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ABSTRACT 
 

The purposes of this study were to investigate the antibacterial activity of fruit extract of Carissa carandas 

L. and to analyze alcohol-based-hand sanitizers mixed with C. carandas L. fruit extract. With regard to research 

methodology, ethanol was used to extract C. carandas L. fruit. The samples were evaluated against 4 strains of 

human pathogenic bacteria: Staphylococcus aureus, Listeria monocytogenes, Escherichia coli and Salmonella 

typhimurium by broth dilution assay. The finding are that the extract of C. carandas L. showed 10 mg/mL 

against L. monocytogenes, E. coli, S. typhimurium and 7.5 mg/mL minimal inhibitory concentration (MIC) 

values for S. aureus. Minimal bactericidal concentration (MBC) of the crude extract was 30 mg/mL against S. 

aureus, L. monocytogenes, E. coli and S. typhimurium. The MIC of the alcohol-based hand sanitizer mixed with 

the C. carandas L. fruit extract was 5 mg/mL against S. aureus, L. monocytogenes, S. typhimurium and 10 

mg/ml of E. coli. The MBC of the alcohol-based hand sanitizer mixed with C. carandas L. fruit extract was 10 

mg/mL against S. aureus, L. monocytogenes, S. typhimurium and 20 mg/mL against E. coli. The hand sanitizing 

product tested in this study is suitable for disease prevention.  
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L., Human pathogenic bacteria, Minimal bactericidal concentration, Minimal inhibitory concentration 
 

INTRODUCTION 
 

A lot of infectious diseases can be transmitted from one person to another by contaminated hands. The 

most common are gastrointestinal infections and respiratory infections. Infection of the gastrointestinal tract can 

be caused by Staphylococcus aureus, Escherichia coli, Vibrio cholera, V. parahemolyticus, Shigella, and 

Salmonella (Shaloo et al., 2017). Additionally, the main bacteria causing respiratory infections are 

Haemophilus influenzae type b, Streptococcus pyogenes, and S. pneumoniae. Moreover, Pickering et al. (2011) 

reported that pandemic and avian influenza are known to be transmitted via human hands. Hence, hand hygiene 

is one of the most significant activities to reduce the incidence of infection, not only gastrointestinal infections 

but also respiratory tract in order to protect the skin from harmful microorganisms (Bloomfield, 2007). 

Different hand-hygiene procedures include either hand washing or alcohol hand-rub. The purpose of hand 

washing is to remove pathogens and chemicals from hands. Otherwise, they can be harmful or get diseases. 

This process is generated by rubbing the hands together with soap and water followed by rinsing with water, 

and drying them thoroughly. The alcohol hand-rub procedure involves the use of alcohol rather than water. It is 

more effective and can reduce a large number of viable pathogenic microorganisms rapidly. Although soap is 
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widely obtainable, washing hands with soap is not practicable every time due to unreliable quantities of 

available water supplies (Wolf-Peter et al., 2009).  Hand sanitizers (HS), also called antiseptic hand-rub or hand 

rub are commonly used as an alternative to hand washing with soap and water. Hand sanitizers are typically in 

the forms of foam, gel, or liquid.  Hand-sanitizer products can be classified into two types dependent on active 

ingredients: alcohol-based and alcohol-free.  

Alcohol-based hand sanitizers can eliminate 99.9% of common microorganisms. According to the Centers 

for Disease Controls (CDC)’s report, sanitizer with alcohol typically contains between 60 - 95 percent alcohol.  

At these concentrations, alcohol can immediately denature proteins, effectively killing certain types of germs. 

For preparation of alcoholic hand sanitizers (AHS), ethanol, isopropanol, and/or n-propanol are used (Pickering 

et al., 2011).  

On the other hand, non-alcoholic hand sanitizer (NAHS) is mainly based on disinfectants/ antimicrobial 

agents such as Benzalkonium chloride (BAC) or Triclosan. BAC is primarily used as a preservative and 

antimicrobial agent, and secondarily used as a surfactant. Triclosan is a Polychloro phenoxy phenol with 

antibacterial and antifungal activity. It is widely used as a preservative and antimicrobial agent in personal care 

products. Since alcohol has a drying effect, many of these products contain emollients to make them gentler on 

the skin.  

Herbal hand sanitizers are natural plant-based alternatives to chemical sanitizers. Many plants contain a 

wide range of phytochemicals proved beneficial and have biological activity such as anticancer, anti-

inflammatory, antimicrobial, antifungal, antiviral, antioxidant, and wound healing activity. The advantage of 

using herbal drugs is that they tend to be inexpensive compared to drugs and easily available.  Herbal cosmetics 

are the modern trend in the field of beauty and fashion. The demand of herbal medicines is increasing rapidly 

due to their skin friendliness and lack of side effects. Most women prefer natural products to chemicals for their 

personal care to enhance their health and beauty.   

Carissa carandas L. has been described to have antibacterial activity against some human pathogenic 

bacteria. For example, Gram-negative includes Pseudomonas aeruginosa, Klebsiella pneumoniae, Escherichia 

coli, Acinetobacter baumannii, and Gram-positive includes Enterococcus faecalis, and Staphylococcus aureus 

methicillin-resistant. This effect has been attributed to different parts of the plant, such as the leaves, flowers, 

seeds, roots, fruit peel and unripe pods. Verma and Chaudhary (2011) reported that leave and fruit extracts of C. 

carandas have varied antimicrobial activity against E. coli, Staphylococcus epidermidis, Enterococcus sp., S. 

aureus and K. pneumonia. The dichloromethane extract from C. carandas fruit was most active against E. coli. 

Fruit extract of C. carandas in chloroform also showed the maximum activity against K. pneumonia. Ethyl 

acetate extract of fruit displayed antibacterial activities against the all bacterial strains used in this study. 

Additionally, methanolic extract of Carissa carandas L. fruit exhibited antibacterial activities against Vibrio 

cholera, S. aureus, E. coli and K. pneumoniae (Kankamol, 2015).  Furthermore, the C. carandas fruit juice was 

determined against 4 strains of human pathogenic bacteria: S. aureus, E. coli ,Bacillus subtilis, and Salmonella 

typhimurium by agar well diffusion assay. The finding showed that the C. carandas fruit juice exhibited good 

inhibitory activity against all these bacterial strains (Achayuthakan et al., 2018). These results indicated that the 

ethanolic extract of Carissa carandas L. fruit might have important compounds that could be used for the 

treatment of bacterial infection. Thus, the purposes of this study were to investigate the antibacterial activity of 

fruit extract of C. carandas L. to analyze alcohol-based hand sanitizers mixed with C. carandas L. fruit extract.  
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MATERIALS AND METHODS  

 

1.1  Plant Material 

The fresh ripe undamaged fruit of Carissa carandas L. was collected from Umpawa District, 

Samootsongkram Province, Thailand in November, 2016.  The sample was cleaned by tap water 3 times, seeds 

were removed, and the flesh fruit was dried in hot air oven at 42 C for 3 days. The dried fruit was then ground 

into powder and stored in air-tight plastic container at 4C for further investigation as shown in (Figure 1) 

 

 

 

 

 

 

 

                                                                 

Figure 1 Carissa carandas L. fruit 

 

1.2  Preparation of the Extract 

The powdered sample material (200 g) was extracted with ethanol (500mL) by maceration at room 

temperature for 7days, stirring several times throughout the process. After filtering through a filter paper 

(Whatmann size no.1), the ethanol extract was concentrated in a rotary evaporator to yield an ethanol extract. 

The extract was kept in a sterile bottle, under refrigerated conditions for further use. 

 

1.3  Bacterial strains 

The reference bacterial strains used in this study were purchased from National Institute of Health of 

Thailand. 

Antimicrobial activities were determined against two Gram-positive bacteria including S. aureus (ATCC 

25923) and Listeria monocytogenes (DMST 17303), and two Gram-negative bacteria including Salmonella 

Typhimurium (ATCC 13311) and Escherichia coli (ATCC25922).  

 

1.4  Determination of the minimum inhibitory concentrations (MIC) and minimum bactericidal 

concentration (MBC) 

Antibacterial activity was analyzed by the method of broth microdilution (Santos et al., 2012). Initially a 

stock solution of 100 mg/ml of the extract of Carissa carandas L. was prepared using an aqueous solution of 

10% DMSO (v/v). A hundred l of the extract had been transferred to the sterile 96-well microtitre plate 

containing 100  l of Müller-Hinton broth. Then, serial dilutions of the extract were prepared at concentrations 

of 100, 50, 25, 12.5, and 6.25 mg/mL.  Inoculum containing 5 × 105 CFU ml−1was added to each well. Wells in 

microplate have been dedicated to sterility control of the broth, bacterial growth and action of antimicrobial 

reference (Ampicillin). Microplates were incubated under conditions of aerobically for 16 h at 37C. Five l of 

2,3,5-triphenyl-tetrazolium (CTT) 0.5% 2,3, 5- triphenyl tetrazolium chloride (TTC) were added to each well to 

detect the color change of the CTT (colorless) to red, reflecting the bacterial metabolism as active. The MIC 

was defined as the lowest concentration of the sample that visibly inhibited bacterial growth. The MBC was 

determined according to the method of (Rios et al., 1988). Briefly, 100 L from each well (without any red dye 
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production) was sub-cultured on the Mueller Hinton agar plates and incubated for 24 h at 37C. The lowest 

concentration without any bacterial growth was represented as MBC.  

 

1.5 Formulation of Herbal-Hand Sanitizer      

        Carbopol was added to deionized water with constant stirring. After uniform mixing, triethanolamine 

(TEA) was added with slow stirring to avoid formation of possible air bubbles in the product and kept aside for 

24 hrs. The Carissa carandas L. fruit extract was added to denatured alcohol along with glycerine. Finally, 

0.4% of perfume was added and mixed with slow stirring to obtain uniform product (Table 1). Prepared product 

was stored in air tight containers as shown in Figure 2.  

 

Table 1.   Formulation and Composition of Alcohol-Based- Hand Sanitizer Mixed with the Carissa 

carandas L. Fruit Extract 

No. Ingredients Quantity given (%) 
Quantity 

taken(gm/ml) 
Uses 

1 Deionized water (mL) 44 22 Vehicle 

2 95% Ethanaol    (mL) 46 23 Antibacterial 

3 Carissa carandas L. fruit 

extract in glycerine 

6 x Antibacterial 

Emollient 

4 Carbopol 940 (g) 3.2 1.6 Thickening agent 

5 Triethanolamine (TEA)  0.4 0.2 Solubilizing agent 

6 Perfume (L) 0.4 0.2 Fragrance 

 

RESULTS AND DISCUSSION   

 

Antibacterial activity was examined against four reference bacteria which were two Gram-positive and two 

Gram-negative as presented in Table 2 using MIC and MBC broth microdilution methods. The Carissa 

carandas L. fruit extract displayed a higher activity against Gram-positive strain. As shown in Table 2, the 

most susceptible strain was S. aureus (MIC = 7.5 mg/mL, MBC = 30 mg/mL) and L. monocytogenes, S. 

typhimurium and E. coli (MIC = 10 mg/mL, MBC = 20 mg/mL). In the current study, S. aureus (Gram-positive 

bacteria) was more susceptible as compared to Gram-negative bacteria. These differences might be attributed to 

fact that the cell wall in Gram-positive bacteria was of single layer, whereas, the Gram-negative bacteria cell 

wall was multi-layered structure. The transport of the active compound through the Gram-negative cell wall 

might be inhibited. The outer membrane of Gram-negative bacteria was rich in hydrophilic lipopolysaccharides 

(LPS) which acted as a barrier against penetration of hydrophobic compounds. Owing to this structural 

property, Gram-negative bacteria exhibited a higher degree of resistance against hydrophobic antimicrobial 

compounds (Hashemi et al., 2013).  

The antibacterial activity using well-diffusion method displayed that the formulation of alcohol-based- 

hand sanitizer having Carissa carandas L. fruit extract gave higher activity than alcohol-based-hand sanitizer 

without extract (data not shown). Hence, Carissa carandas L. fruit extract was the major constituent in alcohol-

based-hand sanitizer. The better activity of prepared formulation might be due to the combined activity of 

phytoconstituents present in the extract. The result from the present work supported the incorporation and 

utilization of Carissa carandas L. fruit extract in the formulation to give better effect. 
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From the current experimental results, the antibacterial activity of herbal-hand sanitizer (alcohol-based-

hand sanitizer mixed with the Carissa carandas L. fruit extract) demonstrated higher antibacterial activity than 

the formulations with no fruit extract. The data showed that herbal-hand sanitizer was a broad spectrum for 

different bacterial kinds tested.  The inhibition by the Carissa carandas L. fruit extract could be due to the 

presence of active constituents such as terpenoids, flavonoids, alkaloids, glycosides, saponin, tannins, 

carbohydrates, and sterols (Mishra et al., 2013; Panche et al., 2016). Flavonoids had been recognized for their 

antimicrobial activity. Several studies had been carried out to isolate and identify the structures of flavonoids 

that it exhibited several biological effects such as antiinflammatory, anti-hepatotoxic, anti-ulcer actions, 

antifungal, antiviral and antibacterial activity (Panche et al., 2016; Cushnie & Lamb, 2005; Rajanarayana et al., 

2001). Moreover, plant terpenoids played an important role in traditional medicines and were under 

investigation for antineoplastic, antibacterial and other pharmaceutical functions. Mariajancyrani et al. (2006) 

reported that the terpenoid extracted from the leaves of Bougainvillea glabra choicy exhibited high antibacterial 

activity against two Gram-positive bacteria: Streptococcus mitis and Lactobacillus sp. by observing the zone of 

inhibition.  Flavonoids and terpenoid were chemical compounds which had antibacterial and antioxidant 

properties, and this might explain the bacterial reduction when using Moringa oleifera as a hand washing 

product. 

 

 
 

Figure 2.   Alcohol-Based-Hand Sanitizer 

 

Table 2.   Minimum Inhibitory Concentrations (MICs) and Minimum Bactericidal Concentrations (MBCs) 

of the Alcoholic Fruit Extract of C. carandas L. and Alcohol-Based-Hand Sanitizer Mixed with Alcoholic Fruit 

Extract of C. carandas L. 

 

Strain 

Ethanolic fruit extract of 

C. carandas L. 

Alcohol-based-hand sanitizer mixed with 

ethanolic fruit extract of C. carandas L. 

MIC (mg/mL) MBC 

(mg/mL) 

MIC (mg/mL) MBC (mg/mL) 

Staphylococcus aureus 7.5 30 5 10 

Listeria monocytogenes 10 30 10 20 

Salmonella Typhimurium 10 30 10 20 

Escherichia coli 10 30 10 20 
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The fruit, leaves, barks, and roots of C. carandas had been used for ethnomedicine in the treatment of 

human diseases, such as diarrhea, stomachic, anorexia, intermittent fever, mouth ulcer and sore throat, syphilitic 

pain, burning sensation, scabies, and epilepsy (Begum et al., 2013). Additionally, C. carandas fruit had 

antimicrobial and antifungal properties (Kumar et al., 2013).  

C. carandas fruit had been reported that it contained carisol, epimer of α-amyrin, linalool, β-caryophyllene,  

carissone, carissic acid, carindone, ursolic acid, carinol, ascorbic acid, lupeol, and β-sitosterol. 

Ethnopharmacological significance of the plant had been ascribed due to anticancer, anticonvulsant, 

antioxidant, analgesic, anti-inflammatory, and DNA damage inhibition (Singh & Uppal, 2015). 

Phytoconstituents presented in unripe fruit extracts of Carissa carandas L. demonstrated the presence of 

alkaloids, flavonoids, glycosides, saponin, tannins, carbohydrates, sterols, and terpenoids (Mishra et al., 2013; 

Panche et al., 2016).  

 

CONCLUSION 

 

In this study, ethanolic fruit extract of C. carandas L. and the prepared formulation of alcohol-based-hand 

sanitizer containing ethanolic fruit extract of C. carandas L. were active against 4 strains of human pathogenic 

bacteria: Staphylococcus aureus, Listeria monocytogenes, Escherichia coli and Salmonella typhimurium. 

Higher inhibitory effects of the samples were found against S. aureus. It could be concluded that alcohol-based-

hand sanitizer containing ethanolic fruit extract of C. carandas L. had a significant antibacterial effect on the 

specified microorganisms 
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