+0.28 1.3+0.07"
n-butanol (mg/1) 107.5+3.5 10.6+0.53
iso-amyl acohol (mg/l) 1607.5+10.6 1015.5+0.70°
Acetaldehyde (mg/l) 18.0£1.2 5.5+0.77

Ethyl acetate (mg/l) 33.9+14 351.3+1.96'
Furfura (mg/l) 1.5+0.70 0.89+0.007
Phenolics (mg/l)Antioxidants (uM/I) 180+1.81408.47+7.2 800+0.62°4271.18+8.8
Sugar (g/100 ml) 0.38+0.03 0.19+0.007
Ca(mg/l) 1153+1.4 1155.5+0.70
Na(mg/l) 124.5+0.70 125.2+1.06

K (mg/l) 407.5+0.70 407.7+0.35

Fe (ug/l) 374.5+0.70 375.5+£0.70

Cu (ug/l) 5.1+0.07 5.1+0.03

Mg (ug/l) 80.7+0.35 81.5+0.70

Zn (pgll) 34.7£0.35 35.2+0.42

Mn (ug/l) 13.4+0.07 13.95+0.07

Values are expressed as mean+SD of the observations (in triplicate) from three independent experiments. *Shows significant difference

("p<0.05).
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fruity flavour to the wines . Wines contain several inorganic
constituentsin the form of many anionsand cations (Amerine
et al., 1980) amounting to the nutritive value of the wine and
impart freshness to its flavour. The Aloe vera wine prepared
in the present study also revealed the presence of Ca, K and
Naasthe major elementswith tracesof Fe, Mg, ZnMnand Cu
(Table 1). The salts amount to 0.2 to 0.4 % and are generally
derived from mineral acids or organic acids. Amongst the
minerals, K, Ca, Naand Mg are the major elementswhile Fe,
Cu, Mnand Zn arethetrace elements, generally found in wines
(Amerineet al., 1980; Ough 1991).

Physico chemical changes during ageing of wine

The ageing of the wine in oak wood barrel improved the
characteristicsintermsof clarity, colour and proved to be very
useful in bringing down undesirable components including
acetaldehyde, methanol, n-propanol, n-butanol, iso-amyl
alcohol, furfural which decreased to the levels of 5.5+0.77,
112.8+3.32,1.3+0.07, 10.6+0.53, 1015.5+0.70, 0.89+0.007 mg/l
respectively. It brought about an increase in desirable
componentsincluding ethyl acetate and total phenolicswhich
rosetothelevelsof 351.3+1.96 and 800+0.62 mg/l respectively
in addition to an improvement in aroma, organoleptic
characteristics and this wine was also adjudged to be the
better after tasting by a panel of five judges (Table 2). Oak is
the most commonly used wood for barrels used for aging
quality wines and spirits because of its positive effects on
improvement in wine characteristicsand col or stability (Sharma
etal., 2001).

Antibacterial activity against food borne pathogens

Aloe vera wine revealed antibacterial activity against the
common pathogenstested in the study. The zones of inhibition
for S typhimurium, S aureusand E. coli and were found to
be 10.2+0.12 mm, 09+0.18 mm and 07+0.14 mm respectively
whereas no zone of inhibition was observed for Aloe vera
juice and 10% v/v ethanol as assessed by agar well diffusion
assay Plate 1). Previously, several authors have noted that
wine has agreater antibacterial effect compared with the same
concentration of diluted absol ute ethanol (Weisseet al., 1995;
Marimon et al., 1998). Wine possessesrelatively high ethanol
content in addition to other antimicrobial agents like organic
acids, low pH, polyphenol compounds and preservatives (Just
and Daeschel 2003) which may be responsible for the
pronounced inhibitory effect. Marimon et al., (1998) found
similar results with ethanol and pH combinations against H.
pylori. A combination of organic acids, ethanol and low pH
has been reported to have significantly stronger antimicrobial
activity than the effect of these componentsindividually against
variousfood-borne pathogens, indicating potential synergistic

interactions between these components leading to an
enhancement of antimicrobial activity (Moretro and Daeschel
2004). A decrease in pH leads to an increase in the un-
dissociated form of organic acids, which are considered to be
theantimicrobially active species. Ethanol isknown to damage
the cytoplasmic membrane, causing anincreasein permesbility
of the membrane. These changes in membrane permeability
may lead to enhanced efficacy of organic acidsand may partly
explainthedifferencein antimicrobial activity between grape

Plate 1: In-vitro study showing the effect of Aloeverawine(1),Aloe
veragel (2) and 10% ethanol v/v onthe growth of Salmonellaaureus
(a), Saphylococcus aureus (b) and Escherichia coli (c) in agar well
diffusion assay on nutrient agar plates. The clear zones around the
well of Aloeverawineindicatethe antimicrobia effect against thetest
organisms.
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Table 2: Evaluation card of fresh and matured Aloe vera wine by five tasters

Characteristic Max.score Score by tasters
| I 11 \Y, \Y
F M F M F M F M F M

Colour 2.0 05 2.0 05 15 1.0 15 05 2.0 1.0 2.0
Aroma 2.0 05 2.0 1.0 2.0 05 2.0 1.0 2.0 05 2.0
Bouquet 2.0 1.0 2.0 1.0 2.0 1.0 2.0 1.0 2.0 1.0 2.0
Acescent 2.0 05 2.0 1.0 15 1.0 2.0 1.0 2.0 1.0 1.0
Total acid 2.0 05 2.0 1.0 2.0 1.0 2.0 1.0 1.0 1.0 15
Sugar 1.0 1.0 05 1.0 1.0 1.0 05 1.0 1.0 1.0 1.0
Body 1.0 1.0 1.0 05 1.0 1.0 1.0 1.0 1.0 1.0 1.0
Flavour 2.0 1.0 2.0 1.0 15 1.0 2.0 1.0 2.0 1.0 2.0
Astringency 2.0 1.0 2.0 05 2.0 1.0 2.0 1.0 2.0 1.0 15
General quality 2.0 15 2.0 1.0 2.0 1.0 2.0 1.0 2.0 15 2.0
Total 20.0 85 175 85 16.5 9.5 17.0 9.5 17.0 10.0 16.0

F: Fresh wine, M: Matured wine.

juice and wine (Harding and Maidment 1996; Barker and Park
2001; Just and Daeschel 2003). The study also confirmed that
Aloe vera juice alone is not able to inhibit the growth of
pathogens as no zone of inhibition was observed (Plate 1).

Minimal inhibitory concentration (MIC) and minimum
bactericidal concentration (MBC) of wine

MIC and MBC of the Aloe verawinefor S. typhimuriumwas
found to be 35% and 40%, respectively whereasfor S. aureus
and E. coli it was found to be 45% and 50% respectively
(Table 3). S typhimuriumwasfound to bethe most sensitive
to wine, with 5 log reduction after 10 min exposure to wine,
whereas more than 20 min of exposure was needed to obtain 5
log reduction for S. aureus and E. coli as determined by time
dependent bactericidal assay. No viable organism could be
detected in al the three cases after 30 min exposure (Figure 2).
Just and Daeschel (2003) showed similar results when they
treated E. coli O157:H7 and Salmonella spp. with Chardonnay
and Pinot Noir, the grape wine varieties. It is also known that
E. coli more readily survives at an acidic pH than S.
typhimurium (Gorden and Small 1993, Linet al., 1995). Weisse
et al., (1995) reported significant reduction in the number of E.
coli 0157:H7, Salmonella serotype Typhimurium and Shigella

fold reduction of theinitial population of Listeriainnocuaina
model stomach system (Fernandes et al. ,2007). Phenolic
fractions from wines showed marked antimicrobial activity,
indicating some contribution of the phenolic compounds in
inactivation of microorganismsby winetreatment. Efficacy of
the phenolic compoundsin the wine may be enhanced by the
inherent environment present in the wine (that is, pH, ethanol
concentration, and so on). Many researchers have investigated
the impact of phenolic compounds on H. pylori inhibition.
Mahady and Pendland (2000) and Mahady et al., (2003)
determined theMI1C 50 vaueof 12.5ig/mL of resveratrol against
H. pylori strains using an agar disk diffusion assay, while
Chan (2002) determined the MIC of resveratrol against S.
aureus, Enterococcus faecalis and Pseudomonas aeruginosa
tobe 171 to 342 pg/mL by abroth dilution assay. Additionally,
Friedman et al. ,(2006) devel oped wineformulations containing
plant essential oils and oil compounds that were significantly
effective against E. coli O157:H7 and Salmonella enterica.

Table 3: Minimum inhibitory concentration (MIC) and Minimum
bactericidal concentration (MBC) of Aloe vera wine against selected
pathogens

sonnei using red and white wine from 10° cfu unit¥mL t0  Name of pathogen MIC MBC

undetectabl e concentrationswithin 20 min of exposure. Moretro

and Daeschel (2004) detected that red wine was most potent ~ Salmonella typhimurium 35% 40%

against various foodborne pathogens tested compared to the ~ EScherichiacoli 45% 0%
Staphylococcus aureus 45% 50%

white wines without added sulfites. Typically, a 3-6 log
reduction in viable cell counts is expected after 10 min of
exposure. Another study indicated that red wine led to a4-5

Values are based on results from 3 parallel experiments. The wine
was tested at 5% intervals.
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—&— E. coli
—O— S. typhimurium
—®— S. aureus

Log,, CFU/mlI

Time (min)

Figure 2: The pattern of reduction of S. typhimurium, S. aureus and
E. coli countsin presence of Aloe uerawine indicating bactericidal
activity. The data represents the means + S.D. of three in dependent
experiments at 95% confidential level. For the bacterial counts the
S.D. waslessthan 5% .... The samplesfrom the same experiment. For
the samples from different experiments, The S.D. wasless than 10%

According to Waite and Daeschel (2007), S. aureuswas more
resistant to wine treatment than was E. coli O157:H7. Our
experiments also demonstrated different inhibition patterns
for the pathogens tested against Aloe vera wine which can
also be attributed to the fact that wine effectiveness in the
inactivation of particular bacterium is strongly dependant on
the specific wine composition as reaffirmed by Fernandes et
al., (2007). Volatile acidity may also impact the efficacy of a
specific wine treatment against various microorganisms.
Sugita-Konishi et al., (2001) found that the majority of
antibacterial effect of wine against Salmonella enteritidis, E.
coli O157:H7 and Vibrio parahaemolyticus was due to the
volatile components of wine.

Assessment of Aloeverawineagainst probiotic organisms

Probiotics, which are considered the good bacteria, were also
exposed to Aloe vera wine and the same were observed to
survive at higher concentrations of Aloe verawine. Aloevera
wine was found to be safe towards the probiotic bacteria
including Lactobacillus 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, indicating a higher tolerance to

winethan the food borne pathogenstested. Furthermore, there
was no significant differencein viable count of lactobacilli in
the feces of mice fed with the wine for the period of 3 weeks
(Table 4). The results show that the wine does have
antimicrobial properties against food borne pathogens while
not affecting health beneficial probiotic bacteria. Similor
studies have reported that wine provides digestive benefits
and intestinal health by encouraging the proliferation of
friendly bacteria and simultaneously provides protection
against foodborne pathogens (O’ Connor 2012; Wells 2012).
Drinking of wine increases the levels of gut probiotics,
including bifidobacteria, Enterococcus, Prevotella, and
Bacteroides, which areessentia to digestive health. Probiotics
also lower cholesterol, inhibit cancer, boost immunity, and
protect against numerous other systemic conditions (Barron
1999). It isthe polyphenolsin winethat inhibit non-beneficial
bacteriafrom the human microbiotaand potentiate the growth
of probiotic bacteria, promoting health benefits to the host
(Cohen, 2012).

Table 4: Viable count of lactobacilli in feces of winefed mice

Time(Weeks) Log,, cfu/g faeces
0 7.6+0.29
1 7.4+0.39
2 7.7+0.16
3 7.8+0.11

Values are expressed as mean+SD of the observations (in triplicate)
of samples from three independent experiments at 95% confidence
level.

Conclusion

Aloe vera gel may be used as a valuable ingredient for the
production of aherbal winewith all theimportant properties of
wine. Aloe verawine exhibited antibacterial activity against
the pathogens along with the ability to maintain the persistence
of lactobacilli inthe gut of winefed animal. Thispresent study
is probably the first study where the Aloe vera gel has been
fermented for the production of anew class of functional wine.

Acknowledgements

The financial assistance provided by University Grants
Commission (UGC), New Delhi, Indiain theform of aJunior
Research Fellowship to Ms Neetika Trivedi is highly
acknowledged.

References

Altenburg, A. and Zouboulis, C.C. 2008. Current concepts in the
treatment of recurrent aphthous stomatitis. Skin therapy lett.,
13:1-9

Amerine, M.A., Berg, H.W., Kunkee, R.E., Ough, C.S., Singleton,

164



Production of aherbal wine from Aloe vera gel and evaluation JY)

V.L.and Webb, A.D. 1980. The Technology of Wine Making,
4" edn. CT: AVI Publ Co Inc, Westport.

Barker, C. and Park, S.F. 2001. Sensitization of Listeria
monocytogenesto low pH, organic acids, and osmotic stress
by ethanol. Appl. Environ. Microbiol., 67:1594-1600.

Barron, J. 1999. Probiotics for digestive health. The Baseline of
Health Foundation. 1 May 1999. http://www.jonbarron.org/
article/probiotic-miracle.

Bensky, D., Gamble, A. and Kaptchuk, T.J. 1993. Chinese herbal
medicine: materiamedica. Eastland Press, Sesttle, Washington.

Benzie, |.F.F and Strain, J.J. 1996. The ferric reducing ability of
plasma (FRAP) as measurement of antioxidant power: The
Frap assay. Anal. Biochem. 239:70-76.

Boudreau, M.D. and Beland, F.A. 2006. An evaluation of the
biological and toxicological properties of Aloe barbadensis
(Miller), Aloe vera. J. Environ. Sci. Health., 24:103-154.

Caputi. A., Ueda, M. and Brown, T. 1968. Spectrophotometric
determination of ethanol inwine. Am. J. Enol. \jtic., 19:160-
165.

Cohen, H 2012. Digestive Probiotics Among Benefits of Red Wine.
The Baseline of Health Foundation. 22 May 2012. http://
www.jonbarron.org/article/red-wine-hel ps-gut.

Deans, S.G. and Ritchie, G 1987. Antibacterial properties of plant
essentia oils. Int. J. Food Microbiol., 5:165-180.

Dubois, M., Gilles, M.K., Hamilton, J.K., Robers, PA. and Smith,
F. 1956. Colorimetric methods for determination of sugars
and related substances. Analyt. Chem., 28:350-356.

Eshun, K. and He, Q. 2004. Aloe vera: A valuableingredient for the
food, pharmaceutical and cosmeticindustries—A review. Crit.
Rev. Food Sci. Nutr., 44:91-96.

Fernandes, J., Gomes, F., Couto, JA. and Hogg, T. 2007. The
antimicrobial effect of wine on Listeria innocua in a model
stomach system. Food Control 18:1477-1483.

Friedman, M., Henika, PR., Levin, C.E. and Mandrell, R.E. 2006.
Antimicrobial wineformulations active against thefoodborne
pathogens, E. coli 0157:H7 and Salmonella enterica. J. Food
Sci. 71: 245-251.

Gasteineau, F.C., Darby, JW. and Turner, B.T. (1979). Fermented
Food Beveragesin Nutrition. Academic PressInc, New York,
London.

Gayon, PR. 1978. Wineflavor. In: Flavour of food and beverages—
Chemistry and Technology, (Eds G. Charlambous and G.E.
Inglett), Academic press Inc, New York, pp 355-380.

Ghazanfar, S.A. 1994. Handbook of Arabian medicinal plants. CRC
Press, Boca Raton.

Gorden. J. and Small, PL.C. 1993. Acid resistancein enteric bacteria.
Infect. Immun., 61:364-367.

Gruenwald, J. 2009. Novel botanical ingredients for beverages.
Clin. Dermatol., 27:210-216.

Harding, C. and Maidment, C. 1996. An investigation into the anti-
bacterial effects of wine and other beverages. J Biol. Educ.,
30:237-239.

Joshi, V.K. 1997. Fruit Wines. 2nd ed. Directorate of extension
education, Dr. Y.S. Parmar University of Horticulture and
Forestry, Nauni-Solan, India.

Just, J.R. and Daeschel, M.A. 2003. Antibacterial effects of wine on
Escherichia coli O157:H7 and Salmonella typhimuriumin a

model stomach system. J. Food ci., 68:285-290.

Klein, A.D. and Penneys, N.S. 1988. Antimicrobial effect of Aloe
vera, J. Am. Acad. Dermatol., 18:714-720.

Leg, C.Y., Robinson, W.R., Vanburen, J.P, Acree, T.E. and Stuewsand,
G.S. 1975. Methanol in winesin relation to processing and
variety. Am. J. Enol. \itic., 26: 184-187.

Lin, J, Lee, I.S, Frey, J., Slonczewski, J.L. and Foster, JW. 1995.
Comparative analysis of extreme acid survival in Salmonella
typhimurium, Shigella flexneri, and Escherichia coli. J.
Bacteriol., 177:4097-4104.

Lin,Y.T., Vattem, D., Labbe, R.G. and Shetty, K. 2005. Enhancement
of antioxidant activity and inhibition of Helicobacter pylori
by phenolic phytochemical-enriched alcoholic beverages.
Process Biochem. 40:2059-2065.

Lorenzetti, L., Salisbury, R., Beal, J. and Baldwin, J. 1964.
Bacteriostatic property of Aloevera. J. Pharm. i, 53:1287-
1290.

Lowry, O.H., Rosenbrough, N.J., Farr, A.L. and Randall, R.J. 1951.
Protein measurement with folin-phenol reagent. J. Biol. Chem.,,
193:265-275.

Mahady, G.B. and Pendland, S.L. (2000). Resveratrol inhibits the
growth of helicobacter pylori in vitro. Am. J. Gastroenterol.
95: 1849.

Mahady, GB., Pendland, S.L.. and Chadwick, L.R. (2003).
Resveratrol and Red Wine Extracts Inhibit the Growth of
CagA+ Strains of Helicobacter pylori In Vitro. Am. J.
Gastroenterol. 98: 1440-1441.

Marimon, J.M., Bujanda, L., Gutierrez-Stampa, M.A., Cosme, A.
and Arenas, J.1. 1998. Antibacterial activity of wine against
Salmonella enteritidis pH or acohol? J. Clin. Gastroenterol .,
27:179-180.

Mazza, G. and Miniati, E. 1993. Grapes. In: Anthocyaninsin Fruits,
Vegetablesand Grains, (Eds. G Mazzaand E. Miniati), FL:
CRC Press, Boca Raton, pp 149-199.

Moretro, T. and Daeschel, M.A. 2004. Wine is bactericidal to
foodborne pathogens. J. Food. Sci., 10:1365-2621.

O’ Connor, Anahad. Really? Red Wineis Good for the Stomach. The
New York Times. 16 May 2012. http://well.blogs. nytimes.
com/2012/05/14/really-red-wine-is-good-for-the-stomach/
?nl=health& emc=edit_hh_20120515.

Ough, C.S. 1991. Winemaking basics. Food Products Press, An
Imprint of the Haworth Press Inc, New York.

Oyetayo, V.O., Adetuyi, F.C. and Akinyosoye, F.A. 2003. Safety
and protective effect of Lactobacillus acidophilus and
Lactobacillus casel used as probiotic agent in vivo. Afr. J.
Biotechnol ., 2:448-452.

Ramachandra, C.T. and Srinivasa Rao, P. 2008. Processing of aloe
veraleaf gel: areview. Am. J. Agril. Biol. i, 3:502-510.

Rathee. J.S., Hassaragjani, S.A. and Chattopadhyay, S. 2006.
Antioxidant activity of Mammea longifolia bud extracts. Food
Chem., 99:436-443.

Robichand, J. and Noble, A.C. 1990. Astringency and bitterness of
selected phenolicsin wine. J. Sci. Food Agric., 55:343-353.

Robson. M,C,, Heggers, J.P. and Hagstrom, W.J. 1982. Myth,
Magic,Witchcraft or Fact? AloeveraRevisited. J. Burn. Care.
Rehab., 3:157-163.

Sharma, R,, Soni, S.K and Gupta, L.K. 2001. Comparison of carrot

165



JY) Trivedi etal.,

wine stored in glass bottles and matured in oakwood barrels
for home consumption. In: Plant diversity of Himalaya, (Eds.
PC., Pandey ande S.S. Samant SS), Gyanodaya Prakashan,
Nainital, India, pp. 593-598.

Soni, SK.,Bansa, N and Soni, R. 2009. Standardization of conditions
for fermentation and maturation of winefromAmla(Emblica
officinalis). Nat. Prod. Rad., 8:436-444.

Sugita-Konishi, Y., Hara-Kudo, Y., lwamoto, T. and Kondo, K. 2001.
Wine has activity against entero-pathogenic bacteriain vitro
but not in vivo. Biosci. Biotechnol. Biochem., 65:954-957.

Tapsell, L.C., Hemphill, 1., Cobiac, L., Patch, C.S., and Sullivan,
D.R. 2006. Health benefits of herbs and spices: the past, the
present, thefuture. Med. J. Aust., 185:4-24.

Vazquez, B., Avila, G, Segura, D. and Escalante, B. 1996.
Antiinflammatory activity of extractsfrom Aloe vera gel. J.
Ethnopharmacoal., 55:69-75.

166

Vine. R.P, Harkners, E.M. and Wagner, C. 1999. Winemaking. Aspen
Publishers Inc, Gailthersburg, Maryland.

Waite, J.G. and Daeschel, M.A. 2007. Contribution of wine
componentsto inactivation of food-borne pathogens. J. Food
Micro. Safety 72:286-291.

Wang, H., Chung, J., Ho, C., Wu, L. and Chang, S. 1998. Aloe -
Emodin effects on Arylamin N-Acetyltransferase activity in
the bacterium Helicobacter pylori. Planta. Med., 64:176-178.

Weisse, M.E., Eberly, B. and Person, D. 1995. Wine as a digestive
aid: comparative antimicrobial effects of bismuth salicylate
and red and white wine. Br. Med. J., 311:1657-1660.

Wells, S 2012. Red Wine Proves Probiotic Friendly. Explore. 16
May 2012. http://www.exploresupplements.com/red-wine-
proves-probiotic-friendly



