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Abstract 

A method was developed for synthesis of chitosan-monoterpenes 

nanoparticles (Ch-M-NPs). Four monoterpenes; limonen (M1), linalool (M2), 

minthol (M3) and thymol (M4) have been used for the synthesis of four 

different types of nanoparticles. Scanning electron microscopy showed that, 

the shape of Ch-M-NPs was spherical and the mean of particle size ranged 

between 33.67 to 54.19 nm. The zeta potential values ranged between -.03 to 

-0.169 mV. The antimicrobial activity of prepared nanoparticles was 

evaluated. The estimated MIC values against E. coli and Salmonella 

typhimunium showed that Escherichia coli was more susceptible to chitosan, 

monoterpenes and/or chitosan-monoterpenes nanoparticles than S. 

typhimunium. Among the monoterpens, M1 was the most active (MIC = 350 

and 450 mg/L against E. coli and S. typhimunium, respectively) and M3 was 

the lowest active (MIC =1600 and 1800 mg/L). Among Ch-M-NPs, Ch-M1-

NP was the most active (MIC=180 and 250 mg/L against E. coli and S. 

typhimunium, respectively) and Ch-M3- NP was the lowest active 

nanoparticles (MIC =450 and 500) against E. coli and S. typhimunium, 

respectively). The antibacterial activity against E.coil in minced beef meat 

samples treated with chitosan (Ch), monoterpens (M), chitosan- monoterpens 

nanoparticles (Ch-M-NPs) after storage for ten days at 4
o
C expressed as 

10
4
cfu/g showed that M1 was the most active through the different time of 

experiment (79.33 and 40.00 cfu/g) at concentrations of 1000 and 2500 ug/g. 

However, M2 was the lowest active (125.83 and 80.00 cfu/g) compared with 

control+ and control- (˃300 and 243.67 cfu/g, respectively). Moreover, the 

antibacterial effect of Ch-M-NPs was greater compared with crude 

monoterpenes. The Ch-M1-NP was the most active (18.17 and 8.33cfu/gm) 

and Ch-M3-NP was the lowest active (35.83, 18.00 cfu/g). The results 

suggest that Ch-M-NPs could be used in minced meat preservation as 

antimicrobial agents and for shelf-life extension.  

 

Keywords: Chitosan; Monoterpenes; Nanoparticles; Minced meat 

preservative. 
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1. Introduction  

Chitosan (Ch) is a commercially biopolymer easily obtained from 

shellfish-processing waste and is non-toxic, biodegradable and 

biocompatible (Hamed et al. 2016; Kanatt et al. 2008). Ch has received 

a lot of attentions in food preservation process due to its antibacterial 

and antifungal properties.(Dutta et al. 2009; Kanatt et al. 2008). There 

are various methods have been reported for improvement of chitosan 

properties through chemical and enzymatic functionalizations.  

(Prashanth and Tharanathan 2007). On the other hand, monoterpens are 

considered as `natural' alternatives of chemical preservatives and their 

use in foods technology meet the safety and quality required by 

consumers.  The effect of oregano essential oil on microbiological and 

physico-chemical attributes of minced meat stored in air and modified 

atmospheres (MAP) was studied. (Doulgeraki et al. 2012). The 

incorporation of oregano essential oil has positive effect on microbial 

association of minced meat stored under MAP. Thyme has been used 

medicinally due to its antimicrobial, and antioxidant activity. However, 

thyme is used in in foods; hence, thyme was coded as ―generally 

recognized as safe status‖ (GRAS) in the United States. The  main 

chemical  constituents of thyme  are phenols thymol and carvacrol, 

glycosides, flavonoids, p-cymene, borneol, linalool, alcohols, 

rosmarinic acid, saponins, tannins, and terpenoids (Hanafy 2013).Anti-

microbial activities of thyme and thymol  have been reported in vitro 

previously (Solomakos et al. 2008).  Nanoparticles (NPs) can be 

assimilated to envelop or reservoirs where bioactive particles are 

trapped and released from the large surface area (Feyzioglu and Tornuk 

2016). In NP production, bioactive compounds are loaded into different 

polymeric nanocarriers. Protein or polysaccharide based nanocarriers 

may be prepared from pectin, cellulose, gum, chitosan, starch, gelatin 

etc. (Sonia and Sharma 2011).  Various NPs have been prepared based 

on Ch for food due to its bioactive ingredients (Kumari et al. 2010; 

Nagpal et al. 2010). Terpenes compounds, such as limonene, cause the 
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loss of membrane integrity and dissipation of the proton-motive force 

(Heipieper and Martínez 2010). In this study four different chitosan-

monoterpens nanoparticles were developed using facile method 

(Linalool, Limonene, Menthol and Thymol). Then, their antimicrobial 

activity on minced meat as preservators were investigated. 

 

2. Materials and Methods 

 2.1. Chemicals 

Low molecular weight Chitosan (made from coarse ground crab, 

89% degree of deacetylation), Tween 80, dimethyl sulphoxide (DMSO) 

and sodium tripolyphosphate (STPP), Monoterpenes include Menthol 

(98%), Thymol (98%), limonene (98%), and Linalool (98%) were 

purchased from Sigma-Aldrich (St. Louis, MO, USA). Nutrient Broth 

(NB), and Nutrient Agar (NA) media were purchased from Oxoid Ltd. 

(Basingstoke, Hampshire, UK),  

 

2.2. Bacterial strains 

Two food pathogenic bacteria Escherichia coli (ATCC 8739), and 

Salmonella typhimunium (ATCC 1402), were obtained from 

Microbiology Laboratory, Department of Dairy Science, Faculty of 

Agriculture, Alexandria University, Egypt. The selected bacterial 

cultures were maintained on NA medium at 37
º
C and stored in 

refrigerator at 4ºC.  

 

2.3. Minced meat 

Fresh meat from Thigh was purchased from local meat packer. 

Samples were obtained within 72 hours of slaughtering. Samples were 

sterile by immersion in water solution of NaClO (10 mg/L) for one 

hour, then rinsed twice with sterilized distilled water, then minced 

using ground meat. 
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2.4. Preparation of monoterpenes nanoparticles 

Chitosan monoterpenes nanoparticles were prepared based on the 

method described by (Woranuch and Yoksan 2013) with some 

modifications Table 1 and Scheme1. Chitosan solution (2%, w/v) was 

prepared by agitating chitosan flakes in an aqueous acetic acid solution 

(1%, v/v) at ambient temperature. Tween 80 (0.3 g) 0.5 mL was added 

to the chitosan solution (25 mL), and the mixture was stirred at 50◦C 

for 30 min to obtain a homogeneous solution. Four monoterpenes 

(Linalool, Limonene, Menthol and Thymol) each was dissolved in 5 

mL (DMSO) and was gradually dropped into the stirred mixture, and 

agitation was carried out for 30 min.  15 mL of STPP solution (1%) 

was added drop wise to the previous contents. The resultant suspension 

was sonicated for 15 min (Ultrasonic Homogenizers HD 2070 with HF 

generator (G 2070), ultrasonic converter UW2070, booster horn SH 

213 G and probe microtip MS 73, Ø 3 mm). The tip of the horn was 

symmetrically placed in the coarse suspension, and the process was 

carried out at 15 min, power 50 kHz and pulses or cycles 5 cycle /sec 

controlled by the software of the device to produce the nanoparticles, 

then lyophilizated (Alph 1-2 LD plus, Martin Christ 

Gefriertrocknungsanlagen Gb An der Unteren Söse 50, 37520Osterode 

Harz, Germany) for 48 h to obtain nanoparticles. 

 

2.5. Characterization of chitosan- monoterpenes nanoparticles 

2.5.1 Scanning electron microscopy (SEM) 

The chitosan monoterpenes nanoparticles samples were 

investigated with a JEOL scanning electron microscope (SEM Inc., 

Japan) with a magnification of 20000x and acceleration voltage 19 kV. 

The dry particles were suspended in ethyl alcohol by sonication to 

dismantling the assembled particles. After that, the particles were 

mounted on metal stubs with double-sided tape, sputtered with gold, 

and viewed in a SEM. In addition, the SEM also measured the particle 

size of the products. 
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2.5.2. Zeta potential and size loaded chitosan-monoterpens 

nanoparticles 

The surface charge of the prepared chitosan monoterpenes 

nanoparticles was investigated by using Malvern Zeta- nano-sizer 

instrument (Eniga Business Park, Grove wood Road, and Malvern 

WR14 1XZ, UK). The fixed weight (0.1g) of the prepared particles was 

suspended in glycerol (50%) in isopropanol (v/v) then were sonicated 

for 30 min. The suspension was transferred to zeta-potential cell 

(Honary and Zahir 2013). 

2.6. Microbiological studies 

2.6.1. The in vitro antibacterial activity of the prepared chitosan-

monoterpenes 

The in vitro antibacterial activity of chitosan, monoterpenes, and 

chitosan-monoterpenes nanoparticles was assayed using NA dilution 

method according to the European committee for antimicrobial 

susceptibility testing (EUCAST) against E. coli (ATCC 8739), and S. 

typhimunium (ATCC1402). Preliminary screening tests were performed 

at concentrations ranging from 100 to 2000 mg/L of all chitosan 

products. For determination of MIC, different concentrations of 

chitosan formulations were added to NA medium immediately before it 

was poured into the Petri dishes at a temperature of 40-45
º
C. Parallel 

controls were maintained with distilled water mixed with NA medium. 

One loopful of microorganism in NB medium (≈ 5 µL) was on the 

surface of NA medium (ten per plate) then incubated at 37
º
C for 24h. 

Each concentration was tested in triplicate. The MIC was recorded in 

each case as the minimum concentration of compound which inhibited 

the growth of tested microorganism after incubation for 48hr at 37
o
C. 

From the MIC observed, the intermediate concentrations between MIC 

values were prepared by suitable dilution of stock solution and the 

accurate MIC values were determined (Rabea et al. 2009) . 
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2.6.2. The in vivo antimicrobial activity of the prepared chitosan 

formulations 

The minced meat samples each (100 g) were used in three 

replicates the following treatments; chitosan, essential oil, 

monoterpens, chitosan-essential oil nanoemulsions, chitosan– essential 

oil, monoterpens and silver nanoparticles at two different 

concentrations 1000 and 2500 µg/g that showed good inhibition in the 

in vitro experiments, two controls, non-inoculated and inoculated 

control with E.coli. The samples of the sterile minced beef meat were 

placed in the polyethylene bags and contaminated with 25 µL of E. coli 

(ca10
4 

cfu/g). In order to ensure proper distribution of the pathogen, the 

inoculated samples were homogenized for 2 min at room temperature. 

Following homogenization, different concentrations of treatments were 

added and to ensure uniform distribution of added compounds, treated 

meat samples were further homogenized as previously described. The 

polyethylene bags with samples from all treatments were wrapped and 

stored under aerobic conditions at 4°C for 10 days intervals (3, 7 and 

10 days) until analysis. 

 

2.7. Statistical analysis 

 Statistical analysis was performed using the Cohort software 

(Costat 1986). Means and standard error (SE) were obtained from three 

independent replicates performed for each treatment. One-way analysis 

of variance (ANOVA) (Kirkpatrick LA and BC. 2013; Kotz S et al. 

2006) was conducted and means property values were separated with 

Duncan's multiple range test to determine significant differences 

among the mean values at probability level of 0.05. 
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3. Results and discussion 

3.1. Characterization of chitosan- monoterpenes nanoparticles 

Morphological properties of the chitosan-monoterpens nanoparticles 

were analyzed by SEM. The digital SEM images of the lyophilized 

samples of chitosan-monoterpens nanoparticles are shown in Figure 1. 

The shape of particles was found to be in a spherical form Ch-M1-NP 

to Ch-M4-NP for chitosan-monoterpens. The nanoparticles of chitosan-

monoterpens were almost in uniform shape and size..The average 

nanoparticle size of Ch-M-NPs was ranged between 34 to 54 nm Table 

S1. This is in agreement with prvious results of  NPs (Feyzioglu and 

Tornuk 2016; Rabea and Badawy 2014). 

On the other hand, zeta potential of chitosan-monoterpens 

nanoparticles was also measured understanding and predicting the 

interactions between particles. Therefore, the zeta potential of Ch-M-

NPs is shown in Table S1 and Figure 2. The zeta potential values for 

the three combinations were ranged between -0.0346 to -0.1690 mV for 

chitosan -monoterpens NPs, indicating good dispersion of nanoparticles 

in suspension at pH 7 and 25°C.  The negative charge of zeta potential 

values obtained refers to the surface charge of the particles.  

 

3.2. Microbiological studies 

 3.2.1. In vitro antibacterial activity chitosan- monoterpens 

nanoparticles 

The antibacterial activity was valuated as  Table 2 and Figure 3,  shows 

the estimated MIC values of chitosan (Ch), monoterpens (M), and 

chitosan- monoterpens nanoparticles (CH-M- NPs) against E. coli and 

Salmonella. According to MIC values, E. coli was more susceptible to 

Ch, M and Ch-M-NPs than S. typhimunium.  Among the monoterpens, 

M1 was the most active (MIC = 350 and 450 mg/L against E. coli and 

S. typhimunium, respectively) followed by M4 (MIC = 450 and 500 

mg/L) and M3 was the lowest active (MIC =1600 and 1800 mg/L). 

Among Ch-M-NPs, Ch-M1-NP was the most active (MIC=180 and 250 
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mg/L against E. coli and S. typhimunium, respectively) followed by 

Ch-M2-NP and Ch-M4-NP (MIC =200 and 350 mg/L against E. coli 

and S. typhimunium, respectively. While, Ch-M3-NPs were the lowest 

active nanoparticles (MIC =450 and 500) against E. coli and S. 

typhimunium, respectively. Hence, it is noted that Ch-M-NPs were 

more activity against the two tested bacteria than the unmodified 

monoterpens where the MIC values of NPs were significantly reduced 

which reflect higher antibacterial activity compared to the MIC values 

of the monoterpens alone. 

The results in in consistent with previous study  in which terpenes 

compounds, such as limonene, caused the loss of membrane integrity 

and dissipation of the proton-motive force (Sikkema et al. 1994),while 

the mechanism of action of aldehyde is based on the dissipation of the 

proton motive force due to the leakage of small ions (Gill and Holley 

2004). NPs can be envelop bioactive particles and released from the 

large surface area (Feyzioglu and Tornuk 2016). Hence, nanoparticle 

played significant role in the positive effect of antibacterial properties 

of the developed nanoparticles (Bilia et al. 2014) (Kumari et al. 2010; 

Woranuch and Yoksan 2013). 

3.2.2. In vivo antibacterial activity of prepared products on minced 

meat 

Meat and meat based products are highly susceptible to microbial 

contamination since they are rich in essential nutrients. This is also can 

be accelerated by some intrinsic factors such as pH and water activity 

of fresh meat. E. coli bacteria are extensively   associated with the meat 

and meat based products. The antibacterial activity against E.coil in 

minced beef meat samples treated with chitosan (Ch), monoterpens 

(M), chitosan-monoterpens nanoparticles (CH-M-NPs) individually 

after storage for ten days at 4
o
C expressed as 10

4
cfu/g are shown in 

Table 3 and Figure 4. It can be seen that M1 was the most active 

through the different time of experiment (79.33 and 40.00 cfu/g) 

followed with M4 (95.33 and 59.17 cfu/g at concentrations of 1000 and 
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2500 ug/g, respectively). However, M2 was the lowest active (125.83 

and 80.00 cfu/g) compared with control+ and control- (˃300 and 

243.67 cfu/g, respectively). Moreover, the antibacterial effect of Ch-M-

NPs was greater compared to crude monoterpenes. The Ch-M1-NP was 

the most active (18.17 and 8.33cfu/gm) followed with NPs-thymol 

(23.50 and 9.50 cfu/gm). However, NPs-menthol was the lowest active 

(35.83, 18.00 cfu/g). Furthermore, significant differences in 

antibacterial activities were observed between the two tested 

concentrations in which the higher concentrations (2500 ug/g) of the 

tested treatments had more antibacterial activity compared with the 

lower one (1000 ug/g). Meanwhile, the antibacterial activity of most 

treatments reduced with the time of storage. 

The antibacterial properties of chitosan were reported by 

(Zimoch-Korzycka and Jarmoluk 2015), as Ch, L and AgNP  exhibits a 

strong inhibiting effect of the growth of E. coli, Pseudomonas 

fluorescens, Bacillus cereus, and Staphylococcus aureus bacteria in 

minced meat stored in refrigerator. Limonene is one of the most 

abundant terpenes in cannabi, limonene is a monoterpene and has 

numerous medicinal benefits demonstrated in human and animal 

studies. Limonene is among a number of plant monoterpens that have 

been identified as having antioxidant and anticancer properties. 

Linalool is considered GRAS for commercial purposes (Bickers et al. 

2003). The acute oral (rat) LD50 is quite high, i.e., 2.7 g/kg, suggesting 

substantial safety issues for mammals (Opdyke et al. 1979). Menthol, 

also called peppermint camphor, terpene alcohol with a strong minty, 

cooling odour and taste. Menthol is also used as flavouring in foods. 

Carvacrol and thymol, the two main phenols that constitute about 78–

85% of oregano EO, are principally responsible for the antimicrobial 

activity of the oil (Sivropoulou et al. 1997). Application of oregano EO 

in meats was found to be effective in inhibiting spoilage microflora 

(Emiroğlu et al. 2010). Anti-microbial activities of thyme and thymol 

have been reported in vitro (Manou et al. 1998). Therefore, 
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antibacterial efficacy has been noted against several bacterial species, 

including Salmonella typhimurium, Staphylococcus aureus, and 

Helicobacter pylori. (Juven et al. 1994). A biphenyl compound and a 

flavonoid isolated from thyme have been reported to have antioxidant 

effects, in which it inhibits superoxide anion production and to protect 

red blood cells against oxidative damage. In vitro studies have noted 

antioxidant properties of thyme oil and thymol (Sian et al. 1999). 

5. Conclusion  

Four different chitosan-monoterpenes nanoparticles (Ch-M-NPs) were 

prepared and characterized. Monoterpenes types, limonen (M1), 

linalool (M2), minthol (M3) and thymol (M4) were selected and used. 

The prepared nanoparticles were found to be in spherical shape and an 

average size range of 34-54 nm.  The antibacterial activity of Ch-M1-

NPs were found to be superior its monoterpens alone (MIC values 180 

and 250 mg/L) against E. coli and S. typhimunium, respectively. 

Therefore, Ch-M-NPs are considered as an excellent cost-effective and 

safe antimicrobial agents for minced meat preservation. 

 

Acknowledgements 
The authors would like to extend their sincere appreciation to the Misr 

El Kheir Foundation: Science, Technology and Innovation (STI) 

Program to support this work under the project code LGA05130114. 

 

Conflict of interest 
The authors confirm that this article content has no conflict of interest. 

 

 

 

 

 

 

 



 ٌُٕ انُٕعّٛ""ثذٕث فٙ انعهٕو ٔانف يجهخيٍ عذد خبص 

 9109َّٕٚٛ  انذبد٘ عشش / انًجهذ انخبنجانعذد  

 فٙ ٔدٔسِ انُٕعٙ انتعهٛى"  انخبنج انًإتًشانذٔنٙٔانخبص ثُشش ثذٕث 

 الاعكُذسّٚ جبيعخ – انُٕعّٛ انتشثّٛ كهٛخ " 9101 يظش سؤٚخ تذقٛق

كلية معتمدة بقرار رقم 

(081)-01/7/8108 

 

         

       

    

   
 

   

 001

 

 

 203/5454313يظش تهٛفٌٕ :  -الاعكُذسّٚ  -يظطفٗ كبيم  -شبسع يذًذ أيٍٛ شٓٛت  01

Alexandria – Egypt, Tel. : 203/5454313 – 203/5442776     Fax :203/5442776 

p@lexu.edu.egWeb site: RSSA.edus  journal.edusp@alexu.edu.egmail : -E 

 

5. References 

 

Bickers D, et al. (2003) A toxicologic and dermatologic assessment of 
linalool and related esters when used as fragrance ingredients. 
Food and Chemical Toxicology 41(7):919-942  

Bilia AR, Guccione C, Isacchi B, Righeschi C, Firenzuoli F, Bergonzi MC 
(2014) Essential oils loaded in nanosystems: a developing 
strategy for a successful therapeutic approach. Evidence-Based 
Complementary and Alternative Medicine 2014  

Costat (1986) Costat - Statistics Software Powerful. Easy to use. 
Reasonably priced. Available from: http://www.cohort.com.   

Doulgeraki AI, Ercolini D, Villani F, Nychas G-JE (2012) Spoilage 
microbiota associated to the storage of raw meat in different 
conditions. International journal of food microbiology 
157(2):130-141  

Dutta P, Tripathi S, Mehrotra G, Dutta J (2009) Perspectives for 
chitosan based antimicrobial films in food applications. Food 
chemistry 114(4):1173-1182  

Emiroğlu ZK, Yemiş GP, Coşkun BK, Candoğan K (2010) Antimicrobial 
activity of soy edible films incorporated with thyme and 
oregano essential oils on fresh ground beef patties. Meat 
Science 86(2):283-288  

Feyzioglu GC, Tornuk F (2016) Development of chitosan nanoparticles 
loaded with summer savory (Satureja hortensis L.) essential oil 
for antimicrobial and antioxidant delivery applications. LWT-
Food Science and Technology 70:104-110  

Gill AO, Holley RA (2004) Mechanisms of bactericidal action of 
cinnamaldehyde against Listeria monocytogenes and of 
eugenol against L. monocytogenes and Lactobacillus sakei. 
Applied and environmental microbiology 70(10):5750-5755  



 ٌُٕ انُٕعّٛ""ثذٕث فٙ انعهٕو ٔانف يجهخيٍ عذد خبص 

 9109َّٕٚٛ  انذبد٘ عشش / انًجهذ انخبنجانعذد  

 فٙ ٔدٔسِ انُٕعٙ انتعهٛى"  انخبنج انًإتًشانذٔنٙٔانخبص ثُشش ثذٕث 

 الاعكُذسّٚ جبيعخ – انُٕعّٛ انتشثّٛ كهٛخ " 9101 يظش سؤٚخ تذقٛق

كلية معتمدة بقرار رقم 

(081)-01/7/8108 

 

         

       

    

   
 

   

 000

 

 

 203/5454313يظش تهٛفٌٕ :  -الاعكُذسّٚ  -يظطفٗ كبيم  -شبسع يذًذ أيٍٛ شٓٛت  01

Alexandria – Egypt, Tel. : 203/5454313 – 203/5442776     Fax :203/5442776 

p@lexu.edu.egWeb site: RSSA.edus  journal.edusp@alexu.edu.egmail : -E 

 

Hanafy MAA (2013) Studies on the synergistic effect of some 
irradiated essential oils in some food products. Ain Shams 
University 

Heipieper H, Martínez P (2010) Toxicity of hydrocarbons to 
microorganisms Handbook of hydrocarbon and lipid 
microbiology. Springer, p 1563-1573 

Honary S, Zahir F (2013) Effect of zeta potential on the properties of 
nano-drug delivery systems-a review (Part 1). Tropical Journal 
of Pharmaceutical Research 12(2):255-264  

Juven B, Kanner J, Schved F, Weisslowicz H (1994) Factors that interact 
with the antibacterial action of thyme essential oil and its active 
constituents. Journal of Applied Microbiology 76(6):626-631  

Kanatt SR, Chander R, Sharma A (2008) Chitosan glucose complex–A 
novel food preservative. Food Chemistry 106(2):521-528  

Kirkpatrick LA, BC. F (2013) A simple guide to IBM SPSS statistics for 
version 20.0. Student ed. Belmont, Calif.: Wadsworth, Cengage 
Learning.   

Kotz S, Balakrishnan N, Read CB, B V (2006) Encyclopedia of statistical 
sciences. 2nd ed. Hoboken, N.J.: Wiley-Interscience.   

Kumari A, Yadav SK, Yadav SC (2010) Biodegradable polymeric 
nanoparticles based drug delivery systems. Colloids and 
Surfaces B: Biointerfaces 75(1):1-18  

Manou I, Bouillard L, Devleeschouwer M, Barel A (1998) Evaluation of 
the preservative properties of Thymus vulgaris essential oil in 
topically applied formulations under a challenge test. Journal of 
Applied Microbiology 84(3):368-376  

Nagpal K, Singh SK, Mishra DN (2010) Chitosan nanoparticles: a 
promising system in novel drug delivery. Chemical and 
Pharmaceutical Bulletin 58(11):1423-1430  



 ٌُٕ انُٕعّٛ""ثذٕث فٙ انعهٕو ٔانف يجهخيٍ عذد خبص 

 9109َّٕٚٛ  انذبد٘ عشش / انًجهذ انخبنجانعذد  

 فٙ ٔدٔسِ انُٕعٙ انتعهٛى"  انخبنج انًإتًشانذٔنٙٔانخبص ثُشش ثذٕث 

 الاعكُذسّٚ جبيعخ – انُٕعّٛ انتشثّٛ كهٛخ " 9101 يظش سؤٚخ تذقٛق

كلية معتمدة بقرار رقم 

(081)-01/7/8108 

 

         

       

    

   
 

   

 009

 

 

 203/5454313يظش تهٛفٌٕ :  -الاعكُذسّٚ  -يظطفٗ كبيم  -شبسع يذًذ أيٍٛ شٓٛت  01

Alexandria – Egypt, Tel. : 203/5454313 – 203/5442776     Fax :203/5442776 

p@lexu.edu.egWeb site: RSSA.edus  journal.edusp@alexu.edu.egmail : -E 

 

Opdyke N, Lindsay E, Johnson G, Johnson N, Tahirkheli R, Mirza M 
(1979) Magnetic polarity stratigraphy and vertebrate 
paleontology of the Upper Siwalik Subgroup of northern 
Pakistan. Palaeogeography, Palaeoclimatology, Palaeoecology 
27:1-34  

Prashanth KH, Tharanathan R (2007) Chitin/chitosan: modifications 
and their unlimited application potential—an overview. Trends 
in food science & technology 18(3):117-131  

Rabea EI, Badawy ME (2014) Antimicrobial activity of biopolymer 
chitosans and monoterpenes against the honeybee pathogens 
Paenibacillus larvae and Ascosphaera apis. Journal of Chitin and 
Chitosan Science 2(4):306-310  

Rabea EI, Badawy ME, Steurbaut W, Stevens CV (2009) In vitro 
assessment of N-(benzyl) chitosan derivatives against some 
plant pathogenic bacteria and fungi. European Polymer Journal 
45(1):237-245  

Sian J, Gerlach M, Youdim M, Riederer P (1999) Parkinson's disease: a 
major hypokinetic basal ganglia disorder. Journal of neural 
transmission 106(5-6):443-476  

Sikkema J, de Bont JA, Poolman B (1994) Interactions of cyclic 
hydrocarbons with biological membranes. Journal of Biological 
Chemistry 269(11):8022-8028  

Sivropoulou A, Nikolaou C, Papanikolaou E, Kokkini S, Lanaras T, 
Arsenakis M (1997) Antimicrobial, cytotoxic, and antiviral 
activities of Salvia fructicosa essential oil. Journal of Agricultural 
and Food Chemistry 45(8):3197-3201  

Solomakos N, Govaris A, Koidis P, Botsoglou N (2008) The 
antimicrobial effect of thyme essential oil, nisin, and their 
combination against Listeria monocytogenes in minced beef during 
refrigerated storage. Food microbiology 25(1):120-127  



 ٌُٕ انُٕعّٛ""ثذٕث فٙ انعهٕو ٔانف يجهخيٍ عذد خبص 

 9109َّٕٚٛ  انذبد٘ عشش / انًجهذ انخبنجانعذد  

 فٙ ٔدٔسِ انُٕعٙ انتعهٛى"  انخبنج انًإتًشانذٔنٙٔانخبص ثُشش ثذٕث 

 الاعكُذسّٚ جبيعخ – انُٕعّٛ انتشثّٛ كهٛخ " 9101 يظش سؤٚخ تذقٛق

كلية معتمدة بقرار رقم 

(081)-01/7/8108 

 

         

       

    

   
 

   

 000

 

 

 203/5454313يظش تهٛفٌٕ :  -الاعكُذسّٚ  -يظطفٗ كبيم  -شبسع يذًذ أيٍٛ شٓٛت  01

Alexandria – Egypt, Tel. : 203/5454313 – 203/5442776     Fax :203/5442776 

p@lexu.edu.egWeb site: RSSA.edus  journal.edusp@alexu.edu.egmail : -E 

 

Sonia T, Sharma CP (2011) Chitosan and its derivatives for drug delivery perspective 
Chitosan for biomaterials I. Springer, p 23-53 

Woranuch S, Yoksan R (2013) Eugenol-loaded chitosan nanoparticles: I. Thermal 
stability improvement of eugenol through encapsulation. Carbohydrate 
Polymers 96(2):578-585  

Zimoch-Korzycka A, Jarmoluk A (2015) The use of chitosan, lysozyme, and the nano-
silver as antimicrobial ingredients of edible protective hydrosols applied 
into the surface of meat. Journal of food science and technology 
52(9):5996-6002  

 
 

Scheme1. Preparation of chitosan-monoterpenes nanoparticles 

 

 

Figure 1. SEM images of the chitosan-monoterpens nanoparticles. 
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Figure 2. Zeta potential distribution of chitosan-monoterpens nanoparticles 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. MIC of Ch, monoterpens, Ch M1(Limonen) nanoparticles after 48 

hr E. coli and S. Typhimunium 
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Figure 4. Representative photographs of the antibacterial activity against E. 
coil (104 cfu/g) of M1, Ch M1 C NE and Ch M1 C NP in minced 

beef meat samples after storage for ten days at 4ºC 

Table 1. Preparation conditions of chitosan monoterpenes nanoparticles 

Formulation code 
Chitosan 2% 

(mL) 

Monoterpene 

(g) 

Tween 80 

(mL) 

STPP 1% 

(mL) 

Ch M1 NP 24.5 0.5 0.50 10 

Ch M2 NP 24.5 0.5 0.50 10 

Ch M3 NP 24.5 0.5 0.50 10 

Ch M4 NP 24.5 0.5 0.50 10 

STPP: sodium tripoly-phosphate, EO: Essential oil, Ch: Chitosan,  

M: monoterpens M1: Limonen, M2: Linalool, M3: Menthol, M4: Thymol, NP: 

nanopart 

Table 2. Zeta- potential of chitosan - monoterpenes nanoparticles 

Product 

Code 

Zeta-

potential 

(mV) 

Mobility 

(µmcm/Vs) 

Conductivity 

(mS/cm) 
Charge 

 

Particle 

size 

(nm) 

Ch M1 

NP 
-0.1690 -0.01322 0.0296 Negative 39.61±4.71 

Ch M2 

NP 
-0.0839 -0.006575 0.0830 Negative 54.19±5.70 

Ch M3 

NP 
-0.1510 -0.01182 0.0728 Negative 33.76±2.75 

Ch M4NP -0.0346 -0.002709 0.0544 Negative 54.12±9.07 
EO: Essential oil, Ch: Chitosan, NP: nanoparticle 

M: monoterpens M1: Limonen, M2: Linalool, M3: Menthol, M4: Thymol. 
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Table 3. The in vitro antibacterial activity of chitosan (Ch), monoterpens (M), 

chitosan- monoterpens nanoparticles (Ch M NPs) against E. coli and 

Salmonella typhimunium 

 

Treatments 
MIC (mg/ L) 

E. coli S. typhimunium 

Ch 500 650 

M1 350 450 

M2 1000 1100 

M3 1600 1800 

M4 450 500 

Ch M1 NP 180 250 

Ch M9 NP 200 350 

Ch M0 NP 450 500 

Ch M1NP 200 350 

MIC is the minimum inhibitory concentration. 

Code: Ch: Chitosan, NP: nanoparticle 

M: monoterpens M1: Limonen, M2: Linalool, M3: Menthol, M4: Thymol. 

Table 4. Antibacterial activity against E. coil (10
4
 cfu/mL) in minced beef meat 

samples treated with chitosan (Ch), monoterpens (M), and chitosan- 

monoterpens nanoparticles (Ch M NPs) after storage for ten days at 4
º
C 
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Treatment 
Concentration 

(ug/g) 

Antibacterial activity against E.coil (10
4
 

cfu/g) ± SE at time (day) 
Average 

± SE 

 3 7 10 

Control + 0.00 295.00±2.89 ˃ 300 ˃ 300 ˃300 

Control - 0.00 137.50±1.44 295.00±2.89 298.5±0.87 243.67
h
±53.09 

Ch 
1000 75.00±2.89 135.00±1.44 175.00±1.44 126.67

g
±28.30 

2500 62.50±1.44 85.00±2.89 105.00±2.89 84.17
g
±12.28 

M1 
1000. 45.50±0.29 77.50±1.44 115.00±2.89 79.33

d
±20.08 

2500 27.50±1.44 42.50±1.44 50.00±2.89 40.00
c
±6.61 

M2 
1000 82.50±1.44 112.50±1.44 127.50±1.44 107.50

f
±13.23 

2500 47.00±1.73 65.00±2.89 85.00±2.89 65.67
e
±10.98 

M3 
1000 105.00±2.89 125.00±2.89 147.50±1.44 125.83

g
±12.28 

2500 72.50±1.44 75.00±2.89 92.50±1.44 80.00
f
±6.29 

M4 
1000 76.00±0.58 95.00±2.89 115.00±2.89 95.33

e
±11.26 

2500 45.00±0.58 57.50±1.44 75.00±2.89 59.17
d
±8.70 

Ch M1 NP 
1000 13.50±0.87 17.50±0.87 23.50±0.87 18.17

a
± 2.91 

2500 3.50±0.29 9.00±0.58 12.50±0.87 8.33
a
±2.62 

Ch M9 

NP 

1000 27.50±1.44 35.00±2.89 45.00±2.89 35.83
c
±5.07 

2500 12.50±0.87 17.50±1.44 24.00±1.15 18.00
a
±3.33 

Ch M0 

NP 

1000 22.00±1.15 35.00±2.89 48.00±1.15 35.00
c
±7.51 

2500 5.00±0.58 12.50±1.44 15.00±1.73 10.83
b
±3.00 

Ch M1NP 
1000 18.50±2.02 25.00±2.89 27.00±0.58 23.50

b
±2.57 

2500 5.50±0.29 10.00±0.58 13.00±1.15 9.50
a
±2.18 

 

Mean 

 

73.82
a
 99.73

b
 112.11

c
 

Between 

treatment for 

1000 = 3.76 

Between time = 1.28 

Between 

treatment for 

2500 = 3.23 LSD0.05 

 

Values are mean of three replicates ± standard error (SE) 

Before treatment: 130×10
4
 cfu/g 

Control (+): Minced meat treated with E. coil 

Control (-): Minced meat without E. coil 

Code: Ch: Chitosan, NP: nanoparticle 

M: monoterpens  

M1: Limonen, M2: Linalool, M3: Menthol, M4: Thymol. 
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انًضبد نهجكتٛشٚب نًغتذضشاد انذجٛجبد انُبَٕٚخ انًذضشح نهتشثُٛبد الادبدٚخ انُشبط 

 نتطجٛقبتٓب فٙ دفظ انهذى انجقش٘ انًفشٔو  يع انكٛتٕصاٌ
 رغج٢ ٓؾٔذ سشبد ُطل٢ , ٓؾٔذ اُطبٛش ثذ١ٝ , عٔشٓؾٔذ شؼ٣ٞش

 

اعةزخذّ رْ رط٣ٞش غش٣وٚ ُزؾع٤ش ؽج٤جبد ٗب٣ٞٗةخ ٓةٖ اُزشث٤٘ةبد الاؽبد٣ةخ ٓةغ ا٤ٌُزةٞصإ ؽ٤ةش 

كة٢ رؾعة٤ش اُضةب٣ٍٔٞ(  -ٓ٘ضةٍٞ -٤ُِٔة٤٤ٖٗٞ  -٤ُ٘ةبٍُٞاسثغ اٗٞاع ٖٓ اُزشث٤٘ةبد الاؽبد٣ةخ ٝٛة٢ )

اُؾج٤جةةبد اُ٘ب٣ٞٗةةخ ٝهةةذ اظٜةةش ا٤ٌُٔشٝعةةٌٞة أُبعةةؼ إ شةةٌَ اُؾج٤جةةبد اُ٘ب٣ٞٗةةخ ًةةبٕ ًةةش١ٝ 

ٝٓزٞعةةػ  ًٝبٗةةذ اُؾج٤جةةبد اُ٘ب٣ٞٗةةٚ ٤ٌُِزةةٞصإ ٓةةغ اأُٞٗٞرشث٤ةةبد ٓ٘زظٔةةٚ كةة٢ اُشةةٌَ ٝاُؾغةةْ

إُة٠  1.13-ٝرشاٝؽذ ه٤ْ عٜذ اُض٣زةب ٓةٖ  ٗبٗٞ ٓزش  to 54.19 33.67ؽغْ اُؾج٤جبد ٣زشاٝػ 

ٝرْ رو٤٤ْ اُ٘شبغ أُعبد ٤ٌُِٔشٝثبد ٤ٌُِزةٞصإ ٝأسثؼةٚ ٓةٖ اُزشث٤٘ةبد )  ٢ِٓ كُٞذ . 1.169-

اُضةةب٣ٍٔٞ ( ٝأسثؼةةٚ ٓةةٖ ٓغزؾعةةشاد اُؾج٤جةةبد اُ٘ب٣ٞٗةةٚ ٓةةغ  -٤ٓ٘ضةةٍٞ –٤ُٔةة٤٤ٖٗٞ  –٤ُ٘ةةبٍُٞ 

زشث٤٘بد الاؽبد٣ٚ ٝا٤ٌُزٞصإ ثزش٤ًضاد ٓخزِلٚ ظةذ ٗةٞػ٤ٖ ٓةٖ اُجٌز٤ش٣ةب أُغةججٚ ُلآةشاض اُ

ٝاظٜشد اُ٘زبئظ ث٘بء ػِة٠ هة٤ْ اهةَ رش٤ًةض .  E-coli, Salmonella typhimuniumاُـزائ٤ٚ

ًبٗةةذ اًضةةش ؽغبعةة٤ٚ ٓةةٖ اُغةةب٤ُٗٞٔلا ُِٔؼةةبٓلاد أُخزجةةشٙ. ٝأظٜةةش  E-coliٓضةةجػ إٔ عةةلاُٚ 

شث٤٘بد الاؽبد٣ٚ اًضش كبػ٤ِةٚ ًٔعةبد ثٌز٤ش٣ةب ػةٖ اُزشث٤٘ةبد الاؽبد٣ةٚ الاخةشٟ ا٤ٗٞٔ٤ُِٖ ٖٓ اُز

ٓغةةْل ُزةةش ظةةذ الإ٣شش٣شةة٤ب ٝاُغةة٤ِٗٞٔلا ػِةة٠  451 -351ؽ٤ةةش ثِـةةذ هةة٤ْ اهةةَ رش٤ًةةضٓضجػ 

 1800-1600اُزٞا٠ُ. ًٝبٗذ أُ٘ضٍٞ اهَ اُزشث٤٘بد الاؽبد٣خ ؽ٤ش ثِـذ ه٤ْ اهةَ رش٤ًةض ٓضةجػ 

غةة٤ِٗٞٔلا ػِةة٠ اُزةةٞا٠ُ ًٝبٗةةذ ٓغزؾعةةشاد اُؾج٤جةةبد اُ٘ب٣ٞٗةةٚ ٓغةةْل ُزةةش ظةةذ الإ٣شش٣شةة٤ب ٝاُ

٤ٗٞٔ٤ُِٖ ٓغ ا٤ٌُزٞصإ اًضش ٗشةبغ ظةذ اُجٌز٤ش٣ةب ػةٖ اُزشث٤٘ةبد ثٔلشدٛةب ظةذ ٗةٞػ٢ اُجٌزش٣ةب. 

ًٝبٕ اهِٜب ك٢ اُزأص٤ش اُؾج٤جبد اُ٘ب٣ٞٗةخ ُِٔ٘ضةٍٞ ٓةغ ا٤ٌُزةٞصإ  ظةذ ٗةٞػ٢ اُجٌزش٣ةب. ٝثذساعةخ 

جةةبد اُغةةبثوخ ٝٓشةةزوبرٜب اُ٘ب٣ٞٗةةخ ظةةذ الاشششةة٤ب ًةةٞلا١ كةة٢ اُ٘شةةبغ أُعةةبد ٤ٌُِٔشٝثةةبد ُِٔشً

ٓئ٣ٞخ إ ا٤ٗٞٔ٤ُِٖ ًبٕ اػ٠ِ كة٢  4ا٣بّ ػ٠ِ دسعخ   11اُِؾْ اُجوش١ أُلشّٝ ثؼذ رخض٣ٖ ُٔذح 

عةشاّ ث٤٘ٔةب ًةبٕ ا٤ُِ٘ةبٍُٞ اهِٜةب كة٢ اُ٘شةبغ  /٤ٌٓشٝعةشاّ  2111- 1111اُزأص٤ش ػ٘ذ رش٤ًض١ 

ٓوبسٗةةخ ثةةبٌُ٘زشٍٝ أُٞعةةت ٝاُغةةبُت. ٝػٔٞٓةةب كةةإٔ رةةأص٤ش أُٞٗٞرشث٤٘ةةبد الاؽبد٣ةةخ اُ٘ب٣ٞٗةةخ 

أُؾعشح ٓغ ا٤ٌُزٞصإ ًبٕ اػ٠ِ ٖٓ اُزشث٤٘بد الاؽبد٣خ اُخبّ ثٔلشدٛةب ؽ٤ةش ًبٗةذ اُؾج٤جةبد 

زشًةض٣ٖ أُغةزخذ٤ٖٓ  ث٤٘ٔةب ًبٗةذ اُؾج٤جةبد اُ٘ب٣ٞٗخ ٤ٗٞٔ٤ُِٖ ٓغ ا٤ٌُزةٞصإ اًضةش ٗشةبغب ػ٘ةذ اُ

اُ٘ب٣ٞٗةةٚ ُِٔ٘ضةةٍٞ ٓةةغ ا٤ٌُزةةٞصإ اهِٜةةب ٗشةةبغب ػ٘ةةذ اُزشًةةض٣ٖ . ٝروزةةشػ اُ٘زةةبئظ آب٤ً٘ةةخ اعةةزخذاّ 

اُؾج٤جةةبد اُ٘ب٣ٞٗةةخ ٓةةٖ اُزشث٤٘ةةبد الاؽبد٣ةةخ ٓةةغ ا٤ٌُزةةٞصإ كةة٢ ؽلةةع اُِؾةةْ ًٔعةةبداد ثٌز٤ش٣ةةخ 

 ٝلإغبُٚ كزشٙ اُؾلع.

 

 زٞصإ , اُزشث٤٘بد الاؽبد٣خ , اُؾج٤جبد اُ٘ب٣ٞٗخ , ؽلع اُِؾْ أُلشّٝأٌُِبد الاكززبؽ٤خ:   ا٤ٌُ
 


