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ABSTRACT:  

This study investigated the effect of diff erent  

drying methods (Sun dry; Shade dry, 40⁰C 

Oven dry and 60⁰C Oven dry respectively)  on 
the antimicrobial ac tivities of  leaves extrac ts  
of Borreria vertici l lata,  Cassia alata and  

Commelina diffusa. Using disc diffusion agar  
method,  the antimicrobial  assay of the 
methanol  and aqueous extracts  of e ach plant  

leaves at different drying methods were 
carried out . The results  from the study 
revealed that drying methods affect the 

efficacy of the tes ted  medicinal plants  by 
influencing the quantity and quality of the 
bioactive constituents present in the p lants. It  

was concluded from the s tudy that aqueous 
methanolic  crude leaves extract  dried via 
shade-dry and 40 0C oven dry methods is  

most effective so, the used drying methods 
are suitable to employ for processing plants  
for use. This  was proved as these (shade-dry 

and 40⁰C) methods retained most of the 
bioactive constituents  of  the plants thereby 
inhibited the growth of the tested microbes.  
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INTRODUCTION:  

Plants w ith heal th-promoting  

characteris ti cs,  rel ief  from symp tomatic  
problems and have curati ve properties are 
generall y referred  to as  medicinal  plants  

(Sonibare and Abegunde, 2012).  Plant  
extrac ts have been used tradi tionall y to treat  
several infect ious diseases including those 

caused by bacteria,  fungi,  protozoa and  
viruses (Sadeghi-Nejad and  Deokule,  2009) .  
The physical  and chemical  proper ties of  

medic inal  plants  are determined by their  
moisture content.  The f irst  step  in many 
post-harvest operat ions i s removal of water  

that is , drying . According to Oztek in and  
Mar tinov (2007) ,  drying  is  defined  as the 
decreas ing  of  plant  moisture content ,  aimed  

at  preventing enzymatic  and microbial  
ac tivi ty,  and  consequentl y preserv ing  the 
product for extend shel f l i fe. As a result of  

this,  adequate drying i s required to prov ide a 
rapid reduction in the moisture content  

without  af fec ting the quality of  the acti ve 
ingredients of  medicinal  plants .  Medicinal  
plants can be dried in a number of ways: in 

the open air (shaded from direct sunlight) ;  
placed  in thin layers on drying frames, wire-
screened  rooms or build ings; by direc t  

sunlight,  i f  appropriate;  in drying  ovens and  
solar  dryers;  by indirect  fire;  baking ;  
lyophil i zation; microwave;  or  infrared  

devices.  When possible,  temperature and  
humidi ty are control led to avoid damage to 
the active chemical  constituents . The method  

and  temperature used  for  drying  may have a 
considerable impact  on the quality of the 
resul ting  medicinal  plant  materials .  For  

example,  shade drying  is  preferred  to 
maintain or minim ize loss of colour of leaves 
and flowers;  and lower  temperatures are 

employed in the case of medicinal plant  
materials  containing volati l e substances 
(Farias,  2003) .  

Borreria verti ci l l ata  Linn,  belongs to the 

family Rubiaceae and has been reported to 

have several  uses in herbal medicine 
(Burki l l ,  2000) .  Cassia alata Linn , al so known 
as the Candle Bush is  a flowering  plant,  as  

well  as medic inal  plant.  This  ornamental  
shrub  belongs to the family Fabaceae.  
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Various parts  of this  plant  have been used  in 

herbal medic ine (Mohideen et al .,  2005) .  

Commelina dif fusa  Burm. f .,  otherw ise known 
as the cl imbing  dayflower  is  a perennial  
herbaceous plant  in the family  

Comelinaceae. C. di ffusa is a troublesome 
weed which according to Edmunds (1971)  
was once encouraged  as a ground cover to 

mitigate soil erosion. The leaves infusion i s  
used as a wound-heal ing agent i n tradi tional  
medic ine in Ghana (Mensah et al .,  2006) .  

There are several reports on the medicinal 

properties of the above-mentioned plants, 

and it was observed that individual work 
used different drying methods in order to 
extract the crude extracts of these plants for 

study. Based on this observation, this study 
aims at investigating the effect of different 
drying methods on the antimicrobial 

properties of these plants to ascertain the 
best drying method to employ.  

MATERIAL AND METHODS:  

Plant and Test organism source: 

Plant:   

Leaves of Cassia alata, Commelina 

diffusa  and Borreria vertici l lata were collec ted 
at Shodex Beautification Landmark, Anthony,  
Lagos, Nigeria.  

Test organisms:   

Strains of bacterium and fungi were 

collected on prepared nutr ient agar (NA) and  
sabouraud dextrose agar (SDA) slants  

respectively in McCartney bottles . These are 
obtained from dermatology unit of the Lagos 
State Teaching Hospital (LASUTH) Ikeja,  

Lagos State,  Nigeria.  These were stored in 
the refr igerator prior to use.  

Identi fication of the Plant and Test  

organisms:   

Plant:   

The leaves were identifi ed and  

authenticated at  the Herbarium of the 
Department  of  Botany, University of Lagos.  

Test Bacterium:   

The sub-cultured bacterium strain was 

investigated using Gram staining method. A 
few drops of crystal violet were added onto 
the smear of the bacterium on a s teri le glass 

sl ide for  a minute, after which the excess 
stain was r insed off  using flowing water,  
Lugols  iodine solution for 60 seconds. This  

was also r insed off using flowing water. The 
smear was decolorized by adding 70% ethanol  

and  counter  stained with Safranin. A drop of  
oi l  immersion was added after which the sl ide 
was observed under the oil  immersion 

objective lens.  

Test Fungi:   

A li ttle portion of the growth colony was 

teased with a steri le inoculation needle and  

mounted in a drop of Methyl -Blue on a clean 

microscope sl ide. Covered with a cover sl ip,  

this was squashed with the but t of the 
inoculation needle and the excess fluid then 

blotted off .  The preparation was examined  
under a l ight microscope with an attached  
camera (Motic McCamera [2000] 2.0-

megapixel  digital coloured camera)  connected  
to a computer,  for the microscopic  
photography of the Fungi. This was to 

observe the precise arrangement of the 
conidiophore and the way in which their  
spores are produced. The identities of these 

fungi were certi fi ed using their cultural,  
morphological characteristics as well as  
comparing them with confirmed  

representatives of different  species in 
relevant  texts such as Ell is et  al .   (2007).  

Drying of the plants materials:  

The collec ted l eaves were cleaned w ith 

disti l l ed water to remove dirt par ticles before 
drying  commenced . The leaves of  each plant  
were divided  into four  groups. The fir st set of  

leaves were subjected to Oven dry at 40 0C  
for  4 days,  the second  set  were also 
subjected  to oven dry but  at  60⁰C for  4 days.  

The third  set  were sun dry for  7 days,  while 
the las t set  were shade dry at  room 
temperature (28 ⁰C) for 7 days. Af ter which 

each of these set  of  leaves were grounded  
into powdery form with the aid of an electr i c  

blender.  The pulveri zed  leaves were stored  
in air-tight containers  prior  extrac tion.  

Extraction from the plant leaves:  

Fifty grams of  each plant  leaves powder  

were measured and soaked in two different  
solvents  namely; 100 ml aqueous methanol  
(methanol:  water,  80:20 v/v)]  and  100 ml  

disti l led water for 24 hours. The extrac ts were 
fi l tered and the greenish-brown extracts  was 
then concentrated using rotary-evaporator.  

Antimicrobial  Assay: 

In-vi tro  antibacterial and ant ifungal  

ac tivi ti es  were examined for each plant  
extrac ts . Antibacterial  and ant ifungal  

ac tivi ti es  of plant part extrac ts  against the 
pathogenic  bacterium (Gram-pos iti ve)  and  
three pathogenic fungi were investigated  

using  the agar  disk  di ffusion method  
described by Alzoreky and Nakahara (2003) .  
Solidif ied  NA and  SDA are used  respectively  

for  bacterial  s train and fungal  s trains.  These 
respecti ve media were inoculated  with 100 μl  
of  bacterial  i noculum (10 6 CFU/ml)  and  

fungal  spore suspension (10 5spores/ml) .  
These were spread over the plates using a 
steri le rod display to get a uni form microbial  

growth.   Af ter  inoculum absorp tion by agar ,  
four  steri le fi l ter  discs  ( Perforated  Whatman 
no 1, of  5 mm in diameter)  already 

impregnated in various plant extracts 24 
hours  prior antimicrobial  ac ti vity tes ting to 

were placed on the agar surface using  
forceps dipped in ethanol and flamed.  The 
four  discs  were placed evenly (not  c loser  
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than 24 mm from centre to centre) on the 

sur face of  the agar  plate.  

Fi l ter discs were also impregnated w ith 

chloramphenicol  solution (50 mg/ml) and  
Griseofulvin solution (50 mg /ml) and used as 
a reference control.  The inoculated  plates  

were incubated at 30°C aerobicall y. Each 
plate was labelled  with necessary information 
such as agent  name, fungus name and time 

of  inoculation. Cul ture plates were examined  
dail y,  zones of  inhibition were read and  
measured  using a transparent  ruler  

according to the methods of Booth (1971) .  

Phytochemical  screening:   

Each plant  extrac ts  used in this  s tudy 

was subjected to prelim inary phytochemical  

screening to quanti fy and qualify the 
presence of  ac tive compounds l i ke alkaloids  
(Evans and  Trease, 1989;  Ogundipe and  

Oladipo,  2001) ,  tannins (Houghton  and  
Raman, 1998) ,  fl avonoids and  cardiac  
glycosides ( Sof tware,  1993) , saponins 

(Farnsworth, 1966),  anthraquinones and  
phlebotomine (Van Buren and Robinson,  
1981).   

Statisti cal  analysi s:   

The data were expressed as mean ± 

S.E.M. and were statis ticall y anal ysed  using  

one-way analysis of  variance (ANOVA) and  
Duncan multip le range tes t (DMRT) . Values 
were considered signifi cant  at  p ˂ 0.05.  

RESULTS:  

The results from the bacterial assay of  

the crude extrac t  from the three medicinal  

plants (Cassia alata,  Borreri a ver tici l l ata and 
Commelina di ffusa .) employed in the s tudy 
showed that  these plants possess 

antibacterial  proper ties .  Methanol  proved to 
be a bet ter  solvent  for  the extraction of  the 
bioactive ingredients from the medicinal  

plants.  Of  the four drying me thods used ,  
oven-dry at  40⁰C and shade-dry methods 
were bet ter  drying  methods compared to 

other  drying  methods (Table 1 a-1c).  The 
methanol  extract  of C. di ffusa ( table 1b)  
oven-dry at  40⁰C showed  zone of inhibi tion of  

13 mm in Staphylococcus aureus ,  which i s  
bet ter  than that  of  the  antibioti c  

(chloramphenicol)  used as the positi ve 
control in the s tudy.   

The antifungal assay results reveal that  

the three medic inal  plants  possess ant ifungal  
properties which could be employed  in 

treating various sk in problems caused by 
fungi . Methanol extrac t of  the leaves of C. 
alata,  B. ver tici l l ata and C. di ffusa proved to 

be a better  solvent compare to the water  
extrac ts (Table 1a-1c).  The resul ts also 
revealed  that oven-dry at 400C and  shade-

dry methods are bet ter drying methods by 
showing  clear zone of  inhibition against the 
tested  i solates  compared  wi th the other  two 

drying  methods used (oven-dry at 600C and  

sun-dry methods).  

Results from the phytochemical screening of  

the plant extrac ts subjected to the four  
different drying methods revealed that  drying  
method  of  plant  materials  has a crucial  role 

to play in i ts  ef fec tiveness.  Data from the 
quanti tati ve and qualitative analysis  of the 
phytochemical screening of bioacti ve 

compounds in the extrac ts  of the three-plant  
subjected  to di fferent  drying  me thods (Table 
2)  showed  that plant  extracts  subjected to 

oven-dry at  400C and shade-dry s ti l l  
contained quali ty bioacti ve ingredient  
necessary for  their  antim icrobial acti viti es.   

DISCUSSION:  

The results from the study show that  

aqueous methanoli c crude extract  of the 
leaves of C. alata,  C.  di ffusa  and B. 
ver tici l l ata is  proved to be a bet ter extrac tion 

solvent  compared to water . This finding 
agrees  with the works of Mohideen et al .  

(2005)  and Chatha et  al .  (2006)  in which i t  
was reported that  aqueous methanol  is  a 
good solvent for  extraction from plant  

materials . According  to Hsu et al . (2006), the 
differences in the ef fec tiveness of  the 
extrac ts  of  aqueous methanol  and  water  

might be ascribed  to the di f ferent availabil i ty  
of  extractable components,  resulting  from the 
varied  chemical  composition of plants and  

ef fic iency of the extracting solvent to 
dissolve these endogenous compounds might  
very impor tant .  

 From the result , the leaves dried at  

400C  and those that  are shade-dried show 

highest zone of  inhibit ion  against the i solated 
pathogenic  fungi tes ted.  The leaves dried at  
600C  and those dried under  direct  sunlight  

showed poor  zone of  inhibition against the 
tested fungi .  According  to Orphanides  et  al .  
(2013),  this  may be as a result  of  the fac t  

that high temp erature might have degraded  
or  bio transformed the bioacti ve ingredients  
in the crude extract . Hung and Duy (2012)  

reported  that  temperature above 400C wil l  
signi ficantl y reduce total  free and  bound  
phenolics ,  total free and bound flavonoids.  

This resul t  also agreed w ith the work of  
Biesaga and Pyrzynska (2013)  and  Dav idov -

Pardo et al .  (2011) , they reported  that  under  
high temperature i .e. above the room 
temperature -  plant phenolic  is  generall y  

degraded and undergoes undesirable 
reactions. The outcomes of  this study show 
that  drying  methods (temperature)  has a 

crucial role to play in the ef fec tiveness of  
these medicinal  plants.  Therefore,  this  
suggests  that the best  drying  method(s)  to be 

employed for drying plant material  is to 
ei ther  dry at  40⁰C or  to shade-dry.  
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Table 1a. A nti microbia l assay o f  Cassia alata  leaves ext ract o n bacteri um and f ungi iso lates. ( Mean i nhibi t io n 

zone di ameter)  

Isolates 

60oC 40oC Sun Dry Shade Dry 
Sterile Distilled 

water 

Griseofulvin 
 

Methanol Water Methanol Water Methanol Water Methanol Water 

Candida albicans 
10.00 ± 

0.00A 

00.00 ± 

0.00A 

12.40 ± 

0.55B 

0.00 ± 

0.00A 

00.00 ± 

0.00A 

11.10 ± 

0.29AB 

11.00 ± 

0.29AB 

12.00 ± 

0.55B 

0.00 ± 

0.00A 

15. 37 ± 

1.05CD 

Trichophyton 

tonsarans 

12.00 ± 

0.55B 

0.00 ± 

0.00A 

13.60 ± 

1.05B 

10.00 ± 

0.0A 

0.00 ± 

0.00A 

0.00 ± 

0.00A 

12.00 ± 

0.55B 

12.00 ± 

0.55B 

0.00 ± 

0.00A 

13.20 ± 

1.05B 

Trichophyton 
mentagrophytes 

var. quinckeanum 

0.00 ± 

0.00A 

0.00 ± 

0.00A 

12.50 ± 

0.46B 

0.00 ± 

0.00A 

0.00 ± 

0.00A 

0.00 ± 

0.00A 

12.50 ± 

0.55B 

13.50 ± 

0.90B 

0.00 ± 

0.00A 

13.60 ± 

1.05B 

          Chloramphenicol 

 

Staphilococcus 

aureus 

12.40 ± 

1.14BC 

0.00 ± 

0.00A 

10.00 ± 

0.00A 

0.00 ± 

0.00A 

0.00 ± 

0.00A 

0.00 ± 

0.00A 

10.00 ± 

0.00A 

0.00 ± 

0.00A 

0.00 ± 

0.00A 
12. 50 ± 

0.55B 

 

Table 1b. Antimicrobial assay of Commelina diffusa leaves extract on bacterium and fungi isolates. (Mean inhibition zone 
diameter) 

Isolates 
60oC 40oC Sun Dry Shade Dry Sterile 

Distilled 

water 

Griseofulvin 
 

Methanol Water Methanol Water Methanol Water Methanol Water 

Candida 
albicans 

0.00 ± 
0.00A 

0.00 ± 
0.00A 

12.25 ± 
0.41B 

10.00 ± 
0.00A 

0.00 ± 
0.00A 

0.00 ± 
0.00A 

13.60 ± 
1.05B 

11.00 ± 
0.29AB 

0.00 ± 
0.00A 

15. 37 ± 
1.05CD 

Trichophyton 
tonsarans 

0.00 ± 
0.00A 

0.00 ± 
0.00A 

13.60 ± 
1.05B 

0.00 ± 
0.00A 

0.00 ± 
0.00A 

0.00 ± 
0.00A 

12.00 ± 
0.55B 

11.00 ± 
0.29AB 

0.00 ± 
0.00A 

13.75 ± 
1.16B 

Trichophyton 

mentagrophytes 
var. 

quinckeanum 

0.00 ± 
0.00A 

0.00 ± 
0.00A 

12.00 ± 
0.55B 

0.00 ± 
0.00A 

0.00 ± 
0.00A 

0.00 ± 
0.00A 

12.87 ± 
0.44B 

0.00 ± 
0.00A 

0.00 ± 
0.00A 

13.62 ± 
0.92BC 

 

Staphilococcus 

aureus 

 

0.00 ± 

0.00A 

 

0.00 ± 

0.00A 

 

13.60 ± 

1.05B 

 

0.0 ± 

0.00A 

 

7.50 ± 

0.90C 

 

0.00 ± 

0.00A 

 

11.00 ± 

0.29AB 

 

0.00 ± 

0.00A 

 

0.00 ± 

0.00A 

Chloramphenicol 

12.50 ± 

0.70AB 

 

Table 1c. Antimicrobial activity of Borreria verticillata leaves extract on bacterium and fungi isolates. (Mean inhibition zone 
diameter) 

Isolates 

60oC 40oC Sun Dry Shade Dry Sterile 

Distilled 
water 

Griseofulvin 

 
Methanol Water Methanol Water Methanol Water Methanol Water 

Candida albicans 
12.25 ± 
0.41B 

10.00 ± 
0.00A 

13.20 ± 
1.05B 

13.00 ± 
0.65B 

10.00 ± 
0.00A 

0.00 ± 
0.00A 

14.25 ± 
0.70B 

12.00 ± 
0.55B 

0.00 ± 
0.00A 

15.75 ± 
1.03C 

Trichophyton 

tonsarans 

11.87 ± 

0.51B 

11.00 ± 

0.29AB 

13.12 ± 

0.78B 

11.12 ± 

0.22AB 

11.87 ± 

0.51B 

10.00 ± 

0.00A 

13.12 ± 

0.78B 

12.00 ± 

0.55B 

0.00 ± 

0.00A 

13.62 ± 

0.92BC 

Trichophyton 

mentagrophytes 
var. quinckeanum 

10.00 ± 
0.00A 

10.00 ± 
0.00A 

12.50 ± 
0.70AB 

10.00 ± 
0.00A 

0.00 ± 
0.00A 

0.00 ± 
0.00A 

12.25 ± 
0.41B 

13.60 ± 
1.05B 

0.00 ± 
0.00A 

13.87 ± 
1.28B 

          Chloramphenicol 

taphilococcus 

aureus 

6.50 ± 

1.18C 

0.00 ± 

0.00A 

11.50 ± 

0.46B 

8.00 ± 

1.19D 

0.00 ± 

0.00A 

0.00 ± 

0.00A 

8.00 ± 

1.19D 

0.00 ± 

0.00A 

0.00 ± 

0.00A 

12.00 ± 

0.55B 

 

Means (n = 3) with the same superscript letter in a column are not sign if icantly d ifferent ( p > 0.05), while 
means with  different superscript let ter are sign if icantly d ifferent ( p ˂ 0.05) when subjected to Duncan 
mult iple range test, DMRT (ANOVA posthoc).    
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Table 2. Quantitative and qualitative of phytochemical compounds present in the leave extracts of Cassia alata, Borreria 
verticillate, and Commelina diffusa. 

  
Phenol  

mg/100 g 
Flavonoid 
mg/100 g 

Saponin 
mg/100 g 

Tannin 
mg/100 g 

Alkaloid 
mg/100 g 

Cardiac-
glycoside 

mg/100 g 

Plants & Drying methods Extraction Solvent       

Cassia alata  

Oven dry 400C 

Methanol extract 

49.58 122.05 ND 66.80 27.89 40.12 

Oven dry 600C 29.78 86.78 ND 60.30 ND 37.29 

Shade-dry 22.71 159.11 ND 63.18 31.78 42.19 

Sun-dry ND 39.01 ND 63.48 18.36 38.96 

Cassia alata  

Oven dry 400C 

Water extract 

ND ND 14.92 ND ND 24.55 

Oven dry 600C ND 79.63 ND ND ND 28.00 

Shade-dry ND 76.10 13.10 58.72 ND 30.09 

Sun-dry ND ND 4.49 41.51 ND 36.35 

Borreria verticillata 
Oven dry 400C 

Methanol extract 

27.61 125.37 15.08 60.28 25.46 37.71 

Oven dry 600C 26.76 90.12 14.33 ND ND 32.29 

Shade-dry ND 121.31 17.68 ND ND 34.33 

Sun-dry 16.06 ND 14.75 ND ND ND 

Borreria verticillata 
Oven dry 400C 

Water extract 

23.96 ND ND 61.91 ND ND 

Oven dry 600C 21.58 88.49 ND 44.89 ND ND 

Shade-dry ND 107.72 ND 103.04 ND 25.41 

Sun-dry ND 96.43 ND ND ND ND 

Commelina diffusa 
Oven dry 400C 

Methanol extract 

14.33 100.71 ND ND 17.04 ND 

Oven dry 600C ND 66.00 ND ND ND ND 

Shade-dry 19.94 124.10 ND ND 13.60 ND 

Sun-dry ND 53.11 ND ND ND ND 

Commelina diffusa 

Oven dry 400C 

Water extract 

ND ND 11.00 ND ND ND 

Oven dry 600C ND ND ND ND ND ND 

Shade-dry ND ND 12.57 62.30 ND ND 

Sun-dry ND ND ND ND ND ND 

ND – Not detected 
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