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Abstract : Four blackberry cultivars (Rubus sp.) were evaluated for the presence of bioactive 

compounds, antibacterial and antifungal activities. The ash values (total ash (4.03-4.96% 
w/w), water soluble ash (0.96-2.51% w/w acid insoluble ash (0.25-0.61% w/w and sulphated 

ash (5.99-9.36% w/w)and percentage extractives of ethanol leaf extract of R. ellipticus, R. 

niveus, R. racemosus and R. rugosus (toluene - ethyl acetate (93:7) were analysed. Ehanol 
extracts of different Rubus Sp. Were evaluated for their phytochemical contents such as  

alkaloids, carbohydrate, steroid and sterols, glycosides, lactone ring in steroidal nucleus, 

saponin, flavonoids, tannin, triterpenoids and presence of protein. Carbohydrate, steroid and 
sterols, saponin, flavonoids, tannin and triterpenoids were present in all the Rubus Sp. Studied. 

TLC analysis was performed using two solvent systems.  In the first solvent system, ( toluene-

ethyl acetate (93:7)  the presence of four compounds with different Rf values were observed in 

all the test plants. In the second solvent system, chloroform- glacial acetic acid -methanol- 
water (60:32:12:8), three compounds were detected in R. niveus, R. racemosus and R. rugosus 

and two compounds were detected in R. ellipticus. R. For antibacterial assays, the highest 

activity was observed in R. ellipticus ethanol extract agains S. aureus (27.5 mm) and S. 
epidermidis (26.5 mm).  The other extracts also showed considerable antibacterial activity. R. 

racemosus and R. rugosus extracts showed the highest antifungal activity of 21 mm and 

22.5mm against Candida  krusei respectively. 
Keywords: Antibacterial activity, Rubus species, Candida albicans, Pseudomonas 

aeruginosa,pathogenic microorganism, phytochemical. 
 

Introduction 

Emerging microbial infections both by bacterial and fungal infections and microbial resistance to the 
available antibiotics play havoc around the globe and this has prompted researchers to investigate the 

antimicrobial activities of higher medicinal plants. The problem of antibiotic resistance is aggravated by the 

overuse of antibiotics both in humans/ animals and non-compliance of patients to the courses of treatment. Both 

the long-term exposure to low doses and the failure to finish a prescription encourage more resistant bacterial 
strains to thrive

1
. Despite the fact that there are several natural and synthetic products available to ameliorate 

fungal and bacterial maladies, it is recognized that both resistant fungi and bacteria are on the increase
2
.The 

exploration of new antimicrobial compounds has led to collaborative interests in natural products chemistry, 
agriculture and medicine in fundamental research. Isolation and identification of compounds which have 

antibiotic effects without being cytotoxic to cells of higher plants and animals could be highly beneficial. 
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Medicinal plants are rich source of natural antioxidants
3
and have an appreciable role in the 

development of modern medicines as many diseases like cancer, hepatic diseases and arthritis have no complete 

cure in allopathy
4,5

. There is also increased use of plants extracts as cosmetics and pharmaceutical products, 
something which has generated a lot of interest in identification of active compounds

6
.The renewed interest in 

the benefits of wild fruits and natural products has led to a substantial increase in the number of studies 

investigating active compounds in Rubus and their pharmacological effects. Berries contain a variety of 
phenolic compounds (phenolic acids, flavonoids, lignans  and polymeric tannins) located in plant tissues, often 

in the surface layer of the plant or berry, which is in connection to their main natural function, to protect the 

plant against environmental stress and pathogens. The main phenolic compounds in raspberries are flavonoid 

anthocyanins (coloured substances), ellagic acid and ellagitannins, complex water- soluble phenolic polymers. 
From the phenolic acids, hydroxycinnamic or hydroxybenzoic acid derivatives are the most common in 

berries
7,8

. 

Rubus are are economically important for fruits crops and ecologically significant as invasive weeds. 

Rubus fruits are considered a healthy and nutritious food, containing phenolics, vitamin C, dietary fibre, α-

tocopherol, tocotrienol, calcium, potassium, magnesium, carotenoids, and linoleic acid
7
. Rubus species are 

widely used as antibacterial, anti-inflammatory and pain relief drugs
9
 because they are rich in carbohydrates, 

proteins, minerals, vitamins, superoxidase dismutase and phytochemicals
10

. The Rosaceae family is the 19
th

 

largest family of plantsrepresented by fruits as plums, cherries, damson plums, quinces, strawberries, pears and 

peaches. The genus Rubus, with almost 700 species, is the largest genus of this family
11

.Rubus comprises 12 
subgenera, with few domesticated species

12
. Members of this genus have been cultivated for centuries for their 

fruits and are consumed fresh or processed to make food products such as jam, wine, tea, ice cream, desserts, 

seedless jellies and bakery products. Extracted pigment from fruits is used as a natural colorant in baked 
products, jellies, chewing gums, fruit-wines and beverages

13
. Fruits and other parts of Rubus plants have had a 

significant effect on human health and nutrition in both ancient and modern times. 

In the present study the ash values, phytochemical analysis; thin layer chromatography (TLC) analysis, 

antibacterial and antifungal assays were carried out to evaluate the phytochemial potential of four Rubus species 

namely, Rubus ellipticus, Rubus niveus, Rubus racemosus and Rubus rugosus. 

Experimental 

Plant material 

The plant materials (leaf) of different species of Rubus, namely Rubus ellipticus, Rubus niveus, Rubus 

racemosus and Rubus rugosus were collected from  Nilgiris, Ooty, Tamil Nadu, India. The plant species were 
identified by Dr. Shaji P.K., Scientist, Environmental Resources Research Centre (ERRC), P.B. No. 1230, P.O. 

Peroorkada, Thiruvananthapuram, Kerala state, India. The plant materials were initially cleaned, dried under 

shade and then pulverized to coarse powder in an electric grinder. The powder was then stored in airtight bottles 

for further studies. 

Preparation of extracts 

The dried leaf powder (30 g) was subsequently extracted with purified ethanol (250 ml) in a soxhlet 

apparatus for 72 hours and the final filtrate was concentrated using a rotary vacuum evaporator (IKA, RV 10 

digital, Germany). The greenish brown sticky ethanol extracts obtained were collected, evaporated to dryness 
and stored at 4ºC for further studies. The ethanol extracts obtained were subjected to qualitative chemical test 

for the identification of presence of various chemical compounds 

Physical evaluation  

Ash value 

The contents of total ash, acid insoluble ash and extractive values viz., alcohol and water soluble 

extractive values were determined following reported methods
14

. Determination of ash values are meant for 

detecting low-grade products, exhausted and sandy or earthy matter. It can also be utilized as a mean of 
detecting the chemical constituents by making use of water-soluble ash and acid insoluble ash. 
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Determination of total ash  

Weighed 3 g of air dried leaf powder of four different species of Rubus sp. in a tarred silica crucible and 
incinerated at a temperature not exceeding 450

o
C until free from carbon, cooled and weighed and then the 

percentage of total ash with reference to the air dried powdered drug was calculated. 

Determination of water soluble ash 

Second half of the ash obtained from total ash was boiled for 5 minutes with 25 ml of water. The 
insoluble matter was collected on an ash less filter paper, washed with hot water and ignited to constant weight 

at a low temperature. The weight of insoluble matter was subtracted from the weight of the ash. The difference 

in weights represents the water soluble ash. The percentage of water soluble ash with reference to the air dried 

drug was calculated.  

Determination of acid insoluble ash  

Half of the ash obtained from the above method was boiled for 5 minutes in 25ml of dilute HCl. The 

residue was collected in an ash less filter paper and washed with hot water, ignited and weighed. The 

percentage of acid insoluble ash was calculated with reference to the air-dried drug. 

Determination of sulphated ash 

Moisten the weighed quantity (3gm) of the drug with concentrated sulphuric acid followed by gentle 

ignition and then repeating the moistening of charred drug with subsequent ignition at 800 
o
C. Ignition is 

repeated until a constant weight of ash is achieved. 

Determination of extractive values 

Alcohol soluble extractive value 

Five grams of coarsely powdered air-dried drug was macerated with 100 ml of alcohol in a closed flask 

for 24 hour, shaking frequently for six hours and allowed to stand for eighteen hours. It was then filtered rapidly 
taking precaution against loss of alcohol. 25 ml of the filtrate was evaporated to dryness in tared flat-bottomed 

shallow dish, dried at105
o
C and weighed. The percentage of alcohol soluble extractive was calculated with 

reference to the air dried drug. 

Water soluble extractive value 

Five grams of coarsely powdered air-dried drug was macerated with 100 ml of chloroform water in a 

closed flask for 24 hours, shaking frequently for six hours and allowed to stand for eighteen hours. It was then 

filtered rapidly taking precautions against loss of chloroform water. 25 ml of the filtrate was evaporated to 

dryness in tared flat-bottomed dish dried at105
o
C and weighed.  

Phytochemical analysis 

The phytochemical constituents present in different Rubus sp. were analysed using standard 

methods
15,16,17

. 

Detection of alkaloids 

Wagner’s Test: Extracts were dissolved in dilute hydrochloric acid and filtered. The filtrates were 
treated with Wagner’s reagent (iodine in potassium iodide). Formation of reddish brown precipitate indicates 

the presence of alkaloids.  

Detection of Phenols 

Crude extract was mixed with 2 ml of 2 % solution of FeCl3. A blue green or black coloration indicates 

the presence of phenols.  
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Detection of Carbohydrates  

Molisch’s test was used to detect the presence of carbohydrate. The filtrate was treated with 2 drops of 
alcoholic α-naphthol solution. Formation of the violet ring at the junction indicates the presence of 

carbohydrates.  

Test for sterols and steroids  

Sterols and steroids were tested by the reaction of Lieberman. Ten ml of ethanol extract was evaporated 
and the residue was dissolved in 0.5 ml of hot acetic anhydride and added 0.5 ml of chloroform. The mixture 

was treated with the reagent of Lieberman Burchard. The appearance of blue-green ring at the interphase 

denotes a positive reaction. 

Detection of glycosides 

Extracts were hydrolyzed with dilute HCl and then subjected to test for glycosides and performed 
modified Borntrager’s test for the detection of glycosides. Extracts were treated with ferric chloride solution 

and immersed in boiling water for about 5 minutes. The mixture was cooled and extracted with equal volumes 

of benzene. The benzene layer was separated and treated with ammonia solution. Formation of rose-pink colour 
in the ammonical layer indicates the presence of anthranol glycosides. 

Test for intact Lactone ring in steroidal nucleus 

Legal’s test and Balget’s test were done to test intact Lactone ring in steroidal nucleus. 

Detection of Saponins 

 Foam test was performed to test the presence of saponins. To 2ml of the extract, 6 ml of water was 

added in a test tube. The mixture was shaken vigorously and observed for the formation of persistent foam that 
confirms the presence of saponins. 

Detection of Flavonoids 

Alkaline reagent test was performed to test the presence of flavonoids. Crude extract was mixed with 

2ml of 2% solution of NaOH. An intense yellow colour was formed which turned colourless on addition of few 
drops of diluted acid which indicates the presence of flavonoids. 

Detection of Tannins  

Crude extract was mixed with 2 ml of 2% FeCl3solution. A black coloration indicates the presence of 

tannins. 

Detection of Triterpenoids 

Liebermann Burchard’s test was performed to detect triterpenoids. The extract was treated with 
chloroform and filtered. A few drops of acetic anhydride were added to the filtrate, boiled, cooled and 

concentrated sulphuric acid was added later on. Formation of deep red colour indicates the presence of 

triterpenoids. 

Detection of Proteins 

Ninhydrin test was employed to detect the presence of proteins. Crude extract was boiled with 2ml of 

0.2% solution of ninhydrin, the appearance of violet colour suggest the presence of amino acids and proteins. 

Thinlayer chromatography (TLC) 

TLC profile of the extract was carried out on silica gel plates (Merck 60, F254) using two solvent 

systems. They are toluene - ethyl acetate (93:7) and chloroform- glacial acetic acid –methanol – water 
(60:32:12:8).10 µl (25 mg/ml) of sample was applied at the center of the plate about 1 cm from the bottom. 

They were allowed to develop in a TLC chamber at 25
°
C which was already saturated with standardized mobile 
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phase (toluene: ethyl acetate and chloroform- glacial acetic acid –methanol – water) in an ascending manner. 

The spots developed in the toluene - ethyl acetate solvent system was identified by spraying freshly prepared 

reagent vanillin-sulphuric acid and spots developed in the chloroform - glacial acetic acid - methanol- water 
was sprayed with anesaldehyde – sulphuric acid reagent. The Rf values were calculated using the following 

formula. 

        
                                  

                                         
 

Antimicrobial analysis 

Preparation of plant extracts 

Approximately 25 g leaf powder of four Rubus sp. was subjected cold extraction using ethanol (250 
ml). The final filtrate of each extract was concentrated using a rotary vacuum evaporator (IKA RV-10 Digital, 

Germany) were collected, evaporated to dryness and stored at 4 
0
C for further studies. 

Pathogenic microbial strains  

The following bacterial and fungal strains were used in this study. The bacterial strains include 

Staphylococcus aureus (NCIM 2492), Staphylococcus epidermidis (NCIM 2493), Pseudomonas aeruginosa 
(NCIM 2053) and E. coli (NCIM 2439) and the fungal strains such as Aspergillus flavus (NCIM 535), Candida 

albicans (NCIM 27), Candida krusei (NCIM 3129) and Trichoderma lignorum (NCIM 1195) were used in this 

study. The bacterial and fungal strains were sub cultured frequently in nutrient and Sabourauds dextrose agar 
slants respectively and are stored at 4ºC for further studies. 

Microbial inoculum preparation 

The bacterial strains were inoculated in nutrient agar medium and incubated at 37 
o
C for 24 hours and 

the slants were stored in refrigerator for further studies.  

Antimicrobial assay 

 The antibacterial and antifungal sensitivity assays were carried out by disc diffusion method
18 

and ethanol 
extract of the plant leaves were tested against the four bacterial and fungal strains. The bacterial and fungal 

cultures were evenly spread over Mueller Hinton agar and potato dextrose agar plates respectively using a 

sterile cotton swab. Then, sterile filter paper discs (6 mm diameter) impregnated with plant extract was placed 
over the respective agar plates. The bacterial plates were incubated at 37

o
C for 24 hours and the fungal plates 

were incubated at 27 
o
C for 48 hours and the inhibition zones were measured after incubation. Ampicillin 

(100μg/ml) was used as a positive control and DMSO was used as the negative control for bacteria and 
Clotrimazole (10μg/ml) was used as a positive control for fungi and DMSO as the negative control. All tests 

were done in triplicate and the mean values were presented. 

Results and Discussion 

The total ash value of Rubus species varied from 4.03 % to 4.96 % and the highest percentage of ash 

was found in R. racemosus with 4.96 %. The highest water soluble ash was present in R. racemosus with 2.51 
% and the lowest percentage was found in R. rugosus (0.96 %). In the case of acid-insoluble ash R. racemosus 

showed the lowest value with 0.25 % and the highest was found in R. rugosus (0.61). The highest sulphated ash 

content with 9.36 % was found in R. rugosus and the lowest sulphated ash content was found in R. ellipticus 

(5.99 %). The different ash contents of other Rubus sp. are given in table 1. The ash value represents the 
inorganic salts present in the drug

19
. 
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Table 1. Ash values of different Rubus sp. 

Plant  species Total ash 

(% w/w) 

Water soluble ash 

(% w/w) 

Acid-insoluble ash 

(% w/w) 

Sulphated ash 

(% w/w) 

R. ellipticus 4.03 1.74 0.51 5.99 

R. niveus 4.58 2.06 0.27 8.08 

R. racemosus 4.96 2.51 0.25 8.04 

R. rugosus 4.85 0.96 0.61 9.36 

 

The water soluble extractives observed were in the range of 18.42 % to 26.99 % and the ethanol soluble 
extractive found in R. ellipticus ranged from 8.13 % to 12.47 % from different Rubus species. In water soluble 

extract the highest percentage extractive was 26.99 % and the lowest was observed in R. niveus (18.42 %). It 

was observed that the ethanol soluble extractive was low when compared to water soluble extract (table 2). 

Table 2.   Percentage extractive of different Rubus sp.  

Plants  species 

 

Water   soluble 

extractive (% w/w) 

Ethanol  soluble 

Extractive (% w/w) 

R. ellipticus 26.99 11.94 

R. niveus 18.42 8.13 

R. racemosus 25.81 12.19 

R. rugosus 20.16 12.48 

 

The phytochemical studies revealed the presence of phenols, carbohydrate, saponins, flavanoids, 
tannins and triterpenoids were present in all the four Rubus sp. (Table 3). Apart from this, alkaloids, Lactone 

ring in steroidal nucleus and proteins were absent in all the four Rubus sp. studied. Phytochemicals present in 

above Rubus sp. can be broadly classified into two categories: phenolics and terpenoids. Phenolics including 
flavonoids, tannins and lignan, are the primary group of phytochemicals which characterized by a hydroxyl 

group attached to anaromatic ring
21

. 

Various types of phenolics occur extensively in plants and are found in all plant organs. Flavonoids are 

medicinally used to reduce blood cholesterol and as anti-allergy, anti-inflammatory, anti-microbial and anti-

cancer drugs. Most phenolics exhibit powerful antioxidant capability; such as polyphenolic catechins
22

. The 

largest category of phytochemicals is terpenoids and are widely distributed in plants and also classified into 
numerous subclasses based on the number of isoprene units: monoterpenoids have two isoprene units, 

sesquiterpenoids three, diterpenoids four and triterpenes with six isopreneunits. Different plant cells synthesize 

terpenoids for a variety of purposes; for example, leaf derived terpenoids deter herbivores and flower derived 
terpenoids attract pollinators

22
. 

Table 3. Data showing qualitative phytochemical analysis 

Sl. 

No. 

Tests for Method R. ellipticus R. niveus R. racemosus R. rugosus 

1 Alkaloids Wagner’s 
test 

- - - - 

2 Phenol Ferric 

Chloride test 

+ + + + 

3 Carbohydrate  Molisch’s 
test 

+ + + + 

4 Steroid and 

sterols 

Liebermann 

reaction 

+ + + + 

5 Glycosides  Keller- 
Killiani test 

- - - - 

6 Lactone ring 

in steroidal 

Legal’s test 

and Balget’s 

- - - - 
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nucleus test 

7 Saponin Foam test + + + + 

8 Flavonoids Alkaline 

reagent test 

+ + + + 

9 Tannins  Ferric 

Chloride test 

+ + + + 

10 Triterpenoids Salkowski’s 

test 

+ + + + 

11 Protein Ninhydrin 

test 

- - - - 

Presence (+) or absence (-) of phytochemicals 

Table 4.  TLC of ethanol extract of different Rubus sp. 

Plant species Solvent system: toluene – ethyl acetate (93:7) and spraying 

reagent: vanillin-sulphuric acid 

Rf value Colour of spot 

 

 

R. ellipticus 

0.268 Yellowish green 

0.355 Violet 

0.439 Yellowish green 

0.848 Violet 

 
 

R. niveus 

0.275 Yellowish green 

0.369 Violet 

0.489 Yellowish green 

0.891 Violet 

 
R. racemosus 

0.289 Yellowish green 

0.398 Violet 

0.507 Yellowish green 

0.913 Violet 

 

R. rugosus 

0.289 Yellowish green 

0.398 Violet 

0.507 Yellowish green 

0.906 Violet 

 

The TLC analysis of ethanol extract in solvent system toluene - ethyl acetate (93:7) and spraying 

reagent: vanillin-sulphuric acid, revealed the presence of four compounds in all the Rubus sp. studied with 

varying RF values (table 4). Similar Rf values were found in R. racemosus and R. rugosus species and this 

indicated the presence of similar compounds in them. As in the case of R. ellipticus and R. niveus the Rf values 
observed were almost similar and this indicated the presence of similar compounds. 

Table 5.   Data showing TLC of ethanol extract of various Rubus sp. 

Plant extract Solvent system: chloroform, glacial acetic acid, methanol and 

water  (60:32:12:8) and spraying reagent: anisaldehyde-sulphuric 

acid 

Rf value Colour of spot 

R. ellipticus 0.503 Yellow 

0.553 Brown 

 
 

R. niveus 

0.489 Yellow 

0.565 Brown 

0.782 Brown 

 
R. racemosus 

0.463 Brown 

0.531 Yellow 

0.809 Brown 
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R. rugosus 

0.429 Brown 

0.503 Yellow 

0.768 Brown 

 

In solvent system: chloroform, glacial acetic acid, methanol and water, similar Rf values of 0.503 were 

observed in   R. ellipticus and R. rugosus. This indicated the presence of same compound in both the plants 
(table 5). In the case of R. ellipticus only two spots with Rf values 0.503 and 0.553 were observed and in the 

other three test plants three compounds each with varying Rf values observed (table 5). 

Table 6. Antibacterial activity of ethanol extract (40 mg/ml) of different Rubus species 

Bacteria Zone of inhibition in mm 

R. 

ellipticus 

R. niveus R. 

racemosus 

R. rugosus Ampicillin 

(100 µg/ml)  

DMSO 

 

S. aureus 27.5 26.5 23 24.5 26 - 

S. epidermidis 26.5 19 23.5 27 18.7 - 

P. aeruginosa 14.5 24.5 24.5 24 25.3 - 

E. coli 13.5 23.5 25 24.5 28.3 - 

 

The four different Rubus sp. tested for antibacterial activity showed promising results in ethanol 
extracts. R. ellipticus, showed the highest zone of inhibition of 27.5 mm against S. aureus, whereas the control 

drug ampicillin produced a zone of inhibition of 26 mm. R. niveus, R. racemosus and R. rugosus showed an 

inhibition zone of 26.5, 23 and 24.5 mm respectively against S. aureus. R. ellipticus showed a zone of inhibition 
of 26.5mm against S. epidermidis and R. rugosus showed 27 mm respectively and the control drug exhibited 

only 18.7 mm against S. epidermidis. R. racemosus showed highest activity against P. aeruginosa with 24.5 

mm and R. rugosus showed highest activity of 27 mm against S. epidermidis and control drug ampicillin 

showed only 18.7 mm. The inhibition zone observed against other pathogenic microorganisms is given in table 
6. The antibacterial activity exhibited by different Rubus sp. is mainly because of the presence of 

phytochemicals present in them. The phytochemical constituents present in berry fruits reported to have a wide 

range of biological effects, including antioxidant, anti-carcinogenic, anti-inflammatory, anti-neurodegenerative, 
antiviral, and antibacterial activities which are attributed to the phenolic compounds, such as flavonoids, 

phenolic acids and tannins
23

. 

Table 7.   Antifungal activities of ethanol extract (40 mg/ml) 

Fungi Zone of inhibition in mm 

R. 

ellipticus 

R. niveus R. 

racemosus 

R. 

rugosus 

Clotrimazole 

(10 µg/ml)  

DMSO 

 

A. flavus - - - - 25 - 

C. albicans  13 17.5 19 16.5 35 - 

C. krusei 15 14.5 21 22.5 33 - 

T. lignorum 13.5 16.5 17.5 15.5 29 - 

 

The test plants R. ellipticus, R. niveus, R. racemosus and R. rugosus showed no antifungal activity 
against A. flavus. The highest zone of inhibition of 22.5 mm was observed in the ethanol extract of R. rugosus 

and the control drug; clotrimazole (10 µg/ml) produced a zone of inhibition of 33 mm. The antifungal activity 

of other Rubus spp. against the test fungal pathogens is given in table 7.   

Ethanol root extract of R. ellipticus at concentration 500µg/ml and 1000µg/ml showed significant 

antibacterial activity against Staphylococcus aureus, Bacillus subtilis, and E. coli but there was no significant 

antifungal activity against Aspergillus niger, Saccharomyces cerevisiae, Candida albicans and Rhizopus 
nigricans

24
. Phenolic compounds present in berries selectively inhibited the growth of human gastrointestinal 

pathogens such as Salmonella typhimurium and Staphylococcus aureus
25

. The genus Rubus (Rosaceae) is 
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employed to treat diabetes and some species reported to produce compounds that exert hypoglycemic, anti-

bacterial, anti-allergic and anti-asthmatic activities
26

. 

Conclusion 

In the present study, the ethanol extract contained important phytochemicals such as phenols, 
carbohydrate, saponins, flavanoids, tannins and triterpenoids in R. ellipticus, R. niveus, R. racemosus and R. 

rugosus. The TLC analysis also revealed the presence of different compounds. Ethanol extracts of the four 

Rubus sp. showed promising antibacterial and anti-fungal properties against the bacterial and fungal pathogens 

tested. This is mainly due to the presence of phytochemicals present in the test plants.  Further screening is to be 
conducted against more bacterial and fungal pathogens and to isolate and elucidate the active 

compoundspresent in them. 

References 

1. Homer J., Ritchie-Dunham J., Rabbino H., Puente L.M., Jorgensen J., Hendricks K., Towards a 

dynamic theory of antibiotic resistance, J. Syst. Dynamic Rev.,  2000, 16, 287-319. 
2. Sato M., Tanaka H., Yamaguchi R., Oh-uchi T. and Etoh H., Erythrina poeppigiana- derived 

phytochemical exhibiting antimicrobial activity against Candida albicans and Methicillin-resistant 

Staphylococcus aureus, Lett. Appl. Microbiol., 1980, 37, 81-85. 
3. Chandran R.P., Manju S., Vysakhi M.V., Shaji, P. K. and Nair G.A., In vitro antioxidant potential of 

methanolic and aqueous extracts of Ardisia solanacea Roxb. Leaf, J. Pharm. Res., 2013, 6 (5), 555- 

558. 
4. Verpoorte R., Pharmacognosy in the New Millenium: Lead finding and Biotechnology, J. Phar. 

Pharmacol., 2000, 52, 253-262. 

5. Sarwat Z.K. and Ahmad N., Screening of potential medicinal plants from district Swat specific for 

controlling women diseases, Pak. J. Bot., 2012, 44(4),1193-1198. 
6. Bisagmano G., Germano M.P., Nestro A. and Sanogo R., Drug use in Africa as dyses: antimicrobial 

activities,  Photother. Res., 1996, 9, 346-350. 

7. Lee J., Dossett, M. and Finn, C.E., Rubus fruit phenolic research: The good, the bad, and the confusing, 
Food Chem., 2012, 30, 785-796. 

8. Nohynek L.J., Alakomi H.L., Kahkonen M.P., Heinonen M., Helander I.M., Oksman- Caldentey K. M. 

and Puupponen-Pimia, R.H., Berry Phenolics: Antimicrobial Properties and Mechanisms of Action 

Against Severe Human Pathogens, Nutr. Cancer, 2006, 54, 1, 18-32. 
9. Patel A.V., Rojas-Vera J. and Dacke C. G., Therapeutic constituents and actions of Rubus species, Curr. 

Med. Chem., 2004, 11, 1501-1512. 

10. Zhang K. and Wang Q. D., Resource of medicinal plants Rubus L. in Anhui Province. Research and 
Practice of Chinese Medicine, 2005, 19, 215-219. 

11. Romoleroux K. and Paramo., An Andean Ecosystem under Human Influence. In Rosaceae in the 

Paramos of Ecuador; Balslev, H., Luteyn, J.L., Eds.; Academic Press: London, UK, 1992, 85-94. 
12. Marulanda M.L., Lopez A.M. and Aguilar S.B., Genetic diversity of wild and cultivated Rubus species 

in Colombia using AFLP and SSR markers. Crop Breed. App. Biotech. 2007, 7, 242–252. 

13. Ling G.T., Handbook of Natural Food Additives, Chemical Industry Press: Beijing, China, 2000,  226–

228. 
14. WHO. Quality Control Methods for Herbal Materials. World Health Organization, Geneva, 2011, 29. 

15. Sofowara A., Medicinal plants and traditional medicine in Africa, Spectrum Books Ltd, Ibadan, 

Nigeria, 1993, 191-289. 
16. Trease G.E. and Evans W.C., Pharmacognosy. Bailliere Tindall, London, Edu. 1989, 11, 45-50. 

17. Harborne J.B., Phytochemical methods: Guide to modern techniques of plant analysis. Chapman and 

Hall Ltd., London, 1973, 279. 
18. Bauer A.W., Kirby W.M.M., Sherris J.C. and Turck M., Antibiotic susceptibility testing by a 

standardized single disk method, Am. J. Clin. Pathol., 1966, 45, 493-496. 

19. Ravishankar S., Textbook of Pharmaceutical Analysis, Ootacamund: Rx Publication, 2001. 

20. Raffauf R. F., Plant alkaloids: a guide to their discovery and distribution. Hawkworth Press, Inc., New 
York, 1996. 



Shibu Prasanth CR et al /International Journal of ChemTech Research, 2017,10(4): 359-368. 368 

 
 

21. Vermerris W. and Nicholson R., Phenolic compound biochemistry. Spring Science and Business Media 

B.V, 2009. 

22. Bohlmann J. and Keeling C. Terpenoid biomaterials. The Plant Journal, 2008, 54, 656–669. 
23. Tiwari P., Kumar B., Kaur M., Kaur G., and Kaur H., Phytochemical screening and Extraction, A 

Review, Internationale Pharmaceutica Sciencia,  2011, 1 (1), 98-106. 

24. Vadivelan R., Kumar R.R., Bhadra S., Raghuram A., and Shanish A., Elango K., Suresh B., 
Antimicrobial evaluation of the ethanolic root extracts of Rubus ellipticus (Smith). The Pharmacist 

2008, 3 (1), 19-21. 

25. Puupponen-Pimia R., Nohynek L., Hanna-LeenaAlakomi., and Kirsi-MarjaOksman-Caldentey, The 

action of berry phenolics against human intestinal pathogens. BioFactors, 2005, 23 (4), 243–251.  
26. Swanson-Flatt K., Day C., Bailey C. J. and Flatt P. R., Traditional plant treatments for diabetes. Studies 

in normal and streptozotocin diabetic mice, Diabetologia, 1990, 33,462-465. 

 
 

***** 


