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Abstract: The present study was performed to evaluate the antibacterial potential of 

camel wheyand Rosmarinus officinalis aqueous and ethanol extracts as well as their 

effect on glutathione-S- transferases (GSTs) enzymes activity. The antibacterial 

activity of all samples and combinations was tested against Staphylococcus aureus 

and Escherichia coli using micro-broth dilution method. In addition to that, the effect 

of camel whey and plant extracts on GSTs was studied by spectrophotometric 

method using 1-chloro-2,4-dinitro-benzene (CDNB) as substrate. The obtained 

results showed that ethanol extract was the most effective when compared to the 

aqueous extract and whey proteins. Synergistic antibacterial activity was observed 

for whey and ethanol extract against E. coli with MBC value equal to 0.39 mg/ml. In 

contrast, whey combination to aqueous extract showed antagonistic bacteriostatic 

and bactericidal effect against both bacteria. Moreover, results revealed that all 

samples with 1 mg/ml concentration increased the activity of GSTs in vitro. The 

recorded GSTs activity was higher after combination of whey to both extracts. The 

best results obtained after combining the ethanol extract to whey proteins. The 

obtained results provided the necessity for further bioactivity studies between active 

ingredients of both camel whey and plant extracts. 
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Introduction:  

Medicinal plants considered as one of the rich sources of antimicrobial agents. These agents 

are secondary metabolites produced by plants as a defence mechanism  against pathogens 

(Obeidat et al., 2012). One of these medicinal plants is Rosmarinus officinalis, L. (Rosmary) 

from the Lamiaceae family (Cuvelier et al., 1996). Rosemary extracts have been used in the 

treatment of different diseases (Raškovic et al., 2014; Habtemariam et al., 2016). 

Phytochemical analysis of R .officinalis showed the presence of several phenolic compounds, 

including rosmarinic acid, camphor, caffeic acid, ursolic acid, betulinic acid and the 

antioxidants carnosic and carnoso (Aliyu, 2006). In this aspect, there are several studies that 

outlined the antioxidant and antimicrobial activities of R .officinalis  (Lo et al.,  

2002; Moreno et al., 2006). This bioactivity may be attributed to the presence of phenolic 

compounds that exhibited high antimicrobial activity against both Gram-positive and Gram-

negative bacteria (Moreno et al., 2006).  

In addition to plants, animals contain many medicinal ingredients that are wildly used. 

Functional foods are defined as food substances that demonstrated physiological benefits and 

are designed to lower the risk or delay the onset of certain diseases (Al-Alawi and Laleye, 

2008). Camel milk is one of these foods that have many properties which make it a very 

useful choice to cure certain diseases (Attia et al., 2001). Studies showed that camel milk has 

bactericidal activity due to higher content of antimicrobial factors like lysozyme, lactoferrin 

and immunoglobulins, which give camel milk high biological value (Elagamy et al., 2000; El-

Hatmi et al., 2007). Moreover, camel milk contains unique types of IgG antibodies as they 

lack the light chains and so called heavy chain antibodies. Scientists found that these 

antibodies acquired unique characteristics. Their high stability allows them to participate in 

natural preservation of camel milk in deserts without using refrigerators (El-Hatmi et al., 

2007).  

From this point of view, this study was conducted to evaluate the antibacterial 

potential of aqueous and ethanol extracts from Rosmarinus officinalis in combination with 

camel whey proteins. All combinations were tested against two bacterial isolates which are 

Staphylococcus aureus and Escherichia coli. The Gram-positive Staphylococcus aureus is one 

of the leading causes of human infections of the skin, soft tissues, bones and joints, abscesses, 

as well as normal heart valves (Karlowsky et al., 2003). The other studied bacterium is the 

Gram-negative Escherichia coli of the Enterobacteriaceae family that considered as one of the 
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most important bacterial pathogens that is associated with gastrointestinal tract infections and 

extrain testinal infections (Beutin, 1999).  

In addition to that, the in vitro effect of camel whey, plant extracts and their 

combinations on sheep liver glutathione-S-transferases activity was also studied in the current 

research. Glutathione-S-transferase isoenzymes (GSTs) are widely distributed in nature and 

present in different organisms such as microbes, plant, fish, insect, birds and mammals (Hayes 

and Pulford, 1995).  

Glutathione-S-transferases contains two super families of enzymes that possess transferase 

activity (Hayes and Strange, 2000). The first enzyme super family type is cytosolic with eight 

families in mammals and four families in bacteria, insect and plants (Mannervik, 1985; Board 

et al., 1997). The second enzyme family type is membrane-associated protein in eicosanoid 

and glutathione metabolism (MAPEG) (Hayes and MCLellan, 1999). Cytosolic GSTs are 

mostly involved in the metabolism of foreign chemicals, such as carcinogens, environmental 

pollutants and cancer chemotherapeutic drugs as well as the detoxification of potentially 

harmful endogenously derived reactive compounds (Hayes and Pulford, 1995). By contrast, 

MAPEG members are not principally involved in detoxification reaction, but instead involved 

in the biosynthesis of leukotrienes and other things (Hayes and MCLellan, 1999). Never the 

less, their activity is motivated by the action of the cytochrome P450 (CYP) enzymes. As they 

catalyze the introduction of a functional group into inactive xenobiotic. The electrophilic 

center of the functional group attacked by the reduced glutathione (GSH), which is catalyzed 

by GSTs through the conjugation reaction (Mannervik, 1985). The addition of GSH to the 

toxic molecule gives it a molecular flag, which allow the xenobiotic-conjugate to be removed 

from the cell (Board et al., 1997).  

In this regards, several studies showed that in vivo induction of GSTs is potentially 

beneficial in protecting the cells from several compounds that cause diseases such as cancer 

and neurodegenerative diseases (van Haaften et al., 2003).  

Materials and methods:  

Bacterial Isolates 

The in vitro antibacterial activities of plant extracts and camel whey were evaluated against 

two reference bacterial isolates which were obtained from the American Type Culture 

Collection (ATCC). The studied isolates were Staphylococcus aureus (ATCC 25923) and 

Escherichia coli (ATCC 25922). 
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Plant Extracts Preparation 

Rosmarinus officinalis was collected from Nablus, West Bank, Palestine. The studied plant 

species was identified by Ghadeer Omar, Department of Biology & Biotechnology, An-Najah 

National University, Palestine. The plant leaves were washed, air dried, ground into powder 

using a grinder and stored at room temperature until they were used. For aqueous extraction, 

five grams of dried plant leaves powder were soaked in 100 ml warm distilled water, for three 

days with continuous shaking at room temperature. Then the mixture was centrifuged for 5 

min at 4000 rpm and the supernatant was evaporated by freeze-dryer. For ethanol extraction 

the same procedure was applied using 70% ethanol as a solvent and evaporation done by 

rotary evaporator (Omar et al., 2013). To adjust the final concentration at 1mg/ml for enzyme 

assay and 100 mg/ml for antibacterial assay (Abdallah et al., 2017). The extracted powder 

from the examined plant species was dissolved in distilled water for aqueous powders, while 

ethanol powders were dissolved in 5% dimethyl sulfoxide (DSMO) (Figure 1). 

Whey Preparation 

Milk sample was collected from one female camel (Jenin, West Bank) by a veterinary 

specialist. For whey protein preparation, the casein was precipitated from the skimmed milk 

sample by the addition of commercially available rennin. The coagulated milk was heated to 

56°C for 10 minutes. Casein separation from lactoserum was carried out by filtration. For 

final clarification, the lactoserum was again centrifuged at 10,000 rpm for 30 min at 4°C. The 

obtained supernatant was filtered and subjected to freeze-drying to produce whey powder 

(Brüssow et al., 1987). The prepared whey powder was dissolved in distilled water to a final 

concentration equal to 1mg/ml for enzyme assay and 100 mg/ml for antibacterial assay and 

sterilized by microfiltration (Abdallah et al., 2017; Abdallah et al., 2019) (Figure 2). The total 

protein content of camel whey sample was determined by Biuret method (Gornall et al., 

1949). 

Glutathione-S-Transferase Preparation 

Fresh sheep liver was homogenized at 4°C with 50 mM phosphate buffer containing 1 mM 

EDTA pH 7. The homogenate was centrifuged at 10,000 rpm for 25 min. The obtained 

supernatant was centrifuged at 20,000 rpm for 120 min and the supernatant that contains 

cytosolic glutathione-s-transferases was precipitated by ammonium sulfate at (30-70) %. The 

obtained solution was purified by gel filtration column chromatography using (Sephadex G-

100 column, Sigma) with 0.2 M phosphate buffer pH 7. The protein level for all fractions was 
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determined using (Warburg and Christian, 1942) method and GSTs activity was determined 

by (Habig et al., 1974) method. The fractions with GSTs activities were pooled and applied to 

affinity column (GSH-agarose, Sigma). The column was equilibrated and washed with 0.2 M 

phosphate buffer pH 7. After elution, all fractions were determined for protein level and GST 

activity (Warburg and Christian, 1942; Habig et al., 1974). The fractions with GSTs activities 

were pooled, lyophilized and used for the activity studies (Figure 3).  

Antibacterial Activity Assay: 

The antibacterial activity of both R. officinalis extracts and whey proteins were determined by 

micro-broth dilution method (NCCLS, 2000) (Figure 4). The prepared samples were serially 

diluted two fold in Mueller-Hinton broth medium. Duplicates of each dilution (50.0, 25.0, 

12.5, 6.25, 3.125, 1.563, 0.781 0.391, 0.195 and 0.98 mg/ml) were inoculated with 1 μl of 

1*10
5 

CFU/ml. The last two duplicate wells were not inoculated and considered as negative 

controls. After that, the inoculated microtiter plates were incubated at 37°C for 18 h. The 

lowest extract concentration that inhibited the growth of tested microorganisms was 

considered as MIC. For the determination of minimum bactericidal concentrations (MBC), the 

contents of the wells resulting from MIC were streaked on agar plates free of antibacterial 

agents and incubated at 37ºC for 18 hours. The lowest concentration of the extract which 

showed no bacterial growth was considered as MBC. The same procedure was performed for 

camel whey and the prepared combinations.  

Glutathione-S-Transferase Assay 

Glutathione-S-transferase activity using 1-chloro- 2, 4- dinitrobenzene (CDNB) as substrate 

was assayed spectrophotometrically as described by (Habig et al., 1974) with modification 

(Abdallah et al., 2019). The cuvettes (final volume of 1.0 ml) contained 0.1 M phosphate 

buffer (pH 7), 1.5 mM GSH and 1.5 mM of CDNB and 50 μl of diluted enzyme (10 μg/ml). 

Change in absorbance at 340 nm was followed against a blank containing all reactants except 

CDNB activity was expressed as μmol conjugate formed/ min/ml using a molar extinction 

coefficient of 9.6 mM
-1

.cm
-1

. To determine the effect of R. officinalis extracts, whey proteins 

and their combinations on the activity of GST enzyme, 1 mg/ml from each of the previous 

samples was added to the enzyme reaction mixture. Then the effect of each sample on the 

activity of GSTs was measured by Seacomam spectrophotometer at 340nm and expressed as 

activation percentage.  
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Results and discussion 

Results 

The first part of this study was conducted to evaluate the antibacterial potential of camel whey 

and Rosmarinus officinalis aqueous and ethanol extracts. The antibacterial activity of all 

samples and combinations was quantitatively tested against S. aureus and E. coli using micro-

broth dilution method. The obtained results showed that the ethanol extract was the most 

effective when compared to the aqueous one and whey proteins (Figure 5 and 6). Synergistic 

antibacterial activity was observed for whey and ethanol extract against E. coli with MBC 

value equal to 0.39 mg/ml. Additionally, the same observation was noticed for the combined 

effect between ethanol extract and whey proteins against S. aureus. In the contrary, no 

synergies was noticed for whey combination to aqueous extract against both studied bacterial 

isolates.  

Moreover, results of the second parts of the current research revealed that all samples with 1 

mg/ml concentration increased the activity of GSTs in vitro (Figure 7). This was clearly 

noticed as aqueous extract, ethanol extract and whey proteins increased GSTs activity up to 

155.6 %, 277.7 % and 153.7 % respectively compared to the control (Figure 8). The recorded 

GSTs activity was higher after combination of whey proteins to both extracts. The best 

activation results obtained after combining the ethanol extract to whey proteins as it reached 

428.9 % activation when compared to the used control.  

 

Discussion 

Camel milk as well as Rosmarinus officinalis considered as rich sources of many potent and 

powerful antimicrobial agents. Therefore, the current study was carried out to estimate the 

antibacterial activity of aqueous and ethanol extracts from R. officinalis in combination with 

camel whey proteins against Staphylococcus aureus and Escherichia coli. Furthermore, the 

effect of camel whey, plant extracts and their combinations on the activity of sheep liver 

glutathione-S-transferases was also explored in this research. The results in the current 

research showed that rosemary aqueous and ethanol extracts had a powerful bacteriostatic and 

bactericidal activity against both examined bacterial isolates. In this regard, the obtained 

results are compatible with several studies that focus on the antibacterial potential of R. 

officinalis against E. coli. Among these studies, Abdel-Massih et al., (2010) demonstrated that 



  Arabian Journal of Medicinal & Aromatic Plants                Bioactivity of Rosmarinus officinalis with Camelus dromedarius  

 

AJMAP  V6 N3  2020                                                                                                                       26 

 

R. officinalis crude extract displayed antibacterial activity against the clinical strains from E. 

coli. Moreover, other studies showed that ethanol extract of rosemary leaves exhibited 

antibacterial activity against pathogenic bacteria including S. aureus and E. coli (Gazwi et al., 

2020). Additionally, Kloy et al., (2020) summarized the highest antibacterial effect of 

rosemary in several studies and it is clearly noticed that the most effect was against E.coli and 

S. aureus. The main component of R. officinalis extract that cause the inhibitory effect against 

bacteria is carnosic acid (Moreno et al., 2006).  According to the previous report, carnosic 

acid is more efficient against gram-positive bacteria than rosmarinic acid (Klancnik et al., 

2009). The antibacterial behavior of these constituents may be due to their ability to interact 

with the cell membrane proteins that produced the loss of membrane functionality and its 

structure (Fung et al., 1977). In addition to that, some constituents disrupt the bacterial 

membrane, and therefore promote bacterial lysis which leads to the leakage of cellular 

components (Bajpai et al., 2012).  

Besides plants, animals have a numerous antimicrobial system that often evolved as part of 

their defense mechanisms. Antibacterial results in the running study revealed that camel whey 

inhibited and killed the examined bacterial isolates at 12.5 mg/ml and 25 mg/ml respectively. 

In literature, the inhibitory effect of camel milk against different bacterial isolates has been 

investigated (Duhaiman, 1988; Benkerroum et al., 2004). Otherwise, Gakkhar et al., (2015) 

showed that camel milk produced no antibacterial activity against E. coli and S. aureus. The 

antibacterial ability of camel whey may be due to the fact that it contains several antibacterial 

factors, including lactoglobulins, lactoferrin, albumin and immunoglobulins (Eigel et al., 

1984; Elagamy, 2000). Studies confirmed that lactoferrin has bacteristatic and bactericidal 

activity because of its ability to bind iron, which considered as vital ion for bacterial growth 

and virulence (Dionysius et al., 1993). Likewise, El Sayed et al., (1992) proved that camel 

immunoglobulins had little effect against E. coli and S. aureus. In the present study, the 

ethanol extract of R. officinalis exhibited a remarkable synergistic activity after combination 

to whey proteins. This was clearly reflected by the marked changes in the MIC and MBC 

values to both examined bacterial isolates. The observed synergism coincides with another 

study that carried out between camel whey and other plant extracts including B. undulata and 

R. chalepensis ethanol extracts (Abdallah et al., 2017).  

Despite that, the synergic mechanism of action between plant extracts and camel whey is still 

unknown. The possible explanation for such synergism may attribute to the presence of 

biologically active components that disturb cell membrane permeability and thereby facilitate 
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the influx of other ones with intracellular activity (Zhao et al., 2000). The acquired synergism 

is similar to the results obtained from the combination between R. officinalis extract and 

antibiotic ceproflaxine against MRSA (Jarrar et al., 2010).  

The other aim of this study is to find out the effect camel whey, plant extracts and their 

combinations on the activity of sheep liver glutathione-S-transferases. As the induction of 

phase II drug metabolizing enzymes is an important aspect in drug discovery, the ability to 

induce GST activity is a property of many chemopreventive agents (Gweshelo et al., 2016). 

One of those chemopreventive agents is natural compounds that derived from plants like 

flavonone and flavones (Ogbonnia et al., 2009). In addition to that, plants contain antioxidant 

metabolites which also coordinately elevate GSTs through a common transcriptional 

activation pathway (Vargas et al., 1998). Rosemary herb is also known to exhibit antioxidant 

activity which mainly attributed to its major constituents diterpene, carnosic acid and essential 

oils (Frankel et al., 1996). Additionally, R. officinalis act as an antioxidant agent and hence 

improve GST-dependent detoxification systems in vivo (Sotelo-Felix et al., 2002). The 

obtained results in the current research matched with the previous findings as both aqueous 

and ethanol extracts of this plant had the ability to induce GSTs activity in vitro.  

Similar to plants, dietary constituents like camel milk have a valuable role in different 

biological activities including chemoprevention (Yagil et al., 1982). It was recorded that 

camel milk increased the expression of chemo-protective genes which in turn increased the 

levels of several antioxidant enzymes. These enzymes prevent the formation of highly 

reactive oxygen species and so protect DNA and cell damage (Habib et al., 2013). The 

running research showed that camel whey proteins induced the activity of GSTs in vitro. 

These obtained results can be supported by an in vivo experiment relaying on camel milk 

(Lebda et al., 2012). In their in vivo study, rats treated with camel milk showed an increase in 

the activity and affinity of GST enzyme. 

 

Conclusions: 

In conclusion, the results presented in this research highlight the potential of rosemary extract 

as well as camel whey proteins as a source of several bioactive compounds that had 

antibacterial activity and an inductive potential for phase II drug metabolizing enzymes GSTs. 

This bioactivity showed a synergy between rosemary extracts and whey proteins. So, further 

work is required to characterize the action mechanisms of these interesting compounds 

responsible for the synergistic bioactivity.   
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Figure 1. Rosmarinus officinalis extract preparation 
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Figure 2. Whey Proteins preparation 
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Figure 3. Glutathione-S-transferase preparation 

Samples were two 

fold serially 

diluted in 

Mueller-Hinton 

broth

Duplicates of each 

dilution were 

inoculated with 1 μl

of 1*105 CFU/ml and 

incubated at 37ºC

MIC determination 

The contents of the 

wells resulting from 

MIC were streaked 

using a sterile cotton 

swaps on agar plate 

free of antibacterial 

agents and incubated 

at 37ºC 
MBC determination 

 

Figure 4. Micro-broth dilution method for antibacterial activity  
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Figure 5. Antibacterial activity of R. officinalis aqueous and ethanol extracts in addition to 

whey proteins and their combinations against two bacterial isolates using micro-broth dilution 

method; (MIC) minimum inhibitory concentration (mg/ml). 

 

 

Figure 6. Antibacterial activity of R. officinalis aqueous and ethanol extracts in addition to 

whey proteins and their combinations against two bacterial isolates using micro-broth dilution 

method; (MBC) minimum bactericidal concentration (mg/ml). 

.  
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Figure 7. Effect of R. officinalis aqueous and ethanol extracts in addition to whey proteins 

and their combinations on the activity of sheep liver Glutathione-S transferases.  

 

  

 

Figure 8. GSTs activation percentage (%) by R. officinalis aqueous and ethanol extracts in 

addition to whey proteins and their combinations on the activity of sheep liver Glutathione-S-

transferases.   

 



  Arabian Journal of Medicinal & Aromatic Plants                Bioactivity of Rosmarinus officinalis with Camelus dromedarius  

 

AJMAP  V6 N3  2020                                                                                                                       32 

 

Competing interests 

The authors declare that they have no competing interests. 

Acknowledgement 

The authors are grateful to Biology and Biotechnology Department at An-Najah National 

University for allowing them to access their facilities. 

 

References 

Abdallah, L., Almanasrah, M., Taradeh, M., Khasib, M., Haddad, M. and Jabir, K. (2017). 

Antibacterial activity of camel whey in combination with various medicinal plant 

extracts. J. Med. Plants. Stud. 5(3), pp50-55. 

Abdallah, L., Benali, S., Zugier, D., Hoge, D., Bradia, H., Nazzal, A., Al-Aqtum, A. and 

Kabaha M. (2019). Effect of camel whey immunoglobulins concentrate on the activity 

of sheep liver glutathione-s-transferases. Res. J. Biotechnol. 14(10), pp1-9. 

Abdel-Massih, R.M., Abdou, E., Baydoun, E., and Daoud, Z. (2010). Antibacterial activity of 

the extracts obtained from Rosmarinus officinalis, Origanum majorana, and 

Trigonella foenum-graecum on highly drug-resistant Gram negative Bacilli. J. Bot. 

2010,  pp1-8. 

Al Alawi, A.A. and Laleye, L.C. (2008). Characterization of camel milk protein isolates as 

nutraceutical and functional ingredients. Sultan Qaboos University and United Arab 

Emirates University, Collaborative Research Project, SQU\UAEU, Oman, UAE, 5. 

Aliyu, B.S. (2006). Some ethnomedicinal plants of the savanna regions of West Africa: 

Description and phytochemicals. Triumph Publishing company limited, Gidansa' adu 

Zungur, Kano, Nigeria. 2: 3-5. 

Attia, H., Kherouatou, N. and Dhouib, A. (2001). Dromedary milk lactic acid fermentation: 

microbiological and rheological characteristics. J. Ind. Microbiol. Biotechnol. 26, 

pp263-70.  

Bajpai, V.K., Kwang-Hyun Baek, K., Kang, S.C. (2012). Control of Salmonella in foods by 

using essential oils: A review. Food. Res. 45, pp722-734.  

Benkerroum, N., Mekkaoui, M., Bennani, N. and Hidane, K. (2004). Antimicrobial activity of 

camel's milk against pathogenic strains of Escherichia coli and Listeria 

monocytogenes. Int. J. Dairy Technol. 57(1), pp39-43. 

Beutin, L. Escherichia coli as a pathogen in dogs and cats. (1999). Vet. Res. 30(2-3), pp 285-298. 



  Arabian Journal of Medicinal & Aromatic Plants                Bioactivity of Rosmarinus officinalis with Camelus dromedarius  

 

AJMAP  V6 N3  2020                                                                                                                       33 

 

Brüssow, H., Hilpert, H.E., Walther, I.S., Sidoti, J.O., Mietens, C. and Bachmann, P. (1987). 

Bovine milk immunoglobulins for passive immunity to infantile rotavirus 

gastroenteritis. J. Clin. Microbiol. 25(6), pp982-986. 

Board, P.G., Baker, T.R., Chelvanayagam, G. and Jermiin, L.S. (1997). Zeta, a novel class of 

glutathione transferases in a range of species from plants to human. Biochem J. 328(3), 

pp929-935. 

Cuvelier, M.E., Richard, H. and Berset, C. (1996). Antioxidative activity and phenolic 

composition of pilot-plant and commercial extracts of sage and rosemary. J. Am. Oil 

Chem. Soc. 73, pp 645-652.  

Dionysius, D.A., Grieve, P,A. and Milne, J.M. (1993). Forms of lactoferrin: their antibacterial 

effect on enterotoxigenic Escherichia coli. J. Dairy Sci. 76(9), pp2597-2606. 

Duhaiman, A.S. (1988). Purification of camel milk lysozyme and its lytic effect on 

Escherichia coli and Micrococcus lysodeikticus. Comparative Biochemistry and 

Physiology Part B: Comp. Biochem. 91(4), pp793-796. 

Eigel, W.N., Butler, J.E., Ernstrom, C.A., Farrell, H.M., Harwalkar, V.R., Jenness, R. and 

Whitney, R.M. (1984). Nomenclature of proteins of cow's milk: Fifth revision1. J. 

Dairy Sci. 67(8), pp1599-1606. 

Elagamy, E.I. (2000). Effect of heat treatment on camel milk proteins with respect to 

antimicrobial factors: a comparison with cows' and buffalo milk proteins. Food. Chem. 

68(2), pp227-232. 

El-Hatmi, H., Giradet, J.M., Gaillard, J.L., Yahyaoui, M.H. and Attia, H. (2007). 

Characterization of whey proteins of camel (Camelus dromedarius) milk and 

colostrums. Small. Rumin. Res. 70, pp267-271.  

El Sayed, I., Ruppanner, R., Ismail, A., Champagne, C.P. and Assaf, R. (1992). Antibacterial 

and antiviral activity of camel milk protective proteins. J. Dairy Sci. 59(2), pp169-175. 

Frankel, E. N., Huang, S.W., Aeschbach, R. and Prior, E. (1996). Antiox-idant activity of a 

rosemary extract and its constituents, carnosic acid, carnosol, and rosmarinic acid, in 

bulk oil and oil-in-water emulsion. J Agric. Food .Chem. 44, pp131-135. 

Fung, D.Y.C., Taylor, S. and Kahan, J. (1977). Effect of butylated hydroxyanisole (BHA) and 

buthylated hydroxyl toluene (BHT) on growth and aflatoxin production of Aspergillus 

flavus. J. Food Saf. 1, pp39-51.  

Gakkhar, N., Bhatia, A. and Bhojak, N. (2015). Comparative study on physiochemical 

properties of various milk samples. Int. J. Recent Sci. 6(6), pp4436-4439. 



  Arabian Journal of Medicinal & Aromatic Plants                Bioactivity of Rosmarinus officinalis with Camelus dromedarius  

 

AJMAP  V6 N3  2020                                                                                                                       34 

 

Gazwi, H.S.S., Mahmoud, M.E. and Hamed, M.M. (2020). Antimicrobial activity of rosemary 

leaf extracts and efficacy of ethanol extract against testicular damage caused by 50-Hz 

electromagnetic field in albino rats. Environ Sci. Pollut. Res. 27, pp15798-15805.  

Gornall, A.G., Bardawill, C.J. and David, M.M. (1949). Determination of serum proteins by 

means of the biuret reaction. J. Biol. Chem. 177(2), pp751-766. 

Gweshelo, D., Muswe, R. and Mukanganyama, S. (2016). In vivo and in vitro inhibition of rat 

liver glutathione transferases activity by extracts from Combretum zeyheri 

(Combretaceae) and Parinari curatellifolia (Chrysobalanaceae). BMC Complement. 

Altern. Med. 16, pp238-252. 

Habib, H.M., Ibrahim, W.H., Schneider-Stock, R. and Hassan, H.M. (2013). Camel milk 

lactoferrin reduces the proliferation of colorectal cancer cells and exerts antioxidant 

and DNA damage inhibitory activities. Food. Chem. 141, pp148-152. 

Habig, W.H., Pabst, M.J. and Jakoby, W.B. (1974). Glutathione-S-transferases: the first 

enzymatic step in mercaptouric acid formation. J. Biol. Chem. 249, pp7130-7139. 

Habtemariam, S. (2016). The therapeutic potential of rosemary (Rosmarinus officinalis) 

diterpenes for Alzheimer’s disease. Evid. Based. Complement. Alternat. Med. 2016, 

pp1-14.  

Hayes, J.D. and Pulford, D.J. (1995). The glutathione s-transferase supergene family: 

regulation of GST and the contribution of the isoenzymes to cancer chemoprotection 

and drug resistance.  

Crit. Rev. Biochem. Mol. Biol. 30(6), pp445-600. 

Hayes, J.D. and MCLellan, L.I. (1999). Glutathione and Glutathione-dependent enzymes 

represent a co-ordinately regulated defense against oxidative stress. Free Radic. Res. 

31(4), pp273-300. 

Hayes, J.D. and Strange, R.C. (2000). Glutathione-S-transferase polymorphisms and their 

biological consequences. Pharmacology. 61(3), pp154-166. 

Jarrar, N., Abu-Hijleh, A. and Adwan, K. (2010). Antibacterial activity of Rosmarinus 

officinalis L. alone and in combination with cefuroxime against methicillin-resistant 

Staphylococcus aureus. Asian Pac. J. Trop. Med. 3(2), pp121-123. 

Karlowsky, J., Draghi, C., Jones, M., Thornsberry, C., Friedland, I. and Sahm, D. (2003). 

Surveillance for antimicrobial susceptibility among clinical isolates of Pseudomonas 

aeruginosa and Acinetobacter baumannii from hospitalized patients in the United 

States, 1998 to 2001. Antimicrob. Agents Chemother. 47(5), pp1681-1688. 



  Arabian Journal of Medicinal & Aromatic Plants                Bioactivity of Rosmarinus officinalis with Camelus dromedarius  

 

AJMAP  V6 N3  2020                                                                                                                       35 

 

Klancnik, A., Guzej, B., Hadolin-Kolar, M., Abramovic, H. and Smole Možina, S. (2009). In 

vitro antimicrobial and antioxidant activity of commercial rosemary extract 

formulations. J. Food Prot. 72, pp44-52. 

Kloy, A., Ahmad, J., Yusuf, U.F. and Muhammad, M. (2020). Antibacterial properties of 

rosemary (Rosmarinus Officinalis). South. Asian. Res. J. Pharm. Sci. 2(1), pp4-7.  

Lebda, M., Taha, N., Noeman, S., Kosslin, M., M. and Lebondy, A. (2012). Purification and 

characterization of GSTs from rats liver: Effect of carbon tetra chloride and camel’s 

milk. J. Chromatogr. Sep. Tech. 3(4), pp133-138. 

Lo, A.H., Liang, Y.C., Lin-Shiau, S.Y., Ho, C.T. and Lin, J.K. (2002). Carnosol, an 

antioxidant in rosemary, suppresses inducible nitric oxide synthase through down-

regulating nuclear factor-kappaB in mouse macrophages. Carcinogenesis. 23, pp983-

991. 

Mannervik B. The isoenzymes of glutathione transferase. (1985). Adv. Enzymol. 

Relat. Areas Mol. Biol. 57, pp357-417. 

Moreno, S., Scheyer, T., Romano, C.S. and Vojnov, A.A. (2006). Antioxidant and 

antimicrobial activities of rosemary extracts linked to their polyphenol composition. 

Free Radic. Res. 40, pp223-231.  

National Committee for Clinical Laboratory Standards NCCLS. Methods for Dilution 

antimicrobial susceptibility tests for bacteria that grow aerobically: approved 

standards- fifth edition. NCCLS document M7-A5. NCCLS: Wayne, PA, USA 2000. 

Obeidat, M., Shatnawi, M., Al-Alawi, M., Al-Zubi, E., Al-Dmoor, H., Al-Qudah, M., El-

Qudah, J. and Otri, I. (2012). Antimicrobial activity of crude extracts of some plant 

leaves. Res. J. Microbiol. 7, pp59-67. 

Ogbonnia, S.O., Nkemehule, F.E., Emmanuel, N. and Anyika, E.N. (2009). Evaluation of 

acute and subchronic toxicity of Stachytarpheta angustifolia (Mill) Vahl (Fam. 

Verbanaceae) extract in animals. Afr. J. Biotechnol. 8, pp1793-1799. 

Omar, G., Abdallah, L.A., Ismail, S. and Almasri, M.Y. (2013). Screening of selected 

medicinal wild plant extracts antibacterial effect as natural alternatives. Int. J. Indig. 

Med. Plants. 46, pp1299-1304. 

Raškovic´, A., Milanovic´, I., Pavlovic´, N., C´ebovic´, T., Vukmirovic´, S. andM ikov, M. 

(2014). Antioxidant activity of rosemary (Rosmarinus officinalis L.) essential oil and 

its hepatoprotective potential. Complementary Medicine Research (ISCMR), BMC 

Complement. Altern. Med. 14, pp225-232. 



  Arabian Journal of Medicinal & Aromatic Plants                Bioactivity of Rosmarinus officinalis with Camelus dromedarius  

 

AJMAP  V6 N3  2020                                                                                                                       36 

 

Sotelo-F´elix, J.I., Martinez-Fong, D. and De laTorre, P.M. (2002). Protective effect of 

carnosol on CCl4-induced acute liver damage in rats. Eur. J. Gastroenterol. Hepatol. 

14(9), pp1001-1006. 

van Haaften, R.I., Haenen, G.R. and van Bladeren, P. (2003). Inhibition of various 

glutathione-S-transferase isoenzymes by RRR-α-tocopherol. Toxicol. in Vitro. 17, 

pp245-251. 

Vargas, M., Lamb, J.G. and Franklin, M.R. (1998). Phase II-selective induction of hepatic 

drug-metabolizing enzymes by oltipraz −5-(2-pyrazinyl)-4-methyl-1,2-dithiol- 3-

thione-, 1,7-phenanthroline, and 2,2’-dipyridyl in rats is not accompanied by induction 

of intestinal enzymes.  

Drug. Metab. Dispos. 26, pp91-97. 

Warburg, O. and Christian, W. (1942). Biochem. Z. 310, pp384-421.  

Yagil, R. (1982). Camels and camel milk (FAO Animal production and health paper 26). 

Food and Agriculture Organization of the United Nations, Rome, Italy. 

Zhao, W.H., Hu, Z.Q., Okubo, S., Hara, Y. and Shimamura T. (2000). Mechanism of synergy 

between epigallocatechin gallate and β-lactams againsmethicillin-resistant 

Staphylococcus aureus. Antimicrob. Agents. Chemother. 45(6), pp1737- 1742. 

 

 

Arabian Journal of Medicinal and Aromatic Plants 

www.ajmap.info          ISSN 2458-5920 

 

 

 

 

 

http://www.ajmap.inf/

