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              ABSTRACT

Chemical preservatives are usually used to reduce or eliminate pathogenic or spoilage microorganisms, So many 
researches have been done to substitute the chemicals with naturally occurring compounds, especially plant essential oils. 
In this study the growth and survival of E.coli as a pathogen agent were investigated under the synergistic effects of 
simultaneous presence of Aloe Vera gel aqueous extract  and Lactobacillus casei. For this purpose, an amount of 108-109 
cfu/ml of L. casei, 103 CFU/ml E.coli, and two different concentrations of Aloe Vera gel aqueous extract (5 and 10%) were 
added to yoghurt. The samples were kept for 10 days in 4°C and the survival of E.coli was evaluated. The presence E. coli 
was determined by culture in selective media and the minimum inhibitory concentration (MIC) and minimum bactericidal 
concentration (MBC) of Aloe Vera gel aqueous extract against E.coli was investigated by Micro-well dilution assay. The MIC 
and MBC values ranged 20% and 40%. The highest antibacterial activity was seen at the end of the storage period and in 
the samples containing 10% extract (2.33±0.24 log10 cfu/g). E. coli count in samples containing extract and in probiotic 
yogurt  were significantly decreased in comparison with the control group at the end of storage period. however, there was 
no significant difference  in E. coli count between probiotic and non-probiotic yogurt containing extract and According to the 
results of this study L.casei and Aloe vera gel aqueous extract could be used as natural preservative agents in the dairy 
products.
Key words: Aloe Vera gel, Aqueous extract, Probiotic Yoghurt, E.coli.
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  1. INTRODUCTION
ntibiotic resistance has become a global concern. 
In recent years, there is increasing incidence of 
multiple resistances in human pathogenic 

microorganisms, largely due to the indiscriminate use of 
commercial antimicrobial drugs commonly employed in 
the treatment of infectious diseases. In addition, concerns 
over the inevitable side effects of chemical food 
preservatives, these had forced scientist to search for new 
antimicrobial substances from various sources like 
medicinal plants (1). Despite the strong antimicrobial 
activity of Essential oils (EOs) against foodborne 
pathogens and spoilage micro-organisms, their application 
as preservatives in food is currently limited due to the 
unfavorable changes they may cause in the taste of food 
products (2, 3). Recently, various natural compounds like 
spices are preferred and used as food preservatives (4). The 

EO are aromatic and volatile oily liquids obtained from 
plant material. They are normally formed in groups of cells 
or specific cells , found in stems and leaves, and usually 
concentrated in one particular region such as bark, leaves, 
or fruit (5). Aloe vera (Aloe barbadensismiller) is a plant, 
which belongs to the family of Liliaceae and is mainly lush 
with a whorl of elongated, pointed leaves (6, 7). Aloe vera 
grows in arid climates and is widely distributed in India, 
Africa and other arid areas. The species is frequently cited 
as being used in herbal medicine (8). The Leaves have high 
capacity to retain water in dry and very hot weather 
conditions and can survive in very difficult circumstances.  
The gel contains 99.3% of water, the remaining 0.7% is 
made up of solids mainly carbohydrates (8). Furthermore, 
activity against a variety of infectious agents has been 
attributed to Aloe vera; for instance, antiviral, antibacterial 
and antifungal (9-11). Specific plant compounds such as 

A
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anthraquinones, dihhydroxyanthraquinones, and saponins 
have been proposed to have direct antimicrobial activity 
(12-15). Yogurt is one of the traditional fermented dairy 
products and one of the most popular milk products 
produced by two lactic acid bacteria as fermentation starter 
(streptococcus thermophilus and lactobacillus delbrueckii 
subsp. Bulgaricus). Dairy products, especially yogurt, are 
the best well known carrier for transmission of probiotic 
organisms to the consumers (16). Probiotics have been 
defined as “live micro-organisms confer a health benefit on 
the host” when administered in enough amounts (17). L. 
casei belongs to Lactobacillaceae family. The morphology 
and properties of L. casei are rod-shaped colonies about 1 
mm diameter (white, shiny and smooth), negative-catalase, 
mesophyl, gram positive, micro aerophilic. The addition of 
L. casei into yogurt as starter can promote physiological 
values and extra nutritional and improve the nutritional and 
technological properties of the product as a probiotic 
functional food (18, 19). Antimicrobial effect of Lactic 
Acid Bacteria (LAB) is mainly due to lactic acid and other 
organic acid production, which results in decreasing the pH 
of the growth environment (20). E. coli is a pathogen, 
which causes hemolytic uremic syndrome, hemorrhagic 
colitis and thrombotic thrombocytopenic purpura in 
humans and can through milk and other dairy products, 
contaminated water and  also meat be transmitted to 
humans (16, 21). Due to the high consumption of dairy 
products, especially yoghurt in Iran, also the possibility of 
secondary pollution and survival E. coli in yoghurt (22). 
The aim of this study was to evaluate the survivability of 
E. coli during the 10 days of  preservation of yoghurt 
prepared with Aloe vera gel aqueous extract and probiotic 
bacteria L. casei Alone and in combination with each other 
by culture in selective media.

2. MATERIALS AND METHODS
2.1. Extraction of Aloe Vera gel
 Aloe Vera plant originally purchased from Qazvin market. 
The fully expanded leaves of Aloe vera were selected, 
washed with distilled water and were subjected to surface 
sterilization with 70% ethyl alcohol followed by 0.1% 
HgCl2. The parenchymatous covering of the leaves were 
peeled and the gel drained out. Slurry was formed with the 
help of pestle and mortar (23).

2.2. Preparation of aqueous extract
Sufficient amount of crushed plant (50 g) was poured into 
the extraction container and 200 cc distillated water was 
added. The Container was placed on medium heat, stirred 
constantly until the first signs of boiling was seen. After 
boiling the solution for 15 minutes, the extract was filtered 
through Whattman filter paper (No. 1), then it was kept in 
sterile glass containers and dark and in the refrigerator 
(24).

2.3. Bacterial strains
Lyophilized E. coli was obtained from the culture 

collection of the Department of Microbiology, Faculty of 
Veterinary Medicine, University of Tabriz, Tabriz, Iran. 
Subcultivation and preparation of the inoculantnts were 
conducted according to Parsaeimehr et al. (25).

2.4. Starter and probiotic bacteria
Freeze dried yoghurt inoculantntnt (Christian Hansen Co., 
R 704, Denmark) containing Streptococcus salivarius ssp. 
thermophilus and Lactobacillus delbrueckii ssp. bulgaricus 
(1:1) was used as a starter. A commercial lyophilized 
culture of the probiotic L. casei ATCC 3939 was obtained 
from the Iranian Organization of Industrial Research. 
Subcultivation and preparation of the probiotic bacteria 
were conducted according to standard method (26).

2.5. Preparation and inoculantnttion of yoghurt
Raw cow milk was subjected to a heat treatment at 90°C 
for 20 min, followed by cooling to 40 – 45°C. It was 
inoculantntted with the test organisms at 103 CFU⁄mL in 
separate groups, the Aloe Vera gel aqueous extract was 
added to the milk before processing with different 
concentrations (5 and 10 %) followed by mixing. As 
yoghurt starter culture (L. bulgaricus and S. thermophilus) 
(1.5%) was added  to the milk, followed by mixing, finally 
L. casei (108-109 Cfu/ml) added. Samples were packed in 
sterilized 250 mL capped glass, followed by incubation at 
40°C for 3 hours till gel forms (pH 4.5). Freshly yoghurt 
was cooled and stored at 4°C for 10 day (27).

2.6. E. coli enumeration
(An amount of 10 g) from yoghurt samples were pooled in 
90 mL of sterile 0.1% (w⁄v) peptone water (Merck, KGaA) 
in sterile 500-mL stomacher bags. Samples were blended 
in a Stomacher 400 (Interscience, Saint-Nom-La- 
Breteche, France) for 3 min. E. coli counts were 
determined on EMB agar (Merck) after incubation at 37°C 
for 48 h (5).

2.7. Micro-well dilution assay
The MIC and MBC values were studied for the bacterial 
strains in microplate. The inoculant of the bacterial strains 
was prepared from 12 h broth cultures and suspensions 
were adjusted to 0.5 McFarland standard turbidity. Then 
Aloe Vera gel aqueous extracts were prepared in 50, 40, 
30, 20, 10, 5 and 2.5 % concentrations. MIC values of 
extract against pathogenic bacteria strains were determined 
based on a microwell dilution method. The 96-well plates 
were prepared by dispensing into each well 80 μl of 
nutrient broth and 20 μl of the inoculant and 100 ppm 
aliquot from different concentrations of Aloe Vera gel 
aqueous extracts were added to the wells. The last well 
containing 180 μl of nutrient broth without compound and 
20 ppm of the inoculant on each strip was used as the 
negative control. The final volume in each well was 200 
ppm. The plate was covered with a sterile plate sealer. 
Contents of each well were mixed on plate shaker at 300 
rpm for 20 s and then incubated at appropriate 
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temperatures for 24 h. Microbial growth was confirmed by 
plating 5 μl samples from clear wells on nutrient agar 
medium. The Aloe Vera gel aqueous extract tested in this 
study was screened two times against E. coli (28).

2.8. Statistical Analysis
All experiments were conducted in triplicate, and results 
were computed as mean± standard deviation and were 

subjected to one-way analysis of variance to establish 
whether the differences in experimental results were 
significant or not. Result were considered statically 
significant when P <0.05.  
                                                                       
3. RESULTS AND DISCUSSION
The growth inhibition values of Aloe Vera gel aqueous 
extract against E. coli shown in Table 1. 

Table 1. MIC and MBC value Aloe Vera Gel aqueous extract (%) against E.coli
Aqueous extract of Aloe Vera Gell (%)Antibacterial activity

2.5 5 10 20 30 40 50

MIC (%) _ _ _ * _ _ _

MBC (%) _ _ _ _ _ * _

Based on the results the MIC and MBC values were 20% 
and 40% respectively, also Based on the results of this 
study, the survival of E. coli was decreased during the 10-
days of preservation of different yoghurt supplemented 
with different concentrations of extract and probiotics 
separately and in combination with each other at 
refrigerator temperature. The lowest bacteria count was 
recorded for yoghurt sample containing 10% extract 
(2.33±0.24 log10 cfu/g). The growth of E. coli during 10 
days storage of various yoghurt samples are shown in 
Figure 1 and 

Table 2. 
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Figure 1. Survival of E.coli (Mean ±SD log10 CFU/g) in yoghurt samples during storage (10 days)
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Table 2. Growth response of E. coli affected by various concentrations of extract, probiotic (P) and their combinations in Yoghurt over a 10-day 
storage period

Log10(CFU/g) ± SD on sampling daysGroup
No

Extract
(%)

P
(108 - 109 CFU/ml)

1day 3day 5day 7day 10day

1 0 0 6.69±0.46 6.62±0.41 6.56±0.39 6.30±0.47 6.07±0.53

2 0 + 6.57±0.39 6.11±0.07 5.90±0.26 5.43±0.25a 4.90±0.18a

3 5% + 6.35±0.28 5.43±0.25a 5.31±0.25a 4.41±0.38ab 4.21±0.21a

4 10% + 5.75±0.26a 5.37±0.21a 4.18±0.09abc 3.59±0.12ab 2.33±0.24abc

5 5% 0 6.13±0.02 5.75±0.22a 5.35±0.22 ad 4.45±0.15 abd 4.1±0.17 ad

6 10% 0 5.87±0.17 5.49±0.34a 4.39±0.23 abce 3.44±0.31abce 2.12±0.15 abce

(P: L.casei). aSignificant difference with data of group 1. bSignificant difference with data of group 2. cSignificant difference with data of group 3. dSignificant difference with data of group 
4. eSignificant difference with data of group 5. fSignificant difference with data of group 6 (Significant differences have been evaluated inside each column) (P < 0.05).

The results showed the antimicrobial potency of Aloe Vera 
gel aqueous extract against the E. coli. In yoghurt samples 
containing different concentrations of the extract, 
pathogenic bacteria were significantly decreased in 
comparison with the control group (p<0.05), also E. coli 
count in samples containing extract and in probiotic yogurt  
were significantly decreased in comparison with the 
control group at the end of storage period (p<0.05), but  
there was no significant difference  in E. coli count 
between probiotic and non-probiotic yogurt containing 
extract (p>0.05). Aloe Vera gel aqueous extract in high 
concentration had better effect on reduction of E. coli 
bacteria count  than its low concentration. However, 
probiotic yoghurt was more effective  on E. coli in 
comparison with the control group And pathogenic 
bacteria E. coli were significantly decreased in days 
7(5.43±0.25 log10 cfu/g) and 10(4.90±0.18 log10 cfu/g). In 
order to improving the quality of life, extensive 
investments have been made on therapeutic applications of 
plants. Herbal products have been known to treat infectious 
diseases throughout the history of mankind (29).  Essence 
and extracts of medicinal plants and herbs play important 
roles in human life and have been very popular for long 
time among the Iranians (30). In recent years, probiotic 
bacteria, as the food additives, have been introduced into 
many foods, of which the dairy products have played a 
main role in carrying these bacteria (such as B.bifidum and 
L. acidophilus). One of the most accepted ways to extend 
the shelf life of perishable food products is through the use 
of biopreservatives. It has long been recognized that some 
EOs and probiotic bacteria have antimicrobial properties 

and that they can be used as food flavoring agents or 
preservatives, and for medicinal purposes (31, 32). The 
presented results show that the survival of pathogenic 
bacteria during storage period was reduced, so that the 
lowest count of bacteria was observed at day 10 (6.07±0.53 
Log cfu/g). The number of pathogenic bacteria in yogurt 
samples containing extract was significantly decreased in 
comparison with the control sample during storage period. 
The lowest bacteria count was observed in the end of the 
preservation period in yoghurt sample containing10% 
extract (2.12±0.15 Log cfu/g). The pathogenic bacteria in 
probiotic yogurt was significantly lower than control group 
at the end of storage period. Elbandy et al., (2014) studied 
the processing of fruit nectars enriched with Aloe vera gel. 
The aim of their study was to produce therapeutic and high 
nutritional mango nectar by supplementation of mango 
pulp with Aloe vera gel. They showed that high 
concentrations of Aloe vera gel (20 and 25%) resulted in a 
dramatic fall in the levels of total bacterial counts. Total 
bacterial counts decreased from log10 3.9 ± 0.06 
log10CFU/ml in control treatment at zero time point to 2.05 
log10CFU/ml as a result of Aloe vera gel addition (33). The 
strong antibactericidal activity of Aloe vera gel may be 
attributed to a number of pharmacologically active 
compounds including alkaloids, tannins; flavonoids, as 
well as saponins which have a direct antimicrobial activity 
(13, 34). Agarry et al., (2005) compared the antimicrobial 
activities of the gel and leaf of Aloe vera. They reported 
that leaf extracts had antibacterial activity against bacterial 
species such as S. aurous, Klebsiella pneumoniae, and E. 
coli (35). Ibrahim et al., (2011) investigated the 
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antimicrobial activity and phytoconstituents of aqueous, 
ethanol and acetone extracts of the A. vera gel against 
some human and plant pathogens by disc diffusion method. 
Among the three extracts, acetone and ethanol extracts 
recorded significant antimicrobial activity against all 
examined pathogens. Antibacterial activity of the acetone 
extract was found to be quite impressive as compared to 
ethanol and aqueous extracts (36). In another study, the 
susceptibility of E. coli and S. aureus to the crude extracts 
of Aloe Vera gel was determined by agar well diffusion 
method. The ethanol extract inhibited the growth of E. coli 
and S. aureus with zones of inhibition of 6 and 5 mm 
respectively while aqueous extract had zones of inhibition 
of 6 and 4 mm respectively. The methanol extract inhibited 
the growth of E. coli (3mm) only. The ethanol extract gave 
a better minimum inhibitory concentration (MIC) (0.125 
and 0.125 mg/ml) than aqueous extract (0.25 and 0.25 
mg/ml) and methanol extract (0.50, and 0.00 mg/ml) on E. 
coli and S. aureus respectively. The study revealed that 
ethanol and aqueous extracts of Aloe Vera gel had 
antibacterial effect on these two pathogens (37). Trivedi et 
al., (2015) evaluated the effect of Aloe Vera based herbal 
wines on common foodborne pathogens. Aloe Vera gel 
blended with amla extract and ginger and supplemented 
with sugar proved to be a good medium for the growth of 
Saccharomyces cerevisiae. MIC of Aloe-amla and Aloe-
ginger wine agaist S. Typhimiurum was found to be 25% 
and 40% respectively. For S. aureus, MIC was 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. Therefore, Aloe-amla wine exhibited the highest 
efficacy against E. coli and S.Typhimurium while for S. 
aureus Aloe-ginger wine worked the best. The MBC of 
Aloe-amla wine was found to be 45% for both S. aureus 
and E. coli and 35% for S. Typhimurium. MBC of Aloe-
ginger wine was more than 50% for E. coli and S. 
Typhimurium whereas for S. aureus it was found to be 
40% (38). Shamlou and Yavarmanesh, (2016) investigated 
the antibacterial effects of ethanolic and aqueous extracts 
of Aloe Vera on pathogenic bacteria such as S. aureus 
(ATCC25923), E. coli (ATCC25922), Listeria 
monocytogenes (ATCC33090). Aqueous extract of Aloe 
Vera did not show any antibacterial activity. It is supposed 
that antibacterial compounds such as Anthraquinone, 
Hydroxyanthra and Saponin had the most roles for 
antibacterial activity in ethanolic extract of Aloe Vera (39). 
Pugh et al. and Lawless and Allan  evaluated the 
antimicrobial activity of A. vera gel against the pathogens 
S. aureus, K. pneumonia, B. subtilis, Streptococcus 
pyogenes, E. coli, Pseudomonas, Helicobacter pylori and 
S. typhi. They observed the minimum inhibition activity 
against the pathogen E. coli. They observed the maximum 
zone of inhibition against Bacillus with 23 mm (40, 41). 
The difference observed in the antibacterial properties of 
Aloe Vera in various studies may occur because of the 
differences in the composition of plants (under the 

influence genetic, type, the harvest season) and the type of 
extraction method used. Singh et al., (2002) indicated that 
combination of Anis EO (1000 ppm) and oleoresin is quite 
effective in controlling the growth of spoilage 
microorganisms in yoghurt; also addition of this EO had 
no undesirable effect on the physicochemical properties of 
yoghurt (27). Mohammadi et al., (2011) evaluated the 
antimicrobial effect of Z. multiflora EO on E. coli 
O157:H7 in white brined cheese. The inhibitory effect of 
Z. multiflora EO at concentration of 200 ppm was higher 
compared to its lower concentrations and also compared to 
the control groups (42). Simsek et al (2007) investigated 
the survival of E. coli O157:H7 during the storage of plain 
Ayran which was produced with mint, thyme, garlic, salt 
and their mixture. During the storage period, viable counts 
of E. coli O157:H7 fall was sharp from 6.40 to 3.10 (log 
cfu/g) at pH 4.4 and from 6.30 to 3.10 (log cfu/g) at pH 
4.6. and E. coli O157:117 was not present at the end of 
14th day of the storage (43). The present study has shown 
that antibacterial activity of the yoghurt with Aloe Vera gel 
aqueous extract and L. casei bacteria on E. coli were 
different from control samples. The obtained results 
suggest that the E. coli population were inhibited 
significantly by high concentrations of the aqueous extract 
after 7 and 10 day. Antibacterial effect of lactic acid 
bacteria (LAB) on pathogenic microorganisms were 
observed in many works and this fact is well known and 
their result is similar with our result in current study. 
Several in vitro and in vivo experiments on antibacterial 
effect of different Lactobacillus on Campylobacter jejuni, 
Clostridium difficile, E. coli have been performed. The 
isolates of this study have no active effect and the observed 
ability to inhibit the growth of Bacillus cereus, E. coli, L. 
monocytogenesis and S. entritidis except one Isolate of 
lactobacillia that can inhibit growth of L. monocytogenesis. 
This isolate was L. casei. Other studies showed also that 
some strains of L. casei had an inhibitory effect on 
different indicator bacteria (44, 45). Amdekar et al (2010) 
determined the antibacterial activity of L. casei against 
enteropathogens E. coli, K. pneumoniae, S. enteritidis and 
P.flourescens. The results indicated strong antibacterial 
activity of L. casei against various enteropathogenic 
bacteria that are main cause of diarrhea and vomiting (p< 
0.05) (46). Farahbakhsh et al. (2013) investigated 
bactericidal effects of the isolated probiotics against E. 
cloi, S. Aureus,S. pyogenes, and P. vulgaris using disk 
diffusion and well diffusion agar methods. Growth of 4 
pathogenic bacteria was suppressed by all 8 lactobacilli (L. 
rhamnosus, L. plantarum, L .acidophilus, L. Casei, L. 
bulgaricus, L. delbrueckii, L. fermentum, and L. brevis), L. 
plantarum showed the strongest bactericidal effects (47). In 
the present study, significant differences (P≤0.05) were 
observed between the groups containing extract in different 
concentrations and probiotic bacteria with the control 
group with respect to the pathogenic bacterial counts. 
However, the finding of the current research did not show 
synergistic effect between aqueous extract and probiotic 
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bacteria in inhibition growth of E.coli during storage 
period.

4. CONCLUSION 
The results obtained in this study showed significant 
inhibitory effects of extract concentrations, probiotic 
bacteria and time on the growth response of E. coli during 
storage of Yoghurt. The results indicated that L. casei and 
Aloe vera gel aqueous extract could be considered as 
natural Antibacterial agents against E.coli and researches 
must be developed in order to finding out more knowledge 
about the behavior of E.coli in acidic dairy products. 
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