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Abstract: Aspergillus fumigatus is a common fungus that causes dairy products contamination. The aim of this study was to
evaluate in vitro antifungal activity of Lactobacillus plantarum and sage extract on the growth of Aspergillus fumigatus in
yogurt during 1, 7, & 14 days of storage at 4°C. Two different groups of yogurt samples were prepared. The first one consisted
of the plain yogurt with L. plantarum + A. fumigatus (control), and sage yogurt with L. plantarum + A. fumigatus, and the
second group contained plain yogurt + 4. fumigatus (control), and sage yogurt + A. fumigatus. Both groups were investigated
for pH, total titratable acidity (TTA), viable cells counts of L. plantarum and inhibition of A. fumigatus growth during
refrigerated storage. The pH values of all samples were decreased non-significantly (p>0.05) during storage whereas TTA
ranged between 1.6% - 1.7% at the end of storage. The presence of sage in yogurt increased significantly (p<0.05) the viability
of L. plantarum compared to control over one week of storage. Sage alone or in a combination with L. plantarum showed
moderate growth inhibition of 4. fumigatus in yogurt compared to their respective controls. L. plantarum and sage extract
could be used as antifungal activity against 4. fumigatus in yogurt.
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probiotics. The main action of probiotics can be summarized
as a reinforcement of the intestinal mucosal barrier against
pathogenic microorganisms [9]. LAB in yogurt can produce
several compounds these including organic acids i.e. lactic
acid, acetic acid, citric acid, and hippuric acid [10]. These
organic acids can inhibit the growth of fungi or lower the
level of toxic metabolites produced such as mycotoxin [11].

Aspergillus  fumigatus is one of the most important
opportunistic pathogen producing aspergillosis. It was found
frequently present in different types of food included soft
cheese, freeze-dried soup, juices, regular tea and sweet
biscuits [12].

Salvia officinalis (Sage) is a perennial hardy sub-shrub
native to Mediterranean regions and has been widely used in
the preparation of many foods and traditional medicine in the
Arab world because of its flavoring and seasoning properties
[13]. Sage herbs have been possess a number of biological
activities for the treatment of a diverse diseases including
antiseptic, antibacterial [14, 15], antioxidant [16],

1. Introduction

Fermented milk has been consumed for thousands of
years. It has been known to possess several nutritional
strengths and characteristics that make it a valuable
contribution to the dietary patterns of human’s life [1]. In
addition, it has a reputation of being highly nutritious and
even therapeutic. Therefore in the past few decades,
researchers on fermented milk such as yogurt have increased
rapidly [2].

Lactic acid bacteria (LAB) such as Lactobacillus
plantarum is one of the most diverse species that are
generally used as probiotics because of their specific healthy
properties in the food [3-5]. This bacteria is widely used in
the fermented food's and beverages while participating in
both sensory qualities of the food and the prevention of
spoilage. They have antagonistic effect against various
pathogenic and toxigenic organisms [6-8].

Yogurt is one of the best-known of foods that contain
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inflammatory [17, 18], antiviral [19, 20], antitumor [21], and
anti-mycobacterial [22].

Probiotics are safe and widely used in fermented milk to
increase immune response and prevent diseases. It is possible
to use probiotics as bio-preservatives in yogurt to control the
growth of the pathogenic fungi species associated with food
spoilage thus reducing the risk of foodborne Illness,
prolonged shelf-life, advanced the safety of foods, and
increasing nutritional value and therapeutic properties of
food. Therefore, the aim of this study was to estimate the in
vitro Lactobacillus plantarum and S. officinalis (sage) effects
on the growth of Aspergillus fumigatus in yogurt.

2. Materials and Methods
2.1. Materials and Chemicals

Pasteurized full cream milk (Al-marai, Saudi Arabia) was
purchased from the supermarket. Sage leaves (S. officinalis)
were purchased from a local store in Saudi Arabia.
Lactobacillus plantarum (EMCC 1027), and Aspergillus
fumigatus was obtained from Egypt microbial culture
collection (EMCC), Cairo, Egypt. All agar and chemicals
used in the present study were purchased from Micro master,
Maharashtra, India.

2.2. Water Extraction of Sage

Sage water extract was prepared according to Xavieret al.
[23] with some modification. 10 gram of sage was mixed
with 90 mL of distilled H,O. The mixture was incubated in a
water bath at 100°C for 5 min before filtered to clear
supernatants. Sage water extract was used freshly in the
production of herbal yogurt.

2.3. Preparation of Yogurt

Yogurt was prepared according to shori and Baba, [24]
with some modification. Four types of yogurt samples were
prepared, namely plain yogurt with L. plantarum + A.
fumigatus (control), sage yogurt with L. plantarum + A.
fumigatus, plain yogurt + A. fumigatus (control), and sage
yogurt +A4. fumigatus. Sage yogurt with L. plantarum + A.
fumigatus was prepared by mixing 85 mL of pasteurized full
cream milk with 10 mL of sage water extract and 5 g of
starter culture containing Lactobacillus delbrueckii subsp.
bulgaricus, Streptococcus thermophilus and L. plantarum in
the ratio of 1:1:4). Full cream milk powder (4g) was added to
adjust the milk solid content. The mixture was mixed
carefully and placed in water bath at 42°C. The pH was
determined every 30 min using pH meter until the pH of
yogurt reached 4.5. Then, the yogurt was taken out and
cooled down before 1 mL of spore suspensions of A.
fumigatus (containing a spore number of ~10° spores/ml)
inoculated into the yogurt. Yogurt sample was kept in the
refrigerator at 4°C for two weeks. Plain yogurt with L.
plantarum + A. fumigatus was prepared in a similar way
except adding distilled water instead of sage water extract.

Plain- and sage yogurt with A. fumigatus were prepared using
the same method above except the yogurt starter culture
containing L. delbrueckii subsp. bulgaricus and S.
thermophilus in the ratio of 1:1.

2.4. Determination the pH and Total Titratable Acid (TTA)

Yogurt was diluted with distilled water (1:1) [25]. The
mixture was homogenized and the pH reading was taken
using a digital pH meter (Mettler-Toledo 320). The total
titratable acid (TTA) was determined by titration with 0.1 of
NaOH. A sample of yogurt (ImL) was mixed with 9 mL
distilled water and 2-3 drops of phenolphthalein [25].
Titration was carried out under continuous moving until the
change of a stable pink color. TTA (%) was calculated as
follows:

TTA% = Dilution factor (10) x V NaOH x 0.1 N x 0.009 x 100 %

where V is the volume of NaOH required to neutralize the
acid and 0.009 represent the weight of lactic acid (g)
neutralized by 1ml 0.1N NaOH.

2.5. Determination the Viable Cell Count of L. plantarum
and the Growth Rate of A. fumigatus in Yogurt

Spread plate method was used for the bacteria counts and
fungal growth. Properly diluted yogurt (1 mL) was
transferred to the MRS agar (for L. plantarum) and PDA agar
(for A. fumigatus) plates and mixed by lope. The MRS plates
were sealed by parafilm and incubated in an inverted position
at 37°C for 48 h[26] whereas PDA plates incubated at 28°C
for 7 days [27]. The viable cell count of bacteria was
calculated as follows: "colony forming unit (CFU)/mL=
(Number of colonies formed X dilution factor of the
sample)/ImL of sample".

The growth of A. fumigatus was recorded as follows:

(—) = no growth; (+) = low growth; (++) = medium growth;
(+++) = heavy growth.

2.6. Statistical Analysis

The experiments were performed in a total of three
different batches of yogurt (n=3). All assays were performed
in duplicates and the results were expressed as mean+ S. E.
M (standard error of the mean). One way analysis of variance
(ANOVA), followed by Duncan’s post hoc test for mean
comparison were carried out using SPSS 19.0. The criteria
for statistical significance was p<0.05.

3. Results
3.1. Changes in the pH and TTA of Yogurt

The changes in the pH and TTA in yogurt samples were
showed in Figures 1& 2. The pH values of all samples were
decreased non-significantly (p>0.05) from 4.5 to 4.3 after 14
days of storage (Figure 1). Sage yogurt in the presence of L.
plantarum +A. fumigatus showed the lowest TTA
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(1.1£0.08%) among the yogurt samples at first day (Figure  (p<0.05) TTA to 1.7£0.17%. Other yogurt samples showed
2). However, prolonged storage for two weeks increased  TTA ranged from 1.5% to 1.7% during 14 days of storage.
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Figure 1. Changes in pH values of yogurt samples during 14 days of refrigerated storage (4 °C). * AF= Aspergillus fumigatus, LP= Lactobacillus plantarum,
SY= Sage yogurt, PY= Plain yogurt.
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Figure 2. Changes in total titratable acid (TTA %) of yogurt samples during 14 days of refrigerated storage (4°C). * AF= Aspergillus fumigatus, LP=
Lactobacillus plantarum, SY= Sage yogurt, PY= Plain yogurt.

3.2. The Viability of L. plantarum in Yogurt 7 respectively (Figure 3). However, prolonged refrigerated
storage to 14 days decreased significantly (p<0.05) the

The presence of sage extract in yogurt containing L. yiapility of L. plantarum for both sage- (0.50 x 10°cfu/ml)
plantarum +A. fumigatus increased significantly (p<0.05) the .4 plain- (0.61 x 10°cfu/ml) yogurt.
viability of L. plantarum (0.58 and 1.17 x 10°fu/ml)

compared to control (0.29 and 0.69 x 10°cfu/ml) at day 1 and
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Figure 3. The viable cell counts of L. plantarum in yogurt during 14 days of refrigerated storage (4 C). * AF= Aspergillus fumigatus, LP= Lactobacillus
plantarum, SY= Sage yogurt, PY= Plain yogurt.
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3.3. Effects of Sage Extract and L. Plantarum on the
Growth Rate of A. fumigatus in Yogurt

The growth rate of 4. fumigatus in yogurt samples both in
the presence and absence of sage extracts and L. plantarum
was shown in Table 1. The addition of sage extract in yogurt
either with or without L. plantarum showed positive effects
(medium growth) on the inhibition of 4. fumigatus compared
to control (heavy growth) over 14 days of storage. Sage
yogurt showed low growth of A. fumigatus at day 7 of
storage. L. plantarum in yogurt had no effects on the
inhibition of 4. fumigatus growth (Table 1).

Table 1. The growth rate of A. fumigatus in yogurt samples during 14 days of
refrigerated storage (4 C).

Storageday PY+AF SY+AF PY+LP+AF SY+LP+AF
1 +++ ++ +++ ++
7 +++ + +++ ++
14 A== 4= = ++

* AF = Aspergillus fumigatus; LP= Lactobacillus plantarum; SY = Sage
yogurt; PY= Plain yogurt. (—) = no growth; (+) = low growth; (++) =
medium growth; (+++) = heavy growth.

4. Discussion

Preservatives are essential to prevent food spoilage and
subsequently consumers' infections by harmful pathogenic
[28]. Recently, the consumers required to reduce the use of
synthetic preservatives [29] thus the preserving ability of
probiotic bacteria that naturally occurring in food has been
increasingly employed over the recent years. Probiotics have
inhibition activity against food-contaminated pathogenic
microbes via the production of organic acids, enzymes, and
other secondary metabolites [8, 30]. Several studies found
that most fungi are sensitive to organic acid i.e. lactic, acetic
and phenyllactic acids [8, 11, 30]. Lactic acid bacteria have
been widely used in food as bio-preservatives which display
a lot of benefits including extended shelf-life, improving
food safety, and antimicrobial activity against broad-
spectrum of pathogenic microbes [6].

In the present study, the decline of pH in yogurt samples
over 14 days of storage occurred as a result of organic acid
(i.e. lactic acid) accumulation which produced by yogurt
starter culture as secondary metabolites [26]. Although the
addition of sage in yogurt has significantly affected the
viability of L. plantarum (Figure 3), however, this did not
influence the post-acidification of yogurt. A similar
observation has been seen by Shori and Baba [9, 31] who
found there were no effects of Allium sativum and
Cinnamomum verum water extracts on the yogurt post-
acidification.

Sage extract presented significant effect on the viability of
L. plantarum at first week of storage (Figure 3). This finding
is in disagreement with Bachir et al., [32] who reported that
S. officinal is extract inhibited the growth of L. plantarum
with inhibition zone range from 2-2.5 at 10, 50 and 100 ppm
concentration. On the other hand, several studies have

showed that medicinal plants have positive effects on the
growth of probiotics in yogurt and other dairy products [10,
24, 33-36].

Lavermicocca et al. [37] reported that some strains of L.
plantarum have antifungal activity related to organic acids,
cyclic dipeptides and low molecular mass metabolites that
produced by the bacteria. Moreover, Magnusson et al. [38]
have tested the antifungal activity of a large number of
Lactobacillus isolates from a different environment. A
number of those isolates was showed strong growth
inhibition against 4. fumigatus. Lactobacillus delbrueckii and
Lactobacillus rhamnosus showed significant antifungal
activity against 4. parasiticus and A. flavus [39]. The present
study has demonstrated moderate inhibition of A. fumigatus
growth by sage yogurt both in the presence and absence of L.
plantarum (Table 1). Abu-Darwish, et al. [40] observed that
S. officinalis essential oil exhibited growth inhibition against
A. fumigatus. The antimicrobial activity depends on their
chemical composition [41]. The chemical composition of the
sage essential oil has been studied [42, 43]. The major
components of sage essential oils are a-thujone, 1, 8- cineole
and camphor which they known for their antimicrobial
activity [44, 45]. Further study is needed to evaluate and
characterize the chemical composition of sage yogurt with
antimicrobial components.

5. Conclusion

The presence of sage had no effect on the post-
acidification of yogurt but significantly influenced the
viability of L. plantarum during one week. In addition, sage
extract alone or in a combination with L. plantarum
contributed to preventing A. fumigatus contamination in
yogurt. Therefore, sage yogurt with or without L. plantarum
could have a potential effect on preventing yogurt spoilage
by A. fumigatus. This mechanism can be applied for
preventing yogurt spoilage by A. fumigatus during storage.
Moreover, further study is needed to understand the
mechanism of antifungal activity by L. plantarum and sage
extract in yogurt and the possibility of using it as bio-
preservatives.

Acknowledgements

The authors acknowledge Science Research and
Innovation Unit of Science Faculty at King Abdulaziz
University (KAU), Jeddah, Saudi Arabia and KAU Research
Endowment for their support.

References

[1] Shori, A. B., Rashid, F., and Baba, A. S. 2018. Effect of the
addition of phytomix-3+ mangosteen on antioxidant activity,
viability of lactic acid bacteria, type 2 diabetes key-enzymes,
and sensory evaluation of yogurt. LWT - Food Sci. Technol.
94:33-39.



(2]

[3]

[4]

[5]

[6]

(9]

[10]

[11]

[12]

[13]

[14]

American Journal of Biomedical and Life Sciences 2018; 6(3): 37-42 41

Muniandy, P., Shori, A. B., and Baba, A. S. 2016. Influence of
green, white and black tea addition on the antioxidant activity
of probiotic yogurt during refrigerated storage. Food Pack.
Shelf Life, 8: 1-2.

Cebeci, A. and Giirakan, C. 2003. Properties of potential
probiotic Lactobacillus plantarum strains. Food Microbiol. 20:
511-518.

Georgieva R., Iliev 1., Haertlé T., Chobert J.-M., Ivanova L.,
and Danova S. 2009. Technological properties of candidate
probiotic Lactobacillus plantarum strains. Int. Dairy J. 19:
696-702.

Altay, F., Karbancioglu-Giiler, F., Daskaya-Dikmen, C., and
Heperkan, D. 2013. A review on traditional Turkish fermented
non-alcoholic beverages: microbiota, fermentation process
and quality characteristics. Int. J. Food Microbiol. 167: 44-56.

Schniirer, J. and Magnusson, J. 2005. Antifungal lactic acid
bacteria as biopreservatives. Trends Food Sci. Technol., 16:
70-78.

Tropcheva, R., Nikolova, D., Evstatieva, Y. and Danova, S.
2014. Antifungal activity and identification of Lactobacilli,
isolated from traditional dairy product “katak”. Anaerobe, 28:
78-84.

Sevgi, E. and Tsveteslava, 1.-I. 2015. Antifungal Activity of
Lactic Acid Bacteria, Isolated from Bulgarian Wheat and Rye
Flour. J. Life Sci., 9: 1-6.

Shori, A. B., and Baba, A. S. 2011. Cinnamomumverum
improved the functional properties of bio-yogurts made from
camel and cow milks. J Saudi SocAgri Sci. 10(2): 101-107.

Shori, A. B. 2016. Influence of food matrix on the viability of
probiotic bacteria: an overview based on dairy and non-dairy
beverages. Food Biosci. 13(1): 1-8.

Pundir, R. K., Rana, S., Kashyap, N. and Kaur, A. 2013.
Probiotic potential of lactic acid bacteria isolated from food
samples: an in vitro study. J. Appl. Pharm. Sci. 3: 085-093.

Bouakline, A., Lacroix, C., Roux, N., Gangneux, J. P., and
Derouin, F. 2000. Fungal Contamination of Food in
Hematology Units. J ClinMicrobiol. 38(11): 4272-4273.

Qnais, E. Y., Abu-Dieyeh, M., Abdulla, F. A., and Abdalla, S.
S. 2010. The antinociceptive and anti-inflammatory effects of
Salvia officinalis leaf aqueous and butanol extracts. Pharm
Biol. 48(10):1149-56.

Yang, Z., Kitano, Y., Chiba, K., Shibata, N., Kurokawa, H.,
and Doi, Y., 2001. Synthesis of variously oxidized
abietanediterpenes and their antibacterial activities against
MRSA and VRE. Bioorg Med Chem. 9: 347-356.

Abd-Elmageed, M. A. M. and Hussein, B. A., 2008.
Cytotoxicity and antimicrobial activity of Salvia officinalis L.
flowers. Sudan J. Med. Sci. 3: 127-130.

Lima, C. F., Andrade, P. B., Seabra, R. M., Fernandes-
Ferreira, M., and Pereira-Wilson, C., 2005. The drinking of a
Salvia officinalis infusion improves liver antioxidant status in
mice and rats. J Ethnopharmacol, 97: 383-389.

Baricevic, D., Sosa, S., Della, L. R., Tubaro, A., Simonovska,
B., Krasna, A., and Zupancic, A., 2001. Topical
antiinflammatory activity of Salvia officinalis L. leaves: The
relevance of ursolic acid. J Ethnopharmacol, 75: 125-132.

[18]

[19]

[20]

(21]

[22]

[23]

[24]

[25]

[26]

[27]

[28]

[29]

[30]

[31]

[32]

Akkol, E. K., Goger, F., Kosar, M., and Baser, K. H. C., 2008.
Phenolic composition and biological activities of Salvia
halophila and Salvia virgata from Turkey. Food Chem, 108:
942-949.

Tada, M., Okuna, K., Chiba, K., Ohnishia, E., and Yoshiia, T.,
1994.  Antiviral diterpenes from Salvia officinalis.
Phytochemistry, 35: 539-541.

Smidling, D., Mitic-Culafic, D., Vukovic-Gacic, B., Simic, D.,
and Knezevic-Vukcevic, J., 2008. Evaluation of antiviral
activity of fractionated extracts of Sage Salvia officinalis L
(Lamiaceae). Arch BiolSci Belgrade, 60: 421-429.

Fiore, G., Nencini, C., Cavallo, F., Capasso, A., Bader, A.,
Giorgi, G., and Micheli, L., 2006. In vitro antiproliferative
effect of six Salvia species on human tumor cell lines.
Phytother Res, 20: 701-703.

Askun, T., Bager, K. H. C., Tiimen, G., and Kiirk¢tioglu, M.,
2010. Characterization of essential oils of some Salvia species
and their antimycobacterialactivities. Turk J Biol, 34: 89-95.

Xavier C. P, Lima C. F., Fernandes-Ferreira M., and Pereira-
Wilson C. 2009. Salvia fruticosa, Salvia officinalis, and
rosmarinic acid induce apoptosis and inhibit proliferation of
human colorectal cell lines: the role in MAPK/ERK pathway.
Nutr Cancer. 61: 564-571.

Shori, A. B., and Baba, A. S. 2012. Viability of lactic acid
bacteria and sensory evaluation in Cinnamomumverum and
Allium sativum-bio-yogurts made from camel and cow milk.
J. Assoc. Arab Univer. Basic Appl. Sci., 11(1): 50-55.

Shori, A. B. 2013. Antioxidant activity and viability of lactic
acid bacteria in soybean-yogurt made from cow and camel
milk. J TaibahUniv Sci. 7(4): 202-208.

Shori, A. B. 2013. Nutritional and therapeutical values of
chickpea water extract enriched yogurt made from cow and
camel milk. Am. J. Drug Discov. Develop., 3(2): 47-59.

Chukwuemeka, O. N., and Ibe, S. N. 2013. Effect of storage
temperature on shelf-life of yogurt-like product from soybean
(Glycine max). Scientia Africana, 12(1).

Kerdudo, A., Burger, P., Merck, F., Dingas, A., Rolland, Y.,
Michel, T., and Fernandez, X. 2016. Development of a natural
ingredient — Natural preservative: A case study.
ComptesRendusChimie. 19(9): 1077-1089.

Davidson, P. 2001. Chemical Preservatives and Naturally
Antimicrobial Compounds citCelikel, N. and Kavas, G., 2008,
Antimicrobial Properties of Some Essential Oils Against
Some Pathogenic Microorganisms. Czech J. Food Sci, 26:
174-181.

Kachouri, F., Ksontini, H. and Hamdi, M. 2014. Removal of
Aflatoxin B1 and Inhibition of Aspergillusflavus Growth by
the Use of Lactobacillus plantarum on Olives. J. food protect.
77: 1760-1767.

Shori, A. B., and Baba, A. S. 2014a. Comparative antioxidant
activity, proteolysis and in vitro a-amylase and a-glucosidase
inhibition of Allium sativum-yogurts made from cow and
camel milk. J. Saudi Chem. Soc. 18(5): 456-463.

Bachir, R. G., Benattouche, Z., Bevilacqua, A., Corbo, M. R.,
Sinigaglia, M., and Pignatiello, S. 2016. Antimicrobial
Activity of Extracts from Salvia officinalis L on some
Bacteria and Yeast. 5: 31-35.



42

[33]

[34]

[35]

[38]

Amal Bakr Shori and Saadyh Albloushi: Antifungal Activity of Lactobacillus Plantarum and
Sage Extract on Aspergillus Fumigatus in Yogurt

Shori, A. B., and Baba, A. S. 2014. Survival of
Bifidobacteriumbifidum in cow- and camel- milk yogurts
fortified with Cinnamomumverum and Allium sativum.
Journal of the J Assoc Arab Univ Basic ApplSci, 18: 7-11.

Baba, A. S., Najarian, A., Shori, A. B., Lit, K. W., and Keng,
G. A. 2014. In vitro inhibition of key enzymes related to
diabetes and hypertension in Lyciumbarbarum-yogurt. Arab J.
Sci. Eng., 39(7): 5355-5362.

Muniandy, P.; Shori, A. B., and Baba, A. S., 2017.
Comparison of the effect of green, white and black tea on
Streptococcus thermophilus and Lactobacillus spp. in yogurt
during refrigerated storage. J. Assoc. Arab Univer. Basic
Appl. Sci., 22: 26-30.

Shori, A. B. 2015. The potential applications of probiotics on
dairy and non-dairy foods focusing on viability during.
Biocata. Agri. Biotechnol., 4: 423-431.

Lavermicocca, P., Valerio, F., Evidente, A., Lazzaroni, S.,
Ccorsettiand, A., and Gobbetti, M. 2000. Purification and
characterization of novel antifungal compounds from the
sourdough Lactobacillus plantarum strains 21B. Appl.
Environ. Microbiol., 66:4084—4090.

Magnusson, J., Storm, K., Roos, S., Sjogren, J., and Schnurer,
J. 2003. Broad and complex antifungal activity among
environmental isolates of lactic acid bacteria. FEMS
Microbiol. Lett. 219:129 — 135.

Bokhari, F. M., Alenisan, M. A., Shori, A. B. 2018. Effect of
probiotic bacteria on the growth and mycotoxin production of
two toxigenic fungi. Int. J. Curr. Res. 10(4): 68209-68215.

[40]

[41]

[43]

[44]

[45]

Abu-Darwish, M. S., Cabral, C., Ferreira, 1. V., Gongalves, M.
J., Cavaleiro, C., Cruz, M. T., Al-bdour, T. H., and Salgueiro,
L., 2013. "Essential oil of common sage (salvia officinalis 1.)
fromjordan: Assessment of safety in mammalian cells and its
antifungal and anti-inflammatory potential." BioMed Res. Int.
2013: 9.

Teixeira, B., Marques, A., Ramos, C., Batista, 1., Serrano, C.,
Matos, O., Neng, N. R., Nogueira, J. M. F., Saraiva, J. A., and
et al., 2012. European pennyroyal (Menthapulegium) from
Portugal: chemical composition of essential oil and
antioxidant and antimicrobial properties of extracts and
essential oil. Ind. Crops Prod. 36: 81-87.

Edris, A. E., Jirovetz, L., Buchbauer, G., Denkova, Z.,
Slavchev, A., and Stoyanova, A., 2007. Chemical
composition, antimicrobial activities and olfactrive evaluation
of Salvia officinalis L. (sage) essential oil from Egypt. J
Essent Oil Res. 19: 186-189.

El, o. Y., Bouyanzer, A., Majidi, L., Paolini, J., Desjobert, J.
M., Costa, J., Chetouani, A., and Hammout, B., 2014. Salvia
officinalis essential oil and the extract as green corrosion
inhibitor of mild steel in hydrochloric acid. J. Chem. Pharm.
Res. 6: 1401-1416.

Ben, H. A., Ben, H. N., Abdelkafi, S., and Hamdi, N., 2013.
Essential oil from Artemisia phaeolepis: chemical
composition and antimicrobial activities. J Oleo Sci. 62: 973-
980.

Viljoen, A. M., Van, V. S. F., Gwebu, T., Demirci, B., and
Baser, K. H. C., 2006. The geographical variation and
antimicrobial activity of African wormwood (Artemisia
afraJacq.) essential oil. J Essent Oil Res. 18: 19-25.



